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ADRENAL RESPONSE TO CHRONIC AND ACUTE WATER STRESS 

IN JAPANESE QUAIL (Cotu~nix coturnix jaoonica) 

by 

Margaret E. Tome 

(ABSTRACT) 

Adrenal corticosterone and aldosterone content, body 

weight changes and serum osmolali ty were examined during 

water restriction and water deprivation. Progressive water 

deprivation resulted in increased serum osmolality and 

decreased body weight; adrenal aldosterone content did not 

change. Adrenal corticosterone content tended to be 

elevated during early water deprivation indicating a stress 

response, but tended to decrease after seven days of water 

deprivation suggesting adrenal fatigue. 

loss, 

were 

During water restriction, after the period of weight 

adrenal 

elevated. 

corticosterone content and 

As the birds began 

serum osmolali ty 

to gain weight 

aldosterone did not change, but adrenal corticosterone 

content and serum osmolality approached control values, 

suggesting the birds were beginning to adapt to the water 

restriction. The lack of an aldcsterone response suggests 

that high sodium in the diet was more important than the 

water regimes in regulating aldosterone. 

The adrenal was sensitive to ACTH as indicated by the 



elevated adrenal aldosterone and corticosterone content 

after ACTH injection, however sodium status probably affects 

the aldosterone response to ACTH. 
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Chapter I 

INTRODUCTION 

Ground-dwelling birds, such as quail, which have a 

limited capacity for flight, are exposed to varying degrees 

of water restriction during periods of drought. Different 

species of quail characteristically inhabit areas that range 

from humid to xeric (McNabb, 1969a; Spaulding, 1949). At 

least two species, California quail and Gambel's quail, that 

are able to inhabit arid or semi-arid areas can survive 

without drinking if succulent food is available (McNabb, 

1960). 1969a; Bartholomew and M'cMillen, 

Adaptation to arid environments 

maintenance of normal salt and 

1961; Guillion, 

requires mechanisms 

water levels (Carey 

for 

and 

Morton, 1971; McNabb, 1969a). Considerable work has been 

published on the water balance of quail (Carey and Morton, 

1971; McNabb, 1969a,1969b; Bartholomew and McMillen, 1961), 

but less is known about the mechanisms of adaptation to 

water restriction. 

Aldosterone and corticosterone, the two major adrenal 

steroids in birds, are involved in both hydromineral balance 

and adaptation to stress (Holmes and Phillips, 1976). 

Aldosterone 

balance in 

functions mainly in water 

avian systems by acting 

1 

and electrolyte 

directly on the 



2 

intestinal mucosa ( Skadhauge et al., 1983; Thomas et al., 

1980; Skadhauge, 1980) and the kidney (Thomas and Phillips, 

1975a). Corticosterone appears to be involved directly in 

electrolyte regulation in the salt gland (Simon, 1982; 

Harvey and Phillips, 1980), the kidney (Holmes et al., 1983; 

Holmes 1977; Hollander, 1971), and large intestine of the 

duck (Holmes, 1977). In addition to hydromineral effects, 

corticosterone has a significant gluconeogenic effect in 

birds (Baudry et al., 1983; Thomas and Phillips, 1975b) and 

is released in response to various non-specific stressors 

( Scott et al. , 1983; Beuving and Vonder, 1978) . Plasma 

corticosterone increases also have been triggered in 

response to water and/or food removal (Harvey and Klandorf, 

1983; Scott et al., 1983; Freeman et al., 1980; Beuving and 

Vonder, 1978; Nir et al., 1975). 

Adaptation to water restriction may include water and 

electrolyte adjustments, a stress response, and a 

gluconeogenic response [since birds on restricted water 

often voluntarily reduce food consumption (Hill et al., 

1979; McNabb, 1969a)]. Both aldosterone and corticosterone 

are implicated in this response because of the overlap of 

glucocorticoid and rnineralocorticoid functions in birds 

(Holmes and Phillips 1976). 
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This laboratory study was designed ·to compare the 

hormonal response to water deprivation (WD) and water 

restriction (WR) in Japanese quail, a commonly used 

experimental bird, capable of inhabiting semi-arid areas. 

further, this study attempted to evaluate the degree of 

stress involved in the physiological responses to WR and WD 

by using an exogenous ACTH challenge (Gwazdauskas et al., 

1980; Friend et al., 1977). 



Chapter II 

LITERATURE REVIEW 

Avian adrenocortical hormones: Adrenals and adrenal 

steroid secretions in birds have been the object of 

increasing interest in the last twenty-five years. 

Investigations started with the identification of adrenal 

steroids in the adrenal venous effluent of capons (Phillips 

and Chester-Jones, 1957). Results from both in vitro and in 

vivo experiments since that time have indicated that adult 

avian adrenals have the ability to synthesize at least five 

biologically active steroids (Holmes and Chronshaw, 1980; 

Holmes and Phillips, 1976). Detectable quantities of 

corticosterone, aldosterone, 11-deoxycorticosterone, 

18-dehydrocorticosterone, and 18-hydrocorticosterone have 

been produced after in vitro adrenal gland incubation or 

found in adrenal extracts in various species (for review see 

Holmes and Chronshaw, 1980). However, plasma hormone 

analyses have indicated that the two major circulating 

adrenal steroids in birds are aldosterone and corticosterone 

(Holmes and Chronshaw, 1980; Taylor et al., 1970; Donaldson 

and Holmes, 1965). Of the remaining catalogued adrenal 

steroids only one, 11-deoxycorticosterone, has been found in 

plasma in a single species, the Herring gull, Larus 

4 
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argentatus (Chan and Phillips, 1973a). Thus there remains 

some doubt as to whether the other hormones are 

physiologically active in birds (Holmes and Phillips, 1976). 

Early reports indicated cortisol was present in avian 

blood (Urist and Deutsch, 1960; Phillips and Chester-Jones, 

1957), however subsequent studies did not detect it in 

plasma or adrenal incubates in any of the species of birds 

investigated (Holmes and Phillips, 1976; Frankel et al., 

1967; deRoos, 1961; Nagra et al., 1960). These early reports 

of cortisol in adult avian blood were probably due to 

technical 

corticoids. 

inadequacies in separating and · measuring 

Recent reports have indicated that cortisol is present 

in the plasma of embryonic chickens (Kalliecharan and Hall, 

1974, 1976; Idler et al. , 1976) and is produced during in 

vitro incubation of embryonic chicken adrenals (Nakamura et 

al., 1978). Cortisol also appeared in adrenal incubates from 

3-day-old chicks, but not in those from 7-day chicks or 

adults ( Nakamura et al. , 1978) . 

treatment did not cause cortisol 

Further, prolonged ACTH 

to become the dominant 

steroid ( Kalliecharan, 1981), as was reported in rabbi ts 

(Kass et al., 1954). Even with ACTH treatment, by 17 days 

post-hatching, cortisol dropped to zero (Kalliecharan, 

1981). The absence of cortisol in adult birds is generally 
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ascribed to a lack or loss of 17 a.-hydroxylase enzymes in 

avian species (Sandor et al., 1976). 

Adrenal structure and sites of hormone oroduction: 

Anatomically the avian adrenal typically consists of double 

rows of parenchymal cells arranged in cords with 

interspersed islets of chromaffin cells, an arrangement 

which contrasts with the separation of adrenal cortex and 

medulla seen in mammals (Holmes and Chronshaw, 1980; Holmes 

and Phillips, 1976). Degrees of morphological zonation of 

the parenchymal cells, that resemble zones analogous to 

those seen in the mammalian cortex, are quite variable among 

bird species and have been a matter of some controversy (for 

review see Mikami et al., 1980). 

Histological evidence from the work of Klingbeil et al. 

(1979) in Pekin ducks, and Mikami et al. (1980) in the 

Japanese quai 1, has indicated that morphological and 

functional zonation does exist, at least in some species in 

some physiological states. These studies suggest that an 

outer subcapsular zone ( SCZ) is the principle source of 

aldosterone and an inner zone (IZ) is the primary source of 

corticosterone, analogous to the mammalian zona glomerulosa 

and zona fasciculata, respectively. Zonal width, however, 

appears to be highly variable between individuals (Mikami et 

al. , 1980) . Incubation, in vitro, of the separate zones 



7 

from the Pekin duck adrenal lends some support to separation 

of functions (the SCZ favors aldosterone production and the 

IZ, corticosterone), but each zone can produce both 

hormones (Holmes and Chronshaw, 1980). Other investigators 

have failed to find morphologic or functional zonation 

(quail, Bhattycharyya et al., 1975; others, see review by 

Holmes and Phillips, 1976), but this may be due, in part, to 

diurnal or seasonal variation and differences in 

physiological states or techniques ( Mikami et al. , 1980) . 

This issue is further confused by the evidence that 

corticosterone is a direct precursor of aldosterone 

biosynthesis ( Sandor et al. , 1976) and the possible 

transformation of one cell type to another (Mikami et al., 

1980; Holmes and Chronshaw, 1980). 

Functions of corticosterone/Stress response: 

Corticosterone is the major steroid produced by avian 

adrenals and appears to affect both gluconeogenesis and 

hydromineral balance (Holmes and Phillips, 1976). Concern 

with egg production in the poultry industry and the effects 

of the classical stress response have prompted much of the 

work on corticosterone. As in mammals, corticosterone in 

birds is released in response to such stressors as ACTH 

(Freeman and Flack, 1981; Beuving and Vonder, 1978; Nir et 

al. , 1975), handling ( Freeman and Flack, 1980; Beuving and 
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Vonder, 1978), temperature stress ( Hester et al. , 1981; 

Holmes et al., 1979; Edens, 1978), social stress (Satterlee 

et 1983) , and exercise (Rees et al., 1983) . 

Corticosterone increases have also been reported in response 

to short term water removal (Beuving and Vonder, 1978; Nir 

et al. , 1975), short term food withdrawal ( Scott et al. , 

1983; Freeman et al., 1980; Nir et al., 1975), and blood 

sampling (Harvey et al., 1980; Beuving and Vonder, 1978). 

Functions of corticosterone/Metabolic: The complexity 

of the physiological actions and controls of corticosterone 

secretion make some of these responses difficult to 

interpret. As in mammals, corticosterone has a significant 

gluconeogenic effect in birds (Beaudry et al., 1983; Thomas 

and Phillips, 1975b). Some investigators have suggested 

that the corticosterone increase in response to food 

withdrawal may be wholly, or partially, a gluconeogenic 

effect rather than a non-specific stress response (Harvey et 

al. I 1980) • Freeman et al. ( 1980) examined the temporal 

relationship of the hypoglycemic response and corticosterone 

increase in starved chicks and suggested that the 

corticosterone response may not be just gluconeogenic. 

