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ABSTRACT

The objectives of this study were to (1) determine

rhythmic changes in blood glucose and electrolytes as

influenced by different lighting regimes, (2) determine

the influence of exogenous adrenal hormones and ACTH

upon blood glucose and electrolyte levels of normally

lighted birds, (3) compare blood glucose and electrolyte

levels of non~treated birds from different lighting re

gimes to the blood levels of the treated, normally lighted

birds, (4) make some conclusions regarding adrenal gland

activity of the various experimental groups, using blood

glucose and electrolyte levels as indicators of adrenal

function.

Groups of two-day old male and female chicks were sub

jected to lighting regimes of constant light, constant

darkness, and normal light, i,e,, 12—hours light;12—hours

dark. Likewise, groups of both sex were exposed to nor

mal illumination, but given daily dosages of adrenocorti-

cal hormones. The experimental period lasted 21 days. On

day 22, blood samples were drawn at 4 hour intervals dur

ing a 24 hour period. Serum was extracted and stored via

deep freeze until analysis could be performed. Serum samples

were analyzed for chloride, bicarbonate, sodium, calcium,

potassium, and glucose levels. This was accomplished by

iii
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means of a sequential multiple analyzer (SMA-660) machine

and an atomic absorption-emission spectrophotometer.

An attempt was made to compare the data of the hormone

treated groups to that of the various light regime groups.

The results indicated that constant light and constant

darkness stimulated adrenal function. This was evidenced

by the fact that there was an increased retention of sodium

and bicarbonate, and an increased excretion of calcium in

birds exposed to constant light or darkness. Also, it ap

peared that normal circadian electrolyte and glucose rhy

thms were altered by constant light and darkness. It was

also apparent that sexes responded differently to the var

ious treatments.
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INTRODUCTION

There has been considerable research conducted regard

ing lighting regimes and their effects on animals. Most

of this type of work done with poultry has dealt with pro

duction. Parameters such as onset of maturation, rate of

lay, and growth rate have been the primary studies of most

light regulating experiments. However, the current study

dealt with the influence of various lighting regimes upon

adrenal gland function and the resulting blood glucose

and electrolyte levels.

A general knowledge of adrenal gland composition and

function is necessary to evaluate any physiological changes

induced by light or its absence.

The adrenal gland of birds' is composed of many is

lands of intermixed medullary and cortical tissue associ

ated with the vascular system located in the area of the

kidneys (McDonald, 1969).

The medullary portion of the gland is functionally

related to the sympathetic nervous system. Stimulation

of the sympathetic nervous system via pain, cold, emotional

states, or hypoglycemia causes the release of epinephrine

or norepinephrine into the blood. Norepinephrine is pri

marily responsible for circulatory adjustments. Epinephrine

is mainly responsible for metabolic changes, especially
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carbohydrate metabolism and qlycogenolysis, the process

of breaking down glycogen into constituent glucose units.

Epinephrine elevates blood glucose three ways: 1) by

breaking down glycogen stores of the liver thereby free

ing glucose; 2) by breaking down muscle glycogen into

lactic acid which returns to the liver for glucose re-

synthesis; 3) by stimulating ACTH output from the hy

pophysis which causes adrenal glucocorticoid release which

favors gluconeogenesis and glyconeoqenesis. It should

also be noted that increased ACTH output causes an increase

in the function of epinephrine (Frienden and Lipner, 1971),

In summation, the catecholamines, epinephrine and

norepinephrine, are primarily involved with homeostasis,

ie,, maintenance of blood pressure, regulation of changes

in carbohydrate metabolism, and other utilitarian adjust

ments to meet stressful conditions.

The cortical portion of the adrenal gland is more im

portant than the medullary portion, because it is essential

for life, whereas the medullary portion is not (Williams,

1968).

Three main types of steroids are secreted by adrenal

cortical tissue. They are the glucocorticoids, mineralo-

corticoids, and adrenal sex hormones, which to date, have

little known importance.

Cortisol and corticosterone are the primary glucocorti

coids secreted, and their actions are varied. They affect
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carbohydrate and protein metabolism to the extent that

gluconeogenesis is increased as is protein catabolism.

In addition, glucocorticoids exert an anti-inflammatory

effect and also inhibit output of ACTH from the pituitary.

They also exert lesser effects on water and electrolyte

metabolism similar to those of mineralocorticoids. The

output of glucocorticoids is at a minimal level in the

absence of ACTH, because ACTH influences the formation

and release of glucocorticoids. As corticoid levels rise,

the output of ACTH is inhibited and vice-versa.

The major mineralocorticoids are deoxycorticosterone,

11-deoxycortisol, and aldosterone. They exhibit their

primary effects on the kidney tubules, causing increased

resorption and retention of sodium, and increased renal

excretion of potassium. They also act to cause increased

retention of chloride and water, and increased excretion

of phosphorus and calcium. Control of mineralocorticoid

secretion is not by the pituitary. It is thought that

changes in sodium and potassium concentrations in the blood

have a direct effect upon the adrenal cortical tissue.

Also, a drop in blood pressure is believed to trigger the

renin—angiotensin mechanism which in turn stimulates the

glomerulosa cells of the adrenal cortical tissue to secrete

mineralocorticoids (V/illiams, 1968).

Adrenocorticotropic hormone, or ACTH, is produced by

the anterior pituitary. It acts by stimulating the adrenal

cortex, causing the release of glucocorticoids into the
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blood stream. However, this stimulation is not vital

because adrenal cortical tissue secretes a sufficient

amount of hormone to maintain life in the hypophysecto-

mized animal. Stress causes an outpouring of ACTH which

in turn causes adrenal cortical tissue to increase its

secretion of glucocorticoids.

