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ABSTRACT

THE EFFECT OF WRONMENTAL TmPEEATURE AND LIGHT ON

THTROID ACTIVITY AND CERTm METABOLIC MEASURES m SHEEP

Hugh E. Henderson

The effect of ambient temperature and artificial light on thyroid

activity and other metabolic measures in ewes was conducted from June

18, 1957 to January 18, 1958.

A total of 12 experiments involving seven ewes each was conducted

in controlled temperature and light chambers. Each experiment was con-

ducted over a period of 27 days with seven days devoted to acclimatiza-

tion and 20 days to collection of data. All experimental animals were

maintained in a similar environment prior to being placed on experiment

and self-fed feed and water prior to and during the experimental.period.

Estimates of thyroid activity for each temperature and light con-

dition studied were obtained by thyroidal uptake or retention of 1131,

output half-time of 1131, l-thyrqxine secretion rate, chemical analysis

of thyroidal 1127, and histological determination of thyroid epithelial

cell height.

Estimates of thyroid activity Obtained by all five methods were

in very close agreement with the exception of thyroidal content of

1127 and percent uptake of 1131 which failed to reveal any significant

difference among the various temperatures studied.

It was demonstrated that ambient temperature had a profound effect

on thyroid activity, with high temperature greatly suppressing and low

temperature stimulating thyroid activity.
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Daily'body weight gains, daily feed intake per pound of body weight,

daily'water intake, rectal body temperature, and respiration rate were

all found to be significantly affected by ambient temperature.

Ewes subjected to 12 hours of artificial light daily showed signi-

ficantly greater values for thyroid activity than did ewes at 8 or l6

hours of light as measured by output half time.

Daily hours of artificial light had a significant effect on feed

consumption and respiration rate, but had little or no effect on rectal

”body temperature, water intake, and body weight gains.

From the correlation analysis, a highly significant inverse relation-

ship was observed between maximum uptake or retention of 1131 at three,

five or ten days after injection and output half time. These correlations

demonstrated that an actively secreting thyroid was accompanied by a low

uptake or retention of 1131 and vice versa. Retention values at ten

days post injection of 1131 were more reliable estimates of thyroid ac-

tivity than three day uptakes and appeared to be a reliable inverse

estimate of thyroid activity in ewes at temperatures below 90° F.
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I. IhTRDQU TICK

It is well established that both environmental temperature and the

length of davlight has a pronounced effect on the physiology of prac-

tically all of the life processes important to meat animal production.

Numerous experiments indicate that both the length of day and

ambient temperature play a major role in the seasonal breeding habit of

the ewe, and surfest that its action mav'be exerted through the pitu-

itary-thyroid gland relationship which controls body metabolism.

Since previous research indicates that thyroid activity in the ewe

varies from one season of the year to another, it is necessary that re-

liable estimates of thyroid activity be made at various controlled ambi-

ent temperature and light conditions in order to intellirently adjust

activity estimates made at various seasons in tie year for comparative

purpos s. Furthermore, if thyroid therapy is a factor in overcoming

summer sterility in the ram and anestrus in the ewe, it is necessary to

have reliable estimates of normal thyroid activity at the various environ-

mental temperature ard light conditions.

This investifation has been designed in order to gain more basic in-

formation on the normal thyroid activity of sheep under controlled am-

bient temperature and light conditions and the interrelationship of

thyroid activity to certain metabolic activities in the ewe.

hith a clearer understanding of the effect of ambient temperature

and length of dayliyht on thyroid activity, a more intelligent approach

can be made toward extending the breedine season of sheep and a clearer



appraisal made of the effects of thyroid activity on reproductive per-

formance and producing ability of the ewe.



II. OBJECTIVES

1. To determine the effect of controlled ambient temperature and

artificial light conditions in ewes on thyroid activity as

measured by:

a. Uptake of 1131

b. Turnover rate of I131

c. l-Thyroxine secretion rate

d. Thyroid content of 1127

e. Thyroid epithelial cell height

2. To determine the effect of controlled ambient temperature and

artificial light conditions in ewes on:

a. Body weight gains

b. Feed consumption

0. Water consumption

d. Respiration rate

8. Rectal body temperature

3. To correlate ambient temperature and artificial light conditions

in ewes on certain metabolic and physiolOgical functions.
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III. REVIEW OF LITERATURE

Following the classical work of magnus-chy (1395) who observe:

that the feeding of thyroidal materials caused an increase in the

oxygen - carbon dioxide exchange, it has been well established by num-

erous investigators that the thyroid hormone regulates the rate of

metabolic exchange in mammals. Most of the early estimates of thyroid

activity were based on the measurement of carbon dioxide by respiro-

meters as reported by Hdrch (1929) and Teitelbaum and Horne (l9hl).

Many investigations have been conducted to determine the role that

the thyroid hormone plays in the various life processes and in partic-

ular, growth and reproduction. Furthermore, the effects of environ-

ment on thyroid function and its interrelationship to other endocrine

functions have received the attention of many investigators in recent

years.

The role of thyroid hormone in reproductive physiology of the fe-

male has been reviewed quite completely by Reineke and Soliman (1953).

They concluded that there is a reciprocal balance between the hormones

of the pituitary, the ovary, and the thyroid. Through the influence of

estrOgen on pituitary thyrotrOphin, the thyroid undergoes rhythmic

fluctuations in secretion rate that in turn regulate the output of

gonadotrophins and also modify their action on the ovary.

Bogart and hayer (l9h6) concluded that the thyroid gland appears

intimately concerned with spermatogenic activity of testes in sheep and

that the failure of thyroxine to affect semen volume, or motility



ratings in rams with lowered fertility during the period of high summer

temperature indicates that the thyroid affects the spermatogenic tissue

of the testes and has little or no effect upon the interstitial tissue

or the accessory organs which are dependent on androgens.

Maqsood (1950) reported that mild hyperthyroidism stimulated sperm-

atOgencsis and increased secretory activity of interstitial tissue as

judged by growth and activity of accessory organs and sexual behavior

of growing mice, rabbits and rams. Thyroidectory and prolonged

thiouracil feeding interferred with.spermatogenesis and increased fib-

rinous tissue in the interstitial spaces.

Jeep (1933), Martinez Campos (19h7), and Wheeler and Hoffman (l9h8),

working with domestic fowl and Meites and Chandrashaker (l9h8), working

with rats and mice, reported that milk hyperthyroidism increased sperme

atogenesis.

Organon (1936) cited evidence that thyroid therapy was effective

in some cases of human male and female sterility.

Petersen.gt; El; (l9hl) found that the administration of thyro-

protein to hypothyroid cattle improved both sexual libido and fertility.

Masson (19h?) showed that the response of the accessory sex glands

in castrated male mice to testosterone was increased by thyroxine

administration.

Black gt:_al; (1950) reported that the addition of testosterone

and therprotein increased semen volume in rams during the summer

months.



'Warwick‘§£:.glé (l9h8) concluded that during the summer months

semen produced by rams receiving low levels of thyroprotein was slightly

superior to controls.

