
Tissue activity and shell phosphate deposition as
measured by 32p uptake in White Leghorn laying

hens subjected to high environmental temperatures

Item Type text; Thesis-Reproduction (electronic)

Authors Premovich, Misty Sue, 1950-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 13:51:25

Link to Item http://hdl.handle.net/10150/554901

http://hdl.handle.net/10150/554901


TISSUE ACTIVITY AND SHELL PHOSPHATE DEPOSITION AS 
32MEASURED BY P UPTAKE IN WHITE LEGHORN LAYING 

HENS’ SUBJECTED TO HIGH ENVIRONMENTAL TEMPERATURES

by
Misty Sue Premovich

A Thesis Submitted to the Faculty of the
DEPARTMENT OF BIOLOGICAL SCIENCES

In Partial Fulfillment of the Requirements 
For the Degree of
MASTER OF SCIENCE 

WITH A MAJOR IN ZOOLOGY
In the Graduate College

THE UNIVERSITY OF ARIZONA

1 9  7 5



STATEMENT -BY AUTHOR

This thesis has been submitted in partial ful-. 
fillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University: 
Library to be made available to borrowers under rules of 
the Library.

Brief quotations from this thesis are allowable 
without special permission, provided that accurate ac
knowledgment of source is made;, Requests for permission 
for extended quotation from or reproduction of this manu
script in whole or in part may be. granted by the head of 
the major department or the Dean of the Graduate College 
when in his judgment.the proposed use of. the material is 
in. the interests of scholarship4 In all other instances , 
however,"permission must be obtained from the author.

This thesis has been approved on the date shown below:

SIGNED:

APPROVAL BY THESIS DIRECTOR

Professor of 
Biological Sciences



ACKNOWLEDGMENTS

X would like to thank Dr. R. B. Chiasson for his 
encouragement and assistance in experimental procedures. 
White Leghorn hens, assay- chicks, and feed mixes were 
supplied through the generosity of Dr. B. L. Reid and 
the University of Arizona Poultry Farm.



TABLE OF CONTENTS

Page
LIST OF TABLES . . .  ............ . . . . . . . . . .  V
LIST OF ILLUSTRATIONS . . . . . . . . .    vi
ABSTRACT . . . . . . . . . . . . . . . . .    vii
INTRODUCTION . . . . . . . . . . . . . . . . . . . .  1
METHODS AND. MATERIALS . . . . . . . . . . . . . . . .  5
RESULTS . . . . . A  '. . o o o e e o  a .  o . . . . . .  9
DISCUSSION AND CONCLUSIONS . . . . . . . . . . . . .  14
LIST OF REFERENCES . . . . . ... . . . . .. . . . ■ . . 23



LIST OF TABLES

Table Page
21.- Shell indices (mg/ram ± SEM) of eggs laid

by experimental hens .  ............  10
2. Radioactive phosphorus uptake by several

tissues of the hen .o . . . .  . 11
3. . TSH content of pituitafies . . . . . . . . . .  13

v



LIST OF ILLUSTRATIONS

Figure Page
1. Production of the carbonate ion from

metabolic 00  ̂ in the blood 16
2. Schema representing acid renal secre

tion and phosphate titration (Mongin
1968) •............   16



ABSTRACT

White Leghorn laying hens were used in this re
search to investigate the effects of high environmental
temperatures on reproductive tissue activity as measured

32by the uptake of P, with greater uptake indicating greater 
activity.

Hens subjected to temperatures of .36° to 4 Q.°C
were assumed to be hypothyroid based on evidence found in

32the literature. These birds showed greater -uptake of P 
in egg shells, shell glands, and ovaries than did control 
birds.

The possibility of an inverse relationship between 
thyroid hormone and gonadatropins as suggested by these 
results are discussed. The role of phosphate as an in
hibitor of eggshell calcification and the significance of 
greater phosphate deposition in shells of heat stressed 
birds than in shells of controls is also discussed.



INTRODUCTION

High environmental temper attires have long been 
known to result in decreases in both egg production and 
shell thickness in the chicken (Romanoff and Romanoff 
1949; Warren and Schnepel 1940; Huston 1958). A seasonal 
fluctuation in the rate of lay and shell thickness has also 
been observed with minimal values for productivity and 
shell thickness being recorded from April to August and 
maximal values during October and November (Sturkie 1965; 
Huston 1958). The period of minimal productivity and 
shell thickness corresponds to the season in which the 
highest environmental temperatures are encountered (Sturkie 
1965).