Some previously observed symptoms of adrenal gland

dysfunction have been reported, Hypersecretion of the

adrenal cortex is primarily due to the hypersecretion

of ACTH, and the symptoms are mainly manifestations of

excess glucocorticoids. Protein and fats are converted

to glucose. Muscular weakness results due to potassium

depletion via diuresis. Also, prolonged high dosages of

ACTH or glucocorticoids will cause an increase in the elimi

nation of calcium, phosphorus, and nitrogen which will

produce osteoporosis and favor fractures. Prolonged high

dosage administration of glucocorticoids inhibits ACTH

output to the extent that atrophy of the adrenal gland

occurs (V/illiams, 1968).

High dosages of mineralocorticoids cause large amounts

of sodium to be withdrawn from renal filtrate. This reten

tion of sodium carries with it considerable quantities of

water also resorbed from renal filtrate, and polydipsia

results in an attempt to dilute the excess sodium. As a

result, there is an increase in extracellular fluids and
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edema may follow. An increased resorption of chloride

and bicarbonate also occurs since these negative ions

tend to follow the positive sodium ions (McDonald, 1969).

Many symptoms of adrenalectomy and mineralocorticoid

deficiencies are also known, but since the experiment to

be discussed deals with excess hormone levels, a detailed

list of such deficiencies is rather unappropriate. How

ever, more often than not, a deficiency will produce the

opposite effect of a hypersecretion.



CR^PTER 1

LITERATURE REVIEW

Blood Glucose Characteristics

Normal rhythmic patterns of blood glucose have been

observed and reported in normally lighted birds. Smith

(1972) reported that blood glucose levels were elevated

during periods of illumination, but birds exposed to con

tinuous light showed no rhythmic patterns. Also, birds

exposed to continuous darkness had altered glucose rhythms

with an elevated period of shorter duration than birds on

normal lighting. This work supported previous reports by

Smith et al. (1970) which indicated that there was a sig

nificant difference between blood glucose levels of chicks

during light and dark hours,

Pauly et al. (1967) found that rats kept in constant

light or darkness developed free-running blood glucose

rhythms. This was thought to occur because of the absence

of a light-dark synchronizer.

Batt (1939) found that age exerted a significant effect

on normal blood sugar, with young chickens usually having

higher levels than the older birds. Breed, sex, season of

the year, and egg production produced minimal or non

significant differences in blood glucose levels.

Opdyke (1942) obtained an average blood sugar level of
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188 mg.% among chicks 30-40 days old. Likewise, Heller

and Purcell (1937) obtained values of 230 mg.% in very

young chicks.

The influence of intermittent periods of light and

dark on rate of growth in chicks has also been studied.

Clegg et al. (1951) reported that chicks exposed to alter

nate 6 hour periods of light and dark were 66 grams heavier

at 6 weeks of age than chicks exposed to 12 hours of light

and 12 hours of darkness. Likewise, chicks subjected to

alternate periods of 2 hours of light and 2 hours of dark

ness were 102 grams heavier at 6 weeks of age.

Sturkie (1965) states that blood sugar of birds is in

the form of D-glucose as in mammals, but the levels are

generally twice as high in birds, with the normal levels

falling between 175-225 mg.%. Virtually all of the glucose

in birds* blood is confined to the plasma, and whole blood

analyses do not take into account sex differences. Glucose

in the whole blood of males is significantly lower than

females, but there is no sex difference in plasma glucose.

Therefore, for accurate glucose determinations, only avian

plasma should be used,

ACTH and Adrenal Secretion

Nagra et al. (1963) found that administration of proper

dosages of mammalian ACTH to birds caused adrenal enlargement

and release of the pituitary cortical hormones, corticosterone

and aldosterone.
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Sources of carbohydrate made available to birds by

exogenous adrenal steroids appear to come from non—carbo

hydrate precursors. In birds, the hyperglycemic and glyco—

genie effects of corticosterone are due to conversion of

protein substrate into carbohydrate (Sturkie, 1965).

Birds have an opague, gelatinous appearing structure

which lies within the vertebral column. This glycogen body

approximates 5—10% of the total glycogen in the chick.

Pharmacological doses of ACTH have a modest glycogenic effect

in the "glycogen body," which indicates that avian ACTH may

play a role in controlling glycogenesis in the "glycogen

body" (Sturkie, 1965).

Most workers agree that plasma corticosteroids in mam

mals and humans show peak values around or before the time

of awakening. Rhythm in plasma corticosteroids completely

disappeared in a man who spent three months alone underground,

even though he followed a regular cycle of circadian activity,

meals, and sleep (Mills, 1966).

Perkoff et al. (1959) concluded that the adrenal rhythm

reflects a rhythm in ACTH secretion. This has been demon

strated by measurement of plasma ACTH concentration, the

variations of which are of adequate size to cause the vari

ations found in plasma corticosteroid concentration.

