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ABSTRACT 

SixtY-DoJO newborn Holstein-Friesian calves were used to study 

the role of colostrokinin, serum cortisol, and serum thyroxine in the 

absorption of maternal inrrnunoglobulin. Calves were removed from their 

darns prior to suckling and assigned one of four rations: colostrum, 

whole milk, milk plus colostral immunoglobulin, and milk plus immuno

globulin plus colostrokinin. Calves were fed their assigned ration 

either at birth or after twelve hours inanition. All calves were fed 

pooled colostrum at 24 hours postpartum. Blood samples were collected 

at seventeen times during the first 32 hours postpartum. 

Calves were born with high cortisol concentrations (88 ng/rnl) 

which decreased (P<.05) within two hours postfeeding. Serum cortisol 

levels increased (P<. OS) beDoJeen DoJO and three hours after calves inges

ted a colostral source of immunoglobulin. Time of initial feeding had 

no effect on the cortisol surge. No such increase was observed in neo-

nates consuming an immunoglobulin-free milk ration. These results dem

onstrate that the immunoglobulin fraction of colostrum is responsible 

for initiating an increase in cortisol secretion by the adrenal cortex. 

Within four hours postpartum, serum thyroxine concentrations 

increased (P<.OS) at least 50% in all treatment groups regardless of 

whether the calves were fed or fasted. After peaking at 18 )lg/dL, the 

serum thyroxine concentrations fell gradually throughout the duration 
. 
of the collection period" 

xi 



xii 

Colostrokinin exhibited a bipllasic effect on serum immunoglobu

lin concentrations which was dependent on the initial time of feeding, 

Calves exposed to colostrokinin in 0 hour feedings had serum immunoglo

bulin G concentrations significantly higher (P<oOS) after 16 hours post

partum than animals not fed colostrokinin. Fasted calves, exposed to 

colostrokinin at 12 hours postpartum, had no increase in serum immuno

globulin G concentrations following a colostrum feeding at 24 hours 

postpartum. Fasted calves fed a ration not containing colostrokinin 

exhibited a Dvo-fold increase in serum immunoglobulin G concentrations 

after the 24 hour colostrurn feeding. Colostrokinin did not have an 

immediate effect on serum immunoglobulin G concentrations~· but required 

an approximate twelve hour period to manifest its regulatory function, 

The presence or absence of colostrokinin in the experimental rations 

did not have any effect on the cortisol or thyroxine profiles. The 

variable serum immunoglobulin G profiles suggest that colostrokinin is 

involved in the acquisition of passive immunity by the calf, but colos

trokinin may have more than one physiological role, 



GIAPTERI 

REVIEW OF LI1ERATURE 

TIle calf is born with little or no serum antibody due to an 

immature immunological system and the failure of immunoglobulin (Ig) to 

be transferred from maternal serum to the fetus, To compensate, the 

neonate acquires passive immunological protection by consuming maternal 

colostrum within the first Dventy-four hours of life. During this time, 

the intestinal epithelium of the calf is able to absorb colostral 

immunoglobulin intact. Recent studies suggest that the mechanisms by 

which the gut absorbs these relatively large protein molecules for a 

limited period of time are stringently controlled. The endogenous endoc

rine system of the neonate~ certain humoral substances found in colos

trum, and the dietary regime have been implicate1 as regulatory factors. 

A more comprehensive understanding of the mr::hanisms controlling the 

acquisition of passive immunological protection would be beneficial to 

the producer of animals bOITI hypoganunaglobulinanemic. High rates of 

postnatal morbidity and mortality may be reduced by application of future 

findings to managerial practices. 

Glucocorticoid Levels in Newborn Calves 

The prevalence of a high serum glucocorticoid concentration, 

100-140 ng/ml, in calves at birth has been reported by numerous investi

gators (Khan, Dickson, and Meyers, 1970; Hudson et al., 1976; Johnstone 

and Oxender, 1976; Stott, 1980; Nightengale and Stott, 1981). However, 

1 



there are a limited munber of studies which present a thorough profile 

of cortisol, the major bovine serum glucocorticoid, during the first 'bvo 

days postpartum. 

2 

The first reported profile of cortisol concentrations in neonatal 

calves was presented by Khan et ale (1970). Using nine calves kept at 

16 C, high cortisol levels at birth (100 ng/ml) were recorded followed 

by a steady decline during the sampling period. Calves were bled at 0 

and 4 hours postpartum with s.ubsequent samples taken every 8 hours until 

the third day. Johnstone and Oxender (1979) measured glucocorticoid 

concentrations in calves during the first 'bvo days postpartum. Blood 

samples were collected at 0, 005, 1, 1. 5, 2, 2.5, 3, 6, 12, 18, 24, 30, 

36, 42, and 48 hours postpartum. All calves were fed one liter of pooled 

colostrum within the first tvo hours postpartum. Calves were born with 

a high glucocorticoid level (140 ng/ml) which was followed by a rapid 

decrease in serum concentrations over the next three hours. Betveen 3 

and 18 hours postpartum the slope of the decline decreased, after which 

no changes were recorded through 48 hours postpartum. Stott (1980) bled 

newborn calves every four hours from birth to 40 hours postpartum, and 

fed one liter of colostrum at 4, 16, and 28 hours postpartum. Serum 

cortisol concentrations steadily decreased over the first eight hours 

postpartum, and then stabilized and remained constant through the 40 hour 

sampling time. At no time in the three previous studies were the gluco

corticoid concentrations observed to increase. 

Nightengale and Stott (1981) were the first to report a rise in 

serum cortisol during the initial 48 hours postpartum. The increase was 



elicited between 12 and 24 hours postpart1.Un in calves subjected to 

delays in feeding of at least twelve hours. Nonfasted calves exhibited 

gradually declining levels through 48 hours postparttun; no cortisol 

increase was recorded in these animals. 

During the initial 24-48 hours postpartum, the newborn calf 

tmdergoes a barrage of stressful factors, many of which would be expec

ted to increase pituitary-adrenal activity (Stott, 1980). Rapid fluctu

ations in serum cortisol concentrations reflect the adrenal response to 

a variety of stimuli including feeding (Willett and Erb, 1972). To 

monitor rapid changes of serum cortisol in the neonate, a more frequent 

bleeding schedule than those previously reported was incorporated into 

the experimental design of the present study. 

Interaction Between Glucocorticoids and Ig Absorption 

In rats adrenocorticol steroids are involved in the ability of 

the neonate to absorb immunoglobulin from the gut (Halliday, 1959). 

3 

Unlike the calf, the newborn rat is able to absorb colostral immtmoglob

ulin across the gut epithelium at any age up to 18 days (AppendL,( D); 

thereafter this ability declines and is lost by 21 days. Halliday (1959) 

was unable to advance or postpone the time of cessation of absorption by 

interfering with the diet or by fostering pups onto mothers at varying 

stages of lactation. However, administration of large doses of exogenous 

corticosteroids to pups, ranging in age from 9-16 days, had the initial 

effect of increasing the amOlmt of antibody absorbed. However, a subse

quent reduction in absorption \vas apparent at 24 hours post-injection and 

complete cessation after two days. Pups injected with deoxycorticosterone 



acetate also exhibited significantly lower antibody absorption than did 

untreated controlso Injection of other steroids (stilbesterol, testos

terone, and progesterone) had no effect on the level of antibody absorp

tion. 

4 

Since exogenous glucocorticoids could cause a cessation in the 

amount of immunoglobulin amassed by the neonate (Halliday, 1959), 

numerous investigators sought for the processes by which the uptake of 

antibody could be hormonally controlled. In bovine, porcine, and canine, 

species which have a relatively short period during which immunoglobulin 

can be absorbed (24-48 hours), studies have focused on the immediate 

effects of exogenous hormones typically administered to the neonate at 

birth. 

Gillette and Filkins (1966) investigated the extent to which 

intestinal antibody absorption in dogs could be influenced by postpartum 

injections of hydrocortisone, progesterone, or metyrapone (an inhibitor 

of corticoid synthesis). Colostrum-deprived, puppies were treated and 

then fed a known amount of Salmonella pullorum antisera. No significant 

differences in the amoilllt of antibody absorbed \vere found between the 

treatment groups. 

Patt and Eberhart (1976) injected newborn cesarean-deprived pigs 

with metyrapone, ACTH, or the vehicle to investigate the effects of low, 

high, or normal plasma cortisol concentrations on immunoglobulin absorp

tion. The newborn pigs were fed pooled bovine colostrum at birth, and 

serum concentrations of IgG were determined. Serum \vas collected at 0, 

6, 14, 22, 30, and 38 hours postpartum. TIle concentration of bovine IgG 



in the serum of ACID-treated pigs did not differ significantly from the 

vehicle-injected control pigs at any of the times tested. However, 

5 

pigs injected with metyrapone exhibited significantly lower serum concen

trations of bovine IgG at the 14, 22, 30, and 38 hour sampling times. 

The authors suggested that maximal absorption of Ig could not take place 

unless plasma cortisol levels \vere adequate. They also stated that 

increased glucocorticoid concentrations would not affect the duration of 

intestinal permeability to globular proteins. 

In a similar experiment using newborn calves, Johnstone and 

Oxender (1979) presented evidence in agreement with the findings of Patt 

and Eberhart (1976). Twenty-one bull calves were divided into three 

groups and injected with either ACTH, metyrapone, or saline. Before 

calves were two hours old, each was given one liter of pooled colostrum. 

Blood samples were taken at 0, 1.5, 3, 6 hours postpartum and again at 

six hour intervals until 48 hours postpartum. The serum glucocorticoid 

concentrations of the AC11-I-treated calves were significantly greater than 

those of the control calves within two hours of birth, and the difference 

lasted for 36 hours. ~~tyrapone-treated calves had lower glucocorticoid 

concentrations throughout the duration of the experiment, but they were 

significantly lower than those of the control calves only during the 

first bvelve hours postpartum. The treatments had no significant effect 

on serum IgG concentrations, although the 24 and 48 hour values of the 

control and ACID-treated calves were greater than those of the metyrapone

treated group. The results implied that increased serum glucocorticoid 

concentrations in newborn calves would not interfere 'vith the absorptive 

process of Ig by the newborn calf. 
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Stott (1980) attempted to increase postpartum serum cortisol 

concentrations in the bovine neonate. Treatments consisted of one group 

injected with ACID immediately after birth, a second group given a highly 

potent synthetic glucocorticoid called Predef (9-fluoro-prednisolone), 

and the third group acted as the control with no hormone treatment. All 

calves '<Jere fed one lite'!' of pooled colostrum at 4, 16, and 28 hours 

postpartum. Blood samples were taken at birth and again at four hour 

intervals until 40 hours postpartum. Calves treated with AC1H exhibited 

significantly higher cortisol concentrations than did calves in the other 

treatment groups. Calves treated with Predef had serum cortisol levels 

similar to those found in controls. However, it was anticipated that 

the synthetic steroid would stimulate corticosteroid-dependent activity 

involved in immunoglobulin absorption and/or precocity of the intestinal 

epithelium. TIle hormonal treatments did not significantly alter the 

serum Ig concentrations at any sampling timeo Stott concluded that the 

absorptive abilities of the intestinal epithelium were not modified by 

the endocrinological treatments tested. 

In a field study by Boyd and Hogg (1981), forty-eight bull calves 

were injected with ACID within the first few hours postpartum. Calves 

were left with their dams for at least 24 hours after birth to allow them 

to obtain colostrum by natural suckling~ Blood samples were collected at 

0, 7, 12, and 24 hours pO$tpartum. The ACID inj ection caused a temporary 

delay in the normal decline of serum cortisol in the newborn calf. In 

addition, senun Ig concentrations at both 12 and 24 hours postpartum were 

significantly higher in ACID-treated calves than in untreated calves. 



However, contrasting results were obtained when a significant negative 

correlation was established beuveen sennn Ig and cortisol levels in 

l.U1treated calves soon after birth and at 12 and 24 hour postparttnn. The 

fact that colostral intake was not controlled may have contributed to 

the conflicting results. 

7 

In Sun1mary, thG innnediate or acute effects of exogenous glucocor

ticoids did not appear to interfere with the absorption of immunoglobulin 

by the newborn of cattle, swine or dog. In fact, adequate corticoste

roid seemed to be required for maximal immunoglobulin absorption. 

