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BODY FLUTDS AND DIARRHOBA TN NEONATAL CALVES

Preface

Diarrhoea is a very common condition affecting the newborn of
many memmals and is a frequent cause of death, The investipgation of some
aspects of this condltion in calves is the basls of the studles presented
herein.

These studles evolved from problems encountered when rearing large
numbers of neonatal calves in the University of Glasgow Veterinary Hospital.
Many of these calves became affected with diavrrhoea and some died, The
clinical appearance of these calves simulated that frequently observed in
calves of a similar age on favms in the west of Scotland,

It was important to rear as meny calves as possible and a part of
the studies described herein was concerned with methods of preventing
diarrhoca by methods of management and the unse of antibiotics and a
sulphonamide. Clinical obsorvatlons were made on these calves and it
appeared that diarrhoea caused changes in the body flulds,

Comparatively little is known about the volume and composition of
the body fluids in healthy neonatal calves or of the effects of diavrhoea on
the body fluids.

In order to assess the effects of diarrhoea on the ﬁcdy fluids of
the calf, it was necessary, in the first instance, to define some parameters
of the volume awd coumposition of the body flulds of healthy neonatel calves.
Having determined these paraumeters in healthy calves, a study was then made
of the effects of dlarrhoea on some of these Patnmm&ters.

The studies of diarvhoea and body fluids in neonatal calves aye
presented in lthree parts. The first part describes the clinical appearance

of the condition observed in the calves and the efficacy of management,



antibiotics and a sulphonamide in mitigating the incidence and severity of
the condition. The second part describes the determivation of the volumes
of the principal body fluid compartments in healthy calves., The third
part is concerned with the composition of blaodiggasma in neonatal calves
when healthy and when affected with dierrhoea. Some determinations were
also made of the effects of diarrhoea on haematoerit, plasma volume and
total body water,

In order to relate the studies presented herein to those of
other workers, it was necessary to ascertain the extent of previous studies
and the relevant literature has been veviewed and is presented separately

with each of the three parts of this study,
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Clinical observations on diarrhoes in newborn calves. The effects of some
antibiotics, a sulphonemide and methods of feeding on the incldence and severity
of diarrhoea and on wortality rate.
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CALT' DIARRHOFA

Introduction and literature roview

Some attempts have bheen made to assess the mortality rate and the
causes of the death of young calves in the United Kingdom,

Jordan (1933) and Smith (193%4) investigated the calf mortality
rate and the cause of death on some farms in Ayrehire. These investigations,
Tike many subaequénﬁ ones, were made on the female calf population only,
owing to the practical difficulities inveolved in recording the mele calf
population since male calves were frequently sold and left the farms at an
carly ages

Jordan found that, of 784 female calves born, 169 or 22% died
shortly after birth., Swith found the average mortality rate of wnewborn
female calves on 52 farms was 20%.

Both Jordan and Smith found that the calf mortality rate was
highest during the early spring mopths of the year. In these lnvestipgations
the causes of death were not always recorded but diarvhoea occurred in a
large proportion of calves.

In 1933-1937, Lovell and Bradford Hill (1940) investigated the
Female calf mortality rate on 335 deiry farms in England and Wales and on
Ly farms in Scotland. The farms in England and Wales were selected as being
representative of the cattle population in diiferent regions. The 47 farms
investigated in Scotland included 3% farms in Ayrshire which had been
previously surveyed by Jordan (1933) and Smith (1934).

On th@‘mhgliﬁh and Welsh farms, 25,000 calves were boru. One
thousand, two hundred and fifty ome of these calves, or approximately 5%,

died before they were 6 months old, In Bngland and Weles, one herd in five



had o mortality rate greeter than 10% and in one herd in fourteeon the
mortslity rate was greater than 16%. In the Scotbtish herds, the average
mortality rate was over 11% and in one third of the herds the mortallty
rate was over 16%.

Lovell end Bradford Hill (1940) found thet half the deaths
ocourred within the first week of 1life, two thirds within the first
fortnight and three gquarters within the first month éf life. They also
observed that the mortality rate was highest in the early spring months of
the year. The caunses of death were not always recorded in this survey but
diarrhoca was listed as a frequent cause of death.

Hector and Rowat (1948) found the mortality rate in 836 calves,
born between the months November and April on some farms in Dumfriesshire,
was 6.8% during thé first 60 days of life. They observed that the mortality
rate was highest during the fivst week of Llife and that the overall mortality
rate was higher in February, March and April. The cauvse of death of these
calves was not always determined but diavrhoea was frequently observed.

Withers (1952 and 1953) carried out & survey on 35 dairy herds and
9 beef herds in Ingland, Wales and southern Scotland, On these farms,

4,380 calves were born and 322 or 7.4% of them died before they were 6 wonths
olds In Bagland and Wales the average mortality rate was 6% but in Scotland
it was over 1%%. Like the previous investigators, Withers fownd that the
mortality rate was highest in the carly spring months of the year, He slso
observed that approximately half the calves that died did so within the

first week of 1life, two thirds within the fivst fortnight and three quarters
within the flvet month of life. The causes of death were investigated in
more detail in this survey and it was recorded that the commonest single cause

of deaths sppeared to be infection with B coli (28% of the deaths). This



organlem was assoclated with a condition characterised by eilther a
septicaenia or diarrhoea, the former occurring most frequently in the call
less than a week old and the latter in the slightly older ¢alfs Diarrhoea,
which was believed to be primarily nutritional in aetiolegy, was associated
with the death of B.8% of the calves.

Withers also concluded that sbout three quarters of the calves
which became ill actually dieds He refers to 115 calves which became ill
and eventually recovereds Fighty-one of these calves were affecbted with
ddavrhoea and some calves were affechted on more then one oceasion. The
majority of these celves were less than a month old when affected with
diarrhoea.

An analysis of the results of post-mortem examivations of ocalves
sent to Veterinary Investigation Centres from November 1959 to October 1967
wes published in the Veterinary Record, Volume P&, 1964, It was recorded
that septicaemia and gastrowentevitis were the most froguent causes of death
in calves up to the age of one month. Approximately 63% of the calves
examined were sald to have died from these causes. This article does not
define "gastrosenteritis" but it is preswmably iadlcative of diarrhoea,
although, as described later; diarrhoes in nednatbal calves ig not always
characterised pathologically by gastro~entéritis. It is also guestionnable
if the diagnosis of an . coli septicaemia nade on the calves in this
inveatigation was always a valid ones It has been shown by Briggs (1950)
that L. coll rapidly invades the tissues shorily after deaths Since this
survey was made primarily on dead calves submitted to Veterinary Investigatien
Centres, it is possible that this dlagnosis may be erroneous. A similav
eriticism can be made of the diagnosis of septicaenia as a cause of death in

calves in the survey carried out by Withers (1952 and 1953) since his



information was also based oun poshb-nortem examinations carried out at
Veterinary Investigation Centres,

From the wesults obtained in these surveys, 1t appears that the
mortality rate of calves during the fivst months of life is probably between
5 and 0% for the country as a whole., The mortality rate is highest within
the flrst month of life and disrrhoea is apparently a frequent cause of
deaths Diarrhoea also appears to affect a largs nunber of calwves which do
not always die from the condition. The mortality wate appears to very
during the year, the highest moritality vele belng In the eavly spring
months of the year. The mortality rate of calves also apﬁeara to be greater
in the northern regions then the sovthern regione of the United Kingdom.

The aetiology of diarrhoea in necnatal calves has not been clearly
defined and it appears that several independent factors may be impllcated.
The activity of infectious mgents, particularly Bschevichia coli, mauy
aspects of the husbandyy of the prepavturient cow and the neonatel c¢ali, and
alpo variabtions in the individual ecalf's susceptibility te the condition, have
been considered in the aetiology. In some instances it mey he that one
particular astiological factor is responsible for the condition but in others
it is possible that several of the factors may be involved at the same time.

The e¢linlcal signs of the disease in neonatal calves assoclated
with B. coldi infectlon, also known as colibacillosis, and that associated
with faulty feedingy or so-called "Dietetic Dierrhoea, were described by
Plood and Henderson (1963) as follows.

Peracute colibacillosis: Affeated newboran animals collapse and
die in as short a time as 2 to 6 hours. Outstanding cliniecal signe include
comfa, sub-normal temperature, & cold clammy skin, pale mucosae, webness

arownd the mouth, collapse of the superficial veins, slowness and lrrvegularity



of the heart, mild convulsive movements and periodic apoceas No dlarrhoea
is evident.

Sepbticaemic colibacillosis: This form of the digscase ls most
common during the first I days of life., The illness is acute, varying in
duration from 24 «» 96 houwrs, There are ne diagnostic clinical signs,
Affected animals ave depressed and weak, anorvexia is complete, there is a
mavked increase in heart rate and, alihough the btemperature may be high
initially, it falls repldly to sub-unormel levels when diavrhoea and
sometlmes dysentery appeavs. Fost septlceewic localisation may cause
arthritis, pneumonia or meningitis.

Foteric colibacillosis: This form of the disease is most common
in calves during the flral 3 weeks of life, and particularly during the {first
weeke. The fapces are watery or pasty and wswally chalk white to yellow in
colour, and occasionally streaked with bloods Defaecation is frequent and
the faeces hove an offensive vancid smell, Theve is uvsvally a systemic
reaction with s temperatuve up to ﬂO5QF and an incresse in pulse rates, The
animal ceases to drink and is dull and listless and raplidly becomes
dehydrateds There may be abdominal pain on palpation, sometimes tenesmus
is evident and the back may be arched, Without treatment, death usually
ocours in 3 b0 5 dayse.

Blood and Henderson (1963) describe the post-mortem findings in
these calves as follows. In canes of p@xacuﬁé and, aeptigmemia eolibaaillmsig,
there may be no gross lesions and dlagnosis may depend on the lsolation of
bacteria from the abdominel wviscera and, in the latber, from the heart blood.
Tn less severe cases, thers may be subservous and submucosal petechial
haemorrhages and a degree of enteritis and gactritis is usvally present.

Oceasionally, fibrinous exudates way be present in the joints and serous



cavities. There may be pneunonis and meningitis, In enberic coelibacillosis,
gastrowenteritis is the only visible lesiona

Blood and Henderson (1963) describe diarvhosa of dlstetic origin
in calven as follows. The condition iz manlfest by the passape of soft fluid
facces varying in colour from white to yellow green, depending on the
composition of the dlets Although affected calves lose welght rapidly and
have a gaunit appoarance, the appetite ls good and the demeanour, pulse rate
and temperature nowmals If the condition is prolongedy dehydration may occur.
They also state that dietetic diavrhoea may be complicated by bacterial
infection,

Tan the British Veterinary Assoclabion handboolk, 'The Husbandry and
Diseases of Calves', a distinet differentintion iz not wade between the
clinical signs of diarrhoga asscociated with bacterial and diectetic vavees.

It is also gtated that, in some cases, post-morten examination of calves which
die from diarvyboea show no significant findings nnd there are no characteristic
lesions in thls disease. It is recorded that signs aseociated with shoek ov
septicaomia may be found in some calves and that pneumonia, splenie enlargement,
peritonitis and petechial haemorrheges may be found in some calvzs. Gastros
enteritis is not wmentioned as a post-morbem Linding.

The activity of infectious agents in the aetiolopy of neonatal calf
diarrhosa has been widely investigateds Attention has been principally
divected at the vole of bacteria, and, in particular, Escherichia coli, in the
disease. To a lesser extent, the importance of virus like micro~orpanisms
has been studied.

Be coli was £irst implicated in the aetiology of diarrhoes by Jensen
(1893) in Denmark. This bacterium has also been msseciated with disease in

~ ‘the newborn of other species including men, horse, sheep and pige In all these
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species, E. coli infeotion may teke the form of a septicacmia~toxsemls or of
an intestinal disease charmcterised by diarvhoea - Blood and Henderson (1963).

The literature on the role of E. coli in calf dlarrhoea was reviewed
by Lovell (1955), TFey (1955) and Gay (1964).

From these reviews it is appavent that there is some confusioan
regarding the exset role and pathogenesis of Bs coll in neonatal diarrhoea of
calves and also of other aswborn mammals. Blood and Henderson (1963) state
t@ah, until relatively recently, Ee coli vas not commonly sccepted as a primavy
pathogen and its pressnce in many diseases was aseyibed to its activity as a
secondary invader after priuery lesions had been established by other agents.
They further state that it is now appavent that ceritain serotypes of Hs coli
can initiate disease bul it is probable that the orgeaniem can f£ill both roles.

The wveasons for seme of the confusion regarding the vole of B, coli
and ilbs pathogenicity are apparent from the studies veferved to laters. There
are aseveral possible explanations why the role of Be coll has not been clearly
mderstood, including the fact that Be coli is uvblguitouvs in the environwent
of the calf and is normal, inhabitant of the calf's intestine. Consequently,
this orgapien is lnvariebly isolated from calves affected with dilarrhosa
although the primary ceuse of the condition may be due to faulty management ox
feeding of the calfs In addition, many workers nmade bacteyiologleal
examinations of calves which had been dead for some time, and as Priggs (1950)
has shown that B, cold rapidly invades the tissues of the dead animel, it is
questionnoble if the results obtained by such workers and deseribed as
septicaemic deaths are always valids With the development of serologlcal. and
'phage technilgues to identify specifle strains of E. ¢oli, it was shown that
in some outhreaks of diarrhosa some strains appeared more pathogenic than others.

It was frequently found, however, that such stralns of F. cold which were
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implicated as the cause of discase could be ilsolated also from healthy calvess
Attempts to prove the pathogenicity of B. colld by satisfying Koch's Postulates
have met with varieble suecess as described later.

Christiansen (1917) attempied to classify B. coli isclated from
calves by morpholagical, blochemicel and serclogleal bechnlques but found it
impossible to distinguish between strains lsolated from dimrrheoelc and healthy
calves. Lovell and Hughes (1935) and Lovel (1937) examined by serological
methods strains of Be coli isolated from healthy and dlavrhoeic calves and
found the same stralns oscurred in both groups of aslves. They also found that
more than one mtrain of B c¢oli was often assocliated with diavvhosa. Wramby
(1948) examined strains of B« coli from a levge number of calves and he, too,
found the same straines ocourved in both healthy and diarvhoeic animals,

Using the method of phagebyping, Smith (1960) investigated diarrhoea in 18 herds
and also in expervimental animals. The resulis obbained were vardable and in
1960 he wrote, *The marked simllority of the disteibution of phage types in
faeves before, during end after the diarrhoea peylod,y the mvltiplicity of the
types and the changes of dominant type durlag the diarrhoea period, considered
together with the close similavity, quantitatively and qualitatively, between
the Es coll population of the healthy and diarrhoeic calves, wade one wonder
what pset By coll was playing ln the disease's In view of his findings, he
suggested that the investipgation of the baeteriology of calf diarrhoea should
be extended to jnclude the whole bacterial flora of the calf's selimentary tract.

He has shown that He ecoli, Cl. Welchi and streptococci were first
bactoria to appear in the faeces of healthy calves after birth. Within a few
days, bacteroldes and lactobacilli colonised the faeces in large nuwmbers and
were more numerous then the other bacteriss Swith fovnd it was pot wousual for

the bacteroides to ocudnumber the B. cold by 100 to 1. The Cl. Welchi population
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of the faeces was found to decline rapidly after the first few days of life
and these orvganiems were present in only emall numbers after the first or
second week of life. The L. coli population of the fasces was found to decrease
about a fortnight after birth end at the age of one moath the Fe coli
pepulation of the foecces wmight be about a willion bacterie per gram of focces
compared with a population of 10,000 million bacberia per gram at the age of
one weeks Smith also corried out bacterisal csounts on the faeces of calves
before, duriag and after they weve affeeted wiith diarrhoea but was unable to
demonstrate o congtant difference in elther the type or numher of bacteria.
Ocoasionally he noticed, like Van Pelt, Jobnson and Plastridge (1953), that
the Bs coll population of the faecces deereased before the onset of dlarrhoea.

In some instances, outbreeks of neonatal disrrhoea of calves have
been related to the isolation of specific 'patheogenic® strains of Tl coll.
Such outbreaks were described by Glantz, Dunne, Heist and Hohenson (1959), Gey
(1962) and Smith (1958)s

Attempts to reproduce colibacillosis using strains of E. coli isolated
from diavrhoeic calves have mebd with varieble success. The discase has been
reproduced la suscoptible calves by Jensen (1913), Glanitz et al. (1959),
Schoenners and Kasckenbeoeck (1958) and Gay (1962), In some of these and in
other studles, the abillty Yo reproduce the disease was apparenbly dependent on
whether the experimental calves had been glven colostrum. Other workers, such
2@ Pools (eited by Jensen 1913), Smith and Oreutt (1925), Moiwen (1950), Van
Polt et al. (1953), Williems, Hagan and Caxpenter (1920), failed to reproduce
the dlscase in susceptible calves.

It has also been suggested, on the basis of fleld observations, that
particvlar baockerial strains may lncrense in virmlence during an oubtbreak of

disease in calves, Brigge (1951), Bleod and Henderson (1963) alse state thak
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DIARRHOEA AND BODY FLULDS TN NEOMATAL, CALVES

Diarrheoea is a very common c¢linical condition of neonatal calves.

This study is concerned with an investigation of some aepecbs of thig condition.

The study evolved from problem:epcountered when reaving large numbers of

calves in the Upiversity Velherioary Hospltal. Many of these calves became
affected with diavrhoea and some died. This provided an opportunity to make

a clinicel study of calf diarrhoea and to iluvestigabte the efficacy of some methods.

of preventing dlarvhoen. Prom the clinicel studies it was concluded that
darrhoea had effeets on the body flulds. In view of the known importonce of

thess effects dn infants affected with diavrhoea and the limited knowledge on
this subject in disrvhoele calved, it vas decided to investigate these effeciss
In order to appreciate the effects of dlavvhoea on the body fiuids it vas
mandatory to know something sbout the volume and composibion of the body flulds
in healthy calves. As Little was koowa of the volume and composition of the
body f£luids in healthy calves some paraneters were debermined prioy to an
investigation of the effects of diarrhoes.

The study is divided into three parts.

Part 1. -
Clinical cbservations on diacrhoea in newborn calves. . ‘The effects of somg

gutiblotics, a sulphonamide and wethods of feeding on the incildence and soverity

of disrrhoes and on mortality rabtes

In the introduction praesent kunowledge of the incidence, aetiolopy, clinical
pigns, pathogenesis, effects, therapy and prophylewis of diarrhoes in neonatal
galves has been reviewed. From this veview it was apparvent that although this

subject has been exbensively duvestipated by previous workers, there were many

' /
aspects which had not been couvincingly elucidated. N
Ten groups of calves weve used in this study,. The number of calves in

gach group ranged from 20 = 50, The total number of calves studied was 280s



From ¢linical studies on thea@ cellves it was apparent that diarrhosa tas
a clinical sign common to two rocognised c¢linical conditions. These were
dosipnated as the ‘acute! and 'chronie' conditions and simuleted respectively fthe
avvte sepbicaemia colibacillosis and the chyonie enbteric colibacillosis
described by previous workerss The chronic conditlon alae simulated in many
veoapetts the dlietetic diarrhoea of calves desceribed by previous workers.

An exbensive bacterlological examination waé not carvied oub ln this investigation
but an E.cold sepblchonia was detected in calves dying of bobth conditions.

It was considered thal the pathogenesis of theme bwo conditions differeds

Galves affected with the acute condition appeared bto die from the direct effects
of the bacterla. Those dylng from the chropie condition were considered to dle
from the effects of prolonged disvrhoesd.s The majority of calves were affected
vith the chronic condition. The'maat outstanding clinical signs in these
evnimals apart from diarvhoea was loss .of weight aud emaclabion. It was on the
evidence of these and some other c¢linieal signs that Lt wvas suspected that
diagvhoeic calves had serious dervengenents of the body £fluids.

The agtiology of the diarrhoes in the experlmental calves appeared to be
agsogiated with three factors, bacterdal activity, diet and geasonal vawiations in
the calves susceptibility.

A gerdes of ten experiments was carvied oult to debermine the effecis of

, “\
different prophylactic procedures in prevenbing diar&hoea. In sach expevinent
a group of ten control calves was compared with one or move groups of Len culves
which wore subjected to a prophylaectic procedure. It was considered that the
method of Interpreting the vesulis of these experiments was most dmportant in view
of the vavied aetiology of diaxrhosa in calves and its pabhogenesis. The results
obtainad 1ln these experinments showed that antibloties could e¢ffectively reduce the
incldence and geverity of diarrhoea In calves. They could also reduce the
mortality vatea It was also shown that the effects of antiblotics on body

welpght appeaved Lo be mediated through their effects in conbrolling diarrhosa.



Pavrt IL.

Ihe volumes of Bhe body fluld comparbments in bealthy calveg

In the inbroduction, the physiology of the body fluids has been described
Mud also the principles of measuring the volumes of the body fluid compartments.
Previous studies on the body fluids in catbtle have been revieweds

i The wolumos of the principle body fluld compavtments in healthy neornatal -
talves were determined by the single injection dilution methods Detalle of the

golutes used, the nuuber of galves studied and the wesults obtained are shown below.

Ap % Body Weight Now Measuprament:s
Plasma volume  (T.1824) 6.6 + 0.9 67
Blood volume {(T.132h) 110 + 240 h§
Ixtracellular fluid volume (Thiosulpbate) 2he2 3 246 10
Total Body Waber (Urea) 73.6 & 6.4 29

Paxt IIL.

Jhe composition of blood and plasma in healthy and diarrhoeic galves.

The effects of diarrhoea on haematocyit, plasma volume and body wabers

In the Jatroduction previous studies on the effecta of diarrhoes in calves
have been vevieweds |

The cbncentrations of some blood and plaspa constituents weve determined in 60
healthy calves many of which later became affected with diarrhoeas The effects of
diarrhoea en plasma volume and haematocrit were lnvestigated in 30 of these calvess
The effects of diarrhoea on tobal body water were studied in a few other calvesms

From these studies it was concluded that under the present experimental conditions,

diarrhoeic calves became either hypotonically or ilsotonically debydrateds v was
also found that many diarrheelce calves became uraemics Vory few dieprhooie calves

were found te be hypovelaemic as indicated by elther an increased haematoerit or
decroased plasma volumey It was found that the loss in weight in diavihoelc
calyes was due to a yeduction in both total body solids and body waler.

On the basis of these resulte and also those in the first and second pérta of
this study, supgestions bave been made for the corvection of the effects of

diarrhoga on the body Lflwlds.
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outbreaks of diarvhosa may occur with strains of L. cold of low viruvlence
17 the protective antibedies ageinst the particular sanbigen ave present in only
swell amounts lu the colostyrum given to the calf.

Several hypothesls have been made te explaln the mechanism by which
Fs coli causes dlarvhoea in calwves but these hypothesis have not heen
conclusively proved exﬁerimenﬁally,

Swith and Oreutt (1925) found that they could culture far move colon
bacilli fyom the upper parits of the alimentary trsct in dlarvhoeic than healthy
calvess These workevs were of the opinion that the bacteria formed films over
the intestinal eplthelivm which interfeved with the function of the epithelium,
caused an intoxleation and this led to diavrhooa,

Lovell (1955) prepared an endotoxin fvom a strain of E. coli isolated
from diavvhoeic calves. When injected into healthy calves, it caused a coplous
discharge of froth fyrom the noge and mouth, exaggervated resplraitlon and death
one to two hours later. Trom this work, he concluded that endotoxin may cause
diarvhoes indivectly by producing investival and other metabolic disorders.
Later, Ingram and Lovell (1960) found that lipopolysaccharide endotoxine of
Be coli and Salmonella bave the same order of toxicity for mice and there was
no apparent difference between endotomxing of Ee. coli isolated from diarrhoeic
calves and those isolated from other bovine sources. They also stated that the
virulence of a special straln is probably san atiribute of the living organism
and emphasis i shifiing from toxdelby to the relationship of onszynes and
their_sﬁbaﬁrates«

The possible pathopgenesis of the diarrhoea ln calves was oublined by
Robérﬁﬁ. Worden and Rees~Evans (1954) as fmllawsﬁ. At 3 to 10 days of age, it
is possible that the appearance of blood and spobs of mucus in the faeces of
norpal calves is due to the shedding of the neonatsl epithelivm which was

permeable to the colostral proteins. If the bacterial population of the
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intestine at the time shedding of the epithelivm cecurs is high, the
epithelium becomes inflamed and enteribis resulis. Wost dlarrvhoele calves do
not, however, hove a bypical enteritis (Jarvett 1964) and it is questionnsble
if this theoxy of Roberts and his ce-workers i applicable to every casos

Blaxter and Wood (1953) hypothesised that diarrhoea develops because
"a masselve bacterial activity leads to an incyease in the nuwnber of smaller
molecules such as stean volatile scids, thereby incveasing the osmoble activity
in the lwnen of the guts An infiliration of water in response to the high
osmotic pressure then tekes place. The water infilitration is accompanied by
elecirolytes and finally the dxviliating watery mass is explosively discharged
fron the colon. Acld dvzitation of the mucosa, increased motor aectivity, loss
of protective mwcus and paxtiai.invasian of the gub wall ave possibly
conbributing factors in the laber stages bul dependent on the primary fact
that absovpltion from the small intestine is faulty providing a substrate in
the lower inbtestine so that coliform and other bacteris normelly lnbabiting
the area may proliferate. It is theiwr metabolie products which dnduce the change'.

Recent studi@s'on the pathogenicity of endotorins produced by K. cold
and other gram negative bacteria in disesses of mayn and other species pay
oxplain the wole of B, cold in diavrhoes of neonatal calves.

Brounde (1964) described how endoboxins, Lsolated from vecognised
pathogenie and non-pathogenic stralns of gram negabive bacteria, both produced
identieal reactlons wnen iyjected into men, dog,y rat, mouse aund guinea pig)
though the nature of the reaction varied in diffevent species. Iun this respect,
these observations concur with those previously made by Ingram and Lovell (1960)
regording the pathogenicity of endotoxine of F. coll and Salmonellae laolated
from cabile, |

Braude (1964) stated that the veactlon to endotordn simulated the
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tubereulin veaction and is basically an anaphylactic responses It appears
pmradoxical-%haﬁ the endotoxin antlgen and its vorrespondivg eantibody can
veact in such a way Lo produce (lseases This pavadox has not been entirely
explained and Hraude listed several hypothesis that have boen suggested. Oune
hypothesis was that the type of response to endotoxin depended op the relative
amounte of andigen to antibody. If the amount of antibody excecded the amount
of antigam; it protected the enimal agalnst the remctions if the reverse
applied, then the remction oocurs. It is inbéresting to compare this
hypothesis with the observation of Bloed and Henderson (1963) that the strains
of By cold of Low pathagen%éity moy ceuse infection because, although thelr
virulence is lLow, protective antibodies may be at such a low level in the
colostrun that invasion may ocours

Brande (1964) deseribed how the liver and spleen can excrete endotoxin
and thelr ability tvo do so is evhanged by vepeated injectlons of swall doses of
endotoxin over a number of days. Substances other than sntlbedy are belisved
to be iuvolved and a substance has been isolated whilch can breal down antibody
into smaller moleowless He also described how c¢ortisone has been shown to have
protective action in an aniwal injected with endoboxin whereas adrenalin
potentioted the response.

The pevacute form of colibaeillosis in neonatal calves described by
Elémd‘an& Henderson (1963) and in the Britlsh Veterimary Asseciation handboolk,
'Cal? Husbandry and Disease', and the desopription of the response to the
intravenous administration of endotoxin in the celf by Lovell (1955), simulate
in manpy vespeois the deserdption of the generalised aoube andotoxin ond
anaphylactic respenses observed in other species by Braude (196hk),

Tt hag been shown thet some serotypes of Ee c¢old produce potent

endotoxins which cavse marked pyrexisa, hypotension and collepse in man, Weil
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and Miller (1961) and in aniwals, Sandastedt (1960}, Bleod and Henderson (1963)
stated that in young enlmels endotoxin may be absorbed from the intestine and
this may be a possible explanation of the syndrome seen ln peracuie cases of
the disecases. In these cases there is no gross septicaewmisy at the most, there
is a limited backteraemis with bagteria recoverable from the mesenteric lymph
nodess They further state that the prineipai difficuliy in the determination
of the pathogenesie of this form of the discase iz that sssoclated with
isolation and puprification of the btoxins. Beoause of the common associabtion

of individual serobtypes of Be coli with speciflc forms of colibacilloeis, they
velieve that there are a muwber of endoboxins capable of causlng such conditions
as acubte hypotenslon, demage to the vascular endothediwm, leading to plascns
transudation, and also entoritis.

In the rat} aud pig localised ondotoxin reactions have been deseribed
by Braude (1964) end Buxton and Thomlinson (1964). It ls possible that similar
roactiona may oceur in celves and cause diarrhoea. In the rat, endotoxing
renction causes haemostosis of the intestinel vessels and intraluminal
haenorvhoges. Haewmostesis in the intestinal vessels could lead to dmpaired
absorption and hence Lo diarrhoos.

Intraluminal intestinal heemorvhages are not regulayly s feature of
calf colivacillosis but do ocouy, guite frequently, in calf salmounellosis
(Blood and Henderson 1963) and it is inbteresting to speculate if, in these
diseases, an endotoxin vesponse cccurs in calves comparable to that in rate.

Ap additional feabure of endotoxin reaction in other species described
by Braude (1964), which may explein the pathogenesis of diarvhoea in ealves,
is the liberation of serctonin and histamine. These substsnces promote smooth
mascle contraction, Keel and Neile (1961). It is poseible that, if they were

produced in excess by the calf with an endotoxin reaction, they may affect the
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motility of the intestine and the blood flow through the mesenteric vesmels,
and thus inverfove with normal iuntestinal funeition, cauvsing dlarvhoea.

The possible role of viruses in calf disrrhoea was first investipgated
in the U.8.A, by Baker (194%). IHe imolated a virus from calves affected with
pieumonia and sweeessivlly trapsmitted this virus through mnice into calves
and also from calf to colfse This vivus secimed to be mainly a cause of
poenmonia although Baker observed that meny of his experimental calves elso
developed diavyrhoes. _

Boker and York (1951) imolated Miyam wanella bovis, a member of the
pslttacosis~lynphogranulona group, and thought this ovganism may be a eause of
diarrhoeas Baker ot ale. (194h4) alsc found that the virus of 'Virus Diarrhoea',
isolated from affected adult catile, caused dlarvhoea in calves. Also, in
Ahmerica, Brandly and MeCluekin (1954), and Moll and Brandly (1954, 1955 and
1955a) isoloted a pueumo~enterdtis virus, This virus caused a dlscase
charvacterised by dlarvhoen in the early stages end a slight or marked pneumonia
in the later stages. The pathological lesions observed in this disease were
not confined Vo any pavélculey orgen bubt were of a generalised nature and
included congestion, degenerationy vascular damage and cedema of various orvgans
locluding the dntestinel wall, lungs, kidoey and liver.

The role of wviruses in the aetiology of calf diarrhosa in the United
Kingdom has not been elucidated. It would be not uwexpesited that viruses may
play a part in aetlology of calf diarvhoea either directly or indivectly in
80 much as they would lower the calves' wesistance to alimentery dlsturbances
and bacberial infection, Two oubbresks of mucosal disease have been seen in
very young calves by the authore In these outbreaks the dimease simulated the
typical syndrome of colibacillosis demcwibed by Blood and Hendewson (1963).

the
Detailed examination of these calves shmwedr?haraaterimﬁia mucoseal disease

ey,
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vleers in the oral cavity and interdigital space described by Dow, Jarreit
and MeIntyre (1956).

The importance of feeding milk correctly in relatlon to the develop-
ment of diarrhoca in neonatal calves is widely sssumed, althoughy in fact,
there is 1ittle experdimental evidence bo support this sssumpiion. The factors
thought to be of particular importance ave the frequency of feeding and the
amount, coliposition and temperature of the milk (British Veterinary Association
handbook, 'Calf Husbandry and Disease!).

In surveys of calf moxtality previously referrved to, it wes foumd
that the incidence of diarrvhoea was less in herds where the calves were allowed
to suckle their dams than in herds where the ealves were reaved ertificlally
and fed from & bucket. Allowing calves to suckle their dams is advocated as a
method of controlling colf diarvhoea by Inglis (1960) but, in his experience,
does not always conbvol the condition, Cowie (1964) recorded a % mortality
rate from diarrhoes in 72 suwkled calves compaved with a 12% mortality rate in
8 bucket fed calves. He also observed that 7 out of 19 calves (36%) given a
milk substitute, died.

It is intervesting to compare the feeding behaviour of calves which
arve alloved to suckle thelr dams with that of calves reoaved ariilficlally and
fed from a bucket in relation to the frequency and the speed of feeding and
the amount consumed.

Walker (1950) observed thal newborn calves allowed to suckle thelr
dams fed, on the average, at five hourly intervals on the firvst day and at
three hourly intervals on subsequent days. The time spent at each feed varied
from 2 - 25 minutes, and, of this time, the actuwal peried spent sucking varied
from 10 seconds to 10 minutes, The total amownt of wilk consumed was slightly

more than the usual bucket fed vation of 1 1lb. of milk per 10 lb. of the
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calfts body welght. Occasionally Walker observed that the calves suckled
more wilk in one feed than they would normally consume when fed from a bucket.
None of the calves observed by Walker developed diarvhoea and they showed &
steady increase in body weight. In other studies, Walker (1962) and Walker
(1963) found that ealves with their daws, suckled on the awverage 4 - % times
a days

In contrast to the behaviour of naturelly suckled ealves, the
artificially reaved calf is usually fed only twice a day and is couseguently
given more milk abt each meal then the suckled calf pormally consumes. The
rate at which the bucket fod célf consumes the wilk im appavently grester then
in the suckled calfs The experimental calves in the present study often dranit
the three pints of milk provided abt sach meal in less than one minmte,

Blaxter, Hubcheson, Robertson and Wilson (1951) ohserved that
diarrhoea developed in calves fed the whole daily allowance of wilk in one feed
and they svggested that overfeeding may account for the high dncidence of
disrvhoea in pail fed calves compared with noturally suckled calves. Inghan,
Meade and Beryy (1930), in contvast to Blaxter et al. (1951), stated that
feeding too litble wmilk often leoads to dimrrhoeas Roy (1999), dlscussing the
aetiology of calfl diarrhoss, sbated "that without a doubt the medn predisposing
cause of calf diarrhoea is the quality and quantity of wilk glven after the
colostrum feeding periody.

In an attenpt bto simulate the natural, feeding patiern of the suckled
¢alf, the practice of feeding artificially reared calves from the bucket three
or more times a dey has been advocated, Inglis (1960). The only known
ayperimental evidence on the value of this practice is that described by
Sheehy (1948). Ho carried out an exwperiment on a small nvmber of calves and

concluded that feeding three times daily compared with twice daily was of some
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advantage Eut this practice did not by any means eliminate diarvheoea in the
calves,

In view of the limited éxperimental evidence on the effect of feeding
golves three times daily compaved with twice daily as a means of controlling
diarrhoeca, ay experiment was caryvied out bo determine if this practice was of
value.

It would appear not walikely that the wapid ingestion of a lavge
volume of milk by the oadf could lead bo disrrhoea for several reasons. In men,
mass peristelels in the ileum and the colon may be inliiated tsking food into
the stomack, the so called pastro~ileal reflex, MeDowall (1955). It is possible
that 1f the calf has an sxcessive volume of milk in its abomwsum, this reflex
may be greater thon nortel and diarrhoea may occur. Alternatively, if a large
amount of milk}gmgaStedv some may overflow from the abomasum lnto the duedenwm
before it has been properly digested in the stomach and this may be a stimulue
to peristelsis and the rapid emplying of the sbomasal contents inte the duodenusms
Tn man, it has been guggested that the presence of acid in the dundenwm (origie
vating from gastric secretlons) tends to close the pylovus and thus prevent the
stoprch empiying too rapidly, Weight (1047), The presence in the duodenum of
milk, which has not been adequetely acidificd and digested in the abomasum, may
provide an abunormel substrate for subseguent intestinal digestion and possibly
a mediuwn suitable for bacterdal muliiplication which initiete diarrhooea.

The British Veterlnary Association handbook, '"The Husbandey and
Diseases of Calvea'y, alao suggested that the formation of hapd milk ouwwds iun the
calf%s abomusum can lead to ahomasal and duodensl ivrvitation and hence te the
rapld passage of ingesta through the alimentery tyact.

Little dis known of the effechts of milk composition on the incidence of

diavrhoea in calves. The Britlsh Veterinery Assoclatlon handbocl, 'The Husbandey
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and Diseases of Calves', stated that outbresks of diarrhoes have been observed
in calves vhen the cowm, from which they ave receiving wilk, chaunpged from the
summey dlet to the winter diet. The introduction of fish meals and beans inbo
the diets of the cows has also been nesoclabed with ovtbrealks of dlavrhoea in
thelr calves. It iz also stated that diarvhoea oceurs in calves if thelr dams
ave grasing.pastures whichhave been heavily dressed with nitrogenous fertilisers
or if fod an wusuvally high protedn diet. Milk with a high butter fat content
and the nilk from cows in late lactation has also been implicated as o cause of
diarrhosa in calves. The above observationz are presunably based on

axperienéa& in the field for there is Little known experimental ovidence to
prove the laportance of the composition of the wilk in velation to diarrhoea

in neonatol calvess Shanks (1950) encountered dievrhoes in calves whose dams
were grazing a luscious pastura. He succeeded in reproducing the condition in
a small number of calves lum conbrolled experimental conditions and, from this,
concluded that substances in the milk can initiate disrrhoea in calves. Cowie
(1964) recorded a 36% morielity vate from diavrhoea in calves fed milk substitute
compared with a 12% sortality vate in calves fed cow's milk from & bucket.

Bacause of the limited experimental evidence on this subject, an
experlnent was carried out to determine 1if diarxvhoes occurred more fyrequently
in celves fod a diet of cow's milk than in others fed a reconstituted milk.

The imporitance of housing and envirvonment in relation to calf diavrhosa
has been investigated by some workers. Irb, Gilden, Goodwin, Millard and
Murdocé:;ggred calves in an open shed in which the temperature fell to -20°F,
and found the mortality rate in these calves was leass than in other calves ralsed
in conventional calf houses. Murley and Culvahousme (1958) and Hofman and Schwark
(1938) alsn deseribed the successful vearing of calves kept under very cold

condi, tiong.

Eary
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Wood (1955) studied the bacterial population in calf houses used over
long periods and concluded that there was & build-wp of infection in such
premises which led to an inoreased disease ilncidence. Smith (1958) made a
similar observabion.

