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ABSTRACT

Newborn Holstein-Friesian calves were deprived of colostrum for 
up to 24 hours after birth to examine the effects of acute inanition on 
adrenal glucocorticoid secretion. Serum glucocorticoids were signifi
cantly elevated in the calves deprived of food for 8 hours or more after 
birth, Corticoid concentrations increased significantly as feeding was 
further delayed. No relationships were observed between serum gluco
corticoid concentrations and the ability of the calves to absorb intact 
immunoglobulins from colostrum.
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INTRODUCTION

The bovine neonate is born devoid of serum immunoglobulins and 
relies on colostral antibodies for early immune protection (12, 61). 
Intestinal absorption of immunoglobulins from colostrum is probably the 
single most important factor ensuring survival of the calf during the 
first weeks of life (10, 26, 45, 50, 51, 57, 63). The importance of 
maternal antibodies to the newborn calf has attracted considerable 
attention to the cessation of intestinal transport of immunoglobulins 
in recent years.

The calf, like other ruminants, is able to absorb Intact immuno
globulins for approximately 1 day after birth (11, 13, 39, 44, 64). The 
capacity for absorption is greatest at birth; thereafter declining rap
idly until it is lost at the age of 24-36 hours.

The termination of macromolecular transport (closure) is influ
enced by several factors including stress (36, 41), starvation (40,55), 
ingestion of solid food (17), and unknown factors in colostrum (4, 40). 
Among these, starvation and stress are associated with elevated levels 
of serum corticosteroids (3, 8, 9, 36, 60). Since in-utero exposure to 
exogenous glucocorticoids causes precocious closure in the calf (2, 35), 
it is of interest to know how endogenous adrenal secretion might affect 
the ability of the young calf to absorb immunoglobulins. From work 
with other species (18, 19, 30, 37, 52, 54) it is reasonable to assume 
that stress related adrenal secretion might influence the permeability 
of the bovine gut to intact immunoglobulins.
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The immune status of the calf at birth along with the short 

period during which the calf can obtain passive immunity emphasizes 
the need for a better understanding of intestinal absorption of colostral 
antibodies. Knowledge of factors which enhance or depress immunoglobulin 
absorption is essential in ensuring adequate transfer of passive immunity 
to the calf, This study was undertaken to investigate the effects of 
acute inanition on total serum cortisol levels and the relationship of 
endogenous adrenal secretion to antibody absorption in the newborn calf.



LITERATURE REVIEW

The discovery that glucocorticoids induce precocious closure of 
the intestine of nursing rodents (30) stimulated interest in the hor«- 
monal regulation of intestinal maturation in mammalian neonates. Since 
Halliday’s discovery, the glucocorticoids have been the subject of many 
investigations involving several species. A review of the literature 
has been conducted to gain a better appreciation for the role of gluco
corticoids in antibody absorption and intestinal closure. Reports on 
species other then the bovine have been included for comparison.

Glucocorticoids and Closure in the Rat 
The young rat is able to absorb immunoglobulins from colostrum 

at any age up to 18 days (28, 29). Thereafter this ability declines 
rapidly and is lost by the age of 21 days (12). The injection of large 
amounts of glucocorticoid depresses the intestinal uptake of immunoglobu
lins (30, 37, 52, 54) and polyvinylpyrrolidone, a high molecular weight, 
non-protein molecule (18, 19, 52). The reduction of intestinal uptake 
in corticosteroid treated animals has been shown to be the result of a 
shortened absorptive period, i.e., precocious closure. Bilateral adre
nalectomy, on the other hand, delays the termination of macromolecular 
absorption by as much as 4.5 days (18, 20). Such findings along with 
observations that normal closure coincides with rising levels of serum 
corticosterone (18, 19) have led to suggestions that in the rat changes 
in intestinal permeability which occur between 18 and 21 days of age are
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dependent upon secretions of the adrenal cortex. This dependence does 
not appear to be absolute, however, since closure occurs in the absence 
of adrenal secretion (18, 20).