The possible role of thyroid hormone in egg pro1- 
duction rates and indirectly in shell deposition was pro
posed early in the study of( avian thyroid function 
(Winchester 1939). Taylor and Burmester (1940) reported 
a decrease in productivity of adult laying hens as well as 
a 9% decrease in shell thickness after thyroidectomy but 
they did express concern that the parathyroids might have 
been unintentionally removed. Other studies on thyroidec- 
tomized chickens by Blivaiss (1947a, 1947b) and Sturkie
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(1965) reported severe effects on reproduction« The addic
tion of 0.1% thiouracil, a potent inhibitor of thyroid 
hormone secretion, to the diet of laying hens decreased 
egg production (Berg and Bearse 1951) and reduced shell 
thickness (Gabuten and Shaffner 1954) . Turner, Irwin, 
and Reineke (1945) noted an overall decrease in egg pro
duction which coincided with a reduction in thyroxine 
secretion rates and basic metabolic rates as laying hens 
grew older

The effects of high environmental temperatures on 
thyroxxine secretion rates and basic metabolic rates have 
been investigated by several workers (Dempsey and Astwood 
1943? Heninger, Newcomer, and Thayer .1960? Huston 1962a? 
Huston 1962b? Hahn, Ishibashi, and Turner 1966). At 
elevated environmental temperatures there is a reduction 
in the rate of thyroid hormone secretion. Birds moved 
from a cold environment of 13°C to an ambient temperature 
of 44°C had a rapid decline in thyroid secretion (Hahn 
et al. 1966). There is also a seasonal fluctuation in 
thyroid secretion rates. Thyroid hormone levels are 
highest in October and November and lowest from April to 
August (Falconer 1971).

The period of lowest thyroid hormone levels coin
cides with the period of reduced egg production rates and 
shell thickness. This correlation led to the use of



dietary supplements of thyroid hormone in an attempt to 
improve the summer lay. Turner et al. (1945) reported 
that hens fed prolamone, an iodinated casein with high 
thyroid activity, had a greater productivity than controls 
during the months of normally high productivity as well 
as during the summer. Turner et al. (1945) and Turner, 
Kempsterf and Hall (1946) were able to increase egg pro
ductivity. by 25.69% over that of a control group by feeding 
10 grams of thyroprotein per 100 pounds of feed over a two 
year period. Contradictory results of supplemental 
feeding of thyroprotein were found by Wheeler and Hoffman 
(1948) who reported a lower productivity for hens fed 
iodinated casein. McClymont, Greaves, and Duncan (1951) 
reported no increase in egg production when thyroprotein 
was fed to two year old hens. The results obtained with 
thyroid stimulating substances very considerably with 
dosage and this may account for some of the contradictions 
reported in the literature (Sturkie 1965).

A decrease in productivity, as reported by Taylor
and Burmester (1940), would seem to indicate hypoactivity
of the reproductive organs in response to the condition of
suppressed thyroid activity associated with high environ-

32mental temperatures. Increased uptake of P by an organ 
is generally considered to indicate an increased metabolic 
activity of the organ, expressed as growth, differentiation
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or secretion CGennaro 1954;- Albert and Johnson 1952; Hopper

321962). Comparisons of the amount of'.. P deposited in the 
shells, shell glands, ovaries, and segments of the duodenal 
intestinal wall of heat stressed and thyroid blocked hens 
should therefore serve as an index of metabolic activity 
of these tissues under different physiological conditions.



METHODS AND MATERIALS

Two groups of hens were used in the first experi
ments , a control group with no manipulations, and an 
experimental group held in an environmental chamber at 
36° to 40°C with a relative humidity between 50% and 80%. 
Subsequently, a third group of hens were fed methimazole 
(l-methyl-2-mercaptoimidazole) to block thyroxine synthesis 
without extrathyroidal inhibition (Tanabe et al. 1965).

