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1.0 Overall summary

The effect of various space allowances on pituitary, adrenal, immune responses and
performance was investigated in 72 Holstein x Friesian bulls. Bulls (403 + 3.5 kg) were blocked
by weight and randomly assigned into two groups (familiar, F and unfamiliar, UF) x three (1.2,
2.7 and 4.2 m? per bull; n = 24 bulls per space allowance) treatments and housed for 83 days in
18 pens (n = 4 per pen). Blood samples were collected on day —1, 0, 3, 14, 36 and 77 with respect
to mixing and housing on day 0. The bulls were administered with adrenocorticotrophic hormone
(ACTH) on day 3 and corticotrophin-releasing hormone (CRH) on days 14, 36 and 77. The basal
cortisol concentrations were not affected (P>0.05) by mixing of familiar and unfamiliar bulls. On
day 3, basal cortisol was greater (P<0.05) in the bulls housed at 1.2 than those at 2.7 and 4.2 m*
space allowances while no effect was observed in ACTH-induced plasma cortisol concentration
among treatments. Following CRH administration there was no effect (P>0.05) of treatment and
treatment X time on ACTH. On day 14, interferon-y production was lower (P<0.05) in the bulls
housed at 4.2 vs 2.7 m” and was intermediate but not (P>0.05) different for those housed at 1.2
m®. Bulls housed at either space allowances had (P<0.05) neutrophilia, lymphopenia,
eosinopenia and decreased haemoglobin on day 3 compared with day 0. The liveweight gain
from days 0 to 83 was lower (P< 0.05) in bulls housed at 1.2 compared with those at 2.7 and 4.2
m”. Housing bulls at 1.2 m” space allowance had a detrimental effect on their growth and was
associated with an acute rise in plasma cortisol concentration (on day 3) compared with space
allowances of 2.7 and 4.2 m*/bull.

The effect of transporting bulls for 12-h by road previously housed for 96 days at three
space allowances (1.2, 2.7, 4.2 m” per bull) on adrenal, haematological, immune responses, body
temperature and performance was investigated. Holstein Friesian bulls (n = 72; BW =403 + 3.5
kg) were allocated to one of two treatments, T (transport for 12-h; n = 16 per space allowance)
and C (control; n = 8 per space allowance). Basal cortisol concentrations and interferon (IFN) -y
production from cultured lymphocytes were not different (P>0.05) following the housing period.
Removing bulls from their home pens and walking them to the pre-loading crush facility, loading
on to the transporter, and unloading the bulls following the 12-h road journey, increased
(P<0.001) cortisol concentration. Bulls housed at 4.2 m’ had greater (P<0.05) cortisol
concentrations than bulls housed at 1.2 m” at loading, unloading, on return to the crush holding
facility, and bulls housed at 1.2 m* had greater (P<0.05) cortisol concentrations than bulls housed
at 2.7 and 4.2 m’ in their home pens after transport. There was an increased (P<0.05) cortisol
response in T than in C bulls to ACTH administration. Transport reduced (P<0.05) IFN-y
production, increased (P<0.05) neutrophils, eosinophils, packed cell volume, red blood cell
numbers, haemoglobin and decreased lymphocyte % and body weight. In conclusion, while
transport increased cortisol and reduced immune response in the short-term, the changes were
within normal physiological ranges suggesting that 12-h road transport had no adverse effect on
welfare status over a long-term period.

The effect of repeated regrouping and relocation (R&R) on behaviour of steers was
investigated. Seventy-two Holstein-Friesian (14 month old; 441 + 3.2 kg) steers were assigned to
either control (n = 30; C) or regrouped (n = 42; R) treatments and housed 6 per pen in 12 pens.
The R steers were exposed to six R&R over 84 days. New pen cohorts were allowed to stabilise
for 14 days and none of the R steers were allowed to share the same pen or pen-mates, where or
with whom, they were previously housed. Control steers were housed in the same pen with the
same pen-mates. Each steer was marked on its back with an individual identification code.
Twelve cameras were used to observe and record behaviour for each pen allowing observation of
all individual steers continuously for a week following each R&R. The following behaviours