The plasma corticosteroid patterns in calves subjected to a 

variety of nutritional or environmental circumstances have provided the 

opportl.U1ity to study the ability of neonates to absorb Ig following 

endogenous changes in corticoid levels. L~futte and Eberhart (1976) 

recorded the corticosteroid concentrations in ten nffivborn calves that 

were fed either one liter of colostnnn or one liter of l.U1pasteurized 

whole milk within one hour of birth. The five calves fed milk were con

sidered colostnnn deprived. Blood samples were taken at 0, 6, 12, 18, 

24, 30, 36, 48, 72, and 144 hours postparttnn. No significant difference 

berueen the ruo groups at any sampling time was observed. Peak corti

costeroid concentrations were seen in both groups at 0 hour, followed by 

a significant decrease between 0 and 6 hours postpartum, with a general 

downward trend thereafter. 

An experiment by Stott and Reinhard (1978) investigated the 

effects of high endogenous concentrations of corticosteroids at birth, 

related to weather and dystocia, on the capability of the newborn calves 



to absorb colostral Ig. The cortisol concentration in sennn at birth 

was less in dystocial than eutocial calves, whereas the steroid levels 

,-.rere correlated negatively with environmental temperature prior to par

turition. The absorption of immunoglobulin as indicated by sennn con

centrations at 16 and 24 hours postpartum was similar ill dystocial and 

eutocial calves. Likewise, the environmental temperature did not influ

ence sennn Ig levels. Therefore, it was concluded that hyperadrenalism 

at birth, due to the birthing process or the environmental temperature, 

had little or no influence on intestinal absorption of colostral Ig by 

bovine neonates. 

8 

In a study previously outlined, Nightengale and Stott (1981) 

reported an unexpected finding. Concentrations of sennn cortisol related 

to time of first feeding were increased following ingestion of colostnnn. 

Increases in sennn cortisol due to colostnnn intake were only observed in 

calves following a period of inanition of at least b-.relve hours. Similar 

increases were not observed following a second colostnnn feeding. 

The role of endogenous glucocorticoids in the absorption of 

immunoglobulin by the bovine neonate remains unclear. It is possible 

that the high senun cortisol levels at birth initiate and control the 

processes of absorption and closure. However, the finding that senun 

cortisol concentrations fluctuate in response to colostnun intake 

(Nightengale and Stott, 1980) substantiates the continued involvement of 

glucocorticoids during the first 24 hours postpartum. A thorough study 

of the changes in sennn cortisol levels in response to various experimen

tal rations and feeding regimes may elucidate the role of this glucocor

ticoid in immunoglobulin absorption. 
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Delayed or chronic effects in large domestic species have been 

investigated by administration of corticoids or ACTH to the pregnant dam, 

thus placing the fetus in an environment of elevated corticosteroid 

levels. Puppies from bitches treated 24 hours prepartum 'vith either ACTH 

or hydrocortisone absorbed significantly less antibody than did puppies 

from untreated bitches (Gillette and Filkins, 1966). Since elevated, 

maternal corticosteroid levels in dogs had an apparent effect on neonatal 

Ig absorption, Husband et al. (1973) questioned the use of exogenous 

corticosteroids to induce parturition in cattle. In treated pregnant 

cows, an intramuscular inj ection of Opticortenol (dexamethasone trimethy

lacetate) was slowly released from its injection site and crossed the 

placenta to enter the fetal circulation. Therefore, the fetus in a 

treated cow was subjected to evaluate levels of corticosteroid. All 

calves were fed one liter of pooled colostrum 1-2 hours after birth and 

another liter four hours later. At 24 hours postpartum, the amount of 

irrnmmoglobulin absorbed in calves born prematurely from treated cows was 

half that of calves born from untreated c~ws with normal gestation 

periods. However, the published data did not indicate whether corticos

teroid administration produced a precocious closure or whether it reduced 

the efficiency of immunoglobulin absorption. In a similar experiment, 

~llller et ala (1975) used a more rapid acting glucocorticoid (dexametha

sone) to induce premature calving. Blood samples were taken at birth 

prior to suckling and at 3 days of age. Calves born prematurely and 

control calves (nonnal gestation) were allowed to suckle naturally. The 

steroid administration had no apparent effect on Ig absorption in the 

premature neonateo 
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Chronic effects have been studied more closely in the rat where 

lligh levels of exogenous corticoids initiate a cessation of the absorp

tive processeso It should be noted that the period during whicll rat pups 

can absorb maternal immunoglobulin differs greatly from bovine (Appendix 

D) • The rat pup is born at a more innnature stage of development compared 

to the newborn of domestic animal species 0 However, the amount of infor

mation generated about the absorptive precess in rat pups may provide 

considerable insight into the mecllallisms of immunoglobulin absorption in 

large domestic species. 

Daniels et al. (1972) measured corticosterone levels in young 

rats during the first 28 days after birth, and related the steroid pro

file to intestinal uptake of polyvinyl pyrrolidone (PVP). Corticoste

rone concentrations remained consistantly low until day 18. Over the 

next ten days corticosterone levels quadrupled. This increase correlated 

closely with a decrease in the absorption of PVP between days 18 and 22. 

After day 22, PVP uptake 'vas virtually zero. In a later study, Daniels 

et alu (1973) were able to show that a temporary reduction in PVP uptake 

by· tile neonatal rat intestine could be jnitiated by injections of exo

genous corticosteroids. Precocious closure induced by large doses of 

corticosterone injected five or bvelve days after birth reduced PVP 

uptru<e during the six days following the injection. However, the reduc

tion 1vas transient and uptake returned to control levels some days after 

the injection. The temporary reduction in PVP uptake was not associated 

with any change in the histolog~cal appearance of the small intestine at 

the light microscope lev~l. In contrast, injection of a large dose of 

cortisone acetate five or twelve days after birth resulted in precocious 



closure. Polyvinyl pyrrolidone uptake declined progressively to zero 

during the 4-6 days follow:ing the injection. Histologically, the pre-

cocious closure induced by cortisone acetate \vas comparable to natural 

closure; a progressive displacement of vacuolated cells occurred from 

the villi of the distal intest:ine. 
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~brris and MOrris (1976) presented findings similar to Daniels 

et ale (1973) but utilized labelled IgG to measure :intestinal absorptiono 

They were not able to induce a permanent closure of :intest:inal epithe

lium to labelled IgG us:ing corticosterone. TIlree days after treating 

twelve-day-old pups there was a marked reduction of IgG transport :into 

the blood. However, four to five days after treatment, some recovery of 

the IgG transport function was notedo Cortisone injections into a 

second group of Dvelve-day-old pups :induced precocious cell replacement, 

a process which took up to four days to complete. It was noted that a 

marked reduction :in the uptake of l25I-labelled PVP occurred during this 

time. 

The comb:ined work of Daniels et al. (1973) and Morris and Morris 

(1976) suggest that corticoids exert tileir influence on crypt cells, 

caus:ing precocious maturation of these cells. f.s the cells migrate up 

the villi, the absorptive capability of the gut diminished as vacuolated, 

absorb:ing cells were sloughed off and replaced by nonabsorptiv~ cells. 

Morris and .Morris (1980) presented evidence whereby the effects 

of exogenous corticosteroids on :intest:inal cell replacement were dis

tinguished from the action of the steroids on the transmission of Ig to 

the circulation. Corticoids were shmvn to influence the absorptive 

capabilities of vacuolated cells located on the villi. Newborn rat pups 
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were injected with either hydrocortisone, cortisone acetate, corticos

terone, deoxycorticosterone acetate, or the vehicle alone at day 12, 13, 

and 14 postpartum. The amount of radioactivity in the vascular compart

ment of 16 and 18 day-old pups was measured D~O hours after the injec

tion of l25I-labe11ed IgG into a ligated segment of the proximal sma11 . 

intestine. This value was compared to the radioactivity of the trichlor

oacetic acid precipitable protein within the same compartment. Low mole

cular weight fragments resulting from degradation of Ig during the ab-

sorptive process would not have been precipitated by trichloroacetic 

acid, and therefore, \vere not included in the measurement of intact Ig 

transported through the proximal epithelial ce11s. Control animals 

injected with vehicle only retained the ability to transport intact Ig 

to the circulation on day 16. However, in some control animals, 

closure had commenced by day 18. In contrast, pups treated with one of 

the exogenous steroids exhibited minimal transport capacity or almost 

complete closure by day 16. The amount of available Ig taken up from 

the intestinal lumen was also measured. Similar amounts of Ig were 

internalized by proximal enterocytes in all pups before and after closure, 

suggesting that the treatments did not affect the rate of pinocytosis. 

To assess the effects of experimental treatments on cell replacement, a 

five centimeter terminal portion of the small intestine \vas fixed for 

histological study. Treatments were injected on days 14, 15, and 16, 

and tissue samples were taken on day 18. All steroid treatments, except 

corticosterone, induced precocious cell replacement in the ileum by day 

18. TIle authors discussed the idea that closure in the rat may not be 

the result of ce11 replacement nor cessation of pinocytotic activity. 



Their data suggested that a decrease in Ig transport took place follow

ing steroid administration 1vhile pinocytotic activity was maintained 

and before full cell replacement occurred. They stated that closure, 

whether naturally or experimentally induced, was possibly the result 
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of changes in the protein-synthesizing ability of the proximal entero

cytes resulting in a cessation of. proteins involved in Ig transport and 

an increase in cellular lysosomal activity. It 'vas concluded that these 

changes were possibly initiated and controlled by glucocorti~oids. 

Interaction of Thyroxine and Immunoglobulin Absorption 

Recent work in the rat neonate has implicated the thyroid 

hormone, thyroxine, in at least one aspect of macromolecular absorption: 

closure (Chan et al., 1973; Moog and Yeh, 1979). A limited mmiber of 

studies have been published which investigated the involvement of thyroid 

hormones in irrnnunoglobulin absorption by the newborn of other species. 

Furthermore, a thorough profile of triiodothyronine or thyroxine concen

trations in bovine during the first 48 hours postpartum has yet to be 

reported. 

Hernandez et ale (1972) presented a profile of serum thyroxine 

(T4) concentrations in prenatal and neonatal bovine. Blood samples were 

collected once daily. Serum T4 levels just prior to and at birth 1vere 

app"roximately twice as high as normal adult concentrations, but declined 

rapidly, approaching adult values at the end of day 6. The authors 

reported an exponential decline of T4 over the first four days, and it 

was suggested that high prenatal concentrations inhibited further T4 

release from the thyroid due to a negative feedback. 
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Attempting to correlate the acquisition of passive irrnnunity to 

thyroid activity, Boyd and Hogg (1981) bled forty-eight newborn calves 

prior to suckling and again 24 hours later. Although they noted a slight 

decline (16%) of sennn T4 concentrations within the first 24 hours post

partum and significant increase in total sennn Ig content, they could not 

find any statistical relationship beu<Jeen the two parameters. However, 

amounts and concentrations of ingested colostnnn were not known for 

individual calves. Furthermore, any fluctuations of T4 levels due to 

ingestion of colostnnn and/or absorption of its constituents during the 

24 hour period of Ig absorption were not able to be recorded due to the 

lack of sampling times. 

Several investigators have administered thyroxine to calves 

during different stages of development and studied the subsequent effects 

on intestinal absorption of macromolecules. Cabello, Levieux, and 

Lefaivre (1980) gave intraamniotic injections of T4 to three prenatal 

calves. Four control calves were injected with saline. Colostnnn was 

fed as 2.5% of body weight every four hours until 32 hours postpartum. 

Blood samples were collected at 4 hours postpartum then every four hours 

until 36 hours postpartum. No significant differences in Ig concentra

tions were found beu<Jeen the control and treated calves. The authors 

did report that T4 injections reduced the duration of IgG absorptive 

period. Their criteria for termination of IgG absorption was the 

recorded time of maximum plasma IgG concentrations. Thyroxine treated 

calves e~libited a maximum IgG concentration at 20.7 hours while control 

calves peaked at 30.7 hours postpartum. In a second study, Cabello and 

LevieLL'C (1980) injected six calves at birth and again at 24 hours with 
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T4• Six saline injected calves acted as controls. All calves were fed 

the same colostrum. No difference in Ig concentration due to the treat-

ments could be established. 

Chan et" ale (1973) examined the effect of T4 administration on 

the cessation of macromolecular uptake by the neonate rat intestine. 

