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ABSTRACT

The effects of corticosterone? dexamethasone, NaCl9 ACTE, in
sulin and water deprivation on the adrenal glands of White Leghorn 
cockerels were investigated in order to delineate steroidogenic func

tional zonationo Water deprivation, reserpine and nialamide injection 

were utilized in order to elucidate the role of brain serotonin in 

adrenal activation. The concentration of protein and DNA content of 

the pituitary pars distalis of normal and experiment ally treated birds 

were also determined to correlate pituitary pars distalis changes with 

the adrenal responses.

Both steroids and salt loading produced significant reduction 

in the interrenal tissue, atrophic changes were apparent in both sub- 
capsular and central zones of the adrenal gland. ACTE, insulin and de

hydration significantly increased the amount of interrenal tissue and 
hypertrophy was evident throughout the entire adrenal gland. Water 

deprived and reserpine injected birds had adrenal glands composed en

tirely of interrenal tissue while water deprived and nialamide injected 

birds showed signs of interrenal tissue hypertrophy.

Despite profound histological changes in the adrenal gland, no 

significant change in the weight of the adrenal gland, or in the weight 
of the pars distalis, or its protein and DNA content was produced by any 

of the treatments.



INTRODUCTION

The adrenal gland of birds is ensheathed by an outer connective 
tissue capsule and consists of two distinct elements which are homolo

gous with the cortical tissue or interrenal element and medullary or 
chromaffin tissue of the mammalian adrenal (Hohn, 1961) • The two 

elements of the birdsv adrenal are intermingled to varying degrees 
without forming a sharply defined cortex or medulla (Barrington, 1963) 
and have been shown to synthesize both aldosterone and glucocorticoids 

(Idler, 1972). These hormones have not been shown to be associated 

with specific cell types or zones of interrenal tissue although several 
authors have described the morphology of the avian adrenal and have 

attempted to delineate zonation in this tissue.

Miller and Riddle (1942) described the peripheral cells of the 

interrenal tissue of the pigeon as larger and with considerably more 
cytoplasm than the cells of the central region. In addition the nuclei 

of the peripheral cells have a thinner and more diffused chromatin net

work than those in the middle region. Bhattacharyya and Ghosh (1963), 

found no zonation of the interrenal tissue in pigeons in their histolog

ical and histochemical examination although Bhattacharyya, 8inha and 

Ghosh (1972) described zonation in the adrenal cortex of the pigeon 

under light microscopy. Still later Bhattacharyya (1975) reported the 

absence of zonation in the pigeon and quail because he could not find
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distinct differences in the mitochondria of the inner and outer cells of 
interrenal tissue.

Latimer and Landwer (1925) claimed that chicken adrenocortical 
tissue is divided into two zones with large and highly vacuolated cells 

located at the periphery of the gland. Uotila (1939) identified the .

peripheral cells of the chicken adrenal as mature or degenerate and

cells near the center of the gl^d: as stem cells or parhially differ
entiated corticoid secreting cells. In contrast the reverse zonation of 

interrenal tissue has also been reported in chickens (Kar, 1947) as well

as pigeons (Miller and Riddle9 1942). Bhattacharyya et al. (1972)

found no zonation in the adrenal of the chick with light microscope 

studies. Fujita (1961) reported no ultrasturctural differences between 

cells of the inner and outer zones of the chicken interrenal tissue 

although Knodics and Kjaerheim (1966) found distinct differences be

tween the mitochondria of the central and peripheral zones of the 
chicken interrenal tissue. These differences are similar to those 

found between the mitochondria of the zona glomerulosa and the 

fasciculata-reticularis zones of mammals (Luse, 1967; Fawcett, Long and 

Jones, 1969).

Knouff and Hartman (1951) claimed that the interrenal tissue of 

the Brown Pelican is organized into three zones corresponding in posi
tion and general appearance to the mammalian zona glomerulosa, zona 

fasciculata and zona reticularis. However, Sheridaii, Belt and Hartmann 

(1963) found the interrenal cells of the inner and outer zones of the 

Brown Pelican adrenal gland had similar ultrastructural characteristics.



Bhattacharyya et al. (1972) did not find zonation in the adrenal 
gland of the swift, crow, or snipe but they did find a recognizable 

zonation in the adrenals of the myna, sparrow, and nightjar. There was 

moderate zonation in the adrenals of the kingfisher, ergot, cuckoo, duck, 
owl, stint, cormorant, waterhen and woodpeckers and very clear zonation 

in the adrenals of the dove, quail, flamingo and parakeet. These 

workers recognized only two zones and. were unable to verify, the three 

zones reported by Hartman, Knouff and Howard (1954) in the Brown 
Pelican.

