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INTRODUCTTION

Colibacillosis is a systemic &nd/br enteric disease which occurs in the
neonatal calf of all breeds of deiry and beef cattle, It causes an estimated
annuel loss of 150-250 million dollars to the cattle raiser (2), It is most
cormon where calves are raised in a confinement situation, The calf is most
susceptible during its immediate postnatal life and under conditions that alter
the animal's susceptibility, The clinical term colibacillosis is derived from

the bacterium Escherichia coli which is often isolated from the organs of

animals that have died with signs of septicemia and enteritis, The disease
also occcurs in young pigs and lambs,

Clirical and experimental investigations of colibacillosis in calves have
been made irn the following areas: (1) environmentsl cornditions conducive to
enimal's susceptibility; (2) bacterial and other suspected pathogens; (3)
endotoxins produced by E, coli organisms; (L) the physiological and clinical
response by the animal and (5) histological findings,

The results of these investigations are aften difficult to evaluate and
correlate due to a lack of normal physiological date on the neonatal calf, A
further difficulty of interpreting the research in this area arises because
sxperimentel calves are usually of different ages and originate from different
environmental and nutritional backgrounds,

There will be an attempt in this experimental project to serielly determine
values for whole blood gases, pH, serum proteins and selected electrolytes in a
uniform group of noonatal calves beginning at birth and continuing for a peried
of ten days. There will be two other groups of calves; one challenged with E,

coli endotoxin given intravenously and one challenged with E. coli endotoxin

given orally, The results and clinical obgervations will then be evaluated.



REVIEW OF LITERATURE
Historical Review

In the 1920's (2, 3, 5) Smith reported on calves suffering from diarrhes,
confirming the association of the disease with E, coli.

In 1922 Smith and Little (5) stated, "It is well established that immunity
of the calf to septicemic infections by strains of E, coli is conferred by the
ingestion of colostral antibodies against the streins concerned in relation to
neonatal enteritis," Nutritional and dietetic causes were postulated along
with avitaminoses A, Their findings clearly demonstrated that in cases of
neonatal enteritis or diarrhea there were substantiaml losses of water, increased
loss of dry matter, and nondigestion of fats with subsequent fecal loss at
greatly increased rates,

Lovell (2, 3) in 1937 was able to distinguish differences in the various
strains of the organism serologically by precipitation tests, Further
refinement of serological techniques was made by Kaufman, Knipschildt and
Tohlne, The latest refinements commonly used were done by Ewing and Orskov;
this made world classification and identification techniques uniform,

Blaxter and Wood (5) in 1953 concluded: (1) that scouring is associated
with high intestinal tract failure, indicating fermentation and absence of
digestion, and (2) that bacteria play a secondary role by multiplying in the
anterior part of the intestinal tract during this digestive disturbance
favoreble for their repid growth, In diarrhee associated with certain systemic
infections this sequence does not ocecur; this being during helminth or
coccidial invasion; but does occur for a wide range of secouring conditions

where calves are given rations of milk or rations closely simulating milk. I%



appears the contral feature is the abnormal presence of large amounts of
fermented materials in the lower third of the intestinal tract, If strains of
Coliform organisms against which the calf has no immunity multiply in the lower
part of the gut,.then ascend higher and higher, tissue invasion follows and
death results, It is possible that the survival of calves given no colostrm
is due to the absence of favorable conditions for bacterial growth in the lower
intestinal tract rather than to some unlmowvm and rapidly acquired natural
resistance, Bactoria not met by resistance spread higher and advance to a more
and more anterior location in the small intestine when natural resistance is
lacking, The products of their metabolism are in part absorbed and in part
diluted by an inflow of water, The consequent loss of unabsorbed food
materials in the feces is undoubtedly severe, but more severe is the depletion
of electrolytes, which may result in dehydration and death, In many instances,
however, additional amounts of the same food always serve to make matters
worse, Starvation of the calf leads, however, to very severe losses of body
constituents, much more than in the adult, and this lack of resistance of the
calf must be taken into esccount, The salient role played by sodium and
potassium loss during dehydration and by caleium in promoting clot formation
should not be ignored in any veterinary treatment (5).

Colibacillosis may occur in one of three clinical syndromes (2, 3, 5, 6):
(1) the septicemic form; (2) the enterotoxemic form; or (3) the enteric form,
Clinical signs of these three forms are generally separable,

The acute septicemic form is frequently observod in the first 2l to 36
hours of 1life. Calves most frequently will not exhibit diarrhea, There will
be a transient fever, depression and weakness, The condition may or may not

be noticed by the owmer until extreme toxemia has developed; death may follow



in a matter of hours, The septicemic or toxic form is generally considered to
be most common in calves deprived of colostrum immediately following birth,

It is considered to be procipitated by an E. gg}i_infaction of the gastro-
intaatinél tract producing an overwhelming degrse of toxin formation by the
organism, The organism may be cultured from such organs as the spleen, liver,
kidney, joint cavities, and central nervous system, This form of the disease
is usually not amenable to treatment for the overwhelming toxemia and infection
usually is so.axtensive that treatment is of little value, Initially these
calves usually have little or no degree of clinically observable dehydration,
Should the infection and toxemia be of a lesser degree, such that the calf is
amenable to treatment or a degree of spontaneous recovery, systemic infections
are a very common sequel; polyarthritis, omphalophlebitis, meningitis or
meningioencephalitis being very common, Such calves usually die in the course
of prolonged treatment or are so chronically affected that it is economically
unwise to consider further maintenance,

The enterotoxemic form is seen to occur with almost as rapid an onset and
may early in the course of the disease very well resemble the septicemic form;
however, there is an early pronounced observebls enteritis, some depression,
mild toxemia, and & febrile reaction is clearly demonstrable for various
lengths of time, Death may ensue but is less rapid than in the septicemic
form; however, dehydration here is usually pronounced but the calves are
somewhat mors responsive to treatment, The sequel of polyarthritis,
omphalophylioitis and encephalomyelitis or meningitis, however, can occur
without early and proper treatment,

The third form generally considered is the enteric colibacillosis, This

is characterized by a profuse, prolonged diarrhoa, The animals have a state



of febrile reaction early and there is usually mild to marked dehydration,

Tho appetite may be markedly affected and weight losses mre rapid., Depression
and wealness vory of ten follow prolonged (several days) enteritis in this
particular form, With early and proper treatment these calves usually will
survive without subsequent complications of polyarthritis and cemntral nervous
system involvensent, However, they very often are retarded in growth and a
prolonged period of recovery is evident, The morbidity rate variss from one
affected premise to another, depending usually on husbandry practices and
specific therapy.

On some promises only an occasional calf develops the disease; most of
these affected calves survive, On other premises, most calves born during an
enzootic develop the disease in spite of intensive care and a variety of
therapeutic measures, sanitation and environmental control being probably the
most suitable means of prevention and control, The enteric form is not
considersed to have m bacteremia present and death is presumably due to mild
chronic toxemia, debility, dehydration and electrolyte imbalance; this truly
resembling a malabsorption syndrome and secondary infection.

It is generally considered that neonatal calves have absolutely no
resistance to E, coli, septicemia and bacterial invasion when deprived of
colostrum (2, 3, 5). This fact has been conclusively demonstrated by many
series of experiments where deprivation of colostrum has been carried out and
the calves then challenged to virulent Eb 2213 strains, These immune factors
are believed to be and have been relatively conclusively shown to be the
antigen or antibody production by the dam against the "K" antigens or capsular
antizgen, and the "0" antigen or somatic antigens of the &, ggli-organism.

There is a considerable fall of the serum immunoglobulins of the dam during the



period just prior to parturition and this fall coincides with the time at which
the protoin content can be shown to be increasing in the udder secretion (12,
3, 148), This fall in serum proteins is due to & loss of beta-2 and gamma-l
globulins, there being no loss of gamma-2 globulins from the blood, The
increass in protein contont of the colostrum is primarily due to a tremendous
increase in beta-2 and gamna=-1l globulins, and this gain is quantitatively
equivalent to the loss from the blood serum, The direct transfer of immunity
from the colostrum of the dam is oarried out by the absorption of the garma
globulins and beta=-l globulins contained in the colostrum through the
intestinal mucosa, thus cogtributing directly to the serum proteins of a calf,
There has been much work on the time limitations affecting the efficient
and greatest degree of absorption of the colostrum from the gut of the calf,
the site of Absorption of the immune proteins from the small intestine, This
is believed to be achieved by passage through the epithelial cells to reach the
lymphatics, They may be detected in the thoracic duct one to two hours after
the introduction of the protein into the duodermum (13), The absorption of
antibodies through the intestinal wall in ruminants is limited to & 2)4=3% hour
span following birth, This statement, however, gzives a false impression for it
has been shown that, in terms of absorption of antibodies to a somatic entigen
of E, coli, this function is roduced to almost 507 at 16 hours aftor birth, In
some calves, this function may be lost as early as 6 to 8 hours after birth,
The factors involved in this eessation of intestinal permeability are
unknown but digestive degradation of the protein does not appear to play a part
as originally was thought, The absorption of protein from the intestine of
newborn herbivoros is not as selective as it is for some other animal species

because protcins of low molecular weight such as beta=lacto=-globulins aro



absorbed along with the immune lacto=-globulins (2, 6, 8, 17, 18), The former
are cleared from the blood by the kidneys, This results in a proteinuria which
lasts for approximately the same period of time that the intestine is permeablse
(lg)., The immune lacto-globulins are largely retained, very little, if any,
being filtersed out in the urine, The principal constituents of the proteinuria
are beta=lacto=globulins, The half-life of these immune globulins is considered
to be about sixteen days, However, the antibody levels to different antigens

do not necessarily decrease uniformly,

The factors associated with resistance to the septicemic form of
colibacillosis in the colostrum fed calf are not fully understood, Resistance
does not appear to be associated with agglutinating antibodies since many
calves in the field are devoid of demonstrable agglutinins against E, coli (3)
strains associmted with colibacillosis, Those calves that do possess agglutinins
against these E, coli strains generally only possess agglutinins against the
somatic or "O" antigens., Few receive agglutinins against the "K" antigens of
these bacteria, Furthermore, many E, coli strains which produce colisepticemia
when fed to colostrum-deprived calves do not produce colisepticemia when fed to
colostrum=fed calves regardless of the presence or absence of ™0" and "K"
agglutinins in the calf's sera, In light of the recent findings of the
Nebrasks team in relation to virus-associated with E. coli enteritis, a
statement made by Gay (3) in 1965 seems in order: "In one or the other of
several strains of mucoid E, coli, the clinical course of disease is very
ghort, Death occurs within a few hours of initial symptoms and appears to be
associated with a massive proliferation of these strains in the small intestine,
It is not unlikely that this syndrome is a result of absorbed endotoxin, as it

resembles in several features that seen when purified endotoxin is given



intravenously to calves. This syndroms has not been reproduced by oral feeding
of these streins 4o calves, They may form part of the intestinal flora without
ill effects, The factor which allows or initiates their sudden multiplication
in cases of colibacillosis is unknown, Undoubtedly there are many causes, both
known and unknown, of scouring calves of which E, coli 1s only one,"

Thug, with the same basic factors in mind, Barnum, Glance and Moon
suggested (2) "Colostrum may fail to protect calves from E, colibacillosis for
the following reasons: (a) there may be a delay in the ingestion of colostrum
until the ability of the small intestine to absorb the protein has been lost or
reduced; (b) a calf may be agammaglobulinemic in spite of consuming colostrum
within the required period for absorption; (c¢) the newborn calf may have
ingested a pathogenic sera~type prior to colostrum; (d) absence in the colostrum
of specific "K" antibody egainst virulent sera=types; (e) lack of presently
unknown protective factors in the colostrum,

In the early 1950's, the attention of calf septicemias and calf enteritis
began to focus around the effects of the disease on the elsctrolyte and pH
values in affected calves, This work was primarily begun by such workers as
MeSherry and Grinyer (8, 9) and was tailorsd to follow some of the patterns
used by Darrow and his co-workers in the field of human pediatries, In
MecSherry's work, he determined that many calves may'be complicated in the
course of the disease by the development of an uncompensated acidosis which, in
its terminal stages, could variously affect the other related electrolytes such
a8 chlorides and potassium, It was his feeling at this time that the acidotie
stages could effect the transfer of potassium from intracellular to extra=-
collular fluids, thus effecting a rise in potassium and concommitant stupor
and wealness that was observed in many cases, However, this was an inconsisteunt

finding,



The chlorides he considered were a compensating facotor for the decrease in
bicarbonate, Thus he attributed low chloride findings to excessive loss due to
the condition of diarrhea, The low calcium levels were also attributed to
excessive loss of this ion in the feces, His findings with the electrolyte
sodium were that they were not wniformly altered but they incrsased greatly in
some places and decreased considerably in others, The loss of sodium is to be
expected if this element is lost in quantity from body during the course of the
disease, But the increase, he stated, is more difficult to explain, Thus,
with these facts in mind, he made the stetement, "It is shown by the use of
balanced electrolyte solutions, many cf the abnormaslities can be corrected, In
many instences, the early use of antibiotics and chemotherapeutic agents by
controlling the diarrhea, prevents electrolyte changes from becoring extensive,"

Concurrent with the uncompensated ecidesis, there is considered to be &
leaching or transfer of the potassium ion from the intracelluler space, snd in
particular the myocardium, thus effecting a hyperkalemia decressed cardiac
output and progressively increasing acidosis, this sequence of events effecting
the death of the calf,

J. G, Watt (6) wrote: John Mills writing in 1776 quoted the Romans,
Vegeteas and Columille as once advising "a dry bed with good drainage and &
supply of clean food and water for oxen and their young;" thus, diarrhea has
been recognized as an importent disorder of cattle for at least 2,000 years,
White, in 1825, ettempted to be rational when he suggested that the condition
is a symptom of digestive upset, In 185, Dadd remarked on the fact that
diarrhea was accompanied by a loss of condition with the skin and the ribs
entered into permenent reletionship, This undoubtedly was one of the first

statements of dehydration or recognition of dehydration and extreme weight loss
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in diarrhea, Indeed, he went further and suggested that indigestion and
improper feeding is the cause of most such disorders of calves, Ovor the next
period of 1l0 years, the bacterial organism was being studied with greater
intensity and was being incriminated with higher and higher degrees of

frequency (1, 2, 5); this organism being escherichia coli,

Thus, as time went on, the thoughts of extermination of the disease by the
use of sntibacterial drugs was thought to be the torch of success, In the
prevention, tfsatmsnt and eventual elimination of calf scours as a disease
entity in cattle, this, however, as all well know, was met with very limited
success, As time progressed end animal husbandry became a more specific science
in the hends of professionals, educstors end qualified farmers, it bscame
apparent that the disease was nearly as familiar to areas of good animal
husbandry as it was in areas of poor animal husbandry, Thus, the etiologicel
faetor of nutrition wes considered to be, to a greater degree, less importent
as an initisl or stioclogical agent, Its considerations as a contributory

factor, however, still are not eliminated (3, 8, L0).
Electrolytes

Serious and examcting work in the fields of serum electrolytes and pH was
reported in 195l by McSherry and Grinyer (8, 9). These studies were patterned
slong the lines of human research in the field of physiological chemistry.
This a field of medicine just beginning to blossom forth, and its role in calf
septicemia was being investigated. Their initial work (8) was a concerted
effort to establish normal values for serum electrolytes: sodium, potassium,
caleium, chloride, organic phosphorus, carbon dioxide and pH, Their studies

involved normal cattle in the age groups of [;=10 days, L4-10 months and 2-13
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years, They investigatod clinical cases that entered into their hospital with
varying nutritional backgrounds, stape of disease end treatment, They reported

normal values as follows:

pH 743 to T.5L
Bicarbonate 21,03 ¥ 1,9 mEq/L
Chlorides 103 mEq/L
Sodiun 12 mEq/L
Potagsiunm 5.2 mEq/L
Caleciwm 5 mEq/L

These values were derived from calves that were from l days to 70 days of age,
with no p.c.,v, evaluated at this tims,

MeSherry and Grinyer's (9) subsequent work was in relation to the
disturbances in acid=base balance in electrolytes and the treatment of eighteen
cases, Their findings indicated that, in most cases, a moderate to severe
metabolic acidosis was present. Concomitant with the acidosis, variations were
observed in the serum chloride, sodium, cflcium and potassium levels, It must
also be emphasized that these evaluations were usually obtained from cases that
were in the advanced stages of diarrhea, They also made the statement that by
the use of balanced electrolyte solutions many of the abnormalities were
roadily corrected, It was also their determination that the use of intra=-
cellular, as well as extracellular electrolytes wers of extreme importance in
the regulation; control; and balancing of the serum values, Early troatment of
diarrhea with antibiotics had a tendency to prevent any disturbances in the
electrolyte imbalances; but antibiotics used alone were most apt to give

disappointing results, Ovorhydration, however, is a fmctor that must be
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strongly considerod in the application of fluids and electrolytes in neonatal
diarrhea,

In 1965, E, W, Fisher (10) in the study of "Death in Neonatal Calf
Diarrhea,” examined the effects of cardiac activity as a result of supposed
electrolyte disturbances, This was done by the use of electrocardiography
during which time evaluations of pH, sodium, potassium and bicarbonate wers
determined and recorded, The findings of the study at that time were that
there was no significant difference between the plasma concentrations of
surviving and dying calves. However, he did state that there were significantly
lower plasma concentrations of sodium in his two groups of calves than of
normal calves, In reference to potassium, there was no significant difference
between plasma potassium concentrations of normal calves and calves that
survived diarrhea, the wvalues for which were determined previously by Fisher,
The plasma potassium concentrations of dying calves were significantly higher
than those of both normal calves and calves that survived diarrhea, The serum
chloride concentrations of diarrhea surviving and dying diarrhea calves were
significantly lower than normal calves, Table 1 gives the relative values for
serun sodiunm, potassiun and chlorides as found by Fisher (10) in diarrhea

surviving, dying and normal calves:

Table 1,
Diarrheic Calves
Surviving Dying
No, “llean No, ~ lean Normal Calwves
Na, mEq/L 21 129, * L.0 25 128,9 t 6 11.8 T 3,5
K, mEq/L 31 5,12 L oL, 25 6,11 £ 1.5 5.1 T oy

1, mEq/L 31 92.3 t 1.0 o1 ali.o 5. 100.3 t 3.5
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Fisher stated that there was a sipnificant difference botwsen the plasma pH of
normal and diarrhea calves and betwsen the pH of diarrhea surviving and diarrhea

dying calves, as indicated by the following figures in Table 2 (10):

Table 2, pH and plasma bicarbonate of calves,

- — —
HGO5
Calves No, pH mmol/I
Normal . 9 7038 i. 0.0h 2808 t 20J4
p 0,001 p 0.001
Diarrheic
recovery 9 7.29 * 0,07 21,6 t 2,5
p 0,001 p 0,001
Diarrheic
dying 5 6.85 £ 0,14 8.9 T2,z

The plasma bicarbonate concentrations were significantly different between
normal diarrheicesurviving, and diarrheic-dying calves, Cardiec arrythemias
were observed in many of the calves and the arrythemias were related to high
plasma potassium concentrations but evidence was obtained of high plasma
potassiun concentrations with no accompanying arrythemias (above 6.5 mEq/L).
Thus, in conclusion of his discussion, Fisher makes the statement that "death
in most diseases is due to circulatory failure and death in cglf diarrhea can
be considered to be no exception to this,"” Of the three components of
circulation, the heart, the containing vessels and the circulating fluid, it
was concluded that in these expsriments the primary failure was of the heart
and that the terminal hyperkalemia may have been brought about by secondary
renal failure preventing renal excretion of this ion. The initial potassium
elevation was effaected by & kidney tubule exchange of potassium for the

hydrogen ion., No post-mortem evidence of an incrocase in capacitance of blood
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vessels in calf diarrhee was found while plasme volume; plasma sodium; although
below normal, were not different in dying and surviving diarrhea calves. Thus,
neither blocd vessel capacity nor circulating volume was the critical
deficiency. "Evidence was obtained of a primery interference with the function
of the conducting tissue of the heart which appeared to ceuse death, This
interference wes apparertly brought about by the electrolyte disturbance in the
severe metabolic acidosis, Hyperkalemie was not always implicated," It must
also be emphasized that the stages of diarrhea at which these calves were being
studied was not indicated,

A very interesting study was reported by Dalton, Fisher and McIntyre (11)
in 1965, In this study, attempts were made to determine the changes of blood
chemistry; body weight; and hematocrit of calves affected with neonatal
dierrhea, These studies were made on calves whose fluid and electrolyte intake
was maintained at the same level when the calves were affected with diarrhes,
as when they were healthy, so the effects of diarrhea would not be complicated
by the effects of withholding milk, It was their concern to try to eveluate on
a time basis the changes observed in these particuler perimeters of blood
chemistries., In this work, their findings were evaluated on the basis of the
number of consecutive days of diarrhea, The first group included 31 calves
with 2=3 deys of consecutive diarrhea, In this group, sodium was found to be
depressed in one-fourth of the group. In potaessium, there wes no significent
depression or hypokalemia or hyperkalemia, The chlorides were not signifi-
cantly changed, The second group consisted of 18 calves with L5 consecutive
days of diarrhea; nine calves were hyponetremic, one was hyperknlemic, and one
hypokalemic, Thus, there was questionable significance in any respect to

potassium, Chlorides were not significantly chenged. The third group included
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12 calves affected for 6-7 consecutive days. Six calvea had hyponatremia; and
four had hypokalemia of questionable significance; there were no significant
changes in chlorides, The fourth group was 7 calves affected for 8-9 consecu-
tive days of which 7 showed significant hyponatremia, No significant changes
in potassium, one showed hypolkalemic, and one showed hyperkslemic, Three showed
significant changes of hypochloremia, In these studies, 1L0 % 5 mEq/L wes the
normal mean for sodium; 1,9 t 0, potassium milliequivalents; 98,0 ¥ 3.0
chloride milliequivalents, In these four groups of calves, results from L0 of
the 60 calves were suitable for selection into these particular categories,
Further consideration on these groups of calves was made in respesct to the
differences in hematocrits on the consecutive days of diarrhea, Also body
weight differences were studied. In the calves that had 2-3 days consecutive
diarrhea, there was a minus 2 1 2 pounds of body weight lost for this group,
ranging up to a minus 12 t 5 pounds for the calves affected 9-10 consecutive
days, Hematocrits in all of these groups showed no significant chenges. In
the calves that had diarrhea for 2-3 consecutive days, the sodium evaluations
showed & hyponatremia in approximately 50% of the calves only, Thus (11), the
statement is mads that 547 of the sodium concentrations were within the normal
range, In conclusion, Dalton et al, expresses the opinion that hyperelectro=-
lytemia was not observed in the least significant extent in the present study
and, in those few cases in which raised potassium and chloride concentrations
were observod, the sodium concentrations were within or below the normal reange,
It would, thsrefore, appear that hypertonic dehydration did not occur in the
diarrhea calves described in the present study, The raised potassium
concentrations were probably not significantly elevated to have mny serious

effect on cardiac function, "Bergman and Sellers," he states, "in 1953 and
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195);, showed that in calves, experimental hyperkalemia caused cardiac signs
when the plasma concentration was raised to 8 milliequivalents per liter and
cardiac arrest occurred when the concentration reached 12,7 milliequivalents
per liter, However, a strict comparison with their results is not possible
since their calves had only one electrolyte disturbance, whereas in diarrhea
there are multiple disturbances, Correct cardiac function is dependent on
specific concentrations of many electrolytes," Dalton et al, also state that
in the prasené studies, the milk intake was maintained when the calves were
affected with diarrhea and, conssquently, they becams isotonically and
hypotonically dehydrated, However, there appears to be no significant
differences in his hematocrit percentege changes, The lack of detsction of
increased hematocrits was unexpectsed in that it was assumed that the dehydration
which obviously ocecurred in the diasrrheal calf would lead to a reduction in
plasma volume and a rise in hematocrit, ™It was possibls," he states, "that
the plasma volume was meintained despite the dehydration or, alternatively,
that the erythrocytes were either destroyed as part of the cataboliec process to
diarrhea or moved out of the general circulation,"”

As a follow-up to Fisher's (10) report in 1965 in the study of cardiac
arvythemias and potassium toxicities in calves, Fisher et al, (12) (1967)
studied the role of oxygon and potassium in relation to arrythemias, They
state, "It is noted that the mucosas of dying diarrhea calves have a bluish
coloration, presumably from desaturation of capillary blood, And when blood
has been removed from such calves, it has been observed by us to be very dark
in color, The dissociation curvo of hemoglobin indicates that as pH falls
the ability to carry oxygon decreases, particularly when the pH falls to sbout

7.0." The sumary of their work indicated that there was no significant
g
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depletion of body potassium, except when it is mssociated with severe protein
deficiency, results in a loss of skesletal muscle potassium, The fall in
cardiac muscle potassium level is comparatively small, In their study, dletary
potassium deflciency produced a considerable fall in the plasma potassium
content and in the potessium content of skeletal muscle, The fall in plasma
potassium content was less as potassium depletion became more severs, The loss
of cardiec muscle potassium is considerably less than that of skeletal muscle
potassium, However, the rise in the potassium ion concentration gradient in
cardiac muscle was twice that of skeletal muscle, Hill (1955) and Hodgkin
(1951) (13) found that the resting membrane potential of muscle was a function
of a logarithm of the concentration gradient of potassium aecross the muscle
cell membrane, Hence, & change in gradient is likely to be of greater
importance than a change in content, Potassium depletion associated with sodium
lowering causes a fall in the intracellular pH of skeletal muscle despite the
development of extracellular alkalosis (Gardner et al,, 1952; Irvin et al,,
1961; Granthem and Schloerb, 1965; Sands, Malone and Muntwiler, 1965; Wilson
and Simons, 1967), However, none of these workers observod any significant
relationship between the intracellular pH and potassium content of cardisc
muscle or between the intracellular pH of cardiac muscle and potassium content
of skeletal musclse, The most important change in cardiac muscle and potassium
deplation is ths rise in potessium ion gradient; this rise, which is seen in
both skelstal and cardiac muscles, is accompanied in both cases by a fall in
intracellular pH and a rise in the hydrogen ion gradient, They suggest the
most serious consequences of potassium depletion relate to the heart, and,
particularly, to disturbances of cardiac rhythm caused by potassium depletion

in association with digitalis intoxication (Welt et al,, 1960), They also
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suggest that the changes in potassium ion gradient with ascompanying chanpges in
the hydrogen ion gradient pley a more important part in changes in potassium
content than causing disturbances of cardiac rhythm, Little is known about the
factors controlling the transfer of potassium or hydrogon ions across the cell
membrane, If both ions move passively and the magnitude and direction of their
movement is controlled by the Donnan equilibrium, then the transmembrane
potential would be equal, The potassium ion ratic is consistently approximetely
ten times the.hydrogen ion ratio, indicating that overriding forces are in
operation, It is suggested that there is active and continuous extrusion of
hydrogen ions from the cell (Irvin et al,, 1961; Woodbury, 1965), They found
also that the intracellular bicarbonate concentration of cardiac muscle rose
with increasing potassium deficiency which would be consistent with attempts to
compansate for increased numbers of hydrogen ions leaving rather than entering
the cell, The major determinant of the Donnan equilibrium across the muscle
cell membrane is the excessive anionic charge associated with the nondiffusible
cell proteins at physiological pH, As cell pH is lowered, the pK of the
cellular proteins is approached and the excessive anionic charge is neutralized,
The distribution of diffusible ions across the membrane will tend to be
equalized, In metabolic acidosis, when the fall in pH inside the cell is less
than the fall in pH in the extracellular medium, these protein buffers play an
important role in the maintenance of cellular acid~base stability, Fewer
cations are required to preserve elsctrical neutrality and potassium ions move
out of the cell, The opposite effect would occur in metabolic alkalosis, This
movement of potassium ions in response to acid-base changes probably accounts
for the linear relationship between potassium and hydrogen ion gradients found

in metabolic acidosis and alkalosis, Changes in plasma potassium contont are
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used frequently as an indication of disturbances in total body potassium and
the plasma potassium content is of considerable importance in clinical medieins,
Irvine et al, found that the plasma potassium content wes significantly

related to the extracellular pH and hydrogen ion gradient of skeletal muscle
but not to the intracellular pH of skeletal or cardiac muscle or the hydrogen
ion gradient of cardiac muscls, Excoss potassium in extracellular fluids

causes the heart to become extremely dilated and flaccid and slows the heart
rete, Very large quantitiss can also causs atrial ventricular block, Two or
three times the normal velue will cause such weakness of the heart that death
will ensue, All these effects of pobtassium excess ars belisved to be caused by
decroased resting membrane potentials which result from high potassium
concentration in the extracellular fluids, As the membrane potential decreases,
the intensity of the action potentiaml also decreases which makes contraction of
the heart become progressively weaker, The strength of the action potential
determines, to a great extent, the strength of contraction,

