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GENERAL INTRODUCTION



Heases 1L must ba appreciated that most present day methods
of rearing calves arce harshly artificlal and the question that may
rightly be asked Is not why do calves so reared becoma 11, but

rather how do most of them survive,” H. W, Smith (1962).

Considerable lossas of neonatal calves are expoerienced annually
in this country. The oxtent of these losses has been repeatediy
astimated In survays which have been carvied out during the past 40
years. Jordan (1933), Smith (1934), Lovell and Bradford Hil) (1940),
Hoctor and Rowatt (1948), Withers (1952, 1953), The most recent
astimates avallable have both comg from the Animal Health Division of
the Ministry of Agriculture. In an analysis of post mortem examinations
carried out at Veterinary investigation Centres during 1959 -~ 61 on
calves of up to 6 months of age, almost 60% were on calves under &
weohs of age, Veterinary lInvestigation Serviece (1964), Within this
L weelk period, septicaemia and gastroonteritis were responsibla for
66% of the martalities. A preliminary report of the National Survey
of Calf Wastage and Husbhandry, Ministry of Agriculture (1966),
suggested that thore is a wastage of 5 - 6% of calves born which take
thelr first feed. In absolute terms, this represents an annual loss
of about 103,000 calves. Although the age range of the calves
surveyed wos not given, scpticacmia and gastrointestinal disorders
wore responsible for 70% of the mortallties. In dairy herds, 50%
of tho mortalities occurred within 10 days of birth, and In beef
hards the figure of 38% was Tound for the same period,

The accuracy of such surveys is open to question In respect of
how representative they are of the overall plcture, and how accurate

arae the dlagnoses, especially when an inevitable delay cccurs betwean



the time of death and nacropsy, howaver, scepiicoemlas and gastro-
anteritis appesar Lo be the most Important causes of death In young
anfmals. Bearing in mind the work of Smith (1962) who demonstrated
that after death ithere ocours o protiferation of E. coll within the
allmentary tract and that the post movtem chonges which occur in

the gut moy simulate the mecroscopic appearance of inflammation,

the diggnesis of gastroenteritls may not be velld In every cose, In
addition, 1¢ 1s noessible that this dlagneosis may be based upon the
presenco of diarrhoeca, Yherens gastroenteritis Is almost Invariably
accompanied by dlarrhosa, the converse Ts not necessarlly true, and

in calvas a gostroentoritis is not & constant feature in the pathology
of neonatal diarrhoca. Allowing for theso discrepancies in thesa
surveys, a ploture emorges of the pattern of losses during the neonatal
perfod, Durlng the First week of life, scpticaemia is relatively more
Important than gastroenteritls, but this pesition Is reversod in the
followling weeks.

In the aforement loned surveys variations have boen observed In
the mortality rates of colves born and reared under different systems
of management, in different paregs of the country and at different
timos of the year. Slgnificant dlfferences hove beon shown to exist
botwesn tha mortality rates in dalry and in beef herds, Withers (1953),
Ministry of Agriculture (1966). 1t has also been shown that the
mathod of feeding colostrum may Influencae subsequent survival, Withers
(1953). Regional variations have boen showa to exlst between hords
of similar type, Wthors (1953), KMinlstry of Agriculture (1966).

A vary markod seasonal incidence has beon noted in gverall

mortality. In the National Survey (1965) 50% of the 1osses occurred



within the pariod Jonuary to April, and In the earller survey of
Withers (1952 « 53), over 40% of tho losses occurred within the 3
month period, February to April. Reasons for this variation Include
the fact that during this perliod o larger population of calves is
at risk, due to the cconomic advantages obtalned by the production
of winter nilk. 3econdly, the mortality rate increases possible
as a rasult of the interactlon of many factors such as the build
up of infection during the prolonged use of calf pens, Wood (1955),
an Increase In the virulonce of pathogenic strains of Infectious
agents dug to continuous passage In susceptible animals and adverse
envivonmental conditions such as the cold, domp and oxcessive
temperature varjation present at this tiwe of year,

B8f the lafectious agents which have boen assoclated with

neonatal disease In the calf, Escherichia coll stands cut as the

comnongst pathogen assoclated with septicacmia and by virtue of Its
natural habltat in the intestines, it has often been Implicatad
as a causal agent of noonatal diarvhoea. A review of the role of
E..goll Tn neonatal discases of calves hag boen made by Gay (1965),
fn whieh the syndromes assoclated with E. coll (coltbacillosis)
have been classifiaed Into 3 forms on clinlcal, hacteriological and
on possible pathalogical grounds., These syndromes were described
as follows:

a) Gollsenticaemla

A syndiromz resulting in the rapid death of a calf and
assoclated with an E, goll bacteracmia, BRactoriological isolatlions
from the Interpal organs of a glven case are of a single strain In

pure culture.



b) Epterle, toxacmia

A syndroms also resulting in the rapld collapse and death of
a calf but asgsocliated with a massive proliferation of ceetaln
sporific stroins of E. coll in tho small intestine. There is no
hacteracmia and death i3 prosumad o ba due to a toxaemla,

¢) Enteric form

This 16 a syndrome asseclated with diarrhoea. Death depends
on the severity of the physiological disturbances Induced.

tt would appear that u@%!mépticaamia is caused by certaln
invaslve stroins of £, goll. Tho susceptibllity to this disease
is much Influenced by the dagres of passive Immunity which has
hoen obtainad by the calf. Calves which hove mcquired antibodics
from the cow are resistant o ''septicaemic invasion' by £, coll.
The specific nature of the protective antibody s as yot unhnown
as the sevoral possibilicles which hove been suggested have not
haen shown uanelusivalylﬁe he tmportant, Briggs (1951), Beiggs,
Ltovell, Aschaffenburg, Bartlett, Kon, Roy, Thompson and Walker (1851),
smith (1862). Experimentally the condition of colisepticaemia can
only be produced in colostrum deprived calves of 2 to 3 days of age,
Glantz, Dunne, Holst and Hokanson (1959), Smith (1962), Penhale (1965).

The enteric toxaemla Form §s generally assoclated with straing

of nseoid B

it

eoll which possess A type K antigens and belong to 0
groups &, 9 and 101, This syndroma, originally described In Canada
by Gay, tcKay and Barnum (1964D) has not yet been described in tho
United Ringdom. Since thoe publication of this description,

observations have been carried out by Smith and Halls (19678 and b)



on the ability of certaln straing of £. coll to produce dilataion
in tigoted seguents of small intesting, 1€ was shown thot a diltating
substance (enterotoxin) was produced by certoln pathogenle stralns,
This enterotonin was recovered From strains of B, coll which had the
antigenic structure 08:K7; 09:K9; and 010187, and which had been
recovered from calves with diarvhoea. A straln with an antlgenic
structure 078:1680, which is one of the stralns commonly assoclated
with collsepiicasmia did not produce any dilatation, it Is Interesiing
to note that an uniypable straln lovestigated by Smith and Hallsg
(1967a) was isolated from an outbreak of disease in very young calves
in the Hn&t@d Wingdom. The clinleal description, the fallure to
fsolate B, coll from the Internal orgons and the high level of passive
Immurity are all foctors which might make one suspect thot this was
an outhresk of enterlc toxaemia. 1t 1s possible that this syndroms
doas exist In this country but s at present belng midiagnosed,

The inportoance of E. cell in the pathogsnesis of the enteric
form of collbaciilosis s stifl in doubt. This Is largely dus %o
the inabliity of mosit workers (o reproduce the syndrome under
corefully controllad conditions., Smith (1962) listed a serlas of
polnts which in addition to the ong just mentioned, suggested to
him that there was ne bhacterial factor Involved in the causation of
diarrhoea. These points included the absence of Incriminating
sarological Tindings, the similarity of phage types of K. goll found
in the small Intesting of diarvhogic and heatthy calves, and the
changes in the predominant phage type of B goll during a diarrhosle

opisodo. The same author did suggest that the primary condition may



he aggravated by bacteris, a Tact which might explain the heneficlal
rosulis obtalned by the use of certain antibiotics elther In
prophylaxis or trebtmsnt,

in the deseription of colisepilicaemia It was mentioned that
suscoptibility to this disease was voery much dependsnt on thoe absence
of protactive antibodies acquired by the calf from its dam. These
antibodios ara presont in colostrum and are alisorbed intect from the
Intestina by o mochanism which I8 asctive for the first 2i » 306 howrs
of 11fe. The relationship botween the Ingestion of colostrum ond thae
development of septicaemla was demonstrated first by Smith and Little
(1922). OF 1D calves which were allowed to drink colostrum, otl
survived, In contrast, only 3 of a group of 12 colostrum deprived
calves swrvived, Further confirmation of this relationshlp vas
proesented by Aschaffenburg ond comworkers (194%a,h;  1951a,by  1953)
ond ingram, hLovell, Wood, Aschaffenburg, Dartlett, Kon, Polmer, Roy
and Shittom (1956). In a gserles of experiments conducted during 1950
te 1953 and fovolving 328 coalves, 26% of the 225 calves which
recalved colostrum dlied compoared with 91% of the 103 calvas which
vare colestrunm deprivad,

Uni 1l the work of Fay and Margadant (19061) In Switzerland,
no Investigation had beon carriced out inte the fmmune globulin levels
of neonatal calves born and reared under normal farm conditions and
thelr rolntionship to diseasa. These workers found that 5 (10,9%)
out of 46 '"normal" calves ot | week of age had o pronounced hypow
aganmaglobulinoemia In spite of having seceived colostrum, They also
found that 21 (95.5%) out of 22 calves which died of colisepticasmin

wore deficiant fn passively acquired globuling, In view of these



findings and the foct that disease In nconatal calves is a large
problem in this region it wos decided to Investignto the problem
of deaths in nowborn calves in relation to tholr state of passive
Toenun ity

The flrst problem encountered in this Tovestigation was the
cholee of methed of neasuwring tho voncentration of elrculating lumune
globulin., 0Of necessity, the test chogsen had to be relatively simple
and quick ©o perform sloce It was hopod that It might bo usad as a
mothod of sereening large batches of calves., The test which appeared
most sulted for this purposs was the zine sulphate turbidity test
described by Aschaffonburg (1249). The test was orlglnally designed
by Kunkel (1947) to measure alterations in the concentration of gamna
globuling In the serum of humans, This author and others, de la Huesrga
(1950}, Adner (1957), Discombs (1959), Reinhold (19560) have Invaestigatod
the correlation between the turbldity reactlion devaloped by this test
and changes in the serum protein profile consequont upon digscase,

In zhe test described by Aschaffenburg (1949) certain modifications
viaire made o the orfginal technique, the major one baling an incroase
in the concentration of the zinc sulphatoe reagont. This permitied
tho detectlion of the Increasas in the serum Tanune globulin concontration
which ocour after colosirum has been fod o newborn calves. Ho
invastigation was made by Aschalffenburg elther into {factors which
wight affect the test or Into a correlation betwean the tmmune gliobulin
proasent and the Intonsity of the turbidity reaction,

From the foregolng 1t Is avident that thero Is a lack of informéticn
on factors which might affect the zinc sulphoate turbidity test when

applied o cal¥ serum, Therofore, in the first part of this study



thare is described an Investigation using nconotal calf sorum, into
some of the factors which have heen shown to Influcnce the reaction
with human serum, $o thai the relative lmportance of these factors
might be ossessed, In view of this asgsessmont a standardised procedure
hos been adopted for the performance of the test. Using this procedure
the zinc sulphate turbidity reaction has baen calibrated in torms of
spocivic imaune globulin fraciions.

th pave 1) of this study, by mpans of the zine sulphate turbidity
tost, obsarvatlions hove been made on the serum Imeune globuiin
concentrotions of neonatal calvas, The changes which occur in the
concentrotfons of the lmmune globuling during cariy Hife have been
foilowad by other workers, wostly by measurement of the concenteations
of spaclfic antibodics o¢ electrophoretlcally datermined globulin
fractions., Dy use of the zinc sulphote turbidity test, these changes
have bzen followad in calves during the first 3 weoks of 1ife,

Secondly, In view of the rolatlonship between colostrum deprivation
and colisepticaomia, an investigation has been carried out Into the
corvelation hetwoen the concentroations of lmnune gliobulins in the serum
of market calves and neonatal wmortality, and Finolly, evidence is
prosented in the form of a twe year survey whlch demonstrates the
relative lmmune globulin concentrations of market calves in relation
L0 season,

As a rasult of the absorption of lmmune globuiin melecules Intact
from colostrum, large quantltios of proteln enter the ¢lrculation,
r addition to thelr Immunologicel functlon, other physical characterisiics
of these protelng may exert offects which may ald the survival of the

neonatal colf. The Intravenous infusion of proteln solutions has been



rocognised as a wethed of expanding the plasma volume through an
osmotic offect. Morcover, by virtue of thelr chemistry, proteing
are known to oxert & buffering action In solutions In which there is
a tendoncy to changes in pil.  Both of those aspecis have been
Investigated in poart ) of this study.

In the ultimate port of this study, a roview has been made of
the ltarature relating to the absorption of immune globullng by
domastic onimals. In calves two particular aspects of the absorption
mechanism have been investigated. The Tlrst aspect studied wag the
effect of the tine of {faeding on the Tinal concontration of serum
fonune globulin,  The othoer aspect investigated was an assessment of

the effleioncy of the absorption machanism,
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Description of Factovs influencing tha Zine Sulphate Turbidity

AT

Reaction and 1ts Heasurement

A mathod of estimating the alterations in the serum gammn
globulln concantration by a turbidinetric technique was described
by Runkel (1947). This technique fnvelved tha use of a very dilute
solution of zinc suiphate and I4s fnmadiate application was in the
measurcmant of seirum ganma globuling In humans suffering from liver
dligsease. The concentration of zine sulphate used gove wminimnl
precipitation with normal serum, but a readily detectable reaction
was abtained with hypérglabu*%naemic sara, A correlation was found
Batween the turbidity and the gamma globulln concentration as
calculated from the elactrophoretic pattern as wall as hetwaon the
turbidity and the total globulin concentratlion as deternfnad by the
Howe (1921a and b) fractionation technique.

In his original work, Kunkel (1947), showed that by increasing
ithe concentvation of the resgont used a corresponding increase ecourred
in the percantage of protein precipitated, Aschaffenburg (1949)
made use of this fact and adapted the origlnal test of Kunkel (1947)
for use In newborn calvos., The test then providad a method of
detecting the Increasas In the globulin fraction of sarum protains
which accur after the absorption of immunge globulins fram eolosteum,
The main alteration in the originel technlique was that of Incressing
the concentration of zinc sulphate from 24 mgms/litre to 208 mgms/Vitre,
This was necessary o order to obtain conditions under which no turbidity
aceurrod with the serum of calves deprived of colostrum, vhereas
turbidities of an intensity reflecting the amount of proteln Ingested

dovoloped after the calves had been glven colostrum. o the original
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publication, Kunkel (1847) found & close correlation betwaan zing
sulphate turbidity and gonma globullin ag well as total globulin,

This finding was supporied by Discombe, dJones and Winstanloy (1954),
who, using zone electrophorasis found a coafficlient of corvalation of
0.91. Other workers, do la Huergs, Poppar, Franklin and Routh (1950);
Ricketts, Sterling, and Levine (1951) and Adner (1957) have found tho
ralationship to be less close. Wilson, Brown and Hainiine (1957)
found a coefflelant of correlation of 0,59 using moving boundary
alectrophoresis to weasure the concentration of gamma globulin and
Reinhold (1960) found a similar corrvelation.

In a sarfes of calves fod different quantitias of the non-fatly
fractlon of colostrum an increasc In the zing sulphate turbldity as
mepasuired 1n a photoelestric absorptiomstor was found in those which
received 200 wml. and over, Aschatfenburg (1042). The colves which
reccived most hod on average the highest turbidity. The Increases in
totol serun and suglobulin nltrogen were not consistent and no attempt
vas made o correlate these Increases wore precisely with the zalne
sulphato turbidicy.

The conditions defined by Kunkel (1947) undor whilch the tost
was performed were determined as a rosult of Invostigotions iato gome
of the factors whilch may Influence the tuebidity reactlon. These
factors Included the offects of pii, lonic strength and altbumin
concentration.  Lotor authors have repoated these Investigatlons and
have describod other factors, de la Huergn gb oi. (1850), Discombe
et ol, (1954}, Yonan and Relnhold (1957), Reinhoid (1900}, the most
Important of which would seem to be the Influsnce of carbon dloxlde
and the temporature ot which the test 1s performed. Al of these

Invastigations have boen porformad on human sera wsing thoe more dilute
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reagent. Therefore, a study has been made of how these factors

affeact the zinc sulphate turbidity test performed on calf sera and
using the procedure described by Aschaffenburg (1949). The factors
Investigated are the cholce of fllter, the effects of time and
temperature, pH, jonic strength, albumin concentration, gamma globulin

concentration, and the use of plosma or serum.
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SUB=-SECTION A

Determination of the Optimum Filter for Use In the Measurement of Turbidity

Introduction

The majority of workers (Aschaffenburg, 1949; de la Huerga,
1950; Dlscombe et al., 1954; Neimann=Sorensen, Konggaard and Kruse,
1966) have adopted the recommendation of Kunkel (1947) and have used
light of 650 m/ wavelength or an l1ford No. 608 filter when
masasuring the zinc sulphate turbidity In a spectrophotometer or
colorimeter. Smith (1962) performed the zinc suiphate test on calf
sera using the filter described by Aschaffenburg, but In a later paper
(smith, 0'Nelll and Simmong, 1967) the test was modified by omitting
the use of a filter. No reason was given for this change of technlque.
Shank and Hoagland (1946) determined the absorptlon spectra of barium
sulphate, haemolysed red blood cells and a dllution of serum containing
14 mg% of bllirubin through the range of 400 to 700 mp . At 650 m
minimal Interference from light absorption due to billrubin or haemolysed
red cells occurred. As the wavelength Increased through the range,
there was a progressive decrease In the percentage of llight absorbed
by the barifum sulphate solution. Patterson (1967) compared three
simple laboratory tests for gamma globulins in calf sera, one of which
was the zinc sulphate turbldity test. He described how more precise
measurements of the turbidity were possible by use of a colorimeter
with a 625 (yellow-green) filter, or a spectrophotometer using 1ight
of u50 m p wavelength. It has subsequently been conflirmed by Patterson
(personal communication, 1968) that higher "absorbance' is obtalned

with Vight of 400 ~ 550 ma than with lTight of 650 mu wavelength,
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Bacause of the relatively poor Vight absorption obtained at 650 tn
wavelength it was declded to lnvestigata the use of other wavelengths
In measuring the 2ine sulphate turbidivy,

Exparlimont,

To Detarming the Absorption Specira of Neonatal Calf Haemoalablin and

kho Turbidity Produced in Calf Ssrum by the Zine Sulphate Reagent

RehFEEES

The zinc sulphate turbidlity test was performad on a non-hasmolysed
seruwn sample,  The turblidity was moasurad on an EEL colorimeter using
tha series of Hifeord spectrum fllters Nos. 621 « 608, For each fileor
used, the colorimeter noadle was adjusted to zero using a “hlank!
solution of distllled wataer,

A solution of haemolysed calf red cells was then prepared. This
was done by centrifuging o heparinised bicod semple taken from a calf,
The supernatent plasma was pourad off and the rad colls were re-suspended
in satine and than centrifuged again., This procedure was repoated
twice In order to provide o suspension of red hiood cells., Thesae were
then ruptured mochanically, re-suspended In saline and centrifuged In
order to minimise the cellnlar contont of the supernstant Fluid which
vwas then added to & colorimetor tube. The absorption spectrum of calf
haemoglebin was then determined by a simllar procedure to that
described abova,

The response curves of the Hford spectrum fllters arve given in
the handbopk of "Oporating Instructions' provided wlth the EEL
colorimetar. From the figure thereln, the wavelength corrasponding
to tha maddmum transmission for each filter was determined and ig

shown in Tahle V.1,
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Filrer No, Colour Wovelength . (np)
621 Viclet 460
622 Blue A6
623 . Blue-green La0
G2h Green 520
628 Yol lowsgroon Gh0
626 Yellow 570
6067 Orange &00
608 Red 680

The colorimater reading for each Filter tested was then plotted
agalnst this wavelength, and is shown In Figure Bo. 1.1 These rosults
indicote that for both solutlons greoter “absorbance' and hence
sonsitivity is found whon light of wavelsngths shortor than 650 injx
are employed,

Btgcggéimn

It would appear that the absorption spectro obtained for the zing
sulphate turbidity tost and haomolysed calf red hlood cells Is
approximately stmilar to that obtained by Shank and Hoaglond (1946).
Thore 1s greoater sensitivity to both zince sulphate turbidity and
haemoglobin ot the shorter wavelengths l.e, filters Nos. 621 » 625,
Within thls ronge filter No, 623 would appear to be leost sensitive
o hacowglobin,

Lonclusions

in the routine parformance of tho tost It wes decided therefore
to use a Mo, 623 filter and to Include a control tube containing
0,1 ml, sorum end & nl. distillad water, This procedure minimisas
the offects of haomolysis whlle gliving greator sensitivity to the

maasurement oFf turbidity.
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Fig. 1.1. The absorption spectra of calf haemoglobin and the turbldity
produced by the zinc sulphate turbidity reaction.
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SUBSECTION B

B e e e o

Jhe Effects of Thaa and Temserature on the Zipe Sulphate Turbldity Reaction

introduct Lon

As with any chemlcal reaction, the rate at which turblidity
dovelops 1s Influenced by the temperatura of the reagents and the
time allowad for the development of tho reactlon. Although most
workers have adopted standard conditions of tima and tomperature for
the zinc sulphate resaction relatively little Investigatlon has been
made of the lafluence of these factors on this test.

lunkel (1947) allowed the reaction to proceod for 30 minutes
before measuring the anount of turbidity. No wmention was made of
temperatura control so presumably It was performoed at room temperaturo,
Discombe ot al. (195%) allowed the r@ama!un Ymore than 10 but less than
120 minutes®, and mode no specific mention of temperaturo. Yonan and
flatnhold (1957) allowod the test to stand for 30 winutes and malintalined
it at 267 i,ia. Aschaffenhburg (1949) allowed 1 hour to pass bofoire
mezasuring the intensity of the Flocculum and noted that at this time
the reaction was not qulte complete.

Do 1o Huerga and Popperr (1950) using another turbidity test to
estimate the amwunt of gamma globutin present In Serum noted that
turbidity Increased rapidly during the first fifieen minutos and then
becams falrly constant for more than ono hour. After Lwenty four hours
the readings were greater by 10 « 15% than the 30 minute readings.

This they attvibuted to hydration of the preciplitate, sinca chemicolly
both amounts were Tdentical., They concluded thot a poeriod of 30
minutos was hest, The sama authors neted that there was about 30%

Toss turbidity if the veactlion was performed fn the 'ice box"
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{ecvunl tamporature not given) and a 30% Increase If performed at 3790.
At 56°¢ there was an increase fn turbidity of up to 50%. In the range
batveon 209C and 30°C the differences did not exceed 1% per centigrade
dogree. Thoese differences waere ascriboed to alterations In hydration
and 1t was suggoested that for precise determinations the test should

be performed at 25°C., Helmanne~Sorensen, et al. (1966), using the zinc
sulphate turbidity tost on calf serum, noted that the reaction was

very sensitive to temperatures over 20%¢. They have parformed this
test at 22 - QSQG and have measured the turbldity after 60 « 70 minutes.
Pattersen (1907) assassed the turbidity 69 minutes aftor mixing, but

no mention I8 made of temperature control,

Expariment,

of Tine and Temperature on the Development of
the Zinc Sulphnte Turbldity Reaction

In order to clucldate the effects that {imz and temperature have

on the ampunt of turbldity dmvaiapmd,‘thm following experiment was
parformad,

Ten gerum samples from young calves ware selected at random. The
zinc sulphate turbidity test was performed as follows.

Yo a 10 mi. colorimetor tube containing & ml. of zinc sulphate
solution (208 mg. per litre), 0.1 ml. serum was addad (Test). An
Idontical velums of serum was added to o matched colorimeter tube
contalning 6 ol. of distilied water (Control). The reagents were
mixad by gontle shaking for a few seconds and then allowsd to stond
in o test tube rack until the required time had elapsed. The solutions
ware gently shaken agaln @0 ensure an even suspension, The turbidity
was measurad on an EEL colorimetor, using a Biuvesgreon Tilter (11foird

Mo. 623) and having previously zeroed the instrument with a tube
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containing distilled water., The difference between the reading obtalned
from the test and conirol tubes was taken as the turbidity reading.
The test was vead at four fixed time intervals after the Initlal
mixing of serum and zinc sulphate solution, namely 15, 30, G0 and 120
)

minutes, Five different temperatures were chosen and the serum wos
added to the zinc suilphate soluiion after ¢ had equillibrated with the
amblient temperature. The lowest temperature (6°C) was obtalned by
allowing the tubes to stand In a rofrigerator. The upper three
temperaturas (25°C, 31%, 37°C) were obtalned by standing the tubes
In o water bath. The FIfth temporoture (20°C) was the amblent
tomperature of the laboratory., The results of this experiment are
shown in Figure 1.2,

From these resulls 1t can ba seon that the reaction continuas
to develop throughout the period of 120 minutes and s Influenced
grently by temperature. Toble 1.2, shows the effect of temperature
on the rote of development of the turbldity reaction,
Jable 1.2,
Temperature Ranggi(ﬂﬁ) 6220 20 - 28 25 = 91 31 ~ 37

Tima {ming) Parcentage Increase in Turbidity

B b e

por Centlarade Deqree

15 1.08 2.7 13.5 6.2
30 1.08 5.1 2.6 3.9
60 1.26 6.7 2.0 24
120 1.97 6.0 7.8 2.5

Dscusslon
it would appear that for any time between 30 and 120 minutes

the rates of development of the turbidity reaction are qulte similar.



Fig. 1.2, The effects of time and temperature on the development of
' the zinc sulphate turbidity reaction In calf serum,
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Howrever, the rate of development is not unlform throughout the range
of temperatures studled, the greatest rate helng seen in the 25 - 1%
range. Compared with the rate of 1% per Centigrade degree daﬁcrlbed
by de 1a Huerga and Poppar (1950) using the ammonium sulphate-sodium
chlorido turbldity test, the percentage incireases found here for the

game range of temperatures arg much higher.

In view of these findings 1¢ would appear thet the reaction is
partlcularily sensitive to temperatures above aﬂQC. whareas the effect
of time s relatlvely constant. {deally, the test should be performad
at o constant temperature in the reglion of 20°¢ and should be read after
a fixed time has elapsed from tho start of the tesi, probably one hour.
in the subsequent studies of factors Influencing the zinc sulphate
turbidity reacilon and 1n the adoption of a standardised technlaue,
the test has been performed at about 20°C (room temparature) and has

been read after one hour,
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SUR=SECTION C

The Influence of pilon the Dovelenmont of the Zine Suilphate Turblidity

Raeact ion

The pH of the resgent s of importance. |t was shown by Gurd

and Goodman (1952) that the binding of zinc fons by human serum
alhumin was competitive with thet of hydrogen fons and that o fail

in pH cccurred when zinc fons ware added to a solution containing
albumin, Tenford (1952) and Gurd and Goodman (1952) presentad evidence
which suggested that zine lons combine with Imidazole groups of
histidine residues of proteins,

(unkel (1947), using a copper sulphate solution, showed the
effects of vorying pH and fonlc strength., He found that the hest
differentlation batwaen normal and hepatitis serum accurrad In the
pH range 6.5 = 7.5 and in the presence of a low lonic strength (1 = 0,01).
In order o maintoin a constant pl of 7.5, he used a barblturate buffer
containlng 260 mg. barblituric acld and 210 mg. of sodium barblturate
por litre. His ultimate preference for zinc sulphate lnstead of
copper sulphate was Influencod by the reactlon of copper with barblturate,
with wiich 1t forms a preciplitate, I kept Tor any longth of time,

Aschatfenburg (1959) found It unnecessary to use buffer and usod
anly distilled water of neutral pH in making up the zinc sulphate
solutlon. UYhere necassary, the pl of the water was adjusted to
neutrality by the use of dilute acid or alkali. Other workers, howsver,
have continved to use barb!turate buffer, Discomba (1954), Yonan and
Reinhold (1957), although Reinhold (1960) had cause to alter the
rafative concentrations of the reagents o 302 mg. barbituric acld and

190 mg. sodium barbiturate per litre because the original buffer
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concentrations provided an slkaiine pH in his laboratory. He clalmed
that deviations of morae than 0.05 from pH 7.5 would cause alterations
in the turbidity produced,

it is interestlng to note that Maclagon (1948) doubted that a
buffer of tonle strength lowar than 0.01 would be able to exert any
decisive Influonce on the pH of the reactlion mixture. Tha buffer
proposed by Kunkel (1947) has an lonic strength of about 0,001 and
tharefore may not be offective In regulating pH,

Serfous changes In the pH of the reagent were found to occur if
the solution was allowed to absorb carbon dioxide, Discombe, Jonas
and Winstanley (1954). In order to overcome this source of error,
Discombe (19%9) kept the zinc sulphate reoagent in an automptic burette
protestad by a sods Vime tube. The serum sample was dispensed using
a capillary pipette and a test to prevent possible change of pH If
oxpired aly were to entor the fiuid. Relnhold (1960), recommanded that
the distiiled water used for making up the reagent should be boiled
for 10 minutas in order to drive off dissolved carbon dioxida.

Yonan and Relnhold (1957) noted that zine sulphate turbidity
readings were lowered I the measurements ware dolayed by one or two
hours after gseparating the serum from the clot. Although actual
measuremenis ware not made, t was assumed that this was due to a loss
of carbon dioxide. A series of sorum samples in which gaseous exchange
with the atmosphere had beon minimised by use of a mineral ol seal,
gave unexpected resulis., The zinc suiphate turbidity rose significantly
after storage. The reason for this was unexplained. Rolnhold (1960)
stotad that by cxposing serum which has equilibrated with the atmosphere

to alveolar olr or a gas mixture contalning 5% carbon dioxide In



22

nitrogen for one to two wminutes the original turbidity was almost
restored. Retnhold and Yonan (1956) found that removal of free
carbon dioxlde by exposure of sera to a vacuun lowered the readings.
Exposure to an atmosphera high in carbon dioxlde coused an increase
in the readings.

Possibie explanations for this phenomanon were put forward by
Relnhold (1860) who suggested that carvbon dioxide may foerm carbaming
derivatives which then react with zinc fons to form Insoluble salis,
Alternatively, tho combination of carbon dloxide with gamma globulin
may atter tha @mnfﬁguwatién of the protein molecuie so that the
imadazoiyl groups become more accessibio to the zine lons.

1o bDoterming the Influence of pH on the Development of the Zinc Sulphate

A AT T

Turbidity Reactlon

The followlng experiment was performed to Tind out what effect
pt had on the zinc sulphate reaction, Twenty calf sera with turbidity
readings batween 0 and 40 were selected, These sera were then tested
using:

1) uUnhuffored zinc sulphate solution, Aschaffenburg (1949).

2} Zinc suiphate solution to which had beon added barblturate
buffor in the proportions described by Kunkel (1947), t.e. 280 mg.
barbituric acld and 210 mg. sodium barbiturate per litre,

3) A zine sulphate solution ta which had heen added
barblturate buffer in the proportions described by Roinhotd (1960),
foe 302 mg. bavbituric ocid and 190 mg. sodlum barbitone per litre,

The test was allowed to devalop for 60 minutes at room temperature

before balng read.
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The measured pH of these solutions were rospectively:

1) pH o= 4,7

2) pH = 7.53

3) ph = 7.6
The results are shown In Flgure 1.3,

1 was found that the Runkel huffaer depressed the development
of the reaction so that only ona reading higher than 2.5 was ebtalned,
Compared with the unbufferad solutlon the Reinhold bu¥fer gave results
which were conslistently lower, the difference belng mast marked at
the highest laveis.
Blscusaion

These results would appear to confirm the lmportanse of the pH
of the reagents. The poor results obtalned with the Kunkel buffer
would agree with the findings of Retnhold (1960), who acted that It
nroduced too alkaline conditions for the test. A possible reason for
the difference existing batweon the unbuffered reagent and the one
contalning the Reinhold buffer may be the Increased ionic strength of
the bufferad solution., Howaever, the calculated fonic strength of
the buffered zine suiphete solution fs | » 0,0039. (For buffer systems
sonslsting of o weak wonobasic acid and its alkall metal salt.eiiescesne
the Ionic strength Is equal to the concentration of the salt (Long,
1861). By reference to Flgure 1.4, showing the effect of lonle strength
on the development of ﬁuéhidityg it can be seen that tha depressant
effact may be calculoted from the regrossion equation, l.e, vy =
2,987 + 1.805. For an lonic strength of 0.0039, the corresponding
deprassion s 0.7 zine sulphate unlts., 1t would appesr, therefore,
that the increased lonlc strength of the buffered solutions is wnt the

major factor causing the depresgion,



Fig. 1.3. The offect of pH on the zinc sulphate turbidity reaction.
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Conclusions

It would appear that under the conditions exlsting In this
laboratory higher turbidity readings may be obtained by the use of
unbuffered zinc sulphate reagent. The buffers recommended by Kunkel
(1947) and Reinhold (1960) cause a depression of the turbidity reactlion.