Haack9 Abel and Rhees (1972) found histological and histochem

ical zonation in the adrenal gland of the duck and hypothesized that 

small polygonal cells near, the center of the gland are undifferentiated 

stem cells that migrate toward the.periphery, enlarge, synthesize, 
secrete steroids and die.

The hypothalamic-pituitary-adrenal axis is less well-studied in 

avian species than in mammals, Frankel, Graber and Nalbandov (1967a), 

Resko, Norton and Nalbandov (1964) and Peczely and Zboray (1967), re

ported that the median eminence and the ventral hypothalamus increase 

pituitary ACTH production. Measurement of corticosterone levels in 

effluent plasma following hypophysectomy led to the concept that the 

avian adrenocortical tissue may function.independently of pituitary con

trol in contrast to mammals (Brown, 1961; Nagra et al,, 1963).

Release of corticotropin by the adenohypothesis of mammals is 

thought to be under the control of the hypothalamus (Ganong, 1959) and 

there is morphological evidence that the hypothalamic "serotoninergic11 

system may exert an inhibitory action on the mammalian pituitary-adrenal



axis (Fuxe and Hokfeltj 1970)» Drugs inhibiting serotonin synthesis 
(Barehas and Vemikos-Danellis * 1970) or decreasing brain serotonin 
content (Maieke 1, Westertnann and Broddie 5 1961) enhance the activation 

of the hypophyseal adrenal system. Monoamine oxidase inhibitors (such 
as nialamide) increase brain serotonin content and decrease ACTH secre

tion (Tulner and Hertzs 1964).

In avian species the evidence for adrenal functional zonation 

is meager and contradictory. Responses of the subcapsular and central 

zones of the avian adrenal cortex to hypophysectomy, corticoid therapy 

or salt loading has been described by Hartman et al. (1954); Miller and 

Riddle (1942); Miller (1961); Miller (1967); Frankel et al. (1967a); 
and Peczely (1972a). These workers concluded that the avian adrenal 

gland has regional functional zonation. In addition uniform responses 
of the subcapsular and central zones of the avian adrenal cortex were 

reported by Bhattacharyya9 Galas and Assenmacher (1975a,b); Sinha and 
Ghosh (1964), and Kjaerheim (1968a,b). These authors concluded that 

the avian adrenal cortex is devoid of zonal steroidogenic functional 

activity.

. The first aim of the present Investigation is to determine the 
presence or absence of a histomorphological and functional zonation in 

the chicken adrenal gland similar to that of mammals. The second ob

jective is to determine the histological changes in the adrenal gland 

of water-deprived birds subjected to drugs that are known to alter brain 

serotonin content and consequently adrenal activation in mammals. The 

third and final objective of this study is to determine the
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concentration of protein and DNA in the pituitary gland of normal and 
experimentally-treated birds„

This study concentrates on the responses of adrenal interrenal 
tissue to treatments which in mammals are known to stimulate or inhibit 

adrenocorticotropic secretion* The first two objectives concentrate on 

adrenal responses to treatmerit and the third attempts to correlate 

pituitary pars distalis changes with the adrenal responses«



materials and methods

Forty one 9-week old White Leghorn cockerels were divided into 
eleven groups of four animals each (group 1 and 2 had only three cock

erels) . All birds were held in a light and temperature controlled 

chamber at 17°C and 60% humidity in a 12 hour light/dark cycle with the 
light period starting at 6 a.m. Food and water were provided ad 
libitum except where noted.

The cockerels were acclimated for two weeks in the light and 

temperature controlled chamber prior to the beginning of the experi
mental period.

Drugs used in these experiments required, either alcohol or water 
as a carrier. Consequently both water and alcohol were used as control 

groups in addition to one uninjected group.

Daily injections of all treatments were made between 9 and 11 

a.m. and autopsy performed between 4 and 6 p.m. on the last day of in-. 

jection. Injections were given intramuscularly (i.m.) in the breast 
muscle or intraperitoneally (i.p.) as noted. All groups were given five 

successive daily injections of each drug. In addition one animal of 

each group received injections for seven days and that animal’s tissues 
were used for histological studies.

The treatment for each group is indicated in Table 1. Body 

weights were measured before and after treatment.

6
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Table 1. The treatment and mode of injection 

this study.
for each group used in

Group # Treatment Mode of Injection

1 0.5 ml H^O (water control) Intramuscular (i.m.)

2 0.5 ml 100% ethyl alcohol 
(alcohol control) i.m.

3 Uninjected control i.m.

4 4 mg Corticosterone acetate 
(in 0.5 ml 100% ethyl alcohol) 1 o HI e

5 1 mg Dexamethasone acetate*
(in 0.5 ml 100% ethyl alcohol) i.m.