Closure in adrenalectomized rats has not been explained but may 
be the result of lowered thresholds of the intestinal epithelium to 
corticosteroids from non-adrenal sources, or a separate non-adrenal 
trigger which under normal conditions is accelerated by rising cortico
sterone. The lack of a concise understanding of the mechanism of 
Intestinal closure necessitates additional investigation before this 
phenomenon can be adequately explained.

Corticosteroids and Closure in other Species
Adrenal corticosteroids have also been implicated in the initi

ation Of intestinal closure in the dog, the pig, and the sheep. Puppies 
born to bitches treated 24 hours prepartum with injections of hydrocorti
sone or adrenocorticotropin (ACTH) exhibited substantially reduced absorp
tion of colostral immunoglobulins compared to puppies from untreated 
controls (27). The absorptive period was shorter in puppies from treated 
bitches, Indicating the treatment prematurely triggered closure in the 
pups (27). In the same study puppies injected with hydrocortisone or 
ACTH postpartum exhibited no difference from controls in either quantity 
of immunoglobulins absorbed or the age at which macromolecular transport 
ceased.

The difference in antibody absorption between puppies treated 
prepartum and those treated postpartum in Gillette’s experiment is 
presumably due to the difference in the length of time the intestinal



epithelium was exposed to hydrocortisone. In studies involving the rat 
(52) and the pig (56) the response of the intestinal epithelium to 
corticosteroid treatment was delayed by 48^72 hours post-injection.
Since under normal conditions the puppy is able to.absorb immunoglobulins 
for only 24 hours after birth (27) the possible effects of postpartum

injection of hydrocortisone on antibody absorption may be expected to be 
negligible.

Endogenous adrenal secretion does not appear to be involved in . 
normal closure of the neonatal porcine intestine, but exogenous cortisone 
acetate does initiate the cessation of macrornolecular absorption in 
piglets (56). Starved piglets retain the ability to absorb macromolec
ules for up to 106 hours after birth if all food is withheld prior to 
ingestion of Immunoglobulins (55). vSince adrenal secretion can be ex
pected to increase in respoii.se to starvation (3), macrornolecular trans
port should cease in the starved animals if a corticosteroid trigger is 
functioning in closure in the pig. The fact that starved pigs retain 
their absorptive capability much longer than nursing or bottle fed pigs 
indicates endogenous corticosteroid secretion is not a factor in normal 
closure of the neonatal porcine intestine,.

Comprehensive investigations of the effects of corticosteroids 
on immunoglobulin absorption in the lamb have not been conducted. Obser
vations of depressed immunoglobulin concentrations in lambs exposed to 
harsh environmental conditions at birth have led to suggestions that 
glucocorticoids, secreted in response to environmental stress, may inter
fere with macrornolecular absorption (31). Others (36) have suggested the



abbreviated absorption period in the lamb may be due to high adrenal 
corticoid concentrations at birth. Objective evidence to support such 
suppostions is lacking. Additional work is required to substantiate 
previous data and clarify the role of endogenous adrenal secretion with 
regard to antibody absorption by the lamb and the pig.

The evidence presented suggests a relationship in rodents be
tween corticosteroid secretion and the ability of the young animal to 
absorb immunoglobulins from the gut. Such a relationship does not appear 
to exist in the dog, pig, or sheep. Although exogenous glucocorticoid 
can under certain circumstances accelerate the onset of closure in these 
animals, endogenous secretion does not appear to play an important role 
in the normal closure process. Limited knowledge of the normal absorptive 
capabilities of the dog, pig and lamb and the variety of techniques used 
to evaluate absorption in these studies makes the interpretation of the 
available data difficult. These factors, along with the differences in 
ontogeny among these animals, complicates the comparison of absorptive' 
capabilities between species.