In respect to calcium ion concentrations, Guybon (L1) stated, "It is
doubtful that the calcium ion concentration ever changes sufficiently during
life to alter cardiac function greatly, for greatly diminished calcium ion
concentrations will kill a person because of tetany before it can significantly
affect the heart; an elevation of the calcium ion concentration to a point that
will materially af'fect the heart almost never occurs because calcium ions are
precipitated in the body's tissues as insoluble calcium salts before such a
level can be reached," Excess sodium depresses cardiac function similarly to
that of potassium ions but for an entirely different reason, Sodium ions
compete with caleium ilons at some yet unexplained point in the contractile

process of muscle in such a way that the gronter the sodium ion concentration



in the extracellular fluid, the less the effectiveness of calcium ion in
eff'ecting contraction by an action potential curve, Conversely, decreased
sodium ion concentration increases the strength of cardiac muscls contraction,
for then the calcium ions have less competition, However, he stated, "From a
practical point of view, the sodium ion concentration in extracellular fluids
probably never becomes abnormal enough, even in serious pathological conditions,

to cause significant changes in the cardiac function,"
Proteins

In the review of literature on protein studies including electrophoretie
patterns of serum proteins in calves, there is little work done in calves of
extremely early age in the evaluation of serun proteins, Some of the earliest
work was done in 1946 by Hogueness et al, (27), in which they gave the
evaluations of 387 albunmin, 8% alpha=-l, 12% alpha =2, 7% beta=l, 9% beta-2, and
257 gamma, These studies are in rolation to Carroll and Kaneko (1l), who stated
that the bovine has a noermal total protein of 7.1 grams per 100 milliliters
which is composed of L5% albumin, 11;,5% alpha=1, 13,57 beta=l, and 27% gemma-2,
This was determined on the adult animal, Work done by Weber (18) in 1963 gave
the following aveorage percentage of these components and the slbumin-globulin
ratios in 6 calves as determined by vertical- and horizontal-type paper
electrophoresis in animals ranging in age from 2 weeks to 12 months of age,

His findings were as follows: 51,2 % albumin; }8,87 globulins; with a break-
down of alpha=1 3.,9%; alpha-2 10,1% beta-1 11,67 beta-2 8,1%; and gamns 15,17%,
The average total protein content of the serums of these cattle was 7.9 grams

per 100 milliliters, Sex or age differences were not observed,
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Summaries and studies on serum proteins of calves have been done by Marsh
et al, (20) in which they state that loss of serum proteins via the intestinal
tract in normal calves and in calvos with diarrhea was detsrmined by immuno-
elastrophoresis ﬁnd polyacrilemide disc electrophoresis, Calves with diarrhee
lost more serum protein and unabsorbed milk proteins than did normal calvoes,
Normal calves excreted mors serum protein in the urine than did calves with
diarrhea, However, in this study, there was no reference made to any normsl
serum protein values, Considerable work has been done by Leland et al, (19) in
the study of serum changes in protsein in parasitized states of animals,
However, these were in calves of considerably older age,

A rather complete study of neconatal aslterations in serum gamma globulin
levels was reported by Temnant et al, (17), In this study, the concentrations
of albumin and alpha, bete and garma globulins in the serum of Jersey and
Holstein=Iriesen calves from birth until B months of age wers made with the
following results in 2 groups of calves 1-10 days of age (Table 3), In summary,
he stated, "Total protein concentration in normal Jersey and Holstein calves
was measured from the time of their birth to 16 weeks of age, Mean plasma
protein concentration increased rapidly in calves of both breeds after their
ingested colostrum but was significantly greater in Jersey calves than in
Holstein calves. Plasma protein concentration decrsased gradually in Jersey
calves between the second and sixth weeks and then remained constent. The
value did not change sipgnificantly in the Holstein calves between the second
and sixteen weeks of age., The increase in the serum protein concentration
af'ter calves were born was due primarily to germa globulin, The mean
concentration of gamma globulin of serum of one-day=-old Jerssy calves was more

than two times that of one=day=-old Holstein calves, When the initial increase
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occurred after calves ingested colostrum, the concentration of gamma globulin
in the serum of Holsteln calves remained relatively constant, whereas in Jersey
calves, the concentration of garma globulin decreased gradually during the
first forty-five days, The concentration of beta globulin in serum of calves
of both breeds inereased aftor ingestion of colostrum and then decreased to
normal levels during the second wesek of life, The concentration of beta
globulin in the serum was significantly greater in Jersey calves during the
first fifteen'days of life, There were no significant differences between
breeds and concentration of alpha globulin in the serum, The mean concentration
decreased in calves of both breeds during the first fifteen days of life and,
thereafter, was constant, The mean concentration of albumin in serum incrsased
progressively with aging calves of both breeds, the gresatest concentrations
being obserfed in calves between four and eight months of age' In contrast to
beta and garma globulin concentrations, the concentration of alpha globulin in
serun decreased after calves ingested colostrum and a difference between breeds
was not observed, In discussing the difference between the Jersey and Holstein
values, he states that these may be explained on the basis of a greater ability
to absorb colostrum and protein elements in the Jersey calf in relation to the
Holstein calf, Also, the generally considored possibility is that the Jersey
colostrum has a higher or larger concentration of the gamma globulin constit=
uents, thus, & higher elevation, initially, of serum gamma globulin components
in the serum of Jersey calves, which later regresses to that of normal and
Holstein calves, This subsequent depression of the gamma globulins was
considered possibly due to differences in turn=over rate of gamma globulins,
The urinary loss could, basically, be eliminated as a possibility as the large

gamma globulin molecules do not pass the glomerulus and, therefore, are not



lost in the urine, The protein loss in the urine by the neonatal animal is
almost entirely albumin and lacked beta macroglobulins,

Logan and Penhale (55, 56, 57, 58, 99) studied the effect of the wvarious
E, coll immune globulins from colostral whey, They identified IgA, IgG and Igh
by gel diffusion, The whey prevented the development of colibacillosis in
newborn unsuckled calves,

Initial finding with high doses of pooled globulins given intraperitoneally
gave varied results when the calves were challenged by pathogenic E, coli,
There was a definite delay in onset and development of disease, and some
increase in survival rate, IgG and IgM were thought to confer protection,
However, all calves developed colibacillosis to some degree in a second trial,
They used a more purified IgM fraction in the third study and calves wers
protected with: (1) oral whey, (2) intravenous end oral whey, and (3)
intravenous IgM, They interpreted these results to mesan that Igd was conclue
sively related to immunity against E, coli,

It was their hypothesis that a local protective function took place within
the gastrointestinal tract; thus giving a local immune type of protection as
well as the circulating antibody protection, The antibodies were found to be
adsorbed in varying quantities; some are thought to be digested in varying
amounts and passed in the feces, depending on the degree of diarrhea,

Jack and Glansz (&) in 1970 isolated the 7S end 19S fractions of bovine,
calf and dam serum and the dams' whey. These fractions were found by indirect
hemagglutination to be antigenically active against the 0 antigens of four
recognized E, coli serotypes pathogenic to the bovine,

The serum of the dam contained 1GS maoroglobglins and thess appeared to be

IgM immmoglobulins, Colostrum and calf serum contained both 75 and 195
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globulins and believed to be IgG and IgA,

In their final work (59) Logan and Penhale appear to have achieved a
separation of the septicemic and enteritis syndromes, There was soms evidence
of this separation in the work of Mebus (39), Agammaglobulinemic calves (by
electrophoresis) were challenged with pathogenic strains of E. coli after
intravenous protection with IgG end Igl fractions (1.5 gm/30 gm IgG and 0,26 g
IgM); survivors were given a second immune dose at L days of age (post-challenge),
Feces was collected and checked for IgA, IgM, IgG classes of immunoglobulins,
All were present efter L8 hours thus they considered IgA was produced by the
intestinal epithelium, Sodium, potassium and chloride values were determined
by flame photometry., BUN, PCV and pH values were determined on prechallenge,
and dying calves,

All calves developed severe diarrhea; all challenged prior to 2l hours of
age died; two of five died when challenged between 39 and L8 hours of age, All
blood cultures and post-mortem organ cultures were negative., Therefore, they
grouped then as shown in Table L, Fecal dry matter from dying calves decreased
rapidly from 10 to 50 per cent as they voided 2 kg of feces daily., Dying calves
became dehydrated (PCV up to 50%) with sunken eyes, Unlike septicemic calves of
previous experiments, early muscle tone loss was not observed, There was
marked oliguria and terminal anuria, PCV was elevated early in the course of
the disease (L0 + 12 hrs post challenge),

Surviving calves showed no decrease of urine output and fecal regulation
was soon recovered, PCV and blood urea nitrogen elevation was transient,

During the mcute phase of the disease hyperkalemia (7.l mEq/L) was "severe" in
the dying calves, They state that spontaneocus diarrhea always developed even

in the absence of challenge., They also felt there was some local immme
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globulins produced by the intestinal epithelium, especially IpgA. The diarrhea
calves "did not" develop ecidesis as did older celves as observed by Dalton,
Fisher 1965; Friden 1965 end Watt 1967, "nor had they" significantly higher
plasma potessium levels; as detected by Fisher 1965; than surviving calves,
"In the present study, it was considercd that the most significant
difference between surviving esnd dying calves was the marked increase in FCV
seen in dying calves, Although there were cnly two survivers, this difference
has been obse;ved alsc in earlier studies (Logan, Penhale 1971) and it is
possible that during the course of scouring this "factor" is absorbed into the
circuletion where it causes hemodynamic changes leading to the circulavory end
renal failure observed, Under normal circumstsnces intestinal immunoglobulins

may have the ability either to neutralize or block this factor." (59).
Endotoxins

The study of bacteriel endotoxins (23) has been greatly expended in recent
years. Endotoxir producing bacterie contain the toxin and it is released on
destruction of the bacterie while exotoxin bacterie actively excrete their
toxin, The metebolic byproducts of the grem-negative bacterie are endotoxins,
These toxins, confined within the bacteriel cell, are present in nonpathogenic
and pathogenic gram-negative bacterias, When E, coli rapidly incresses in
numbers, there is a corresponding increase in endotoxin that can overwhelm the
host animal, In newborn animals, endotoxin toxemie may result from toxin
absorption via & nasopharyngeal route or directly through the gut (2),
Destruction of bacteria by entibiotic therapy may release greater emounts of
endotoxin, abruptly intensifying the toxemia, Many bacteria produce bacteri=

cidal substances ective upon other related and unrelated bacterie with a degree
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of specificity but without the capacity to rapidly reproduce themselves, Thece
characteristics ocecur among the E, Eg}i_organisms and are called colicines,
Thus, meny streins of E, coli are colicinogenic, This bactericidal activity
has been used as e prophylectic regimen in recent years; whereby it has been
suspected that the retio of antagonistic bacteria to the pathogenic bacteria
has been disturbed; thus, the digestive tract has been treated by orgenisms
that are supposedly collcinogenic to the E, coli pathogen, This method of
treatment, however, has little degree of reliebllity, Hemolysins are another
byproduet of E, coli organisms that have been recognized and have the ability
to lyse memmalien red blood cells, However, hemolysins are not considered en
outstanding attribute of the virulence of the E, coli organism, How they act
on the body is the subject of much current study., The former type, or the
excreted toxirn, is thus called an exotoxin becterlaz, Among the diseases caused
by exotoxins are diphtherie, tetenus, gas gangrene, botulism, and scarlet fever.
The endotoxin diseases ineclude cerebrospinal meningitis, dysentery, typhoid
fever, vndulent fover, gonccoccal arthritis, various kidney infections and
tuleremia, The exctoxins have to a large degree been controlled in the field
of medical research by the develomment of antitoxins, This type of success has
been met with considerable failure in reletion to the control of the endotoxin
dicseases, their mode of sction being largely a mystery., Endotoxins were first
isoleted some thirty years ago by Andre Boivin of the Pasteur Institute in
Paris, In extracting them from bacteria, EBoivin made a remarkeble discovery.
The bacterias that produced endotoxins were all of the gramenegative type end
it later developed that almost all gram=positive bacteria produced exotoxins,
It was also discovered by Braude and his co=-workers (23) that even non=

pathopenic, gram-negative organisms contain endetoxins, these bacteria being



saphrophytic in neture, Their torxins were a&s potent as those produced by any
infectious bacteria, Another remarkable aspect of the exotoxin produced by
gram~positive organisms is that each exotoxin disease has its own specific
symptoms and is generelly easily distinguishable from the others., In contrast,
the endotoxins all produce the same general symptoms in experimentally exposed
animals regardless of what bacteria may have furnished the toxin,

One of the distinetive features of the endotoxins is their fast action,
Intravenous injection can produce within very few minutes in an experimental
aniral a rapid loss of white cells from the blood stream, Radiocactive experi=
ments of the endotoxin indicate that the endotoxin almost instently "enters"
the white cells and acts to drive them out of the circulation, First to go are
the granulccytes; during the next few hours, the lymphocytes gradually decline
in number and platelets also drop out of circulation, As the white cells
disappear from the blood, they turn up in increasing numbers in the tissues of
the lung and other organs, Then, some four hours efter endotoxin injectiocn,
granulocytes suddenly flood into the blood stream, raising the nunmber of white
cells to ebnormally high levels, Then comes & rush of immature red cells, The
influx of white and red cells probably represents a general outpouring of the
reserve centers of blood cell formation, in storage and bone marrow, The second
response to intravenous injection of endotoxin, following the initial disappearing
of granulocytes from the blood by about cne=half hour, is a rise in the body
temperature, This is believed to be due to & reduction of the normal rate of
radietion of body heat from surface tissues due to slowing of the ciroulation
through the skin. However, some effect on the thermostatic center in the
hypothalmus of the brain, is believed also to occur in some way, This may be

by the release of pyrogenic products from the demaged white cells or that the
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endotoxin itself acts on the hypothalmus, reaping it from the blood stream by
way of the cerebrospinal fluid that ciroulates around the brain, It has been
found that fever can be induced by amazingly small intravenous doses of
endotoxin, as little as one-billionth of a gram or mg in rabbits and comparably
small smounts in other animals includinpg man,., A dose one hundred thousand
times larger than the minimum for fever will cause & collapse of blood eircu-
lation emounting to shock .(23), Here the collapse of circulation stems not
from depletion of the body blood voclume but from the shutdown of blood to the
heart so that the heart is no longer able to pump the normal amount of blood
into the arteries, In the dog the shutdown has been found to be in the liver,
Where the blockage occurs in the vessels is not yet loiown,

Gregory Swartzman (23) found that when a sublsthal dose was given in
rebbits and followed 12-2l; hours later with another dose, the second dose led
to a massive destruction of kidney tissues, His conclusion was that the
endotoxin caused fibrin to collect in the capillaries of the glomeruli; as a
result, the glomeruli gradually became clogged and kidney tissue then dies for
lack of blood circulation, This also was his conclusion on second endotoxin
injections in tissue sites, thus causing the well=lmown Swartzman reaction,
This damage, howsver, could be forestalled by giving the animals heparin, which
prevented the collection and clotting of fibrin, Other experiences have also
shovm the action of endotoxin in stopping blood flow can produce other kinds of
tissue damape., For exasmple, in an animal with a rapid growing tumor, an
injection of endotoxin in the blood stream will lead in a few hours to hemor=
rhage in the tumor and death of its cells, Endotoxin will also kill the
fetuses in a pregnant mouse, Thus, due to the wvariety of reactions and actions

to endotoxins, workers have postulated it is made up of several constituents
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that act in independent ways, There has beon little success, howsver, in the
separation of toxins and the identification of various toxic components, Thus,
the aveilable evidence indicates that all its toxic properties are in a single
molecule,

The physical end chemical properties of endotoxins have been determined as
follows: it has a protein, & lipid, end & polysaccharide or sugar fraction,

It then was determined that the lipid frection was the toxic fraction end the
polysaccharidé fraction was non~toxic, Walter Goble (23) separated the
fractions with alkaline alcohol and found that the polysaccheride portion also
is toxic, This embiguity and other evidence make it seem most likely that the
entire molecule is essential for the action of the endotoxin in producing
specific diseases,

With this advenced study into the reasctions of endotoxins, the question of
en ellergic reaction or anaphylaxis beceme & subject of primary interest and
much investigation on this was done by workers such &s Chandler Stetson, Jennie
Siemiensidi, Sal Braude, and later by Wheel and Spink (23), The results of
their works showsed that there is a tremendous histemine release in the tissues
of most animals, In the dog, it causes muscle fibers in the walls of the veins
in the liver to contract, thereby narrowing the veins, In the guinea pig, it
tightens muscles around the eirways of the lungs so that in anaphylactic shock
the animal is suffocated, The injection of histemires produced shock with many
of the characteristics of both anaphylactic and endotoxiec shock, The details
of these events varied considerably in different animels, In a monkey, &
shock=producing dose of histemine or endotoxin does not affect the large veirs
and the fall in blood pressure is gradual, The rat has considerable resistance

to histemine, endotoxin, and anaphylactic cshock, but a larpge dose of endotoxin
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or an anaphylactic substance will overcome this resistance, In endotoxic
shock, the small veins in the rat's intestinal tract ere constricted with the
result that blood accumulates here and hemorrhages occur throughout the
intestinal tract and the adjacent lymph glands,

Thus, the very crucial question arose, Do antibodies play a part in the
effects of endotoxin? BEndotoxin, however, produces the same kinds of reaction
regardless of whether or not the animal lmowingly has previously been infected
by bacteria., This suggests that the body may posses a natural antibody to
endotoxin, If so, what stimulated its formation? The symbiotic bactaria that
live in the intestinal tract of marmals are known to contain endotoxins,
Considerable study has been made of these bzecteria in attempts to detsrmine
whether or not the natural antibody could be produced by sensitization to these
symbiotic bacteria, Irwin Nader (23) found natural antibodies to endotoxin in
the blood of virtually all memmals he examined, With this in mind, Gilbert and
Braude looked for evidence that thess antibodies actually combined with
endotoxin in the bloodstream of animals during their responses to an endotoxin
injection, Their findings were conclusive in that there was a definite and
marked sharp decrease of the nabtural antibodies almost to the point of
non=-detectability, Along with the disappearance of the antibodies, the
"protein=-complex complement" also disappsared from ths rabbit's blood,

Spink and Veik (23%) have found that in dogs, endotoxin shock can be
prevented by removing complement from the animel's blood plasma before tho
injection of endotoxin, However, in further experiments on antibody rsactions,
Braude et al, discovered that if non-lethal doses of endotoxin were used, the
smaller doses had the opposite effect of the remownl of antibody, and the amount

of antibody in the blood actually would gradually inersase by as much as a
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thousand=fold rise within a week, With this type of reaction with e non=lethal
dose of endotoxin, one would expect a multiplication of antibodies would
intensify the endotoxin damages as described by Swartzmen, However, this is

not the case and furthermore, this line of thinking would run counter to the
whole concept of antibodies as the body's defense against foreign substances,
It is now believed that antibodies sometimes increuase resistance to endotoxins
and sometimes lower the resistance, This paradox, at the moment, 1s completely
unexplained,

The "Arthus phenomenon" hes clearly shown that "antibody" levels of the
serum directly affect the reaction to endotoxins given subcutansously. On
initial injection in the rabbit, for instance, small and slow reactions are
detectable, Subsequent reactions to subsequent injections, however, show a
marked increase in the rate of skin reaction, similar to the initial injection
in man, This discrepancy has been explained by the fact that rabbits have a
muoch smaller population of grem=-negetive intestinal bacterial than does man,
Thus, the additional endotoxin injection steps up the serum "antibody" levels,
effecting a much higher serum arntibody level prior to the second endotoxin
injection which then produced a marked slkin reaction similar to that in man,
This fact was further proven to be conclusive by the taking of the so=called
hyperimmunized serum of the first rabbit and injecting it into an unsensitized
second rabbit followed by a subcutaneous endotoxin injection which resulted in
the accelerated type of reaction, "arthus phenomenon" as seen in nman on the
initial injection, However, investigators Dubois and Schaedler, of the
Rockefellor Imstitute, and Douglas and Braude (23) injected only the antibody
containing serum into animals instoad of a sensitizing doso of endotoxin itself,

it did not lower their resistance to larpge doses,



3L

When Dubois et al, (23) injected only antibody into the serum of the
enimals instead of the sensitizing dose of endotoxin itself, it did not lower
their resistance to large doses, Their conclusion was "one or more vaccinating
doses of endotoxin will elevate, not lower, resistance to the toxin," When the
rabbit is given small injections of endotoxin, about one-tenth of a microgram
on successive days, the height and duration of its fever responses diminish
from day to day. Diesen ccncluded that the increased resistance waes dus to a
heilghtened ability of the animal's liver and spleen to remove endotoxin from
the blood stream, Radioactive studies by Braude et al, 2t the Pasteur
Institute where the endotoxin was lebeled, has shown similerly that the liver
cleared the toxin out of the blood streem much faster if the animal had been
pre=treated with small doses of the substarce, Thus, the paradox that entie-
bodies sometimes heighten resistence end sometimes lower resistance, still
needs to be clarified and expleined,

One possible anawer projected is that the issue is decided by the relative
proportions to endotoxin to antibody,., If the amount of antibody exceeds the
amount of toxin, it protects, If it does not, it may add to the toxdcity. The
other explenation is that substances other than antibody are involved, Skarmes
and Chedid of the Pasteur Institute (23) have been some of the leaders in this
field of investigation, They have found that & blood constituent that is
definitely not antibody can detoxify endotoxins, epparently by breelkirg down
the endotoxin molecule into smaller units, They have observed that enimels
become almost incredibly sensitive to endotoxins by the removal of the adrenal
glends, Thus, they theorized that the adrenal hormone, cortiscne, aided in the
elimination of the endotoxin; however, work by Braude et al, appears to nullify

this theory but, in some way, it givos the animal pgreoater resistance to the
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toxin, The hormone, adrenalin, in contrast to cortisone, can greatly
accentuate the toxic effects of endotoxin, It is possible that the endotoxin
sensitizes blood vessels in such a way that they over-react to adrenalin and
remain contracted long enough to cause a damaging interruption of circulation,

These preovious findings that have been detailed have been carried out with
endotoxin extracted from bacteria, not with the toxin producing bacteria
themselvss, In some work done by Jones, Douglas and Braude (23), where E. coli
beeillus was injected into the knee of a rabbit, the typical fever response
took place and endotoxin was demonstrable in the blood, Subsequently, the
fever disappearsed and the antibody level increased and the fevér eventually
disappearsd, However, at the local site of injection, infection persisted and
endotoxin was demonstrable for a considerable time, many weeks after all
bacteria were eliminated, Other investigators have also noted a similar
persistance of endotoxin in other organs, Considerable work is now underway to
purify endotoxins so that its toxic effect can be correlated to the features of
its chemical structure, When this is achieved, meny of the puzziing and
seemingly contradictory aspects of endotoxin's blological behavior may become
undsrstandable,

Mebus, Underdahl, Rhodes and Twishaus (39) hawe brought to light the strong
probability of an accompanying virus in colibacillosis, This virus alone did
not produce the devastating effects usually associated with colibeeillosis but
repeatedly produced a disease of definite similarity, Thus it has been postu-
lated that the virus is a contributing etiologicel factor in colibacillosis,

Raven et al, (23), using E, 2213 01118);, demonstrated that intestinal
absorption of bacteria from the intestine occurrod in the rabbit subjected to

hemorrhagic shock but not in the normal rabbit, They concluded that the



36

bacterisl endotoxin moved across the intestinal membrane primarily by passive
diffusion, And their findings also were in agreement with Braude and others
that irtravaesculer coagulation with thromboembolism widespread in the micro-
vesculature was considered the primary fundamental lesiecn, in that the clotting

forces were initiated by the effect of the endotoxin on platelet factors,
Hemodynemic and Vasculer Responses

3 Clark-Osborne (2;) studied the oral route of inoculetion in 18 calves
with 5 known serotypes of E, coli and concluded that the most common lesions
were vasculer stasis, edema, hemorrhage, &nd thromboemboli that were especially
prominent in the microvesculeture. Acute and chronic gastroenteritis charac=-
terized the disease clinically and, in many of the calves the generalized
Schwartzmen reaction such as fibrin thrombi in the glomeruli and generalized
vascular stasis mentioned previously were very common, In & subseguent paper
by Osborne et al,, using E, coli serotypes intrevenously (25), it was found
that the calves were naturally hypersensitive to E, coli, Multiple inoculations
produced tolerance, In this experiment, Osborne et al,., used whole cultures of
E, coli organisms that were injected intravenously. Clinical manifestations
included chills; biphasic fever spikes; hyperpnea; tachyhypnea; dyspnes;
coughing; expiratory grunting; cold clemmy extremities; retching and diarrhes;
marked depression; bloating and anorexie., They state that the shock syndrome

produced by E. coli whole cell cultures was only slightly more severe then that

produced by E, coli free supernatant fluid. And, he stated that this is
probably related to retention of part of the endotoxin in the bacterial cell
wall, He also stated that neonetal calves deprived of colostrum and those that

suckle thoir dems were both hypersensitive to intravencus incculetions of E, coli
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whole culture and cell free supsrnatant fluids, Clessic and irreversible
anaphylactoid endotoxin shock followed single inoculetions in 6 calves, Two
intravenous inoculetions, two or three days epart, produced a fatal reaction in
two calves, Other calves, obviously naturally hyﬁoraactive, were given up %o
18 inoculetions at 1=7 day=-dey intervals without fatal reaction, The shock
reaction was diminished and tolerance was increased after the third asnd sach
subsequent inoculation,