6 5 i.u. bovine ACTH 
(in 0.5 ml 5^0) i.m.

7 5 i.u. Insulin 
(in 0.5 ml H20) i.m.

8 Deprivation of drinking water

9 Deprivation of drinking water 
and 5 mg Reserpine

Intraperitoneal 
(i*P •)

10 Deprivation of drinking water 
and 5 mg Nialamide i.p.

11 1 gm NaCl administration in 
drinking water oral

* Dexameth as one is a synthetic analouge of cortisol.



All animals were killed by cervical dislocation after five or 
seven days of treatment. Adrenals and pituitary pars distalis glands 
were removed for assay of soluble proteins and DNA.

Protein Determination 

Pituitaries for protein assay were macerated in 400 pi 0.9%
NaCl. The homogenate was centrifuged and the resulting pellet used for 
DNA determination. Five ml of protein reagent were added to 100 pi of 

the supernatant and vortexed. The absorbance of 3 ml aliquots of this 
solution were measured at a wavelength of 595 nm in a Beckman DU 

Spectrophotometer. The protein reagent was prepared according to 

Bradford (1976) and measurements were made against a reagent blank pre

pared from 0.1 ml 9% NaCl and 5 ml protein reagent. A standard ab- • ,

sorbance curve was determined at 595 nm on the Beckman DU

Spectrophotometer using protein solutions of bovine albumin containing 

10 pg, 25 pg, 50 pg, 75 pg, 100 pg, 200 _pg or 400 pg in 100 pi 0.9%
NaCl and 5 ml of protein reagent. All concentrations were measured in 

triplicate and the weight of the protein was plotted against the corre

sponding absorbance.

DNA Determination 

The technique of Setaro and Morely (1976) was used for DNA 
determination with some modifications.

Standard solutions were obtained by diluting a stock solution of 

2.5 mg/ml calf thymus DNA in IN NH.0H to concentrations of 10, 25, 509

75 9 100 or 125 pg DNA/ml. These solutions were dessicated and stored at
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The precipitate pellet derived from the centrifugation of the 

macerated pituitary glands was washed once with 0*5 ml 4°C saline and 

twice with 1 ml 4°C potassium acetate/ethanol (10 g/liter)» The 

pellet was macerated between washes with a thin glass rod to ensure 

adequate solvent particle contact* The supernatant was discarded at

each step* The precipitate was then treated with absolute ethanol at
- -  ■ -60 C for 15 minutes, centrifuged and finally decanted* The pellets 

were then allowed to dry for 15 minutes at 40°C, The precipitate was 
dissolved in 400 pi in perchloric acid for 30 minutes at.75°Co After 
centrifugation> 100 pi of the supernatant was placed in three 10 X 75 

mm disposable glass tubes * One hundred pi IN perchloric acid was added 

to the DNA Standards and 100 pi 1.32 M diaminobenzoic acid dihydro- 

chloride were added to both DNA Standards and pars distalis extracts.

All samples were incubated at 650C for 30 minutes. An amount of 1.8 ml 

perchloric acid (0.6 N) was then added to each sample. All samples 

were read at 520 nm with 420 nm excitation wavelength in an Aminco 

Bowman spectrophotofluorometer against a blank containing reagents 

only. The concentrations of the unknown samples of DNA were then plotted 

against standard curve values.

Histological Techniques

Adrenal glands were fixed in 10% buffered formalin, sectioned at 

5 p and stained with hematoxylin and eosin (Humason, 1979).
Measurement of the interrenal tissue as a percent of an entire 

adrenal section was performed with the aid of a Data color model 704 

density analyser (Spatial Data System Inc,). Measurements were
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performed on adrenal glands of birds that were subjected to 5-day treat
ments » Five areas were selected at random from two sections of the mid 

region of each adrenal gland. The cytoplasm of the interrenal tissue 

was then matched against the nuclei of the interrenal tissue and the 

nuclei and cytoplasm of the chromaffin tissue and measured as a per
centage area of the entire field extending from the periphery to the 

center of the adrenal gland®

Statistical Treatment 

All data were subjected to a one way analysis of variance and 
method of least significant difference to determine the significance of 

difference between treatment means * Ninety-five percent confidence 

limits were selected as the acceptable levels of significance. The 

standard error of the mean was calculated for each set of data 

(Croxton, 1959).



RESULTS

The body weight of all birds both before and after treatment are 
presented in Table 2. After five days of chronic treatment with corti
costerone, ACTH, insulin or sodium chloride there were no significant 

differences in the final body weights» On the other hand birds deprived 
of drinking water with or without drug treatment had significantly re

duced body weightso Dexamethasone treatment also led to significant 
reduction in body weights.