In the routine performance of the turbidity test, therefore, no buffers

have been included.,
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SUB=SECTION D
The Influence of lonie Strangth on the Zinc Sulphate Turbidlty Reaction
Introduction

lonic strength s a measure of the electrical fleld exlsting

In o solutlion and Is calcuiated from the formula | = ﬁ-l:[}] 2‘2 vihere
i = jonle styrength, | = concentration of the lon, Z‘ = the net charge
of the lon and), Implies a summatlon over all the tons in the solution.
Use has been made of this fact In many of the flocculation tests used
In humen medicine, Maclagan (1948) raviewed 9 tests, facluding the
zinc sulphate test of Kunkal (IS47) and showad that the serum dilution
factor ranged from 1 to 61 and the lonl¢ strength of the various
reagents varied from 0.15 to 0,002,

Kunkel (1947), using a coppor sulphate solutlon, observed the
turbidity produced undar different conditions of pH and lonic strength.
Ho found that greater turbidities occurred when a solution of lonic
strength | = 0.01 was used rather than one of strength 1 = 0,1,
Experiment

To Baternine the Effect of lonie Strength on tha Zing Sulphate
Turbidity Reaction

The method used to Iavestigoate the effect of lonic strength on
the Intensity of the turbldlity reaction was as follows. A solution
of zinc sulphate (250 mg./Vitre) was prepared using boiled distillod
water. From 10 ml. of physiological sallne (B.5 g. NaCl per litre)
a serles of 1:1 ditutions was prepared, l.e. 1/2, V&, 1/8, 1116,
again using distilled water as diluent. The lonic strengths of the

orlginal and the modlified zinc sulphate solutlon are shown In Table 1.3,
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Qriglnal 1716 1/8 (VL) 12 1
lonic Strenath 2.8 haty 5,9 8.9 15 271
(L 19“3)

The test vas carviod out uslng 5 ml, of the zinec sulphate solution,
1 mi, of the sallne or one of its dilutions and 0,1 wl, of serum.
The offect of lonfc strength on the Intensity of the turbidity reaction
was found in 10 different serum samples, the turbiditias of which
ranged from 15 to 50, The results obtained are shown In Figure No. 1.4,
The eoffect of increasing the foni¢ strength of the reagent Is
such as to cause a depression of the turbldity developed. The range
of tonic strengths tested was from | = 0,004% to | = 0,027V, It wlll
he seen that the regression line Intercepts the v axis at 0.0018, a
value which 1s only 0,001 removed from the calculated ionic strength
of the original zinc sulphate sotution,
Discusslion
The results obtained In this Investigation confirm the Importance
of low lonte strength fn this reaction. In order to obtain this low
tonle strength o serum dilution factor of 61 has been amployed. This
Is necessary t¢ raduco interferonce from electrolytes present In the
serum. 1o view of this 1t is interesting to speculate whather the
alterations In the fluld and electro]yta concentirations seen as a
rasult of certaln dliseases would be reflected by an alteration of
the zlnc sulphate turbidity. For example, in neonatal dlarrhoea In
calves, the loss of Fluld and uitimate reduction of tho plosma volume,
Fisher (1965), might be expected to couse an increase In the turbidity

reaction. However, there 15 o simultancous motabollc acidosis, the



Fige t.4. The depressant effect of Increasing lonlc strength on the
' zlnc sulphato turbldity resction in calf serum,
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effects of whlch might depraess turbidity due to change of pH and the
disturbance of the ralative proportions of eleoctrolytes and possibly
fonic strength.
Longlusion

The rosults found hera agree In principlo with the findings of
other workers. Factors which couse an Increaso In the lonle strength
of gerum or the zine sulphate solution will tend to cause a depression

of the turbidity reaction.
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S5UB=SECTION E

The Influonce of Albumin Concentration on the Dovelopmant of the

Zine Sulphate Turbidity Reactio
AR s A Sy g

In patients with Viver disease, Kunkel (1947) produced a slight
fall In the Intensity of the turbidity reaction by administering
Intravenously large amounts of human albumin. He also demonstrated
by adding human albumin to poslitively reiding scrum taken ¥rom
patients suffaring from hepatitis, that there was a decrense in the
amsunt of globulln precipitated. ¥From a graph, It appeared that the
depression did not become evident until the eoncentration of albumin
exceaded 1 g. per 100 mi. above which concentration the depression
Increased until concentrations of about 20 g. of albumin per 100 mi,
were obtalned.

De la Huerga and Poppoer (1950) attempted to study the mechanism
of zinc sulphate turbidity by adding human serum albumin to gamma
globulin solutions and to sera. Vhen albumin was added to 1.2% and
2.5% gowma globulin solutions, up to o concentration of | g. per 100 mi.
the effect was to ralse the Intensity of the turbidity., Lavelsz In
excoss of this, howsver, had o deprossant effect. The result of
adding atbumin (1.5 g. per 100 ml,) to normal ond pathological sera
was to deprass the turbldity by 20 « 50%, the percentoge depression
belng lowar In these sera with high turbldities.

Exporlnent

To Betermine the Influecnce of Inceaasing Albunin Cencentrations on the
Turbidity Reactlon

The mathod usad to dotormine the Influence of albumin on tho zine

sulphate ronctlon was as follows. A range of concentrations (2.5, 5,

10, 15, 20 mg. por mi.) of hovine albumin solution was preparod by
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dissolving crystallised bovine albumin (Armour Pharmaceutical Company
Lid,, Eastbourne, England) in distilied water and making serial dilutlons.
A more concentrated solution of zine sulphate (250 mg. per 1itre) than
the one described by Aschaffenburg (1989) was prepared using holled
distilled wvater., This increased concentrotion fs to allow for the
dl lutlon which occurs when the albuwin solution I added. Flve serum
samples with turbldity readings ranging betwean 30 and 50 were selected
and the test parformed in the following manner. For cach concentration
of athumin solution 5 colorimeter tubes wore sot up. Into cach was
added § ml. of tho zinc sulphate soluiion, 1 ml. of the appropriate
albumin solution and 0.1 wml. of each serum sample. Thereafter, the
performanca of the Cest was as described previously., A depresston of
the turbid?ty react fon was noted only at albumin concentirations of
greater than 25 mg. per ml.  The results are shown in Figure No. 1.5.
Discusaion

The range of albumin concentrations studied In this expoariment
is equivatent to the range 25 ~ 200 mgs. per ml. 1§ wag found that
increasing concentrations of albumin had a depressant effect on the
development of the turbldity reaction. The higher concentrations of
albumin vsed by Runkel (194%7), t.c. up te 200 ngs. por mi. are outwlth
the valuas seen in normal or pathological sara. tHowever, the depression
of turbidity obsorved by this author began to be apparent at lovels
greator than 10 mg. por mi. De la Huergo gt al. (1950) found that the
deprassant effect was obvious at this concentration. From the results
obtalned in the present work It would appear that there Is very little
dapresston of turblidity below concentrations of 25 mg. per ml. To

confirm this point, o second series of albumin concentrations was



Fig. 1.5. The effect of albumin concentration on the zlnc sulphate
turbidity reactions
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prepared, equivalent to the range 0 to 40 mg. per ml. The results

are shown in Table 1.4. and from these It would appear that a significant
depression of turbidity does not occur within this range of
concentrations,

Table 1.4.

The Effect of Albumin on the Zinc Sulphate Turbidity Reaction

Added Albumin mg./mt. 0 2.5 5.0 10,0 20.0 30.0 40.0
Average Turbidity 43,7 h2.9 k3.2 434 k4,0 K25 k2.5
Difference - «0.8 «0,5 40,1 0.3 +0.3 ~1.2

The normal concentration of albumin in the serum of newborn
colostrum deprived calves has been measured by several workers.
Roberts, Worden and Rees-Evans (1954) found concentrations of
3.15 & 0.28 g. per 100 ml. serum, and Pierce (1955a) found 2,68 + 0.1 g.
per 100 ml, serum, It would appear, therefore, that the normal
varfations encountered In the serum albumin concentration are unlikely

to affect the turbidity reaction.

Conclusions

From the results obtained, 1t would appear that within the
range 2.5 = 30 mg per ml, the depressant effect of albumin is so
slight as to be undetectable by the methods used. A signiflcant
depression would begin to be apparent only when albumin in
concentrations of 40 mg per ml and over are added to the levels

existing naturally In the serum.
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SUB-SECTION

To Determing the Effect of Addinag Bovine Samma Globulin to Hypogammn-~

globulinaenic Calf Scorum

In view of thae fact thot the serum of newhorn calves 1s markedly
hypoganmaglobulinaemic untli lactoglobuling hove been absorbed from
tha colostrum, the addition of gamma globulin to such sera would
allow a method of quantitating the zinc sulphate turblidity test through
the range of levels encountared naturally. A preperation of bovine
gamna giohulin is available commercially, (Armour Pharmaceutical
Company Lid., Eastbourne, England), which has bean prepared by the
Cohn fractlionation technique and Is tha equivalent of fraction 11,
This has beon used in the followlng experiment.

Experiment
Yo Determing the Effect of the Addition of Known Quantltlies of Bovine

NI e el

ocn Solostrun Doprived Galves

Gomma, Globulin (Armour) to the Scrum of Newhorn Colostyrum Deprived Calves

were made up In distilled water at concentrations of & and 5 mg. per ml,
respectively. Oy means of serial dilutions from thaso concentrations,
solutions of the following concentrations were made up: 5, 3.75, 2.5,
1.25, 0.62, 0,31, 0.15 mg. per ml, and &, 3, 2, 1, 0.5, 0.25 mg. per ml.
Due to the fact that 0.1 wml. of serum I3 used in the test, these
concentrations are the equlvalent of the range from 50 to 1.5 mg. BGG
por mi. serum. Serum samples wore obtained from 10 newly born colostrum
depirlved calves, split Into 2 groups, cach containing 5 samples and
submitted to the zine sulphate turblidlty test usling the standard
technique.

Tha turbldity test on the samples contalning DGG was performed as
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follows. Each concentration of BGG in a series of dilutions was
tested agalnst 5 of the serum samples; theraefore, for each concentration
5 colorimeter tubes were set up and to each was added 5 ml of zinc
sulphate solution. This soluiion was made up at a strength of 250 mg
ZnSO#7H20 per litre, In order to allow for the dilution which occurs
when the globulin solutions are added., To each of the 5 tubes, 1 ml
of the appropriate solutlon was added., Flnally, 0.1 ml of serum was
taken from each serum sample and added to one tube. Thereafter, the
performence of the test was as described in the standard procedure.
The average turbldity obtalined from each concentration of BGG used was
calculated and the results are shown in Flgure No. 1.6.

It would appear that the relationship existing between the
turbidity developed by the zinc sulphate test and the concentration of
BGG added to the serum Is linear only up to levels of about 30 mg BGG
per ml. Thereafter, the turblidity would appear to increase In an
exponential manner.

Piscussion

The regression equatlion for the correlation between zinc sulphate
turbldity and BGG concentration helow values of 30 mg per ml Is
y = 0.8¢ ~ 0.2, Comparing this equation with the equation calculated for
the correlation between zinc sulphate turbidity and IgG concentration,
namely y = 0.97% -~ 1.95, It would appear that the slope of the two lines
ts quite different. An explanation for this may be that during the
process of fractionation of BGG certalin changes may have occurred In the
stiructure of the gamma globulins which are reflected In the turbidity

reaction. In addition, It can be demonstrated by means of



Fig. 1.6. The affect on the zinc sulphate turbidity reaction of
adding a bovine gamma globulin preparation to
hypogammaglobul inaemic calf serum.
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immunoelectrophoresis that the BGG s not a preparation of pure Ig@

but contains traces of other globulfn fractions (Penhale, personal

communication).,

Conclusion

The effect of adding known quantities of a preparation of
bovine gamma globulln to hypogammaglobullnaemlic calf serum has been
Investigated. A linear relationship appears to exist between the
amount of BGG added and the turbidity developed by the zinc sulphate
test only up to concentrations of about 30 mg BGG per ml. The reason
why this relationship does not hold at higher concentrations of

bovine gamma globulin preparation is not known.

33
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SUB=SECTION G
The Comparatlive Turbidities Dovelopad by Serum and Plasma

It has generally boen accepted by all workers who have used the
zine sulphate turbldity test that it should be performed on serum
rather than plasma. The rcasons for thls are several. The effect
of whatavar anti-coagulant Is used on the turbldity reaction must be
ascertained. Heparin 1s reportad by Horn and Kovacs (1959) to cause
a decrcase In zinc sulphate turblidity. These agents which inhiblt the
clotting mechanism by selectively binding calclum lons may possibly
influence the reaction either by thelr effect on the fonlc strength
of the reagents or Indirectly by their effect on the calulwm ifons,

The role of calcium in the zinc sulphate turbidity reaction is unknown.
The action of some antli-coagulants 1s not long and this may allow the
dovelopment of fibrin clots if samples are stored Tor soma time.
Finally, the effect of variations In the fibrinogen concentration may
causa different turbldlity readings from samples with the same gamma

globulin concentration.

Exper lment

To Compara the Zinc Sulphate Turbidity of Serum and Plaswa Taken from
khe same Animal

Serum and plasma samples were taken From a group of nhoonatal calves.,
Hepario was used as the anti~coagulant for plasma samples. Those samples
were then submitted to the zinc sulphate turbidity test and the results
obtalnad are shown in Figure No. 1.7. 1t would appear that plasma gives

a grentor turbidity reaction than serum,



Fig. 1.7.
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Dlscusslon

The difference In turbidities betwasn serum and plasms 1s most
marked in the samples with the lowest turkidities, but becomes Vess
so In gamples In the higher ranges. The average plasma turbidities
ware higher by 7.8, 5.4, 5.1 and 2.8 zinc sulphate turbidity units
than the corrvesponding sorum turbidities In the ranges of 0 to 10,

10 to 20, 20 to 30 and 30 to A0 respectively.

The depressant actlon of heparla on the zinc sulphate turbidity
reaction reported by Horn and Kovacs (1959) 15 not apparent in these
rosults, Possibly this effect has heen masked by the prosence of
fibrinogen.

Canclusion
The use of plasma in place of serum s not recommended since the

affect of fibrinogen Is not equal throughout the range of turbldities

likely to bo encountered.
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SUB=SECTION H

lopeatabll ity of the Zine Sulphate Turbldity Tast

P

To ascertaln the repeatabllity of the zinc sulphate turbldity

test, the following experiment was performed,

Five separate determinations were made on six different serum
samples in the following manner,

A solution of zinc sulphate (208 my. 2n3047H20 per litre) was
prepared In a volumetric flask using distiiled water which had been
holled in ordar to remove dissuived carbon dioxide. 7his solution
was protected agalnst the uptake of carbon dioxide by the insertion of
a soda llme tube into the stoppor of the container.

The test was porformed In sets of matched 10 mi. colorineter
tubes. For esch sarum somple a set of 5 “control' tubes contalning
6 ml. of distilled water and 5 “test" tubeg contalnlng 6 ml. of the
zine sulphate reagent were set up. To each of these tubes 0.1 wml. of
sorum vas dellivered from an autozero high precision pipette. The
solution was then genily shaken In order to ensure proper mixing, and
then the tubes wers allowed to stond at room temperature for 60 minutes.,
After this perfod, the tubes wore reshalen to ensure an even suspension
of the precipitate and thon Insarted Into an EEL coloriméter, using
an 1ford 623 fllter. The meter had been previously zeroed on a
colorimetor tube contalning 6 mi. of distilled water.

Tha results are shown In Table 1.5.



TABLE 1.5

he. Bepeatabllicy of the Zlne Sulphate Turbidity Tost,

Mean and Standard

Test Control Reading Deviation
Serum 1 1n.s 2.0 9.5
H.5 2.5 9.0
10.0 2.5 7.5 9.0 = 1.1
11.25 0.75 10.5
1.5 2.75 8.75
Serun 2 20.75 0.25 20.5
20.25 1.75 18,5
20.0 1.6 18.5 19.0 + 0.8
20.75 1.75 19.0
20.25 1.75 18.5
Serum 3 27.5 1.0 26.5
27.0 2.75 24,25
27.5 2.5 25.0 25.1 + 0.9
28.25 2.75 25.5
27.0 2.7 24,28
Serum & 34.75 2.25 32.5
33.5 2.0 31.8
358.5 2.0 33.5 33.0 v 1.4
34,0 175 32.25
35.5 0.25 35.25
39.5 1.25 38.25
3075 1.0 38.75 38.1 + 1.1
39.5 0 33.5
37.5 1.0 36.5
»%5:.!'”%" Eé L’" .5 ‘ 5 zfﬁo@
h3.0 1.75 .25
b3,.5 1.5 Lz.0 4.9 + 0.8
LY.5 1.25 40,25

hz.5 1.25 i1.25
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Conclusion

The standard deviation calculated from all the determinations
Is & 0.97, |t would appear, therefore, that In this laboratory the
zine sulphate turblidlity test s repeatable with an accuracy of about

4 1 unit.
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GENERAL DISCUSS 10N

Before attempting to calibrate the zinc sulphate turblidity test,
It was found necassary to ascertaln what influence certaln factors
onerted on tho zlne sulphate turbidity reagtion. Morsover, thea
repantabiiity of thoe rcaction remained to be establlshed,

Greater sensltivity in measuring the amount of turbidity
deveiopad by the veactlion was found by use of a Blue~green filter
(11ford No. 623). Use of this flliter Increased the sensitivity of the
colorimetor to haemsglobin, but this source of ervor was mininised
by the use of control samplos.

the amount of turbidity was found to be Influenced by the
tempaerature of the veagents and the time allowad for the veaction to
develop. Variatiens In the temperaturae, espaclally ovor 25°%¢ produced
large vorlations In the turbidity. This lotter fact would suggest
that in the performance of the test the tawporature of the reagents
should be controlled and bo less than 25°C,

Buffers used by other workers had the effect of rendering the
zinc suilphate solution alkaline and consequently depraessed tho development
of turbldicy. That this should be so may indicate that the pravention
of cavbon dioxide uptalke by the zing suiphata sofutlon Is an lmportant
precaution, in addition to the boiling of the distilled woater prior
to making up tho solution,

An Increase In the fonic strength of the zing sulphate salution
rasulted In a depression of the turbidity, Similarly, atbhumin had
the effect of depressing turbldity If added to the zinc sulphate
solution In concenivations greater than 5 g. per 100 ml, 1t has been

aoted proviously that concentrations of this magnitude are not normally
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found and therofore no correction factor or estimation of albumin
concentrat ion are necessary.

A preparation of bovine gamma globulin (Armour) caused the
turbldity to Increase Inalinear fashion wntil a concentration of
30 mg. per ml, was attalned. The deviatlon from linearity at higher
concentirations in additlon to the difference between tho regraession
aquation calculated for this preparation and the specific lmuune
globutin fractlons (Section B) procludes the use of this preparation
In tha callbration of the zinc sulphate turbidity reaction,

it was found that plasmo samplas gave rise to higher zine
sulphate turbidity readings than the corresponding sarun somples. The
offect of fibrinogen was most marked In those samplaes with the lowest
turbldities but become less so when higher turbiditles were reachad.
Sarum, tharoefore, would appeor to be the more sultable substance on
which to attompt a calibration,

Finally, uwndor standard conditions, the test was ropeatable with
an accuracy of &+ 1.0 unlt.

In view of the findings of other workers and the rasults obtained
from the preceding experiments, the following technlque was adopted

in the performance of the zinc sulphate turblidity test.
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Zlpe. Sulphate Turbidity Test » Procedure

Consldering the technical difficulties Inherant in obtaining
anaerebie blond samples togother with the fact that the mineral ofl
secal moy ltsalf couse an olevated reading for unkaown reasons, Yonan
and Relnhold {1957), 1t was dacided not te employ this technique,

A1l sera ware soparated from the ¢lots and no attempt was uade to
provant the sera from equi Hbroting with the atmosphare.

A solutlon of zine sulphate (208 mg. Znﬁﬁk?ﬁaﬂ par 1ltre) was
prepared In a volumetric flask using distilled water which had boen
boiled for 10 « 15 minutes in order to remove dissolved carbon dioxide,
This golution was then kept In on asplirator bottle and was further
protected against the uptake of carbon dioxide by tha Insertion of &
soda Timoe tube into the stopper. The aspivator bottle was connected
by means of polythene tubing to an automotically dispensing pipette
(. G. Flage & Sons Ltd., Excolo Works, Margate Road, Broadstalrs, Kent)
sot to dellver & mi. An ldentical arrangement was used to deliver the
distitled water for the control tubas,

The test wos performed in sets of matched 10 ml, colorimater
tubes. For each serum sample tested, a "control' tuba containing 6 wil.
of distillad water and a "test' tube containlng 6 ml. of zinc suiphate
solution waere set up. To each of these, 0.1 ml. of serum was delivered
from an autozaro high precision plpette, (H. J. Elllot Ltd., E~Mi)
Works, Treforest, Glameorgan). The solution was then gently shaken In
ordor to ensure mixing of the reagents and tubes were aliowed to
stand for 60 minutes at room temperature, which was 20”c. After this

tima had elapsed, the tubes wera shalen again to ensure an oven
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vedistribution of the precipltate and inserted into an EEL colorimeter.
Using an !1ford No. 623 filter (blue~green) the colorimeter had been
previously zeroed by means of a tube containing distilled water. The
turblidity reading was found by subtracting the reading obtalned from
the ''contiol' tube from that of the '"test' tube.

In order to ellminate vartations In the sensitivity of the
colorimeter and to facilitate comparlson of the results obtained In
this laboratory with results possibly obtained In the future in other
laboratories, the barlum sulphate standard recommended by Shank and
Hoagland (1946) for use in the thymol turbidity test was adopted.
Three mi of a barium chloride seolutlion contalning 1.15 g Ba812.2H20
per 100 ml were made up to 100 ml In a volumetric flask with 0.2 N
sulphurlc'actd. The turbidity produced by this standard when measured
under the same conditlions as used In the zinc sulphate turbidity test

was such that It caused a deflectlon of 20 on the colorimeter scale.
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SECTION B

B ISP TR

Calibration of the Zinc Sulphate Turbidity Tost

dntroduct ion

Sevaral workers have attempted to correlate the degreo of
turbidity produced by the zine sulphate reagent with the concentration
of the globulln fraction of sorum, HKunkel (1947) found close corralation
between the turbidity and the gamma globulin concentration as
calculated from electrophoretic patteras of 9 pathologlical sera
showing approxinmately normal albumin concentrations, A correlation
was shown also to oxlst botween the turbldity and the total globulin
Tevel as determined by the Howe Fractionation techniqua (1921a and b).
A comparison was made by de la Huerga et al (1950) between the results
of two turbidity tests and moving houndary electrophoretic determination
of gamma globulin. The turbidity tests examined were the zinc sulphate
reaction dascribed by Kunkel (1947) and the gamma globulin test using
a mixture of ammoniun sulphate and sodlium chioride as described by
de la Huargs et al (1950). Statistically the zinc sulphate method
carrolated less well with the electrophoreticaily dotermined ganma
globulin (r = 0.67) and the expected crror was almost twice that
obtoinad using the amonlum sulphate/sodium chloride reagont, This
vas attributed to several factors such as the concentration of sarum
lipid and albumin., A simllar correlation was attempted by Ricketts ot
al (1951) using the same technlques as the above authors. They found
the correlation batween the tests to be within 20% 1§ the sera were
from normal subjects. Portal and biifary cirrhosis, howaver, caused
marked differences botween turblidimatric and electrophoretic values,

Discombe et al (1954) performad duplicate estimatlons on 45 sera

using the Kunkel reagent and zone alectrophoresis to determine the
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gamma globulin concentration. A ¢lose corvelation (v = 0.91) was
found to exist but the authors did not state whother the sera were
normal or not. Wilson, Brown and Halnline (1957) found a correlation
coofficlont of 0.589 In the relationshlp betwaen gamms globulin as
dotermined by woving boundary electrophoresis and zine sulphate
turbidity. Adner (1957), howevar, found a very close corrclation
(r = 0.88) between zinc sulphate turbidity and gammo globulin
concantration as measurad by zone electrophovesis. These estimations
wore made on saples taken from patients suffering from a wide vange
of disesses, but were solected In so Far as they all had incrcased
erythrocyte sedimentation rotes.

Using the modified tast, Aschaffenburg, (1949) demonstrated
that changes In turbidity were accompeniod by changas In tho cuglobulin
nitrogen and totnl nitrogen of calf sera. o oticmpt was made to
obtain a closaer correlation between ihe resulis. Helmame~Sorensen,
Konggaord and Kruse (1366) found o close correlotion (r = 0.93) between
the zing sulphate turbldity and the gammea globulin concentration os
detarnined by zone electrophoresis of calf serum. Using this correlotion
turbidities ware expressed as relative percentagas of gamma globulin
by use of the formula:

Relative Percentage (2 « log tfaﬂﬁﬁfﬁﬁiﬁﬂ)

rative : » M0
of Gamma Globulin .63k

Tho constant 0.630 was found by determining tho lavels of gomma globulin
In tha gerum of 10 normal cows.

Pottorson (1987) also Tound a corrslation to oxist botween the
degree of turbidity developed by the zine sulphate test and the gomma
alobullin concentration as determined by zone electrophoresis, exprassed

aithor as o parcentage of total protein (v = 0.952) or gms/100 m} of
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serum (r = 0.887). The turbidity was found to be inversely related
(r = «0,508) to the albumin globulln ratio for values up to 0.83.

No references have been found In which quantitation has been
attempted by adding varlous amounts of a gamma globulin preparation
to normal or hyﬁogammaglobullnaemte calf serum. Adner (1957) noted
the effect on the zinc sulphate turbidity test of adding gamma
globulin to serum taken from a patlent with agammaglobulinaemia. At
levels greater than 1 gm/100 ml there was.a linear response between
the optical density of the turbidity produced and the gamma globulin
concentration.

In the work described in Sub=section F of the preceding section
It was found that a linear response existed between the concentration
of bovine gammna globulin added to hypogammaglobul inaemic serum and
the zinc sulphate turbldity reaction. At concentrations higher than
30 mg per ml, however, tha turbldity reaction appeared to increase
exponentially. Because the reason for this is not known and in view
of divergencles found by various workers in the correlation between
ganma globulln concentration and zinc sulphate turbldity In man, It
was decided to Investigate how close the relationship was In neonatal
calf serum. Attempts have therefore been made to correlated the zinc
sulphate turbidity with the total protein concentratlon, the total

globulin concentration and the concentration of 1gG,
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Proteln Concentration

it has beon found that newly horn unfod calves have a protein
concentrat lon of about 4.2 gns/100 mi serun (Roberts, st al., 1954;
Plerce, 1955a). Proteln estimations made on the serum of 30 newly
born colostrum deprived calves, born ot the Unlvarsity Veterlnary
Hospital, raevealed concentrations of &.b Lo, g por 100 ml. Since
the Increose In total proteln concentratlon subsequent to the Ingestion
of golostrum s due almost entlirely to Immune globulins, the zing
sulphate turbidity test may provide an indication of the serum protein
concentration.
Experiment

In ordor to Investigate this possibility, the zinc sulphate
turbidity test was performed on the sera of 50 neonatel calves, The
total serum proteln concentration of these sera was then measured and
compared with the turbldity readings. The results are shown In
Figure 1.8,
Dlscussion

There would appear to be a highly slgniflcant corvelation (r = 0.76,
p < 0.001), between tha zluc sulphate turbidity test and the total
serum proteln concentration. The regression equation for this
correlation has been calculated as y = 0.1x + 4,01, 1t wiil be notlced
that the regression line lntercepts tho y axis at 4 g per 100 ml, a
value which is not very different from the values found by other authors.
Conclusion

A signivicant correiation was found heitwaen the zinc sulphate

turbidity tost and the total serum proteln concentration.



Flg. 1.8, Correlation between total serum protein concentration and
the turbidity developed by the zinc sulphate turbidity test.
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SUB=SECT ION_B

Correlation of the Zinc Sulphate Turbidity Test with Total Serum
Globulln Concentration

It has been shown by Pierce (1955a) that after the ingestion of

colostrum and during the first few days of 1ife, changes occur in the
absolute and relatlive values of the serum globulin fractions. The most
marked of these changes are found In the gamma globulin fraction and are
probably associated with the equllibration of the Immune globulins
between the intravascular and extravascular spaces. To determine whether
in splite of these changes a correlation could he found between the
turbidity developed by the zinc sulphate test and the total globulln
concentration, the following experiment was performed.

Experiment

The turbldity readings of 50 neonatal sera were determined by
the zinc sulphate test as described previously,

Using 12 x 2.5 cm cellulose acetate sirips (Oxold Ltd.,
Southwark Bridge Road, London, $.E.1) electrophoresis of the serum
samples was carried out. A barbitone n~octoate buffer of pH 8.6 was
usad and a current of ImA par strip was applied for 2 hours. The
strips were fixed in 5% trichloracetic aclid and then placed for
10 minutes In a stalning solution containing 0.2% Ponceau $ in 3%
aqueous trichloracetic acld. After stailning the strip was washed in
several changes of 5% aqueous acetlc acid until the background was
completely white. The strip was then scanned using an EEL Scanner
(Evans Electroselenium Ltd., Halstead, Essex, England), and the
relative proportions of albumin and globulin were determined by cutting

the tracing Into albumin and globulln sections and then weighing them.



Fig. 1.9, Correlation hetween the total serum globulin concentration

and the turblidity developed by the zinc suiphate turbidity
test.
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The bluret: method described by Varley (1963) was used to
estimate the serum protein concentration. The test was standardised
by use of a commercially prepared standard of known proteln
concentration (Versatol, W. R. Warner and Co. Ltd., Eastleigh,
Hampshire, England).