were recorded for each steer: lying, standing, eating, drinking, head- to -head contact with
another animal while not eating, head contact with the body of another animal and bodily contact
with none, one, two or three steers. Behaviour was observed by instantaneous scan sampling after
each R&R, at 2 min intervals for 2 h on day 1; at further 20 min intervals on days 1 and 2; and at
120 min intervals from day 3 to 7. Where appropriate, the % of time spent in each behaviour was
calculated from the data on total counts in each behavioural category. The total count data were
analysed by y° statistics for all behavioural categories. Steers were weighed before each R&R.
Average daily gain from day 0 to 84 was analysed by ANOVA. During the first 2 h observation
period following mixing, R steers displayed a greater (P < 0.05) % of time standing (following
the first to sixth R&R), eating (first to fourth and sixth R&R) and drinking (first, third and fourth
R&R) than control steers. In the 20 min observational period, a greater % (P < 0.05) of time was
spent standing, eating and drinking in R than in C steers following each R&R. In the 120 min
observation period, R steers spent a greater (P < 0.05) %of time lying with less body contact
behaviours than C steers, and these findings increased in the fourth, fifth and sixth R&R. These
data suggest that there was partial adaptation to repeated R&R at the first two R&R followed by
complete adaptation at the third and subsequent R&R, with no detrimental effect on animal
performance.

The effect of repeated regrouping and relocation (R&R) of cattle on hypothalamic-
pituitary-adrenal (HPA) axis, immune function, blood biochemical, hematological variables and
ADG, was investigated. Seventy-two Holstein-Friesian (14-mo-old; 441 + 7.2 kg) steers were
assigned to either control (n = 30; C) or regrouped (n = 42; R) treatments and housed 6 per pen in
12 pens. The R steers were exposed to 6 R&R over 84 d. New pen cohorts were allowed to
stabilize for 14 d and none of the R steers were allowed to share the same pen or pen-mates
where or with whom they were previously housed. Control steers were housed in the same pen
with the same pen-mates. Steers were blood sampled 2 h before and 2 h after the first, third and
sixth R&R. Steers were weighed the day before each R&R. Median area under the plasma
cortisol curve (AUC) was higher (P < 0.05) in R than C steers after the first R&R. Following the
first, third and sixth R&R the median ACTH AUC was similar (P > 0.005) between the
treatments. Cortisol AUC in R steers decreased (P < 0.001) following the third and sixth
compared with the first R&R. However, cortisol AUC in response to exogenous ACTH
(following administration of dexamethasone at -12 h) after the third R&R were higher in C than
R steers. Corticotrophin-releasing hormone induced cortisol and ACTH AUC were not different
(P >20.10) in C vs R after the sixth R&R. There were no differences (P > 0.10) among treatments
in haptoglobin, fibrinogen and Con A-induced interferon-y after the first, third and sixth R&R.
Albumin, urea and NEFA were higher (P < 0.05) in R than C steers after the first R&R. Beta
hydroxy-butyrate and glucose levels were higher (P < 0.05) in R than C, while no (P > 0.05)
changes in the protein and globulin levels were found in C vs R after the sixth R&R. White blood
cell, differential and total count, red blood cell and platelets numbers were not different (P >
0.05) in C vs R after the first and third R&R. Lymphocyte numbers and mean corpuscular
volume were higher (P < 0.05) in R than C steers after the sixth R&R. There was no (P > 0.05)
difference in the overall ADG in C vs R. In conclusion, steers exposed to R&R responded with
increased plasma cortisol, albumin, urea and NEFA. Repeated R&R did not have a detrimental
effect on immune and production parameters.



2. Pituitary, adrenal, immune and performance responses of Holstein-Friesian bulls
housed on slatted floors at various space allowances.

2.1 Introduction

Housing protects animals from adverse weather conditions and provides structured
management (feeding, drinking, health check etc.) under controlled conditions. However,
insufficient space allowance induces a repeated state of stress that alters activity of the pituitary-
adrenal axis, immune function, behaviour and growth rate (Ingvartsen and Andersen, 1993;
Fisher et al., 1997a, b, c). Previous studies with cattle housed at different space allowances
reported either no changes in the basal cortisol concentrations (Fisher et al., 1997a), increased
(Friend et al., 1977) or decreased (Benek et al., 1984; Fisher et al., 1997b) cortisol responses to
exogenously administered adrenocorticotropic hormone (ACTH). Hickey et al. (2003) reported
attenuation of lymphocyte proliferation ex vivo immune functions tests for cattle at 2 m’
compared with 1.5 m” space allowance. In contrast, Fisher et al. (1997a) found no differences in
ex vivo cellular immune function between space allowances of 1.5, 2.0, 2.5 and 3 m” per heifer.
In addition, changes in cattle blood immune cells following exposure to stressful stimuli have
been examined previously (Kent and Ewbank, 1983; Swanson and Morrow-Tesch, 2001).