Adrenal weights and percentages of interrenal tissue are re

corded in Table 3. None of the treatments significantly altered ad
renal weights although some treatments caused changes in the percentages 

of the interrenal tissue.

The interrenal tissue usually occurred as sperical cell nests

under the connective tissue capsule and was more elongated and less
1regular in shape in the deeper-lying regions (Figure 5). * The cells 

of the subcapsular zone were more columnar than those of the central 

zone o

Birds injected with corticosterone or dexamethasone had less 

interrenal tissue than the group 2 alcohol-injected controls. The 
interrenal cords lost stainability and had a great proliferation of

1. For ease in comparison and handling, all figures are 
collected in Appendix A.

11
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Table 2. Initial and final bodyweight changes after five 
treatment.

days of

Group #

Initial Body 
Weights in 

(n) grams

Final Body 
Weights in 

grams

1 Water control (2) . 1220.0+145.0a 1306.0±149.0
2 Alcohol control (2) 1192.5+ 2.5 1344.5+ 29.5

3 Uninjected control (3) 1151.7+ 40.4 1291.0± 50.3

4 Corticosterone (3) 1168.3+ 70.4 1199.3± 47.2

5 Dexamethasone (3) 1088.3+ 48.4 1089.0± 44.1

6 ACTH (3) 1168.3+ 48.0 1229.71 73.9

7 Insulin (3) 1105.0+ 61.7 1219.71 68.0

8 Dehydration (3) 1263.3+ 73.6 987.31 73.6

9 Dehydration and Reserpine (3) 1008.3+ 71.0 753.71 53.5

10 Dehydration and Nialamide (3) 1146.7+ 42.8 873.01 11.2

11 NaCl (3) 1140 ± 31.2 1356.01 49.7

values represent means ± SEM

kValues, that are significantly different from water, alcohol and 
uninjected controls (P < 0.05).
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Table 3. Absolute adrenal weight and percentage area of cytoplasm of 

interrenal tissue in the adrenal gland after five days of 
treatment „

Group # (n)

Adrenal Weight 
in mg 

(Mean ± SEM)

% Area of Cytoplasm 
of Interrenal Tissue 

(Mean ± SEM)

1 Water Control (2) 75.5+13.4 27.5+0.8
2 Alcohol control (2) 73.5± 2.1 29.011.4

3 Uninjected control (3) 64.0+ 5.6 32.710.4
4 Corticosterone (3) 45.0+ 1.7 22.110.8abc
5 Dexamethasone (3) 71.0+18.0 23.810.3aC
6 ACTH (3) 53.0+11.4 34. HO. 9 ab
7 Insulin (3) 56.3+7.0 . 40.4+0.8abc
8 Dehydration (3) 59.3+10.5 37.410.6abc

9 Dehydration and 
Reserpine (3) 78,0132.4 43.7il.5abc

10 Dehydration and 
Nialamide (3) 69.7+ 4.6 33.1!3.2b

11 NaCl (3) 64.31 4.5 21.1+1.9abc

^Significantly different from alcohol control (P < 0.05) 

Significantly different from water control (P < 0.05) 

^Significantly different from uninjected control (P < 0.05)



14
lipid droplets» The lipid is removed during dehydration of the tissue 

in slide preparation and its former presence is identified by the 

presence of ultracellular vacuoles» Nuclei of the interrenal tissue 

in both the subcapsular and central zones were clumped, pycnotic and 

stained darker than those of the controls. Atrophied nuclei were con*- 
centrated in the cellular cords„ A great amount of chromaffin tissue 

occurred after steroid treatment and this condition may have been due 
to involution of interrenal cords (Figures 1, 2, 3, 4).

. Adrenocorticotropic and insulin treated birds had a signific
antly greater percentage of interrenal tissue than group 1 water- 
injected controls. Interrenal cords of the adrenal of these birds 

were expanded and anastamosed with one another (Figures 5, 6, 7, 10, 

11). Enlargement of the interrenal cords was evident in both subcap

sular and central zones. The nuclei of the interrenal cords were 

large and vesicular (Figures 8, 9). The adrenals of adrenocortico

tropic and insulin-treated birds had very little chromaffin tissue. 

After five days of ACTH treatment the interrenal cords of the central 

zone were more enlarged than those of the subcapsular region (Figures 

6, 7).
Animals on water deprivation alone had a greater amount of in

terrenal tissue than uninjected controls. Animals on water deprivation 

and reserpine treatment had a significantly greater amount of inter

renal than all treatment means. Interrenal cords at both subcapsular 

and central zones of the adrenals of water-deprived birds were large
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(Figures 12, 13s 14 9 15)9 had large vesicular nuclei (Figure 16) and 
anastamosed with one another.