It has been concluded that the avian pituitary plays a

major role in controlling the output of corticosterone by
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the adrenal, although the adrenals of chickens are capable

of functioning independently of pituitary regulation to a

limited extent (Nagra et al« 1963)• Two weeks after hypo—

physectomy, the "resting" level of corticosterone in the

effluent blood from the adrenals of hypophysectomized chick

ens was 40% lower than in intact fowl. The output of cor

ticosterone by hypophysectomized birds or intact chickens

increased during the time a series of hourly blood samples

were collected from the adrenal vein. However, the magni

tude of the response in the hypophysectomized birds was

considerably less than that of the intact birds. Intraven

ous administration of ACTH to hypophysectomized chickens

or to intact birds elevated the amount of corticosterone

in adrenal venous blood,

Garren et al. (1961) studied the adrenal response of

young chickens to ACTH as influenced by dosage and freguency

of injection. The effect of level, injection interval, and

suspending vehicle on the response of young chicks to ACTH

was investigated. ACTH in saline caused the greatest re

sponses, e.g., increased adrenal weight, decreased bursa

weight, and decreased body v/eight gains. Generally speaking,

a greater response was obtained when a given daily dosage

was divided in doses at 2 hour intervals than when given

at intervals of 4, 6, and 8 hours. In some instances, a

daily dosage of ACTH that failed to give a discernible re

sponse in a short period of time did so after a longer
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period of time. ACTH suspended in gel was shown to be-

slightly less effective.

Brown et al. (1958) investigated the effects of surgical

trauma and exogenous ACTH and adrenal cortical hormones

on water balance, electrolytes, and gluconeogenesis in chick

ens. They found that DCA (desoxycorticosteroid acetate)

treatment resulted in polyuria, polydipsia, and sodium and

potassium retention. Cortisone acetate caused loss in weight,

polyuria, and increased excretion of sodium, potassium, to

tal nitrogen, and uric acid. ACTH prevented normal weight

gains, and caused an increase in uric acid and total nitro

gen excretion along with an increase in liver glycogen.

Although there was no change in electrolyte excretion, the

sodium and potassium presumed to be released by tissue cata-

bolism made it appear probable that there was retention of

electrolytes by the kidneys. ACTH also caused a small amount

of adrenal hypertrophy. These data indicate that the hor

mones secreted by avian adrenals produce effects similar to

those shown in mammals.

Circadian Rhythms and Light

As was previously mentioned, mammals and birds apparent

ly do exhibit 24 hour circadian rhythms in adrenal cortical

secretion. Critchlow (1963) reported no prominent peaks

of corticosterone levels in the plasma of rats kept in con

stant light. However, the highest levels observed were
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comparable to those observed under normal illumination.

Constant light may have some leveling effect as evidenced

by the elevation of trough levels. There was, however,

a suggestion of a 24 hour periodicity with some phase shift.

Thus, it appears that constant light affects the secretory

activity of the adrenal cortex and tends to exert some lev

eling effect on the 24 hour variations in corticosterone.

Other work reported states that a temporal shift in

environmental lighting is associated with a corresponding

shift in the rhythm of adrenal cortical function in mice

(Halberg et al. 1959). This suggests that the nervous sys

tem is involved in mechanisms underlying this rhythmicity.

Light has been shown to be a stimulant of the pituitary

in the work of Benoit and co-workers as reviewed by Sturkie

(1954). The data collected in such studies indicated that

limited light may be more stimulating to the anterior pit

uitary function of chicks than an abundant light environ

ment. An increased pituitary function was evidenced by an

increased thyroid size, increased adrenal size, and increased

gonad size.
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CHAPTER 2

MATERIALS AND METHODS

Cross-bred female and male broiler-type chicks ob

tained from Central Soya Hatchery, Chattanooga, were

used in this experiment. The experimental design is

presented in Table 1,

At 2 days of age, chicks of each sex were divided

into 18 groups of 9 birds each. Fourteen groups of each

sex were then distributed randomly among 3 electrically

heated brooders in a room that received alternating per

iods of 12 hours of light and 12 hours of darkness (12L:

12D). Two groups of each sex were placed in brooders in

a room that received constant light (24L:0D), Likewise,

two groups of each sex were put in brooders located in

a constant darkness room (0L:24D), All the chicks were

vaccinated via their drinking water against Newcastle di

sease and infectious bronchitis. They were allowed feed

and water ad libitum during the entire experiment. The

feed was a commercial chick starter mash (Table 2).

The birds were grown for 2 weeks, at which time var

ious hormone treatments were begun for those chicks ex

posed to 12L:12D, The 24L:0D and 0L:24D groups received

no hormone treatments.

Two groups of males and two groups of females received

12



TABLE 1

EXPERIMENTAL DESIGN

13

Treatment Sex No, Groups Birds/Group

12L:12D M 2 9

F 2 9

24L:0D M 2 9

F 2 9

0L:24D M 2 9

F 2 9

ACTH** M
«

4» 9

F 4 9

• •

DEX, M
*

4, 9

F 4 9

• *

DES. M
•

4^ 9

F 4 9

• Tv/o groups received a low dose and two groups re
ceived a high dose.

Birds were exposed to normal lighting (12L;12D).

ACTH = adrenocorticotropic hormone
DEX. = dexamethazone sodium phosphate
DES. = desoxycorticosterone acetate
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TABLE 2

EXPERIMENTAL DIET

Feedstuff Amount %

Yellow corn

Alfalfa meal, 17%
Fish meal

Soybean oil meal, 50%
Ground limestone
Defluorinated rock phosphate
Salt

Manganese sulfate
Vitamin mix

Coccidiostat premix

Calculated Analysis;

Crude protein, %
Productive energy, C/lb«
Methionine, %
Cystine, %
Calcium, %
Phosphorus, %
Available phosphorus, %
Manganese, mg,/lb.
Vitamin A, I,U,/lb,
Vitamin D, I.C.U./lb,
Riboflavin, mg,/lb,
Niacin, mg,/lb,
Pantothenic acid, mg,/lb,
Choline, mg,/lb.