Stressful stimuli may induce changes in white blood cell (WBC) numbers and packed cell
volume (Kent and Ewbank, 1983). Reduced cattle productivity with a decreasing space
allowance from 4.7 to 1.5 m® per animal (Ingvartsen and Andersen, 1993) in slatted floor units
was reported. Previous studies have measured the growth of finishing cattle in response to a
range of three or more space allowances and reported that increasing population density can
reduce growth rate (Smith et al., 1981; Morrison and Prokop, 1983).

The objectives of the present study were to examine the effect of mixing mature beef
bulls (with and without previous contacts) and housing at 1.2, 2.7 and 4.2 m” space allowances.
The hypotheses were that (i) familiar animals (F; with previous contact) would be less stressed
compared with unfamiliar (UF; with no previous contact) when exposed to chronic stress
(inadequate space allowances); and (i1) chronic stress alters the functioning of the hypothalamic-
pituitary-adrenal (HPA) axis and associated stress indicators. Indices used to measure the stress
responses were plasma cortisol and ACTH responses following exogenous ACTH and
corticotrophin-releasing hormone (CRH) administration, respectively; concanavalin A (Con A)
and phytohaemagglutin (PHA) induced interferon (IFN)-y production, haematological variables,
feed intake and performance.

2.2 Materials and Methods

Treatments

Seventy-two 14-month-old Holstein-Friesian bulls (mean + S.E. BW = 403 + 3.5 kg)
were blocked by weight and assigned, using a completely randomised design, to two groups
(familiar, F and unfamiliar, UF) and within group, randomly allocated to one of three space
allowance treatments. The treatments were 1.2, 2.7, and 4.2 m* individual space allowance.

Animal housing and management

Before assignment to the individual space allowances, bulls were weighed and housed in 6
pens (n = 12 bulls per pen; with an individual space allowance of 4 m” per bull) from day —30
(day of treatment = day 0) to acclimatize them to handling and restraint. On day 0, bulls were



assigned to one of 18 (n = 4 bulls per pen) slatted floor pens, in two locations (location 1 = 12
pens; location 2 = 6 pens) 50 m apart with six pens per row. The bulls were allocated
alternatively into pens to one of the three space allowances and two groups (F and UF; n = 12
bulls per space allowance per group) using a 3 x 2 factorial design. The bulls for the F group
were allowed to share the same pen mates in the new location with whom they were previously
housed during the acclimatisation period. The bulls in the UF groups were individually taken out,
mixed and not allowed to share the same pen mates in the new pen location with whom they
were previously housed during the acclimatisation period.

The dimensions of the new pens were 4.5 x 1.1 m, 4.5 x 2.4 m, and 4.5 x 3.8 m for the 1.2,
2.7 and 4.2 m” per bull space allowance, respectively. A steel mesh (3.8 x 1.6 m) was used to
separate the sides of each pen. The feed face was 4.5 m along the front of each pen for all space
allowances. The bulls were housed for 83 days in the respective space allowances. Table 1
provides a calendar of events throughout the experimental period. Animals were given access to
grass silage (DM content (mean values) = 190.2 g/kg) supplemented with barley plus soybean
mix (mean values on DM basis, crude protein = 146 g/kg, crude fibre = 41.9 g/kg, acid
hydrolysable oil = 39 g/kg, ash = 58.6 g/kg) per bull daily. Bulls had free access to water in their
individual pens.

Catheterisation

To facilitate frequent blood collection, bulls were fitted aseptically with indwelling
jugular catheters on days 2, 13, 35 and 76 post housing. The procedure was performed as
previously described (Ting et al., 2003), using 12-gauge Anes spinal needles (Popper and Sons)
and polyvinyl tubing (approximately 1.47 mm internal diameter; Ico Rally Corp., catalogue No.
SVL 105-18 CLR) attached to a blunt 18-gauge needle at the blood collection end. All catheters
were exteriorised on the neck of the animals, filled with sterile 3.5% sodium citrate solution, and
plugged with a stopper. Catheters were secured in place in re-sealable patches with the aid of
adhesive cement (Big Bull Hip Tag Cement; Bigual Supply, Co., Elysian, MN, USA), Velcro,
and zinc oxide wrapping bandages. After catheterisation, animals were returned to their home
pens and catheters were maintained patent for 32 hours by flushing with 1 mL of 3.5% sodium
citrate after each blood collection.