Smelser (1939) reported that thyroidectomy and administration of

excessive quantities of thyroxine resulted in functional reproductive

abnormalities.

Oloufa (1951) reported that high ambient temperature greatly

reduced semen volume, motility, sperm concentration, and percent normal

sperm in rabbits and that continuous heat had a more pronounced effect

than intermittent heat. The addition of thyrotrOphin under continuous

heat caused a further reduction of fertility but under intermittent

heat, it improved fertility.

Berliner and warbritton (1937) placed rams in a hot room during the

winter period and brought about a stoppage of spermatogenesis. Rams

which were thyroidectomized were brought back to fertility by injections

of thyroxine. Fertility of rams with intact thyroid glands was greatly

improved by injections of thyroxine. Biological assay of the pitui-

taries showed that rams with.poor semen quality were also low in thyro-

traphic hormone.

Reineke §32_§l:_(19bl) reported that following thyroidectomy'of

goats, there was a reduced content of pituitary gonadotrophins.

VanDyke and Chen (1933) found that hypothyroidism in rabbits

causes a reduced pituitary content of gonadotrophins which was also

true for animals thyroidectomized.
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Numerous investigations have clearly indicated that thyroid func-

tion was markedly auénented during exposure of mammals to reduced environ—

mental temperature and retarded by elevated environmental temperature;

however, little data has been reported on the quantitative thyroid

secretion rate of mammals at controlled high and low environmental temper-

atures.

Some of the earliest evidence of increased thyroid activity at low

environmental temperatures was reported by Cramer (1916), seidell and

Fenger (1912), kills (1918), and hendall and Simonsen (1928).

Dempsey and astwood (l9h3) observed that thyroid secretion rate in

rats increased markedly at low environmental temperatures and was depres—

sed at high temperatures.

i-iixner _€_3_’_C_:_ 31; (191111) reported that the thyroid of the chick res-

ponded in a similar manner and also deineke and Turner (l9h5) observed

a seasonal trend in the thyroid secretion rate of young chicks.

A.pronounced decline in thyroid secretion rates of mice were re-

ported by'Hurst and Turner (l9h8) when the temperature was increased

from 80° to 87° F.

Turner (19h3) reported a seasonal trend in thyroid secretion rate

in hens and a pronounced decline in the secretion rate of older hens.

Kaqsood and deineke (1950) observed a ten-fold reduction in toler-

ance of mice to therprotein feeding when the environmental temperature

was raised from 2&0 to 30° 0. They suggested that tolerance limits for

thyroid stimulation were determined by the temperature regulating capacity.



Half-time turnover rates of extrathyroidal 1131 thyroxine were

found to averaée 25 hours in shorn and 38 hours in unshorn sheep by

Freinkel and Lewis (1957) when both groups were exposed to winter

temperatures in Great Britain.

Henneman.§§:_§lz (1955) reported thyroid secretion rates in ewes

to be lowest during summer months and highest during winter months and

that pregnancy had little effect on secretion rate.

Since the advent of radioactive iodine (1131) much research has

been conducted in order to improve estimates of thyroid activity in

mammals and more recently, in the live intact animal.

Perry (1951) measured the rate of loss of 1131 from the hyroid

gland of the rat with an external counter and determined an index of the

secretion of thyroid hormone. By checking the validity of the index

against the effect of thyrotrOphic hormone, goitrogens and thyroxine

on the rate of loss of 1131, a relationship was established between

dose of thyroxine and degree of inhibition of thyroid hormone secretion.

Henneman gt; a1; (1955) measured thyroid secretion rate in ewes

by injecting graded dosages of l-thyroxine following maximum uptake of

1131. Counts were taken at the end of each 3 day l-thyroxine injec-

tion period and percentage of previous count compute . Using percentage

of previous count and level of thyroxine injected, a straight line was

computed by regression analysis. The point at which the line crossed

100 percent of previous count was assumed to be the secretion rate of

the ewe in question.



Reineke and Singh (1955) using essentially the same technique as

that outlined by Henneman, were able to determine the thyroid secretion

rate in rats. Values compared very closely with those obtained by the

goitrOgen technique.

Using the same technique, thyroid secretion rates have been deter-

mined for dairy cattle by Lewis _e_t_._ Ell: (1955) and Premachandra _e_t_,_ 31;

(1957), and for goats by Flamboe (1958).

Percent uptake of 1131 by the thyroid gland as an indicator of

thyroid secretion rate is a debated point by many investigators at the

present time.

Reineke 33, 31:. (1956) and Chai §_t_,_ gr, (1957), in studying 1:131

uptake and output rates in inbred mice, found a reciprocal relationship

between percentage uptake and output rate; a high uptake was accompanied

by*a low output rate and vice versa. They theorized that the low uptake

- high output rate relationship meant that there was either a larger

thyroidal iodine pool prior to injection or that the rate of uptake was

more rapidly overtaken by the rate of discharge in the rapid output

rate group.

The data collected in this study agrees with that of Reineke and

Chai; however, frequent reference has been made in the literature that

a high uptake of 1131 was positively associated with a rapid turnover

rate and a low uptake was associated with a slow output.

The effect of ambient temperature on physiological responses in

mammals has received the attention of many investigators in recent
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years; however, most of the studies in the ewe and ram have been in

relation to reproductive performance.

McKenzie and Phillips (1933) concluded that temperature seemed

to cause no significant difference in the length of time required for

ewes to come into estrus in a trial covering a ten day period of time

in Lugust with ne group under natural conditions and the other rroup

confined to an iced cellar.

Yeates (1953) concluded that high temperature was apparently'with—

out effect on the incidence of estrus in ewes but was detrimental to

satisfactory gestation. Lhen ewes were treated with 7 hours of 1070 F.

heat daily from breeding until parturition, there was a fifty percent

reduction in number of lambs born over the controls which received no

heat treatment.

Butt and B sh (1955) observed that ewes placed in a cold chamber

at h80 F. with natural light on Kay 26 came into estrus hd day later

on the average, as compared to ewes in a hot chamber at 88° F. which

came into estrus 9h days later. Rectal body temperatures for the two

groups were 102.00 F. and 103.110 F. with respiration rates of 28/m

and 150/m in the cold and hot chambers respectively. Rams in the cold

chamber averaged 1.9 services per ewe conception as compared to 5.3

services per ewe conception for the hot chamber rams.

Dutt gt,'al,_(l956) concluded that fertility and normalcy of ova

in ewes exposed to elevated environmental temperatures were nore



severely affected than survival of the young embryo. shearing the ewe

before exposure to the elevated temperature modified the detrimental

effects.

Green (19h0) observed that semen quality in rams decreased from

January to Pay, June and July ejaculates were quite inferior, July to

October showed a rapid increase toward high quality, and the highest

quality was obtained from October to January.

Foote gt; 3;; (1957) observed that at high ambient temperatures,

testes temperature of rams increased at a faster rate than rectal

temperature.