While there is some other support for starvation as a non-

speci fie stressor ( Scott et al. , 1983; Freeman et al., 

1981), the gluconeogenic effects of corticosterone cannot be 
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discounted. It should be noted that, in birds, 

corticosterone also appears to be lipogenic (Davison et al., 

1983; Freeman et al., 1981; Thomas and Phillips, 1975b). 

This contrasts with the effect of corticosterone on lipid 

metabolism in mammals and is surprising when one considers 

the other actions of corticosterone during a stress response 

(Davison et al., 1983). 

Functions of corticosterone/Salt and water balance-

general: The results of work on the corticosterone response 

to short term water removal, dehydration, and salt loading 

have been contradictory. Increases in plasma corticosterone 

in response to water deprivation have been recorded in 

chicks ( Buckland et al. , 197 4) and adult domestic chickens 

(Nir et al., 1975). Beuving and Vonder (1978) and Freeman 

et al. (1983) found increases in plasma corticosterone in 

adult chickens after water removal, but Freeman et al. 

(1983) did not consider these physiologically significant. 

Plasma corticosterone increases have been recorded in 

response to osmotic stress have been recorded in the 

Japanese quail (Kobayashi and Takei, 1982) and in response 

to dehydration or osmotic stress in the Pekin duck (Harvey. 

and Phillips, 1982; Phillips and Harvey, 1980; Allen et al., 

1975; Takemoto et al. , 197 5) . In contrast, in partridge 

adrenal i1i.cubates no changes in corticosterone in response 
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to salt loading or dehydration have been recorded 

(Hollander, 1971), nor have significant increases in plasma 

corticosterone been found in domestic chickens (Skadhauge et 

al., 1983; Thomas et al., 1980) or Japanese quail (Kobayashi 

et al. 1980) after dehydration. 

Some 

variety 

of 

of 

these 

species 

reported differences 

and experimental 

are due to the 

however the problem is complex. First, 

designs employed, 

it is difficult to 

examine responses to water removal alone because birds on 

restricted water often voluntarily restrict food consumption 

(Hill et al., 1979; McNabb, 1969a) so gluconeogenic effects 

cannot be ignored. Second, birds are able to maintain 

vascular volume after hemmorrhage better than mammals. 

Chickens can maintain vascular volume after 48 hours of 

dehydration even while decreasing in body weight (Koike et 

al., 1983). Some investigators have suggested a role for 

corticosterone in vascular volume maintenance in birds 

(Ploucha et al., 1981) . Thus, during dehydration 

corticosterone may be released in response to hypovolemia, 

as in mammals ( Stricker et al., 1979). Third, and most 

important, corticosterone has a direct effect on water and 

electrolyte balance in the salt gland, kidney and intestine. 

Functions of corticosterone/Salt and water balance-

specific effects: Corticosterone has both direct and 
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indirect effects on the salt gland. Functional salt glands 

are corticosterone target organs where hormonal increases 

enhance salt excretion, primarily sodium, but also potassium 

to some extent ( for reviews see Simon, 1982; Harvey and 

Phillips, 1982; Phillips and Harvey, 1980). During 

dehydration and osmotic stress increases in corticosterone 

secretion augment salt gland function (Harvey and Phillips, 

1982) and indirectly increase gluconeogenesis allowing ample 

glucose to meet gland requirements (Thomas and Phillips, 

1975a). 

Specific corticosterone receptors have been found in 

the avian kidney, indicating that it is also a target organ 

for corticosterone ( Beaudry et al. , 1983; Charest-Boule et 

al., 1980). Although all the renal effects of 

corticosterone in birds are not understood (Holmes et al., 

1983), corticosterone does increase urine flow in the 

partridge (Hollander, 1971). 

that corticosterone increases 

Holmes (1977) also suggested 

potassium excretion by the 

kidney in ducks. Electrolyte and water movement across the 

intestinal mucosa is directly affected by corticosterone, 

where an increase augments sodium and water uptake in ducks 

(Holmes, 1977). Combined renal and post-renal effects of 

corticosterone are antinatriuretic in the duck (Holmes et 

al., 1983) . This contrasts with the combined renal and 
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post-renal effects in the chicken, where corticosterone 

causes increased sodium excretion in cloacal fluid (Thomas 

and Phillips, 1975a). 

Functions of aldosterone: Aldosterone is the other 

major adrenal steroid involved in the complex electrolyte 

and water balance system in birds. During dehydration 

plasma aldosterone increased in both chickens (Skadhauge et 

al. 1983) and Japanese quai 1 ( Kobayashi and Takei, 1982) 

and in adrenal incubates of dehydrated partridges 

(Hollander, 1971). Aldosterone also increased in the plasma 

of fresh water maintained, chr'onically colostomized ducks 

(Holmes et al., 1983) and sodium-deplete chickens (Thomas, 

1982). No direct effects of aldosterone on salt gland 

function have been found ( Simon, 1982), so it is assumed 

that the effects of the hormone center on the kidney and 

intestinal mucosa (Holmes et al., 1983; Skadhauge et al., 

1983). 

Specific aldosterone receptors have been isolated from 

the avian kidney (Lehoux et al., 1984; Beaudry et al., 1983; 

Charest-Boule et al., 1978). Doneen and Smith (1982) 

reported aldosterone stimulation of ca++_ATPase in chick 

metanephros and Thomas and Phillips (1975a) found that 

aldosterone caused a net sodium retention in the chicken 

kidney. Little else is known about the effects of 
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aldosterone on the avian kidney. Aldosterone also has 

specific effects on the colon and coprodeum, causing active 

retention of sodium resulting in increased solute-linked 

water flow in chickens and ducks (Holmes et al., 1983; 

Skaghauge et al., 1983; Wright et al., 1982). Further, the 

effects of aldosteroni on the intestine are influenced by 

al. (1980) the sodium status of the bird. Thomas et 

demonstrated the same qualitative effects in sodium-replete, 

aldosterone-injected birds as in sodium-deplete birds, but 

the magnitude was greater in the sodium-deplete birds. 

The data from experiments that examined the effects of 

aldosterone on potassium ion movement are difficult to 

interpret. Skadhauge (1980) reported that potassium was 

excreted as a linear function of sodium absorption in the 

chicken intestine. This suggests that increases in 

aldosterone would cause an increase in po~assium excretion. 

However, Holmes et al., (1983) found that aldosterone 

injected into ducks caused antinatriuresis and a 

simultaneous potassium retention. Hollander (1971) also 

found no change in aldosterone in adrenal incubates of 

potassium stressed partridges. 

Control of adrenocortical hormones: Control of 

corticosterone secretion is primarily mediated through the 

pituitary-adrenal axis and ACTH, however it is possible that 
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some glandular autonomy or extra-pituitary control exists 

( for discussion see Holmes and Phillips, 1976). 

Corticosterone production has been stimulated by angiotensin 

II in vitro in duck adrenals (Vinson et al., 1979a) and in 

vivo in Japanese quail, although in this species the 

corticosterone increase may be due to angiotensin II 

stimulation of ACTH release (Kobayashi and Takei, 1982). 

Aldosterone production is strongly stimulated in duck 

adrenals in vitro by angiotensin II and slightly stimulated 

by both serotonin and potassium (Vinson et al., 1979a). 

ACTH also has stimulated aldosterone production in vitro in 

several species (Kalliecharan and Hall,1977; deRoos, 1969). 

Plasma aldosterone increases after ACTH injections have been 

reported (Kozma and Pethes, 1976; Phillips and Chester-

Jones, 1957), however Taylor et al. (1970) found no change 

in aldosterone after ACTH injections. This lack of 

aldosterone response to ACTH found by Taylor et al. (1970) 

is probably due to differences in experimental design and 

technical difficulties, since the aldosterone concentrations 

were at the limits of the assay sensitivity. Angiotensin II 

injections also elicited increases in plasma aldosterone 

(Kobayashi and Takei, 1982). 

to the renin-angiotensin 

However, in birds the response 

system has not been well 

investigated, and some contradictions have appeared ( for 

review see Braun, 1982; Fagnan et al., 1978). 
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From these structural and physiological considerations, 

it is apparent that distinct glucocorticoid and 

rnineralocorticoid classifications cannot be applied in birds 

as in mammals (Holmes and Phillips, 1976). Since 

corticosterone is a direct biosynthetic precursor of 

aldosterone in avian systems ( Sandor et al., 1976), and 

rarely have independent changes in the two hormones been 

reported (Wright et al., 1982; Thomas et al., 1980; Chan and 

Phillips, 1973b), separation of the effects is difficult. 

Dealing with hydromineral balance is particularly complex 

due to the overlap in hormone function and the influence of 

other factors. Considerable work is needed to resolve these 

problems. 



Chapter III 

MATERIALS AND METHODS 

Animals: Sexually mature, male Japanese quail 

(Coturnix coturnix japonica) were obtained from the randomly 

bred stock in the Poul try Science Department at Virginia 

Polytechnic Institute and State University or reared to 

sexual maturity in our laboratory from eggs of the same 

stock. At maturity, birds were transferred to a short 

photoperiod (6L:18D; lights on 0700 hours to 1300 hours) and 

maintained in group cages for at least four weeks with food 

and water available ad libi turn. Room temperature ranged 

from 23.5°C to 31.0°C and relative humidity varied from 55% 

to 78%. T~o weeks prior to water treatments the birds were 

placed in individual cages (29 .cm x 25 cm x 20 cm) in banks 

with 4 vertically, 7 horizontally, and 2 deep. Illumination 

was provided by four banks of lamps, each of three white 60W 

incandescent lights, placed approximately 1 m from the 

cages. Each cage received an average of 6. 01 ± 0. 40 x 10 2 

uWatts unfiltered light ( llA Photometer/Radiometer, United 

Detector Technology, Santa Monica, Ca. ) . Food and water 

were available ad libi turn. The food was commercial quail 

hen layer (Big Spring Mills, Elliston, Va.) containing 12.9% 

water by weight and approximately 0.3 mg Na+ and 1.3 mg K+ 

per gram food. 

16 
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Sampling consisted of decapitation, blood collection, 

and removal of adrenals and testes. All birds were sampled 

between 0700 hours and 1630 hours (for further discussion of 

sampling times see Appendix A). 

four groups of 54 birds each 

treatments as described below. 

Birds were grouped into 

and were subjected to 

Water treatments: One half the birds in groups 1 and 3 

were subjected to water restriction while one half those in 

groups 2 and 4 were deprived of water. The remaining birds 

in each group were used as controls. 

Water restriction consisted of allotting water at the 

rate of 1.95% original body weight per day. WR and control 

birds were randomly selected for sampling on days 6, 11, and 

15 after restriction commenced. Sampling times were chosen 

to reflect the initial weight loss ( day 6), . the weight 

stabilization ( day 11), and the beginning of a subsequent 

weight gain phase (day 15) characteristic of the adjustments 

to this water regime (for further discussion of water 

regimes see Appendix B). 