Pups \vere injected at five days postpartum with T4 saline and l25I _PVP 

uptake was measured on a series of animals sacrificed on day 9, 11, 12, 

or 13 postpartum. Premature closure was shown to occur after a 4-5 day 

delay (from time of injection). Closure occurred approximately 5-6 days 

prematurely. The time course of T4 induced closure was similar to that 

which occurred in normal pups. 

Constituents of Bovine Colostrum Involved in Ig Absorption 

General 

Bovine colostrum may contain factors which are involved in the 

absorption of immunoglobulin or in the cessation of absorptive processes. 

Balfour and Comline (1962) performed a series of experiments which 

demonstrated that colostral whey contained substances which substantially 

accelerated the absorption of globulin by the newborn calf. A protein 

fraction, which was not coagulated or inacti~ated by heat but was elimi

nated by trichloroacetic acid precipitation or pepsin digestion, appeared 

to be involved in globulin absorption. By itself the protein fraction 

had little effect on the absorptive processes, but if inorganic phosphate 

and glucose-6-phosphate were added, in concentrations normally present 

in colostral whey, the globulin was absorbed as fast as from fresh whey. 

Filtrates prepared from milk whey or adult serum after removal of heat-



coagulable proteins were tested for their ability to enhance globulin 

absorption. 1110se from milk whey exhibited considerable activity; 

those from adult serum did not. 
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Additional work investigating chemical factors that might be 

involved in the absorption of macromolecules by the newborn calf was 

tmdertaken by Hardy (1969). He substantiated that colostral factors 

which accelerated absorption reached the terminal ileum via the circula

tory system after they themselves had been absorbed from the upper small 

in tes tine. When PVP was adminis tered in water, little was absorbed. 

However, if such an infusion was followed three hours later by a duodenal 

infusion of colostrum, PVP crossed the ileal epithelium and passed into 

tiley lymph almost immediately. 111is response was too rapid for the co

lostrum to have reached the absorbing cells in the terminal ileum. 

111e concentration of histamine has been reported to be higher 

in bovine colostrum than in mille (Zarleower, 1967). Because of its 

ability to increase capillary permeability, histamine might be involved 

in altering intestinal permeability in the calf. However, Patt, 

Zarkower, and Eberhart (1972) found that neither serum Ig concentrations 

nor the duration of gammaglobulin absorption were altered by the oral 

administration of supplemental histamine to newborn calves as compared 

to control animals. 

Certain constituents of bovine colostrum might also serve a 

protective role to the neonate during the period of macromolecular 

absorption. Corley et al. (1977) investigated the effect of colostrum 

on the penetration and transepithelial migration of live Escherichia 
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coli in the neonatal calf intestine. Colostnun-deprived calves (2 to 6 

hours old) were given £. coli in saline, £. coli suspended in colostnun, 

or E. coli in saline one hour after colostnun. TI.,renty-four hours after 

exposure to £. coli, blood, liver, spleen, mesenteric lymph nodes drain

ing jejunal and ileal regions of the sma11 intestine, and segments of 

the duodenum, jejunum, and ileum were co11ected. In calves which received 

colostnun with or prior to £. coli, no attaclunent or intestinal penetra

tion by bacteria could be detected. However, the apical tubular system 

was dilated with colostrum. No bacteria ,.,rere found in the blood, spleen, 

or liver of these calves, but some £. coli ,.,rere recovered from the 

mesenteric lymph nodes of calves given £. coli and colostnun simultane

ously. Escherichia coli were not recovered from nodes of calves given 

colostnun before dosage with the organism. In calves given £. coli in 

saline, bacteria were recovered from the intestinal ce11s, the laminal 

propria, the lymph nodes, and the blood. It was suggested that early 

exposure to colostnun might have prevented transepithelial migration 

of microorganisms. Also when invasion had occurred, the interaction of 

colostral constituents and the reticuloendothelial system of the neonate 

resulted in the removal of the invading organisms. 

Colostrokinin 

Guth (1959) and lVerle (1959) detected a peptide in bovine colos-

trtm that e~libited smooth muscle stimulating activity resembling brady-

kinin. It was named "colostrokinin" by Werle. Colostrokinin is found 

in a precursor form, colostrokininogen. Suckling by the newborn calf 

causes the activation of the precursor to the biologica11y active form, 



colostrokinin, via the enzymatic action of the salivary enzyme, kalli

krein. Kallikrein is fotmd in urine, pancratic juice, salivary glands, 

saliva, and intestinal epithelium of many animals. 
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Colostrokinin can be classified into a group of naturally occur

ring or locally produced hlUnoral substances called "kinins". As a group, 

kinins cause vasodilation, spasmatic motility of smooth muscle, an 

increase in capillary permeability, bronchoconstriction, pain, and 

increased ion transport across endocytes. Currently at least four dif

ferent naturally occurring kinins are recognized in mammalian systems: 

bradykinin, lysyl-bradykinin (kallidin), methionyl-lysyl-bradykinin, and 

colostrokinin (ColK). Kinins have been implicated as humoral substances 

regulating local tissue homeostasis, especially changes in microcircula

tion (Altura, 1979). The potential of kinins to regulate gastrointesti-

/ nal ftmctions suggests that the presence of colostrokinin in colostrum 

might aid in the transport of irnmtmoglobulin across the intestinal epith

elium. 

Guth (1959) showed the diminution of colostrokinin in bovine 

colostrum as it became milk. Lacteal secretions of the dam exhibited 

graduated decreases \vith each successive milking and little or no ColK 

at four days postcalving. TIle physiological activity of ColK was tested 

using a series of in vitro assays. He distinguished ColK from substance 

P, acetylcholine, histamine, angiotensin, and serotonin, all of which 

stimulate rat duodenal tissue to contract; colostrokinin stimulated 

relaxation of the rat duodenum. 
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TIle isolation and purification of colostrokinin from bovine 

colostrum was undertaken by Yamazaki and Moriya (1969a). TIley showed 

that colostrokininogen belonged to the gammaglobular fraction of colos-

tric proteins following precipitation at 30% saturation with annnonium 

sulfa te. The acti vi ty of ColK was tested us ing the following bioassays: 

inducing vasodilation in anethetized dogs, stimulating smooth muscle con-

tractions of rat uterus, and increasing capillary permeability in guinea 

pig. The activity was measured with a calibration curve obtained with 

bradykinin, which exhibited similar pharmocological properties in the 

above in vitro assays. The stability of ColK activity in saliva, gastric 

juice, and intestinal juice was also examined. Colostrokinin maintained 

its full active potential in saliva and intestinal juice for 30 minutes 

and then decreased to half of the activity after 60 minutes. When incu-

bated with gastric juice, ColK was stable for 120 minutes. 

Cassellato et al. (1977) presented an isolation procedure for 

colostrokinin which resulted in a more pure form of the peptide. However, 

the resultant quantity was minute. Therefore, the extraction procedure 

described by Yamazaki and Moriya (1969a) was modified in order to derive 

a source of colostrokinin for experimental rations in the present study. 

In a second paper, Yamazaki and Moriya (1969b) reported various 

----biological and chemical properties of colostrokinin. TIle increase in 

capillary permeability produced by colostrokinin was stronger than that 

of bradykinin. Colostrokinin activity was completely destroyed by 

chymotrypsin, while trypsin had little effect following 48 hours of 

incubation. The peptide was fOLn1d to be more stable in acid than in 



alkaline solution, and its isoe1ectric point was close to pH 7.4. 

Phenylalanine and serine were detected as the N-tennina1 and the C-ter-
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rnina1 amino acids, respectively. The molar ratio of amino acid residues 

of ColK were reported, along with 'he finding that the ultraviolet 

absorption spectrum possessed a maximum absorbance at 260 nm. Finally 

on the basis of the amino acid analysis, the molecular weight was ca1cu-

1ated to be 1992. 

Beretta et a1. (1972) attempted to distinguish beoveen Co1K and 

bradykinin even though the OvO peptides possessed strikingly similar 

pharmoco1ogica1 properties. Re1a~ation of rat duodenal smooth muscle 

was used to test the respective acti vi ties of these OvO peptides. 

Normally both peptides caused rat duodenum to re1a~. However, when 

muscle preparations were suspended in NaHCO_-free Tyrode solution, Co1K 
.) 

elicited a pure contraction while bradykinin proved to be completely 

inactive. When the pH of the NaHC03-free Tyrode solution was varied, 

bradykinin exerted maximal relaxing activity at pH 8.9-9.0 and no effect 

at pH 6.0 and 5.0. In contrast, ColK studied under the same experimental. 

conditions caused contractions at the lower pH tested (5.0 and 6.0) and 

relaxations at higher pH values (7.0, 8.0, and 9.0). The effects of ColK 

were also found to be dependent on the Ca++ concentration in the muscle 

bath. The relaxation effect caused by ColK proportionately decreased 

as the Ca++ content of ~le incubation media decreased. In Tyrode con

taining 0.1 mM of Ca++, the pharmoco1ogica1 action due to ColK was nearly 

absent. This suggested that the actions of ColK involved the Ca++ depen-

/ 
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dent flU1ctions of the smooth muscle fibers. ColK did not interfere with 

adrenergic receptors since its relaxation effects persisted after 

adrenergic blockade by a- and 6-sympatholytic agents. 

The presence of colostrokinin in colostrum and not milk, the 

presence of Ig in colostrum and not milk, the presence of kailikrein in 

saliva and intestinal epithelial tissue, and the ability of kinins to 

regulate gastrointestinal flU1ction suggest that colostrokinin might be 

involved in the absorption of Ig by the newborn calf. No published work 

has yet delininated the role of colostrokinin, if any, in immunoglobu

lin absorption. The present study attempted to elucidate a role for 

colostrokinin by feeding a colostral source of immlU1oglobulin with or 

without colostrokinin. 

It is anticipated that the serum Ig concentrations will reflect 

the involvement of colostrokinin in the absorption of colostral immuno-

globulin. TIle period, rate, and amount of Ig absorption can be monitored 

by frequent blood sampling over the first 24 hrs postparttnn (Stott et al., 

1979a,b,c). The possibility that colostrokinin may have an inhibiting 

effect on macromolecular absorption was also considered. Corley et ale 

(1977) showed that colostrum contained constituents which inhibited the 

transepi thelial migration of E.: coli; constituents which might also 

initiate a cessation of macromolecular uptake. 

Effects of Inanition of ImmlU1oglobulin Absorption 

The physiology and anatomical structure which allow the transfer 
. 

of large protein molecules across the gut epithelitnn of the bovine 

neonate apparently are lU1der strict control since cessation of macro-



molecular uptake occurs spontaneously within 24-36 hours postpartum 

regardless of dietary regime (Deutsch and Srni th, 1957; McCoy et aI., 

1970; Patt, 1977; Stott et aI., 1979a). However, the potentiation of 

Ig absorption by dietary factors cannot be ruled out (Balfour and 

Cornline, 1962; Hardy, 1969; Burton and Smith, 1977). 
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The intestinal absorptive cells of the newborn calf are analogous 

to cells in the intestine of the newborn pig and suckling rat (Staley 

et al., 1972), but cytological changes during the first day postpartum 

distinguish them from other species (Appendix D). Payne and Marsh (1962) 

found tilat starved piglets took up Ig at 106 hours postpartum suggesting 

tilat normal changes in the absorptive ability of the gut did not occur 

as in piglets "fed at birth. TIle consl.Ul1ption of colostrum or milk stimu

lated tile cellular changes. However, piglets fed only water exhibited 

extended absorptive capabilities similar to starved newborns. Using PVP 

as the testing molecule, starved piglets were able to absorb PVP at 86 

hours postpartum, and starved lambs maintained their ability to absorb 

rnacromo~ecules through 48 hours post"~artt.rrn (Lecce and Morgan, 1962). 

In contrast, the ability of the bovine neonate to absorb macro

molecules is not extended follmving a period of starvation. Deutsch and 

Smith (1957) found that the absorptive ability in calves \vas unsubstan

tial following a forty-eight hour period of colostral deprivation; the 

calves were maintained on transfusions of maternal blood. McCoy et aI. 