Glucocorticoids and Antibody Absorption in the Bovine
The importance of colostral immune proteins to the calf is well 

established (10, 26, 45, 50, 51, 57, 63). Hypogawmaglobulinaemia re
sulting from inadequate transfer of passive immunity is a contributing 
factor in calf mortality and morbidity (26, 36, 39, 44, 46, 57). The 
capacity for maeromolecular absorption declines rapidly after calving 
with complete closure of the intestine reportedly occurring between 24-36



hours after parturition (11, 13, 39, 44, 64). Recent evidence from this 
laboratory indicates very little if any absorption of immunoglobulins 
occurs after 24 hours (66). The mechanism of closure in the calf is not 
defined, but is believed to be similar to epithelial changes observed in 
the rat (15)«

Stress during the neonatal period and the resultant increase in 
serum adrenal corticoids are generally associated with .depressed -absorp -

tion of colostral antibodies by the calf (36, 41). Such assumptions are 
apparently based on data from rodents (30, 37, 52, 55) and observations 
that treatment of cows with certain glucocorticoids during the late 
stages of gestation reduces the capability of the calves to absorb colos
tral immunoglobulins (2, 35). Glucocorticoids are known to inhibit 
cellular and humoral immunity in many species (6, 71), however, present 
evidence does not support the hypothesis that hyperadrenalism in neo
natal calves adversely affects the transfer of passive immunity (21, 68).

Early work in the area of hormone effects on antibody absorption 
indicated the injection of cortisone acetate in neonatal calves had no 
effect on their ability to absorb immunoglobulins (21), The results of 
Deutsch and Smith have recently been substantiated by other workers (66), 
The work of Stott, and Deutsch and Smith raises questions about the 
importance of neonatal adrenal secretion in immunoglobulin absorption 
by the calf. Unfortunately, the interpretation of such experiments is 
difficult since the injected hormone may cause changes in other endocrine 
systems which affect the outcome of the experiment. Although work with 
other animals has revealed a relationship between adrenal secretion and



the transfer of passive immunity, it is important to stress the diffi
culty of comparing species as widely removed as the rodent and the 
bovine. Additional research is required before the relationship of 
endogenous adrenal corticoids and antibody absorption by the calf can 
be validly assessed.

Adrenal Cortical Seeretion iii the Newborn Calf
At birth, serum cortisol concentration in the calf exceeds that 

of the dam by as much as 10 fold (22, 23, 34, 47), The significance of 
the elevated adrenal activity at birth is not completely understood, but 
the fetal adrenal cortex is widely recognized as an integral component 
in the mechanism of parturition (5, 16, 25, 32, 42, 43, 70). After 
calving, serum cortisol levels in the calf decrease rapidly during the 
first 24 hours and continue to decline slowly over a period of 10-30 
days (22, 34).

The adrenal cortex of the neonatal bovine is capable of responding 
to several types of stressful stimuli. Acute diarrhea (22) and ACTH 
injection result in elevated serum cortisol levels (21, 66). Acute heat 
stress has been shown to cause elevated cortisol levels in calves (67), 
yet depresses adrenal cqrticoid secretion in mature cows (7). Low 
ambient temperature, which elicits an adrenal response in many animals, 
does not significantly affect adrenal secretion in young calves (38). 
Environmental conditions during the last 8-10 days of gestation correlate 
with total serum cortisol levels in the calf at birth (68). Since the 
fetus is maintained in a constant environment prior to parturition the
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stimulus for changes in fetal adrenal activity in response to environment

al conditions must originate in the.dam. The nature of hzhis signal and 
the mechanism by which, it is transmitted to the fetus is not known.

Acute starvation is a potent adrenal stimulus in many species 
(3s, 8, 9, 62, 69) „ The response of the adrenal cortex to acute inanition 
has not been established in the calf. Since in the calf glucose can be 
an important energy source, corticoid secretion may represent an important 
component in energy conversion and glucose generating mechanisms in the 
newborn bovine (72). Such a mechanism would be beneficial evolutionarily 
by providing the calf with a ready energy source during the critical 
neonatal period.



METHODS AND MATERIALS

A split plot factorial design as described by Steel and Torrie 
(65) was used in this experiment« The split plot provides the advantage 
of segregating the variance into main plot and sub plot.residuals, sim
plifying the statistical analysis. In addition the design accounts for 
variation due to differences in the immunoglobulin content of the colo- 
strums and environmental influence through the use of blocks.