Withers (19%2-5%3) found that good housing and standards of hygiene were
usvally assoclated with low calf moriality rates There were, however, several
exceptions to this finding and he did observe that, in some hewrds with

apparently good housivng, there was & high indicence of diavrhoga and, conversely,
in some poor houses there was a low mortality rate, MNcBwen (1950) reaved 9

calves on clean diy abundant bedding and 6 calves on a poor thin bed over a‘émla
cement floor and found thet there was no difference in the incidence of disease
in the two grovps.

The incidence of diarrhoea in newborn calves mppears to be related to
variations in the calf resistonce and susgeptibility which can be affected both
before snd after birth.

Sheehy (1648), Frasor (1953) snd Mackintosh (1953) stated that calves
vhich are born to ééi;gg which are not corvectly fed before parturition are
ggre suscepbible to discase and have emphaslsed the importance of providing
adequate and correct nutrivion of the pregnant cow. These workers do not glve
any expevimental evidence in support of these stabements, nor do they specliiy
what they conslder to be sultable diet. In view of the marked decline in human
infant mortality rote, associated with the improvement of the diet and pre-patal
care of the progrant mother, Shyyock (1948}, 1t would be ewpected that attention
to the diet of the pregnant cow is important in welation to the health of the calf.

The impertence of vitamin A is one aspect of the calf and cow's
nubrition which has been investigated in some detaill. The importance of this

vitamin in velation to the incidence of calf dlarrhoen was well illustrated by
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Stewart and MeCallun (1938). They obtained statistically significant resultis

on 206 calves to show that ¢alves born to mothers whose colostrum had a high
vitamin A content were less susceptible to diarrhosa than celves born to cows
whose colostrum had a low vitemin contents They also showed that cow's livers
had low vitamin A contents izﬁgarly gpring monthe of the year and suggested this

—

may be related to the higher incidence of diarvhoea observed at thal time of yoar, j
It has since been shown that Vitamin A ocours in ester and aicmhgl forms snd
that the fovm of vitamin fed to the dam can affect the calf's Vitamin A status
through either the plecenta or colostrun, Bavron (1942), Thomas (1947) and Wise
(1046) . The alcohol form of the vitamin which occours i green food does not
eross the placgental barvier and hence does not affect the newborn calf¥s livey
contents Antepartum feeding of the aleohol form of the vitamin or carciene
does, however, ralse the colostral levels of vitamin A+ The ester form ccours
in fish oils and can cross the placental barrier and vaise the foetval liver
conbents Although the calf can wecelve some vitemin A vie the placenta, Moore
and Berry (1957) have shown that the plasma vitamip concenbtration le low in the
newboyn ¢alf but increases conslderably following ingestion of colostrun which
contains 10 «» 100 times the vitemin A content of normal milk, The offect on
the dncidence of diarvrhosa in the newborn ¢alf of giving vitamin A to both the
preparturient cow and the newborn calf has been investlgabed.

Speilmen, Eatony Loosli and Tuvrk (1949) found that the in¢idence of
diarrhoen was sipnificantly lower in calves whome dams had beep supplemented
with either the ester or alochol forme of the vitamin for one wonth prior to
calvings Tu 16 calves born from cows which were not supplemented, disrrhoea
vegurred on an average on 4«5 4 0.9 days. Sixbeen calves, whose dams had been
glven vitemin A supplements, had diarrhoea on the averapge of 0.3 1 0.1 days.

Jacobsen, Converse and Moore (1949) found, in experiments using 52
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calves, that Jersey calves given no vitamin A supplement hed disrrhoea on the
average for 12 days during the fivet 90 days of life. Other ecalves given a
yitamin A supplement bad dlavrhoga on the average on 9 days. Some Friesien
calves glven vitamin A supplement had disrrhoea on the average on 2.9 days,
whereas other ¢alves, which were not given a supplewent, had dierrhoea on the
average 7 doys. In this ewperlment, 2 of the 23 calves glven wvitamin A
supplement died from diavrhoea or pneumonia before they were %0 days olde Six
of -the 24 palves, which were not glven the vitamin A supplement, died over a
gimiler pordod.

Other workers have found that vitemln A supplementation had no effect
on the incidence of calf diarrhoca, Hibbs and Kraves (1947) and Nevens and
Kendall {1947) found that supplements containing vitemine A, @ and D and also
niacin and nicobinic acidy were of no apparent value in preventing diarrhoes when
aduinistered to calves which had been given ﬂglﬁstrnme Blakemore, Davies,

Burge Moore and Sellers (M1948), Fsh, Subiton Hibbs and Krauss (1948) and
Agehaffenburg, Bartlett, Seavs, Thompson, Ingram, Lovell and Wood (1953} ail
found that the adminisetration of vitewin A to calves did not significantly reduce
the incidence of diavvhoea in sunimals deprived of colostrum. The conflicting
evidence on the effects of vitamin A on the incldence of calf diarrhoea is
possibly because the aetlology of the conditlon is complex and attention to only
one facet of the discase way not necessarlly be sufficient to eliminate it in
all instonces.

The functions of vitamin A in man and other mammals are recognised in
agsoaiatlon with its effect on sight, bone development, growth rate, structure
of epithelia and in protecting ageinst infection (Moore 1957). How vitamin A
protects against iufection in some species, luncluding the calf, has not been

elucidated., ITn vitamin A deficient rais the mucous secreting colls of the
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inbestine atrophy and the tips of the villd naaw?a%‘mnd masses of bacteria ave
found infilirating the lumena of the iutestina]:?zziz and Neil (1961). They
also descxibe the effects of vitamin A defieits on the resistance of mice o
infectlon and it ié interesting to speculate if a slmilar condlition occurs in
vitomin A deficlent calves. Mice fed a vitanin A deficlent diet were given
measwred doses of mouse btyphoid bacteria, as were also wmice fed the same ration
gupplemented with vitemin A, The mortelity rate of the vitamin A deiicient
mice ranged from 80~100% vheress the mortality rate in the supplemented mice
renged from 10-20%. The physicel appearence of both groups of mice was similew
and the authors concluded that subelinical avitaminosis A may nevertheless

lead to the death of an animsl dve to a lowered reslatance to infection.

It may be expected that any vitemin or mineral deficit, or current
infection such as pnevmonia, would affect the calf's health and make it more
susceptible to diarrhoen. How fwportant other vitamin or minersl deficits, apart
from avitaminosis A, are in newborn calves is not kaown. It would appesr not
wnlikely that such deficlite may occur, particularly in calves born to cows fed
a winter type ration and it is possible that these deficits may be relalted to
the highor incidence of the disesse, observed in calves born duriag the winter
aod carly spring months of the year. It is perhaps relevant that avitaminosis
I is nost frequently observed in the Unlted Kingdom in the early spring monthse
of the year and avitaminosis D in calves which ave kept inside, British
Veterivary Association handbook, 'The Husbandry and Discases of Calves'.

The importance of water soluble vitamins in relation to the health
of the newborn calf 1s not known bubt it is considered that they may be of
mrecognised sipgnificance. Water soluble vitamine ave synthesised by the adult
ruminant animal but the newborn calf is unable to do so and acquires these

viteming from its mother, Iundguist and Phillips (1943)« They have shown that



23

the concentration of vitamin C in the calf's blood falls immediately after birth
and rises agein when the celf begins o ruminate. It is dnteresting to speculate
if'calveé born during the winter to cows which ave fed a winter type ration
deficient in fresh green vegetable matter, may, in fact, be deficlent in vitamin
Co Although the imporitance of vitamin € to the calf is not known, it is
inberesting that, in wen, aviteminosis C is associated with an increased
fragility of the capillavies leadlng to intesbinal haemorrhoges, Best avd Teylor
(1945), If a similar condition does occur in calves, 1L may offer an explanation
for the blood seen in the faeces of some healthy and dlarrhoeic animals.

' The importance of the water soluble vitamine of the B and K groups in
ré&ation to cald diervhoea s not kncqg but 41t has been suggesbed that
aviteminosis K may explain the blood-stained faeces seen in newborn celves, Christien
and Segard (1953) and Anderson, Dupre and lLaMaster. (1952). Nevens and Kendall
(1947), as previously described, included some. B vitamins iu o supplement fed to
calves and were of the opilolon that avitawinosis B nay be of importence in the
young ¢alf.

Preunonia is one of the most common pathological conditions encounvered
in calves of any age, Brlbish V@tewinaby Association handboolk, 'The Husbandry and
Diseases of Calves', and because of the wide distribubtion of this conditlion, it
would be expected that the efffects of this discase may Lower tho calves?
resistonce and increase thelr suscepbibility to ddarrhoea, It is also of
interest that the viruses isolated by Baker (1943), Brendly and MeCluricin (1954)
and Moll end Brondly (1954, 1955 and 19%55a) iu the U.8.4, Were all associated
with the production of pneuanonia in calves es well as diavrhoen. No comparable
viruses have as far as it is known been imolabted from celves in the Unibed Kingdoims

Unlike man, tvansplacental transmission of anbibodies does not oeeuw

in bovine anlmnls and the passive ilmmnity of the newborn calf depends on the
y P
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acquisition of colostwel antibodies, Blood and Hendevson (1963). The
intestinal mucosa of the newborn calf is permeshle to colostral smtibodies for
about 30 hoves after bivth and the passive immunity gailned persists for a few
weeks after birth, at which stage the calves' own ilnmvmogenic mechenisms
become active, Comline, Tichen and Roberts (19%51), MeCarthy and McDougall (1953),.

The importance of colostrum to the newborn calf was first recognised
by Smith end Little (1922) anﬁrin'1930 Smith demonstrated the presence of
specific aantibodies to B. cell in the colosbrum,

Aschaffenburg, Bartlett, Xoun, Terry, Thompson, Welker, Briggs,
Cotchin and Lovell (1949) have shown that colostrum can be dlvided into fabity
and agueous Iractions. The fatty fraction conteins vitamin A and its
importance hasg been previously discusseds The aqueous fraetion contains the
immune lactoglobulins. Thene ave antibodies produced by the calf's dam against
the prevalent pathogens in her envivonment. The luportance of colostrum for the
survival of the young call is well illuatrated by the experimentel results
obtained by Ingrem, Lovell, Wood, Aschaffenburg, Bartleti, Kon, Plemsr, Roy
and Shillam (1956). In thelr study, 225 calves were given colostruvm ond, of
these, 166, or 74%, suwrvived the 3 week experimental period. One hwndred and
three calves were deprived of colostrum and, of these, only 9 or 9% survived.
These workers also carried out an iuvestlgation to determine 17 there was an
assoclatlon between the calf's survival and the type of antibodles in the
colostrums They found that 45 of the 59 colostrum fed celves which died did
not recelve antibodies in the colostrum against the type of bacteria isolated
from them at post wmortem. IFrom 66 of the 94 calves doprived of colostrum which
died, bacteria were isolated sgainst which antibodies were preseni in the
colostrun fed to the other calves.

Blakemore and Gavner (1956) have shown that the peak serum concentration
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of maternal globulins ocours about 3 weeks before parturdtion. This is of
interest in view of the practice of ‘prepartum milking' and its possible effeots
on the amount of antibedy the colf subsequently vreceives through the colostrum.
Hill, Widowson and Magge (1950) demonsirated that milking cows for 23 days
before parturition had Little effect on the composition of colostrum or on the
health of the enlf. Turner (1931), Keyes, Reid, Bechdel ond Williams (90kh)
and Aschaffenburg, Bartlett, Kon, Roy, Welker, Brigms end Lovell (1951) found
that calves wepe more susceptible to diarrhoea AL their dams had been milked
for several days before calwving. It would thus appear that extensive preparbum
milking may have an vwndesirable effcct on the composition of colostrum and
consequently on the health of the newborn calf.

Although nmeost farmers are awave of the importance of feoding the
newborn calf colomtrun, 1t i debatable 1l they feed colostrum corrvectly to the
calf and if failuve to do so may, in pard, exylain’ﬁhe difforence in the
lacidence of diavrvhoga in suckled and meket fed calvms,l Tarmers uwgually feed
thely calves only twice dally and it has been personally obsevved that very
often the newborn calf is not fed uwntil several hours after birvth and that less
solostrum ls given during the fivst 2 days of 1life than the ealf would normally
deink 11 left with its mother, Walker (19%0). It is possible that, 1¥ the calf
is fed only twice daily, there will be periods between meals when the intestine
hecomes walétively empty of colostral antiboedies and this may permit the
muLltiplication of intestinal bacterim. Although the calf's intestine is
permeable to colestral aantibodies Tor only the firvst 2 days of life, Conline
et ale (1951), the cow appears to secrete globulin in the milk for at least a
week after parturition, Rowlands, Roy, Sears and Thompson (1953). It is common
farming practice to give the calfl ite mother's milk for the fiwvst 2 or 3 days

after parturition and when the cow's seoretion is no longer like colostrum in
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appearance, to put this "milk" iw with that cellected from other cows in the

herd ond then to feed the newborn calf on this "hulk™ milk. By so dolng, it ie
pogsible thet the newldy born call is deprived of addiiional antidbodles which,

in the natural state, wouvld provide a loeal lmmuniity bto bacteria in the intestinal
lumen .

Attempts have been made to incrvesse the newborn ¢alf's lmmmity to
infevtion by several methods, Dollehite (1932) prepaved a hyperimuune serum by
injecting & cow with cultures of bacteria ilsolated from dimvrhoelc calves. Thils
serum was glven in 3 doses of 100 mle to 58 unewhorn calves, of which b or 6.8%
dled. Sixbty five control calves were not given thisserwn end, of these, 15 op
2%5e% Aidda

Thorp and Shigley (1942) prepared a hyperimmune serwm from coliform
orgonion isolated from diarrhoeic calves and claimed that the serum was of some
value in treating celi diarrhoea., In their experiments, po wnbreated control
groups of calves were compared with the treated calves and hence 1t 1s impossible
to aocurately assess thelr clatms. Wise and Coavsey (1945) found that a
ocblnation of hyperimmunization of the preparturient dam by repeated
administration of an aubogenous bacberin and the injection of the calf with
polyvalent antibacterinl caused a slight reduction in the incidence of diavrhoea.
The results oblained in this experiment are not very counvincing as 59% of the
wntrented calves had diarrhoea compared with 42% of the treated calvess

Sellers, Smith and Pook (1962) prepared a vaccine from strains of E.coli
isolated from the faeces of dlavrhoei¢ calves and aleo a control vmcﬂinw prepared
from a noa-pathogenic staphylocecons, These vacclnes were adainlstered
subcutaneously to the calves' dams approximately 1 month and again 2 weeks beofore
parturition. Seventeen (17,%%) of the 97 calves born to B. coll vaccinabed doms

were affected with diarrhoes compared with 19 (19.4%) of the 93 calves boin o
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dams which were piven the control vaccine, From this experiment, the authors
coneluded that vaccination of the prepariurient cow was an ineffective method of
preventing diarrhoea in the call.

Udall, (195%) stated that transiusion of the calf with 200-300 wls of
plagma or blood from an adult cow was a more effective treatment than the use of
hyperimuvne SErulie

Cheisblan (1952).and Andevsony, DuPre and LaMasters (1952) described the
succeasful. treabment of calf diarrhoca with fserum solidse' plus vitamin K. The
geyun sollds were prepaved by defibrineting ox blood and separating the serum
which was then carefully drvieds Chrisbien fed 232 calves colostrum alone and, of
these, 2% were affected with darrhocea and 9.0% died. Colostrum and oval serum
solids plus vitamin X were given to 322 calwves and, of Ghese, 6.0% were affected
with diarrhosa and 0«64 of them died.

Prior to the 1940%'s, the treatment of neonabal calf diarrhoea was
largely based on abttempts to Limlt inbtestinal ivritaticon and bagterial actlivity
by the use of absorbanb-protectants such as kaolin and chelk and intestinal
anticeptics such as bellliant green. Such mixbures are still preserlbed for the
treatment of peonatel call diserhoes though there ls no known experimental
evidence to show thelr value. Since the 1940'm, the sulphonamides, antlbiotics
and pitrofurans have been widely used to treat ond ogcasionally to prevent
neonatal diavrhosa. Surprisingly, there is little pood experimental evidence to
show how effective these drugs really are.

Udall (1949) gave 10 calves 8 gms, of phthalysulphathiazole daily by
mouth for the first % days of life and U gms. daily for the next & days. None
of the calkves which received the sulphonamide died although, in a control group
of 10 wtreated calves, 5 died of diavrhoea.

Thorp snd Shigley (1942) described the treatment of 40 diarrhoeic
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calves with oral sulphagvanidine, The dose given was as high as 17.5 gis. peyr
day to some calves. Only one of the 40 treated calves died bub, siunce they did
not describe the mortality rate in unbreated control, calves, it is difficult to
assess the value of thelr therapy.

In a later atudy, Thorp (19k3) tweated 57 newborn calyes affected with
diarrhosa using 5 different sulphonamides in varylng doses. The sulphonamides
were given orally., OFf the 56 diarvhoeic calves, 6 died but, again, no
untreated control cplves were studled so that the value of this thevepy cannot
be aspessed.

In a further comparative glndy of the therapeutliec values of different
sulphonamides, Thorp et al. (1944) treated 45 dlarvhoeic calves with oral
sulphasuzidine and 16 dlarvhoeic calves with oval sulphathalidine. TFour of 45
calves receiving sulphasuridine dded and one of the 16 calves recelving sulphow
thalidine alpo dleds, Untreated conbrol groups of calwes were nol described in
this study elther.

Wise end Anderson (1943) adulnistered varylng doses of sulphathalidine
by mouth to newborn calves affected with dlarrhoeas, They found that only & out
of 38 (dses 10.5%) calves which received treaiment died wheveas 26 out of 91
(L.cs 2046%) calves which were not receiving treatment died.

Yoelker and Jacobsen (1953) found that oval doses of 40-80 mgms. of
penicillin, given daily, had wo effect on the incidence of dlavvhoea in 8 calves
vhich received the antibiotic when compared with 8§ wntreated control calves.

Henderson and McKey (1949) described the use of strephomyeln given orally
in & pme doses as a prophylactlc and therapeutic for calf dlarrhoea. Thelr
investigation was made on a number of Ffarms and, though they reported Ffavourable
vesulls with streptomyein, 4t is impossible to make a real assessment of the

value of streptomycin since no uwntreated control calves were used for comparison.
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Fox (1952) and Kestelle et al. (1980) also reporied that orval strepiomycin
wos effective in treating dierrhoeic calves but they did not compare the
incidence with wireated control celves so, apain, it is impossible to make &
veal ossessment of the value of streptomyein.

Bortroe ot al. (1952) treated 58 dlarvhogic calves with opal chlortetras
eycline and, of these calves, 51 reapande& immedlately to treatwent and % gradually.
Two calves dld not respond to treatment and one dieds No untreated conbrol
animals weve studied in this ewporiment. In enother investigation, 67 calves
were given 500 mpgms. of chlortetracycline by mouth at birth and, of these calves,
Lo yemained healthy and 27 developed diarrhoea. The affected calves were glven
additional doses of c¢hlortetracycline. Twenty~one of the 27 diarvhoeie calves
vesponded to o single oral dose of 500 mgmse of chlevtetracycline. 8ix of the
affected calves needed additioval trveatment and one cnlf eventually died. No
wntreated control calves were described in this study so that it is impossible to
assess the value of chlorbetracycline as o prophylectie or therapeutic.

Roy et al. (1955) cbserved a reduced mortality rate snd an increased
body welght in colostrum deprived calves which were given daily doses of 2k0
mgmss of chlortetracycline by mouth. OF 20 tveated calves, enly 2 died compared
with 10 uvntreated control calves of which 4 diede

Pearson (1954) sdministered 2 opal doses of 500 mpms. of oxytetracycline
to 41 clinlcal cases of calf dimrrhoes and, of these, 40 vecovered completely
within 36 hours of the start of treatment. He alsoo adwinistered 2 orel doses of
500 mgms. of tetracycline to calves within the first 36«48 hours of life. This
experiment was carried out on 6 farms and included 21 calvess Although specific
groups of wtreated control celves were not kept in this study, Peavson did
observe that uwntreated calves on the same farms were affected with diavrhoea.

Laseiter (19%55), in a veview on the many studies that have been made of
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the value of dlfferent antibiotics as a food additive, came o the following
gonelusions. Oxytetracyeline and chlovrbebracyeline ave the only antibiotics on
which adequate study has been made to warrent valid conclusions. These anbie
biotics, when fod as supplements, appear o reduce the lneldence of celf
diavrhoea, increase the food eonsumption and improve the overall condition of

the andwmzls The recomuended daily dose of these antiblotics as a food additive
18 1520 mgmss/100 1be body welght, which is aboul 1/25th of the uswal
theprapeutic dose. Lagalter also desoeribes how the growth rate of calves con

be stimulated by 10=300 durding the flvet 4 mounthe of 1Life by feeding a supplement.

Clark Osborne et al. (1959) found diarrhoea ceased after 5 days!
treatment in 15 out of 21 diarrvhoele calves, which were given the recommended
therepeutic dose of neomycin by month. They also found that diarrhoea ceased in
18 out of 21 calves which were given the recommended theropeutic dose of
furamazone by mouth for the same perdod. Diarrboea ceased in only 2 of the 271
vptreated control auniwels which were studied over the some period. Three of the
29 colwves given furamazone (ded compared with 6 of those glven neomycin aand 6
which were glven no treatment.

Spectacular results were obtained by Henry and Blackburn (1957) using
furemazone to treat diervhoelc celves. They bought large nuwbers of diarrhoele
calves at a morket and sorted them by raandom seleetion into 2 grouwps. The
cellves in one group were given 1 gme. of fuvamozone dally by wmouth wabil ﬁhéy
either dled or recoveved. The calves in the other group were glven no
treatment, OFf 63 calves vwhich were treated, only 3 (L. b7 died; wheveas 21
(1ee. 87.5%) of the 2h wniveated calves died.

Swmith and Crabb (1960) investigated the effects of the commonly used
thevapeutics on the faccal coliform count of calvess They found thalb, when a
gingle dose of 0«5«1.0 gmse of strepbtomyein was given orally to healthy celves,

the number of B cold in the facces dyoppaed from 103 to 10 orgenisms per gram,
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A single dose of 045 t0 1.0 gme of neomycin also cavsed o very mavked fall in
the number of I, colli in the facoes. A single oral dose of 0w5 to 1.0 smeof
both chlortetracyeline and oxytetvacycline and a single oral dose of 10 gns.
of sulphadimidine and phthalysulphathiszole caused some reduction in the BE. coll
count of the faecces, bubt the effects were not so marked as with the streptow
mycin and neomyein. A single oral dose of 0.5 to 1,0 gme of chloramphenicol,
of 1 gm of furazgolidone and of 1 gm. of furamasone had no effect on the faecal
coliform covnt, When the oral doses of these drwgs were administered over a
nmber of days, it was found that streptomycin and neomycin had a very worked
depressant effect on facceal bacbkerlal counts, and that the effects of the
tetracyolines and sulphonamides were more marked than when they were glven in
glngle doses. Ouly a slight reduction was obmerved in the faecal count with
repeated doses of oral chloramphenicol ond nitrofurans given over a period of
days. Tt was also obmerved that these drugs were mere effective in wreducing the
faecal coliform count if they were given ovally thau when given parenterally.
The efficlency of thevapeubtics Lo limit the Bs coli population is
portly velated to ﬁﬁ@ ability of the bacteria to develop resistance to the drug.
Smith and Crabb (1960) have shown that the Es coll population in a calf's
intestine may chonge from s predominantly sensitive one to one which is
reslatent within 2448 hours of the adminisiratica of the therepeutics Smith
(1958) investigated the faeeal Flora from 537 calves and found that, on farms
where it is common practice to give chlovietraeycline suppleirents, as many as
84% of the celves had chlortebracycline resistant straine of intestingl bacteria.
The biochemical and physiological e¢ffects of diavrboea in neonatal
calves have been investigated to a limited exbtent. Three pgroups of workers,
Blaxtor and Wood (1953), MeSherzy and Griunyer (1954) and Roy, Shillem, Lang and

Togram (1959) have investigated this aspect of the disease amd their
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ohegervations can be sumparised us follows. Diarrhoelc calves lose an excess
of water and elegtrolybes in theilr faeces. The plasmwa electrolyte concentraiion
of diavrhosie calves may change to include both hypo and byperelectrolyboemisc,
Diarvhoeic calves may also be affected with a metabolde acidosis and hypere
glycacmias, As a resuli of thelr observations, one grouwp of workers carried out
a Limited investigation on fluid and electrolyte replacement therapy of the
diavvhoelce calf. Some suvggestions are also made for weplacement therapy in
diaryhoeic ealves in the British Veterinary Association handbook, 'The Husbandry
and Diseases of Calves'. A detoiled demeription of thepe works ls presented in
Part IT of this study, |

From this wreview, it can be canmluﬁed.ﬁhat diarrhoen in neonatal. calves
is a complex problem. Its acticlopy has not been adeguately defined although
such factors as the activity of infectious agents, errorvs of husbandry and
variations in the calfts resistance to the discase have been implicateds Nedther
hag the pathogenesis of the condition, or its physioclogical and blochemical
sffects, been completely eclucidated. It is also appavent that the treatment of
the condition has lavgely been directed at limiting the activity of intestinal
badteria and to a lesser extent by attention to the feeding and mavegement of
the newborn calf,

Diavrhova iun the newborn calf poses many uwnanswered problems and the
object of the prescent study was to investligate some aspects of the condition.

The sitvation at the University Veterinary Hospital, were large numbers
of calves weve heing reared, afforded an opportunlty to meke a clinieal
appraissl of the condition, and also to lanvestigote in controlled experimonts,
using large numbers of dalv@&, the effeeln of methods of mavagement and the use
of antiblotics and a sulphonamide on the incidence and severity of the disease.

Dbservations were made of the effects of the dimdukiom on the colfits
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body weight, rectal tempevature, pulse vate, general physical condition and
demeanour. Post mportem exsminations were also made of calves which diede

Tyom the part of the previous voview which desexibed ecurrent practices
on the treatment of cali dlevvhoea, using antiblotics and sulphonewides, it is
apparent thal, desplte the widespread vse of these substances, there is limited
ovidence baped on controlled experiments uweing lavge nunbers of calves to
indleate their effiecacy, A study was therefore cavried out to invesbigate the
effleacy of the antlblotics and sulphonanide frequently used to sontrel neonatal
digrrhoea of calves in the field.

To the present study, it was decided to sdwlnister these substances
every day during the expevimental period to the calves, lrvespective of whether
the colves were henlthy or affected with diarvhoea. The doge of antibiotic op
sulphonamide aduinistered deily was the therapeubic dose vecommended by the
manufacturers, Thus, ineffect, the calves were given the recommended thera-
peubic dose of the antibiotics or sulphonamide as a prophylactic when they were
healthy and the recommended therapeutic dose when they were affected with
ddorvhoea. This procedure was adopted in view of the fact that dimrrhoeic calves
may epparently die elther fyvom the divect offects of the bacterila, such as
sapticaemla or endotoxcemla, or from the effects of the dlarrhoea itmelf, such as
dehydration. By admiunlstering the antiblotics and sulphovamide in the way
described, the vesulis obtained should theoretilcally provide a betier ilndication
of the efficacy of these substances in controlling the bacterdal infection
aseociated with diarvhoea than would be the case if they were used solely as a
therapentic since some treabed calves could theoveilcally die from the effects
of the diarrhoea per se despite the fact that the antiblotics mey have effectively
Limited the bacterial population,

In addition, it was also possible, by adminlstering the antibiotics daily

as o prophylactic, to investigate their effecis on the growth rate of the calves.
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In each oxperiment one group was given no breatment and acted as conbrols,

- while other groups were given %h@'&arimua treatments. When the calves had
been gorted inbo groups they weve moved from the lavge room and each culf
houged in a gepervate calf hub.

The experiment proper began the following morning end lasted for the
next 14 days. Duving this peried the calves in esach begt group were given
daily doses of an anbibilotie, or vere managed in a different way from the
conbrol group. Daily records weres k@@t during the gxperiment of the type
of Taeces passed by esach calf, Ths c&lves were algo welghed at intervals

dupring the experlment.

Lalf foeding.

Apart from calves in gome groups ln experiments & and 10, all calves were
fed 3 pinte of ostermilk™ twice deily. In experiment & one group of calves
was fed 2 pinte of ostermilk 3 times daily, In experiment 10, 15 calves vere
fed 3 pinte of ostermilk twice daily and the obther 15 ealves fed 3 pints of
cowp wilk twice daily. The ogtermilk was dissolved in werw waber abt a concenw
bration of L¥ 1bs. of drled powder per galloh of warm waber. Tis composition

wag gimilar to that of cows milk es shown in Table M. A

Pable W N

Gompavative composition of osbernillk and cows millk

% Compoaition Ostermilk Covs millk
Carbohydrate AR A%
Fab C 348 349
Protein _ 3ed L2y A
Balt 0.7 Q.7
Dyry Mabtter 13,0 12,9

it
ES

Catemillk IT, Glaxo Laborabories Ltd. Middlesex, FEnglend



Care was taken bto Feed the ostermilk and cows milk abt approximately body
temperature. Celves were fed belween §.0 aeme and 9.0 ae.me and 4.0 peme and
5 peme  One group of calves in experiment § were also fed belween 12,00 a.m.
and 1,00 pemie Bech ealf wag provided with o sgeperate feeding bucket. The
buckets were washed with eold water afber each feed bub not sterilized, Apart
from those in the first 3 experimeonts, eany calf which refused bto deink the
ogbernilk or milk provided at each wesl was faed by sbomach tube, The tube
used wvay wede of soft rubbey and had an extornel diameter of about 1.5 oms,
The tube wag pasged orally aand sufficlently Lar iuto the calfls cescphegus 8o

that the tip of the tube was ogtimated bo be at the cardiac gphinclber, The

A

osbernill or milk was slovliy adninistered bhrowgh o funnel atbached to the btube,

Calveg were housed seperstbely in galvanlzed hubs approximately 67 x 4' x 59
in gize. Before each experiment the huts were clesved and disinfected. A
thick bed of oalb shraw wag provided and every sesond day the hubs were clesned
ouli, bubl not disinfected, and fresh bedding provided. The huls were dry and
frese from dravghte bub were poorly insulated snd the tempersture inside them
was only a few degrees warmer than oubside.  During severe Ifrogby weabher the
hatse were thateched with o layer of glraw avd this helped to raise bthe inside

temperature by a few degrees.

Hedghing calves
In experiment 1 the ¢alves were welighed weelkly ard in other experiments on
albernate days. Oelves were welghed aboud 2 hours after the mopning neal and

thelr body wolghts debernmined to the neavest pound.



Debermination of rectal bemperziure and heart rabe

Rectal temperabure and heart rates were debtermined dally of all ealves in
oxperimont 2 and of occaslonal calves in othor axperimeats. These obgoy-
vatlong wers made 2«3 hours aftbter the morning weals, Rectal temperatures were
determined with a clinical thormemetor snd heart rebes by susevlintion with a

shethoscope.

Adminletration of antibictics and sulphonanide

Galves which were recelving treatwment were given i% each day for the 1/
doy experimentel period. The deily dose was divided inbo halves, cone of which
was given al the time of the morning feed and the obther at the evening feod.
Treatmont was administered eithoer by mouﬁh ag a boblet or in & drench or by
intromuagenlar injochions Tor convenlence; full details of bthe doses and
roubes of administration of the different breatments are lisbed with the tables

£ rosults obbained in each exporiment. These vesulis are showm later in this

theslc.

Clagsificabion of calf Faeces

During the fortnight of cach eaperiment, & daily record was kept of the type

o

of facces pasged by each calf. The calves were exasmined about an honr after
the morning fesd, at which bime most had defaecated or did so when disturbed.
Taecos wvere clapgiiied dnto Ffour cabegorles am followst
Normal Faocaes

These were Tirm in consistency and wellformed, often quite dark in colouw

end smell in volume, and were passed delly of every second day.

Diawrhooes 1 Faeces

These were partly fluld and of an increased volume compared with normal foeces

and vere passed once or twicoe deily.



Diarrhoea 2 Facces

In this eategory the faccos wore fluld and contained only & fow golid
pleces and vere warkedly incressed in volume., They ofben smell offensively
and werc passed al freguent intervals during the doy.
Diasrrhose 3 Feecos

These were completely fluid in character, of coplous volume and evil
amalling; They were passed very Lreguently during the day sand often deibbled
£yrom the rectum of the recumbent calf,

In Figur@iﬁﬂ is shown a bypical vecord from an experiment of the fecces

pasaed by a group of bten calves.

Figure A  Bxample of record of fasces nassed by group of calves

durine an experiment
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Presentation and smalvels of the effects of anbibiobios; o sulphonamido
1£fovent methods of feeding on he incidence and severity of dlarrhoce

mortality rabe and body weishi.-

In tho presentablon smd analysis of resulis, the following ewiteria weve
regorded foy each group of valves,

1. The nmugber of culves that becane affected with diarrhoon.

2« The number of selves that dieds

3s  The number of deys on which surviving ealves™ passed sagh of the following
typos of faedes, D1, D2 and B3, exprossed as a percentage of the total
punboer of deys on whieh the type of facces passed by these seltves wasg
pecorded during the exporiment,

b The botsl number of days on whiceh surviving eslves passed sy type of
darrhoele facces éxpresded as a pevcentage of the total number of days on
which the typ@’ﬁf foopes paamganby these coalves was vecoprded during tho
experiments

% The wean difference bebween bthe welghts of all supviving calves when
detevnined ab the start and finish of the experdnmonte

6. The number of deys on which each calf thab died pmesed any type of diavihooic
favce before it dled.

7. The diffeyrepve between the welght of each salf that died when deboimined ab
the start of the experiment and ab deaths

A statilstical enslysis of the effects of anbibiobicsy a sulphonamlde and
different metheds of feeding on the incidence of diavrhosa and mortality rete
was caryled ouwdk using o method suggested by Dre 8. Sylvie of the Maithematice

Department, Glasgow Universliiy.

For each ¢alf was csleulated the proportion *p's Yhere "pY equels,

" The term 'surviviog calves'! has been used o descwibe oslves which lived

throughout the 14 day experimental perlods
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" othe puber of days duplag fhe experiment on whioh the calf passed awy type
of diarrbosic fasce, divided byy the mumber {(l.e. ) of days in the experiment.

Death wag considered ﬁ@iba as aari@ué“éﬁ'%% days contiauous diayrhoea and
vhen a calf died o value of p = 1 vag used.

For each eslf a value sinj}ﬁ vas found from étatimﬁieal tables.

Two anelyses wore made to detervmine if there was a difference between methods of
sezessing significance of tr@aﬁmmné. Significance of treavment was assessed
(o) as ite effect on the imeldence of dlaprhoca in murviving ealvem and (b) as
its effect on disrrhoea invidenge a@ﬁ nortaliby rate in all calves in a groupe

Means end stendard deviations of the velue aagzjg were ¢alonlated
(a) from the date on surviving calves and (b) from the daba on all calves in a
ETOUD. A Y fest was used bo debermine the statisitical significance of the
difforvences betveen both mesn values of he Lreated group and both mean veluss
of the corresponding control group.

The effect of treatmeont on welght chenges were analyﬁm&'atatistiaally
ueing a %' veat. The wmean wiight changes of surviving colves in treated
groups were compared with the wean welght changes of sur%iving galyes dn the
corresponding gontrol groupss The welght changes of calves which dled were
not ineluded i these anélyaes a6 the oglves did not consume the same amount of

mill over the oxperimental periods as the supviving celves.
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s and pogtemorben Legions obpervod in experimental calves

Although it was obsgerved that, in individual calves, the clinicsl
sipns and the course of the cdhaditiom varied, the overall form of the déndition
appeared to be consistent in both treated and untreatoed calves in the 10
successive experiments. Post-mortem examinations of ealves which died confirmed

the impression that the foym of the Cawditiea was similar throughout thisstudy.

%
3

As described later, some of the treaiments adminisitered veduced the severity of
the disease in groups of calves. In these calves the Ciwndiblomwas similar to
that which occurred in the L@sa severely affected calves given no trealtmenlt or
those glven a treatment which was not effective.

Every one of the 100 wnireated calves used in the 10 control groups in
the experiments became affected with diarrhoea at some stage during the
investigation. The 1arge*majority of these calves were affected with a déwdition
sharacterised by a périwd of diarrhoea which lasted for at least 3 dayse A
small proportion of calves were affected with a more acube condition and died
within a period of two days of showing signs of i1l health.

The large mojority of calves, which developed the Cdwditim, bocame
affected during the first week of the emporiment end the chwdihon reached its
maxinmum severdty and highest incidence between the 6th and 11th days. By the
t4th day of the experiment, the majority of surviving calves were showing signs
of recovery and passing novmal, or slightly disrrheeie, facces. The number of
days on whioh calves were affected with diarrhoea ranged from 1 to 13. .Detaila
of the number of days on which celves in each group weve affected with
diaryhoea arve glven later in this soction. The calves were usually affected with
diarvhoea on consecutive days but occasionally a calf had diarrhoea, recovered
and then relapsed.

It was observed that a small proportion of calves ypassed the 'meconium®
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type of faecces during the first few days. of the experiment, These faeces were
yellow-green-brown in colour and smelt offensively. Lengths of desquamated
epithelium were present in pome foeces.

Noprmally formed and meconial stools, which had a superficial ameay of
frank blood and mucous, were passed by a number of calves during the first fow
days of the experiment. Such faeces were passed by calves which remained healihy
throughout the experiment and by others which developed diarvhoea. There was no
apparent assoclabion between bthis type of stool and the oceurrence of diarrhoeas

The type of facces passed by healthy and diavrhoeic calves, and the
froquency of defaecmation, has been previously referred to in the classification
used bto assess the effects of treatment on diarrhoea., On vimual examination of
the diarrheelc stools, there was néigﬁi&enc@ of either frank or ocoult blood.

When affected with diarvheea, the calves ofben strained durlag and
inmediately after defaccation, te an appavently greater ewbent than heslthy
calves when defaecabings Some ¢elves, which were physically very wealk and
affectbed with the severest type of diarrhoea, were observed to dribble faecces
apontancously from the rectum without obvious active movements of defaescation.

The mortality rates in different groups of calves varied. Details of
the mortality rate in each group in the 10 successive experiments ave given
later in this section.

OFf the 100 untreated. control calves in these experiments, 2% died. The
mortality rate in individual, groups of calves ranged from 0 = 600 and, as described
later, the mortality ralte showed an apparvent seasonal vardation.

| Approximately two thirds of these control calves died between the Sth
and 11th days of the experiment (mean 8th + 3 dey of ewperiment). Two thirvds of
the calves which died were affected with diarrhoea for 2 to 6 days before death

(mean 4 + 2 days diarrhosa), A small proportion of calves died after having
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diarvhoea on only one or twe days. Other calves did not die wnaiil fhey had
been affected with diarrhees for 10 or more days.