For these experiments, 30 White Leghorn hens of 
the same age and known to be laying regularly were selected 
at random from a flock at the Poultry Research Center of 
The University of Arizona. The birds were then, separated 
into three groups, group I was heat stressed, group II 
was fed methimazole, and group III served as the controls. 
Groups II and III.were kept at the University of Arizona 
Poultry farm in individual cages and group I animals were ' 
placed in individual cages in an environmental chamber.
All birds were kept on a 16 hour light, 8 hour dark cycle 
with the light period starting at 4:00 A.M, Methmazole 
was added as 0.1% by weight to the feed in one experiment 
and as 0,05% by weight in a second experiment. Food and 
water were available ad libidum to all birds. All experi
ments were performed between late October and early April



when birds were assumed to be in euthyroid and optimal 
laying condition.

Birds to be placed in the environmental chamber 
were acclimated over two to four days. This period was 
also used to verify the laying condition of the birds.
At the end of the. fourth day, birds were subjected to 
temperatures of 36° to 40°C. Birds on the methimazo1e 
diet were started on their feed while the birds of group 
I were being acclimated.

The weight of the shell in milligrams divided by 
the product of the greatest width and the greatest length 
in millimeters is designated the "shell index" (Ratcliffe 
1967}. This value was measured and recorded daily. The 
shell index of birds to be subjected to heat stress was 
included with that of the control group eggs up to the 
second day of acclimation. Shell indices for these birds 
were calculated again after five days of heat stress at 
36° to 40°C. Birds were considered to be heat stressed 
when shell indices were significantly lower•than those 
of the control group. This occurred within ten days of 
the first exposure to a constant temperature of 36° to 
40°C.

Following ten days of heat stress, five birds from
32each of the three groups were injected with 45uCi of P

32as PO^ in an avian saline solution. Birds from group I



were injected .subcutaneously at 7:00 A,M, f birds from 
group Xli were injected at 7;30 and birds from
group XI at 8; 00 A,M,. Eggs were collected and the birds 
sacrificed by cervical fracture eight hours after the sc 
injections„

2Twenty five mm sections,of uterus and duodenal 
intestine wall were removed from each bird and placed on 
individual planchets, Ovaries from each bird were removed 
with all follicles intact. The volume of each ovary was 
estimated by water displacement in a graduated beaker.
The ovaries were then macerated in a Waring blender and 
three drops of the homogenate placed on each planchet.
All planchets with tissues were dried for 24 hours at 
38°C and counted on a Nuclear—Chicago Geiger counter and 
scaler.

The egg shells were dipped in boiling water to 
facilitate removal of the membranes, dried for 24 hours, 
weighed, pulverized and their radioactivity counted and 
recorded in counts per minute per milligram (cpm/mg).

The remaining five birds in each of the three 
groups were sacrificed by cervical fracture and their 
pituitaries were removed for TSH bioassay. The Lamberg 
(1953) assay technique as modified by Radke and Chiasson 
(1974) was used to determine the relative TSH content. 
Three day old chicks were arbitrarily assigned to one of



fyur g.roups. corresponding to. the three groups oi experi
mental hens plus a fourth group to be sham Injected, The 
pituitaries of the experimental animals were macerated and 
diluted with avian saline solution. The chicks were in
jected with the equivalent of one half a pituitary per

32chick six hours prior to sacrifice and 15yCi of P two 
hours prior to sacrifice. The fourth, group of chicks re
ceived only avian saline for the first injection. The 
chick thyroids were removed and dried on planchets for 24 
hours. Tissues were then counted with a Nuclear Chicago 
Geiger counter and scaler.

Student1s t-test was applied to determine the 
significance of difference between all sample means. A 
probability of 0.05 or less was selected as the acceptable 
level of significance. The standard error of the mean 
(SEM) was calculated for each set of data (Croxton 1959) .



RESULTS

The average shell index for control birds was
2.254 jng/iran̂ . Birds subjected to temperatures of 36° to
40°C had an average shell index of 1.504 mg/mirr which was
significantly lower than that of the control group (Table
1). Birds fed a diet of 0.05% methimazole had an average

2shell index of 2.025 mg/mm and birds fed a diet of 0.1%
methimazole ceased laying after four to six days.

The amount of phosphate deposition in the shells
32of each group was estimated on the basis of P transferred

from the hen to the shell. The shells of birds exposed
to high environmental temperatures had approximately four
times as much radioactivity as those of the control group.
Shells from the heat stressed birds registered 44,81 cpm/mg
as opposed to 10.92 cpm/mg for shells from the controls
and 33.98 cpm/mg for methimazole fed birds (Table 2).