Water deprivation consisted of complete removal of 

water from the experimental birds. WD and control birds 

were randomly assigned to groups sampled on days 1, 4, and 

7. Sampling days were chosen to reflect an acute effect 

after the greatest weight loss ( day 1), day 7, and day 4 
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(half-way between the two). Food was available to all birds 

ad libitum. Each individual was weighed each day from the 

beginning of the water treatments until sampling. 

Injections: ACTH (Porcine, Grade V, Sigma Chemical 

Co., St. Louis, Mo.) was administered to all the birds in 

groups 3 and 4, by intramuscular injection in the pectoral 

muscle, an hour before sampling. 

0. 9% NaCl and injected at the 

weight. The effects of an 

ACTH was reconstituted in 

(volumes comparable to 

another group of birds. 

ACTH 

level of 3 IU/100 g body 

of saline alone injection 

injections) were tested in 

Serum analyses: Serum osmolalities were measured using 

a vapor pressure osmometer ( Westcor, Inc., Logan, Ut. ) . 

Sodium and potassium content of the serum was analyzed using 

an atomic absorption spectrophotometer (Perkin-Elmer 460 

Model, Perkin-Elmer Corp., Norwalk, Ct.). 

Adrenal gland collection and hormone analyses: Adrenal 

glands were removed, weighed and immediately placed on dry 

ice until stored at -70°C. Each adrenal gland pair was 

ground in a glass Teflon coaxial tissue grinder and diluted 

to a 2 ml volume with O. 9% NaCl. Each 2 ml sample was 

assayed in duplicate 1 ml aliquots. 

Hormones were extracted into 10 ml freshly distilled 

methylene chloride; the extract was sequentially washed with 
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one-tenth volumes of O. 1 N NaOH, 0. 1 N acetic acid, and 

finally distilled water (procedure accompanying Aldosterone 

[ 3 H] Radioimmunoassay Reagent Pak, New England Nuclear, 

North Billerica, Ma.). After taking the extract to dryness 

the hormones then were separated using a chromatography 

column modified from R.J. Collier (Univ. of Florida, 

Gainsville, Fla., personal communication). Sephadex LH-20, 

pre-soaked in methylene chloride:methanol (97:3;v:v), was 

poured to a height 8 mm above the O ml mark in a disposable 

5 ml glass pipette with a glass bead column support. 

Samples. were redissolved in 100 ul of the above solvent and 

applied to the column before starting the elution. The 

methylene chloride:methanol (97:3;v:v) mobile phase eluted 

corticosterone in ml 3.5 to 5.2 and aldosterone in ml 5.2 to 

7.7. The column was flushed with 2. 5 ml solvent between 

samples. For further column specifications see Appendix C. 

Each column was used for the separation of four samples 

before disposal. Hormone samples were dried under forced 

air, reconstituted in methylene chloride:methanol (97:3;v:v) 

( 2 ml for aldosterone, 6 ml or 8 ml for corticosterone), 

aliquoted, and redried for the assay. 

Corticosterone was measured using the 

protein binding assay of Murphy (1967) as 

Gwazdauskas et al. (1973). Aldosterone 

competitive 

modified by 

was analyzed 
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aldosterone 

to the 

antiserum 

20 

NIH procedure 

#088 (NIAMDD 

accompanying ovine 

National Pituitary 

Agency, Baltimore, Md.) using 0.25 g% bovine serum albumin 

Fraction V to stabilize the antiserum solution (see Appendix 

D) and 0.5 ml of each of the antiserum and charcoal 

solutions. A 0.5 ml aliquot of each sample was diluted in 5 

ml assay fluid [25% Triton X:75% toluene with 4 g/1 Preblend 

(Research Prod. Int., Mt. Prospect, Il.)] and counted on a 

Searle {Tracor Analytic, Elk Grove Village, Il.) or Beckman 

LS 7500 (Beckman Instruments, Fullerton, Ca.) liquid 

scintillation counter. Each sample was corrected for an 

individual sample recovery. 

Validation and variability: The assays were validated 

using both sample dilution and spike recovery measurements. 

Spike recovery values for aldosterone in the gland 

homogenate samples averaged 91.5%, while those for 

corticosterone averaged 36. 4% ( see Appendix E for further 

discussion). The coefficients of variation for the 

corticosterone and aldosterone assays are 5% and 10%, 

respectively. 

Statistics: All data sets were tested for normality 

using the Shapiro-Wilk statistic (Shapiro and Wilk, 1965). 

Some of the data sets (64%) showed distributions different 

from normality, so Spearman's and Kendall's correlations 
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were used (Hollander and Wolfe, 1973). Other analyses 

consisted of one-way and two-way analysis of variance, 

linear regression (Sokal and Rolf, 1969) and Duncan's 

multiple range tests (Ott, 1977). Values are expressed 

throughout the paper as mean ± SEM and differences were 

accepted as significant when p<0.05 unless otherwise noted. 



Chapter IV 

RESULTS 

Weight responses to water regimes: Typical weight 

responses for birds on each of the three water regimes (Fig. 

1) show that birds with water available ad libitum 

maintained stable body weights. WD birds lost weight 

continuously (3.1 ± 0.4% of the most recent body weight/day) 

with the largest single weight loss occurring the day after 

water removal. Water restriction to 1. 95% original body 

weight in water/day caused an initial weight loss of about 

2. 7% most recent body weight/day. Following the initial 

weight loss the birds stabilized at a lower weight and 

subsequently started to gain, indicating they had adjusted 

to WR. 

Water deorivation: WD birds showed a significant 

decrease in body weight by the day four sampling period and 

tended to have even lower weights after seven days of 

deprivation (Fig. 2). Serum osmolalities were slightly 

increased after four days of water deprivation and were 

significantly greater than controls by day seven, al though 

the mean serum osmolali ty of the control birds at this 

sampling tended to be lower than the original (Fig 2). Mean 

sodium concentration in the serum (Fig. 3) tended to be 

22 
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Figure l: Representative weight responses of. 
individual Japanese quail on three different water 
regimes. Birds represented by the top curve had 
access to water, the restricted birds received 
water at the rate of 1.95% original body weight 
per day, and deprived birds received no water. 
All birds had unlimited access to food. 
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higher in the WD birds than in the control birds at each 

sampling period, but did not differ significantly. Serum 

potassium concentrations were similar in both the 

experimental and control 

sampling (Fig. 3). On 

birds except for the day four 

day four, both groups exhibited 

higher serum potassium than on the other days and the WD 

birds had significantly higher values than the control 

birds. 

WD and control birds had similar adrenal aldosterone 

content (Fig. . 4) for all sampling periods. Adrenal 

corticosterone content of the WD birds tended to be higher 

than in the corresponding controls for the first two 

sampling periods. By day seven, the adrenal corticosterone 

in the experimental birds tended to be lower than that in 

the control birds, but no si~nificant differences were 

found. 

Water restriction: WR birds retained significantly 

less body weight than the controls at each sampling period 

(Fig. 5). Birds were essentially at the end of the weight 

loss phase on day 6, had stabilized by day 11, and were 

beginning to gain by day 15. Serum osmolali ty was 

significantly elevated through the weight loss and 

stabilization phases, but did not differ from controls by 

the last sampling period (Fig. 5). 
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Figure 2: Percentage original body weight remaining 
and serum osmolality in control (solid lines) and water 
deprived (dashed lines) Japanese quail. Values 
represent mean± SEM. (n=8-9) (x indicates 
significant difference from controls, p<0.05). 
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Figure 3: Serum sodium. and potassium concentrations in 
control (solid lines) and water deprived (dashed lines) 
Japanese quail. Values represent mean± SEM. (n=S-9) 
(x indicates significant difference from controls, 
p<0.05). 
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Figure 4: Weight specific adrenal aldosterone and 
corticosterone content in control (solid lines) and 
water deprived (dashed lines) Japanese quail. Values 
represent± SEM. (n=S-9) (x indicates significant 
difference from controls, p<0.05). 
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Figure 5: Percentage original body weight remaining 
and serum osmolality in control (solid lines) and water 
restricted (dashed lines) Japanese quail. Values 
represent mean± SEM. (n=8-9) (x indicates significant 
difference from controls, p<0.05). 
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Mean serum sodium was higher in the WR birds than in 

the control birds at each sampling, but this difference was 

significant only on day 11 (Fig. 6). Serum potassium 

concentrations were similar in experimental and control 

birds for each sampling, however potassium was significantly 

elevated in both groups on day 6 compared to the other days 

(Fig. 6). 

Adrenal aldosterone content did not differ 

significantly between the WR and control birds at any 

sampling period (Fig. 7). Aldosterone content in both 

experimental and control birds sampled on day 6 was 

significantly elevated when compared to the other two days 

of sampling. Adrenal corticosterone also was significantly 

elevateq in the WR birds ( day 6) during the weight loss 

phase compared with that of ~he corresponding controls (Fig. 

7). Corticosterone tended to be higher in the WR birds than 

the controls at the other two sampling times. 

ACTH injections: Adrenal corticosterone was elevated 

in ACTH injected birds at sampling times of 15, 30, and 60 

min (Fig. 8). Corticosterone in those birds injected only 

with saline did not differ from untreated birds (see shaded 

region). 

Adrenal aldosterone was unaffected by ACTH injections 

at the 15 or 30 minute time periods, however an increase in 
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Figure 6: Serum sodium and potassium concentrations 
in control (solid lines) and water restricted (dashed 
lines) Japanese quail. Values represent± SEM. (n=S-9) 
(x indicates significant difference from controls, 
p<0.05). 
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Figure 7: Weight specific adrenal aldosterone and 
corticosterone content in control (solid lines) and 
water restricted (dashed lines) Japanese quail. 
Values represent mean± SEM. (n=S-9) (x indicates 
significant difference from controls, p<0.05). 
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Figure 8: Weight specific adrenal corticosterone 
content. Japanese quail received i.rn. injections of 
porcine ACTH (dashed lines) or an equivalent amount of 
0.9% NaCl (solid lines). Values represent mean± SEM 
(n=3). Shaded areas represent the range of values in 
in the untreated birds. (x indicates significant 
difference from controls, p<0.001). 
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aldosterone was seen at 60 mi~utes (Fig. 9). This increase 

was significantly greater than in the corresponding saline 

group, but within the range of the values seen in untreated 

birds (note shaded region). 

ACTH injection elevated adrenal corticosterone above 

that due to water deprivation alone (Table 1). When ACTH 

injection is superimposed on water treatment, 

ACTH-injected and non-injected birds can be 

responses 

compared 

in 

by 

calculating the difference between the mean water treatment 

and mean corresponding 

sampling period (Figs. 

non-injected WD birds 

control values for a particular 

10 and 11). Both ACTH-injected and 

tended to have higher adrenal 

corticosterone than the corresponding controls early in the 

treatment (Fig. 10). By the seventh day of water 

deprivation adrenal corticosterone in both WD groups tended 

to decrease. Serum osmolali ty was significantly elevated 

after 7 days of water deprivation in both ACTH-injected and 

non-injected birds (Table 1, Fig. 10). 