Diarrhoeic calves lost welght. The amount of welght lost was
apparently related to the number of days on which the calf had diarrhoea. The
effect of diarrvhoea on weight wes evident by comparing the changes in welght of
eontrol calves which died with those of 11 control calves which were not
seriously affected with diarrhoea. These 11 control calves were affected with
dlarrhoea on 4 days or less. They were selected for comparison as none of the
control calves was unaffected with diarrhoeas These oalves maintained an
almost constant mean body welght during the experviment, ae shown by the resulis
given in Table Al. The difference was determined between the welpht at the
gtart of the experiment and at death of ecach control calf which died. The mean
loss in weipght of these calves was 8 + 6 lb, The mean loss is equivalent to
approximotely 12% of the initial body weight. In Pigure ® are shown the weight
lomses of unitreated calves which died, plotted against the number of days of
dlarvhoea. From the distribution of points in this graph, it can be seen that
logs in welght was appavently relsted (o the period of dlarrhoecas

Turther evidence of the effects of diarrhoes on weight is presented in
Part TIT. These vesulte show that, in diarrhoeic calves, the weight losa was
stetistically significant when comparved with healthy calves. The yesults also
illustrate that the loss in welght was related to the period of diarrhoea.

The loss of welpght of diavrhoele calves was evident in the emaciated
appearance of the enimals. There vas an obviovs veduction in the muscle masses
of the shouldery rump and thighs. The size of the abdomen also eppeared to be
snaller in diorrhoelc calves then in healthy animels.

Variations were observed in the demeancur and drinking behaviouyr of

calves. When firet admitted {o the Velterinary Hospital, sowe calves would not
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readily feed from a buckel, possibly because they had previously suckled cows.
The majority of these calves soon leavrned, however, to feed from a bucket.

It was sometimes cbsevved that calves wore mentally depressed,
physicelly less active and did not f@e&lwith enthusiasm the day before they
developed diarrhoea. These changes in behaviour seemed to occur more frequently
in calves which subsequently died of the acute form of the ddndibtaw.

When affected with diarrhoea, sowe calves showed, so far as it was
posaible to judge objectively, no apparent change in demesmour. These calves
Bahaved tnopmally' in response to the verious environmental stimnll associated
with feeding, welghing, dosing, bleeding and clinical examination. Other
diarrhoelc calves appeared cbbunded and did not react so readily in response to
the above stlmuli. In some jusiances, 1t was possible that this 'mental
dopression’ may have been related to, or possibly confused with, the fact that
calves were physicelly weak, Some calves, and in particular those which had been
affected with diarrhoea for brolmnged periods, became ‘wleepy! and finally
comatose for several hours before death. In these calves, the faculties of smell,
sight and hearing appeaved to be depressged and they did not react to stimuli.

The calves were alao physically incoordinate end uwable to stand or walk. Other
calves, and in partieular those which died of the acuie form of the dbalitlen,
showed abnormal nervous signs before death, These signs included incoordination,
opisthonus, vigorous paddling movements and hypervexmteonsion of the limbs, fine
mascular tremours, chewing movements of the Jaws and nystapmus.

Glini@#l signs such as grioding of the teeth, periodic 'painfult
bellowing, a stiff posture, arched back aund kicking at the abdomen, which have
been associated with abdominal pain, Blood and Henderson (1963), weve very
oceaslonally observed in diarrhoelc calves.

When healthy, the calves were keen Vo feed. They usually stood waiting
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Table A

Mean snd shandaed doviation of The body weishts of 11, control
calves affected with b doys or less disvrhioop.

Day of Bperdment 1 3 5 7 9 1 13
Mean Wie 1bss % 96 9 95 7k 95 75
g+ D. 1bo % 7 8 7 ? 7 7 9

Tn Teble . are shown the vectal temperatures and heavt ratem

of dalves when passing faoces of different types.

Table B

Correlation of mectal bemperabures and heart raobes with the type

Type of faccem Normal Faetess D 1 Fasces, D 2 Foscas. D 3 lacces,

Temperature ' F.  102,010.,63 1024 140466 102, 4204 57 102540459
(136) (1) (h5) (23)

Heart Rate/min 95, 821446 05084101 904 74154 924 3112:6
(131) (39) (46 (297

(The figures in paventhesis ave the number of cbseyvabions mades)
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at the pen dooys when the wmilk buckets were rattled av feeding times They drank
greedily and usually consumed the 3 pints of milk provided at each meal in about
a wminute, Differences from this behaviour were observed in dlarrhoelc calves.

Some diavrhoeic calves showed 1ittle reaction when presented with a
bucket of milk, and therefore appeared to have no appetite bul were,; in facth,
keen to drinl when assisted. Some started to drink as soon as thelr muzmzles
were dipped into the milk. Others, which bad previovsly drunk waided from the
bucket, had to be addiblonally stimulated to feed by pulting fingers into the
call's mouth, Once these calves appeared to realise that wilk was availuble,
they drenk roadily.

Some calves, which were physically active and mentally alevt, appeared
to recognlse the bucket of milk but showed 1little or mo interest in drinking.
Some drank only a ssell proportion of the milk and others appeaved to have a
complete aversion to drinking. DByen when coaxed and stimulated by putting
fingers in their mouths, these calves would not willingly drink. This behaviour
appeared to be most common in calyes which had been affected with diarrhoea fow
long periods, Interestingly, these calves, which would not willingly drink, had
lost weight and were often showing the clinical signs which, as described latlew,
have been assocliated with dehydration. It was this type of feeding behaviour
which most often necessitated the use of the stomach tube to fmrce feed the
calves., The other calves fed by this method were those which were physicelly too
weak to drink of bthelr own accords

It was nobiced, vhen feeding calves through a stomach tvbe, that, as
soon as milk was pouved down the tube, and preﬁumably entered either the rumen
or abomasum, the calves wade sucking and swallowling movements. This reaction
was observed in calves which had previously shown no response te the introduction

of fingérs into their mouths or to the lnsertion of the stomach tubes
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Disvrhogic onlves had changes in the texture of the skin which have
been assoclated with dehydration, Blood and Henderson (1963). In these calves,
the skin appeared to lose its normal pliability and, when plcked up into a fold
and then released, often reboined the Yfolded' appesvance for some time. In a
noymel healthy calf, the skin is loose and resilient and rapidly reoturns to its
natwrel contours ¥ a fold is picked wp and then releassed, It is consideraed
questlionable, however, if this clinical mign is necessarily always associated
with dohydration. Comparable changes in the resilience of skin have been observed
in calves which were in poor condition from cauvses other than diavrhoea. In such
calvea, there was no clinical evidence of dehydvation since they were allowed
wator ad libatum and wove not apparently losing excess water through the facces
or other routes. A chanpge in the pliab&lity of the skin has also been observed
in calves which died of the peracute and acute septicaemic form of colibmeillosis,
T these animalsy the course of the discase is so rapid that there would seem o
he little opportunity for mavked dehydration to ocour.

It was observed that, in diavrhoelc calves, the hair lost its normal
sheen, tended to stand stiffly and to lie in irreguler planes. Alopecis was
obgerved ia many calves. A loss of facial hair, which appeared to correspond to
the depth the mugzle was dipped into the millk when feeding, was observed in both
healthy and diavrheoeic calves, In the latter, there was often a loss of hair
over the tail, medial surface of the thighs and perineum. This alopecia was
appavently distributed over aveas stained with dlarrhoeic faeces. On the aveas
whore the haiyr was lost, the unﬁerlyiﬁg skin appeared slightly hyperaemie but
there was no ulceration., In some instances, the exposed skin was covered with
a crust of dried milk or faeeces. Whether the crust included merous exudate is
not known. The cause of this alopecia is unknown, Tt was posslibly a localised

allergic response bto milk.
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Enopthalmws (sinking of the eyeball inte the orbital fossa) was
obzerved in wmany calves affected with diarrhoea. The exact sipnificance of
this condition is considered to be guestionables Blood and Hendewson (1963)
and the Britlsh Veterinery Assoclation hendbook, 'The Husbandry and Diseases of
Calves', state that this condition is the result of debydration leading to a
reduction in the size of the eyeball. Enopthalmus has been freguently observed
in emaciated cabile. In these anlmals there was no reason to suspect that
dehydyation was present. The enopthalmus in such animels is believed to be due
to & reduction in the smount of peri-ovbital fat.

It is pésﬁible that, in calves affected with diarrhoea for long periods,
enopthalmuz may be due to elther or both dehydration and cataholism of peri-
orbital fate Enopthelmus has, however, been observed in oanlves affected with the
peracute and acute septicaemic form of colibaeillosis. In view 6f the acute
course of this form of the disease, it is questionable if enopthalmus could be
attyibuted to either dehydration or catabolism of peri-orbital fat, In these
animals 1t is possible thal enopthalmus may be due to & decrease in the size of
the eyeball associated with a reduced blood supply to the orgen as a result of
clroulatory failuve. On digltal palpation, it was found lmpossible to assess if
therve was either a reduction in the size of the eyeball or the intra~ocular
pressure in calves with enopthalmus associabted with either the acubte or
protracted form of colibacillosis. It is therefore gonsldered thak in calves
affected with colibaclillosis, enopthalmus may not necessarily be a sign of
dehydration.

Dryness of the mouth and tongue is a clindeal sign of dehydration in
man, Bland (1963). This sign was not observed in diorrhoeic calvess In cattle,
secretion of saliva is o continuous process, Lewis (1961) and it is possible
that, even in a dehydrated calf, the secretion ls maintained and this clinieal siga

would not be present.
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Beetal temperatures and pulse ra%ea were determined on large numbors
of calves. The results obbalned are showm in Table ® . It was found that there
was no significant difference between the meen rectal btemperabures and pulee
rabes of calves which passed normal faeces and those which passed different types
of diarvhoeic fascces.

The 'normal'® repges of temperature aund pulse rate were considered as
eguivalent to two standeard deviations on elther side of the mean wvalues of these
porameters for calves passing normal faecdes. On this basis, the normal ranges
for calves were 100.5° = 103.5°F for vectal tempevature and 66 - 130 beats pex
minute for pulse rate.

Rectal temperabures below this range wér@ frequently observed in calves
for several hovrs before demth. Temperatures below and at the lower end of this
range wore also observed in calves which had been affected with diavvhoea for
leng pericdss The exbremities of the limbs, enrs and skin of these animels
were pelpably colder than those of healthy celves.

It was occaslonally observed that the Lemperature wé§:2T§§ﬁ¥§} above
normal in calves which died of the acube ddedition. Marked pyrexia was not,
howevery a clindocal feature of the disease and none of the calves had a temperature
groater than ?GﬁwF.

Pulge rates below and at the lower end of the normal rémge were observed
in calves shortly before death and in calves which had been affected with
diarrhoesa for long pericdss In these animals, the pulse volume often appeared
to be reduced and, in some, it was found impossible to detect a radial or femoral
pulse. In calves affected with the acute dewditlon, the pulse rate was sometlues
slightly above the normal renge but there was no obvious inervase in pulse volumes

Difficulty was often experienced vhen taking blood samples from the
Jugular veins of dylng ealves, or those which had been affected with diarvhoea for

long periods. In these snimals, the jugular vein did pot £111 rapidly or becone
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very distended when the vein was compressed at the base of the neck.

Apn attempt was made to correlate wespivatory rates and diarvhoea butb
this was not successfuls It was found that calves sniffed and licked while
thelr respiratory rates were beilng measvred and, bhecause of this, it was
considered that the resulis oblained were not a reliable iundication of the
respiratory rate. Clinical signs indicative of paecumonia, such as an obvious
tachypaoea, hyperpnoes, dyspnoea and coughingywere nob observed in any of the
experimental calves apard from a very few exceptions. These observations on
the absence of any clinieally appavent pneumonin were confirmed by post morten
examinations of animals which diod. The pneumonis that was observed in a small
number of calves was apparently asseciated with the inhalation of milk.

Abpormal resplration was observed in some dlarrhoeidc calves shortly
bafore deaths These calves had periods of spnoea which lasted for about half a
minute followed by a few decp gasping respiratory movements. When meking these
gasplng movements, the calf often breathed throvgh the mouth avd emitted a sigh.

On post mortem examination of calves, which diedy it wes found that the
majority showed no mecroscopic lesions apart from owaciation and diarrhoeie
foeges in the rectums. Macroscopic enterliis was not cbserved, In a small
proportion of calves,which had died of the acube form of the Cinftlom, inflammatory
lesions were observed iun the menlnges and joints., In about 5 calves, wWleerative
leglong were observed in the abomasum or xwmen. These ulcers were usually quite
shallow and conflned to the superficial layeras of the viscera. They were
typleally oval or c¢iveular in shape and measured up to two inches in disweter.
The mwerging of the ulcers were well defined. Around some ulcers there was a
secondary fibrosis. The signilficance of these vlcers is not kuown but it is
posgible that some may have been of traumatic origin feollowing intubation.

Similar vleers have been observed in ether calves wvhich were not intubated. In
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some of these animals, the ulcers had actvally pevforated and there was an
pesociated peritonitis.

Ored, cescphageal and interdipgited ulcers, indicative of mucosal
dizease, were not observed in any of the experimental calves.

Blosd, foecsl and tissve samples were taken for bacteriological
oxemination from most calves which died. TFoecal semples were taken from meny
healthy and dierrhoeic calves and blood samples from o few calves affected with
dierrhoea, Be cold, was invariably isclated from the Taeces. The organiem was
also isolated from the blood and tissues of many dead calves, Since some of
these calves had been dead for seveval hours bofore they were sampled, the
isolation of bacterian from blood and viescera ecould not necessaylly be taken as
indicative of death from septicacmia, Briggs (1951), The bacterium was also

affected with both e acute and Chronie conditions
isolated from the bloed of a few ea1VQsAﬁhartly before death but, again, in
view of Erigga'vehﬂervation&, this Finding was not necessarily indicatlve of
‘ﬁe@ticaemia as the prinacy wauée of death.

Fagilities were not available to carry out a comprehenslive survey of
the bacteriology of all calves, or o serotype the bacterie isolated. The
baeteriologieal, samples teken were culbured Lo determine if Salmonella bacteria

were present in the calves. These orgesnisms were never isolated.



The 10 experiments in this serles were carvried out at different times

of year over a period of 4 years. In all the experiments, the menagement and
feeding of the contipol groups of c¢alves was identlical.

All the control calves became affected with diarrhosa. The number of
days on which surviving control calves had diavrhoea varied in different
oxperiments. Tu Bxporiment 2, the & surviving celves had dlarvhosa on 36% of
vhe days on which they werve observed. In Experiment 9, the 6 surviviang calves
had diarrhoen on 764 of the days. The wortality rates in different control
groups of calves also varied. In Huperiment 4, none of the colves died but, in
Bxperiment 7, 6 calves diede.

Seasenal variations in the incldence of dlarrhoeca have been deseriboed
by previous workers ond the following anelysis was corvied ount to determine 1¥ m
sinilar variation occurred in the present situdy. In Table C ave shown the
oxperinentel results for the 10 control groups of calves arrenged in sequence
according to the time of year vhen thoy were determined, In this table ave shown,
for each control group, the number of calves alfectedy the nuwwber of calves which
died and the mean value for the surviving calves of &in"z/gz This last figure
is a measure of the incidence of diarrhoeas

Ag previous workers have found that the lneidence of diarrhoea was
higher in the early spring menths of the year than at other times, the resulis
obtained on the 10 groups of control calves in the present study were divided
into 2 sections, Wive expeviments, Nos. 1, 5y 7, & and 9, were cavried out in
the months Janvary, February and March, and the other 5, Wos. 24 3, %, 6 and 10,
were carried out inm June and October. In TableC are shown the mean values for
the mortelity rate and for sinfz/é of each secbion.

S8ince all calves in each group developed diarrhoea, there was no
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Table C

Seasonal variations in diarrhoes in control evoups of calves

8 1841460 10 b 0460k
5 2641459 10 3 0.636
v 1042459 10 6 06749
) 843460 10 b 1.086
1 1943456 10 : 2 0914
Mean Section I 3.8% 2.2 0475840, 21
b 346458 10 0 0.898
6 ba6458 10 2 0.924
T 10 76460 10 2 0.827
2 8410,56 10 1 0,628
3 22410457 10 3 0.906

Mean Section IX THE LD 0. 84140413
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evidence that the calves had a seasonal vesistance to the development of the

dlsease. In order to detewvmine Lf There was o stabtistically signilicant

difference in the severity of the disease in the 2 sections, a &' Lest was

carvied out to compare the sectional mean values of sinjg/g. There was no

significant difference. TFrom this result, it would appeax that there was no

seasonal varlation in the severity of the disesse in affecbed golves which survived.
The mean mortality rate in the fivest section of calves was more than

twice that of the second secbions A *tY test was carried oul to compare the

mean mortality wates of the 2 sections. The mean mortality rate of the calwves

sbudied in January, February and Meych was gignificantly higher at the 25% lewel

then the montality rate of calves studied in June end October.
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The effects of some antibiobics, a sulphonamide and methods of feeding on the

incldence and geverity of diarrhoe Lty rete snd bod

Gl

The results obteined in the ten eoxperiments are presented in the following
ten tables. The interprotations of these resulls and the concluslons thal

can be drauwn frowm them aré considered in the '"Discussion' of this Part of the studys
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The antibiotics and sulphonamide adminisbered in these exporinents were
reberinary preparations dispensed by Pharmaceubical Houses for the treabment
of ealf diarrhoed.

They were as followss

Oral styeptomycin, 'Streptovex', Glazo Iaboratories Ltd.

Oral streptomycin I, YStreptovex I's Glaxo Leboratories Litd.

Paventeral strepbomycin, 'Strepolin 33',. Glaxe Laboratories Libd.

Oral. Neomyein, 'Neomin Oral Liguid', Glaxo Laboratories Libd.

6ral oxrybetracycline, *T@&ramycin Animel Formula Tablets'. Pfizmers Lbd.
Opal penicillin, *Penicillin ¢ Tabletst. D.C.L. Blochemicals Lids
Cwa1‘¢hlmrﬁetranyalime, !t Anreomyein Soluble Oblets'. Cyanamid of Great Byitain Ibdi
Oral chlmrqmycétin, YChloromyeetin Veltrebtes's Parke Davis & Cos. Litd,
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Bisgussion

The resulis obbained in the first part of this study can be considered to
have both claprified and confused some aspects of the problem of diarrhoea in
newborn aalyvess

As previcusly wentioned; the astiology of &larrhoes in nevborn c¢alves has
beon associated with several factors which may act Andependantly or in cenjunctions
In this study dlervhoea appeared to he assoclabed with three factors acting in
conjunation. These three factors wore, baeterial acltivity, diet and scasonal
variabions in the calves' suscepbibility.

The significence of bacteria in the setiology was evident in the way soue
oral antibilotics werve effective in contrelling diarchoea and reducing mortality
rato. Eeoold was isolabed from the foecces of healthy and disxvhoele calves, Lirom
the tissues of dead calves and from the blood of some dying calves. The
significance of these findings iz discussed laber. The resulls obtained in
Ixperiment T with orel penicillin & {an anbibiotic not supposed to be effective
agalust Bicoli) suggesbed thab gram posltive organisms may have been implicated in
the aetiology of the diarrhoos. Thie observation concurs with that of Smith
(1960),  He was of the opinion that gram positive ocgrvisms such as Clostridiea
and Streplogocel wmuy be of unrecgéniﬁed dlaportance in the aetlolegy of diarrhoea
in calvas.

The sighificeance of dleb in the asetlology was evident fyom the results
obtalned in Dxperiment 10 In this experiment there was a marked difference in
< the incidence end severity of disrrhoea in dalves fed cow's wllk and those fed
osternilk, The latter which is preparsd from cow's wmilk has a gross chemlcal
composition similar to that of the naturel product as shown in Table A (Page35)
Thore uas presumebly some Ffactor aither in the more detalled chemical composition
or in the physical nature of the 'solution' of fhe r@cﬂﬁatitutad product dmplicated
in the aetioclogy of the diarvhoes. This finding emphasises the importance of

the composition of milk in relation to diavrhoes. It coneurs with the



ohservations in the British Veberinary Associabion Hondbook, The Husbandry and
Diseases of Calves, and by Shonks (19350) and Cowile (1964). ;

Boeterial actlvity appeared to be more importent than diet in the aetiology
of the diarrhoéaa If diet had beon of primary lmportance it would have been
expected that the dlavrhoea wonld have cccured soon after the animels weve Lirst
{ed ostormilk. Disrvhooa in fact usually ocveured after the 3rd or hth day of
the expevimenis It would also have been expected that Lf diedt had been of
primary lmportamce as the cause of the diérrhaem, those antibiotics which were
effective, would not have complotely pre#enﬁ@d diarrhoea but only reduced its
severity.

The third factoxr implicated in the aebiology of the dlarrhoes was a
ﬁeasénal véri&ticu in the calves suscepbibility as lndicabed by the measonal
differences in mortality rate. Seasonal veyrdatlions in auaceptiﬁility could have
been due to either differences in the calves resistance oy differences in the
severity of the conditions Seasonal differences in the ¢alves resistance could
have been assoeialed with differences in thely vitamln or mineral reserves ab
different times of the year as has been previougly discussed. Seasonal. differences
in the geverliy of the condition gould possibly have cocured due to differences in
bacterial activity at different times of year or because of the stress associubed
with advefse weather conditlons dn the eaprly spring mosthe of the year,

Since thé calves werse fed ostermill at all times of year it was considered that
seusonal differences in tﬁe severlity of the conditlon were not likely to have been
associated with differences in the composition of the diet.

Ag discussed in detall later, the clinical condltion observed in this study
gimulated that deseribed by previous workeys and also that encountered under favm
conditioness The fact that the present condition with itse complex aetviology
simelated clinfcally other outbreaks of diarrhosa with probably different
agtiologies, emphasises that 'diafrhm@m‘ in newborn calves is o olinicdel slpn common

to many different aetiologles. It illustrates the difficulty (or the



imposaibility) of diagnosing the aebiolopy of dlarrvhoes from the clinical signs
alone and thus emphasigesn that unless the setlology has been defined, methods of
treatnent and prevention ideally should inelude attentlon to all possible
asbivlogical factors.

Diarrhoea was the most characheristic ¢linlcal sign of the condifion
observed in the present sbudye T4 veoured dn all the calves which showed sipgns

of 111l health. However it sppeared that diavrhoes was a c¢linleal sign comnon

to two recognised couditlonbe Thewse were desigpated ms the 'acute! and
'chyonic! conditions, Clinlcally they simulabted the diseases "sepbicaemic

aolibacillosist and Yenterio colibaclllesis® respectively deseribed hy Blood and
Hendewrson (1963 ), The coudltions were also similar to thoee deseribed in the
British Veterinary Assoglabtion Handbook, ihe ﬂuabandry and Diseases of CGalvess
Blood and Hendeveon (1963) alse described ‘dietebic diarrhoeat in calvess The)
present Tchronie condition' simulabed in some respeots thoir descriptlon of this
condition also. These autheors stated that *dietetic diarvhesat of ¢alves is
frequently complicated by seeondary becterdsl activityy a situation compaveble bo
that occurdng in the present study.

Calven dted from both the acube sud bhe chronie conditions bul the

pabhogenesis of these conditlons appeaved to dilfer, In the soute conditlon
the calves appeared to die from the dirveot effects of bacterias. The precise

gause of death was not defined but 1t was considered thet an endotonaemics
anaphylagtic type of response may have ccoured in these calves compoerable to those
described in other spegles. This response was sugpectod am the calves were
pyrexic and in the terminal sbages appeared to be in cireulabery fallures

The circulatory fallure in these calves was not consgidered to have resulied from
same effects as thab obmerved in ealves alfected with the chronic conditlions
Calves which died firom the soube condition did not loose as much welght as those
dying from the chronic conditicon and presumably they were not so depleted in body

vater or electrolylten. A terminal Eevcoldi septicasemia was debechted in some
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ealves dying from the acule condition. The significance of this finding is
gonsidered guestionable as a terminsl septicacmia was also obsepved in some
calves dyilug from the chronie condition and, as. previously mentioned, Brigge {19511
recorded that a ﬁarminml septicaomia oceured in most dying calves. It is
congldered an interesting problem as to whether the septicaemia ¢bserved in the .
peute condition dn the preeent study and the septicaemic colibacillosis ﬁesmvib@ﬁww]
by others, le elther a 'normal' btewuinal event in a dying calf ov if the ﬁ
Z::aepkiaaamia is a specdflc dissases In this respett 1t is of interest that
Blood and Henderson {1963) described how in peracute endotoxaemic colibacillosis
it may be iwposslble in some cases to dsolake the bacterium fyom the blood as
death occours so rapidly from toxaemia that the intestinal bacterium do not have
time Lo dnvade the tissues. Septicaemic colibacillosis could be meyely a
texinal, event therefore of a protracted enteric endotoxaemisae However,
septicaenia could foreseeably arise due o bacterial invasion by routes obher thaw
the intestine, As Hy¢oli ds vhigquitous dn the envikdomment of the calf, invasion
gould oceur through the lungs, skin, usbilicus or urinary tract. The
gignificance and orlgin of septiomenia in the agube conditlon is considered
important as 1t could have a bearing on the administration of sntibiotic thevapy
and prophylaxis. If wmepbicaemia ocoured only as a natural sequence to an
enteric endotoxnenia it would appear feasible to admluister oral antibiotlcs to
very young calves as & way of preventing deabhs Hovever, if gepbicaenls
occurred due Lo invasion by routes other than the intestine, 1t would appesr
advisable to adpinister entiblotics parenterally when treabting or preventing the
condition, since the majority of antibiotiocs given orally ave not repldly ov
effectively absorbed from the intestines
The majority of celves which died were affedted with the chronic conditions
This condition also appeared bo alffect the other calves which had diavrhosa and
survived. There was no indicabion that calves had the acute Cﬁeptigaemic? )

condition and recevered, althouph it was lupossible to state cabegorically this
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did not ocour as a complele hacberiological suvvey was nobt cavpied oub.

Apart from diarrhoes the most outstanding clinical signs in calves
affected with the chronic coadiiion was emacialion and loss of body welght.
Loss of weight could be due bo oither or both a veduction in Gtobal body selids
or body wabter. That a loss in body solide probably occured was evident in

the calves' emaciated appearance and the reduction in the musele mass of the

shoulders and hindguevterss Blawber and Wood (1953) cbserved that dlerrhoeic
calves were in a pegative nityogen balance. This suggests that the loss in

weight in diarvheelce ¢alves is partly due o catabolism of body spolids. Loss
of body water Qwuld be expeét@d te ooeur in diavrvhoelc calves in the same way as
ocours in dieavrhoelc infantss Previous studies by Blaxber and Wood (1953),
HoSherry and Gilayer (1954) and Roy et al (1959) indicated thab disrrvhoeic calves
developed deficits of elechrolytes. In view of the close asscciablon between
the body's slectrolyte conbent and lts wabery these resulis supgest thab
dlarrhovic calves loose body wabers

Ag previously mentioned, some calves aif@ﬁﬁaé with the chronlc condltion
were found to have au Dscoll septicagmia shortly befove desths It was
considered however, bthat the ¢ause of death was not due primeavily to the effects
of the septlcaemia, bubt resulted from the long ﬁerm effects of dlavrhovas.
In diarvhoeic lafants the Following effects of prolonged diarvhoea have been
described and ave possible causes of death; hypovolacmin, hyper and hypeelectrom
lytacmia, mebabolic acidomis and starvabion (Bland 1963). The results
obbained by MeSherry and CGrinyew (91950}, ‘Blaz{.i;e:: and Wood {1953) snd loy et al
(1959) suggest bthat similar effects ovenr in diamrrhosic calvess

In view of the shove and alsoe from other clinical sighs observed iun
dismrrhosic calves (enopthalmus, chenges in suin plisbility, weak pulse, poop
Juenlar filling, sbnormal drinking and mental behaviour) it would appear that the
offects of diavrhosa on the body fluids are of considersble lmportances

The effects of dlarrhoea on Lhe body fluids in dnfants bas been invesbigated in



great detall. From these investigetions thewve bas developed an
undevstonding of the importence of correcting hheﬁa effects and thereby saving
diavrhoeic infante’ livess In view of the known significande of the effects
of diarrhoea on the body fluide in infants it was decided to luvesbigate this
agpect of disrrhosa in calves.

Before it wag possible to define the effecis of diaprhoea on the body fluids
snd then avbempt to prescribe methods of covveobing these effects, 1t was
ebﬁioue&y necessary to know sonething sbout the velume and composibion of the
body flulds in hsalthe. As Jibtle was known of the volume and composiition of
the body flwids in heslbhy delves 1t was eppential to define some of these
pavaneters before investigating the effects of dlavrhogas These investigabions
form the basis of the subsequent studies degeribed in Payts IT and 11T of this
thesise

It ds appavent that dlerrvhoea in newborm calves is a clinieal sign common
not enly to comditions arislng due to different agtiologles bub also to smeveral
different clinical conditions which may cause the cali's deathe

The term Yoalf diarrhoea' bas been often used as if Lo describe a specific

disease, thus implying that "diervhosa in neonatal calves' has a specifie

aebiology and pathogenesis, From the previous discusslon 4% is appavent thab
this is not the tase. Diavrhoss in nevwborn ¢alves ig but g ¢linical sipgn common
to a neonabal syndromes This syndvome hag a muliiple actiology and pathogenesis

and includes such recognised clinical conditions as coliwendoboxaeminy colie
sgpblecaemlay enterocolibacilloslis and dietetic diarrhoeas It is considered
that there may be obther clindcal conditions which have not as yoi been defined,
It is apparent thet before it is possible to interpret the efficacy of a
prophylactio or btherapentic prodgedure, the setlology and pathogenegis of the
Udiarrhoea’ should be defineds

The dnterpretation of the efficacy of a prophylactic or therapeutic procedure

can also depend apparently on the criterion used bo assess ite efilcacy.



The crviterion used by most previons workers and those used in thls study vexe

the efficacy of the procedure in (a) preventing diarrhoea, (b) veducing the
severity of dlarrhoea, and, {¢) prevenbing deaths. The pregent resulbs
vindicaﬁe that there is not glways an absolute correlation between these c?it@riﬂn.
Thie iz not entirvely unexpected in view of the complex astlology and pathogenesis
of dlarrhoea but it is apparent that if there is not a corvelation between these
griteviony the dnterpretabion of experimental resulis could be blesed dependlng
on the emphasis placed on vach oriterion.

It is consldered that (@) the failure to appreciate that "ealf diavvhoea' is
not & specific dlsease bub a syndrome (b) failure to define the setiology end
pathogenesie of diarrhoea () the relative emphasis placed on the diffevent
griterion used to assess the efficacy of a therapeutic or prophylactic procedure,
are the basie of some of the ¢onfusion and conflicting evidence apparent in
previons studies on ‘eslf diarvhoea'.

The way in which a spurious inteprpretation of the ¢fflcacy of a prophylactic
procedure could cgcur cen be illustrated by the following hypothebical exampless

If an outbreak of *calf diarvhosa' was due to a gross, but uprecosnised
arvor lo diet, an oxal antiblotilc administered as a prophylactic would not be
effective in preventing the diarrhoen. This would occur even though the
ontibiotic may have had an unrecognised offect in Limiting the intestinal. bacterisl
population.

The efficacy of the antibiobic in reducing the severlty of the disrrhoea
would depend on the relative ‘vontributions® to the severity by the diet and by
baoterial aebtivity. If the diet was the most outstanding factor, the sntibiotla
would have no apparent effect despite the faol thed it may bave limited the
bacterial actlivily. If the bagbterial achbivity made a substanitial tcontyibutiont
he the severity of the diarrhoea aud the anbibiotlc was effective in contyrolling
the inbestinal bacberda then obviously the antibiobic would have an effect as

assessod by this eriteria.
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The efficacy of {the antiblotic on mowvtality vate would depend on what
factors were causing death. If death was due solely to the effects of the
BOVEYe diarrheéa which resulbted primayily from the dietetid ervor, then the
antibliotic weould ha#e no effect, If however the severity of the diasrrhoea was
partly due to basterial activity and the severity of the diarrboca was raduc@é
by the antibilotic then fewer ¢slves weuld die from the diveot effegts of the
dlarrhoes and the sntibiotic vould be effective in redueing the mortality rale.

Iﬁ such an outbreak of 'calf diarrhossa’ there is alvays the possibllity that
sotte calves may dle from an enberie endotoxaemniae If the antibviobic wasm
effective against the baoteria cvsusing this condition then the appavent effects
of the antiblotic in reducing wortality rate would depend on the wrelative numbew
of calves which died from the direct effects of the diavvhosa vesulting from the
dietefic ervor and the number which diaﬁ from the endotoxaemiss

slhindcally the oubtbreak of 'ealf diarrhoea' described above way simnlate
an outbresls in vhich bacterdal activity waslaf prinayy impovtance. In thig
instance it is foregoeable that the prophylactic would be e¢ffective in grevwmﬁiﬁg
diarrhoea, reducing th§ severity of ﬁhe dlarrhoea and preventing dealhes

It ds obviously impossible to complebely relate the&reaulﬁs obtained in an
experiment to the overall problenm of ‘ecalf dlarrhoea'’. The resulits of an
experiment can only be expected o be reproduyced in samother outbreak of Yoall
diarrhoea’ in which the seticlogy and pathogeneslis of the diarrvhosa are identical.

The inpossibility of relabing experimental yesulis to the overall problem
of ‘ealf dlarrhoea' is further illustvated by the fact thal even in the presgent
sbudy dn which the experimental conditions were standardised with regerd to the
type, feoding mnd managenent of the calves, it woe found o be ilupossible to
compare the results cobtained in successive experiments.

Before attempting to draw conclusions fyom the present reeulis it is
importent to conslder the present expevimental counditlions. The calves

originated from many farms and were in conbact with mumerous other calves in the



narket. It would be expeclted %har@fmrﬁg_thaﬁ o wide rangae of bacterial
strains would he represented ln the calf population used in this study.

As the snbibiobics were admiaistered dailly throughout the experiments it would
be expected that antibiotic resistent styeins may have become esboblished in
the calf population. Thus the edperimental conditions would he expoected Lo
Favour bhe emmergpsnce and the dissemination throughout the ealf population of
vimalenty aptibiotic vesistant bacbheriel stralns.

Although throughout this ilovestigation the nature of the olinical
condition was wpperently conglotents the muber of days on which surviving calves
had diarvhoeay the severity of the diaryvhoes and the moytality rate varied in
gach group of control oalvess ALY the control calvea became affeched with
diarrhoes so there was no ohvious dlfference in the dncidende of dlarvrhoes.

The percentege of days on which the surviving calves in control groups had
dlarrhoea ranged from 3% to 7o - The perdentapge of deys on which the
surviving oalves jin control groups had the severest (U3) diavrchoea ranged from
16 to 59%. The mortality vabte in the control groups of ¢alves varied from
O to 6O

The weason for the variations in the geverity of disyrhoea and mortality
wate in the control groups ls not knowng it may have been due to differences
in the virulence of buclteria in successive experiments and there was algo an
appavent seasonel vapiabion in the calves swsceptibility. As the sevorilty of
the diarrhoen waw not congtont in successive contyol groups of calves then
presumebly 1t was not congbent in successive treabed groups of calves elther.

It was thevefore lmpossible to sbate categorically that a prophylectic used in
one  experlment was more oy lass effecbive than a prophylactic used in anobhew
oxperiment, gince the two prophylactlcs were nob exposed to the same ‘ehallenge®.
The only compardsons that can be made bebwsen prophylactics arve when both wevre
used in the same experiwnents

The remilts obtained in the 10 experlments are summayised in Table

This tzble shows the three criteria for assessing the effects of treatment,



;}3

A

et

]

&

ey s S, r T g B e ¥ £ S & Ry p AE ey T e SEE aaonmaa oy of g B Sy m o ot
Brmmer 7 Sy affanle of SFTarond nedheds of sosdeeei i ismebass sod posboa iy sals
MRS, " = - iy it AR SRS iR s e R s
[ SE S ¢ tar o D e T e T Fea S o LT g e i % I st e dine s Fren ¥ Dhe 3
Bt Hitke ui¥208ed Hoe &od % Dlawehoon Soye ot Jor smrvivinsg Tt Jov el
n B e T AL i iy 7 AN AP B R S 2, ol g iy P, - : % o g E .
TreatedTonlrel Treaded/lonimd Trosted/Tontrol cxives catves
P S o fomg Ay o 5
el Streploayeln &2 SR Te¥ Sl
T I . S oL fE T N i :
=23 Stropbooysin 944 Faiod Gt 8%
iy T s 5 i sl S Sy O/ o A o5 v
Fors Diverbouysin WS GiZ S3é08 Sul A
% % o IR, J i, Fesm 4y, P e Farey, g v 02
fpul Birovdomyein BT &% sl il T
P Ep i P2 s fazg frars 7 #% 5
Barr Srestonvein TS o4 4557 W Gl
o o o S o For £ - e A
$rak Feoupsln WG e LS Fald &yt
F R I WU T . 5 S o i s S s i e s
WL WERELDE i e NES TFIE BT 2 s g
S W [ W SN, Y Foy 5 £ 0% o e Phet
Omal fuyiaine TG (F k] 155% Sl Theli?
: P U DTN a8 -yt o e s = 2
Frees LEERRREnS x_m,mu%. 3 - 2 ﬂmum« 2 %ﬁ% Liets

P
Byt ars ¢
/35 GelS

Fomm™ P o o, Fm & s A
Cmel Coyiolne ok 15 T
Grel Penfoliliin 8/%0 5% 320 u't
s S, 2 Y Wi 2k wr Xt oy, FE ., o
el Shiomieine WA 7453 285 Za3

)
]

Pl Tulele ,.mwﬂw\m e TR
e Grierislas g/t &% B

wg‘f‘*
<
] 4%;
e

i e

g e . PR £Ey : 7
Cralk. CElomonyotn Leg el 2/ IAG

, g . Fo o 1, e
Orel Sdlipm Wi 34 6475

BUENS Ay
BobFes Drel (iorhodng ©
Fog o
£F

Gowm®s il m%wm s
F el
b

Yo v - ek o e :

Ik ¢ Opel CHlooholas ™ 2z

3 By - A 3 oo B e, P, | . b2 " o £ s
* Thessc were groups smoh of Flye colves. Pors = Povenierti.



nomelyy (@) Preventing diarrhoea, (b) Reducing the soverity of diarvhoea,

andy (o) Freventing deabhss Alpe shoun ave the two P values for the statistidal
comparison of the mean values @im:}ﬁ of the treafed and control groupss ALi

the P values are showny even though some are obvieously of no blological
sigoificance. They do however provide a method of comparing résulis

In Bxpeviment 1, only oral streptonycin was effective iu prevenbing

diorrhoan. Oral. streptomycin and parventeral btreptomycin were effective in
reduecivg the mortalilty rate. Oral streptomycin 1 was less effectlves

Ural streptomycin and oral sirveptomycin I reduced the percentage of days on
which surviving calves had diarrhoes to & level which was slightly significant
(P = 0.1 Parenteral strepbomycin was not effective in This reapect (P = 0:5)
Trom the resulbts shown in Table D 4% can be seen that all the treatments were
effective in reducing the severity of the discase as indicated by the aumber of
D3 doys. When the statistlcal analysis iuncluded calves which diedy the
significance of treabment with.aré& and paveniteral strepbomycin was greabery than
vhen assessed on Living calves only.