ACTH challenge

The induced release of plasma cortisol following stimulation of the adrenal cortex gland
to a standardised dose of ACTH (1.98 IU/kg metabolic BW; Friend et al., 1977 and Fisher et al.,
1997a) was tested on day 3 of treatment, in two bulls from each pen (n = 12 per treatment),
which were randomly chosen at the start of the experiment. Dexamethasone (20 pg/kg BW;
Faulding Pharmaceuticals) was administered (n = 12 per treatment) intramuscularly (IM) at 2000
to 2030 GMT to all the bulls undergoing ACTH challenge (Synacthen Ampoules, Novartis
Pharmaceuticals Ltd.) on the next morning at 0800-0830 h GMT. Both dexamethasone and
ACTH administrations to bulls were staggered and carried out within 30 min intervals. Two
further bulls from each pen (n = 12 per treatment) also received 5 mL saline (0.89%
[weight/volume, wt/vol] sterile) intravenously (IV) (via catheter) at the time of dexamethasone
and ACTH administration to serve as controls.

Immediately following the administration of dexamethasone, ACTH and normal saline
catheters were flushed with 2 mL of 3.5% sterile sodium citrate solution. Blood samples were
collected into tubes containing lithium heparin as anticoagulant from bulls through jugular
catheters at -48, -24, 0, 23, 45, 67, 89, 119, 149, 179, 209, 239 and 269 minutes relative to the
time of ACTH administration at 0 minutes for bulls in each treatment for plasma cortisol assay.
Heparinised plasma was separated after centrifugation at 1600 g and stored at —20°C until



assayed within six weeks. Plasma cortisol concentrations were determined using commercially
available RIA kit (Corti-cote, ICN Pharmaceuticals), adapted and validated for bovine plasma by
Fisher et al. (1997a). The intra-assay CV (n = 6) for samples containing 5.3, 17.9 and 56.7 ng of
cortisol/mL were 16.3, 9.5 and 9.7%, respectively, and the interassay CV (n = 15) for the same
samples were 15.8, 11.9 and 13.8%.

CRH challenge

The induced release of ACTH following stimulation of the pituitary gland with
exogenous CRH, was determined on days 14, 36 and 77, in two bulls from each pen (n = 12 per
treatment). One bull administered with bovine (b) CRH on day 14 had been subjected to the
ACTH challenge and the second was administered with normal saline (0.89% [wt/vol] sterile)
previously on day 3 from all treatments. bCRH was administered IV at a concentration of 0.3
ug/kg body weight as previously validated and described (Gupta et al., 2004). Two further bulls,
from each pen served as controls and received 2 mL 0.89% [wt/vol] sterile saline (one received
ACTH and the second saline on day 3) on days 14, 36 and 77.

Immediately following the administration of bCRH and normal saline, catheters were
flushed with 2 mL of 3.5% sterile sodium citrate solution. The same animals were administered
with bCRH on day 36 and 77 from all the treatments. Blood sample collection commenced on all
days at 0900 h GMT, three samples at 24 min intervals each were collected before the IV
administration (through jugular catheter) of either bCRH or saline. Subsequent blood samples
were collected through the jugular catheters at 23, 45, 67, 89, 119, 149, 179, 209, 239 and 269
min relative to the time of bCRH and normal saline administration.

All blood samples were collected into iced tubes containing EDTA anticoagulants and
were centrifuged at 2000 g, at 4 °C for 15 min within 30 min of collection and plasma was frozen
and stored at -80°C until assayed for ACTH. Commercially available RIA kits were used to
determine the plasma levels of ACTH (Diagnostic Products Corporation) within six weeks of
collection. The intra-assay CV (n = 6) for samples containing 45.3 and 112.8 pg of ACTH/mL
were 18.9 and 16.4%, respectively, and the interassay CV (n = 12) for the same samples were
11.8 and 15.1% respectively.