ACTH injection also elevated adrenal corticosterone 

above that due to water restriction alone ( Table 2). WR 

ACTH-injected birds had significantly higher adrenal 

corticosterone than the corresponding controls after 11 days 

of water restriction (Table 2). By the time the birds began 

to gain weight, adrenal corticosterone in both ACTH-injected 
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Figure 9: Weight specific adrenal aldosterone content. 
Japanese quail received i.m. injections of porcine ACTH 
(dashed lines) or an equivalent amount of 0.9% NaCl 
(solid lines). Values represent mean± SEM (n=3). 
Shaded areas represent the range of values in untreated 
birds. When no error bars appear the error is included 
within the point. (x indicates significant difference 
from controls, (p<0.05). 
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Table 1: Comparison of serum cation concentrations and 
adrenal cortical hormone content in WD birds 

· injected with ACTH 

WD day of [K+] meq/1 
treatment deprived control 

1 6.6 ± 0.1 6.8 ± 0.1 
4 6.4 ± 0.5 6.3 ± 0.2 
7 6.2 ± 0.3 7.0 ± 0.3 

WD day of [Na+] meq/1 
treatment deprived control 

1 199.2 ± 4.8 196.2 ± 3.9 
4 197.6 ± 4.8 199.7 ± 8.4 
7 205.6 ± 3.3 199.2 ± 3.4 

WD day of Osmolality (mmol/kg) 
treatment deprived control 

1 309 ± 2 304 ± 1 
4 315 ± 3 309 ± 4 
7 327 ± 3* 303 ± 2 

WD day of Aldosterone (ng/100 mg adrenal wgt) 
treatment deprived control 

1 20.2 ± 3.2 17.5 ± 3.5 
4 19.l ± 3.2 21. 3 ± 4.8 
7 19.3 ± 2.8 17.3 ± 2.7 

WD day of Corticosterone (ng/100 mg adrenal 
treatment deprived control 

1 1141 ± 63 938 ± 115 
4 1227 ± 124 1045 ± 77 
7 1243 ± 146 1161 ± 117 

Values represent mean± SEM (n=8-10). 
* indicates significant difference from controls, 
p<0.05. 

wgt) 
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and non-injected WR groups was no different from control 

concentrations (Fig. 11). Serum osmolality was elevated 

during early water restriction, but tended to decrease 

toward the end of the treatment in both ACTH-injected and 

non-injected groups (Table 2, Fig. 11). 

Birds injected with ACTH (WD, WR, and controls) had 

significantly lower mean serum osmolality than the 

corresponding non-injected birds (~igs 2 and 5, Tables 1 and 

2). No significant differences in serum sodium, serum 

potassium, or adrenal aldosterone between experimental and 

control groups in the ACTH-injected birds on either water 

treatment were seen with one exception [serum sodium on day 

6 in the WR birds (Tables 1 and 2)]. ACTH-injected birds in 

the water deprivation experiment had significantly higher 

adrenal aldosterone than the corresponding uninjected birds 

(Fig 4, Table 1). 

Adrenal gland weight showed no significant differences 

in any of the experimental groups ( see Appendix F). No 

significant correlations of testes weights with any of the 

other measured parameters were found so testes weights, 

though variable, were ignored for the rest of the analysis 

(see Appendix G). 
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Figure 10: Serum osmolality (upper graph) and weight 
specific adrenal corticosterone (lower graph) in 
response to increasing periods of water deprivation. 
Each point represents the difference between the mean 
value for the experimental Japanese quail and the mean 
value for the control birds at each sampling in ACTH 
injected (dashed lines) and non-injected (solid lines) 
birds. 
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Table 2: Comparison of serum cation concentrations and 
adrenal cortical hormone content in WR birds 

injected with ACTH 

WR day of [K+] meq/1 
treatment restricted control 

6 6.0 ± 0.5 6.0 ± 0.4 
11 6.1 ± 0.4 5.5 ± 0.5 
15 6.1 ± 0.4 5.6 ± 0.6 

WR day of (Na+] meq/1 
treatment restricted control 

6 211.0 ± 7.4* 177.2 ± 8.4 
11 214.3 ± 6.1 196.9 ± 4.6 
15 204.2 ± 4.7 200.7 ± 6.5 

WR day of Osmolality (mmol/kg) 
treatment restricted control 

6 319 ± 6* 294 ± ·2 
11 317 ± 6* 294 ± 2 
15 311 ± 4* 296 ± 2 

WR day of Aldosterone (ng/100 mg adrenal wgt) 
treatment restricted control 

6 26.4 ± 4.6 23.7 ± 2.7 
11 28.3 ± 4.8 25.9 ± 1. 9 
15 19.9 ± 5.0 20.1 ± 3.8 

WR day of Corticosterone (ng 100 mg adrenal wgt) 
treatment restricted control 

6 1425 ± 133 1093 ± 81 
11 1620 ± 201* 1131 ± 148 
15 1238 ± 83 1050 ± 78 

Values represent mean± SEM (n=8-10). 
* indicates significantly different from controls, 
p<0.05. 
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Figur.e 11: Serum osmolality (upper graph) and weight 
specific adrenal corticosterone (lower graph) in 
response to increasing periods of water restriction. 
Each point represents the difference between the mean 
value for the experimental Japanese quail and the mean 
value for the control birds at each sampling in ACTH 
injected (dashed lines) and non-injected (solid lines) 
birds. 
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Chapter V 

DISCUSSION 



Chapter V 

DISCUSSION 

Response to water deorivation: During progressive 

water deprivation of Japanese quail, increases in serum 

osmolality and body weight loss indicate a progressive loss 

of body water ( Fig 2). Similar responses to dehydration 

have been found in other species of quail (McNabb, 1969a) 

and in chickens (Arad et al., 1983). However, the loss in 

body weight may not reflect only water loss, but may be 

partly due to a concomitant decrease in food consumption 

which is often associated with water limitation (Hill et 

al., 1979; McNabb, 1969a). 

Although 

significantly 

adrenal 

elevated 

corticosterone 

during water 

content was 

deprivation, 

not 

the 

tendency toward higher corticosterone early in WD suggests a 

stress response (Fig 4). Slight increases in adrenal 

corticosterone, accompanied by slight changes in plasma 

hormone dynamics (volume of distribution and turnover time), 

may account for the elevated plasma corticosterone found by 

others after water deprivation (Freeman et al., 

Kobayashi and Takei, 1982; Beuving and Vonder, 1978). 

1983; 

Some contradictions about the corticosterone response 

to water deprivation have been reported in the literature. 

52 
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Elevated plasma corticosterone has been found after 

dehydration for two days ( Beuving and Vonder, 1978) and 

after 12 hr., but not 24 hr. (Freeman et al., 1983) in adult 

chickens. Plasma corticosterone increases, after 10 hr. of 

dehydration in Japanese quail, have also been reported 

( Kobayashi and Takei, 1982) . In contrast, others found no 

consistent change in corticosterone in adult chickens 

( Skadhauge et al. , 1983) or in quai 1 ( Kobayashi et al. , 

1980) after dehydration. Because the stress response to 

water removal appears to be lower in magnitude than the 

response to other stressors (Freeman et al., 1983; Beuving 

and Vonder, 1978), significant differences are not always 

found and the trentls seen in this study may reflect a subtle 

_physiological response. 

The response to ACTH injection in the WD birds also 

suggests that these birds are undergoing stress ( Fig 10, 

Table 1). Injection of exogenous ACTH was used to test the 

effects of exposure to stressful situations. Animals under 

chronic stress are known to exhibit different corticosterone 

responses after exogenous ACTH injections than those animals 

that are not exposed to stressful situations (Gwazdauskas et 

al., 1980; Friend et al., 1977). Doses of ACTH that produce 

a sub-maximal adrenal response generally cause a greater 

adrenal corticosterone increase in stressed birds than in 
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those not exposed to stress. The ACTH-injected WD birds 

tended to show larger increases in adrenal corticosterone 

than the ACTH-injected, ad lib water birds ( when both are 

compared to the non-injected, ad lib water birds) (Figs. 4 

and 10, Table 1). This suggests the WD birds are stressed 

more than the birds with water available ad libi tum, an 

interpretation consistent with the trends seen during water 

deprivation alone. 

The trend toward lower corticosterone after seven days 

of water deprivation is probably du~ to adrenal exhaustion 

(Figs 4 and 10). During the expe;iment with water 

deprivation alone, this response appeared to be accelerated 

by an increase in temperature in the animal facility, caused 

by problems with the temperature control system. 

Examination of our records indicated that the temperature 

increased to 31 °C between the sixth and seventh days of 

treatment. A temperature of 31°C is well above the 

thermoneutral zone for Japanese quail (Freeman, 1967), and 

higher than the average 26°C temperature to which the birds 

were acclimated. Slightly lower adrenal corticosterone 

content in the WD birds than in those with water ad lib may 

be due to adrenocortical insufficiency similar to that seen 

late in periods of heat exposure (Edens, 1978). Coincident 

increases in corticosterone in the ad lib water birds in the 
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present study were probably a response to heat stress 

similar to that seen in chickens (Edens, 1978; Edens and 

Siegel, 1975). The concomitant decrease in serum osmolality 

in the WD birds may be due to hemodilution, possibly 

mediated by corticosterone, as occurs after hemorrhage in 

chickens (Ploucha et al., 1981). 

Ability of the adrenal to respond to ACTH appeared to 

be declining by the seventh day of dehydration, suggesting 

adrenal fatigue. A further decline would be expected had 

the dehydration period continued or if the ACTH dose was 

higher. 

Dehydration combined with heating stress or ACTH 

appears to be additive and to cause adrenal gland fatigue 

similar to the additive effect of stressors in ducks (Holmes 

et al., 1979). For birds in arid or semi-arid climates 

exposure to heat and water stress are often simultaneous. 

This study suggests that response to water stress may be 

affected by heat and vice versa. 

Response to water restriction: Adjustment to WR is 

indicated by the the initial elevation of serum osmolality 

during the early weight loss, followed by serum osmolality 

approaching that of the birds on ad lib water as the birds 

began to gain weight (Fig. 5). 
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Adjustment to the WR is also apparent from the 

corticosterone response (Figs 7 and 11, Table 2). Early in 

the water restriction the birds showed evidence of stress by 

elevated corticosterone following the initial weight loss 

period. The greater magnitude of the adrenal 

corticosterone response in ACTH-WD birds than in ACTHad lib 

water birds (as compared to non-injected ad lib water 

birds), after the initial weight loss, agrees with this 

indication of stress. Adjustment to the WR· is evident by 

the time the birds were beginning to gain weight, because 

corticosterone concentrations and the response to ACTH were 

no different from those seen in ad lib water birds and ACTH-

injected ad lib water birds. Although a corticosterone 

increase is usually considered to indicate a stress 

response, corticosterone increases in response to 

hypoglycemia, vascular hypovolemia, or ion and water balance 

changes cannot be discounted as also being the causal agents 

in this study. 