32The deposition of P in shells from both heat stressed
and methimazole fed hens was significantly higher than
that of controls. The indices of shells used in the
counting of phosphate deposition were found to be within
the range of values calculated for each group (Table 1),

32The uptake of P by uterine or shell gland tissues 
in birds subjected to heat stress differed significantly



10
2Table 1, Shell Indices (mg/mm ± SEM) of. eggs laid by exr 

perimental hens.

Group i 
(heat 
stressed) 1.504

1

+ .073 (12) a 1.304

2b 

+ .102 (6)

Group II 
(0.05%
methimazole
fed) 2,025 ± .071 (12) 2,056 + . 093 (5)

Group III 
(controls) 2.254 ± .057 (12) 2.258 ± .085 (71

a ( ) = number of eggs sampled.
^Egg shell radioactivity for these eggs is pre^ 

sented in Table 2.

32from that of the control group. Uptake of P by uterine 
tissues of the 0.05% methimazole fed birds did not differ 
significantly from that of the control group, Ovarian and 
oviductal tissues of birds fed a 0.1% methimazole diet had 
less than 400 cpm of activity (Table 2).

The radioactivity of total ovarian tissue homogenates 
from each of the three groups were similar, but the volumes 
of the three groups' ovaries were not equal and the radio
activity of the tissues is therefore not directly comparable.1 
The entire ovary was used in each group since it was not



Table 2. Radioactive phosphorus uptake by several tissues of the hen.

Group
Egg Shella 
CPM/MG

Shell Gland 
CPM

Duodenal Wall 
CPM

Ovaries 
CPM/Ovary CPM/ML

Heat Stressed 
(I) 44.8114.37 (6) 19171162 (19) 979126 (19) 666121256 82.71

Methimazole 
Fed 0.05% (II) 33.9816.77 (5) 11351147 (5) 607148 (5) 52581208 43.51

Methimazole 
Fed 0.1% (II) No eggs laid less than (5) 

400
8011103 (5) Not counted

Control
(III) 10.9211.27 (7) 828149 (2.0) 828173 (20) 50581303 45.11

aShell indices for these eggs are presented in Table 1.

HH
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possible to separate endocrine from nonendocrine materials. 
The ovaries of hens exposed to high environmental tern-. 
peratures had fewer large follicles and were therefore much 
smaller than the ovaries of the control and 0.05% methi- 
mazole fed birds. When cpm/ml of ovary are compared however f 
the tissue activity of the heat stressed hens appears to be 
approximately twice as great as that of the other groups 
(Table 2).

The TSH bioassay did not differ significantly 
except in the pituitaries of the 0,1% methimazole fed 
hens. Chicks inj ected with pituitaries from this group 
,had the greatest activity (Table 3).

Segments of the intestinal wall were of approxi
mately the same magnitude of activity in the three groups

32and therefore serve as a good base reference for P 
uptake.
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T^ble 3, . TSE content of pituitarles.

No. of CPM/Thyroid
Pituitary Source. . . Chicks..... ....(± SEM)

Group I
(heat stressed! 10 1703 ± 315

Group II 
(0.05%
methimazole
fed) 10 1786 ± 377

Group Ila 
(0.1% . 
methimazole
fed) 10 2437 ± 172

Group III .
(control) 10 1470, ± 244

Sham Injected 10 1170 + 142

aPituitaries from hens represented in this data 
were assayed on an earlier date. Controls assayed at this 
time registered approximately 1600 cpm/thyroid.



DISCUSSION AND CONCLUSIONS

The egg shell is 98% calcium carbonate, most of 
which is in the form of calcite. A fraction of the re
maining 2% is in the form of tricalcium phosphate (Sturkie 
196.5), Smith, Winget, and Blackard (1954) found phosphorus 
associated primarily with the external layers of the shell 
and concluded that calcification stopped with the appearance 
of the phosphates. Although calcium carbonate deposition 
in a biological environment may occur with a solubility 
product below the theoretical value Bachra, Trautz, and 
Simon (1963) concluded that its precipitation is inhibited 
by the presence of even small amounts of phosphorus.
Simkiss (1964) reported that phosphate ions would inhibit 
calcium crystal growth in skeletal formation and suggested 
a physiological role in this capacity. El-Jack and Lake 
(1967) reported that even while calcium and bicarbonate 
concentrations were sufficient, phosphates would inhibit 
precipitation of calcium carbonate. It was suggested that 
the effect of environmental factors on production and egg 
composition could be associated with fluctuations in the 
amount of phosphorus transferred from the hen to the egg 
(Smith, Wilson, and Brown 1954).

