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INTRCDUCTION,

Nutrition is a very imnortant factor in the heclth and well
being of all anlmals, Any deleterious effect of diet unon the
health is manifest by a change, eitner permanent or temporery,
in the appeurance, composition, or functioning of some organ or
tissue of the animal body,

Pathological conditions are also mznifest by charges in the
gypearance, composition, or functioninz of some part of the body.
Leucocytes, the body's first defense egalnst infection, are the
most recdily affected by disease,

The ingestion of food causes a temporary change in the
leucocyte count of human blood., Disease and infection, z2lso
cause an increase in the leucocyte count in the blood of znimals.

Nutrition affects an animal's power to overcome diseuse,

It is possible that dlet muy affect the leucocyte count of the
blood, |

It was plammed in this experiment to determine what effsct
the diet of &n animal, may have on the leucocyte content of the

blood of dairy c=ttle,



GENERAL DISCUSSION AND REVIEW OF LITERATURE

Leucocytes of the blood are an important link in the disease re-
sisting mechanism of a.n.jmals and are closely associated with the body's
power t0 resist disease.

In human blood the number varies greatly from pathological and
dietary factors and it is altogether probable that the same holds true
with cattle.

Definition and Discussion

Leucocytes are small, colorless, ameboid cell masses found in the
'blood‘atrul a.nd. tissues of the higher animals, Leucocytes found in the
body vary in sise, activity, and function.

The American Medical Dictionary (Dorland) gives the following types:
(1) Small mononuclear leucocytes or lymphocytes, possessing a relatively
large muoleus; (2) Large monomuclear leucocytes containing a large round
or oval mucleus surrounded by a gzone of protoplasm; (3) Transitional mono-
mclear leucocytes having a horseshoe-shaped mucleusy (4) The polymorpho-
maclear leucocytes or polymuclear neutraphil lenc'ocytoa, finely gramlar
oxyphil cells with an irregularly shaped mucleus; (5) Bosinophil leuco-
cytes, coarsely granular eosinophil cells with & lobed muoleus; (6) Baso-
phil leucocytes or mast cells, having their origin in lymphoid tissue and
found only rarely in the blood; (7) Myelocytes, or marrow-cells, ocourring

in bone marrow, but found in the blood only in pathologic conditions.



Burnett (1) and Bailey (2) gave the same classifiocation.

Leucocytes have their origin in the enibryonic stage along with
other tissues of the dlood. There are two important theories as to the
origin of leucocytes: (3) the polyphylitic and the monophylitic theories.
According to the polyphylitic theory the lymphocytes originate in the
lymphoid organs while the other leucocytes originate in commective tissue,
liver, spleen, and marrowe In adult life, however, they are formed in the
BATTOW,

According to the monophylitic theory, the mesodermic tissue of the
embryo gives rise to cells called mesoblasts, Some of these J.ater develop
into erythrogcytes and others which remain undifferentiated not only through-

out pre-natal life but also during post-natal and adult life and retain
the power of later differentiating into either erythrocytes, leucocytes or
lymphocytes. Weidenneich,(119) a supporter of this theory, states that

the mother cell remains undifferentiated throughout adult lgfo and constant-
1y gives rise to more leucocytes to replace those being worn out and des-
troyede Morphologically, this mother cell is apparently identical with

the lymphocyte.

Lymphocytes, according to MacCallum (4) undoubtedly arise or are pro-
duced in the lymph nodes, wherever they ocour in the bodye The lympho-
oytes are then turned mto the blood stream either‘ vemuous or arterial.
Bone-marrow, spleen and possibly thymus probadly play some part in their
production, but it is still an uncertainity as to how large a part each
one plays.

Leucooytes never take part in the formation of fixed tissue but are
found in practically all tissue of the body in greater or lesser numbers,



(5) but as described above, leucocytes probably arise from fixed tissus.

Panction of Leucocytes

Enowledge concerning the function of leucocytes is far from com-
ploto‘, but they probably act as defensive agents of the body against
disease and infections. Leucocytes are phagocytes or "tramp celli" (6)
adventitious in nature and very readily pass to sites of inflammation
where they are instrumental in combating infection. Both Yarchand [6)
and Metchnikoff (7) agree that the movement of leucocytes is dus chiefly
to chemicotactic influences, It 1a.chief1y the polymorpho-nuclear neu-
trophile that are concerned in phagocytosis. (8)

Infections of all sorts cause a regeneration of great intensity of
leucoéytu. The type of leucocyte produced to the greatest extent varies
with the infection or disease. (9) Polymorpho-nuclear leucocytes are the
ones usually showing greatest increase in numbers bringing with them an
increase in the number of myelocytes. But some infections, as $yphoid
fever, cause an increase in the mono nuclears, this, probably due to a
gpecific chemiotactic influence. It is difficult to produce an increase
of the polymorphs with typhoid fever. According to Murphy (10) lymphp-
cytes or small mononuclears show a relative and occasionally an absolute
inocrease in mumbers during typhoid fever. Apparently this type of leuco=-
cyte is of greatest value in antagonising this type of an infection. He
also found that animals deprived of their lymphocytes by exposure to
X~-rays, were mach more suscdéptible to tuberculosis than normal animals.

In another test he found that implanted tumors grew rapidly in animals



without lymphocytes but that normal animals readily destroyed the im-
planted tumors.

The function of the polymorpho nuclears is the engulfing of bdacteria
and other injurious substances, and also producing a proteolytic ferment
which acts best in an alkaline medium. These cells appear in greatest
mumbers in response to an invasion of bacteria or an infection. (11) .

MacCallum (11) therefore, concludes that the regeneration of white ‘
cells or leucocytes is a selective process, and that the blood forming
organs respond very proumptly in the production of leucocytes, There is
one difference, however, in the regeneration of the white and red cells,
With leucocytes the action is to flood the blood stream with an abnormally
large number O0f white cells rather than to merely replace the wasted or
worn eut cells as is the case in the regeneration of the red corpuscles,

Petterson (12) says that contrary to the opinion of some, the action
of leusooytes is not restricted to attacking and destroying only desd or
dying basteria, but that the leucocytes of the animal body are also capa-
ble of destroying living bacteria which have the ability to propagates
He also points out that negative results obtained in vitro do not warrant
the conclusion that no dactericidal capacity exists even in vivo. His
results showed that leucocytes of a guinea pig were adble to destroy B.
Subtilis without the aid of the serum.

Brunts and Spilman (13) state that the leusocytic reaction in in-
fection and intoxication is characterised at first by a hypoleucosytosis
of shor$ duration, which corresponds to the period of invasion., This is
succeeded by a hyper-leucocytosis, during which -stage the products des-
tined for elimination are collected by certain forms of leusooytes and



conduoted to the excretory organs,

M. Pettersson (14) states that his work shows that leucooytes have
& bactericidal action,

Adcoording to Kobsarenko (15) the leucocytes of the horse possess the
property of neutralising diphtheria toxin, This is not dependent upon
the physico-chemical properties of their protoplasm but on their vital ¢
aoctivity, These leucocytes are capable neither of absorbing or mtrulis;
ing tetams toxins. The leucocytes of the rabbit include 15 - 20 per cent
of macrophages posaosiing this property, but the effect produced is not
marked. |

Action _cE Imz.coc)jes 2 Metabolism

VYory little is known of the function of leucocytes in metabolism,

Levens and Meyers (16) found that leucocytes turned hexoses into lac-
tic acid, This is apparently the final product of the reaction, since lac-
tic acid remains unchanged in the presence of leucocytes, The quantity of
laoctic acid produced is proportional to the quantity of sugar which disap-.
peared. Leucocytes acting on glucose, mannose, fructose and galactose pro-
duced only lactic acid. Leucocytes also produced lactic acid from methyl
glyoxal, .

In & later experiment than the above, Levene and Meyers (17) reported
that lmocrtu practically free from dacteria were found to chango SUgATS
into methyl-glyoxal, and this in turn into lactic acid. By substituting
glucose derivatives for glucose it was found that glycolytic enzymes of
sanimal tissue had no effect on those hexoses in which one or more hydro-

gen dfomy had been replaced by other radicles.



Leucocytes are small white ameboid cells found both in the blood
stream and soattes throughout the body tissue. They prodably originate
in the embryo from the "dlood spots™ found in tho "area vasculosa" bub
in adult 1ife from the spleen, bone marrow and lymph nodes. Their chief
function is to protect the animal body from bacterial infection and from
toxins. Leucocytes may possibly have some function in the intermediary
metabolism of carbohydrates but this is doubtful.

Normal Leucocyte Count of Bovine Blood

I.iko. most biological factors the nmumber of leucocytes in the blood
shows great individual variation. H. M. Feinblats (20) states that the
leucocyte count varies greatly due to many factors. Even the drinking
of a glass of milk may give a 100 per cent increase. Single counts, he
spys are not reliable for diagnosis, but a number of countis giving a
curve may be reliable, but this question requires more work, P. J. Du-
.h:lt (18) states that the total leucocytes in healthy growing cattle
normally vary between 5,000 and 10,000 with an average of 8,000 per cubic
millimeter, About 49 per cent of these he finds are lymphocytes. Com-
pared with human blood, ox dlood shows a higher percentage of lymphocytes.
The dlood of calves usually has a higher leucooyte count than mature in-
dividuals, the leucocyte content normally reeching 12,000 - 15,000 per
cubic millimeter and containing more lymphocytes, often as high as 80 per
ceont of the total leucocyte count being of this type.

Durnett (19) gives the total leucocyte count of cattle as found by
Storch as follows: Bulls, 7,800; oxen, 9,400; cows, 8,200; young cattle,
11,600; and calves 15,700 per cubic millimeter. Hibbard and Neal (19)



found a leucocyte content of 8,950 per cubic millimeter for young cattle
and Dimock and Thompson (19) found a total leucocyte count of 5,500 per
ocubic millimeter of blood for cattle of all ages;

Bastrom (21) states that the leucocyie count varies in different parts
of the circu.latofy system. Wells (22) found the count varied between the
sides of the heart, being higher in the right than in the left ventricle,

Semakine (118) on the other hand, found the leucocyte count practical-
1y the same in all parts of the circulatory system. He contrasts his work
with that of Reeder and Schults and others, who disagreed with him, Sema-
kine (118) gives the explanation that the other investigators obtained
their blood samples from dead animals while he obtained his from living
animls or immediately after the death of the animals, His conclusions
were that in living animals the count was the same in all parts of the cir-
culatory system but the count did not remain uniform after the death of the
animal,

Kjor and Peterson (24) say there is a variation in leucocyte count in
blood drawn from different regions of the body. On the other hand, Eller-
man and Erlandsen found no variation in 110 double examinations from 64
women. Apparently the evidence is in favor of the conclusion that the
leucocytic content of the blood is fairly constant throughout the body.

Ttendorfer (23) gives the following data as a result of his work with
leucooytes of oattle: The mmber of leucocytes in the dlood of cattle
varies with age, being the highest in calves and young cattle., Sex and
castration apparently have no influence on the mumber of white ocells in
the bdlood. There is no leucocytosis in cattle during digestion or preg-

Bancy.



Ward (26) gives a normal variation of 3,000 in the leucocyte count
of man with a “daily curve™. The leucocytic comtent of the blood is low-
nt.m mrningaa.nd highest about five o'clock in the afternoon, The count
increases after each meal except the last one and then gradually falls off
during the period of rest or nighte

In general then we may say the leucocyte content of bovine blood
80Fmally ranges from 5,000 to 10,000 per cubic millimeter with an average
of 8,000, The leucocyte count of calves and young cattle prodadbly is rron;
2,000 to 5,000 higher normally than the normal level of the count in mature

sanimals. The leucocyte count is subject to rather wide variations,

Leucocytosis, Leucopenia, and Factors Causing Them

There are various types of leucocytosis but the American Medical Dic-
t:lom.i'y defines leucocytosis as ™a temporary increase in the number of
leucooytes in the bdlood",

Since the chief function of the leucocytes is the defense of the body
against dacterial invasion and infection and toxic actions of various sub-
stances, there is no doubt a very definite relation between leucocytosis

and disease resistance,

Causes _tE I.euoocﬂosis

There are many factors which cause leucocytosis of greater or less
duration and varying intensity. The causes vary from a mere change in
position of the body to fatal infections and diseases,

Novy and Hasel Eppler (117) concluded that leucocytosis mey be due
0 a chemical condition of the body. Urea, creatinin or amino acids may,



by their diuretic salt action, reduce the H?_O reserve of the body and pro-
duce a colloidal upset and increased protein metabolism with a resulting
leucocytosis, but the diuretic salts themselves exerting no direct influence

on the white cells, The leucocytosis induced indicates a postive chemo-
tropism, exerted by some unidentified part of the protein molecule. Di-
gestive leucocytosis points to the above conclusion. Leucocytosis from
msoular exertion is accompanied by an increased metabolism and points to
the adbove conclusion.

In bacterial infection there is & modification of the body colloids
and 'iter, causing a water shortage. An experimental lmocyfooia results
from an acute water shortage with a corresponding increase in body tempera-
ture and non protein, and blood nitrogen, and has many points in common with

the physiological increase in count of digestive leucocytosis and leuco-
cytosis from exercise.

The causes of leucocytosis may arbitrarily be grouped under experi-
mental leucocytosis and leucocytosis from matural causes, The latter may
be again subdivided into leucocytosis normelly occurring and leucocytosis
dus to pathological conditions,

Leucopenia is defined by the American Medical Dictionary as "a de-
ficlency in the mumber of leucocytes in the blood or a hypoleucocytosis™.
Leucopenia because of its intimate commection with leucooytosis and the
causes of leucocytosis will be discussed with it and its causes,

The causes of leucopenia may be divided into the same general classes

or m- as the causes of hyper leucocytosis.
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Wells (28) gave the following discussion of leucosytosis and leuco-
penia, |

There are two theories pertaining to the mechanism of leucopenias (1)
Actual destruction. of the white cells. (Lowit) (29) and (2) a withdrawal
of the cells from circulation into the capilla.ﬂea of intermal organs.
(Goldscheider and Jacobs) (30). Leucocytosis of course would be the oppo-
site action of the .tvo above ';heoi'ieo.

In support of the first theory, an intravenous injection in rabbits
of deed bacteria caused leucopenia (chiefly of polymorphs) followed by
leucocytosis, Sections of the spleen showed marked hyperemia; of bons mar-
row, hyperemia and an increased leucoblastic activity, The amount of ma-
terial used in the injection did not appear to be a factore

Goldschelder and J’aco‘bs’ (30) theory of repellant chemiotaxis of in-
jected proteins in the blood probably explains the leucopenia immediately
following the injection. No doubt forcing the white cells out of the peri-
pheral oirculation, It may also account for the increase in white cells in
the spleen, liver, and bone marrow,

Wells on the other hand says it is postive chemiotaxis. The dead dac-
teria of the injected material are filtered from dlood stream in the spleen
and liver, and since the polymorphs are chiefly concerned in phagocytic
activity they are drawn to these organs, and the decrease in the white cells

during the period of leucopenia is almost entirely in polymorphse The
other types remaining practically normal throughout. The hyper-leucocytosis
which follawed the period of leucopenia, is probably caused by a discharge
of the leucocytes back into the peripheral blood stream from the liver and
spleen, where they had withdrawn during leucopeniae.
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Causes of Leucocytosis (Hyper and Hypo)

Pathological Causes Chief among the causes of leucooytosis are the

common infectious diseases,

Pindlay (27) found that both pellagra and beriberi cause an increase
in the white cells content of the bloods Both of these diseases are "vi-
tamin deficiency ™ or nutritional diseases, according to the Amrica.n—
Medical Dictionary.

Johnson (31) reported that in at least 45 out of 50 cases, leucocytosis

1s present in tuberculosis, and always, if cavities are present and the
vital resistance of the patient is low,

Muller and Reed (32) reported that hyperleucocytosis accompanies tu~
berculosis and lobar pneumonia, The leucocytosis increases with the sever-
ity of the disease,

Murrel (33) reported cases of spleenic leukemia which terminated in
pulmonary tnﬁermouia. The white cell count reached the enormous figure
of 695,000 per cubic millimeter of blood.