63.60
2.50
2.50
25.50
0.60
1.50
0.48
0.02
0.02
2.50

21.54
943.0
0.408
0.313
0.960
0.692
0.449

31.20

5349

340.0
3.01
27.78
6.67

718.0
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.02cc's (low dose, 1.6 U.S.P. units) of ACTH, and two

groups of each sex received •04cc's (high dose, 3.2

U.S.P. units) of ACTH.

Two groups of each sex received ,02cc's (low dose,

,08mg.) of a synthetic glucocorticoid (dexamethazone

sodium phosphate), and two groups of each sex received

.04cc's (high dose, .16mg.) of the glucocorticoid.

Also, two groups of each sex received .04cc's (low

dose, 0.2mg.) of a synthetic mineralocorticoid (desoxy-

corticosterone acetate), and two groups of each sex re

ceived .08cc's (high dose, 0.4mg.) of the drug.

Two groups of females and two groups of males served

as controls. They were treated with physiological saline.

All the birds treated were injected daily, either sub-

cutaneously or intramuscularly. Injections were administer

ed in the morning, but the time varied from day to day.

Injections were repeated for 21 days and then discontinued.

On day 22 of the experiment, blood samples were taken

at 4 hour intervals during a 24 hour period, the first sam

ples being taken at 7:00 am. During each sampling period,

two birds from each group were bled. This included 12

groups of hormone treated chicks, 2 control groups, 2 groups

from the constant light room, and 2 groups from the constant

darkness room. In other words, 35 birds were used per sam

pling period, half of them being females and half males.
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Special care was taken to handle the chicks as quiet

ly and as gently as possible in an attempt to keep extreme

nervousness and excitement among the birds at a minimum.

Approximately 4cc's of blood was drawn from each chick by

means of cardiac puncture. The blood was then allowed to

stand at room temperature for approximately 30 minutes to

permit clotting. The samples were then centrifuged at 1500

R.P.M. for at least 20 minutes, and approximately 2cc's of

serum was extracted and placed in labeled vials. The vials

were then placed in a freezer (—20 degrees C.) for storage

until the samples could be analyzed.

Several weeks later, the serum samples wore thawed and

levels of sodium, potassium, calcium, chloride, bicarbonate,

and glucose were measured. This was accomplished by means

of a sequential multiple analyzer machine (sm-660) and an

atomic absorption-emission spectrophotometer at The Univer

sity of Tennessee Memorial Research Center.

Analyses of the data was accomplished by means of The

University of Tennessee Computer Center's Statistical Analy

sis System (SAS).



CHAPTER 3

RESULTS AND DISCUSSION

Preliminary analyses', of the data indicated that num

erous and complicated statistical interactions were in

volved, Sexes responded differently in respect to hor

mones and to light regimes. There were also some dose

versus treatment interactions among the injected birds,

and time versus light interactions among the light regime

groups.

There were no significant treatment-dose interactions

among males for any of the parameters studied, and there

were no significant differences between high or low dose

birds,

There were, however, significant treatment-dose inter

actions for sodium and glucose levels among females. The

ACTH and dexamethazone treated birds had a higher mean

level of sodium for the high dose injection (vs, low dose),

while desoxycorticosterone produced a lower mean level for

the high dose injection. Similarly, the ACTH and desoxy

corticosterone treated birds had a higher mean level of

glucose for the high dose injection (vs, low dose), while

dexamethazone produced a lower mean level for its high dose

injection. However, for both sexes, there were no signifi

cant overall dose mean differences in electrolyte and glu

cose levels.

17
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Since the light regime groups did not involve para

meters such as different dose levels of injected hormones,

a direct comparison between injected birds and light regime

birds would have been statistically inaccurate. Therefore,

it was decided that the most proper method of analysis

would be to compare the sexes and types of treatments inde

pendently, and then try to make some basic assumptions and

comparisons based on characteristics evidenced in the var

ious treatments.

Hence, the ACTH, dexamethazone, and desoxycorticosterone

treated birds were compared with each other, and the 24L:0D,

0L;24D, and 12L:12D groups were compared with one another.

For the hormone injected groups, the overall electro

lyte and glucose levels for the 24 hour sampling period

were used for analysis. Since exogenous hormone injections

would alter or interfere with any normal circadian electro

lyte or glucose levels, individual readings at the four hour

sampling intervals would have been of little value in so

far as comparison of rhythms between the two types of treat

ments, i.e., injected versus light regime groups.

Among the light regime groups, however, overall electro

lyte and glucose levels were compared as well as levels re

corded at each sampling interval (time—treatment differences).

The latter v/as done in an attempt to determine circadian

rhythms in normal birds, and to see how constant light or

constant darkness might affect such rhythms.
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Chloride

The Effects of Light Regimes

No significant differences were found between the 24L:

OD, 0L:24D, or 12L:12D groups of either sex in regard to

overall serum chloride during the 24 hour sampling period

(Table 3). The means were 113.8, 112.3, and 112.3 MEq/L

respectively for males. For females, the respective means

were 113.5, 111.8, and 112.7 MEq/L. Also, there were no

significant time-treatment differences present in either

sex (Table 3).

The Effects of Hormone Injections

There were no significant differences in the overall

chloride levels between the three groups of hormone in

jected males (Table 4).