These exporimental rvesulls illustrate the difficulty of interpvebing
the effectiveness of treabment. vaiéuﬁly oral strepiomycin was the most

effective treatment dn that 1t reduced the inclidence, severity of diarrhoea and

mortallty rate. It is more difficult to degide whether the oral streptonyein I
wag a more offective treabtment then parenberal streptomycin. Statistically

the oral streptomycin I was more effegbive than the parenteral streptomycin in
rveducing the incldence of diawrhoea, but the latter was nore effective in
preventing deabh.

In Experiment 2, oral and pgggytggal $§repﬁgmycin:were effective in
veducing the movtality rabes They were not effective however in either
veducing the inéidenc@ of diarrhoea or the number of days on which surviving
calves had diarrhoea. Neither, ns shown in Table E were these drugs
effecbive in reducing the severity of dlarrhosa as indicated by the number of

D3 days. Ohvioualy the conclusion that can be drawn from this experiment



depends on vhether the effest of the drugs in preventing death is the sole
consideration. It ds of parbicular interest that the results in this experiment
are quiée different from those of the previous exweriment;

In lxperiment 3, oral oxytebracycline was obvicusly offestive in all respeets
and the statistlceal signlficance of the effectivenems of this frestment was very
hdghie Neomyedln was effective dn reducing the mortedily rate bub neb in
reducing the incidence or the severity of dlarrhoea as shown by the resulis in
Table ¥ fgaln the conclusions that osn be drawe regording the effechiveness
of neomycin depend on which cxlierdon ?.-g neEeds

In Experiment 4, oral oxybtetrvacycline had a highly significent effcct on
the incidénce of diarvhoes iln the purviving calves. The treatment also reduced
the number of calves which became affected and the severilty of diarrvhoesn.

One of the treated calves however died and in this pespect the result in the
treated group was worse thean in the conbrol group.

In Bxperiment 5, paventeral oxybetracycline had no appavent effect.

kxperiment & sad 5 commended on the %rd and 4th of June respectively and the calves

were reared in clese proximiby. It is therefore possible Lo make sowe comparicon
betwoen the remults obbtalned in these two experiments. There was an cbvious

difference in the affectivaneﬁﬁ of ounytebracyeline vhen given orally and when
gliven parenterally. A similer difference in the effectiveness of strepbomycin
aduinistered orally and parenterally was wpparent in Experiment 7. It is
possible that these antiblolbics were not effeciive when given parentewally as
thepe was an lnsufficient concentratlion in the inltestine to eombrol the bacterial
population,

In Bxperiment 6, oral exybetvacyeline was effective in all respects thongh

statletically it was not as effective as in Hypeviment 3,

In Bxperiment 7 an intervesting resuli was obbaineds Oral penleillin was
effective in preventing dierrhosa and alse reduced the mopbality rate. It vas

net however effective in reducing the inecidence of disrrhoea in the surviving



colven (B = 0.4), Nejther was it effective in reducing the proportion of
dayes on which the calves had D3 diarrhoeas When the statistical analysis was
based on the results obtained in all calves the significence was higher than
vhen based on surviving calves only (P = 0,1 and 0,4 vespectively). Opal

chliovtetracycline did not prevent diavrhoes in any of the calves bubt reduced the

wortelity rate by halfs The dnecidence of dlarrhoea iv the surviving calves
was also considerably redudged (P = 0.2), This treatment did not obviously
affect the proportion of days on which the calves passed D3 favces. When the

statistical snalysis was basged on the yresulis obtained on all ¢alves the
sigoificange was Llover than when baged on surviving calves only (P = 0,2 and 0.3
rospectivelyl, Obviously dn thls experiment it depends which cpiterion ave
used to define if oval penicillin was move effective than oral chlortetracycling,

In Fopordment 8y oral chlortetracycline was obviously effective and feeding
three tines dally not effechive

In Usperiment 94 oral e¢hloromycotin was effeclive iun re&ucinglmgwﬁmlity
rate acd the incldence and meverity of diavvhoen. Qral phthalysulphathiazole
was slightly less effectives

The results obbtained in Ixperiment 10 indlcabe that calves fed cow's milk
vere healthier than those feod ostermillk. Opal, chlortetracycline was effecbive
in preventing diarrhoea in calves fed cow's milk and also in reducing the death
rate and the severity and incldence of dlarrhosas This treatment was also
effective wvhen adninistered to calves fed ostermilk bubt in this instance it did
not prevent diaprvhoen and nelther did 1t have the suame marked effect iﬁ
controlling the lucidence and meverdty of diarrhoes.

These remulis illustrate the problem of assessing bhe officagy of
prophylaxis fyrom the three oriterion when there is an chvious lack of correlation
betweon the oriteria. The lack of correlatlion between criteris wap most
avident in the resulbs obtained in Expevimenbs 1, 5, 4 and 9,

As desecribed in the dntroduction, the antibiotics were aduwinistered asg a



prophylactics as it was suspecied that diarrhoeic calves died from the effecls
of bacteria (ee.gs speticaemial or from the effects of diarrhosa (esg. dehydration).
It was considered that by adninistering the antibiotlics as a prophylactic, the
resulis obbalned should provide an Indication of their efficacy in conlrolling the
bacterial infections associated with dierrhoea. The sntiblobics were not
expected to prevent death from the eofffechs of diarrhoss such as dehydration nor
conld they reasonably be expedted to prevent death from septlcaemia since orally
administered antiblobiecs ave nob effectively absorbed from the intestine. Trom
the above 1t is appavent that in this investigation the important criterion for
assessing the efficacy of the prophylactics weve thely sbility to (a) prevent
diarrheea, and (b) to reduve the severity of the diarrhocas

From this study it can be concluded that antibiotics administered as an oral
prophylactic may sometimes he very effective in preventing diarrvhoea and reduclng
its severily. They may oleo reduce the call mortality rate. It is considered
that it wgy be a feasible practice to administer orval antibiotics as a prophylactic
under farm conditions to alleviabe dlawrhoea in newborn calves. It must be
appreciated however thai the efiicacy of this practice can be expected to be
exbrenely variable depending on the clyoumstances under which fcalf diarvhoea!
OECUT D Although the present vesulls suggest bthat some antibioblics were nob

effectlve, e¢gs neomycin and streplomycing it should not be concluded that these

proparations are of no valuss Obher wvorkers have Tound differences in the
eiflcacy of antibioldics fyrom those in this mbtudy. This is not wnexpected in

view of the complexity of bthe actiology and pathogenesls of 'ealf diarrhoea,

For example Smith and Crabb (1960) found that neomycin was effective bub
chloromycetin was not effeotive in veducing the intestinal bacterial population
and preventing dliarrhoeas This fiﬁding was the converse of the one jn this
abudy. Swith and Crabb (1960) also found that furanazone was not effective and
this result differs warkedly from thab of Henry and Blackburn (1957).

The variation in the efficacy of antibiobics to limlt bacterial population



aund conbrol diavihocs way be due to the emmergepnce of reslstent strains of

bacteria, Sudth (1958) showed that antibiotic vesistant strains of B.coll ave
widely distributed in the calf populabion. Smith and Crabb (1960) showed that

the Becoll population in the eslf's intestine csm change from a predominantly

antibiotic sensitive one Lo a reslstant vne within 24 -~ 48 hours of administering

the antiblotle,. The eunergence of reslstant styoins is an inmportant consideration
du both the tweatmenlt and prophylaxis of diarrheea with antiblotlcs. It is

obviously of value o debermine the sensibivity of the intestinal flora of a
diarrhoeic calf when using antibiotics for treatment or prophylasis. In humnan
medical praciloe the simvlieaneous administrabtion of two or moye antiblotlcs is
advocated to avold the emmergence of vesistenbd bacberial strains, Jawelz,; Melnick
and Adelberg (1960). The priveiple being that the likelihood of the
emmergence of a vesistant stvaln is very nuch less if two antiblobtice ave uged
simulltanecusly then 1f used congecutively, This privciple could probably be used
o advantage in conteolling the bacterial populations assoviated with calf
diarrhoeas

Feeding calves three times daily instead of twice dually did not have any
affect on the incidence or severity of diseases It is considered that this
negative results should not be interpreted as an indication that the practice of
multiple feeding ls of no values Ag previocusly described the aetiology of
diarrhooa dn the present study appeared to be related to bacterlal and dietetic
fagtors and secasonal variations in the calves suscepbibility. It is therefore
not unexpected that attenltion Lo only one possible facet of the aetiology need
necessarily be offectives '

It was found that some groups of calves given antlbilobtics wers significantly
heavier then thelr corresponding control groups at the end of the experiment.
Ag all the calves consumed the same amount of ostermilk (apart Lrom some in
Experdment 10 fed cow's wilk) the difference in the bhody weights of the treabed

and contyol groups cannot be abttribubed to differences in the amount consumed.



83

in Beperdments 1 « 9 there were 15 groups of eolves given Lyeatment.

Hine of these 15 groups had slgeificant reductions in the incidence of diayrvhoéa

vhen compared with thelr corresponding control groups. Of these nine groups
of calvesy five also had sipnificant differences ip body weight. Six of the

15 groups of tregbed calves had no significant reduction in the incidence of

dlavrboea and neither did any of these grovups have a significent diflerencte in

body weights These resulis sugpest that the effects of antiblotics on body
weight were related to thelr effects in alleviabing diarvhosa. Blaxter and

Wood (1953) have shown that the digestibility of the diet is reduced in diarrhoea.
I ie possible that part of the difference in body weight of {he ealves in vhich
teeatment was effective againglt diavrhoea, was because these calves utilised their
food betber than the other calves. It was also shown that dlarrhoegic ¢alves lose
velghty probably due Lo depletion of body sclids and body water, this is believed
was the primavy fattor causing the differénnes in body welght in those calves in

which treatment was eéffective.
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fotreduetion

The body flulds consist of water ag bhe golvent and mony organie snd
inorgenic substonces ag golutes. The mainbtensnce of the volume and conposibion
of the body flpids by the active movemen® of solule end golvenbe ave essgential
funetiong in the living aniwmals In healih bthe volume snd composition of the
body flulds vewmein consbont within very nervow liuibts despite the dynamic
achivities constanbly Utoling place wibthin the body end its envivonments In
digeese the normal mechenisms which regulete the body fluids may bo impalred
cauplng chenges in thedyr volume and compositione.  Such changes in the volume
ond composition of the body fluids mey conbtribute elther directly or lndivectly
to deabl.

The volume and conposltion of the body fluids in nmen have been extensively
investigeted in both health and diseases A few studles have algo been nmede on
animals including some on eatbles It de pmbable that in mogt mommels Hhe
volume and compositlon of the bedy fluids ave generally compaveble and thet
analogies cen be made between wen and other wemmels on the mein physiolegieal
and biochemicel Testuves of the body fluvide. Hovever, hefore it is possible
to assess bhe extont and significence of changes in the volume and composition
of the body fluids occurring in disense, 1t is essential to know the precige
ronge of the normal values of the volume and compopibion of the body fluids
in healihy aninalda |

In the aninal body a8 a whole the body fiunids mey be divided on a
histologieal bagls into bwo principel Yphapest, the Intracellinlar £luld and the
orbracellular fluid. ‘Pho intvacelluley phose conslsts of water and molutes

within the eells and is the site of the metaboli¢ sctivities of the body. The



axtyacellular £lvld bathes the cella and achs as the meoang of commnication
betuecen the cells and the rest of the body and also with the envivonment.

The extraccellinler fluid con be furbther subdivided on an anabomienl besis inbo
bhroo compartments, the plasmo, the interstlbtial fiuld and the connective
tissuas. Within the body there ave aleso speclal fluid depobs in the pogtrow-
intesbinal bract, in serous end synovial ceviiies, in the lewer urinony troct,
in the gall bladder and bile ducts of the liver and in the cenbral nervous
syatems These fluid depots have bLoen termed the 'iprangcellulay fluidst,
Mooro (1943).

Water ia freely dlffusible from one part of the body to another, but the
various solubes are more limited in movement, and their concoenbration in
differont ports of the bedy ils strictly mednteineds The dlsbteribubion of waber
in the body is regulated prineipally by the concentration of the different
solubes ln the body Tluld compaviments. There are fovr basic mecheniems which
lead %o the movement of flwid wi?hin the body and elgo in relation wo Llis
environnent, nomnely, diffusion, opmosip, aebive tronsport and hydrostatic
Progoure «

Diffugion along concentration gradienﬁg is the simplest type of movemenh
of fluid and solutes and ovcurs vhenever two solulions of differont concentrom
thon or composilion ave in divect conbtact with each others The tronsfer of
fluid or solutes in ogmosis is slmiler to that of diffuslon apart from bhe
Limltobliong on %ha‘mavemﬁnﬁ off some congblbvents of the solvblons luposed by
2 semiperneable wembrane, The aetiva Pranaport of fluld within the body ia
carrled out by tho cells moving solutes egalnst concontretion gradients, the
chenges in molube diﬁtribution being followed by the movement of the solvent.
| Fluld ds also moved arownd ia the body by the acbivity of the eivenlatory and

Iymphatic systemnsg.



Figure 1. Comparative composition of extracellular and intracellular

fluid - from Elkinton and Danowski (1956)
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Hince individusal tissuss have ppecific functions 1t ig nob surprising
they differ in composition bub, despite these differences, the composiition
of the iutvacellular and extracellulayr phases ave gimileyr encugh in different
blasues bo Justify congldevation of the compogliitlon of these phogos ag a wholo.
This sinmplificatlon bacomes even nore necessary when congidering abnormalitics
that oecur in diceago.

| The prineipal lonic solubes of vhe inbracelluler phase are potagsium ond
mognegiun ag cabiong, and phosphate and protein as snlons, In tho extyro-
gellulary fluid the major cation lg podiunm and bthe main enlons sre chloride ond
bicarbonabes, Peotein is present as an anion bubh is malnly restiricted to the
vagenlar systen. The slectrolyblice composition of the extracellular snd
intracellular fluids ave shown in Pipuve 1.

Thoe differentiel dlsbtribution of ions, choractorised by the lecation of
godium in the exbtracellmlar €luld and pobasgsivg in bthe intracelluvler fluld is
& busle charactorigtbic of the dynawics of the body flulds which da, as yet,
noh camplebtely uwnderstood., _

Conway (1947 and 1951) suggested that sctive bransport of sodium cceurs
acrogs the cell wembrane, end thet sodium iong which diffuse into the cell fyom
the oxbrocelluler £luld ave consbanbly being ejected, This scbive branepord
ho hypothesises may involve an enayne syatem in the cell vall vhich tekes up
an electron from the neubrally chorged intvecellulsr phage. The electron then
attiracts the sodlum don that hes diffused into the cell Lo the cell well. The
eclectron and sodium lon are then liberated Into bhe extracellnlar £luld where
they digsociaite and the lliberated elecbron is returned to the intrecvelluloy
phage to reslove elecirical neubraliby.

Ling (1952) attempted to explain the ion digtribublon about the eell on o

puvely physico-chemical basis, He hypobhesised that the separation of sodium
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and potospiuvn tekes plage throughont the vhole cell and not Jusb at the cell
walls e believed that this is due to the fect that the dielectric conglant
of the waber hetween bhe probvein anion end bthe olectrolyte cation is lower oo
the diametor of the bydvabed cabion decreases. The diemeber of pobagsium
ecation 1l smollor bhon that of sodium eation so bhat the former is ablyacied
b0 tho probein anicn and the labber pepelled.

Mother Juporbtond foctor regulabting the distieibution of the solubes within
the various body Flvid compartments and bthereby the amount of solveal ls the
Gibbp-Donnan Hauilibriums This ls a phenomenon in wideh there may be an
unequal disbributlon of iong on elther ¢ide of a sewlpermeable membrane which
e fvreely moramesble bo these ilons bub not 4o anobther fon present on coe side
of the wmembyanes. The phenomencn may be explained as follows,  Assume thatb
o membrane which is freely permesble Lo the long goddum and chlovide s used
b0 geparabe two solublong of different concentrabion of sodium chloride. The
rate ab which bthe sediumm ov the chlorlde lons diffuse from one side of the
menbrone o anobher depends on the concentrablon of the long wupon esch sgide of
‘the membrane, but the demand for elechroneutrality of the solubtions is such thob
1t will not permidt elbher ion to diffuse ascross the membrene wilithout the othor.
However, if the sodium chloride on one side of the membrane were to be replaced
by o solution of a sodium salt, the emion fraction of which was not fyeely
diffusible through the mombrane, e different sob of conditions wonld proveil.
Bome of the chlorlde long would diffuse inbo the compartment containing the
non-ALffaplble anlon becanse of the differeaces in the coneenbretion grodient
for this lon on elther slde of the wembrane which is freely pormeable bo
chloride. The non-diffuslible anion s prevented from doing this bocouse of
the mombrane. The chloride lons cannot diffuse withoubt tekling some sodiuvm

lons with them, obhorwise the electroneuireliby of the system would he dlgturhed.
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Thus the total ion concentration rises on the side of the membreme vbhich ilimits
the movenent of bhe non-diffugible done In the body the non-diffusible ion ia
generally protein vhich s sn anlon. The digtribution of the lons in gueh a
system glves rise bo an oswobic pregsure due to both the diffugible and the
non-ALffugible fractliong and thus vregulates the digtribution of water betueen
the tuo phoses of the system.

The body £luid compertnents ave linked by the vaseular system which permite
the vepld and even disteibubtlon throughout the body of eny digturbences in the
aguilibrivm of the body flvids. The vasculay egystem algo acts ag the pathmzr
between the body fluids and bthe orgens responsible for their exchanges wibth the
environments The four orgens in vhich exchanges teke place belueen the body
flvids end the enviropment swre the gostro-intesitinal trechb, the Jungs, the skin
and the kildaeys.

The inhegbtine is normally the only route of enbtyy from the exbernal environ-
nonlt of the fluid end solubes which constibute the body £luids, In order to
function corvectly the gmall intestine snd the stomech secrete lapge volumes of
fluid, einller in compositlon to the extracellular finid end this secrotion ig
lobor abgorbed btogether with the ingested materdal in the lower parbs of the
alimentary tract. In health the process ig so efficlent thet deupile the
lavge amounts of podium ond woter which way be ingested and ore secrebed by the
gastro-inbestinel tract, the fecees usuelly contaln little water end almost no
sedivm ehloride,

The lungs are concerned primerily with the loegs of webter end regulation of
the acid-base balence in the body by eliunineting corbon dioxide. The waber
looe through the lungs ls an obligabory function ond continues wiish relabively
Little decrease in rate oven when an animel is severely dehydrated (Danowski

el al. 19/41@,) -
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The gkin is algo the gile of continuous vaporizobion and in man congiderable
amounty of fluld and electrolyles moy be lost ag sweabs The mechonism fop
heat regulation by sweabing 1s not well developed in catble bul thevre is some
logs of water and electrolytes through the skin, slthough not as exbtensively
ag in mone

The kidneys are meinly responsible for vegulating the volume and compositbion
ol the bedy fiuidas Thelr activily is closely related bo the activity of other
organg and in parbiculor to the endecrine gecreblong of the pituitary and
advenal glonds. Tho kidneys regulate the amount and proportion of the body
waber ond electrolytes by o series of complicated reactions involwing glonerular
filtration, tubnlar secretion and tubuler excretion. The precision of the
kldneys and allied wroguleting mechanlioms In conbtrolling the volune and
composition of the body fluids is quile spectasular. The overall fluvid
toraover in the kldney of mon duridng e dey i soveral times the wvolume of fluid
in the body. Aboub 180 litwres of £luid ave filtered, and of this, aboubt 99%
is reabgorhed, Alpo conbalned in the filtrate are electrolyhbes and the vwaste
preoducts of metabolism. Thesge ave cavefully cepavabted and the wawented exmcreted
and the wequired veobsorbed.  Another imporbtant function of the kidnoys ig the
regulation of the scidebase bealance in the body by the selective absorpbion op
oxerobion of long.

About 60-80% of all the water, all the glucoge, a lorge fraction of the
urea and a properilon of the sodium cations are reobsorbed in the proximal,
tubules. Some secvebory contribubtions to the virine ave made here, too.

Afber the filtrate has traversed the proximal tubule there is lefh 20307
of the originol gleomepular £iltrote to moke its woy dowm the thin gegment of

Hendle and through the distel tubules to the collechbing tuimles ap the finsl
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urine product. In the distal segment the tubular ¢ells vesbsorb verishble amounbs
of sodium, potasgsium and chlovide ions and obher solutess Creatinine eud
hydvogen ions ave gecrebed by the tubular cells.

The rate of reabsorpilion of weter in the tubules ls controlled by the
antidiayetic hovmone pecreted by the posterior lobe of the pltultory gland.
Although 1% i woll estaeblished thelt the antidlvretic hormone rogulates the
ability of the kidney to concentrate urine, Uhe means by which this coneentration
ig achleved is wot well wndevabood. UWeason and Anglow (1952) ond Zak et al.
(1954) heve proposed gome type of waber pump vhich is sensitive to enbldieretie
hoemone. I the level of cireulating antidisretic hormone ls inereased the
distal water pump will veabgorb wmove waler and go increase the solube concentrae
tion of the urine.

Wira et‘al. (1951) on the other hand, suggest bthob urine is concentraied
by the pasaive diffuslion of waber out of the eolleoting ducts into the
intergtitial £luld of the renel pyremids. They propege that a golube pump
located In the apcending limb transports solute from the urine to the intore
gtitlal fluld., Tt then diffuses from the inbersbitial fiuid vo the descending
1dmbe.  As urine flows down the descending limb 1t becomes more consontrated,
while as 1t woves up the ascending Limb it becoomes more dilubte, Such a countor
current multiplier sysbem will establish en oomotie gradient along the lepgth of
the pyramids, the base of the pyramid having an oswobic preseure lower then that
in the apex, Tu this schene, ounbldiuretic hormone controls the pore size in
the ¢ollecting ductay the more hormone present the larger the pore sizo.

Thug, in the preseuce of antidiuwvebic hormone, this osmobic gredient will draw
wvator oubt of the eolleching duets and so coneentrate the urinc.

The tubular reabsorpbion and seereblion of elecbrolybes is controlled by

sterolds sserveted by the advenal cortex, Many steroids heve been isolated



from the ndrenal cortex bub to dabe the most imporbant hormone discovered is
aldogterons (Simpson eb al. 1954), Yhen injected into animals aldosberone
coanses salt rebeontion and potassium excrebtlon.

The kidnoys have o remarkable ability in health to combai deficllts or
oxcopses of fInld or electrolytes by selective excrotlion and reabsorplion.
When diseased, howevor, the kidnsys may be unable to meintain the normal
oguilibriun of the body fluids and the cardinsl signs of venal insufficliency
are agsoriabed with disturbances in body fluld and electrolyte balance.

The body £fInldy represent some 50-70% of the body weight. This range
ig conditioned largely by the degree to which the bobtal body weight congiste
of adipoge tigsue which conbaing Little fluld, The proportion of the body
wolght due to fluid algo veries with age. In infanby the plasmn, blood,
exbracellular fluld and botal body walber volumes ave greater than in adulibs
(Bdelman eb als 1952, Fellors ob als 1949, Wiggers 1949, ond Mlexner eb al. 1947).

Total body waber includes the trenscellular weler such as thal in the
gogtro-intestinal tracts In man the gasiro-intesbinel tract containg aboud
155 of the tobal body water (Bdelman et ale 1952)e  In adull ruminant
animals the stomachs way contoin o large volume of fluid.  Several. workers
have shown thal the amount of £inid in the stomachsg may vary considerably and
hence affect the volume of bobal body waber. A more detailed sccount of thelr
findings le described later in this seetion.

By definition the exbtracellular fluild ig thal portion of the body fluilde

vwhich 1lie¢ outside the cells. The extvacellular phape cen be pubedivided iubto

ol

2b Leost three comparts; the plosmo, bhe commectlve tilgsue £luld and the inter~

3

gbitial fluid. The plogma volume congbitutes aboub 5% and the interstitial

£luld about 18% of the total body weight in the adull animeld, Thesge two
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compartnents ave not very different in composition excepd that the plasmne
conbaing protein, which aport from a very smell fraction does not diffuze into
the inbergbitial fluid. The elechrolybe concenbrationsg of plasgme and inbepr-
gbitial Dluid diffor glightly ag vequired by the Gibba~Donnan effect previcusly
describod. The plosum probeing exexl an osmoblic pressure knewn ag bhe
feolloldal or oncobic pressuve® which is normally ogual to aboub 23 mme of
mepcury and lg opposed by the hydvostatic presguve in the eivenlabion., A
bhe evtoriol end of o copillarvy bed the hydrogtatic pressuve of blood ip about
32 vma of meveury and ab the venous end aboub 12 mm, of mercury. Thus, ab the
arterial end of the capillery bed the hydrostatic pressure 1 greoter then the
colloidal ommobic pressure and fIuld ig ferced oub through the permesble walls
into the extravapeuleor comperitments, while ab the venous end of the caplllayy
bed bhe colloldal osmoblc pressure ls greater than the hydrogtabtic pregsure
and £luld is abtracted from the extravesculon compartment back dubo the
clrewlaticn. Tt is the belance between those two oppoging forees aided by
the action of the lymphatic gysbem and the kildneys which keep the volume of
plogme and obher body fluide conglant,  Chambers sud Zwelfech (1944) have
shoua thal the blood flov to Lissues and hence the fluld trensfer in them lg
partly controlled by the actlon of small musgeular gphincbers on the arberlal
ond of the capillary bed,

Plasma and serum, aparh from thelr protein contents, are slmost ldentical
In compogitlon to the resb of the extracellulor fluld., Tn Table 1 are shown
the concenbrabtions of the principal lnorganie congtituonts of the serum and
plasme of eablle determined by varlous investigators. Ap for ag ig knoun no
studleg hove been carried oubt bto determine the compogition of intvacellular
flnid in cabtlle,

There ave several methods avallable for estimabing the volunes of the body
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{Inid conpartunents and some of tham have been uged to delermine tho conposition
of catbtles The btotel body wabter of cabtle cadavers wag detevmined by degulcoe
tion (Haigh ot al, 1920, and Ellenberger ot al. 1950).

Tolal body waber van he calenlabted from the gpscific gravity of the hody
op Lron the percenteage fab compositilon determined by dissoction, ag deseribed
by Behnke (1942), Thig methed wog used o detérmim the tobal bedy weter in
cabltle cadavers by Kraybill ob al. (1951 and 1952) and by Wellington ot al. (1956).

Tn men the lean body maszss can be debermined by messuring the suocunt of
oxygen consumed and ereabinine oxorelods. Millor and Blybth (1952) have shown
that the metebolisn of oxygen and creabinine at rest ave proporbtional to the
lemn body mass and the totnl body watera

The moot widely used method for estimeting the wolumes of the body fluids
ig by debermining the "apparsni volwme of disbeibublon® or the "dilubion® of a
golube.  This method depends on the relabionship of the eonaemzm'lsién of a
golublon Go the smount of the solube in the solubion and the volume of the
solvent ln which the solute iz dissolveds Thus, if the smount of solube is A,
and the concentration of the solublon is C, then the volume ¥ of the molution
18 equal to ¥ = A/C,

The volume of dlstribublon of a solule can be measuved by clther the
Hinfuslon wmethod™ or the "single injection melhodt,

The volume of dlstribution of a solute is measured by the infuslon method
ag followvs. The solute ip infused intravenously ab o congbanb rate and duriag
infusion the plasme or blood solute concentratlon ig periodicelly determined.
After the solube hag been infused for some Lime Lt reaches equllibrium in
concentration throughout the body £iuld compartment end between the vate of
infusion end of excrebtlon. When the plasma or blood solube concentwraiion 18

gonstant indicating bthat equilibeivm has been esteblished the infusion is dopped
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and the amount of golube exerebod from thon on unbil the solube has completely
digappesred Lron the body debermined. The volume of digteibublon of the solute
ig calevlated by dividlng the amount of solute oxereted from the bime the
infuslon sbopped by the plesns or bloed solube coucentration. The Infualon
wothod has been uged to determine the exbracelluler flwid volume in men end
doge uveing dnulin, mennitol and surcrose as solubes (Gaudino eb ol. 1948,
Bllcinton 1947, end Gemble ob al, 1943). The egtimobtion of bhe volumes of the
body fluid compariments by the infusion method presents praciieal Alfficvltics
agsociated with infusion of the sclule and collection of the exereted golutos
Becanae of these diffliculiies and the time requived to tavry oub o neasurenenb,
the infuesion methold hag nobt been exlbenglvely used to invesbigate elinicel
problemg in man nor, as for s is kuowa, Lo determine the volumes of the body
flulds in Jarge domestic andwale.

The "single injecbion melhod" 1lg faster and slmpler then the infuslon
method é:eld. has been used to gludy the volumes of the body Tlulds in neny clinleal
condillons in man end in healbhy lerge donestlic anfwals. The Theory and
precbical applleation of bthe method sre as follciras

12 a sultoble polube lp adminlsteved by repid :“Ln"é;:i:'ammuﬁ injection snd
then the plasma selute concentration determined al intervels, o serles of changes
in plesme solute comcentrsbion telke place. Tmuwediately aftor injeelion the
plasmz solute concentrabtion riges and folle yapldly ag the golube i mimed
throughout the circulation. T bthe soluble diffuses oub of the clrculatlon
the concantratlon of the golube in the plaomma will fall upbtil the plasma
concentrabtion is in equilibrium with the concentration in the cownporiment inbo
wvhich the colute diffvsed. From the time the solute ig injected it ie being
continuously excrebed ol an exponential rate proportional bo its plesms

»

concendration and afler the iniblal mixing porled the excrobicon rate ip
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proporvional Lo the solute concentration in the fiuid into which tho solute
diffused. If the rate at which the solute concentratilon falle after the
initial nixing perdod is exbrapolated back bto the time of injectlon the
thooreticel concenbration of the solube is obtained at the Lime when the
golute was injected agsuming instentenecus equilibration in the compartment
and no excretions The voluna of disbtribubtion of the solute le debermined by
dividing the amount of solute injected by the theoreticsl concenbrotion of the
solute in the body £luld cowpartment ot the time of injection. 1t is apparent
that the btype of solute required is one vhich ropidly equilibrates throughout
the body fluid compartment after injection and ig exereled at an oxponentiel
rato proportional to ibts concentration in the bedy £luid compartment. The
bime requirved for the excretion of the solute should be nob less than 30 minubes
or more than 24 hours. The primary ervor in this mobhod is the agsumpblon thab
during the initial perlod of mixing and equilibrablon, the vate of excretion is
the same ag thal observed later, bulb provided o rapidly diffusible solute ig
uged this eyror 1s of no great signlficance. In caprying oub an esbimatbe by
this method uwsually not more than five blood samples are colleocted, the time
and frequency of the collection after injection depending wpon the solute used.
The theorebtical concentrabion et the time of Injectlon ig debermined by plotiing
the golute concentrations on a semilogerithnic seale ageinst the time of
coileation and extrapolation of the line drawn through these poinbts to the time
of injection. The semilogarithmic seale 1s used to elwplify this dobermination
a8 it converts the exponential curve wﬁich represents o geomebrical progression
inbo a lineor trend. This ig prefershle to albempbing to exirapolate the
oxponential curve when plobted on a linear scale.

A major problem in the dilution method is the selectlon of sultable solubes,

for meny diffuse out of the body fluid compartuent they are intended to measure.
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Bocause of the conglderable differences in the volumes of o body fluid IEB
compartment vhen determined with varlous solubeg, it hag bscome cusbomary to
refer to the volume of the compartment as a solube Ygpace®. Tn Table 2 and
Flgare 2 arve shoun the spaces of sowe sclutes used Lo estimate the volumes of
the body fluid compartments in adult man and infants.

The wolumes of the principal body fluid compartments have beon measured
by dilution methods in adult cabttle by many inveablgators bubt few studies have
been wade of the body fluld in calves, The resulis obbained and details of
the mebhods used and animels ebtudied by provious investigators are shown In
Tables 3, 4 and 5, which show respectively the plasma and blood, extracellular
£inid and tobal body waber volumes expressed ag o percentage of body welght.

By comparing the resulbts shown in these tables with those in Table 2 it cen
bo geen that the body fluid volumes per unll body weight in eabtile arve generally
comparable to the volumes in nan.

Trom the resulbte ghoun in Table 3 it can be soeen bthat plasme and blood
volumes have been previously determined in young celves by bwo groups of workerse

Honpard ob al. (1953) messured blood volumes in two calves aged 2 - 6 days
and one calf aged 3 woekss The breed or sgex of the calves was not recorded.
Blood volumes were debermined by the single injection dilution method, ueing
phosphorug?? labelled erythrocybes,

These workers also m@aﬁured blood volumes in older cabitle and found that
the blood volume per kilogram body weight decreased with age.

Mixner and Roberbson (1957) deternmined plagma and bleood volumes on nine
Friogian bull calves. The average welghlt of these celves wap 48,7 kilogrems.
Their ages were nob recorded. Bleood and plaswa volumes were determined by
the single injection dilublon bechnique uwsing bromosulphontholein, They found

the mean plasma volume of bhe calves was 6.840,16 por cent of body welght.
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They also found bthat the mean blood volume of these calves wos 11l.5:3.4
por cent of body welight, Plasma and blood volumes were algo measured in
aduld cabtle and they found that the volumes of plaswa and blood peyr kilow
gram body welghlt were greaber in c¢alves than in adult cattle,

From the resulis shoun in Table 4 4t can be sgeen thet exbracelluley £luid
volume has been previously moasured in calves by two groups of worlers.

Tnglis et al. (1955) measured vadic-godivi gpaces in elght Ayrshive
calves aged three o flive woeks. Thoy found the mesn sodium space in bthese
calves was equal bo 41.3£2.3 per cenb of body weight, They observed thabt the
radic-godiun concentration in plagmo did nob fall at an exponential rvate until
tuo ond o half hours afbor the injection of the solute., Theorebically it is
nobt degivable that o solubte should talke so long bo equilibrabe throughont its
gpace, 1f the space is being measured by the single injection diluition metheds
It bas also been shown that thiceyanate and radioesodivm diffuse inbto cells and
hence measure a velume greater Lhan the tvue extra~cellular fluid (Winkler et
ale 1943, Vanery and Haoge 1941).

Anderson and Mixner debtermined inmulin gpoces in one Friegian calf and one
Guerngey cow. The age of the calf wvas nob recorded, These workers determined
the imlin spoceg by the single lnjection dilubion wethods The walidiby of
bheir resull uelng this mothod is questionable. Elkinton and Danowskl (1956)
gbated that owlng to the slow rate of diffusion of inulin in the interstlel £Inid,
Imulin gpaces camnot be successiully measured by the single injection dilution
technigques  The lmulin space should ideally bLe measured by the conbinuous

infusion dilubtion method.
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Tt e inbervesbing o nobe thebt despite bhe gquesbionable validibty of the
regults obbained by Tuglis et al. and by Anderson and Mizner, that the rodioe
godium and inulin spaces in oalves were greater per kilogrem body welght than
in adult catbilo,

From the regulis shown in Table 5 1t can be sgeen thal btobal body water has
been previcugly debermined in young calves by three groups of workors.

Haigh et al, (1920} debermined the composibion of on uwnspecified number of
nevborm Jersey and Heveford calves by degsication of lthe cadavers.
Theorebically this should be the most sccurate estimate of the body waber volume
in vattle,

Bllenbergey ot al. {1950) detemined the composition of seven nowborn
¢alves and seveniteen three wonth old celves by dlreet chemical analysiss, They
found the average body wober in these celves was 74.2 and 71.7 per cent reg-
pechbively of body weight. Thelr vresult compares elogely with that of Halgh et
als who found the peorcentoge body waber in nevborn calves ranged from 72.4 =
73.5 pev cenb, Bllenberger eb al. found thet newborn calves had 1ittle or no
body fats Those workers elge found that the proportion of body waber to body
woelght decreaged with increasing age,

MePadden and Richards (1956) determined anbipyrine epeces in five Friesian
bull ealves at one and four weeks of age. They fouad that the subipyrine space
in the calves at one weel ranged Lfyom 72 to 74 per cend of body welght. In the
gane celves the anbipyrine space at four weeks ranged Lrom 67 Lo 69 per cent of
body weight.

These workers alse ghowed that the volume of the antipywine gpace in older
calves was affected by the amount the snimsls were fed beforve weasuremenbs were
mades Garrett eb al, (1959) made 2 similar observation when measuring anblpyrine
ppaceg in gheep. Thay found they could alber the volume of the antipyeine space
by bydrating or dehydvabting the enimels. They concluded that the anbtipyrine

dilution method gove values fov the volume of total bhody water which vere too



variaoble to be successfully used to wesolve the composition of the adult
ruminent onimals

Studios by WUhiting et al. (1960) ghowed thet the volume of the anbie
pyrine space in cabitle was largoer than that of the n. acetyl. enbipyrine
gpace, since the Lormer dlffused wore extengively into the pumen,

The diffieculiy in using the dilutlon technicgue In adult ruaminont animals
to deternine total body water is apparently agsoclated with the lavge and
variable amount of fluid in the inbestinal trach, and 4in particulor in the rumen.
Tobtal body wa%af includes the transeellular £luid in the alimenbary brach,

In man the awount of fluid in the inbestine i normelly falrly consbant and
squal to approximately 1.5% of the tobtal body water (Bdolmen ob ole 1952), and
hence this problen does nob arise to the soms extont.