Baldwin and Wilder (34) reported a case of tuberculosis with high
Lysphocyte oounte The other types of leucocytes remained normal or below
normale The lymph gla.nd- were enlarged, The erythrocyte count was low.
On December 1lst the leucocyte count reached a million and on December 10th
death ocourred.

Utendorfer (23) however, reports that leucocytosis appears during
tuberoculosis, but cc;ntmy to Baldwin & Wilder, he states that the relative
importance of the various types of leucocytes does not change, He found
that just before death from tuberculosis the white cell count falls wntil

below normal. Tuberculin, he found, also causes leucocytosis in cows,
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Tuberculosis and tuberculin both cause fever in cows. The fever thus
caused, he states, probably induces the leucocytosis which follows, there-
by giving the animal greater resistance with which to ward off the attack.

Sommenderg and Federmann (35) reported that as the abscess develops
in appendicitis the leucocyte curve increases, Bushnell (36) gives the
same results, .

According to Longridge (37), except in (1) mild c&fa.rrhal variety
(2) fulminating appendicitis, where resistance of patient is too feeble
10 react to toxemia, and (3) where an abscess is of some standing and is
thoroughly walled off, leucocytosis accompanies appendicitis in greater
or less degree, depending on the virulence of the case, It is character-
ised by an increase of the polymorphs nuclears out of proportion to the
total count,

Thayer of Johns Hopkins University (38) found a very marked eosino-
philio lonoocytdsia in cases of trichinosis, sometimes as high as 68 per
cent of total white count. Polymorphs decreased and small and large mono-
moclears same or lower in count than normally. Brown's work (39) substan-
tiated the work of Thayer on trichinosis. Both men found a high total
white cell count due largely to the increase in eosinophils, the other
types decreasing in number,

Morse (40) found a hyper leucocytosis in both diphtheria and paneu-
monis but & somewhat higher count in diphtheria than pneumonia. Leucocy-
tosis was severer in acute cases than in mild cases.

Gray (41) reported leucocytosis among soldiers in the following eases:
(1) 51ight leucocytosis in patients with "irritable heart®; (2) types
olassed as "constitutional inforiors™ have a high leucocyfe count; (S)

1ymphocytosis in pasients with "irritabdle hearts™.
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File' (42) reported that lsucocytosis always accompanied diphtheria.
The leucocytic content of the blood increases with the severity of the
disease and decreases during convalescence until a normal condition is
marked.

Mair (120) found a decrease in neutrophiles in cases of smallpox but
an increase in total leucocytic count,

Meunier (43) found hyper-leucocytosis as one of the first symptoms Of
whooping cougﬁ in every one of 102 cases.

Rogers (44) found that leucocytosis always accompanies Asiatic cholera.
The intensity of leucocytosis increases with the severity of the attack.
The leucocyte count very oftem reaches 40,000 per cubic millimeter of bdlood.

Charles (45) found that in Malta fever the polymorphomclears were
nearly abscnt; oﬁly the lumphocytes showing an increase, In other types of
fever there was no such absence of polymorphs. He also foﬁnd that inflem-
mations caused by injections induced leucocytosise

Saldanka (46) found extreme leucocytosis always accompanied cancere
Other investigators also reported lcqcocytosil accompanying cancere None,
however, reported cases of cancer without leucocytosis. |

Hoad (47) reported extreme leucocytosis in dogs affected with septic
infection, offon reaching the extent of 400 per cent above normal,

Capps (48) reported presence of leucocytosis in cases of gastric ulcer
but in only two out of five cases of gastric catarrh. He reported leuco-
cytosis in cases of cancer but no digestive leuwcocytosis in 156 out of 17
cases of oancer of the stomach.

Ryfkagel (49) stated that leucocytosis accompanies or is found in all

infectious diaéaa;c except typhoid fever, unless an abscess, peritonitis or
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malaria is present along with the typhoid fever as a complication.

Russel (50) announced that leucocytosis in typhoid fever indicates
perforation. In uncomplicated cases of typhoid fever the count is usually
normal, In 37 examinations he found that it ranged from 2,000 to 12,000
per cubic millimeter.

Nageli (51) found that no leucocytosis accompanies typhoid fever, but
rather as the disease progresses leucopenia develops. At the beginning of
the disease the percentage of eosinophils increases but soon becomes normal
in number,

Bryant (62) substantiates the work of Nageli,

From the a.i:éve it appears that leucocytosis is present im all infec-
tious diseases except typhoid fever. Leucocytosis is also present in pel-

lagra and beriberi, both of which are matritional diseases,

Artificial Causes 21: Leucocytoais

Injections lMuir (103) found that subcutaneous and intra-peritoneal in-
joctiom of Staphylococcus pyogenes in rabbits caused an immediate leuco-
penia, followed by leucocytosis in the case of intraperitoneal injeotion.
Muir stated that his results agreed with the results Goldscheider and
Jaocobs obtained with intravenous injections of proteins, With the sub-
éntmm injection, leucopenia was not as well defined as it was in the
intraperitoneal injection. |

Wells (104) injected dead bacteria into splenectomised and non-sple-
nectomized rabbits, In both cases leucopenia followed the injection in a
very short time, The leucopenia in a few hours was i‘ollored by a marked
leucocytosis, There was a slight tendency toward an increase in count

following splenectomy,
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Pepper and Miller (110) produced leucopenia in rabbits by the injec-
tion of living or dead typhbid bacilli into the peripheral circulation,
Leucopenia is followed by a subsequent leucocytosis,

' Webd (105) gave dogs ansphylactic treatments with horse serum. Blood
counts from osﬁillariea, liver, portal, intestinal, and kidney blood all
showed leucopenia comparable to the leucopenia of the peripheral blood.
Sections of these organs showed no aggregation of leucocytes, Leucopenia
was present in spleenic dblood, the bone marrow was deprived of its oircu-
latory leucocytes to the same extent as the peripheral blood. He could not
show that the leucocytes were actually deatroyed'in leucopenia. He also
found that the pulmonary vein contained fewer leucocytes than the pulmonary
artery during the anaphylactic shocke Sections of the lungs at the same
time showed enormous quantities of polymorphs erowding the capillaries of
the pulmonary organs,

Roemer (106) was able to produce leucocytosis by the injection of
Buchner's protein into the circulation of rabbits, using eight cc. of a 10
per cent solution. The number of leucocytes per cubic millimeter of blood
increased about threefoldes One injection caused leucocytosis with the cells
unevenly distributed and collected in small messes, Repeated injections in-
creagsed the mumber of the masses of cells, The increase was found only in
venous blood and leucocytosis disappeared when the protein action ceased.

Lassabliere and Richet (107) were able to produce leucocytosis by ine-
traperitoneal injection of peptone which persisted for iwo and one-half
months, The amount injected had little or no effect on intensity or dura-

tion of the leucocytosise
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Hooper, Robscheit and Whipple (68) found that hemoglobin exerted no
marked effect on the leucocyte count whether administered orally, intra-
venously, or intraperitoneally,

Lassabliere and Rechet (108) found that a leucocytosis /(,owaa induced
by :I.ni;ra.peritoneal injections of muscle serum diluted in 7.5 NaCl solution
and that this leucocytosis was independent of the amount injected. They
found that the effect of the muscle serum wus due to a heat coagulable
protein, They thought that ordinazly toxin effects from small doses are
corrected by the nervous system but that leucocytes are not controlled by
the nervous system, which accounts for leucocytosis after very ‘mll doses,

Gray (41) found a marked leucocytosis after the injection of epineph-
rin in men. ‘i'hi.a increase in white cell count was much greater in patients
with a positive reaction, than in men who did not respond to the druge He
found no greater variation in the differential formla after the injection
than was found in the same subjects before the injection,

Berthelot and Betrand (109) gave guinea pigs intraperitoneal injections

of allantoin and found it to increase the animals' resistance to local in-
fection due to leucocytosise. The action of allantoin in promoting cuatri-
zation is due in part, at least, to the favorable action of the substance
on phagocytosise.

Castrin {(102) injected 1 mge. of adrenaline into a man and within 30
minutes he found i marked increase in both lymphocytes and polymorphonu=-
slear loﬁcocytes.

Hatigon [111) produced leucocytosis by the subcutaneous injection of

one mg, of adfenaline. The firset hour showed an increase of lymphocytes,



17

the second hour a decrease in lymphocytes but an increase of neutrophils.
He found it usually required six hours for the count to again become normal.
With a double dose (two mg.) he found that leucocytosis persisted twice

as long.

Harvey (112) produced almost immediate leucocytosis by injections of
pilocarpin, miscarine, and barium chloride. None of these had any effect
when administered orally,

Shaw (113) was able to produce leucocytosis in only eight of fifteen
cats by intravenous injections of sodium cinnamate. Animals were anaesthe-
tized with egher before bdlood was drawn from the juglar vein, Total count
414 not change in the remaining seven animals, but the percentages of the
various types changed,

Lisin (114) found that intravenous injections of soluble mercury salis
led to various leucocytic changes: either hyper leucocytosis and hypo-leu-
cocytosis, or an increase of polymorphs or eosinophils mey resulte Sub-
cutaneous injections had little effect on the leucocytes, Mercury prob-
ably has no specific effect on the leucocyte count of the blood,

Lassabliere and Rechet (115) found that intraperitoneal injections of
one cb. of .7 per cent NaCl solution was followed by leucocytosis to the
extent of 14,500 per cubic millimeter of bloode A similar injection of
one co, of propeptone gave an average leucocytosis of 18,800 per cubic
millimeter.

Bastrom (21) found that an injection of NaHCOz was followed by in-

crease in white 6311 count in heart blood, He accounted for this increase
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by a simltaneous decrease in the number of white cells in the cutaneous
vessels and in the liver and spleen.

Acids, Bastrom found had the opposite effect, that is a decrease 1n’
the white cell count in the heart blood and an increase in the liver,
spleen and cutaneous blood vessels, He attributes leucocytosis to a re-
distribution of the leucocytes: in the body due to a change in their ad-
hesive power which is strengthened by acids and weakened by alkalies,

Margarette Levy (116) was able to produce leucocytosis by single in-
jections of radium, Small doses had much greater effect, proportionately

than large doses,

Changes in Leucocyte Count due to Normal Conditions

Digestive Leucocytosis Digestive leucocytosis is a temporary leucocy-

tosis oocu.i'ring normally after eating a meal,

Cabot (Chemical examination of the Blood 1900) (. 53) classes the in-
ocrease of white cells during digestion as polymorphomuclear leucocytosis.
Ehrlich and Logarus (53) claimed the relative proportions did not change.
Aseoli (53) desoribed a digestive leucocytosis which he considered, like |
lencooyfosis of infection, as due to a chemiotactic influence exerted up-
on the white cells. Pohl (53) claims there is an excess of leucocytes in
the veins during digestion, not an increase in leucocytes of the bodye.

According to Kroluntsky (54) digestive leucocytosis is the second
stage of blood reaction during digestion and 1s due to absorption of di-
gosted material which reaches the liver by way of the portal vein and

then excites the liver to the production of anti-leucocytolysins; the
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latter neutralizes the leucocytolysins secreted by the spleen and thus
cauge the ajpea.rance of hyper-leucocytosis. This sequenée is readily
produced by intra rectal injection of amino acide In an earlier paper
Kroluntsky (55) obtained very similar results with the intrarectal in-
jection of muitritive liquids either before or after the ingestion of £ood.
The decrease in leucocytes (due to increased secretion of leucocytolysins )
immediately after physical excitation or ingestion of food after an intra;
rectal injection, indicates the existence of a hmctional relation (through
the nervous system or otherwise) between the spleen and bone marrow, where-
dy the latter is excited to the product ion of leucocytes to rep#ir the loss
occasioned by theleucocytolysins originating in the former,

Manoukhine (56) criticized Kroluntsky's technique and interpretation
of results, He sa.yé leucocytolysis (due t6 leucocytolysins produced in the
spleen and appearing in the blood) is of initial occurrence; this is followdd
by leucocytosis (occasioned by thé neutralizing action on the leucocytolysins
of the anti-leucocytolysins produced by the liver) and the latter is im turn
replaced by a leucocytolysis, 'fhis entire aequenée (simultaneous leucocyte
count and determination of leucocytolytic power of the serum)was observed
within two hours after an intrarectal injection of 20 cce. of a one per cent
Witte peptone solution in a dog.

Claude, Santinoise and Schiff (57) substantiated the work of Krolunt-
sky in that they believed digestive leucocytosis follwoing & meal is dus to
a functional relation between the liver and the vago-sympathetic tone.

Gelstein (58) advanced the theory that digestive leucocytosis depends
not only on the motor and secretory functions of the stomach and intestines

but also on the functional capacity of the bone marrow in producing leuco-

cﬁOﬂo
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Voronoff and Riskin (59) workins with dogs and men during
fasting and absolute rest found the leucocyte count to vary during
the day, the changes being different in different individucsls, The
gount incrersed £t the usuzl mezl hour showing 2 "habitual leucocytosise”,
An exaj3zerated leucocytosis apreared in dogs under certsin external
stimull associated with sham feeding, This leucocytosis was found to be
due to a conditional reflex, fThe ulleged digestive leucocytosis is evi-
dently not a constant reaction from absorrtion of rroducts of digestion
and secretion but is a conditiorzl reflex reaction, in this same wzy,

van Leeuwen, Blien end Verekamp (60) worked with humans and #ound that
within one to two minutes after a meal there was 2 sharp fﬁll in the lou-
cccyte count of the blood, but a rise ag:in in ten to twenty minutes, Oc=-
casionuzlly a second fall occurred in thirty to fifty mirutes and 2 secona,
slow but gredusl rise in the leucocyts curve,

Quite often the "curve" ofter & meal varies greztly from the curve
descrived above, They found thet the counts «t twenty minute intervuls
~on the same patient after eating the swme food on different dars, uzu-lly
gave scmewhet differ-ont and ocersionzlly widely diveroent reosults,

Gottichae end Waltner (61) worked with forty-five chiliren, They
mzde three or four counts in order to control thelr results, but found
no constant variztion in the leucocyte count before znd =fter meals,

They found the varistion equnlly as great after meuls zs before mcals,
They concludcd, therefore, that a gennlus alimentary leucocytosis did
not exist, They mov have erred in cousldering only the veristion rather
than the numbor showing on increase in leucocyte count after a meal s
over and agazinst those showing s decreasse in leucccyte count after a

meal,
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According to Brodin and Saint Girons (62) the leucocyte count remains
fairly constant during fasting, but immediately after the ingestion of food
the leucocyte count falls and then it increases, the largest number being
found at from two to three hours after ingestion, then a second fall and an-
other increase, reaching a second maximum in froﬁ four to six hours. They
also found that the intensity of digestive leucocytosis varied with the kind
of food ingestedes Raw eggs and potatoes, ranked about the same, boiled milk
slightly more in its effect and much greater effect from the julce of raw
meat than from the three foods named above, Raw meat exerts a greater in-
fluence on the count than does cooked meat, Usually there is an abrupt fall
in the count after the maximumn is reached which occurs in about five hours.
The work of Goodal},Gulland and Paton (63) agreed with the work of Bradin
and Saint Giron throughout.

Therefore, we may say that digestive leucocytosis is a temporary in-
crease in the leucocyte count of the blood probably due to a combination
of a functional or conditional reflex action on the nervous system due to
the physical presence of food in the stomach and a chemiotactic influence

of some nature exerted by the food in the stomach on the blood itself,

The Effect of Diet on the Leucocyte Count

Howe and Hawk (64) recorded an increase of the polymorphonuclears,
followed by a drop below normal at the end of seven days in fasting men.
®he opposite course held for lymphocytes. The taking of food of any form
tended to return the count to ite normel condition. In dogs they obtained

the same results except no initial rise in polymorphs but animmediate de-
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crease., DBrodin and Saint Giron (62) reported the leucocyte count as con-
gtant during fasting.