Discussion

There appears to be a highly significant correlation (r = 0.89,
p < 0.001), beiween the zinc sulphate turbidity test and the total
globulin content of the sera. The regression 1ine calculated for thls
relattonship was y = 0,96x + 1.68. The regression Vine Intercepts the
y axis at a value of 1.68 ¢ per 100 ml. This compares with the values
of total globulin of newborn colostrum deprived calves obtalned hy
Roberts, Worden and Rees~Evans (195h) and Plerce (1955a, 1961b).
Concluslion

A highly signiflicant correlation was found to exist between the
zinc sulphate turbldity test and the total serum globulin concentration

In neonatal calves.
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Subsection c)

Corralation of the Ziae Sulphote Turbldity Tost with Sarum lnoune

A £ P A A 2T Y BT R R

Slobulin Concentrotlon

The zine suiphate turbidity test describod by Bunkel (1847) was
dasigned spociticaltly to measure tho relotive increases la gamoa
alobulin concentirotion which ocourred In certaln human diseases. In
the original paper, Hunkel demonstrated that by Increasing the concentration
of the reagent used a corresponding increase accurred in the percentage
of protein preocipitated. Usa was made of this fact by Aschofienburg,
(19h9¢) In his adaptation of the tost for use In neonatal colf sorum,
This test has now become one which measuras the absolute concontration
of gamma globulln rather than increases above specific levels. In
viow of the glosa correlation obtained between the zinc sulphate test
and the total globulin concontration, an attempt was made to datermine
what relationship existed between this test and the femune globulin
concantrotion of sarum,
Exporinont

A series of 53 calf sera on vhieh the zinc sulphate turbidity
test had beon porformed wero sent to Dr. M. J, Penhale, Department of
Vaterinary Pathology, Royal (Dlck) School of Veterinary Studies,
Edinburgh, where doterminagions of the 1gl8 and igh concentrations wera
made without krowledge of the zine sulphote turbidity. The Tawune
globulin concentrations were dotermnined by a quantitative fnmunos
diffusion technique, Ponhale and Christic (1968). The corvolations
eristing betwoen the zine sulphate turbidity test and tho concentration
of 1gh, tgh and 1g@ plus gl are shown In flgures nos, 1.10, 1,11, 1,12

raspact lvely.,



Fig. 1.10. Correlotion betwsen the serum 1g6 concentration and the
turbidity doveloped by the zinc sulphate turblidity test.
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Fig. 1.11. Correlation between the serum lgh concentration and the
turbidity developed by the zinc sulphate turbidity test.
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Fig. 1.12. Correlation between the serum Immune g!obuiin (tgG -+ Igh)
concentration and the turbidity dQVn!Qp@d hy the zing

sulphate Lurbidity test.
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Besults

a) lgg

Thare Is a highly significant correlation (r = 0.959, p < 0.001)
betwesn the 1gG concentratlion and the turbldity daveloped by the zinc
sulphate turbldity test. A regression equatlon was calculated as
y = 0,97% » 1.95, when y = 196 concentration (ma per ml) and x = zinc
sulphate turbldity {2587 units).

b) Agh

Agaln, there Is a highly significant correlation (v = 0,780,
p < 0.001) betwaen the lgM concentration and the zinc sulphate turbidity
tast. The regression equation expressing this relationship s y =
0.1x ~ 0,24 when y = Igh concentration (mg per ml) and x » zinc sulphate
turbidity (ZST units),

¢) lg§ and Igh

The correlation existing betweén the sum of the individual tomune
globullns and the zinc sulphate turbidity Is the highest yet obtalned
(r = 0,962, p < 0.001) and the regression equation Is y + 1.07% ~ 2.17
when y = (1gG and {gM) concentration (mg per mi) and % = zinc sulphate
turbidity (257 unlts).
flsgussion

These results Indicata that the turbldity developed by the zing
sulphate test Ie Influenced mainly by the concentration of lgG and to
o losser extont by the IghM concentration.

Jonas (1967) using ures starch got electrophoresis and the zlnc
sulphato turbidity test as dascribed by Pattarson (1967) failed to find
any relationship between the turbidity readings and the presence of g6

In 12 calves. Further work (Jones, 1968) using the same sera and the
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inupod] Flusion wmothod of estimoting 198, Penhale and Chelstie {1968)
showed that o corvelation did exist. A geofficlent of corretation of
0.75 wan found biotween the zing sulphote turbidity reoction and the
a8 goncentration.

Bocausae oFf tho high corralation botween this tast and the fomune
globulin concentratlon of serum, therg exlsts thoe possibllicy thot the
tast may be used on sorum samples from other ages of anlmals or on other
blological fluids, c.g. colosteum or cercbraspinel fluld., Uhereas o
corretation moy oxist, It iy probable thot It may not be the same as
that Tound for neonatal calf serum, tho main reasons for this Jdifference
belng the prosence of other protein fractions and the Influcnce of
difforent jonic strengths. For oxample, In tho preparation of
colostrum whay, rennel Is often uged, which has a high salt content.
This would tend to dapress the turbidity resciion.

melusio:

Highly stanificaent corvelations wore found to oxist batween

the zlne sulphate turbidity tesi and the concentratlion of twa sorum

imuune globulin fractions (1g6 and lgii).
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Thare 15 a highly significant relationship betwsen the zing
sulphate turbidity test and the total proteln concentration, the
total globulin concentration and the imnune globulin (1g8 and Igh)
concentration of neonatal calf serum. The equations exprossing
these relationships are given below. x = the zinc sulphate turbidity

exprassad In unlis. r = goofficient of correlation,

Total protein (y) g. per 100 wl,

y = 0,1% + 4,01 r o= 0,950
Total globulin (y) g. per 100 mi.

B

y = 0,086x + 1,68 ¢ = 0,890

1a6 (y) mg. per mi,

y = 0,97« = 1,98 F o= 0,959
lait (y) mg. per ml.
Yy = ﬂ.h( "”' 9-24 o 6.780

taG and lgii  (y) mg. per ml,

y = 1,07 ~ 2,17 ro= 0,962



PART.L),

USGE OF THE ZING SULPHATE TURBIDITY TEST
IN NEQNATAL CALVES
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lntroduct lon

In the previous section 1t was established that the zinc sulphate
turbidity test gave an accurate estimation of the immune globulin
content of calf serum. 1t was declded, therefore, to apply this test
to tho serum of neonatal calves passing through the University
Veterinary Hospital., These calves were pradominantly Ayrshire bull
calves which had beon purchased in local markets and were of approximately
anc woak of age. The principal objects of this Investigation ware to
ascortain normal serum Immune globulin levels, their relationship to
neonatal disease, and the changes which occur In the Tmmune globulin
lavels during early life. Before describing the results of these
investigations It Is relevant to review briefly tha literature concerning
the Immunological status of the newborn calf with particular referenco

to neonatal diseasa.

a) The lmnunologlcal Status of the Newborn Calf

1) Presence of Inmunoglobulin at Blrth

The prescnce of lumunoglobulin in newborn calf serum was not
dotected by carlier vorkers, Howa (1921, 1924), Jameson, Alvarez-Tostado
and Sortor (1942), Smith and Holm (1948), Polson (1953). Small amounts,
however, have been detected by other workers. HRansen and Phillps
(1947) noted small but conslstent amounts of gamma globulln by the
electrophoresls of the serum of newborn unfed calves. Using salt

'Fractimnatinn. Aschaffenburg (1949) found measurable amounts of ecuglobulin
in all but one of a serles of calves. Reoberts, Worden and Rees=Evans
(1954) found that the euglobulin psmudaglnbuf!n I fractlon avaraged

0.25 2 0,16 g. par 100 ml., f.e. 5.9% of the total serum proteln.
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Plaerce found levels of about 1.4% (1955) and 3% (1961), ond Johnson
and Plerce (1959) detected lovels of about 2%. Knlazeff, Rimmer and
Gacto (1967) using on tmmunod] ffusion technfque detected the presence
of gamma globulin In 7 out of 40 foetuses between four ond slx months
of gestation.

2) Actlive Synthesis and Passive Decline of Immunoglobulln

Hansen and Philips (1947) using colostrunm deprived calves noted

an Increase In the relative ampunt of gamma globulin between one and

8 woeks of age. Smith and Holm (1948) using colostrum fad calves

follovied ovor Tour months tho development of the gamma globulln fracilon
and the decline of the lmuune lactoglobulin component. These workers
found an Increasing concentration of gamma globulln after 50 days of

aga. A gradual increase In the euglobulin pseudoglobutin | fractlon

was found by Roberts gt al. (1954). In colostrum deprived calves this
fraction Incrcased From birth untl) at 70 =~ 80 days of age there was a
concentration of 1 g. per 100 ml. of serum. Approximately similar

values were Found by Plerce (1955) in a study which lasted over the

same perfod, By 70 = 80 days colostrum deprived calves had sorum
concontrations of gamma globulin of about 1 g. peor 100 ml. {n colostrum
fad animals by the 10th day of life acilve synthesls of fmmune globulin
was suggested by tho developmont of & second component In the lactoglobulin
profile. In 3 out of & partially colostrum deprived calves the production
of gamma globulin began within the first five days of 1ife with an
increase In the gamma | globulln fraction. Varnell, Erwin, Smith and
Fleming (1960) detected a relative Increase in the gamma globulin fraction

between tha 7th and Isth days of Vifo In colostrum deprived calves.
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Johnson and Plerce (1959) using electrophoratic and ultracentr!fugal
techniques also found o gradual increase In the autogenous gamma globulln
after one weel, and Plerce (1963b) showed by electrophoresis in colostrum
deprived calves the carly development, under one week, of serum gamma
globullin.

The decline of euglobulin«pseudoglobulin 1 fraction durlng early
11fa was first described In the calf by Howe (1924) using a salt
fractionatlion technique, Smith and Holm (1548) performed electrophoretic
analysis on the serum protelns of a calf and found that the colostrum
globulln Increased logarlthmlically and had a half 1ife of 20 days. They
suggested that the true half 11fa would be greater than the calculated
value slnce the animal was growlng rapidly and dilution of the liwmune
globulin would occur. Uslng a modification of Howa's technlque,

Roberts et al. (1954) found that the rate of decline of the serum
euglobul In=pseudoglobulin 1 fraction In colostrum fad calves was
inftlally fast, but slowed down gradually, l.e. apparently logarithmic,
Mo attempit was made to caleulate the haVf 1ife of this fraction. Dlixon,
Talmage, Haurer and Delchmiller (1952) In a study of the half life of
!Sti labelled homologous gamma globulln in 7 different specles found an
average half llfe of 21.2 - 1.7 days in 2 steers and 2 non-lactating
cows, In a later study a half tife of 10 days was observed In adult
Holstein cows (Pixon, Welgle and Vazquez, 1961). It was suggested from
these flndings that Imnmature cattle have 3 lower rate of serum protein
catabolism than adults. In nermolmnuncglobul inaenle adult cattle,
Nansen and Neilsen (1966) using 13 labelled 196 found a mean plasma
half Vife of 15.7 days.

Plerce (1955a,b) made detalled slectrophoretic and immunological
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studlas of the changes taking place In the sera of colostrum fed and
colestrum deprived calves durlng zhe first 80 days of 11fe., The carly
auvtogenous production of immune globulin complicated the caleulation
of the rate of ellwmination of passively acqulred lactoglobulin due to
the formatlon by 10 days aftor birth of 2 components replacing tho
single lactoglobuiln component. He alse found that mintmol
concentrations of gamna globulln occurred botvween the 40th and GOth
doys. Simitarly Varnell gt al., (1960) found that the relative
concentration of gawmp globulin was lowest during approximately the
same period. Unfortunately absolute values ware not glven,

3) Aetive antha$is and Passive Becline of Specific Antibodies

Fennestad and Borg-Petorsen (1962) found that at 132 doys!
gestation the calf foetus respondod Lo Leptesplra saxkoehing by
producing antibodies. At birth Brown (1958) found the colostrum
deprived calf ov tho colf from a non~immune dom to he capable of
rasponding to Rindorpest vaccination. This flnding wos conflirmed by
Strickiand (1963). Smith and Ingram (1905) found that the acquisition
of Tmmunologlical compotence occurred at different ages and depended on
the characteristics of the antigen, Using human serum albumin by
intravenous and intramuscular inoculation they falled to produce a
detectable rosponse. When thls antigen was coumbined with Freund's
incomplete adjuvant and inoculated at one day of age, antibody

production was detected within 7 ~ 8 days. On the other hand, no

response o Rlebslella pnounoniac polysaccharlde occurred In calves
inoculated while under one wmonth of age.

Carvoll, Thellen and Lalghton (1968) lnvestigated the Immunological
competance of thymectomised neonatal calves. Three thymectomised and

one control colf ware used. Using as antigen egg atbunln with Freund's
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complate adjuvant and tetonus toxold, these workers detected by the
hih weele after the initlal Inoculation, the presence of precipitins
to tho tetanus toxoid. Preclipiting to egg albumin wera detected only
In ong of the thymectomised calves and not In the control calf,

Other authors have also shown that the abllity of the very
young calves to respond to antigenic stimulation Is limited and varies
with the quality of the antigen. Kerr (1956) compared the response to

tnoculatlon with antligens prepared from Brucella abortus and Salmonella

dublin. Five of the 6 calves wore Inoculatsd af seven days of age and
did not roespond by produclng detectable clirculating antlbodies. When
reinocuiation took place at & months antibodies were detectable in
some cases within 3 days, suggesting a secondary response and hence

o previous sensitisation. MNogy and Hignott (19567) exposed newborn
calves to & very heavy dose of DQrucella abortus In the milk for the
first 15 days of Vife. Active production of agglutinins was not
detectable In the sera of tho 6 test calves until 20 ~ 38 days of

age and the titres remalined low., On subsequent challenge by parenteral

exposure to Brucalla abortus a secondary responsc was obtalned,

HeDiarmid (1946) measured the decline In the serum agglutination

titre for Brucella ahogtus and found that there was & steady logarithmic

rata of decline from week to week. Smith and Holm (1948) studied the
vate of decline of passively acquired antibodles to 3 dlfferent antigens.
These antlgens wore diphtheria toxold, a killed culture of Hasmophllus
artussis ond Vaccinia virus., They estimated that the half Vifa of
diphtheria antitoxin was 16 days, whereas Haemenhilus nertussis and

Vaccinia antlbodies had o hali 11fe of about 50 days,

The ratos of decline of passively acquired antlibodles to Brucella

abortus and Teichomonas fogtus were measured by Kerr and Robertson (195h).
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Thoy found that both were ellninated logarithmically and had
approximate half Hves of between 14 and 20 days, atthough in one
calf with a vary high Initlol titre to Y. footus the rate appeared
to be 57 days. Plerce (1955b) also studied the rate of olimination
of the aggiutinating sntibodles to ¥, foetus and found that it was
lagarithnic,

The rate of elinination of passively acquired noutrallsing
antlbody to Rinderpest was measurad In calves by Brown (1958). le
established the wmean half Vife of this antibody as 36.7 days and
the extinction point as 10.9 wonths. This work was supporied by
Strickiond (19562) who studied the thermal reaction of calves to
Rinderpest vaccine. Whereas no reaction occurraed In calves undor
four months of age and born to Inmune dams the percentage of calves
which did react increased with age until by 8 = 9 months 95% reacted.
in another study of tho declline of Rinderpest neutralising antibodies
Singh, Osman, El Cicy ond Baz (1867) found the half 1ife of maternal
antibodies In buffalo and Frlasian calves to be 30 and 29 days
respactively,

Graves (1963) studied the persistance of neutralising antibody to
Faot and Houth disease., He found that the neutralising antibody had
a half 1ife of between 15 and 19 days.

Colinct, Koeckenbeeck and Schoenaers (19061) used the agglutinating
antibodies to Lo coll to measure the rate of eliminatlon. They concluded
that the half §ife of these antibodics was betwoen 20 and 27.6 days,

tho mean vajue being 23.2 days.
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h) The Influence of passive linmunity upon the development of

actlve lmmunity

There Is evidonce that passively acqulved lmnunlity Interferos
to some extent with the active synthesis of specific antibody, This
has boen domonstrated by the fallure of passively lmmune anlmals to
respond to vacalination In o manner similar to animals of the same
age elther born of non fmnune dams or having been deprived of
colostrum. There are many oxamples of this phenomenon in other
species, e.g. dog, Gillesple, Baker, Burghor, Rabson and Gl lman (1958);
sheep, Batty, Thomson and Hepple (1954%) and man, Perkins, Yeits and
Gaisford (1959). Because of this state vaccination of young animals
ig not wsually carviod out €ill they are over ong to two months of ago,

Hemming (1953) attempted to vaccinate the calves of cows

praviously immunlsed with a formelligsed Solmonelila dublln vaccine, No

appreciable agglutinogenic response was obtalnable from any of these
calvas although the majority of calves born to unimmunised cows

showad a definite rise in the H titre 7 days after the flrst
ingculation., This blocking effect persisted untll at least 30 days
after birth and as the passivaly acquired agglutinling wore
demonstrable In the sera of these calves for twp to threo months, it
was suggested that a vesponse to vaccination might not be obialned
until this tlme., Roberts gt al. (1954) noted that the antibody
response of colosteum deprived and colostrum fed calves to inoculation

with a heat~lkilled Salmonaella dublin vaccine was similar. These

workers, however, did not describe whether Salmonella dublin

antibodies warae present or absent In the colostrum,
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Braown (1958b), found that the serologlical response to
caprinised Rinderpest vaccline depended on the level of passive
immunity. Thero appeared to be upper and lower levels of lnmunlty
above and below which thare was no or a good response respactively.
The response of animals lylng within these timlis appeared to be
inversely proportional to the Inoculation titre. Strickland (1962)
using the same vaccine, supported Brown's work in that he found calves
up to four months of age and born of Immune dams falled to respond
to vacelination. Between four and nine months there was an
increasing parcentage of responses.

The effect of vacclinating with Inactlivated Foot and Mouth
DMsease virus two thressweek old calves born from an Inmune and a
susceptible dam was studled by Graves (1963) and the responses
compared, The susceptible calf responded In a way similar to tha
susceptible adult anlmal, whereas thore was no response from the
passively Inmune calf, When revaccinatlion was carried out 120 days
later, the Inltlally susceptible calf showed a definite anamnestlic
response and the other gave a primary respanse.

b) The relationshlp between serum immune globulln levels and neonatal

The relotionship between colostrum deprivation and
susceptibility to disease was noted In calves by Smith and Little

(1922). tn a serles Involving 22 nawborn calves, 8 of the 12
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colostrum deprived calves died and 1 was killed In a moribund state,
Among the 10 calves which received colostrum there ware no fatalitles.

The importance of feeding colostrum has been re-smphasisaed by
subsequent workers, McBwen (1950) noted the marked protectlve effect
found by feading calves from a common peol of colostrum. The rasults
of the various trials described by MeBwen give strong support to the
Importance of immune globulins to the calf., OFf all the calves which
wore gliven lmmune globullins by various means, e.g. by foeding
colostrum, colostrum whay or bovine serum or by injection of
colostrum whey or bovineg serum only & (5.7%) oui of 70 died. The
mortality rate amongst calves deprived of colostrum or other source
of Tmmuna globulin was 20 (71.4%) out of 28,

Aschatfenburg and caworkers (1949a, b, 1951 &, b) In a series
of papars observed that only the colves which recelvad the aqueous
fraction of colestrum made satisfactory progress. The others which
recalved different fractions elther died or falled to make
satisfactory welght gains, These workers found that some degree of
protection was given by 80 ml of the aqueous fraction or 1 gms of
immune Tactoglobulin In that these quantities prevented deaths but
did not prevent diarrhoea or allow normal welght gains.

ingram, Lovell, Vood, Aschaffenburg, Bartlett, Kon, Roy and
Sears (1953) showed the value of colostrum to the newborn calf. Of
103 colostrum deprived animals, only 9 (8.74) survived, whercas 118
(73.3%) of 161 colostrum fed animals survived. Unfortunately, the

serwa immung globulin concentratlons of calves fed colostrum ware



not ascertalned by any of the workers mentioned previously, and so
tha proportion of colostrum fed calves which were In fact stil)
hypoganmaglobul inasmic 18 sti1l unknown. In retrospect it is
possible that a high proportion of the colostrum fed calvaes which
died and which were described by these authors were In thls state.
Fay and Margadant (1961) examined the serum of calves which
had dled as noturally accurving cases of coll septicaemia. OF the
22 cases examined 21 (95.5%) were hypogammaglobulinasmic or agammae
globulinaemic as measured by a semi~quantitative lmmunodiffusion
tast. In comparison 5 (10.9%) out of 4G calves of the same age had
more or less pronounced hypoglobulinaemia In spite of having been
fed colostrum. The possibllity of this deficiency baing due to a
lack of gamms globulin In the colostrum was examined hy Fey and
Hunyady (1962). From 51 samples they found that the mean
concentration of gamma globulin in the colostrum whey was 7.8 A 2.2
gmg por 100 mi. These flgures suggesicd that It Is unlikely that
thore Is an absolute deficlency of gamma globulin in colostvum,
Smith {1962) using the zinc sulphate turbldity test
desceribed by Aschaffenburg (1949) noted & large varlation in the
turbidity level of Jerscey bull calves which had been left with
thelr dams for a perlod of 48 hours after birth. $ix calves of the
52 tested had turbldity readings helow 5 as measured on an
absarptiometer. The others ranged from this level to &0. Three
of these 6 calves eventually developed a bacteraemia. In addition,
there appeared to be no correlatlon between the amount of Tumune
lactoglobulin absorbad and the severity of dlarrhoea developad by

tha calf,

61
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Gay, Mekoy and Barnum (1964a), in a study of the antlibody
acquired by calves as a result of vacclination of thae dam found 11
(13.25%) out of 83 calves to have low or negative antlbody vitres to
the 0 and K antigens of caertain sivains of E. coll. Six of these 11
calves were hypogamnaglobulinaemic and 3 of these 6 died of
colibacillosis.

Hany workers have attempted experimentally to reproduce
collisepilcacmia using straing of K. goll isolated from naturally
occurring cases (Schoenaers and Kaeckenbeac, 1948; Fey, 1962; Smith,
1962; Gay, McKay and Barnum, 196k). In general, attempts have falled
I¥ use Is made of calves which have been allowed access to colostrum,
The associatlon of K antigens with pathogenlc strains of E. EQLL
isolated from septicaemic calves (Briggs, 1951a, b) has suggested
that the protective factor in colostrum might be the presence of
antibody agalinst this aniigen. This view was promoted by the work
of ingram and his colleagues (1953, 1956), but since then it has
becoma apparent that K agglutinins are not the lmune factors which
protect calves. A critlcal review 9# the nature of the protectie.,
offered by colostrum has beon made by Gay (1965).

in the Unlted Kingdom soveral surveys have recorded that
incidence of deaths in calves is seasonal, late winter and early
spring baing tho worst perlods (Jordan, 1933; Lovell and Hill, 1940,
Withers, 1952, 1963; Veterinary lavestigation Service, 1964), in
southwest Scotland many farmers have difficulty In rearing newborn

calvag and during the months of January to April a very heavy death
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rate Is experienced (lnglis, 1960). Many reasons have heen forwarded
as to why this should be sa, most of them falilng Into the categories
of Infectlion, nutrition, housing, stockmanship ond transport., Theso
aspects have been described in several review articles (Ingils, 1960;
Manton, 1963; Leosomore, 196h; Edgson, 1964; Roy, 19Gh; Winlstry of
Agriculture, 1966).

Atthough the relationship between colisepticaemia and agomman
globulinaemla has been recognised for many yvears, there does not
seam to have beon any Investigation Into the levels of lmmune globulin
prasent in the serum of calves suffering from neonatal discase until
Fay (1962) re-enphasisced the relationship in naturally accurring cases,
A possible veason for this delay Is that 1t has been assumed generally
and has appearad In most textbooks that the calf intestine retalns for
24-30 hours the abiilty te absorb intact the lmaune lactogicbulin
motaecules present In colostrum. During this perlod a calf would
recalve three or four feeds of colostrum ond henc@-hava access Lo more
than enough tmmune globulin to glve It a high lovel of passive Immunity.
Very Yittle Is known about the speed and efficlency of the absorption
machanism in calves and this agaln has lod to the aﬁsumptfbn that the
time of famding and the quantity fed are relatively unlmportant,

Alms of the present investlastion

In view of our knowledge of the Imawwnological status of the
ngwhorn calf and iis relationship to disease the following aspects
of this subject have been studied utillsing the zine sulphate

turbidity teost as a measure of sorum lomuns globulln concentration.
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Changes In the serum Tmmune globulin concentration of newborn
calves over a three waek period.

The relationship between serum fmmune globulin concentration and
susceptibility to neonatal disease,

Survey of serum lnmune globulin concentration of neonatal calves

In relation to season,
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SECTION A

Changeg 1o the secum domune alobud In eancentrotion of newborn calves
over.a. threo veel poylod

The mothed used to study the changes in serum bwwune globulin

congentration wes as follows. Three calves under one week of age were
cach ollotted to o specific group depending on the initial zinc

sulphate turbidity of thele serun. The groups were establishod as

follows.
Group Jmmung Globulin Congengratlon
...i... 257 Units)

i 0« 5

¥ =15

R¥ 15 = 25

v 25 - 35

v 35 = h

Tho calves were retested at 7 day Intervals until 21 days had
olapsad. Under local conditions a certain amount of disease,
8.0. septicaemia, diarrhoca, pneunonia, s present. Therefore, any
calf which clinically appearad unwell was removed from the serles,
and obsarvations were started on another calf under one waek of age.
The average turbidivy for each group was found from the thres calves,
and the rosults are shown In Figure No. 21 and in Appandix to. 2.1,
Results

Tha stotistieal signiflcance of these changes are shoawn in
Table lo. 2,1, The greatesi rates of dacline of passively acquired

cirenloting mmune globulin oscurred in the calvas which had the



Fig. 2.1, Changes In the serum lmmune globulin concentration of
noawboirn calves over a 3 week period,
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TABLE 2.1

Slanificance of the Changes in the Zing
Sulphate Turbidity during a 21 Day Poriod

Time (days)

Class 0 ~7 0~ 0 = 21
| NeS, 0.05 0.01

L 0.61 NeS. NeSs
1t NeSe 0,02 0.01
v NeSe 0.1 0,02

v 0.02 0.001 0.001

The flgures in the Table refer to the
probability (p).

n.5., =~ not significant
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highest Initial turbldity readings. This suggests that elimination
is oscurring In o logarithmic manner. The fact that within each
class the rate of ellmination would appear to be almost llinear may be
explained by the relative shortness of the period studied in relation
to the half life of the passively acqulred lomune globulln,

in the group with the lowsst Initlal turbidity 1t will be noted
that @ slgniflcant Increase in turbldity occurs within fourteen days.
This ¥s probably due to the autogencus production of lmmune globulin,
This active production has beon shown by Plerce (1955) to cause an
apparent falling off In the rate of ellmination of passively acquirved
iomune globulln when measured by electrophoretic methods. This
phenomenon will be reflected In the zinc sulphate turbidlty test, #in&e
it does not distingulsh between the source of lmmune globulin., The
effect may ba_minlmiaad..hmwuvar. by measuring the rate of decline
of the group with the highest turbidity readings. Referance to
Figure 2.2 In which the turbidity changes of Groups | and V have been
plotted agalnst a logarithmic scale shows thet these changes are
occurring In a logarithmic manner. The regresslion equation for Group V
may be caleulated as y = 1.61 « 0.0M4x and for Group | as y = 0,0303% +
0.3058. From the equation pertaining to Group V, It may be calculated
that a halving of the concentration of passively acquired lmmune
globulln oecurs every 21.5 days. Simllarly, in colostrum deprived
calves (Group 1) during early 1ife the serum Immune globulins double

thelr concentration every 9.9 days.



Fige 2.2. Changes in the serum immune globulin concentration of
calves in Groups | and V..
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Blscussion

As far as con ba seen, thers exist In the Hisraturg foew
refarences 1o the use of turbidity test to measure the decline of
passive fmmunity and the devalopaent of active Tmmunity tn calves.
NicmonaeSorensen, Honagoard and Kruse (1966) using the zinc sulphate
test followad the changes which ogcurred in the turbidity of the serum
of 6 colostrum deprived calves over a period of 100 days. A vise In
turbidity was detocted botwoen the 8th and 16th doys. Using four
entostrum fed calves the sama authors noted the changes which
accurred during the first 70 days of Vlfe. {rom the Inlcial high
turbidity Jovals seen 48 hours after the birth, the lavels fell to
mintmal values by the 32nd doy. Patterson (1967) follewed the
changes 1n zinc sulphate turbidity of one colostirum deprived calf
during the first 80 days of Vife and found tho resction to be
negative for the flrst four weeks. In humon Infants 1t has been
shown that the zinc sulphate turbidity undergoes marked chonges
during tho first wecks of life (Harris, Andersen and Day, 1954).
Levels similar to these seen in adults were found at bicth, but in
2+l weoks thaoy had dropped to minimal values.

The major objection to tha use of such a Lest as zinc sulphate
turbidity is that the amount of turbidlty developad s te soeme
extent Influencad by the concentration of othar components of the
sorun (Runkel, 1947; de Ta Huerga et al., 1950; Adner, 1957;
Reinhold, 1560).

In ¢alves during the flrst 30 days of life the serum albumin

concentration vises from approximately 2 gms ¢o 3 gms per 100 ml
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(Plorce, 1955a). According to resulits of Runke! (1947) and dola
Huorgo et al. (1950), this increase In concentration may depress
stightly the turbidlity readings and give rise to apparent rates of
dacline of tmmune globullin, Similarly, the detection of the production
of tmomune glehuling by the colostrum deprived calf may be delayed.
Refersnce to the results obtained In the previous section studying the
influence of Increasing albumin concanitration on zinc sulphate
turbidity would suggest that this effect is negligible. The Influence
of alpha and beta globulins on the zine sulphate turbidlity taest in
calves is unknown, and it has been shown by Plerce (1955), Varnell
ot pl. (1960) that these components do undergo signlélcant fluctuations
during the first elghty days of 1ife as do the Vipids {Shannon and
Lascellas, 1966) and glycoproteins and lipoprotelns (Varnall ot al., 1960).
The influence of fetuin, a glycoprotain which migrates with the
alpha globulins (Pederseon, 1984, 1947) is also unknown. 1t has been
noted that sera of newborn calves have contalned relatively large
amounts of alpha globulin (Jameson gt al., 1942; Hansén and Philips, 1947;
Dautch, 1954; Sprio, 1960). Bergman gt al. {(1962) found by means of
quantltative complement fixation assay thot the level of fotuin in
the calf foetus at 9 months? gestation was 21,7 mgms per ml of serum,
In adult cattle sera approximatoly 0.4 mgms per ml of fetuin was
dotacted, but unfortunately since the sera of calves of various ages
ware not tested, ne rate of decline was desceribed. From the work of
Varnell gt al. (1968) It can be seen that F action |1 of the glyco-

proteing aquivalent to the alpha globulin fraction, decreased from

birth until 42 days and then remained constant.
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SECTION B

The relationship betwesn serum Immune alghulin concentration and

TR

suscent bl ity to neonatal dlsease

purlng the courseo of a year a large number of calves arqe brought
into thae Glasqgow University Voterinary Hospital for teaching and
experimontal purposes. These are mootly Ayrshire bull calves under one
woelk of age and are bought In the local markets. During the flrst
weeks o certain omount of digsease In the form of colisepticaemla and
neonatal diarrhoea is usual. In an attempt to conflirm the relationship
hetween colisepticacmia and hypogommaglobul inaenia and possibly to
predict which calves would be susceptible to this disease, the zinc
sulphoate turbidity test was performed on the sera of these ealvaes as
soon as they arrived at tho Hospital. The results of this test wore
then corralated with the fate of thosa calves during the flrst three
woeks after arrival,

Postrmorten exaninatlion

& nocropsy oxamination of all calves which died was carvlied out,
This conslsted of o macroscopic Inspection of the thoraclc and
abdominal organg and of the major Jolnts, l.e. carpal, torsal, coxoe
femoral and atlanto~gcelipital, Routinely attempts were made to
racover F. goll from the spleen and kidney by culture an blood agar and
MeConkay agar of material taken From those organs. A dlagnosts of
septicaemio wvas made only ¥ E. goll was recovered frem both organs,
Additlonal supportive evidenco was suppllied by the c¢linlcal history of

the anlmal and the changes observed In certain organs. Enlargemant
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of the spleen was frequentily observed In collsepilicasnia, but cases
were encounterad I which this was not the notable fFeature.
Petechiae were often found on the surtaca of the spleen and on the
endogardiun and eplcardium especially in the roglon of the coranary
artaries. 1% was noted that petechise ore prosent on the epicardium
of normal animals, bug they ara not so marked as In colisepticaomia.
Diagnosis of death from tha evfects of dlorrhoea was made on the
clinlcal history, the fallure to isolate £, goli from spleen or
kidney and from the absence of any specific lesfon at postemoriem
exaninat ion.

Results

The Initial resulits of this trial have heon described alscwhoere,
(Gay, Anderson, Fisher, Hclwan, 1964). Since the publicotion of these
vosults, this test has been used constantly in the selection of
neonatal market cailves. The relationship betweon neonatal disease and
hypogammaglobul innemia has been further confivimed. Flgure 2.3 shows
the results of this iavestigation which invoived 415 calves.

It can bo seen that with two exaeptions all the septicaenic
deaths have oegurred in the group with the lowest lomune globulin
loevals, Dlorvhoea did ocgur In most of the calves, but deaths
arlsing from this syndrome wers seen again mainly in the calvas with
the lowest levels of immune globulin, it is lmportant to emphasise
hara that tha caives included In this Investigation have been kepi
as control animals during Crials of various methods of treatiment end

prophyfaxis.
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The ovarall mortality rate in this group of calves was 31.8%.
Deaths arfsing from colisepticaemia accounted for W% of the losses,
the remaining 17.8% belng due to deoth from the effects of diarrhoea.
This mortallity rate is much higher than the national or reglonal
average. The reasons for this probably 1le in the source, selection
and managenent of these anlmals. That these calves had all passed
through a market, that mony of them had been selected because of thelr
Tow Tmmune globulin concentrations, and that no attempt was made
either O Lroadt or o praevent agonatal discase must be consldared as
contributory towards the high mortality rato.