In the experiments with only WR, adrenal corticosterone 

was significantly elevated at the first sampling and tended 

to remain elevated throughout the remainder of the 

experiment. Wilkenson et al. (1982) found that, in rats on 

restricted water, plasma corticosterone was high prior to 

watering and decreased within 2 to 3 minutes after water 
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Further, in rats that were water restricted, 

of an empty bottle produced a similar 

corticosterone decrease, however 2 minutes later plasma 

corticosterone was again elevated. In the present study, 

birds on restricted water did not receive a water allotment 

on the sampling day, but the ad lib controls were fed and 

watered at the normal time. If water restricted birds show 

a daily anticipatory response similar to that seen in rats, 

this would explain the tendency toward elevated 

corticosterone. Johnson and Levine ( 1973) also found that 

corticosterone circadian patterns could be shifted by 

allowing rats restricted access to water. A circadian 

pattern shift in corticosterone would also be consistent 

with observed tendencies. 

Aldosterone resoonse: The water regimes used in this 

study seemed to be less important in regulating aldosterone 

than was the high sodium diet (Figs. 4 and 7, Tables 1 and 

2). That sodium is important in the regulation of plasma 

aldosterone has been shown by Skadhauge et al. ( 1983) in 

experiments in which a change from a low to a high salt diet 

caused a rapid decrease in aldosterone in chickens. 

Likewise, quail on seed diets, with a low sodium load, 

showed a tenfold increase in adrenal aldosterone 

(unpublished preliminary study, our laboratory-see Appendix 
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H). Others have reported that after dehydration aldosterone 

increases in the plasma of chickens ( SkacL."lauge, 1980) and 

quail (Kobayashi et al., 1980) and in adrenal incubates from 

partridges (Hollander, 1971). High dietary sodium, as in 

the present study, may affect hormonal response to WR or 

depress the hormone concentrations to undetectable levels. 

The lack of aldosterone response to elevated potassium 

(Figs. 3 and 4) observed in the present study is similar to 

that seen in other bird species (ducks, Holmes et al., 1983; 

partridges, Hollander, 1971), where aldosterone did not 

increase in response to potassium loading. This contrasts 

with the aldosterone increase seen with elevated pot.assium 

in mammals (Guyton, 1976). The only sample where a 

potassium aldosterone correlation appeared (WR day 6) very 

high aldosterone, corticosterone, and ·potassium 

concentrations were simultaneously recorded. Because both 

experimental and control birds were affected, a slight 

sampling difference or an unknown environmental change, 

rather than an aldosterone response to potassium, may be 

responsible. 

High sodium intake could affect the aldosterone 

response to potassium, as it does in mammals (Fraser et al., 

1979), because in the avian lower intestine (colon and 

coprodeum) potassium secretion is a function of sodium 
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absorption (Skadhauge, 1980). An interaction between sodium 

and aldosterone effects in birds is further supported by the 

work of Thomas et al. (1980). They were able to produce 

the same qualitative effects in sodium-replete, aldosterone-

inj ected chickens as in sodium-deplete birds, but a much 

lower magnitude response occurred in the sodium-replete 

chickens. 

Sensitivity of adrenals to ACTH: Sensi ti vi ty of the 

adrenal gland to pituitary stimulation is shown by the 

increase in adrenal corticosterone in response to ACTH 

injection (Fig. 8). Although the maximal response possible 

was not determined, the timing and magnitude of the response 

observed appear to be within the range of that seen in 

chickens (Freeman and Flack, 1981; Beuving and Vonder, 1978; 

Edens and Siegel, 1975). Exact comparisons are very 

difficult because injection site and dose level may cause 

variation in both timing and magnitude of the response 

(Beuving and Vonder, 1978). 

Aldosterone also increased in response to ACTH 

injection, a result consistent with studies of aldosterone 

responses to ACTH in vitro (Kalliecharan and Hall, 1977; 

deRoos, 1969) and in vivo (Kozma and Pethes, 1976; Phillips 

and Chester-Jones, 1957) in various avian species. In 

contrast, Taylor el al. ( 1970) failed to find aldoste1 one 
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responses to ACTH; however, in their experiments, 

aldosterone concentrations were near the lower limits of 

assay sensitivity. 

Although the aldosterone response is significantly 

greater in ACTH-injected birds than in saline-injected 

birds, the concentrations are not elevated when compared to 

the range of adrenal aldosterone in untreated birds (Fig. 

9). There are at least two possible explanations for this 

response: 1) The peak aldosterone response may occur later 

than 60 minutes, at times beyond those used in this study. 

Chan and Phillips (1973b), while studying circadian patterns 

in ducks, found peak aldosterone concentrations lagged 

slightly behind peak corticosterone concentrations in gland 

incubates. This temporal relationship would not be 

surprising, since corticosterone is a direct precursor of 

aldosterone ( Sandor et al, 1976). 2) High sodium affects 

the magnitude of aldosterone response to ACTH in mammals 

(Fraser et al., 1979). Higher doses of ACTH are required to 

increase aldosterone in sodium- loaded dogs than in sodium-

deplete dogs (Ganong, 1966). If sodium affects the ACTH 

response in birds a higher ACTH dosage might be necessary to 

increase aldosterone above the range of that in untreated 

birds. 
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Serum osrnolality and cation concentrations: Serum 

sodium concentrations reflected the high sodium content of 

the commercial diet because quail eating seeds tended to 

have lower serum sodium concectrations (unpublished 

preliminary study, our laboratory-see appendix 8). The 

apparent lack of a sodium response to water deprivation is 

puzzling (Figs. 3 and 6, Tables 1 and 2). There are two 

possible explanations for this lack of response: 1) These 

birds, already adjusted to high sodium, were not faced with 

situations extreme enough to cause serum sodium to rise 

above tolerable limits.~2) These birds were abie to excrete 

increased amounts of sodium possibly through increases in 

cation to urate binding. 

Potassium concentrations reflected the high dietary 

intake of this ion and showed little correlation with water 

treatments (Figs 3 and 6, Tables 1 and 2). The occasional 

peaks in serum potassium that occurred in both experimental 

and control birds on a given day are unexplained. Serum 

potassium concentrations were similar to those found by 

Braun and Dantzler (1975) in desert quail and in several 

other avian species (Sturkie, 1965). These high serum 

potassium concentrations in birds may be a reflection of the 

role of potassium in urate excretion (Austic, 1983; McNabb 

and McNabb, 1975). 
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Serum osmolality was a very good indicator of the water 

status of the birds. In addition, lower serum osmolalities 

in the ACTH-injected birds than in the non-injected birds 

suggests that some type of hemodilution is occurring, 

possibly due to corticosterone influences (Figs. 2 and 5, 

Tables 1 and 2). Corticosterone has been postulated to be a 

controller in chickens for maintaining blood volume after 

hemorrhage (Ploucha et al. 1981), resulting in hemodilution 

as seen in mammals ( Swingle and Swingle, 1965; Stricker et 

al./ 1979) • 

Effectiveness of short photoperiod: In this study mean 

testes weights were highly variable, ranging from 18. 4 to 

2587.2 mg/pair. Thus, only some of the birds showed the 

testicular regression expected under a short photoperiod as 

indicated by weights <50 mg/pair (Gildersleeve and Johnson, 

1980; Boi ssin and Assenmacher, 19?0) . The reason for this 

variability is not clear. Individual cage light intensity 

was not significantly correlated with testes weight and 

lightproofing of the room was complete. Auditory isolation 

of these birds from each other, from other birds on a long 

photoperiod, or from general activity outside the room was 

not feasible. Social interactions or other auditory stimuli 

acting as a Zei tgeber may have influenced testes weight 

(Savory, 1976). 
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Other Considerations: Since these birds can inhabit 

semi-arid areas (Weatherbee, 1961; Etchecopar and Hue, 

1967), adaptation to water restriction is important for 

survival. In this study quail were beginning to adjust to 

the WR regime, although adaptation typically requires a 

longer time than the scope of this experiment. 

Corticosterone is probably involved in this response, but 

this could reflect a transient stress response, a 

gluconeogenic effect, a hydromineral 

combin~tion of these factors. 

These birds are fairly resistant 

shown by the weight loss response to 

effect, or some 

to dehydration as 

water deprivation 

combined with a high salt load. Heat stress or simultaneous 

heat and water stress, that often occurs in semi-arid areas, 

may be more important than water stress alone. Since the 

ability to produce corticoids has been implicated in 

resistance to heat prostration (Edens, 1978; Edens and 

Siegel, 1975), dehydration may increase susceptibility to 

heat stress. 

One strategy used during osmotic stress by the arid-

adapted desert quail was to allow parallel increases in 

plasma and urine osmolality, thereby decreasing body water 

losses (Braun, 1982). In the present study, plasma 

osmolality did not rise to the levels reported in some other 
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species of quail (McNabb, 1969a) and was far less than the 

500 mOsm reported for desert quail (Braun and Dantzler, 

1972) after osmotic stress. If Japanese quai 1 adjust to 

arid conditions by allowing plasma osmolality to rise, as do 

desert quail (Braun, 1982), one would expect higher levels 

than seen in the present study. Our experimental conditions 

may not have been extreme enough to cause as great an 

increase in serum osmolality. Further, under natural 

conditions these birds probably eat seeds and do not 

encounter a high dietary sodium load. Under natural 

conditions or more extreme stress aldosterone might also be 

involved. 

Other hormonal mechanisms also have been suggested to 

be involved in the control of adaptation to water 

restriction. Arginine vasotocin causes a change in the 

number of filtering nephrons in the kidney of the desert 

quail (Braun and Dantzler, 1972) and serum concentrations of 

this hormone increase in chickens during dehydration 

(Skadhauge et al., 1983; Ames et al., 1971). Prolactin may 

also be involved in osmotic responses in birds (Skadhauge et 

al., 1983; Morley et al., 1980; Scanes et al., 1976). 

Changes in salt loading probably affect the mechanistic 

response and also must be considered when examining this 

problem. 
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Summary: 

1. WD elicits a stress response that is followed by a 

tendency toward adrenal fatigue after seven days of 

water deprivation. Serum osmolality increase and 

weight loss during WD suggest continuous water loss. 

2. WR elicits a stress response followed by adaptation 

to the water regimes. Serum osmolality, body weight, 

and adrenal corticosterone content changes suggest 

adaptation to the water regime after fifteen days. 

3. The adrenal is sensitive to ACTH, as is evident from 

increased adrenal corticosterone and aldosterone 

content after ACTH injection. Sodium status probably 

affects the aldosterone response to ACTH. 