Whipple, Hooper and Robscheit (65) found that during fasting there was
no regeneration of blood in anemic dogse. There was in one group merely a
maintenance and no increase in the leucocyte count. Age of the animal was
no factors. In their second trial (66) they found a great variation in leu-
cocyle counx‘of anenic dogs during fasting. In no case was there & regencr-
ation of the blood on an increase in white cell count, but rether a decrease.
In some the décrease wus small but in other individuals it amounted to a
fifty per cent decrease from the original count.

In all the results given above it was found that immediately upon the
ingestion of food after a pericd of fasting there was an increase in the
leucocyte count, either returning to the normal condition or causing leuco-
cytosis,

Goodall, Gullend and Paton (69) fed dogs meat and water after fasting
and found an immediate leucocytosis produced. They concluded it to be di=-
gestive leucocytosis,

Fasting, then, probably does not greatly affect the leucocyte count,
except in cases of prolonged fasting where it reduces the count. The in-
crease in leucocyte count following the end of the period of fasting is
probably digeatiye leucocytosis,

Brinchman (70) found that feeding fresh ox spleen ceused a reduction
of the leucocyte cbunx in both guinea pigs and rabbits. No such reduction
of white cell count occurred in animals fed an egqual amount of fresh rew
meat in which the iron content had been adjusted to that of ox spleen, In

anemic animals spleen acts like other iron preparations, decreasing the



"destruction and favoring the regeneration of blood cells,

Leake (71), on the other hand, found that a marked leucocytosis fol-
lowed the oral administration of the combined extracts of spleen and red
bone marrow to either dogs or rabbits, The increase amounted to fifty per
cent in rabbits. The higher count was maintained as long as the daily ad-
ministration of the extracts was continued,

Whipple, Hooper and Robscheit (65) produced secondary anemia in dogs
by drawing a certain per cent of their dlood, in order to produce the same -
degree of anemia in all animals, then worked on the effects of various feeds
on the regeneration of the blood and on thLe leucocyte count,. |

During festing there was no regeneration, merely a maintenance of the
leucocyte count, but when the dogs were fed meat there was an immediate rise
in white cell count which usually rose above normal limits, The rate of in-
crease in the leucocyte count was increased when a larger quantity of meat
was added to the diet,

In a second experiment with dogs with experimentally induced anemda,
Whipple, Hooper and Robscheit (66) found a decrease in leucocyte count due
to fasting, When the animals were fed a diet of yeast, bread and milk there
was produced a §Mnge in the leucocyte count of the animals' blood but the
results varied too mﬁch to draw any definite conclusions. About an equal
mamber showed a slight increase and a slight decrease in leucocyte count.
Suger feeding following both fasting and a bread and milk diet, invariably
gave a decrease in white cell count, If the sugar diet was followed by a
meat diet there was another rise in count immediately following the feeding

of the meat ration which continued while the meat was fed.



In a third experiment along the lines of the first two, Hooper,
Whippie and Robscheit (67) found that the leucocyte count of dogs varied
greatly on a bread and miik diete If the dogs received an unlimited amount
of bread and milk after a period of restricted bread and milk feeding their
leucocyte count would increases The animels varied in reaction to a mixed
diet containing meat, after a period of bread and milk feeding, All of the
dogs on the mixed diet over two days showed a constant or an increased leu-
cocyte count. Of the animals on the mixed diet only one dsy, some showed
a 8light lowering of leucocyte count and the others showed an increase over
the previous day's leucocyte count, |

With two dogs a cracker meal, lard and butter diet gave an increased
white cell count over the count while on a bread and milk diet, the addi-
tion of milk powder to the ration gave no further increase in the leucocyte
count, Cracker meal, alfalfa meal, lard and butter, fed for only one day,
gave an increase in the count over the bread and milk diet but not enough
greater than the count while on butter, lard and oracker meal diet, to war-
rant drawing any very definite conclusions, In another case the alfalfe
meal, cracker meal, lard and butter combination gave a slight decrease in
count after the change from a bread and milk diet,

The feeding of boiled rice, potatoess and milk to three dogs after a
bread and milk diet showed a decrease of approximetely fifty per cent in
the leucocyte count. In a fourth animal the count remained practiocally un-
changed at first, then a drop in count, and in a fifth there was a slight
rise in count, then a drop to slightly below the count on the bread and

milk diets These animals were next placed on a mixed diet, which immedi-
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ately raised their leucocyte count, and then returned to the rice-potato-
milk diet, When returned to the rice-potato-milk diet, fou; of them showed
a drop in count ranging from 25 to 75 per cent of the original count. The
one showing a slight increase at first in the first trial varied greatly in
leucocyte count in this trial, It alternately showed a count higher, then
a count lower than the count while on the mixed diet, finally becoming near-
ly constant at a count approximately the same as the count it had while on
the mixed diet.

One dog, fed bread and milk, gave a normal leucocyte count in anemic
condition, On changing its diet to include can/sugar and glucose there
was & fall in its leucocyte countes A second change to include casein and
cane sugar in the diet gave a very decided second drop in the leucocyte
counte The same diet with an increased amount of casein gave a small in- »
orease in the leucocytic content of the blood. A diet of sugar, casein,
lard and butter caused a very decided increase in the count and an increase
in the casein content of the feed at this point caused the count to remain
constant a day or two followed by a drop in the count, Gliadin in the ra-
tion instead of casein, gave no change in the count after a bread and milk
diet,

In another trial (67) they found that in all their animals except two,
a lean meat diet following a diet of bread and milk caused an incresse in
the leucocyte count of the bloode In these two cases the count was abnorm-
ally high at the time the diet was changed, being 45,000 and 26,000 per
cubic millimeter of blood, respectively, A mixed diet following the diet

of lean meat gave a decrease in white cell count,
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Pure diets of heart or liver tissue geve a lower blood leucocyte
count when following a bread and milk diet. A mized meet and vegetable
diet following these diets gave an increased count., Liver tissue added
to the bread and milk diet increased the leucocyte count. Liver tissue
and beef extract with bread, milk and sugar in various combinations gave
no conclusive results as to their effect on leucocyte count., When fed
after a bread and milk diet, the count in nearly all cases remained es-
sentially the same,s The changes were no greater than a normal variation
in the leucocyte count of an animal's blood from day to day on & bread
and milk diet,

Using a proceduire similar to the one used in the preceding work,
Whipple, Hooper and Robscheit (68) found that iron in the form of Bland's
pills had no influence on the leucocyte count of dogse Hemoglobin ad-
ministered orally exerted no influence on the leucocyte count of dog's
blood.

Goodall and Paton (72) produced leucocytosis in small animels by
feeding high protein dietss The animals were killed and autopsied. The
leucocytosis was not permanent, lasting only while the high protein diet
was fed.

Julia Jenks (73) working with rats along the line that Hooper, Whip-
ple and Robécheit worked with dogs, found that any diet permitted greater
regeneration of blood after artificial anemia than could be attained dur-
ing fasting, Proteins supported a more rapid regeneration than either car-
bohydrates or fats as a sole nutrient. Diets of vitamin-rich food supported

a more speedy regeneration of blood than any other diet containing only
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one food factor. While she does not give any data concerning the changes
in leucocyte count it is probable that the count follows the blood regen-
eration curve rather closely as it did in the work of Whipﬁle, Hooper and
Robscheit. That is, diets permitting rapid regeneration of blood allow an
increase in the lsucocyte count and those not supporting blood regeneration
cause no change, or & drop in the leucocyte count,

Heints and Welker (74) found that the ingestion of three yeast cakes °
daily by normal humans induced a decided leucocytosis, which continued as
long as the yeast was ingested.

Cramer (75) found that rats on a vitamin free diet had leucopenia.
Rats on a diet poor in vitamin B showed leucopenia. Rats on diets low in 2
and B showed no different results from those on diet low in B, A normal
leucocyte count wgs found in rats on a diet deficient in vitamin A, dbut
with an abundance of B, Feeding vitamin B in the form of yeast after caus-
ing leucopenia dy its deficiency, immediately causes a return to the normal
"count level",

Dre Cramer then concluded that the effect of vitamin-rich diets in
causing leucocytosis (chiefly lymphocytosis) was due to a stimlation of
the functional activity of lymphoid tissue and that this is associated with
more rapid growth and a general improvement in condition,

Mitchell (76) found that bottle fed babies do not constantly show leu-
cocytosis, dbut that more show leucopenia. This decrease is greatest from
one to two and one half hours after taking milk when the count tends to be-
come normal againe When a rise in count does occur it is usually immedi-

ately after feeding and begins to decline within thirty minmutes after tak-
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Ing the milk, Crying, strasgling or coollng the rart of the vody from
which the blood is druwn incresses the count,

Ad<lsburger (77) reported that ufter taking 1ts mother's milk,
infants show immallste leuccyrenia, Artifical food mixtuires czusec cr
Induce leucocytosis, The changes In leucocyte count were not influ-
cnced by the bacteriul flora of the milk ingested, These results are
in direct contradiction of the results reported by Nitchell,

Liotta (78) was &ble to induce a slizht leucocytosis in zulnea
pizgs by feeding them & diet of oats until they were reduced to scurvy,

Puzeddu (79) wus able to show that sodlum bictrbonute tiken or=lly,
even while foasting cuused leucorenia in cddition to its Indirect effect
by reducing the hydrochloric zcic of the stomach, ITe also feund that
hydrochlceric acid tuken while fasting irduced leucocytosis,

Pagniez and Flichet found thut the insesticn of EO0-150 cc. of 0.4
rer cent hydrochloric zcid caused leucocytosis in normsl subjects, This
increcse in leucocyte count is gquite anclogousz 1n dejrec and in duration
to that observed zfter the irgestion of a rrotein rich mecl, A yotient
sufferineg from gustric neoplosm and showing mirked achlorhydrisz, and
who usually reacted withileucopenia efter & protein mezl (milk) showed
a distinet leucocytosis after the iIrgestion of hydrochleric =scld., This
led Pagrniez and Plichet to belleve that the secretion and absorytion of
hydrochloric wcid during digestion furnishes at least one fuctor in the
mechanism of &limentary leucocytnsis,

Ciucclo (€1) also found that leucocytosis occurred in thirty minutes
after the introduction of hydrochloric 2cid Into the stomcch of 3 festing

dog, rewuching a meximum in anout oxe hour, then diminishing and disaryear-
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ing petwaen the second and fifth hours, In some individuals leucocytosis
was preceded by leucopenia, Ciaccio believed that digestive leucocytosis
then was not due to the digestion of proteins but to the hydrochloric acid
secreted by the stomach during digestion.

Seyderhelm (82) and Hamonn reported that ether, (CHClz) chloroform,
ethyl bromide, chloral hydrate, urethan, alcohol, sulfonal and morphine
when administered orally to rabbits in quantities to cause narcosis, also
cause leucocytosis. The degree of leucocytosis depends upon the severity
of the narcosis, Seapolamine, does not cause narcosis, neither does it
ceuse leucocytosis, They concluded that the leucocytosis wes in response
to the toxin effects of the drug or chemical rather than a reaction to the
so-called fatigue leucocytosis as indicated by the correlation between the
production of narcosis and leucocytosis,

Adelsberger (77) found that the application of concentrated salt so-
lutions to the intestines led to leucocytosis, After the feeding there
is a great individual variation as to the time of the appearance of the
leucocytosis, but it usually occurs in from two to three hours,.

According to Dixon (83) colchicin taken orally causes leucopenia at
first, chiefly of the polymorphonucleérs, then a rise in count to above
normal mumber, ccusing leucocytosis. The cells fncreased in number and
became swollen,. Colchicin causes a slow decath unless given in increasing-
ly large doses.

De Rengi and Boeri (84) found that calomel, sublimete, magnesium,
sulphate, podophyllin and croton when introduced into the intestine cause

an increase in the leucocytes throughout the system. However, they were
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unable to demorstrate any protective action against disease by this leu-
cocytosis,

Schwars (85) took thirty patients suffering with various diseases and
treated them for thirty days with amounts of silicon dioxide mineral water.
In every case there was & decided increase in the leucocytic comtent of the
'Blood. He attributed this leucocytosis to the mineral water,

According to ﬁoth (86) quinine given in single doses acted as follows:
(1) Preliminary leucocytosis appeared shortly after drug is given and is
probably caused by a contraction of the spleen and other tissue., (2) Leu-
copenia followed in one to two hours. (3) A secondery leucocytosis was very -
marked.,

If administered to a dog for e long period the blood picture is es=-
sentially the same, but death results,

High protein diets cause greater leucocytosis than other types of diets,

Any diet after fasting will increase the leucocyte counts In fasting the
count usually remeins about constant or mey decrease. Pure diets of liver
or spleen tissue cause leucopenia, lany drugs taken orally cause leucocy-

tosis, Any causing narcosis cause leucocytosis,

Parturition and the Leucocyte Count

Baer (87) found leucocytosls during pregnancy, appearing during the
ninth montﬁ and increasing until after parturition, Leucocytosis was more
marked in primipargs than in secundiparas and slight in women who have borne
more than three children. The maximum of the curve was reached the first

dey of puerperium, after which there was a rapid and constont decline to
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about the tenth day when the count was again normel, Leucocytosis he
found was increased by & duration of labor beyond twenty-four hours,

The onset of lactation did not affect the count except in primi-
paras, on the fourth day there was a slight elevation in count over the
count of the preceding daye. Age was no factor except in primiparas,
Women twenty years 0ld or younger in primipara showed greater leucocyto-
sis than any other groupe

Hofbaurr (88) claimed that there is a distinct leucocytosis during
and after parturition, up to twelve hours when the count began to gradu-
ally drop to normal again. Henderson (89) gave the normal leuéocyte count
of women as 8,000; immediately after parturition as 21,000; and 12,000 at
the end of five days after parturition,

Hibbard and White (90) found leucocytosis present in over 75 per cent
of all labor cases, Leucocytosis was more frequent and higher in primip-
ara than in other cases, During convalescence the count fell, rapidly at
first, and then slower until the leucocytic content of the blood was
again normal, About the seventh day they found there was ususlly & small
secondary rise in the count, They found the count to be universally higher
in young women during puerperium, regardless of the muiber of children pre-
viously borne by them. Hibbard and White (90) found that the count ine.
creased as the labor advanced, being highest at the completion of labor.

They found that breast inflammation even though mild causes an im-
mediate leucocytosis, so a leucocyte count is of no value in the diagnosis

of a breast abscess,
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A1l authorities agree that there is a decided leucocytosis during
primipara and secundipara but thet it is much less severe in polypara
and less severe in in older women than in young women, and that preg-
nancy does not cause leucocytosis. Leucocytosis dus to parturition

usually disappears in from five to twelve days after labor 1s complete,

Heat and Cold and Leucocyte Count

Lapinski and Svenson (91) found that cold baths temporarily increased
the léucocyte count in humens, Tha&er (92) also found a very distinct in-
crease in leucocyte count as early as thirty minutes after a cold bath.

Hames (93) worked with 29 humans. He found an increase in leucocyte
count from 3,000 to 5,000 or more per cubic millimeter of blood in every
cage, fifteen mimites after natural or induced sweatinges In some cases

"the increase amounted to 100 per cente One half hour after being wiped
dry and being transferred to & fresh bed, their leucocyte counts were back
to normal,

Apparently a change of external temperature, surrounding the body to

either extreme, hot or cold, induces temporary leucocytosis,.

Light Rays and the Leucocyte Count

Orr (94) found no constant difference in the leucocyte counts of pa-
tients located in the ward and those treated in the open air with only
their faces exposed. Patients suffering from fever and having leucocytosis
in the ward showed a slight decrease in leucocyte count when treated in

the open air with only their faces exposeds The lowering of the leucocyte
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count was probably due to the alleviation of the fever and not to the ex-
posure.

Taylor (95) reported that theexposure of white men to the tropical
sun tended to 1hcrease the number of lymphocytes in their blood resulting
in lymphocytosis, He compared the action of the sun on men to the action
of X-rays on small animals, He ascribes the action to the ultra-violet
light or ray, which 1s rgther high in the tropical sun.