After five days of water deprivation and reserpine treatment, ad

renals had large interrenal cords which were somewhat round in shape and 

had drastically reduced chromaffin tissue (Figures 17, 18). After sev

en days of water deprivation and reserpine treatment only interrenal 

tissue could be identified in the adrenal and chromaffin tissue had atro

phied. The interrenal cords were rounded and had peripheral nuclei (Fig

ure 19). This response was uniform throughout the entire adrenal gland.

Dehydrated birds injected with nialamide had the same amount of 
interrenal tissue as water-deprived birds and AGTH injected birds. The 

nialamide-treated birds were also similar in interrenal tissue distribu
tion to untreated controls but they had several differences in histolog

ical characteristics. The interrenal cords at both subcapsular and 

central zones were large in size (Figures 20,21,22) with large vesicular 
nuclei.

Sodium chloride treated birds had considerably less interrenal 

tissue than untreated controls. The interrenal cords were reduced in 

size with small pycnotic nuclei in both the subcapsular and central 

zones (Figures 23, 24),

Table 4 lists the pars distalis weights and protein and DNA 

content of all experimental and control birds. There were no signif

icant differences in weights or protein or DNA content in the glands of 

any of the groups studied.



Table 4. Absolute pituitary weight, protein and DNA content of pituitary gland after five days 
of treatment.

Group # (n)

Pituitary Weight 
in mg 

(Mean ± SEM)

Protein Content of 
Pituitary in y g 

(Mean ± SEM)
DNA Content of 
Pituitary in Ug 
(Mean ± SEM)

1 Water control (2) 8.510.5 505.0+ 35.0 35,01 1.0
2 Alcohol control (2) 8.511.5 590.01130iO 54.81 9.3
3 Uninjected control (3) 5.710.7 680.01134,3 25.31 7.4
4 Corticosterone (3) 5.710.7 926.71133.2 50.0119.1
5 Dexamethasone (3) 9.012.6 450.01137.5 39,3113.9

6 ACTH (3) 7.010.6 560.01144.3 48.7110.0

7 Insulin (3) 7.310,03 529.01 81.6 41.9114.0
8 Dehydration (3) 5.7+0.3 573>31147.1 57.71 6.2
9 Dehydration and 

Reserpine (3) 8.710.7 584.71 22.1 64.51 2.4

10 Dehydration and 
Nialamide (3) 7.310.3 426.71202.2 44.71 8.2

11 NaCl (3) 7.010.6 616> 71 81.7 34.7+17 ,3

* No significant difference in absolute pituitary weight, protein and DNA content of the pituitary 
gland was observed after treatment.



DISCUSSION

Reduced growth or actual weight loss in chickens due to gluco
corticoid administration has been observed by several authors (Kudzia 
and Champion9 1953; Dulin, 1956; Glenn? Bowman and Meyer, 1961). Nagra 

and Meyer (1963) have reported that glucocorticoids convert glucose into 

lipid resulting in less protein and carbohydrate. The synthesis of 

nucleic acids is inhibited causing a reduction in protein content of 

skeletal muscle, an increase in sodium concentration, and a decrease in 

potassium (Bellamy and Leonard, 1965).

The body weights of birds used in this study were significantly 

reduced by dexamethaso n e  and water deprivation while other treatments 

had no significant effects on final body weights. Corticosterone 

treated birds had lower body weights than those of alcohol-control 

birds, however this difference was not statistically significant. Water 

deprivation with or without drugs probably led to a release of signif

icant amounts of steroids.

Adrenal gland weights were not significantly altered by any one 

of the treatments despite profound histological changes. This finding 

is in agreement with the work of Flickinger (1959); Brown, Brown and 

Meyer (1958) and Bates, Riddle and Miller (1940). These workers found 

that adrenal gland weight in gallinaceous species was not increased by 

various stressors or ACTH treatment but other workers (Conner, 1959; 

Howard and Constable, 1958; Jailer and Boas, 1950; Newcomer and Connally,

17



1960; Siegel / 19599 1960, 1962; Zarrow and Baldini, 1952; Bates et alo, 

1940;, Brown et al., 1958 and Zarrow et al., 1962) found an increase in 

adrenal weight of gallinaceous birds with treatment of various stressors 

and with ACTH treatment. Conner (1959); Dulin (1955); Flickinger 
(1959); Selye (1943) and Zarrow et al. (1962) reported that adrenal 
weight is not always suppressed by corticosteroids. Hypophysectomy in , 

chickens did not alter the weight of the adrenal gland (Baum and Meyer, 

1956; Newcomer, 1959) and the bird adrenal may maintain a highly 

secretory level with only slight hypertrophy (Brown et al., 1958).