In the young calf the gasbreeinbestinal btrach ls anatomlcally and physiow
logicaelly more like that of a non-ruminent animal, Tt is probable that the
young caliisg gestpo-~intestinal tiact containg a feivly constant volume of fluid
and hence the total body waber iz nob mubJect to such merked varistiong in ite
volumne ag cccurs in adult catble,

In this stvdy the plasme and blood volumes have been debermined with the
dye Tel824 (Bvan's blue). The use of dyes to messure plasme and Wlood volumes
was firet described by Keith ot al. (1915).  Thoy used the dye bwilliend vital
red, but this dye has a marked disadventege becanse its absorpbion gpectrum is
very like that of haemolysed plasma, Grogersen eb al. (1935) introduced bhe
uge of the dye T.1824 (Bwvan's blue) and thip dye has sinco been exbensively

uged to measure plasma and blood volumes in mon and animals,

\06
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Tn this sbudy extre~cellular fluld velumes have been determined with
gsodium thicsulphate. One of the mojor dAlfficuliles in measurlng oxbra.
cellulay finid volume in animale is theo selection of o gultable solutc.
Elleinbon and Donowski (1956) stated that as inulin has the smallest volums
of distribution of the solubes used to measure extracellular fluid, it is
reolly a Lrue measure of this compayinent, Unfortunabtely lnulin diffusos
plovly in the laterstisl fluld and hence Lts space should ideally be moasured
by tho continuous infusion method, The uge of this method in large domesbtle
aninmals 1s technically aifficult. Winkler ot ale. (1943) heve shown thab
thiccyanate and radiogodiunm diffuse into cells and honce weasure o gpace vhilch
is greater than the true exbra~tollular fluid, Coblove (1954) mad Nichols
ot al. (1943) suggesbed Phat the concepb of exbracellular £luild hap been oveorw
pimplified, They suggested thet the exbracelluley phase should be subdivided
into two phages;y the interstial fluid which is en ulbraliltrate of plagma, and
the connective tissue, They have shown that lanlin and thiosulphate do nob
diffuge into the connecbive btlseue, whoress rodlo-gedium doeg. Newman ot al,
(1946), Brun (1949) and Cardezo and Bdelmen (1952) have shown that thiosulphete
hag o gimilar volume of dlstribution bto inulia in man and the dog.

in this study total body water was measgured in calves uslng uren., Unlike
mogt sclubtes used bo measure totol body wabery urea is o natural component of
the body and it i nocessery to assume that the mebabolism of endogenons uren
renalng consbent durlng the tine requirved for bthe delerplnation, The uren
dilubtion method has gilven values for the totel body water gimilar o those obe
toined by obher methods. Painber (1940) found thot Phe urea mpece in dogs wns
sinilayr to the volume determined by dessicabion. T)égleton (1951) found o

pinilar vesult in cats. Paven (1954) and Srikantia and Gogelen (1957) found



the antipyrine space in man wes similar to the uves space. Bradbury (1961)
showed that the volume of the uvrea space wag oboub 5% lese than that of the
deuterium gpace in man.

Houph (1959) investigated the ubtilizaiion of ures by sheep and found that
after intravenous injection urea diffused repidly into the rumen vhere it wag
mebabolized by the ruminal mieroilora. He measured the tobal body waber
elght bimesg on bwo sheep using the method described by Painter and found the
mean volume of the tobal body waber was A3.8¢2.3% of body weight. From
these resulis he concluded that the vres space does not include the ruwen waker

a8 the ures was metabolized ap soon as 1% enberved the rumens
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MAEBRIALS AND MEPTODS

Tho volunes of bhe prineipal body fluid compavineabs were meagured in
healbhy ealves by debermining the T,1824 (Bven's Blue), sodium thiosulphobe

and vres spaces. Tho maberiels and nethods used were ag follows!

Debormination of bthe plasme and blood volums

Plasma and blood volumes were detovmined fyom the T 1824 space and
haemeboerlt by the mebhed dencribed by Gregersen (1951),  The method wes
ag follous:

A hepariniged blood gemple was collected from the jugular veln fov
determination of the hoematoeerit and the preparsbion of gbanderds and blanlks
requived for bhe phobomebric egtimation of the dye concenbrabion, A knowun
anount of dye was bthon injocbed inbo bhe jugular veln. A venous blocd

gomple wag collevbed bten minubes later, or severel gemples wore collected

at inbervels of up to an hour afber injection. The dye concentration in the

gomples ¢ollected afber injection wag then debeimined photomebrically by
comparigon wibth mown abondards. The volume of digtribublon of the dye
wag caleulated by dividing bhe anount of dye injected, by the dye concone
trabion ben minvbes afbor injoction, or by the theorebical dye concentrabion
ab the time of injection dotermlned by exbrapolotion of the extreblon curva.
The blood volume was celeulabed from the plesms volume end Lhe heemaboerid
uping bthe equation

Ploema Volume
Blood Volume =

L« (0,94 x Hoomaboorits %)

0
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Detormination of thoe exbrecollwler £1uid volume

The exbracellular fluild veolume was debermined from the thiosulphate space
by the mebhod deseribed by Cardoso and Bdelmen (1952},  Tho mothod used was
28 Lollouwg:

Before injeetion of the thiosulphate, o blood pample wap tollecbed from
the juguleor vein for the prepasvabion of bthe plesms "blenk® wequlred in the
anelyelis. The thicosulphate was then ionjesbed dnto the jugnlar vein ag
ropidly as poseible, Venous blood ssuples were then collecled at ten or
fifteon ninnbe dntervels for the next houvr, The thiosulphate cencenbrabtion
in the plagme wos debermined end plotbed on o pemilogarithmic seale againat
the bine of colloction. By exbrapoletion, the theorsbtical coneentration of
thiosulphate at injecbion bime wos determined, Thoe thiosulpbate specoe was
ealeulaved by dividing the amount injected by bhe theorebticel concentrabion

ab the time of injecblon.

Doberninatlon of the bolol bedy wvaber wvelmne

Tho total body wabler volume wag deternined from the ures space by the
mebhod described by Painter (1040). The method uvaed was as followss

One oy more vonens blood genples wers collected up to an hour hefore the
injectlon of the ures, to determine the endogonons blood urea concentrabion and
blood weter content. The ures golublon was bhen injected inbto the juguler vein
and blood gamples were cellected bhereafber al hourly intervals fow up to Lfour
hourg,  The urea concentration in the sanples was detormined, The theoreticsl
concentration of bleod urea ab the fime of injechbion was determined by exbirge
polation of the excrebtion curve. The »lse in blood urea Goncentrabion afber
injecvion was then celeulated by subbtrecting the endogenong blood uren Gone

eentration from tho theorsbical cencentration eb the btime of injoction.
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The effective rige in tho urea conceuntrabion in the blood wober was noxb
pgaleulabed from bhe rise in the blood ures concentreblon sud the blood waber.
The urea space wes caleuwlabted from bthis figure and the amount of urea

injected,

T 1624 vsed bo determine plasme and bloed volumes

The T.1824 veed to debermine plasma and blood volumes wag purvchaged ag a
powder From British Drug Houses Limited™, The dye wese prepared for injection
by dissolving 3% in sborile physiclogleal saline ob a concentration of 0. 055
b 0e2%e  The volume of dyo solubion injected vanged from 2 - 10 wl.,
depending on bthe enimal's alse end the copcentrabion of the dye useds Ne
111l effetls wore cbsorved following injection of TWi824, apary from one occasion
when geveral calves dled afbor injoction of 2 solublon conbenminated with a

byrogenic beclerinm

Sodiun thiomulobate vged to detormine extracelluler fluid volume

The sodium bhicsulphete used t¢ determing the ezbrecelluler £luld volumes
way "roogent grade chemicel¥ purchosed Cfrom Bribish Drug Houses Limibed end
was propaved for injection by disgolving it in boiling distilled weber. The
ameunt of godium thiegulphate injeeﬁed rapnged from Dol = 140 gne por kg, bedy
welght. In mosbt cases a 108 solublon wag injected, Ooessionally more cone
conbrated solublons were Injected bto facilitabte move vapid injection. Solutiong
of over 50% concentrablon were injocted wibthout sppavent 111 effects, and bleed

pamples ecllected soon after injectblon showed ne ovidence of haemolysis,

£ ppitich Deug Houses Limited, Pools, Inglend.



Some calves wove observed to Yoniffleh immodintely follewing injecticn and

it was ofben observed that the urinary output was incroasged,

Uron uvaed bto debermine totel body waber volumes

The urea used bo determine botal body wabter velumoes wag reapent grade
chomical® purchaged from British Drug Houses Limitoed, and wag prepared fop
injection ag o 25% or 309 solution in sberile saline., Calves were injeched
with 50 ml. of the golution, Wo ill effects or haemolygis were obgerved

following injection,

Debormination of the spechoral sbsorpbion pabtbern of T,182/ ia

A

AL

golubion in bovine plasme and saline

Allen et ol (1953) showed thal tho spectoral absorption pattern of
T,1824 vories whon dissolved in the plagma of different animals. Thoy and
Reynolds (1953), Lound theb the sbuorplbion peak of T.182/ and bovine plagma

oceurred ot & wave leongbh of aboulb 620 ma.

An exporiment was carvied out to debermine bthe abgorpiion peak of T.1324

in bovinoc plagma.  Solutions of different concenbtrations of 9.1824 in bovine
plagma and in saline were prepared. The percenbage light absorption at
different wave lengbhs of these solutions wag meagured ln a Unlcam S.P.600
Spectrophobometer®,  Distilled waler was uped as o blonk in the spectrow

photonetber when making these weasurements.

* Combridge Instrument Company Limibed, Canmbrddge, Bnglend

iz
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Dotermination of the relablonship of the wveadings in g colorimator zﬁl

»

ond the soncentrabion of T.1824 in bovine plapm

Ag an B.B.%. Photoelectric X.105 Colorimeter’™ wag normally used GO
detormine the T.l824 concentration in plesma when measuring plasme d@nd blood
volumes, an experiment vas carried oub o ghow that the colovimeber was
gulbable for this determination. The experiment was designed to show the
roelotionghip betuwean the readings in the colorimeter and the concentration
of T.1824 in bovine plasma.

Solutiong of Aifferent concentrablong of T,1824 lv bovine plasgma wero
prepared and thelr colorvimeber readings determined. The colorimetor wae zeroed
on & plagma ganple vhich did not conbain T,1824. A No. 607 £iltor vas uged in
the colorimeter, This filber bas an opbimum light absorpblon alb a wave lenghth

gimilar bo that found for a solubtion of T.1824 ln bovine plasng.

Daberminabion of the concenbration of T.1824 in bovine plaswe,

Ve

The conconitration of T.1824 in plagme vas normally debermined in en L.K.D.
?hmﬁomlec%wia'X;lmﬁ colovineter with a Nos 607 £filbor.

The vesults of tho previous experiments showed thet the colorimeter
readings were proporbional to the concenbrablon of T.l824 in plasma. The T,1824
concentration in a sanple was thevefore deternined by comparing its colorinmeter
reading with thet of anobher semple which conbalned a known concentrabion of
7,1824s  The T,1824 concentration in the sanple was ealeulaeted using the
followlng equations

8xU

Unknown concenbrabion = '“ﬁ“"

davd o ) e
Evang Blectroselenivm Limited, Harlow, Bngland,
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vhove & ig the known concentration in o samplo, and R ig 1ts reading in the z!l
colorimeter. U ig the colorimeber reading of the soample whose concentration

ig unknown,

The method used to debermine bhe T.1824 concentration in plasmo wasg ag
followss into two matched colorimeter tubes was pipetbed a known volums (x)
of plasma collected hefore the animal wag Injected with TWl824. Yo one of
bhege tubes vas added o known volume (y) of seline, This tube vas used as o
blank to seb the colorvimeter veading bo zerce To the obher tube was added
the volumo (y) of a saline solubtion containing o lnowun concenbration of T.l824.
This tube was used ag a ghendard.

Into o thinrd matohed colorimeber tube wes pipetted the volums (x) of ploesna
collected after bthe aniwal had been injected with T.1824. To this tube vag
then added the velume (y) of galine, The colorimeber readings of the sbanderd
and the unknown sample were then determined. From these readings and the
known concenbratlon of T,1824 in the ﬂtandard wag goleulated the concentraition
of 11824 in the sample. The sctual volunss of plasme (x) and saline (y) and
the concentration of 17,1824 in the stendord solution, were varied in order to

obtalin the opbimun readings in the colorimeitor.

-

-

The concentrabion of T.1824 in blood waeg determined in a similar way to
the T.1824 concentration in plesma, Inbo two centrifuge tubes were pipetbed
volumes (x) of blood collected bofore the animal was injected with T,1824.
Volumes (y) of saline and the standard solution of T.1824 in seline were added
to each of these tubes respectively, 1Into a third centrifuge bube wasg pipotied
the volume (x) of blood collected afbor the animal had been injected with T,1824.
To this tube was added the volume (y) of saline, The tubes were then cenbri-
fuged and the supernatent trangferred bo colorimeber tubes which were vead in

the colorineter,



Deterpination of thiocsulphabe concenbrablon in plosme

Thiosulphabe concentrations in plagna were debermined by two methods,
the so=called "Indireet Todometric Meothod®, Newmen et al. (1946}, and the
Mirect Mebhod!, Brun (1950), Whe Lirved mebhod wag pardicularly suilable for
nicro-analysis bub bhe sevond method was simpler and quicker. The priueilples
ond chenleal reactiong involved in bthese methods were ag followss in bobh
methods plasma probeins are initislly precipibalbed with sodium btongstate and
gulphueic acid and the thiosulphate concentrebion ig egbimated on the supere
natant obtained afbor cenbvifugation. In the direet method bhe thiocsulphatos
in the gupernebant ig titrated direstly with a dilute golubion of lodine usging
sharch solubion ag sn indicator, The chemical reaction s shown in the
follouwing equation:

Magsyly + In = Aol + Nay8)0y

The indirvect method ig a reverse bitration which depends upon the

Yibewration of lodine from pobassium iodate by Tthe thlogulphate in the test samplo.

The rvemaining jodine in the lodate ig bhen titraved with sodium thiosulphste
and from the amount of thlosulphate required bo neubralize the remaining lodobe
can be calculabed the anmount of thlogsulphate in ﬁhw tost pample. The chemioca
reactions in the process are shoun in the following equationss
RKLOy + Na252Q3 + AL = NagS ¥ 2IGL + 1,0
AWL » 210

il

212 + 2ECL
RKEO@ 4 10KT ¢ 12HC), = 6Ea + L2AKRCYL + 6H20
A G0y + Iy = Naaﬁéﬂﬁ + 2ol
The accuracy of the methods was debermined by measuring the thiosulphate

concentravliong in solutions of knowa sbrengtho.

IS
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Deternination of urea concentrabion in blood and wrine ﬂ

e

Blood urea coneenbraliong ware determined by the methsd desceibed by
Conway (1957) ueing the speciel unlt illustrated in Plgure 3,  The chemleal
reactions iavolved can be summarised as follows. Blood uresn lg converted by
the onzyme ureage inbto emmonie and carbon dioxide; the liberated swmonie goes
inbo solublon in blood and lg then displaced by addition of sbrong alkali; the
amnonia is absorbed in o golution of boric scid, and thig ig finally tltrated
with hydroehloric acid.

The speeiel unit conglobs of an luner and ouber well geparabed from the
atnosphere by o glags 11d.  The first bwo resctions, Ll.0. Liberatlon of ammonia
from the blood by ureage and dlsplacement by sbrong alkali take place in the
auter wells The ammonis diffuses into the cenbve well wvhere it is absorbed in
boric acid and ig there titrated wlth hydroshloric acids

In this study blood pres concenbration was dobermined on 1 ml. of blood
Instead of 042 wl. as described by Conway. Becouse a larger volume of blood
was used 1t vap necesgary to lneroase the strength of the boric acid to 20 gm./litre
ingstead of 10 gm./ Litre ap suggested by Conways  Samples wore incubated at room

temperabure with urease for six hours and with stwong alkeld Loy twelve hourd.
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figura 3. A Conway Unit for Urea Détermination

The aocuraoy of the method was determined by neaeuring the urea concen-
tration in solutions of known strengths and by repeated determinations on a

number of blood samples.

Determination of blood water

The water content of blood was determined by dessicating samples until

the residue remained a constant weight. The sangDles were dessicated in
porcelain dishes in an oven maintained at a temperature of 78" - 60%. The

time taken to dessicate samples vas days.
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Detormivation of haewsbosrits Y~ {

Hasmaboerits were determined by centrifugation of blood in Wintrobe
haenatocrit tubes at a centrifugal force of approximabely 1,600g for et loash
two hours. Jennings ob al. (1961) heve chown that the haemotocrit of bovine
blood after centrifugation for two hours ot a force of 1,600z conbaing
approximately 6% trapped plasma.

The relation bebween contrifugatlion time and the haemabocrit was demonstrated
by bhe following exporiment. Heparinised blood semples were collected from
four calves and the haemabocrilts of bthese samples detormined at haliw-hour inbepr-
vals over a perlod of three hours. The sanples were centrifuged in Wintrobe

haematocrit tubes et a force of approximately 1,600g.

Collection of blood gemples

Blood samples were collected from the external jugular wvelns  In healthy
calves the jugular vein is not normelly distended and to facilitabte bleeding 1t
wvas necessary Lo dishend the vegsel by compressing it ab the base of the neck
with 2 bourniquet ox by digltal pressure.

Venous blood samples were colleeted by venepunciture uslog o No. 16 ox 18
Britleh Wire Gauge 1 inch needle oy bthrough a thin nylon or polyethyleno cathober.
The nylon or polyothylene cabheters used had an extecnal diameber of 2 mme Two
methods were used to insort cabheters., In the firet mothod the jugvlar vein
vas punctured with a Nos 9 British Wire Gauge 2 inch needlo, and the catheter
wag threaded through the needle into the vein, The needle vas bhen withdrawn,
leaving the catheter in gitu. The Wo. 9 Dritish Wire Gauge needles were mo big
that they severely demaged the veins in ealves, and the following teehnique

uslng o smaller Noe 12 British Wire Gauge 1% lach needle wes later adoptoed,
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When the No. 12 needle was in the vein Ib wap threaded wlth a gbtiff nylon 2!!
rod of exterxnal diameter 1 mpe The needle wap bhen withdrawn leaving theo
rod in the velne. The catheter was threaded over the rod into the vein and
the rod then withdrawn, leaving the catheber in the vein, The catheber was
inserted down the jugulayr vein go that the end was ab bthe theracle inlet, When
the cabheter was in situ & short plece of gofft rubber tube was attached Lo the
oxposed porbion to prevent it glipping into the vein and to Facililate the
collection of blood samples or injection of solubions, When the catheber wag
not in uge it was f1lled with heparinised saline to prevent bloed clobting in
the lumen, and cloged with a Mobhr's Clip. The blood pressure in the vein was
uguelly sufficient to cause blood bto flow gpontaneously from the catheber, bub,
if not, a syringe was used to withdraw blood.

Preparatory bo luserebing the cathelter the slbe of penetration was c¢lipped
free of most of the hair and the skin swabbed wibh o disinfectant solutions The
gite of pensbrabion was bthon anesthebized by infiltration with a local anesthetic
solution.

Blood semples were collected into ¢lean, dry, hepariniged centrifuge Hubes
o¥ universal bottles. When plaswme sanples wera requirved 4he blood was

cenbrifuged ap soon ag possible alter colleetion and the plagme goparated.

Inlaction of solutes

141824 was injected by the following mebhode A volume of dye solution
wag dravn Into a ¢lean dry 2, 5 or 10 ml. coepacily eyringe. The syringe and a
cleoan dvy No. 18 British Wire Gauge 1 inch needle were then welghed, The needle
was uged bo puncbure the vein eand when in situ the syringe was connected Lo 1t
and the dye golution rapildly injecteds Then, taking care nob Lo suck blood inbo

the syringe, the needle sbill abvached to the syringe wesg withdvaun from the wvein,



The syringe and needle were then cayefully wiped frec of any drops of blood
ond weighed, The difference in the welght of the gyringe and needle before
ond after the injection of the dye, equalled the anount of dye injectod,
Thiosulphate end vres solutions were injected from o pipette commected
through an adaplor to a catheber ingerted in the vein, The solution wag
blown oub of the pipetto. The adapbtor and catheber were then flushed with

galine to ensure theb all the solube wos injected.

Deternination of body weichh

Calves were weighed to the nearest pound on a spring o woving arm balance.
Body weights worve usually determined one to twoe hours afber the calves hed beon

glven tholy mernlng fesdse

Brosrinental anluals

The ewperdmental aniwals used in this study were healthy male Ayrshire
calves. They were purchased theough o local werket and nobhing was knoun of
thelr management or feeding before sele. The exach age of the calves uwas not
kaown, bub the majoriiy of them would be aboul ong week old when purchased, In
the digteict from which the calves came, it is cusbowary bo sell the ezcess bull
calves vithin the firet week of life. T4 1o the usual practvice to feed such

calves some cologbrum durdoag the firab week of life. Cave ung taken when

10
»

buying calves to chooge anlwals which were obviously healbhy, eboubt one week old, .
& [ #

and of o £airly unifomm glzoe,

Tho ealves were fod twice daily on three pints of ostermillk®. Further
detalle of the preparatlion, compoglblon and methed of feeding sre described in
Part II of the thesis, Some oalves were given 500 mgnm of chlortebracyelines
per dey to prevent dlarrhoea, Body fluld compartments were messured within a

weak of tho time that the ealves were purchasged,

Ogtermill 1X, Glaxo Laborabories Libd., Middlegex
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Debernination of the effects of slterive the volume of the paatro-inbeslinal a

e R rmw TE A st MR

conbenbe on, the volune of the ures space

MoFadden and Richsrds (1956) and Garvebb et ol (1959) have shown thatb
the volume of the antipyrine spate in adull catile and shecp varles depending
on the volume of the ingesba.

An experiment wes carrlad oub bto debermine if albtewring the voluma of the
gagtro-inteshinal conbents affected the volume of the urea gpace in calves,
Urea spaces and body welghbs were measured on two occasliong on each of six
calves. Three of the ealves were fed on hoth cotcasiong the uessurements wore

made, The obher three calveg were fed on one 0&3&9 Lon bub aberved on the

nexhby

RBSULTS
Specboral sbsorption patberns of T.1824 in calf plagms and seling

Hepariniged plasma semples were collecbed from two healihy eslves. To
5 mly of plasma from each aniwal wasg added a dvop of a concenbrabed solution
off Te1824 in saline, Different concenbrabtlons of these dye-sbained plasma
pganplea were prepared by diluking allguots of them with more plasma in the
proportions Ltd, 132 and 334,  Solutlong with similey concentraiiocns of T.1824
in saline were also prepared.

The percentage 1ight exbincetion of both plasme semples and solutions of
1,182 in plagse and seline were determined at different wave lengbhs in a
Unicam 3.P,600 Spectrophobometert®, Disbilled waber wag used as a dlank in
the gpettrophobomeber when meking bhege determinationg.

" Cambridge Instrument Company Linltedy Cambridge, England



Figure 4

Porcentage lipht exbinebion ab diffevont wave lengthg of

eall plasws and for T.1824 in plaeme and geline
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Thore vag no difference in the absovptlon patberns of the plasma E
collactod from the two calves., The abgorplion pabierns of T 1824 in plaswa
from bobh calves were algo identical.

To Figure 4 are shown the percenbepge exbinctions at different wave lengths
for plasme, for T.1824 in plasma, and for T.1824 in salines From the rosulia
ghown in Figure 4 3% can be seen Thalt both plasme ond TW1824 in plasma had
similoy abporpbion patborng below a wavelength of 540 mwu,  Above the wave
longth of 540 mu the abporption patbterns of plasma and 7,182 in plasms
differed, The dysc-sbained plaswma had an absorption pesk at a wave longth of
about 620 mu vhich the unstained plasma did nob have. The solublon of T.1824
in galine had an abporpbion peak between wave lengthg 550 Lo 650 ma.

in Plgure 5 are shown in move detall the percentage extiucebiong betveen
wave lengths 550 - 670 my, for wvarioug concentrations of T,1824 in plaswa and
saline, From this figure it can be geen that the peak absorpbion for differont
coneeptrabions of T.1824 in plaawa always cocurred ot wave length 625 mu. The
absorption peal for T.1824 in galine oceurred al a wave lengbh of 610 mu.

The resulta obtoined in theso oxperiments are gimilar Lo those oblained
by Allen et al. (1953) and Reynolds (1953), who Pound the peak abgorpbion for

7,182/ in bovine plasma cccurred ab o wave lengbh of aboub 620 .

TR s

Relationship of the readings in a colovimeber snd concentrabion
OF o824 in bovine plasms
Plogna wag collected from three calves, and the following experiment
carried out uging the plaswa from cach animal.
Into metched colorimeber tiubes were pipebled aliquobe of 3 wl. of plasmas
To one of these tubeg was added 4 wl of saline; +bhig tube was uged ag o blank
b0 zero the colorimeter. To the obher tubes wers added 4 ml., aliquots of

gbandard polubtlions containing various concenbtrations of 741824 in saline.



(24
The tubes were vead in the B.B.Le. X105 Colorimebor with o Ho<607 filtor. B

In Figure 6 are shown graphe roprosenting the results obbalned ugdng plasny

from the three calves. Rach grapk shows the colorimeter resdinegs obbained
g g5 o

whon plasma wag mixed with seline solutiong _contain;ft,ﬂg different consentrations
of Tel824 |

From theso graphe it can be ﬁeexx.:‘%};&t the _edlerﬁmea‘i;@f roadings obtained
were proporblonal to the eoncen-i;ra-‘b%'mﬁ of T.1824

Figure 6

Relation of T.1824 concentrations in plasme to colorimeter

readings
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Pigure 6 Rolatlon of T,1824 concenbrablona in plesme to colorimetoer

roudings
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The sccuracy of the Divect and Indirect Todeomabric Methods fow a

magsuping sodinm thiosulphate concentrabion in plogma

The accuracy of the two methods used bo measure plasme thiosulphate cone
contrations was determined by measuring thiosulphate concentrabiong in plasmae
which conbained & lenown amount of thiosulphate.

The concenbration of thiosulphate wap measured by the "Mirvect Mebhod?
five bimes on each of two plasme sawpleg, These two plesma pamples conbained
62 and 123 wgn. bhiosulphate per 100 ml, of plasma regpectively.

The concentration of thiosulphate wis measured by bthe YIndirect Method!
twice on each of five plogna gamplem. These plosma gemples conbained 49, 062,
99, 1IR3 and 246 wem. bthiosulphate per 100 ml. of plasue recpecbivelye.

The resulbts obtained are shown in Table 6, This ltable shows the knoun and

the measured concentrationg of thiocsulphate in the pleosme samplog.

TABLYE &

ihe sccuracy of Lhe mebhods used to measure thiosulphate concentrablon in plasme

Nos of Knoun cong, Meagured cont.
Mebhod neagurenents nEne/ 100 wle Meon_and SuD. mpme/100 ml,
Dirvect 5 62 63 & 2
5 123 124 % 2
Noa._of Enoun_c¢onc, 2 Measured cong.
Mathod meagurenents nEme/100_ ml. 1En/100 ks
Indirect 2 29 29 and A9
2 62 50 and 60
2 99 100 and 100
2 123 121 and 121
2 246 249 and 249

From the resulbs shown in Table 6 it ean be soen theb bobh methods usged to

neasure plasms thiosulphate concentratlong vere accurabo.
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The aecurecy of bhe Gonvay webhod for messuring ures concenbrabion in blood S

RIch s S RO o

The accuracy of the Conway mothod was determined by measuring uros Gone
centrabiong in golutions which contalned kmown amounts of urea. Thirbteen
measurensnts were made of the urea concenbrabion in a golubtion which contained
50 mgme/100 wle and nine measurcments of o golublon which contained 100 mgm./ 100 ml.
The resulbts obtained are shoun in Table 7, The table shows the known cons
cenbration of urea in the solutions, bthe nunber of measurements made, and the

neang end gtandgrd deviations for the measured ures concentraiions.

- TABLE 7

The agcuracy of the Conway method for measurine ures concenbration

Nos of Koown conG, Mean eond 8.0, of noasured
neasgurononts AR conc, mgme/ 100 wnl,
13 50 597 & Le8
9 100 100 4 0.8

Blocd urea concenbrationsg were algo measgured three times on bleod samplos
colleched from five calves. In Teble 8 ave shown the urea concentrations
dotermined in triplicate on each of the five blood mamples.

TADLE &

Triplicate measuremenbs of blood uren concentraibion

Calse Blocd Uren Cone, mem./100 ml.
(1) ()  (3)

A 22 22 22

B 25 24, 24,

¢ 23 23 23

n Pl 25 2

B 28 28 28

¥rom the resulbs shoun in Tables 7 and 8, i% con bo seen bhat the Conway mebhod

wag accurate for mesguring uvea concentrations and gave repeatable resulte on the

gams blood sampleog,
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Blood waber contenl S

Blood vater conbent was debermined by deggleatlon on thirty one blocod penples
collected from twenty flve calves., The mean and gtandard deviatlion blood waber
conbent of the samples wes 8245 % 1.69%. This velue wag simllar to that found

by Haigh ot ale (1920) of 82.4%.

Normal variations in endogenous blood ures concenbratdon

To determine if the nowmal variabions in the endogenous blood uresa cone
contration vore likely to affect the determluabion of the urea epace, five healbhy
calves were bled ad hourly intervals for five hours and the bhlood uvea cone
conbrablon in tho samples measured, The first blood pamples were collected aboub
two hours afber the calves had been given their morning mesl, The peried of the
day covered by this experimend corresponded to thab used when mensuring urea

gpoces In calves. The wvesulis obbained are shown in Table 9.

IARLE 9
Vardstions in the endogonous blood uvea goncentration
Calf Ilood ures wane/ 100 ml,

Houx 1 2 3 4 5
1 23 23 24, 23 24
2 37 37 37 38 37
3 31 30 31 32 32
4 37 36 37 35 botble broken
5 31 3L 32 32 34

From the results shoun in Table O it can be seen that tho normal varlations
over e period of five hours in the endogenocus blood urea concentrations, wore

unlikely to have any markoed effect when determining ures gpaces,
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Relation bebveen centrifucation bLime and heematoerit ’

PR 1 T LA KA . AT W ST

Vonous blood ganples were colilected from four calves and haematocrits
determined at thirty minute inbervals for three hours. The haemstocrite were
determined in Wintrobe haemabocrit tnbes which vere centrifuged at a forcs of
approzimately 1600g, In Table 10 are shoun the percentage haematoeribs for each

bloeod sample determined at thirdy minute intervalp for throe hours,

TARLS 1.0

Relatlon of centrifugation time and hoemaboerit

Minutes centrifugation

30 60 90 120 150 180
GCalves » Naemabocrit
1 Al Y 36 35 35 34
2 39 34 33 33 32 32
3 24 3t 29 28 A 7
& 28 25 R4 23 s 22

From the results shown in Table 10 it can be geen that the hoemabocprits
remalned fairly constend afber cenbtrifugabion for 120 minutes. The averuge
difforence in the haematotrlt determined after 30 minutes and 120 minuben
cenbrifugation wves 6% These resulls indicate the ncoesgeiby for adequatbe

cenbtrifugation vhon determining the bovine haemobocritb.
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Ghonges, n plose Tel824 concentvatlon afber inbrovonous

i N (RN

inlection of the dys

Ia Pigures 7 and & ave showun the changes iwv plesna ¥.1824 concentration
follouing the Indrevenouws injection of A0 mgma of dye into bwo calves. 7Phe
gxeretion curves shown for bhese two calves were bypical of those seen in
other calveg in thls gbudy.

From these flgures it can be seen thet the dye was extreled al on
cxponentlal rates I1 can also be seen that the dye concenbrabion ten
minutaes afber injoetion wen similer to the contenbrablon ab zovo bing de-
sermined by extrapolation of the ererebion curwve, The excrobion cuxves fov
Vo824 in oalves in thig gbudy were comparable to thope deseribed in eduld

eatile by Reynolds (1953).

Ghongoes in plasm thicenlvhets concentration sfbor inbravencus

dndeelion

In Piguren 9 and 10 sre shoun the changes in plaosms thiosulphate cone
sentration following Intravenous injection of 10 gme of bthiosulphate inbo the
enlvos, The excrebion curves shown in these figures were typical of those
gecn in obher calves in this study,.

From these flgures Lt can be geen thet the thiosulphate concentration in
plogma fell at an exponential rates. T most exporiments it was found thab
when bthe plesuws thiogulphate concentrations in sawples collected at Inbopw
vols after injestlon were plobbed on a semilogevithwle scale, the lipe of £ib
drewn throvgh these poinbs usually pasgsed bhrough the polnt shoulng the plasna
Shiogulphete concenbration ton minubes afber injeetion. Oocapionelly it was
Tound thabt the polont showing bthe concentrabtlon ten mlmutes aftor injection wes

slightly obove the line of £it drawn through the othey poinbs. Thia
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Figure 9 Zhe chonge in plasma thiocsulohato concentwation in o calf
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Pigure 11 The chonge in blood ures concentretion in & calf aften
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obaervebtlion pregumebly indlestes thet the thiomulphate had ususlly estoeblished E
sguilibelun in its concenbtrablieon throughoul the exbrocellular fluvid wibhia
ten nlvutes of injection.

The type of exeretion curve seen in calves in this study vas similar to

those described in humans by Cavdoze and Bdelmen (1952)

Changes in blood urea conconbreabion afier intravenons injectlon

S H IR RN

In Bigures 11 and 12 are shown Tthe changes in blood ures conconbravion
in two calves which vere injected Inbravencusly with 25 gme of urens The
excroblon curves geon in thoge buo figurves wore typlesl of those geen in obher
calves in thls sbudy. In Figure 11 ave shown the blood ures concénirations
detormined at half hovr inbervels afier injecbions. From the figure it con
be geen that the line of £it drawn through the pointe showing bleood uwrea cone
convrations, passed below the peint showing the eomecentration thirty minvbes
afber Injections TFrom thle result It was ageumed thab the ueon wequired more
than thirby nimbes ofor injecbion to equilibrate throughout body waters When
bloed semples were collected abt hourly intervels sfter injectlon, ag in Piguve
12, it vag found bhat the line of it dvawm through the points showing blood
uren concentrablon, inveriably passed through the point showing the blood ures
concenvration one hour after injectlon., This pregumably indicatoes that the
uren had ostablished equllibpium in ite concentrabtion thronghont the body vater
within an hour of the btime of injectilon,

The type of uren excretion Curves seen in c¢olves in this sbudy vere similor

o bhoge deseribed in dogs by Painter (1940),
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Iffects of albeoring the volwme of bthe geebro-intesbtinel conbtents

R R

on _the ures apaces in calves

The effeets of altoring the volume of the gestroe-intestinel contonty on
bhe urea speces were determined in an experiment on two groups each of bhreo
calves, Uree gpaces were measured twice in each calf, The salvey in the
Eirat group were fed one hour previously on bobth occesiong uwvres gpates wore
mensurad.  The calves in the second group were fed one hour previously on
the £ireb occaglon and sbarved on the second.

In Table 11 are shown the uvea spaces and body weighte of tho calves in
the firsbt group, which weve fod on hobh occasions measprenents wore wade. Tho
table algse shous the differences in the ures apaces and body welghbts of each
¢alt when measured on two et‘.:c_‘sms:‘i.om. rrowm the resulbs shown in the btable it
can be seen that the body weights of none of the colves differed by more bthen
0s5 kg and the urea spaces by more that 0.6 1ltre. The dlfferences in the
body velghts of ealves A and B were parallelled by simileoyx differences in the
uren spatess In cald G thore wes a decreasge in the body welghd of « 0.5 kg
and on ilncrease in the volume of bthe ures space of +0,2 litre.

In Table 12 are shoun the body welghbs and uren gpacer of the calves
that vere fed on one ccecaglon and sbarved on the next. Prom the resulty
ghoun in thin btable it can be seen thet all throe calves lost over 2 kg in
body welght vhen gtarved, The volume of the ures gpace decreaged by 0.2 Llitre
in one calf but increased in the obher calves by 0.8 and 0.3 litre regpecbively.

Fron the resulbs obbalned it can be seen that the body velghte and body
wabors did nob very by mora that 0.5 kpme and 0.5 litwes respecblvely, on
repeabed esbimptlong, in calves which were fod on both occasiongs. When the .
¢alves were alvernately feod and gbarved, iV was found that they all lost move

that 2 kgns in body weight bub thelr body water did nol vary by more than 0.8 likreg.



136

1299 F LOS'QOF
Yo+ 1:0+
21+ Yo+
Z°0+ &=
g G+ G0+
£°G-
88I3TT
OOEGS ©oan
SCUBIOII L0

z-e7

7 oz

o2

[NF74

SGI3TT
GoTas wodp

LY

ST

g e

oot

9°7e
23

FoLon Apog

JuUatosnsSTY Wiy

A3 4

g7e

4z

SOILET

EEERERECEN

1'b2

gz
gr6e

£e7e
“Sx .

JUoUoaNEEo 95T

.Q.m

o3y -

Ji8p



|37

s'oF I£2°0F ‘s
0+ LeT— uod W
£+ 1°c- Al A é&*le &*ce (3254 &

oA g g°4e a°ce g ae g7e S

8°0+ g'e- 6* 7 % &eE €

S229TT "5 SOIFLT

58297 *83
i migo e ay's acodt egpred s o — o ool
E3%G8 moan  Gueien Avog 355GS ©oap  Gueton S0ELS ©oan  Guoion Apog Ten
BOUBIDIITh T S LT AT T Tonednseol 5eT




13¢

Yrom bhesge experiments 1t was concluded thal varying the wilk inbake ﬂ
had a marked effect on bthe body weight of calves. Heplricting the wilk
inteke did nob, however, have such a marked effect on the volume of the ures

8p2eO. gee \nsesk A,

Plasma and blood volume in ealves

Plasma and blood volumes in calves were determined by the single injection
Allution method using T,1824.

Plogma volunes were dobtermined on slxby seven occasions on sixby five
calves, The body welghts of these calves ragned from 24 - 46 kilogramg.
The resulbs obbalined for individual calves sre shown in Appendix I. The
appendix ghows the body veight of each calf and its plasme voluwme in litres
and also expressed ag o percentage of body weight, The mean and sbandand
deviation of the plesme volumes of the calves was 6,6 ¢ 0.9 por cent of hody
welghte

Blood volumes were dobermined on forbty occasiong on thirty olpbl colves.
The body weights of these ealves vanged from 24 to 40 kilogrews, The resulis
obtained for individval calves are shown in Appendix I. The appendix sghows
the body welght of each calf end its blood volums in litres and also el
pressed ag a pereentege of body weight. The mean and sbanderd deviabion of

“the blood volumes of the calves was 11.0 & 2,0 per cent of body weighbe.