Aschenhein (96) subjected 31 patients to a leucocyte count before and
after one hour's exposure of the naked body to the direct action of the
gun's light. In 80 per cent of the cases he found there was a general leu~
cocjtoais in the periphéral blood, a relative increase in lymphocytes and
a decrease in polymorphs, Lymphocytosis is regarded by many authors as a
defensive reaction against tuberculosis. Aschenhein suggest that this may
scoouhrt for the favorable action of sunlight in combating tuberculosise

Campbell and Hill (97) found that ultra-violet rays merkedly increased
the leucocytic content of frog's bloode

Clark (98) obtained the following results by direct radiation on rab-
bit's ears of iight from an iron arc. (1) Region of ultra violet 1light has
no effect on absolute mumber of polymorphs ( wave shorter than 300 microns)
but produces a marked lymphocytosis which lasted about three weeks. (2)

The near ultra violet light (330 - 390 microns) has a marked depressing
effect on the lymphocytes and to a less degree on the polymorphonuclears.
(3) The region between 450 - 650 microns has a stimulating action on both,
and (4) the wave lengths longer than 650 microns (red and infra-red light)

prodﬁce no effect on blood beyond the immediste drop in lymphocytes which
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occurs upon exposure to lisht of any kind,

lattrom and Russ (99) exposed white rats to "soft X-rays" (low
penetrating power) for twelve minutes. At the end of that time they
found that leucopenia to the extent of 50 per cent or more had resulted,
Exposure to B rays for 34 minutes also produced leucopenia, bdbut to a
slightly less degree than the "soft X-ray", probably due to its lower
penetrating powere

Buchanan (100) used X-ray treatment for leukemia and found en im-
mediate and rapid reduction in the leucocyte count. Others not mentioned
here noted the same results, Buchenan ascribed the lowering of the count
to (1) inhibiting of over production of leucocytes by the red bone-marrow
and (2) a destructive influence on the white cells themselves, Cramer (75)
found that X-reys destroyed the circulating lymphocytese |

Sunlight then increases the leucocyte count but exposure to X-rays
and B ray lowered the white cell count, being especially effective in

destroying the circulating lymphocytes,

Exercise and Position and Leucocyte Count

Jorgensen (101) found the leucocyte count of man to be higher when
recl.’uiing than when'erect. In some cases the involved increase in count
may be as high as 100 per cent., The hizh count remains practically con=-
gtant as long as the position is maintained. The change in count occurred
whether the change in position was affected immediately or gradually,

Castrien (102) reported that a marked increase in lymphocytes and

polynuclears folloﬁed magcular exertion resulting in an increase of the
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total white cell counts This Castrein attributed to the driving out of

the leucocytes from the blood forming organs.

Summery of Review of Literature

Leucocytes are small colorless phagocytic cells found in blood and
body tissues, whose chief function is the defense of the body against
bacterial invasion,s They have their origin in the red bone marrow and
the lymph nodes. There are several types of leucocytes, each type ap-
parently having a specific function in combating disecase, The nmumber of
leucocytes normally found in cows® blood varies from 5,000 to i0,000 with
an average of 8,000 per cubic millimeter of blood in mature cattle. Sex
and castration have no influence on the mumber, TYoung cattle have a
higher leucocyte count than mature animals, 13,000 per cubic millimeter
being about the average for calves at birth but 15,000 is considered norumal,

The count normelly decreases during the night and increases during
the day, being greatest around five o'clocke It increases after each meel
except the last one of the day. |

Among the natural causes (causes occurring in nature) of leucocytosis,
disease is probably the most important from a health standpoint,

If an animal becomes infected with either a local infection or an in-
fectiéus disease there follows a preliminary leucopenia which corresponds
to the period of invasion of the orgunism, In all cases of infection and
all diseases, except typhoid fever, there follows a gradual increase in
leucocyte count, or leucocytosis., This indicates that the animal body 1s

resisting the disease. In typhoid fever there follows a continued fall
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in total white cell count but the per cent of eosinophils increases,
Leucocytosis in typhoid indicates perforation.

Digestive leucocytosis occurs after the ingestion of food of any
kinde It appears to be due to & combination of chemical stimlation and
& physical stimilation due to the presence of food in the stomache It
appears to be a precaution of nature against danserous dbacteria which
may gein entrace to the body by way of the digestive tract.

Diet also affects the leucocyte count.s Foods high in protein or
acid in nature tenmd to rzise the count.

Pregnancy does not affect the leucocyte count but parturition
causes leucocytosis,

Either extreme heat or cold on the body surface causes leucocytosis.

X-ray and B ray causes leucopenis and ultra-violet ray tends to in-
crease the white cell count. Sunlight on the body, or exposure to tropic-
al weather all tend to increase the leucocyte counte.

luscular exertion increases the count., There 1s also an increase
in man's blecd upon reelining.

Since some foods, sunlizht, all infectious disecses, and some nutri-
tional diseases cause a change In the leucocyte count of humens, it is

very probable that feed will also affect the count of bovine tlood,
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IDETRIIILTAL WOllde

OBJ:CT OF EXPuRILIZTT

Authorities agree that pathological conditions affect the leucocyte
count of the blood. Several investigators found that diet affected the
white cell count of the blood of rats,

Investigators agree that ingestion of food causes a digestive leuco-
cytosis, which varies in duration and intensity with the type of food in-
gested.,

In the course of experiments conducted by the Department of Dairy
Husbandry, leucocyte counts were made in gathering data on the various
animels on experiment. These counts showed variations much greater than
should be found in normal animals on a normal diet,

The object of this experiment is to determine the effect‘eg different

rations on the leucocyte count of the blood of dairy cattle.
PLAN OF EXPERIMENT

l, It is planned to feed rations restricted in quality and quantity
of roughage in order to study their effect, if any, on the leucocyte count
of the animals' blood.

2¢ The rations fed in some cases will develop mutritional diseases
and disorders, Where these develop the basal ration will be supplemented
in an attempt to cure the disease,

It is planned to use as many calves on as widely varying rations as
possible in order to study the variations caused in leucocyte count by a

change in, or restriction of roughage.



38

A leucocyte count of the animals' blood will be taken each week or
oftener if the condition of the animal warrants it., This will be done in
order to get a "leucocyte curve™ rather than individual counts,

Determinations will also be made of the blood calcium, phosphorus,
chlorine, carbon dioxide, non-protein nitrogen.

4 study will also be made to determine if there is a seasonal varia-
tion in the leucocyte count of an animal's blood irregardless of other con-
ditions.

Observations regarding health and appearance of the animels will be

mede from time to time,

LWTHOD OF PROCEDURE

Choice _c_:f_ Animals

Grade Holstein, Jersey, and Brown Swiss calves were used in this
experiment,

Choice _cg'_ Teeds

The rations fed consisted of the following feeds: (1) whole milk
from Holstein herd, (2) skim milk from mixed dairy herd, (3) powdered
calcium carbonate ,acid phosphate ,sodium carbonate, tri-calcium phosphate,
megnesium phosphate,iron oxide all chemically pure, (4) finely ground
limestone rock, raw rock phosphate, bone meal, commercial grades, (5)
precipitated bone meal, (6) syrup of iron phosphate U. S. P., (7) alfalfa
meal, finely powdered green alfalfa leaves, (8) oat hulls, outer covering
of the oat grain, (9) wheat straw, (10) wheat bran, (11) Norwegian cod
liver oil, (12) oxidized Norwegian cod liver oil, (13) tankage, sixty per

cent protein, (14) blood meal, eighty per cent protein, (15) flowers of
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sulphur, (16) pure corn starch, (17) alfalfa tea, the water extract of
alfalfa hay, (18) alfalfa mineral mixture, composed of finely powdered
chemically pure minerals,

Preparation of Feeds

Oxidized cod liver oil was prepared by pessing air through cod liver
0il heated to a temperature of one hundred and forty degrees Centigrade
for a period of twelve hours,

The alfalfa tea, was the water extract of alfalfa hay prepared by
leaching the dried green alfalfa hay with luke warm water for twenty-four
hours. |

The alfalfa mineral mixture was prepared by the tgbulated amounts of
finely powdered meterials:

1,36500 ETe casein

5640 Ne2 H PO4
2646 Na Cl
47.5 Ea H COg
162,0 Kp S04
26.4 K CO3
282,2 Ca COg4
140.0 Mg CO,4

The syrup of iron phosphate was made by dissolving eight and six
tenths grams of iron wire in sixty-two and five tenths cubic centimeters
of phosphoric acid diluted with sixty-two and five tenths cubic centimet-
ers of distilled water, The resulting solution was then filtered into
seven hundred cubic centimeters of U, S. P, syrup and made up to one liter

by adding distilled water,






Care, Shelter and Feeding lethods

The animals were under the care of a competent feeder under the super-
vision of the men in charge of the experiment. The animels were sheltered
in the experimental barn. They were all kept and fed in individual stalls
and allowed to exercise in a lot which was free of all edible materieal,

In all except a few noted cases the animels were bedded on shavings. The
animals had free access to water in the exercise lot.

The animals were fed regularly twice daily. 1lilk scales, graduated
in tenths of one pound, were used in weighing all milk and concentrates,
Silage and dry roughege were weighed on a larger set of pound scales.

Supplements as, cod liver oil, oxidized cod liver oil, raw linseed
0oil, paraffin oil and syrup of iron phosphate were measured in a cylinder
graduated in cubic centimeters. Ferric oxide and minerals of its nature
fed in smell amounts were weighed on smell gram balances, All feeds used
as supplements to milk were stirred into it well before feeding., liaterials
used as supplements to the grain retion were mixed with it before feeding,.
Weighing

4All animals on the experiment were weighed when started and at inter-
vals of ten deys thereafter, At the end of each thirty days, the animels
were weighed on three consecutive days. The average of the three were tak-
en as the animal's true weight. All weighings were msde early in the morn=-
ing before feeding or watering.

Measurement s

The following meesurements of each animel were taken the first of each
month: highest point at the withers and height at the rump, depth and widih
of chest, width of barrel, hooks and thurls, the circumference of chest and

barrel, the length of rump and length from hook point to point of shoulder,
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Record &i_‘. Feed

The feeder kept a permenent record of 2ll feed given each animal at
each feeding period.

Health Observations

All symptoms of sickmess and disease were recorded each day in a book

provided for that purpose,

Collection of Blood Samples

Blood samples were taken regularly each week for blood cell counts,
A sample was taken simultaneously for chemical analysis., The blood was
drawn from the juzlar vein without stasis, The blood for the biood cell
counts was allowed to flow freely into the palm of the hand, which had pre-
viously been washed and dried with alcohol,s From the hand five tentus of
a cubic millimeter of blood was drawn into a Spencer dlood counting pip-
ette and diluted with Toisson's Fluid (appendix) giving a dilution of
1:200, Toisson's fluid stains the leucocytes a deep dlue and leaves the
erythrocytes unstained, thus permitting both types of blood cells to be
counted from the same sample, After thoroughly mixing with the diluting
fluid a sample of the diluted blood is placed on a Spencer~Thoma-Ziess
haemacytometer to be counted. The Spencer-Thoma-Ziess haemacytometer is
ruled into four hundred squeres measuring one-twentieth of a millimeter
on the side, The film of blood in the counting chamber is one tenth of a
millimeter thick, after the cover glass is in place., The haemocytometer
is then placed under the microscope and the cells counted under "high
power®™ lens,

The leucocytes in the entire four hundred sguares were counted and

the total mltiplied by two thousand to obtein the leucocyte count per
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cubic millimeter of bloode For the red cell count only the cells in
twenty-five squares in each corner of the ruled area or one hundred
of the four hundred squares were counted and the total multiplied by
eight thousand to obtain the red cell content of one cubic millimeter
of bloode.

The samples of blood drawn for chemicel analysis were drawn from
the juglar vein into a special tube under paraffin oil with lithiunm
citrate as an antf coagulant, The chemical analyses were run by the
Department of Experiment Station Chemistry.

Autopsy of Animals

4All animals that died or were killed were autopsied by the Depart-

ment of Animal Pathology.
EXPERTLENTAL DATA

4 description of the calves used in this experiment will be found
in Table Number I of the appendix., Tables showing the leucocyte count
of the blood of each animal and the ration of each animal from time to
time, as well as other information about the animal, will be found with
the discussion of each animal,

In Table Number 111 on page 4a of the appendix will be found a tabu-~
lated resume of the results of the experiment.

C-31, C-40, C-42, C-53, C-54, and C-62

These grade Holstein (C-31, C-42, C-53, C-54, C-62) and Jersey (C~-40)
calves were placed on a diet of whole milk at birth. Shavings were used

for bedding,.



Notes and Observations

None of these calves mede normal growth after three months of age.
They were all in poor physical condition and showed lack of proper mutri-
tion, C=31 died in convulsions at 175 days, C=42 at 348 days and C-54 at
173 days of egee (=40 died from paralysis at 465 days of age and C-53
died at night at the end of 272 days, probadbly in a convulsion, C=62 is
186 days old and still alive, but is in poor physical condition.

C-31 gave a leucocyte curve above the normal level, C-40 gave alter-
nate periods of high and normel counts but no counts were below normal,

The leucocyte count of the blood of calf C-42 was normal most of the
time,

C-53 showed alternate periods of normal and high leucocyte counts,
The blood of C-54 was normal in respect to leucocytes up to 89 days of age,
at which time the count increased and continued a 1little above normal un-
t1i1l the animal died in a convulsion at which time the leucocyte count was

normal again,

C-31

Holstein Bull Calf Born 7-=7-=24

Date Age Ration Count
10-21=-24 106 Whole Milk 23,000
12- 3-24 149 28,000
12-10-24 156 10,000
12-15-24 161 24,000
12-29=24 175 36,000

12-29=24 175 Died in coavulsion



Date
1-10-25
7=7=-25
7-13-25
7=21=25
7=28=25
8= 4-25
8-12-25
8-20-25
8-26-25
9= 4-=25
9-10-25
9-16=25

10-21-25
10-28-25
1l- 4-25
11-11-25
11-18=25
11-28-25
12- 2-25
12~ 9-25
12-16-25
12-23-25
1= 6-26

1-15-26

241
249
256
263
71
79
285
294
300
306
341
348
355
362
369
379
383
390
397
404
418

427

C-40
Jersey Bull Born 11-14-24
Ration

Thole lHilk

Count
14,000
8,000
8,000
12,000
30,000
24,000
14,000
22,000
16,000
18,000
10,000
6,000
12,000
16,000
8,000
8,000
6,000
12,000
16,000
26,000
26,000
22,000
8,000

8,000



Date
1-20-26
1-23-26
1=29-26
2= 6-=26
2=12-26
2=17=26
2=19-26

2=22=26

Date
7= 7=25
7=13=25
7=21=25
7-28=25
8= 4-25
8=11-25
8-18=25

8=19=25

8~20-25

8-21-25
8=26=25
9= 4-25

9-10-25

Lge

435
41
449
455
460
462

465

185
191
199
206
213
220
227
R&8
229
230
R36
244

250

C=40 (Continued)
Retion

whole liilk

Died paralyzed

C~42
Holstein Heifer Born 1-3=25
Ration

Whole Milk

Count
18,000
18,000
20,000
18,000
24,000
14,000

12,000

Count
8,000
8,000
8,000
22,000
10,000
14,000
22,000
14,000
10,000
16,000
24,000
8,000

16,000



Date
9-16-25
10- 7-25
10-21-25
10-28=25
1l= 4-25
11-11-25
11-18-25
11=25=25

12-2-25
12~ 8-25
12-16-25

12-17-25

Date
6=-25-25
7= 7=25
7=13=25
7=-R21=85
7-28=25
8= 4-25
8-20-25
8-26-25
9= 4-25

9-10-25

C-42 (Continued)
Aga Ration
<56 Whole Lilk
277
291
293
303
312
319
326
333
339
347