Newborn Holstein-Friesian calves were provided by a large 
commercial dairy. Collection of calves began in December, 1976 and . 
continued into early February, 1977. Experimental calves were separated 
from their dams at birth to prevent Suckling xand housed in individual 
pens during the experimental period. Calves suspected of ingesting 
colostrum prior to separation from the dam were not utilized.

Colostrum was acquired from the first milking of parturient cows 
in the herd, pooled and fed to the calves from nursing bottles. Col
lection of calves began immediately after sufficient colostrum to feed 
one block was obtained. As each block was completed fresh colostrum was 
acquired and another block of 42 animals was collected. This procedure 
was repeated until five blocks had been completed. Collection and 
feeding was completed within nine days from the start of each block.

Within each block calves were randomly assigned to a treatment 
within the 3x7 factorial design. Each of the 21 treatments was repli
cated twice per block. The treatments consisted of 3 different volumes 
of pooled colostrum per feeding (0.5 1, 1.0 1, and 2.0 1) initiated at

10



11
seven different periods after parturition (0, 4, 8, 12, 16, 20 and 24 
hours)o The calves received additional colostrum at 12 hour intervals 
following the initial feeding.

- Blood samples were drawn by venipuncture from each calf at 
birth. Subsequent samples were taken at four hour intervals to examine 
Ig immunoglobulin absorption up to 40 hours postpartum. Blood samples 
were chilled immediately after collection to inhibit enzymatic break- 
down of serum proteins. Serum was removed by centrifugation and 
assayed for .concentrations of immunoglobulins IgG, XgM and IgA.

Serum IgM and IgG were quantitatively analyzed by radial immuno
diffusion in a gel medium (24). Analysis of IgA was on microdiffusion 
discs (49). Specific antisera to bovine IgG, IgM and IgA were produced 
in rabbits by methods described by Campbell et al. (14). Specificity 
of all antisera was determined by Immunoelectrophoresis and OuchterTony 
precipitin reactions (14). Standards for immunodiffusion were 
quantitated by Lowry protein determinations (48) and verified by 
immunoglobulin quantitation kits from Miles Laboratories. Repeatability 
of duplicate determinations of samples on the same and on. different 
immunodiffusion plates was within 5 percent.

Blood samples taken at 0 hour (birth) 12, 24, and 40 hours 
postpartum were analyzed for total serum cortisol concentration in 
addition to immunoglobulin content. Total serum cortisol concentrations 
were determined by a radioimmunoassay technique adapted from that of 
Abraham, Buster and Teller (1). Serum proteins and cortisol binding 
globulin were denatured with ethanol (100 percent). After centrifugation 
to remove the precipitated proteins (15 minutes at 1750 Xg), aliquots of
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the supernatant were transferred to duplicate assay tubes. To each 
tube was added 18,000 DPM of radiolabelled cortisol (^E-hydrocortisone, 
New England Nuclear). Known concentrations of cortisol (Sigma) were 
assayed in triplicate to generate a standard curve. Both the labelled 
compound and the standard cortisol were stored and diluted in benzene: 
ethanol (9:1) to increase the stability of the compounds.

After evaporation of the organic solvents from the assay tubes,
0.4 ml of specific antiserum diluted in assay buffer (0.1 M phosphate, 
pH = 7.0, 0.9 percent Nad, 0.1 percent gelatin) was added to each tube. 
The dilution of antiserum (1/800 Holly Hills Lot C01) was sufficient 
to bind 30 percent of available ligand. Each tube was mixed and incu
bated for 18 hours at 4°C. Separation of antibody-bound from free 
cortisol was achieved by adsorption of the free ligand.to dextran coated 
charcoal (0.6 percent NuChar, 0.06 percent dextran in gel buffer). The 
samples were then centrifuged for 10 minutes at 1750 Xg to remove the 
charcoal from the incubation medium. The supernatant (bound-fraction) 
was decanted into scintillation vials and measured for radioactivity.