Stimulated lymphocyte production of interferon-y

The in vitro production of IFN-y following stimulation of lymphocytes by the novel
mitogen Con A and PHA in whole blood cultures (heparinised) were determined for all bulls (n =
12 per treatment) on days —1, 0, 3, 14, 36, and 77 following the procedure described by Ting et
al. (2003), except that the cultures were stimulated with either phosphate buffer saline (PBS)
alone or Con A (20 pg in 1.5 mL blood) or PHA (20 pg in 1.5mL blood) for 24 h at 37 °C and in
an atmosphere of 5% CO,. In brief, duplicate 1.48 mL aliquots of blood were cultured in 24-well
culture plates (Costar Corporation) with 20 uL of phosphate buffer saline containing either 1.0
mg/mL of Con A, 1.0 mg/mL of PHA or no additive incubated for 16 h at 37 °C and an
atmosphere of 5% CO; in air. The culture plates were then centrifuged at 1,600 g, at 4 °C for 20
min; the supernatant harvested and frozen at —20 °C until it was assayed for IFN-y production,
using an ELISA procedure (Rothel et. al., 1990; CSL Biosciences). The in vitro Con A and PHA
stimulated IFN-y production was calculated by subtracting the absorbance at 450 nm of wells that
received PBS alone from the absorbance of wells that received ecither Con A or PHA,
respectively.



Haematology

Unclotted (EDTA) whole blood samples collected from catheterised bulls from all
treatments on days —1, 0, 3, 14, 36, and 77 were analyzed for red blood cell (RBC) number,
haemoglobin (Hb) concentration and packed cell volume (PCV) using an automated electronic
particle analyser (Celltac, MEK-6108K) within 1 h of blood sampling. For each sample a thin
blood smear was prepared on a grease-free glass slide (Gold star micro slides, Chance Proper
Ltd) for differential white blood cell (WBC) counting. The smears were air-dried and stained
using the haematology three-step stain for differentiation of morphological cell types (Accralab,
Fisher Scientific Company). One hundred cells, including neutrophils, band cells, basophils,
eosinophils, monocytes and lymphocytes were counted under the microscope at 40 x.

Environmental condition, health and production

The study was conducted from February to May. The mean daily air temperature and
relative humidity in the housing facility were recorded using four Tiny Talk data loggers
(Radionics) in each location. During the experiment the general health status of the bulls was
recorded on a daily basis and animals were assessed for injury and body lesions. The complete
record of any clinical signs and their medical treatment were maintained. The feed offered and
refusals were recorded for each pen twice weekly throughout the study. The body weights were
measured at two-week intervals throughout the experimental period.

Statistical analyses

Statistical analyses were performed using the general linear model (GLM) procedure of
Statistical Analysis System version 8.2 (SAS Inst. Inc.). The data was analysed initially for the
effect of F and UF groups and effect of location. When no (£>0.05) main effect and interaction
were found, the data for the F and UF groups were pooled and were further analysed for the main
effect of space allowances. The effect of location on ambient temperature and relative humidity
was also examined. Although shed height was greater in location 2, no differences (P>0.05) were
observed in both ambient temperature and relative humidity; therefore the location effect was
excluded from the analyses. Data that failed the test of normality and/or homogeneity of variance
(Sphario-Wilk test, P<0.05); using procedure UNIVARIATE) were subjected to suitable
transformation and analysed with an ANOVA or analysed non-parametrically using Wilcoxon
and Kruskall-Wallis procedures (Zar, 1999). The percentages (%) were transformed angularly
{(x =180/m) x arcsin [ (p/100)], where p is a percentage [0<P<100; 7 = 3.1416]}.

The average feed intakes were determined using the means of each of the subsequent four
feed intakes for two weeks, and calculated by subtracting feed refusal from that offered. The
daily weight gain was determined using the means of each bodyweight measurement, recorded at
two-week intervals until the end of the experiment. The data for average daily feed intake
(ADFI) and average daily gain (ADG) were analysed using a randomised complete block design
for the main effect of treatments using repeated measure ANOVA. The data for the neutrophils
%, band cells %, basophils %, eosinophils %, monocytes %, lymphocytes %, RBC, PCV, Hb,
both Con A- and PHA- induced IFN-y production were analysed by repeated measure ANOVA.
The model included the effect of space allowance, time and their interaction. Where significant
the pre-housing values (values at day —1) were included as a covariate. Following a significant F
test for space allowances, time and their interaction, means were compared using the probability
of difference (PDIFF) procedure of SAS on the least square means and was applied to determine
statistical differences.



The cortisol and ACTH data following ACTH and/or CRH challenge were rationalised
into a single variable by calculating the area under the curve vs time (integrated response) from
the time of the ACTH/CRH/saline administration until the final sample of the day using a linear
trapezoidal rule (Veissier et al., 2001). Mean pre-treatment basal plasma cortisol and/or ACTH
concentration was included as covariates. In addition to AUC, for each bull, the peak
cortisol/ACTH concentrations and time to reach peak cortisol/ACTH concentrations post ACTH
and/or CRH challenge were determined. To observe over time effects for ACTH responses
following CRH challenge, data were analysed using a repeated measure ANOVA, the statistical
differences were determined by Tukey’s studentised range test (Zar, 1999).