348 Died in convulsion

C-53
Holstein Bull Calf Born 5=17-25

Age Ration
39 Whole llilk
51

57

65

72

79

95

101

110

116

Count
12,000
16,000
10,000
16,000
12,000

8,000

4,000

8,000

8,000

4,000

10,000

Count
16,000
10,000
14,000
24,000
20,000
12,000
12,000
14,000

16,000

22,000



Date
9-16=25 .
10-14-25
10-21-25
10-28-25
11-5-25
11-11-25
11-18-25
11-25-25
11=28=25
12-3=25
12-10-25
12-17-25
1-6-26
1-16-26
1-22-26
1-27-26
2-6-26
2=12=26

2-13-26

Date
6-25-25
7=7=25
7=13=25

7-21-25

122
150
157
164
172
178
185
192
195
200
207
214

234

255
265
271

272

56
68
74

82

C=53 (Continued)
Ration

Whote Liilk

Died

C=54
Holstein Bull Calf Born 4-30-25
Ration

Whole Milk

Count
20,000
12,000
8,000
22,000
18,000
12,000
12,000
2,000
16,000
10,000
24,000
20,000
24,000
12,000
16,000
10,000
12,000

6,000

Count
4,000
8,000
8,000

10,000

47



Date
7=28=25
8~4=26
8=13=25
8-19-25
8-27=-25
9=17=25

10=-20-25

Date
12-2=25
12-9-25
12-16-25
12=23=25
1-8-26
1-16=-26
1-22-26
1-2?-26
2-3-26
2-10-26
R2=17=26
2=24-26
3=5-26
3=12-26
3=19-26

3=26-26

89
96
105
111
119
140

173

33
49
57
63
68
75
82
89
96
105
112
119

126

C-54 (Continued)
Ration

Whole Milk

Died in Convulsion

C-62
Holstein Bull Calf Born 11=-20-25
Ration

Whole Lilk

Count

22,000
14,000
22,000
16,000
12,000
14,000

10,000

Count
6,000
3,000
6,000
6,000

10,000
6,000
8,000

10,000
6,000

20,000
4,000

10,000

14,000
4,000
6,000

12,000

48



Date

4-1=-26

4-9-26

4-16=26

4-23-26

4~30-26

b5=-20-56

B=2b-26

C=-62 has shown & nearly normil leucocyte curve with only
five points of the curve above the normzl limits &nd four below
the normal limit,

Therefore, in the group on wihole milk alone, two animals
showed an ircreused leucocytic blood content, three which hzud

glternate veriods of high and normal counts, and two which were

Age
132
140
147
154
161
181

166

C-63 (Continrued)
Ration

“whole Milk

Count

26,000

14,000
4,000
8,000
8,000

14,000

8,000

49

normcl at first but were above normzl as the exvoriment cdvanced,

In cases where the animals' leucocyte count fell in the ringe of
normality the count was usually nezr the upper limits of the

renge rather than the averzge or the lower limit of & normal

count,






Calf C-16.
This calf was placed on a ration free from grass or hay. At
the age of 190 days, the first blood count was taken, the last one
at 706 days. During this tine, the ration was varied somewhat.
Whole milk, skimmilk, cod liver oil, alfalfa mineral mix, blood meal,
>"§jrup of iron phosphate, sodium chloride and oathulls were fed during

the~expefiment. She was bedded with shavings.

Notes and Observations, Except for a very few instances, this animel

showved a high leucocyte count and of these all except the last one,
which was six thousand per cubic millimeter, were above the avsrage
for normal bovine blood. This animal was suffering from depraved
appetite over the entire period covered by the blood counts and was
still afflicted with the disease when droppedvfrom this experiment,
The mineral supplements were used in attempt to allsviate this con-
dition but all attempts were unsuccessfuls In October 1924, the
animal developed an emaciated and run dovn condition. Consequently,
half of the skimnmilk of the ration was replaced by whole milk at
this time, The animal was muzzled while in the exercise lot but

not in the barn. During the winter mouths, this animal consumed about
four pounds, daily, of the shavings used for bedding. It is obvious
that the high count and depraved appstite were neither due to an

absence of minerals or a lack of roughage or volume in the ration,

C-16
Holstein Heifer Born 10-13-=23
Date Age Ration Count

4-20-24 190 Whole milk, elfalfa mineral, 21,000
cod liver oil

5-20-24 220 41,000



C-16 (continued)

Date Age Ration Count
Whole milk, alfalfa mineral
7-14-24 275 cod liver oil 23,000
8-7-24 299 7-29-24 blood meal added 8,000
8-28-24 syrup of iron phosphate
added
9-15-24 skimmilk added
10-21-24 313 11,0C0
12-1-24 415 12-26-24 whole and skximmilk and 18,000
syrup of iron phosphate
1-20=-25 465 16,000
1-31-25 476 4-25-25 skimnilk discontinued 18,000
7=-17-25 640 7-17-25 oat hulls added 10,000
8-20-25 677 12,000
9-10-25 698 24,000
9-18-25 706 6,000

Calf C=22,

A grade Holstein calf born December 15, 1923, was placed on
& whole milk and alfalfa tea diet.s The ration was varied later
according to the condition of the animal, Whole and skimmilk,
aelfalfa tea, cod liver oil, wood ashes, tankage, syrup of iron
phosphate, wheat bran and iron oxide were fed. Shavings were

used for bedding.

Notes and Observations, C-22 was 122 days of age when first bled

for blood count and 635 days o0ld when taken off experiment. This
animal's leucocyte count was above the average for bovine dlood

in all cases and above normel limits in all except three instances,
C-22 was on a diet gimiler to that fed C-16, C=22 devaloped de=

praved appetite about June 6, 1924, and her leucocyte count was

51
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higher before this date than after it. On December 5, 1924,
C=22 was dowvmn in her stall unable to rise, due to a weakened
condition, The blood count at this time was no hisher than it
had been previously. The following day, however, she was able
to get on her feet without assistance, but walked with diffi-
culty. This animal showed a high leucocyte count without
roughages This animal did not eat shavings, but developed a

craving for hair. 1In lay, 1925, she regurgitated three hair

balls,
C-22
Holstein Heifer Born 12-17-23

Date Age Ration Count
4-15-24 122 Whole milk and alfalfa tea 34,000
5=-20-24 157 145,000
6=24-24 192 6-11-24 wood ashes added 35,000

6~-25=24 tankage added
7=14=2 212 Cod liver oil added 10,000
8-7-24 236 : 15,000
10-22-24 312 8-28-24 syrup of iron phosphate 23,000

added
9=-17=24 whole and skximmilk added
half and half

12-1-24 352 11,000
12-5-24 356 16,000
1-20-25 402 Vheat bran added 20,000

12-26=-24 syrup of iron phosphate

discontinued

1-15=25 wood ashed discontinued

1-25-25 cod liver oil "
1-31-25 413 4-25-25 no skim, all whole milk 23,000

6-23=-25 iron oxide added
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C-22;{Cont1nued).

Date Age Ration Count

7-20-25 - 583 8,000
8-17-25 611 15,000
9-10-25 635 16,000

Calf C=25,

A grade Jersey heifer born April 1, 1924, was placsd on a
whole milk ration. She was bled first at 49 days of age and
continued on the experiment until she died in a convulsion August
5, 19256, The diet varied from time to time, depending on the
condition of the calf., Vhole milk, oxidized cod liver oil, un-
oxidized cod liver oil, bone flour, bone meal, syrup of iron
phosphate, alfalfa meal and wheat bran were fed during the exper-

iment + Shavings were used for bedding.

Notes and Observations, C-25 showed a leucocyte curve vary

similar to C-16 and C=22, her white cell count being the average

or above during the exreriment and in all except four cascs it

was8 higher than the limits of a normal white cell count. This
heifer also developed a depraved appetite, but it apparently

did not affect the leucocyte counts On December 15, 1924, she

wag placed on a diet of whole milk and wheat bran which ameliorated
the depraved appetite, but did not appreciably affect the leucocy-
tic content of the bloode. On Lugust 5, 1925, this calf died in a
convulsion. The leucocyte count was exceedingly high on August 1,
being 38,000 per cubic millemeter., C-16, C-22, C=25 receiving

very similer rations, all without hay or grass, show:d a leucocyte



count almost uniformly above the limit of normal variation.

Date

5-20-24

6=24-24

8-7-24

9-8-24

10-9-24
10-21-24
12-1-24

12-15-24
1-7-25
1-31-25

2-7=25
2-12-25
7-10-25
8-1=25

8-5=25

128

160

191

203

487

491

C-25

Jersey Heifer Born 4-1-25,

Ration

“hole milk
6-9-24 cod liver oil

Oxidized cod liver oil for cod
liver oil
7=19-24 bone flour added

8-28-24 syrup of iron phosphate
added, cod liver oil discoatinu=d

Alfelfa meal added, bone flour
stopped

Alfalfa meal stopped, wheat bran
added

Died convulsion

C-18, C-19, C-20 and C-21,

Count

28,000

17,000

14,000
31,000

26,000
25,000
8,000

8,000

20,000
16,000

16,000
10,000
10,000

38,000

These four grade Holsteins were born November 6, lNovenber 8,

November 24 and December 17, 1923, respectively.

They ware raised

under practically the same conditions witil four months of age.

During this period their ration cousisted of whole mili:, skimmilk,

corn, oats and timothy hay (ad 1libitum).

At the end of four months
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they were placed on a ration of timothy hay (one pound daily),
rotatocs wid a grain ndxture of tlre followirg cormposition:
150,05 horiny
100.05 distillers grain
50.0f wheat bren
25,04 cotton sced rmeal
2,0, sodium crloride
1,05 sodiur. rhosphate
1.0;f di-codium phocphate
0.57 magnesiwn cerborate
0.54 megnesium yhosphete
0.25;7 potassium chloride
0.25,;7 potassiwa cerbonete
20,0 ¢grers iron lactete
Heifers C-18 and C-20 received the above grein mixture and
five pounds of potatoes in addition to the one yound of timothy
haye The a.ount of grain was increased until the enimels were
getting eight younds daily. C-19 and C-21 received the sare
retions except that three per cent of the greir mixture consisted

of calciwa carbonate. Shavin:s were used for bedlings

Iotes and Obeervationse These aninals were bled the £i.st tine

after being on this ration from three to five months, depending
on the animalse All of them had depreved appetite at the time of
the first bleeding, Avcust 11, 1924, All four of the animels

showed an abnornel leucocyte count at this time but C-18 and C-20,



the calves receiviig a besal retion low in celcium shovwed a
muich hizher count than either calf receiving celciwn carboneate,
The counts teken leter hovever, do not indicate that the cal=-
ciun carbornate has any effect in keeping the leucocyte count
low,.

This ration was adeguate in every respect except an ebundance
of well cured hay. The leucocyte count wes abnormnlly high in &ll
four animels, exc:pt one or two counts on three of the animals,

C-18 being above nonwel in every instence.

C-18

Holstein Heifer Born 11-€=23,

Date Age Retion Count

8-11=-24 279 Greir, timothy and potatoes 42,000
9-26-24 325 | 27,000
10-23-24 352 18,000
12-2-24 392 21,000
12-15-24 405 | 18,000
1-20-25 441 16,000
7-13-25 615 16,000
8-18-25 651 28,000
9-10~25 674 12,000

C-19

Holstein Helfer Iorn ll=R24-23,

Date Ase Ration Count
8=11-24 261 Graein (CaCo3), timotlLy and 24,000
potatoes

9-26-24 307 13,000



Date
10-23=24
12-2-24
12-15=24
1R2-17-24
1=-7=25
1-20-25
7-10-25
7=-29=25
8~18-25
9-10-25

1-7-26

Date

8-11-24

10-23-24
12-2-24
12-15-24
1-20-25
7-13=-25
8-20-25

9-15-25

Age

387
389
410
423

594

330
370
383
419
593

631

C-19 (Continued).
Ratibn

Grein (CaCogz), timothy and potatoes

C-20

Holstein Heifer Eorn 11-8-23,

Ration

Grein, tiwothy and potatoes.
Seme as C-18, No Ca CC3.

57

Count

32,000
25,000
28,000
22,000
22,000
22,000
12,000
34,000
20,000
12,000

6,000

Count

1¢3,000

27,000
11,000
16,000
28,000
8,0C0
4,000

18,000



C-21

Holstein Heifer Born 12-17-23,

Date F¥N-] Ration Count
8-11-24 230 Crein, timothy and potatoecs 19,000
(g5 Ca Cozle Same as C-19,

10-24-24 314 42,000
12-2-24 353 17,000
1-20-25 402 30,000
7-13-25 576 18,000
8-20-25 614 20,000
9-13-25 638 20,000
11-10-25 §96 12,000
11-13-25 699 6,000
11-25-25 711 8,000

Died 11-28-25

C-27, C-58, C-60, C-61 and C-64,

These are grade Holsteins, except C=64, which is a Holstein,
Brown-Swiss cross. C(C-27, C-58, C-60 and C-61 are bull claves, and
C=64 is a beifer calf, C-27 and C-64 were fed a ration of whole
milk end syrup of iron phosphate. The others were fed a normel
ration of whole milk or skimmilk, corn and oats, alfalfa hay and
cod liver o0il until from three to four months of age. At this
time they were placed on the experiment with a diet of whole milk

and syrup of iron phosphete, Shavings were used for teddinrg,

Notes and Observations. None of these calves showved deyraved

appetite. The leucocyte count of C-27's blood was contiiuelly

high, both before and after feedinrg syrup of iron phosphate ,with



an occesional normel count,.

The leucocytes in the blood of C-E8 varied greatly but
the count usually remained within the "normal 1limits™, occasion=-
ally going below normel, as well as above.

C-60 showed & high leucocytic blood content, continually.

C-61 acted in ruch the same manner as C-58, giving both high
end low leucocyte counts, but having a normal court the majority
ot the tire,

C=64 shows a normal leucocyte count in every instance, save
on larch 31, 1926 when it rose to 20,000 per cubic millimeter of

blood and liay 22, 1926 when it again reached the same figure,

C=27

Holstein Bull Cealf Born 5-8-24,

Date Age Retion Count

8~18=24 102 whole milk, syrup of iron phosphate 31,000
10-22-24 167 20,000
12-1-24 207 10,000
12-10-24 216 12,000
1-7-25 244 26,000
1-31=25 268 30,000
2=7-25 275 10,000
7-10-25 428 16,000
7=27=25 445 7=-15=25 syrup of iron phosphete 18,000

discontinued
8-1-25 450 26,000

8-6-25 455 32,000



Date
8-7-25
8-8=25
8-10-25
9-10-25

9-18-25

3=5=26

3=20-26

Date
8-28~25
9=2-25
9-8-25
10-9-25
10-12-25
10-22-25
10-28-25
11-6-25
11-20-25
12-3-25

12-11-25

12-17-25

1-11-26

Age
456

457

666

681

Age

11

45

55

70
84
97

105

111

136

C-27 (Continued).
Ration

WVhole milk

9-20-25 alfalfa added
12-21-25 " stopped
2=9=26 syrup added again

Killed (Butcher)

C-58
Holstein Bull Calf Born 8-26-25,
Reation
Whole milk

Cod liver oil and alfalfa added

Skim for whole milk

Corn and oats added

Whole for skimmilk,
Syrup of iron phosphate added

Whole milk and syrup of iron phosphate
sole diet

Count
22,000
24,000
6,000
12,000

24,000

16,000

Count

8,000

24,000

6,0C0

14,000

8,000

6,000

20,000

8,000

* 10,000

€0



Date
1-18-26
1-25=26
2-10-26
2=17-26
2=24-26
3=3-26
5-10-26
3=17-26
S=24=26
3=31=26
4-7=26
4-14-26
4-21-26
4-28=26
5-12-26
5«20-26

5-25=26

Dete

10-7-25

10-12-25

11-6-25

143
150
166
173
180
187
194
201
208
215
222
229
_36
243
257
265

270

C-58 (Contirued).
Ration

“hole milk and syrup of iron
phosphete

C-60

Holstein Bull Calf Born 10-7-25,

Age
0

30

Ration

Whole milk
Cod liver oil added

Alfealfa added

Count

14,000
6,000
8,000
6,000

16,000
2,000
8,000

12,000

12,000

2,000
>12,ooo
10,000

6,000

4,000

4,000
10,000

6,0C0

Count

10,000

16,000

61



Date
11-20-25
12-1=25
12-4-25
12-11-25

12-31-25

1-11-26
1.18-26
1-25-26

1-28-26

Date
11-6-25
11-11-25
12-4-25

1-10-26

1-11-26
1-18=26
1-25-26

2-9-26

2-10~26

2=17-26

LAge

55
58
65

85

86
103
110

113

28

65

66
73
80

95

96

103

C-60 (Continued)e
Ration
ihole milk, cod liver o0il and ealfalfa

Corn and oats added

Syrup of iron phosphate added,
alfalfa discontinued

Died pneumonia and kidney trouble

C-61
Holstein Bull Calf Born 11=6=25
Ration
lijole milk

Cod liver o0il and alfalfa added

Skim for whole milk, corn and oats
added

Whole milk and iron phosphate sole
diet

Count

14,000

16,000

10,000

18,000
16,000

10,000

Count

14,000

2,000

16,000 _
4,000

4,000

12,000

6,000
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Dete
2-24-26
S=3-26
3=10-26
3=17=26
3=24-26
3-31-26
4-7-26
4-14-26
4-21-26
4-28-26
4-30-26
5-12-26
5-20-26

5-25-26

Dete
3=3=26
5=12-26
5=19=26
3-24-26
3-31-26
4=7-26

4-16-26

131
138
145
152
159
166
173
175
187
195

200

C-61 (Continued).
Ration

whole milk and iron phosphate

C-64

Browvm=Swiss Heifer Born 2-22-26,

Ase
9
18
25
30
37
44

53

Ration

Whole milk, syrup of iron phosrhate

Count
12,000
12,000
8,000
12,000
14,000
16,000
2,000

8,000

8,000

16,000
8,000
14,000
4,000

10,000

Count
14,000
8,000
6,000
4,000
20,000
12,000

12,000

63
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C=64 (Continued).