Hoemaboerits of calyos

Haemabtocrits were measured on blood sauples collected from thirty seven
calves vhose body welght ranged from 24 bto 40 kilogramg, Tho resulis obbtalned
for individual calves ave shown in Appendix IT, The mean and sgbendard

deviabion of the haemstoerits in the calves wag 43 3 8 per cont,
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insert A

The GLiPeroaous wore solenlnted holween bthe body welshis and uron dproos
dotersined on the frst ond socond eneupenends o each andiy Phe msen
valuen of those differenues whrs oalowladed Doy gneh group oF eolven and bhony
posns conpured vtebleticelly nodag o YWY foobs I war Found Shnt bhose was

e adgadPlomnt Giferenge In 8 oxbent by vhich the poan wpos opseen of bthe tug

gronps AlfTereds Thego wos however o elgadficond ddfterense du the oubont by
vhich the mow welghts of the fuo grovwps didfesod, Phis WTCovente wag
phopdficant af the 0.9% lovols I vews gonniuded thol stovvebion bad ne

slgniiicmnt offoet on the wiea spong bk 46 434 have o odgndfioont effoot o

body welphbe The uros dphees meveuroed L onoh 0ol wore eeproseed ao o % of
body welyhta The éifferonue wap thon deternined bubwsen thie povgenbage when
dotevalnmd ab the fiept sod epcond aeoaspvasenbs o oueh enduade The wpeonn oFf

the difforenves ware then toluniobed fopr She bue growps of tplves ey
pompeablve nomng vope 20zt dn the uslven fod on bobh cudeplons end Sefiiad dn
the salven whioh were alboriuboly fod phd sharveds Thoge woomnt wore eogpared
updng & “B* Losbe Thay wore nob sigdficutly dfferent and &b wme cdnulndod
that sharvation bod no sipgedifiscent offeud on the wolvme of the wido spaoe whon

cuprensed as 8 piveanbage of body welphits
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Igbracelivlay £iuid volumes in celves

Extracelluloyr £fiuid volumes were debermined in calves by the single
injection dilutleon method uging sodium thiosulphate,

Thiosulphate gpaces wore determined on ten calvess The body welghts
of bthese ealves vanged fvom 27 Ho 45 kilogrems. The resulis obtained fox
ladividual calvee are shoun in Appendiz T1¥. The appondix ghous the hody
welght of each oalf and lite exbracellular fluld voluwe in litres and elso
pxpresged as a percentege of body weights The mean and gtandard deviation
of the exbracellular fluid in these calves was 24.2 & 246 per cent of body

velght,

Totel body waber in ealves

Total body vater volumes werve dobermined in calves by the siogle
injection dilublon mebhod using uren.

Uroa speces were debormined on twenby Live calvess The body welghts of
these calves ranged from 21 to 36 kilograms. The repulits obbained for
individual calves are shoun in Appendix IV,  The appendix shows the body
weight of cach calf and ite bolbal body waber in litres and also expregeed as
a porcentage of body welghts

The mean and gbondard deviation of bhe total body water volmné in bhe calves

vas 7346 3 044 por cont of hody welght.,
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Rissuspion ®

From the results obteined in this study 1t wag found that the average
volunes of the hody flunid compa?tmanta jin Ayrshire bull ealves aged batween ono
and two weoks wore as followas
Plaoma volume ( Tol824, npace ) 6.6 £ 0,9 % of body weight,
blood volume (7.1824 spuce ) 11.0 & 2.0 % of body weight, |
Extrocellular £luid volume (Thiogulphate space) Rhed + 2,6 %hof body walght,
Tobal body water (Ureo space) 73.6 £ 6.4 % of body welght,

The valuen obtained for plasma and blood volumes in this study wers
comparable to ﬁhcaa deternined by provious workers in young calves., Iannard
et ol (1953) uping radioephosphorus found the average blood volume in two
young Hersfomd cnlves was equal to )2 % of body uaight, Mooy ond Bobortson
(1957) detormined plaosma and blood volumes in nine ealves with bromosulphontheloin,
Thoy found the meon plasme and blood volumes wore equal to 6.8 * 0,16 and
1L.5 & 34 % of body velght reppectively. These workers both found thet the
plasmn and bloed volumes expreossed an a per conbtogs of body weight were groater
in calves them in mdult enimala. Dalton and Fisher (1961) determined plusma
and blood volumes in odult Ayrshire eatile and found that the mean plasma and
blood velumes vere equal to 540 + 0a77 ond 6,3 % 0,83 % of body wéigm
regpectively. On stabistical anslysis ib was found that the mean plasma aﬁd
blood volumes in calves wore significently higher (P / 0.l and P/ 0.1
respectively) thon the corrosponding mean volumes in adult eabile.

From the resulbs showm in Table 4 1t can be scen that the mean volume
of the thiosulphate spece determined in calves wap omaller thon the volumes of
the rodioesodivm and inulin spaces determined by previous workerse The
valldity of the mothods used by these workers has been provicusly disougsed

and 3t ds difiicult to compave the results obbained in this study with thedlr
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findings, From the resulbe ghowm in Table 4 1b con boen seen that Inglis ob a
al (1955} and Anderson and Mixmer (1960) found thet tho volumes of the radiow

sodiun end inulin gpoces wore larger when expreasoed as a perventepge of body

waight in celves than in adult animels. Thiosulphate spaces were also

detormined in pdult cottle, Dalton 1963, and 1t was found that the mwean

thiomulphato spare in calves was significantly larger (P / 01 and P/ 0.5)

thon the mesn thissulphate spaces in cnstrated m.lg Ayrsh_ire cottle aged 618

ronths and in Avreshire ¢ows mspe_ei;ivel_y.

It 1o of inbterest o vompare the ratio of the plasma volume to
extrooolinlor fluid in man ond cottle. Elkinton and Danowskl (1956) gove the
renge for the plasme volume ( Te1824 spuce ) in man 08 4e2 » 4e8 per cent of
body weighte This volume ils equivalent to spproximotely one quarter of the
mean volumo of the thlosulphote space (17% of body welght)s In this study
it wos found that tho meon plasma volume in calves and adults wore 6.6_;;&161 5,0 %
of body welght. ‘These volues arve also approximabely one quarter of the maaﬁ
thiosnlphato opeces dotormined in this study (ealves 24,2 % and cous 2L.0 #
of body weight)

The values found for totel body water in this study vore similor to
those dotermined in calves by'pmvi?us wom-ke:xfa using difforent methodss Halgh
ot al (1920) found tho btotol body water in newborn calves by dessleation rongoed
from T2e4 = 735 % of body wedght. Bllenberger eb al (1950) found the body
weber in seven nevborn ¢alves by chemical anelysis was eguel to 74,.2‘% of body
wolght. McFodden ond Biamrd%n (1956) found the antipyrine space in woeck old
calves wap egual to 72 = 74 # of body welght.

It would therofors appear that the method used Yo determine body
wator in this study geve relinble volues Lor resolving the composition of the
young eelfs It wog algo shown that varying the amount of millk fed to the

ealvos had o marked eoffect on the body woeight bub did not substenbtlally alffect
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the volume of the urea apace.

The value found for the mean hanematocrit .in this study (43 + 8 )
wag oimilor Go that detormined by Greatorex (1954). He determined hasmotoorits
in calves of four dailry breeds by cenﬁrifuging the samples for ene hour. The
contrifugel force applied wap not recorded, Ho found the i’all.éwing meun values
for haematoorits, six newborn calves 48.5 %3 five woeckeold ealves 42 #, and four
ealvos aged two wecks 43 % Holmen (1956) measured haemotoerits in Ayrehlre
calven by cenbrifugation of blood gamples for one hour, The centrifugel force
applicd was nob recorde&.‘ * The mean values f,t_:s'tmd‘ by Holmon were ag followsg
elovon nevborn colves 42,5 %5 twelve colves aged one week 36 %, ond seven calveg
aged two weeks 37 B.  Holman's values wﬁe lover thom those previously
detormined by Grestorex and also those found in this study, Haematoerits were
olso determined in adult cattle og .dasoribaci in the enclosed publicebion. The
mean haematoordt in odult eattle wap 33.0 3 3.8 % vhich wep aignim.eémly lover
(P / 0.1) than the mean haomatoorit fonnd in calves of 43.0:8.2 %,
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uE COMPOSITION OF BLOCD AND PLASNMA IN HIALTHY AND DIARRHOBIC CALVIS

4

Tl EEVECTS OF DIARNHOLA ON HARMATOGRIT, PLASMA VOLUMIE AND BORY WATER




a3

Intredugiion

Dierrhoes s probably the commonost cenge of disturbance in fluid
and electrolybte mebabolism in newborn enimalse The bicchemicel and
physiologleal changes assoelabed wlth dlarrhoss have been extensively ine
vostigated in human infants end a fov sbudies algo mode upon diarrhoeic
calves.

Blexber and Wood (1953) found thabt iu a healbhy calf fed 8 kpme of
milk per dayp the @ily feacal output over a period of ten daye wasy nil,
308gms, nil, 35gme, nil, nil, nil, Lilgms, nil, 60gms. They algo cheerved
that obher healbhy calves ofben did not defaecate fop several days, They
found that the everage faecal ocubput of henlbhy calves over several deys wag
epprovinately 50gms peor day and that these feeces bad a dvy mabber content of
25 = 35 per cenb, In disrrhoelc ealves they found thet the fascal oubtpub was
merkedly increasged and that the dery matber conbent of diarrhesic faeteg wag
gomotimes Lless than 5 per cent. In one dlarvhoeic calf fed 4 kegms of nillk
dally, the faccal oubpub on sucesspive days wasy 118gme, 49%gns; 1,165gma,
L,797gma, 934Ggna, R2,5039gmg, 1,003gme, 36gms; 186pms, 1,380gns, 900gms, end
548gme

Blaxber and Wood analysed 160 faecal samples collected from 8 calves on
20 occasions, These calves were fed o congtont amount (quantiby nob sbtated)
of margerine homogenised into ghkim milk., The facces were c¢lassified according
to the btotal welght passed dally by each calf, A4 dailly faecal oubput of
0 « 200 gmg wap considored normal, an oubpult of 200 - 500 gme daily as locse!
and an output of more then 500 gme daily as 'diarrhosic?, The resulbg

obbained are shown in Table A3,



TFaeoal constituenls excrobed by heslihy and dlarvhoele calves

From Blaxber end Wood (1953)

Anonnt exereted
por doy

Wator gms

Dry mabbey gms
Totel fat gns
Protein gne
ash gmg
(alelunm meoqg
Magnogium meeg
Sedium meoq
Pobagsium m.eq

Phosphortig m,0q

Hormal 8500)8cansee

Type of faccas

Normpal hoose Disvrhosle
53 280 927
125 4265 235

dal 1745 a4
55 2243 4140
L5 543 - 10,6
21,6 31.2 98.8
.4 16.0 R4y Q
5.0 945 4146
2.2 340 39.9
21,0 39.0 9440

dally output O - 200 gus / day

Looge gtoolss.seees doily oubput 200 - 500 gus / day

Diarrhoeio stoolg.. daily oubpubt over 500 gns / day

V4 4



Tholy resulbs showed that while the lncrease in faecal outpub
in dievvhose was malnly due to an increase in faecal weber, bhere was
aleo an inerease in the émnuﬂﬁ of dry mabber lost in the feeces. The
dry mabtter conbent of the dilarrhoeic facteg consigted mainly of undigested
Pat ond protoin. Rlaxbor and Wood celeulatod that the lomse of fab and
provein in the facces during dievrhoea ofiten voduced the digeagblbiliby of
the diebt 4o below 405, compared with 97% digestibility in hoalth.

Fyrowm the resulis ghown in Table 33 it ean be scon that the
amounts of electrolyles lost in diavrhooic faeces were greater than bthe

losues in normal Toccos, Blaxbor avd Wood found thab in some calvesn move

sodilum was lost in tho foecos than pobtaselums In obhew calves, pardleularly

thoge which were rapidly loosing weight, move potasgium was lost then sodivme
They stated that bho logses of sodium smd pobassivm in the faeces may omceed
bhe diebary intaks and that the oxcess lost in the focces was dve to failure
o veabsork bthe integbinal secrelbions. They algo slabed bhat the incroased
feecel logs of calelum, magnesiﬁm and phosphato in diarrhoea was due to 2
fallure Lo aboorb these electrolylesspresent in the milk diet.

Blaxter and Wood carried out balence studies on wwo calves fed
bthe same diet. They did nob stabe the type of dlet feds Une calf produced
novmal faeces and the obher was affected with diayrhoea, They found ﬁh&t'
dospibe a high faccal nltvogen loss ln the dlarrhoeic calf compered with the
healthy calf, the weinery nitvegen lome was similer in the two animsls. The
amovnb of godium and potassium oxcraebed in the uvrine wes algo similar in the
two enlnals despite o greater faceol loss of these electrolybtes in the
digprioeic animals Thoy guoted other experimental work on an unspecifled

munber of calves, in whieh they found that heelbthy calves excrebed sn

average of 124 meeq. of sodium In the urine per doy and 7 me.eg. por day in

(4-5
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the foetas, Dqérrhaaim calvos fed the same dieb excrobed on the everege
85 meege of sodium per day in the urine and 139 mecqs per day in the fecces,
They suggested that the high nditvogen and electrolyte lose in the urine of
ddavrhoelc calves, dospite the high fascel losses, was probably due to
eaﬁaﬁaligm of - body bissusz.
, Mzshovry and Grinyor (1954) studied changes in acidwhoge balence
in 18 dlarrhoolie colvess The calves were field éaaés mony of which had been
tranted by vebevinerians snd farmers bofore thoy were studied by Mebhoryy aund
Grlnyers The finid inteke of the calves before and during study by thesge
workers wne nob recordeds Some celves wers given an electrolyie solutlon
contednlng sedium, povassiupm, calelum, magneslum, chloride and bi&aébonaﬁ@a
MoSherey end Grinyer found that in & of the 18 calves, tho plasma
pH foll below Ye3 pll unites  This wasg helow the normel value of Te4d + 014
pH wnits previcusly determined iun healthy calves, MeShorry end Grinyer (1952a)
They found that in wost ealvos the acidowis ves compengabed wnGil serun
bicavbonabo consenbrations foll below 20 meogs / Litres.  Serum sddivm,
potogsion and chloride concenbtrations above and below normal were observed
in dlarrhovic colvess The meximun and minimwm sorum sodivm concentrations
found before the sdminlstration of electrolyte solubtion wore 173 ond 130 neeq. /
Litre comporad with bthe normal value of 142 & 4 meoge / litres Similarly, the
paximmm end nindinn potassium concantrations found were 110 and 347 eege / litre
compored with the novmal 5.2 4 0.5 m;eq. / 3ltrey  the mexlman end nindmm ehloride
aane@ntgatiama found were 124 and 84 meeqs / Litve compeved with tho normel 103 *
244 ma0ge / itre, They aleo fpund that serum caledun concenbraltions were
Lraquently in the lower renge of nowmel ond bheb in thvee of the 18 colves
concenbrations were bglmm normal. Hypoglyceemia was observed in pome calvos

and In tuo, blood glucose levels had fallen below 10 mgns per 100 ml blood.



MeShorry end Geinyer messured hacuabocrils on the ealves bulb
the rosults oblalned were varleble, In 4 céalves the hoomatoerits weve
ohaerved to decrenge when the calves rocovered from dlavrvhoess They
‘pupgonted that this wes apsociated with exponsion in plapma voluma op the
onimals became rehydrateds

Roy et ol (1959) siudied chenges in serum sodium and potassium
coneenbrabion in 152 oxperimental calveos. Forty calves were deprived
coloatrum, 102 wove glven 400 ml of cologbrum and 10 were given 3,410 ml
of eolostrum. When hoalily, the calves were fed 1 1b. of millk / 10 lbs
body wolght bubt when the calves were affected with dlarrhossn, their mill
intake was reduced. Forby three of the 102 calves died, Twelve calvoes
died of an H.coll gopllcaemia and 28 calves died of what was deseribed
a8 & 'localised Inbesbinel infectionts ALL the colveg which died of
gepbloasmia, excopt onoy bad been deprlved of cologtrume ITn these anluwals
the mean sorum sodium concentration ab death wes 127 meoq. / litre vhich wes
bé'a'lew normals The mean gerum pobageium concentration nine hours bofore
death wao 6.7 meeqe / Litre which ves #lightly above normal. Roy ob al
gbated thet the aversge serum sodium and polassiuwn concenbrations in calves
vere 135 anc‘i\ 5.9 me 0qe / Litve respectively, They did not give the
standard deviations aboub these mesngs The 28 calves which <it:'.e_d’ fzmm
locallsed intesbinal Infectlong had lov gerum sodium concentrablons and some
had high potasgivm concentyatilons shortly befove deaths TIn three calves

plasme pobassiun concentrations over 9.5 meege / litre wore obgerved shortly

before deathe Roy ot al sbated however that these vesults mey nob be strictly

valld because of the way in which serum samples weve collectod.
Roy et al evranged the 109 calves which survived inbo five groups

ag follawgg 20 calveg which Ald nob have diarrhosa or had dlarvhoea on one
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day only, 22 colveg wvhich had dlawrrhcea on 2 or 9 days, 25 calves which
had éiaﬁrhoea on 4 o 5 daye, 20 calves which had dlarrhoes on 6 o 7 days
and 22 ealves which had éi&rrhoca on 7 days or mores Tha resulis obbained
by Roy et al are shown in Migure 18, roproduced from thelr publication,
From the resulis shown inyﬁigure 18 it can be seen that as the imcidence
of diarfha@a Increased augreater fall din gepun sodlum concentrablion nocuved,
Whon disrvhoon otcurved on 6 days or move the mean gorum godivm concentrotions
Poll o 127 meeqe / litro. The mean sorum pobassium concentrations of Lhe
different groups of calves &ld nobt vavy exbensively bub the nean potassivm
concenbrablon of the most goverly gffected group of calves wog slightly above
thot of bhe leagb alfetted groups
Roy ot al suggested thet bthe hyperkaleenia observed by them, and also
by MeSherry and Geinyer, may be assocloted with death ln some diewrhoele calvess
Thoy eited $he work of Bergman aad follors {1953 and 54) vhich showed bhat
experinentally induced hyperkalaomia in ealves affected cardlac and vogplratory
funetlons  Sollevs ond Berpginen showed that gevere capdiec algns developed
ln calves whon the serum pobaseium concenbtratlon wos ralped to & Metg. / litre
and cardiac srrest occured when the concenbratlon weached 12,7 meegs / litre,
The £ollowing part of this thesls deseribes on investigebion of the
changeg in plagne electrolytes associated with diarrhoos in calves. & gtudy
ves also made of the changes In blood uvea ceoncentrabion and heemeboerid in
dlarrhooic calvese Tn these experiments the omount fod to the celves was
kept congbant, irrespective of whebher the colves were healthy oy affected
wlth diarvhooo. This wage done in order to eliminabe any variebiong in

electrolyte and fluid balance vhich could arise due bto differences in Inbtake.

(18
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Figure 18 %1’1&1’1@’(3&3 d_porun_sof lun_and potessium concentrations
in ealves afCected with disrrhoes

From Roy et ale (1959)
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Mean values for serum sodium (e @) and potassium (0——o0) of calves that survived, and
their relationship with incidence of scouring and age of calf. a, calves that did not scour or scoured
on 1 day only; b, calves that scoured on 2 or 3 days; ¢, calves that scoured on 4 or 5§ days; d, calves
that scoured on 6 or 7 days; e, calves that scoured on 8 days or more. The shaded areas show the
percentage of calves that scoured on any one day.
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Maberials and Hobhods

The effects of dlarvhoes on bhe concenbrabion of plasma eleclrolytes

and blood urea, body weights and haewmstosrlie wors studied in the sixby celves

veged in the last btwo experiments deseribed in Part IT of the bhesls,

These salves were male Ayrshires aged aboul one weck ab the start
off the exporiment, Duping the Pfourteen days thalt they were studied mony of
then became affecbod with diarrhoss and some dled. The ealves were bought
throvgh a leseld markot and nothing was kuown of thelr menagenent before they
wers solde IL is the usuel practice however to feed such calvos some
cologtrun durlng the fivst wedk of 1life,

The thirty calves thabt were studied in Bxpewiment 9 in Pard IT of

' *
this thesis; were all fed three pints of ogbermill tuwlee dailys Dobaldls of
the propavation and composition of the osbermill are described in Payd IT of
the thesise Flfbwen of the thirby calves wsed in Bxperiment 10 in Part TI
of thilg thesis wore fod huice daily on theee plnts of ogberwilk. The other
fiftoon colves in this oxperiment weve fed twice daily on throe pluts of
coula milks Calves vhich refused to consume the full pation eob cach moal
wore fod by atomach tube.

0f the thivbty calves gbudied In Fxperiment 9 ten were glven no
veeatmenb, ben were given § gms of phthalylsulphathiszole delly by mouth and
ton vere given 500 mgus of chlovomyeebin deily by mouth. Of the thivty
calves studied in Dxperdment 10, five of which ostermill and five which wevrs
Ted cow's nllk wore aleo glven 500 mgns of ehlovtetraeyeline deily by moubha

A delly voeord was kept of bhe type of fectes passed by cach cald
in the omperiment and body woights vere moasured on albornate dayse The
type of fasces passed by the calveos was clegsified as dessribed iun Papt IT

of bhis bhesise

+ Glaxo Teboratories Litd., Middlesex, Tnglend.
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Blood samples were collected et intervels durdng the experiment.
Blood was collected from the colves studled in Bxperimend 9 on the lab,
Ly Thhy LOUh and 13th doys of the expeviments Blood samplos were
collocted from the ealves studled in Bxperiment 10 on the leb, 7thy 9bh,
Llth and 14th daya. Blood samples were ¢ollectod fronm the Jugulay veln
into hepavinised hlo*t'hl@fs. The blood samples were tollected btwo to threo
hours afber the calves had been given theiy morning foeds Plasme wag
soparated from the Wloed &}EH'II}_:{leﬁ by cenbrifugation. l‘i‘h@ ploasma ves alvways
separeted. from the blood within an hour of the time whon the blood semples
wore eai:i,mawds

Plapme sodium and pobassium concenbrabtlons vere debermined with

o
an BaEal modol A £lome photomebers )

Plagna sodivm concenbrations vore L ound by comparison with a
garies of ptanderd golutlons of godium chloride; sach of which contained
5 meage '/ Litwo of potassium in ovder Lo minimise the pousible effecbs of
tho polbagsiun eniscion spoetre on Lthe gedium :i‘lam@{ Plaama pobapsium
concenbtrations wevre found by comparigon with o series of ss‘iimidara solubions
of potassium chloride esch of which contained 130 m.eq{ of godium chleride /
litwe In order 4o minimise bthe pospibls offecbs of the ﬁseﬂimu omnlesion
gpectre on bhe potasslum flanc.

Plasna chloride conzentrablons were dca'hem:i.mé by the mercurie
nitrate method of Schales and fohales (3941)s  TIn this mebhwnd chlovide is
epbinated in e protein frea filtrate of plesme by titration with mercurie
nitrate vaing dlphenylesarbezone as an indicabor.

Blood wren concentratlons wers debermined by thoe Urooge
Nogelevlzmation methed described by Verley (1958},  Thie mebhod depends on

the conversion of uvea into amonia by bthe enwxyne vrease. The amnonis then

+ Byeng Blectrosalonium Lid,, Hilstead, Uaaem.
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repcts with Neamcler's Roagonb causing o change in colour which is moasured
in o phn*baelegtrie c_mlorimate:tf,.

Hoematocrite wore determined by centrifugation of blood samples
at o force of 1,600 g for two hours.

Ploena electrolyto contentrations were determined in the aamblas
collected from the siwty colves. Blood urea Aeonaentmt:ionﬁ wera determined
in pamples collseted fron the thirbty esnlves in Experiment 10, Blood uroan
goneontrations wore also determined in samples collected from the fourth day
onwards from pomo of the calves in Dxperiment 9. Hoematoorits werve determined

in blood samples collected from the calves in Bxperdment 9.
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Resulbs |

In Appendix V ave shown tables of resulis for each of the sixby
calves studied In thip exporiment. Each table shous the doys on which the
calf wap affected with dlarrhoon and its body weight on slbernate days during
the exporimont. The table aluo shows the plasma sodium, pobessium ond chloride
concentrabions debermined ot intervals during bthe experiment. Hpemaboerits
ond blocd urea congentratlons wore debernined on some ¢alves and thego results

pyro also shoun in the tables.

concentrotiong.

Tt wen difficult bto drev goneral conclusions about the effects of
diarvhoea on the plasma olectrolyte ond blood uresn concenbrations from the
toblog of results for sixty individual calves, In order to drav such
concluslong, it was neceswary to describe bthe effects of diarrhoez on plasma
eloctrolyle and blood uren concentrations in groupd of simllerly affected
animnls. This wag done by dividing the calves into five groups depeniing on
the numbor of congecublve days on which the ealf had been affected with diarrhoen
prior o the deberminabion of plasma electrolyte and blood urea contentretlons.
By dividing the eslves into groups it wao possible to compare simiduply sffected
calvop, lrvrespective of the time during bhe experiment when they developsd
diarrhoen, Caolves which were affecteod with diarrboon on mny cémeeutive days
automableally appoared In more than one group., Of the aixby celvos studlied
in thig exporiment, forty wore selected Into groups for snalysis. Tho other
twenby calvos wore unsuitable for selection into groups either becsuse of
carly deabhs, obaeonce of dlervhoea or becaunse they did nob have dlsrrhoes on
consecutive doyse.

The forty calves wore selected into five groups as follorsp

{(2) Thivby one cslves affected with diarrhoea on tuo or three congecutive doys
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bofore plseme eloctrolyto and blood ures concentrations were debtermined.

(b) Bightoen calves affected with dlarrhoen on four or five consecutive daye
hofore plesme eleetrolyte and bloed ures eoncentrations were determined.

(o) Twelve colven effetted with diarrheca on elx or seven ¢onsetubive days
hofore plasme electrolyte and blood urea coneenbratilons wers debemnined,
{d) Sevon calves affected with dlarrhoes on eighl or nine consecubive days
bofore plasma electrolyte and blood ures concendrations were debermined,

{e) Pour calves offected with diarrhoon on ton or more congecubive days
hofore plasna electrolybe and blood urea concentrobions vere determined.

In order to apcess if significant changes had occured in plaoms
electrolybe and blood ures conceonbrabions in the diarrhooic calves it was
neceagary to define ths Ynornal' values for plesmn eleotrolybe and blaod ures
conconbrotions in fnoemalt heollhy onlves. Ag none of the calves wan
affecbed with dlorvhoos on the first day of the oxperiment tholr plgsma electrolyte
ond bloed urea concontrabions were considered to be 'normal!, Thésae normal!
volues wors used in preference to the valves found by other authors in order to
climinate any constant lnherrent orrors in the nethods of analyole. ‘l‘hé mzan
Placgmo eleetrolyte and blood urea concentrabions together with the 'normall
rongos of the pilxty ealves on the firsh day of the exporidment ave shewm in
Toble 34
Ihe concentrablong of plasme glestrolytes
doy of the exporimont,

Mogn & Sl Mormal? Ronoo.
Flasme sedivm neege/IAbes UOE 5 130 = 150
Plogma potacsivm meege/Iibre 4e9 % Oud bol = 57
Flagma chlordde meeq./iitre 98 + 3 92 - 104
Blood uren myne/100 sl 1% 2 0 0 =32
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To determine 1f therse were any signlficent difference in the
mean plsoma electrolybe and blood urea concentrations of the 'mormal' calves
and the meaon concentrablons of the groups of affected colwves, ! tosts were
carried oub.

The tnormal' ravges for plpsma electrolyte end blood uvea
concenbratlonsg were also caleulated in order to delermine if an Individual
calf affected with diarrhoea had a contentrebion which was oubtside the
tnornal! range« The 'normal' range that hag been accepted in thig otudy,
was that deflined by two stgndard deviations above and below the arliithmebtical
nean, In a normel population distribublion, 95 per cent of the population
lieg within the limits of two standard deviabions sbout the mean (Snedicar
1956)s There would btherefore be o 95 per cent chance that a sample which
hod & concentration outside this Mormel! range would not be a Ynormal!
coneentration in a tnormel! animel,

In Tablo 35 ave shown the plosma electrolyte and blood ures
concenbrabiong of the thirty one salves which had been affected with diarrhoeoa
for two or three congecubive days prior to ﬁhé determination of these
concentrationss A 'B' test wses corriled oubt to compare the mean plaosme
electrolyte and blood ures concentrabions of the group of affected calves
wlth the corregponding 'normol?' mean velues in healbthy calves. It wag found
that the mean plasme sodlum concentration in the affscted calves wos
gignificontly lower { P / 0,001 ) than the MTormel! mean value.  Similarly
i% wves found that the mean blood urea concentratilon in the affected calves
wvas slignificantly highor ( P‘A 0,001 ) then the Ynovmsl! mesn velue., Thore
vore no significant differences in the mean plasma chloride and pobassium
concenbrations in the affected calves from the mean values in 'normal? calves,

From the results shown in Table 35 it can be seen thalb nine of the
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Zable 35

Plosma electrolybe and blood ures concenbrablons in calves affected
with disrrhoes for twe or throc conseeubive dove

Golf No. Sodium m.edq. Pobagelum N.eqs Chloride m.e0. Ures_nem.
b 133 be2 102 21
8 131 s 95 22
9 135 bo & 99
12 129 low 59 100
17 140 be8 103 52 high
8 138 46 97 24
19 131 ) 102 66 high
20 129 low 4.8 96 R2
22 138 4e 3 96 43 high
23 140 4o 0O low o8 17
25 135 46 98
26 122 low a3
27 131 4e5 99 27
28 141 b3 94, 23
30 131 Lo 5 100 R4,
3L 149 5.2 95 15
34 128 low 5.1 a2 18
35 145 5e5 92 25
37 120 low bood, 93 42 high
38 133 3.9 low 95 28
40 136 AT 98 26
43 128 low S5¢d 92 53 high
4, 128 Low 48 99 18
45 136 59 95 25
AT 145 7.6 high 103 100 high
49 128 lovw - doo© 9, 35 high
51 - 140 be8 100 29
53 136 4eb 95 19
57 128 low ba? 104, 15
5:8 150 504, o7 39 high
.‘)9 133 !“3 91';,. 3,3 high
Mean and $,D. 13427 4e83046 983 32018

HSamples with concenbrations higher or lover than the 'normal!
range are marked in the table.
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thirty one calves { 28 % ) had plaoms sodium concentrablons beleow the Ynormalt
ronge. Nine of the bwenty seven calves ( 33 § ) in vhich blood uren :
concentrabions wore determined had blood urea concenbrations sbove the 'normsl!
ronges Two of tho thirty one calves { 6 % ) hod plgema pobassinm concentraticﬁs
below the 'normol! range and one calf ( 3 % ) had a concentretion ahove the
'normalt range. The plasma chloride concentrations of all the affected calves
were within the Ynormalt' range.

In Toble 36 are ghown the plasua electrolyte and bHlood uren
concentrations of the eighteen calves which were affected with diarrhoea for
four or five congecutive days, The "' tests were carried oub a8 previously
described and 1t was found that the nean plasma sodivm and meon plsgma
pobassium concentrations vere significantly lower ( P/ 0.00L and P / 0,02
regpectively) thon the corresponding *normal! mean concenbrations. The mean
blood urea concentration was significently higher ( P / 0,001 ) than the
thornal!? mean blood urea concentrsbtion. The mean plgsms chloride concentrations
of the affected calves was nob significantly different from the 'normel! mean
concentration.

From the results showm in Teble 36 it can be seen that of the
elghteen affected ealves, nine ( 50 % ) had plasme sodium concenbrations below
the tnormel! ranges Six of the fourteen calves ( 43 % ) in which blood urca
concenbrations vere determnined hed Dlood uree concentrations above bho fnormal!
vonges One ( 5 % ) of tho eighteen calves had o plosme pobassium concentrabion
above and another a concenbrabtion helow.the tnorwal! range. One calf (5 %)
had o plasme chlorlde concentrabion helow the Mormal? rango.

In Table 37 are shown the plasma electrolyte and blood ures

concenbrations of the twelve calves affected with digrrhosa on gix or seven

gongecutive days before concentrablionsg wers determined.
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Lt bt
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Plagma electrolybo and blood nvea concenbrations in calves affechbed

5L
56
58

Mean and S, D.

with diarrhoes on Four or five consecutive days

Sodium weedq.

137
135
127 low
129 low
134
136
122 low
129 low
140
133
128 low
128 low
120 low
128 low
128 low
130
140
136

1308

Potagaium m.eg.

Chloride M.oq.

6‘» 0O high
heeds

4s©

4e©

5 ©

e

FARSS

4(1, . t’{

5el
el
3.8 low
Ao L.

46

bynty

!;.q g

n‘!;.v i

46

el

dio 6'3:0-51

103
104
97
103
102
94,
99
98
10/,
99
93
29
88
96
94
100
93
98

low

98+4,

Urea_mgm,

71 high
24,

76 high

27
22
29

36 bhigh
28
44, high
24,
47 high
28
31
39 high

38417

Samples with concentrations higher or lower than the Ynormal! range

are marked in the table,
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Plasma electrolybe and blood ures concenbiabions in calves affected
with dlarrhoee on gix or seven consecutive deye

GCalf No, Sodivm meede
4 129 low
6 136

12 127 low
15 129 low
17 129 low
25 131
38 128 low
40 133
46 136
48 136
50 133
58 136

Meon and S,D. 132e2

Pobasaiun m.ede

Chloride i.oq.

- Urea nelia

4e
Lab
AR
£a7
40 low
5.4
3.8 low
hed
3.8 low
4+0 lovw
Lol
5.0

1(.! A;ﬁ:_o alp

oY
96
89 low
93
101
99
04
100
99
99
94
96

96+3

26
26

31

22
31
8
2
28
36 high

281,

Somples with concentratlons higher or lower then the 'normal'! range

are marked in the tables
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On statistical enalysis 1t was found that the mean plasma electrolyte
and blood urea concentrabions of this group of calves were all sipgnificantly
difPerent from the Qorreapénﬂing fnormael! mean velues. The mean plasme
godium, mean plasme pobassium and mean plasme chloride concentretions wore
all significently lover ( P / 0,001, P/ 0.00L and P / 0.05 respectively )
then the correspondivg 'normal! meen veluos. The meon blood wvren
concentration of the affected calves was signifieantly higher ( P/ 0,00L )
thon the 'normal' mean,

Pive of the tuelve ( 42 % ) affected ealves had plasmo sedium
concenbrationg below the normal! range. Four calves ( 33 4 ) hed plosm
potasgsium concentirabiong below the 'normal? range bubt the plssma ehloride
concentrations of oll the affected calves were within the fnormal! range.

One of bthe nins ealves { 11 % ) in which blood urez concentrations were
detorminad had o uren concantration above the 'narmai' range.

In Toble 38 are shown the plasme eleetrolyte and blood urea
concenbrabions of seven calves which were affected with diavrhoen for eight
or nine congetubive days. The wesn plpena sodium concenbration of the
group vas elgnificantly lower ( E’[ 0,00L ) than the 'normalt' meon.
‘inllarly the meon plpsma chloride concentration wag significantly lover
( »/ 0,001 ) and the mean blood uren concenbrabion significantly highey
(P / 0,001 ) then the 'mormal! meanse There was no significent difference
in the mean plasma potessium concentration from the normalt mesn,  ALL the
affected calves had plpsma sodium concenbtrationg below the *normal! range
and three calves ( 42 £ ) had plaems chloride concentrabions below the normal
range. One ¢alf ( 14 % ) bad a plasme pobassium concentrabion below and one
¢alf had a convenbration above the 'normel* ranges Two of the four calves

( 50 ¢ ) on wvhich blood ures concentrabtions were determined had concentrations



Table 38

Plasma slectrolybe and bleod urea concentrabions in calves affected
tri.'Lh diarrhoea on el ghh or_nine congecubive doys

Calf No. Sodium weeqs.  Pobagsium m.eq.  Chloride m.eq,  Ures mgm.
9 113 low Sed, 85 low
12 - 120 low 5.5 93
25 116 low 566 84, low
28 129 low A3 98 31
4. 120 low Aot 95 39 high
A% 128 low 3.2 lovw 3] b
50 128 low 7«2 high 88 low 44 high
Mean and 8.D 12246 5e140e4, . 9145 3548

Samples with concentratlions hi ph@r or lover thon the 'normal! range
are marked in the table.

Zgble 39

Plasma electrolyte and blood ures concenbrabion in calveg affected
with diavrhoes on ten or more congecubive days

Calf Noe Sodium m.ea, Potagslum meog. CGhloride meeqgs Urea mem,
9 125 lovr 5.0 86 low
12 135 L't a3
25 113 low 5B 80 low
48 125 lov 349 low 106 high 22
Moan and S.D. 12549 481047 91411

Somples with concentrations higher or lower than the 'normal' range
are merked in the toeble.

161
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obove the "novmall pango.

In Table 39 are shoun the plgsme electrolybe and blood ures
c:oncemn;a-bﬁ.ons of the four calves which wore affecited with dlarrhoea fov
den or more convecubive dayes. The meen pleswe sodlom and ehlovide
concontrations of this group wore significantly Llover ( P / 0.00L and
P é 0.0% vespeebively ) than The fnormal' mean values, Thore was no
gignificant difference in the meen plasma pobaseivm concentretion of the
affected calves., Three of tho four calves { 78 ¥ ) hod plasms sodium
concentrations below the Yuormal! ranges Tuwo calves { 50 % ) had plasme
chloride concentrations below the tnormol! vange, One 6olf ( 25 $ ) hed
o plagma chloride concontrabion sbove bthe *normal! range end one calf o
plosme pobasgium ¢oncenbration balow the Toormal' ronge, Blood urea
concentrabion was dotermined on only one c¢olf and in this animal tho
concentration vas within the Ynormal'! range.

Table 20 summarises bhe results showm in Tables 35, 36, 37, 36
ahd 39 and the sbablatical analyses previously deseribed, TFron tho resuldg
shoun in this table 1t can bo seen thab the commonest sbnormallby found In
disrrhoeic ¢plves was o lovered plasma sodlum concentration. The five
groups of ealves all had mean plosma sodium concentrations which were
pignificantly lower than the "normal?! mean value, OFf the seventy two plasmo
samples collected from the forby affected calves, thirty three ( 46 %) of
the samples had plasme scdium eoncentrations below the Mmormal.t range, Fronm
the rasults shoun in Teble 40 it can be seen thabt the pereentage of eslves
with low plasma sodium concenidratlons vas higher in the groups of calves which
vere affected with diarrhoea for more prolonged perlods. The mesn plasma
podiun concentrations of bthe groups of affected calwves were glso lover in

those gvoups which vero affected for the longer perlods.
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The second wnost common biochemisol abnormality seen in the
diorrhoeic calves, was on elevation in the blood ures concentraticn.