The impraession that calves which died of colisepticaenia did
s0 mainly during the first week after arrival was verified (Table 2,2).
it can be geen From this table that the wean survival perlod of
50 sopticacmic calves was 5.0 & 3.2 days. The meon sarum hmune
alobulin concentration of these calves wos 2.1 2 2. 25T wnits.
Niscussion

Tha mean survival period aftor arrival of the 50 calves which
died of colisepticacmiao was 5.0 x 3.2 days. In view of the fact that
some of the calves included In this group may have been 6 or 7 days
of age at the time of purchase, it Is possible that 2 or 3 days shouid
be added to the mean survival peried so that the actual mean age of
tha calves mlght be found. 1t is interesting to note, however, that In
ordar ©o reproduce this condition experimentally and with a degree of
regularity, nost workers have had to use colostrum deprived caives of

2 or 3 days of age only- (Bunne, Glaniz, llekanson and Dortree, 1956;



TABLE 2.2

Inmune. 8lobulin Congentration (25T units) and the
Survival of 50 Senticaemic €alves

Cal¥ Zinc Sulphote Survival Galf Zinc Sulphate survival
No. . Turbidity Unlis (days) Now . Turbidity Units (daysl) .
1 0.25 i 26 2.5 i
2 0 3 a7 0.5 3
3 6.0 (L4 28 8.6 5
hy 1.75 i 29 0.2 G
5 2.5 & 30 0.6 G
i} 2.5 g A 0.1 3
7 .25 1L 32 1.9 &
8 3.0 i 33 1.7 3
9 2.0 3 3 1.3 2
10 1.5 hy 35 2.3 2
11 6.0 Iy 36 0.9 5
12 12.6 h 37 2.6 }
13 8.5 i2 38 i.8 5
W 0.5 &y 39 i.2 8
15 2.0 9 Lo 0 2
16 2.25 b L 0.1 2
V7 ] 3 b2 1.5 7
18 0 3 43 1.7 5
19 8.5 5 Ith 0 3
20 2.5 3 15 bob 5
21 2.5 2 L i.8 5
22 5.26 9 2y 0.4 2
23 t.75 3 L8 1.1 2
2k .5 2 ho 0.9 3
25 2.0 7 50 0.25 2

e nf‘-\
Zine suiphate turbidity mean = $.0, = 2.1 = 2.4,
4

Survival (days) maan ~ 5.0, = 5.0 : a2
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Glantz, 1959; Ponhale, 19668). This would suggest that undor natural
condltlons other factors are involved in the pathogenesis of this
diseasc,

The very low imnune globulin concentrations found In these
calves confivms the findings of Foy and Mapgadant (1901). Theso vory
low lavels suggost that oither these calves have not been allowed
colostrum at atl or that they have been glven 1t after the absorptive
ablitity of the Intesting has coaseds An Investigation to ascertain
the relative lmportance of theso two possibitities would certalnly be
worthwhile.

Death is often o conveonient criterion by which to judge the
severity or Incldence of certaln discases. In relation to noonatal
cal? diarrhoea and septlcaemia, however, 1t Is wall recognised that
although meny animals die from the offects of theso syndromes, a much
targer proportion davelop tha c¢linical signs frem which after a
variable period thoy make a recovery. The effect of this on the calf
Is to temporarily check the growth rate and as o result, thore may be
ne galn in waight over this pericod (Aschaffenburg, gt al., 1949, 1950
Dalton, Fisher and Melntyre, 1960, 1965). Moreover, in o certain
proportion of calves there is né full clinical recovery, Thase animals
may hava continually soft or {luid faecces or may develop secondarily
a chronfe pnoumonia or mrthritls. The economle Imporiance of the
checle In Vivewsight gain and the subsequent developmont of poorly
thriving animals Is difficult to determine since with the oxception
of Intensive veol producing unlis, calves are kept under seml~intenslive

or extenslve managemont.,
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In reloation to this problem an Interesting point arises from the
negative corvelation In serum Tomune globulln tavels and death In neo=
natal calves, If the effects of nconatal diarchoes are seen most in
thogse calves with low tmowne globuiin levels, thore may exist a
positive corralation between Immune globulin Tevels and lvewelght galns.
Although no direct evidence supperting this has been found, varloug
authors have noted the difference In livewelght gains which exlst
batween ¢olostrum deprived and colostrum fad anlmals. Aschaffenburg
gt al, (1949a, b) showed thot the mean livewalght gains of calves when
measured ot 21 days of age was greatest Tn those which had been fed the

largest quantities of the nen~fatty fraction of colostrum, Table 2.3.

TABLE 2.3

Quantity of Non- No. of Mean Blrth  Mean Livewolght Galn During
Fatty Fractlon (mi).  Calves Wi, (1b) Eirst 21 Days (1b)
7,200 8 83 e 2.2k
3.000 2 80 §2

200 2 a4 8

500 é a6 2% 0.7

200 6 83 5% 1.9

g0 & 77 3% 2,3

e

* Values with thelr stondard errors.

tn the work of Roberts gt al. (1954) on some effects of colostrum
deprivetion In the calf, observations were made on Hlvewalght galns of
colostrum fed and deprived calves. The mean waight galn of 13
colostrum deprived calves which survived to three weeks of age was

ofe .
13. » 8.0 ibs, Eight colostrum fod calves over the sama period had
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mean walght galns of 17.9 - 3% ibs. Mhereas the difierence botween
these twoe grroups Is not significont, it will be observed that the
standard daviation of the colostrum deprived group s much larger.
This could be Interpreted as an Indication of the varlous levels of
health of these colves.

Perry and Watgon (1967) comparced the growth rates of piglets
vhich ware classifled according to thelr levels of passlve immunity.
Up to 7 days post-portum thers was little difference beiween the
closses, but between 7 and 28 days an Increaslng difforence was
obsarvad betweon those plglats which had absorbed most antibody and
those which had absorbed the least amount,

From the correlation between fawmmoglobulin lovals and the
fate of calves the question arises as to what is the eneet
protect lve function of the proteins. The protcctlon from septicacmia
offered by relatlively small amounts of lmmune globullng taken
together with the obvious assoclatlon between the syndrome and an
infectious agent leaves 1ittle doubt that an twunological function
is boing porformad. The precise nature of the specific protecting
antibody Is not yet known (Goy, 1965). The aetiology of neonotal
dlarrhoga §s not apparent ond the muitiplicity of stroins of E. goll
isolated from such cases has caused gsome doubt as to whethaer the
syndromz had an Infectious actiolcay {(Smith, 1962). The possibility
exists, tharefore, thot thege proteins may have a function other

than an fmmunological one.



The Infusion of high molecular welght substances Intravenously
Is a woll=recognlsad technique for the expansion of plasma volume.
Such an affect may occeur after thoe absorption of lmmune globulin
moleculas intact by the Intestine. The osmotic effect of these
mytecuias may expand the plasma volume and concurrently give the
antmal greater roserves of fluid and alectrolytes from which toe draw
during a diarrhoeic episedes In addition protelns have long been
recognised as a parg of the buffering mechanlsms existing within the
body to preserve 'le milieu Interieur.' The offect of the loss of
fluld and electrolytes through diarrhoes itz to produce o metabolic
acidosis, an augmented ability to msintaln the pH of the body flulds
within the range compatible with Vife may aid the survival of
acidotic anlmals. Investlgations Into these possibilities have heon

undertaken and are reporited later.
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SECTION €

Survey of sorum Twawno alobulin concentration of neonatal calves i
ralatlon to sgason

Lt

Buring the Investigation inte tha rolationship between immune
globulin levels and mortallty, [t was seon noted that during the
winter months the average zine sulphate turbldity of the market calves
hought In was very much lowar than those sgen during the summer and
avtuan monihs. 1t was declded therefore to conduct a survey of the
varlations In tmmune globulin seen durlag the course of a yesr. The
results of this survey for 1964/1965 have been publishaed (Gay, Fisher,
HeBwan, 1965). The survey has been continued for another year and
tha combined results ara shown below, Flgure 2.4. The calves studied
in this survey Include animals which were brought into the Veterinary
Hospltal for treating and enparimental purposes and calvas passing
through the Palsley market which were sold for tmnediate slaughter as
veal, Since the calves bought by the Hospleal waro drawn from this
gource, no attempt has boen made to differentiate beitween the two
groups In the survey,

It would appear that I these market calves there 1s a very
marked seasonal varfatlion in Tmnuno globulin lovel., The high levels
seen during the summer and early autumn start to decline by November,
ragch thelr lowest values In February and Harch and then increase to
maxfmum values betwzen June and Septemboer. The relative disteibutlon

of twmune globulln concentrations found wmonthly Is glven in Table 2.4.
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Fig. ... Seasonal varlations iIn the average serum imnune globulin
concentration of neonatal calvas.
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TABLE 2.}

The Relative Distribution (%) of the Serum Lmuune Globulin Levels of
Neonatal Market Colves During o Two Yeer Period

Zipe Sulphate Turbidity Units

No. of
Manth 0=D  10~19 2029 30-39 A40-h0 5052  60-69  Calves
July o6k 33,3 3.3 16,7 25.0 16.7 12
Aug. 3(}.“ !0.0 5-@ ZS-G 30.0 ‘SQQ 5.0 2‘3
Sept. 16.6 t 16,6 50,0 16.6 6
Dot A2.0 19.5 19.5 21,0 7.0 0 1.0 97
Nov. 65.0 30.0 5.0 20
[h;\_c . “ w " o - - - {3
Aan. 1965 B87.5  12.5 40
Fab, 96,0 10.0 20
lar, 75.0 20,0 5.0 20
April 61.0 30.5 5.0 348 59
va 1}7.0 i,‘;’}a? 17.0 12-0 3.5 0.3 lt?
Juna 375 10.0 20.0 17.5 10.0 5.0 72
Ju ‘y - w o 3 » Er Y o G
Aug. 13.3 33.3 26.7 13.3 10.0 2.3 30
5@[3'::- 3&'.? it.1 26.4 !5»3 il.l ok 72
Oct, 36.7 15.0 11.6 21.7 13.3 1.7 60
Nov. Lo.3 32.5 0.4 5.2 1.3 .3 77
Dec. 66.6 20.5 10.3 2.6 30
Ao, 1966 77.5 17.5 2.5 2.5 Lo
Fab. 7547 19.0 2.7 1.3 1.3 7%
Mar. 76.0 20.0 G b0 24
April 65.0 20,0 10,0 5.0 Lo
May 50.7 23.3 10.9 8.2 6.8 73
June 9.0 16,2 11,0 31.8 22




Dlscussion

Following upon the publication of the results of this survey
after ono yoar (Gay, Flsher ond McBwan, 1965), a smaller survey in
England was conducted by Smith, 0'Nelll and Shuwons (1967). This
involvad the determination of the Immme globulin congentration of
the sera of 230 calves, 190 of which ware homee~hred, the remaining 40
belng obtalnad from markets., Oirect comparison of the results of both
surveys is difficult since the technlques of using the zlne sulphate
turbidity test were not ldentlcal, Although the appesrance of low
tevels of fmmune globulin was not appsrent In the Gnglish suivey
during the winter months, an Incrense in the proportion of calves with
high levels was found during the summer.

The reason for this apparent difference may be due to regional
difforences In the mznagement of the cow and her néwbarn calv, The
majority of calves studied by Smith gt al. (1967) obtalned colosirum
by suckiing. Buring the winter months in southwest Scotland the
majority of dalry catile are housed In byres. it Is &t&nd@rd pracilce
to allow the cows to calve there and then to remove the calf to a pen
whare it may recelve some colostrum.,  in general, colostrum is not
fad until oftor the next wmliking time which may be 12-15 hours after
the hirth of tha calf, On Taras whers calving takes place 1n a loose
box kept speclalily Tor this purpose the procedure is generally stmilar
In that the calf is not allowed to be suckied, hut is removed and fod
colostrum from a buckot loter on. The reasons given by farmers for
thls proceodure ave various. The advantages claimad are that 1t I9

wown that the cal? has fed, that troaluing tho ¢alf to drink out of a

v
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bucket s easlar If 1t has never boen suckled and thot catile do not
raesent machine mitlking if they have not baen allowed to suckle a
catf. This procedure also removes the factor of poor mothering
ability as a rosult of which o cow may take little or no interest in
the ¢alf and may refuse to allow 1t access to her udder,

Informat fon on the Influence of fecding mothods on Immune
globulin levels of the serum of calves Is scant. Swith gt al. (1967)
notad that diffarences In the levels occurred botween calves fad by
buckaet, suckllag or by a mixture of both methoda., No obvious
difference In the lovels was found betwaen those fod by suckling and
those Fed by suckling and bucket. The calves fed by bucket alone,
howaover, had much lower lovels, Other Indirect evidenca that the
amount of Immune globulln absorbed 1s less if colestrum is fed by
bucket comzs from the survey on mortallty and disease In calves
conductod by Withers (1952). A comparison of the mortality rates of
calves up o one wonth of age which had been fed colostrum by
suckling or by bucket revealed that bucket feoding wes constantly
assoclated with 2 bhigh mortality rate. In view of the evidence clted
earlier on the relationship between neonatal diseasse and coliseptic=
aemla, in particular, and hypogammoglobullnaemia, 1% is very probabie
that the bucket fed calves described by Withers had lowsr serum
concentrations of immune globulin than the suckled calvos.

Although sucklding Is the most natural method of feeding, it
would appear that even thls cannot ho ralied upon to give high levels
of immune globulin, Smith (1962) noted that In 52 male Jersey calves

which were allowed to remain with thelr mothers for 2 days, 5,
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lee. 11.5%, had turbidity rendings betweoan O and 5. Smith gt al.
(1967) reported that of 80 calves which were ohserved to have
suclkied within o few hours of birth, 8, i.e. 10%, had sorum lovels
which yvietded turbidity readings of tess then 10.

During some preliminary work fnvestigeting the influence of the
method of fecding, rosults wera obialned from 10 Ayrshire cows wbich
ware allowed o calve In foose boxes and to remain with the calves for
a period of 24 hours. Serum from the calves was taken at b3 hours
post=partum and tested by the zinc sulphate turbidity test. Tha

rosults are shown helow.

TABLE 2.5

Calf to. i 2 3 3 5 6 7 8 q 10
{rmune
Globulin 5 5 8.5 13 16 18 19 3h 37 ha

8T Unite

Thesae resulis would appesr to agroe with those of Smith In that
aeeass to the vow during the flrst day of life does not guarantee a
high level of tmmune globulin., This smell trlal was conducted during
the months of February and March whon the scasonal average was lowest,
and it is Interasting to seae that relatively high levels can be obtalned
durtng this period of the yvear., These results taken in conjunction with
those of Smith {1962, 1967) ralse questions obout the frequency and
time of faeding and tha quantities obtalned by the newborn calf In
relation to the amount of Immuno globulin which they ultimately absorb.

Thase questions will be discussed in Part 1V.



PARL.LLY.

INVESTIGATIONS INTO HON~IMMUNOLOGICAL FUNCTIONS
OF THE PASSIVELY ACQUIRED GLOBULINSG
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GENERAL INTRODUCTION

It has been shown In an earller sectlon that deaths from the
effects of diarrhoea occurred only in those calves with low or
moderate levels of clirculating immune globulin., The reason why calves
with high globulin levels do not die although they may develop
diarrhoea is not clear. It is a well established fact that the
principal functlon of the globulins acquired passively from the dam is
an immunological one. However, the absorption of intact protein
molecules must have Important physiologlcal as well as lmmunological
effects. One possible function common to all large molecules within
the circulation is that of causing an expansion of the plasma volume.
If the expansion of the plasma volume is proportional to the amount of
globulin absorbed by the animal, those with the highest concentrations
of circulating globulin and possibly the largest plasma volumes will
have larger reserves of fluid and electrolyte on which to draw during
a diarrhoelc eplsode. In addition, proteins have been recognised to be
involved in the buffering mechanisms of the body. In severe diarrhoea
a metabolic acldosis develops due to the loss of bicarbonate and sodium
in fhe faeces (Bland, 1963). An increased concentration of protein
buffer may add éigniflcantly to the abllity of the animal to withstand
such an aclidosls.

One further possibility Is that during the process of natural
elimination of passively acquired Immune globulin a source of amino
aclds is available from which the animal may draw. The significance of
this function in either the anabolic or catabolic state Is not known,
and metabolic studies on grotobiotlc animals would have to be made to

determine its validlty.
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a) Plasma Voluma Expansion

Many workers have studlied the quantitative ond qualitative
changes In the proteln components of serum oand plasma of the newborn
cal ¥ bhefore and after the Ingestion of colostrum (Howe, 19213 Jameson,
Alvarez~Tostado and Sortor, 1942; San Clemento and Huddleston, 1943;
Padersen, 1945; Hansen and Phillips, 1947; Polsan, 1952; Plerce, 1955a).
This passive transference of globulin to the young calf may result in
o doubllng of the serum proteln concentration within 2436 hours of
births in other gspecies increases of this magnitude have been
observed (Earle, 1935; Nordbring and Olsson, 1957; Ramirez et al,, 1963).

It s known that the osmotlc presﬁura devalopad by a dissolved
substoance 19 proportional to the numbar of non-diffusible molecules and
not to the mass of the substance dissolved. By comparing the average
molecular welghts of the major protein fractlons of plasma, f.o.
Albunin, 69,000; Globulin, 170,000; Fibrinogen, 330,000, once will see
that for equal welghts of theose proteins the nunber of wolecules present
will be In the ratlo of 5:23 5:1 respectively. It has been calculated
by Scatchard gt al. (1944) that albumin is responsible for 75% of the
collold osmotic pressure of human plasmd proteins. The reason for
this, in addition to the relatively low molacular weight, 1s that the
albumin molecule has a relatively high average net charge due to its
low isoalectric point (pl = b.7) and Its powerful binding activity for
antons.

The collold osmotic pressure of § fractions of plasma proteins
at different concentratlions are shown by Guyton (1961) in o figure

modifled from Ott (1956). From this flgure 1t con be seen that the
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relationship between proteln concentration and osmatlc prossura Is not
Vingar due to the Domnan equiiibrium effect. Low concentratlions of
protein, l.e. bolow & g per 100 ml, produce a disproportionately small
osmotic pressurae. The concentration of gamma globuling Found in the
sarum of colostrum fod anlmnls rarely exceeds 4 g per 100 ml serum,
and $0 the expected increase In plasma osmotic pressure will he very
slight.

The contribution madae by tho plasma proteins towards the total
plagma osmotic pressure is not large, a pressure of 28 wm Hg baing
agcepied as normai; whereas plasma osmotic pressure 18 In the reglon
of 5000 mm Hg. However, the iwportance of this contrlbution was
recognised by Starling (1896) and subsequant workers who have studied
the mechanical Factors influencing lymph production. Dug to the
intravascular location of the proteins, the osmotlc pressure is
greater than the hydrostatic pressure at the venous end of capillary
vossels., This Is a major factor governing the reshsorption of fluid
and the maintenance of an osmotlc equilibrium botween the Intravascular
and axiravascular spaces. An increase in the concentration of proteln
may lead to an fncrease in the amount of Fluid entering the
circulation and hence an expansion of the plasma volume.

The ability of large molecules within the clivculation to causc
such an expanslon has bean utilised ¢linically in the treotmont of
cases In which hypovoleenia occurs. Albumin has been used Tor thls
purpose {Cournand @i al., 1984). The resulis of Infusing albunin into

the circulation of an analbuminaenic patient were describad by 0tt (1957).
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The concontration of atbumin in the serum rose from 0.1 g to 2.7 g per
100 ml, although the serum protalng only rose from 5.4 to 5.6 g per
100 ml, a fact suggesting that a large expension of plasma volume had
acourrad.

An axpansion of the plasms volume of rabbits has been dotected
by Rochschlld, Oratz, Franklin and Schralber (1962) and Bjorncbog
(1967) as a rosult of immunlsation. i was pointed out by the latter
author that in order to achleve this expansion, the rise In gamna
glabulin concentration should be largo and vapid. Nonsen and Nellsen
(1966) noted that adult cotile with hyperimnunoglobul inaenia tended to
have higher plasma volumas than normal animalg.

1t hag been suggested that In plglets following the ingestion
of colostrum, ona of the physiologlecal rosults of the assimilation of
o large quantlity of protain within the vascular space 5 an expansion
of tﬁm plasma volume (McConce and Widdowson, 1952). This view was
supported by Ramirez of al. (1963). 1t was postulated that the
absorption of colostral proteins Into the blood stream caused an
increase In the osmotic pressure of the plasma. This lncrease In
osmelarity would result in the attvaction of fluid Into the vascular
systen and cause an expansion of plasma volune,

From the avalloble evidence 1t would appear that an expansion
of plasma volums doas occur In aariy 1ife. MeCanco and Widdowson
(1959) demonstroted that colostrum fed piglets had at 24 hours of
age plasma volumas which wave groater than at birth, and this finding
was supported by Remirez gt al. (1983). In calves no comparable

measuiraments appear to hove been made slthough there exisis a caertaln
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amount of circumstantial evidence, |t was noted by MoCance and
Widdowson (1959) that plglets which ware allowed to ingest colostrum
as well as having higher concentrations of protaln In the serum, had
consistently lower haematocrits. Observations made by several workers
on the changes In the haematocrit of calves durlng the First days of
1ife show o similar tendency (Wise, et al., 1947; Roberts, gt al.,
19543 Greatorexn, 1954; Holman, 19563 Penhale, 19653 Shannon and
Lascelles, 1966). Dalton (1967), however, did not notice any change In
the haamatocrit of calves during the first 3 weeks of 1lfe. OFf
comparative interast, a marked fall in the haematccrlit of newborn goat
kids has beon observed during the flrst 32 hours of life by Holman
and Dew (1965), but no measuroments of plasma volume were made.

in order to confirm thot an expansion of the plasma volume of
calvos ocours during early life and to detarmine the role of the lmnune
globulins In this occurrence a series of wmeasurements have been made
on colostrum fod and milk fed calves.
b) Buffering Cepacity

Pug to the fact that the physieiegical pH of the body Is wmore
alkaline than the lsoelectric point of the plasma proteins, these
proteins exist In the plasma as anfons. As such, they play a role
along with the carbonlc acld » bicarbonate system and the dihydrogen
phosphate ~ mono hydrogen phosphate system In the maintenance of a
stable pH through thelr buffering characteristics. The relailve
buffering powors of the different buffers are demonstrated by

Guyton (1961). Quontitatively che Intracellutar buffers, proteln and
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phosphate, are responslthie for most of the huffering activity of ihe
body Tflulds. In blood, assumlng that the buffaeriag power of the
bicarbonate system §s unity, the rolative powsrs of tha bicarbonate,
phosphate, plasma proteln and haemogloblin buffers ave 1.0:0.3:1.0:8.3
respectivaly. Howaver, 7 hlood and Interstitial fluld are consldered
togethar, the velative powers of the plasma protein and haemoglobin
are decreased due Lo the dilutlon of these substances by the
Interstitiol fluids,

Since the effect of Incrensing proporitionately the concantration
of the eomponents of a buifering systam is to Increose the buifarling
capaclty, 1¢ may be assumed that the Increase which occurs after lmmune
globulins have absorbaed from colostrum, will Incraesse tha buffering
capacity of the plasma proteins. Tho relative tmportance of this
Incrense In torms of the total buffering copacity of the body s not
known. By the adoptlion of Jn vitre techniques, the bufforing
characteristics of a proteln may be found by the addition of known
quantitios of acld or alkall to a solution of the preteln. JIn vive,
howover, tho tondency to displaceient of the pH to one or the other
side of the physiologlcal norm is countered not only by tho buffering
gystens but also by compensotory rennl and resplratory mechanisms.

In an attempt to detormine the lnfluonce of the protein buffer system
on the ability of the whole body to wlthstand the effects of a
matabollc acldosls, a serfos of oxperiments were undertaken, using

cialves with high and low fonune globulin levels.
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SECTION A,

PLASHMA VOLUME EXPANS OGN

Expavimental Deslign

fn order to determing the role of immune globuling In the probable
expansion of plasma volume whlch ocours after birch, the following
experinent was devised. Nawborn cailves were removed from thelr dams
Immediataly after birth and blood samples waere taken for estimation of
the concentrotion of sorum protoin, electrolytes, packed cell volume and
osmotic pressurs, The plasma volume was then measured and the calves
were then altlowed to deink elther colostrum or milk. Flive calves were put
on a milk dict. Both groups of calves were thon fod mllk unti) 3 days of
age when repeat estimations were made of the parameters measured at birth.
Plasma Velume Estimatlon

For the estimation of plasma volume a stock solution of 1% Evan's
Blue dye (TIB&#. The British Drug Houses Ltd., Poole) In water was used.
Approximately 2 ml of this solutlon was taken up into a 2 ml plastic
disposable syringe (Johnson's Ethleal Plasties Ltd., Slough, England)
and a 1% 188 nesdle was attached to the syringe. The syringe containing
the dye and the needie were then weighed together, After the dya had
been Injected Intravenously (sce iHanagement of Calves) the syringe and
neadla were then rewelghed 30 thai an accurate estimate of how much dye
had been Injocted was obtatned. The blood samples taken before and 10
minutes after Injection of the dya, were collecied In heparinisad poly~
thene centrifuge tubes, Plasma from these samples was obtained by
centrifugation. The tive Interval of lﬂ)p}gutas was. chosen since it has
been shown by Dalton and Fisher (1961) that the concentration of the dye

In the plasma of cows was very similar to that at zero time obtained by

forward extrapolation of the excration curve of the dye.
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A standard concentratlion of dye In plasma was made by adding
10 wlerolitres of the dye solution by meons of a disposablic micros
pipetie (Microcaps? Drummond Sclentific Co., Broswhall, Pa., U.5.A.)
0 5 ml of plasma. The cencentiration of dye in the 10 minuta sample
was astimated by cemparing the Intensity of the colour of this sample
with that of the 'stondard® by weans of an EEL portable celorimster
(Bvans Electroselenium Lid., Harlow, Essex) using matched 1 ml goloprie-
meter tubos and an 11ford 607 (orange) Filter. The colorimoter is
proviously zarced on a tube containing 1 ml of pre~injection plasma.
Having determined the concontration of dye in the plasma 10 minutes
after Injection, the voluma of plasma wos determined by dividing the
amount of dye injected by this figure. Tha plasma volume was exprogssed
on a body welghi hasts, 1.0, ml paer kilogram body welight.

Hmazaﬁécrit

This wos detarmined using a micro haematocrlt centrifuge
(Hawksley £ Sons Lid., London). The cenirifugation time was 10 minutes.
No covrection facior was used in astimating the ervor due to the effect
of trapped plasma, wmalnly because this facter Is not accurately known
for calf serun and also because the foctor way be influenced by the
change in globulin concentratlons gccuring as a vesult of colostrum foeding.
Sarum Proteln Concentration
The blurct method described by Varley (1963) was usod to

estimato tho serum proteln concentration., The test was standardlsed
by use of a conmerclally prepared standerd of known protein concentration

(Versatol, W.R. Warner and Co. Ltd., Eastlaigh, Hampshire, England).
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Zlnc Sulphate Turbidity Test

This test was performad by the stondord mathod described
praviousty.
Osmotlc Prossure

The osmotic pressure of plasma was determined usually within §
hour of the sample belng obtained from a calf. The instrument used
was 0 Knauar seml micro osmometer {(Shandon Scientiflic Products Ltd.,
London), which utillised the cryoscopic method of determining osmotic
pressurc. Before each sample was testad, the Instrument was
calibrated agninst distilled water and a salt solution of known
osmolarity.
Sodlum and Potassium

The serum sodium and potassium concentrations were determined
on an EEL Flame photomater using the meihod descelbed by Varley (1963).
1ana nt_of Calves

As soon as a calf was horn, it vas removed from the cow, dried
and then weighed., On both sldes of the neck overlylng the jugular
vaing, the halr was removed by meons of mechanlcal clippers so that
the underlying vessels wight be more easily lecated through the skin.
The calf was then ploced In lateral recumbency on a table with its
head and part of 1ts neck overhanging the edge. This position wos
found to be best both In respect of restralnt of the animal and
access to the jugular veln. A sterilo 13 18 Gauge neadle, which
had been weighed previously with the syringe was Inserted into the
Jugular veln, In the direction of the blood flow. A 25 ml sample of

blood was taken and distributed into heparinised polythens test tubes
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{15 w1) for thoso estimations raoqulring plasma and a Universal bottle
(10 m1) for estimations on sprum.

Having ensurad that the tip of the neadle was In tho Tumen of the
valn by noting the rata of flow of blood through the noedle when the
syringe was dotached, the 2 wml syringe contalning the dye solution was
connected to 1t and the solution Injectad. The syringe and neadle
ware then withdravn together, wiped ¢lean of any blood which may have
adhered and pul aslde for rewwsighing, A stopwateh wos startoed
Immadiately the dye was Injected so that another sample could be taken
10 minutas lator. When thils time had elapsed the calf was placed on
tha table In the same position bhut on fis other slde so that the othar
Jugulae volin was exposed. This proceduwro was adopted so that there
would be no chance contamination of tho gsecond sampile by any Bvan's
Blue which may have leaked Into the tigsues durlng the withdraval of
the neadle affter the dye had been Injected. A 10 ) sample of blood
wag taken ard put Into a heparinised test tube,

After this sample hod been tolen the calf was gliven by bucket
some of 1ts dam's colostrum or soma milk depending on the typo of feeding
to which 1t had boen allocated. The volume ¥ngested by the calf was
found by measuring the volumo of the colostrum before and after the
calf had fed. All the calves ware altlowed o drink to satiation.

During the ensuing 15 hours colostrum or mill was offered agaln to the
calf and the smount taken was noted. Thereafter, only milk was of fored.
A samplie of colostrum (60 nl) was token so that an osilmote of the
total quantity of lmmuno globulins presented to the calf could be

calenlated, The calvas ware all kept in individusl pens and were
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bedded in straw. The anbient temperaturc was never below 209C. ik
wag fed at the rate of 3«4 pints, twice dally, Three doys after bivth
a second cstimation of the plasme volume was made wsing the same
technique, This time Interval was allowed to pass for several

reasons) namely, to ensure that absorption of the Immune globulins from
the Intestine had been completed, to ollow tine during which the immune
globullns would oquilibrate themsolves botwaen the extravascular and
Intravascular spaces and to allow time for the exeretlon of beta
lactoglobuling by the kidney (Plerce, 1959) and so minimise any
physiologlcal effect which they may have.

Rasulis

The Individual results are shown In Tables 3.1 and 3.2.