In a subsequent review of the pathologicel findings of his work, Osborne
(28) made the following statement, "Hyperemim; stasis; emboli; thrombi:
hemorrhagic diethesis, and edema were regularly seen and mltered reology in the
microvasculature of the thorascic and abdominal viscers was a most striking
finding,” These observetions, he stastes, were by no means new for numerous
previous studies, though not working with these serotypes in these animal
specios have provided good descriptions of the lesions of E, coli endotoxin
shock, Cororary thrombosis was demonstrated microscopically in one calf as an
unusuel finding in fatal E, coli anaphylactoicd shock under the conditions of
these experiments, The c¢clinical features and laboratory findings indicated a
chain-reaction-like occurrence of the physiological, pathologic and hemeostatic
events following intravenous inoculation of endotoxin, The brain barrier, he
states, was obviously penetreted as indicated by the hemorrhages into the
Virchow=Robin spaces of the brain in a colostrum-deprived calf that was given
E: 2211 endotoxin intravenously,

The hemorrhagic brain lesions were not noted in calves that received
colostrum, The statement here is also made that endotoxin also apparently
roleases the lysosomal contents of leukocytes and these directly, or through

mediators, influonce the progression to the irreversible state in endotoxemisa,
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This conclusion was described by Davis and Horowitz in a study of the liberation
of serotonin after the injoction of bacterial endotoxins,

In a paper by Tennant et al, (29) in the study of hypoglycemia in neonatal
calves, 1l cases of hypoglycemia in neconatal calves were reported., All calves
had diarrhea and were either extremely lethargic or comatose when hypoglycemia
was demonstrated, Varying degrees of oligemic shock were present when hypo-
glycemia was demonstrated and it is suggested that hypoglycemia was related to
alterations in tissue oxygenation and metabolism which were the direct results
of decrsased blood flow to peripheral tissues,

Sevaeral recent reports on the hemodynamic effects of endotoxins in animals
have attempted to clarifly or more clearly define some of the physiological
effects on the vasculature and vascular regulatory mechsnisms in enimals,

Kuida et al, (30), in the "Study of pulmonary vascular response to acute
hypoxia in normal unanesthetized animals," made the following observations in
the process of trying to detsrmine the effect of acutely induced hypoxia on
pulmonary=-vascular tone, this being considered in direct relation to a disease,
that is, enzootic in cattle in hizh mountain ranges, This disease occurs in
the United States in Colorado and in Utah and has been reported in the Peruvian
Andes, This study was undertaken to examine the hypothesis that the disease
results from excessive pulmonary vasoconstrietion due to hypoxia, In this
study the methods used to determine the perimeters examined were: (1) collec=
tion of expired air; (2) the administration of hypoxic gas mixtures; (3) venous
cardiac catheterization; (li) carotid artery cannulation and in some instances
(5) left ventricular catheterization, Kuida et al, discuss many aspects that
may affect the variability of the outcome of the porimeters in the process of

handling the experimental animal. The conclusions which Kuida et al, came to
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wero that hypoxic vasoconstriction in certein animals provides a possible
mechanism for the development of pulmonary hypertensive heart dlsease in a
significant percentage of calvos after prolonged exposure to mild hypoxia,
Evidence to support such a mechanism has been convincirgly demonstrated by the
recent study by Will et el, (30). Thus, the physiological significence of
hypoxic vascconstriction in the bovine cannot be seid to be as doubtful as some
workers believe,

Tikoff et 8l, (22) studied the use of E, coll endotoxin in calves renging
in age from 2 to L, weeks of age, He used doses of purified E, coli endotoxin
either 0,25 or 0,50 mg/kg with most animals receiving the latter dose, This
was injected either into the pulmonary artery or the right atrium within a
30=second period, A lethal dose in dogs, they state, was often as low as 1,0
mg/kg. It was their conclusion that pulmonary vascular hypertension is the
most prominent feature of the hemodynamic response to endotoxin in calves since
left heart filling pressures were essentially unchanged and blood flow was
usually decreased; such a response could only be secondary to pulmonary
vasoconstriction, These conclusions were drawn from the following findings:
pulmonary arterial pressures; although control pressures vary considerably; had
a consistently striking increasse, the maximum averaged 33 z 1.6 mm Hg, Thus,
the hypertensive response did not begin with the first circuletion of the endo-
toxin through the pulmonary circulation where control cardiec outputs were much
lower; the increase in pulmonary arterial pressure was more gradual and tended
to occur later,

Tikoff (22) found that systemic arterial pressures generally dropped. The
time of the feall in pressure, however, was quite variable, All animals,

however, showed a systemie hypertensiocn one hour after endotoxin was given,



Left ventriculer and diastolic pressure did not increase significantly,
Pulmonary artery wedge pressures all were considered to be markedly elevated,
As a rule, the rate of increase of the pulmonary arterisl wedge pressure was
slower initislly compared to the pulmonary arterial pressure snd the decline
following peak response wes sometimes more rapid, It must be understood that
all calves in these studies were anesthetized with phenobarbital given
intravenously. In the discussion of their findings, Tikoff et al, stats that
"we interpret.these variable changes in pulmonery arterial wedge pressure to
indicate that pulmonary-venoconstriction, although varisble in degrees, occurs
in the calf in response to endotoxin as it was previously described to occur in
the dog. The hemodynamic changes suggest that the pulmonary vasculer constric=
tive response to endotoxin may occur at both arterisl and venous leei, and in
verying proportions from animal to animal, or at different intervels following
endotoxin in the same animal, The consistent delay of at least severasl seconds
(up to 30) which occurred after injection wes more than enough time for the
endotoxin to ecirculate through the systemic circulation as judged by time
components of indicator diluticn curves., This effectively rules out a pulmonary
vasoconstrictive response to the effect of an injection of a colloidal suspension
or to the direct effect of endotoxin molecules alene on the pulmonary vascular
tree," Thus, Tikoff et al, (22) suggests that a blood and/or tissue reaction

is necessary, and that endotoxin effects involved vesoactive intermediaries,
Cardiac output response in celves contrasted to that seen in dogs; but the fall
was neither as precipitous nor as persistent as that seen in dogs., Not infre-
quently, there was a tendency for cardimo output to return toward control levols
even while systemic arterial pressure continued to fall, In all studies, the

calculated total systemic resistance was below control levels by one hour



following endotoxin edministration and remained so, These findings may be
interpreted to indicate peripheral vasodilation since the expected mechanical
response to a decrease in both flow and pressure is an increase in celculeted
resistance, This finding of a decreased totel systemic resistance; late in the
course of endotoxin challenge; is conslstent with the findings in eviscerated
profused dogs. There is no evidence in the results of the present study to
Justify an interpretation of vasoconstriction in endotoxin shock, at least in
the calf,

A transient modest and early relative bradycardia was commonly seen
following endotoxin administration by Tikoff et al, (22), The absence of
bradycerdie 30 minutes following endotoxin, et & time when both systemic
arterial pressure and total systemic resistance were falling, however, mitigates
against the mechenism of carctid sinus resetting at a lower level, as an
important mechenism, as postulated by Trank and Visscher in the canine species,
The inecrease in the mesenteric venous pressure following endotoxin in three of
the four studies where it was measured, suggests the possibility that hepatic
and/br mesenteric venoconstriction may occur in calves, However, the absence
of progressive hemoconcentration, as well as the presence of only minimael
hepato=cplenic congestion without necrosis, provides evidence that this pheno=-
menon does not appear to pley a vital role in the hemadynamics of shock in
calves, This is comparable to that described in the cat, the rabbit, and the
monkey and is significantly different from that which is characteristic for the
dog. The characteristic end usually abrupt fall in arterial oxygen saturation
in the face of an wnchanged arteriel carbon dioxide tension can be explained on
the basis of increased venous admixture, While detailed evaluation of pulmonary
function was not carried out during these studies, it was obvious that the

animals breathed with great difficulty following endotoxdn, This they attached
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to the fact that bronchoconstriction which has been observed in cats and sheep
may also ococur in the calf, Since overall elveolar ventilation must have
remained adequate, the marked arterial oxyhemoglobin dessturation must have
been due to either a diffusion abnormality or sbnormal ventiletion perfusion
relationships, "Our limited date, however, does not permit a precise delinea=-
tion as to what extent either of these possible mechanisms played a role in the
production of arterial oxyhemoglobin desaturation." Metabolic acidosis was
mild, although severe acidosis was present in the three calves in which arterial
blood samples were obtained just prior to death., There was also a definite
increass in arteriel carbon dicxide, Thus, in these animals s large component
of the terminal acidosis cen be explained on & respiratory basis,

The response described above is siniler to that described in cats and
sheep in that the lung appears to be the major target organ, thus effecting
vasoconstriction of the thick museular codt prominent in the pulmonary vascu=
leture of calves when appropriate stimuli such as endotoxins or hypoxia is
applied,

Three calves that were secondarily challenged one to two weeks subsequent
to the initiel study showed no apparent acquired tolerance to the endotoxin,
These findings are in contrast to Kuida et al, (30) who felt that the pulmonary
vasculature of calves is incepable of vasoconstriction,

Dedichen et al, (26), in studying the hemodynamics of endotoxin shock in
dogs, made the following conclusions, The typical response to intravenous
endotoxin was a sharp fall in blood pressure; cardiac output; and regional
blood flows, This was seen within a few seconds after the injection and was
followed by a slow partial recovery in these functions, only to decrease slowly

again during the following hours, Blood flows in the superior mesenteric,
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renal and femoral arteries decremsed to approximately the same degree as cardiac
output., No significant redistribution of cardiac output was therefore observed
in this shock model. Total peripheral vascular resistence increased slowly and
to a moderate degree (3%07), Vascular resistance in the mesenteric, renal and
femoral vessels increased slightly more than total peripheral resistance, This
moderate increase in wascular resistance is due malnly to decreased vascular
filling and to increased viscosity rather than to active wvasoconstriction,

These observations, Dedichen et al, state, "do not support the hypothesis that
vasodilating drugs will be useful in the treatment of endotoxin shock," Blood
gas analyses showed a slight decrease in arterial oxygen saturation and a
marked decrease in mixed venous oxygen saturation, The widening of arterio=
venous oxygen diff'erence did not compensate for the reduced flow and a decreased
oxygen consuwastion and acidosls were obssrved,

In some work done by Silove and Grover (31), they attempted to investigate
the mechanism by which hypoxia increases pulmonary vascular resistence, They
state that it had been suggestsd that eatecholamines were involved in this
response, However, subsequent investigations have been inconclusive in either
supporting or refuting this hypothesis, Several investigators concluded that
blockade of the sympathetic nervous system reduces or abolishes the pulmonary
repressor response to hypoxia, There is equally strong evidence to dispute
this, To explore the problem, Silove and Grover selected the newborn calf as a
model with a highly reactive pulmonary wascular bed that would yleld pressure
changes at larger mamnitude than seen in any other experimental animals in
which studies of this nature have been performed, Thoy approached the problem
by using the intact pulmonary cireulation of the newborn calf to compare the

effects of hypoxia and noropinephrine; and to determine the influence of either
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alpha=-adreanergic blockade or of catecholamine depletion on the hypoxia=pulmonary
repressor response, Hypoxia produced large increases in pulmonary arterial
prossure, During the early phase of the response to hypoxia, the first minute
pulmonary blood flow remeined relatively constant but later the blood flow
decreased, Consequently, calculated pulmonary vascular resistance increased
primarily as a result of the rise in pressure during the early phase of the
response with a further increase resulting from the subsequent decrease in
blood flow, This secondary increase in resistance could represent simply a
"delayed response of pulmonary blood vessels aftsr the decrease in blood flow,
On the other hand, the earlier increase in resistance in the absence of a change
in pulmonary blood flow is more likely to indicate active vasoconstriction,"”
"Therefore,"VSilovo et al, state, "we will confine our argument to those

changos in resistance which were associated with only minor chenges in flow,"”
During the first minute of hypoxia, the pulmonary vascular resistance increased
by €27 of control velues befors alpha-adrenergic blockade, with phenoxybenzamine
with a further incresment in resistance and no diminution in flow in three of

the fivs animals, Since the increment in resistance in response to hypoxia
after phenoxybenzamine was 1067, it is apparent that this vasoconstrictor
responsa was not changsd by blockade,

The methods used in this research involved the anesthetization with
pentobarbital and the changes in arterial blood gasss were analyzed and changes
in pulmonary vascular resistanceo were determined in response to ventilation
with 107 Op and 100% Op, The systemic arterial blood FOp ranged from Llie5 to
55,0 mm Hg during vontilation with room air, These values are considered
within the range observed in normal awake calves of the same age in Denver, the

area in which this research was done. Ventilation with 10% oxygon and nitrogen
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reduced the systemic artorial blood POo to 18~2, mm Hg., In a few animals in
which pulmonary venous blood was also obtained simultaneously, its POp was
higher than that of arterial blood which indicated that varying degrees of
right to left shunting through the foremen ovale were present, Therefore, the
arterial blood P02 was not a reliable index of either pulmonary arterial
alveolar or pulmonary venous FOp levels, For this reason, they did not attempt
to correlate systemic POp levels with changes in pulmonary vascular resistance,
The pulmonary pressor response to hypoxia in awake calves, in the Silove
(31) study after catecholamine depletion by the use of reserpine (91% increment
in the pressura), was clearly not reduced when compared with normal awake
animals (517 increment), When the reserpinized animals were anesthetized, the
low cardiac output resulted in an increased calculated pulmonary vascular
resistance, Consequently, the percentile inecrement in resistance during hypoxia
was less than that observed in normal enesthetized animals, although in absolute
wmits, the incrsase in calculated resistance was at least as great, When the
problem of diminished flow was resolved by perfusing a portion of the pulmonary
vascular bed at a constant normael flow rate, both the absolute and percentile
inerements in resistance varying hypoxia were identical with comparable obser-
vations in normal animals, Consideration of these three sets of observations
in the reserpinized animals indicates that catecholemine depletion with
reserpine did not diminish the pulmonary vascular resistance to hypoxia, Many
investigators, both in the clinical and experimental fields, have reported that
the hypoxic pulmonary pressor response was reduced or abolished by pharmacol=-
ogiocal or surgical sympathsctomy., However, other work was cited in which the
pulmonary vascular response to hypoxia persisted following such procedures, A

roview of the responses indicate that in most species there were usually of
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small magnitude and often difficult to interpret. Silove and others state that
the large changes in pulmonary arterial pressures and resistances which they
had obtained in the newborn calf have helped to resolve this uncertainty after
finding strong evidence that neither alpha=-adrenergic blockade, . .nor tissue
catecholamine depletion prevents or diminishes the pulmonary vascular response
to hypoxia,

Norepinephrine produced a significant incresase in the pulmonary=-vascular
resistance wiéh little change in the pulmonary blood flow in all animals before
alvha-adrenergic blockade which implied pulmonary-vasoconstriction (31), This
effect was qualitatively similar to the early response to hypoxia, However,
after the administration of phenoxybenzamine, norepinephrine failed to increase
the pulmonary-vascular resistance, whereas the pulmonary-vascular response to
hypoxia persisted. This selective blocking of the effects or norepinaphrine
but not of hypoxia suggests that they acted through different mechanisms, When
norepinephrine was injocted during hypoxia, or both before and after alpha=
adrenergic blockade, it caused a decrease in the calculated pulmonary-vascular
resistance, This was due almost entirely to an increase in pulmonary blood flow
which may have opened passively some segments of the vascular bed that had been
closed, chavér, this effect was more pronounced after blockade than before, an
observation that suggests that alpha-adrenergic blockade may have unmasked the
beta=receptor stimulating properties of norepinephrine, Norepinephrine is
known to have a vaso-depressor effect on systemic circulation when administered
during vesoconstriction, probably by a peripheral action and it is conceivable
that a similar mechanism operates in the pulmonary circulation,

A furthor arpument favoring a vasodilator effect of noropinephrine is

Silove ot al,'s (31) obsorvation that in the presence of constant flow profusion
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of & portion of the pulmonary vasculature, the drug lowered the pulmonary
vasculer resistence in the presence of pulmonary vasoconstriction induced by a
combination of hypoxia end acidosis, Similarly, isoproterencl is known to
produce pulmonary=-vasoc dilitatlion and 1t is of interest that during hypoxic
pulmonary vesoconstrietion, its effects resembled those of norepinephrins,
namely, a decrease in calculeted pulmonary resistance, Agein, however, it is
possible that in these studies, the decrease in resistance caused by isopro=-
terenol was iﬁ pert due to its constent effect in increasing blood flow by
increesing cardiac output, The results of their study conclude that neither
elpha-adrenergic blockade with phenoxybenzemire nor depletion of tissue
catecholenine stores with reserpine, prevents the hypoxic pulmonary propressor
reSpONsSe , ﬁoreover, this study has irdicated that the pulmonary vaso constric=-
tor effect of hypoxis and norepinephrine are mediated differently, Thus, this
pharmecologic approach in a suitable experimental model implies that hypoxic
pulmonary vesoconstriction is not mediated through adrenergic receptor stiru-
letion or release of endogenous catecholaminss,

Work done by Robert L, Hauman (32) on "The effects of celiac blockade on
intestinal arterial resistance and criticel clesing pressure during endotoxin
shock™ states: "It is irreversible shock in dogs, whether caused by hemorrhagic
endotoxin, epirephrine or superior mesenteric artery inclusion, and it is
marked by an acute hemorrhsgic necrosis of the intestine, This lesion in feet
reflects the intense and prolonged mesenteric vasospasm elicited by compensatory
sympathetic activity which, during endotoxin shock decreases capillary flow to
the mucosa, submucos, and musculerus by €0%" His studies, he states, were
carried out to determine if celisc blockade during endotoxin shock would

decrease intestinal arterial resistance and, thereby, restore integrity of



muoosal eapillary flow, These studies were done in dogs anesthetized with
sodium pentobarbital. In those dogs, subjected to lethal endotoxin shock, it
is supgpested that the chanpges observed in mucosal blood flow are directly
related to the development of arterial tensions in excess of mean available
blood pressure as an expression of compensatory sympathetic hyperactivity. The
degree to which the functional and structural integrity of the adjacent tissue
is impaired 1is related to the duration and magnitude of this response, In all
experiments, éaliac blockade tempered the incremse in arterial tension and if
instituted before the arteriole had become unresponsive, effective mucosal
blood flow was restored and maintained, Preservation of effective mucosal
blood flow aborted the development of hemorrhagic necrosis of the intestinal
mucosa, This contributed to survival from an otherwise lethal dose of endo=-
toxin, His findings indicated that when celiac blockade was performed €0
minutes and progressively up to 120 minutes following endotoxin injection,
active flow was restored in the intestinal mucosa, Periods including and
greater than 180 minutes showed that the microcirculation became progressively
stagnant in 2 manner similer to the endotoxin control animals, Celiac blocknge
in this experiment was obtained by the injeetion of 15 cc of lidocaine in oil
injected into the ciliac plexus, Endotoxin dosage was 5 mg/kg of Difco E, coli

endotoxin given intravenously,
Whole Blood Acid Base Balance

In reviewing the literature to determine some normal values on serial
sampling of the neonatal calf in a relation to blood gases (POE, PCOs), buffer
base excess, and total bicarbonate, a paper by Donawick (33) reports the

following normal values in Holstein-Freisen calves of approximately 3 weeks of
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age end weighing L7-65 kg that had been cannuleted via the saphenous artery and
the femoral artery with the cannule tip end being in the abdominal aorta, This
work was dons in unanesthetized resting calves, His findings were ms follows:
(1) arterial oxygen tension (PyCOp 93,6 T 6,78 mm Hg); (2) arteriel carbon
dioxide (PaCO2 42.8 T 3,28 rm Hg); (3) pH 7.37 T 0.02; (L) standard bicarbonate
23,9 t 1,12 mEq/L, end (5) base excess (BE 0,0 & 1,78 mEq/L).

The mean alveolar-srterial difference (A-aDoo) (33) which they considered
to be the quantitative measurement of the efficiency of ventilation was 11,7 +
Te3 mm Hg; and in this study; he considered thet to be the difference between
the saturation of arterisl blood in complete egquilibrium with alveocler oxygen,
The difference between the saturation of arterisl blood in complete equilibrium
with alveolar oxygen end mixed venous blood wes assumed to have been 257;
therefore, the A=-eDos would indicate & shunt of 5,2% of the cardiasc output
which is not oxygenated as it passed through or is shunted around the pulmonary
circuletion, In this work (33), scid=bese determinations were done by the
method of Astrup; the nomographs of Siggerde-Anderson and Engel were used for
the determinations of pH, COp, standard bicarbonate, echtuel ticarbonate, total
carbon dioxide, and base excess, In discussing the venous admixture contri=-
bution, Donawick states that all contributing factors were considered collec-
tively, It is realized that the result is only an epproximation of all these
factors, including direct pulmonary-arteriovenous communication, blood
profusing unventilated alveoli and other factors of "lesser magnitude, such as
shunting of some bronchial and corcnary arterial blood flow,"

A brief summarization of the causes of venous admixtures to pulmonary
circulation by Said et el, (3L) would include the following: at eny given time,

the mlveolar arterial oxygen partial pressure differerce (AaDo) may be dus to



one or more of the three following mechanisms: (1) failure of pulmonary
capillary blood to coms to complete equilibrium with alveolar gas; (2) uneven
ventilation perfusion ratios; and (3) admixture of venous blood by direct
shunting, The first mechanism causes the diffusion component of the AaD
relating to diffusion amcross the alveolar-capillary membrane &s well as chemical
reaction rates of oxygen with hemoglobin, The second mechanism accounts for
the "distribution component" end the third, is spoken of as the true or pure
snatomical shunt, or the "direct venous admixture component,”

Phillips and Knox in 1969 (35) discussed acidosis due to diarrhea in
calves, They state, "Diarrhea calves have a partially compensated metabolic
acidosis with decreased PCO2, a negative base excess, a decreased buffer base
and & lowered blood pH. As diarrhea progresses, they appear to lose their
ability to compensate and die, Some hypotheses ars suggested to explain this
loss of compensation,” Their experimental procedure was such that normal and
diarrhea calves were obtained from a local sales yard and maintained in
individual metabolism stalls, Milk, or a milk substitute, was used as a primary
food as well as water and pelleted alfalfa and libitum, Jugular blood was
removed anaerobically by venipuncture or from an indwelling catheter, Blood
gas content and pH were determined with a radiometer blood gas analyzer, Values
from 9 normal calves with 57 determinations were cited as follows: pH 7.l1 ¥
0.02; PCOs 15,5 £ 3,15 Pop 27.5 1 1.1; buffer base 18,7 £ 2,6; base excess 3,2
to,2, In 5 calves with diarrhea, 26 determinations wers made with the
following results: pH was 7.23 ¥ 0,05; PCOs 37.4 £ 5.7; POs 29,0 I 5.7; buffer
base 36,8 t 1,.0; base excess -9,2 L },,9. The data indicate, according to
Phillips et al,, that calves aro capable even at a vory young age of respiratory

compensation in response to a metabolic acidosis, "In sevore cases, it seems



that the ability to compensate is lost and the animals die shortly thereafter,
The important question of what causes the loss of the ability to compensate
remains unenswered, Sevoral possibilities exist, Perhaps the dehydration
alone was sufficiently sevore to cause death although the cause of death in
dehydration is not well established," No figures on hematocrit and so forth
were included in this paper, "It is also possible that the increasing hydrogen
ion might have had a directly detrimental effect on the heart, To use a more
plausible explanation of this sequence of events, is that the continual loss of
body fluids results in both intracellular and extracellular dehydration, As
sodium and extracellular fluids are lost, water and potassium are drawn from
the intracellular spaces, It has been reported that considerable potassium is
lost through the intestinal mucosa but a hyperkalemia may still exist although
potassium concentration varies during the early stages of diarrhea, The
potassium ion is known to be cardioinhibitory, Thus, as its concentration
increases in the blood, cardiac function decreases, If this occurred, as
cardiac output declined, there would be a decrease in the ability of the calf
to continue its respiratory compensation and the PCOp and hydrogen ion concen=
tration would increase," "The preceding sequence of events, even if true, only
describes secondary changes, The primary occurrence may well be the failure
of the intestinal ion transport systems causing the initial electrolyte and
water losses, Unfortunately, intestinal transport mechanisms have not been
investigated in the calf and limited information is aveilable concerning intes-
tinal volume changes during diarrhea,"

Work done by Snell and Ramsey (36) in the study of pulmonary edema as a
result of endotoxemia indicate that no observable signs of chanre in physical

condition were noted in dogs following intravenous injection of saline,



However, when endotoxin (,5 mg/kg) was injected, tachypnes, oyanosis of the
buccal mucosa and hypotension occurred within 5 minutes, Perivascular lung
water content increased considerably and by 30 minutes much of the excess edema
fluid hed been removed., This, he states, correlates well with the histological
picture at 30 min which shows lymphatics containing fluid, The left arterial
pressure did not rise sufficiently in cpen chested dopgs to produce pulmonary
edems, confirming whet has been reported previously by Kuida et al, (30}, Border
et al, (62), Mean pulmonary artery pressure was chenged very little by endo=-
toxemia while cardiac output wes extremely depressed, indiceting thaet pulmoneary
vascular resistence was inoreased. Kuida et al, state that they believe this
increase is due to capillary hydrostatic pressure increase., It is also possible
that chemical mediators are released by the endotoxin and cause contraction of
vesocular sm&oth muscle in pulmornary venules and arterioles, It is also possible
that the pulmonary edema results from altered permeability of the pulmonary
capillery membrene and the edeme increases interstitial pressure on pulmonary
veins and arteries to give increased vescular resistance, Snell et al, state
that the pulmonary edema caused in these dogs by endotoxin is not sufficient to
cause the syndrome of endotoxin shock, It may, however, represent a significant
complication of endotoxemia which is capable of influencing the prognosis in
animals more seversely affected,

Pendeli et al, studied the relationship of oxygen consumption to hemo-
dynemic changes in experimental endotoxin shock in dogs with an initial intra-
venous dosage of 2 mg/kg under general anesthesia (60). His findings were an
early increase in oxygen consumption that did not parallel the circulatory
perimeter. Then a short period of oxygen consumption decrease that was reversed,

This initial decrease was thecught to be due to an immediate negative
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cellular response in metebolism, Then & second gradual decrease in oxygen
consunmption occurred effecting cellular hypoxia and lactic acid buildup, It
was probably believed a latent effect of the original celluler hypoxia and
lerge oxygen debt that occurred then that effected the later 02 uptake, Thus
an irreversible histotoxicity occurred in spite of restored oxygen tensions in
circulating fluids, and a progressive decrease in pH considered to be due to
reduced PCOp, catecholemine actions and marked corticoid increases,

Plesmsa proteins reduced significantly in the letter periecd (I hrs) and
hemoglobin markedly incressed,

There was the usual hyperventilation as seen in dogs following endotoxin
administration which accounted for the reduced PCO2 eand early increased PO2,
Some stete that lactate excess is inversely proportioned to the endotoxin
dose (€0),

The following is a graphic compilation of oxyhemoglobin dissociation
curves; that will be used to determine hemoglobin oxygen saturstion percentage

for the calves in this experimental project (LL).