4. The water regimes are of less importance than is the 

high sodium diet in the regulation of aldosterone. 

5. Serum sodium and potassium reflect dietary intake and 

showed little correlation with water treatments. 
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Appendix A 

CIRCADIAN RHYTHMS AND DETERMINATION OF SAMPLING 
TIMES 

Circadian rhythms in avian adrenal steroid function 

have been well documented. Plasma corticosterone rhythms 

have been studied under various photoperiods in a variety of 

bird species including quail (Boissin and Assenmacher, 

1970), chickens (Beuving and Vonder, 1977), white-throated 

sparrows (Meier et al., 1978), and pigeons (Joseph and 

Meier, 1973). Generally, peak corticosterone concentrations 

appear just prior to, or at the onset of, the light phase 

and the minimum occurs prior to the middle of the dark 

period with slight circannual differences ( Kovacs et al., 

1983) . However, Chan and Phillips (1973b) found two peaks 

of corticosterone production, one at the onset of photophase 

and the other toward.the end of photophase, in duck adrenal 

glands incubated with Vic-progesterone. Although birds are 

extremely ~hotosensitive and flexible in entrainment of 

endocrine rhythms to specific photoperiods (Kovacs and 

Peczely, 1983; Jorgensen, 1976; Assenmacher and Boissin, 

1972), other environmental factors can act as a Zei tgeber 

for entrainment of these rhythms (Bunning, 1967). Changes 

in light intensity (Bunning, 1967), feeding times, sounds, 

regular temperature changes (Savory, 1980a, 1976; Krieger 
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and Hauser, 1978), and water restriction (Wilkenson et al., 

1982; Johnson and Levine, 1973) can alter and synchronize 

these rhythms. Corticosterone concentrations and rhythms 

are also affected by reproductive states in birds: in 

females by egg-laying cycles (Beuving and Vonder, 1977) and 

in males by testosterone levels (Silverin, 1979; Holmes and 

Phillips, 1976; Daniel and Assenmacher, 1969). 

The only study that examined circadian patterns of 

aldosterone secretion in birds is that of Chan and Phillips 

(1973b). They measured aldosterone production after in vitro 

incubation of duck adrenals with 7iC-progesterone and found 

two peaks of aldosterone, closely following those of 

corticosterone. 

vivo rhythm fa 

While this may be an indication of an in 

similar aldosterone-corticosterone peak 

relationship has been demonstrated in frogs (Leboulanger et 

al., 1982)] it may also be a reflection of the availability 

of corticosterone, an aldosterone precursor, in the 

incubation medium (Chan and Phillips, 1973b; Hollander, 

1971). 

Any study dealing with other influences on these 

hormones must take into account this marked circadian 

pattern. Changes in hormone concentrations were expected 

during the WR and WD studies, so an attempt was made to 

eliminate as many extraneous influences as possible. Male 
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Japanese quail on a short photoperiod (6L:18D) were used in 

these studies to reduce interactive effects with gonadal 

steroids. Feeding, watering, weighing, and sampling 

occurred at the same time each day. 

Plasma aldosterone concentrations were below the 

sensitivity of the assay, probably due to high dietary 

sodium; therefore, adrenal gland hormone content was 

measured as an indication of hormone production. In the 

quail adrenal gland corticosterone accurately reflects 

plasma corticosterone concentrations (Boissin and 

Assenmacher, 1970). There is some evidence that little 

aldosterone or corticosterone is stored in the adrenal 

(Vinson et al., 1979b), thus adrenal gland hormone content 

was used as a reflection of physiological state. 

A limited study of circadian adrenal steroid patterns 

was undertaken with the following objectives: 

1. To determine the circadian patterns of quail in 

our laboratory environment 

2. To locate a plateau of hormone concentrations 

suitable for a three hour sampling period 

3. To ensure that aldosterone concentrations were 

high enough to be measured over the sampling 

period. 
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Sixty male Japanese quail were maintained in the 

laboratory for eight weeks prior to sampling. On the 

sampling day, groups of five randomly selected birds were 

sampled every two hours over a 24 hour period. During a 

single sampling each bird was decapitated and blood 

collected, then each body was placed with the dorsal surface 

down on ice and taken to another room for dissection. Body 

weights, testis weights, and adrenal weights were determined 

at the time of dissection. Adrenals were placed on ice 

until the five dissections of that sampling period were 

complete then stored at -7o 0 c. Gland hormone contents and 

serum electrolytes were measured as described in the 

materials and methods. 

A circadian pattern 

found as . shown in Fig. 

of gland aldosterone content was 

12. An aldosterone peak is seen 

during early photophase at a time similar to that found by 

Chan and Phillips (1973b), however no second peak was found. 

This may reflect a photoperiod difference, a species 

difference, or a sampling technique difference, since Chan 

and Phi 1 lips ( 1973b) used glands from ducks on a 14L: l0D 

photoperiod. 

Adrenal aldosterone content in this experiment showed a 

definite sampling sequence effect (Table 3). Similar 

sampling patterns of high aldosterone in the first bird with 
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Figure 12: Circadian patterns of weight specific 
adrenal aldosterone of Japanese quail on a 6L:18D 
photoperiod (lights 0700-1300). Values represent 
mean± SEM (n=S). 
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decreasing aldosterone over the sampling sequence were found 

at each time period. Comparison of these aldosterone 

concentrations with those in the water experiments indicates 

that the lower aldosterone concentrations, toward the end of 

the sampling sequence, are closest to values in other 

studies and probably are the most accurate. The glands kept 

on ice after dissection were probably not cold enough to 

stop hormone production. Production and accumulation of 

aldosterone and possibly of corticosterone may have 

continued, using precursors in the isolated glands. Glands 

sampled early were stored in this way for the longest time, 

thus their aldosterone production was the highest. As soon 

as the five dissections were completed the glands were 

transferred to the freezer so the later samples had shorter 

incubation times. 

Corticosterone content of most samples exceeded the 

upper limits of the standard curve. The unexpectedly high 

corticosterone was probably due to the sampling phenomenon 

seen with the aldosterone, but may have been due to thermal 

stress or sampling disturbance. Because these 

corticosterone measurements were unreliable, the circadian 

pattern was assumed to be similar to that of Boissin and 

Assenmacher (1970). 
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Table 3 : Adrenal aldosterone content at selected 
sampling times 

order of 10:00 am 12 noon 2:00 pm 
sampling ng/2 ml ng/2 ml ng/2 ml 

1 48.9 39.8 26.9 
2 20.8 21. 6 9.2 
3 23.1 5.4 1. 3 
4 4.5 3.0 4.5 
5 5.1 1. 5 1. 5 
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Boissin and Assenmacher (1970) found a plateau of 

corticosterone concentrations at the beginning of photophase 

in the adrenal. Since this timing coincides with the 

aldosterone peak seen here, the logical choice was early 

photophase sampling. To minimize circadian effects, control 

and experimental birds were 

three hour sampling period. 

data as paired data, however, 

found this was unnecessary. 

sampled alternately over the 

This allowed analysis of the 

since no sampling effect was 

Dissection of each bird 

immediately after decapitation, and freezing of the adrenal 

glands on dry ice eliminated the sampling sequence pattern 

seen in the pilot study. 

Serum electrolyte concentrations in these birds show 

some interesting relationships (Figs. 13 and 14). Sodium 

concentrations show no significant change over the 24 hour 

period (Fig. 13). However, potassium concentrations show a 

change over time and tend to show a linear trend (r 2 =0.554; 

Fig. 14). Serum potassium concentrations are highest during 

photophase, start to drop after the lights go off, and reach 

a minimum just prior to the onset of the light period. High 

potassium concentrations during photophase probably reflect 

food intake and subsequent potassium absorption. Since 

Japanese quail only eat during the light hours and start 

eating when the lights c6me on (Savory, 1980b; Van Hemel and 
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Myer, 1969) these birds have probably started to absorb 

potassium by 8:00 am. Birds on short photoperiods tend to 

have meals throughout the light period (Savory, 1980a) and 

laboratory Japanese quail, in particular, eat throughout the 

light period (Van Hemel and Myer,1969). High dietary 

potassium, as in this diet, combined with these behavioral 

patterns, explain these high serum potassium concentrations 

during photophase. Once the dark period begins the birds 

are no longer feeding and serum potassium concentrations 

drop. High potassium concentrations during the light period 

might explain the aldosterone peak seen in these birds, as 

in mammals, where high potassium concentrations have been 

reported to increase aldosterone secretion ( Guyton, 1976) . 

However, the aldosterone peak observed in this experiment is 

probably a circadian change rather than a potassium 

response, because in our other studies high potassium did 

not coincide with aldosterone peaks. 

In this study testis weights showed a range of 34. 0 

mg/pair to 5475.5 mg/pair. Thus, only some birds showed the 

testicular regression expected under a short photoperiod as 

indicated by weights <50.0 mg/pair (Gildersleeve and 

Johnson, 1980; Boissin and Assenmacher, 1970). 

Light intensity is a major factor affecting testicular 

response (Gildersleeve and Johnson, 1980), however, no 
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Figure 13: Circadian pattern of serum sodium concen-
tration of Japanese quail on a 6L:18D photoperiod 
(lights 0700-1300). Values represent mean± SEM 
(n=S). 
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Figure 14: Circadian pattern of serum potassium 
concentration of Japanese quail on a 6L:18D 
photoperiod (lights 0700-1300). Values represent 
± SEM (n=S). 
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significant correlation betweem testis weight and individual 

cage light intensity could be shown. The light intensity 

used in these experiments was higher in each cage (3.41 x 

10 2 uW lowest) than the minimum incandescent light (1.57 uW) 

needed for testicular maintenance (Oishi and Lauber, 1973). 

Since testicular response is quicker with higher light 

intensities (Gildersleeve and Johnson, 1980; Oishi and 

Lauber, 1973), such as those used in this study, a response 

was expected. Further, use of incandescent lights should 

have ensured proper wavelength emission since response to 

near-red visible wavelengths is greater than response to 

blue and green wavelengths (Oishi and Lauber, 1973; Woodard 

et al., 1968). This suggests that neither light intensity 

nor light quality was the problem. 

If light intensity is not the controlling factor in 

this incomplete acclimation of some individuals to the short 

photoperiod, other factors must be considered. 

Lightproofing was complete as indicated by the O. 001 uW 

light intensity reading in the room with the lights out and 

a lighted meter dial, but there was no provision for 

soundproofing. 

Auditory isolation of these birds from each other, from 

birds on the other side of the room partition on a long 

photoperiod ( 14L; lOD), er the connecting hallway was not 
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feasible. Al though these experimental birds were fed and 

watered at the same time each day, that was not the case for 

birds on the other side of the partition. The time of 

feeding for these birds was variable and often occurred 

after the end of the short photoperiod light phase. Social 

interactions or other auditory stimuli may have acted as a 

Zeitgeber to influence testis weights and other cycles 

(Savory, 1976). 