Zine Sulphate Turbidity

before feading both groups of calves have negligible turbldity
lavels; howaver, after feeding, only In thoe colostrum fod calves was
thore a signiflcant Increase (p < 0.001).
Serun Protoling

The concentrations of the sorum proteins In both groups before
foeding are not slgnlficontly different from each other., After
feading, the lovels in the colostrum fed group vise significantly
(p < 0.001), whereas In the witk fed group the lovels are unchanged,

UM
in both groups before and after fesding there is no

slgnificant difference botwsen the serum albumin concentrations,
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Chomees In the Sepum Proteing, Plogms 1 slogbrolyton, Plosma Omotlc

Pronsura, H"‘Uﬁﬁm’&hﬂ(ﬁi" Ab ond ’“‘Ms}m Tolume of Calves Fed Cologtmm

Calf Humber

1 2 % 4 5 Maon & S.D.
Pre 1.0 [$ 295 05?{") -!qcefi L0 GaQ 3% 0025
Zine Sulphate
Turbidity
Post 21*% ;579 'Q ! E-! -:ﬁ» ?z’."{ o) :m «0 EG‘Q;} 0 &
Pra h.2 hodi .7 { }'I'-? 4,0 Bholt Q3
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Pogt Guﬁ ‘?05 61-6 7 ?tﬂ T-l Tl & (4t
Pyo 2ol 2285 Sal 2 ) 1.6 240 & QW25
Albumin
{7100 mlh
Pogt 1. G5 205 148 2405 18 o855k Gl
Pya 2l Eglﬁ anﬁﬁ 3165 ?Za}f :gg,f) 0.8
(ilobulin
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Posit ha@5 5 45 Hadh e 15 Be B0 & Ouh
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Hoddn
(meag/1) -
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Pre R 5 o2 5419 B.76 533 Bal % 003
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Post @86 280 286 285 287 286 k0.7
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Haswatocrit (%)
Port, ) 2345 53 i) eI BTG & BT
Pro ?‘3 TaeH Gl ok 5‘5"'6 62*:"5 65 16 % '?¢8
Plasnma Yolwne
{ml R Body Wie)
Pomb 107,88 1004 0l PH.a  ah,8 954 4 32,9



TABLE 3.2

Chaoges in the Serum Proteins, Rlasme Bleetreolvieo, Plasma Osmotic

Pressure, Haemaboorlt and Plosme Volume of Calves Ped Milk

Calf MNunber

1 2 :‘:" 4 5 Maan % 8,D,
Pra 1.5 10 1.5 0+5 1.0 Lel & 0a4
Zine dulphate
Turbildity
Pout 1.0 LeT5 10? ‘0-5 ) 009;5“ & 0.6
Pro 8% A2 4,1 %40 4.2 4,15 & 0Ol
Sermm Protelin
(/100 ml)
Poat 4,5 So'7 4,2 Fe 8 Fal 4.0 & 0.3
Pre 1.9 1.55 18 1.8 l.ﬁﬁ« L5 & 0.5
Albumin
(/100 ml)
Boat 2205 1.5 L5 1.7 15 Lot & 0.2
Poe 8-4 2»65 23,:’3 2ol 24554 T B A § Y
Globulin
(/100 ml)
Post 2,45 2.2 2.%;:; 2.00 @’ 2.5 & 0.7
Aodium
(meeq/1)
Post 144 144 1.2 1%3.6 LA7.0 0 142,9 & 3,18
Pre 6l 60@3 fio:f)‘!!r 5-0 §41.6 BeBT % Oe?
Potassiun
(Iﬂ« Qf.}/l.)
Post 4,78 5478 4,78 4,69 3,28 5,8 & 0.5
Pre 20% 202 206 203 200 204 k240
Camotle Pressure
{meosmol/1)
Poab . 279 284 281 286 200 .,...202 & 2,8
Pre & 0 ) s ho ek B.6G
Hoematoorit (%)
Post 27 53 B35 k) 31«5 FBad % Bl
Pre 54.8 6549 69.7 605 3.5 62.9 & 5.6
Plasma Volume
(ml/Kg Body wt.)
Post OBek B0H 60,0 868 7Bl 87.0 k5,7
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Slobulin

The changes in the serum globulln concentrations mirvor those
saeen (n thoe zine sulphate turbidity and serum proteln concentrations,
l.c. o significant different (p<< 0.001) is observed only in the
colostrum fed group after feeding.
Sodlun

The pre~feeding and pest=fecding levels do not differ
slgnificantly botween the groups, but within each group the post~
feading level Is significantly lower (p < 8.01).

There was no significant alteration in either group between
the pre~ and postefeading concentrations of serum potasslum,
fsmotic Prossure

The mean osmotic pressure of the plasma of the colostrum fad
animals diffored significantly (p <0.01) as did that of the milk fed
animals (p < 0.001) from the pre=feeding pressures, The post~feeding
prassures In either group did not vary slgnificantly from each other,
Hagmatacrit

The haematocrits of both groups of calves would appear to fall
after feeding: however, there is not a significant Jdlfference botween
the pre~ and post~feeding levels.
Plasma Voluns

In both groups of calves there is a significent difference
hotwaen the pre= and postefeeding volumes, The levels of
stgnificance for the colastrum fed group Is p< 0,01, and for the

wi ik fed group, p < 0.001.
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Dlscusslon

The main alms of this exporimant were threefold. Firstly, 1t had
to be shown that absorption of glebuling from the intestines of the
colostrum fod calves had occurred to a signiflicant extent. Having
established this, the changes In the plasme volumes of tho two groups
of calves have been detarmined ond compared. Flnally, in an atteapt
to explaln the wechanism involved in the alteration of plasma volume,
measurements have been made of other physicloglical parvameters,

Evildence that globullng have beon absorbed by the colostrum fed
calves ts hown by the Increase In zinc sulphate turbidity, serum
protein and total globulln concentrations. Compared with the miik fed
calves, these measurements have all Increased significantly.,

The plosma volumes of both groups of calves, befors and after
feeding, wora not sigalficantly different from each other, although
the volumes measuraed 3 days after birth were approximately 40% grester.
This order of Incroase has hesn observed to occur fn ether speclies.
HeCance and Widdowson (1959) working with colostrum fed piglets noted
that within 24 hours of bivih the plasma volume Increased from Inftial
favels of 55 ) 7.7 mi/Kg to 81 @ 8.3 mi/Kg, an increase of 47%.
Ramirez gt al. (1963) have studied plasma volume changes in piglets
during the Flest 5 weeks of 1ife. From bBlith to 2i hours of age
the plasma volums Increased Trom 55 mi/ilg to 71.5 m¥i/Kg, an increase
of 30%. This relative voluma was malntainod for 8 days after blvth,

vherounon 1t began to fall.,
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The resson Tor thls decrease way be connected with the vory
fast growth rate of pliglets. By consulting the mean bodywelghts of
tho piglots deseribed by Ramivez gt al. (1963), It may be seen that
during tho first and second woeks of 11fe, bodywelight fncreased by
approximotely 100 per cent per wack. Although the growth rate of
calves is not nearly so precocious, this may oxpiain why the volumes
measurad ot 3 days of age In the present oxporimont are significantly
highor than those found by Dalton and Fisher (1961). These workers,
uwelng o simllar technique to estimatoe plasmp volume, determined values
for 65 buil calves aged botween 1 and 3 weeks. Thoy found a mean of
66.0 = 8,3 ml/kg. Hansard ot al. (1953) measured tha blcod volume
of 2 calves, 2-6 days of age, and found a mean velume of 120 ml por Kg
hodywaight, whersas a 3 weel oid calf hod a voluma of 85 m) per Kg
bodywaight. Payne, Ryley and Gartner (1967) studied the chonges in
plasma volume of cattle from 2 months to 3 years of age, and have
noted a progressive decling with age In this deternination when
expresged on a bodywelght basis.

As a result of cartain experiments performed on newborn plgloets
(Widdowson and MeCance, 19564 HMeCance and Widdowson, 1956, 1957), these
authors noted that animals which had been fed elthor colostrum or
carly mllk soon after birth had highae globulln concentrations and
consistently lovwer haematocrits than those which wore given wator but
no food. An attempt was made subsequently to study the offects of
colostrum on the volume and composition of the plasma of nowhorn

plglots (MeCance and Widdowson, 1959). in this study bicod was taken



94

from a litter Inmediately afiar bhivih for estimation of the ploasma
protein concentration and the haematocrit. Thoe litter was then
dividad into twd groups, one of which was allowad to obtain colostrum
from the sow and the other was kept, unfad, In mataboellic cages ot
31° centigrade. Twonty-four hours later the plasma volumes ware
estimated by injecting Bvan's Blue divectly lnto the heart. It wos
found that colostrum fed plglats had larger plasma volumes, greater
plasma protein concentrations ond lower hoematocrlits than the control
group. There was no significant change in the plosma protein
concentration or haematocrit of the contrel plglets. The plasma
volumas of the piglets at birth were not actually measured but
estinated from the change In haematecrit reading, a method which assumas
that the total numbor Of erythrocytes in the clirculation or the mean
corpuscular volume does not change during the 2& hour period. 1t was
concludad Trom this work that the abasarption of globuling caused an
Increasse in the plasma voluma.

The chief criticism of this work is of the mothod of control.
By starvation, not only are thase antmals being deprived of fmnune
globuting but also of fluld, electrolytes and organic materials which
are present Tn colostrum. Earller work by those authors (McCance
and Widdowson, 1956) has shown thoi starved plglots are in a catabol ¢
state compared with tha very marked anabollc stata which exists In
animals on normal diats. Alse in thls work a comparison can be made
batween the haematocrit and the serum protain levels of pliglets fed

raturally on colostrum or sows® wmitk by means of a stomach tube.
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Tho hoampgosrit of the colontrum Tod onirals wag lower than that of
the miih fod onos, a possible intorpretation of which is that & plasm
volume oxpanslion had ocourred. Howsver, the serum proteln Yovels of
tho milk fed plglots, although lowne thon the lavels seon in tho
colostrun fed group, ware much higher than those saen In groups which
had not bogn Fed mitk, a probable indlication that proteln absorption
had oceurred. Tho Interpretotion of these results is vendared sven
wore difficuls by the faet thot the two studies were not concludad at
the semz anbient temparatura. 0 hos been shown by Forei 3l (1952) that
the motabolism of the newborn plglat §s provoundly influenced by the
ambleont tempersture. Further ovidonce suggosting that the expansion
of plaswo volunes 15 not due to thoe abgorption of Tmmuns globuling
comas From the work of Sisson and Wholon (1860). Theso authors neted
that in human infants, which aro born with signivicont levels of
cirveulating lwmuno globulin, a 20% increase ocourred in the plasmy
volume within the first & hours of V1ife.

Tho osmotic pressurat found lo tho plasma of the nowly born
catves are In close agrecament with that of other workars. Dalton
(19606), using calves of up to 19 doavs of age, found the meosn
oamalarity of 12 plasma sonpien o bo 291 * 8.8, 35 me osmol per
itro. in later work he noted thot tho nean plasmo osmalarity of
15 nowhorn colves was 290 m. osmol per Hire and rangoed fram 270 to
306 we osmol per Hitre., In adult cattle Blanca (1965) found an
avarage oswotic prossure of H,903 oan tg whieh (g thaegquivatont of

290 me ool per 1ltre. The fall in osmotic pressure observed in
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both groups of colves at J doys of age suagosts thot there moy heve
ocourred elthee a slight diiution of tha plaswa as o consanuonca of
tho absorption of a greatey quantity of woator thon osmotically actlve
material, or that there has heen an absolute docrense in one or seversl
of tho csmotically oatlive consticuents of plasms. In viaw of thoe

foct thet an oxpansion of plaswo volumg has sceurred simsltancousiy
the former possibility {5 mora attracilva.

Referenco 1o tho changas which havoe cecurved In gsomn of tho
othar paramators would o180 tend to support a dilution offect. The
sodium concentration Ja both groups has fatlen by a significont
amount,. I addition, although the difforonce batwaen the profesding
and post focding haematocrits s not shgniflcont, thare 18 o tendengy
for the post Jeading lavels o b lowar. The concontestion of serun
olbumin In both groups, howsvor, ronaing virtually unchangad, Ploreo
(1955a) noted 1o colostrun Fod colves thot the concentration of sorum
atbunin docrcasad during the fivst day of 18fe, but by tho second doy
wasn roeturanlng o the originol Tavel, He suggested that o mechanism
invelving the sacun olbumin concontratlon may be prosont for purpeses
af'e@nﬂfailing protoln osmotic preassure. it has bosn shows by
Gictin (1057) that a fall In the proteln concentration In plasmo is
followed by a disproportionste fall in Insorstivial fluld protaln,
due to thoe Fiow of water from the coplliaries. The vostorstion of tha
sarum afbunin concentration to thoe orlgingl lovoel may have bogn
affeated via this maéh&niﬁm acting upon thoe exteavascular atbunio

poal o
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Tho possibility thot the tronslent albumlnuria deseribod in
noonatal colves by Smich and Litstle (1924) and Hows (1024) wos
involved In this phonomenen was considored but lutor disproved by
Plarce (1959, 1960, 19561), who demonstrated that the protein in the
urlng was bota Yactoglobulin and net albumin,

Tho blechemical composition of tho plasma or seruwa of calves
haa beon studiod by HeShoery and Grinyer (1954), Roy ax al. (14959),
Plahar {1980), Dalton, Fishor and Molntyre (1985), and Datton (1967).
The agos of tho calvas studiad rangod fren bivth o 3 or 4 waek
and opart from Roy o al. (1959) and Dalton (1957), no account wag
takon of possibla changes avlsing oo a funetlon of age. Roy gt al.
{1959) notad thot at birth the wosn sodivm volues wore 130140 m, oq.
por litre, but had fallen o 133.5 m. oge. por 1ira by the 5th day of
Hfc. The meon potassium Yovols at bivih were 5.0+6.0 v, oy, por
Vitre and poso on the First doy to Gulo0.5 me oge por Mitro. A rise
in the pmtaﬁﬁium concontrotion was atse noted by Dolton {1967}, when
pempaving tha lovols found Tn nowbors calves with those of 1 op 2
doys of ago or 3 to § doyo of age. Ho significont choangos in the
sodiun concontrotlon woro obsorvod by ¢this asuthor during the first 8
davs of Hife, although thore appoors €0 be o sliaht Increoaso In the

fovels found in | or 2 day old colvaes.
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SECTION B

BUFFERING CAPACITY

Experlimental Dasiagn

To ascertain the slignificance of the buffering capacity of the
Immune globulins present in the serum of colostrum fed calves, the
following acute experiment was performed. Two groups each containing
5 calves were used. One group had high levels of circulating Immuno=
globulins and the other group had negligible levels. Each calf was
anaesthetlsed and then prepared for contlnuous monitoring of
electrocardiogram, systemic arterial blood pressure and blood pH. By
means of slow Intravenous drip, Isotonic¢ hydrochloric acld was infused
Into the calf until the animal dled from the resulting acldosis. The
amounts of acld required to kill each calf was taken as a measure of
buffering capacity and the mean amounts required by each group was

compared.

Materials and Methods
Preparation of Calves

For the purpose of this experiment, Ayrshire bull calves, 1-2
weeks of age, were obtained from the local market. These calves were
chosen on the basls of the zinc sulphate turblidity test as having elther
high or negllgible levels of clrculating immunoglobulin, Before being
used in the experiment, each calf was examined clinically to determine
its fitness and to ensure that It was not diarrhoelc. The hair over-
lying the ventral aspect of the neck was removed by mechanical clippers
so that the jugular groove on elther slde of the neck could be easlly
seen. The calf was then weighed and a sample of venous blood was taken

from the Jugular vein under anaerobic conditlions and the pH estimated.
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Anaesthesia was Inducad by siow Intravenous injectlion of sodium
pentobarbitone (Nembutal, Abbot Laboratorles, Queensborough, Kent).
After the ealf hod been placed in right lateral rocumbency, a b fach
incision was wade through the skin overlying the Jugular veln. By
means of hlunt dissection this veln and the carotld artery wore
Identified and Isolated. Into the jugular vein two catheters (Nylon
Intravenous Cannula = 12" length « Portland Plastics Ltd., Hythe, Kent),
one in a cranlal divectlon for pH measuremont and the other caudally
for acid infusion. These weire secured In position by mzans of nylon
ligatures and ware flushed through with heparinised saline to prevent
clotting. This arrangement of cotheters was used so that the acld
viould ba well mixad and buffered bofore reaching the returning venous
clreculation from which pH was measured. A simllar type of catheter
was fnserted In a caudal directlon Into the carotid artery. After
being flitted by heoparinised galine, it was connoctad to the manometer
80 that Qyﬁt@m!a arterial blood pressure could be measurod.

The traches was then dissected from the surrounding tissue and
when sultably expmsmd.an Inclsion was wade betwsan two of the
cortilaginous rings In order that a wetal endotrachenl tube could he
insarted. This was secured In position by means of nylon ligoatures
tiod arownd tha outslde of the trachea., This tube was ottached to a
raspiratory pump {Cyclator, British Oxygen Company Ltd., London),
viiich was powared by a compressed air cylinder. The respiratory pump
was adjusted so that the minute volume was about 7 Yitres. This

voluma was chosan aftor several measurements hed been made of this
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paramzter In conscious calves using o clese Fltting face mask attachad
to a Wright resplroneter. After an initial pH measuremant had been
made, the minute volume of the anaesthetised calf was adjusted so that
the pH returned to the pre-anpesihotic lovel.

Prior to the start of Infusion, blood was withdrawn for the
estimation of the zinc sulphate turblidity. The plasma volume was also
estimated using Bvans Blue dye (71824) and the somo baslc technique as
doseribad in the earlior port of this section. The only modiflcations
vare that a needle was dispensed with, the dye belng Injected through
the venous catheter leading towards the hgart. After injection, tha
cathetor was Tlushed clean with hepacinised satine. The 10 minute
somple was taken from the carotid catheter.

tsotonie hydrochlorle acid (155 m. og. per litre) was proparod
and accurately dispensed (n 500 ml guantities into MRC transtusion
bottles. A disposable reclplent set (without filter) {(Capon Heaton
and Co. Ltd., Birmingham, England) was Inserted tnto the bottle which
wags then foverted and hung on a transfusion stand. When acld Infusion
was due Lo start, the reciplent set was connecied Lo the venous
catheter after alr had been expelled from the tubing by allowing the
acid solution to enter. The rate of flow was controlled by & regulating
clamp and on average 500 ml of acld were infused In 25 minutes. At
the end of gach experimant the total volume Infused was caloulated from
the numbaer of empty bottles and the voluma remaining In the botile

in use at the tima of denth.
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pH

Tha pil was measured using Astrup Microcquipment AME ic¢
{(Radiomater Lid., Copenhagen, Denmark). Blood was obtained
anaorobically from the cranial section of the jugular veln by weans of
a cothetar.

ECg

Elactrocardlograms wore recorded on a Mingograph 81 (Elema
Schonandor, Stockholm, Sweden). The enlmal was placed In right
lateral recumbency and the standard tinb lTeads were employed using
needle electvodes. Leads §, 3, I and AVR wore recorded
sinultancously.

Elood Prosgure

The systenic arterial blood pressure was deternined via a
catheter inserted Into the carotld artery. This catheter was atiached
to an lmpedence mancneter, which was, in turn, connecied to the
Hingograph 81, so that a permanent record was mada. The mancnigter was
stondardised electronically aend agalnst & mercury manometer previous
Lo uso.

For the purposes of prosontation the vesuits and discussian
have been divided into two parts: a) atiempted estimation of Increased
buffering copacity, and b) ECG and bleod pressure changes induced by
acld infusion. A summary of the results cbtained from each group of

calves s shown In Tables 3.3 and 3.4.



TABLE 3.3

Imnune Globul in Concentrations and Plasma
Volumes of Calves Infused with Acld

Zinc Sulphate fmmune Plasma Vol. Serum lmaune
Calf No. Turbidity Globullin (mV/Kg) Globulin
(ma/ml) (g/Ka)
i 37.0 37.4 65.1 2.43
2 34,0 3h.2 53.4 1.02
3 30.5 30.4 61.5 1.86
L h5.0 L5.9 69.0 3.16
5 29.5 294 71.0 2.08
Hean 35.2 35.4 64.0 2,27
3.5‘:0 2.7 2!9 3-’ Oozh
6 2.0 0 89.0 0
7 0.5 0 66.2 0
8 0 0 54,7 0
9 3.0 1.0 ©3.7 0.06
10 0.5 0 59.8 0
Maon ‘ og 092 66-8 0.0‘

S.E. 0.5 0.2 5.9 0.01




TABLE 3.4

infuslon Rates and Amounts of Acld Required to Rill Calves With
High and bow Serun lmmunc Globulln Concentrations

Time to Amount
Calf Ho. Wi, Ocath Infusion Rate Infused tmmine Globulin
o) ning) . (maga./Ka/min) _(n.e0./Kq) (a/ka)
[} 28.18 88 .14 12.45 2.4h3
2 32.65 220 0.08 17.50 1.82
3 29.03 135 0.17 22,61 1.86
L 22.9 3 0.15 21.96 3.16
5 31.29 168 0.12 17.78 2.08
Mean 28,79 150,8 0.13 18.46 2,27
5.E. 1.67 21.6 0,02 t.8 .24
6 23.13 160 0.11 18.09 1]
7 30.84 100 0.11 16.75 0
g 31.52 83 Q.10 §.53 0
9 32.65 185 0.08 15.62 0.06
10 30.84 1h2 0.10 13.64 0

S8.6. 1.69 16.8 0.005 1.69 0.0}
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Reaults

o) Atiempied Estimatlion of Increasad Buffarling Capacliy

s ¥,

Molaht,

There s no slgnificant di fference botwaen the weights of the
two groups of calvas.

Tlme o doaih

o stgnificant diffference betweon the length of time taken by
eithar group to die was found.

The infusion rates in both groups of calves are not signiflcontly
diffarent.

Aot of. acld Lofused

The difference hstween the omounts of acid fnfused into both
groups of calves Is not significant.

Blagsma volume

Eﬁéﬁ&%;&éﬁugﬁguma found in these calves are aot signivicantly
different Vrom each other, and are In close agreomont with the values
noted by Dalton and Fisher (1961).

The overall contribution made by the plasma protelns rolative
to the othor buffers was dmonstroted by Pitts (1954). For this work
nephrectomi sed dogs wore used which were infused with 10 m. eq,
hydrochliorice acid per kilogram bodywelght., The resultant changes in
the concentrations and quantities of the principlo electrolytes wars

aoted.  Only 1.5% of the acld was noutralised by the plasms proteins

in congaquence of the change in pH of the bleod. The protain and
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blcarbonate buffer system togeathor neutralised Vess than one third of
tho acld, the major buffering occursing within the cells and In extra=
collular structures (bone, cartliage, taondon).

The buifering capacity of the gserum protaing of the horse and
of man hove beon examined jn vitro by Van Slyke, Wu and HMclean (1923)
and Van Slyke, Hastings, Hiller and Sendroy (1928), and a difference
was noted. Horse sorum at pil 7.4 was found to have per gram of protein
nterogen, only 93% of the buffering ablility of normal human serum.
This difforonce might be explained by the difference which existed
between the relative proportions of albumin and globulin in the sera.
The albumin/globulin ratie of the horse serum was 0.0, whereas thot
of humzn scrum was 1.6. Difforences in the buffering capacity of
purlficd albumla and globulin were shown to oxist in both speclos.
For horse sorum proteins over the range of pH 6.9 to 7.4 and at 38°%,
tha relationship between pH and the amount of alkall bound by the
protelns was exprossed by an empirical Tlnear equation, Meeq. base
bound per gram globulin N = 048 (pi - 4.89).

in the absonce of a comparablo equation for bovine immune
globuling, thls equation has been used to calculate the buffering
capacity of the globuling acquired by the calf. In the pH range 6.8
g0 7., 0,208 me eq. of base are bound por gram of globulin nitrogen.
Sinca the average nitragen content of proteins Is about 16%, this would
maan that 6.5 grams of globulin, through this range of pH, would bind

or tibarato 0.220 m. eq. of base.
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By consulting Toble 3.3, the mean clveulating Immune globulin
concentration of the group of calvas with high zine sulphate
turbidities was about 2.27 g por Kg bodywalight, This would Increasec
tha bulforing capacity of the colf by 0.07 . eq. per Kg bodywelght.

This coleulated Increase In buffering capacity is probably an
undarest imate for two reasons. The range of pll studied by Van Slyke
was smatler than the range observed In these experiments In which pH
values of less than 6.6 were seen, The other factor which would tend
to cause an underestimate Is that the glebulln concentration per Ky
bodywaight has been caleulated from the !nﬁravaséular globuling
although exact figures for calves are not avallsbie at the time of
wrizing.:it Is Linown thai thore exists for protalhs a stote of
aquilibrium betwoen the intravascular and extravascular spaces. An
identical quoantity of glabulin may exist In the extracellular fluld
which would cause a doubling of the concentration of globulin when
sxprassed on o bodywelght basls. Allowlng for these ervors, tho
difference In buffering capacity which might be expectad g small,

In this oxperiment the failure to demonstrate an Increased
buffering capacity assoclated with high'ievels of circulating protein
is perhaps understandabio In view of the findings of thae obove
authors. In order to deteet an increasc buffaring copacity of this
nature a more sensltive technique than the one used hore would have

to be utilised.
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In an experiment of approximately the same design, hydrochloric
acid was Infused into necnatal calves In order to produce cardiac
arrest (Stewort et al., 1965). Although the apparent rates of
Infuslon of scid In this experiment and the one described hera are not
significantty different, cardiac arvaest was produced in approximately
half the time and using about half as much acid per kilogram of bodye
walght as was required in the present series. The reason for this may
bo sssocioted with the concentration of acld used. Thesp workers used
0.3 m hydrochloric acld, wheraas in this expariment a concentration of
0.15 m was usod which §s Isotonic. The longar duration of the present
axperiments would allow the renal and respivatory compensoatory
mechaniems to Increose the amount of acld requived. Finally, the
mathod of controlling resplration may have influenced the resulis. in
the experiments of Stewart et al. (1953) respivation was controlled by
tntermittont positive pressure Inflation with pure oxygen. However,
the flgures demonstrated for calf No. 3 in these experiments show a
ratsaed pﬁﬂz In the artertal blopd swggsesting that there is
simultanecusly a marked resplrotory acldosis. In the preseni sorles
a mechanical rosplrator was used only at the beglinning of tho
oxperiment to adjust the pH of the blood prior te infusion, Thercafter,
reaplrations wers allowad to ocour spontancously. Hyperpnoea ond

tachyproca ware both present during Infusion.
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Elegtrocordlographlc and Blood Prassure Changes

A sumnary of the experimental data obtalned from cach calf is
alven In Appendix Ne. 3.1 and the princlipal electrocardiographic
changes have besn summarised In Table No. 3.5. The following flgures
show the sequence of changes observed In the electrocardiogram and

tha blood pressure.



inftially thers was tachycardla and slight hypertension =

‘ Figure |,

; This was followad by a progressive slowing of the heart rate

‘and decline in the blood pressure «~ Figure 2.
|
|
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The slowing of the heart rate continued until normal rates were
|
‘observed, but this was accompanied by the development of an incomplete
iA.V. block. Lengthening of the PR Interval became apparent. The blood

| prassure rose markedly at this stage -~ Figure 3.
|

|
| As a rasult of continued Infuslon, a pronounced bradycardia

‘davalopqd. The blood pressure remalned elevated ~ Figure 4,

|
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Later, although the degree of bradycardla remainad approximately

the same, the blood pressure started to decline - Figure §.

With the development of hypotension, a gross bradycardie
daveloped., Tha increase In the ampiltude of the T wave, shown in
this and the precading figures, was present only in a proportion of
the calves. Simllarly the broad RS complexes shown here vere notad

terminally in two calves only (Nos. 9 and 10) ~ Figure 6,
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Tarminally death was due to ventricular asystole in & calves ~

i Figure /a.

Ona calf (No. 7) developed ventricular fibriliation »
; Flgurﬁ 7h. ‘
in the remaining 3 calves (Nos. 6, 8, 9) complete cossation of

| elactrical activity occurred after a perlod of gross bradycardla.

‘ Elsctrical altarnans was observad In one calf only {(No. 8) at
| the beginning of the experiment and was asscciated with tachycardis =

| Figure 7c.
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TABLE 3.5

Summary of Electrocavdiographic Data

calf No. §lnus incomplete Terminal Ventricular
lachycordla Heart Blocl Bradvecardls Asystole

i " " A4 +
2 4 o & "
> - - {

h 4 + : 4
5 b S & "
6 e - 3 -
7 4 - - -
8 i : " -
3 * * t -
10 + " B KX

% Prosent «  Absant
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Dlscussion,

Stawart et al. (1965) In an Iavestigation into the possiblility
that cardiac arrest in the human may be caused by & metabollc acldosis,
deslgned an experiment usfng'nemnatni ¢alves and a teshnique
approximately simllar to the one described here for the productien of
a severe acldoslis. A sequence of electrocardiographic changes were
recorded with tho development of sevare acldosis. These changes were
sinus tachycardla, electrical alternans, 2 to 1 heart block, complete
heart block and ultimately ventricular asystole. 0f 10 calves used In
this expariment, 4 werce classed as atyplcal In that the expected
sequence of elogcitrocardiographic changes did not occur. In two of
these calves hypotension, bradycardio and broad QRS complexes developed,
another calf daveloped ventricular fibrillation and the fourth one
doveloped fdioventricuiar rhythm.

tn tho present experiment, cardiac arrest due to ventricular
asystole was seen In a greater proportion of calves than those
dascribod by. the above authorss A shnilar scquence of elactrocardio-
graphic abnormalitles wore not observed in that olectelical alternans
was scen only in one call ot the beginning of the experiment,
Incomplaeto heart blogk was seen but was not consistently of the 2 to 1
type, and complote heart block was not observed. The different and
varfable elecirocardicgraphic results obtained by those workers in
b calves were conflirmed In this serfes. In both sets of experiments

one calt developed ventricular fibriltlation and twd calves developed
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brond A8 complexas. Tha diserepancios which exist betwaan the findings
in this series and that reported by Stewart af al. may be dus to
di fferencas in technique., For example, tha influence of artificial
ventilatlon snd o superisposed rasplratory acidosls are unknown, but
possible sources of variation.

The etectrocardiographlc changes observed In neonatal calves with
# oetabolic acidosis arlsing froa dlarrhoes have been described by
Fisher (1968). 1o this paper bradyvcardia woas obsarved to be more
marked In calves which wera dying from the effects of disrrhoea, OF
26 calvas which died, arrhythmias of verious types wara recorded In §
(32%4). Theso arrhythnlas sometices were associated with slow heart
rates and no abmormallity of the PORST complex and somet imen with
various dagrees oF A=Y block. In ona case only was & complate heart
bloch detected, |

The relatlonship between olsctrocardlographic abnormaiities and
the biochemical composition of cald serum have been studied by soveral
wwrkar#. Hergman and Sallers (1954) found Ly elsvating the serum
potassium cﬁnganﬁratian to over 8 m. eq. par {1ces by neans of
injoction of potassium chloride, the dlsappéaranaa~a§ tho § wave,
marked alevation of the ¥ wave, widespread totraventricular block with
oocasionsd nodal ﬁhyghmwgqgmgragggi sarding #fpast, Daath ocourrad
In ono anirmal 8t » plasma potassiun level of 127 . eq./litre, Stewart
ar nl, (1965) noted that during acid Infuslon broad GRS complexes ware
aasoctatead with hyperkalzamia, bug that normel potassium lavels

were prasent in the calves which demonstrated the ‘typical' sequence
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of changes. This latter finding is also supported by Fisher (1965)
who showed that in metabolic acidosis arising from neonatal calf
diarrhoea, arrhythmias may occur with normal serum potassium levels.
He also noted that hyperkalaemia may occur without arrhythmias and
that In healthy calves elevation of the T wave may occur without
hyperkalaemla.,
Sumnary,

Two possible physiological functions of Immune globulinsg have
been investigated. It has been confirmed that an expansion of plasma
volume occurs in the immediate post natal life of the calf. This
expansion is not due solely to an osmotic effect exerted by the
globulins since an expansion of similar magnitude occurs In animals
fed solely upon milk. This expansion is probably a temporary effect
since using a similar measurement technique, other workers (Dalton
and Fisher, 1967) have found lower values. The reason why such an
expansion should take place at this time Is not Immediately apparent.
One can only conjecture that the demands placed upon the cardiovascular
system during the adaptation of the newborn animal to extra uterine
1ife necessitate a large plasma volume.

The buffering capacity of the passively acquired globulins has
proved not to be of any significant value in terms of the ability of
the Intact animal to withstand experimentally induced acidosis. The
reactions of the calf to acld Infusion have proved to be variable.

In view of these facts one must conclude that the major function

of these globulins Is their immunological one.



PART IV

INVEST&&A’%’!QN INTQ CERTAIN ASPECTS OF THE
HECHANISM OF ABSORPTION OF GLOBULING FROM COLOSTRUM
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PART &

invaestigation Into Certaln aspects of tho Absorption Mechanism in Calvas

Mnkroduction

The mechanism of tho transfer of passive lwaunity from dem to
offspring has heen studied In many specles and has been reviewed most
recently by Brambell (1958). 8pacies differencaes have been noted iIn
the duration of the absorptive capacity ond In the selectivity of the
absorptive process. Possibly because of practical consldarations the
abgorptlive mechaniem has been studied most Intensely In laboratory
rodents and relatively few investigations have been performed in
domastic ruminanits. In view of this a roview has been made of thae
literature ralating to the absorption mechanism In domestic animals.
The aspects of the absorption mechanism In calves which have been
tavestigoted are the influence of the time at which colostrum g fed
on tho smount of Immune globulin which is subsequently absorbed and
the efficicney of the absorption mechanism,

Litarature Roviow

The function of colostrum in transmitting to the offspring the
antibodies nocessary to ensure survival during early tife was flrst
recognised In wmice by Ehrlich (1892). n 1912, Famulener published
the rasuits of observatlions made in goats Immunlscd agalnst sheep
arythrocytas. Haamm!ysin$‘wmra demonstrated in both the serum and
the colostrum of immunised goats, the concentroation belng higher in
celostrum. At bircth no haewlysins woere dotected In the serum of the

newborn kids until thoy had Ingasted colostrum, after which theoy were
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dotectable. Hows (1921) obsarved that the serum of newborn calves
contained 1ictle or no euglobulin or pseudogiobulin | until after
colostrum had been Ingested. Following these observations, other
workers have described in other species as well as cat¢le the changes
which occur in the sarum proteln profile and antibody activity
following the ingestion of colostrum (Mason, Dallling and Gordon, 1930;
Earle, 1935; Schnelder and Szathmary, 1938, 1939).