Among females, the ACTH (114.3 MEq/L) and desoxycorti-

costerone (115.3 MEq/L) groups were significantly higher

than the dexamethazone (112.0 MEq/L) group (Table 4).

Discussion

The results indicated that chloride blood levels were

not affected by light regimes. Both sexes had similar mean

levels.

For reasons unknown, the female injected groups dis

played significant differences in mean chloride levels.

The male injected groups had levels almost identical to
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TABLE 3

EFFECT OF LIGHT REGIMES

SERUM LEVELS

AND SEX ON

OF CHLORIDE

CIRCADIAN

Time Sex 24L:0D 0L:24D 12L:12D

MEq/L MEq/L MEq/L

0300 M 111.5^ 112.0® 110.0®

.0700 M 115,0^ 114,5® 112.0®

1100 M 117,5^ 110,5® 115.0®

1500 M 113,5® 113,0® 112.5®

1900 M 113.5® 110.0® 112.5®

2300 M 111.5® 113.5® 112,0®

Mean* M 113.8® 112,3® 112.3®

,0300 F 113,0® 112,0® 113,5®

0700 F 114.5® 114,0® 113.0®

1100 F 109.5® 116.0® 113.0®

1500 F 111,0® 111,5® 116,0®

1900 F 113,0® 111.5® 111,5®

2300 F 111.5® 111.5® 110,5®

Mean* F 113.5® 111.8® 112.7®

Means within each coluirtn with different superscripts
are significantly different at the ,05% level of proba
bility,,

•Means within row with different superscripts are
significantly different at the .05% level of probability.
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TABLE 4

MEAN ELECTROLYTE VALUES FOR INJECTED BIRDS

Treatment Sex Cl" HC03 Na Ca"^ K"^ (Slucose

MEq/L MEq/L MEq/L Mg.% MEq/L Mg.%

ACTH M 113.3^ 18.3^ 155.6® 7.1^ 5.9® 269.2®

DEX. M 112.5^ 18.2^ 155.7® 8.9® 6.2® 263.8®

DES. M 111.8^ 21.4® 156.7® 7.3^ 6.2® 253.9^

ACTH F 114.3^ 18.3® 156.9® 1,2^ 6.1® 261.9®

DEX. F 112.0^ 18.6® 156.2® 8.5® 6.1® 265.0®

DES. F 115.3^ 19.6® 159.2® 6.9^^ 6.0® 248.3^

Means within each column with different superscripts
are significantly different at the .05% level of proba
bility.

ACTH = adrenocorticotropic hormone
DEX. = dexamethazone sodium phosphate
DES. = desoxycorticosterone acetate



22

those of the light regime groups, while the female in

jected groups had levels slightly higher than the light

groups. Among females, the fact that the mineralocorti—

coid treated group had the highest chloride level was ex

pected since chloride retention is an action of mineralo-

corticoids.

Apparently, chloride regulation in females is more

easily influenced by mineralocorticoid secretion than in

males.

However, it appears that neither constant illumination

nor constant darkness produces enough change in mineralo

corticoid secretion to alter chloride levels in either sex.

The fact that there were no significant time differences

in chloride levels among the light regime groups of either

sex suggests that there is not a discernible chloride rhy

thm present in young birds*

Bicarbonate

The Effects of Light Regimes

Among males, the overall serum bicarbonate means for

the 24L;0D (20.4 MEg/L) and 0L:24D (20.4 MEg/L) groups were

significantly higher than the 12L;12D (19.1 MEg/L) group

(Table 5). There were also significant time differences

present in each group (Table 5).

Among females, the overall bicarbonate mean for the

0L:24D (22.6 MEg/L) group was significantly higher than the



TABLE 5

EFFECT OF LIGHT REGIMES AND SEX ON CIRCADIAN
SERUM LEVELS OF BICARBONATE

23

Time Sex 24L:0D 0L:24D 12L:12D

MEq/L MEq/L MEq/L

0300 M 21.0^^ 20.0^ 21.5^

0700 M 19.5^^ 19.5^ 18.o'^

1100 M 20.5^^ 23.5^ 15.5^

1500 M 19.0^ 19.5^ 21.5^

1900 M 20.5^^ 19.5^ 19.0^

2300 M 22.0^ 20.5^ 19.0^

Mean* M 20,4^ 20.4^ 19.1^,

0300 F 19.5^ 21.5^^ 17.5^

0700 F 16.5^ 20.5^ 18.0^^

1100 F 18.5^^ 25.0^ 18,5^^

1500 F 19.5^ 24.0^^ 19.5®^

1900 F 17.5^^ 23.0^ 20.5®

2300 F 23.0^ 21,5^^ 19.5®^

Mean* F 19.1^ 22.6^ 18.9^^

Means within each column with different superscripts
are significantly different at the .05% level of proba
bility.

•Means within row with different superscripts are
significantly different at the ,05% level of probability.
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24L:0D (19.1 MEq/L) and 12L:12D (18.9 MEq/L) groups

(Table 5), There were also significant time differences

within each group (Table 5).

The Effects of Hormone Injections

Among males, the overall bicarbonate level for the

desoxycorticosterone group (21.4 MEq/L) v/as significantly

higher than the ACTH (18.3 MEq/L) and dexamethazone (18,2

MEq/L) groups (Table 4).

There were no significant differences among females

(Table 4).

Discussion

The fact that male mineralocorticoid treated birds

had a significantly higher bicarbonate level than the

ACTH and glucocorticoid treated groups was expected since

mineralocorticoids are known to increase the resorption

of bicarbonate. Hence, the significantly higher levels

found in males subjected to constant illumination and dark

ness suggest that a hypersecretion of mineralocorticoid

was occurring as a result of constant light or darkness.