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH DIAGRAMS
THAT ARE CROOKED
COMPARED TO THE
REST OF THE
INFORMATION ON
THE PAGE.

THIS IS AS
RECEIVED FROM
CUSTOMER.



100
/ -“‘-ﬂ‘
< ’4"'" r
90 /1‘]}:‘# -‘ "/.o
80 }/ I‘o‘ > L]
A / /
70 giamwi
V.5 /1 |
Z 60 /2 /
O yAWAYS /
E 50 IRAVAR
618 ifiihég i
2 /Ll
< v AN/
(4] T g =5
o 30 it :
O ] LE
20 p-H& './
10 Bt
74
0
0 10 20 30 40 580 60 70A 80 90 100
POs IN MM MERCURY
Figure 1, OXYHEMOGLOBIN DISSOCIATION CURVES

e AduTt Bovine:

m— e e NOrmal
m A == Newborn
= e ws /-Day
e Yo Newborn

- o eee NOYMAl

calf
calf
calf
calf

calf

Blood and other body fluids, Bartels, Heinze, et.al. (L2)

Hb.
Hb.
Hb.
Hb.
Hb.

9.5 gm¥%
11.8 gm%
8.0 gm%
10.7 gm?

7.0 gm%

PH,
PH,
PH,
PH,

PH,

745 9.57 Vol.% oxygen capacity

7.38 19.5 Vel.i

7,30 9.50 Vol.%

7.41 12.3 Vol.%

7.01 12.75 Vol.%

All cmlf wvalues:

oxygen capacity
oxygen capacity
oxygen capacity

oxygen capacity

Wass PhD 1961 (L)



MATERIALS AND METHODS

This study of experimental endotoxemia in the newborn calf was made to
provide background information for the study of spontaneous colibacillesis in
calves, The following observations and evaluations were made on 15 newborn
Holstein=Fraisian ecalvses: (1) clinical response to & quantitative dose of
endotoxin; (2) arterial blood pH, Pa02, and PaCO2; (3) base excess; (L) total
bicarbonate; (5) total carbon dioxide; (6) quantitative and qualitative serum
proteins; (7) selscted electrolytes; and (8) hemoglobin end packed cell volume,

Calves wero taken in consecubtive order of birth except when limited by
laboratory space, Seven calvss were repsatedly studied ovor the first 10 days

of life, control celves (Group I); while |y celves were given E, coli endotoxin

by the intravenous route (Group II); and lj calves were given E, coli endotoxin

by the oral route (Group III), In each instance, endotoxin was given in split
dosages to all but three oral challenge calves; at LB + hours after birth,

The salection of calwves for Groups II and III; the two toxin groups; was
done by random assignment, Data collected on these two groups during the
pretoxin period (LB hours immediately postmatal); was also used as control data
for this time period and combined with the Group I data for this time period.

The fifteen male Holstein~Frsisian calves were obtained from the Kansas
State University dairy herd, They ranged in weizht from 36 to 18 kg. Colostrum
was hend-fed at the rate of L7 of their body weight immediately following birth,
Subsequent feedings were of whole milk fed at the rate of 8% of their birth
woight per day, divided into two equal feedings, The calves were housed in
individual metabolism stalls,

The mothod of obtaining arterial blood for long=-torm serial studies as

outlined by Donawick and Braude (33) was utilized with minor modifications,
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Pilot cannulations of the abdominal morta via the saphenous and femoral artery
were carricd out on anesthetized dogs with the recommonded intramedic Poly-
ethylone-lure end catheter (PE=190) with no difficulty., Calves used in this
study were cannuleted immediately following birth, usually after the feeding of
colostrum, They were restrained in left lateral recumbancy on the surgery
table, the entire medial aspect of the thigh was clipped and prepared in the
usual manner for aseptic surgery, Aseptic surgical approach was made to the
saphenous artery of the left leg,

It was quite apparent on catheterization of the first three calves that
considerable difficulty was being experienced by attempting to use the PE-190
(Bolab, Inc., Reading, ¥ass,) cathetor, The PE-O01C 15" catheter was then used
with a little or no problem of cannulation, Blood gas and related analyses on
these three calves were not included in this experiment due to problems with
the initial blood gas analyzer that was used, A three-—way stopcock (Pharmaceal=
K75) was cemented with plastic cement into the distal end of the catheter,

This was then affixed to the skin by continuation of the nonabsorbabls suturas
used to close the site of cutdowm 4o the artery. This prevented the catheter
from slipping out of the saphenocus~femoral artory and aorta, The three-way
stopcock facilitated the drawing of samples with little or no disturbance of
the calf,

Ammonium heparin distilled water was used (1 mg/10 ml HpO) to maintain
patency of the cathetor when not in use, The catheter lengths were reduced to
27=-32 cm in length depending on the size of the calf,

Blood collsctions were made as follows: the three-way stopeock was opened
and blood allowed to flow freely for 18-25 drops or more, The EDTA sample for

CBC was taken first; then either the sample for serum detormination or the



blood gas analysis was drawn, Blood gas analysis samples were taken in

" heparinized glass syringe; analyses of blood gases and pl was begun within 15
seconds of the anasrobic collection; these values were determined at 39°C,
Where short periods existed between sample drawing, no heparin scolution wes
injected into the catheter, Initial blood gas analysis was run no sooner than
one hour following catheterization.

Initial Whole blood and serum smmples were taken by Jjugular venopuncturse
prior to colostrum feedings and arterial cannulation,

Blood ges analyses during the first L8 hours of life were run at approxi-
mataly l2=hour intervals, For the remainder of the experiment the control or
Group I calves wero sampled at 2l=hour intervels. The calves; following endo-
toxin challenge (Groups II and III); were sampled as often as time allowed and
clinical conditions indicated, Blood gas and pH detorminations wers run on the
ultra-micro pE/blood gas analyzer model 113~51 (Instrumentation Laboratory,
Inc,, 9 Galen St,, Watertowm, lass.).

Duplicate determinations were made on each sample of whole blood, The pH
meter was standardized prior to all series of determinations using commercially
prepared solutions, Pa02 was standardized immediately prior to determination
of the unknown by use of atmospheric air, PsCOp was also standaridized immedi=-
ately prior to determinations by the use of standard ealibrated PaCOo pases,
Standardizing checks of blood gases and pH meter was carried out frequently
during intensive sanpling periocds.

Line charts for temperature and pH correction of blood gas tension were
used (39, L2, L5). Oxyhemoglobin dissociation curve graphs in relation to pH
wore used to determine percent of hemoglobin oxygen saturations (15, L3). The

blood acid=base alignment nomogram, according to Sigpard=Anderson (L2), was



used for determination of plasma bicarbonate, total Coo, content and base
excess, Rosenthal's (L2) factor of 0.01L7 pH units per degree of difference in
temperature was used to adjust pH to body temperature as measured with a
clinical rectal ‘thermometer. Respiratory and heart rates were recorded
immediately following or during the blood sample collection period, Packed
cell volume (PCV) was determined by the microhematocrit method and hemoglobin
was determined by the cyanmethemoglobin spectrophotometer method, both being
run from the CBC sample.

Serum electrolyte determinations were made by use of the flame photometer
Model };=7006 (National Instrument Laboratories, Inec,, Rockville, Md,); the
initial 32 samples were run on Colemsn Flame Photometer Model 21%, Total serum
protein determinations were made by the method of Biuret and the quantitative,
qualitative determinations were done by strip electrophoresis using Gelman
Procedurss Techniques and Apparatus with the power unit Model 8321; Seprephore
III, cellulose polyacetate electrophoresis strips (Catelog No, 5100) were used;
the buffer solution hed ionic strength of 0,05 and a pH of 8.5, Voltage was
adjusted et 275 and the time interval was €0 minutes with the amperage running

at 1,0 milliemp per strip,

I".@Lppesndi.:vr, page 222,



Dosage chart for E, coli endotoxin challenge caelves,

Time mg/ Lg
Route of (Age In Total Per
Group Calf Administration Hours) Dose Dosage Initial Wt
i1 207 Intravenous T1-1,8 ,0=35mg 1,5
T2-50 ,0=35mg TOmg
209 Intravenous 1118 ,2-15mg
T2-18 ,9=15ng
13-50 ,9=15ng
rhe52,1-15mg omp 1,5
210 Intrevenous 11-8,1-20 lmg

1219 ,8-20 ,lmg
T3=50 ,2=20 mg

tli52,0-18.8mg  109,lmg 1.5
216 Intravenous 71-18,0-15.0mg
72219 ,8-15,0mg 20 ,0mg 0.81
11T 313 Per os 7118 ,0-70 ,Omg
72-96,2-218,0mg ~ 268,2mg 9.0
21l Per os 1.18,0-180,0mg 180 ,0mg z L2
215 Per os 11.8,0-280,0mg 260 ,0mg &7

317 Por os 1118.1-225,0mg  225.0mg 6.8




RESYULTS

The results of this experimental work will be presented as follows:
Group I  Control Calves
Group II Intravenous Endotoxin Challenge Calves

Group IIT Oral Endotoxin Challenge Calves
Group I Control Calves

Figures 2-6
Tables 5-12, Pages 156-163
Mean Pz0s at 1 hr was'75.9 mmHg; the mean walue rose the first 12 hours of
age to 78,2 mmflg and decreassed the second 12 hour period to 71, mmHg., This
was followed by an increase to 82,7 mmlg between 36 and 96 hours of age, From
then till 210 hours of age Pa0o stabilized at 77.8 1 3,0 mmHg,
PﬁCOe hed a mean 1 hour value of L3,0L mmHg; at 12 hours of age it was
39,6 muHg and peaked at 18 hours of age at 18,52 mmHg, It decreased and
stabilized at LB hours of age at 10,1 T 3,0 mmHg; with a high of 13,94 mmHg at
1l)y hours of age for the LB to 240 hour time period.
Control calves 1 hour mean pH was 7,37 and there was an abrupt rise to
7.146 at 18 hours of age, It stabilized at 18 hours of age at 7.46 f 0,02,
Base excess; total bicarbonate and total carbon dioxide mean values at 1
hour of age were: 0,94 mEq/L; 23,7 mEq/L; and 2L.7 mm/L respectively, There
was & sharp rise in all three to peaks at 2 hours of base excess 5,37 mEq/L;
HCOg 20,1 mEq/L and total Coz 31,28 mm/L, At 72 hours of age there were lows
of base excess 2.9l mEq/L, HCO3 25.8l mEq/L and total Cop 26,9l mm/L; this was

followed by & monophasic curve with a peak at 1L); hours of age, At 192 hours of
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ago thoy stabilized mt: base excess 2,7 L 0.l mEq/L; HCO3 26,3 T 0,3 mEq/L and
total Copz 27,3 t 0,3 mn/L,

Hemoglobin oxygen saturation (L2, LL;) 1 hour mean velue wes 92,07, It
decreased to 90,07 and 91,0% at 18 and 2l; hours of age respectively. It rose
to highs of 937 and 947 at LB and 72 hours res;pectively end then stabilized at
91.5 t 1,57 through 2L0 hours of age,

Temperature mean values were 38,6 & 0,°C between 1 and 36 hours of age
and 39, I 0.2-00 between L8 and 210 hours of age,

Heroglobin end packed cell volume in control calves at 1 hour of age were
10,l: Gms/100 ml and 33,3 volumes % respectively, Both showed a fluctuating
decline: Hb to a value of 8,8 Gms/100 ml and P,C,V. value of 27.l volumes % at
96 hours of age, From 96 hours of age until 240 hours they stabilized at a Eb
velue of 8,1 & 0.2 6rs/100 nl and & P,C.V, value of 26,5 ¥ volumes %,

Serum sodium end potassium meen values* at 1 hour of age were 136,9 mEq/L
end 6,0 nmEq/L, respectively, Sodium abruptly rose to pesks of 1L6,1 mEg/L and
1,3.2 mEg/L at 6 and 18 hours of age, respectively, It then stebilized at
135.5 = 1,6 nEq/L between 2l end 21,0 hours of age, Potassium fluctuated with
values of 6.9 mBEq/L at 1 hour, 7.28 mEq/L at 96 hours and 8,k nEq/L at 168
hours of age, All other values were within the mean range of 6,3 t .5 mEq/L.

Heert rate showed a gradual decrease from & 6 hour mean of 158/min to 121/
min at 86 hours of ege and stabilized at a rate of 100 to 120/min, Respiratory
rate had & 6 hour mean value of 57/min thet stebilized at a rate between 52 and
L6/min thereafter,

Serun protein mean values showed very early rapld changes, Total protein

*Appendix, page 222,



showed an immediste decline from a 1 hour value of 6,05 Gms/100 ml to a & hour
value of 5,43 Gms/100 ml, This rose to 6,67 Gms/iOO ml at 12 hours and 8,86
Gms/100 ml at 18 hours, This 3,L;% Gms/100 ml incremse cen be divided ss such:
albumin 1,06 Gm; alpha 1 0,0 Gm; alpha 2 0,19 Gm; beta 1 0.5 Gm; beta 2 0,8 Gm
and gamma 1,9 Gm, After 18 hours of age there was considerable instability in
total proteirn until 168 hours of age when it stabilized at 8,2 T 0,2 Gms/100 m1,
Albumin elevations and depressions were identical to totel protein changes in
quantity and time, Germe globulins exhibited a more stable rise and showed
more stability throughout the 20 hour period then did total proteins, They
increased from 1 hour level of 1,07 Gms/100 ml to & 36 hour peak of 2,73 Gms/100
ml with a slight declire at 2l hours of age, They stabilized at 2,2 ¥ 6.18
Gms/100 ml at 120 hours of age, with a slightly higher value of 2.8 Gms/100 ml
at 1Ly hours of age,

Indivicdual alpha and beta fractions showed considereble changes, Alpha 1
decreased abruptly from a 1,0 hour mean velue of 0,38 Gms/100 ml to 0.05
Gms/100 ml at L8 hours of age., After L8 hours it markedly increased to 0,21
Gms/ioo ml at 120 hours of life and stabilized between 0,11 and 0,19 Gms/iOO ml
through 2L0 hours of age, Alpha 2 showed & fluctuating rise to a peak of 1,28
Gms/100 ml et 2L0 hours of age, Beta 1 showed an identical pattern in proportion
and time to alpha 2 with 1 hour and 240 hour values of 0,6 Gms/100 ml and 0,2
6ms/100 ml, respectively, Beta 2 velue changes were ,2 to i Gms/100 ml higher
than beta 1 durirng the first 2l hours, After 2} hours the gram difference

between beta 1 and beta 2 increased to 0,5 Gms/iOO ml and persisted,
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Group II Intravonous Endotoxin Challenge Calves

Figures 7-26
Tables 13=36, Pages 18,=197
Intravonous endotoxin challenge calves were calves 207, 209, 210 and 216,

Their results will be presented individually.
Calf No, 207

Figures 7-11
Tables 13-18, Pages 16,-169
Blood gases and respiratory pattern in calf 207 rose to 97,0 mmHg at L8
hours of age., Following endotoxin challenge (Tl) at I8 hours of age Pa0o
decreased to 11,8 mmHg in 12 minutes (Tl + 12 min), This accompanied a rise in
PyCOo from a prechallenge value of 37.l rmHg to 53,8 mHg at 7! + 12 min, The
calf was recumbent within 5 minutes, Respiratory depression was evident in
that there wns a reduced tidal volume and e reduction of respiratory rate,
P,0p continued to decline: T1 + 30 min 28,2 muHg; T + 72 min 16,2 mmHg.
P,C0o rose sharply during this period: Tl + 20 min 69,5 mmHg; 71 + %0 min 9,5
mmHg; T! + 72 min 71,1 mHg, Thers were three periods of hyperventilation;
5 and 6 cycles each of expiration end inspiration; between 19 and 50 hours of
age, This series of respirations corresponded with an inecrease in Py0o: 7l +
102 min 28,1 mmHg; 71 + 108 min L3 L mmHg, At 50.0 hours of age (T1 + 120 min)
the second endotoxin challenge (T2) was administered,
The calf becams markedly depressed mnd a very shallow panting type of
respiration occurred post T2, Pg0o declined to 20,5 mmig (T¢ + 12 min) and
17.5 mmlg (T2 + 30 min), During this time interval PaCOp rose to 62,7 mmHg (T2

+ 12 min) and 748 muilg (T2 + 20 min),



The pH values of celf 207 declined gradually post challenge (T1);
stabilized then rose slightly during the hyperventilatory period and declined
rapidly post T2 to a value of 6,78 just prior to death at 50,5 hours of age,

Base excess, bicarbonate and total carbon dioxide in calf 207 were 56
mEq/L, 38.0 mEq/L and 29 mm/L at prechallenge (18,0 hours), There was an exact
paralleling of pH declire, bese excess reduction and total bicarbonate reduction
following endotoxin challenge, with one exception; when P, 05 rose, PaCO2 declined
and pH rose siightly prior to T2; the bicarbonate and base excess showed a
slight deleyed elevation, At Tl + 12 min base excess was =0.6 mEq/L, Prior to
death at 50,5 hours of age base excess was =25,0 mEq/l, totel HCO% 1¢.0 mEq/L
and total Coy was 11,5 mn/L (T1 + 2.5 hours, T2 + 0,5 hours),

The calf's temperature was very stable through the experimental period,
showing only a 0,1°C decrease between 18,5 end 19,7 hours, Hemoglobin oxygen
saturation remained above 507 except following T2; and between the hours of 71
+ %0 mir and T1 + 112 mir when lows of 32,0, 20,0 and 15,0% were determined,

Hemoglobin and packed cell volume showed no changes from prechallenge values
of G,0 Gms/100 ml and 26 volumes %, respectively,

Sodiun end potessium prechallenge (18,0 hour) values were similar to control
means, Following challenge 71 serum sodium declined to 103,2 mEq/L (T1 + 12
min) from 1L3.6 mEq/L at 36 hours of age, At T! 4 72 min it was 119.8 nEq/L and
129,2 nEq/L at T' + 102 min., Following the second endotoxin challenge (T2) it
was 137,.5 mEq/L, Potassium values showed a fluctuating patterr post challenge,

Changes in heart rate and respiratory rato and clinical observations in
calf 207 were marked following endotoxin challenpge, at 7l + 3,0 min there was an
abrupt reduction in respiratory rate to 10/min and heart rate reduced to LO,/mir,

Musole tone was severely reduced, with ears dropped and head lowered, Minuto
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volume certainly was reduced as a result of the reduced rate and depth of
rospirations, Heart sounds appeared strong but were infrequent at 1;8.2 hours
(T + 12 min) this quickly recovered and at L8,.,5 hours was 150/min, Following
T2 the respiratory pattern changed to a more repid, shallow panting type,
There was then a reduced respiratory rate but a continued shallow pattern
persisted,

At 36 end 18 hours of age, all serum proteins were in close approximation
to control mean vaelues, Totel protein post challenge showed a decline from &
prechallenge value of 9,6 Gms/iOO ml to 6,2 Gms/lOO ml at T! + 12 min and
rereined at this level until post T2 when it rose to 7.5 Gus/100 ml, All
fractions rose and fell in proportion to the total protein changes, Packed

cell volume showed no agpreciable changes throughout the experimental peried,
Calf Yo, 209

Figures 12-16
Tables 19=2l,, Pages 170~180
Blood gases and pH prechallenge blood gas values closely correleted with

the control group mean values while pH was slightly higher, Following endo=-
toxin challenge (T1) there was an immediate decrease in Pg0p to 52,0 mmEg at
18,5 hours (T1 + 18 min) with very little effect on PaCOo (38,5 mmHg). There
was a mild elevaticn in pH (7.52). The respiratory pattern was effected with
markedly reduced tidal volume and an extreme inoreased rate but a partial
recovery to normal soon occurred, Hyperventilation occurred at 1,8.6 hours and
at 1,8.8 hours (Tl + 26 min), Pa0p was 62,9 mnFg, while P COp was still
unoffected (38,9 mmHg) and pH showed a slight dec;ine to 7.50. Following

endotoxin challenge (T2) PpOs declined to Le.6 mmllp; and PgCOp rose to 18.9 mmH g
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and pH declinoed to 7.29 at T + 102 min or T2 + 2 min, At 50.0 hours hyper=
ventilation occurred and Pg02 rose teo 55,1 mmlg and PaCO2 declined to 35,5 mmlg
end pH rose slightly to 7,39.

T3 was administered at 50,9 hours of age, Pg0p declined sharply to 29,7
mnHg at 51,0 hours (T3 + 6 min) and continued to decline--21,7 mmHg at T3 + 30
min, PgCOp was steble at 34,7 mmilg until 51,1 hours when it decreased to 25,1
mmHg; this being during a period of hyperventilation and Py0p began to rise to
a level of h3;6 at 51,8 hours, PgCOp rose slightly to 31,5 mmHg at 51.8 hours
but was still below prechallenge levels; pH had rapidly declined to 7.22 at 52,0
hours of age (T1 + 3.8 hours, T3 + 1,1 hours),

Endotoxin challenge (Tlt) given at 52,1 hours affected an abrupt decline in
Pg02; elevation in PgCO2 and decline in pH; this during & concurrent period of
hyperventilation, These trends continued unabated and at Th + 78 min (53.L
hours) Pa02 was 23,3 mmEg, PaCO2 was 81,5 mnHg and pH was 6,51 and death occurred.

Prechallenge bicarbonate, base excess and total carbon dioxide walues in
calf 209 were slightly higher than control mean wvalues, Following endotoxin
challenge (T1) these values were all increased as was ph et post T! + 18 min
and 36 min, Following T2 & declining trend occurred but stabilized et T2 +
€0 min (19,9 hours) when base excess was -1,1 mEq/L, pH also stabilized at
this time, There was a period of fluctusting stability that continued post T3
for an elepsed time of )2 min. Base excess then declined sharply and at 52,0
hours was =1%,9 mEq/L, Following endotoxin challenge Th'plasma velues declined
to lows of base excess: =32,2 mEq/L, HCOZ 6.5 nlg/L and totel Cop 7.5 mEq/L at
53, hours of age,

Temperature velues in calf 209 showed & total increase of 0,5°C following

challenge 71, Temperature declined a total of 1,5°C after challenge T2 over



the next 2 hours,

Hemoglobin oxygen saturation remained at 50% and above until post 7Lt when
it declined sharply,

Prechallenge hemoglobin and packed cell volume values in calf 209 wers
higher then control mean values, Following endotoxin challenge there was a 10%
inoreese in PCV at 51,5 hours (Post T3) « Hemoglobin was increesed accordingly,

Serum sodium and potassium values in calf 209 were approximately egual to
control mean %alues for the prechallenge periocd, Some potassium velues for
this calf were discarded for evaluation due to hemolysis™®, Post challenge
values for potassiwum were lower than meen control wvelues sxcept the wvalue just
prior to death, Post challenge serum sodium declined at 18 .8 hours of age (Tl
+ 36 min) to 12l mEq/L end at 53, hours (T4 + 78 min) it rose to 151.6 mEq/L,

Calf 209 showed a slight incresse in serum proteins follcowing intravenous
endotoxin challenge at 18,2 hours (T1), The fractiors increasing were albumin,
germa globulin and beta 2, All other fractions declined slightly, At 19,2 all

values were generally equivelent to prechallenge levols,
Calf No, 210

Fipures 12-16
Tebles 25=30, Pages 181-1C1
At 18 hours of age Py0p was equal to control mean values while PoCO2 was
slightly lower (3L.2 mmHg). Following endotoxin challenge (1) P,0p dropped
sharply from 77,2 mmHg to L6.6 mmHg at T!1 + 36 min, this was coupled with a pH

drop to 7.28 from 7.l8 at LB.0 hours of age, while PyCOp rose to L6,5 mmHg,

*Appendix, page 222,
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There was a gradual P, On recovery for the next L2-45 min (L6.6 to €L, mmHg)
coupled with an increase in depth of respiration resulting in an incresased
tidal volume, Py COo remained stable--between 39,7 and 11,0 mmHg and pH
inereassd slightly (7.L40). At 19,5 hours of age (Tl + 8L min) PaO0o dscreased
to 8.7 mmHg and pH began to drop, this coupled with a decreasing respiratory
rate (60 to L0 to 28 and 2l per min), pH continued to drop to 7.33,

Prior to 9.7 hours of age the tidal volume appeared to improve markedly
as the respir;tory pattern changed and Pa02 rose to 55,5} mmHg and pH showed a
slizht rise to 7.36. The second endotoxin challenge (T2) was given at 19.8
hours, after which blood gazses continued to improve as the respiratory rate
increasad and the improved raspiratory pattern continued and heart rate rose
slightly. P,0p rose from 55.L mfg to 53,1 mmHg (T2 + 6 min), to 63,7 mmiHg
(T2 + 18 min), This was coupled with a slight decrease and stadbility of PgCOp
values at this time, ranging between 10,2 and 43,1 mmHg; pH had stabilized at
7.3, T3 was given at 50,7 hours of age, Within 12 min Pg0p declined to 29,7
muHg, PyC0p rose %o 8.3 mmfg and pH decraased to 7.26, At this time respira=-
tions were irregular and depth of respiration decresased, At 51,1 hours (13 +
30 min) Pa0p was 32,56 mmHg and began to rise slowly but PgCO2 continued to rise
also and pH dropped to 7.13% in spite of a period of hypsrventilation., PgOso
continued to rise until 51,8 hours (T3 + 66 min) at which time PgCCp had
declined %o 19,5 mmHg, At 51,8 hours the respiratory pattern degenerated and
coupled with the administration of rh ot 52.0 hours of age, Pa0p declined to
new succossive lows of 27.8, 30,5, 29.0 and 30,6 mmHg, PgCOo showed a mild
elevation and stabilized betwaen 51,0 mmHg and 5l .8 mmHg, During this time pi
doslined to 7.1l at 52,9 hours of age, The oxperiment was terminated at Tl +

238 min and T/t + 5l min,
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Prechallenge base excess was 2,3 mEq/L (average of two ;8,0 hour values),
Following Tl thers was a fluctuating stability between 2,6 and 1,2 mEq/L for
the next 78 min; followed by a decline to 0,7 mEq/i just prior to 72 (lo.7
hours), Following T2 at 19,8 hours of ago thers was a marked decline of base
excess value to =l,7 mEq/L at T2 + 6 nin, It remeined at a stable =3,7 mEq/L
between T2 and T3, After challenge T3 (50.7 hours) base excess becars more
deficient, to new lows of =9.. and -7.5 mEq/L at T2 + 78 min and T3 + 9 min,
respectively, The final dose of endotoxin (T4) given at 52,1 hours of age
affected an additional marked decline in base excess, bicarbonate and total
carbon dioxide at 52,9 hours,