The logit transformation of the antibody-bound radioactivity 
was plotted against the logarithm of the cortisol concentration. Sample 
values were calculated by interpolation of the standard curve. The Ibg- 
logit plot is widely employed for data processing in radioimmunoassays 
and its applications have been extensively studied (59). A typical 
standard curve is illustrated in Figure 1. The assay produced repeatable 
results in the range of 25-1000 pg, which corresponded to serum concen
trations of 5-200 ng/ml.
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Figure 1. Representative standard curve for cortisol radioimmunoassay»
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Within and between assay variance was estimated by duplicate 

detemitxations of pooled control serums in each assay. Coefficients of 
variance (C.V.) were calculated by the methods described by Rodbard (58). 
The within assay C.V. was 3.3 percent for duplicate determinations. The 
between assay C.y. was 7.0 percent. Comparison of the control values 
with mean values of control serums from previous assays, along with the 
slope, deflection and linearity of the standard curve were criteria for 
determining the validity of each assay (59). In addition, samples were 
re-assayed if the CPM for duplicate determinations varied by greater 
than 10 percent. Recovery of added cortisol from spiked samples was
99 percent making correction for losses in extraction unnecessary.

The specificity of the cortisol antiserum is indicated in Table
I. Crossreactivity is calculated as a percentage, taking cortisol as
100 percent. The compounds which crossreact; to the highest degree are 
primarily of adrenal origin and exist in relatively low concentrations 
in bovine serum. Since the cortisol values obtained were used as indi
cators of adrenal activity, no attempt was made to separate or other
wise account for the participation of these steroids in the antigen- 
antibody reaction.

The data obtained were examined by analysis of variance. Where 
significant effects were indicated, means were compared by the least 
significant difference (LSD) test described by Steel and Totrie (65) for 
split plot analysis.

Pearson correlation coefficients, adjusted for the effects of 
age and volume of colostrum fed, were calculated for the maximum 
concentrations of the three immunoglobulin classes (IgG, IgM, and IgA)
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Table I. Antiserum specificity.

Compound Percent Crossreactivity

Estrone < 1.0
Estriol 2.0
Estradiol - 17B . 4.0
Progesterone 9.0
17-OH, Progesterone 10.0
Testosterone 3.0
Desoxycorticosterone 16.0
Corticosterone 40.0
Cortisol 100.0
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with each of the four cortisol values (0, 12, 24, 40 hours postpartum) 
to investigate the relationship of serum cortisol concentration to 
antibody absorption. Maximum immunoglobulin levels were taken as the 
serum concentration at 36 hours postpartum since absorption can be 
assumed to be complete at this time (12, 55).



RESULTS AND DISCUSSION

Mean serum cortisol concentrations are summarized in Tables 
II9 III and IV, Cortisol concentrations at birth were highly variable 
between individual calves, ranging from 33 ng/ml to 208 ng/ml. Cortisol 
levels declined rapidly from birth (105,4 ± 2.5 ng/ml, n = 210) reaching 
the lowest level (45.2 ± 2.5) by 40 hours postpartum. Differences 
between the four sampling times (T) in Table II are highly significant 
(P < .01). The values obtained and the pattern of decreasing cortisol 
concentrations following parturition differ somewhat from those found 
by other workers (22, 23, 33, 34, 47) probably due to the influence of - 
delays in ingestion of food.

Overall means (mean of 4 sampling times) and mean cortisol 
concentrations at each of the 4 sample intervals are listed according 
to block (Table III), Overall block means varied from 60.5 ±2.8 to
72.8 ± 2.9 ng/ml. The range of the birth means was 101.4 ± 5.7 to
112.5 ± 4.9 ng/ml. Analysis of variance indicated the differences 
between blocks were not sifnificant (P < .05) for either the overall 
means or the mean concentrations within each of the sampling periods.

Neither the amount of colostrum fed (A) or the age of the calf 
at first feeding (S) by themselves, nor the interaction of these two 
factors (AxS) produced significant changes in serum cortisol levels 
during the experimental period. The AxT interaction was also not 
significant at the 0.05 level. A significant interaction, however,
between T and S was indicated. Means of the TxS interaction are

' . : ' : ' - .17 . . .



18

Table II. Mean serum cortisol concentrations (ng/ml) measured at 
four Intervals after parturition.