At ong time Tt was thought that newborn calves wers absolutely
deflclent of Immune globulins, but with the development of more
sansitive techniques of detection, small quantitles have been found to
be prasent (Pierce, 1955a, 1961; tnlazefi gk al., 1967). These
globuling probably represent antibodles synthesised by the footus since
It 15 known that tho ahility to produce immune globulin s prasent in
the 132 day=old calf foetugs (Fennstad and Borg Peterson, 1962),

In ruminants, horses and plgs, ond to a lesser extent dogs and
cats, there appears o be no or very littie prenatal transforence of
antthodies. This sltuation is unlike that pertaining in won, the
rabbit and auinea plg, the young of which species are born with
substantial levels of circulating immune globulin. The reason for this
difference has boen suggosted to Vie In the structure of the placentae
of these species. As the number of tissues Interposed between the
matornal and foctal biood streams decreases, there is an Increase in
the amount of fmmune globulin transforred 1o the foctus In utaro.
Using the classiflcation of Grosser (1908, 1927), the chorfo-allontolce

placentac of mammals may be placed in one of four classes. These
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classaes are, in order of decreasing separation betwaen maternal and
footal blood, epitheliochorial (horse, pig), syndesmochorial {(cow,
sheop, goat), endothetlochorial {dog, cat) and haemechorial (man,
monkoy, mica). A further class, heemcendothollol was suggestod by
Mossman (1926, 1937) to doseribe tho placentatlon of the rat, rabbit
and guinen pig. Under Grosser'’s original classification the placentae
of cattle ware described as syndesmochorial. Subsequent work by
Bjorkman and Bioom (1957) and by Hamilton, Harrison and Young (1960)
has shown that It should be described as epithelicchorial and as

such placed In the same class as horsaes and plgs,

The work of Brambell and his collcogues (1958, 19606), however,
suggests that this is not theeplanation of the necessity to transfer
passive iomunity by means of colostrum. These workers have noted that
in the rabblt, Imnwne globuling ware tronsmitted by way of thae
uterine lumen and the yotk sac and not through the placenta. In
those speclias In which tha yolk gac is exposed to the uterine lumen
during the méjmr part af gastation, there 15 a high prenatal lavel of
clrculating tmmune globulin. In the domestic animals the yolk sac
rotracts into the umbillcal cord In carly gestation.

The histological changes which accompany the absorption of
protein maiaauiéa have been described in most detall in rats and wice
by Clork (1959) using light and electron microscopy. Shailar changes
havae baen describod In calves by Comiine et al. (1951b, 1953) and
BEl«Nageh (1967c¢), In lombs and kids by Hill and Hardy (1956), and in
piglets by Payne and Marsh (19623 and b), Mattisson and Karlsson
(1868), and Lecece (1960). Protein molecules or other colloldal

substances are taken up by the cell through the process of pinccytosis.
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By means of this procass a number of small vesicles are formed under
the apical surface of the columnar epithelial cells. These small
vasicies move away from the top of the cell and In the process fuse
with one another, thus forming a'much larger vaslcle which finally
discharges lts contonts into the Intarstitial fluld, From this
focation most of tha proteln would appear to enter the lacteals of
the vitll, pass into the main lymphatic vesscls, ond ultimately cnter
the general civeulatlion by means of the thoracic duct (Comiine et al.,
i?ﬁia). The interval between the time of Feeding and the detection
of fmmune globuling In the thoracic duct lymph or In serum s about

2 hours (Table 4.1},

The veglons of the small Intestine at which absorption occurs
has baen determined by Plerce and 3mith (1967b). These authors
mgasured In xitro tho transfer of &oﬁina 196G scross the wall of
everted sacs of plg Intestine, taken from different levels of the gut.
It was noted that ot the higher concentratlions of Igh used, the
agreatest transfer ogcourred in the sacs taken from the middle third of
the small intestine, By means of {luorescent microscopy El-Nageh
(1967b) demonstrated the absence of pinocytotic vesiclas In both the
anterior duodenum and In the tarminal ileun,

In studying the route of transmission of Limwnity 1t was
observed by Doatty gi al. (19845) that there wore differences In the
uptale of antitoning by the yollt sac of the rabhit depending on the
spacies from which they had beon obtalned. Assuming that the uptake

of rabbit antitoxin was 100%, the relative entry of other antitoxins
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were: human, S1%; guinea plg, 53%; dog, 25%; horse, 4%; and cow, 1%.
A similar type of selectivity has been shown to exist In the gut of
the rat (Halliday, 1955, 1957). Further studies on this mechanism
have demonstrated that certaln heterologous antisera may Interfere
with the tronsmission of homologous antibodies (HaVllday, 1957). It
would appear from the work of Brambell gt al. (1958) that the serum
proteins which are rasponsible for this effect are located in the gamma
globulln froction. In view of thls finding, It was suggested that
within the gamma globullin molecule, there may be specific receptor
sltes which may be of Importance In dotarmining the selectivity of
intestinal absorption. Utilising the method of fractionation of the
gamma globulin molecule described by Porter (1959), it was found that
fragment 111 (Fo plece) was absorbed almost as readily as the entlre
molecula and move rcadlly than the other two fragments (Fab) {(Brambell
et al., 1960).

Hemnings (1960) observed during the course of work with sarum
proteln preparations labelled with todine 131 that the uptake of
simllar froctions by the Intestine of 8 day old mice was influenced by
the fodinationtevels of these moleculas. Signiflcant differencoes were
noted botween preparations In which the nzan lodination level was 0.5
and 3 atoms of {odine per molecule of globulln, As a result of this
finding, it was suggested that since lodine would only influence the
numbor and distribution of tyrosine resldues In tha globulin molcecule,

theso may be Involved in the process of absorption,
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In comparison with the absorption mechanism of the rabblt and
irat, that of ruminants and pigs Is remarkable by its rolative non-
salectivity. In the calf 1t has been shown that the gut is permzable
to sorum globulins, serum albumlin, and dextran {(Balfour and Comline,
1959). Plerce (1959, 1960, 1961a) has shown that the transient
protelnuria which accompanles the foeding of colostrum is due Lo the
absorptlon of bata lactoglobuling and its subsequent excretion via the
kidnoys. Gelotin was found to vellow an identical route IT glven by
mouth during the period of permeobillity. Later work has shown that
insulin moy be absorbed intact through the Intestinal epithellum
(Plorce g al., 1964) and also polyvinyl pyrrolidone polymers of
molecular waights 50,000 and 220,000 (Bagiioni ot al., 1964). The
close quantitative similarity botween the absorption of isotopically
labellcd PYP and gamna giobulin observed by Hardy (1968) suggests that
solute spaclific carrior mechanisms are not favolved in the process of
absorption in calves. A simllor lack of selectivity has boen
domonstrated in newborn piglets (Otsson, 1959 & and by Lacce, Matrone
and Morgan, 1961; Leece and Moran, 19062; Paynae and Marsh, 1962;
Kaoberla and Segre, 1964; Leceo, 1966 and Plerce and Smith, 1967 o and b).

A hypothesis aonc@réing the mochanlom of the transmisaion process
was forwarded by Drambell ei al. (1958, 1966). 1t was suggested that
tha process of pinocytosis was not selaective, but that gamma globulin
moleculos becams attached to recoptor sites locoted In the walls of
the plnocytotoic vesicle. This attachment would explain the

specificity of the mechanism in that the receptors would be adapted to
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homologous gamma globulin and heterologous globulin would intorfere
only to the extent to which it fitted the receptors, Attachment to a
recepitor would also protect the molecule from suhsequent digestion,
since 1% was noted that aimost all of a dose of protein Is absorbed
by the eells, but only a preportion of It passes into the circulatlion,

An alternative hypothasis has been suggested by Plerce and
Smith (1967 a and b). It was shown by theso workers, using everted
sact of pig intestino jn vitro, that humon serum albumin was
transforred preferentially to bovine Imuune globulln and that inter=
ference with the transfar of bovine Immuwne glebulln occurred whan
albumin Is present in an equal concentratlion at the mucosal surface.
Thare was no ovidence of enzymlc degradation. Jn vivo experiments,
howevar, showed no evidence of selectivity or Interference. It was
pointed out, howover, that dlgestion was occurring and the coneentration
of protains presented at the nucosal surfaca was not known., In view
of thesa flndings, 1t was suggested that attachment o receptors may
take place at the brush bordor membrane before plnocytosis occurs,
Provided that a small vesicle 1s formed, the amouwnt of non-
selactively obsorbad proteln would be low in relation to the bound
antlbody and transfor of bound antibody would be favoured
Irrespective of Intravesicular digestion.

It 15 possibla thot the cessation of absorption of immune
globuling may be due to factors other than a change In the
permeabllity of the Intestinal mucosa. Such a factor may be thai the
maturation of the digestive procasses may destroy or alter the immune

globulln molecules. In a study of the gastric development of the



117

newborn lamb, It was found that the acidity of the abomasum graduaily
tncreosed durtong the First 36 hours of Hife untll levels were
reached at which pepsin would be activated (H1V1, 1946).
Comparative studices made In rats showed that in the young rat, tha
gastric glands ware not fully developed wntit 3 weoks after bivth
(Kammoraad, 1942; HItY, 1956). The Intestine of the young hedgehog has
beon shown to veotaln Its ability to absorb antibodies for at least 41
days (Morvis ond Steel, 196h). Studies made in this specles have
shown that gostric pH declines from near neutrolity et hivth o
batwaen pH 3 to & during the fourth and FIfeh weeks of 1ife. Assays
of pepsin in the fundic mucosa rovealod that popsin wag prasent in
significant amounts at 9 days of age, and It was suggested, therefora,
that the delay In the developmont of proteolytic digestion wos because
thae hydrogen lon concentration was not adequate (Morrls and Steol, 1967).
It was demonsirated by Moog (1953) that adrenceortical hormones
will produce an Increase In the alkaline phosphatase agtivity of
suckiing mice. Halliday (1952) noted that in rats the normal decline
In absorption colncided with the Increase in alkaline phosphatase
activity and that both processes could be induced prematuraly by the
administration of large doses of deoxycortlcosierong acetate or
cortisone acetate. Clark (1959) obsaerved that the administration of
cortisonc acctate to 8 to 10 day old rots altered the columnar
absorptive cells of the Intestinal wmucosa so that they rosemblaed those
of the adult anfmal, In contradistinction to these findings, the work

of Morvis and Steal (1964) has shown thot cortlisone acetote has lHetle
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effect uwpon the amount of duodenal alkalina phosphatase in the
hedgabog., 1t was found also that allialine phosphatase activity fell
during the flrst 30 days of life. 1t 15 possible thot the amount of
this enzyme present may not be o suitablo Index of Intestinal
differentiation In this spacies.

Tha effects of administaring cortisono (200350 mg) or ACTH
(120 t.V.) to calves was exomined by Deutch and Smith (1957) and no
change in Intestinal permeablillity was noted durlng the flrst 40 hours
of 1ife. Simllar rosults In pupples woere found by Glillotte and
Filkins (1966) in that hydrocortisone injected before being fed
byperiomune sorum did not significantly alter antlbody absorption.
The possibility that Io these Jatter oxperiments enough time was not
allowad for the adrenocortical hormones to act Is supported by the
fact that the administration of ACTH to bitches 24 hours before
parturitlion caused a significant raduction In tha antibedy absorption
of the pups (6l1lette and Fitkins, 1966). In the oxperiments of
Moog (1951), Clark (1959) and Halliday (1959), the offects of a
single injection of hormone required 2 to 3 days before hecoming
apparent. Similarly the injection of cortlsone acetate Into starved
newborn plgs appeared to affect the mechanism so that no absorption
of gamma globulin was detected 48 and 72 hours after the Injection
(Payne and Marsh, 19%2).

Following upen the findings of Laskowskl and Laskowski (1951)
that the colostrum of sows contained a trypsin Inhibitor, soveral

invaestigations hove hoen carrled out to ascertaln the relatlonship
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batwean this substance and the cassation of antibody absorption In
plglets (Darrick, 1954%; Novdbring and Olsson, 1958 b and ¢3 and
Chambertain, Perry and Jones, 1965) and calves (Deutch and Swmith,
1957). i all these investigations tha common finding has been that
the absorption of Immune globuling 16 not Influencad to a slgnificant
degrea by the presence of this Inhibitor substonce. HNegative rasulis
wore also obtained by Dewich and Smith (1957) In attempting to

prolong the duration of absorptlon In calves by use of an Inhibitor of
the enzyme rlbonuclcase.

Stoel (1965) obsarved that no absorption of antlbody eccur%ad
after the Injection of lmnune seorum Into the Intact, bui lfsolated,
duodenum of 28 doy old rats. Vhen pravious to the injection of the
Immung serum, the lumen of the gut was washed with warm lsotonlic saline
and the pancreatic ond bile ducts were severed, absorption did occur,
From this vork, it was suggested that In the rat and hedgehog the
cassation of antibody absorption Ie brought about ot least Inltially
as a result of a change in the hydrogen fon concentration which, in
turn, allows the proteolytic onzymes £o bacowms active. In view of tho
lack of simllar Informatlon on the absorption mechanism of ungulates,
it {5 not warcasonable to assume the preosence of o simllar machanism.
The fallure to observe the uptake of fluorescent gamwa globulin

molecules by the Intestine of older anlmals of other species lp

2]

vitro

it

guggests that other factors are involved (Lecce, 1960).
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A study of some of the foctors present In bovine colostrum
which were found to influenca the absorption of globulin from the
asmall Intestine has been mads by Dalfour and Comline (1962). A
maxlmum rate of absorption of '3ll labelied globulin was obtained when
this protein was adninistered in solutions containing a low molecular
valght protein fraction (probably beta lactoglaﬁu!in). glucose=be
phosphate and Inerganic phosphate, all present In concentrations
normally found In colostrum. Using a similar experimental design as
tho above authors, a study hos been made of the effect on the rate of
absorption of matabolites of known metabollc activity (Hardy, 1968).
Thaese substances ware the sodium and potassium salts of lactate,
pyruvate and cltrate, and of certaln lowar volatile fotty aclds,
Absorption was focilitated by solutions contalnling lactate and
pyruvate and especially by potassium butyrate, whlech appeared to bo
even more effective than colostrum or whey. Qualitative differences
ware ohserved in the concentration and volume of the thoracic duct
Iymph obtalned after the adninistration of butyrate solutions and
colostral whay.

Using evorted sacs of aconatal plg intestine, ln vitro, Lecce
(1966) observed that the uptake of Imnune globulin required oxygen
and sodium. By use of metabollc antagonists such as todoacetatoe,
arsenate, Fluoride, h,6-dinltro cresol, phlorrhizin, anacrobiosis and
cold, the uptake could be roversibly inhiblted. Surface active agents
did not produce nonespacific absorption artefacts. An Increase in the
oxygon consumpt lon of averted iléai sacs of 18 day old rats was noted

during the absorption of Immune glebullins (Bamford, 1967).
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The effects of varlous hormones on the absorption of antlbodies
has been studied by several authors. Halliday (1959) observed that
ddosterone, progasterone, testosterone and stiltboestrol did not have any
appreciable offect on antlbody absorption In rats. Diethylstiiboastrol
and progesterone, singly and In combination, were administered Lo calves
by Deutch and smith (1957), agaln without any detectable change In
permeabliity ocourring. Smith, Reed and Erwin (1964) could detect no
difference between the absorption of 2 newborn calves which had
received 30 ng of samatatrbphln at birth and 2 control calves. In
puppies, Gillotte and Filking (1966) found no difference In absorption
botween animals dosed with progesterone and control animals.

The possibitity that the duration of absorption Is a function
of gastational age was Investigatad in plglets by Payne and Marsh
(1962). Premature piglets of about 100 days and othors of 118 days
gestation did not exhibit any difference from anlmals farrowed at the
normal time, f.e. 114 days. Similarly Smith et al. (1964) could not
detect any difference In the absorption mechanism of calves removad by
Camsarlan section 14 to 19 days before the expected end of gestatlon.

In an attempt to observe whether gamma globulin would be
absorbed by the hovine foetus, Smith et al. (1964) Infused 30 to 50 g
of gamma globulin Into the amlotlic fluld of 3 foetuses of 6, 7 and 8
months gestation. Serum samples taken at blrth falled to show a globulln
content higher than that expected In untreated calves. The possibility
that amnlotic fluld swallowad by the foetus may contaln a perneablifty

factor was Investigated by Deutch and Smith (1957) with negative results,
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The influence of a high level of circulating immune globulin
on the absorptive ability of the intostine has baen studled In pliglets
by Payne and HMarsh (1962) and in calves by Raeckenbecck, El-Nageh and
Schoonaors (1967).  In the experiments reported by theso authors no
Inhibition of the uptake of lmnune globullns by the Intestine was notad.

A relationship has been suggested betwaen the cessatlion of
Intestinal absorption of antibody and the renewal of fntestinal
epithellum (El-Nageh, 1967d). This hypothesis 1s supported by the
histological differences observed In the pattern of absorption of newly
born calves and those ovor 28 hours of age. In very young animals
absorption may he observed along the whole tength of the Intestinal
villus except within the crypts of hiebarkuhn, whereas In slightly
oldor animals absorption 1s confined to the apical reglons of tho
villl.

Finally the removal and malntenance of young rats from thelr
mothers was shown to result In tho cessation of antibody absorptlon
3 days earller than In non~deprived litier motes (Halliday, 1959).
Tho possibility exists that ¢hils procedure way have a “strass!

offect which would result In the stimulation of the adrenal cortex.
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SECTION A

THE INFLUENCE OF TIME OF FEEDING ON THE ABSORPTION OF IMMUNE GLOBULINS

In Part 1) a relationship between neonatal calf disease and low
serum immune globulin levels was demonstrated. In neonatal bull calves
a very pronounced seasonal variation was observed in the lmmune globulin
levels of serum. Possible reasons for this variation were forwarded in
the discussion, among which was the possibility that calves were not
being fed as soon as if calving had occurred under more natural
conditlons and the dams were allowed to suckle them. Hence, the immune
globulins mlghf be presented to the Intestinal epithelium during the
period when its absorptive capaclity was on the wane.

The technique used by other workers to determine the duration of
the absorptive ability in domestic anlmals have been numerous and
varied. Because of the large slze of an average litter, the piglet
has been studied more Intensively than other species. In general, It
has been assumed that the duration of absorption in this speclies was no
longer than that of the other domestic animals, namely 24-36 hours.
Nordbring and Olsson (1958a), however, noted that absorptlion in
piglets could continue for 72 hours after birth if the plglets were
malntalned on oral and parenteral flulds. Payne and Marsh (1962a)
found that absorption had ceased compleiely In piglets 12 hours after
birth If they were allowed to be suckled Immediately after birth or
were fed modified cows' milk. In marked contrast, plglets which had
been starved or fed on water only, retained their absorptive capacity
for over 106 hours. Asplund gt al. (1962) dld not mention any

difflculty in the sbsorption of antibodies by plglets which before



recaiving colostrum were fod on skimmed milk. Under these cenditions
it was suggested that the cessation of absorption of gama globulins

Is 2% to 27 hours after birth. The findings of Payne and Marsh (1962)
are to a large extent supported by the work of Lecca end Morgan (1362),
who, usling starved piglets and lambs, dotected the absorption of
polyvinylpyerolidone 86 and 48 hours respectively ofter blrch., Ho
attenpt was made to estimate what proportion of the tost dose had beaen
absorbad.

This subject had been further pursued by Lesca (1966) who
chservad in plglets that the capacity of the Intestine to absorb wag
diminished by foeding pure aguecous solutlons of certain substances,
¢ag. glucose, galactose, xylose, sucrose and lactose. If more thon
300 m. ag. of glucose were taken within 2k hours of bivth, the
absorption of cgg protelns appeared to bo suppressad. This state
coutd only be Induced after 12 hours had elapsed since bivth and did
not seam o be Influenced by elther the volume or concentration of the
solution Inducling the cossation of absorption but solely on the
amnnt. The rolevance ofF these findings to the obsorption mechantsm
In calves 1s not yet kaown, but should they be valld, special regard
must bo pald to the methods described in the Yiterature and used to
naintain calves before testing the absorptlon mechanlsm,.

Thare 13 confusion In the Viterature about the Influence of
starvatfon or tho ingestion of another food previous to colostrum
feading, on the absorption of lmmme globulins by calves. Daeutch
and Smith (1957) falled to prolong the duration of permeabilicy by

Intravencous feading. O0Ff 3 calves fod milk for 21-22 hours after birth,
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only one failed to absorb Br. aborius agglutinins from the colostrum
(Little and Orcutk, 1922). Steck (1961) bafore giving colostrun to
calves first gave thom cows' milk, withoui Inhiblting the absorption
of antibody. Uibrich (1962) noted that the previous Ingestion of
colostrum deficlent In Brucella agalutinlas did not Interfere with the
ahsorptlon of theso antibodies when glven later In another colostrum.
The ingestion of glucose watar and the excluslon of all other food or
drink did not appear to prolong the perlod of pormeshitity of the calf
Intesting according to the work of Schoenaors and Kacckenhazak (1964)
and Pierce (1961a). These formar authors also noted that protelns
(cowrs® milk end egg white) or glucose watar did not reduce the ability
of the Intastine to absord antibodies contalned In o later feed of
colostrum, and this fact was conflrmed In lator work {Kagckenbeock,
El=Nageh and Schoenaers, 1967). Baglioni (1966) noted that PUP glven
by mouth appaars to have the abllley to suppress the absovption of
colostrum proteins In calves. This abliity seoms o be related to

the molecuwlar welght of the polymer used in thot 25% solutions of
molecular wolght 50,000 were not offectlva, whereas absorption was
decreasad by a 25% solution of molecular welght 220,000 and was
virtually suppressed by a 10% solution of molecular walght 700,000,

In contrast with the findings of the sbove~nentioned authors,
Honning (1953) noted that when one Yicre of serum with a high tites
of §. dublin agglutinins was administered by mouth shorily after
birth, tha feading of colostrum Trom immune cows 12 hours afterwards
hod ne offest on the titre of the calves! seirum. Howsver, when

calves wara fed non=Immune colostrum or mblk 12 hours before belng
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atven tmmune serum by nouth, thelv capacity to abserb these agglutining
was noticeably reduced. Similarly, Graves (1963) found that by

feading 1.4 Yitras of powderad skim milk to one calf, 3 hours bhefore
baing allowed to recelva colosteunm from 1ts dam, no specific antibody
could be detocted In 1ts sorum, although high lavels ware prasent In
the colostrum. Another calf was given o meal conslsting of 00 mil of
boving serum diluted In 500 ml of physioleglcal sallne. A slight rise
in the specific antibody titre of the calf occurred following this
maal, but none was observed following the Ingastion of colostrum 3
hours iater,

The discrepancios betwaen the findings of Schoenacr and
Kacchenbeeck {196%) and Graves (1963) on the influence of the provious
ingostion of wilk may be explicable in torms of the amounts gliven to the
calves and the time aliowed to elapse bafore colostrum was fed. The
former workers administored 300 wml of mlik and tested 5+7 hours later,
whereas Graves fed 1.0 Vitres of milk and then allowad the calf to be
suckiled by Bts dam. Due to the lorge variations seen in the titres of
the calves tested by Schosnasors and Raeckenbeeck, there Is somoe
difficuity In Intarproting tho results. That this variation may be
due Lo the use of & constant voluma of cologtirum rathoer than dbsing
on o bodyweight basis, nust be consldared. N criticlsm of the
exporimant reported by Graves 1s that 1t wos performed on one calf
only which was then placed with Its dam and assumed to have obtalned

colostrum.
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Fow conclusions way be dreawn from these conflicting veports.
Although no test of absorptive ability simllar to that performed by
Payne and Marsh (1962a) has been reported, It would oppear that the
capacity of the small Intestine of the call s very much reduced aftar
the First day of Vife and possibly after milk or cofastrum feading.
A summary of the Tlterature relating to the duration of

absorption In calves and other domestic animals is given In Table 4.2,
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I view of the lack of exact Information on the cessation of
Intestinal pormeabllity the possibiiity exists that calves may he
balug Ved colosirum too late for them to absorb the maximum amount
of globutins. A teial was corried cut with the aln of ohserving ths
Influenga of time of feeding on the amount of globulins absorbod,
Haterlals and Hethiods,

Management, of cows and ves. The purpose of this experiment
was to stimslato che conditions under which calves are born and roaroed
on tocal fores.  Acscordlagly 50 cows wore atlowad o calve elthay
standing In a byve or la a looss box., As «oon as colving had taken
placa, the calf was removed from tho cow and placed In a small cublcla
whiich was bedded with straw. The col? was dried with sacking or styaw.
Depending on the graup to which the gald hed beesn allocated, 2«3 pints
of colostrun woro offered botween 0«6 hours, 6-12 hours, 12-18 hours
afteor birth., Tho caives In all groups were fod 4 similar volume of
colostrum approrinstely 12 hours later and thereaftor they were glven
ml b

imoune globulla lovels of the calf sora were measured 48 hours
after birth using the zine sulphate turbldity tost as dosorbed in

Part 1.,
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Rasulis
The means and standard errors of cach group of calves are showm
in Tﬂb]@ "{'03-

TABLE 8.3

Time of Feeding No. of Galves Moan = G.E.
(hrss) (3T Units) \

0~ 6 24 20 % 1.8

6 - 12 1 1.4 % 2.2

21.8

12 - 18 15 8

Thore oxlsts o statistical difforence of p < 0.001 betwoen the
seirum famune globullin concentration of those calves fed within & hours
of hirth and those fad after this time. Ho significant difference
exlsts betwaen those calves fed betwoen 6 and 12 hours and those fed
batwoon 12 and 18 hours after birth.

The Individual resulis which make up each group are shown In
Flgure L.1. The means of each group are connected by a line.
Dlscussion

The primavy obhject of this lovestigatlon wos to establish in
quantitative terms what immune globulln levels may beo obtained by
calvas fod colostrum afier certaln times had elapsed sinco birth
and undor a system of management similar to that usod on locel farms,
tn such an expaeriment thore are sevaral sources of varlaitlon, tha maln
ona baing the amount of globulin taken by tho calf, This factor Is
probably contributory to the large scotter which exists in cach

group In that sub-maximal doses hove been taken. Lavge varlatlons



The Influence of time of Toeding on the absorption of

immune globulins from colostrum,

Fig. 4.1,
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have beon noted In the uptake of colostrum protelns in othor species
undar one system of management (Spaer et al., 1959; Nosdbring and

[ g5

O¥sson, 1957; Miller ab, al., 1962; Flikins and Gillette, 1950;
Parry and Watson, 1967 a and b). 0 spiie of theso variobles a
slgnificant difference in the mean lovels of immune globulin can be
obsarved betwaen the 0«6 hour and the 6~12 hour groups.

Several points of lmportance have boen highlighted by the
results of this trial,  ln the group of calves fed within 6 hours of
birth, 50% have Inmuns globulin levels of less than 20 zinc sulphate
turbidity units. 8y referring to the correlation, demonstrated in a
previous section, betwean fmmune globulin levels and ¥ate, T4 can be
seen thot these calves would be very susceptible to neonatal
diarrhoes and colisopticaenia. One possible reason why these calvos
should have low levels of posglive Immunity might be a low fmmune
globulin contaont of the colostrum. Although actual measurements were
not made on cach sample, a sinall survey of the lmmune globulin content
of colostrum taken Ffrom 18 newly calved cows revealed meon Jevels of
8.0 & 2.5 o100 wi. Pay and Hunyady (1962) hova also looked at the
Immune globulin levels of colostrum In an attempt to find a
correlation botwaen hypogommaglobulinaemia and colisepticaemia in
calvas, These authors found In 51 somples moan levels of
7.8 : 2.2 g per 100 mi wvhey. Thase Tindings are also supported by the
work of Meyer and Stelnbach (1955) who found mean lavais of 9.9 % 3.3 g

per 100 il whey.
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The other factor more likely to cause these low lovels fs the
volumae of colostrum Ingosted. A proportion of calves do nottake
veadily to deinking mlik from o buckat, Soms may refuse to drink ot
all or may drink o Yittle slowly while others attompt to teat seek by
extending thaelr head and neck forwards and then attempiing to butt by
ralsing thair heads forcefully upwards., Faced with such a celf, a
stockman may be Inclined elther o be satlsiied after a vrelatively
awall volume of colostrum has been taken or o abandon the attempt
for saveral hours in the belief that the calf will be hungrier and
poasibly more troctable. Unfortunately, in this trial the volume taken
by each calf inltially was not recorded, nolther was the readiness to
delnk from o bucket.

A trlal of a similar nature to this one has besn reported by
smith gt al. (1967). The lmmune globullin content of the serum of 30
woive? Fed eplostirum from a bucket up te 12 hours after birth was
measured.  The resulits are vory simllar to the ones obtained hore, but
again no measura was teken of the volume of colostrum taken by cach calf.

A point of practical lmportance is THustroted by the amount
of absorption which bas ogcurved In tha calves fed 12-18 hours after
birthe The majority of these calves have absorbed Immunc globulins
to soma small degrea. . 16 has been agsumed gencraliy that the intestine
of the newborn calf s parncoble to immune globuling for 236 hours
after birth (sco Toble 4.2). This statement may be factually correct
in thot small guantities may enter the clrculation, but from the polnt
of view of disease prevention, it appears that the emounts abgorbed

would be Insufficiont.
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bt Is Interesting (o compare the results of boih this teial and
that‘fepmrt$d by Smith et al., (1967) with the investigsiion carrvied
out by Koeckenbeesk e al. (1981). These workers noted that under
thalr system of testing the gbsorptive abllity of the Intostine, o
decrease In the absorptive capactty storted botween 12 and 16 hours
after birth and complete cessation cucurred after 30 hours. in this
trial and that of Smith a deerease in absorptive abillty would appear
to cccur botwaon 6 ond Wy hours. The reason for this difference may
e in the mothods of testing absovption. Tha system employed by
Koeckenbacek gr al. (1961) Involved the feeding of a test duse of
200 ml of colostrun with a high titre to E. goli 0.137, whercoas In the
present series a much larger volume, and hence o higher dose of
globulin, was given., IV the amouni of globulln presented to the
intastine Is loss than tho amount which can be absorbed from the time
of dosing wntll cossation of absorption oscurs, then the process of
shutdown will not be dotected. Only when the capaclty to abisorb i¢
less than the avount of globulin presented wiil doetection ba possibie.
This may explain the differences encountered in the apparent onset of
shutdovn of absorptive ability. Skmilarly the use of a swmall dose of
colostrum has suggested ©o Kacckenbeeck gt al. (1961) that the raite of
absorption Is described by a sigmold curve, belng at maximum for
soveral hours, then declining rapidly, and finatly persisting at a much
reducad Tevols  In view of the criticlsm mentionod previously, It
may bo possibla thot the state of maximum absorption rate dwes not
perslst for several hours, but starts to decrease In a Tinear fashlon

from birth.
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Az a reoult of trials conducted fn a dalry hard, Moyer and
Steinbach (1965) concluded that absorption begins to bo suppressed
about 8 hours after birth. However, 1t was pointed out by these authors
that the calculated regression betweon the tima of drinking and the
gamma globulin content of the calf serum, was wiretlable for the period
0«4 houwrs after birch dua to the tack of observations during this
poeriod. in addition, the volume of colostrum offered to the calves
was less than would have been ingested If fed to setiations, and so

the timing of the shutdown may have boen overastimatod.
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SECTION B

ESTIMATION OF THE EFFICIENCY OF THE ABSORPTION MECHANISM

In Section 1l of this thesls 1t was shown that calves with high
levels of circulating lmmune globulins were not susceptibie to die from
either coliseptlicaemia or neonatal diarrhoea. The calves with the
highest levels of passive lmmunity may have a serum globulin content
which Is 2=4 ¢ per 100 ml higher than colostrum deprived animals.
Assuming a plasma volume of 7% of the total bodyweight, a calf weighing
35 Kg would have clrculating within [ts vascular system approximately
50=100 g of tmmune globulin. The question which arises from thls fact
Is how much colostrum must be fed in order that this amount may
accunulate within the circulation?