Date Ace Ration Count
4=21=26 58 Whole milk, syrup of iron phosphate 12,000
4-28-26 65 8,000
5-12-26 79 10,000
5=22-26 89 20,000
c-52, C-57,

These grade Holstein celves were placed on a whole milk ration.
Later tﬁe whole milk was supplemented with & mineral mixture con=
taining maneganese ,iron, fluoride, silicon and alwainume.

Ferric oxide was added to the ration sorme time later than the

above mentioned mineral mixturees Shavings were used for bedding.

Notes and Observations. Neither of these calves developed rormelly

and lacked vitality. C-£2 developed depraved appetite, manifested
by chewing wood. C-52 did not show a high leucocyte count until
thirty-seven deys of agee The leucocyte count continued high until
the mineral mixture was added, when it reached a normal level and
continued so with an occasionel count slightly above normal, until
the animal died of convulsions at two hundred seventy-six deys of
agee

C-57 unlike C-52, hed no period of high leucocytic blood count,
The leucocyte count of this anirel's blood wos practically normel
after the mineral was added, It 1is possible, then, that this min-
eral mixture mey tend to keep the leucocyte count down in the ab=-

sence of grass or hay.



Date
6-25-25
7-7-25
7=14=-25
7-21-25
7-28-25
8-4-25
8=11-25
8-20-25
8=-26~25

9=2-25

9-4-25
9-10-25
9-16-25
10-21-25
10-28-25
11-4-25
11-11=25
11-18-25
11-25-25
12-.2-25
12-10-25
12-16-25

12-2%5-25

c-c2

Holstein Heifer Born 6=14=25,

Age
11
23
30
37
44
51
58
67
73

80

82

88

94
129
136
143
150
157
164
171
179
185

192

Ration

whole milk

Linerals added (menganese, iron
fluoride, silicon and aluminum5

Iron oxide added

Count
9,000
10,000
8,000
18,000
16,000
24,000
14,000
20,000

22,000

14,000

110,000

14,000

8,000
14,000
12,000

2,000
18,000

6,000
10,000
16,000
16,000

6,000

65






Date
1-6=26
1-16-26
1-22-26
1-27=-26
2-6-26
2-12-26
2~19-26
2-26-26
S=5=26
3=12-26

3-17-26

Date
8-19-25
8-28-25

9-2-25

9-17-25
10-15-25
10-22-25
10-29-25
11-5=-25

11-13-25

e
206
216

222

264
271

276

C-52 (Continued).

Ration

Died in convulsion

C=57

Holstein Heifer Born 8-~11-25

Age
8

17

37
65
72
79
86

94

Ration

whole milk

1inerals added (mangenese, iron,
fluoride, silicon and aluminun)

Count
4,000
10,000
10,000
14,000
14,000
16,000
6,000
6,000
14,000

6,000

Count
16,000

16,000

8,000
6,000
4,000
4,000
6,000

8,000

66



C-57 (Continued)

Date age  Retion Count
11-19-25 100 Whole milk, minerals 16,000
11-25-25 106 12,000
12-2-25 113 Ferric oxide added

12-3-25 114 : 4,000
12-10-25 121 8,000
1-6-26 148 14,000
1-16-26 158 18,000
1-23-26 165 4,000
1-27-26 169 10,000
2-6-26 179 8,000
2-12-26 185 10,000
2=19-26 192 16,000
2-26=26 199 Died in convulsion

c-28

This grede Holstein bull calf received a diet of whole milk
supplemented with flowers of sulphur, Shavings were used for

beddinge

Notes and Observationse. This calf showed a continual high leu-

cocyte count and died in a convulsion at two hundred twenty-eight

days of age. (=28 also showed depraved eppetite.



C-28

Holstein Bull Calf Born 5-11-24.

Date Age Ration Count
5-20-24 9 whole milk 33,000
6=24-24 o4 27,000
7-17-24 Sulphur added

8-18-24 99 11,000
10-9-24 151 17,000
10-22-24 164 13,000
12-3-24 206 30,000
12-22-24 225 22,000

12=-25=2 228 Died in convulsion

C-30

This grade Holstein bull calf born 6-13-24, received a ration
of whole milk and raw linseed o0ll as a supplement., Shevings were
used for beddinge.

This calf did not develop well and was killed at four hundred
sixty-five days of age. The blood of C=30 was continually high in
leucocytes, at only two points did the count come within the range
of normelity and these two counts were 11,000 and 10,000 fer cubic

millimeter respectively. He also developed derraved appetite.

Cc-20
Holstein Zull calf Born 6-13-21%,
Date Ace Retion Count
8-18-24 65 “hole milk, raw linseed oil 21,000

10-21-24 130 11,000

68



C=30 (Corntinued.)

Date Age Ration

12-4-24 171 whole milk, raw linsced oil
12-10-24 182

1-10-25 211

1-31-25 232

7-9-25 391

7-13-25 395

7-16-25 398

7-23=-25 405

7-30-25 412

8-6-25 419

8-13-25 426

8=27-25 440

9-21-25 465 Killed by Butcher

C-36

This grade Holsteln bull calf was born September 2, 1924,

and rzceived a var;ing diet up to February 5, 1325,

Coant

32,000
26,000
14,000
13,000
13,000
16,000
20,000
10,000
14,000
14,000
30,000

20,000

Thole milk,

skimailk, corn, oats, oat hulls and bone meal were feds On

February 5, 1925, at one hundred fift —-six days of aze, he was

placed on a diet of whole milk, bone meal and cod liver oil,

Shavings were us2d for bedding.

Notes and Observationses C-36 did not develop normnlly and wes

69

in poor physical condition when he died 2t the end of one hundred

sixty-Five dayse
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C=36
Holstein Bull Calf Born 9-2=24.

Date hee Ration Count

10-22-24 50 X1k, skimnmilk, corn and oats 11,000
12-4-24 93 20,000
12-6-24 95 Oats for cora and oats

1-5-25 125 Qats and hulls for oats
1-10-25 130 24,000

1-15-25 o oatse, Bone mcal added and
whole for sikimmilk,

1-22-25 142 30,000
1-26-25 146 28,000
2-5-25 156 Cotton seed o0il added

2-7-25 158 22,000
2-12-25 163 20,000
2=-14-25 _165 Died during nizht,

The first blood count of this animsl, teken at fifty days
of age, while on a normal ration, was normel but every count
thercafter was far above normel, This animel also showed de-
praved appetite.

C-28, C=30, and C-36, all on a whole milk diet with various
supplements, but no roughase, shoy an abnorrnal leucocytic blood

content,

C-51, C-55, C-56, C-63.

These grade Holstein celvec were placed on a retion of whole
milk, cod liver oil and alfalfa hays. Corn and oats were added as

soon as the calves would eat them. Shavings were used for bedding,.
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Notes and Observations. These calvzs all developed normallye.

Each of these animsls were norual in respect to the number of

leucocytes in the blood.

C-51

Holstein Bull Calf Dorn 5-28-25,

Date Age Ration Count
7-9-25 42  Thole milk, cod liver oil, 18,000
alfalfa
7-16-25 49 10,000
7-25-25 56 12,000
7-27-25 60 Skim for whole wmilk, corn and
oats added
7-30-25 63 16,000
8-5=-25 69 . 8,000
8-19-25 83 14,000
8-28-25 92 6,000
9=2-25 97 Cod liver oil discontinued
9-14-25 109 6,000
10-15-25 140 8,000
10-29-25 154 10,000
11-6-25 162 Cod livsr oil added
11-13-25 169 4,000
11-27-25 183 ‘ 10,000
12-1-25 187 Cod liver oil discontinuad
12-4-25 190 6,000
12-6=25 192  Skimailk, corn and oats discon-

tinued. Grain, silage and
alfalfa sole diet

12-17-25 203 8,000



Date
1-11=26

1-25-26

Dete

7=-3-25

7-17-25
7-23=25
7-31-25
8=7-25

8-13-25

Date

8=11-25
8=23=25
8-27-25

9-4-25

Lge
228

242

C-51 (Continued).
HAetion

Grain, silage and alfalfa

3007 corn

100; oats
grain mix
100} cotton ssed meal

e Ve Vet Ve Qe Ve O

17 salt

C-55

Holstein Heifer Born 7-3-25

14

20

28

35

41

Ration

“hole milk, cod liver oil and
alfalfa ad libitum

Died

C-56

Holstein Heifer Born 8-11=25

Age
0
11
15

23

Ration

Vhole milk

Alfalfa added

Coant
12,000

6,000

Count

16,000

6,000
8,000
20,000

14,000

Count

28,000

4,000

22,000



C-56 (Continued).

Date Age Ration

9-5-25 24 Whole milk, elfalfa, Cod liver
0il added

10=-2=-25 51 Corn and oats added. Cod liver

0il discontinued.
10-9-25 58
10-22-25 71
10=-27=-25 76 Cod liver oil added.
11-6-25 86
11-20-25 100
12-3-25 113

Taken off experiment. No appetite.

C-63

Holstein Bull Calf Zorn 1-8-25,

Date Lse Ration

1-8-26 0 “hole milk, cod liver oil and
alfalfe

2-3-26 26

2-12-26 35

2=19-26 42

2-26-26 49

3=5=26 56

3-12-26 63 Corn and oats added

J3=19-26 70

3=26-26 77

4-1-26 83

4-9-26 91

Count

10,000

4,000

8,000
4,000

12,000

Count

16,000

10,000
20,000
12,000
20,000

8,000
24,000

4,000
26,000
14,000

16,000

73
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C=-63 (Continued)e

Date Aze  Ration _ Count
4-15-26 98 ihole milk, cod liver oil, 6,000
elfelfa, corn and oats .
4-23-26 105 6,000
4-30-26 112 6,000
5-19-26 131 4,000
5-22-26 134 14,000
5-26-26 138 12,000

C-44, C-45,

These grade Holstein bull calves received whole milk,
skimuailk, calcium carbonate, cod liver oil, alfalfa hay,
corn, oats, wheat straw, a grain mixture, gluien feed and
corn distiller's grain, according to the growth and con-
dition of the calf, until approximetely two hundred and
thirty days ol age. They were then placed on a ration of
wheat straw and the following grain mixture:

Corn 200%
Corn distiller's grain 1003
Diamond gluten feed 400;;
Salt 17

Shavings were used for bedding.

llotes and Observations. Keither calf devesloped well. C=44

became very stiff in his l=gs and walkxed only with difficulty,.
At about nine months of age he became totally blind,
C~45 was also stiff jointed and walked with difficulty,.

About the time C-44 became blind, C=45 lost his appetite and



became blind,

During a period of about six wecks, while receiving a
ration of grain, straw and siiinnilic, both calves shoved a
hish leucocytic blood content.

Corn, oats and gluten feed with no skimmilk was then
substituted for the grain mixture. For this period the
count was practically normal.

The calves were next chanzed to the grain mixture with
no skimmilk, On this dizt the leucocyte counts varizd con-
siderably.

These t.70 calves did not show leucocytosis on a con-
centrate ration void of hay or green feed when no milk was

fed, but there was & leucocytosis when sximmilk was in the

ration,
C~44
Holstein Bull Calf Born 3-27-325,
Date Agre Ration Count
3=R8=25 1 “hole milk, calcium carbonate, 14,000
cod liver oil and alfalfa.
4-11=-25 15 Skim for wholes milk,
6=24~25 89 Corn, oats and wheat straw added,
alfalfa discontinued.
6=-27-25 92 Calcium carbonate and cod liver
0il discontinued,
7-8=25 103 6,000
7-15-25 110 8,000

7-22-25 117 20,000

75



8-11-25
8-17=25
8-25-25
9-8-25

9-12-25

9-14-25
10-2-25
10-12-25
10=19-25
10-27-25
11-2-25
11-9=25
11-12-25
11-16-25
11-25-25
12-1-25
12-9=25
12-17-25

12-22-25

121

124
131

137

151
165

189

171
189
199
206
214
220
_27
230

R34

C-44 (Continued).
Ration Count

Corn and oats discontinued. Grain
mixture added.

22,000
14,000
24,000
20,000
24,000
12,000

Grain mix discontinued, gluten,
corn and oats added.

18,000
Skimnilk discontinued
8,000
16,000
4,000
6,000
10,000
Grain mix for corn, oats and gluten
6,000
6,000
18,000
6,000
6,000

28,000
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Date
1-8=26

1-15=-26

1-29-26
2-10-26
2-17-26
2-21-26
B-3-26

3-10-26
B-17-26
5=24-26
5-31-26
4-7-26

4-9-26

4-14-26
4-21-26
4-23-26
4-28-26
4-30-26
5=12-26
5-19-26

5=25=26

Age
287
294
299
308
320

327

362

369

378
383
390
392
397
399
411
418

4z

C-44 (Continued).

Reation

Count
6,000
16,000
8,000
24,000
14,000
10,000
10,000
10,000
12,000
10,000
6,000
10,000
14,000
18,000
8,000
20,000
8,000
10,000
6,000
6,000
10,000

16,000

7



Grain 1llixe.

Corn 2 parts

Corn distiller's grain 1 "

Diamond gluten 4 "

17 salt

C=45

Holstein Bull Calf Born 3=29-=25,

Date

5-29-25

5-5-25
5-11-25

6-24-25

7-8-25
7-15-25
7=28~25

7=29=25

8=5-25
8-17-25
8-25-25
9-8-25

9-11=-25

9-14~235
10-2-25

10-12-25

Age

0

S7
43

g7

101
108
115

122

141
149
163

166

169
187

197

Ration

Whole milk, calciwn carbonate, cod
liver o1l and elfalfa

Corn and oats added
Skim for whole milk
Corn gluten added, wheat straw for

alfalfa. Cealciwn carbonate and cod
liver oil discontinued.

Corn distiller's grain for gluten

Grain mix, skimmilk and straw sole
diet

Corn gluten, corn and oats for
grain mixture.