Tempsrature valuss for calf 210 were comparable to control call values at
18,0 hours, Following T3 temperaturss gradually declined from 38,0°C (50,6
hours) to 35,0°C (52,1 hours) post ol challenge,

Hemoglobin oxygen saturation remained high, 8L% and above, wntil the rapid
pH decrease occurred at 50,8 hours of age,

Hemoglobin and packed cell volume remained very stable and unchanged
throughout the experimental psriod,

Sodiua and potassium values for calf 210 were lower than control calf mean
values prior to the L8.0 hour endotoxin challenge, Following endotoxin
challenge (T1) there was & snall decline in sodium at Tl + gl nin end a returm
to normal li2 min later, Potassium showed no discernable effects,

Prechallenge protein values in calf 210 wers lower than control means,

All protein increased immediately following tho initial endotoxin challenge
(T1 + 36 min) and then regressad to values below the prechallenge level at T +
20 min. At 52,6 hours all protoins were equal to prechallenge levels except

Alpha 1,
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Calf No, 216

Figures 22=26
Tables 31=36, Pages 192-197

Calf 216 developed a very mild case of diarrhea just prior to endotoxin
challengs,

Blood gases and pH prior to endotoxin challenge were slightly elevated in
P,C0s (15,9 muHg) and pH (7.l9). Following endotoxin challenge there was an
abrupt decrease in Pa02 and continued gradual increase in PgyCOo and pH declined
while the respiratory pattern was markedly effected, At 18,6 hours (T! + 36
min) Pa0o was 31,7 mmHg, PsCO2 was 59,8 and pH was 7,28, These changes
continued unsbated and at 9,7 hours (T! + 102 min) P02 was 27,3 mmHg, PaCOp
8l;,0 mHg and pH 6,92, Following endotoxin challenge (T2) at 19,9 hours they
dropped to terminal values of P,Op 8,6 mmHg, PaCOs 99,9 mmAg and pH 6,12 at T2
+ 2l min or 50.2 hours when death occurred, This calf exhibited periods of
cessation of respiration in the inspiratory phase (apneusis) and & dramatically
reduced respiratory rate,

Base excess, total bicarbonate and total carbon dioxide values during the
prechallenge period in calf 216 were much higher than control mean values=-43,0
hour values, Following endotoxin challenge (T1) there was e continual decline
to values of: base excess =-18,0 mEq/L, total bicerbonate 16,3 mEq/L and total
carbon dioxide 18.0 mn/L at 19.7 hours (T + 102 min), Following challenge T2
at 9.8 hours base excess decreased to a =32,3 mEq/L and death occurred,

Temporature declined a total of 0,8°C throughout the experimental period
of 2,1 hours,

Percent hemoglobin oxygen saturation showed a continual, uninterrupted

decline to values of 25,0 and 15,0 % prior to death,
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Packed cell volume and hemoglobin in calf 216 was persistently higher thean
control calves and remained so through the test periocd,

Sodium prechallenge velues were equal to measn control velues (139.0 mEq/L),
Post T! sodium was 125,0 mEq/L at T1 + 2l min and T! + 30 min. At l9.7 hours
it was 111,0 mEq/L. Post T2 there was no significent change, Potassium wvalues
showed no evidence of significant change at any time,

Serum protein values were all lower than control mean values and over 50%
of all protein was albumin, Following endotoxin challenge all proteins rose,
except alpha 1, and then returned to prechallenge levels, Following T2 there

was no change,
Group III Oral Endotoxin Challenge Calves

Calves Nos. 313, 31k, 315, 317

Figures 27-L6é
Tables 37=-60, Pages 198-221
Two calves in this group (313 and 315) had episodes of diarrhea just prior
to T at 18,0 hours of age, Calf 31l and 315 showed evidence of pulmonary

complication at birth and were given antibiotics at 1 hour of ege.
Calf No, 313

Figures 27-31
Tables 37-L2, Pages 198-203%

This calf showed slightly higher P 0o prechallenge values but equal PaCOp
values in relation to control calves, Following oral endotoxin challenge PgO2

was not affected, P,COs rose to 19,1 mmHAg (prechallenge L2.9 mmHg) at
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Tl + € min; but roturned to L2,l; mmHg at 71 + 12 hours and remained at this
approximate value, pH rose gradually following 71 to 7.L7 (prechallenge 7.L2)
at 96,0 hours of age (T! ;8,0 hours); after T2 it rose to 7.8 and remained at
this value, |

Base excess, bicarbonate and total carbon dioxide values were equal to
control means at L8 hours of age, Following T1, base excess was 6,0, L5 and
7.2 mEq/L at T + 1, T1 + 2); and T! + L8 hours, respectively (prechallenge base
excess 3,0 mﬁéﬂL). Following T2 base excess rose to 9,0 mEq/L at T2 + 3,7
hours end at 120,0 hours or T2 + 23,8 hours it was 6,0 mEq/L,

Temperature values in calf 313 rose 0,6°C at T1 + 1 hour; declined to
38,90C (0,5°C below prechallenge temperature) at T! + L8 hours, Following T
it rose 0,8°C in 3,7 hours, Hemoglobin oxygen saturation remained in excess of
95% at all times except at 120 hours of age,

Sodium and potassium prechallenge values were slightly above mean control
values (K 0,7 mEq/L, Na 14,8 mEq/L), Sodium was 13);,6 mEq/L and potassium
7.8 mEq/L at T} + 1 hour, Sodium returned to 1Ll mEq/L et T + 12,0 hours
and remained at this level except for a 99,5 hour wvalue of 125,0 mEq/i.
Potassium fluctuated considerably post challenge.

Hemoglobin and packed cell volume were stable throughout the entire
experimental period but both were at all times higher than control means,

A1l serum proteins increased following Tl challenge except alpha 1 which
decreased at T! + 11l min; other proteins had returned to prechallenge levels,
Following T2 proteins again rose (T2 + 18 min) and again returned to pre T2

values (T2 + 3,7 hours),
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Calf No, 31L

Figures 32-36
Tables L3=L8, Pages 20L-209
One to 2l hour blood gas values showed early devietion from control means,
Prechallenge (18 hr) values were equal to controls (Paoe 86.2 mmHg, PyCO2 L3,0
mHg). Following T! P 0, reduced to 78.6 and 76,0 mmig at T} + 6 min end T% +
3,6 hours, respectively; PaCOz rose to 52,3 mmHg at T1 + 3,6 hours, During
this interval pH remained steble at 7.L8 T .01. There was little change through
the next 36 hours, Following endotoxin challenge (LB.3 hrs) the calf appeared
depressed; respiratory rate increased slightly as did heart rate but returned
to prechallenge values in L5 min,
Prechallenge base excess was higher than control means (7.2 mEq/i) and
rose to 8,7, 10,8, 11,0 end 13,0 mEq/L at T + 6, 36, 216 and 1410 min,
respsctively; then declined to 7.0 mEg/L at 1 + |8 hours.,
Temperature and hemoglobin oxygen saturation values were unchanged
following endotoxin challenge; as were hemoglobin and packed cell volume values,
Sodium showed & pre and post endotoxin value of 125 mEq/L. T! + 2.6 hours
and T1 + 8.6 hours values were 119.0 and 167.6 mEg/L, respectively,
Serum proteins showed & marked reduction following endotoxin challenge and
this reduction persisted through 96,0 hours of age. At 51,7 hours (T} + 3.6

hours) there was a partial recovery,

Calf No, 315

Figures E;-hl
Tables l9-5l, Pages 210-215

Calf 315 showed early (1 hr) respirstory complication evidenced by an
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abnormal respiratory pattern; this was not evident at 2l hours of age, At LB
hours (prechallenge) a severs case of diarrhea was evident; rectal temperature
was normal and there were no clinical signs of dehydration,

Prechallenge blood gases and pH were comparable to control. calves,
Following oral challenge Py0o and PyCOp slowly but persistently changed: FuOp
Tl + 20 nin 76.6 mmHg; T! + 11,1 hours 21,7 mmHg; P,COo 35.8 mmHg and 68,0 mmHg
at these respective hours, pH declined from 7,12 to 6,3l and death occurred,

Respiratory pattern changes were similar to those of intravenous challenge
calves but with a slower rate of onset,

Base excess, total Cop and bicarbonate followed pH decline precisely, with
the following base excess values per time interval: [8.0 hours -1,0; T! + 5,6
hours =5.0; T! + 11,1 hours =30,0 mEq/L.

The temperature of calf 315 showed slight decrease (0.,3°C) until 7l + 10.1
hours when it declined to 37,.,8°C, Hemoglobin oxygen saturation was maintained
at 807% until Tl + 10,1 hours when it was 73.0%,

Packed cell volume rose from 37,5 volumes % prechallenge to L0,02 volumes %
at T% + 11,0 hours, Hemoglobin showed one significant period of elevation; at
T! + 10,1 hours with a value of 1l;,7 Gms/100 ml,

Serum sodium and potassium valuss for calf 315 post challenge showed
marked deviation from expected values®, At T! + 1.l hours sodium was 205 mEq/L
and potassium was 12,7 mEq/L; at T! + 11,0 hours sodium was 56,0 mEq/L and

potassium was 14,8 mEq/L.

Serum proteins at 18.0 hours were uniformly lower than control mean values,

Following endotoxin challengs (Tl + 5.6 hours) total protein increased from

*Appendix, page 222,
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;6 Gms/100 ml to 6,3 Gms/100 ml,
Calf No, 317

Figures L2-,6
Tables 55=£0, Pages 216=~221
Prechallenge blood gases and pH were equal to mean control wvalues,
Following endotoxin challenge PyOs rose: Tl + 30 min 85,1 mmHg to 92.9 mmHg
at T + 3,6 hours, PaC0o did likewise: T1 + 1,8 hours 51,0 mmHg; then
declined to & T1 + 19.3 hours value of L0.6 mmHg, pH was stable at 7.53% and
7.5l post challenge.
The respiratory pattern and heart rate appsared uneffected,
Base excess rose sharply--48.0 hours 2,5; Li8.2 hours (T} + 6 min) 8,5 and
remained at 8,5 mEq/L and 9,5 mEq/L thersafter,
Hemoglobin and packed cell volume were unaffactéd post challenge as was
hemoglobin oxygen saturation and tempurature,
Sodium and potassium wvalues were extremely variable®.
Serun proteins increased post challenge at 11 + 2} min; end T1 + L8 min
with values of 13,6 and 1),,8 Gms/100 ml, respectively, All fractions were

increased proportionally,

*Appendix, page 222,
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DISCUSSION

The discussion will be carried out in relation to the group response and

observations within the group but with some cross references,

Group I Control Calves
Group II Intravenous Endotoxin Challenge Calves

Group III Oral ZEndotoxin Challenge Calves
Group I
Control Calves

Control calves showed an early instability in all parénwters studied,

The initial sustained rise in pH was a direct effect of (1) P,COp
elevation, effected by increased and more conmplete metabolic activity; probable
increased and/or maintained right to left shunting; these effecting a right
shift in the carbonic acid=bicarbonate mechanism of acid-base balance; (2)
higher PgOo values aiding in an increased rate of metabolism and (3) high
levels of kidney function thus rapidly eliminating acoumulated metabolic acids
present at high levels post partum, Conourrent with this kidney acid elimination
there is a very high level of bicarbonate and sodium conservation and tubular
phosphate buffering occurring in the proximal middle end distal collecting
tubules, These actions being coupled with increasing heart and respiratory
rates,

Thus at this time there is the initiating period of respiratory function;
CNS and peripheral respiratory center activation; working in concert with the
vascular chemorecptors {carotid and ortic bodies, ete.)., These effecting a

very complex exchange end balancing of aeclds, bases, gases and wvascular
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pressures, only partially active prior to birth, Superimposed upon the above
described activities is a sudden influx of new proteins obtained from colostrum
feeding and giving some aid to acid base control both by way of their bivalent
activity; introduction into the metabolic cycles and red blood eell protein
(hemoglobin) conversion, The end result being, sustained acid-base balance in
relation to blood gases; kidney function and metabolic activity,

Therefore Po0o rose from 75.9 mmHg at 1 hour of age to 78.0 and 79.0 mmig
at 12 hours of age, PgCO2 rose from 13,0 mmHg at 1 hour to 18,5 mHg at 18
hours, This in spite of & more evident ventilating process taking place by way
of pulmonary perfusion (heart rate increase); if it may be assumed cardiac
output, etec, is sustained; maintained high lewel of respiratory rate (60/min
and abovs) and normal breathing pattern,

Concurrent with this initial 18 hours phase of life as discussed above was
a rapid inerease in base excess from 0,9l mEq/L at 1 hour of age to 7.96 mEq/L
at 18 hours of age, This being directly related to the above discussed kidney,
respiratory and metebolic changes and pH elevation, Total plasma bicarbonate
yose fich A 1 Hous valus of 23,7 mEq/L. to an 18 hour valus of 32,9 mEq/L, This
bicarbonate incrsase which may seem to be overresponsive is probably directly
proportional to the degree of metabolic acidosis post partum, However, it is
evidenced as a lag phenomenon in acid base response,

After 18 hours of age pH remained very stable at 7.LlL F 0.01; with two
highs of 7,46 and 7.47 at 36 and 120 hours, respectively, These highs correlate
with a beginning decline in base excess and sodiunm adjustment,

Po0o showed & significant 18 hour decline to 70,3l rmHg then rose to a new
high of 82,63 mmHg at 72 hours of age and are undoubtedly related to improve-

ments in fetal circulating changes as effected by foramen ovale and ductus
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closure and improved pulmonary gaseous exchange,

P,C0o regressed slowly from the 18 hour high of l8.52 mmHp to a consistent
10,1 £ 3 mHg at LB hours of age while Po0o stabilized at 77,8 b 3 mmHg between
96 and 21 hours of age, Thus one mizht speculato there is still some lingering
evidence of continued immaturity of the adjustment and balancing actions
between the wvascular, CNS, lddney and respiratory systems as discussed earlier,
For it was at thess approximate hours (79-96), that heart rate and respiratory
rate reduced and stabilized (Table 12).

A slight pealdng of base excess at 1l hours is also reflected in a high
pH, PaOo and P,COp,

What may be considered hizh base excess values, as compared to man, may
also be an indication of incomplete pulmonary perfusion, and/or improper
alveolar-vascular gaseous transfer and/or unbalanced kidney function end/or a
greater degree of right to left cardiac or aortic shunting, These may be
normal for calves to varying degrees and these base excess values may be normal
for these calves or the calf showiag nons of these complications,

Mean tempersturs wvalues in control calves progressively elevated from a 1
hour value of 100,4°F (38,8°C), to 102,5°F (39,3°C) at L8 hours of age and
10%,0°F (39,5°C) at 1Ll hours of age and remained stable through 21,0 hours,

Mean arterial blood hemoglobin wvalues for the Group I control calves showed
a very gradual decline from 1,0 hour and 6,0 hour mean values of 10,L Gms/lOO ml,
to a stable mean value range of 8,8 Gms/100 ml at 72 hours and 7.9 6ms/100 ml at
2110 hours of age, These declines are undoubtedly related to fetal changes, and
the probable 6 hour period of neonatal hydration (see proteins) and rapidly
elevating plasma proteins,

Hemoglobin oxygen saturation in control calves showed two high peak perilods,
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These being at 6 hours (92.L7%) and 26-72 hours (93,4-9L.1%). The initial
period correleting to the very low pH period, This is also the period of high
levels of fetal hemoglobin, The second peak is during & period when both pH
and PaOs are at high levels; this combination effecting high levels of hemo=-
globin oxygen association, Following the 72 hour high of hemoglobin oxygen
saturation there is & persistent decline to a stable value of 91,0 + 1,0% at
168,0 hours of age, These values may be effected by shifting from one Hb
oxygen dissociation curve to another as per pH change (Figure 1) and animal
age (LL).

Heart rates and the respiratory rate and patterns were determined by: (1)
auscultation of the heart and (2) visual observation, respectively, Heart rate
showed a gradual and reguler decrease from the 6 hour rate of 138 per minute to
121 per minute at 86 hours of age; at this time there was a fluctuating
stability of 100 and 120 beats per minute throughout the remainder of the
experimental period, The respiratory rate showed an initial inérease from a 6
hour rate of 57 to & rate of 75 at 72 hours, This was followed by a gradual
decrease for the next 72 hours, after which it stabilized between 52 and L6
oycles per minute, The pattern of respiration was véry stable unless the animal
was physically handled, in which case the heart rate had a tendency to become
elevated,

Potassium was considered to be very stable throughout the 21,0 hours experi=-
mental control period for it began at 6,87 mEq/L at 1 hour and declined to 6.22
at 6 and 12 hours then ranged from 6,3l to 7,28 mEq/L throughout the rest of
the experimental period except at 168 hours of age when it was 8.L3 mEq/L;
percentage wise this could be considered a fairly wide range of mean values,
There seemed to be a substantial lowering of potassium during the 216 and 210

hour period of life to 6,59 and 6.8 mEq/L. These mean walues are higher than
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those previously reported (8, 9, 10, 11, 12); however, thoy were all in older
animals except possibly one (12), These values, except for two, were under
those velues considered high enough to cause cardiac irregularties (8, 9, 10,
11, 12)*,

Mean serum sodium values in Group I contrcl calves showed considerable
instability durirg the first L8 hours of life, There was a rapid increase from
1 hour mean value of 1%6.Q mEq/L to 11,6.1 mEq/L et 6 hours of age; then a
decrease to 10,6 mZg/L at 12 hours followed by a rise to 143,3 mEq/L st 18
hours of sge, Sodium stability occurred at 24 hours of ege and from then until
216 hours of age was meintasined between the mean values of 137.2 mEq/L end
133,1 mEq/i. 4 mean value of 123,6 mEq/L at 2l0 hours aprears to be somewhat
out of line; however there was only e sample size of 3 at that hour and calf
number 10l (appendiz) has a serum sodium valuc of 117 mEg/L at 2L0 hours of age
with no visible physioclogical problems evident indicating an equimment error,
These values as observed after 2, hours were usually lower than those observed
by other workers (8, 9, 10, 55).

The most logical cause of the very early hipgh sodium values (coupled vith
high biecarbeonate values) is undoubtedly a result of early high level kidney
function, There is at this time a post parturient metabolic acidosis that is
being corrected by kidney extrusion of acid (H*) and at the seme time &
conservation (perhaps resulting in overcompensation) of bicarborate eand sodium,
The net effect being very high levels of serum bicarbonate and sodium during
this 16 to 1€ hour time period,

A period of relative fractionel instability for proteins persisted for

*Appendix, page 222,
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approximately 120 to 1L0 hours, During this period there was a pronounced rise
in total proteins from 6,1 Gms/100 ml to 8,85 Gms/100 ml at 96 hours; this
being higher than values found by other workers (15, 17, 18), for this approx=
imate ape; although equal to those values found by Temnant (17) in Jersey
calves in spite of the fact the calves in this experiment received colostrum
from Holstein cows, Garme globulin showed the most marked increases from 1.07
Gms/100 ml at 1 hour to 2,57 Gms/100 ml at 96 hours of age,

Albumin rose gredually; with some fluctuations after & hours of age; and
remsined et approximately 35% of total proteins from 96 hours on, This rise
being related to sarly metabolic formetion and colostrum ebsorption, Alpha 1
showed a very early loss from the 1 hour 0,38 Cms/100 ml velue, to 0,05 Gms/
100 m1 at L8 hours, Then showed a gradusl recovery to 0,21 Gms,/100 ml at 120
hours and remeined stable through 2L0 hours, Alpha 2 showed a continual gradual
incremse; following an early small decline; from 0,69 Gms,/100 ml1 at 1 hour to
1.27 Gms/100 ml at 210 hours end composing 157 of total protein at this time,

Beta 1 proteins follcwed alpha 2 in rate of increase and stability from 1
hour on, Beta 2 cshowed a very repid and marked decrease from 1 hour 2,2 GmsinO
nl value to & and 12 hours veluss of 0,6 end 1,0 Gms/100 ml, respectively.,

Then it increased and stabilized at 1.l end 1.6 Gms/100 ml at 168 to 2L0 hours
of ege, Gemma globulin showed the expected gradual climb to approximately 20%
of total protein (2,2 Gms/100 ml) at 2L,0 hours with a peak of 2,73 Gms/100 ml
at 36 hours of age @nd a stable range from 2,21 Gms/100 ml to 1,83 Gms/100 ml
between 120 and 2l0 hours of age, The 6 hour slight decrease in all proteins
except gamma globulins may be expleined as a factor of reletivo body hydration
and fluid control, Rapid gamma globulin elevation; being effected by colostral

absorption; in spite of the stable PCV for this six hour age period, This was
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then followed by a PCV decresse (RBC may also have been hydrated at 6 hours,
this probably contributing to the 6, 12 and 18 hour highs of Hcog; along with
metabolic, ldney and respiratory repgulation as discussed previously,

Therefore it would appear that the neonatal calf has a very dynamic
activity of pgains and losses of diffeerent protein with an overall total increese

until 168 hours of age; that then stabilized through 2LO hours of age,
Group II
Intravenous Endotoxin Challenge Calves
Calves Nos, 207, 209, 210, 216

Respiratory patterns in intravenous endotoxin challenge, Group II calves;
were dramatically end severely effected post endotoxir challenge, Calf no, 207
showed very early (T + 1 to 5 minutes) respiratory pattern changes that
closely resemble those patterns seen in decersbraticn; medullery and pons
sectionirg and thermal cooling (38). There was in all calves an eventual
marked decrease in the respiratory rate coupled with pattern alterations to
effect depression of blood gas PgOp and veriebly elevated FaCOp. This degree
of respiratory pattern change appeared to have some reletion to the dosage
given, Following T1 calf 207 (T 0,75 mg/Kg) showed profound respiratory
collapse; the respiratory rate decreased from 60/min to 10/min immediately,
Calf no, 209's (Tl .38 mg/Kg) respiratory rate initially inecreased to lOO/hin
but were vory shallow in nature as seen in anterior pons sectioning; (ehead of
pneumotaxic center) or pons cooling (38); this was followed by a reduction to
20/min and interspersed with a period of hyperventilaticn prior to T2, T3 and

Tl and also following Th; all occurring during a poriod of 5 hours and twelve
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minutos .

Following ondotoxin challenge calf 207 showed four periods of hyperventi=-
lation; slight chenges in the respiratory pattern between the hyperventiletory
episodes and no rate increase (L=10/min); except during the last %0 minutes
when the respiratory rate was rapid and shallow, Total time before deeth 2
hours and |2 minutes, During this time PgaOp decreased sharply to a level of
low 20's at 1l + 1,5 hours; was elevated to the high 50's just prior to T and
declired sharply to 15 mmHg at T€ + 30 minutes. PaCO2 showed an opposite
effect,

Respiruntory patterns established with medulla and pons sectioning and

coolirg (38):
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Thus it may appear in calf no, 207 there was a direct and early obliteration
of the entire pontine section of the ClS; causing respiratory collapse; marked
P40s docline, P,COp elevation and rospiretory acidosis, This was followed by a
slight recovery and an overridirg effect of ph which caused hyperventilation
and what appears to be a slightly higher center Af stimulation (upper pons) at
e

50,0 + hours of age. All this being overcome following TS, offecting an
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irreversible respiratory acldosis and secondary metabolic acidosis; as a result
of further depression of the respiratory centers,

Calf 209 continually showed what mey be interpreted as upper pontine or
pneumotexic center involvement and periods of overriding effects (hyperventie
lation) suspected to be brought on by increased pH and/br hypoxia, The degrse
of severity also reflected in pH, Pa0o, PyCOo and attempts to recovery of the
resﬁlting acidosis, Calves 207, 209, 210 all showed apnea (cessation of
breathing on the expiratory phase); however calf 216 showed ammea on the
inspiratory phase and usually the periods of apnea were quite long and frequent
as indicated by the respiratory rate, Therefore I will attémpt to describe &
specific area involved as per the patterns; yet it will be noted that most prior
patterns apply to the pneumotaxic and emmeustic center (pons) and apnee (as
properly defined is in the expiratory phase, This indicating no clear
involvement of one aree in preference to another; Calf 216 showed cessation of
breathing in the inspiratory phase, This response apparently being mediated
by the lower apneustic or medullary center; with no regulation (expiratory
mediation) from the upper apneustic center; although this is not clear cut (38).

calf 210 (7! 3 mg/Kg--Total dose 109,li mg) showed less marked end apparently
reversible offects on the respiratory centers, The rate was not affected
initiaelly but the pattern indicated upper pons involvement followed by hyper=
ventilation and blood gas recovery and some pH recovery and stabilization; but
a8 return again to upper pontine involvement indicated by the type of breathing,
At this time there was a rate/minute reduction indicating & greater involvement
or lower brainstem effect. This was followed by a recovery in the respiratory
pattern to an almost normal pattern but not a recovery in the rate/hinute and

this pattern recovery was quite evident as Py0o inoreased and P,CO2 deoreassed,
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pH was dropping undoubtedly due to the 1nitial resplratory acidosis eand now
secondary motebolic acidosis, This occurring concurrent with the administration
of T2 (T2 .3 mg/¥g--T1 + T2 6 mg/Kg) at 9.8 hours, Everything appears quite
stable and the enimal appeared to be shovwing some "tolerance" to T2 (or over=-
riding physiological action); but following T3 (0,3 mg/Xg; 7l + 12 4+ 73 9
mg/Kg) respiration took on the characteristic's of medullary involvement and
this was mainteined for about 3 hour., This was followed by 2 period of hyper=
ventilation but no decline in PyaC0o; but an increase in Py0p oceurred; snd pH
stabilized with a slight legging rise. Thus there agein appeeared to be & second
recovery by the respiratory pattern, At this time TU was given (.6 mg/Kg--
total dose 1,5 mg/?g) and there was & return to a pattern similar to medullary
center involvement and P,COp rose and stabilized; PyOp dropped to a new low and
stabilized; but pH was graduelly dropping and at 7l + 1 hour the calf was
destroyed. The respiratory rate remaired very stable at about 50% of normel
throughout the endotoxin period indicating an ability to overcome, or a
"tolerance" to the endotoxin by the respiratory center,

Calf 216 succumbed very rapidly to endotoxin challenge as did ealf 207,
even though the iritial dose was considerably less (0,40 mg/kg versus 0,75
mg/Keg). Immediately following endotoxin injection (T1) calf 216 had a rapid,
shallew, panting type of respiration and the rete was increased to 120-150/
minute (2.5 to 3 times the pretoxin rate); this persisted for approximately 30
minutes during which time Py0o decreased to 32,0 mmHg immediately; and PaCOp
steadily rose to 75,0 mmHg in 1 hour with respiratory acidosis occurring at Tl
+ 12 min and mixed acidosis oeccurring et Tl + 5, minutes., This indicated the

probability of an immediate end profound general shock syndrome, encompassing
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cellular oxygen consumption and decreased cardiac output; the degree of which
was probably not witnessed in calves 209 and 210; but is more evident in calf
207, In spite of this severe shock syndrome the pmeumotaxic center or upper
pons area would appear to be the lowest center of involvement initially;
considering the pattern of respiration (38), This however was short lived for
at approximately 18,5 hours of age (T1 + 20 min) the pattern regressed to that
of mid pontine character end the rate was reduced to hB/hinuta.