De Roos (1961) observed that adrenal weight changes are not necessarily 
concomitants of increased secretory rate of avian adrenals.

It has been suggested (Brown et al., 1958; Newcomer, 1959), 
chiefly on the basis of adrenal weight, that the avian adrenal is 

relatively independent of hypophyseal control. Investigations of the 

relation between the hypophysis and the avian adrenal are complicated 

by the fact that the adrenal gland is constituted of interrenal arid 

chromaffin tissue. Microscopic examination of adrenals of birds used 

in this study have shown that with reduction of interrenal tissue a 

concomitant increase in the amount of chromaffin tissue and the con

verse occurs.

Lanman and Dinerstein (1960) prepared an alkaline extract of 

beef pituitary glands containing identifiable activities of luteinizing 

and growth hormones that were capable of maintaining adrenal weights in 

hypophysectomized rats. In this study even with treatments that sig

nificantly decreased final body weights the adrenal weights were not



affected. Thus it seems that maintenance of the adrenal weight may 

be produced by an interaction of more than one hormone and this main

tenance is independent of growth or body weight.

Studies reporting adrenal hypertrophy or adrenal atrophy 
(Miller and Riddle, 1942; Brown et al., .1958; Frankel et al., 1967a) 
have described these conditions in terms of adrenal weight or histo

logical appearance, A hypertrophic gland is reported to have a rela

tively large weight compared to a normal one, while an atrophic gland 

is reported to have a lighter weight than a normal one. Miller and 
Riddle (1942, p.320) described the atrophic adrenal as one consisting of 

"reduced central stands of cortex (interrenal tissue)" whose " . . .  
atrophy is the result of reduced volume of cortical cells and a smaller 
t o t a l  n u m b e r  o f  cells.11 From the. findings: in this study histological 

appearance appears to be a better criteria of atrophy or hypertrophy 

than does adrenal weight. Cortical strands of chicken adrenal gland 

were found to be dissimilar in size and arrangement as reported by 

Latimer and Landwer (1925) and Kar (1947).
Steroid treatment induced involution of the interrenal tissue 

in both subcapsular and central regions, despite histomorphological 
difference in the interrenal tissue of the chicken adrenal gland. Salt 

loading on the other hand elicited hypoactivity (atrophy) of the in

terrenal tissue which was evident in both subcapsular and central re

gions. This uniform response of the adrenal interrenal tissue to both 

steroid and salt treatments has also been noted in the adrenal glands 

of ducks, pigeons and quails (Bhattacharyya, Galas and Assenmacher,



1975a9h; Sinha and Ghosh5 1964)« These authors concluded that the ad

renocortical tissue appears to be devoid of steroidogenic functional 

differentiation. However these findings are contradictory to those of 

Peczely (1972b) who reported that ACTE treatment led to hypertrophy, in 
the deeper lying zone and sodium chloride caused atrophy in the peri

pheral zone of the pigeon adrenals. Peczely (1972a) suggested that 

peripheral cortical layers are involved in aldosterone and corticoster
one production and the central layers produce corticosterone only* 

Atrophic changes to salt loading were also reported by Knodics (1963) 
in the peripheral but not in the central layers of the pigeon adrenal. 

Knodics (1963) concluded that aldosterone is probably produced in the 

subcapsular z o n e a s  in mammals, and glucocorticoids come from the 
inner zone* Studies with mammals have confirmed that experimeritai 

electrolytic imbalance with salt loading or desoxycorticosterone treat

ment lead to modification of the adrenocortical zona glomerulosa, 

whereas hypophysectomy or glucocorticoid administration modifies the 

fasciculata-reticularis zone (Long and Jones, 1970). In this respect 
the interrenal tissue of chickens appear to be devoid of functional 

steroidogenic differentiation*

Insulin hypoglycemia is manifested in an enhanced production 

of adrenal steroids in the pigeon (Peczely9 1972a). In this investiga

tion both insulin and ACTH treatments caused hypertrophy in both sub

capsular and central zones* This hypertrophy indicates that both 

subcapsular and central zones are regulated by the adrenocorticotrophic 

hormone. However after five days of treatment with ACTH, hypertrophy 

was more pronounced in the central zone than in the subcapsular zone
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indicating that the central zone is more sensitive to ACTH regulation 

than the peripheral. Several workers (Miller and Riddle, 1942; Miller, 

1961, 1967; Frankel et al., 1967a) have reported that hypophysectomy in 

the pigeon and fowl causes atrophy of the central zone of the interrenal . 
tissue with little or no effect on the peripheral region and assumed 

that the central zone is regulated by hypophyseal ACTE. In mammals 
stimulation by ACTH leads to hypertrophy of the zona faseiculata 

(Symington, 1960)»

Water deprivation represents a stress for birds and results in 
an increased adrenal activity as has been demonstrated in vivo (Brown, 

1961) and in vitro (Peczely, 1972a). Water deprivation induced hyper

trophy in both subcapsular and central interrenal zones.