14
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In this study, the greatest amount of phosphorus 

deposition was in the thinnest shells. The greater deposi
tion of phosphate in shells from heat stressed birds may 
be due to its earlier incorporation into the shell, pos
sibly as a mechanism for maintaining acid-base balance 
(Mongin 1968).

In general reaction whereby carbonate ions are 
produced is shown in Figure 1. Drawing the carbonate ion 
from the bicarbonate stores in the blood during shell 
deposition results in metabolic acidosis as given by the 
Henderson-Hasslebach relation in which pH = pK + log 
(HCOg) / pCOg with pK assigned a value of approximately 
6.1 (Mongin 1968). This acidodis is partially alleviated 
by the excretion of in the urine and regeneration of
a bicarbonate ion as shown in Figure 2.

The pCOg has been demonstrated to fall and the
blood pH.to rise as soon as body temperature and respiratory
rates increase during thermal stress (Lindsley and Burger
1964? Randall and Hiestand 1939). It has been proposed
that the increased loss of COg when the bird is panting
would result in respiratory alkalosis and thus, decrease

—2the availability of CO^ for shell formation (Mongin. 1968). 
The phosphate ion would remain in the bloodstream as HPO^ 
in the alkalotic state. The decrease in COg and the 
increase in phosphate ions could result in the earlier
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CO2 (metabolic) + 1^0

carbonic anhydrase

2HC03 + H2C03 <-------- > C032 + 2H+

Figure 1. Production of the carbonate ion from 
metabolic C02 in the blood.

—  2  + + —HPO. + H <----------—  H +HC03 <--— > h2c o3

H2P04 HC03 H-O + CO,
(in urine) (in plasma)

Figure 2. Schema representing acid renal secretion 
and phosphate titration (Mongin 1968).



17
appearance of phosphate in the shell. Calcification would 
then stop resulting in thin shelled eggs.

Reproductive tissues of hypothyroid birds appear 
to be more active than those of euthyroid birds = The 
shell gland tissues of heat stressed hens are approximately 
four times as active as those of the controls and the 
ovaries of heat stressed birds have twice the radioactivity 
of the control or methimazole fed birds. On the basis of 
the TSH bioassay, hens fed 0.05% methimazole should not 
be classified as hypothyroid. Birds fed 0.1% methimazole. 
had elevated TSH (Table 3) and enlarged thyroids. These 
characteristics were not observed in the birds on the 
0.05% diet. Tissue activities of these birds agreed more 
closely with those of the controls than with those of the 
heat stressed group. ^

An increase in the size and/or activity of repro
ductive organs or tissues influenced by secretions of the 
reproductive organs has been reported by many researchers 
in animals exposed to high environmental temperatures or 
made hypothyroid through other experimental procedures. 
Lamoreaux (1943) reported that the size of the comb in 
White Leghorn males was larger in birds kept at 850F than 
in birds kept at 36°F or on a fluctuating regimen between 
36°F and 85°F. Hopper (1962) made rats hypothyroid by 
feeding them 0.5% thiouracil and found that ovarian tissues



32showed an increased uptake of . P. The ovaries developed
multiple cysts after prolonged treatment and the rats
became infertile. Lehman (1970) reported that testes of
young cockerels fed propylithiouracil had a greater uptake 

32of P than did those of controls or of birds made hyper
thyroid with injections of T^. Both Lehman (1970) and 
Hopper (1962) have suggested the possibility of direct , 
stimulation of the ovaries or testes by the elevated TSH 
level induced by thiouracil feeding.

Temperature induced hypothyroidism is thought to 
be mediated by hypothalamic secretions in both birds and 
mammals (Cross 1964). Consequently, TSH secretions would 
not be expected to increase in heat stressed birds and 
this expectation is supported by my TSH bioassay performed 
on heat stressed hens. If direct stimulation of the repro 
ductiye tissues in heat stressed hens by elevated levels 
of TSH is ruled out, an alternate explanation might in
volve an inverse relationship between gonadotrophins and 
thyroid hormones.