(1970) studied calves which did not receive colostrum until 24 hours 

postpartum. During this time the newborns were given either a 1% solution 

of glucose or nothing. Following colostral feeding at 24 hours, blood 

samples were taken hourly until 31 hours postpartum. No increase in 
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sennn imrnlUloglobulin concentrations were recorded at any of the seven 

sampling times. It was suggested that the gut was impermeable to colos

tral immlUloglobulin by 24 llours postpartum. Stott et ale C1979a) studied 

the effect of delayed feeding on the period of Ig absorption. Treatments 

consisted of seven periods at which feeding was initiated: 0, 4, 8, 12, 

16, 20, and 24 hours postpartum. TIle initial feeding of colostnnn was 

followed by Uvo more feedings at twelve hour intervals. Blood samples 

were taken from each calf at birth and at four hour intervals lUltil 40 

hours postpartum. Termination of intestinal permeability to colostral 

immunoglobulin occurred spontaneously with age at a progressively 

increased rate after 12 hours postpartum. Feeding colostnnn did shorten 

the period from birth to closure by two or three hours. However, spon

taneous closure in deprived calves occurred at approximately 24 hours 

postpartum. As colostnnn feeding was delayed, closure also was delayed 

up to the time of spontaneous closure. In another paper derived from 

the same field trial, Stott et al. (1979c) showed that the sennn Ig 

concentrations progressively decreased as the initial feeding time was 

sequentially delayed. 

During the first day postpartum, the sequence of events may be 

so stringent that delayed feeding may disrupt the spontaneous functions 

of the hormonal, humoral and dietary factors regulating immlUloglobulin 

absorption. Therefore, to further elucidate the roles of cortisol, 

thyroxine, and colostrokinin over time and changing conditions at the 

intestinal level, inanition 1vas introduced as an experimental variable. 
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The absorptive processes affected by cortisol, thyroxine and 

colostrokinin are under investigation. Whether these factors influence 

Ig U1)take, transport, or degradation is debatable. Although some studies 

actually measure immunoglobulin absorption across the gut epithelium, a 

majority of investigators simply quantitate serum immunoglobulin in con

centrations. It should be noted that the Ig levels reflect the amount of 

Ig reaching the circulation, not necessarily that which is actually ab

sorbed. A portion of absorbed Ig may actually be degraded prior to 

reaching the circulation. Therefore, serum Ig concentrations simply 

indicate that absorption may be affected by changing experimental condi

tions, but the concentrations are not a true measurement of total absorp

tion. 

In summary the objectives of this study were to: 

1) investigate the role of colostrokinin in Ig absorption, 

2) determine if colostrokinin is involved in the cessation of 

Ig uptake, 

3) develop a method to control the colostrokinin content in 

experimental rations. 

4) delineate the serum cortisol and thyroxine response following 

the consumption of various experimental rations prepared to 

control Ig and co1ostro~inin intake, 

5) investigate the effects that delayed feeding (12 hour inani

tion) may have on the hormonal and humoral control of Ig 

absorption. 



CHAPI'ER 2 

EXPERIME.t'lTAL PROCEDURE 

Experimental Design 

SLxty-two nelvborn unsuckled Holstein-Friesian calves were removed 

immediately from their dams and randomly assigned to a treatment within 

a randomized complete block, split plot design with cells of the 4 x 2 

factorial design of each block as main plots and bleeding time as subplots. 

The eight treatment combinations were replicated twice per block li.Lthin 

four blocl~.in the experiment. Treatments consisted of four rations: 

pooled first-milking colostrum (I), lvhole milk (II), milk plus a colostro

kinin-free immunoglobulin extract (III), and milk plus immunoglobulin 

extract plus colostrokinin extract (IV). One-half of the calves were 

fed one liter of their assigned ration within the first hour following 

birth (0 hour postpartum), lvhile the second half were fed after twelve 

hours inanition (Table 1). All calves, regardless of their initially 

assigned ration, were fed one liter of pooled colostrum at 24 hours 

postparttnn. 

Preparation of Rations 

Pooled colostrum was collected prior to the start of the trial. 

Each collection (approximately 24 liters) lvas equally divided for the 

preparation of three different rations (Figure 1). 

The first portion remained unmodified and was frozen at -20 C to 
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TABLE 1. CONSTITUENTS OF THE EXPERINENTAL RATIONS AND FEEDING REGIME FOR SIXTY-TWO 
PRECOLOSTRAL BOVINE NEONATES 

RATION ITEM 

I Colostrum (C) 

VOLUHE (ml) 
PER FEEDING 

TOTAL Ig 
CONCENTRATION 
(mg/m1) 

65 

FEEDING REGIME a 

Fed at Ohr 
Symbol N 

PC-O 8 

Fasted 

Symbol 

PC-12 

12hr 
N 

8 

II 

III 

Ni1k (M) 

Mi1kb 
IgEx 
Co1Kc 

1,000 

1,000 o M-O 7 M-12 8 

IV Milk 
IgEx 
ColK 

650 
350 

400 
350 
250 

75 

75 

IgEx-O 7 IgEx-12 8 

Co1K-0 9 ColK-12 7 

aCalves fed at Ohr were not fed again until 24hrs. All calves were fed one liter of 
pooled colostrum at 24 hrs postpartum. Rations were suckled from a nursing bottle. 

bColostrokinin-free immunoglobulin extract. 

cColostrokinin extract. 

N 
0\ 



+ 
1/3 of total 
voltnne; 
CONTROL RATION 
Frozen -20 C. 

27 

POOLED COLOSTRUM (1st milking) 

+ 

+ 
1/3 of total volume; 
IMMUNOGLOBULIN EXTRACT 
(colostrokinin -free) 

2.5 mg rennet/ml colostrtnn; 
incubate at 37 C for 1 hr; 
centrifuge; decant off 
whey. 

pH whey to 7.6-7.8 with 
5N NaOH. 

Add 50 BABE lU1its kalli
krein/I whey; stir 15 min 
at 25 C; incubate at 37.C 
for 1 hr. 

Dialyze in Amicon Hollow 
Fiber (100,000 daltons) 
dialyzer for 24 hrs at 
4 C against 0.85% saline. 

Concentra.te retained 
fluid 5X. 

+ 
1/3 of total voltnne 
COLOSTROKININ EXTRACT 
(immunoglobulin-free) 

2.5 mg rennet/ml colostrtnn; 
incubate at 37 C for 1 hr; 
centrifuge; decant off 
whey. 

pH whey to 3.0 with 5N HCl; 
incubate at 37 C for 5 mi,n. 

pH to 5.5 \vi th 5N NaOH. 

Dialyze at 4 C for 24 hr in 
cellulose tubing against 
rtmning tap water 

pH to 7. 6 -7 . 8 \vi th 5N NaOH. 

Add 50 BAEE lU1its kalli
krein/I eq of original 
whey; stir 15 min at 25 C; 
incubate at 37 C for 1 hour. 

pH to 4.5 with 5N acetic 
acid. 

Add two voltnnes of 95% 
EtOH; reflux for 10 min. 

Centrifuge for 15 min at 
4 C. 

Evaporate supernatant in a 
vacuum flask warmed by a 
40 C water bath to 1/3 of 
original starting voltnne 
of whey. 

Test for presence of EtOH. 
(Appendix B) 

Figure 1. Allocation of pooled colostrtnn. Preparation of extracts to 
be used in experimental rations. Colostrokinin procedure 
modified in part from that of Yamazaki and Moriya, 1969a. 
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be later used as the control ration (whole colostrum). Immediately prior 

to the start of the trial, all colostrum fractions were mL~ed so that 

each control calf was fed identically. 

The second portion of pooled colostrum was used to prepare a 

colostral source of colostrokinin-free immunoglobulin as outlined in 

Figure 1. Colostrokinin (2,000 daltons) was not retained by the hollow 

fibers of the dialyzer, and it was eliminated in the ultrafiltrate. 

The remaining concentrated solution was called immunoglobulin extract 

(IgEx). The concentrate was frozen at -20 C to be later used as a 

colostral source of Ig. Prior to the start of the trial, all IgEx 

fractions were pooled. 

The third portion of pooled colostrum was used to prepare an 

immunoglobulin-free colostrokinin extract (ColK). The procedure of 

Yamazaki and Moriya (l969a) was followed in preparing "crude colostro

kinin" (Figure 1). Modifications of the published procedure included 

the use of fifty BABE units of kallikrein per liter of whey. One BAEE 

unit of kallikrein will hydrolyze 1.0 \lmole of Na.-benzoyl-L-arginine 

ethyl ester (BAEE) to Na.-benzoyl-L-arginine and ethanol per minute at 

pH 8.7 at 25 C (Sigma Chemical Company). Other modifications included 

evaporation of the refluxed solution to one-third the original starting 

volume of i'lhey, and an alcohol detennim.tion test. The final volume 

containing the active colostrokinin was frozen at -20 C to be later used 

as a source of colostrokinin, free of Ig. Prior to the start of the 

trial, all ColK fractions were pooled. 

Fresh whole milk ''las acquired as needed from the holding tank 

of the University dairy. Whole milk was used as a negative control 
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ration and as a vehicle since it contained neither Ig nor ColK but con

tained additional constituents similar to those fOlUld in colostnnn. 

The rations were prepared as outlined in Table 1. After addition 

of the other constituents, the volume of IgEx included in rations III and 

IV furnished an immunoglobulin concentration approximating that of the 

whole colostnnn ration. Following the trial, radial ~~odiffusion 

analysis revealed the total Ig concentration of the whole pooled colostnnn 

to be 65 mg/rnl. Irrrrnunogiobulin content of rations III and IV was 
-

75 mg/rnl. The constituents of rations III and IV were mixed just prior 

to feeding in order to avoid any degradation of the ColK by kininases 

contained in milk. The colostrokinin content in the rations was tested as 

in Appendix A. All calves, regardless of their initially assigned 

treatment, were fed one liter of pooled colostnnn at 24 hours postpartum. 

Calf Co11ection 

The trial was TIm in late September, and a11 calves w'ere 

collected within a two week period. The weather was comparatively 

constant during this period; the days were warm but mild (27 C), and 

the nights remained comfortable '(16 C). Therefore, the calves were 

lUlder little or no stress due to the environment. Calves were collected 

24 hours per day. Time of birth was assumed to be random, thereby not 

biassing the random assignment of calves to treatment groups. 

Blood samples were collected via jugular plUlcture at 0, 1, 2, 3, 

4, 6, 8, 12, 13, 14, 15, 16, 18, 20, 24, 28, and 32 hours postpartum. 

The initial bleeding (0 hour) was taken within 30 minutes fo11owing 

birth. Blood samples were always taken prior to feeding. Blood was 

~aediately stored at 4 C, and sennn was separated by centrifugation 
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within twelve hours after sampling time. Sennn samples were frozen at 

-20 C until needed for analysis follmving the termination of the trial. 

Sennn Analysis 

Sennn samples were analyzed for total cortisol concentration by 

a radioimmunoassay adapted from that of Abraham, Buster and Teller (1972). 

Within assay variability was 4.7% for duplicate determinations. Between 

assay variability was 10.9%. 

Blood sennn IgG concentrations were quantitated by a modifica

tion of the single radial immunodiffusion (sRID) procedure of Fahey and 

McKelvery (1965). Polyethylene glycol 4,000 (0.5% w/v) was added to the 

agarose (1% w/v) to enhance precipitin rings. Innoculated plates were 

allowed to incubate twelve hours at 4 C in a humidified chamber. Anti

sera to bovine IgG was produced in goat follo\ving methods similar to 

those described by Campbell et al. (1970). Specificity of the antisera 

was determined by Ouchterlony plates and inrrnunoelectrophoresis. Stand

ards for immunodiffusion analysis were quantitated by a Bio-Rad protein 

determination kit using purified bovine ganrrnaglobulin. Standard sennn 

was serially diluted with unimmunized goat sennn to generate a standard 

curve. 

Total thyroxine conc~ntrations in sennn were determined using 

a competitive radioimmunoassay diagnostic kit (Abbott Laboratories). 

'~ithin assay variability was 3.9% for duplicate determination. 

Statistical Analysis 

Statistical analysis of the resultant data was by analysis of 

variance (Steele and Torrie, 1960). For each parameter studied 



(cortisol, thyroxine, and IgG) sources of variation were treatment, 

block, collection time, and a treatment by collection time interaction 

(Appendix C). 
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For cortisol and thyroxine means, where the treatment x collec

tion time interaction ,~as significant, Student's t-test was used to test 

for significant differences beD~een means at selected collection ~imes 

within a treatment group. Every mean in the same treatment group was 

tested against all means in a succeeding four 110ur period. Additional 

testing was not performed. Student's t-test was also used to test dif

ferences beD~een means at ~le same collection time of calves fed the 

same ration but at different times (0 or 12 hours postpartum). 

