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transient changes in response to chronic stress returning to pre-stress levels over 

time (Jensen et al. 1996a). Thus, as a index of chronic stress the adrenal response 

to ACTH may suffer many of the same problems in interpretation that 

measurements of cortisol secretion have. 

A reduction in the responsiveness of the pituitary to CRH was also seen in red 

deer subjected to chronic social stress. Pituitary responsiveness to CRH has not 

previously been assessed in red deer, however, a reduction in pituitary 

responsiveness (ACTH secretion) to exogenous CRH challenge following chronic 

social stress has been previously reported in horses (Alexander et al. 1996). 

Reduced pituitary responsiveness to CRH is also characteristic of a number of 

human psychiatric disorders such as depression, panic disorder, anorexia nervosa 

and post-traumatic stress disorder (Smith et al. 1989). As an index of chronic 

stress, tests of pituitary function using CRH challenges may offer a number of 

advantages over the more traditional adrenal function test. The relative magnitude 

of the changes seen in pituitary function during chronic stress were greater than 

the changes in adrenal function. In addition, pituitary responsiveness was not 

affected by the seasonal changes in other components of the HP A axis. 

Chronic stress can also lower the cortisol binding capacity of plasma, thereby 

increasing the proportion of biologically active free cortisol present in circulation 

(Alexander & Irvine 1998, Blanchard et al.1993, Kattesh et al. 1980, Spencer et 

al. 1996, Chapter 7). The function of this stress-induced fall in binding capacity 

is unclear, but in some species, the resulting increased free glucocorticoid 

concentrations may have a greater effect on target tissues (Fleshner et al. 1995). 

In the red deer, free cortisol concentrations were similar prior to and following 

mixing and between different times of year. The maintenance of baseline free 

cortisol concentrations within a narrow band appears to be highly regulated in the 

red deer stag. Thus, perturbations to these levels may signify severe stress and the 

progression to a pre-pathological state in red deer. The cortisol binding capacity 

of plasma may also offer some potential as a measure of chronic stress in deer. 

The main determinant of this binding CBG has a relatively long half-life in 

plasma. Therefore, CBG concentrations may offer a more robust measure of 

chronic stress effects on the HPA axis which is unaffected by the acute handing 
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stress required to obtain manual blood samples. However, in deer a seasonal 

rhythm is also apparent in cortisol binding capacity of plasma which may 

complicate the interpretation of stress induced changes. 

In the red deer stag, chronic stress is characterised by an acute period of increased 

basal HPA axis activity followed by an adaptive biochemical down-regulation at 

different levels of the HP A axis. These changes may function to protect the 

organism from detrimental effects on growth, reproduction and immune status due 

to sustained high levels of glucocorticoids. However, changes in cortisol binding 

capacity of plasma may provide a mechanism maintaining baseline HP A axis 

function during chronic social stress in the stag. 

8.1.5 Conclusion 

In summary, a number of measures of HP A axis activity and function change during 

acute or chronic stress and therefore appear to offer opportunities for quantifiable 

measurement of the stress response in red deer stags. However, many of these 

measures exhibit endogenous rhythms in activity (e.g. ultradian, circadian and 

seasonal) or adaptations to stress which complicate interpretation. These measures 

of HP A axis activity and function are also readily confounded by the stress 

associated with handling necessitating the use of stress free monitoring techniques. 

The DracPac remote blood sampling device offers such a stress-free technique for 

obtaining undisturbed measurement of HP A axis activity and function without the 

confounding effects of repeated handling. However, even with such powerful 

techniques, it is essential that HP A axis responses be interpreted in context with 

changes in other physiological and behavioural measures of stress. 
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APPENDIX 1 

EXTRACTED RADIOIMMUNOASSA Y 

FOR CORTISOL IN RED DEER 

PLASMA 

Introduction: 

Plasma cortisol concentrations were determined in duplicate, after extraction in ethyl 

acetate, by an 1251 radioimmunoassay method with polyethylene glycol separation. 