Lee (l9h5) observed a very low rate of lay in laying hens at high

\

environmental temperatures and concluded that 80° r. appeared to be the

critical temperature.

Casady (1953) observed that the duration of exposure to high temper-

atures in dairy bulls had a tremendous effect on fertility levels and

that subjection of bulls to 850 to 900 F. for five weeks may interfere

with spermatogenesis, reduce sperm concentration and motility and

increase the number of abnormal sperm similar to effects noted during

exposure to 1000 F. for two weeks.

Casady'gtgialL (1956) in experiments with young dairy bulls at

chamber temperatures of 60° to 95° F. observed that correlations between

rectal temperature and respiratory rate, rump skin temperature and

scrotal skin temperature were lower than the correlation between cham-

bem temperature and the same responses. On the other hand, water
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consumption was more closely related to rectal temperature than chamber

temperature.

Field studies of Johnston and hranton (1952) indicated significant

correlations between body temperature and ambient temperature only when

the ambient temperature was within hOO to 600 F. and 700 to 800 F.

intervals. despiration rate was significantly correlated with ambient

temperature and humidity, except when maximum temperatures were within

the 80° to 850 F. and 850 to 90° F. intervals. Pulse rate was signi-

ficantly correlated with mean daily temperature within the 85° to 900 F.

interval. Later investigations by Johnston and nranton (1953) and

Johnston 23;.Eia (lSSh) showed that only respiration rate was consistently

related to climatic conditions, with absolute humidity and mean environ-

mental teuperature being most highly correlated with respiratory

responses.

McDowell pt; 31; (1953) with Chamber studies on respiratory activity

as an index of heat tolerance concluded that respiration rate was not

significantly correlated with rectal temperature under the conditions

f heir experiment. Similar conclusions were drawn by i and

Findlay (1955a, 1955b) from results of chamber studies with bulls.

Fletcher and Reid (1953) in studying heat tolerance of feeder lambs

on pasture in Mississippi, found that shorn lambs showed rectal temper-

atures of 10h.6° F. as compared with unshorn lambs of 105.h° F.

Miller and nonfe (19h6) observed that body temperature and respira-

tion rate in sheep were very hivhly correlated with ambient temperature.
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In experiments with swine subjected to chamber temperatures from

hOO to 1150 F., Heitman and Hughes (19h9) observed that as air temper-

ature increased, rectal temperature and respiration increased and

pulse rate decreased. Feed consumption decreased as air temperature

increased. Under their experimental conditions, rate of gain was great-

est and the amount of feed required to produce 100 pounds of gain was

least at an average temperature of approximately 750 F. for hogs weigh-

ing 70 to lhh pounds and approximately 600 F. for hogs weighing 166 to

200 pounds. As the air temperature was increased or decreased above or

below these averages, rate of gain declined and utilization of feed was

lowered. At 96° F. a rise in relative humidity from 30 to 9h percent

produced rapid distress in hors weighing over 200 pounds, and the respira-

tion rate and body temperature increased rapidly.

Heitman §t=_al; (1951), in a later study with pregnant sows, found

that increasing ambient temperature markedly elevated respiratory rate

and rectal temperature. Feed and water consumption were greatly lowered

at temperatures above 950 F. No evidence was accumulated that indicated

that rise in body temperaoure under these conditions would cause abortion

of a normal litter; however, Ragsdale e}; a}; (1919) reported that two

dairy cows aborted h.5 and 6 month fetuses when exposed for 27 hours to a

temperature of 100° F.

Ragsdale §£=.§l& (1953) presented tabular and graphic data on milk

production and composition, feed and.water consumption, and body weight

in Holstein, Brown Swiss, Jersey and Brahman cows at low and high rela-

tive humidities at various temperatures. They showed that below 75° F.



atmospheric temperature, the effect of relative humidity on the above

processes is not sirnificant. The effect of humidity increases with

increasing temperature above 750 F.

Robinson and Lee (19h?) observed from experiments with hens, sows,

and ewes on high and low planes of nutrition that under hot conditions,

the reactions of animals on the high plane of nutrition were signifi-

cantly greater than animals on a low plane of nutrition. In another

series of experiments where animals were fed rations varying in protein

from 5 to 28.5 percent and exposed to a critically hot atmosphere for

seven hours, in no case was any evidence obtained that a high prOpor-

tion of protein had any significant effect upon the reactions of

animals to heat.

Investigations on the effect of length of day or hours of artificial

light on physiological responses in mammals have been devoted almost

exclusively to reproduction aspects with little or no data on growth rate,

feed and water consumption, body temperature, and respiration rate.

Bissonnette (1932), harshall (19h0), and hart (1950), all working

with ferrets, observed that the time of onset of the breeding season

varied with the intensity of light and that the frequency of 1iyht to

dark was the important factor rather than the amount. The ratio of 2

hours of light to 1 hour of darkness seemed to be about the desired

ratio and a reverse ratio caused the animals to go into anestrus.

Hammond (l9hh) pointed out that the breeding season in sheep normally

occurs at about the shortest day of the year and that ewes bred the
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first half of the season had more twin lambs than those bred in the

last half.

Sykes and Cole (l9hh) observed that when the plane of light was

increased daily until 3 hours were added in Larch, and then decreased

light 1 hour per week until Lay, five of eight ewes were bred and

lambed five months previous to the normal time.

Yeates (19h?) concluded that temperature had no effect on bringing

ewes into estrus; whereas, decreasing the plane of light in the spring

brought about estrus and increasing the plane of light in the fall pre-

vented estrus. He concluded that estrus occurred 1h to lo weeks after

ewes were put on decreasina 1iyht and estrus ceases 1h to lo weeks after

increasing the plane of livht.

Hart (1950) concluded that a gradual decrease of lifht mas not

necessary to brinc about estrus in ewes but required only a ratio of

1 part light to 2 parts dark.

hafez (1950), (1951), (1952) observed that continuous liyht as

well as 1o hours of light and 8 hours of darkness broufht about anestrus

in ewes. Eight hours of 1i ht and 16 hours of darkness was effective in

bringing ewes into estrus.

Mercier and Salisbury (19h7a) studied the records of 125,000 cows

artificially bred to 71 bulls and observed that fertility of bulls was

highly correlated with length of daylight. One to two months of in-

creasing light was necessary before the effect of dayli ht reached its

maximum.
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hercier and balisbury (19h7b) also observed a significant correla-

tion between hours of daylight and fertility level of bulls as measured

by services per conception. Lowest fertility was observed in winter

and spring, and hithest in summer and fall.
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IV. KLTHDJS ALL PAOCSJURE

In order to control ambient temperature and light conditions,

two temperature and lihht control chambers were used in this study.

Animals were confined to 3 by 6 foot indi'idual pens within the

chambers in order to obtain individual feed and water consumption

records.

The cold chamber consisted of a reconditioned meat cooler measur—

ing 10 feet wide, 20 feet long and 12 feet high. The chamber was

cooled by recirculating air over cooling coils with electric blowers.