However P 0o was fairly stable during this half hour; while pH dropped
rapidly, Respiratory rate changed to a new low of 16 to 10 per minute with
inspiratory cessation (apneusis) of breathing; indicating a lower pontine
involverent or cutting off of upper pontine reguletion of expiratory initiation.
This continued for approximately l;5 minutes until the frequency was maintained
at 10 per minute but were gquickened on inspiration with totel expirstion and
apnea was prelonged, This continued till death,

In sumery Calves 207 and 216 showed 2 more profound response to endotoxin
than did calves 209 and 210, Despite a two-fold difference in their initial
doses there was in both 207 and 216 an irmediate snd sustained fall in PaOE and
concurrent but often deleyed rise in P,COo with very easrly pH decrease and base
excess deficits oceurring, This was brought about by whet was believed to be
several concurrent mechanisms in these calves:

1, Immediete oxygen deficit,

a, Respiratory collapse as previously discussed; effecting immediate
oxygen deficit, This is not seen in the ususl research animal
(tho dog) as it experiences hyperventilation (&0) with dosage of
2 mg/¥g of E. coli endotoxin; effecting comparatively good alveolar

ventilation.
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b. Initial increased oxygen consumption effected by the increased
cellular demand (60) following endotoxin challenge,

c. Seqoudary oxygen deficit for cellular metabolism due to endotoxin
effect on the "ability" to tremsport 05 across the cellular
membrane and resultant cellular acidosis that then exerts it's
effect on the circulating fluid pH,

d. Possible increased right to left shunting following endotoxin
challenge, which may be present in these calves and may be common
or normal in calves of this age (23, 26, 30, 31, 32). Pa0s values
observed were considersbly lower than those found by other
workers (33), Calf 216 may have had a continuirg clinically
undetectable shunting problem as possibly evidenced by the post
partum dyspnea that was transient,

e, Whet has been described es marked; to negligible; to trensient
elevation of pulmonary vasoconstriction and peripheral vascular
constriction due to endotoxins and hypoxia (23, 26, 30, 21, 32).

f. The effects of endotoxic shock in relation to the "Swartzman
reaction™ (32, 24, 25, 28) and peripheral vasculature.

g. An apparent decrease in the ability of Op to traverse the elveclar=
vascular tissues and effect plasma oxygenation, This appears to be
quite evident in calf 209 and 315, when P, COp was maintained at &
rather low level and Pg02 showed no indications of elevation,

Immediate and marked inerease in PgCOg,

a. Respiratory collapse as described previously effecting initial
rapid respiratory acidosis compounded by secondary metabolic

acidosis,
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be Early initial increased cellular metabolism and secondary hypoxisa,

¢, Decrensed pulmonary perfusion (23, 26, 30, 31, 32),

d, Possible increased right to left shunting es effected by ld, e, f,
g above,

3« Rapidly declinirng pH,

a, Uncompensated respiratory acidosis (35).

b, Metabolic acidosis: Increased lactic acid from early cellulsr
metabolism increases and secondary hypoxia of cell effecting
incomplete metebolism (60, Lb).

c., Decreased kidney function (2L, 25, 28),

In sumary it is concluded that the very initial acid contribution in calf
207 and 216 was respiretory in nature but the secondary contribution of meta=-
bolic ecidosis and hypoxia was gquantitatively much greater end pH dropped;
while P,COp becare elevated and rapidly contributed to the total acidity and
terminally low pH end deeth, There is undoubtedly & dameging contribution from
terminal kidney shutdown also,

Hemoglobin oxygen percent saturation in calves 207 and 216 showed very
early and susteined low walues (L2, blj, 1) following endotoxin challenge,

Calf 209 end 210 in this group showed less pronounced and a partielly
compensating response to endotoxin chellenge, Their ability to maintain their
physiological responsiveness appeared to be positively related to their
ability to meintain adequate ventilatory processes, was effected by adequate
CNS respiratory center function predominatly; a controlled or reduced degree of
cellular endotoxic shock and subsequently a less severs metaebolic acidosis,
Respiretory patterns showed periods of near-normal recovery end also showed

near-normal PgOo snd PaCOp values during these comparable recovery intervels,
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The periods of depression end recovory extended throuprh four challenges and
four plus hours beyond the initial challenge,

Calf no, 209 was challenged at 71 with 38 mg/kg end showed a transient
but marked decline in Py0p but it did not reach the depth of depressiocn or
persist for the durstion of time as seen in calf 207 and 216, There was no
increase in P,COs and a slight rise in pH at Tl + 18 minutes, This was
followed by a LO%+) recovery in depressed Pa0o in L8 minutes during which time
pH, bese excess and total bicarbonate was equal to or above prechallenge
levels,

Thus I believe it may be fair to assume; followirng endotoxin challenge 7l;
we did not experience a crippling effect on the pontine and medullary respira-
tory centers, permitting an almost complete recovery or overriding response and
return of the respiratory pattern to near normel, This also indicates a good
ability of the kidney to concentrate and eliminate probable developing acids,
Cellular shock and hypoxia must also be much less following the initial dose of
endotoxin, there was a very stable pH early in the cass of calf 209 extending
for a period of almost L hours, In calf 210 cellular oxygen supply was not
maintained as well but certeinly was much better than in calves 207 and 216 (in
view of the higher hemoglobin oxygen saturation wvalues in 210), We must,
however, keep in mind the fact that peripheral circulation and Op perfusion has
undoubtedly been effected. I believe this to be indicative of the fact that
the primary and most sustained effects were in the following order detrimental
contributions in calves 209 and 210==(1) CNS respiratory center involvement,
(2) collular "shock"=--thus basically no different than calf 207 and 216,

There 1s in calf 209 some early contributing mild respiratory acidosis as

effected by elevated P,COn and related pH chanpe, However PgaCOp was then equal
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to or lower than prechallenge wvalues while P, 05 declined, Therefore there may
be an early undetectable metabolic acidosis related to a degree of hypoxia when
Pg0p declined immadiately post T, Thus an appearing paradox between decreased
Pg0s and non elevation of PyaCOp, The most likely conclusion being that Op
transfer from the alveoli to vascular plasma has been interferred with,

while COp diffusion and exchange is adequately mainteained in spite of the
seemingly lowered minute volume,

One of the initiasl cellular responses to endctoxin challenge is an
irmediete increase in uptake of oxygen, followed by a decrease (minutes),
followed by asnother increase that is variable in degree and duration (60).
Coupled with oxygen consumption interferences are interferences with intra-
cellular metebolims of the mitochondria effecting decreased formation of the
high energy bonded AMP, ADP and ATP molecules for celluler energy; ribosomal
amino acid metabolism and finaelly deterioration of the lyscsomal membrane and
release of it's destructive contents, The net effect being high intracellular
goidity (predominatly lactic acid) and cell death,

Therefore the question arises as to which component (cellular endotoxiec
shock or hypoxia) has effected the greatest insult at this time in calf 209,

Following the second challenge (TE) of calf 209 (T1 + ;2 minutes=--Dose 1
+ T2 ,75 mg/Kg); PaCOp rose approximately 267 in 1 hour and pH declined to 7.29
and Pa0p dropped to 42,6 mmHg., This wes followed by & period of P,0p and pH
rise and PyCOo decline as & result of increased ventilation and epperent
partial recovery of the respiratory brain stem center and kidney acid elimi=
nation, This being 2 hours 12 minutes post T1 and 1 hour and 30 minutes post
2,

Immediately following T2 there was an extended period of marginal



respiratory acidosis (6.0 to 9.9 hours) and probably metabolic acidosis that
was being partially controlled by the kidney and other buffers system (Hb and
protein); as pH was dropping gradually at this time and PaCOp rising as a
result, aiding in the acid base control by pushing more HGOE into the building
acid pool (pH at 9.0 hours 7.Ll; pH at L9.9 hours 7.29). It was at 50,l; hours
that metabolic acidosis became markedly evident, This following the initial
low period of PO, (LB.6 mrllg and 12,6 mnHHg at 19,5 and 19,9 hours), At this
time base excess was 1,1 mEq/L end pH had risen from 7,29 to 7,39 and Hb satu=
ration was 877 (LL); PgOp 55,1 mmig and PaCOs 35,5 mmHg, and oxygen supply was
probably marginel at best at this time, Following the third endotoxin (T2)
challenge, however, the respiratory pattern again deteriorated, but a period of
hyperventilation effected a Po0s increase; followed by & decline; and a new low
that probably markedly effected cellular hypoxia, Following the hyperventi-
letion PaCO02 was on a continual and unaebeted incresse just prier to Th; and
metabolic acidosis became strongly influential as pH declined rapidly, This is
apparently related to a marked oxygen deficit that occurred for several reasons:
cardiac output following T4 was probably reduced as may be indicated by the
rising heart rate; kidney function probably was declining; metabolic acids
increased repidly end respiratory function worsened effecting a decline (and a
new low) for PgOp, The blood buffers (hemoglobin, bicarbonate and protein)
were already functioning at & maximum; as a result pH dropped extremely
abruptly and death was short in coming,

Calf number 210 following Tl, showed a very similar blood gas and bicar=
bonate pattern in relation to calf 209; but a slightly lower pE and higher
PoC0Op; but had consistently maintained a better respiratory pattern and higher

Po0o and porcent Hb saturation prior to T3; therefore prior to and following 15
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the metabolic acid contribution was minimal but evident; and had been gradually
end decidedly reducing the pH, At this time one might surmise kidney functions
in this calf were less able to combat the early metabolic acidosis, Following
T3 Pg0p dropped to levels seen in calves 207 and 216 following T and marked
tissue hypoxia undoubtedly occurred and P,COo rose markedly only to be halted
by the respirastory center effecting & period of hypervontilation, Following th
PgOp was dropping terminally as was pd due to an apparently rapidly developing
tissue hypoxia with metabolic acidosis and a contributory respiratory acidosis,
Therefore at this time (50,0 hours of age; Tl + ;.8 hours) the perimeters were:
PoOp 30,6 mmilg, PCOp 50,8 mmiig, pH 7,11, base excess =13,0 mEq/L, total HCO3
1,5 mEq/L and total COs 16 mm/L and death occurred,

Tith these findings in mind it is conceivable in the marginal case of
cellular "endotoxin shock" (as mey be the case in calf 209 and 210); that even
with improved conditions (respiratory and circulatory) effecting improved
gaseous exchange resulting in betier than pre 71, T2 or T5 conditions; thess
improved circumstances may be unable to provide the necessary oxygen demand and
acid removal in sufficient time or quantity to repair or improve cellular

activity.
Hemoglobin and Packed Cell Volume

Hemoglobin and packed cell volume in the intravenous toxin group of calves
show absolutely no detectable effect following endotoxin challenge in numbers
207, 210 and 216, Cal? 209 showed a sustained increase in hematocrit (PCV)

2 1.5 hours (50,}; hours)

following T2 at 13,9 hours of age, that regrossed at T
and rose again at T3 + 6 minutos (51.0 hours). Theso elevations were however

small in magnitude; 72 - 2.57; T3 ~ 67,
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Homoglobin Oxypen Saturation and Tempsraturse

Temparature in calf 207 and 216 were extremely stable throughout the
experiment with a total temperature decrease of 0,1°C in calf 207 and 0.500 in
calf 216, Following endotoxin injection in calf 207 it's temperature rose 046°

p + 12 minutes and regressed gradually to 39,0°C at Tl 4+ 1 hour 2L minutes

at T
and remained as such. Calf 209 and 210 both showed a mild post Tl tempsraturs
elevation of -0,8°C and subsequent gradual regression to normal and then sub=
normal until at death calf number 209 was 36,0°C at 71 + 5,2 hours and calf 210
was 35,0°C at T! + [,,8 hours, These depressions being related unquestionably
to decreased peripherzl circulation and reduced rate of metabolism, Initial
temperaturs rises following endotoxin administration are believed caused by
decreased peripheral wvascular circulation and reduced heat loss,

Hemoglobin oxygen saturation in all four calves was meintained at very
high levels (LL) with very low PyOo=-at PaOp 29,7 mmdg and pH 7.38 there was

67% saturation in calf 209 and P05 of 29,7 mmHg with pi 726 it was 60% in

cels 210,

Sodium and Potassium

Serum potassium values in genersl were higher than controls and those
previously reported (8, 9, 10, 12}, Following endotoxin challenge both sodium
and potassium showed elevations and depressions (calf 216, 207) with a potassium
high of 8,9 mEg/L in calf 207 at a pH of 6,78. Vhile potassium in calf 216 was
4.8 mEq/L at a pi of 6,12; calf 209 and 210 showed comparatively low values for
all tho calves of 5,8 and l,7 mEq/L prechallenge. Calf 209 had 8,6 mEq/L of
potassium terminally at a pH of 6,51 and calf 210 had 5.l mBq/L at a pH of 7,12

thus thore may bo somo relevanco to potassium elevation in endotoxomia but only
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et very low pH vaolues, Homolysis seemed to be a problom with some calves
although it did not appear to be rolated to endotoxin challenpge except in calf
31l;, High potassium values associated with hemolysis were not retained for
research evaluation,

Serum sodium values in the intravenous group II calvos were effected as
follows, Post endotoxin challenge all calves but 210 in this group showed an
early serum scdium decrease as follows: 207----T1 + 12 minutes (103,2 mEq/L)
with a recovery to 151,3 mBg/L, then a decrease at T! + 72 minutes (119.8 mEq/L);
209--T! + 26 minutes at (13l.ly mEq/L); 210=-was generally lower; 016~-T1 + 2|,
minutes (125,0 mEq/L), Serum sodium values continued to increase in spite of
subsequent challenges, These changss are probably related to kidnsy action end

minimal cellular shock,

Endotoxic shock has been held responsible-for sodium pump interferences;
this being considered an active mechanism of electrolyte regulation at the
cellular membrane level, Intracellular concentrations of elsctrolytes are
determined by active and passive means, Passive permeability is regulated b&
the gradient across the membrane in relation to the ion considered; there is no
motabolic energy or oxygen consumed in it's crossing or transfer, Active
transfer is that seen in the sodium pump--energy is needed and oxygen is
consumed and & carrying mechanism may be involved, The gradients across
cellular membranes is very high: intracellular sodium--aproximately 10 mEq/L,
extracellular approximately 135-1L0 mEq/L; potassium=-intracellular approximately
145 mEq/L, extracellular approximately 5 mBEg/L; obviocusly this is not being

controlled by the simple mechanism of passive equilibration (RBC's show
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considerable species diffeorence), Therefore we may be seeing an interference
with the sodium pump in several instances in these experimental models and a
secondary passivs activity occurring, The initial consistent decrease of serum
sodium post challenge; may be considored as such an action; followed by what
may be a seconddry punp recovery and return of serum sodium to normal valuss,
Why potassium (which is considered more permeable than sodium) is not seen to
increase markedly in the extracellular fluid at this time may indicate another
means of maintaining its gradient or at least different circumstances than are
observed here are needed to destroy it's activity, However in calf no %15
there appears to be a breaking down ol the means of regulation for both potas=—
sium and sodium terminally., Howevor this terminal action mey elso be coupled

with terminael lidney failure,
Serun Proteins

Group II serum protein changes following endotoxin challenge were of
little or no consequence, Alpha 1 shows a decrease in ecalves 207, 209 and 210
and albumin appears to decreass in calf 217 immediately post toxin, They show

a quick rescovery with resulting higher levels,
Group III
Oral Endotoxin Challenge Calves

Calves Wos, 313, 31l, 315, 317

Following oral endotoxin challsnge there were two distinct types of
rosponse; with calf 315 deviating from the others in Group TII, This calf (315)

prior to challengo had developed a severs case of diarrhea and this unquestionably
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had a bearing on the outcome, Thorefore this calf will be discussed separately,
Calf 313 had viscld diarrhea at T2 + 60 minutes and this time only, Calf 31l
showed uneasiness and slight transient depression; with the ears lowered; that
lasted a matter of 15 to 20 minutes, Calf 217 showed no clinically evident
response,

Laboratory wise these three calves showed some mild end persistent effects,
Following T1 calves 31l and 317 showed a small increase in PyCOp that were
transitory in.nature end peaked at 1,6 and 1,8 hours post T! respectively and in
calf 317 was normal as compared to controls at Tl + 3,6 hours, Simultaneous
with this PaCOo elevation both calves pH rose to new highs (31L4: Prechallenge
7.47, T + 1,6 hours 7.l9) (317: Prechallenge 7.L6, T + 1.8 hours 7.5L) calf
313, even though it showed no clinical changes, went from prechallenge pH of
7.42 to 7.5 at T1 + 2,0 hours; base excesses in all calves were elevated,
Eollowing T2 in calf %13 there was no identifiable response, But in all three
calves pH and base excess remained high, Concurrent with this, sodium values
although generally unstable, appeared to have a general decline followed by a
recovery (especially in calves 313 and 31L). Potassium had a reverse effect,
Respiratory patterns and rate did not appear to be affected nor did heart rate,

Temperature; PCV; hemoglobin, percent hemoglobin oxypen saturation and
proteins did not appear to be affected in these three calves,

The effects above were certainly minimal; except in the case of pH and
base excess, These effects appeared to be longer lasting (pH and base excess)
than one might expect but endotoxins have been known to have residual effects,
Speculation as to the mechanism involved may be (1) Kidney function probably
has been interferred with to effect preservation and elevation of serum bicar-

bonate; (2) Initially there was probably some cellular metabolic effects causing
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a rise in cellular metabolism with no concurrent hypoxia as evidenced in Group
IT calves; as a result metabolism was complete to effect a PaCOs inorease and
not intermediate metabolic mcid (lactic acid, etec,) formation; (3) The "sodium
pump” mey have been slightly disturbed giving short lived altered sodium and
potassium changes; this however may also be kidney related; (L) These responses
may have been coupled with a clinically undetectable respiratory minute wvolume
decline; (5) The oﬁher mechanism of change may have been medicated through the
veso pressor effect on pulmonary circulation and/or cardime output; although
these are usually transitory in dogs and Py02 was not effected in the calves,
Thus the modes of response may have been operating separately or in concert and
are merely suspicions at this time, The consistently high walue of all protein
fractions pre and post endotoxin in calf 317; coupled with high sodium values;
may have been contributing to osmolarity control, but this seems highly unlikely
as all fractions except albumin contribute extremely little to osﬁotic effect

in the wvascular system,
Calf No, 315

Calf number 315 showed clinical evidence of a progressive severe case of
diarrhea; with profuse bowel evacuations; no apparent visible dehydration or
temperature elevation were evident prior to the 8 hour oral endotoxin challenge,
Thus as evidenced by others (39, 60) it appears inevitable that some calves
will become actively affected by colibacillosis in the course of prolonged
studies in confinement, ’

Prechallenge values (L8,0 hours) were showing signs of alteration from
normal values: Blood gases and pH were: PpO2 75,3 mmig, PaCOs 37,7 mmHg, pH

7.0 but base excess was =1,0 mEq/L; sodium 122,0 mBEq/L, K 6,0 mEq/L, and PCV
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showed indicetion of elevation (31,0--37,5 Vol %) although proteins appeared
stable, Sodium inoreased even in the face of profuse diarrhea following
endotoxin at T% + 566 hours and 10,1 hours (139,6 and 15} mEq/L) as did potas-
sium while pH wﬁs dropping gradually (7.35 at T! + 5,6 hours and 7.2 at 71 +

1 4 10.1 hours, P,0p was L7.2 and PaCOp was 35.6.

10,1 hours), At this time, T
Heart rate at this time had returned to slightly above pretoxin levels (1L0 to
130) end the respiratory rate was mairtained at prechallenge levels,

The respiratory pattern became frequently altered from normal to pneumo=-
taxic in nature, end from the indications of blood gases was adegquately venti=
lating periodically (at least) to blow off the accumuleting COp; however Pg0p
remained a2t & very low lewvel., It must alsc be remembered that COo cen diffuse
more readily through the tissue than Op and if pulmonary perfusion was poor due
to increased right to left shunting there could be poor oxygen saturation,

This however would not appear to be sufficient explanation considering the
megnitude of difference in decreased Fp0p and maintained low levels of PyCO2
over such a long period of time, But coupled with cellular metabolic distur=-
bence and marginal levels of oxygenation effected by poor transfer of Oo from
alveoli to blood plasme as discussed previously this seeming PgOp; PgCOo
paradox is probable, Then suddenly cellular hypoxia beceme pronounced and pH
dropped rapidly and death occurs,

Thus once again the animal was confronted with marginel to inadequate
respiratory function; marginal to inadequate oxygen supplies; probable secondary
circulatory deficiencies; tissue hypoxie as a direct result of the endotoxin
and low circulating Oo tensions; resulting in respiratory and metabolic
acidosis,

While hematocrit (PCV) was elevated to LO and ;5 percent this is not
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considered to be in a critical range; but considered by some to be an optimal
functioning level, Temperaturc remained stable until the terminal hours,
Serum proteins appeared generally uneffected in calf 315,

In eonclusion it is apparent that oral endotoxin while it may have mild
and transient effects in & normal calf with no gastro intestinal involvement
is had marked effects in a calf with presumed epitehlical degradation as related

to E,coli enteritis, These findings were evidenced by other works (39, 57).



SUMMARY

1, Controls
A, Normal newborn Holstein calves showed a marked early physiological

instability in all parameters examined; with stabilization as

indicated below:

1, Py00-=96 to 121 hours of age 77.8 I 3 mmHg

2, PyCOp-=l8 hours of age 0.1 T 3 mHg

3., pH=-18 hours of age 7.16 % 0,02

l;, Base excess 2,7 ¥ 0,y mEq/L
Total HCO3--192 hours of age 26,3 ¥ 0,3 mEq/L
Total COp 27 3 2.3 0.3 mm/t

5, Sodium=-2l; hours of age 135.5 T 1.6 mEq/L

6, Heart rate and respiratory rate--=72 to 96 hours of age

7. Potassium=-normal throughout, 6.5 I 0.8 mEq/L

8. Proteins=-agreed with previously reported changes associated with

usual postpartum colostral feeding but slightly higher
values were observed,
2. Endotoxin Challenge Celves
A, Intravenous Endotoxin

1, The resplratory system appears to be the first and most drastically
effected system following E, coli endotoxin challenge in newborn
Holstein calves,
a, This response appears to be mediated as a result of the endo=-

toxins effect on the CNS respiratory centers: reticular
activity system; hypothalmus; pontine and medullary centers of

the brain stem,
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b, This effect appears to be reversible; depending on the initial
sevority and it's effect on related systems (2, 3 and L below),
Secondary effects are an early initial respiratory acidosis,
hypoxia of varying degrees and cellular endotoxic shock with
resulting metabolic acidosis,
g, Cellular shcck may be revorsible depending on the initial
severity.
Pulmonary circulation and perfusicn appear to be adequate folldwing
endotoxin challenge,
Transfer of CO2 is responsive and adequate; 02 shows some periods
of poor transfer even when alveolar ventilation appeared adequato,
These are evident even after long periods of endotoxin effects,
Hemoconcentration does not appear to be an early complicetion of
endotoxin challenge and shock in newborn Holstein calves in contrast
to the dog.
There appears to be a definite lowering of serum sodium values
immediately following endotoxin challenge, This is considered %o
be related to interference with cellular membrane sctive transport
of sodium by the sodium pump., This sodium depression is reversibdle,
Endotoxin had little effect on proteins; except that alpha 1
globulin was markedly reduced but quickly returned to pre-challenge
values,
Potassium values were consistently higher than those normally
reported but the outcome did not appear to have any relevance to

thess values,
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9, Clinical observation would indicate marked disturbance of cercebral
end cerebellar centers,
e, Early loss of muscle tone prior to recumbency,
b. Depression prier to recumbency.
c, Persistence of a cutaneous trunchi sensory reflex but absence of
any ascending and descending motor response,
Orel Endotoxin
A, Persistently elevated base excess; HCO% and total COs,
B, Transient elevation of PgCOp
C. Mild trensiently lowered sodium values

D, Oxygen alveolar-plasma transfer is apparently affected as seen in calf

315.
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Table 5, Moan arteriml blood values for Py0p, PyCOo expressed in millimeters
SRHLR] Gvdus SORLE®L BBESSN  Smm T, D-olif husoe; GRoun 17
III, 0-L8 hours (pre-challenge period), See Figure 3, page 6l.

Time Sample Po0o P,COp
(Hours) Size mmH g mnHg, pH
1 5 75.90 L3 .0L 737
6 L 79450 L5.88 7439
12 5 78 .20 39.56 7.45
18 5 70.3L L8 .52 7.h6
2, 9 71.39 L6.00 7.4
36 5 80,90 L0 .86 7.L6
L8 1 81.07 10.09 746
72 5 82,68 36.34 7.47
96 5 751k 11,20 7.5
120 5 77.21 3950 747
1L 5 80,56 Li3.94 75
168 L 7775 Lo.33 7.L8
192 5 76.98 39456 7.4
216 5 76.72 29,96 7.45
210 L 70495 29.83 7413




Table 6.
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Mean arterisl blood values for total blcarbonete and base excess
expressed in milliequivalents per liter; end total carbon diexide
expressed in millimeles per liter in newborn Holstein calves--Group
I experimental control calves, Control period: Group I, 0-2L0
hours; Group II, III 0-=18 hours, See Figure L, page 65.

G b G A
1 5 23.70 094 2l4,70
6 L 26,50 1.25 27.88
12 5 28 .50 2,66 27 .16
18 5 32,90 7.96 33.90
2L 9 30.11 5437 31,28
26 5 28,10 11,26 29,10
L8 1L 27.11 3.94 28.50
72 B 25.8L 2,9h 26.al
96 5 26.1:0 3432 27.60
120 5 28.50 L.62 29.50
1Lh 5 304,30 6,34 31.30
168 L 29 .20 595 30,15
192 5 26,60 3,08 27 .60
216 5 26,60 3,10 27,60
2l L 25475 2,38 26,75
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Table 7. Mean tempersture values expressed in degrees centigrade end mean
arterial blood percent hemoglobin oxygen saturstion in newborn
Holstein calves==Croup I, experimental control calves, Control
period:r Group I, 0-2L0 hours; Group II, III, 0-L8 hours, See
Figure 3, page 6.