Differences among treatments for the IgG means were tested for 

signi.ficance using the Student-Newman-Keuls' multiple range test (a=O.OS). 

Curves for the IgG means of selected groups were plotted using orthogonal 

polynomial regressions. The higl1est degree polynomial with a significant 

increase in the R2 value was utilized in the graph (Table ll). 



GIAPTER 3 

RESULTS AND DISCUSSION 

Serum Cortisol Profiles 

The average serum cortisol concentration of all calves at birth 

was 88±13 ng/rnl (Tables 2-5; Figures 2-4). This is in agreement with 

the findings of Hudson et al. (1976), Johnstone and Oxender (19-76), cw.d.· 

Nightengale and Stott (1981). Over the next tl'lO hours, the serum 

cortisol levels fell significantly (P<.05) for all treatment groups 

except M-12 and IgEx-12. Although a significant decrease was not re-

corded for these D'iO groups, the concentrations did show a progressive 

decline during the first two hours postpartum similar to that exhibited 

by calves from the other treatments. Johnstone and Oxender (1976) were 

the only group to report a similar rapid decrease in cortisol concentra

tions postpartum in bovine because of their sampling frequency. In the 

present study calves reached an average serum cortisol concentration of 

Sl±7 ng/rnl by 2 hours postpartum. 

The consensus of the literature is that serum cortisol concentra-

tions continually decrease over the first 8-12 hours postpartum and then 

plateau, maintaining baseline levels for a period of days (LaMotte and 

Eberhart, 1976; Johnstone and Oxender, 1976). Nightengale and Stott 

(1981), however,showed an increase in serum cortisol due to colostrum 

intake fol101ving a period of inanition of at least twelve hours. One 

objective of the present study was to delineate neonatal cortisol 
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TABLE 2. Serum cortisol concentrations (ng/m1) of calves at 
birth and after feeding pooled colostrum (PC) at 
either 0 or 12 hrs postpartum. 

TREATMENT 

, PC-O PC-12 
HOURS xt xt POSTPARTUM SEM SEM 

0 77.1 a 9.3 82.0a 7.8 

1 65.4 11.2 64.3 8.9 
2 53.3ab 5.3 55.1a 7.7 

74.6b* :" 3 7.3 51. 6 8.1 
68.4*c * 4 8.3 46.9 6.0 

* * 6 58.8 5.8 41.5 5.3 
8 45.5 c 4.4 37.9 3.8 

12 45.7 7.9 42.6 4.6 
13 41.5 4.9 38.8 4.2 

14 47.8 5.4 41.4 Q 4.7 
** Q** 15 39.2 7.0 76.1 9.9 

16 42.5 *:" 5.3 7 4 . 2 ** 9.3 
'I: * 18 40.7 4.9 58.4 6.4 

20 41.7 6.4 56.5 6.6 
24 41.6 6.0 49.4 4.5 
28 57.5 9.9 46.4 7.1 

32 56.0 9.3 49.3 10;4 

t Every mean in the same co1UIIU1 was tested against aU means 'in a suceeding 
. ~our hour period. Additional testing was not performed. 
d ~1eans in the same co1UIIU1 bearing the same superscript differ signifi-
cantly (P<.05). 

··lMeans in the same colunm bearing the same superscript Jif£er significant
:~ly (P<. 01) • 
*~eans in the same row differ significantly (P<.05) . 
. . Means in the same row differ sig.1ificant1y (P<. 01) . 



110 

r--- 100 
r-l 
S 

......... 
bO 
>=: 90 
'-' 

z 
0 
H 80 
E-< 

~ 
E-o 
Z 70 
~ 
u 
z 
0 
u 60 
...:I 
0 
U) 
H SO 
E-o 
~ 
0 
u 

40 
2 
~ 
p:: 
~ 

30 U? 

20 

~ PC-O 

0---0 PC-12 

I 

I 

I r 
?-'o 

/11\ 
\T o __ ~ 

1 ................... 

~ 

...... 
'0- -

t 

COLOSTRUM 

I~___ 1__ __L 1 __ 1 __ 1 

- -0- - __ -0 

I I - -- T - --.- -- -1--.---..-----.-- I 1 I I 

1 2 3 4 6 8 12 14 16 18 20 24 28 32 
TIME POSTPARTUM (hr) 

Figure 2. Serum cortisol concentrations of calves at birth and after feeding 
pooled colostrum at either 0 or 12 hrs postpartum. vI 

+-



35 

TABLE 3. Serum cortisol concentrations (ng/ml) of calves at 
birth and after feeding milk plus immunoglobulin 
extract (IgEx) without colostrokinin extract at 
either 0 or 12 hrs postpartum. 

TREATMENT 

IgEx-O IgEx-12 
HOURS -t xt POSTPARTUM X SEM SEM 

0 85.8 a 15.2 83.7 a 10.5 

1 52.9 12.8 65.8 9.4 
2 37 .7abcd 9.5 57.5 7.9 
3 78.3b 14.4 57.7 6.0 

* 52.8 a* 4 83.9c 13.2 7.3 
6 69.7 d 11. 9 55.6 8.1 
8 59.1 13.4 50.2 6.8 

12 51.8 c 7.3 59.1 b 4.8 
13 56.5 5.8 49.2 c 5.8 
14 57 .7 5.0 52.6 d 6.2 

~r: 78.4 bcd* 15 51. 6 7.6 7.0 
16 49.4 7.3 69.1 10.0 
18 45.8 6.9 66.8 13.7 
20 41.7 ** 6.2 72.6 ** 8.6 

* * 24 45.2 8.4 73.7 9.4 

28 49.7 12.9 74.1 8.8 
32 45.6 11.4 64.2 8.5 

t Every mean in the same colurrm. was tested against all means in a suc
§e§ding four hour period. Additional testing was not performed. 

a cur,reans in the same colurrm bearing the same superscript differ signif
icantly (P<.Ol). 

* Means in the same row differ significantly (P<. 05) . 
**Means in the same row differ significantly (P<.Ol). 
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TABLE 4. Serum cortisol concentrations (ng/ml) of calves at 
birth and after feeding milk plus immunoglobulin 
extract with colostrokinin extract (ColK) at 
either 0 or 12 hrs postpartum. 

TREATMENT 

ColK-O ColK-12 
HOURS -t xt POSTPARTUM X SEM SEM 

0 94.3 12.1 111. 5 17.3 

1 59.9 z 7.7 89.5 ab 13.5 

2 55.3 az 7.5 59.3az 9.6 

3 76.8 9.0 59.4 z 11.3 

4 80.4 a 10.3 53.0bz 8.6 
* * 6 70.2 7.8 48.5 3.7 
* * 8 65.4 8.7 42.8 4.3 

12 64.4 8.6 51.8cy 7.2 
* 36.3cy* 13 61. 2 8.0 2.7 

14 59.2 7.8 58.5Y 6.3 
* 15 58.6 7.6 91. 8 * 10.7 
** ** 16 52.5 6.4 80.5 4.4 
** ** 18 56.4 6.6 87.9 8.7 

20 53.8 5.5 76.6 11. 5 

24 55.4 11.0 86.1 14.2 

28 52.6 15.6 80.4 16.0 

32 47.9 10.8 64.3 9.5 

tEvery mean in the same collUTU1 was tested against all means in a succeed
iillg four hour period. Additional testing was not performed. 

a c~'leans in the same column bearing the same superscript differ signifi-
cantly (P<.05). 

Y~Ean differs significantly from 15 hr mean in the same COllUTU1 (P<.05). 
;Mean differs significantly from 0 hr mean in the same column (P<.05). 
*Means in the same row differ significantly (P<.05). 

1vleans in the same row differ significantly (P<. 01) . 
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TABLE 5. Serum cortisol concentrations (ng/ml) of calves at 
birth and after feeding whole milk (M) at either 
o or 12 hrs postpartum. 

TREATMENT 

M-O M-12 
HOURS 

:x T :xt POSTPARTUM SEM SEM 

0 83.6 12.3 84.8 a 17.4 
1 55.3 7.8 58.8 10.7 

2 37 .4 yz 5.0 53.2 7.2 
30.3 yz* * 3 3.4 59.3 9.6 

4 24.3 yz* 2.3 48.4 a* 8.8 

6 36.4 5.6 48.1 7 . 5 

8 36.7 4.7 48.3 9.0 

12 35.1 5.0 45.1 b 5.9 

13 40.0 4.0 35.7 5.4 
* 27. 8bc * 14 41.1 4.8 3.4 

15 39.4 6.2 38.9 7.6 

16 44.7 3.8 42.0 6.2 

18 40.3 3.9 49.8 c '1 ? 
I • ~ 

20 45.5 6.0 57.1 8.8 

24 64.5 7.6 49.3 9.9 

28 64.1 8.3 67.6 13.2 

32 53.8 8.6 70.0 17.1 

t Every mean in the same column was tested against all means in a succeed
tgg four hour period. Additional testing was not performed. 

a cMeans in the same column bearing the same superscript differ signifi
cantly (P<.05). 

YMean differs significantly from 1 hr mean in the same colwrm (P<. OS) . 
~'Iean differs significantly from 0 hr mean in the same colwrm (P<. 05) . 
Means in the same row differ significantly (P<.05). 
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fluctuations in response to colostnun conswnption at birth or follmoJing 

a period of inanition. 

In calves fed either ration I, III, or IV (whole colostnun, milk 

plus IgEx, and milk plus IgEx plus CoIK, respectively) at birth, serum 

cortisol concentrations increased (P<.OS) between 2 and 3 hours post

feeding and peaked by 4 hours postfeeding. The maxinuun concentrations 

attained postfeeding were comparable to cortisol levels at birth. After 

peaking, the serum cortisol levels again declined and by 12 hours post

partum reached concentrations similar to the baseline levels of fasted 

calves (Tables 2, 3, and 4; Figures 2 and 3). The animals in these 

treatment groups had no significant fluctuations throughout the remainder 

of the sampling period. 

Calves fed ration II (milk) at birth did not show any increase 

in serum cortisol concentrations betloJeell 2 and 4 hours postfeeding; 

they exhibited a profile similar to fasted neonates (Table 5; Figure 4). 

Serum cortisol levels increased slightly between 4 and 6 hours post

feeding, but the change was not significant. 

Fasted calves maintained baseline levels of serum cortisol 

between 2 and 12 hours postpartum (Tables 2-5; Figures 2-4). Animals 

fed ration I, III, or IV at 12 hours postpartum had a rapid increase 

(P<.OS) in serum cortisol concentrations be'tween 2 and 3 hours pc>st

feeding (14-15 hours postpartum). The average peak value for these 

three treatment groups at 3 hours postfeeding (15 hours postpartum) was 

82±9 ng/ml, approximating cortisol concentrations at birth. The cortisol 

level in the PC-12 fed calves returned to a baseline concentration by 

twelve hours postfeeding. The cortisol concentrations of IgEx-12 and 
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Co1K-12 treated calves remained elevated for the duration of the sampling 

time. 

Calves fed milk (ration II) at 12 hours postpartum displayed no 

increase in serum cortisol between 2 and 3 hours postfeeding. In fact, 

the cortisol levels decreased (P<.05) innnediately following feeding. 

The serum cortisol levels of PC-12, IgEx-12, and Co1K-12 calves also 

had a tendency to decrease within one hour postfeeding. This fall in 

serum cortisol concentration may have been a neurally mediated action in 

response to deglutition or some other digestive reflex. Since this study 

was not designed to control for such a response, it is not possible to 

draw any conclusions from these results. 

Calves in the ~1-l2 group did show a progressive increase in 

serum cortisol between 2 and 8 hours postfeeding. However, the peak of 

57 ng/ml at 8 hours postfeeding was no higher than baseline concentra

tions of PC-12, IgEx-12, or ColK-12 calves at this same sampling time. 

All animals fed at birth e~libited baseline concentrations of 

serum cortisol bebleen 12 and 20 hours postpartum. These calves were 

not fed at 12 hours postpartum. 