For each of the experiments, temperature was maintained within plus

or minus one defree of the temperature reported. Sven with the aid

of a dehumidifier, it was imaossible to reduce the rela ive humidity
.-

1'

in the cold chamber to that of the hot chamber. a range of 70 to 8h

percent relative humidity was maintained in the cold chamber. Ragsdale

EE:.§l;.(l953) reported that high relative humidity did not measurably

affect metabolic functions in dairy cattle unless ambient temperature

was in excess of 75° F. It was assumed that the high humidity in the

cold chamber did not alter the experimental results.

All natural daylight was excluded from the chamaer and artificial

light was provided by four 300 watt light bulbs suspended 5 feet above

the floor. An electric time switch controlled the number of hours the

lights were on during each 2h hour period. fhe reported hours of arti-

ficial light in all cases was a continuous amount of time out of each

2h hour period.
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The hot Chamber was of masonry construction and measured 20 feet

wide, 20 feet long and lo feet hirh. The chamber was heated by recir-

culating air over steam coils with an electric blower and temperature

was maintained within plus or minus one degree of the reported temper-

ature. helative humidity varied from 60 to 70 percent throurhout the

experimental period and a dehumidifier was not used. all natural light

was excluded from the chamber and artificial light was provided by six

300 watt lifht bulbs susuended 6 feet above the floor. Liyhts were con—

trolled in the same manner as outlined for the cold chamber and the in-

J

tensity of light was approximately the same for both Chambers.

1 .0 - n J , -_ 1. .».O

The oririnal ranye Ol temperatures selected to be studied were ho ,

° 0 o a a. . . . q . .
SS , 7O , and 85 b. bince the first series Ol experiments were run at

q 0 7‘ lo __‘ - .. , , 1 . q ~ 0 . w .0 w o

,5 and 05 n. and little eifierence was observed in the various pnySio-

’ W ' ' a - a - O ‘1 . 1

logical responses stuCied, it was seeided to substitute 90 r. for the

o a . . . . v
70 h. group. Tne coolins capaCity of the cold Chamber was not great

. . . o -1 . _, 0 ,.,

enough to maintain the LO r. temperature; thereiore, 50 J. was sub-

stituted in its place.

The exnerimental animals consisted of 2h blackface California ewe

lambs and 12 native fine wool yearling ewes. The California lambs were

pproximately h to 5 months of are and averaged 70 pounds when they

arrived on April 15, 1957. The native yearlinfs were approximately 6

to 7 months older and averared 75 pounds.

Both groups were shorn and placed on pasture where they remained

until two weeks prior to the beginning of the experiment on June lb, 195?.
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At this time both groups were confined to a large pen within a masonry

building with heat available where temperature was maintained at approx-

imately 700 F. (plus or minus 50) with natural light conditions. This

also served as a holding pen for animals between experiments which in-

sured that all animals were subjected to the same environment prior to

being placed on experiment and helped eliminate any pre-experimental

treatment effect from altering the experimental data.

Throughout the course of the experimental period, all animals were

given feed, water and trace mineral salt §§:.l$2;

In order to eliminate wastage and to insure accurately measured feed

consumption, the entire ration was pelleted into one-fourth inch pellets.

It contained the following ingredients:

1600 pounds ground alfalfa hay

390 pounds yellow corn

10 pounds dicalcium phosphate

10 pounds trace mineral salt

5 pounds Vitamin a pre-mix (5 million units)

2 pounds Aurofac 10

1 pound Vitamin 132 (625,000 units)

 

2018 pounds Total

Each experiment included six California ewe lambs which received

1131 and were again used in succeeding experiments and one native year-

ling which did not receive 1131 and was slaughtered at the end of each



experiment for histological study of endocrine glands and chemical

determination of thyroidal iodine. Data were collected on both the

California lambs and native yearlings for weight gains, feed consump-

tion, water consumption, respiration rate, and rectal body temperature.

Only the California ewe lambs were used to collect data on 1131 uptake

and turnover rate and l-thyroxine secretion rate. Both groups averaged

approximately 80 pounds at the beginning of the experimental period on

June 18, 1957 and 1&0 pounds at the termination on January 18, 1958.

Following each experiment, the California ewes were given a 30

day rest in order to allow any residual 1131 to decay and to prevent

any carry-over effects from one experiment to another. As a further

check against carry-over effects, a stratified system of randomization

was used in alloting animals to the hot and cold chambers. Analysis

of variance showed that there were no carry-over effects.

Since experiments were being conducted concurrently in the hot and

cold chambers, a total of 12 California ewes were on experiment at all

times and 12 were being rested in the holding pen for succeeding experi-

ments.

At the beginning of each experiment, animals were randomly assigned

to individual pens within the chambers and allowed 7 days to become

acclimated to the respective temperature and light condition. On the

seventh day the animals were weighed and injected subcutaneously on the

medial side of the right rear leg with 50 microcuries of 1131. Individual

feed and water records were kept for a period of 20 days along with daily



respiration rate and rectal temperature every other day. Animals

were again weighed at the termination of the 20 day experimental period

and the native yearling was slaughtered.

External 1131 counts were taken over the area of the thyroid begin-

ning 2h hours after the time of injection and continued daily until maxi-

mum uptake of the injected 1131 had been reached.

For output turnover rate studies, counts were taken every LB hours

after maximum uptake of 1131 and continued until five such counts had

been made. The counting technique as outlined by henneman.gtz 2;; (1955)

was used throughout the study. All I131 counts were made by a scintil-

lation counter (nuclear Chicago, model number 35-1) and a count rate

meter (Nuclear Chicago, model number 1020).

For l-thyroxine secretion rate studies, lSO microcuries of 1131

were injected instead of the usual 50 microcuries in order that suffi-

cient count would be available following turnover rate determinations.

A count was taken 3 days prior to the last count used for the turnover

rate determination which was considered as zero time. Counts were taken

every third day thereafter throughout the l-thyroxine injection period.

Again, the technique outlined by Henneman gt; El; (1955) was used for

l—thyroxine injection procedures and estimates of secretion rate.

All data were collected during the period of time when the lights

were on in the respective chambers and the chambers were not entered

during the period of darkness.
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Immediately following slaughter of the native ewe which did not

receive l131, the pituitary, thyroid, adrenals, and ovaries were dis-

sected free of adhering tissue in a saline solution and weighed to the

nearest millirram. The ovaries, adrenals and one lobe of the thyroid

were fixed in 10 percent formalin, sectioned in paraffin and stained

with Harris haemotoxylin-eosin. The remaining lobe of the thyroid and

pituitary were immediately frozen for later iodine determination and

biological assay.

Chemical iodine determination of frozen thyroids were made by

using the procedure of deineke gt; 2;; (l9h5) as reproduced in part

in appendix S.



_ 23 _

V. RJSULTS All DISCUSSION

A. nffect of fimbient Temperature and Artificial Li ht on Thyroidal

Uptake of I131:
 

Counts were taken over the area of the thyroid beginning 2h hours

after subcutaneous injection of SO microcuries of I13l and continued

every 2h hours thereafter until each animal had reached its peak uptake

of 1131. Lech count was compared with the count of a S microcurie 1131

standard prepared on the day of injection and the percent uptake of

injected dosage was computed.