2.3 Results

Plasma cortisol and ACTH

Mean basal plasma cortisol concentrations from 0 to 48 min in bulls (n = 12 bull per
treatment administered with saline) housed at 1.2, 2.7 and 4.2 m” space allowances were 4.03,
2.85 and 3.25 ng/mL, respectively (Fig. 1 lower panel). The mean basal plasma ACTH
concentrations from 0 to 48 min in the bulls (n = 24 bull per treatment) housed at 1.2, 2.7 and 4.2
m’® space allowances were 61.0, 60.4 and 57.9 pg/mL, respectively. The administration of
dexamethasone (n = 12 bulls per treatment) at -12 h (before administration of exogenous ACTH)
reduced the mean (0 to 48 min) plasma cortisol concentration to 0.6 ng/mL consistently among
all treatments (Fig. 1 upper panel) with no difference (P>0.05) between the treatments. On day 3,
before administration of ACTH / saline the integrated basal plasma cortisol concentration was
greater (P<0.05) in the bulls housed at 1.2 than 2.7 and 4.2 m® individual space allowances
(Table 2).

ACTH challenge

Integrated (AUC) and peak plasma cortisol concentrations following exogenous
administration of ACTH on day 3 post housing was not different (P>0.05) among treatments
(Table 2). Following exogenous ACTH administration, the time to reach peak plasma cortisol
concentrations tended (P=0.094) to be earlier in the bulls housed at 1.2 than 2.7 m’ space
allowance and it was intermediate for the bulls housed at 4.2 m” space allowance treatment.
Following saline administration on day 3, the integrated plasma cortisol concentration was
greater (P<0.05) in the bulls housed at 1.2 than those at 2.7 and 4.2 m® individual space
allowances (Table 2).

There was a treatment x group effect (P=0.045) for the integrated plasma cortisol
concentration following exogenous ACTH administration. In the group housed at 2.7 m* space
allowance, this was indicated by the greater (P=0.011) AUC for plasma cortisol among the F
(5690.4 + 552.04 ng. mL " .min) than in the UF (4551.6 + 408.97 ng. mL™'.min) group. Integrated
plasma cortisol response was greater (P=0.005) in the F bulls housed at 2.7 (5690.4 + 552.04 ng.
mL".min) than 1.2 (4291.9 + 476.72 ng. mL".min) m” space allowance. The AUC for plasma
cortisol was also greater (P=0.017) among the F bulls housed at 2.7 vs 4.2 m’ (5690.4 + 552.04
vs 4663.9 + 457.55 ng. mL "' .min) space allowance.

CRH challenge

The data for the plasma ACTH concentrations following bCRH and saline administration
on day 14, 36 and 77 are presented in Table 3. The administration of exogenous bCRH vs saline
increased (P=0.001) plasma ACTH area under the curve for bulls within each space allowance.



Pre bCRH and/or saline administration, ACTH concentrations did not differ (P>0.05) between
treatments and there was no (P=0.959) treatment x time effect. There was a significant effect of
time on the basal plasma ACTH concentration (P=0.001), the concentration on day 77 was
greater than on days 14 and 36.

Following bCRH administration there was no effect (P>0.05) of treatment and treatment
x time on the integrated plasma ACTH, peak ACTH and time to reach peak ACTH
concentrations. However there was a significant time effect, bBCRH administration increased the
integrated ACTH response (P = 0.008) on day 14 compared with 36 and was intermediate but not
different (P=0.099) on day 77. The time to reach peak plasma ACTH concentration was greater
(P=0.002) on day 14 than on days 36 and 77 following exogenous bCRH administrations.
Following saline administration the treatment effect was indicated by the increased (P=0.012)
integrated plasma ACTH concentrations among the bulls housed at 2.7 m” than those at 4.2 m’
and it was intermediate but not different (P=0.104) among the bulls housed at 1.2 m® space
allowances while for the time effect, the integrated ACTH concentration was intermediate and
different (P=0.001) on day 36 than on days 14 and 77 and it was greater (P=0.007) on day 14
than on day 77.