Statistical comparisons were made at each collection time 

beuveen treatment groups fed the same ration (Tables 2-5). The mean 

cortisol concentrations of PC-O calves at 3, 4, and 5 hours postpartum 

were greater (P<.05) than those of PC-12 neonates at the same times, 

respectively. The cortisol means of PC-12 calves at 15 and 16 hours 

were higher (P<.Ol) than their PC-O counterparts at the identical 

collection times (Table 2). Calves fed ration III (IgE~) at birth had 

a higher (P<.05) cortisol concentration than IgEx-12 animals at 4 hours 
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postpartum. The cortisol level at 15 hours postpartum was greater (P<.05) 

in IgE~-12 calves than IgE~-O animals (Table 3). ColK-O treated calves 

had an increased cortisol level at 4 hours postpartum when compared to 

ColK-12 animals at the same time. Significantly higher (P<.05) cortisol 

concentrations were recorded for ColK-12 calves at 15, 16, and 17 hours 

postpartum compared to the levels found in C01K-0 calves at respective 

times (Table 4). The M-O and M-12 treatment groups did exhibit signifi-

cant (P<.05) differences in cortisol concentrations at 3, 4, and 14 hours 

postpartum, but these were due to innnediate decreases resulting from the 

consumption of a ration (as previously discussed) rather than increases 

as in calves fed ration I, III, and IV (Table 5). 

The cortisol profiles from 20 hours postpartum throughout the 

duration of the sampling period did not significantly change. However, 
. 

the patterns displayed by calves fed ration II (M-O and M-12) appeared 

much more erratic during this time than those of calves within the other 

treatment groups. Neither inanition nor the presence or absence of 

colostrokinin in the rations appeared to have any effect on the cortisol 

profiles. 

These results demonstrate that the innnunogiobulin fraction of 

colostrum is responsible for initiating an increase in cortisol secretion 

by the adrenal cortex. In rations containing colostral immunoglobulin 

(I, III, and IV), serum cortisol concentrations significantly increased 

between 2 and 4 hours postfeeding, independent of the initial time of 

feeding. The ingestion of whole milk (ration II), which contained no 

immunoglobulin, did not stimulate an increase in serum cortisol. However, 

the addition of a colostral llrnmlnoglobulin extract to whole milk 
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stimulated a substantial rise in sennn cortisol concentrations. 

Nightengale and Stott (1981) found tlmt serum cortisol in newborn calves 

increased due to colostrum intake following a period of at least twelve 

hours inanition, but the present study gives a much clearer picture of 

the events that occur following ingestion of colostrum or milk. The 

evocation of an endocrine response in the neonate by maternal immuno

globulin suggests that this class of protein may have acted as a 

"primary messenger" or signal initiating a cortisol surge. 

Johnstone and Oxender (1979) and Stott (1980) suggested that 

increased serum glucocorticoid concentrations did not interfere with 

the absorptive processes of immunoglobulin by the newborn calf. In 

and earlier study using newborn pigs, Patt and Eberhart (1976) went one 

step further and suggested that maximal absorption of immunoglobulin 

could not take place unless plasma cortisol levels were adequate. In 

contrast, Husband et al. (1973) stated that glucocorticoids had an 

inhibitory effect on immunoglobulin absorption, while Boyd and Hogg 

(1981) presented evidence showing calves injected with ACTH within the 

first few hours postpartum had significantly higher serum Ig concentra

tions after 24 hours of suckling than untreated calves. 

Glucocorticoids are involved in the cessation of macromolecular 

uptake by the intestinal epithelium of rat (Halliday, 1959; Daniels 

et al., 1973a; Morris and Morris, 1976), although the mechanism by 

which these steroids exert their effects is still being debated. 

Precocious closure caused by glucocorticoid administration appeared due 

to a progressive displacement of vacuolated, absorptive cells by more 

mature, nonabsorptive endocytes. In addition, the precocious closure 
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usually required three to four days to manifest itself following the 

glucocorticoid administration. These findings are difficult to apply to 

bovine since closure occurs within 24 hours postpartum in the newborn 

calf. However, Morris and Morris (1980) presented evidence whereby the 

effects of exogenous corticosteroids on intestinal cell replacement were 

distinguished from the action oi the steroid on the transmission of Ig 

to the circulation. They were also able to show that the corticosteroids 

did not affect the rate of pinocytosis. Their data suggested that a 

decrease in Ig transport took place ,,,hile pinocytotic activity ,,,as 

maintained and before full cell replacement occurred. It was suggested 

that glucocorticoids may initiate and control the protein-synthesizing 

ability of the intestinal epithelium, resulting in a cessation of proteins 

involved in Ig transport and an increase in cellular lysosomal activity. 

The cortisol surge in the bovine neonate following Ig absorption 

may regulate macromolecular uptake at the intestinal level. Therefore, 

the present study is consistant with the hypothesis of Morris and Morris 

(1980) . 

Serum Thyroxine Profiles 

Calves were born with a mean thyroxine (T4) concentration of 

12±2 ~g/dL. The thyroxine level significantly increased (P<.05) by 4 

hours postpartum in all treatment groups regardless of whether the 

calves were fed or fasted (Tables 6-9; Figures 5-7). The average 

increase was 6. 7 ~g/dL. Thyroxine concentrations reached a peak at 4 

hours postpartum then declined gradually throughout the duration of the 

sampling period. 
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TABLE 6. Serum thyroxine concentrations (~g/dL) of calves at 
birth and after feeding pooled colostrum (PC) at 
either 0 or 12 hrs postpartum. 

TREATMENT 

PC-O PC-12 
HOURS 

xt -t POSTPARTUM SEM X SEM 

a 13.1 0.7 10.8 1.4 

1 16.5
z 

0.9 14.8 1.9 

2 19.3 z 0.9 17.2 y 2.3 

3 20.9 z 1.1 19.1 z 1.5 

4 21.5az 1.9 18.6 2.2 

6 18.4 1.5 18.1 1.9 

8 15.7a 2.0 16.3 1.5 

12 13.9 1.8 15.3 2.1 

13 13.5 1.9 16.6 2.1 

14 13.3 1.7 16.8 1.9 

15 12.2 1.5 17.4 2.4 

16 12.8 1.6 16.3, 2.2 

18 11. 5 1.5 15.5 2.1 

20 11.1 1.8 13.7 1.8 

24 9.9 1.7 12.3 1.8 

28 10.9 1.6 11. 7 1.6 

32 9.8 1.3 11.1 1.6 

t 
Starting with the peak value after birth, every mean iii the same column 
was tested against all means in a succeeding four hour period •. Addi-

. tional testing was not performed. 
~.'1eans in the same column bearing the same superscript differ signifi
cantly (P<.05). 

Yr-.-rean differs significantly from 0 hr mean in the same column (P<. 05) . 
z~lean differs significantly from 0 hr mean in the same column. (P<. 01) . 
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TABLE 7. 

HOURS 
POSTPARTUM 

0 
1 

2 

3 

4 
6 

8 

12 

13 

14 

15 
16 

18 

20 
24 

28 
32 
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Serum thyroxine concentrations (~g/dL) of calves 
at birth and after feeding milk plus immunoglobulin 
extract (IgEx) without colostrokinin at either 0 
or 12 hrs postpartum. 

TREATMENT 

I gEx- 0 IgEx-12 
-t 
X SEM xt SEM 

12.0 1.3 12.1 1.4 

14.7 1.4 13.4 1.2 
18.7 az 1.3 16.9 z 1.1 
18.6 bz 1.4 17.8 z 1.0 
17 . 5 cz '7 

1.3 18. 3 ~ 1.1 
14.6 ab 1.3 16.2 1.3 
11. 6 c* * 1.9 15.9 0.9 

9.9 1.1 13.2 1.3 
1: * 9.8 1.2 14.8 1.6 
** 15.3* * 1.8 8.6 1.0 
i:* .:. ~. 

9.0 1.1 15.4· .. · 1.3 
** 8.2 1.4 14.2** 1.3 

10.1 2.4 13.3 1.1 
** *'1: 

1.2 7.5 0.8 12.1 

7 . 5 1.2 9.8 0.8 

8.3 0.9 9.5 0.9 

8.0 0.8 9.3 0.7 

t Starting with the peak value after birth, every mean in the same collUTUl 
\vas tested against all means in a succeeding four hour period. Addi
tional testing was not perfomed. 

a15cMeans in the same column bearing the same superscript differ signifi
cantly (P<.05). 
~Mean differs significantly from 0 hr mean in the same column (P<. 01) . 
~feans in tl1e same row differ significantly (P<. 05) . 

** Means in the' same row differ significantly (P<. 01) . 
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TABLE 8. Serum thyroxine concentrations (~g/dL) of calves 

HOURS 
POSTPARTUM 

0 

1 

2 

3 

4 

6 
8 

12 

13 

14 
15 

16 

18 
20 

24 

28 

32 

at birth and after feeding milk plus immunoglobulin 
extract with colostrokinin extract (ColK) at either 
o or 12 hrs postpart@. 

TREATMENT 

Co1K-0 ColK-12 

xt SEM xt SEM 

13.5 2.1 ll.6 a 1.5 

14.2 2.0 13.1 1.7 

17.7 2.3 14.5 0.9 

18.2 3.0 16.4a 1.2 

18.7 2.6 15.8 1.2 

15.6 2.3 16.5 1.8 

14.3 2.1 16.0 0.9 

10.9 1.6 14.8 1.0 
* i: 

10.4 1.6 15.5 1.0 
** ** 10.1 1.7 17.1 1.1 
** ** 9.2 1.8 17.0 1.3 
** ** 8.9 1.7 16.1 1.1 
** ** 9.0 1.6 14.6 0.9 

8.7 1.7 12.9 1.0 

7.8 1.4 11. 0 1.0 

6.8 1.0 9.7 0.9 

7.6 1.2 9.4 1.2 

t Every mean in the same column was tested against all means in a succeed-
ing four hour period. Additional testing was not performed. 

'1i!eans in the same column bearing the same superscript differ signifi
~.cantly (P<. 05) • 
~Means in the same row differ significantly (P<. 05) • .. * Means in the same row differ significantly (P<. 01) . 
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TABLE 9. Serum thyroxine concentrations (~g/dL) of calves 
at birth and after feeding whole milk (M) at 
either 0 or 12 hrs postpartum. 

TREATMENT 

M-O M-12 
HOURS 

POSTPARTUM 
_.l. xt XI SEM SEM 

* r * 0 14.7 2.5 7.4 1.2 

1 16.9 2.9 11.6Y 1.2 

2 19.3 2.5 14.7 z 1.4 

3 22.7 
y-J: 

3.4 15.0z* 1.5 

4 21. 7 2.4 l6.1z 1.8 

6 * * 21. 3 2.6 14.5 1.3 
* 13.2* 8 19.2 2.0 1.5 
* 10.9* 12 17.7 2.3 1.2 

13 13.7 1.7 12.1 1.3 

14 15.2 4.0 11. 6 3.7 

15 14.8 2.0 11.8 1.1 

16 15.8 2.1 12.0 1.0 

18 15.1 1.8 11. 6 0.9 

20 13.8 2.3 9.5 1.2 

24 14.5 1.8 10.1 1.3 
* ;" 

28 14.8 2.2 9.4 0.8 
* * 32 13.0 2.0 7.7 1.1 

tStarting 'vith the peak value after birth, every mean in the same column 
was tested against all means in a succeeding four hour period. Addi
tional testing was not performed. 

~Mean differs significantly from 0 hr mean in the same column (P<.OS). 
;;;£vIean differs significantly from 0 hr mean in the same column (P<.Ol). 
Means in the same row differ significantly (P<.OS). 
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This data djffers from that reported by Hernandez et al. (1972), 

,mo found high thyroxine concentrations at birth followed by a rapid 

decline over the next four days. They suggested that high prenatal con

centrations inhibited further T4 release from the thyroid due to a 

negative feedback. In the present study, t~yroxine levels increased by 

at least 50% immediately after birth. 

The consumption of all assigned ration by fasted calves at 12 hours 

postpartum appeared to elicit an increase in thyroxine witlIin one hour 

postfeeding. Serum IgG levels in IgEx-12 and Co1K-12 calves were higher 

(P<.05) at 13-16 hours than their 0 hour counter.parts. The possibility 

that the rise in serum thyroxine was in response to a particular consti

tuent of colostrum, as found for cortisol, seems unlikely since calves 

fed mil~ at 12 hours also exhibited a slight increase. 

Animals fed ration II at 0 hour postpartum ~-O) had significantly 

(P<.05) higher serum thyroxine concentrations at birth than did M-12 

calves (Table 9; Figure 7). The thyroxine levels of M-O calves 

remained higher at successive collection times for the duration of the 

sampling period. The standard error of the means for M-O and M-12 calves 

at 0 hour were relatively low, thus eliminating the possibility of one 

or two calves causing a skew of the data. The sequence in which the 

serum was analyzed was by block; the serum of all calves in block 1 was 

analyzed prior to starting block 2. Therefore analytical error can be 

eliminated. 