Since a large number of researchers have interpreted a high 1131

uptake by the thyroid and the speed at which it is taken up to be highly

correlited with a hiph output of l-thyroxine, this experiment was de-

signed to measure the effects of ambient temperature and artificial

light on both the percent and rate of uptake of 1131 by the thyroid and

their relation to output rate.

The results of one day percent uptakes are shown in table 1. Analysis

of variance showed that significant differences (P<.Ol) existed among both

temperature and light conditions. Correlation analysis revealed no

significant correlation between one day percent uptake and both ambient

temperature and turnover rate of I131 one-half time.

The results of three day percent uptakes are shown in table 2.

Analysis of variance again showed a significant difference (P<.Ol) among

lisht conditions but no sirnificant difference amone temperatures; how-

ever, there was a significant interaction (P<LOS) between temperature and
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Table 1

One Day Percent Uptake of 1131 by the Thyroid Gland in Ewes

Under Controlled Ambient Temperature and Artificial Light Conditionsl

 

Hours of Sxmient Temperiture
 

 

 

Artificial

Light 500 F. 555° F. 65° F. 90° F. average

8 9.32 11.62 10.25 b.63 8.63%

12 5.85 7.52 6.h3 5.91 6.h3

16 5.87 9.22 9.15 6.67 7.73

Average 7.01 9.02** 8.61% 5.7h 7.59

 

lThe value reported for each temperature and light condition is an

average of six ewes.

*Eignificantly different from the least value

**Significantly different from the two least values

TafleZ

Three Day Percent Uptake of 1131 by the Thyroid Gland of swes

Under Controlled Ambient Temperature and Artificial Lipht Conditionsl

 

 

 

 

Hours of umbient Temperature

Artificial 0

Light 500 F. ,55° F. 85 F. 90° F. Average

8 lb.hl 9.89 10.39 10.15 11.21%

12 10.07 10.02 9.27 8.8h 9.55

16 9.1h 13.h9 lh.78 12.3h l2.hh

Average 11.20 11.13 ll.h8 10.hh 11.07

 

lfhe values reported for

average of six ewes.

*bignificantly different from the least value

both temperature and light condition is an
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light. There was no significant correlation between three day percent

uptake and ambient temperature or light conditions; iowever, there was

a significant correlation of .28 (P<:05) between turnover rate of 1131

one—half time and three day percent uptake of 1131.

There was no significant difference among temperatures for maximum

percent uptaxe as shown in table 3. Again there were significant differ-

ences (P<L01) among light conditions. There was also a significant inter-

action CP<.OS) between temperature and light with the greatest uptake

at 850 F. and 16 hours of lifht. Again there was a significant correla-

tion of .hl (P<.05) between maximum percent uptake and turnover rate of

1131 one-half time.

Table 3

haximum Percent Uptake of 1131 by the Thyroid Gland in Lwes

Under Controlled Ambient Temperature and Artificial Light Conditionsl

 

 

 

hours of {ambient '1‘e17g0erature

Artificial o

Light 50° F. 55° F. 85_ F. 90° F. Average

8 15.18 11.03 12.33 11.38 l2.h8*

12 10.6h 10.13 9.56 9.30 9.90

Average 11.92 11.95 13.28 11.19 12.08

 

lThe value reported for each temperature and light condition is an

average of six ewes.

*Significantly di“33rent from the least value

Percent uptake zero time (table h) was determined by extrapolating

the output turnover rate regression line back to zero time. This is
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interpreted to indicate what the percent uptake would have been had not

the thyroid gland been puttinf out 1131 in the form of l-thyroxine

during the time in which 1131 was being taken up from the blood stream.

Analysis of variance again showed no significant dif°erence anon? temp-

eratures. A significant difference (P<.01) existed among liyht condi-

tions and a sirnificant interaction (P<LOS) between temperature and

light. Again the greatest uptake value was observed at 05° F. and 16

hours of light. There was no significant correlation between zero time

percent uptake and output turnover one-half time.

Table h

Zero Time Percent Uptake of 1131 by the Thyroid Cland of hwes

Under Controlled ambient Temperature and Artificial Light Conditionsl

 

 

 

 

hours of .Jliert Temperature

Artificial

Light 550° F. 555° F. 85° F. 900 F. Average

16 11.93 17.67 21.17 16.7h 16.87%

Average 15.29 1h.69 15.67 13.07 1h.68

 

1The value reported for each temperature and light condition is an

average of six ewes.

*Significantly different from the least value

There was little difference among temperatures for day of maximum

percent uptake as shown in table 5. Again there was a significant dif-

ference (P<L01) among light conditions and a significant interaction

(P<.Ol) between temperature and light.
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Table 5

Day of Maximum.Percent Uptake of 1131 by the Thyroid Gland in Ewes

Under Controlled Ambient Temperature and Light Conditionsl

 

 

 

 

Hours of Ambient Temperature

Artificial 0

Light 50° F. 55 F. 85° F. 90° F. Average

8 boo 308 1103 ’402 11.08%

12 3.8 3.0 3.0 2.7 3.13

16 3.2 h.O h.O 3.3 3.63%

Average 3.67 3.61 3.78 3.39 3.61

 

1The value reported for each temperature and light condition is an

average of six ewes.

*Significantly'different from the least value

In all cases, hours of artificial light significantly affected per-

cent uptake of 1131 by the thyroid with a non-linear relationship between

hours of artificial light and percent uptake. Ewes on 12 hours of arti-

ficial light had a lower percent uptake than did either the 8 or 16 hour

group and reached their maximum uptake in a shorter period of time.

This may seem to be in conflict with Terry‘s data (1951) who re-

ported that ewes under continuous darkness had a higher Uptake of 1131

than did ewes under continuous light and Puntriano and Meites (1951)

who also reported that rats under continuous darkness had a higher up-

take of I131 than did rats under continuous light. An accurate comparison

cannot be made since these studies did not include continuous light and

continuous darkness.
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Since an inverse relationship was obtained between maximum percent

uptake of 1131 and thyroid activity as measured by output turnover rate

one-half time of 1131 (r = .hl, P(.05). These data may be interpreted

to mean.that both 8 and 16 hours of artificial light represented more

stress than 12 hours of light. Reineke 3:0; 31; (1956) and Chai it; 314

(1957) also observed an inverse relationship between 1131 uptake and

1—thyroxine secretion rate in inbred strains of mice.

Except at the one day interval, there was little or no difference

in 1131 uptake at any of the temperatures studied. It seems clean

that any relationship that might exist is not direct and simple.
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B. Effect of Ambient Temperature and Artificial Light on Thyroidal

Output Turnover Rate of 1131:

Following maximum uptake of 1131, counts were taken every h8 hours

over the area of the thyroid until five such counts had been taken to

estimate turnover one-half time of 1131 by the thyroid. Using the log

of the count against time in days, the lepe of the output line was

determined by linear regression. A typical uptake-output curve is

shown in figure 1.