Saveral atiempts have been made to estimate the effliclency of
the absorption mechanlsm In calves and piglets. Bangham et al. (1958)

feq 13}

I labelled adult bovine serum and colostrum proteins to newborn
calves. Within 3 hours of feeding, 8~16% of the labelled protelns were
found In the clrculation and by 20 hours, thlis percentage had decreased
to 5-10%. The Inaccuracies inherent In the technlique used to estimate
absorption effliciency were pointed out by these authors. Among the
unknown factors are the percentage of the dose which reaches the cell
surface and hence s available for absorption, and the rate of
equilibrium of the proteins between the Intravascular and extravascular
pools.

In a study of some factors which influence the rate of
absorption In calves, Balfour and Comline (1962) noted that within

300 minutes of Infusling IBII labelled bovine gamma globulin, between

12 and 25% of the labelled protein could be recovered from the thoracic duct.
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Pierce (1961) oxamined the serum of a calf after being fed a mixture of
hyperinmune equine serum containing diphtheria antitoxin and maternal
colostrum. 1t was calculated that 30% of the antitoxin which was fed
was circulating in the plasma. As In the work of Banghom gt al.
(1958) the plasma volume was not actually measuraed, and no allowance was
made for extravascular losses,

In piglets, absorption efflciencies of approximately the samo
magnitude as have been found by the above authors have been reported
(Nordbeing and 0lsson, 1958 o and b; Olsson, 1959 a and b; Per&& and
Watson, 1967 and Plerce and Smith, 1967 a).

Thereexlsts in the literature some disagreement about the
efficiency of the absorption mechanism at different dosage rates.
Olsson (1959 a and b) and Payne and Marsh {1962) both state that the
amount of globulin absorbed Is proportional to the amount fed. In a
series of carefully conductad trials in which different amounts of
globulin were fed to piglets In a volume of 2.1 ml per 100 g
bodywelght, Plerce and Smith (1967 b) found that below certain
doses, the absorption was not proportional. Vhen 9.5 g bovine lgG
vwas fod, only 1% was absorbad; but when 2 g were fed, the proportion
increased to 10%. With doses of 2=k g, this percentage remained
constant.,

In contrast with these findiags, Perry and Vatson (1967 a)
observed that the efficiency of the absorption of antibody decreased
as the amount of antibody increased above a certain level., It was
suggested that a mechanism similar to that observed by Chapmane

Andresen (1961) may be involved. This author noted that in
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exporiments with Amonhsa proteus, plnecytosis was arrested by placing
the organlsm In progressively more highly concentrated protein
solutions, The possibility that the method of management and dosing
may have Influsncod the absorption efflciency cannot be lgnored. The
enpaerimonts performod by Perry and Watson {1966) were conductad on
plglets which ware allowad to obtaln colostiwn from the sow during the
axporimental period, whereas the piglots used by ¢he provious suthors
have been removed from tho sow for the duration of the oxperiment.

The offect of tha amount of antibody and the timing of dosing
on the amount of antibody absorbed has been studled in colves by
Schacnaors and Kaeckenbeock (1964%). These authors using a pool of
colostrum with a high agglutination ¢itre to £, goll 0.137, fed
200 ml and 600 ml of colostrum to two groups of colves ITmmediataly
aftar birth. The resulting agglutlnation tltroes obtained from these
calves ware comparad with a third group which was fed 3 meals of
200 ml of colostrum at 6 hour intervals. The calves which regelved
200 wl and 600 wml immediately after blrth developed average
aggluttnation tltres of 17600 and 1/700 respectively. In marked
contrast, the calves which received 680 ml divided inte 3 equal doses
had an average titre of 1/1750. The conclusion drawn from this
enporiment is thot tho most active transmission of lmmunity Is attalned
by aduinistaring colostrum in several meals of woderate voluma.

In view of the work described above, It was decided to
Invasitigate the relationship between the amount of gammd globulin Tngostod
by o calf and the amount absorbed. From this relationship, an estimate

of the efficloncy of tha absorption mechanism might be formed.
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Materlials and Hethods

Menagement of Calves. Calves were remwed from their doms

lomodiately after birth, dried, weighed and put into a cublcle. A
blood sample was takon from the jugular vain for astimatlon of the
total serum proteln concentration. Approximaiely 1 gallon of
colostrum was taken from the cow and a measured volums was offered
immediataly to the ecaltf. Calves were allowad to drink to satiatlon,
and the volume Ingasted was found by measuring the volume left.
Colostrum was again offered to the calf at the following feeding
time, l.e. morning or later afternoon, and the volume taken was again
recorded. Once 15 hours had elapsaed since birth, only nlllk was
offered at the next and subsequent feedings, After 72 hours had
elapsad, the calf was rewalghed, a sccond blood sample was taken,

and then the plasma volumz wos estimated, This perlod was chosen in
ordor to allow the absorbed globuling time to equllibrate between the
intravascular and extravascular spaces.

Plasma Yolume Esgimation. Plasma volume estimation was performed

using Evans Blue dye (T162%) and using the same technique as doscribed
In Section 11,

Esgimation of Colostrum Globullin Content. A 20 ml sample of

3 i T P BT 7S, s - 2

the colostrum offered to cach calf was taken. From this, whey was made
by adding to 1t a few drops of o commercially avallablae rennet and
placing the sample In a water bath at 37°C unt 1} adequate clotting had
oocurred.  The whoy was ssporated from the c¢lot and centrlfuged to
remove small portions of casein. The protein concentration of the whoy

was measured by the biuret reaciion {(Varley, 1963).
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Using 12 » 2.5 cm collulose acetate strips (Oxoid Lid.,
Southwark Bridge Road, London, SE1), electrophoresis of the whey
samples was carried out. A barbitone n-octoate buffer of pH 8.6 was
usad and a current of ImA per strip was applied to 2 hours., The strips
ware fixed by passing through 5% agueous irichloracetic acld and then
placed for 10 minutes In a staining sotution contalning 0.2% Ponceau §
In 3% agueous trichloracetic acld. After stalning, the strip was
washod T saveral changes of 5% aqueous acetic acld until the
background was complotely white.

The relative proportions of tho whey protains wore measured
using an integroting donsitometer (Chromoscan, Joyce Loebl, Gateshead,
England). The stelps were placed wet on the white mat backing plate
of the sample holder and evaluated by reflectonce. Provided thet
scanntog was parformed without delay, no artifacts due to the effocts
of drylng woere apparent.

The amount of globulin ingested by the calf was calculated by
muleiplying the volume of colostrum Ingastad by the concentration of
the gamms globulin,

it was realised that the quantity of globulin doterminad by
this calculatlion was an overestlmate because In the process of whey
formoatlon, a caseln cloi is Fformad which constitutes a slgnificant
proportion of the total volume of colosteum Tngested, Therefore, an
estimate of the relative slze of tha casein ¢iol was made. To 10 ml
samples of colostrum, taken from 12 different cows, a few drops of

ronnot were added. The colostrum samples were then placed In a water
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bath at 37°C and left for several hours untll vihay had formad., The
sampies were thon centrlfuged and the volume of the supernatant whey

of each sample was then measured. The rosules are shown below.

TABLE L4

Sample No. Vol. of Whay (nl) Sampla Ho. Vol. of Yhey (ml)
1 8.9 7 79
2 8.5 8 Bk
3 8.6 9 8.0
ly 8.9 10 8.5
5 7.8 1 7.9
6 8.7 12 8.3

The meon volume and standard deviation 1s 8.3 3 0.39 wl, From
this small anperiment, it would appear thai the caseln clot formed as
a presule of the action of reonnet, accuples about 17% of the Inftlal
volume of colostrum. No estimation was made of tho quantity of whay
which remained trapped within the casein clot,

tstimation of Absorption Efficiency. The amount of globulin

i & e

abgsorhed by the célf was calculated by multiplying the difference in
the concentration of the serum proteing bofore and afier colostrum
feading by thoe plasms volume. Uhen this quantity of globulin is
exprossed on o hodyweight basis and compared with the quantity
ingestaed by the calf expressad in similar terms, a measure of the
effleiency of absorption is found., It Is recognisad that several
factors will tend to make this figure an undarostimate, and these will

he discussed 1stoer.
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Results

Tha results of this Investigotion are shown In Tables 4.5 and
L,6. The mean volume of colostrum ingosted by theso calves was 2,96
itres. This volume reprosents a mean quantity of 214.8 g of globulin.
This quantity, whon expressed In terms of dosage on a body weight basis,
gives o mean dosage rate of 6,18 g of globulin per Kg nody walight. The
resultant increase In tha mean serum protein concentration of the
calves was 1.92 g per 100 wml and the incraase In the mean Intravascular
globulin concentration expressed on a body welght basis was 1.58 ¢
par Rg bhody walght.

The rolatlonship between the amount of globulin prescnted and
the amount of glichulin absorbed is shown in Flgure 4.2, The correlation
batween thase two parameters Is exprassed by the equotion y = 0.16x + 0.6,
vhera y = amount of globulin absorbed (g par Kg. body woight) and
# = amount of globulin presented (g per Kg. body weight). The coefflicient
of correlation r = 0.629.
Blscusslion

It would appear that In the newborn calf the ampunt of globulin
absorbed Is proportional to the amount Ifngested. This finding would
agree with simllar observations made in piglets by Olsson (1959 a and b),
Payne ond Mairsh (1962), and to some extent with the findings of Plerce
and Smith (1967).

This relationshlip may be of Importance in the explanation of
the occurvence of low tmmune globulln levels In markot calves. A

minlowm quantity of Immune globulin, e.g. 50 g, must be absorbed Into
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Fig. 4.2, The relationship between the amount of gloi:miin ingested and
the amount absorbed by the newborn calf,
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tha clrculation to protect a 35 Kg calf from the effects of neonatal
dissasa. This amount s the equivalent of 1.B2 g per Kg hody welght,
and [t may he caloulated from the regression eguation that this amount
of shsorption would require feeding at the rete of 6.1 g globulln per
Ko body weight. Assuming an average whay globuiin concentration of
B.0 g per 100 mi, it would requive 2,7 1itres of colostrum whey to be
fod, From chservations made on saveral samples of colosirum, it would
appear that whey forms approximately 80% and the curd, 20% of the volume
of colostrum. Applying this fector to the ostimate of tha volume of
vhey, a volume of 3.2 litres of colostrun would have o be fed within
15 hours of blirth,

The average efficlency of absorptlon In this saries of calves
is 23%4. This Js a higher flgure than that calculated by Nordbring
and O¥sscn (1958 a and b) and Olsson (1959 a and b) In piglets,
althongh 1t does come within the uppor Yinlg of 25% mentioned by
Balfour and Comllina (1902) and 30% mentioned by Plerce (1961). The
reason for this way 1o In the fact that the agtual plasma volume of
each animal was measured. (6 has baen shown that during the Tirst few
days of 1ifa in plglets (MeConce and Widdowson, 1959) and in calves
(Fary 11t of thlg ﬁhaéla) that thare scours an expansion of the
plosma volume. This oxpansion has not been taken Into considoration
by the majority of workars, most of wvhom have assumad a plasma volume
of 5% of tolal body wolght. Taking the Tindings of NeCance and
Widdowson (1959) and Ramirez gg al. (1963) Into congideration, a volume

LR 20

of botwean 7 and B% would be more aceurate for onawday old plglets,



142

and from tha obsarvatlons made carller on calves, a value of 9%.
Accordingly the efficiency figures of these workors could be elevated,

A second factor which gives rise to an apparently low
absarptlion afficlency §s the foct that only tha obsorbed globulin which
Is gontalned In the lntravaﬁauiar'cﬁmpartmﬂnu has been measured and no
aceount has been taken of the extravascular pool, The size of this pool
In aoonatal calves s not yat kaown, although flgures are avallable for
adult cattle. Hansen and Nellsan (1966) using isotopically labelled
1g8 have found an average extravascular? intravascular ratio of about
0,7, Assunlag thot this ratio portaing in neonatol calves would msan
that in addinion to the 5@ g of globulln tocated within the Intra-
vascular space, an additional 35 g Vlos in the oxiravoscular space, and
a total amount of 8% g have been absorbed. This would allow the caleulated
efficiency to rlse to 39%.

Finally, 17 allowance Is made for the fact that the casaln clot
oscuplies about 174 of the Inltial volune of colostrum, the caleulated
efficioncy of tho absorption machanisn would be sbout 46%,

ummAry.

1. The effect of dalaying the feasding of colostrum beyond 6
hours after birth results in a dimfnution of the sorum Immune globulin
Tavels attalnable by thao calf,

2. Under the system of managamont deseribed, tho smount of globulin
absorbed by a cal? is proportional o the awmount fed within 15 hours of
birth.

3. The catemlated efficlency of the absorption machanism is

approximately 46%.
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GENERAL SUMMARY AND DISCUSSI0

in this thesis it has been shown that In the performance of the
zinc sulphate turbldity test there are many VYactors which may influence
the development of the turbidity reactlion.

Probably the most Important of these are tha temperature and pH
at which the test is porformed. These facters, in addition to other
voriables, such as the tlne allowsd for the development of the
reaction and the lonlc strength of the reagent, may be contrelled by
the adoption of standardised conditions within the laboratory. The
Influence of varlables occurring In the serum cample ieself, such as
the presence of hemolysls, may be minimised by the use of a fllter In
the colorimeter and by use of control samples. Other factors, such as
tho presence of fetuin and the concentratlons of alpha and beta
globuling and albumln, cannot be controllod, although the Influznce of
albumin would appear to be minimal at phystological laevels,

Once a standardised technlque for the performance of the test
was established and thoe accuracy of its repeatablility datormined, the
test was calibrated against varlous fractions of the sarum protelns.
This calibration correlated the turbidity developed tn the tast with
the concentration of total serum protalas, total globulin, igi and
tgils The closest correlation was found with the Irmmune globulins,

In Pary 2 of the thesis the zinc sulphate turbldity tost was
usad to investlgate the changes in the lomune globulln content of

neonatal calf sera over a threewweek perlode. The results abtained In
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this investigation are In agreement with the findings of workers who
have used othar techniques. The half 1ifo of passivoly acquired
tomune globulin was calculated as 21.5 days and active production of
fnune globulin by agamnaglobulinaenlce calves was dotectable batween
7 ond W days of age.

investigotions Into the corvalation betwoeen sarum Jomune
globulin coneentrations and neonatal mortality coniirmed the findings
of Foy (1962). Deaths arising from coliscpticacmla occurred In calves
which showed ovidence of having Hitile or no passive fmmunity, and tho
deaths arising from effects of neonatal dlarrhoea were found In calves
with low levels of clrculating imaune globulin, A twomyear survey of
the concentration of Immune globulin In tho sera of nconatal calves
which possed through the local market revealed a very pronounced
seasonal variatlion. The perlod during which the average lnmune -
globulin lovels were Towsst colncided with the period when mortality
amongst calves was at Its highost.

tn view of the importance of a high concenteation of
clreulating immune globullng, an Investigation was carried out Into
two other functions of these globulln molecules., These were the
erxpansion of plasma voluma and the increase In huffering capaclity. It
vould appenr that durlng the first three days of }ife, an eupanslion
of the plosma volume of tha calf occurved., The osmobic pressure
and plasmoy sodlum concentration decreased In both colostrum and
milk fed calves as dld the hasmatocrit., This evidence suggests that
the plasma volume expansion may be dus predominantly to the effect

of dilutlon rather than an osmotic offest arising from tha absorption

of high wolacular welght globulin wolecules.
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No differenco was detected betwaon the buffering capacity of
colvas with high and Yow Imiwne globulin levels., The reason for thls
may Vo in the lack of sensltivity of the technique used. From
thaoreticol caloulations the increase which might be expected is
relatively small. In addlition, the alectrocardiographic response of
anaesthet ised colvas £0 acid Infusion would oppoor to be varisble, o
fact which Is supportad by tho work of Stewart ob al. (1965).

& similarity has been noted between the electrocardiographle
changes observed in calves dying as a result of neonatal dlarrhosa
end those dying from acld Infusion. In both theso ¢lrocumstances o
reduction In concentration of myocardlal potassium has baen shown
(Fishor and Neliwan, 1967). In consequence, It has been suggested
thot the electrpcardiographic changes ara a result of Intorference
vith the depolarisation mechanism of cardiac muscle.

in Port 4 obsorvations were mada on the influence of time of
feoding colostrimn on tha amount of fmmune globulln absorbed by the
cal?f and oan estimato was nmda of the efflciency of the absorption
mechanlsm. 1t was found thas If feedlng was dalayad untll aftor
six hours had elapsad from birth, a signfificant decrease In the
average serum fmmune globulin concentration might be expectad,
Estimations of the efficiency of the absurption mechanism suggest
that approximataly 46% of the immune alobulin prasented to the calf

intoatina g absorbad,



146

As a result of tho fladings described In Part |, 1t would appear
that when the zine sulphato turblidity tost Is porformad wider standard
condlitlons en the sera of neonatal calves, it gives an accurate
estimate of the lmune globulin contant of serum. This test therefore
may be of considerable value in general veterinary practice hecause of
tha correlation which exists between suscepiibility to discose and
low levels of clroulating loaune globuling. The outstanding
pdvantages of such a test ars tho speed with which It can be
performed, 1ts relative simpliclty in comparison with other methods of
estimating fmmune globulln concontration and the low prlce of the
reagents, Even I & colorimeteor Is not avallable, visual estimations
of the turbldity ave possible. Altarnatively, the routine measurement
of the serum Immune globulln concentration of homebrad calves amongst
which deaths ara occurring may Indicata thot the management of the
newborn ¢alf Is at fault, In that colosirum is not beling fed soon
enough or In great ¢nough quantitles,

In view of tha reosults of the survey of the serum fmmune
alobulln levels several questions arise, The ressons for the
variations In the averags concentratlon are not definitely known
although they prohaobly arise as a divost consequoncae of the management
of newborn calves. A fleld investigation Into the levels of serum
immune globulln of calves in relation to tho type of managemant would
undoubtedly be worth fnvestigation. A point which has been
demonstrated tn the publicatlons of othor workeorse=gmith (1962),

Penhate (1965), Smith gt al. (1967)~«and which i3 re~emphaslsed in
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Part 2 Is that approximately 10% of calves are morkedly hypogamma«
globul inaenic oven when the natural relationship batween the cow and
caly 15 not disturbed and natural suekling 1s aliowad to take place.
Two possibilities onist to explain this state. Elther this
percentage of calves are born with o lack of abliity to absorb
significant amounts of Imnune globulling, or that they do not obtaln
colostrun from the dam sufflciently early or In sufficlent quantities,
Rescriptions of the behavioural relationships of cow and caléd, and
aspecially of suckling bohaviour, are required If this latter
pogsibllity Is o be Investigated,

the fallure to demanstrate significant differences botween the
plasma volume or buffering activity of calves with high and low fovals
of clreulating %mmunﬁ globullin suggests that the wain function of
these globuling is the lonunological one. The spaglfic nature and
action of thede antibodies stitl awalt elucidation. From the
correlation between the serum imnuno globulin concentration and the
subsequent Tate of these calves, 1t can be ssen that although many
calvos with negligiblo levels of fwnuna globulin died, many did not.
This might bo explainad In terms of lack of challenge by a pathogenic
organism and since no moosures wore taken to ensure an equal and
simiYar challenge to all the animals Incinded fn this survey, this
crivctelsm must bo accepted., Howover, an Inmunological comparison of
the sora of all these hypogammaglobul innemic calves may revenl thoe
prosence of o proteciive fastor not yet recognised amongst the

survivors.
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Provided that moximum amounts of colostrum are fed, tha amount
of fmmupe globullin which ts absovrbed by a calf 1s dotornined by the
rate of absorption and the duration of the absorptive ability, and
hance the efficiency of the mechanism is depandant on both of these
factors. 1t has been shown by Baldfour ond Comiine (1962) that the
amount of gama globulin absorbed is Influenced by the composition of
the whey, and Hardy (1968) hes demonstroted diffarcnces In the rate of
absorption as well as the volume and concenteation of the thoragic
duct lymph as a result of prasenting gamma globulin solutions of
different composition to the intestine of the newly born calf. The
possibilivy, thoerefore, enists thot the offlciency of the meghonism
way boe influenced by the chemical campesition of tha colostrum,
Varlotions In the composition of wilk due to breed and diet are well
recognlsad and hence the absorption efficliency caleulated In Port &

may bo characterisiic only of Ayrshive cattle on winter feeding.
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The Bffect of Time and Pewporature on the Zing Sulphate Turbidity

hs_Memperature 6°C

Time (ming)

Galf N, 13 k) g, 120
1 1840 2145 2240 2%.0
2 22,0 24,25 24.5 24,5
3 TN 1 6.5 70 TeTa
4 14.0 16.25 LT7.0 175
5 3.25 hos 525 5T
6 135 16.25 1725 Y7475
7 1840 15475 17.0 VI.7%
8 17.0 19.75 19.5 a2.0
0 ha75 TeQ W5 8.0
10 18.25 19.5 20,78 21.7%
Mean 12.8 15.1 15 08 16. 6
4 8F & 201 % Qe 2 213 % 2.19

Be Tomperature 20%

Tdme (mins)
Galf Mo, 15 p:t] [<2] 120
1 2075 2%40 2l 25 27.0
o 25275 25475 2740 29475
“ 615 3425 9,25 11.75
! 145 1745 19,0 20.75
% 1,5 5.TH BT Te5
6 1T o5 21..0 22,25 24,75
7 L5 TS 1645 175 20.75
a8 1845 22,25 24,75 27.5
9 9,0 11,75 13%.0 15,5
10 1845 22,25 27%.5 7.0
Mean 4.7 174 | 18.6 21 .&m

£ S & 1,98 + 2,14 4 2.86 & 23T




The Lffeey of Time ond Temperature on tho Zine Suwiphobe Turbldity
Ronation

¢ Temperaturs 25°C

Timg (mina)

Cplf No. 13 ] 6o 20
1 22.5 26.25 325 H.H
2 24,75 28.85 H0W2H 2.0
5o Te'f5 12.78 18.75 18.75
) 15,95 2275 2475 2725
5 ﬁnQ 800 9t5 llt?‘j
6 18.75 25.7% 29,0 3h4T5
T 177 2.7 25,25 28425
B 23,85 28.0 30.85 22,75
9 D75 175 20.75 23
10 2845 27«75 3145 T

Mean 1648 22.0 24,95 276

t 8B % 2.22 i+ 2.08 t 2.58 £ 2.5

D« Tenperature fﬁlﬂc

Time (ming)
Galf Mo 15 X, [0} 120
1, Bh,5 30,0 Iy 05 45,0
2 B TS BT 42,0 43,0
% 20.5 22075 35425 3375
4 22,75 AR 33,0 4045
5 2040 22.75 26.5 29,0
6 6,75 940 B1..75 43%,5
7 L5 25 I 5 H1.40
8 30,75 3475 41,5 hb 25
9 26,7 30425 34D FT.5
10 36,0 aB.75 11,75 4,0
Meon ma:ﬂ 3)‘“6 :ﬁgaq‘ “'}‘066

% 8% t 1L.9L £ 1.70 % 1.63 £ 1.51




The Eifeet of Time and Temperature on the Zine Sulphate Turbidity
Reaution

5. Tomperatnrg 577%

Timz (mins)

Calf Noe % i) <o} | 180
A 5.5 7.5 7 .18 83075
o U575 33,75 Qo0 W7 .85
) BTT5 40.0 41,0 75

4 2075 45,25 I, 0% 375

% L8 B0 6.0 5940
: s iaa el Neras

o2 . 43,5 T
8 B0 WS 160 485

9 ha,5 42.5 A5 87,5
10 L %{6;55 48,0 49,75
Mean 41.6 32,8 44,0 ll‘én?
85 % 1.27 % 1.18 £ 1410 4 1.082




The Effeot of pH on the Zine Sulphate Turbidity Reacbion

Galf Naa Zine Bulphato Z2ine Sulphate Zine Sulphote
Solution Solution Solutlon
4+ Reinbold Buffer + unkel Buffer
(B 2%T) (ELL:53) (PiL726)
1 1.9 et ‘ 05
2 325 L.78 L
;) 585 045 1.0
4 B.25 2.5 1,25
5 G He 1.0
6 11.0 B0 a5
7 4.5 5.5 175
8 145 540 L8
g 16.85 5425 075
10 L7.0 Qa3 1.0
11 195 12,0 L8
12 ab.0 975 1.85
15 25.5 3.0 1.5
4 28,8 12.0 1.5
1% a3 12,0 2,0
16 e 11.25 1.0
7 20 0.7 1.5
18 530 1245 2.5
19 ST 1175 L5
20 % 15,5 1.0




The Bffect of Iondc St

ine Sulphatae Turbldity Reaoetlon

Tonie Strensth (I % 1077)

Turbidity  (RAS* QA @ (B QL
1 16,75 Q.0 1.28 Bee 4,75 645
2 20.25 045 B 4.0 5,0 575
o, 22,75 140 285 225 k.5 8.0
4 25.88 a0 00 240 /) 725
5 525 0425 1.25 2.0 1}.5 8.75
& 3740 0.5 045 1.0 k.5 8.5
T 3140 1.0 240 2075 60 240
8 34:5.5 1.0 1.5 1.0 59 T+0
9 4575 05 1.5 ReT5 685 975
10 Br.a5 L85 240 B0 56 11,85
Moan 05 L5 244 5.0 81
* B % Qtlg % 00:’,50 piA Q!% h 0-23‘? bl 0»51.

* @aline dliution

Figures in the table refer to the depression produced from the
origingl turbidity in teraa of 2ine sulphete turbidity wnits.




The Effeol of Albumin on the Zine Swiphate Turbldity Heaction

Albumin Added {mg per wml)

Calg Ho. 9 2, 50, 100 350 200
1 $6675 5 T 40 5 X N i 2045 20.25
P U725 58,85 I5.7% 10,75 R 215
o 46 .25 "85 4525 3475 20475 22,5
4 T S B E5 2740 20,85 12.0
5 4645 U555 "5 s % 2075 2540
Mean, i 3 B0 1, ) 3‘6:0 28 o7 2025
& 8 £ 2,30 5 2438 + 8.7 k 2453 X 2,15 & 8.80
Albumin Added (mg pey ml)
Galf No. O 28 5.0 190 20 x 4o
1 46,5 a5 155 46.5 15,75 15,5 Il 5
2 47,0 15 .0 46.0 1645 7.5 48,5 46,0
» 5.5 §7 40 55,0 U640 7.0 "5340 h5 .5
4 M5 275 3285 B Y ) 3575 F2e5
5 .05 5,85 hy 25 i, L 75 46.25 Uy o5
Maan 3,7 a9 43,2 35,0 B & &40 k2.5
4 G 2,38 & 2857 & .51 £ 2,16 % 249 & 2.01 & 2.53




‘The Bffect of Adding Rovine Gamma Globulin to Hypogammaslobulinaemlo

Gelf Serun
Globuiin Added (mg per ml)
Calf No. 4] {}ug {fg m m m .23;9:- M
1 1.0 0 &2 13.0 26.25 25.T5 46.25
a 045 B0 6.5 14,85  28.5 oY1 By,
3 1.0 2.5 ) 13.25 26,75 BT 25 By .5
“ 0 b5 T+5 16.0 275 5.5 7.0
5 1.0 k0 668 145 7.5 6205 4G40
Mean 0.8 245 607 14,2 2725 3607 "4517
% 8B 2010 £0.32 2023 £ 085 £ 0,27 % Q6L % 0.H0

Globulin Added (mz per ml)

gulf No. 0 043 Qe Q.62 L2328 03 5.0
6 L85 Be0) 5,25 0.0 16,25 .75 K075 48.85
T 1.25 2.5 4,25 8.7% 1640 3040 3,75 4840
8 0 v 25 LB B0 T+0 :_!.}'h"ff) e A28~ et 5 48,75
9 QW5 Lol 345 TeT5 e 30485 38.B 48.TS
10 1.25 340 B:0 %) 15,75 2075  40.95 5075

Mean 0.9 25 38 B.0 155 5.6 395 48.9

+ 85 £0WBL 2037 202 20T 2 0.3L £ 0.56 % 0.40 % 0.48




THE CORRELATION BETWEEN THE ZINC SULPHATE TURBIDITY AND
THE TOTAL SERUM FROTEIN OF NEONATAL CALVES

Calf Zn80 Total Serum Calf ZnS0 Total Serum
No. Turbid%ty Protein No. Turbidity Protein
(g per 100 ml) (g per 100 ml)
1 0.7 b 26 27.7 76
2 2.4 4.4 27 28.5 6.25
3 345 k.7 ’ 28 28.7 : 6.25
4 5.7 4.5 29 29.8 6.4
5 6.3 4.6 30 20,8 6.6
6. T+5 4.9 3L 0.8 6.5
T T+9 _ 4.4 32 32.1 Tl
8 849 4.5 33 22.5 6.5
9 Q3 5.3 ' 34 h5 T
10 9.4 4.9 5B 25 TeT
11 10.3 4,75 36 H5H TT
12 10.8 5.25 57 6.0 8.3
13 il.1 5.25 53 36.6 Tel
1k 11.9 5.9 Y 37.25 ' 79
15 2.1 5l ho 39.25 8.0
16 12.3 5.0 n 40.5 7.8
17 12.8 4,7 42 41,25 8.8
18 k.7 5.0 43 41.5 ' 8.9
19 16.6 5.4 Ly 5..75 8.8
20 17.5 5.0 45 42,5 9.0
2l 24,1 5.9 46 hi,, 8.0
22 25.0 6.0 b b5 8.7
23 25.2 6.9 48 47.5 9.4
24 27.1 6.3 4o 48,5 9.0
25 27.2 6.1 50 49,5 9.6




THE CORRELATION BETWEEN THE ZnS0, TURBIDITY AND
THE TOTAL SERUM GLOBULIN OF NEONATAL CALVES

Calf 4ns0 Globulin Calfl Zn30 Globulin

No. Turbid%ty (g per 100 ml) No. Turbid%fty (g per 100 ml)
1 0.7 2.0 26 231 2.52
2 2.4 2.18 27 23.3 5430
3 2.8 1.88 28 23.5 3.01
4 Bl 2.2 29 24,1 3.%0 )
5 75 2.08 20 5.0 3.TT
6 5.7 2.40 1 25.2 4.58
7 6.3 2.28 o) 27,1 3.56
8 T.5 2.76 33 27.2 3.2l
9 7.9 2.70 bl 27.7 5.00

10 8.9 2.25 » 28.0 4,13

11 9.3 3.73 36 28.5 4.09

12 9ol 2.57 27 28.7 427

13 10.3 2.64 33 29.8 443

14 10.8 3.03 39 29.8 b5l

15 11.1 2.41 4o 0.8 ()

16 11.9 3.TL i) 2.1 5.09

17 12.1 2.55 42 35 5.05

18 12.3 .09 43 33.2 5.50

19 12.8 2,00 Iy 4.2 5.16

20 14,7 2.77 I5 36.6 4.57

21 15.6 3.88 46 9.6 6.76

22 16.6 3.05 W7 4.8 4,01

23 17.5 3.08 48 42,5 6.53

24 17.7 2.42 49 by, 5.9

25 18.5 2.64 50 49,5 7.03




IgG + IgM

Igt TaM

THE CORRELATION BETWEEN THE ZINC SULPHATE TURBIDITY TEST AND
THE SERUM IMMUNE GLOBULIN CONCENTRATION OF NEONATAL CALVES

Calf No.