These results do allow for an interesting observation. The 

increase in serum thyroxine during the four hours immediately postpartum 

was nearly the same for M-O and M-12 calves, 8.0 ]Jg/dL and 8.7 ]Jg/dL 



respectively. The thyroid function in calves born l'lith low T4 levels 

did not appear to be suppressed or less sensitive compared to calves 

born with high T4 concentrations. 

Interaction of Colostrokinin and Ig Absorption 

Calves were born \'lith little or no IgG in serum, but animals fed 

ration I, III, or IV at birth attained an average serum IgG concentration 

of 23 mg/mI by 12 hours postfeeding (Table 10; Figure 8). Calves 

fed whole colostrum (ration I) at.birth had lower (P<.05) IgG concen

trations at 12-14 hours postfeeding than newborns given either of the 

artificially constituted rations (III and IV). This may have been due to 

the slightly lower Ig concentration of ration I versus rations III and 

IV (Table 1). However by 15 hours postfeeding, there was no significant 

difference in serum IgG concentrations of calves in these three treatment 

groups. 

The lack of colostrokinin in ration III did not affect the absorp-

tive abilities of the calves during a fifteen hour period after feeding. 

From 0 to 15 hours postpartum there were no differences in the amount of 

Ig agsorbed or the rate of absorption between IgEx-O and ColK-O fed 

calves CTable 10; Figure 8). After 15 hours postfeeding, colostrokinin 

appeared to exhibit a regulatory effect. Calves fed ration IV at birth 

(ColK-O) maintained serum IgG concentrations at an average peak value of 

27.5 mg/mI. Following a second feeding of pooled colostrum at 24 hours 

postpartum, ColK-O treated ca.lves had an additional increase in serum 

IgG concentrations (Table 10). In contrast, IgEx-O calves had a slight 

. decrease in serum IgG after 15 hours postfeeding, and did not have any 



TABLE 10. Serum IgG concentrations (mg/ml) of calves at birth and after feeding either 
pooled colostrum (PC), whole milk (M), or immunoglobulin extract with (ColK) 
and without (IgEx) colostrokinin extract at either 0 or 12 hrs postpartum. 

TREATMENT 
HOURS 

POSTPARTUM PC-O PC-12 M-O M-12 IgEx-O IgEx-12 ColK-O ColK-12 
0 0.1 0.1 0.1 0.2 0.1 0.1 0.3 0.0 
1 0.7 0.1 0.1 0.3 0.1 0.1 3.1 0.0 
2 S.9a O.lb O.lb 0.3b 8.0a O.lb 8.Sa O.Ob 

3 10.Sa O.lb O.lb O.3b 14.1a O.lb 13.4a O.Ob 

4 12.7a O.lb O.lb 0.3b 17.0a O.lb 16.4a O.Ob 

6 1S.Sa O.lb O.lb 0.3b 18.8 a O.lb 19.7a O.Ob 

8 18.0a O.lb O.lb 0.3b 22.7ac O.lb 23.6 c O.Ob 

12 18.7a O.lb O.lb 0.3b 24.1c O.lb 27.1c O.Ob 

13 19.9a 0.2 b O.l b 0.4 b 2S.3c O.l b 27.6c O.Ob 

14 19.6a 4.6b O.lb 0.4b 2s.3c 3.sb 26.7 c 3.3b 

15 22.2a 6.0b O.l b 0.4b 24.3a 4.6b 2s.8 a s.3b 

16 21. 3a 6.7b O.lb 0.4b 24.3a 6.1b 26.7 a 7.0b 

18 20.Sa 8.0b O.l c 0.4c 23.0a 7.3b 28.1 d 7.7b 

20 19.6a 10.1b 0.2c O.sc 22.2a 10.3b 27.8 d 9.8b 

24 19.0a 11. 7b 0.2c O.sc 23.2ad 13.2b 27.8 d 11. Sb 

28 20.7 a 13.4b 2.1c 1. 9c 22.7 a 19.1a 30.8 d 12.0b 

32 24.3a ls.9b 2.9c 2.0c 22.8 a 22.0a 30.7d 12.2b 

AVE. SEM 1.6 1.7 1.0 1.0 2.6 2.6 3.0 1.6 

a,b,c,dMeans in the same row bearing different superscripts differ significantly (P<.Os). 
tn 
.j::;. 
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additional increase in sennn IgG after the second, 24 hour feeding of 

colostrum. Serum IgG concentrations in IgEx-O calves lvere lower (P<.05) 

than ColK-O calves at all sampling times after 16 hours postpartum, 

except the 24 hour collection time (Table 10). 

Apparently colostrokinin maintained an intestinal envirornnent 

conducive to continued absorption of immunoglobulin or to reduced Ig 

degradation. Colostrokinin has been shown to increase capillary 

permeability and cause vasodilation, therefore it may have facilitated 

a continual movement of Ig into the circulation. However, Yamazaki and 

Moriya (1969a) have shown that the full active potential of colostrokinin 

in intestinal juice was maintained for a ma.'<::inn..ml of 30 minutes and then 

decreased to half of that activity after 60 minutes. In this study, a 

similar half-life for colostrokinin was also determined in in vitro 

tests. 1berefore it seems improbable that colostrokinin lVDuld exert 

a direct regulatory effect 15-20 hours postfeeding. Other possibilities, 

however, do exist. 

Altura (1979) presented evidence suggesting that the tissue 

hormone, bradykinin, may owe some of its dilator activity to its capabil

ity to stimulate the synthesis and release of prostaglandin-like 

compounds and that a great deal of bradykinin I s microcirculatory 

properties may be due to mediation by prostaglandin-like compounds. It 

is possible that colcstrokinin might also initiate and/or regulate other 

biologically active compounds which would exert regulatory effects at 

the intestinal level for a longer duration. 

Evidence is accumulating to suggest that circulating steroids, 

such as glucocorticoids, can interact with the physiological actions of 
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kinins (Altura and Altura, 1974). Potentiation of the vasoconstrictor 

actions of catecholamines by g1ucocorticoids attenuate the vasodilatory 

actions of kinins during acute inflanunation of tissue. This in tum 

modifies the movement of leukocytes and plasma across the capillary and 

venule walls. In the case of Ig absorption, glucocorticoids might be 

antagonistic to the action of,colostrokinin. Although the present study 

showed that colostrokinin did not have an effect on the cortisol surge 

following Ig absorption, it does not rule out the possibility of an 

interaction between cortisol and colostrokinin at the intestinal level. 

Calves that were fasted for twelve hours and then fed ration I, 

III, or IV absorbed colostral IgG at a slower rate than neonates fed at 

birth. By 12 hours postsuckling, fasted calves had not attained the 

magnitude of sennn IgG concentrations as did their 0 hour counterparts 

twelve hours after suckling. The average serum IgG concentration in 

fasted calves of 13 mg/ml at 12 hours postfeeding (24 hours postpartum) 

was 43% less than the 12 hour postfeeding IgG level of calves fed at 

birth (Table 10; Figure 8). Stott et al. (1979b) found that the amount 

of absorbed immunoglobulin progressively decreased as the initial feeding 

time was sequentially delayed. At 24 hours postpartum, fasted calves 

fed ration I, III, or IV had approximately the same serum IgG content. 

In each case it was lower (P<.OS) than the Ig~ concentrations of animals 

fed the same rations at birth (Table 10) . 

• As in calves fed at birth, the lack of colostrokinin in ration 

III did not affect the absorptive abilities of the calves during at 

least a twelve hour period after feeding. From 12 to 24 hours postpartum 

there were no differences in the amount of immunoglobulin absorbed or the 
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rate of absorption betlveen PC-12, IgEx-12, and Co1K-12 calves (Figure 8). 

However, the presence of co10strokinin in the 12 hour feeding had a 

definite regulatory effect on subsequent serum IgG concentrations fo1lo\v

ing the second feeding of whole colostrum at 24 hours postpartlnn. The 

response was the exact opposite of that exhibited by calves fed a 

source of colostrokinin at birth. Following the 24 hour feeding, IgEx-12 

calves e~libited a two-fold increase in serum IgG concentrations over 

the next eight hours. By 32 hours postpartum, serum IgG concentrations 

in IgEx-12 calves were equal to IgG levels of Pc-o and IgEx-O animals, 

attaining a peak concentration of 22 mg/ml. There is no reported 

evidence to date which demonstrates such a dramatic increase in serum 

immunoglobulin concentrations after a feeding of colostrum at 24 hours 

postpartum, especially following a period of inanition. In a natural 

system, calves that do not suckle by 12 hours postpartum remain hypo

gammaglobulinanemic «10 mg/ml) , and feeding colostrum after this time 

will not significantly increase the serum Ig concentration. TIlese calves 

would exhibit a higher incidence of morbidity and mortality. However, 

by altering the ColK content in rations fed to fasted calves, the period 

of inanition did not affect the ability of the IgEx-12 calves to acquire 

relatively high levels of serum Ig. 

In comparison, PC-12 and ColK-12 calves, groups in which 

colostrokinin was present in the 12 hour feeding, exhibited }ittle or 

no increase in serum IgG concentrations following the 24 hour colostrum 

feeding. Serum IgG levels in PC-12 and ColK-12 calves were significantly 

lower (P<.OS) than concentrations in IgEx-12 neonates at 28 and 32 hours 

postpartum (Table 10). 
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Colostrokinin exllibited a biphasic effect on Ig absorption which 

1vaS dependent on the initial time of feeding. When colostrokinin 1vas 

absent in a ration fed at birth (IgEx-O) no increase in serum IgG 'vas 

observed after a 24 hour feeding. In contrast, the absence of colostro

kinin in a ration fed to calves fasted for twelve hours (IgEx-12) 

resulted in a substantial increase in serum IgG levels after the 24 hour 

feeding. The regression curves in Figure 9 clearly show this biphasic 

phenomenon in calves fed rations ,vhich were identical except for the 

colostrokinin content. The findings also suggest that the regulatory 

function of colostrokinin apparently requires an approximate twelve hour 

period to manifest itself. 

Additional studies are needed to explain the biphasic role of 

colostrokinin, but two points shoud be emphasized. First, the time 

duration between the first and second feeding for calves fed at birth 

was n'lenty-four hours. The interval for fasted calves was 12 hours, 

therefore exposing the intestinal tissue to additional ColK within a 

much shorter period. This difference may have had an influencing role 

on the intestinal response to colostrokinin. Second, changes in the 

absorptive function of the intestinal epithelium during the twelve hour 

period of inanition (possibly·due to high serum cortisol levels at birth) 

could have been a predQminate factor in determining the role of 

colostrokinin. 

Calves fed milk at either 0 or 12 hours postpartum exhibited 

very low IgG concentrations through 24 hours postpartum due to the 

absence of immunoglobulin in milk. They absorbed little IgG following 

the 24 hour colostrum feeding as evidenced by their low serum IgG 



TABLE 11. Orthogonal polynomial regression equations and R2 values for serum IgG 
concentrations of calves at birth and after feeding mil~ plus immunoglobulin 
extract with and without colostrokinin extract at either 0 or 12 hours 
postpartum. 

~ EQUATIONa 

IgEx-O Y :::; -10.6 + 8.2(x) -

IgEx-12 Y 0.19 + 0.29(x) -

Co1K-0 Y :::; -9.0 + 7.8(x) 

0.62(x 2) + 0.015(x 3 ) 

0.06(x2) + 0.008(x 3 ) 

0.57(x 2) + 0.01(x 3 ) 

ColK-12 Y :::; -1.3 + 1.6(x) - 0.55(: ,(2) + 0.06(x 3 ) - 0.00?(x4) 

ay equals the IgG concentration at 'a selected collection time (x); x equals 1 through 17. 

0, 
o 
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concentrations at 28 and 32 hours postpartum (Table 10; Figure 8). 

Their sennn IgG levels were significantly lower (P<.OS) than all other 

treabnent groups at the final two collection times. 