Hours Postpartum

0 12 24 40

105.4 ± 2.5 57.8 ± 1.8 64.4 ± 2.4 45.2 ± 2.5

1  ± s.e.m., LSD - 4.12 (P < 0.01)



Table III. Mean serum cortisol concentration (ng/ml) by block and hours postpartum (pp),

Block

Overall 60.5 ± 2.9 67.5 + 2,6 69.1 ± 2.8 70.9 ± 3.3 72.8 ± 2.9
0 hours.pp 103.5 ± 5.3 101.4 ± 5.7 102.0 ± 5.1 107.4 ±6.6 112.5 ± 2.9
12 hours pp 53.7 +3.7 55.8 ± 3.7 62.7 + 4.2 57.7 ± 4.9 58.3 ± 3*9
24 hours pp 52.1 ± 4.1 59.7 ±4.4 68.0 ± 5.8 71*6 ± 6.2 70.7 ±4*9
40 hours pp 32.7 ± 2.1 53.0 ± 3.1 43.4 ± 2*9 46,8 ±4.1 49.7 ± 4.1

± s.e.m. (P > .05)

HMD



Table IV, Mean serum cortisol concentrations (ng/ml) by treatment and hours postpartum (pp)»

Sample
Interval

Age (hours) at Initial Feeding
0 4 8 12 16 20 24

0 hours pp 111.8 ± 6.9 109.8 ± 8.0 97.2 ± 5.2 108.7 ± 6.5 1 1 0 . 1  ± 6.3 108.2 ± 7.1 92.1 ± 5.6
12 hours pp 54.2 ± 4.4 61.0 ± 6,7 68.8 ± 4.9 60.1 ± 4.4 58.8 ± 4,1 54.5 ± 3.6 47.1 ± 4.7
24 hours pp 48.8 ± 4.4 50.7 ± 6,4 64.3 ± 6.2 65,8 ± 6,2 71.2 ± 7.3 89.3 ± 5.4 61.9 ± 4.5
40 hours pp 54.7 ± 5.5 52.0 ± 4.7 40.6 ± 4.0 44,7 ± 3.4 42.4 ± 3.9 43.5 ± 3.5 38,1 ± 3.0

"x ± s.e.m. s LSD = 10., 9  (P < .05)

roo
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presented in Table IV, Birth means of the seven treatment groups varied 
from 92.1 ± 5.6 to 111.8 ± 6.9 ng/ml. Two of these groups (those first 
fed at 8 and 24 hours postpartum) exhibited substantially lower birth 
means than the other five groups. Examination of the raw data indicated 
the differences were due to the influence of several animals with very 
low concentrations of cortisol at birth. Since assignment of calves to 
the treatments was randomized the difference in birth means was presttined 
to have occurred by chance.

The result of delaying ingestion of food appears to be an 
alteration in the pattern of serum corticoid levels following parturition. 
Calves which were fed prior to 12 hours of age (09 4 or 8 hours post
partum) exhibited normal patterns of decreasing serum corticoid levels 
during the experimental period. Serum cortisol levels in calves re
ceiving colostrum at 12 hours of age or later exhibited significantly 
elevated (P < .05) serum corticoid levels measured at 24 hours postpartum. 
A trend is apparent in the 24 hour means of increasing serum corticoid 
concentrations as the period of inanition was lengthened, presumably 
due to the stress of hunger. The most pronounced adrenal response was 
observed in calves deprived of colostrum for 20 hours after parturition, 
mean serum concentration exceeding that of calves fed at birth by 185 
percent.

Serum cortisol concentration measured at 40 hours postpartum 
had decreased from levels observed at 24 hours in five of the seven 
groups, remaining constant in the other two. The means observed at 
40 hours postpartum agree with the observations of other investigators 
(22, 34, 47). in normal calves.
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The low 24 hour mean of the seventh treatment group (first fed 

at age of 24 hours) as compared to other groups fed at later hours 
cannot be adequately explained. Presumably9 the stress of the addition
al four hours of fasting (from 20-24 hours of age) would increase or 
at least maintain the serum corticoid levels observed in other groups 
subjected to delayed feeding: unexpectedly this did not occur. The 
statistical difference in the birth mean of two of the groups further 
complicates attempts to interpret the results. Due to these confounding 
factors it may be more meaningful to examine the data with respect to 
the time elapsed between the most recent feeding and the time the 
sample was taken.