Since iodine is a necessary'part of the l-thyroxine molecule, it

was hOped that turnover rate would prove to be a sensitive measure of

thyroid activity; however, experimental proof is lacking. Although

the work of Perry (1951) and Reineke and Singh (1955) indicates that

subcutaneous injection of graded doseages of l-thyroxine and the pre-

vention of disappearance of 1131 is perhaps the most sensitive measure

of thyroid activity available, it was not used except in the last exper-

iment due to the high level of injected 1131 required which would possi-

bly injure the thyroid if repeated every 30 days as required in this

series of experiments.

The effect of ambient temperature on turnover one-half time of

1131 are shown in table 6. Since intra-class correlation and regression

coefficients are the most accurate estimate for a group of animals, all

group estimates of turnover one-half time were arrived at by this method.

In order to compare turnover at the various temperature and light condi-

tions, the correlation coefficients were converted to a 2 statistic and a
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FIGURE I

TYPICAL UPTAKE-OUTPUT CURVE
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t test used to determine the level of significance. Computation pro-

cedures were taken from Snedecor (1950).

Table 6

Effects of Ambient Temperature on Turnover Kate

One—half Time of 1151 by the Thyroid in ewes

 

Ambient fifLevel of Lstimated

Temperature df r Significance b Turnover

Rate in Days

500 F. 89 -.91 .01 -.02h09 12.h96

55° F. 87 -.85 .01 -.02302 13.077

85° F. 83 -.87 .01 -.020h6 1h.713

90° F. 9h -.80 .01 -.01798 17.7h2*

 

rSignificantly different from the least value

Turnover one-half time at 900 F. was significantly greater (P<.Ol)

than turnover at 500 F., and was not significantly'different than turn-

over at 55° F. (P<225) or 85° F. (P<.l2). Turnover at 85° F. was not

significantly different from 50° F. (P<;18) nor 55° F. (F<;60). Also

55° F. was not significantly different (P<L30) from 500 F. A signifi-

cant correlation of .28 (P<L05) was obtained between turnover one-half

time of 1131 and ambient temperature and the relationship appears to be

curvilinear within the temperature range studied. A graphic expression

of uptake and output turnover for the respective temperatures is shown

in figure 2.

Assuming that a fast turnover rate indicates a more active secreting

thyroid gland, these data agree with a vast amount of literature which

demonstrates that thyroid secrection rate is stimulated by low environ-



O
U
T
P
U
T
-
T
U
R
N
O
V
E
R

R
A
T
E

I
/
2

T
I
M
E

(
D
A
Y
S
)

- 32 ..

FIGURE 2

MAXIMUM PERCENT UPTAKE AND TURNDVER RATE

OF I '3' BY THE THYROID GLAND IN EWEs

UNDER CONTROLLED AMBIENT TEMPERATURE
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mental temperature and is depressed by high environmental temperatures.

Some of the more classical studies are those of henneman gt; 3;; (1955)

who reported that the lowest l-thyroxine secretion rate in ewes occurred

during July, the hottest month of the year, and hurst and Turner (19h8)

who reported that high ambient temperatures caused a pronounced decrease

in thyroid secretion rate in mice. Also Lerpsey'and Astwood (l9h3) re-

ported a three fold difference in thyroid secretion rate of rats between

25° c. and 35° c.

The effects of artificial light on output one-half time of 1131 are

shown in table 7 and graphically illustrated in figure 3.

Table 7

Effects of Artificial Light on Turnover-Rate

One-half Time of 1131 by the Thyroid in Ewes

 

 

hours of Estimated

Artificial Level of Turnover

Light df r Significance b Rate in Days

8 120 -.8h .01 -.02182 13.79os

12 112 -.91 .01 -.02396 12.56h

16 121 -.8h .01 -.0191h 15.728*

 

aSignificantly different from the least value

Turnover one—half time at 12 hours of artificial light was signi-

ficantly lower (F<.02) than at 8 hours of light and 18 hours of light.

Again, as was the case with uptake of 1131, the relationship between

hours of artificial li ht and turnover rate was non-linear with both 8

hours of light and 16 hours of light depressing thyroid activity. The
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FIGURE 3

MAXIMUM PERCENT UPTAKE AND TURNOVER RATE

OF 1'3' BY THE THYROID GLANDIN EWEs

UNDER CONTROLLED ARTIFICAL LIGHT
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author is at a loss to explain this relationship and recOgnizes the

need of extending the light conditions before final conclusions can

be drawn.
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C. Effect of Ambient Temperature and Arti icial Light on l-Thvroxine

Secretion date:

 

 

Using the procedure of henneman et;_gl; (1955), immediately fol-

lowing the turn ver rate studv on the 50° F. and 90° F. group of eves

at 8 hours of artificial light (the last experiment conducted), graded

dosaees of 1-thyroxine were injected subcutaneously daily for a period

of three days at each dose level and a count taken over the area of the

thyroid. The dosage level of 1-thyroxine was increased at the end of

each three day periOI until five levels had been injected and counts

obtained. Percent of previous count was computed for each dosage level

and secretion rate was estimated for each individual ewe by linear regres-

sion using milligrams of l-thyroxine per 100 pounds of body wei ht in-

jected daily as the x variable and percent of previous count as the y

variable. The point at which the regression line intersected 100 per-

cent of previous count has assumed to be the daily l-thyroxine secre-

tion rate per 100 pounds of body'weifht of the animal in question.

Intra-class correlation and regression coefficients were used to

‘W

estimate secretion rates for the 50° F. and 90° F. groups with the

results shown in table 8. The t test revealed a significant difference

(P<Q01) between secretion rate of the 500 F. and 900 F. groups as was

shown by turnover rate for the same groups. A correlation of -.27

between l-thyroxine secretion and turnover rate approaches significance

(P<.lO) and perhaps would have been significant had the study included

all 72 animals instead of only 12. Again, as was the case with turnover

rate, a significant correlation of -.60 (P<.O5) between 1-thyroxine



secretion rate and ambient temperature was obtained. The daily secre-

tion rate of .035 milli rams per 100 pounds of body weight for the 90° F.

group agrees very closely with the value of .OhO milligrams daily re-

ported for ewes during the month of July by Henneman 23;.3l; (1955).

Table 8

Estimated Daily l-Thyroxine Secretion Rate of Ewes

at Controlled Ambient Temperature and Artificial Light Conditions

 

Ambient Level of astimated

Temperature df r Significance b Laily

Secretion

date in mg.

Per 100 lbs.

Body I'J'eight

50° F. 25 .7h .01 139.1h .122*

90° F. 18 .h3 .0o h03.33 .035

 

*Significantly different from the least value

These data are further evidence that high ambient temperature de-

presses thyroid function and indicates that turnover rate one-half time

may be used with a relatively high degree of accuracy in predicting

thyroid activity in ewes.