O-fAPTER 4 

SillvlrvtARY Al'ID CONCLUSIONS 

Sixty-two, newborn Holstein-Friesian calves were used to study 

the role of colostrokinin, serum cortisol, and serum thyroxine in the 

absorption of maternal innmmoglobulin. Calves were removed from their 

dams prior to suckling and assigned one of four rations: colostrum (I), 

whole milk (II), milk plus colostral Ig (III), and milk plus Ig plus 

CoIK (IV). Calves were fed their assigned ration either at birth or 

after twelve hours inanition. All calves were fed pooled colostrum at 

24 hours postpartum. Blood samples were. collected at seventeen times 

during the first 32 hours postpartum. 

Calves were born with high cortisol concentrations (88 ng/ml) 

which decreased (P<.OS) within b~o hours postpartum. Serum cortisol 

levels increased (P<.OS) between b~o and three hours after calves ingest

ed a colostral source of inmnmoglobulin. Time of initial feeding had 

no effect on the cortisol surge. No such increase was observed in calves 

consuming an immunoglobulin-free milk ration. 

The evocation of an endocrine response in the neonate by mater

nal Ig suggests that this class of protein acted as a "primary messenger" 

and initiated an increase in cortisol secretion by the adrenal cortex. 

TIle cortisol surge may have a pivotal role inducing a cessation of 

macromolecular uptake by the intestinal epithelium. The increased 

cortisol concentrations might also have an irrrrrn.mosuppressi ve Mction in 

63 
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the neonate. Even though maternal Ig is vital for adequate innnunological 

protection, the calf might recognize these large proteins as foreign. 

A response by the endogenous irrnmme system of the calf would seem contra

dictory to its acquisition of passive immune protection. Therefore the 

cortisol surge may have a dual purpose: cessation of Ig uptru<e and 

suppression of the endogenous imrnme system. 

Within 4 hours postpartum, serum thyroxine concentrations 

increased (P<.05) at least 50% in all treatment groups regardless of 

1IJhether the calves were fed or fasted. After peaking at 18 ]1g/dL, the 

serum thyroxine concentrations fell gradually throughout the duration of 

the collection period. 

Colostrokinin exhibited a biphasic effect on serum'IgG concentra

tions 10Jhich was dependent on the initial time of feeding. Serum IgG 

concentrations in calves fed ration IV at birth were higher (P<.OS) after 

16 hours postpartum than neonates given ration III at birth. Calves 

initially fed ration IV exhibited an additional increase in serum IgG 

follmving a 24 hour feeding of colostrum. No increase in serum IgG was 

observed after the second feeding in calves initially fed ration III. 

TIle effect of ColK in fasted calves was the exact opposite of that in 

calves fed ColK at birth. Follmving a 24 hour feeding of colostum, 

calves initially fed ration III at 12 hours postpartum exhibited a two

fold increase in serum IgG concentration over the next eight hours. 

Calves fed ration IV at 12 hours postpartum had no increase in serum IgG 

concentration following the 24 hour colostrum feeding. Fasted calves 

fed ration III had higher (P<.05) serum IgG concentrations at 28 and 32 

hours postpartum than fasted calves fed ration IV. Colostrokinin did 
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not have an immediate effect on Ig absorption. The regulatory ftmction 

of CoIK required an approximate twelve hour period to manifest itself. 

The presence or absence of ColK in the experimental rations did not have 

any effect on the cortisol or thyroxine profiles. 

Colostrokinin appeared to have a definite role in the absorptive 

processes of the intestine. Its ability to increase capillary permeabil

ity suggests its involvement in the transfer of Ig to the circulation 

which was evidenced by calves fed immediately postpartlDTI. However, this 

study has clearly shotvn that ColK actually prevented an increase in sertnn 

IgG concentrations if calves were fasted. Therefore, ColK seems to be 

involved in the cessation of Ig uptake, and may even be considered 

detrimental to the calf that. does not immediately stand up and suckle. 

ColK may have more than one physiological role, and further research is 

needed to elucidate its multiple function. 
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BIOASSAY FOR COLOSTROKININ 

The presence of ColK following the extraction procedure was 

verified by using an in vitro bioassay utilizing an isotonic muscle sus

pension. Sprague-Dawley rats were fasted for tlventy-four hours prior to 

the start of the assay. Three to four centimeters of rat duodenum were 

suspended in 100 ml Tyrode muscle bath solution, oxygenated i'lith 95% O2, 

5% CO2 at 37 C. Changes in the intrinsic contraction/rel~xation patterns 

lvere recorded electromanometrically on an ink writing physiograph 

(Beretta et al., 1972). The addition of ColK to the muscle bath stimulated 

a rel~xation of the duodenal smooth muscle. 

A primary consideration of this study was to semi-quantitate the 

activity of the ColK extract. It was intended that ration IV, containing 

a supplemental volume of ColK extract, would exhibit similar activity as 

tlUlt found in one liter of whole colostrum. In preliminary studies, the 

ColK activity of colostrum and the ColK extract lvere referenced to 

bradykinin. Bradykinin was used as a reference standard since it 

exhibits strikingly similar properties to colostrokinin especially in its 

ability to cause rat duodenum to relax. By using an identical bioassay 

as that used in this study, Beretta et al. (1972) have clearly Sh01Vll that 

the two peptides are different entities. 

Pooled colostrum was incubated with 0.05 BAEE units of kalli

krein per milliliter of colostrum for ten minutes at 37 C. One-half 

milliliter of this mixture was then added to the muscle bath. .A.n 
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immediate relaxation of the rat duodenum occurred. TI1is relaxation 

pattern was similar to that exhibited by 25 ng of bradykinin per 100 ml 

Tyrode solution (Figure 10a,b). The volume of ColK extract constituting 

a portion of ration IV was adjusted in order that 0.5 ml of that ration 

caused a similar relaxation pattern as the bradykinin standard (Figure lOa). 

The colostrokinin extract comprised one-fourth the total volume of 

ration IV (Table 1). This amount was calculated to be derived from 1.5 

liters of colostrum. 

The presence or absence of colostrokinin in the other rations 

was also verified (Figure 10a,b). Kallikrein was incubated with rations 

II and III to confirm that the inactive molecule, colostrokininogen, was 

not present. 
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- -- -- ----

MILK, IgEx, and COLK 

MILK, IgEx, KALLIKREIN 

Figure lOa. The effects of the experimental rations on the 
intrinsic contraction patterns of rat duodenum due 
to colostrokinin. One-half milliliter added (_t). to · 
lOOml Tyrode muscle bath solution. Bradykinin 
acted as reference standard. 
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Figure lOb. The effects of the experimental rations on the 
intrinsic contraction patterns of rat duodenum due 
to colostrokinin. One-half milliliter added (t) to 
100ml Tyrode muscle bath solution. 
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ETIIA!\JOL DETERMINATI ON ASSAY 

It is possible that the use of large quantities of ethanol (EtOH) 

in the ColK extraction procedure had a deleterious or contradictory 

effect on the bioassay used in this study. Therefore the pharmacologi

cal effect of ethanol on the spasmatic motility patterns of the rat 

duodenum were investigated. 

A serial diultion of 95% EtOH was prepared as in Table 12. Each 

concentration was separately tested for its effects on the isotonic 

muscle suspension. An ethanol concentration of 475 ~l/dL Tyrode solution 

caused the rat duodenum to relax in a manner similar to that produced 

by the presence of ColK or bradykinin standard. Lower concentrations 

had little or no measureable effect on the intestinal motility. 

Following evaporation and volurne reduction in the final step of 

the ColK extraction procedure, the preparation \vas tested for the 

presence of ethanol. An ethanol determination kit (Sigma Chemical Co.) 

was utilized for the measurement. The concentration of ethanol in the 

extracted ColK solution was found to be no greater than 0.95 ~l/dL. 

This test verified that any ethanol remaining in the ColK extract 

would not cause the rat duodenal suspension to relax. Therefore any 

relaxation that occurred could be attributed to the presence of ColK. 



TABLE 12. The effects of ethanol (EtOH) on the relaxation/contraction patterns of rat 
duodenal smooth muscle. ' 

% EtOH in 
physiological 
saline 

95.0 

9.5 

0.95 

0.475 

0.19b 

Bradykinin 

Volume of diluted 
EtOH added to 100mi 
Tyrode muscle bath 

ml 

0.5 

0.5 

0.5 

0.5 

0.5 

(25ng / 100ml Tyrode solution) 

a+ signifies degree of relaxation. 

Concentration of 
EtOH in 100ml 
Tyrode solution 

-- lll/dL 

475.0 

47.5 

4.75 

2.37 

0.95 

signifies no change in intrinsic motility pattern. 

bConcentration of EtOH in colostrokinin extract. 

Response of 
duodenftl smooth 
muscle 

+ + + 

+ 

+ + + 

-....:J 
vI 
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TABLE 13. Analysis of variance for individual parameters after 
quantification of serum cortisol, thyroxine, and IgG 
concentrations • 

75 

. Source of Significance 
of Fa Variation DF MS 

CORTISOL 
Wi thin Cells 507 534.0 
Collection Time 16 5,493.1 
Treatment x 

Collection Time 112 969.4 
Error 21 5,227.5 
Treatment 7 7,441. 2 
Block 3 13,302.3 

TI-IYROXINE 
Within Cells 507 22.2 
Collection Time 16 493.1 
Treatment x 

Collection Time 112 19.5 
Error 21 246.4 
Treatment 7 457.1 
Block 3 140.8 

!gQ 
Wi thin Cells 507 22.6 
Collection Time 16 1,504.7 
Treatment x 

Co·llection Time 112 153.5 
Error 21 477.5 
Treatment 7 9,566.0 
Block· 3 584.5 

aNS represents nonsignificant F-test 
* represents significant F-test 

F 

1.8 

1.8 

1.4 
2.5 

22.2 

0.9 

1.9 
0.6 

66.7 

6.8 

20.0 
1.2 

.000 

.000 

.248 

.084 

.000 

.792 

.129 

.640 

.000 

.000 

.000 

.326 

* 
* 
NS 
NS 

* 
NS 

NS 
NS 

* 
* 

* 
NS 
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TABLE 14a. COMPARATIVE ASPECTS OF PASSIVELY A~UIRED Ur.JUNITY IN VARIOUS SPECIES 

~1ATERNAL TRANSFER OF Ig DURATION Or: Ig DURATION OF Ig 
PLACENT1\L FROM ~1A1ERNAL ABSORPTI ON OF ABSORPTION IF FED ABSORPTION IF STARVED 

SPECIES CLASS I FI CATION SERUM TO FETUS COLOSTRAL I g (TI~~ POSTPARr~o (TIME POSTP AR1ThO 

Bovine Epitheliochorial + 24 hr (1) 24 hr (1) 

Ovine Epitheliochorial + 24-36 hr (2) 48 hr (2) 

Porcine Epithe1iochorial + 36 hr (3) 106 hr (3) 

* Ccmine Endotheliochorial + 24 hr (4) N.A. 

Rat IIemochorial + + 18-21 days (5) 18-21 days (5) 

~; 

N.A. - no reference available 

(1) McCoy et al. (1970); (2) Lecce and Morgan (1962); (3) Payne and Marsh (1962); (4) Gillette and 

Filkins (1966); (5) Halliday (1959) 

'-l 
'-l 



TABLE 14b. COMPARATIVE ASPECTS OF PASSIVELY A~UInED IMMUNITY IN VARIOUS SPECIES - continued 

SPECIES 

Bovine 

Porcine 

Canine 

Rat 

'* 

EFFECTS OF EXOGENOUS 
GLUCOCORTICOIDS ON 
ABSORPTIVE PROCESSES 

No inhibitory effect (1) 
Potentiates absorption (2) 

Potentiates absorption (3) 
Initiates closure (4) 

No established effect (5) 

Causes precocious maturation 
of endocytes (6) 

Causes a cessation of Ig 
transport (7) 

N.A. - no reference available 

EFFECTS OF EXOGENOUS 
THYROXINE ON 
ABSORPTIVE PROCESSES 

No established effect (8) 

* N.A. 

N.A. 

Causes precocious closure (9) 

PRESENCE OF 
COLOSTROKININ 
IN COLOS'mUM 

+ (10) 

N.A. 

N.A. 

N.A. 

(1) Stott (1980); (2) Johnstone and OxeIlder (1979); (3) Patt and Eberhart (1976); (4) Payne and 

Marsh (1962); (5) Gillette and Filkins (1966); (6) Daniels et al. (1973); (7) Morris and Morris 

(1980); (8) Cabello et al. (1980); (9) Chan et al. (1973); (10) Guth (1959) 

'1 
co 
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