No milk

Count

15,000

8,000
12,000
10,000

16,000

12,000
20,000
16,000

8,000

6,000

4,000

78






Date
10-19=25
10-27=25
11-2-25
11-9-25
11=~12-25
11-16~25
11-25-25
11-27=235
12-1-25
12-9-256
12-17-2b
12-22-25
1-8-26
1-15-26
1-20-26
1-23-26
1-29-26

2=10-26

241

243

247

255

2563

268

285

306

318

C-45 (Continued).

Ration

Count
4,000
6,000
4,000

4,000

Grain mix for gluten, corn and oats

Grein rix and straw sole diet

Taxen off due to poor condition,

On verge of pneumonis,
Grain ix,

Corn

Corn distiller's grain

Dia, gluten

1% salt

10,000
6,000
6,000
4,000

10,000
8,000
4,000

12,000
4,000

10,000
2,000

18,000

4,000

Did not eat,

2 parts

1

"

79



€0

C-35, C-37, C-38, C-39, C-46 and C-50.

These grade Holstein heifers were fed a normel ration
consisting of whole milk, sgkimmilk, calcium carbonate, cod
liver oil, alfelfa hay, corn and oats watil they were approx-
imately ninety days old.

Lt this time C-35, C-46, C-50 and C-38 were placed on a
ration of wheat straw, silaze and the following graein mixture:

3004 corn (yellow)

100} oats

1007 cotton seed meal
5F salt

C-37 and C-39 received the sane basal ration plus 33 of
the grain mixture as megnesium phosphate.

Chavings were used for beddinge

Notes and Obs:rvationse. These six calves all devecloped normelly

and vere in excellent condition at the time they were placed on
the restricted ration, containing no haye. Soon after being
placed on the restricted diet, C-25, C-37, C-38 and C-39 showed
signs of depraved appetite which lasted only a short time.

C-45 developed irritability which has persisted to the present
times C-50 was irriteble, but not so mach so as C-46,

All of thesse calves showed rnormal leucocyte counts up to
three months of age, the count usually being hisher in younger
calves than in celves nearer maturity.

Vhen placed on the restricted diet without hay or milk,
C-35, C=37, C=38 and C-39 showed leucopenia for a period of
approximetely two months, then an increase in leucocyte count

to ebove normale <“his leucocytosis persisted for a period
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ranging close to two months, when the leucocyte content of
their blood agaiﬁ becare norral, The blood count then re-
mained normal in these animels as lon; as they were continued
on the experiment,

The leucocyte count of C-46 and C-50 did not vary from
the normal constituency to any apprecinbls de;ree, Thesge
two showed a steady lo.ering of the leucocyte count as their

ege increased,

C=35

Folstein Heifer Forn 8-19-24,

Date ke Ration Count
8-19-24 0 “hole milk (birth) ' 22,000
9-6-24 Cclcium carbonnte end cod liver

011 added
10=23=-24 65 10,000
10-14-24 56 Skinm for whole millk, corn and oats

added
11-26=24 99 Calcium carbonate axnd cod liver oil

discontinued, alfalfa added

12-4=24 107 10,000
1-3=-25 137 Straw ad 1ibitum

1-10-25 144 A1felfa discontinued 8,000
3=1-25 194 Grain mix, silege and strow sole

diet

5-6-25 260 6,000
5-20-25 274 4,000
5-26-25 230 12,000
6-11-25 296 10,000
7-6-25 32l 10,000

7-13-25 328 12,000



Date
7-20-25
7-20-25
Tel=25
8-3-25
8=11=25
8-21-25
8~-26-25
9=5=25
9-13-25
9-18-25
10~16-256
10-30-25
11-12-.25
11=28=25

12-18=~25

342
349
357
367

372

330
295
423
4317
451
466

486

C=-25 {Continued),
Retion

(8:30 4. Y.)
(8:30 7, M,)

(8:630 P, M,)

Grain Mizx,
300# corn
100# oats
1004 cotton seed meal

5% salt

Count
40,000
22,000
24,000
20,000
18,000
24,000
16,000
22,000
2,000
12,000
6,000
10,000
2,000
2,000

16,000
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Date
3-20-24

10-7-24

10-27-24

11-7-24
12-4-24
12-10-24

12-26-24

1-10-25

2-9-25

4-1-256

5-10-25
5-26-25
6-11-25
7=6=25

T=13=25
7-20-25
7-27-25
8-3=-25

8-11-25
8-21-25
8-26-25
9-5=25

9-13-25

c-37

Holstein Heifer Born 9-20-24,

Age

0

17

97
112
142

193

242
248
264
289

296

310
317
325
335
340
350

368

Raotion Count
Whole milk 14,000

Calcium carbonate and cod liver
0il added

S8kim for whole milk, Corn, ozts and
alfalfa sdded

14,000
14,000
8,000

Calecium carbenote and cod liver
0il discontinued

12,000

Mugnesium phosphate added, ‘heat
straw for alfalfa

Grain mix, silags and straw sole
diet (wheat)

6,000

8,000
18,000
14,000

8,000
20,000
20,000
28,000
18,000
22,000
24,000
20,000

14,000
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Date
9-18-25
10-14-25
10-30-25
11-14-25
11-28~25
12-16-25
4-9-26
4-14-26

4-18-26
4~16~206

Date

9-26-24

9-29-24

11-6-24

11-7=-24

Age
1

4

C-37 (Continusd),

Ration Count
Grein mix, silege =nd wheat strew 26,000
16,000
6,000
€,000
12,000
4,000
22,000
41660
8,000
Grain Mix,
300# corn
100#% oats
100% cotton seed mezl
5% salt
2% mspmesium phosphate
C-38
Holstein Heifer Born 3-25=24,
Ruticn Count
Thole milk ’ 9,000

Cod liver o0il end calciun carbon-
ute added

Skim for whole milx, corn and outs
added

10,000
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11-26-24
12-3-24

12-26-24

1-10=-::4
2=9=25

4-7-25

5~26~25
6-11-25
T=6=25
7-13-25
T=26-25
7=27-25
8-2-25
8~11~25
8=21-25
8-26-25
9-6-25
9-13-25
9-18-25
10-16-25
10-30~25
11-14-25

11-28-25

Lege
62
69

32

107
137

154

320
330
335
345
353
358
386
400
415

429

C-28 (Continued),
Ratlion Count
Alfalfa audded
10,000

Calciumr errbonzte and cod liver
011l discontinued

6,000
Theat straw for ulfalfa
Grein, straw and silsge sole ulet
€,000
8,000
8,000
20,000
6,000
8,000
22,000
16,000
20,000
14,000
22,000
16,000
12,000
10,000
10,700
6,000
4,000
16,000

12,000



Dote
12-18-£6
3=15=26

3-26=26

Date

11-7-24

11=10-24
11-26-24
12-3-£4

12-26-c4

1-10-25

2-9-25

Are
449
£26

849

C-3& (Continued),

Ration Count
Grain, straw and silaze 4,000
8,000

Died after calving
Grain “ix,

5004 dorn

1007 outs

1CCJ cotton ceed mecl

B gnlt

Identical with C-38,

C-3C9

dolstein Heifer RBorn 9-20-24,

Ase

42

45

61

<58

Rution Count

Siimmilk, caleium corboncte and 8,000
cod liver oil

Corn and oats sdded

Alfelfa wdded

8,000

Galeium curbonate cnd cod liver
0il discontinued

18,000
}Fasnesium phosphzte added, Wheat
strew for alfalfa
Silage, wheat strow and grain sole
diet

14,000

8,000

6,000

&6



Date
T=-6-25
7-13-25

7-20-25

10=-14~25
10-30-28

11-14-35

C-&9 (Continued),

Ration

Silege, wheat straw and gzroin mix

Croin iz,
oCO0.f corn
100# oets
100# cotton seed meal
54 salt
Sﬂ magnesianm phosihate

Tdenticzl with C-27,

Count
8,000
10,000
22,000
20,000
26,000
20,000
22,000
18,000
10,000
8,000
10,000
8,000
22,000
15,000
8,000

6,000



Dote

&~20-256

9-16-28
9=29-25
10-1E-26
10-30-25
11-13-25

11-27-25

C"460

Jolstein Heifer Born $-29-20,

44
102
109

116

184
200
215

229

Retion
Vinole milk, calcium carbonste and
cod liver oil, eclfzlfa, corn snd

oi:ts

Skim for whole milk

Skimmilk, grain mix, silage znd wheat
strew scle diet

Skimilk discontirued

Gruin Mix,
200% corn
1005 ozts
100# cotton seed meul
17 salt

Same a8 C-25, Still alive,

Count

26,000

4,000
18,000

14,000

16,000
8,000
14,000

4,000

6,000
14,000
10,000

12,000

€8



7-18-25

7=16=25

7=30-25
8-8-25
6-19=-25
8-28-25
9-15-2E
10-2-2
10=15-25
10-29-25
11-13-25
11-27=-256

11«23-26

12-10-25

C~-50,

Holstein Helfer Born H5-23-iEB,

Age

54
b5
62
69
78
89
o8
116
133
146
160
175
189

191

Ration

Vhole milk

/hole milk, ocod liver oil, clfulfa

Skim for whole milk

Corn cond oats added

VVheat straw for culfulfa

Corn, oats and skimmilk discon-
tinued, Slloge =@nd grain added

Grain Mix,
300 corm
100# oats
100# cotton seed meal

1% salt,

Count

4,000

18,000

14,000
10,000
16,000

6,000
16,000
16,000

4,000

18,000
10,000
12,000

4,000

14,000
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g=-22,
& Holstein bull czlf born July 22, 1324 and placed on a
ration of whole milkx, skimmilk, cod liver oll, calcium car-

bonate, corn, oats and alfzlfa,

C"'az.

Holstein Bull Cz1f Born 7-22-24.

Date Age Ration Count

7=24=-24 2 Whole milk, cod liver oil, cel- 20,000
cium carboncte

8-18-24 27 16,000

8=18=-24 27 (Scours) 33,000

9-17=24 Skim for whole milk, corn znd

oats and alfelfa added

10-27-24 Cod liver oil and calcium car-

bonate discontinued
1l=1l6=24 Yo roughcge
1-7=25 169 28,000
2="7-2E 200 12,000
2=12-25 205 24,000
6=-21-85 Oats for osats and corn
7-10=-25 353 22,000
7=22=25 265 20,000
7=2B=25 Corn and oats for oats
7-29-25 372 40,000
8=7-25 Cotton seed meal, no milk
8-27-25 401 18,000
9-11-25 416 46,000
9-17-25 422 22,000

9=27=25 4232 Died in lot - nephritis



The ration of this animzcl was gradually changed until it
consisted of corn and outs, and cotton seed meal, with no hay
or roughage, Shavings vere used for bedding,

Notes and Observations, This calf showed z continually high

leucocyte content from birth until death, which occured from
nephritis at 422 days of age,

This calf showed no depraved appetite, but after being
placed on concentrztes alone, it was in poor condl tion, his
legs belng very stiff &nd his coat rough, This calf hzd seve

eral convulslions, some of which were very severe,

0=43,

A Holsteir bull calf born Januery 12, 1925, This calf
received a normal ration of whole milk, corn, ocats, alfalfa,
cod liver oil &nd calclum carbonute until 103 days of &ge.
At thls time, it wzas changed to a diet of corn &nd oats,
wheat straw, cotton eseed meal and whole milk, The whole
pilk was taken from the ration three months lzter, Shavings

were used for bedding.

Notes and Observations, Tils calf showed no derrcved appetite,

The leucocyte count was continuzlly high, reaching a normal
level in only a few sirgle counts,
It finzclly died in the exercise lot, rrobably due to a

convulsion,
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Date
1-12-25

1-15-28

4-1-2

4-25-25

7=8-25
7-15-25
Tel2-25
7=29=25
8=b=25
8~11=2b
8=-17=-25
8~24-25
9-8-25
9-14-25
9=29-25
10=3-25
10=7-25
10=-9-25
10-19-25
10-27-25
11-3-25
11-9-25
11-16-25

11-18~25

C-43

Holstein Bull Calf Borm 1-12-25,

Aze
0

3

19

103

177
184
191
198
205
cll
217
224
239
245
&60
264
268
_70
280
288
295
301

308

Ration
Whole milk

Calcium cearbonate znd cod liver oil
sdded, 4lfalfa zd 11bitum

Corn end oasts added
Calcium carbonate znd cod liver oil

discontinued, Cotton seed meal added,
Y'heat straw for zlfalfe,

Milk discontinued

Count

20,000

10,000
12,000
18,000
16,000
34,000
22,000
20,000
28,000

8,000
16,000
14,000
24,000
20,000
12,000

4,000
24,000

6,000
14,000
14,000

6,000

92
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C-43 (Continued),

Date Age Ration Count
11-27-26 319 10,000
12-1-25 323 20,000
12-8-25 320 20,000
12-15-26 337 20,000
12-22-25 344 16,000
1-2-26 3656 Died in lot after struggling.

Probsbly had convulsion,

-47

This grade Jersey bull born March 31, 1325, was placed on.
& normal retion the same as C=43 received until ninety days of |
age, when it was placed on skimmilk, corn, oats, wheat straw
end cotton seed mezl, The sldmmilk was discontinued three months
later, Shavings were used for bedding,

Notes and Observations, This o&clf, like C-43, showed no depraved

appetite, but was very stiff in the legs, especially so the lest
month of 1life,
This calf also whowed a high leucocyte count, The count

‘was not exceedingly high, but it was most always above normal,

C-47
Jersey Bull Calf Born 3-21=2E,
Date Aze Ration Count
¥hole milk
Skimmilk, calcium carbonate, cod
liver oil, alfalfe, tnd corn and

oats,

6-29-2b 90 Skimmilk, cotton seed meal, corn
and oats and wheat straw



Date

7=-8=25

7=16-25

7=-82=25 _

7-29-25
8-5-25
8-11-25
8-17-26
8-26-25
9-8~25
9-14-25
10-2-26
10-12~25
10-27-25
11-2-26
11-9-25
11-16-25
11-27-256
12-1-25
12-8-256
12-15-25
12-22-25
1-6-26

1-9-26

Are

99
106
113
120
127
133
139
147
161
167
185
195
210
216
233
230
241
245
252
259
266
283

284

C~47 (Continued),

Ration

Skimnilk discontinued

Died, Soarred tissue pyloric end
of stomach,

Count
10,000
16,000
24,000
16,000
4,000
16,000
24,000
22,000

20,000

12,000

6,000
10,000

6,000
12,000
12,000
14,000
22,000
30,000
16,000
12,000

16,000
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C-49,

This Holstein bull was born May 11, 1925 and received the
same ration as C-43, Shavings were used for bedding,
Notesg and Observgtions,

This calf showed no depraved appetite, but like C=32,
C-43 and C-47, it showed a blood high in leucocytes, It was
8lso stiff and sore 1n'his leg Jjoints, and died when three

hundred and one days old,

C-49

Holstein Bull Calf Born 65-11=25,

Date Age Ration Count
b=12~-25 1 Whole milk, cod liver oil, 2,000

alfalfa
7=9=25 59 Corn and oats added 8,000
T=16=25 66 20,000
7-23-26 73 18,000
7=23=25 79 6,000
8-6-25 86 12,000
8=11-2b 92 Wheat straw for alfalfa 18,000
8=12-25 93 Cotton seed meal added., No

cod liver oil
8-18-25 99 22,000
8=-26-256 107 24,000
%=17=25 129 Vhole milk discontinued 18,000
9=29-26 141 16,000
10-3-25 145 18,000
10-7=256 149 16,000
10=3-25 1581 ' 20,000
10=-22-25 164 6,000

11-5-26 178 14,000
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C~-49 (Continued),

Date Age Ration Count
11-10-26 183 6,000
11-27-25 300 28,000
11-28=2b 301 Died

Seasonal Variagtion,
About July 20, 1925, the white cell count of animals

C=35, C-J7, C-38, C-39, C-40, C-43, C-43, C-44, 0-45, C-47,
C-49, C-52, C-53 and C-54 showed an increase that persisted,
The counts of C-46 showed &n irregular variation, as was the
cése with C-50, C-51 and C=-55, In other words, fourteen ani-
mals showed & definite increase while four showed no definite
variation,