Stimulated lymphocyte production of interferon y

The pre-treatment IFN-y production from stimulated lymphocytes via novel mitogens
Con A and PHA was not different (P>0.05) among bulls housed at 1.2, 2.7 and 4.2 m” space
allowance. The effect of mixing (F or UF) was negligible on days 14, 36 and 77. On days 0
(P=0.081), 3 (P=0.330), 36 (P=0. 492) and 77 (P=0.091) IFN-y production in response to Con A
was not different among treatments (Fig. 2; upper panel). However, on day 14, Con A induced
IFN-y was less (P=0.051) in the bulls housed at 4.2 vs. 2.7 m’ and was intermediate but not
different (P=0.09) for those housed at 1.2 m* (Fig. 2; upper panel). In response to PHA, IFN-y
production was not different (P>0.05) among treatments on days 0, 3, 14, and 77 (Fig. 2; lower
panel), however, on day 36 there was a tendency (P=0.071) for greater IFN-y production among
the bulls housed at 4.2 than those at 1.2 m? (Fig. 2; lower panel).

White blood cell differential count

The data for white blood cell differential counts are presented in Table 4. The pre-
treatment % of neutrophils, lymphocytes, monocytes, eosinophils, basophils, and band cells were
not (P>0.05) different among treatments. There was no (P>0.05) treatment and treatment X time
effect in neutrophil, lymphocyte, band cell, eosinophil and monocyte %. There was no time
(P>0.05) effect in band cell, basophil and monocyte %.

Over time, neutrophil % increased (P=0.002) and lymphocyte % decreased (P=0.001) on
day 3 and 14 compared with day 0, while on day 36 and 77 no differences (P>0.05) were
observed. Reduced (P< 0.05) eosinophil % was observed on days 3 compared with days 0, 14,
36 and 77.

Blood cell counts

The data for blood cell counts are presented in Table 5. The pre-treatment values of the
RBC, PCV and Hb were not different (P>0.05) among treatments. There was no (P>0.05) effect
of treatment on RBC, PCV, Hb and total white blood cells post treatment. However a treatment x
time interaction (P<0.05) on RBC and Hb was observed. On day 36 RBC and Hb were lower
(P<0.001) in the bulls housed at 4.2 than those at 1.2 and 2.7 m”. On day 77 the bulls housed at
1.2 m* had greater (P<0.001) RBC and Hb compared with bulls housed at 4.2 m* but was
intermediate and not different (P>0.05) than those at 2.7 m® space allowance. On day 3 after
housing, the RBC and Hb in all treatments were lower than on day 0 (P<0.05). These were still



lower (P< 0.05) on day 14 except in the bulls housed at 1.2 m”. The Hb increased (P< 0.05) from
day 14 to 77 in bulls housed at 1.2 m* space allowance, while, no difference (P>0.05) was
observed in RBC from day 3 to 77. There was no difference (P>0.05) in the RBC on days 36 and
77 in the bulls housed at 2.7 and 4.2 m* space allowance while Hb increased (P<0.05) from day
36 to 77. The time effect on the PCV is indicated by the decreased (P=0.001) values from day 0
to 3, 14, 36 and 77.

Environmental condition, health and production

The mean daily air temperature (location 1: 9.3°C (range 0.7 to 27.0°C); location 2: 9.0°C
(range 0.3 to 22.3°C) and relative humidity (location 1: 82.1% [range 41.2 to 100.0%]; location
2: 83.7% (range 41.2-100.0%) in the two housing sheds were not different (P>0.05). There were
no (P>0.20) effects of space allowances (1.2, 2.7, and 4.2 mzspace allowances) on ADFI (33.1 +
0.70, 36.5 + 0.82, and 35.7 + 1.90 kg per pen per day, respectively) throughout the study. The
overall ADG from days 0 to 83 was lower (P=0.001) in bulls housed at 1.2 (0.59 + 0.050 kg per
day) compared with 2.7 (1.32 + 0.087 kg per day) and 4.2 (1.26 + 0.222 kg per day) m’
individual space allowance with no difference (P>0.05) in ADG between bulls housed at 2.7
(1.32 £ 0.087 kg per day) and 4.2 (1.26 + 0.222 kg per day) m” individual space allowances. No
obvious sign of injury or morbidity associated with reduced space allowance were detected
during the experiment.