Females appeared to be responding to a mineralocorti

coid hypersecretion only during constant darkness. If

hypersecretion did occur during constant light, it apparent

ly did not increase mineralocorticoid output enough to

alter bicarbonate levels in the blood.
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Circadian rhythms were apparent in the bicarbonate

levels of both sexes. Among males, the normally lighted

birds showed peak levels around 3 am, and 3 pm. The con

stant light birds reached their peak values during the

late night and early morning hours. The constant darkness

birds reached a single peak value around 11 am, (Figure 1),

It appears that constant light and constant darkness both

have a leveling effect upon bicarbonate levels, except for

one rather short span of elevation during a 24 hour period.

The peak value for constant light males occurred during the

same time period that one of the normally lighted peaks was

evident. However, the one peak value for the constant dark

ness males was completely out of phase with those of the

normal birds'.

Among females, the normally illuminated birds showed

only one peak value which occurred around 7 pm. The con

stant light females also showed only one peak value, but

it was slightly out of phase, occurring about 11 pm. The

constant darkness birds exhibited elevated levels from about

11 am. until 6 pm. (Figure 2). Again, it appears that the

constant light bicarbonate rhythm was more similar to the

normal female rhythm, even though it was slightly out of

phase. As was the case with males, the constant darkness

rhythm is completely out of phase.
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Sodium

The Effects of Light Regimes

Among males, the overall serum sodium mean: for the

24L:0D group (155,3 MEg/L) was significantly higher than

the 0L:24D (151.0 MEq/L) and 12L;12D (151.4 MEq/L) groups

(Table 6). There were also significant time differences

present in each light group (Table 6).

Among females, the overall means for the 24L:0D (154.2

MEg/L) and 12L:12D (154.7 MEq/L) groups were significantly

higher than the 0L:24D (150,4 MEq/L) group (Table 6).

There were also significant time differences in each group

(Table 6).

The Effects of Hormone Injections

There were no significant sodium level differences

between any of the injected groups of either sex (Table 4,

p. 21).

Discussion

The mean sodium levels of both sexes of the injected

groups did appear to be significantly higher than those

of the normally lighted birds'. Hence, it was assumed

that sodium retention had occurred in each of the hormone

treated groups since that is a primary action of mineralo-

corticoids, and to a lesser extent, ACTH and glucocorticoids,

The fact that constant light males exhibited highly



TABLE 6
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EFFECT OF LIGHT REGIMES AND SEX ON CIRCADIAN

SERUM LEVELS OF SODIUM

Time Sex 24L:0D 0L:24D 12L;12D

MEq/L MEq/L MEq/L

;0300 M 154.0*^^ 150.0^ 150.5^

0700 M 159.0^^ 156.0® 150.5^

1100 M 162.5® 155.0® 155.5®

1500 M 155.5^^ 150.5^ 151.0^

1900 M 151.5^® 143.5® 151.0^

2300 M 149.0® 151.0^ 150.0^

Mean* M 155.3® 151.o'^ 151.4^

0300 F
be153.0^^ 151.0® 156.5®

0700 F 158.5® 153.5® 158.0®

1100 F 156.0®^ 154.0® 158.5®

1500 F 151.0® 149.5®^ 154.0®^

1900 F 153.5^® 146.0^ 150.5^

2300 F 153.0^® 148.5®^ 150.5^^

Mean* F 154.2® 150.4^ 154.7®

Means within each column with different superscripts
are significantly different at the .05% level of proba
bility.

•Means within row with different superscripts
significantly different at the .05% level of probability.
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significant sodium levels suggests sodium retention and

is probably due to hypersecretion of a mineralocorticoid.

Females kept in constant darkness had significantly lower

sodium levels than the normally lighted birds'. This seems

to indicate a hypofunction of mineralocorticoids and a de

creased retention of sodium. However, Brown (1958) found

that Cortisone Acetate, a glucocorticoid, caused an increased

excretion of sodium. Thus, it may be that constant darkness

caused a hypersecretion of glucocorticoids and the resultant

low sodium level.

Rhythmic sodium patterns were evident in both sexes.

Among males, the constant light and constant darkness rhy

thms were very similar to the normal rhythm with peak values

occurring around 11 am. Apparently, constant light or dark

ness had no effect upon circadian sodium rhythms in males

(Figure 3).

Likewise, among females, the constant light and dark

ness rhythms mimicked the normal rhythm for females (Figure

4).

Calcium

The Effects of Light Regimes

Among males, the overall mean serum calcium level for

the 24L:0D group (8.1 mg.%) was significantly higher than

the 0L;24D (6.9 mg.%) and 12L:12D (7.1 mg.%) groups (Table

7). There were also significant time differences in each
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Time

TABLE .7

EFFECT OF LIGHT REGIMES AND SEX ON CIRCADIAN
SERUM LEVELS OF CALCIUM

Sex 24L:0D 0L:24D 12L:12D

Mg.% Mg.% Mg.%

0300 M 7.7^ 6.1^ 5.9^^

0700 M 7.6^ 10.4^ 9.9^

1100 M 11.4^ 6.5^ 8.9^

1500 M 7.3^ 6.6^ 7.2^

1900 M 8.6^ 4.9^ 5.2^

2300 M 6.1<^ 6.8^ 5.3^

Mean* M 8.1^ 6.9^ 7.1^

0300 F 6.9^ 5.3^ 7.4^

0700 F 8.4^ 6.7"^ 8.6^

1100 F 7.3^ 10.4^ 9.4^

1500 F 8.2^^ 6.5^^

1900 F 6.5^ 4.6^^ 5.7^

2300 F 5.8^ 4.9^^ 5.2^

Mean* F 6.9^ 6.6^ 7.1®

Means within each column v/ith different superscripts
are significantly different at the .05% level of proba
bility,

•Means within row with different superscripts are
significantly different at the .05% level of probability.
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group (Table 7).