The work of Thapliyal and Pandha (1967) and. 
Thapliyal, Garg, and Pandha (1968) on species of Indian 
finches indicates an inverse relationship between thyroids 
and gonads. Thyroidectomized Lai Munia (Thapliyal and 
Pandha 1967) entered gonadal recrudescence and injections 
of thyroxine in the Spotted Munia (Thapliyal et al. 1968)
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reduced gonadal weight in breeding birds and led to the 
suggestion that hypothyroidism increased the output of 
gonadotropins and hyperthyroidism reduced the output of 
FSH and LH.

Evidence for an inverse relationship between thyroid 
hormone and gonadotropins is also found in Lehman’s (1970) 
experimental results in which low dosages of thyroxine 
significantly lowered pituitary gonadotropin potency. 
Tixier-Vidal, Chandola, and Franquelin (1972) speculated 
that thyroxine in photostimulated male quail inhibited 
both gonadotrophic beta cells and thyrotrophic delta cells. 
Jallageas and Assenmacher (1973) found that the adminis
tration of thyroxine during the spring progressive phase of 
rapid gonadal, growth or during autumn in mallards stimu
lated by artificially long days caused a severe decrease 
in plasma testosterone. Although thyroid hormone levels 
were not correlated, Nakajo and Imai (1961) reported that 
in the domestic fowl, total gonadotrophic potency decreased 
from non-laying to laying hens and later from the onaet 
of brooding to the end of brooding time. The inverse 
relationship of pituitary gonadotrophins to reproductive 
stages in the domestic fowl was also reported by Harrison 
et al. (1974).

FSH injected into hens leads to multiple ovulations 
(Nalhandov and Card 1946). The lack of large follicles
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and the greater radioactivity of the ovaries of heat 
stressed birds could be the result of overstimulation by 
gonadotropins.

Gilbert (1967) suggests that an increase in the 
concentration of calcium in the hen associated with a 
reduction in shell deposition leads to an increase in the 
secretion of FSH and LH from the pituitary. Evidence that 
calcium is responsible for the release of gonadotrophins 
in rats has been supplied by Wakabayashi, Kamberi, and 
MCCann (1969). Similarly, Taylor (1965) showed that hens 
on a calcium deficient diet would resume ovulations when 
given injections of FSH. A calcium imbalance in birds 
subjected to heat stress could also have an increased 
secretion of gonadotropins.

Hyperactivity of reproductive tissues in hypo
thyroid animals would be compatible with increased egg 
production in birds fed thyroprotein (Turner et al. 1945) 
and. with decreased gonadotrophins (Lehman 1970) or de
creased testosterone (Jallageas and Assenmacher 1973), 
if an inverse relationship between thyroid hormones and 
gonadotropins could be demonstrated. Low levels of 
thyroid hormone could result in high levels of FSH-LH 
and a decrease in egg production rates. Feeding of thyro
protein (Turner et al. 1945) would lower gonadotropin 
levels and allow a resumption of a normal ovulatory rate.
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Large amounts of thyroprotein (Wheeler and Hoffman 1948) 
or injections of thyroxine (Lehman 1970) could lower 
gonadotropins still more and again interrupt normal repro
ductive functioning.

The influence of environmental temperatures on 
plasma levels of FSH activity in White Leghorn hens has 
been reported by Subhas and Huston (1967) . Their data 
indicate that environmental temperatures influence plasma 
FSH levels in the female domestic fowl. Birds were kept 
at either 8°, 19°, or. .30°C adjusted to provide a cycling 
diurnal variation of approximately 10OC. Follicle stimu^ 
lating hormone activity and egg production were lowest in 
birds exposed to the cold environment. The FSH activity 
was higher in birds kept at 19°C than in birds kept at 
.30°C but the fluctuating temperature regimen of the animals 
may be reflected in these results. Peterson et al. (1961) 
and Squibb, Wogan, and Reed (1959) have indicated that 
diurnal temperature fluctuations were beneficial for shell 
quality and egg production rates.

In summary, there is no apparent increase in TSH
secretion in heat stressed hens, but there is a greater 

32uptake of P by the uterine tissues of these birds. The
ovaries of the heat stressed birds were smaller in volume,

32but appeared to have a greater uptake of P measured in 
cpm/ml. In future experiments, an FSH-LH bioassay.run
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simultaneously with the TSH bioassay would give more in
formation on the physiological responses of the reproductive 
organs to high environmental temperatures.

The increased amount of phosphate deposition in 
the egg shells of heat stressed birds .appears to be a 
contributing factor in the thinning of the shells at high 
environmental temperatures.
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