The advantages of conducting an output turnover rate one-half time

study to predict thyroid activity over the l-thyroxine secretion rate

method are:

a. Smaller dosage of 1131 required.

b. Conducted in a shorter period of time.

c. Fewer 1131 counts necessary.

d. Daily injections are not required.



The chief disadvantage is that turnover rate gives only a compara-

tive estimate of thyroid activity; rhereas, l-thyroxine secretion rate

gives an absolute estimate.
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D. Effect of Ambient Temperature and Artificial Light on weight and

Iodine Content of Thyroid Gland:
 

Immediately following slaughter of the native fine wool ewe on

each of the experiments, the thyroid gland was dissected free of adher-

ing tissue, weighed on an analytical balance, and one lobe was frozen

for later iodine determination.

The native ewes which were to be slaughtered for the 8 heurs of

light, 550 F. and 8 hours of light, 85° F. groups were accidentally

bred and were not slaughtered; therefore, no data are available for

these groups.

Iodine content of the thyroid gland was determined by the method

of Reineke _e_t_._ 114 (19145) and the results are shown in table 9. In

all cases the percent iodine of the wet thyroid weight was based on

the analysis of one lobe of the gland.

Due to the small number of animals for each temperature and light

condition, no significant difference was found among any of the groups

with respect to weight of the thyroid gland or iodine content expressed

as a percent of wet thyroid weight.

Only slight differences existed in percent iodine content for any

of the temperature and light conditions studied with a low value of

0.132 and a high value of 0.156 percent.

The author is unable to explain the extremely high value of 2.033

percent iodine obtained on the ewe reported separately. All computations

and analytical procedures were double checked; however, there is a possi-

bility that the glassware may have been contaminated and the value may

not be real.
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B. Effect of Ambient Temperature and Artificial Light on Thyroid

Activity as Measured by HistOIOgical Examination:

As was the case for percent iodine determinations, ewes at 8 hours

of light, 55° F. and 8 hours of light, 85° F. are not included in this

phase of the study since they accidentally'became pregnant and were not

slaughtered.

All data are based on the examination of one lobe of the thyroid

gland as the other lobe was used for iodine determinations.

Immediately after slaughter of each animal, the thyroid was dis-

sected free of all adhering tissue, weighed, and fixed in 10 percent

formalin. The tissue was embedded in paraffin, sectioned at 10 micra

and stained with Harris haematoxylin-eosin.

The height of one epithelial cell was measured in each of 20 ran-

domly'selected follicles for each animal, using the technique of Rawson

and.Starr (1938). The height of cells was measured by an eyeepiece

micrometer mounted in a stage microsc0pe and calibrated with a stage

micrometer. All measurements were taken under oil immersion.

The results are shown in table 10. Analysis of variance revealed

a significant difference (P<.Ol) among both temperature and light con-

ditions. The cell height in the 500 F. group was significantly greater

than.either the 850 F. or 90° F. group; however, it was not different

fronithe 550 F. group. Also the 550 F. group was significantly differ-

ent from the 90° F. group but was not different from the 850 F. group.

Interpreting thyroid secretion rate to be in a linear relationship

'with epithelial cell height (Rawson and Starr, 1938), the temperature



effects are very closely associated with the values recorded for I131

output turnover rate and l-thyroxine secretion rate.

Table 10

iffect of Ambient Temperature and Artificial Light

on Lpithelial Cell height of Thyroid Gland

 

 

Condition ho. Animals Average Heirht of

epithelial Cells

(flicra)

50° 3 10.79-:<~><-

550 E. 2 9,01%

850 F. 2 7.79

90° F. 3 6.39

 

8 hours lifht 2 8

12 hours light h 7.66

16 hours light h 9

 

wdignificmltly different from the least value

**Si§nificantly di‘ferent from the two least values

These data are further evidence that ambient temperature has a

profound effect upon thyroid activity in eyes.

Althourh analysis of variance revealed a hi hly significant differ-

ence among light conditions (P<L01), the author tends to discount some

of the difference since only the 500 and 900 F. animals are included in

the 8 hour group; whereas, ewes from all experimental temperatures are

included in the 12 and 16 hour groups.

These data indicate greater thyroid activity at 16 hours of light

than 12 hours which is in contradiction with the 1131 output turnover

values. Again the author cautions that the turnover rate studies are



based on 72 animals; whereas, the histolorical studies “e based on 10

animals, and furthermore, these data are non-orthogonal.



ct. of Lmhient Tefiferature and nrtificial Lifnt on

c:

ffe

Gainr
 

All ewes were wei

and aeain at the end and total gain for the 20 d\A 'vs

I“eed, water and trce mineral salt were fed ad.

placed on exeeriacnt and durin’ the xnerimental period.

are shoan in table 11. The eves increased ir si e iron the)
—

N

of the series of experinents from an avera“e of 80 pounds to

r ( :iv '”aid ”eight

"bed at the beginninr of the experimental period

;,rperiod recorded.

$22; prior to being

Thhe results

beginning

“11(a veL-

age of 1L0 hounds at the end. decognizing the fact that veifht gains

tend to decrease as an animal becomes olde and fatter, tine of experi-

ment v as treated as a reelication and the variation sue to this source

was removed Tron the data'by a alysis of variance.

Table 11

 

 

 

Laily Lofiv Zeieht Gains of ’Ves Fed a”. Lib. 1

Under Controlled umoientLe.:perature and artificial uian ConnClitions

hours of .1. :1-.icnt 1C "“01“.th ‘ "e

Artificial o o o 0

Light “0 F #55 F. 8; E. 90 F. average
 

8

12

.331

.279

 

 

lo .280 .300 .307 .205 .313

Average .3333' .370* .321% .l 3 .307

IThe value recortcd for each tetperaturc a“- 1L ht condition is an

average of seven ewes.

S1r-n1b.__ficantl;~,~' different from the least value
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weight gains at 90° F. were significantly lower (P<}OS) than at

50° F., 55° F., or 85° F. There was no significant difference between

gains at 50° F., 55° F., or 85° F.

Although weight gains at 12 hours of artificial light were slightly

lower than 8 hours or 16 hours, there was no significant difference

between any of the values nor was there a significant interaction be-

tween ambient temperature and artificial light.

These data are in agreement with the conclusions of Ragsdale et;

.21; (l9h9),(l951), and (1953) who concluded that high ambient temper-

atures severely depress or retard body weight gains in dairy cattle and

Heitman.§£=_§1:_(l951) who reported that pregnant sows lose weight at

high ambient temperatures.

A significant correlation of -.23 (P<,OS) was Obtained when weight

gains were correlated with ambient temperature; however, the relation-

ship appears to be non-linear.

A correlation of -.23, which approaches significance, (P<.10) was

obtained when weight gains were correlated with turnover rate one-half

time. Although the correlation value is not significant, it indicates

that weight gains are associated with thyroid function as reported by

Scow and Marx (19h5), Reineke st; 31; (l9h8), Beeson 23; a1; (l9h7),

and many others.

From these data, it may be concluded that ambient temperature does

effect body weight gains which are greatly retarded at 90° F. and that

artificial light has little or no effect.