(Gere) 2y Commipraia) e e
1 7 38,81 5 92,00

é L 38,75 L 92.25
12 6 38.53 5 92.60
18 5 39,16 5 91,00
2l 10 39413 9 90.56
36 6 38,93 5 93.L0
L8 15 39.30 1l 93.14
72 7 391 5 94.10
96 7 %9.11 5 89.80
120 7 39.L 5 92,00
bk 7 39.53 5 93,00
168 6 39,21 L 90,00
192 7 29.26 5 91.L0
216 7 39.48 8 91.80
2o N 29,23 Ly 91,00
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Table B8, M¥ean arterial blood hemoglobin walues exprossed in grems per 100
milliliters and mean arterial blood packed cell volume expressed in
volumes percont in newborn Holstein calves-<Group I, experimental
control calves, Control period: Group I, 0=2l40 hours; Group II,
111, 0-148 hours (pre-challenge period). See Figure 5, page 66,

——— - - -—— -
— ——

B o e o
1L 10,37 33432

6 L 10,43 33425
12 7 9457 29.6,
18 7 9.5l 29,79
2L 11 10,16 31,4,
36 7 9.13 26.6,
1,8 16 9.L6 30,16
72 7 8.77 26,22
96 7 8.61 27.36
120 7 8.6 27.21
14 7 8.17 27.00
163 6 797 25.75
192 7 8.28 26,71
216 7 8431 27.36
210 L 7.85 25475
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Table 9, Mean serum sodium and potassium velues expressed in milliequivalents
per liter in newborn Holstoin calves--Group I, experimental control

calves, Control period: Group I, 0-2L0 hours; Group II, III 0-48

hours {pre-challenge period), See Figure 2, page 63,
Potasgium Sodiun

Time Sample Heen Semplo Mean
(Hours) Size mEq/L Size mEq/L
1 12 6.87 13 136,95
6 3 6.23 3 116,13
12 8 6.21 10.59
18 6 6.2 6 1L%,.27
2l 11 6,37 11 127,15
36 7 6434 7 13344
L8 12 6,43 1L 134,46
72 7 5.61 7 132,73
96 6 7 .28 6 135,90
120 6 6,35 7 133,20
1Ll 7 5.81 7 133,14
183 6 8.43 L 134,33
192 7 7.13 7 136,57
216 7 6.5 7 134.77
2lo 3 6,80 3 123,60




161

Table 10, Mean serum protein electrophoresis values expreossed in grams per one
hundred milliliters in newborn Holstein calves--Group I, experimental
control calves, Control period: Group I, 0-2))0 hours; Group II, III
0-l3 hours (pre-challenge period), See Figure 6, papge 67.

Time Sample Total Gexme.

(Hours) Size Protein Albumin Globulin
1 1l 6.05 2433 1,07
6 3 5eli3 2,20 1.7
12 9 6.67 2,26 1,98
18 7 8.8L 3.26 2,16
2L 11 6.79 2,36 2,02
36 7 8.37 2.71 2.73
LB 16 8.26 2,76 2,51
72 7 7407 2.21 2,07
96 6 8,85 2,70 2,57
120 7 753 2,29 2.21
1L, 7 6.6 1.99 1.83
168 6 9,02 2,65 2,03
192 7 8.21 2,76 1,96
216 7 8.43 2.54 2,03
2ho 5 8.07 2.13 2,20
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Table 11, Mean serum protein electrophorosis walues expressed in prams per one
hundred milliliters in newborn Iolstein calves=~Group I, experimental
control calves, Control period: Group I, 0=-240 hours; Group II, III
0-L48 hours (pre-challenge period). See Figuro 6, page &7.

(Eiﬁ:s) s:g?}:ie Alphs 1 Alpha 2 Beta 1 Beta 2
1 L 0.38 0.69 0.6 0.9
6 3 0.20 0.50 0.4 0.6

12 ) 9 0.16 0.59 0.7 1.0
18 7 0,20 0,99 0.9 1.
2l 11 0.10 0,76 0.6 0.9
36 7 ' 0,20 0,70 0.8 i L
L8 16 0,05 0.86 0,8 1.3
72 7 0,11 0.79 0.7 1.2
96 6 0.12 1,08 0.9 1.5
120 7 0.21 0.91 0.7 1.2
1L 7 0,16 0.86 0.7 1,8
165 6 0,18 1.0 151 1.6
192 g 0.11 1,07 0.9 1.4
216 7 0,19 1.19 0.9 1.5
2o 3 0.17 187 0.9 1.h
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Table 12, Moan heart rete (taken by cardiac auscultation) and mean rospiratory
rate (clinical observation) in newborn Holstein calves--Group I,
experimental control calves, Control period: Group I, 0-2L0 hours;
Group II, IITI, 0-L8 hours (pre-challenge period), See Figure 2,

pege 630
Time Sample Respiratory Heart
(Hours) Size Rate Rate
6 5 57 138
2l 8 €0 125
18 8 66 135
72 5 75 132
96 5 66 121
120 5 50 100
1L 5 58 115
168 L 52 118
192 L 52 120
216 L 18 109
alo L L6 115
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Table 13, Artorial blood Pa0p and PyCOp expressed in mmHg and pH values in
newborn Holstein calf number 207-~Group II intravenous endotoxin,
See Figure 8, page 71,
Time PgOp PaCOp

(Hours) (mmHg ) (mmilg ) pH
1.0 - - -k
12,0 97.1 36,2 7.47
18,0 - -- -
36,0 8L.6 36,1 7.7
18.0 97.0 37.1 7450

71.13,0 Endotoxin Challenge
18.2 1n.s 5348 7+30
8.5 28,2 63.5 T.13
18.8 23.1 66,1 7.01
lg.2 16,2 71,1 7.01
19.7 28,1 5549 6.96
9.8 8.6 L3 7.04

12-50,0 Endotoxin Challenge
50,2 20.5 62.7 6,98
5045 17.5 7h.8 6.78
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Teble 1l;, Arteriel blood velues for total bicarbonate and base excess
expressed in mEq/L and total carbon dioxide expressed in millimoles
per liter in newborn Holsteir calf number 207=~Croup II intravenous
endotoxin, See Figure 9, page 72,

Time HCO Base Excess Total COp
(Hours) (nEq/L) (nEq/L) (/L)
1,0 - - s
12,0 25,0 2.3 26,0
18,0 : i - s
36,0 26,0 2,7 27,0
8.0 28,0 5.6 29.0
71-1;8.0 " Endotoxin Challenge
8.2 25,0 - 0.6 26,0
L8.5 - 22,0 - 6,3 2345
148.8 17.0 -13,2 17.5
lg.2 15.0 -15,7 16,5
19.7 12,0 =19.0 13,5
lg.8 11,0 -18,5 12,0
T2-50,0 Endotoxin Challenge
50,2 13,5 =17.0 15,0

3}-5 10-0 -25.0 11 05
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Table 15, Temperature expressed in centigrade and erterial bleod hemoplobin
oxypen saturation values expressed in volumes percent in newborn
Holstein calf number 207=~Group II intravenous endotoxin, See

Figure 8, page 71,

Time Temperature Hb Sat.
(Hours ) (Centigrade) §74)
1,0 - -
12,0 38.L 9540
18.0 ' - -
36.0 38.9 95.0
L8 .0 Lo.0 95.0
T1-48,0 Endotoxin Challenge
k8.2 Lo.o 75.0
L8.5 40,0 52,0
L8.8 39.9 32.0
lg.2 3949 15,0
lo.7 Lo.o 30,0
lg.8 Lo.o 80,0
T2-50,0 Endotoxin Challenge
502 Lo.o 20,0

50.5 o0 12,0
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Table 16, Arterial blood hemoglobin velues expressed in grams per 100

milliliters; end mean packed cell volume values expressed in volumes
percent of whole blood in newborn Heolstein calf nunber 207--Group I1
intravenous indotoxin, ©See Figure 10, papge 73.

Time Hemoglobin P.C.V.
(Hours) ((hns/'::t;OO ml) (Vol. %)
1.0 10.0 30,0
12,0 10,0 30.0
18,0 9.0 28,0
36,0 8.7 26,0
18,0 9.0 26.0
tloe.0 Endotoxin Challenge
I8.2 9.0 26,0
)8.5 9.0 26.0
148.8 9.0 26,0
9.2 9.0 26.0
19.7 9.0 26.0
2.8 9.0 26,0
72500 Endotoxin Challenge
50,2 9.0 26,0
50.5 9.0 26,0
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Teble 17, Serum sodium and potassium values expressed in milliequivalents per
litor in newborn Holstein calf number 207--Group II intravencus
endotoxin. See Figure 7, page 70,

Time Potassium Sodium
(Hours) (mEq/L) (mEq/L)
1,0 5.8 72.8
12,0 - 138.2
18,0 . - 152,0
36,0 Te5 13,6
18,0 Del e
71-18.0 Endotoxin Challenge
18,2 T : 103,2
Li8.5 T 151.3
18,8 ~-- -
9.2 645 119,.8
19.7 6.8 129.2
19.8 - —
12-50,0 Endotoxin Challenge
50,2 -- -

50.5 *Hemolysis 8.9 137.5




Table 18,
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Total serum protein and serum electrophoresis valuos expressed in
grams per hundred milliliters in newborn Holstein calf number 207

==Group IT intravenous endotoxin,

See Figure 11, page Tl

Time Total

(Hours) Protein  Albumin  Alpha 1 Alpha 2 Bete 1 Beta 2  Gamma
1.0 5.2 2.5 0.0 0.2 0.8 0.8 0.9
12.0 11.8 L 0,0 0.8 1.1 1,8 3.0y
18,0 1.6 543 0.0 1.0 2.2 2,0 L.
26,0 7.6 2,2 0.3 0.8 0,8 1,0 2.5
18,0 9.6 2.7 0.0 ; 18, | 5 1.6 5ol

rlal8.0 Endotoxin Challenge
18.2 6.2 1,6 0. 0.5 0.6 1,0 2.1
L8.5 6,0 1.9 0.2 0.8 0.8 0.9 Lali
1g.2 6.0 3.0 0,0 0.l 0.9 0.8 0.9
1.7 6.2 2.8 0.0 0.4 0.9 0.7 1.h4

7250 ,0 Endotoxin Challenge
5045 75 2,1 0.5 0.7 1.2 1,2 1B
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Table 19, Arterial blood PR0s, and P, COp expreased in mmHg and pH values in
newborn Holgtein calfl number 209=-Group II intravsnous endotoxin,
See Figure 13, page 79,

—— ——— -

— e

Time Palo PgCO
(Hours) (mmtg; ) (mmHg, pH
1,0 67.1 11,0 7.0
12,0 &.1 35.8 7.3
2.0 80.7 1.6 7.3
8.0 80.9 3847 7.hl
8.0 82,1 3745 7.18
tl.)3,2 Endotozin Challenge
L8.5 52,0 3845 752
L8.8 62,9 3849 7450
T2=43 9 Endotoxin Chellenge
k9.0 63.1, 3743 7.1
19.5 8.6 la.6 7.0
9.9 L2.6 L8.9 729
50.9 55.1 5545 T+39
T3-50.9 Endotoxin Challenge
51.0 9.7 3L.7 7.38
51,1 21,9 25,8 7140
51. 21,7 25.1 7ol
51.6 28,0 26,5 7436
51.3 3.6 31,5 725
52,0 3.2 31.L 7.22
hes2,1 Endotoxin Challenge
52,6 22,3 3.1 7.08
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Table 19. (Contd) Artorial blood P,0, and P,COp expressed in mmHp and pH values
in newborn Holstein calf number 209-~Group II intravenous endotoxin,
See Figurs 1%, page 79,

Timo Pa02 P_CO
(Hours) (g } (mmHg; pH

52,8 23.2 55¢6 6.9h

53.3 2h.8 74.8 6.6L

5344 23,3 81.5 6,51




Table 20, Arterial blood values for total bicarbonate and base excess
exprosased in qu/L and totnl carbon dioxide exnressed in millimoles
per liter in newborn Holstein calf nunmber 209=-=Group II intravenous
endotoxin, See Figure 1llj, page 80,

Time HCOZ Base Excess Total COp

(Hours) (rEq/L) (mEq/1L) (rm/1.)

1.0 2L.0 0.3 25.0
12,0 2L.0 0.2 25,0
21,0 2li.5 1.6 2545
18.0 26.0 2.5 27.0
8.0 2745 L.2 28.5

1i-18,2 Endotoxin Challenge
8.5 31.5 8. 32.5
Ls.8 30.0 743 31.0
721,39 Endotexin Challenge
19.0 25.5 +3.0 26.5
195 23.0 =0.5 2l,.0
19.9 22.0 -1.1 2340
50,9 22,0 -1,1 23,0
T3-50,9 Endotoxin Challenge
51,0 20.5 =2.3 21,5
5l.1 20,5 =1.7 21.5
51.4 21.0 -1,2 21,5
51.6 19.5 1.3 19.5
51,8 1,0 -11.7 1L.7
52.0 12,0 -13.9 12,5
thies2,1 Endotoxin Challenge
52,6 11,0 -16,6 12.0
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(Contd) Arterial blood values for total bicarbonate and base excoss

Table 20,
expressed in mEg/L and total carbon dioxide expressed in millimoles
per liter in newborn Holstein calf number 209-~Group II intravenous
endotoxin., See Figure 1l,, page 80,
Time HCO% Base Excess Total COp
(Hours) (mEq?L) (mEq/L) (mm/L)
52.8 10,5 -19.8 1140
5343 7.0 =223 8.5
5344 : 6.5 -32,2 7.5
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Teble 21, Meen temperature values expressed in degrees centigrade and mean
arteriel blood percent hemoglobin oxygen saturation in nowborn
Holstein calf number 209--Croup II intravenous endotoxin, See

Figure 1%, page 79

&iﬁ"&) (Cont Z::EE) e
1,0 9.2 90.0
12,0 28.3 92,0
2h.0 _ 38.8 93.0
18,0 38.6 93.0
18.0 38.9 93.0
T1-18,2 Endotoxin Challenge
LB.5 39,0 90,0
18.8 | 9.2 92,0
T2-LR .S Endotoxin Challengs
19.0 39.L | 92,0
19.5 38.7 86.0
19.2 3845 7540
50.9 38,0 87.0
T3-50,9 Endotoxin Challenge
51,0 3745 67.0
51.1 5740 50.0
51.L 36.8 50,0
51,6 36.8 50,0
51.8 26,6 72,0
5240 36.h 72.0
ph-g2,1 Endotoxin Challenge

52.6 36.0 3540
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Table 21, (Contd) Mean temperaturc values expressed in degrees centigrede end
mean arteriel blood perocent hemoglebin oxygen saturation in newborn
Holstein calf number 209-~Group II intravencus endotoxin, See

Figure 13, page 79.

Time Temperature Hb Sat,

(Hours ) (Centigrade) (%)
52.8 26,0 23,0
5343 36,0 22,0

53.L ' 26,0 17.0
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Table 22, Arterial blood hemoglobin values exprossed in grams per 100

milliliters; and mean packed cell volume values expressed in volumes
percont of whole blood in newborn Holstein calf number 209=-Group II
intravenous ondotoxin, See Figure 15, page 81,

Time Homoglobin P.C.Y,
(Hours) (Gms/100 m1) (Vol, %)
1.0 13,0 L5,0
24,0 12,0 Lo,o
18,0 12,0 38.5
L8.0 11.5 37.0
Tl-18,2 Endotoxin Challenge
L8.5 11,5 38.0
L8.8 12,0 39,0
T2-48.9 Fndotoxin Challenge
19.0 184 29,0
9.5 13.0 1.5
9.9 12,5 n.s
50 .9 12,1 29,0
73-50.9 Endotoxin Challenge
51,0 12,1 Lo,0
Sl.1 1k, 45.0
5144 14,0 45,0
51.6 14.0 L5.0
51.8 13,8 45.0
tho52,1 Endotoxin Challengo
52,2 13,2 L0
52,6 13.2 ' L5.0
52.8 13.2 L45.0
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Table 22, (Contd) Artorial blood hemoglobin wvnlues expressed in grams per 100
milliliters; and mean packed cell volume veluss expressed in volumss
percent of whole blood in newborn Holstein calf number 209--Group II
intravenous endotoxin, See Figure 15, page 81,

Time Hemoglobin P.C.V,
(Hours) (Gmsﬁoo ml) (Vol. %)
5%e3 13,2 L5.0

534 13,2 L5.0
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Table 23, Serun sodium and potassium values expressed in milliequivalents
per liter in newborn Holstein calf number 209--Group II intravenous
endotoxin, See Figure 12, page 78,
Time Potassium Sodiun
(Hours) (mEq/L) (mEq/L)
1.0 0.0 137.4
12,0 8.9 1g.0
2h,0 5.8 116.)
8.0 -- 1L0.L
8.0 -- 140.0
7l)3,2 Endotoxin Challenge
18.5 - --
8.8 6.1 12h.L
T2-,8,9 Endotoxin Challenge
1940 -- --
19.5 5elt 146.2
19.9 s e
50.9 -- 13442
73-50,9 Endotoxin Challenge
51.0 5.6 146.3
51.1 - -
51.L -- -
51.6 - -
51.8 5e3 1L2.8
52.0 - -
those 1 Endotoxin Challenge

52.6
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Table 2%, (Contd) Serum sodium and potassium values exprossed in milliequiv=-
alents per liter in newborn Holstein calf number 209--Group II
intravenous endotoxin, See Figure 12, page 78,

Time Potassiun Sodium
(Hours) (mEq/L) (mEq/L)
52.8 - —
53.3 e —

53414

8.6 151.6
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Table 2. Total serum protein and serum electrophoresis values expressed in
grams per hundred milliliters in newborn Holstein calf number 209=--
Group II intravenous endotoxin, See Figure 16, page 82,

Time Total
(Hours) Protein Albunin Alpha 1 Alrha 2 Bete 1 Beta 2 Garma

j 2 5.7 17 0,2 0.6 0.8 0.7 0.9
12,0 6,2 T.hy Bl 0.9 0.7 0.8 2.3
21,0 8.8 1.9 0.3 0.9 0.9 1.0 3.8
L8.0 8.3 2.6 0.0 05 045 1x) 3.6
T1-18,2 Endotoxin Challenge

18,8 12.L 3.0 0.0 141 1,2 2.2 L6
T2-L8 .9 Endotoxin Challenge

19.5 8.3 2.5 0.3 0.L 0.7 1.4 3.0

509 8.9 2,6 0,0 0,8 0,8 1.2 345
T5=50.,9 Endotoxin Challenge

51,0 8.6 2.5 0,3 0.L 0.8 142 3als
those,1 Endotoxin Challenge

53.h 9-0 2-5 Ola 006 0-9 10’4 Bih
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Table 25, Artorial blood PaOp and PaCOp expressed in mmHg and pH values in
newborn Holstein Calf number 210-=Group II intravenous endotoxin,
See Figure 18, page 86,

(Fours) (roite) (i) o
1.0 Teuls Lh2,0 739
6.0 71.9 L3.5 739
18.0 70,2 LL.5 7.2
18.0 7742 3545 7.6
18.0 8543 3.2 7452
11-18,1 Endotoxin Challenge
18.7 L6.6 L6.5 7.58
lg .0 B 39.7 Told
19.3 6.6 36,5 Talid
9. 6Ll ln.o 7.L0
19.5 L8.7 50.5 7433
9.7 55 11 L5.0 7.36
T2-19.,8 Endotoxin Challenge
9.9 5.1 Lo.2 T+33
50,1 63.7 3.6 7.31
5042 63.7 L3.6 7431
50,6 0.0 3.1 7431
13-50,7 Endotoxin Challenge
50.8 60,0 Li,8 731
51.0 9.7 1843 7.26
51.1 32.6 6.7 782
51.2 36.L | 61.9 7.13

51.5 38.3 63,1 7.1%
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Table 25, (Contd) Arterial blood Pa0s and P4COn expressed in mmHg and pH values
in newborn Holstein calf number 210--Group II intravenous endotoxin,
See Figure 18, page 86,

(Houra) (s (raiic o
51.8 51,2 19.5 7.18
52,0 L2,5 L5.9 721

ths2,0 Endotoxin Challenge
52.1 35.4L L7.7 723
52.4 27.8 5047 7.18
52,6 30.5 50.7 T.12
52.8 29,0 5L.8 7413

52.9 20,6 50.8 Tl
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Table 26, Arterial blood wnlues for total bicarbonate and base excess expressed
in mEq/i and total carbon dioxide expressed in millimoles per liter
in newborn Holstein calf number 210--=Group II intravenous endotoxin,
See Figure 19, page 87,

Time HCO3Z Base Excess Total COp
(Hours) (mEq/L) (mEq/L) (mmol/L)
1,0 2l1.5 042 25.5
0.6 25.5 1.3 26,5
18,0 26.5 243 2745
18,0 23.5 0,2 2he5
1.0 26.5 L6 27.5
T1-18,0 Endotoxin Challenge
18.7 25.5 1.5 26.5
19,0 27.0 2.6 28,0
6.3 22,5 0.8 2345
o 25.5 1.2 26.5
19.5 26,0 0.4 27.0
9.7 2.0 0.7 25.5
T2-19.8 Fndotoxin Challenge
18.9 20.0 =he7 21,0
50.1 2l.5 =347 22,5
50.2 21.5 =37 22,5
50,6 21.5 wJel 22.5
T3-50,7 Endotoxin Challenge
50 .8 20.5 U7 21.5
51,0 20,5 -6.l 21.5
5Ll 20,5 =6 21,5

51.2 20,0 -8.0 22,0
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Table 26, (Contd) Arterial blood walues for total bicarbonate and base excess
expressad in mEq/L end total carbon dioxide expressed in millimoles
per liter in newborn Holstein calf number 210--Group II intravenous
endotoxin, See Figure 19, page 87,

Time HCO3Z Base Excess Total CO
(Hours) (mEq/L) (mEq/L) (mmol/L?
5ls5 20.5 -8,0 22,0
51.8 13.0 9. 195
52,0 18,0 =7.5 19,0

TL‘-52.0 Endotoxin Challenge
52,1 19.5 % 20.5
2.4 18,5 =10.2 20,0
52.6 16.0 -13,2 y Iy
52.8 17.5 -11,8 19,5
524 1L4.5 =-13.,0 16.0




Table 27. Mean temperature values expressed in degrees ceontigrade and mean
arterial blood percent hemoglobin oxypoen saturation in newborn
Holstein calf number 210=<Group II intravenous endotoxin, See
Figure 18, page 86,

Time Temperature Hb Sat,
(Hours) (Centigrade) (%)
1.0 38.9 92,0
6.0 389 92.0
18,0 | 38.9 91.0
L3.0 38.8 9L.0
L8.0 3849 95.0
Tl-18.1 Endotoxin Challenge
18.7 39.7 82,0
19,0 393 90.0
19.3 9.0 91.0
o 38.8 91,0
1945 38.8 80,0
19.7 28.8 85.0
2-19.8 Endotoxin Challenge
19.9 38.3 85.0
50.1 3843 85.0
50.2 38.3 85.0
5046 28,0 8L,0
73=50,7 Endotoxin Challenge
50.8 3745 8L.0
51,0 312 60.0
51.1 36.9 5.0

51.2 36,6 60,0
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Table 27. (Contd) Mean temperature values expressed in degrees centigrade and
mean arterial blood poercent hemoglobin oxygen seturation in newbornm
Holstein calf number 210--Group II intravenous endotoxin, See

Figure 18, page 86,

Time Temperature Hb Sat.
(Hours) (Centigrade) (%)
51.8 36.L é2.0
52,0 36.1 7540
th-52,0 Endotoxin Challenge

52.1 3549 72.0




Table 28,
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Arterial blood hemoglobin values expressed in grems per 100
milliliters; and mesn packed cell velume vealues expressed in volumes
percent of whole blood in newborn Holstein calf number 210==Group II
intravenous endotoxin., See Figure 20, pago 88,

Time Hemoglobin PV
(Hours) (Gms/100 ml) (Vol, %)
1,0 10,7 38,0
6.0 9.0 3340
18,0 9.2 331
18,0 8.2 31,0
L8.0 8.1 29.0
11-18.,1 Endotoxin Challenge
L8.7 8.7 31,0
19.0 8.2 30,0
19.3 8.2 30,0
oL 8.2 20,0
19.5 8.1 29,0
197 8.L 30.0
T2-19.8 Endotoxin Challenge
19 .9 8. 3040
50.1 8. | 30.5
5042 8.h 20,6
5046 8.5 3045
15-50,7 Endotoxin Challenge
50,8 8.6 31,0
51.0 8.6 31,0
51,1 8.7 31.0
51,2 8.5 31.0
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Table 28, (Contd) Artorial blood hemoglobin values expressed in grams per 100
milliliters; and mean packed cell volume values expressed in volumes
percent of whole blood in newborn Holstein calf number 210-~Group II
intravenous endotoxin., See Figurs 20, page 88,

Time Hemoglobin P.C.V,
(Hours) (Gms /100 ml) (Vol, %)
51 '5 8 .7 31 .O
51 .B 8.? 31 '0
52.0 8.7 31,0

rh-52,0 Endotoxin Challenge
52,1 8.7 31,0
52.11. 8 -? 31 «0
52,6 8.7 31.0
52,8 8.7 31,0
529 8.7 32,0
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Teble 29, Serum sodium and potasnium velues expressed in milliequivalents per
liter in newborn Holstein calf numbor 210=-Croup II intravencus
endotoxin, See Figure 17, page 85.
Time Potassium Sodium
(Hours) (mEq/L) (mEq/L)
1.0 5.7 14343
6,0 . i
18,0 Bl 136,6
18.0 Loy 121.,0
8.0 L.7 128,L
Tlol8 .1 Endotoxin Challenge
1B.7 5.0 133.2
ls.0 L2 129.5
1943 w -
lg.L -- --
l9.5 - =
1o.7 haly 18,1
T2-1,9 8 Endotoxin Challenge
19.9 - --
50.1 L2 1h0 .2
F0.2 - s
50.6 e -
73-50.7 Endotoxin Chellenge
50 .8 - s
51.0 -- --
51 . - -
51,2 k.l 136,8

5l.5
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Table 29, (Contd) Serum sodium and potessium values oxpressed in millieguiv-
alents per liter in newborn Holstein calf number 210«~-Group II
intravenous endotoxin, See Figure 17, page 8L,

Time Potassium Sodium
(Hours) (mEq/L) (nEq/L)
51.8 - pd
5240 - e

thse 0 Endotoxin Challenge
52.1 - -
52.l; s -
52,6 - -
52.5 - o
52.6 Sel4 137.4
52.8 - e

529
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Table 30, Total serum protein and serum electrophorssis values expressed in
grans psr hundred milliliters in newborn Holstein calf numbsr 210=-
Group II intravenous endotoxin, See Figure 21, page 89.