Dehydrated and reserpine injected birds (five day treatment) 

had adrenal glands that contain drastically reduced chromaffin tissue. 

After seven days of water deprivation the adrenal glands were composed 

entirely of interrenal tissue. This change in the composition of the 

adrenal gland may be brought about by an increased secretion of ACTH 

and/or the direct action of reserpine on the adrenal gland. Reserpine 

has been shown to decrease the serotonin level of the brain (Maieke! et 

al., 1961) resulting in an increase in the ACTH level and secretion of 

adrenocorticoid (Gaunt, Renzi and Chart, 1962).

Dehydrated and nialamide injected birds showed signs of hyper

trophy, in that the interrenal cords were large with large vesicular 

nuclei at both subcapsular and central zones of interrenal tissue. How

ever measurement of the interrenal tissue of dehydrated and nialamide



injected birds or ACTE treated birds with the density analyzer did not 
reveal an increase over the interrenal tissue of uninjected controls. 

This situation may be attributed to the high proliferation of vacuoles 

which were not included in the analysis of interrenal tissue. Moreover 

the interrenal tissue of dehydrated and nialamide injected birds is not 

significantly different from dehydrated and ACTE treated birds indi

cating the occurrence of ACTE secretion in dehydrated and nialamide 

injected birds. Nialamide is known to impair the stress response of 

the mammalian hypothalamic-pituitary-adrenal axis by increasing brain 
serotonin content and decreasing secretion of ACTE (Tulner and Eertz, 

1964). In the present study hyperactivity of the interrenal tissue was 

observed in response to water deprivation and nialamide injection in
dicating secretion of ACTE.

The pars distalls weight, protein and DNA content showed no 

significant difference between control and experimentally treated 

birds despite profound histological differences in the adrenal glands 

of these groups. These histological changes of the adrenal glands 
were presumably brought about by the action .of ACTE. The observation 

that the weight and DNA content of the pars distalis were not different 
between control and experimentally-treated birds indicate that the 

number of cells did not change in response to the treatments but the 

similarities in total protein content of the pars distalis is difficult 

to interpret. The ACTE level of the pituitary gland depends on the 

ratio between synthesis and release of the hormone. The observation 

that the total protein content was not altered by any one of the
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treatments support the data of Vemikos-Danellis (1963) and Peczely 

(1972b) who suggested that acute stress may result in ACTH concentra

tion in the pituitary gland equal to or higher than that in the con
trols.

Another explanation for the similarity of the protein content 
of the pars distalis of all birds used in this study could be attrib
uted to the presence of extrahypophyseal ACTH or ACTH-like activity . 

that was secreted or inhibited by various treatments. The avian 

adrenal gland shows an unusually high residual activity of cortico

sterone levels to 30-64% of control values (Frankel et al., 1967a;

Resko et al., 1964; Nagra et al., 1963). Dexamethasone administered 

to adenbhypophysectomized cockerels totally depleted blood cortico
sterone. Corbin et al, (1965) suggested that inhibition of adrenal 

function by dexamethasone is exerted at the hypothalamic level, This 

drug did not inhibit adrenal function when added to the media of in

cubated adrenal glands (Frankel, Graber and Nalbandolv, 1967b). Egge 

and Chiasson (1963) placed lesions in the hypothalamus of hens and 

found no correlation between the lesioned area and adrenal corticoid 

titer. But Resko et al. (1964) completely stopped the "residual" 
eorticosteronemia with hypophysectomy and coagulation of the median 

eminence» Salem, Norton and Nalbandov (1970) found corticotropin re

leasing activity in the chicken hypothalamus and a heat resistant ACTH- 

like activity which was similar to a a-MSH.

From the results of this study it can be concluded that despite 

histomorphological zonation of the interrenal tissue, the adrenal gland 

of the domestic fowl is devoid of functional steroidogenic
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differentiation. Reserpine enhances the stress—response of the chicken 
adrenal gland while nialamide does not impair this response. Further 

studies are necessary to clarify the role of the hypothalamus and 
pituitary gland in regulating adrenal function.
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I: interrenal tissue; CH: chromaffin tissue

Figure 1. Chicken adrenal gland of alcohol control.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain. (X1240).