The Effects of Hormone Iniections

Among males, the overall calcium level ^or the dex-

amethazone group (8,9 mg,%) was significantly higher than

the ACTH (7,1 mg,%) and desoxycorticosterone (7,3 mg,%)

groups (Table 4, p, 21),

Likewise, for females, the dexamethazone group (8.5

mg,%) was significantly higher than the ACTH (7,2 mg,%)

and desoxycorticosterone (6,9 mg,%) groups (Table 4, p,21).

Discussion

The significantly elevated serum calcium levels of the

dexamethazone treated birds were expected, since prolonged

administration of glucocorticoids is known to cause an in

creased elimination of calcium from bone, and hence, an in

creased level of blood calcium. Turner and Bagnara (1971)

state that the antianabolic action of glucocorticoids shows

up in bone as a profound decrease in collagen synthesis and

accelerated bone resorption or dissolution. Apparently,

normal absorption of calcium by bone and other calcium uti

lizing tissues does not occur.

The fact that male birds exposed to constant light had

significantly elevated calcium levels would seem to indicate

calcium excretion. This would lead one to believe that a

hypersecretion of ACTH or glucocorticoids had occurred,

and it is the author's belief that such was the case.
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There were no apparent effects upon the calcium levels

of females exposed to the different lighting regimes.

Circadian calcium rhythms were evident in both sexes.

The normally lighted males had single peak values around

7 am., followed by steady declines in blood calcium through

out the rest of the day. The constant light males also had

their peak values around 7 am., and their levels flucuated

slightly thereafter. Constant darkness males exhibited

these same patterns, but their rhythms were sliohtly out

of phase (Figure 5).

Normally illuminated and constant darkness females

had very similar rhythms with peak values occurring around

mid-morning. Constant light females had slightly elevated

levels during the early morning, but levels appeared to be

fairly constant throughout the 24 hour period (Figure 6).

Potassium

The Effects of Light Regimes

Among males, the overall means for the 0Lt24D (6.7

MEg/L) and 12L:12D (6.8 MEg/L) groups were significantly

higher than the 24L;0D (6.2 MEq/L) group (Table 8). How

ever, there were no significant time differences in any

of the groups (Table 8).

Among females, there were no significant differences

in the overall levels of potassium in the three groups

(Table 8). There were significant time differences in
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TABLE 8

EFFECT OF LIGHT REGIMES AND SEX ON CIRCADIAN
SERUM LEVELS OF POTASSIUM

38

Time Sex 24L:0D 0L:24D 12L:12D

MEg/L MEq/L MEq/L

0300 M 5.7^ 6.9® 6.6®

0700 M 5.9^ 6.7® 6.9®

1100 M 6.8® 6.2® 6.8®

1500 M 6.5® 6.8® 6.8®

1900 M 5.8® 6.9® 6.9®

2300 M 6.3® 6.5® 6.9®

Mean* M 6.2^ 6.7® 6.8®

0300 F 6.3^^^ 5.4^ 5.6®

0700 F 6.3^^ 8.2® 6.4®

1100 F 5.8^ 5.6^^ 6.1®

1500 F 6.6^ 5.8^ 6.1®

1900 F
C /l^6.4 5.8^ 6.1®

2300 F 7.3® 6.2^ 6.3®

Mean* F 6.4® 6.2® 6.1®

Means within each colvmin with different superscripts
are significantly different at the ,05% level of proba
bility,

•Means within row with different superscripts are
significantly different at the .05% level of probability,
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the 24L;0D and 0L:24D groups, but not in the 12L:12D

group (Table 8),

The Effects of Hormone Injections

There were no significant differences in potassium

levels between any of the injected groups of either sex

(Table 4, p. 21).

Discussion

Apparently, neither the amount of exogenous hormones

administered, nor the effect of constant light or darkness

was sufficient enough to alter potassium mobilization.

There were no circadian rhythms evident among males.

Females exposed to normal light also failed to exhibit

circadian rhythms. However, constant light females had

flucuating rhythms with peak values occurring around 11 pm,

Constant darkness females had constant values almost iden

tical to normal birds', except for a major peak which

occurred around 10 am, (Figure 7).

Glucose

The Effects of Light Regimes

Among males, the overall serum glucose means for the

0L:24D (256.7 mg.%) and 12L:12D (255.0 mg.%) groups were

significantly higher than the 24L:0D (246.3 mg.%) group

(Table 9). There were also significant time differences

present in each group (Table 9).
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TABLE 9