The observed mean cortisol concentrations at 24 hours postpartum 
appear to represent a relationship between the time elapsed from feeding 
to sampling of the blood. All but one of the treatment groups were fed 
at least once prior to taking the sample at 24 hours. The remaining 
group was fed immediately after the sample was taken. In the treatment 
groups in which feeding was initated at 12, 16, 20, and 24 hours of age, 
cortisol concentration at 24 hours postpartum seems to be inversely 
related to the time elapsed since the calves were fed (89.3 ± 5.4in the 20 
hour age group, 71.2 ±7.3 in 16 hour, 65.8 ± 6.2 in 12 hour, and 61.9 ±
4.5 in the 24 hour age groups). The time elapsed from feeding to the 
24 hour sample was 4, 8, 12 and 24 hours respectively. A similar 
relationship appears to exist in the calves fed at 0, 4 and 8 hours of 
age, although not to the same extent. The difference in the degree 
of the response observed in the first three treatment groups may be due 
to the fact that the calves were fed twice prior to the 24 hour sample.
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Similar relationships can be observed in the 12 hour means of 

those treatment groups which were fed prior to taking the sample. The 
time elapsed between feeding and the 12 hour postpartum sample for the 
09 49 and 8 hour age groups was 12, 8 and 4 hours respectively with 
corresponding cortisol concentrations of 54.2 ± 4.4, 61.0 ± 6.7 and
68.8 ± 4.9 ng/ml (Table IV). The mean of the 8 hour age group is 
significantly higher (P < .05) than that of the group fed at birth.
While the upward trend is in evidence it is difficult to evaluate 
since the remainder of the groups (12-24 hour age groups) had not 
been fed prior to the time the sample was taken. Although significant 
differences exist between the mean cortisol concentrations for 
the seven treatment groups at 40 hours postpartum they do not exhibit 
the relationship between feeding and sampling time observed in the 12 
and 24 hour means.

The increase in the mean cortisol concentration at 24 hours 
postpartum as the period of inanition increased in length suggests a 
response of the adrenal cortex to the stress of acute fasting. The 
response, however, appears to be confounded by the interval between 
feeding and sampling of the blood. From the data presented it appears 
that the ingestion of food itself can elicit a stress-like increase in 
serum cortieoids. Thus the cortisol concentrations observed in the 
present study reflect the stresses of inanition and feeding, either 
separately or in combination.

Multivariate analysis revealed significant correlations (P <.05) 
between maximum serum IgG levels and cortisol concentrations at 24 hours 
(r = — .1467) and 40 hours (r = .1555) postpartum. The relationship
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between maximum IgM concentration and serum cortisol at 40 hours post
partum (r = .2203) was also significant. No significant relationships 
were observed between maximum IgA levels and serum cortisol concentration 
at any of the four sample times.

The statistical significance of the relationships of IgG and 
IgM with serum cortisol levels suggests a possible influence of post- 
partum cortisol concentrstidh on immunoglobulin absorption. The 
negative correlation of IgG concentration with serum cortisol at 24 
hours postpartum indicates a depressing effect of high serum cortisol 
on the absorptive process. Such a response, which may be interpreted 
to indicate an accelerated or early onset of closure, would be in 
agreement With the results obtained with other animals (19, 27, 29, 52, 
56). However, the positive correlations of IgG and IgM with cortisol 
at, 40 hours postpartum suggests exactly the opposite, that certain 
minimum levels of cortisol may be required for efficient absorption 
to take place (53)• The evidence supporting such a hypothesis is weak. .