Appendix B 

WATER RESTRICTION AND WATER DEPRIVATION 
RESPONSES 

Ground-dwelling birds with a limited capacity for 

flight, such as quai 1, are exposed to varying degrees of 

water restriction in periods of drought. Different species 

of quai 1 characteristically inhabit areas that range from 

humid to xeric (McNabb, 1969a; Spaulding, 1949) . At least 

two species of quail, California quail and Gambel's quail, 

that are able to inhabit arid or semi-arid areas, can 

survive without drinking if succulent food is available 

(McNabb, 1969a; Bartholomew and McMillen, 1961; Guillion, 

1960). Considerable work has been published on the water 

balance of California and Gambel's quail (Carey and Morton, 

1971; McNabb, 1969a, 1969b; Bartholomew and McMillen, 1961), 

but less is known about water balance in Japanese quail, 

another species which can inhabit semi-arid areas 

(Weatherbee, 1961). 

Adaptation to arid environments requires a mechanism 

for maintenance of normal salt and water levels (Carey and 

Morton, 1971; McNabb, 1969a). Prior to examination of these 

mechanisms information on Japanese quail WR and WD responses 

was necessary. Moderate ability to adapt to water 

restriction was expected in Japanese quai 1 because of its 

natural habitat. This pilot study was designed: 

95 
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1. to determine responses to different water 

regimes in our laboratory 

2. to find a suitable water restriction level for 

the other experiments 

3. to determine sampling days for the other 

experiments 

Initially attempts were made to measure ad libitum 

drinking rates in these birds to use for calculating 

restriction levels, but this approach met with limited 

success. Because these birds tend to spill significant 
~ 

quantities of water, an apparatus with a small hole for 

water access was designed to fit on each individual cage. 

Each cage was equipped with an inverted graduated cylinder 

fitted with a rubber cork. Extending through the cork was a 

Each me~al sipper tube with a 5 cm Tygon tubing extension. 

extension was plugged and had a hole 2 cm x 1 cm in the 

upper surface for drinking. Birds were acclimated to the 

system for one week before measurements began. 

Average water consumption of five birds over a ten day 

period was 15.6 ± 1.4 ml/bird/day or 0.139 ml/g body 

weight/day. Water consumption was quite variable and after 

two weeks the apparatus would clog frequently due to 

contamination with food particles. Water consumption was 

considerably lower than the ad libi tum drinking rates of 
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Japanese quail reported previously: 24-26 ml/bird/day or 

slightly over 0.22 ml/g body weight/day (Van Hemel and Myer, 

1969) and 24. 1 ml/bi rd/day or O. 208 ml/g body weight/day 

(Chapman and McFarland, 1971). Since the room temperatures 

and bird body weights were comparable to those in the other 

studies the low values measured here were probably due to 

partial clogging of the apparatus. Some of the weight loss 

observed in the initial acclimation period may be due to 

apparatus clogging. 

This approach was abandoned in favor of a restriction 

based on body weight. When water is restricted birds 

· restrict food intake accordingly and lose weight (Hill et 

al., 1979; McNabb 1969a). Birds on WR lose weight, gain 

back to the original level, stabilize at a lower weight, or 

keep losing weight and die (Carey and Morton, 1971; McNabb, 

1969a; Van Hemel and Myer, 1969) . Stabilization of body 

weight at a lower level is an indication of adaptation to 

these conditions (McNabb 1969a). 

WR levels were chosen based on the relationships of the 

ad libitum and minimum water requirements of the quail 

studied by McNabb (1969a). Short-term minimum water 

requirements ranged from about one half to one fifth ad 

libitum drinking rates (McNabb, 1969a). Based on these 

values and our measured ad libitum drinking rates, water was 
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restricted to 5.2% body weight, 3.5% body weight, or 1.95% 

body weight per day. 

Twenty-five birds were placed in the experimental 

cages, acclimated for two weeks, and maintained as 

previously described. Four birds were completely deprived 

of water while each of the remaining groups of seven birds 

received water at one of the three restriction levels. The 

water ration was pipetted into a flat dish and the birds 

consumed it quickly. Food was available ad libi tum and 

birds were weighed daily. 

Fig. 15 shows the weight changes seen in each group 

throughout the experimental period. WD birds showed a mean 

weight loss of 3.1 ± 0.4% most recent body weight/day. As 

seen in other quail species, the largest weight loss 

occurred on the first day after water removal. The weight 

loss rate during 

dehydration and as 

WD is 

such is 

a 

an 

measure of resistance to 

indication of physiological 

adaptation to life in arid climates (Skadhauge, 1981; McNabb 

1969a). Weight loss values in this study are similar to the 

2.8% per day found by McNabb (1969a) for California quail, a 

species that can inhabit the fringes of deserts. 

Dehydration rates in the Japanese quail were less than in 

Bobwhite quail and greater than in Gambel's quail, humid and 

xeric species, re spec ti vely. Dietary components were 
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probably similar in these studies since both used commercial 

foods, but temperature averaged higher in the present study 

possibly increasing dehydration rates. 

By seven days of WD the birds had lost an average of 

18.4% of the initial body weight. Sampling days were chosen 

to include day 1 (an acute effect after the largest weight 

loss), day 7, and day 4 (half-way between the two). 

Two patterns of weight change emerged from the WR 

studies. Restriction at 5. 2% and 3. 5% body weight levels 

caused the birds to lose weight initially and then gain 

weight until by day 12 many birds had regained their 

original body weight. Water restriction at a level of 1.95% 

body weight caused an initial loss, a gain, and a 

stabilization at about 88% original body weight. The initial 

rate of body weight loss was directly proportional to WR 

level. A response such as that seen during WR to 1.95% body 

weight was the type desired for the rest of the experiments. 

Sampling days were chosen to reflect the initial weight loss 

(day 6), the weight stabilization (day 11), and the 

beginning of a subsequent weight gain phase (day 15) 

characteristic of the adjustments to this water regime. 
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Figure 15: Percentage original body weight remaining 
in Japanese quail after increasing times on four 
different water regimes. Weight response to water 
restriction at 5.2% original body weight (solid 
circles), 3.5% original body (open circles), and 
1.95% original body weight (solid squares) are 
compared to water deprivation (open squares) weight 
responses. Values represent mean± SEM. 
(n=7 for water restriction; n=S for water deprivation). 
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Appendix C 

SEPARATION OF HORMONES AND REMOVAL OF 
CROSS-REACTIVE SUBSTANCES 

Extraction and column separation procedures were 

combined with the assays to allow simultaneous measurements 

of both hormones on each sample and to remove cross-reactive 

substances. After methylene chloride extraction, which 

excludes polar metabolites, the assay is relatively specific 

for aldosterone 

reactivity 

testosterone, 

estradiol, 

with 

since the antiserum shows <1% cross-

cortisol, corticosterone, cortisone, 

dehydroepiandrosterone, progesterone, 

18-hydroxy-corticosterone, and 

deoxycorticosterone (NIAMDD, National Pituitary Agency, 

Baltimore, Md. ) . The competitive protein binding assay is 

less specific for corticosterone, so after extraction two 

major interfering compounds remain, cortisol with 100% 

cross-reactivity and progesterone with 60% cross-reactivity 

(Murphy, 1969). Cortisol has been found in small amounts in 

chickens of 1 week or less ( Kal liecharan, 1981), but the 

ability to produce cortisol disappears in adult birds 

(Kalliecharan, 1981; Nakamura et al., 1978; Sandor et al., 

1976). Thus, it was assumed that cortisol did not cause 

significant interference in these assays. Progesterone was 

removed during hormone separation on the Sephadex LH-20 
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column. As shown in Fig. 16 progesterone is eluted in the 

discarded fraction prior to that collected for 

corticosterone. 

Some overlap of the fractions containing aldosterone 

and corticosterone is shown in Fig. 16. The aldosterone 

recovery tracer used in these assays showed an 11.5% overlap 

into the corticosterone fraction while 10.2% of the 

corticosterone recovery tracer eluted in the aldosterone 

fraction. Each individual sample recovery was corrected for 

the observed overlap. Every six months the radioactive 

tracers used in these assays were purified using these 

column specifications. 
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Figure 16: Elution patterns for progesterone (dotted 
line), corticosterone (solid line), and aldosterone 
(dashed line) on the Sephadex LH-20 column using a 
methylene chloride:methanol (97:3; v:v) mobile phase. 
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Appendix D 

ANTIALDOSTERONE SERUM AND BOVINE SERUM ALBUMIN 
CONCENTRATIONS 

Aldosterone antiserum for these experiments was donated 

by NIAMOD (#088 sheep antialdosterone, NIAMDD, National 

Pituitary Agency, Baltimore, Md.). The accompanying NIH 

procedure recommended a 1:500,000 dilution of the serum in a 

borate buffer (pH 7. 8) stabilized by bovine serum albumin 

Fraction V (BSA) at a concentration between 0.5 and 5.0 g%. 

Non-sp~cific binding percentages for several concentrations 

of BSA are shown in Table 4. It is apparent from these 

values that the non-specific binding is high even with the 

lowest recommended BSA concentration of O. 5 g%. To test 

lower concentrations of BSA, abbreviated standard curves 

were constructed using antiserum dilutions of 1:375,000 and 

1:500,000 with BSA concentrations ranging from 0-1.0 g%. 

The resulting curve (1:500,000 dilution) is shown in Fig. 17 

and the non-specific binding in Table 5. 

The total binding was markedly lower when no BSA was 

added suggesting that the BSA is an important antiserum 

stabilizer (Fig. 17). Because the total binding for the BSA 

concentrations from O. 25 g% to 1. 0 g% is similar and the 

non-specific binding using a BSA concentration of 0.25 g% is 

the lowest of the three, this was the concentration used for 

subsequent assays. 
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Table 4: Non-specific binding of aldosterone with various 
concentrations of BSA 

[BSA] g% NSB %(mean ± SEM) 

0.5 12 .4 ± 0.7 
1. 5 19 .1 ± 1. 0 
2.5 25.0 ± 0.7 
3.5 28.3 ± 0.7 
4.5 31. 2 ± 1. 7 
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Table 5: Non-specific binding of aldosterone with 
two antialdosterone dilutions 

[BSA] g% 
0.0 
0.25 
0.5 
1. 0 

NSB %(1:500,000) 

2.8 
7.3 

10.4 
15.6 

NSB %(1:375,000) 

2.5 
7.1 
8.4 

12. 8 
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Figure 17: Binding patterns of aldosterone to 
antialdosterone serum (1:500,000 dilution) in four 
solutions with concentrations of BSA ranging from 
0 to 1.0 g%. 
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Four dilutions of antiserum were tested using an 

abbreviated standard curve to determine the total binding 

and whether the curve produced was adequate. The dilutions 

and percent total binding are shown in Table 6. A dilution 

of 1:700,000 did not produce an adequate curve, however the 

three other dilutions produced good curves. Because the 

1:500,000 dilution yielded an adequate curve and allowed the 

analysis of more samples with a given antiserum volume this 

dilution was chosen for the aldosterone analysis. 
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Table 6: Total binding of aldosterone w·i th several 
dilutions of antialdosterone 

dilution 

1:250,000 
1:375,000 
1:500,000 
1:700,000 

% total binding 

58.9 
51. 8 
43.4 
20.0 



Appendix E 

HORMONE ASSAY VALIDATION FOR GLAND HOMOGENATE 
SAMPLES 

This assay was validated for gland homogenate samples 

using sample dilution and analysis of hormone spike 

recovery. In each case a gland homogenate pool, in O. 9 % 

NaCl, was aliquoted for the assay. Because inflated results 

were obtained when a total volume less than 1 ml was 

employed, sample dilution assays were performed on an 

aliquot of sample brought to a 1 ml volume with 0.9% NaCl. 