Blood wrea concenbrations vere debermined in LIfby flve dgamples and
elghteen ( 33 % ) samples had concentrations above the tormel® range.
There were aleo stabisbically significent differences in the mean blood
nres concenbrations of four of the grouwps of colves when compared with
the normall! moons In one group of calves insufficiont observabions
vera made to carry oub o 'Y vost.

Plpoma potassium concentrations below the Ynormal! range were
found in fiine ( 12 4 ) of the sovenby two plosms samples collected, Three
{ 4% ) samples had plasma potaseiun concenbrablons above the ‘normel!
Panges. Statisbically significant differencog in plasma pobassium
concentration wore found in the groups of calves alfected for four op
five and glx or seven consecubive days.

Plasme chloride concentrations below the Ynorwal! range vere
found in gix { 9 % ) of tho peventy one samplos enclyseds  Signlficant
difrorences cccured In the meon plagna chloride congenbrabions of tho groups
of calves which were affected with diarchoea for the longor perlods.

the offects of dlazrhose on body welehbs aud heematoerits

In ordor to gesess if diavrhosa Gavged significant chonges in body
wolghts and hacmaboorilbs it wasg necesery Lo debormine bhe oxbtend to which
thege meaguvenonts 'normally? veried from day bto day in healthy colves.

The oxbent to which body velighte 'normally! varied was determined
In calves which had nob previcusly been affected wibth diserhoea over pericds
of two Lo bthreo, four to Live, six bo soven, eight Yo nine and ten to more
conpecutive deys. These resulle ave shown in Tobles, 41, 42y 43, 44 and A5

and ave summariged in Toble 406.
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Teble 41

Differences in heemutocrits and body weights of cnlyes not previougly
affected with diarrhoes on two or three cunsecublive days

Difference in Difference in
Calf Hoe Haematoerit % Body weight 1bg,

1 +1 +3

2 o, *),

/{, "‘6 0

7 e 'l"lg.

8 -l, +5 \
15’:- -3 +0 b
17 ""!;. +5
19 +2 O
20 0 +4,

23 +2 0
26 1 +4
29 +1, +2
31 ¢
32 +4,
33 4]
34 +5
35 44,
k4 0
39 +5
40 +3
4l +]
42 0
43 b,
Al +2
45 +4,
&7 0
49 4/,
51 +3
52 0
53 +h
55 +2
57 +4,
58 +3
59 +7

Mean and &.D. i3 352
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Toble 42

Differencos in body yelshts of calves not proviougly aflected
with diarrhoea on four or five congeculive days

Difference in-

Calf o, Body welapht lba,
32 +5
33 0
34 +2
37 L
39 +3
4 -l
‘!1.!;» +1
51. +2
53 3

+142

Table 43

o et 42

Differences in body weieghbs of c¢slves nob previougly affected
with disrrhosa on six op seven congecubive days

Difference in

Galf No, Body weilght lbg,
32 +5
33 -l
39 +4
4. -5
54 +5

Mean and S.D. +244
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Rifferences in body weishis of calves nob previously affecbed
with disvrhoes on eleht or nine consgecutive deve

Difference in

Gedf Nos Body. velght 1bgs
32 +5
33 ~l
39 +2
41 2
54 +3
Mean and 8.D. w143
Tablo 45

Difference in body welphls of calves not proviously affeched
with disrrhoss on ten or more consecubive doys

Difference in

Galf, No., Body weight lbg,
32 +8
33 0
39 +7
A wl
55 +7

Mean and S.D. A
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Table 16

s s e cmn

Mean dlfferences in haomebeerlte and body welshbs of
groupe of calves not affechbed with diarrhoos

Difference in Difference in

Group of calved Hoomatocrdt 7 Body weight lba.

Yot affected on 2 or 3 H, 342
congecubive days (12 pomples) (34 samples)

Not affected on 4 or § +1e2
congecutive days ( 9 samples)

Nob affected on 6 or 7 +324,
congecutive days ( 5 samplesa)

Not affected on & or 9 +123
econsecubive daye { 5 pemples)

Not affected on 10 or more IR I

consecutive days { 5 samples)
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Similarly the exbent to which hoemotocrits 'ormally! varled was
deternined in calves vhich vere not affocted with dlarrhoos for periocds of
two bo threo consecutlve dayas. It was nobl possible to exbend these
observebions for longer pericvds since none of the calves in which
heematocrits vere measured were wnaffected with diarrhooe for more than
two o three dayse. These rvesulbs are showm in Teble AL and are
gunnarised in Table 4H.

In Tables 47, A8, /49, 50 and 51 are shown the changes in the
body welghts of the five groups of calves which weve affected with diarrhoes
for perlods of two Lo three up to ten or more consecubive days. The
ropults showin in these tables are summerdised in Teble 52,

From the results shown in Table 52 it can bo geen that the mesn
body weights of the affected calves all fell during the periods of observabion.
It can olso be peen that bhe mean lowses in body weight increased as the
dureblon of the diarrhoen increased. The 't' hests were carried cub to
detornine if there were gignificant changes in the mean body weights of the
groups of affected calves compared wibth the changes in the mean body weights
of the groups of ¢alves which were not affected with diarrhoea over similar
periodse Ib was found that the moan body weighbe of the five groups of
affectod ealves were oll gignificantly lower then the mean body weighto of
the corresponding groups of ealves vfhich vore not afffested with diavrhoea.
The gtabisbicel significance of the differenceos in the mean body weights of
the different groups of eslves are shoun in Table 52,

In Tables 47, 48, 49, 50 and 51 are shown the changes in the
haenatoerits of the five groups of calves affected with disrrhoea. The
results shoun in these tables are pummarised in Tablo 52. The ' tosbs

were carpyied oub o compare the chenges in the mean hrematoerits of the groups
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Toble 47

Chavnzes on haemaboerit and body wolchl of calves provionsly affected with
diarrhoea on twe or bhroe congecubive days

Difference in Difforence in
Calf o Haemaboowit % Body welght 1bs.
4 wd, -l
a +1 wd
9 -1 w7
12 wd, g
17 +3 3
18 +1 -
19 ""1. Eﬁﬁ '“'!;,
20 ~l, 0
22 +1 w2
23 «5 -2
25 wf wl,
26 10K 3
27 4] +1
28 ~3 +3
30 +4, -3
31 w3
a4 ol
35 -1
37 ol
38 -
40 0
43 sl
A w3
45 ' -
47 «Q
49 -3
51 . -3
53 wgd
57 ¥
58 w3
59 el
Mean 045 w2

£ ahove Ynormal’ vange
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Table 48

O 1Y P TIEE

Chanpes in haemotocrdt and body welght of celves previocusly affected wlth
dﬂam‘hoaa on four or five consecuiive dayy

Difference in Difference in
Calf No. Hogmatocwit % Body welght lbg,
3 +6 0
6 -1, +2
9 7R w'f
10 21 b
13 +11E sl
15 . -3
18 g 0
21 2 «G
28 -l -l
35 why
38 '
40 0
43 ol
44, -3
48 "‘"f@
51 0
56 -1,
58 -3
Moon and S.D. 244, +3+3

#  ghove 'normel! range
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Table /9

Changes in hoemabocrits ond body weights of calves previousgly affected with
diarvhoes on six or seven Gonsecubtive daya

DifTereonce in Difference in
Calf No, Hoematocrdy % Body weleht lbs,

A -3 w$

6 o, e
12 w3 -
15 0 ]
i +3 wd
25 912 m{)
38 7
40 -l
I i
48 wi,
5 -3
58 «9

Hean and 3.D. w12 b2
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Zoble 50

L]

Changoes in hoometoerit and body weight of calves previonsly affected with
@larrhosa on eiehd or nine consecubive doye

Difference in Difference in
Calf Nos Haematoerit % Body weight lbs.
9 +2 =il
25 -3 ~13
28 -3 -5
L ]
48 -5
80 wd).
Mean and S.D. -3 w4,
Zeble 51

Ghonges iy hoomatocrite and body welghte of celves previowdly effested with
disrrhoes on ten or more consecutive doya

Differsnes in Difference in
Calf No, Hoematboorit % - Dody weight 1bs,
9 + 6 «-13 } e
12 -3 wlld,
25 0 wl'?
A8 -5

Mean end S.D. 144, 1245
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Meon difference in haematocrits ond body woights of

groups of calvea affected with diarrhoes

Groun of calves

Affected on 2 or 3 counsecubive
days

Affectod on 4 or 5 congecubive
days

Affected on 6 or 7 consecutive
days

Affected on & or 9 consscuiive
days

Affected on 10 or more
conasecubive days

NeHe =

Difference in
Haenmatoerit &

0“‘) (n;s- )
(35 somples)

+2r4 (nes.)
( 9 samploes)

”'Jﬁ‘ 2 (11- Jo)
( 6 pemplon)

~2:3 (nes,)
( 7 samples)

'ﬁl""lg (115 S')
( 3 sanples)

Difforence in
Body, welight lba,

«2+2 (P€0.001)
(37 samples)

NB'*'B (P <0» Ol)
(18 samples)

~622 (P€0.001)
(12 samples)

-84, (PL0,0L)
( 7 semples)

- a;a,) (p<0,01.)
{ 4 eamples)

not a significant statiebical difference

The vesulte shown in bthig toble were compared gtatisbticelly with

those shown in Table 6.
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of affected ealves with the change in gpimals nob pffected with disrrhosca.
It wes found that there was no blologleelly significant difference in the

changes of Lthe mean heematocrits of the affected groups when comparved with
the mean of the nonwaffectéd group.

¥rom the resulis shown in Tablo A5 it can be seen bthat thove was
no difference in the average hasmatocrlt of the growp of calves which weve
not" affected with diarrhoes over a perlod of two to three dayse. While there
wasn no difference in the mean heematocrlt over thls perlod there wasg
howover o sbtendard deviabion of 3 % aboul the mesn., Adepbing a siniler
ciriterion to thel previcusly described, it was assuued that an animal vhich
had 2 change in its heemetocrit of twlce the standard deviation ( l.e. of
6% ) would have a 95 % chence that this varlation woas outslde the range of
tnormalt variation in 'normel! healthy calves.

From the results shoun in Tebles 47, 48, 49, 50 and 51 1t can be
seen that four of the thirty seven ( 9 % ) blood .samples collected had an
increase in their heematoerit values of more than 6 %  There is thug powe
evidence that calves affected with diarrhoes moy oecasionally have increapes

in their hoemsbocrlt conconbrabiong.
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Fhe offoct of dlarvhocn o tho

Teon spages wore peosuved In thyeo celves. Ipltlal moasvwiononis weke
pada vhen the anlves wore heolthy ond stbosoguent measuvorents whon the aalves had
baen affeotod with diarrhoen and had loot welghts The calwes vwewo affeoted wiih
dinpehoos fvom 5 (o B doys. The Hue bobreen the lultlal and subooguent
messurements 414 not oxeesd & doys. The oslven consuwed the emne pabtion of 6
pinta of osternill: each day over the povried of the owperduont. ALL urea sposo
moseusoments aed volsbings weve wode at gppronimotoly the goewme o eftor feeding.

o Table 53 are shown, for oach oulfy the woes spooe euproecsed as o
pergentnze of body weight ond the differences bebwoon the voluse of the ures
gpace and body velght mossured on Huecoonive OuoeBionts

It pan boe seen that oll the oslves loat welght vhen affected with
dispvhocs and thai the volwmos oY thely veee spoces also degreaped. In ool X,
vhe doorense In wes ppace was eauivaloent to @p:s:'mﬁixnatﬁly S of the Lloss in
vadghte  Similozly, dn oolf ¥ 4t ves oquiveloat o 200 ond in golf 2 bo Y0

The moon volues wowe culewlaiod of the d:l.ﬁ’i‘aaxf’mzea@ss. batyeart body velght
nud vweea spase detemnined iy suscessive neasurenents op these diovrhosls calves.
The weon Aliferensos tn body welght asd wres opodce had been provicusly detormined
1 & hoolthy calves on whick duplicate messurements hod boen wade vhon theso
anlials vore fod on both ogooslonss Those neon valuss of healthy end dinrvhocia
calves were vonpared with a Y4 Yesb. % wog fovnd that the meon Alffercncos in
body wvedpht and won spoco of dlavvhosdeo calvee wore slmnilficontly dIforent
(P = 0402 for both) fyen the means of the hoalthy colves. IU wos coneluded thab

the degrense in uren spove and bedy wolgbt dn Shese ddershocle onlmole vas &
% )

a

aniticant effact of dlorwhonme
Hhon the ween cpaces iu theos colves vewe owproosed ns & poveontogs of

body weodshty an fnberostiug recult was obtalneds In 2 oolven, the pevooabose
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Table 53

The, ég_gem; of diarrboes on ures space and body wedshi

Galf Noe and Condition Urea Space as

a,‘gﬁﬂ . W%’%i i3

X - Heslthy 7863

Diarrhooia iem! ol -y 7
¥ = Healthy 7045

Diarrhoeie 78 w8 w09
% - Healthy o5

Diarrhoeia 7540 w2eB N

Diarrhoeic 76,0 545 =5
Mean ”3-14‘ 2o

.0 +1e7 2147
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Anereased and in one calf it decreased when they were affected with diarrhoea.
The reasons for this vardation was presumably assoclated with the relative amounls
of water and tissue the calves had lost when affected with diarvhoea. The
effect of losing diffevent proportions of tissuve and body water can be readily
appreciated by considering the following hypothetical exeample.

Assume a calf, when healthy, weighs 100 lb. and has a body water volume
equivalent to 759 of its welght. It becomen affected with diarrhoea and loses
10 1bs in weipht. This loss in welght ié dvue to loss of body water and.to
cotnbolism of boddy tisaue in varyiug proportions,

If the 10 1b, loss in weight is due to a loss of 9 lb. of body water and

1 1b. of tissue, the percentage body water in the animal is now:

10) i 100 = 735

L2 the 10 1lb, loss in weight is due to a loss of 7.5 1lb. of body water

and 245 1lb. of tissue, the percentage body water ls nows

Body water (75 - 7.5)
Body weight (100 - 2,5)

x 100 = 78

If the 10 lbs loss in weight is due to a lose of 5 lbe body water and
%5 1b. of tissue, the persentage body waber is nows

Body water (75 = 5) "
Body weight (100 - 10)

100 = 77%%

The resulits obtained in the present siudy and the hypothetical example
conaldered above suggest that a single measuvement of wrea space in a diarrhoeic
calf would he of no value in determining whether the animal had a deficlt of body
waLers

Although it hes been shown that, in heelthy calves, the urea space is
apparently slnilar in volume to the total body water determined by other methods,
it is questionable how accurate this space is as a measure of totsl body water in

diavrhoeic calves. It has been shown that a sipaificent number of calves
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affected with disrrhoea developed uvaemla. It i possible that, in such
animals, the injected urea may not measure the same space as in heallhy ones.
In the severely dehydrated animal, the egquilibration time after injection may
be greater than 3n & healthy aniwal and, 4if thie was exgessive, it could
foreseeably affect the weasuvrement, The fact that the uwrea excretion rate would
probably be slower in the dehydrated, uwraemic animal. should not theoretiscally
affect the measurement of the space provided the rate of axcrebtlion was
exponentlal, or linear.

Ia the present study, the 3 diarrhoeic calves were not uraemic. The
gquilibration times and exeretlon curves of injected ures in these calves were

apparently similar to those in healthy calves.
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The effect of diarrhoea on plosma volume

Plasme volumes were measured by the T.182h dilution methbd in ¢alves
on the Tety Ath, 7th, 10th, 13th and 16th days of Experiment 9. The resulis
obbained ave shown in Appendix V. Some vesults are marked with an asteriske
These ave conslderably higher then others determined in successive measurements
on the same calfs This is believed to be because a small smount of T,1824
solution was eilther aepllt or injected subcubaneouvsly when measurlng plaswa volumes.

To determine if diarrhoea had an effect on plasma volume, it was
necessary to know the extent plasma volume varied between suecessive measurements
in ‘healthy' calves. Singe all the calves became affected with diarrhoes, this
observation was made on 7 calves affected with disrvhoea for 3 days or less that
did not have marked changes in body weipght. The results obbtained on these calves
arve shown in TebleS4, It can be seen thabt there was some variation between the
plasma volumes of these calves when measuved on successive cceasions during the
experdment. It is not known how much these variations were due {o normal
physiological changes in plasma volume or to the experimental error in measuvements

In Table 5Sare shown the plesma: volumes of 10 calves. Theoe animals
weye alfected with diarrchoea for meny days and some animals lost a considerable
amount of weight. It can be seen, by comparing the results shown in Tables 54 end 55
and 4 that the variabions in plasma volume of the 7 thealthy' calves were sinilay
to those of the 10 severdly affected calvess There was no marﬁe& indication that
the plasma volumes of the 10 severely affected calves decreased.

Three calves had a decrease in plasma volume which appeared to be
significant. The plasma volumes of these calves are shown in Table 56, These 3
calves died and had lost a considerable amount of weipht.

Since an increase in haemabocrit could be associated with a decrease

in plasma volume, it is of particular intevest to compare these measurements.
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TableS1F

Plasma volumes of seven calves which were affected with diarrhoea en three ar,lesﬁ_dgzg

Day of Exgériment
' ) 10

Qalf Nos 1 b 7 1% 16
1 245 2.7 3,6* 2.8 246 249
2 203 149 265 240 149 149

7 2¢3 541 243 241 2.0 -

14 2.8 241 246 2.0 2.0 241
25 2.8 2.9 2.8 24l 241 246
ol 2.3 2ol 2,2 Tt 149 1.9
29 2.8 249 - 245 245 -

“Expevimental error due to faulty injection.



Cals 1

6 242

9 2ol
12 17
15 2okt
17 2.2
18 340
B 18
27 245
28 2e2

2.0

2.3

2+7
240

26

Qe

16

. Teble 5

Plagma volbme iu litres

ffgc‘i;eql with diam*haeg.

2a7
245
202
2.0

** Nunber of days diarrhoes lesSnssasieus)

Table S 6

cal_v@s Jhat die d

Dey of Xxperiment

Calg 1
No.
15 147
16 247
26 a7

Plasma velumes of thre

2

L

'29?
202

Y

2.8 .

Fel

L

1.9
146
2eh

7

Plasma vyoluue in litres

1.0

T¢6

*# Number of days diavrhoea before death

10 -

13

149
19
2,1
167
243

2k

1e3
2e22

25

15

16
2e2
241

L]

16

{82

L2

12
13

13

¢o

-
e
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Tour calves, Nos. 9, 13, 16 and 26, had had an inercase of wore than 6% in
haematoerit value, which was considered to be significant.

As shown in Table 56, Calf 13 had a desreased plasma volume and, on
the 7th day of the exporiment, the hacmatoorit had increased by 10%. Calf 26
had a degreased plasma volume and, on the 7th day, the haemaboerit had jiuncreased
by 1%, The other calf, No,16, that had’a decreased plasma volume, had an
increase 1un its haematocrit of F%. This increase in hasmatooril ﬁam glightly
below the level that was considered to be significant.

The other calf, Nos 9, that had an increase in 1ts bacwatoerlt, 7% aud
6% on the Pth and 15th days reaspectively, had no obvious deecrease in its plosma
volume as shown in Table 55, »

From these results, it would appear that, although all the calves
became affected with dlarrhoea,only a smell minority had marked changes in plasma
volume and haematocrits ggége of the 30 calves had both an ind¢reasge in haecmatocrdt
and a de¢resse in plasma volume, One ¢alf had o degyease in plasma volume and a
slight iverease in heaematoerit. One calf had an inorease in haematoovit but no
obvious deecrease in plasma volumes From this small number of calves, which showed
changes in hacmatogrit and plasma volume; it was impossible to draw an absolute
conclusion, However, it would appear that theve was pessibly some assoclation
between an inercased haematoerit and a deoreased plasma volume in dlavrheele cealves.

In this experiment, 9 calves died, & of lhese were animsls which had an
increased haemabocrit and 3 were animals thu? had a decyveased plasmg volume.
This suggested that an increased hacmabocrit in a diarrhoele cali is a grove
prognostic slgn and also that some diarvhoelc calves mey sucounb due to cireulatovy

failure assoclated with a decreased plasma volumes
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Diseussion
The mean plasma ¢lecirolyte coucentrations delermined on the first day
of the expoviment which weve considered as ‘"normal’ eoncentrations of healthy

calves, were simlilar to the values determined in healthy calves hy previous

workars, Their walues Ffor plasma elegtrolyte concentrations in healthy ¢alves
ave shown in Teble 1. The plesme electrolyte concentrations of galves ave
similar to those of human infantsy Weisberg (1962). The resulits obtained in -

Part Il of this study also showed that the volumes of the principle body fluid
compariments expressed as a % body welght weve siniler in calves aud infents.

The results obtained by Blaxter and Wood (1953), MeSherry and Urinyer (1954),
Roy et él (1959) and those of the present study, indicabte that diarrhoes causes
chenges in the bleod chemistry and volumes of the body fiudids in ealves similar
4o thome in lnfentsy Bland (1956), Blkinton and Danowskd (1956) Welt (1959) and
Brusilow and Cooke {1950).

In buman infants affecbed with diavvhoea, thyes types of dehydration namely,
hypertonic, ilsotonie end hypotonie have been vecognised Bland (1956). A deficit
of waber in greater than isobonle proportion to a defigit of electrolybte is known
as hyperbonic dehydration. A deficlt of water and electrolyte in isolopie
proportions ls leobonic dehydration, A defieit of water in-leﬁa then isotonic
proportions to a deficit of electrolyte is kmown as hypotonle dehydration.

The type and extent of dehydration vhich ocenys in a dierrhoeic infont dopends on
the velative aumounts of waler snd electrolyte lost through the fasces, lungs, skin
and urine; and the relative amounts geined by ingesbion or parenteral therapy.

It will be shown labtor that similar forme of dehydration apparently occupy in
dlarrhoels calves. |

In the present study a sipnificant incldence of hypoelectrelytaemia was
obmerved in disrrhoelc calvess Eikinton and Daanowski (1956) state however,
that the plasma electrolyte econcentration ls a measure only of the yelabive

proportion of water fo clectyolybe in plasma and is not necessarily ac indication
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off ah overall excess or deficlt of elther eleglrolyto or walbar. Typleally

in hypertonic dehydration the plasma electrolyte concentration ls yaised, dn
isotonic dehydration it is normal and in hypetonic dehydvaiblon it is below normal,
High, low and npovmal plasma electrolybte congcentrations otcur however if the
amounts of body wabér and electrolytes are indressed in varying proportionss

For example in copgestive cardiac failure the plasma sodlum concentration may be
low or normal despite retention of sodium and oedemae

In 46% of the plasma samples collected, the sodium concentrations weve

below the normal range. The hyponatvaenmisa could theoretically be due to
elther bypotonic dehydration or an increase in body water, Since the calves

lost welght when affected with diavrhoes and as part of the loss in body weight
was shown Lo be due te loss of body water, 1t ls obvioug that the onlves were
hypotonically dehydrated and not overhydrated. The obther 54% of the plasma
gamples from diarrheelc calves had plasma sodiuwn concenbrations within the novmal
renge, since these calves had elso lost welghl and body wabter, the overall loss of
godium and waber was in isotonic proportlions and the calves were therefore
isetonically dehydrabads

It vas found that in some diavrrhoeic calves the plaswe sodivm congentration

varied from being within to belng below the normal range in successive

determinations. Thisg indicates that the type of dehydration may change during
the course of the discase. It was found that the incldence of hyponatramia

and therefore hypotonic dehydration, vas greastest in calves affected with diarrhoea
for the longer periods.

While changes in plasma sodium concentrablion were the most obvious effect
of diarrhoea,changes also ocouprrved in plasma potassium and chloride corcentrations.
These confirm that the dfarrhoeic calves were either isotonically or hypolonically
dehydrated.

The deficit of elscitrolytes and waber in diarrhoegic calves presumably
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oceurs in the pame way as in diarvhoelic infantes due to fallure to absorbe the
ingesta and gastroeintestinal secretionss The composition of intestinal
seeretions of the ¢alf is not known but ls probebly similer to that of infanbs.
Intestinal seerefions in infants have the following composition,; sodium 135 neeg./
Litre, potassivm 5 meege/Litrey chloride 110 mieq./ditre and biéarbanate 30 mseqs/
Litre, Welt (1959). It 1w eppavent that the loss of such seovebions could
produce the greatest effect on the concentration of plasma sedium and less effect
on thé soncentraglons of bhe other plasma electrolytes.

Hyperaatraenla wat not obsepved in the present study. In % of the 72
gamples collected, the potassium concentrations were sbove the normal range
(7.64 742 and 640 mieqs/Iitre reapectivaly). The plasma chilowide concendtration
vas sbove the normal revge in one sample (106 meegs/Mlbred. The plasma sodium
goncentrations in-thew@ samnples woere however within or below the normal range
(s, 128; 137 and 125 meeq./Litre respeetivelyls It would therefore appesy thal
hypertonic dehydvation Aid not coeur in the calvee kepb under the ewperimental
conditlons of the present study.

Although the results obtalned in'the present study indicate that the major
electrolybe deficit in diavvhoele calves was sodiwm, Blaxber and Wood (1953) and
Davrow (1946) have shown that dierrhoga causes considerable deficits of hody
potassium due o fascal losses of eleatrolybe. Blkinton and Danowski (1956)
describe how large deficits of potassiuvm lnvarisbly occur in dlarrhoeic infanbs
even though the plasma potassium cougentration may be normal or even ralsed.
Potassium is the principle eleﬂtralyfa in intra-cellular fluid, It 15 released
from the cell ianto extrawcellular fluid as a celluler response Lo dehydration
and also when cells ave catabolilsed.

In addition to fthe exbensive losses of pobassium in dlarvhoeic Tacces,
Blaxter and Wood (1953) observed thal calves lost lorgs amounts of polassium in

the urine. They suggested this resulied from cabobolism of body protein as
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the calves were in negabtive nitropen balancg. The liberation of lntracellular
pmﬁaaﬁium due to cell catabolism and in response to dehydration m&yiaccount oy
the hyperkalaemla observed in the present study and by MeSherry and Grinﬁéb<(195%
and Roy et al (1959),

An excessive urinary exeretion of potassium by diarrhoeic calves may occur
in the same way as in mane Elkinton and Danowski (1996) describod how in man
there may he excessive urinavy excretion of potassium despite snm overall body
deficit of potassiume. They suggested this veflects an doabllity of the kidney
to conserve pobessiun durdng perdods of potassiuwm deprivation which may be
asgsoclated with changes in advenowcortical funcbion In this respect it ids
inberesting that Hawkins et al (1957) and Ingram (1959) cbaerved an increase in
the sive of the advenal glands of diarvrhoeic ealves. They suggesbed this may
be associated with abnprmal fluid and electrolyte balence in the dlarrhoele calf.

| Yhe hyperkaloemia observed in the present study was nol so marked as that
described by MeSherry and Grinyer (1954) and Roy et al (1959), Sellers and
Berguan (1953 and 1984) showed that in calves, experimentally induced hyperkalaemis
caused cardiac signs when the potassium covgentration veached 3.0 meegs /libre and
oardiac arrest ccoured whenr the concentretion reached 12:7 meeqs/litre The
plasna potassium concentrabions observed in the present siudy weve therefore
probably too lew to have had obvious eff@cﬁﬁ ef nyperkelaemia on cardiac function.

n their studies of diarrhﬁeic calves, MéSharry and Geinyer (195h) dbserved
both hyper and hypoelectrolytasmia and Roy et al (1939) observed hyponatraemis and
sometimes marked hyperkalaenias These wesults would indicate that some calves
were hypertonically dehydeabteds The remson for the differences in their resulis
from those of the present sbtudy may be assoclabted with the feedlng of calves.

HeSherry and Grinyer (1954) studied calves brought directly from forms and
it questiondble 1f such calves had had an adequate fluld dntake helfore they were

exanineds Roy et al (1959) veduced the amount of milk fed to their celves when
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affected with diavrhoea. Reducing the millk intake of diarrhoeic calves would

predispose to hypertenic dehydvation in the same way as ocours in diarrhoeic

infants, Blond (1956). In the present study the milk inteke was maintained
when the calves weye affected with dliarrhoes. Begause they aluasys had a large

fuid dintake they became either isotonically or hypdtonically and not hyperbonically
dehydrated. The advantages and disadvantapes of limiting or neintaining the
milk intake of diarrhoeic calves is discussed laber,

Major defilcits of sallt or water have different physiological effects in
men and dogy Nadal ¢t al (1941), Elkinton and Denowski (1956),

Dehydration resulting from a primary water deficit (as in hyperitonic
dehydration) is characterised in man and dog by thirst and oliguriss It does
not lead to marked impailrment of the clrewlatory system but affects the central
nervous systems Seasory end motor functione are impalred and eventually the
respivatory centre is depressed and death is often due to respiratory fallure.
(Winkler et al 1944).

In man and dog a major deficit of sodium chlopride (as in hypotonic
dehydration), leads to a reduction in the extracellular Fluid volump. Thi.a
causes a decrease in blood velume. Death is usually due o circulatory failure.
In primary sodlum c¢hlovide deficit the centyal neprvous system is not affected to
the same degree as in priwery water deflcit. Obher clinical signs of sodium
chloride defilcit include wrinkling of the skin and loss of tissue turgors
Howevey there is no morked thirst but a craving for salit, Elkinton and Danowski (1956).

It ie of inbevest to comparve the elinleal signs in man and dog of primery
waber and sall deficits with the clinileal smigns in diarvhoeic calves.

In calves affected with the acube colimsepticaemia it would be expectéd that
the major deficit is waters Such celves are typleally febrile, anorexic and have
only slight diavrrhoea. Little water and electrolytes would be Lost through the

fagces but wabexr deficit probably occurs due to feiluve to ingest milk and because
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of the excessive water losses through the lungs and skin of a febrile animal.

Calves affected with coli-septiceenia often show nervous slgus such as

incoordination, paddling movements of the linmbs and nystagmues They also
appesr to have impaired mobor and sensory faduliles. Although these sigos

may be the effects of bacteriel endotoxin, 1t is pomsible that in some insbances
they may result from a primary waber deficit,

Although thirst is sigu of a primery water defioil, it is of interest thab
sowe galves in the present study weve apparently so obtunded they did not atbempt
to drink unless assisted, It is pogsible that the adipsia in calves with
colimsepticaenia may often be an apparent rather than a repl lack of thirst.

The periodic apnoea and gasping respiratory movements of some calves dylng
of septiceemia could possibly be an effeclt teo of a priwary water deficlt on the
respiratory eéntre.

In the present study diarrhoelc calves were chasrved that bed a reduced
or no thirst for mill. Typleally these calves had been affeshed with diarrvhoea
for 1ang‘paricdm, bad lost welght (and therafore body water) and ofben had
enopthalmus and changes in skin pliability vhich may heve been an additional signs
of dehydrabion. Calves which had been affected with dlarrhoea for long perlods
were in addition fyequently hypenatracmlic. It is possible that the lack of
thiret dn such calves could be a manifestation of a sodiwi c¢hloride defilcit.

Four diarrhoeic calves had increaged hasmatocyits and three of them also
had an appavent degrease In plasma volume. Three of these four calves were
also hyponabraenic. However, many other c&;ves ware hyponatraenic withoub
edther increased haematocrlis or decreased plasma volumes, It was therefore
impossible to gonclude sonclusively, that a sodium chloride deficit in disrrhoeic
calves caused hypovolasmias

Potassium depletion causes muscular wealmess snd paralysis in man.

Cavdiac funcbion ls also dmpalred and there are chavachberistic changes in the
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electrocardiograph, Bland (1963), The effect of potassium depletlion in
galves is not knowts It ls possible that the musculav weskness, physical

incoopdination and bra&ycardiélwbsﬁrved in calves affected with dlarrhoes for
long periods may have been related to potassium deficiency.

A gsignificent dncidence of uwrasmia cccured in dlarrhoele calves.

The uraemia in these animals was believed te Be due Lo several factors. It has
been shoun that in dehydrated humans, ursemlia occuvrs due to hack diffusion of
urea from the concenbrated urine in the renal tubules, In advanced cases there
is a lower glomerular filtrabion rate and renal blood flow due to civeulatory
Fallure, It is posslble thal similawy offects occur in the disrrhoeic oalf.

Blaxtey and Wood (1953) bave shown that diarrbocio calves ave in a xegative.
nitrogen bhalance and the results of the present study showed that diarvhoele calves
loose body Gissne. It is expected that sn excess of urea would be thevefore
produged as protein is catabolised and this ¢ould lead to urasmias

MeCance and Widdowson (19%7) have shown that nevborn infants and some newborn
mamnals cannot produce concentrated urine. It is not Jnown if the calf is able
to produce concentrated urines If it de sinilar to the newborn of obher manmals,
it would be expected that vreenla would occur in the dehydrated call producing a
amall volume of dilube vrine as it would be unsble to ciorete endogenocus Ures.

Gnly a small proportion of dlarrvhoelc calves had changes in haewatoerit or
plasgma velume vhich indicated they might be bhypovolaemics It is possible that
the practice of malnbtaining the fluid inbake of the calves when affected with
diarrhoea way have reduced the incldence of hyptvolacmias However MeSherry and
Grinyer (1954) also observed that very few dlarrhesic c:lves had increased
haematocriis.

It is not koown by how much the caif*& blood volume can be reduced before
clinical signs ave produceds Tn wmen, whose normal bleod volume ds 70 - 80 ml / kg

body weight; a reduction in blood volume due to haemorrhage of 40 - 45 ml / kg is
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fatﬁl or will lead to irreversible changes unless promptly replaced. A
decrease in blood volume of 104 causes no effect bui oclinical symptoms and sipgne
appesr with o 20% loss in blood wolume, Bland (1963). It is Jupossible to draw
an absclubte comparison between the effecls of acute haemorrhage in wman and diarrheea
in calves. In the formey there is a loss of erxythrocybes and plasma proteing
whereas lu the latter there is no evidence of a loss of erythrocytes or serum
proteins, (except that the labter may be catebelised in the calf in negative
nitrogen balance). Brusilow and Cooke (1959) caloulated that losses in body
water greater then 160 m) / kg in diarrhoeic infeants result in death due to
circulatory fallure. It was shown that diaerhoeic calves which died lost on

the average 8 - 6lbs in weight. It wae elso shown that 50 - Q0% of the lose in
welght of dlarrhoelc calves was due to a deerease in bhe urea space, and presumably
ia bhody water. From thoese figures it was caleulated that the worat affecbed
diarrhoeic calves had a deficit in body weter vanging from 135 to 240 wl / leg.

As the volumes of the prineiple body fluid compartments and the plasma
eleotrolyte composition are similar in calves and infants and as diarrhoea hag
apparently similar effects on plasma cowposibion, body water in both species, it is
probable that some diavrhoelc calves die of civewlatory fallure due to hypovolasomdea.

The clinieal signs in diarrhogic calves of a wesk and terminally slow pulse,
poor Jupnlar filling and coldness of the skin and exbtremities, sugpest thatb
circulation is impaired. While these effecls mey be due o hypovolasmisy they
coudd alsc rvesult from shock due to endotoxaemia or heart failure due to acld~base
and slectrolyte disburbancess

The present yesults and those of previous vorkers indicate that disrchoea
has slmilor effects in calves and hunan infants,. The correctlon of these effects
ie a vital aspect of the therapy of infantile diavrhoes and has been most significent
in veducing the mortality rate, Welt (19%9), In the past the therapy of calf
diarrhoea has been primarily directed at limiting bacterial activity and Jittle

attention has been paid to correcting the effects of diarrhoen per se.



(92
e

In view of the éimilarity of the effects of disrrhoea in calves and infents and
ﬁh§A$p®¢tacular results obtained with £luid and electrolyte veplacement therapy in
infentile diavrhoea, it would eppesr foolish to continue to jgnore this aspecht of
thernpy in ¢alf diarrhoea. The general principles of replacement therapy avre
presumebly appliceble to both species.

Therapy of dliarrhosga necessitates atbention to the follewings (a) correciing
fluid and electrolyte disburbances already present in the diawrhoeic subject,

(b) maintaining a balance with the excessive faecal losses ands (o) meeting the
normal physiological or ehligaﬁery requirements of the subject. In addition
measures to combat the cause of the diarrhoea and caveful nursing have to be
consldersds .

Bragilow and Cocke (1959) caloulabed the deficilts of waber and electrolybes
present in diarrheele infante with moderatoely severe dehydratbion. Theiy results
are shown in Table 577 In viey of the similarity of the body flulds in healthy
infents and calves and also the effects of dierrhoes in the two speclies, it is
considered that the results shown in this table are equally éppliceble in
diarrhoeic calvess On tﬁis assumpbion it was caloulated that the finid and
electrolyte deficit in = moderately severely dehydrated celf welghing 33 kgs vas
as shown in Table 58 By further compavison with Brusilow and Coekéls
cadevlations, it is esbimated that a very severely dehydrated calf has a deficit
of as third ss mich egain as that shown in Table §8 A mildly dehydrated calf
has & deficit of one third less. Hypertonleally dehydrated calves would have &
greater overall deflcit of waler and hypotonically dehydrated calves a greaber
overall deflcit of elecirolyte in ratios comparvable Lo those ealculated by
Brusilow and Cooke (19%9).

Having assessed the present defiolts in the diarrvhoels anlf the next
ebject im to assess the water and electrolytes loss in faccess On the hasis

of the results obleined by Blaxter and Woed (1953), a calf with moderately
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severe dimyrhosa has an estimated faccal loss of one Litre of water and 40 m.eqs
each of sodipm and pobtassium per days

The obligatory requirements of ithe healthy ealf are nol knowns In an
infant weighing 3% kgs they ave approximately 1.75 litres of water and 30 miogs
gach of sodium, polassium and chloride. In addition the infant requipes 1,300
Calories per day, Welt (1959).

The estimabed deficits aﬁﬁ requirements of a 35 kg ¢all affected with
modeprately severe lsotonic dehydration ave summardised in Table 58

Hawving estimated the glectrolyte, water amd celorific veguirements of the
diarrhoeic calfy the problems of treatment in both a well equipped Veterinary
Hospitgl and undexr average feym conditions will be consldered,

Hoppitalisation of the majority of ealves encountered in veberinary practice
le dmpracticeble for ecopomic reasonds Hospltalisation would be a consideration
prineipelly in treabing a very valusble awlmeald.