The contradictory nature of the correlations observed along with 
the knowledge that little if any immunoglobulin absorption occurs, in 
the bovine after the age of 24 hours raises questions about the validity 
of the significant effects observed in this study. It is unlikely that 
such abrupt alterations could occur in the relationships between cortisol 
concentration and immunoglobulin levels observed (i.e., negative vs. 
positive correlation coefficients). In addition the r^ values indicate 
the influence of postpartum cortisol concentration accounts for 
less than 5 percent of the variance observed in the maximum immunoglobulin 
concentrations. Thus it is reasonable to assume the absorptive process
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is essentially unaffected by postpartum serum glucocorticoid concentra
tion. It is the opinion of this author that the significant correlations 
observed between IgG and IgM with postpartum cortisol in this study 
do not represent a significant physiological phenomenon. Such an inter
pretation is in agreement with the results of experiments attempting 
to alter immunoglobulin absorption with the postpartum administration 
of pharmacological doses of exogenous glucocorticoids (21, 66).

The 48-72 hour delay observed between glucocorticoid treatment 
and absorptive changes in other animals suggests that prepartum cortisol 
concentrations in the fetus may be important in determining the absorptive 
capabilities of the calf. Postpartum glucocorticoid treatment affects 
gammaglobulin absorption in animals which retain the capability to 
absorb macromolecules for extended periods after birth, but has no 
apparent effects on gammaglobulin absorption in animals with limited 
periods of absorption. Both the rat and the starved pig show marked 
reduction in uptake of labelled gammaglobulin after glucocorticoid 
treatment. The dog and the calf, which have limited periods of 
absorption are unaffected by postpartum corticosteroid treatment, perhaps 
because normal closure occurs before the change initiated by the 
hormone can occur.

Limited studies of the hormonal relationships in the bovine 
prior to parturition indicate fetal serum corticoids increase rapidly 
approximately two days before birth (16, 25, 33). Since the decline in 
ability to absorb macromolecules, or closure begins at birth in the 
calf, the time elapsed between the prepartum increase of fetal serum 
corticoids and the onset of closure closely parallels the relationship
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observed in glucocorticoid treated rats and pigs (19, 52, 56). It 
is not unreasonable to suggest the prepartum increase in adrenal corti- 
coid secretion in the bovine fetus may initiate the development of the 
intestinal epithelium which results in closure. A mechanism by which 
increasing corticosteroid secretion .-associated with the parturition 
process triggers absorptive changes in the intestine would be of 
benefit to the calf. The absorption of immune proteins is essential 
to the survival of the calf, however, the animal which continues to 
absorb molecules as large as antibodies would be subject to toxicities 
and allergic reactions. Further reserach will be required to clarify 
the relationship between prepartum glucocorticoid concentrations 
and immunoglobulin absorption in the.calf.

Summery
Adrenal cortical response to acute inanition was evident in 

calves deprived of food for 8 or more hours after birth. Colostrum 
deprived calves exhibited elevated serum cortisol when measured at 12 
hours postpartum, but there was no apparent pattern of adrenal response 
related to the length of the period of deprivation. Serum cortisol 
concentrations at 24 hours postpartum showed significant increases in 
response to delayed feeding and appeared to be a better indicator of 
stress than the 12 hour sample. The increase in adrenal cortical secre
tion followed a positive linear trend as the period of inanition"in
creased in length.

In addition to the influence of delayed feeding, the ingestion of 
food unexpectedly seemed to stimulate a stress-related response from the
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adrenal cortex« Such a response would not ordinarily be associated with

)satiation in a fasted animal. Presumably the concentration of serum 
corticoids would decrease With the removal of the stimulus3 in this 
case food deprivation. This did not occur in the present study. It 
is likely then that the cortisol values presented represent the influence 
of inanition, the ingestion of food or some combination of the two.

The partial correlation coefficients obtained do not support 
the association of postpartum adrenal corticoid-concentrations with 
hypogammaglobulinaemia in the calf. Although statistically significant 
correlations were obtained the contribution of cortisol levels to the. 
variance observed in serum gammaglobulin concentrations was negligible. 
Other factors (quality and quantity of colostrum and the age of the 
calf when fed as well as unknown colostral factors) are more important 
in determining maximum serum levels of gammaglobulin attained by the 
calf. The 48-72 hour response time observed in other animals suggests 
prepartum cortisol levels may be of more importance in the processes 
of immunoglobulin absorption and closure. However, additional investi
gation is required to explore this possibility.
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