C: connective capsule.

Figure 2. Histological changes in the 
gland following five days o 
treatment.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X1240).

chicken adrenal 
dexamethasone

Note that there is a reduction in the size of cords of 
interrenal tissue (I). Interrenal tissue has pycnotic 
nuclei and chromaffin tissue (CH) appears conspicuous.
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I: interrenal tissue; CH: chromaffin tissue;
C: connective capsule.

Figure 3. Histological changes in the chicken adrenal 
gland following five days of corticosterone 
treatment.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X1240).
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C: connective capsule.
Figure 4. Histological changes in the chicken adrenal gland 

following seven days of corticosterone treatment.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X1240).
There is a high proliferation of lipid droplets that has the ap
pearance of vacuoles (V) in the interrenal tissue (I). Nuclei 
of chromaffin tissue (CH) are large and vesicular.
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CH: chromaffin tissue; C: connective capsule.

Figure 5. Chicken adrenal gland of water control birds (X496).
A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.
The pattern and arrangement of interrenal cellular cords (I) are 
different in the subcapsular zone and central zone.
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C: connective capsule.
Figure 6. Chicken adrenal gland following five days of ACTH 

treatment.
A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X496).
There is extensive cell proliferation and hypertrophy of inter- 
renal cords (I). Chromaffin tissue (CH) is reduced in size.
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C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 7. Chicken adrenal gland following seven days of ACTE 
treatment (X496).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.
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mwm

C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 8. Chicken adrenal gland of water control birds (X1240).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.
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C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 9. Chicken adrenal gland following seven days of ACTH 
treatment (X1240).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.



CH: chromaffin tissue; C: connective capsule.

Figure 10. Chicken adrenal gland following five days of 
insulin treatment.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X496).



I: interrenal tissue; CH: chromaffin tissue;
C: connective capsule.

Figure 11. Chicken adrenal gland following seven days of 
insulin treatment.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X496).



C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 12. Chicken adrenal gland of uninjected control birds 
(X496).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.



C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 13. Chicken adrenal gland following five days of 
water deprivation (X496).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.
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C: connective capsule; I: interrenal tissue; 
CH: chromaffin tissue.

Figure 14. Chicken adrenal gland following seven days of 
water deprivation.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X496).



C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 15. Chicken adrenal gland of uninjected control birds 
(X1240).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.
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CH: chromaffin tissue.
Figure 16. Chicken adrenal gland following five days of water 

deprivation (X1240).
A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.

Note large size of interrenal cells (I) and large vesicular 
nuclei.
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C: connective capsule.

Figure 17. Chicken adrenal gland following five days of water 
deprivation and reserpine injection (X496).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.
Note cords of interrenal tissue (I) are rounded. Chromaffin 
tissue (CH) is drastically reduced.
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CH: connective capsule; I: interrenal tissue.
Figure 18. Chicken adrenal gland following five days of

water deprivation and reserpine injection (X1240).

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.



Figure 19. Chicken adrenal gland following seven days of
water deprivation and reserpine injection.

A) Subcapsular zone (X496).
B) Subcapsular zone (X1240).
Hematoxylin and eosin stain.
Note that nuclei of interrenal tissue (I) are peripherally- 
located. Chromaffin tissue is atrophied.



C: connective capsule; CH: chromaffin tissue.

Figure 20. Histological changes in the chicken adrenal gland 
following five days of water deprivation and 
nialamide injection.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X496).

Note that there is hypertrophy of interrenal tissue (I).



C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 21. Histological changes in the chicken adrenal gland 
following seven days of water deprivation and 
nialamide injection.

A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain (X496) .
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I: interrenal tissue; CH: chromaffin tissue.

Figure 22. Histological changes in the chicken adrenal gland
following water deprivation and nialamide injection.

A) Central zone at five days of treatment.
B) Central zone at seven days of treatment.
Hematoxylin and eosin stain (X1240).
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C: connective capsule.
Figure 23. Histological changes in the chicken adrenal gland follow

ing five days of sodium chloride administration (X496).
A) Subcapsular zone.
B) Central zone.
Hematoxylin and eosin stain.
Atrophy is evident at both subcapsular and central zones. Cords of 
interrenal tissue (I) are reduced in size and have pycnotic nuclei 
with large proliferation of vacuoles. Chromaffin tissue (CH) appears 
conspicuous.
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C: connective capsule; I: interrenal tissue;
CH: chromaffin tissue.

Figure 24. Histological changes in the chicken adrenal gland 
following five days of sodium chloride administra
tion (X1240).

A) Subcapsular.
B) Central zone.
Hematoxylin and eosin stain.
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