2.4 Discussion

In this study, basal plasma cortisol and ACTH concentrations were within normal
biological ranges and were similar to a previous study reported by Gupta et al. (2004). The basal
cortisol concentrations were not affected by mixing of familiar and unfamiliar bulls. However,
exposure of the bulls to a restricted (1.2 m? per bull) compared with generous (2.7 and 4.2 m* per
bull) space allowances increased basal plasma cortisol concentrations on day 3 of treatment
indicating that bulls housed in the restricted space allowance were stressed. This finding is in
accordance with the suggestion of Ingvartsen and Anderson (1993), that insufficient space
allowance induces a threat to the well being of cattle and leads to deleterious effects on
performance and health. Housing bulls at a restricted space allowance activated their adrenal
glands with increased plasma cortisol concentrations within 3 days. However sensitivity to
exogenous Dexamethasone and ACTH was not altered which was somewhat unexpected.
Perhaps the increased cortisol following the acute stress of housing at the restricted space
allowance decreased the adrenal responsiveness by the saturation of ACTH receptors in the
adrenal gland. There was a tendency for a reduction in the time to reach peak cortisol
concentrations in the 1.2 m” space allowance compared with a space allowance of 2.7 m’.
Therefore short-term housing at restricted space allowance increased cortisol and tended to
reduce the response time for cortisol secretion following exogenous ACTH administration.

Unlike basal plasma cortisol concentrations, cortisol response induced by exogenous
ACTH administration may provide an independent index of adrenocortical sensitivity (Moberg
and Mench, 2000). There are differences in the results for increased or decreased cortisol
response following ACTH administration under stressful situations among farm animals. Studies
examining the effects of housing cattle at restricted space allowance (Benek et al., 1984; Fisher et
al., 1997b) and restricted movements in bulls (Ladewig and Smidt, 1989) have reported a
reduced cortisol response, while, studies related to the social stress of regrouping and relocation
in calves (Veissier et al., 2001) and ewes (Sevi et al., 2001) reported increased cortisol responses
following exogenous ACTH administration. The decreased sensitivity of the adrenal gland to
ACTH challenge in the UF group of bulls housed at 2.7 and 4.2 m” space allowances might
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indicate down regulation of the pituitary-adrenal axis or increased sensitivity of the pituitary to
cortisol negative feedback. Initial exposure to the mixing stressor coupled with the housing
stressor may have resulted in the desensitisation of the pituitary-adrenal axis in the UF group.
These findings are in agreement with Gupta et al. (2005), which reported a decreased cortisol
response (i.e. decreased sensitivity of the adrenal gland) to ACTH challenge following
regrouping and relocation of steers compared with non-regrouped and relocated steers. There was
increased adrenal sensitisation in the F bulls housed at 2.7 m? compared with the UF. In contrast,
housing F bulls for three days in a restricted space allowance altered the sensitivity of the adrenal
glands, indicating chronic housing stress, which is not supportive of our hypothesis regarding
familiar animals being less stressed.

The present study failed to demonstrate that the CRH induced ACTH response was
affected by space allowance. This could be due to the failure of the lowest space allowance to
induce sufficient stress and bring about changes in the activity of the pituitary-adrenal axis. CRH
challenge has provided an independent method to test the sensitivity of the pituitary and adrenal
gland during chronic stress (Gupta et al., 2004). The results of the present study suggests that
using CRH induced ACTH release as an independent index at focal time points may not provide
conclusive evidence on the effects of a range of space allowances as potential husbandry chronic
stressors. The increased ACTH concentrations and time to reach peak ACTH concentrations
observed on day 14 of housing indicates a degree of up-regulation of the pituitary gland that was
extended up to day 36. However lack of changes on day 77 on the functioning of the pituitary
gland support the hypothesis that pituitary desensitisation occurs in bulls in response to ongoing
stress while the longer duration of the stressor modified the functioning of the pituitary gland and
led to either adaptation or regulatory changes in the pituitary and/or adrenal gland to avoid the
health of animals at risk. This hypothesis was further supported by the greater ACTH response
on day 14 that tended to be lower on day 77 following saline administration.

Earlier studies that used mitogen and/or antigen-stimulation in vifro assays for the
production of cytokines (e.g. IFN-y), derived from lymphocyte proliferation, suggested that this
was a useful indicator for studying stress in bovines (Ting et al., 2003; Earley and Crowe, 2002).
Both Con A (Earley and Crowe 2002) and PHA (Gupta et al., 2005) (T-cell antigen and
mitogen), respectively, have been used as a measure of immune responsiveness in previous
studies. In this study, the C