EFFECT OF LIGHT REGIMES AND SEX ON CIRCADIAN
SERUM LEVELS OF GLUCOSE

41

Time Sex 24L:0D 0L:24D 12L:12D

Mg,% Mg,% Mg,%

0300 " M 245,o'^ 272,5® 247,5^

0700 M 250,0^ 260,0^ 267,5®^

1100 M 262,5^ 267,5® 262,5^

1500 M 237,5"^ 247,5^ 240,0^

1900 M 245,0^ 24 7,5*^ 240.0^

2300 M 237.5^ 245.0^ 272,5®

Mean* M 246,3^^ 256,7® 255.0®

0300 F 242,5^ 24 7,5^ 277,5®

0700 F 255,0^ 247.5^ 247,5^

1100 F 247,5^ 257,5^ 265,0^

1500 F 245,0^ 265,0® 257,5^

1900 F 242,5^ 232,5^ 245.0^

2300 F 247.5^ 247,5^^ 252,5^

Mean* F 246.7^ 249,6^ 257,5®

Mesns within columns with different superscripts are
significantly different at the ,05% level of probability<

♦Means within row with different superscripts are
significantly different at the ,05% level of probability.
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Among females, the overall glucose mean for the 12L:

12D group (257.5 mg.%) was significantly higher than the

24L;0D (246.7 mg.%) and 0L:24D (249.6 mg.%) groups (Table

9). Again, there were significant time differences within

each group (Table 9).

The Effects of Hormone Injections

Among males, the overall glucose levels for the ACTH

(269.2 mg.%) and dexamethazone (263.8 mg.%) groups were

significantly higher than the desoxycorticosterone (253.9

mg.%) group (Table 4, p. 21).

Likewise, for females, the ACTH (261.9 mg.%) and dex

amethazone (265.0 mg,%) groups were significantly higher

than the desoxycorticosterone (248.3 mg,%) group (Table 4,

p. 21).

Discussion

Both sexes of the ACTH and dexamethazone injected

birds had what appeared to be significantly higher glucose

levels than the normally lighted birds*. This effect was

anticipated since blood glucose elevation is an action of

ACTH and glucocorticoids.

The fact that constant light males and constant light

and constant darkness females exhibited significantly lower

glucose values than the controls indicates that a hyposecre-

tion of ACTH and glucocorticoids had occurred. However,

it is the author's belief that such may not be the case.
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Sturkie (1954) states that liqht has been shown to

be a stimulant of the pituitary. Also, studies indicated

that limited light may be more stimulating to the anterior

pituitary function of chicks than an abundant or continuous

light environment. This increased function was evidenced

by increased thyroid, gonad, and adrenal size. It is also

believed that prolonged hypersecretion of hormones by a

gland may lead to exhaustion and temporary cessation of the

glands activity (Williams, 1968).

It may have been then in this experiment that constant

light and constant darkness caused a prolonged stimulation

of ACTH and resultant glucocorticoid secretion which init

ially would have produced high blood glucose levels. How

ever, pituitary and adrenocortical unresponsiveness may

have eventually occurred during the experimental period.

This would have reduced protein catabolism and gluconeo-

genesis, and blood sugar levels would have dropped to levels

near or slightly below normal.

Perhaps a blood sample taken early in the experimental

period, or several samples taken during the course of the

experiment would have been helpful in determining the actual

effects of constant light and darkness upon serum glucose.

Unfortunately, samples were only taken at the end of the

experiment.

Circadian glucose rhythms were apparent in both sexes.
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Among males, the normally lighted birds showed prominent

peak values around 7 am. and 11 pm» The constant light

birds had a single peak value around 11 am., but then glu

cose levels dropped and remained constant throughout the

rest of the day. The constant darkness males displayed a

rhythm almost identical to that of normal birds', but it

was slightly out of phase (Figure 8).

The normally illuminated females displayed a glucose

rhythm very much like the males, with peak values occurring

at 11 am. and 3 am. This agrees with work done by Batt

(1939), who states that sex produced minimal or non-signifi

cant differences in blood glucose rhythms. The constant

light females appeared to have lost their glucose rhythm.

The constant darkness females displayed prominent peak val

ues around 3 pm., followed by slight flucuations throughout

the rest of the day (Figure 9). These findings support

work by Smith (1972), who stated that birds exposed to con

tinuous light showed no rhythmic patterns, and birds exposed

to constant darkness had altered glucose rhythms.

Conclusions

The results of this experiment indicate that constant

light and constant darkness stimulate adrenal gland function

via pituitary release of ACTH and subsequent release of

glucocorticoids. There is also an apparent hypersecretion

of mineralocorticoids. These assumptions are based on
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findings which indicate increased retention of bicarbonate

and sodium, and increased excretion of calcium.

Also, it is apparent that these different lighting re

gimes affect or cause electrolyte and glucose circadian

rhythms to vary from the normal rhythms. Figures 1-9 are

the basis for this assumption.

It can also be concluded that sexes differ in their

responses and sensitivity to constant light or darkness

and also to exogenous adrenal hormone injections. However,

it is not known why many of these differences occur.



CHAPTER 4

SUMMARY

1. Twelve groups of two-day old male and female

broiler-type chicks were subjected to lighting regimes

of constant light, constant darkness, and normal light,

i.e., 12L;12D. Likewise, 24 groups of both sexes were

exposed to normal illumination, but given daily dosages

of adrenocortical hormones. The experiment lasted 21

days.

2. Serum samples were analyzed for chloride, bicar

bonate, sodium, calcium, potassium, and glucose levels.

3. The data of the hormone treated groups was com

pared to that of the light regime groups.

4. The results indicated that constant light and

constant darkness stimulated adrenal function. This was

evidenced by the fact that there was an increased retention

of sodium and bicarbonate, and an increased excretion of

calcium in birds exposed to constant light or darkness.

5. Normal circadian electrolyte and glucose rhythms

were altered by constant light and constant darkness.

6. Different sexes were found to respond differently

to the various treatments.
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