9%waw%mwm%%mwwmw 7964276@@%mmm3ﬁmexwwwa
DEN<YLLEIRI/NIEY 8283089808 n08Y

010100100000O000O0000016120123121132517)4
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THE CORRELATION BETWEEN THE ZINC SULPHATE TURBIDITY TEST AND THE
SERUM IMMUNE GLOBULIN CONCENTRATION OF NEONATAL CAIVES (cont'd)

Calf No. ZnS0), IgG TeM IeG + IeM
41 795 34,0 2.85 3685
4o 22,5 25,0 1.23 26.23
%] 39.25 42,0 4,05 46,05
Ly 20,25 23.3 2.45 25475
45 360 34,0 5.4 294
36 29.75 25.1 5.6 50T
47 510 19.1 0.58 19.68
48 45.5 40.0 %9 4.9
49 24.0 a1.5 1.95 23,45
50 32.25 1.5 243 33.8
51 36.75 5.0 3.9 38.9
52 24.75 18.0 2.1 20.1
55 %L.0 20.0 6.0

26,0




APPENDIX 1



CUANGES I ZINC SULPHATE TURBLDITY OVER A

FERIOD_OF 21 DAYS

Clogs T

0

Maean & 8B

Inditial turbldity 0«5

Doy
0 | 7 1 21
O 0% ha5 740
La5 5.0 65 9.5
B35 To75 675 B

3‘30{} ol lla ,’ﬁd.! & 103

8.9 £ Qa7

PeB & 0.7

Class 13

Calf Mo
h
%
)
boors & 85

ey
Q. , Wi ‘ M- 25
10.0 8.0 Tl Tt
10.0 8475 105 110
11.25 8.75 8415 2.0

10a% £ 0. 8.5 & 0.5

8»? X 0«_9

9.2 & 1.0

Olans TYE

GelE, Mo,

7
8

9
Mean, 3 85

1940 8 845

Initiel turbldlity 15«25

i

Doy
0. 7 14 &3,
3.8%0??) lﬁi% 12 075 11 aﬁi
1875 LTTS 16,7 1540
19.5 18.85 15.0 L4.G

104 2 1,6

4.8 2 1.1

155 & 1.0

Clags IV

Jalf o
10
1L
iz

Mean & SH

Initinl turbidity 25~

Dy
Q. T }L«’%» 21,
85,25 204775 12.75 12.0
B N2 a5 19.85 16.5
TG 775 2585 20.0

:‘5{)‘@ o ﬁtg 2#‘!3’ ;1; 800

19_9_3» & 3'6

102 & 2.7

Glass

Calf No.
13
14
15
Menn & B

Tnitial turbidlty H-05

Day
0 i 34 @k
405 BT 20.5 21T
41, W25 22T 26.75 18.5
"’g‘l 05 3&0?:’3 2600 .!-9-,%

B1e0 % 03 55,2 & D

24 & 1.0

_19.9 & 0.9




THE RELATIONSHIP DETWEEN SERUM HMUNE GLOBULIN

CONCENTRATION AND RECNATAL MORTALITY

Deaths from

fowuna Globullin Mo, of Calves Senticaemlas other causes
(Z87 units) VA (%)
0«10 162 30.7 9.1
10 « 20 81 2.4 18.5
20 - 30 61 - 6.5
30 « 4o 5h - 3.7
5o « 50 28 “ -
50 = 60 8 - -
60 - 70 1 - -




Saram Tomune Globulin Goneentratlons of Neonatel Markeb Gelves

July, 1906k
Calf Immne Globulin  Calf  Imnune Globulin  Qall

Imoune Globulin

pataey

No. (ZST Unlts) Mo, (Z5T Unlts) Nevs (Z87 Units)
1 6.5 5 1840 9 3740
2 o5 6 275 lo 3325
3 ToT5 7 2840 11 4740
4 8275 8 HeTh 12 h8.75

Humber of calves = 12
Average Zine Sulphate Turbidity o 25.8
flelative Distribution

<10 <20 <0 <40 <50 <0 <70
35435 BoJ  16TE 5% 10.7H - -

Ausust, 1064

Calf  Immane Globulin Calf Immune Globulin  Calf

Lomune Globulin

Hos {237 Unlts) Now (25T Unilts) HO« (75T Units)

1 35 8 S 15 48

2 80 9 38,0 16 ho

B 1545 10 3.5 17 53

4 1840 1L h1.5 18 87«5

5 B7+0 12 15,5 19 58

6 Bhe0 13 he 20 64

T J2e5 AR’ 4

Humber of calves = 20
Average Zino Sulphate Turbidity = 5.7
Relative Distribuition

<10 LEO <250 <40 <50 <60 <70
10% 108 By 250 20 15% e

Bepbaomber, 1064

Calf Tmnune Globulln Calf  Tomane Globwlin  Calf  Imnune Globulin
No. (787 Units)  Has (757 Units) o . (Z8T Units)
1 4.5 3 4, 5 h3.5
2 3240 b L 6 5845

Number of calvens = 6
Average 24inc Sulphate Turbldity = B
Reletive Distribution

<iQ <20 <D

<l 0 < <70
16.65% 0 4 16.65% 5?.30% 16,63 4



Serum Tmoune (lobulin Coneenbrations of Neonatel Market Colves

Ootaber, 1264

Celf Tumune Globulin Calf Immme Globulin  Celf  Immune Globulln

Na. (28T Unit) Ho. (ZST Unit) No. (4257 Unit)
1 0 15 20,0 29 54,5
2 05 16 21.5 4] 340
3 15 17 22.0 HL b
4 G 18 2440 B2 H3e5H
5 5.0 19 2475 35 BP0
6 70 20 25.5 i TR TH
T 8,75 a1 26.0 s 53675
8 10 an 8740 4] %,

9 10.5 a% 27eTH 7 i

10 11.0 24 29,0 &) 48
11 115 25 0.0 0 40,5
ia 155 26 0.5 ho 60.0
13 1540 27 B2e25
14 1G5 a8 B5e0
1L 0 15 240 29 20,5
a8 0 16 D5 b4 20,5
) 05 it 105 3L 25
i QW T 18 11.5 xR e
5 140 19 12,0 %] i
6 2.5 20 13.0 54 e
7 e 21 13.5 5 %640
8 B0 22 1475 3 3740
9 540 ﬁ? 160 a3 TV )
10 5,75 24 1775 4 1.5
12 5eT5 285 2048 3 i5
e 740 26 255 4o BT
15 8.0 ar 5.0
4 8.75 28 26,0
1 0.5 7 9.0 13 2175
a2 075 8 eH 14 2445
3 245 o 10.0 15 2575
5 G0 11 L4,0 17 L0
& 15 12 195

Humbar of calves = OF
Average Zing Sulphate Turbidity = 1.8
Relatlve Distribution

<10 Pls ] <30 <40 <50 <E0 <70
a5 19.5% 19.5% a1p 705 0% 1%



Serun Tumune Globulin Congentrobions of Heonatal Moritet Calves
Neovembar, 1964

Call  Iomme Globulin  Calf  Tmmune Globulla Celf  Inoune Globulip
How (ZHT Unite) Mo %’Fé&" Unita) Noe Z5T Unlts)

1 O3 E4) B9 15 12.1
2 368 Q9 T8 16 12.8
5 0.9 10 Bt T 13540
4 2.1 11 9B 18 13,8
ﬁi 317 12 9’53 19 3.8 -6
6 BB i3 D 20 2heB
T 5.1 14 11.1

Nunher of Calves = 26
Aveorage Zine Sulphote Turbldity o 8.8
Heloative Disteibution

L0 <20 < <40 <50 <60 <70
6% o 5%

Deoanber, 1964

No Samples

Janugey, 1065
dath Joomary
Cald  Tmmme Globuld Galfl Calf  ITmpune (Hlobulin
Nos %31 Units) i o (2" Unles)
1 sl 8 35 Bad
2 0.2 9 L 9.0
3 046 30 17 s )
Js 0.6 11 18 Qe3
5 Lol L 19 1540
6 1O 13 20 173
7 2.1 b




Sepum Tmmne Globulin Coneentrations of Neonatal Markeb Gelves

January, 1665 (continued)

19th Jenuary
Calf  Zmmune Globulln Colf  Tmmune Glebulin Calf  Iswupe Globulin
Nos (Z87T Units) No. (Z57 Units) Noe (Z8T Units)
1 Qe & 2.0 15 8.8
2 0.8 9 4.0 6 95
% 040 10 50 17 Q.7
4 1.3 11 5.8 18 12,9
5 17 12 T+6 19 173
6 1.8 13 Te9 20 18.2
7 243 14 8.1
Number of Colves = 40
Average Zine Sulphete Turbidity = 5.0
Reloative Disbrlbution
<10 <20 <30 <ho <50 <00 <70
87.5%6 12.5%
Pebruary, 1965
200 _Februavy
Colf Imnune Glocbulin Calf  Immune Globuwlin  Calf  Immune Globulin
Nee (757 Units) o (257 Units) No. (28T Units)
1 0.0 8 2.l 15 543
a 0.0 9 2.9 16 53
3 O+l 10 Bedk 17 55
4 0.9 12 el 18 70
5 L0 12 ha3 19 1643
6 1.2 13 he© 20 1743
T 1.2 14 46
Numbor of Celvos = 20
Averagze Zine Sulphate Turbidity = 4.3
Relotive Distribution
L0 <20 <R <40 <50 <0 <70
207 1075



Serun Immune Globulin Concentratlons of Neonatal Market Colves

Mepeh, 1965

2704 Vorah

Gelf  Immune Globulin  Celf  Imoune Globulin Celf  ITmnune Globulin

Woe (280 Units) Ho. (257 tnits) fo, (78T Undta)
1 0.0 8 2.2 15 94T

a 0.0 9 4.0 16 11,0

% 048 10 ka1 17 1143

4 0.9 11 H5e0 18 12.6

5 1.5 12 Gl 19 14,6

5 146 13 645 20 81,2

7 1.7 14 943

Numbgr of Calves = 20 )
Average Zine Sulphate Turbldity = 6.2
Relative Digteibution

<10 <20 <70 <40 <30 =16 <70
555 2055 55
April, 1965

calf Tmmune Globulin  Colf Imaune Globulin  Call  Imuune Globulin

Hos (Z510 Units) Ne. (ZsP Units) No. {Z4T Units)

1 0.0 3 R 15 10.4
2 VR 9 k1 16 12,1
3 140 10 4h 17 13473
i 1.1 11 4o 18 154
5 1.8 12 6.2 19 7.1
6 2.6 1A 10.1 20 17.9
7 <) 14 102

10th dpril

1 0.0 8 545 15 145
2 045 9 740 16 16.0
5 145 10 845 17 26,0
3 2,0 11 10.5 18 2740
5 B340 12 1145 19 %2.0
6 345 13 135 20 3.0
7 5.5 1 14,0



Soprum Trmune Gleobudin Congentreblons of Neonabnl Market Colves

Dprddy 1965 (eontinued)

20th April
Galf  Immwe Globulin  Calf  Immwne Globulln  Calf  Imaune Globulin
0. (Z57 Und%s) Hoe (357 Units) Ho (ZEY Undts)
1 0.0 8 249 15 10.0
2 Q.0 9 2.0 16 103
3 O 10 209 7 11.1
4 Oult 11 %3 18 17.8
5 049 iz 540 19 3.8
6 2.0 15 Ted
'] 2.6 14 T

Numhep of Calvay = 59
Average Zine Sulphote Turbldlty = §.2
Rulative Distribution

<10 20 <5 <40 B0 <60 <70

MG 305% 55 34558
Bty "!_ qﬁa"‘
Ry 5;*&-3

L1t May

Calf fmowne Globulln  Qall  Tmmune Globulin  Calf  Twawne Globulin
"o, (zS% Unite) Hgs {Z5P Units) Hos {781 Undia)
1 03 13 %e& 25 12.3
2 O« 14 %9 20 14
2 06 15 el aT 1418
% 049 16 Hel a8 5.5
5 L6 Ly 5.6 29 15.6
6 1.6 18 Gal 30 2049
7 L7 19 Gal 2L b
8 1.8 20 6.6 5 25
9 19 a1 Talt JoX B3
10 241 24 B2 ol 3.8
11 Qe a3 849

12 4.0 24 1.5



Servum Tmaume Globulin Conceptratlons of Neonatol Market Calves

May, 1965, (continued)
18th ey
Colf  Immwe Globulin  Calf  Imoune Globulin  Calf Topume Globulin

Ho. (280 Units) Nas (Z&T Units) THo. (%97 Units)
1 0 16 1735 AL 270
2 05 L7 .2 A2 05
3 0.7 18 160 kW :'3.1.0
4 08 16 16.2 3 ,)l 5
ﬁ 1 05 2@ 3.6 .3} :1’4’3 ,?“ L *‘#
6 3.8 21 1?0(} Elé ,,)‘“ Y]
T St aa 17w 37 Db
8 5.0 a% 1845 55 5540
G 5.7% an 187 0 40,0

10 B.5 a5 1944 A0 42,0

1L B35 26 19.8 41, 44,0

12 D20 a7 20.5 42 4840

13 95 28 21.6 43 B0

i QeF 29 24,2

15 11.8 0 264

25th Moy

1 03 15 Te0 &9 24.%
2 Oad 16 Te =0 4.5
,,‘5 (}l? :LT E&.j‘k jﬂ, ﬁ,’} ¢
I 0.9 18 a4 3 2540
5 1.5 19 1844 BY Ffs,ﬁ
G ) 20 13.8 54 25.8
T 1.6 21 5.7 wn 27T
8 249 g2 70 5 202
3] el 23 1840 57 35
10 a8 24 20,0 =3 FLe0)
1L 5.0 a5 20.8 9 35T
lﬁ 55 ol} 26 ‘ixll uﬁ ’2'50 _'?}%.9
13 Ga0 2 223
14 6.9 28 22,8

Nunber of oalves = 117
Averape Zive Sulphsate Turbldity « 15
Relatdve Distribution

“«l0 LAty X3 <U0 50 <60
Wi 10 % N 129 BT Q.84



Sorun Jumpne Globulin Congentrations ol Neopatnl Market Celves

o ul?.ﬁ} 2 l%&?) ‘

Gth_dune
alf Immone Globulin  Calf  Tomune Globulin  Calf Imonme Globulin

No, (757 Undts) Nes (Z87 Units) No. {57 Undis)
1 1.0 15 9.5 20 5840
e Held 16 12.0 X HeH
3 B0 Fid 13,5 51 3 o)
4 %0 18 16.5 R 3640
5 45 19 X745 33 310
6 b5 20 20.9 il 30
7 50 21 2440 st 4045
8 5.0 a2 25,0 50 2.0
9 6.0 2% 27.0 =1 4%.0

10 605 24 20.0 378 ;2‘9#(}

11 70 25 28.5 = SL.0

lﬁ! ? \\Q 25 EQQO 2}0 ﬁl +Q

1% 8.0 &7 20.5

14 240 a8 2.5

28nd June
1 2.0 12 235 2% HT 5
2 5 13 25,0 24 40,0
5 50 14 245 25 3140
4 o0} 15 28,5 26 1.5
5 5.5 16 270 27 2.5
6 T+0 17 20.0 28 LY
7 9.5 13 B340 29 LY
B 170 19 5540 50 45,0
0 18,0 20 % 151 ot | 50.0
10 215 21 4.0 ot Ba2.0

NMunber of Calves = 7R
Avopage 9ine Sulphete Turbidlity = 284
Relative Distribution
1O Ll <50 <40 5O <60 <70
37.5% 10.0% 20.0% 17.5% 10.0% 5.0%



Serum fwmane Glokalin Concontrations of Heonntel Marked GCalwes

Ho Sauples

&uﬁuﬁﬁ& l% f“%

9th Aveust
Calf Tmmme Globuwldn Galf  Impune Globulin  Celf  Zooune Globuli
Hoa ST Units Ho. 767 Unite) JUTeR (Y87 Units)
1 2.8 11 1646 ai 20.8
2 G e 17.5 22 20,8
2 15 15 LT 23 20.8
4 89 14 8.8 2l a2,
5 1043 15 25,1 &5 325
& 10.8 16 2345 26 2346
7 Ll 17 2540 a7 3.8
3 12,1 18 27.2 20 el
9 12.8 19 £0.5 a9 44,8
10 4.9 20 28,7 30 54.8

Nunber of Calves = %0
Average Zine Sulphate Turbidity = 2%35.4
Relabive Distrdbution

€ <A <B 0 <H0 0 <60
1336 3h3%  @6T%  13e3% 102 5e3%



Serum Tmaune Globulin Concentrations of Heomated Movkob Golvos

Septonbar, 1965
T ‘h}.} S{ﬁiﬂt’ﬁ%mb?r

Calf galf T @lon 33.&&1 Caly  fwmnne Globulin
Mars Ho, E f?&ﬁ* Units) Ho. 5T ﬁmta}
1 Oadd o 230 19 3.l
a .l 11 234 820 B0
? 30 12 235 21 40
b Gl 3,‘5 6.0 2 303
5 6.9 14 272 .3 h0.0
6 8.2 15 A5 24 b5.%
7 8.2 16 R28.7 &5 4849
8 11.3 7 04T
8 4.2 18 e
2end Bephemhor
1 OuF Y Ded 53 27a1
4 0eH 18 Dult b a7
3 1.0 19 1.9 3 20.0
I 1.2 20 12,75 =6 20.8
5 1.9 aL 15.6 5 el
7 2.7 23 16.3 20 w2
B Balh 24 177 40 Bh.4
9 B 5 2046 1, %346
ke 3 26 1.2 e o7
13 5.G a7 22.8 % 516
12 4.6 24 253 il 43,8
13 Bl 29 243 48 4245
ik Y 0 .t 46 492
15 Tea 18 5.2 b 505
16 To&t 5= 756

Nunbey of Calves = T8 4
Average %ine Sulphate Turbidlity = 20.6
Rolabive Digtribution

<10 80 <50 <ho <50 <60
BheT%  WhadZ  BOJAZ  15.3%  1LAB 147



Serum Tomane Globulin Concentretleons of Noonntal Morkot Galvos

13th Octobor

Godf  Tomwe Globulin  Calf  Tapune Globuiin  Calf Imune Globulin

o, (28T Undts) Ho» (257 Undts) Ho. (257 Undts)

1 L0 8 165 15 665
2 Dol 9 175 16 3340
3 4.0 10 205 i7 95
1 650 1% 2145 18 830
% 8.0 12 2845 19 7.5
6 2.0 15 T o0 20 5145
7 15.0 14 540

£2ath October

L 0.0 15 85 a9 HLB
2 05 16 i 0 a0
53 153 17 1540 il T
U Bl 183 135 e a5
i 2B 19 1545 55 315
6 B o5 26 18,0 al 5345
7 It 455 21, 1940 ek 0.0
B 3,5 28 10.5 55 50,0
9 540 25 PR w7 12,0
10 5,0 ah 8545 53 A0
11 545 05 200 o) 49,5
18 5,5 as 205 ) 4.0
1 Tah 28 040

Wumber of Golven « 60
Aversge Zing Sulphoto Turbldity = 21.2
Relative Digtribation

<10 <20 <¥0 eyl <0 <GO
WT% 187 11.6% 8192 1338 L%



vblong of Heonatnl WMoviket Colves

Novembay, 1065

end Novembep

Golf  Immwe Globulln Colf Immmo (lobulin Colf  Zmuumo ¢Globmlin

1 Qa0 il 90 A% 16.75
2 Lo 12 1040 a2 18.0
3 25 13 1145 23 20,5
4 40 14 12.0 24 204TH
& I 15 1275 25 210
6 485 16 Likfi 26 2.TH
7 G5 17 15485 at 86,0
8 Tatd 18 16485 28 20,0
9 840 19 1645 20 5025
10 90 20 168
1 1.0 8 Tl 15 19.0
& 30 9 85 16 2040
3 2% 10 240 7 20
4 4.0 1L 1145 18 HiheD
5 %o 18 155 19 210
6 408 il 1640 &0 B0 W5
22nd. Movenboo
1 025 N 525 23 1560
2 085 la Be 5 a2a 13.8
3 Oui 13 %e25 &3 140
% 1.0 13 o5 24 15.88
) 150 15 he85 25 1640
G 1.5 16 8.5 26 15.8
T 15 N 845 27 20,0
8 2.2 18 2T ad 7.0
9 = 39 1240
10 2.3 20 123

Numbor of Calves = 77
Average Zine Sulphate Turbidity = 12,1
Relative Distribution (%)

<10 <20 <) <0 <0 <66
BOWi%  ERWGE 04T B8% Le3B L%



Serum T Globuldn Concentratlons of Neouatul Morket CGalves

Degombor, 1965

£ Decanber

Galf  Tomuwe Glebulin  Calf  Dumwe Globwlin  CGalf  Immuns Globulin

“Ho (257 inlts Hoe (290 Unise) Ho. (Z97 Units)
i G0 14 4.0 ar 1145
& G40 15 445 28 1245
35 0.0 16 A5 29 1540
4 0.0 V4 45 Ay 1540
% 0.5 18 B0 =, 1545
6 045 19 345 e s 170
T L0 20 640 55 1745
8 1.0 2], 63 A 18.5
9 15 28 840 & 20,0

10 1.3 a5 845 36 2045

1l @ ah 0 b1y 250

ia ZeQ a5 940 3 270

15 3e0 a6 11480 m 5740

Number of Calves = JQ
Average Zine Sulphate Turbidity = 9.0
Relative Distribution (7)

Wop g Py oy <D0 <60

denuery, 1966
Leb depuary,

galf  Impung Globulin  Calf  Immme globulin  Colf  Imoune Globulin
e (767 Units) o T{ZET Units) Ho. (76T Units)

:5 O« l? E}u() 1 9 5
4 025 i8 340 52 10425
5 e85 19 BaT5 33 1140
6 058 20 :ﬂ»m Bl L1758
T O al i 12.0
8 L5 ap .§ 3%5. 12,5
a L5 a3 545 37 51
10 2.0 ah G0 i3] 19.0
11 2.5 25 6485 s 20.25
1% 245 27 GeTH

14 2.5 28 B.T5

Munher of Calves = 40
Average Zine Sulpbate Turbidity = 6.3
Relotive Distribution ()

T T By 58y B0 @



Serum Tmmune Globulin Concentirations of Neonatal Market Calves

Foebruary, 1966

1t Febyuary

Colf  Dmnune Globulin  Colf JTmaune Globulin  Calf  Dmoune Globulin

No. (287 Units) Mo (ZST Units) NO. (Z3T1 Uniis)
1 0425 ! 240 7 5075
2 1.85 5 2.5 8 12.5
3 L5 6 2075 9 135

8th _Febiuawy

1 05 15 4,25 29 9475
2 905 16 i’!’nﬁ % 3.050
3 1.0 17 50 51, 11.0
I 2.0 13 5.0 A 11.0
5 2.0 18 6.0 35 12.0
6 2.0 20 £40 5l 12.5
7 2.0 21 G5 s 135.0
8 2.85 prrs 725 30 13.0
9 2.25 a3 75 57 14,0
10 245 2h T 5 3 19.0
1l 2715 a5 8.25 09 22,0
12 3.5 26 8.85 ) 3940
15 3.5 2 8.6
14 4,0 28 9.0
15th Pebruary
1 0.0 10 3.0 19 8.0
2 0.0 11 50 20 8675
5 0.85 12 % TH 21 12.5
4 075 13 4200 an 4.0
G 2.0 15 5.85 24 2540
7 2.0 16 Q.0 25 I 5
8 2.2 17 7.0
9 2.5 B 8.0

Hunbar of Calves = T4
Average Zing Sulphate Turbidlity = T.82
Relative Distribution (9)

<G <20 <52 <ho <BO <60 <O
T4 100 20T Lo Lo -



flaryn Trouno Globulin Geneentrations of Meonated Meplad Galvon

hisnisrshe e i Sah B He

Horeh, 1960

LR R

Zint Woesh

5 Bk Ty R

Grlf  Bewne Mlobuldn  Golf  Imgume Mobuwlin  Celf  Ioawne Olobulin

Ga (ZE0 Unlis) e LEBT Undsa) s ST unite)
4 Lot} 9 Lo N Gl

pid L85 0 Ly 1% el

. 135 13 Heln 19 6.5

% 185 g 273 20 351 65

5 L% 13 0TS al 10G.85

B 175 14 Py 2 1.5

7 LT 18 ol i) 15

a L5 % 477 B4 125

Humhar of Colves = 28
Avornge Bing Sulphate Purbidity = 4.7
fnolative Digkribuslen (#)

i R ey iy < <50
6% W% B% .

eI

Hnridl }ﬁﬁa

AT T A R

1Buh fapdd

Gatf  Ioemo Globwldn  Qelf Jumene Glelmldn  Gelf Sanwme Globualin

I (Z67 Unibs Hos (287 Untve) o (28T Units)
3‘ e ﬁf; é} f;’i *% 3-,‘5 133 4 53
& a5 ] Ga 18 15.8
% 1.8 30 B4 7 1Ea8
# a8 13 Tl 18 18.3
5 e TH 12 Tabd 19 T
& B8 1% Ba3 20 el
T 500 14 10.8
L 555 8 Ha 15 1340
2 148 9 4ot 16 1640
] 2afy 1 Gty V¥ 045
B My 13 545 19 @35
5 Bt iz v 19 B8
& el % Tl A0 A5
¥l a0 1 145

Rupber of (olvas o 49
Avopegy 2ino Sulphate Turbldiby = .0
Feletive Distribubion (8)

LAty WEKY “ A0 &l B0 <00
65% 20% 16% 4% m -



Serun Tmmme Globulin Congentrations of Neonetal Market Calves

f*,! &&;f 2 m

2od May
Goatf  Tmmane Globulin  Calf Imoune globulin  Calf  Tomume Globulin

Ho. (267 uUnits) 1o. (2T Undts) Hoe (207 Units)
1 0.0 11 s @1 Tl
a 140 12 4,0 pie) 940
i) 140 1% 460 2% .5
4 1.5 14 4.5 2l 10,5
5 2.0 15 15 a3 12,5
6 2.5 16 4.5 26 1540
7 245 17 6.0 27 18,58
& Bal) 18 05 28 .0
9 340 19 T40 29 40 5

10 5 20 T o0 s} 41,5

2l Yay
1 Lol 9 1hea5 17 a5
) IS 10 14T 18 BT 45
3 6.5 11 15.5 19 27475
) T 85 12 19.8% 80 e
5 T3 15 2045 2. 640
6 940 b 20,75 22 BT 425
7 De'TH 15 235 23 415
8 18.0 16 D475

218t Moy
1 Q0 & 10.0 % 105
2 055 4 10.0 16 B5.25
5 La75 10 10.85 17 85
& 2.0 11 11.25 18 5 8%
B 2475 8 1125 19 h0.5
6 o255 13 18475 20 43..85
7 SV 14 8.7

Number of Calvaey = 735
Averase Zine Sulphate Turbldldty o« 135.7
Relative Digtolbubion

<10 <30 <30 <G <350 <60
G098 8%3.3%  10.9%  8.2%  6.8% -



Serum Tomune Globulin Conoentrations of Neonatal Merket Calves

Iopume Globulin

Junz, 1966
Lith June
Galf  Tmoune Globulin Calf  Jmmme Globulin  Call
1 1.0 5 aL.T5
2 1875 6 2345
3 19.5 7 A7 «25
4 2175 8 2940
20%h June
3 ToTo 5 22,5
2 15475 6 29.25
v 185 7 20.75
4 20475 8 315

Nuwber of Calves = 22
Averoge Zine Sulphate Turbidity = 25.4
helative Distribution

<10 <20 <30 <40 <50 <60
940%  15.8% .03 31.8% - -

9
10

10
11
12

Fhe'TD
Bhe0

P55
6.0
5985
305
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APPEMDAX 3.1

calf No. |
Time Heart Rate Blood Praessure pH
{mins.) (par_min,.) {mm_Ha)
“f 185 140/130 7.44%
0 L. L. L.
17 170 Vas/ 130 -
38 150 142/126 w
53 168 1h2/126 6.60
6o 160 150/13% -
75 135 196/ 164 N
G4 80 175/150 -
87 55 145/125 -
88 2h 95/65 -
Calf No, 2
Tlime Heart Rate Blood Pressure pH
{nips.) (per_min,) {rom _la)
=12 220 1627140 7.35
0 220 1567132 -
35 150 136/120 7.2
69 175 142/126 7.12
103 185 1587140 7.12
136 165 1507132 7.07
166 165 160/138 6.95
193 s 186/154 6,84
203 120 1907144 6.84
209 165 1287150 <6.6
214 85 176/142 -
215 56 1597135 -
217 20 38/62 -
220 - - -




Calf No. 3

Time Heart Rate Blood Pressurs ptt
(mins) (per _min) (mm_Ha)
-10 140 120/50 7.0
0 30 105/708 7.46
20 125 i22/9% 7429
b5 140 104/69 7425
68 135 110/86 7.22
6o 190 Sh4/66 7.21
92 160 ha/V22 7.08
103 160 104/82 6.86
1 150 168/13h 6.87
1208 100 196/ 145 6.78
135 59 180/126 -

Calf Moo &

Tlme Heart Rate Blood Pressure ph
{mins) . {per _nin) (imxn_Hg)
=10 176 153/132 7435
0 157 154/132 -
27 w7 1647138 -
47 193 168/148 -
75 176 1H0/130 -
99 187 156/136 -
105 150 1847152 -
14 140 200/ 164 -
121 70 122/106 -
125 L7 102/86 -
129 61 124/100 -
134 78 2007150 -
113} 62 h2/115 "
142 ho 116780 -

143 2h 114784




Lalf No, S

Tima Heart Rate Blood Pressure pH
{mins), {par, min) {mm_Ha)
=10 155 160/130 7.38
i} w - ©
8 160 166/130 7.2
19 140 144/120 7.01
26 135 138/118 -
63 110 132/112 6.98
78 120 128110 6.95
93 160 170/136 6,80
106 150 180/ 144 6,65
124 135 156/150 <6.6
128 135 1987160 -
T4l 15 200/160 -
161 n2 1347154 -
164 75 175/ 148 "
166 59 14H6/120 -
167 36 1227100 -

Lalf No, &

Time Heart Rate Blaod Pressure pH
{(ming) {per_min) (i Ha)

0 145 102788 -
22 145 112798 -
45 VA5 114798 -
72 135 1247104 -

100 130 15h/122 -
15 110 170/130 -
133 70 148/114 -
135 62 /110 "
48 50 142/106 -
150 Ll 134/96 -
157 18 80/30 -
160, 10 _h5/10




Calf No. 7

Time Heart Rote Aleod Pressure pHl
Aming) {(per. m {rom_Ha)
=i} - - 7.1{.2
0 145 100/80 -
i6 120 106/90 -
38 100 /i 6.91
Bl 100 - 100/78 -
68 105 100776 6.8
9 83 108/88 -
46 67 116792 6.63
calf No, 8
Tima Heart Rote Bloed Proassure pht
(mins) (per min) (mm_Hg
=10 150 112796 7.2
0 1hs 112796 7.42
8 125 1307110 7.18
17 i20 5/118 7.05
30 100 194/ 1ho “
h3 ice 194/ 140 -
L7 105 175/136 -
51 105 1757135 6.68
57 1o 1937140 -
63 1085 194/ 14k -
66 100 Yhl/Eas -
I 75 59/4f -
7 30 52716 "




Galf Ne. 9

Time Heart Rate Blood Pressura pH
Smins) {per min) (e $ha)
=10 2ho 142/120 7.38
0 A 1h2/120 7.35
hs 222 1407120 7.30
& 205 128/110 7.06
105 200 112/92 7.04
135 V75 1247104 6.97
163 93 160/125 6. 80
160 L 1707125 6.70
170 kO 110/ 75 6.60
183 a3 78/h0 “
185 - - -

Calf No. 10

Time Heart Rate Blood Prossure pH
fmins) (per_min) {mm Ha)
=10 150 18/118 -
0 15 1207100 7.38
25 110 186/90 -
30 110 104/ 81 7.13
G0 120 96/ 76 70
&5 15 162/80 6.92
100 105 112790 6.88
105 105 108786 6. 79
13 100 1457318 -
123 95 162/130 -
125 25 15687128
126 78 160/130 6.61
130 76 1867 146 6.6
135 35 200/135 -
136 33 180/130 »
140 30 116794 -
14t 18 88/5h -

142 12 65/20




ARPPERDIN 1V




tmmung Globulin Concentrationa (287 Units) of Galves
Fod pt Rifferent Times after Birth

0«0 Hrs. 6=12 Hrs. 12-18 Hrs.
6.0 0.5 0.1
6.25 3.2 1.0
9.5 k.3 2.2
10.5 3.0 3.0
it.5 8.5 3.1

13.5 10.7 b, 8
15.75 13.4 5.1
17.28 15.2 6.0
17.75 18.3 6.3
18.5 20.9 7o
18,75 23.0 7.6
19.25 13.1
20.25 ' 13.6
20.5 20.0
21.0 27.2
23.0

25.75

29.0

30.0

30.0

31.5

37.25

39.5

Mean = 8.E.:
20 S .0n 1185 < 2,23 6.0 £ 1.87