A standard curve, using charcoal stripped deer plasma (for stripping method ~ee 

Chard 1995), spiked with cortisol to produce concentrations of 0, 1, 2, 5, 10, 20, 50, 

100 ng/ml was used to determine the concentration of cortisol in individual plasma 

samples. The inter and intra-assay co-efficient of variations were determined using 

spiked deer plasma controls of known low (5 ng/ml), medium (20 ng/ml) and high 

(50 ng/ml) cortisol concentrations. 

Standard Curve (assayed in quadruplicate): 

TC (total counts) 

NSB (non specific binding) 

Standards 0, 1, 2, 5, 10, 20, 50, 100 ng/ml cortisol in charcoal 

stripped deer plasma (Chard, 1995). 

Controls (assayed in duplicate every 50 samples): 

Red deer plasma spiked with cortisol to produce plasma of known 

low (5 ng/ml), medium (20 ng/ml) and high (50 ng/ml) cortisol 

concentrations. 

Samples (assayed in duplicate) 
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Procedure 

Extraction: 

• Add 25 µI of standards, controls and samples to glass or polypropylene 

tubes. 

• Add 1 ml of redistilled Ethyl Acetate, Shake for 1 minute, allow to 

settle. 

• Aliquot by pipette 100 µI of the Ethyl Acetate into duplicate glass or 

polypropylene tubes making sure not to collect the denatured protein at the 

bottom of the tube. 

• Dry down in fume hood, at this point evaporated samples can be stored 

in the fridge for several days. 

Reconstitution: 

• When solvent has evaporated entirely reconstitute with 100 µI of 

Bovine y Globulin (1 % in PBS gel). 

Assay: 

• Add 100 µl of Antisera (75000: 1 in PBS gel), shake for 1 minute and 

incubate at room temperature for 30 minutes. 

• Add 100 µI of cortisol 1251 tracer (15000 cpm), shake for 1 minute and 

incubate at room temperature for 30 minutes. 

• Incubate overnight at 4°C (approximately 16 h). 

• Next morning add 1 ml of 20% PEG 6000 chilled to 4 °C, shake for 1 

minute. 

• Centrifige at 2400 rpm for 20 minutes at 4 °C. 

• Tip off supernatant and count precipitate in Gamma counter. 
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Solutions 

PBS buffer stock: 

(dilute 5x for use) 

0.5 mol/1 sodium phosphate buffer, pH 7.0. 

4.5 % NaCl 

0.5 % NaN3 

To make PBS buffer stock 11: 

dissolve 109.1 g Na2HP04.l2H20 or 54.2 g Na2HP04.2H20 

30.4 g N aH2P04. l 2H20 

45.0 g NaCl 

5.0 g NaN3 

In 1 1 milli Q distilled H20 

PBS gel buffer: 

Dilute stock PBS buffer 5x in distilled water. 

Add 0.1 % (ie. 1 g/1) gelatine. Buffer must be heated to dissolve gelatine. 

1 % Bovine y Globulin: 

Dissolve 1 g Bovine y Globulin in 100 ml of PBS gel (lasts approx. 1 week) 

Antisera (Rl) (developed at Ruakura): 

Cortisol antisera (Rl) is stored frozen at 1:100 dilution. Dilute by a further 750 x 

in PBS gel to give a final dilution of 75000: 1. (Make fresh each day). 

Tracer: 

Cortisol-3-( 0-carboxymethyl) oximino- (2-[ 125I]iodohistamine) (Amersham 

Pharmacia Biotech, Auckland, NZ). Dilute stock tracer with PBS gel to give 

15000 cpm per 100 µl. 

20% PEG: 

200 g/1 of polyethylene glycol 6000 dissolved in distilled water. PEG must be 

cooled to 4°C before using. 
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Cross Reactivity of Cortisol Antisera 

Dexamethasone 0.02 

17a OH Progesterone 0.10 

Cholesterol <0.005 

E217~ <0.005 

Oesterone <0.005 

Androstedione <0.005 

Testosterone 0.007 

Androstenediol <.005 

Epi testosterone <.005 

Corticosterone 0.82 

l 1Deoxy 170H Corticosterone 5.70 

Deox ycorticosterone 0.005 

Cortisone 1.24 
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