Under hospital conditions it would meem feasible to adopt the same principles
for diagnosis and treatment. of the effects of diarrhoea in a cvalf as these used by
the physlcian dealing with a e¢hild affected with dlarrhoeas

When treating a calf in a Veberinary Hospital it would be necessary Lo cavry
out frequent blochemical analyses and to welgh the animal regularly to determine
both its requirements and the effect of therapy. it may also be desirvable to
aduinisber a proportion of the therapy by continuous intravenous infusion as 16
done in breating diervheelce infanbss

Diagnosis and treabtment wnder ferm conditlons lmposes severel soonomic and
pracbical Limitations and it is necessary to e¢ffect some compromises from the
principles used in a h@apiﬁéls Top economic reasoms it would be impracticable
for the veterlnarien to vieit a calf on a faiw more than once oy tulce,

In mddition, the time that con be devoted bo the snimal alt each visit is limited,

Under farm Qenditiéna it is unlikely that facilities would be avallable o
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determine the requirements of the calf or follow the effecis of therapys
Therefore the type of therapy has to be standerdised ms far as possible. The
amount of therapy that can be sdministeved by continuous intravencus injection
is limited. Most of the therapy has o be adiinistered by the farmer who can
be expected to adminlster il only by mouth or subeutaveous injection.

It is common prectice in treating disrrhoeic infants, o withold food for
2h « 48 hours and then o gwmﬁﬁally reintrodude feeding as the child's condition
improves, Food is restricted to allow the alimentary tract te Yrest', to
allow any inflamuation to subside and to limit the intestinal bacterial population
by attaining a high antiblotic concentration in the 'empty' intestine. The
same benefits wonld presumably apply in treaving disprrhoele calves and the practice
is advocated, provided adetuate fluld; electrolytes and dalories are iven during
the period of restriction. The British Veterinary Association Handbook, The

Hughandry and Digeases of Calves,y advises that diavvhoeic ealves should not bhe

fed wilkk for a day, Instead they should be given three wmeals each of one pind
watey plus one tablespoonful of sugars Milk should then be gradually
dlotroduced over the next three or four days, It sloo suggests that lime water

may be substituted for the sugar and water and in addition 500 « 1,000 wl of saline
may be given subcutaneously. It is considered that the amount of water
preseribed is inadequate. The value of giving sugar o the calf is also
quéstioned as the calf is unable to ubilise sucrose, Okamoto et al (19%9).

The validity of adminisitering saline is slso questionable and is discussed labers

In the present study the milk inteke of the diarrhoeic calves was

maintalned at six pintse daily. This practice is believed to have had
advantages and disadvantoges. Ibs advantages were possibly that it provided

a large volume of water sand also small amounts of electrolytes to the dehydrated
animal. It may bave alleviated the effects of starvation which ave considered

to be dmportant in the dlerrhoeic galfl. The practice may have prevented
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hypovolaenia and also hypertonie dehydration with its attendant risk of
byperkelacnin. -  Its disadvantages were thab it may have exacerbated the
diarrhoes, given no opportunity for the intestine to 'remt', diluted the
Llatestinal concentration of orally administered thervapeutics and caused an
excessive loss of electrolytes in a layge volune of faecess Whether the
advantages of this practice outweigh the dipadvantoges is debabable. The
practice s consldered to be less valuable however than the orel admisistrabion
of a solublon of electrolytes and glucose,

One of hh% first conslderations in the treatment of a diarrhoeic infeny
15 the malntensnce of civeulating blood volumes Brusilow and Cooke (1959)
suggested that itreatment of a diarrhoele infant should be started with an
intrevenous infusion of Binger's Lactate Solution followed by a whole blood op

plasma transfusions Ringer's Lactate Solution bas the following composition:

Sodium 130 meeq./ Litre Chloride 111 meeq./ litre
Pobassium L myeqs/ litre Lagtate 27 meeqs/ litre
Caleium b meeqe/ Litre

Ringerts Lactabe Solution rapidly diffuses oub of the c¢iroulation inbo the

intracelinlar and interstial compartments. Hence it deoes not mainbtain the
cireulating bleod volume unless given continuously. For this reason it is

advocated that it should be followed by a whole blood or plasma trensfusion.

As transfusions reactions ave not a problem in cabtle snd the practice of
talking blood from a donor cow and edministering it to a calf is velatively simple,
it is probably easier wvhen treabing diarvheelie calves to forgo the use of Ringer's
Iactate solution and fo initiate treabtment with a bleod transfusion.

The blood volume of the average calf is approximately 2¢5 litres and as signs of
cireulatory failure arve known to occur in other species when blood volume is
reduced by 20 - 508 it can be c¢aleulated that a traunsfusion of 500 = 1,000 ml of

plood is requived.
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Many solutions have been formulated to treat the effects of diarrhoea in
infanto. Welt (1959) and other suthors on the use of fluld therapy in men,
cnphasise that fixed stenderds of the arount and composition of replacement
fluids ceannot and showld not be preseribed for the treabment of patients,

They emphasise that while cortain general »ules can he made, each patient must
be treabed as an individuale Therapy must be adjusted to conform with the
patient's clinical condition and with information geined by frequent biochemiocal
ostimations. Tha sume principles vegarding the preseription of fluld therapy
should ideally apply when treating a ealf under hospitel conditions.

Fopy the treatmenl of calves under hospital conditions, therapy may be hased
on the use of a few standard eclulions as described by Welt (1959), The
solutlons of particular valuée for formulating therapy of the diarrhoelc patdent
ares
(a) 0.9% Sodium chloride, an isotonmic solution containing 154% weeqs/Litre of

sodivm and chloride dons,
(b) 5.0% Glucose solution, an isotonic solubion containing the equivalent of

200 Calories pew litre.
(¢ 14.9% Potassiun chloride, contains 2 meegs/uml of potassium and chloride ions
(d) 1M:2% Sodium lactate solution, contains 1 meeq./ml of sodimm and lactate lons.
(e) 7+5% Sodiuwa bicavbonabe solution, conbains 0.9 meeq./litre of Na and HCO3 Llons.

From these solutiens it is possible to prepave a wide range of replacement
flulde of varying composition and tonicitys For exemple if it was estiuated

that a solublon was reguired with the following composition:

Sodd.um 45 meeqs/ Litre
Potassiwn 10 meeas/ litre

Eilecarbonabe L5 meeqs/ Litre
Chloride 110 meeqs/ litre

It cmn be prepared from the standerd solution as follows:
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50 md of 7¢5% NaH003 solukion pﬁﬁvidma 45 meeq. cach of sodium and bicarbonates

5 ml of 14,9% KCq sclution'pravidas 10 meeqs each of potassium and chloride.

650 m), of 0.9% NaCt solution provides 100 mseqs each of sodium and chloride.

Add 300 wl of diptilled wat&r’ta make up to a total volume of one litre,.

Important detalls reparding the administyation of fluid therapy ares
(a) Bolutions glven intravenougly should be isobonic and given slowlys
{b) Solutiong con?:minﬁ.né; a high potassium content are dangerous when given

intravenously and if given by this route must be administered very slowly.

(¢) Splutions with a high potassium eontent ave irritent If given subcubaneouslys

The meximum concentration given to man by this roule is 40 m.eq./litre.

(a) Hypevtonic solubions are best avoided. If they have to be given they
ghould be given slowly by intravenous injecbion and not subcubanecuslys

(e) Puyasiological, éalina is acide If a lavge volume has to be administered,
lactate orx bicarbonate must be included to aveid an datrogenic acidosis.

(£) Vaber alone should not be administered inbravenously or subcubancously. To
provide a rapldly available supply of waler administer 5% glucose solubtion
intravenously. This selution should not be glven subcutanconsly.

Treatment under farm gonditions necdessitabes compromises and one is to
prascyibe 1f possible a routine course and type of therapy. The thevapy mush
be such that it caters for all the predicted effects of diarrhoea and yet be safe
if giﬁen in exceés. Where no facilities are available for detormining the
calf's blood chemistyry it is congidered best to assume the eninmzl is isotoanlcally
dabydrated, has a metabolic acidosis and 15 in & stabe of subnubrdtions
The veplacement therapy should be such, that provided the calf has adequate renal
function and access te watery it would be able Go correct any reasonable labrogeanic
vrCeBHLS of'eithar vater, electrolytes 6r base. A Tlexible attitude must
obviously be adopted repavding treatment under farm conditlons. If an andmal

recovered more gquickly then predicted it would be foolish to continue theyapy
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which may lead to hypervolaemia and oademas Conversely if recovery was nob
as rapld as predicted it may be necessary to increase or change the therapy.
It is suggested that the vegimen of treatment of a diarrhoeic calf under
 farm condibions would be as followss The veterinerian would administer a
plasma or blood transfusion of 500 ~ 1,000 mle &£ he suspected hypeovolasmias

& litre of replacement fluid would also be administerved by intra~peritoneal

injecblon. The farmoy would be instructed to deprive the calf of milk for
2h hours. During this pericd he should administer 2 litres of replacement
fluid by subecutansous injection and two Litres by mouth. He should give:

this fluld in vepeobed small doses over the 2k hour period, rather than in a few
massive doges. If the condition of the ¢alf improved by the second dey, bthe
farmer should inject a further two litres suboubaneously and give throe litres by
MOutha If the condition OF the calf continued to improve, parenteral
adming stration should be stopped and the emount of fluid given opally gradually
reduced and replaced by mill. In the event of the calf's condition not
improving the farmer should continme parenteral administration of replacement
Fluwld and zeck professional advice.

Of the meny replacement fluides formulated for treating dlarrhoeic infants,
that described by Telbot et al (1953) is considered mest sultable on theoretical
grounds for treating diarrhoeic calves under farm conditions.

Tolbob's solution has the following composition.

Sodiwn %O mecqe/litre Lactate 20 mseq./libre
Potamsium 36 meoqs/libre Phosphate 15.5 meoqs/1litre
Chlovide 40 maeqs/litre Glucose 50 gms/litre

The slectrolytes in this splution have an ommolality of 163 msosmse/1itrc.
The seolution is therefore half isotoni¢ o far ag electrolybes. Since the
solution conbaing 5% glucose the solution is in fact hypertonic. lucose rapldly

dffunes throughout the body afber administration and the final effect of this
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golution 1s half dsotonic, The excess of water provided by the aduinistration
of & half isotonic solution is congldersd an advantage. With such a solution

there is less yisk of an latvogenic hyperelectrolytaenia in a hypertonleally
dehydrated calfl, In the isotonically and hypotonleally dehydrated calf the
excoss of wabor would be of pobential value in the exeretion of any retained
endwproducts of cabaholisn. Hypotonle solubtions slso appenr o be tolerabed
better when given orally amd as this route of administration is important in the
proposed vegimen of therapy 1% &s\ﬁ signlficant coneideration,

The main disadvantege of this solution ie that it does not contaln ag mueh
eleoctrolyte as an ilseobonic molubion. It can be seen from the estimated deficiis
of o dlarrhoeic calf, shoun in Teble 58, that the adwinistvation of 5 litres of
Talbots solution per day would simost meet the emtimated water requirements of the
animal but only half the electrolyte requlirvemenbs. At least two days would
therefore be requived to corvect the electrolyte deficlits in the diarrvhogic calf,

Talbot's solutlon conbtaing phosphate and lactabe and these would help to

correct any nogabtive phogphate balmnde or metsbolic acidosis. The solution aleo
contalins glucose, Five litres of solution would theorebically pypovide a 1,000

Colories which would almost weet the predicted cnergy requirements pf the calf.
Goodwin (1957) has shown that the newborn ¢alf is not so susceptible to starvabion
as the nevborn piglet and gan mivvive for over & woek withowd food. It is
considerod desiisble however o ilnclude glucose therapy since MuShevry snd Grinyey
(1954 ) have shown that hypoglycamemia occurs in dierrhosid calves, In addition
starvation leads to an ﬁnﬁesifable gntabolisn of tissues with the conseguent
Liberation of intyasocilular potassium and ures. Other ond products of
¢ataboldsm are of an ecld nature and if they were nobt omeretoed by the dehydrated
galf could lesd to mebabollc acidoslis. It is aleo likely that the starving
calfts vesistance o adverse enviponmenbel conditions and to infection is reduceds
A small owwber of ealves have been tyreated with Talbot's éaluﬁicn but so

t
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far it has been lupossible to make an accurate assessment of the effeocts of
therapy . To assess the effeubs of therapy reguires a lavgs nnmber of
experimental calves with a high mortelity rabte so that an adequate number of
breated and unbreated galves can be compaveds Since the complete therapy of
the disrrhceic calf should include antlbloticay it ls apparent that an absolute
assesoment requires a nuwber of éalves gdven anbibilotics and Telbolt's solution
ond others given entiblotics alones

The results obtained on a few diarvhoeic calves given Talbot'a solubtion
and antibiotics suggest trestment saved some calves which prior to treatment were
copgldered to have a prave prognosis.

It hae boen found bhat calves will readily drink Talbob's solution.
When allowed to deink this solution in lieu of milk for 2h » 48 hours, it was

obgerved that the faecal output was considerably reduced and in some ealves no

fagoes were produged. Talbotts solution has been adminlstered subsuteneously
and intraperitoneally withouh producing any cbviouns adverse roachbions It was

found that 500 ml of the solaticon conld be injected at one sitée under the skin
and this solutlon was almost completely absorbed within three houpse
MeSherry ond Grinyer (1954) desoribed the treatment of a few calves with

a golution of Ghe following compositions

Sodium 1O meeqs/Aitre Potassiun 10 weoqu/2itre
Chlovide 108 meqs/1itee Caleium 5 Meeqs/dlbre
Magnesiun 3 meags/1itre

This solution is lsotondc and as much is considered to have sone
disadventages, It is forescesble that the admindstration of isobonie solution
bo a newborn isobtonically or hypertonlcally debydrated galf, which may be uneble
to produce & concenbrabted urine, may not provide sulficient water for the
exerction of latrogenic excesses of electrolyte or base. This may be of

partioulay importence if a hypevtonically dehydrated calf which is slightly
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hyperkaloemic is given an isotonic sclution conbaining a high potassium
conventration. An isotonic replacoment solution would also provide less
water for the call Lo ublilise to extrebte end products of caltabolism which may
have accunmlated in the body prior Lo byeatment, The opal or suboutancous
adminlstration of a large volume of isotonlc solution to a hypotonically
dehydvrabed calf could fovesgeably lead to mevement of beody waber into the solublone
This could cause o seriouns hypovolaemis and death from civeulatory failurve.
Isotonle solutions do nob appear to be sp palatable as hypotonle solutions to
calves. Thisg is sn dmportand consldeyation as it is desivable that the ¢alf
should deink the replacement fludid.

The solutlon prescribed by MeSherry and Grinyer (1954) doem not contain
mfficiont pmtaﬁaium Lo restore the calf's predicted deficit unless given in
large volumes, Thie is an obvious disedvantages The solution does nob
contain glucose and this too is o disadvantages

It dis difficult to assess the effects of this solution frow MeSherry and
Grinyer's study as enly a snall aumber of calves were breabed. A solution of
slniler couposition is availsble commeveially for the troatment of calf diarrhoea
but there is no koown evidenge of its values

HeSherry and Grinyer (1964) included caleium and magnesium in their solution
as they observed that some dlarvhogic salves wave hypocalcaemic and hypomagnesacmles
Blaxter and Wood (1953) alee found that diarrhoeic calves vere in negative caloium
and magnesium balance.

Selutions siuilar in composibtion to Talbot's solution but alse containing
galoiun and magnesinm have been Forpulated. However il is probably easier
when treabing diasrrhoele calves under farm conditlons to adwinister 50 « 100 ml
of one of the proprictary mmlutimna# uged to treat postwparturient metabolic

dgisorders of cattle. These solubions conbadn approximately 20% caleium

* Mywdlos P.M. Burpoughs Veleome M. F.Ci May & Baker.
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Table §7

Froban 5O g dn dnfants with 1
severs d ﬁehg&raﬁzen we o diarrxmaa.. frum Brusilow and Gooke (1€

Zype of Dehydration, wanm body welght
Water Sodium Potassiam Chloride
Litres e @S e @G5 e G S
Isotonie 100 - 420 8«10 8«10 8«10
Hypertonic 100 « 120 2«4 0w b w2 to =6*

Hypotonle 100 « 120 10w 12 8 « 10 10 « 12

" Pagients with hypertonic dehydration have an ewcess rabher than & deficlt

of ehloride.

Table 58
Caloulated defieibs and r@quiregeﬁﬁg of a B3 ke calf affected with a
moderately ueveram;soﬁnn%g dehydeation gue Lo, diavrhosa,

ggggga, ﬁ?@q; §§$Q¢ gjaq, Calories
Initiad. Deficit 3.6 300 300 300
Chligatory Requirements 175 30 30 30 1200
Continued loss in fagoes 1.0 L0 4o *

¥ Principle loss of anlons in faeces is bicarbonabe.
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borogluconate and 3% magnesium hydroxides

The British Veterinary Association Handbook, The Husbandry and Disease of
Calves, suggests that diarrvhoeic calves shonld be given 500 - 1,000 ml of
physiclogical saline subcutaneously. This practice has a valuwe in providing
podium chloride and water but is not considered ldeals The amount
adninistered is bellevgd to be too lithles Baline is acid and hence 1lts
adninistration would be undesirveble to an animal with a mebabolic acidosiss

The adminisbration of vitaming snd antlbiotics to the dlarvhoeic calf has
been previously discussed in Part T, These would nabturally be dncluded in a
course of bherapy under elther farm oy hospital conditions.

In addition to the achual'treat@ent of the diarrhowic calf the nursing of
the enimal must be considered. Ideally the ¢alf should be igolated from its
neighbours and kept in a clean, dry, draught free and warm pens If the ealf
is recumbant it should be periodically raised to its feet and if possible made bo
stand and walk. It has been observed thet some recumbant calves will stend and
eventually walk if a serious abttempt is made to geb them to do 80 Calves which
have been recumbant for several doys appear Lo longe the use of thely liumbe and
will only stand and wallk when really forced to do &0 If the animal does
not stand it shonld net be allowed to lle on one side continuelly as there ls a

risk of haemoshacis snd possibly ischeemia of the limbs and pulmopary cedemas
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Unnednaions

The vegulis chbained in ﬂmim otudy have poeed seny Sntevesting problows abouk
dinwebosn in powborn omlvess o

1% do appeyent thab there ary seny aspects of the nollology nad pabhogonesis
of disrehosn jn nevhorn golves whioh segeing clucidations Thowra o aloo oo
ivions secd o reledo those to bhe olinicel wlgog of bhe syndeowe of petuaiol
Glaprhoone Bobid these problens hove boen solyed 3t Le elooest ineviteble thal
wrosent thoerapeutle aud prophyisetic procedurss will bo voedells 2n tholr efficagy
1 Andlevedmlnetly epplied to all obibeeeke of "eald ddarvhoon's

£% would be of pordicular dntevesht o doteunine 18 the pelthogevosis of Secold
infoubions fn calves Lo enpliceble dn terms of the pedont conospts of bhe endotonine
ansphylactic rosotions 2 4hie pesgtlon dees ooour dn oalves thore may be @ need
0 the Lhoeopy, dow cortlBone ik snbibiptaninie p@ﬁ@&rﬁ%&@mﬁ-tﬁ alloviate Ghe
raagiions Obhew appuats of the astiolosy and pethogenouie of Yesil dlavrhosat
viedoh wawpant furdhesr lnveshigation ave the role of vivumes, the composiiios of the
dlet and of fesding methods and the fagtoprs whleh dInfluence the celi*s cuscopbibiliiy.

dhile bhe presend stuwdies have olucidated some of the busle ensbbny and
eompopitien of the body flulds in aevborn oelves there i sbviovsly a apad o exbond
ﬁh@ﬁm studlos sud alee o leern ghout bboe dymawden of these fludde. OFf spociol
intovant ore the nowmnl ﬁn@%g@,ﬁim&ﬁ and sleelvalybe sequiranents of the ealf, the
prpsessss of digostion end aboorbiion, the hongestotic mechanlans of the gols and
panad fopabiong A hnowlodpe of theee subjects 3o on obviows preorsagnieite fo on
wndevatending of the pabthelogy of the body Juids and albinatedy of thewapy.

The offeoty of Warrhoes and pllk depeivadion on the wedf wsprant Durbhop
juvestipablones Froviows studies have been sade on experidentel snlasis kepd

Hesivéable

wnder varyiag conditions and A% e @ﬁmmiﬂ@yﬁﬁﬁﬁu eutond these studies bo an
lovestigabion of Qdevwbosde walves melabalaed voder fovn condiblonds % wondd ho
of speelol interest to defline the effests of vevdoue dlgordors of the hody fluids ond
thelr olindead effeobo. Thie dofintidlon would be of value in the $iagvosis and

vonseguembly of the thevapy of vthe offeuts of dlaprhoots
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Eowenld ke o thonk Profoosova WDy Holnbyre sod Wabe Mglpows
for thely advice and dipeoblon in thin obudys ¥ owendd pepoclodily ko
be rooowd wy sppreciation of D . Dieborts belpfeld esdilolsn snd advics
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APDE

Plasma end hlood volumes in eatble determived

from the T.1824 apoce and the haemabocrit
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=4
Flogme and blood velumes. in colves
fedd St e T, T 7Bt
14880 Rh) 241 846 3e2 134
L4755 25 e, L5 58 22 8.5
% 25 o4, 1.7 6.8 2.8 1049
14756 2549 1.3 5e 1.9 745
L4796 . 26,0 15 548 2e2 846
L4766 1WA 19 7o 249 11.3
¥y 2743 19 7.0 340 11,1
14881 2941 Re3 7.9 346 1243
14881 295 204, 8al 37 1264,
. 3040 L7 547 3e2 10.%
82 3044 1.7 8.7 246 847
93 3004 17 5.7 3.1 10,2
02 3049 2.1 647 341 10,1
86 3049 el 6.7 348 1L,
64 3148 149 6.0 348 11,9
00 3148 1.9 64l 347 115
87 3148 Re2 6.8 3.8 1148
89 3346 e 742 349 1004
83 3440 2e2 646 343 96
08 34 245 Tods el 1260
03 3440 22 647 hal 12.0
o8 3448 243 646 3.9 1142,

&4 34eH 23 6.8 32 9.2
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Plagng and blood velumes dn colves (Conttd,)

Qall Woight Plogma Pla Blood Blood

ke litras % B Ji}, litresn % Dt
92 3540 19 57 4o 12.0
® 30 1.9 547 b2 1240
06 35.0 1.8 5e1 3el 849
91 3540 28 80 N 1345
& 3540 Ry 6.8 246 745
11 3545 1,9 546 PV 5
99 3549 23 6ed 349 10,9
97 368 - 24l 57 bl 113
o7 3743 Re7 742 740 1849
05 373 2.3 6.0 541 1345
0 3842 2e3 64l 345 99l
9% 9842 2.8 (N3 542 1347
90 3842 202 547 346 943
01 39.1 247 648 540 12.8
85 3945 Red 6,2 4ol 10v4,
9% 40,0 é..z,, 7640 Aot 1L.7
10 40,5 248 a0 ha? 1043
a7 2702 245 940
o7 2743 19 740
06 2842 146 547
o 282 149 648
02 2846 245 8¢9

1L 3044 240 A



Plosma and blood yolumes in calves (Cont'd.)

kg
RAN 3044
17 313
03 31.8
97 31.8
21 322
06 32.7
o7 3346
24, 3440
15 35.0
1. 35.0
O 35.0
¥ 35.0
25 el
b 3549
a3 3.2
03 3.9
30 3.0
w2 wma
35 38.5
29 42.8
28 4546
Mean
8.0,

Flogna

1itres
241
242
2.0
2.1
2.1
2.6
2.6
246

Plosma

2 BoWt,

7.0
7.0
6.3
6.7
6.6
o1
74
77
603
5.9
65
7.9
6.9
6.3
6.2
5.6
6ol
5.3
Tl
5.7
6.7
6.6

£0,9

Blo
litres

Blaod
% B.t,

11,0
2.0
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APPENDTE 3T

ixbzocelinlar fluid volumes in cabble

. §
SRR,

ned fxon the thiosulphobe space
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Fxbrecoellulo

Trote Litres % Dolite

¥ 273 6.2 229
6 2842 6.2 2649
¥ 25.0 Def 270
A 35.0 Hel 2349
3 3749 9.0 237
30 3840 940 2346
33 3842 8.0 21.0
35 3845 10,0 259
29 4268 «‘3.6 20.)
28 A5 6 113 248
Maan e

G La.6
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Jobal body weber in cotble &

atormined
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14596
14880
14755
13368
13369

14370

14796

14756
14269,
14269

14371
14,381,
L8681

186

14598

21ad
el
25 el

o9

2549
2549
2640
%04
2.5
Q"?fQ
243
247
2.1
2043
2945
245

50,0

3040
PLel,
EX)
32,7
3346

Tal.Hy

Litres

146
1747
179
20,5
1660
193
1743
20e5
2042
2044,
1942
191
22,0
2302
211
Rl
2540
2.9
216
2240
24l
24,

68.2
T3k
7045
7941
6148
a8
6646
X
T3k
7546
7003
6849
7546
7046

The'

8340

8340
763
6848
00
(7
6647
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Gl body woler in calyes (Gonb'ds)

5 3a© 271 TDe¥

g 303 27l 88

2 345 2 5 T3
Telled 3448 25T Thatd
TaliBei 3hes 2762 : 7849
Pals 3540 2246 6/el
To'feC 359 238 6043
Hann, i 3

HeDa '*'6“""
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APPENDIN IV

The hsemeboerit in cabile



Hasmaboerits in Oalves

Hoematoerit

45
33
36
35
£9
L4,
43
56
39
33
47
53
53
42
52
&7
4

46
21,
5

80
47
vy
45
28
34
50
42
59
38
34
34
39
35
38
37
36

A3
8
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APPRNDEX Y
Body velehbs, haemabtoerits aond plogms
olectrolyte and blood ures congentrationg

in oalven.
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1 2
Diarrhoen
Body weight 1lbe, 65
Plogma sodiun me.eq | Y44

Plyema potassium Te@q 46
Plgama chlorvide me.aq 98

Blood ures mgm

Haemotoerlt % 39
Calf 2

1 2
Disrrhosa |
Body weight 1lbs. 74

139
Plaema potassium meeq L7

Plasma sodium me.eq

Plagma chlorido meeq 94

Haematoorit % 33

‘ 1 2
Diarrhoen
Body welght lbsa. 69

Plasme sodium meeq 142
Plagma potassium meeq 51
Plasma ehloride meeq 99
Blood urea mgnm

Hoematocrit & 53

3

Doy of Experiment

L 5 6 7 8 9 10 11 12
DL Dl D2
68 67 68 65 66
145 37 137
5.0 4._6 Leb
101 103 99
15 21 24
40 39 38

Dey of Bxperinent

75

L 5 6 7 8 9 10 1l 12
Dl 17
75 75 73 72
142 137 137
48 bol 4e8
9 93 98
435«3 31 3
Doy of Bxperiment
L 5 6 7 8 9

75 69 63 62

- 137
- 640
92 103
25 7L

% 59

10 11 12
D3 D3 D3 D3 D3 Died

228

13 14 15 16
65 66
134 135
5.0 e
98 9
27 17
37
13 14 15 16
755
141 134
4 3.8
98 99
32
13 14 15 16



D pprhons

Body wolght Iboe 84,
Pipoon soflun meog 148
Plaown potasciun neey Bel

Ploows ohloedde meey 99
Blood nren wgn

. , na, @l
Hantimnboorid 43

L]

Dlnpwrhons

Bedy wedght &9
Hoown oediun meeg 136

Mooma poboosing Detq Aed

Plosmn oblorddo peag 93

nenetooedt % &5
t%"l?l@%gﬂx@ ©

i 2
Dilovrhoosn
Body wolght Lbee 63

BN

Ploomn pobassdun Ney Sel

Floons sodiun Beog

Flacon ehlopddo neog

Hapraboondt & 45

3

Doy ok, Boenduont

4 5 6 7 8 9 30
B3 DY D2 VY D2 DI
3, &3 &2 (i
33 149
ko2
162 7
20 a4 b

e

49 45 Ve

Bog.of Banerdnend

& 85 & 7 B 9 1o A

b2 B3 BY Bied
T, &7

138

e

Db

40

Day.of Sanendnont
4 8 6 % 8 ©
DL D3 D2 DL P3 DR
0 o7 65 64
239 336
He0 dels
49 &

i

i3

0 1L Ra

6

229
B3

ar 12 33 14 1%

i
Vi

=

3 1 18

13 44 18

pixd

237

3
&4

6

78

16

16

&
=

13
39
28
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=)
8adf.7 « Doy of Mperduonb
o 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Diarrhoen bl
Body welght lbae 74 76 76 6 76 79 77 77
Plaome sedivm meeq | 142 139 10 140 40 137
Fiosma pobaseium meaq 48 Loaky bl e 4 40
Flpeme chloride meoy 97 92 o7 99 o8 99
Haowabosedt 9 28 2% 28 2 30
Calf 8 , Doy of Experiment
1 2 3 4 5 6 7 8 9101 1213 1415 16
Diaprhoea D3 D2 D2 Dl v
Body weight lbdy 71 76 70 71 71 72 7 (7
Masms sodium meeq 344, 128 121 132 135 139
Plasma potassium meeq 4.6 50l P 4e® 4eB 4.1
Plapoms, chlorido meeq 96 101 95 95 99 100
Blood ursa mgn 20 a 3% 20 28
Hasmaboeril % 33 32 33 33 31
Calf 9 Doy of Expopiment
1L 2 3 4 5 6 7 8 910 1 12‘?,‘ 3 14 15 16
Diarrhosa D2 D3 D3 D3 B3 D3 D3 D3 D3 D2 D3 D3 Died
Bedy wolght lbs. 84 84 Yil4 74 73 7. 65
Flpame godium meeq 14 135 127 113 125
Plastn pobasslum meeq 4.8 L8 4e9 5eds 5.0
Flosma chlorido meeg 96 99 97 85 86

Hoenatoorit % AL 40 43 43 YA/
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Lalf 30 Doy of Experiment =
1 2 3 4 5 6 7 8 910 11 12 13 14 15 16
Diarrhose D2 Pl D3 D3 DL DL
Body welght lba. 7 73 73 71 70 73 73 74
Plosma sodium mesq 143 132 129 12 | 136 138
Plasme potascium meeq 5.0 540 PR LB Aol ok
Flagma chloride meeg 99 98 103 100 73 93
Hopnatoeris 9 L2 L2 VA i 42
Gals 11 Doy of Fxperiment
1L 2 3 4 85 6 7 8 9 10 11 12 13 14 15 16
Diasrrhoes D2 Died
Hody welght lbas 74
Plasme sodium meeg 139
Plosne pobassium m;@q 4
Plosma chloride meeg 95
Heematoordt ¢ 56
Plosne volums 246
Gold 12 Ray._of Foporinent
i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Diarrhosa B2 D3 D3 D2 D3 D3 B2 DL D1 D)L DI DL D1l Died
Body weight 1bse 66 64, 5¢ 56 55 52 52 48
Plagma sodiupm meag 137 129 127 120 135
Plpsma potosslun meeq Se5 49 hab TL] AT
Plagmo chloride me.eq 98 100 €9 93 93

Hoomatooprdd % K 43 b 41 44



N i =z
Diarrhoen
Body wedght lbs. 65

Plosma sodivm meaq 142
Plasme potoseium meeq 5.0
Flasma chloride meeq 96

Blood urea. :ﬁgm

Hoemoboordd & 50
Cal

1 2
Diarrhoen
Body weight 1bs. 7

Plasme sodium Me0Q 124
Plgome poteseiun meeq 5.0

Plosma ehloride m.eq 98

Hootmboorit 9 49
Galf 15

1 2
Diarrhoes
Body welght lba, 89

FPlosma sodium meeq kAR
Ploome pobessium meeq 5.0
Plasma chloride m.eq 97

Boonabosrit $ 52

232
==

Doy of Bxporiment
3 4 5 6 7 8 910 11 12 13 14 15 16
DL D3 D2 D3 Died |
& 6 5
135 134

b7 49
92 102
1 76
45 61
Day of Experiment
3 4 5 6 7 8 9 1011 12 13 U 15 16
3 D2

85 80 8l 80 80 78 7
136 135 132 146 131
4e8 546 4 o6 be?
% 99 101 9% 92
46 46 50 53 s

S,

Doy of erimen

3 4 5 6 7 8 9 10 11 12 13 14 15 16

D2 D2 D1 D3 D1 DL D2 D2 D2

g9 86 82 84 .83' 81 &0
138 136 129 132 129
5+0 49 heT - LB 4e?
97 94, 0 % 98

46 51 O




Colf 16

1 2
Diarrhoea Bl
Body welght lbs. ( T4

Plasma godium meeq 139
Plagme potossium m,eq 5.1
Flasma chloride meeq 95
Blood urea mgm

Hoemabospdd 53
Calf 17

| 1 2
Diarrhosa
Body weight lba, 73

Plasme sodium meeq 139
Plosma pobassium meeq Lel
Ploamo chloride meeq 94 |

Blood uree mgn

iemabosrit % 45
Galf 18

_ .
Disrrhoea
Body wedght lbgs. 5

Plopomo soditim meeq 145
Ploems votassium meeq Se1
Plasma ehloride me.eq 95
Blood ureé. mgm

Hosmpbosedy % m

233
=

Doy of Bxperimen :

3 4 5 6 7 8 © 10 11 12.13 14 15 16

D3 D3 Died
70
126

-

43
58

. Day of Nxperinent ,
L 5 6 7 8 9101 ;é":as 14 15 16
DL D3 D3 P2 D2 D3 D2 D2 |
74 75 72 72 7”70 76

¢ 1 S 135
4e8 4e8 40 4e3 4o
97 103 101 9% 91
20 52 31 23 25
41 4 W B

Day._of Experiment

L 5 6 7 8 9 10 11 12 13 14 15 16
Dl DL D3 D3 D3 1)
78 78 75 (A w5 75

141 138 129 146 138
542 4eb beb bebs. 4o
98 97 99 % %
34 2% 2 o 27
43 i, 42 4



galf 10

1 2 3 4 5

Disrrhoea

Hody Weight 1lbse 71
Plooma sodiwn meeq 137
Plaama potpseium meeq 4e9
Plasma ¢hloride meoq 98

Blood ures mgm

tinomgtoowit % 51
Gag 20
1 2
Dieprrhoea |
Body weight lhae 85

Flosmo sodium meeq 137
Plpsma potassium me8q 504
Plasma chloride meag 100
Blood urea mgm

Hoemboords & 50
Calf

1l 2
Diarrhoos
Body woight lba, 66

Plgom, sodium meeq Y44
Flogme. potig ssdum medy 469
Plasma ohloride meeg 101

Blood uren mgn

3

Hoetnbooriy % 36

Day _of Fxperdment

D2 D3 D3 D3 Died

81,

&6
134,
46
90
20
53

234
B

6 7 & 9 10 11 12 13 14 15 16

6 7 8 9 10 1L 12 13 1 15 16

78
138
Le2

A 5 6 7 8 9 10 11 32 13 1, 15 16

T 67 63 6

136 131

3.9 bl

101 102

15 66

43 - 54

45
D3 D2 D2 DL

g9 82 & @

139 12 . 19

46 4l Lo

107 201 %

31 33 22

50 52 51
Day:_of Fxperiment

DR D2

68 58

138

4e?

96

25

38
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)

83
137
biods
99
28

16

booky
98
18

8alf 22 Doy of Baneviine

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Diarrhoea - nl 133 03 BS Died |
Body vedght lbse 71 69 b4,
Plosme sodium meeq 139 138
Plasma potegsivm ma.eg 5,2 4e3
Plapma chloride meeq 99 ‘36
Blood urea mgm A3
Hoemaboords % &7 4l
Gale 23 Day of Jrworinaab

T2 3 4 5 6 ¥ 8 9 20 11 12 13 14 15
Dieyrhoea | 333 D3,
Body weight 1lbse | 84, 84 82 &2 &1 84, &2
Plasma sedium meeq 141 7 140 140 3137
Plaoms potessiun meeq be'? be 4O 46 4ab
Plogma chlovide meeq 94 o7 a8 06 100
Blood wroa mgm 32 17 2 20
Haomgboorit 9 35 37 32 35 33
Galf 24 Day of Esmopiment

1 2 3 4 5 6 7 8 9 10 11 12 13 1 15
Diarrhoea Dl
Body weight lbg.. 80 82 8L 82 8z 83 83
Plagma sodium meeq L4k - 140 140 145
Plaomg potesslun neeq 5e2 e 4e6 PN heb
Plasme chloplde meaq 99 100 94 o7 28
Blood urea mgm 16 19 | 27 25
Pnonghonrlds % 59 57 58 ‘56 58
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1 2 3 4 8 6 % & © 10 11 12 13 14 15 16
Diaprrhoea D3 D3 D2 02 DL D3 D3 D3 D3 D3 D2 DI D3 Died
Body wolght 1boe 76 72 70 66 63 59 56
Plpsme sodium meaq 142 135 131 116 113
Ploema potassium meoq 547 £l 541 566 55
Plasme chlovide meeq 101 o8 99 84 80
Heomgbocris % 46 1 4b 43 26
Ealf 26 Day of Experiment
| 1 2 3 4 6 6 % 8 9 1 11 12 13 1. 15 16
Dinrrhoen D3 D3 D3 Died
Body woight lbes il 81 73 60
Ploono dodium meeq Y44 151 122
Plapme potaseium meeq 6.0 P8 b3
Plosme ehloride meeq 104 10 -
Hoomatoordt $ . 66 57 &7
Galf 27 Day of Jomerdr

1 2 3 4 5 6 7 8 9 10 11 12 13 1, 15 16
Diarrhoss D3 DL D3 DL D2 DL DL DL
Body weight lbss v 72 73 72 69 69 69 66
Plogma sodium meeq 141 141 131 120 140 132
Plagms, pobassium meeq 47 4e5 £eb beld, L6 o'l
Pl%am chloride mseq 96 102 99 g 97 94
Blood ures mgm 20 2 22 25 37

Heomaboorit % 33 33 35 35
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Doy of EBxeriment

237

o

1 2 3 4 858 6 7 8 9 10 11 12 13 14 15 16

Diarrhoes
Body welght lbg,. 75

Plpoma pobossiun m.0q Ao

Plpoma sodiun m.eq,

Plpema ¢chloride meeg 102

Blood urea mgm

Hoomatoordd % 28
¢ 29
L 2
I)iarrhoéa |
Body welght lbg, 84,

Plpems sodium meeq 145
Plgame potascium meog 47
Plosmo chloride meeq 100

Blood urea mgm

Mooy boordl § 34
Calf 30

1 2
Diarrhooa Dl
Dody weight 1lbs, 75

Plysma sodlum meeg 141
Plaama potassium meeq 4.8
Plagme chloride meag 99
Blood urea mgm

Haematoerit % L

1
4e3
%
23
45

LI

86 8
144

4e9

%

2

35

P2 D3 D3 D3 D3 D3 D3 D3
78 74

70 70
140 129
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