The. values for the sample dilution assays (Table 7) are 

compared in Table 8, showing an adequate relationship 

between dilutions. In addition to these relationships, the 

measurements indicated that it would be feasible to assay 

hormone concentrations on a per gland basis rather than 

pooling glands. 

bird. 

This allowed duplicate samples for each 

Following the gland dilution assays, spike recoveries 

were attempted on one or three pools of gland homogenate for 

aldosterone and corticosterone, respectively. In each case 

the spike, non-radioactive hormone in absolute ethanol, was 

added to the extraction tube along with the sample recovery 

and dried under forced air. Each tube then received a 1 ml 

sample of gland homogenate pool at a concentration of 1 
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Table 7: Concentrations of aldosterone and corticosterone 
in several dilutions of gland homogenate 

aldosterone 
ng/ml 

c.v. 

gland homogenate concentration 
1.5 gland/ml 1.0 gland/ml 0.5 gland/ml 

(n=9) (n=6) (n=9) 

0.676 ± 0.032 0.363 ± 0.016 0.221 ± 0.017 

9.3% 8.6% 15.1% 

corticosterone 33.14 ± 1.78 
ng/ml 

26.30 ± 1.27 13.79 ± 0.75 

c .. v. 10.7% 9.6% 11.1% 

Values represent mean± SEM. 
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Table 8: Comparisons of aldosterone and corticosterone 
concentrations in the gland dilution samples 

ratio (gland/ml) 

1.5:1.0 (66.7%) 
0.5:1.5 (33.3%) 
0. 5: 1. 0 (so. 0%) 

aldosterone 

53.7% 
32.7% 
60.9% 

corticosterone 

79.4% 
41.6% 
52.4% 
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gland per ml. Spike levels and resulting aldosterone 

recovery (Table 9) can be compared with the corticosterone 

spike recovery assay (Table 10). 

Spike recovery values for aldosterone and those for 

corticosterone in plasma (96.4-104%) were much as expected 

and similar to those reported elsewhere (Flack and Freeman, 

1983). Recovery of various amounts of corticosterone added 

to the gland homogenates averaged 36. 4 ± 2. 4%, much lower 

than expected. Because the corticosterone recovery from 

plasma samples is 

gland interference 

high this suggests that there is some 

such as binding of corticosterone to 

gland receptors or lower_ solubility of corticosterone in the 

saline-gland homogenate solution. 

Comparisons of these values with others reported in the 

literature are difficult since there is only one report of 

quail adrenal homogenate corticosterone (Boissin and 

Assenmacher, 

Bois sin and 

1970). The hormone concentrations reported by 

Assenmacher ( 1970) tended to be higher 

(approximately double) than the control hormone 

concentrations reported in the present experiments. Some of 

these differences may be due to environmental conditions and 

strain differences in the quail, but more likely this is due 

to assay technique differences. 
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Table 9: Aldsoterone spike recovery from gland homogenate 
samples 

spike n 
ng 

0.0 8 
0.5 5 
1.0 5 

Values represent 

aldosterone 
ng/ml 

0.64 ± 0.03 
1. 05 ± 0.04 
1. 65 ± 0.10 

mean± SEM. 

c.v. 

8.6% 
6.6% 

12.0% 

% recovery 

82% 
101% 
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Table 10: Corticosterone spike recovery from gland 
homogenate samples 

pool n spike corticosterone c.v. % recovery 
ng ng/ml 

1 4 0 6.27 ± 0.21 6.8% 
4 5 7.65 ± 0. 41~ 10.5% 27.8% 
4 10 11.48 ± 0.14 2.4% 52.1% 

2 7 0 4.07 ± 0.28 14.0% 
7 5 5.86 ± 0.48 16.4% 35.6% 
8 10 7.72 ± 0.51 13.2% 36.5% 
8 15 8.67 ± 0.33 7.5% 30.6% 

3 10 0 1.40 ± 0.13 18.6% 
10 5 3.09 ± 0.27 17.8% 33.8% 

9 10 5.32 ± 0.30 11.5% 39.2% 
8 15 6.71 ± 0.16 4.8% 35.4% 

Values represent mean ± SEM. 
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Reported corticosterone values vary considerably 

depending on assay technique (Flack and Freeman, 1983). 

Boissin and Assenmacher (1970) obtained corticosterone 

measurements using a fluorometric assay (Bouille et al., 

1969) which has been shown to be variable and to produce 

values up to 10 times higher than those reported using CPB 

techniques (Flack and Freeman, 1983). Reported plasma 

corticosterone is even lower with RIA techniques than CPB 

techniques (Etches, 1976). CPB assays still measure higher 

corticosterone levels than RIAs in adult chicken plasma 

after column purification to remove lipids and extraction to 

remove other cross-reactive substances ( Flack and Freeman, 

1983; Schmeling and Nockels, 1978). From these analyses it 

is clear that comparison with work using other techniques is 

difficult and the most appropriate comparisons are relative 

ones within an experiment or technique .. Since the important 

comparisons are within this study the values obtained in 

these experiments were not corrected for spike recoveries. 

Intraassay variability, as expresssed by the 

coefficients of variation in the preceding tables, is within 

that reported for similar steroid assays (Flack and Freeman, 

1983; Wingfield and Farner, 1975). The coefficient of 

variation expressing interassay variability for 

corticosterone, 5 %, also falls within that reported 
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(Satterlee et al., 1980; Wingfield and Farner, 1975). A 10% 

aldosterone interassay coefficient of variation is higher 

than that reported by Leboulanger et al. (1982) for plasma, 

but not as high as the intraassay variation reported in the 

procedure accompanying 3 [H] Aldosterone RIA Pak (New England 

Nuclear, North Bellerica, Ma.). Differences in reported 

variation may be due in part to procedural and antiserum 

differences and in part to the very low quantities of 

aldosterone measured in these experiments. 



Appendix F 

ADRENAL WEIGHTS 

Table 11: Paired Adrenal Weights (mg/100 g BW) 

Water restriction 

day of treatment 
6 

11 
15 

Water deprivation 

day of treatment 
1 
4 
7 

control 
11.3 ± 0.6 
12. 6 ± 1. 0 
11.5 ± 0.5 

control 
9.3 ± 0.5 
9.8 ± 0.7 
9.7 ± 0.6 

Water restriction-injection 

day of treatment 
6 

11 
15 

control 
9.6 ± 0.5 

10.7 ± 0.7 
11.9 ± 1.0 

Water deprivation-injection 

day of treatment 
1 
4 
6 

control 
10.8 ± 0.6 
10.8 ± 0.6 
10.5 ± 0.9 

Values represent mean± SEM (n=8-10). 
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experimental 
10.5 ± 1.2 
12. 2 ± 1. 2 
12.1 ± 0.7 

experimental 
9.7 ± 1.0 

10.7 ± 0.8 
11.1 ± 0.6 

experimental 
10.6 ± 0.7 
10.3 ± 0.7 
10.7 ± 0.6 

experimental 
10.3 ± 0.6 
11.0 ± 1.0 
11.9 ± 0.8 



Appendix G 

TESTIS WEIGHTS 

Testis weights for the water restriction and water 

deprivation experiments (Table 11) have a variability 

similar to that seen in the circadian pattern pilot study. 

Again no significant correlation between testis weight and 

individual cage light intensity could be shown. No 

relationship of testis weight and successive birds in the 

same cage location could be found either (p<O. OS). The 

birds in experiment 1 (water restriction, no injection) 

tended to have greater mean testis weights than the birds 

used in the other experiments. Most of the birds from 

experiment 1 were raised to adulthood in our laboratory 

while most of the birds in the other experiments were 

obtained at maturity from the Poul try Science Department. 

The two groups of birds may have responded differently to 

the short photoperiod and auditory cues in our laboratory 

environment. It is interesting to note that in general the 

experimental birds tended to have lower average testis 

weights than the control birds, particularly after longer 

water restriction or deprivation treatments. While 

unexpected this fits with a generalized stress response 

where reproduction is one of the first factors to be 
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affected (Sadlier, 1969) . No significant correlations of 

testis weights with any of the other measured variables were 

found, so testis weights were ignored in the rest of the 

analysis. 



124 

Table 12: Weights of testes pairs (mg/pr) 

Water restriction 

day of treatment 
6 

11 
15 

Water deprivation 

day of treatment 
1 
4 
7 

control 
1678.2 ± 411.8 
1648.8 ± 527.9 
2587.2 ± 620.8 

control 
87.3 ± 49.2 

423.8 ± 185.8 
116.0 ± 78.8 

Water restriction-injection 

day of treatment 
6 

11 
15 

control 
56.8 ± 36.3 

205.4 ± 123.8 
287.1 ± 148.3 

Water deprivation-injection 

day of treatment 
1 
4 
7 

control 
121.7 ± 34.7 
466.9 ± 183.2 
656.7 ± 221.1 

experimental 
1229.0 ± 417.0 

578.3 ± 207.1 
329.3 ± 218.1 

experimental 
74.6 ± 13.3 
35.9 ± 7.4 
36.1 ± 9.3 

experimental 
29.9 ± 9.5 
18.4 ± 1.6 
22.2 ± 2.1 

experimental 
102.7 ± 38.2 
303.4 ± 219.0 
370.0 ± 87.3 

Values represent mean± SEM (n=8-10). 



Appendix H 

SERUM AND ADRENAL COMPONENTS OF BIRDS ON SEED 
DIETS 

Table 13: Serum cation concentrations and adrenal hormone 
content in birds on seed diets 

[ K+] meq/1 7.1 ± 0.3 

[Na+] meq/1 178.9 ± 1. 7 

Osmolality (mmol/kg) 298 ± 6 

Aldosterone (ng/100 mg adrenal wgt) 391. 3 ± 142.1 

Corticosterone (ng/100 mg adrenal wgt) 644.1 ± 110.6 

Values represent mean ± SEM ( n=3) . 
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