Time Total
(Hours) Protein Albunin Alpha 1 Alpha 2 Beta 1 Beta 2 Gamma
p p

1.0 542 27 0,1 0.8 0.L 0.7 0.5
0,6 .- - - -- - - -
18,0 5.6 1,5 0. 0.5 045 0.8 1.9
21,.0 e = e - - — -
18,0 10,2 3.9 == 0.9 0.7 L. 343
L8.0 L.8 1.5 0.2 0.6 0.5 0.7 1.h
rlo)38,1 Endotoxin Challenge
8.7 10.0 3 0.4 I | 0,8 1.5 2.8
19.0 5¢5 1.6 0.2 0.5 0.7 0.8 1.7
9.7 Sali 147 0,2 0.y 0,6 0.8 1.7
72-19.8 Endotoxin Challenge
50.1 L7 1.7 0.1 0.6 0.L 0,7 1.2
15-50,7 Endotoxin Challenge
51.2 542 146 0.3 0.5 0.6 0.8 1.L
th-52,0 Endotoxin Challenge

52.6 5Ji 1.5 0.1 0,7 0.6 0.8 4
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Table 31, Arterisl blood Po0p and PaCOp expressed in rmFg and pH values in
newborn Holstein calf number 216--Group II intraverous endotoxin,
Seo Figure 23, page 92,
Time PaOp PaCOp
(Hours ) (mmHg; ) (g, ) pi
1,0 - . -
18,0 9.3 18.0 7450
2l.0 79.8 L6.0 7452
L8.0 797 L5.9 79
7118 ,0 Endotoxin Challenge
L8.1 - - --
18,2 31,1 h7.5 7.7
181 31.8 5348 Te37
18 .6 31.7 5 .8 7 .28
8.9 23.6 &2, 7.16
9.1 29.7 7742 712
lg.h 22,2 81.L 6,91
197 2743 8L.0 6,92
72-19.,8 Endotoxin Challenge

lg.o 19.6 92,5 6,78
50.2 8.6 9.9 6.12




193

Teble 32, Arterisl blood velues for total bicarbonate and base excescs expressed
in mEq/L end totel carbon dioxide expressed in millimoles per liter
in newborn Holstein calf number 216--Group II intravenous endotoxin,
See Figure 2L, page 93,

Time ' HCOZ Base Excoss Total COp
(Hours) (mEq/L) (mEq/L) (zmn /L)
1.0 - oo o
18,0 26,0 11,0 37.0
2l,0 3740 12,0 38,0
18,0 3440 9.0 3540
Ti-18.1 Endotoxin Challenge
8.2 29,0 8,5 30,0
18 30.7 6.y 32,0
18 .6 26,5 0.0 28,0
18.9 20,0 - Te5 22,0
19.) 22,0 - 745 21,0
L9 16,5 =10,6 18.5
19,7 16,3 -18,0 18,0
12-10.8 Endotoxin Challenge
lg.0 12,8 =20,6 1L.5

50 o2 605 '32 03 7 -8
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Table 33, Mean temporature values expressed in degrees centigrade and mean
arterial blood percent hemoglobin oxygen saturation in newborn
Holstein calf number 216—--Group II intravenous endotoxin, See
Figure 2%, page 92,

Time Temperature Hb Sat,
(Hours) (Centigrads) (%)
1,0 = -
18.0 .U 92,0
21,0 | 3942 93.0
L8.0 393 99.0
ri.18.,0 Fndotoxin Challenge
L. - --
18.2 39.6 77.0
18 392 €5.0
8.6 39.4 60.0
8.9 9.5 55.0
9.1 39.6 55.0
19.; 39.3 10.0
19.7 9.0 25,0
72-19.8 Endotoxin Challenge
le.9 9.0 25.0

50.2 39.0 15,0
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Teble 3L, Arteriel blood hemoglobin velues expressed in grams per 100
milliliters; &nd meen packed cell volume values expressed in volumes
percent of whole blood ir newborn Holstein calf number 216-~Group II
intravenocus endotoxin, See Figure 25, page 9li.
Time Hemoglobin P.LGVe
(Hours) (Gms/100 ml) (Vol., %)
1.0 10,7 36,0
18,0 10,7 36,0
ah,0 10.7 3L.40
L8.0 9,2 31,0
rl.18.,0 Endotoxin Challenge
8.1 10.7 3440
18,2 10.7 3h.0
181 11.0 ] 38..0
18,6 10,1 3440
18,9 10.1 3L4.0
19,1 10,1 3h,40
9. 10.L 33,0
9.7 9.5 31.0
72-19,2 Endotoxin Challenge
lo.o 9.5 31.0
50.2 10,1 31.0
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Table 35, Serum sodium and potessium veluos expressed in milliequivalents per
litor in newborn Holstein calf number 216-=Group II intravenous

endotoxin., See Figure 22, page 91,

Time Potassium

Sodium

(Hours) (mEq/L) (mEq/L)
1,0 8.0 1146.0
18,0 5e3 128,0
21,0 6.y 1429
18,0 ' L8 129,0
rl.18.0 Endotoxin Challenge
18,1 5.1 131 .5
L8.2 5elt 137.0
18,1, L.6 125,0
8.6 L9 125,0
18,0 6.6 133,0
19.1 -- --
L9 .L 5.6 132,0
1947 6.6 1410
72-19 .8 Endotoxin Challenge
loo -- -
502 L8 138.,0




Table 36,
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Totel serum protein and serum electrophoresis wvalues expressed in

grems per hundred milliliters in newborn Holstein calf number 216-=
See Figure 26, page 95,

Group II intravenous endotoxin,

Time Total
(Hours) Protein Albumin Alpha 1 Alphs 2 Beta 1 Beta 2 Gamma
1,0 L6 2. 0.2 1.0 0.1 0.6 0.3
6.0 - - -— ~— - _— -
12,0 -- -- - i o - i
18,0 1L 3.8 B2 1,2 140 1.6 3.6
21,0 9.8 343 0.2 2,0 0.3 1,1 2.9
8.0 6.7 Be5 0,1 1,3 0,2 0.9 1.7
T1-18.0 Endotoxin Challenge
L8.1 7.1 2eh 0.1 1.5 0.2 1,0 1,9
1.2 8.4 32 0.2 1.6 0. Tyl 1.9
18.L By 2.6 0.1 1.9 0.1 1.L 2.6
1B.6 5.6 2.3 s | 1.L 0.1 0.2 1e5
18.9 7.4 2.h 8.7 0.9 1.0 13 1.1
19.L 6.1 1,8 0.1 1,2 0.3 1.0 1.7
9.7 6.0 2.2 0.1 1.2 0,2 0.8 1.5
T2-1 .8 Endotoxin Chellenge
50,2 5.6 2.0 0.1 1.0 0.2 0.7 16
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Teble 37, Arterial blood P,0o and PaCO2 expressed in mmlily and pH velues in
newborn Holsteir calf number 31%=-Group III oral endotoxin, See

Figure 28, page 99,

Time PeOp Py CO
(Hours) (g, ) (rmHg; pH
6.0 90.7 L7 .5 7.L0
2l,,0 76.1 la. 757
L8.o 89.3 L2.9 7els2
T1-18,0 ' Endotoxin Challenge
19.0 86.7 9.1 T2
60,0 82.9 La .l 7eli3
7240 T5els L2,0 7.5
96.0 Blills L2,5 77
T2=96,2 Endotoxin Challenge
9645 86,3 Le.5 7.8
9745 85.3 k2.0 7.8
999 83.7 Lé.0 7.8

120,40 51.9 Lo.8 7.L8
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‘Table 38, Arteriel blood walues for total bicarbonete and base excess expressed
in mEq/L and total carbon dioxide expressed in millimoles per liter
in nowborn Holstein calf number %413%=-Group III oral endotoxin, See
Figure 29, page 100,

Time HCO3 Base Excess Total CO
(Hours) (mEq/L) (mEq/L) (mmol/i§
6.0 275 3.0 29.0
2L,0 3640 13,0 7.0
L8.0 , 27.5 3.0 28.5

71-1,8.0 Endotoxin Challenge
19.0 31,0 6.0 32,0
60.0 27.0 3.0 28.0
72.0 28,0 L.5 29.0
96,0 31.0 7.2 32,0
12062 Endotoxin Challenge
96.5 31.3 7.0 32.3
975 31.3 740 7243
9.9 3340 9.0 3L.0

120.,0 29,0 6,0 70.0
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Tablo 39, Temperaturo expressed in centigrade and arterial blood hemoglobin
oxygen saturation values expressed in volumes percent ln newborm
Holstsin calf number 313=-Group III oral endotoxin. See Figurs 28,

page 99,
Time R “Temper:t_ure o Ho Sat,
(Hours )_ (Centigrade) (%)
1,0 - —

6.0 7943 95.0
2.0 39.7 93.0
18,0 9.4 94,0

T1-18,1 Endotoxin Challenge
lg.0 Lo .0 93.0
60,0 9.7 9340
72,0 39,0 92,0
96,0 38.9 93.0

72-96,2 Endotoxin Challengs
96.5 0.2 9340
97«5 38.9 93.0
9.9 Lo.,0 93,0

120,0 Lo .0 90.0
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Table l;0, Arterial blood hemoglobin wvaluos expressed in grems per 100
milliliters; and moun paoked cell volume values expressed in volumes
percent of whole blood in newborn Holstein calf number 31%--Group
III oral endotoxin. See Figure 30, page 101,

—

e —

Tinme Hemoglobin P.C.Y,
(Hours) _ ____(_Gms/loo ml) (Vol, %)
1.0 15.3 L6.,0
6.0 15.3 L6.0
2l.,0 13.0 L3.5
8.0 13.6 L7.0
7i-18.1 Endotoxin Challenge
9.0 14,1 Lé.0
60,0 13.6 L3.0
72.0 1)i:2 L ,0
96,0 12,7 h2,0
12062 Endotoxin Challenge
96,5 13,0 .o
9745 13.h L340
9.9 12,5 la.0

120.,0 14,0 L5,0
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Table L1, Serum sodium and potassium velues expressed in milliequivalents per
liter in newborn Holstein calf number 313--Group III oral endotoxin,

See Figure 27, page 98,

Time Potassium Sodium
(Hours) (mEq/L) (mEq/L)
1,0 5el 150.5
6,0 5.8 1,6
2;,0 8.l 137.0
18.0 ' 9.7 165.8
T1-18,1 Endotoxin Challenge
l9.0 | 7.8 154.6
€0.,0 e 1hlok
72.0 8.2 1.7
96,0 6.6 1,7
12-06,2 Endotoxin Challenge
96.5 6.1 12,0
975 e e
9.9 7.0 125,0

120.0 L.8 1L6,0
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Table 2, Total serum protein and serum electrophoresis values expressed in
grams per hundred milliliters in newborn Holstein calf number 31%Z--
Group III oral endotoxin, See Figure 31, page 102,

Time Total
(Hours) Protein Albumin Alphe 1 Alphe 2 Beta 1 Beta 2 Garma
1,0 5.5 2.1 0.8 0.8 0.9 0.6 0.3
6.0 52 2.0 0.L 045 0.6 0.6 151
el,o 8.4 2,8 0.0 1.0 0.9 1.3 24
1B8.0 7t 2.8 0.0 0.7 0.9 1.1 1.9
Tl-18.1 Endotoxin Challenge
lg.0 D 3aly 0.0 1,0 1,0 1.5 2.6
60.0 749 2.8 0,2 1.1 0.9 1,0 1.9
72.0 6.3 3,0 0.0 0.6 0,5 1.0 1.2
96.0 5.8 1.8 0.1 1,0 0.5 0.9 1.5
T2-06,2 Endotoxin Challenge
96.5 6.8 2,6 0.2 1,2 0.3 0.9 1.6
975 6.3 2.1 s e 1.3 0.3 0.9 1.6
9.9 5.5 2.1 0,1 1,0 0.3 0.7 1.3

120.0 55 243 0.1 1.2 0.3 0.9 0.7
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Table L3, Artorial blood PgOp and PgCOp expressed in mmHy and pH values in
newborn Holstein calf number 31lj=-Group IIT oral endotoxin, Seo
Figure 33, page 105,
(Hours) (i) I i
1.0 - . -
18,0 50.7 6L.0 (N
24,0 148.3 66,3 7.36
36.0 83.0 3945 75
18,0 86,2 L340 747
Tl8,1 Endotoxin Challsnge
1842 7846 Lh.6 7.L8
13,7 76.4 L6.5 Tol0
51.7 76,0 52,3 77
STe7 o - -
7240 7846 k8.0 T.51
96.0 776 38.5 7451
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Table ;. Arterial blood values for total bicarbonato and base excass
exprossed in mEq/L and total carbon dioxide exprossed in millimolss
per liter in newborn Holstein ecalf number 3llj=-Group IIT oral
endotoxin. See Fipure 3L, page 106,

Tims HCO3 Base Excess Total COp
(Hours) (mEq/L) (mEq/L) (rmo1/L)
18,0 oo 2.0 1.5
21,0 37.0 L.8 39.0
3640 27.0 3.0 28,0
8.0 30,7 72 32,0

rl18,.1 Endotoxin Challenge
Ls,2 32,5 8,7 3345
18.7 35.0 10,8 26,0
51.7 38.0 11,0 39.0
57«7 -- - e
72,0 38.3 13.0 39.5
96.0 30.5 7.0 31l.L
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Table L}5, Mean temporature valucs expressed in degrees centipgrade eand meen
arteriel bloocd percent hemoglebin oxygen saturation in newborn
Holstein calf numbor 31l--Group III oral endotoxin, See Figure 33,
page 105,
Time Temperature Hb Sat,
(Hours) (Centigrade) (%)
18,0 28 .9 86,0
2l,,0 38.9 82,0
36.0 38.8 93,0
8.0 3.l 9540
Ti-18.1 Endotoxin Challenge
L8.2 3843 93.0
18.7 3843 91.0
51.7 3843 93.0
577 = e
72,0 39.0 ali,0
96.0 39.0 9340
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Table 6., Artorial blood hemoglobin values expressed in grams per 100
milliliters; esnd mean packed cell volume wvalues expressed in volumes
percent of whole blood in newborn Holstein calf number 3ll=--Group
III oral endotoxin, See Figzure 35, page 107.

Time Hemoglobin P.C.V.
(Hours) (Gms/100 ml) (Vol, %)
18,0 1h,1 3340
24,0 9.7 32,0
3640 8.4 28.5
8.0 8.5 28.5
T8, Endotoxin Challenge
8.2 9,2 30.0
8.7 9.2 30,0
51.7 9.1 20,0
577 9.0 30.0
72,0 9.0 30,0

96,0 9.8 31,0
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Table ;7. Serum sodium and potassium values expressed in milliequivalents per
litor in newborn Holatein calf numbar 31).;—-’3—roup IJTI oral endotoxin,
See Figure 32, page 10l

- A A i U i st e - - i —
- —n —— - — i — T - e oy o ——

Time Potasaium Sodiunm
(Hours) (mEq/L) ___(mBq/1)
18,0 745 145.5
2,.0 7.0 9.7
36,0 : 545 1aa
)8.0 Hem, 125.0
Til8.1 Endotoxin Challenge
18.2 - -
18.7 Hem, 125.6
5l.7 8.l 119.0
577 945 167.6
72,0 Tt 156.0

96,0 5.1 113,0




Table |8, Totel serum protein and serum electrophoresis values expressed in
grems per hundred milliliters in newborn Holstein calf number 31L--
Group III orsl endotoxin., See Figure 36, page 108,

Time Totel
(Hours) Protein Albumin Alpha 1 Alpha 2 Beta 1 Bete 2 Gamme

1.0 - - -- - - - --
18,0 6.7 3.3 0,0 0.7 0.7 1.3 0.7
2L,0 5el 2,2 0.0 0.6 0.5 1,0 1.1
36,0 6.7 342 0,0 0.7 0.5 1.1 1.2
8.0 54 1.7 0.0 1.0 0.9 0.8 1,0
8.0 8.0 3.2 0.0 0.6 1,6 14 1.5

71-18,1 Endotoxin Chellenge '
L8.2 -- -- -- -- -- -- -
L8.7 5.4 2,2 0.0 0.5 1.0 0.8 0,9
51.7 6.9 2.7 0,0 0.6 1.4 ; W s P
57 o7 540 1.8 0.0 0.7 1.0 0.7 0.8
72,0 3.8 1.6 0,1 0.8 0.1 0.6 0.6

96.0 L.8 2.1 03 1.1 0.2 0.8 0.5
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Table 19, Arterial blood Pa0p and PyCOo expressed in mmig end pH values in

newborn Holstein calf numbor 315--=Group III oral endotoxin,

Figure 38, page 112,

See

(Hours) (i) (raic) i
1.0 - - —
12,0 s s -
18.0 - The5 Li5.5 7.45
24,0 80.4 Lo.3 7445
L8,0 7543 377 Tols2
rlasa Endotoxin Challsnge

L8,.6 76.6 35.8 7.2
9.5 52,6 0,9 739
5347 L5.9 36.8 T35
5B.2 li7.2 35.6 7.2h
5.2 21.7 8.0 6434
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Table 50, Arterial blood values for total bicarbonate and base excess expressed
in mPq/L end total carbon dioxide expressed in millimoles per liter
in newborn Holstein calf number 315=-~Group III oral endotoxin, See
Figure 39, page 113,

Time HCO3 Base Excess Total CO
(Fours) (mEq/L) (nEq/L) (mo1 1]
1.0 -- - -
18.0 30,0 6.0 31,0
2L.0 , 32,0 8.7 33.0
18,0 22.5 - 1,0 2345

Tl.)8,1 Fndotoxin Challenge
18.6 22.5 - 1,0 2345
19.5 2h.3 - 1.0 25.5
5347 : 20,0 - 5,0 21,0
58.2 14.0 -11.2 16.0

59,1 5.0 =33 ,5 6.0




212

Table 51, Meen temperature values expressed in degrees centigrade and mean
arterianl blood percent hemoglobin oxygen saturatior in newborn
Holstein calf number 315--Group III oral endotoxin, See Figure 38,

page 112,
Time Temperature Hb Sat,
(Hours) (Centigrade) (%)
1.0 -- -
12,0 - -
18,0 ' 29.7 92.0
el,0 3947 92,0
18,0 39.7 92,0
1181 Endotoxin Challenge
L8.6 39l 92,0
1.5 3.5 8740
5347 39.4 80,0
58.2 37.8 7340

59 02 37 -0 20 .0
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Table 52, Arteriel blood hemoglobin values exprossed in grams per 100
milliliters; and mean packed cell volume velues expressed in volumes
percent of whole blood in newborn Holstein calf number 315--Croup
III oral endotoxin, See Figure L0, page 11ll,

(o) st ) (vo1. %)
1,0 9.2 31.0
12,0 9.2 31,0
18.0 ' 9.2 32,5
24,0 10,0 30.5
1.0 | 12,0 3745

rl8.1 Endotoxin Challenge
L8.6 12,5 10,0
19.5 12,0 Lo.5
5347 12,5 50 .5
8.2 1.7 L7.0

59.1 12,7 L0.0
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Table 53, Serum sodium and potassium values expressed in milliequivalents per
liter in newborn Holstein calf number 315--Croup III oral endotoxin,
See Figure 37, page 111,

o

Time Potessium Sodium

(Hours) (mEq/L) (mEq/L)
1.0 545 Ua.7
12,0 St 110.8
18,0 55 1.7
21,0 - 6.3 122,82
8.0 6,0 12};,0

11.18.1 Endotoxin Challenge
8.6 e -

19.5 , 12,7 205.0
53,7 8.0 139.6
58.2 8.6 1540

59.1 14.8 56,0
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Teble 5, Total serum protein and serum electrophoresis valuos expressed in
grams per hundred milliliters in newborn Holetein celf number 315=--
Group III orel endotoxin, See Figure L1, page 115.

Time Total
(Hours) Protein  Albumin  Alpha 1 Alpha 2 Beta 1  Bete 2  Germa
1,0 11,3 L. 0.6 1.6 1,0 1.5 2.5
12,0 5.8 2,3 0.2 0.7 0.7 0.7 1.2
18,0 11,3 kT 0. 2.8 0.9 1.L Lol
21,0 L6 2.8 0.2 0.5 0.2 0.7 0.2
18,0 L.L 2,0 0.1 B | 0.2 0.5 0,5
T1-18.,1 Endotoxin Challenge
19.5 L.6 2,2 0.1 0.9 0.5 0.6 0.3
537 6.3 2.k 0.1 1.3 0.2 1,0 1.3
58,2 L.5 2.0 0.0 0.6 0.6 0.7 0,6

59.1 5.5 245 0.1 1.k 0.2 0.6 0.9
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Table 55. Arterial blood Py0p2 end PeCO2 expressed in mmiy and pH walues in
newborn Holstein calf number 317==Croup III oral endotoxin, See
Figure L3, page 117,
Time PaOs PaCO
(Hours) (rmHg; ) (mmHg% pH
1.0 - - -
6.0 7841 L6.5 7ol
18,0 88.L o6 Te53
18,0 80.1 Ll0 7.46
T1-18.1 Endotoxin Challenge
18,2 8L,0 Llio5 Te53
L8.5 85.1 L6.5 Te53
8.2 8lLi.1 51.0 To5h
oo 90,6 51.0 To5L
Sl.7 92,9 L5.0 Te55
67.L 8L.9 Lo 6 7.5k
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Table 56, Arterial blood values for total bicarbonate end base excess expressed
in mEq/L and totsl carbon dioxide expressed in millimoles per liter
in newborn Holstein calf number 317=-~Group 1II oral endotoxin, See

Figure L4, page 118,

(Fours) (e A ol /3
1,0 - - -
6.0 29,0 2.5 31.0

18,0 . 32,0 8.5 32,5
L8.0 29.0 2.5 3040
rlo)8.1 Endotoxin Challenge
8.2 35.0 8.5 38,0
18,5 36.0 845 3745
18,9 : Lo.0 9.5 l1.5
19.9 L5.0 G5 L7.5
51.7 3L45 8.5 35.5

67l 3240 8.5 32,5
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Teble 57. Mean temperature valuos expressed in degrees centiprade and mean
arteriel blood percent hemoglobin oxygen saturation in newborn
Holstein calf number 317--Group III oral endotoxin, See Figure L3,

page 117,

Time Temperature Hb Sat,
(Hours) (Centigrade) 4
1,0 - -
6.0 38.8 9.2
18.0 38.9 9.4
18,0 3846 . 9.2

T1-18.1 Endotoxin Challenge

B2 38.8 9.
18.5 38.8 9.
8.9 38.9 9.
l9.9 389 9.5
51.7 390 9.5

57 Lt 38.6 9.bs
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Table 58, Arterial blood hemoglobin values expressed in grams per 100
milliliters; and mean packed cell volume values expressed in volumes
percont of whole bleood in newborn Holstein calf number 317=--Group
III oral endotoxin, See Figure L5, page 119,

Time T Temoglobin T e,
(Hours) _‘ijs 100 ml) o (Vol, %)
1,0 6.5 21,0
6.0 5.6 19,0
18,0 Gal 18,0
18,0 545 18,0

Tlls .1 Endotoxin Challenge
18,2 540 16,0
1B.5 5e3 18.0
8.9 5e2 YEE
lo.9 5.3 16.0
5147 5¢5 18.0
67.4 L9 15.0

—— - A B Bl Tl e B L - arr——



Table 59, Serum sodium and potassium velues expressed in milliequivalents per
liter in newborn Holstein calf number 317--Group III oral endotoxin,

See Figure L2, page 116,

Time Potessium Sodium
(Hours) (mEq/L) (mEq/L)
1.0 6.3 176.0
0.6 5¢0 113.0
18,0 8.0 -
18,0 - 10,0 s
71.18.1 Endotoxin Challenge
18.2 640 136.1
LB.5 8.6 11,0
L8 .9 | 9.1 ==
199 _ == -
51,7 L.8 122.5

67.L e 1hh0
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Table 0. Total serum protein and serum electrophoresis values expressed in
grams per hundred milliliters in newborn Holstein calf number 317=-=-
Group III orel endotoxin, See Figure L6, page 120,

Time Totel
(Hours) Protein Albumin Alpha 1 Alpha 2 Beta 1 Beta 2 Gamme.

1.0 5e5 2.1 0.3 0.8 0.5 0.7 1,1

6.0 6.9 2,5 0.2 0.7 0.3 0.8 2.0
18.0 6.9 2.8 0.2 o.: 0.2 1.1 2.2
L8.0 149 L.3 0.0 1,7 1.5 2.5 5.0

T1-18.1 Endotoxin Challenge

18.2 10,2 3,0 0.5 0,6 0,9 1.6 3.6
8.5 13.6 Ll 0.7 0.7 1.3 2., Ll
8.9 1L.8 3.7 1.L 0.9 2.L 3.6 2.8
51.7 11l o 1.0 0.8 8 Ful 1,6

6751 12,6 3.8 0.1 2,5 0,5 2.2 343




*The following calf and sample hour sodium and potassium were run on

Coleman Flame Photometer Model 21:

e
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18.0
53.7
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Fifteen newborn holstein calves were studied to determine normal mean
values for arterial blood gases, pH, base excess, total bicarbonate, total
carbon dioxide, hemoglobin and packed cell volume, Simultaneous serum values
for sodium, potassium end protein were also made, These values were determined
at 6 hour intervals from 1 to 2l hours of age, at 12 hour intervals from 2], to
I8 hours of age and at 2l hour intervals from LB to 2L0 hours of ege. Rectal
temperatures and heart rates were also recorded for the respective time
periods,

Eight of these calves were challenged with £, coli endotoxin, B-055:B5
Difco Laboratories, at 18+ hours of age and these same parameters were serially
determined,

The challenge calves were divided into two groups: Group II, intravenous
challenge calves and Group III, oral challenge calves, Values obtained on
these calves between 1 and 8 hours of age were used in determination of mean
values for this time period, Normal mean values were pooled and classed as
Group I, control calves,

To obtain arterial blood samples all calves were cammulated via the
saphenous and femoral artery with a polyehtelyene cathetor, The tip was
projected into the dorsal smorta to a level distal to the renal arteries, This
cannula was also used to administer the intravenous endotoxin when given to
Group II calves, It was sutured in place with polypropylene suture and remained
as such throughout the experimental period, with little or no complications,

Control calves, Group I, showed marked instability during early life in
all parameters studied, Thers was considerable variation in the approximate
hour of stabilization for the individual perimeters.

Intravenous challenge calves, Group II, showed mild to severe progressive



endotoxin shock and marked deleterious respiratory pattern changes post=-
challenge, This change occurred as a result of the endotoxin effect on the
central nervous system respiratory centers, There were correspondingly marked
deleterious effects on blood gases and acid-base balance, Early mild respira=
tory acidosis and a delayed but simultaneocus metabolic acidosis, coupled with
hypoxia effected death of the animal, Circulatory complications were of
undeterminable magnitude,

Sodium values were trinsiently affected, there being a marked reduction
immediately post challenge, Hemoconcentration end regular potassium changes
were not evident,

Clinical observations in the intravenous challenge calves showed marked
central nervous system disturbances evidenced by early loss of muscle tonse,
depression, weakness, recumbency and persistance of & cutaneous trunchi spinal
reflex,

Oral endotoxin challenge in three of the four calves in Group III produced
clinical indications of transient apprehension., The changes in the perimeters
studied were a mild persistent elevation in base excess and pH, coupled with a
mild transient increased PgCO2, The fourth calf in this group developed a
severe case of enteritis just prior to endotoxin challenge and its response was

similar to the intravenous challenge calves,