Puring September animals C-16, C-18, C-19, C-21, C-25,
c-27, ¢-28, C-30, C-22, C-36, C=37, C-38, C=39, C-40, C-42,
C-43, C-44, C-45, C-46, C-47, C=-49, C-50, C-bl1, C-52, C-5E3,
C-56, C-57 and C-E8 had & lower leucocyte count than during
the preceding month of August. In some of these animals the
leucocyte count increased iIn October over the September fig-
ures, but usually remained below the August figures,

Twenty-eight animals showed less leucocytes in the blood
during the fall or the month of September, while only three
anjmals, C=20, C-22 and C=54 showed no definite change or an
increase,

It is interesting to note here that animals, on which

data is available, show an inorease in leucocyte count in
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July and a decreuse in leucocyte count in September,
Exposure of human beings to the direct sunlight (96)
or the tropical sun (95) will increase the leucocyte count
of their blood. A yossible explanation of this phenomene,
then, is the more concentrated rays of the sun during the

summer months,

Discussion of Experimental Results,

The effeot of certain rations on the leucocyte, as
found in this experiment is shown in Table III on page
of the aprendix,

Of six animals on a whole milk diet, C-31, C-53, and
C-b4 had a high leucocyte count, C-40 and C-53 with alter-
nate periods when the count was high and normal, C-42 was
normel most of the time, but with a number of high counts,
which indicated a tendency to leucocytosis, C=62 had a
normal leucocyte count with several counts both above and
below normal,

In the next group, C-16 received whole milk and skim=-
milk'with various supplements as cod liver oil, alfalfa
mineral mixture, blood meal, syrup of iron phosphate, sodium
chloride end oet hulls., This animal showed continual leu=-
cocytosis,

C-22 received a rztion very similar to that of animsal
C-16 which contained at different times whole milk, skirmilk,

alfalfa tea, wood ashes, tankage, syrup of iron phosphate,
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cod liver o0il and wheat bran,

This animal also showed leucooytosis the same as C=16,

C-25 received a ration of whole milk, oxidized cod liver oil,
unoxidized cod liver oil, syrup of iron phosphate, alfalfa
meal, bone flour and wheazt bran, This animal also showed
leucooytosis, C-16, C-22 and C=25 21s0 showed dopraved
appetite,

0-18 and C=20 received potatoes, grain and one pound of
timothy hay, while C-19 and C-21 received the same ration plus
the addition of three per cent calcium carbonate, to the grain
ration, These four animals 2ll developed depraved appetites and
showed leucocytosis,

. The results with syrup of iron phosphete were contradictory.
Of the animals receiving whole milk and this suprplement, C=27 and
C-60 showed leucocytosis while C=-58, C-6l and C-64 a&ll continued
to have a normal leucocyte count, Kone of this group evidenced
depraved appetite,

0-52 and C-57 received whole milk and a mineral mixture
containing iron, manganese, fluorine, aluminum and silicon,

C-52 developed depraved appetite, but C-57 did not, neither ‘
however developed leucocytosis,

C~28 developed both leucocytosis and depraved appetite on
a ration of whole milk and flowers of sulphur,

C=30 was given whole milk and raw linseed oil, This calf
developed both depraved appetite and leucocytosis,

C=-36 at first received a ration of whole milk, corn and

oats and showed & normal blood count, but when placed on whole



milk, bone meal and cod liver o0ll he developed leucocytosis,

Calves C-51, C-65, C-56 and C-63 received a normal ration
of whole milk, cod liver o0il, alfalfa hay, corn and oats, &nd
silage in C-Bl1's ration, These calves developed normally and
had a normal leucocyte count,

C-44 and C-45 recelived a rather veried ration containing
at different times, whole milk, skimmilk, celcium carbonsate,
cod liver oil, elfalfa hay, corn, ozts, wheat straw, & grain
mixture, gluten feed and corn distillers grain,

Neither calf developed well, due to the unpalatibility
of the feed, after being placed on the restricted ration,

Both calves became very stiff and lame, ©$=-45 lost his appe-
tite and was tsken off the experiment, C-44 did not eat well
and beceme totally blind, When first placed on a ratlion of
wheat straw and the graln mixture, they were recelving skim-
milk end showed leucocytosis., The graln mixture was chenged
to corn, oats and gluten feed (lower in protein than the grain
mixture), and & normal leucooyte count resulted,

These calves when again placed on wheat strew and the
0ld grain mixture received no skimmilk, During this feeding
period the blood count of both calves varied oconsiderably,
but could not be called leucocytosis,

C-35, C-38, C=46 and C-50 all received a ration of silage,
wheat straw and a grain mixture. O0-37 and C=-39 received the
same ration except that the grain mixture contained three per

oent magnesium phosphate,
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4ll of these calves gave a normal leucocyte count until

Placed on the above ration at three months of age. C=-35, C-37,

C-38 and C-39 showed leucopenia the first two months on this
ration, The second two months, however, they showed leucocy-
tosis which was followed by normal counts, These four animals
a1l developed depraved appetites before or about the time tﬁe
leucocyte counts increased,

The leucocyte count of the blood of C-46 and C-50 re-
mained normal, They were not on the restricted rations as
long as the preceding four animals, They did not develop
depraved appetite,

C-32 received a varied ration but was finally placed on
corn, oats and cotton seed meal, This calf showed leucocy-
tosis on whole milk, corn and oats., It &l8o showed distinct
leucooytosis on corn, oats and cotton seed meal,

C-43, C~-47 and C-49 recelved & normal ration until they
were placed on corn, oats, cotton seed meal, wheat straw and
skimmilk at approximately three months of age, The skim;
milk was taken from the ration a short time later, None of
these three calves developed depraved appetite, but all of
them showed leucocytosis on the restricted concentrate ration
without hay or silage,

According to Table IV on page 6a of the appendix, three
animals on milk alone show distinct leucocytosis and four
were varlable in leucosyte counts., Two of these four had
periods of leucooytosis alternating with periods when their

gcounts were normel, The remaining two ceses were normal the
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majority of the time, but had occasional high counts, with
one of these showing some low counts,

0f three calves on whole milk with grain supplements
without hay or grass, all showed leucocytosis,

Five calves received whole milk and syrup of iron
phosphate, Three of these continued to have a normel leu-
socyte count, while the other two manifssted leucoocytosis,
These results are not conclusive either way,

Two animals that received whole milkx and & mineral
mixture containing several elemonts gave only a normal
leucogyte count,

Three calves which received flowers of sulphur, raw
linseed 011 and bone meal respectively, with whole millk,
all showed leucocytosis,

Four other calvea receiving a normal ration of whole
milk, elfalfa hay, cod liver oil and corn and oats gave only
normal blood counts,

Two calves received skimmilk, wheat straw and corn and
oats gave normal leucocyte counts, These same calves showed
leucocytosis when a high protein grain mixture was substituted
for the corn and oats, but when the milk was taken from their
ration and they received only wheat straw and the grain mix-
ture their blood count veried, being normal one time and high
at another,

Of all cases receiving milk, either whole or skim, and
various supplements other than hay, thirteen animals showed

leucocytosis, seven animals & normal leucocyte count, and six

3101
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animals showed considerable varietion, Of these six, all

of them tended to be high, having normal or high counts with
few or no low leucocyte counts, In agreement with this, three
calves that received milk, corn, oats and alfalfa hay, all
gave a continued normal leucocyte count,

Pour cases are noted of calves recelving potatoes, grain
and one pound of timothy hay dally, These calves all showed
leucocytosis, Four others are listed which received cornm,
oats, cotton seed meal and wheat straw, These all developed
leucocytosis, Of seven others that received a normal grain
mixture, wheat straw and silage, three gave normel counts and
four varied, These four showed leucoponia when first placed
on this ration, This period of leucopenia was followed by a
two month period when the animels showed leucocytosis, The
count then became normal and continued normal as long as they
were on the experiment,

Fifteen ocases of depraved zppetite are listed., Ten of
these showed distinct leucooytosis, one & normal count and the
remaining four varied, The four that varied had a low count
when the depraved appetite developed, but later the count be-
came abnormally high,

With only two cases listed, both of them showed a higher
count with caloium ocarbonete in their retion than did either
of two other calves on the same ration minus the calcium car=
bonate,

The data available on seasonal varietion in the leucocyte
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comnt of bovine blood shows that in July fourteen animals
showed an increase in the number of leucocytes in the blood
over the preceding month, Four animals showed no definite
variation, that 18, they remained the same or the counts
were too variable in one or both months to mske an accurate
comparison possible,

For the autumn months there are twenty-eight animals
showing & fall in the leucocytic content of the blood dur-
ing September and only three animals which elther showed an
increase or no definite change,

These animals were under abnormal conditions, but therd
probably is a seasonal variation in the leucocyte count of

the blood.

Conglusions,

1, Leucocytosis occurs in calves raised on milk alone,
and milk with various supplements other than hay,
grass or silage,

2., Leucocytosis occurs in calves fed a ration without
hay, grass or silage,

3, Depraved appetite is usually accompanied by leucocy-
tosis,

4., There appears to be an increase in the leucocyte count

during the sumner,
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I.
Date Last count Age .
Calf No, Sex Borm _on off on _ore Died
c-16 P 10-13-23 4-20-24 9-18-25 190 706
0=-18 F  1l-6=23 68~11-24 9=10=25 279 674 10-27=25 ¥
0=19 F 11-24-23 8-11l-24 1-7=-26 261 765 2=24~-26 K
C=20 P 1l1-8«23 8-11-24 9=15-25 257 667 2-6-26
0-21 F 12-15=-23 6-11-24 11-25=25 240 711 11-28-25
Cc=-22 F 12-15-23 4-15-24 9=10-25 122 63b
0=-256 F 4-1-24 b~20-24 8-5-25 49 491 8=5-25-491
. Killed
0=27 M 5=-8-24 8-18-24 S=b5=26 - 102 681 S=20-26-681
0=28 M B-1l=24 b5-20-24 12-22-24 9 228 12=25=24
0-30 M 6-13-24 8=16-24 8-27=25 65 440 9%=21-25 K
C=31 M T7-7-24 10-21-24 12-29-24 106 176 12-29-24
C=-32 M T=22=24 T=24-24 9-17-25 2 422 9-27=25~432
C-35 F 6-19-24 8-19-24 12-18=25 0 486
=36 M 9=2=24 10=22-24 2-12-25 50 163 2-14-25-165
C=37 P 9-20=24 9-20-24 4=16-26 0 573
Cc-38 F 9-25-24 9=-26-24 3=15=26 1 b36 I=28=26~549
C=39 F  9=26=24 1l=7-24 12-18-25 6l 479
0-40 M J 11-14-24 1-10-25 2=19=-26 57 462 2=22-26=455
C-42 H 1=3-25 T=7=256 12-~16-25 186 347 12=17=25=348
C=43 M  1=12=26 1-12-25 12~-22-25 0 344 1-2-26-~355
C-44 M 3-27-26 3=28=25 b=25-26 1l 424
0ff Exp.
O=45 M F=29=25 3I=29-25 2~11-26 0 318 2-10-26
Killed
F=20-26
=46 H 3-29-26 3=-29-25 11-27-25 0 243
C=-47 M J 331=-256 T7=-8-2D 1-8=28 99 283 1-9-26=-284
0=-49 M 5-11-26 5-12-25 11-27=25 1 200 11-28-25-201
0=-50 P b5-22-25 5-22-25 12-10-25 0 202



Calf No,

Cc-51
C-562
Cc-53
C-54
0=55
C-56
C-57
Cc-68
C-60
Cc-61
C-62
C=63
C-64

C-65

P-2

I. (Continued),

Sex Born

= B = = =3 B =2 = =%

E B B =

b-28-25
6=-14-25
b5-17-25
4-30-25
7=-3-2b
8-11-25
8-11-25
8-28-25
10=-7-2b
11-6-25
11-20-25
1-.8=-26

2=22=-26

Pirst
Count
Date

on
9-9-25
6-25-256
6=25-25
6-25-25
7-3-25
8~11-25
6-19-25
8=28=-25
10-7-26
11-6-256
12-2-256
1-8-26

3-3=-26

Last

Count

Date On
off

1-25-26 41
3=12-26 11
2-12-26 39

10-20-25 56

8-7=-26 0
12-3-25 O
2-19-26 8
6-25-26 O
1=25~26 O
5=2b-26 O
5=-25-26 12
5-26-26 O
b-22-26 9

Age
off

242
271
_71
173

35
113
192
270
110
200
186
138

89

Died Age

3~17-26 276
2-13=-26 272

10-20-26 173

8=13=25 41
2-9-26 181
2=26=26 199
Pneumonia
1-28-26 113
Butocher
6-9~-20 152



11,

Toisson's Fluid,

Sodium Sulphate (XNa,50,) 8 grams
Sodium chloride (XaCL) 1 "
Glycerin, neutral 20 cc.
Distilled 4,0 160 cc.

Yethyl violet &3 .035 grams



4a

I1I.

Calf No, Diet Count
C=31 VWhole milk Leucocytosis
C-54 " " "
C-40 " " Alternate high znd normal,
C-42 " " Yormsl most of time, Some high,
C-53 " " Alternate high and normal,
C=62 " " Normal with high and low points,
C-16 Whole milk, Various supple- Loucocytosis

ments (D.d.)
C-22 " " " " "
Cc=-2B VWihole milk, Varied sunple- "

ments (D.4.)
C-22 Whole milk, Corn and oats, "
c-18 Grain, potatoes, 1§ timothy (DA) *
Cc-19 Grain, rotstoes, l# timothy,

CaCdz (Di) "
C-20 Grain, potatoes, 1lf timothy (DA)
c-21 w " " "

CaCog (4) "
Cc-27 Whole milk, syrup of iron phos- "

rhate
c-ts " " " " Normel
C-60 " " " " Leucocytosis
Cc-61 " " " " Normal
C-64 " " " " "
Cc-52 Vhole milk, minersl mix (DA) "

=57 " n " " "



Calf No,
c-28

C-20

C-44
C-45

C-35

c-38

c-39

C-46
C-50
0-22
C-43

C-47

c-49

I1II (Continued),

Piet Count

Whole milk, flowers of sulphur (DA) Leucocytosis

Vhole milk, raw linseed oil (D4) "
Whole milk, cod liver oil, bone meal, "
(Da)

Whole pilk, cod liver oil, alfalfa, Ilormel
corn and oats

" " L " "
" " " " "
n n " n "
silage
Skimmilk, wheat straw, grain mix Leucocytosis
" " " corn and oats Normal
Wheat straw, grain mix Variable
\\heat straw, silage, grain (DA) Low leuco-normal
" n 1] "
and MgP04q (DA) " n "
Wheat straw, siluze, grain (Di) " n "
” " " n n " "
and MgPO4
wheat straw, silage, grein Normal
] " " ”
Corn, oats, cotton seed meal Leucocytosis
Cotton seed meal, corm and oats, "

wheat straw

L] ” " " "

ba



6a

v,
Ration Count
High Normzl Low Variation
Whole milk 2 4
(minerals
7hole milk and supplements( or ]
(grain
Whole milk, syrupr of iron phosphate 2 3

Whole milk, mineral mixture,(mangzanese,
silicon, fluorine, iromn, aluminum) 2

Whole milk, sulphur, raw linseed oil,
bone meal 3

Whole milk, alfalfa, cod liver oil,

corn and oats 4
Skimmilk, wheat straw, graln mix 2
" " y» corn & ouats 2
Vheat straw, grain mix 2
Potatoes, grain, 1# timothy 4
Wheat straw, grain mix, silape 2 4 - low = high
normal
Corn, oats, cotton seed meal, wheat
straw 4
Depruaved zppetite ' 10 1 4 = low - high
CaCOg3 2
Increase in count in July 14
No definite change 4
Decrease in Sentember 28

No definite change 3
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