G. Effects of Ambient Temperature and firtificiil Light on Feed

Consumption:
 

Since the experimental animals almost doubled in weight from the

beginning of the experimental period to the end and because maintenance

requirements increase with weight by'a power of .73 (Brody, l9h5) it

was necessary to adjust all feed consumption data to an equal metabolic

weight basis before the analysis was conducted. The results of the

adjusted feed consumption data during the 20 day experimental period

are shown in table 12. Lwes at 55° F. consumed a significantly greater

Table 12

Daily Feed Consunption Per Pound of Body height of dwes Fed ad. lib.

Under Controlled Ambient Temperature and nrtificial Light Conditionsl

 

 

 

 

Hours of Ambient Temperature

Artificial

Light 50° F. 55° F. 85° F. 90° F. Average

8 .O3h .055 .ot3 .Ohl .Oh3*

12 .03h .th .039 .037 .039

16 .oto .052 .Ohl .oho .0u3*

Average .036 .051-::—-x~:<- . Obi .039 .th

 

IThe value reported for each temperature and light condition is an

average of seven ewes.

*Significantly different from the least value

***Significantly different from the three least values

amount of feed (9(101) than ewes at 50°F., 85° F., or 90° F.; however,

. . . . 0
there was no Significant difference between the 50 F., 85° F., and

90° F. groups. Both the 50° and 90° F. groups were in the last series

of experiments conducted and the ewes were in a high state of condition
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when they went on experiment. This may account for the small amount of

feed consumed; whereas, the 550 and 85° F. groups were in the first

series of experiments conducted and the animals were in a medium state

of condition at that time.

The pooled value of .0h3 pounds of feed consumed per pound of

body weight for the 50° and 55° F. groups is significantly different

(P<.05) from the pooled value of .OhO for the 850 and 90° F. groups.

This is a logical and perhaps the most valid comparison of temperature

effects on feed consumption since each of the pooled groups is made up

of ewes in a high and medium degree of fatness at the beginning of the

respective experiments.

From these data, one can conclude that high ambient temperatures

greatly depress feed consumption in ewes. This is in agreement with the

results of Reik:§§=.glL (1950), Maqsood and Reineke (1950), and Robinson

and Lee (19h?) who reported that high ambient temperatures depressed

feed consumption in sheep, rats, and other animals.

Twelve hours of artificial light resulted in a significantly lower

(R(.05) feed intake than did either 8 or 16 hours. Although the 12 hour

group showed the greatest thyroid activity, it remained the lowest group

with respect to feed consumption and body weight gains.

On the basis of these data and the published literature pertaining

to the effects of light on feed consumption in poultry and swine, the

author is unable to explain the results and a more extensive study is

needed before final conclusions can be drawn.
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H. Lffect of Ambient Temperature and Artificial Li;h' on Later

Eonsumgtion:

 

 

All experimental grouse of ewes were given water ad. it. during

the seven day acclimatization period and durin» the 20 dav experimental
.4

0

period with exception of the 500 E. group. The 50 3. group was offered

all the water they would consume during a one-hour period of time twice

"\

daily. iniS procedure was followed in an atteqpt to reduce humidity in

I

’50 2‘ . chamber.the EU F. chamber to that previously recorded in the

\
r
‘

During the pre-experimental period, water consumption by the two methods

was compared Tith no differences evident.

Lo corrections gore made for evaporation losses since the loss wa

slight at all temperatures. Fresh water was supplied daily in an amount

slightly in excess of daily consumption. fhe results are shown in table

13.

Table 13

Pounds of water Consumed baily by owes
” . . . L m . .fi. . u. . .. . 1
under Controlled qulenb ferperature and ArtlilClal Light Conditions

 

 

 

hours of Ambient Temperature

Artificial o 0

Light 50 F. 55° F. 85 F. 90° F. Average

12 b.81 9.38 ‘ 9.0h 10.66 8.h7

16 6.67 9.80 9.15 8.52 8.5h

 

"
\

Average 5.h9 9.5h* 9.09* 9.55% 8.h2

 

lfhe value reported for each tenperature and light condition is an

average of seven ewes.

*Lignificantly different from the least value
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Although analysis of variance shows a significant difference (P<.Ol)

between water consumption at 500 F. over all other temperatures, the

author is of the Opinion that a part of it should be discounted since

the 500 F. group did not have water before then at all times and a part

of the low value shown for the 50° F. croup may be due to this factor.

There was no significant difference between the 55° F., 850 F., and

900 F. groups and no sipnificant difference shown among the light groups.

A significant correlation (.hh P<LOl) was again shown between ambient

temperature and water consumption as was the case when anbient temperature

was correlated with body'weight gains or feed consumption. A:ain, the

author cautions that the greatest part of the correlation is due to the

low value obtained for the 500 F. group.

A great deal of individual variation existed among animals (Appendix

F) at each of the temperature and light conditions studied and as re-

ported by Ragsdale gt:_§l; (l9h9), water consumption tends to parallel

feed consumption except at high temperatures where it tends to increase

with temperature.

Artificial light within the range studied appears to have no

effect on water consumption.
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I. Effects of Ambient Temperature and Artificial Light on Rectal Body

Temperature:
 

Temperatures were taken every other day throughout the 20 day ex-

perimental period by the use of rectal thermometers and the results are

shown in table 1h.

Table 1h

Effect of Controlled Ambient Temperature and Artificial Light Conditions

on Rectal Body Temperatures in Ewesl

 

 

 

 

Hours of Ambient Temperature

Artificial o 0

Light 50 F. 55° F. 85 F. 90° F. Average

8 102.7 103.5 10h.1 102.8 103.3

12 102.h 102.8 103.5 103.7 103.1

16 102.2 103.1 103.7 103.2 103.1

Average 102.5 103.1% 103.8***- 103.2% 103.1

 

IThe value reported for each temperature and light condition is an

average of seven ewes.

*Significantly different from the least value

*%*Significantly different from the three least values

Analysis of variance revealed a significant difference (P<.01) among

temperatures with the 500 F. group being significantly lower than all

others and the 850 F. group being significantly higher than all other

groups. A significant correlation of .50 (R(.01) was obtained when am-

bient temperature was correlated with rectal body temperature. This dif-

fers somewhat from the field studies in dairy bulls'by Johnston and Bran-

ton (1952) which indicated significant correlations between body temper-

ature and ambient temperature only wien the ambient temperature was



within LOO to 00° F. and 700 to 800 F. intervals. however, these data

are in arreement with the worK of Casady'et;‘al; (1950) who found a

high correlation between rectal temperature and ambient chamber temper-

ature of young dairy bulls at temperatures ranging from 00° to 950 F.

A great deal of variation existed among ewes at all temperatures

studied which indicates that certain ewes have an inherant ability to

maintain relatively low rectal temperatures at high environmental temper-

atures. This indicates that the animal breeder may have an Opportunity

to select for heat tolerance in the breedinf pro ran and eventually

build up some natural resistance to hiéh ambient temperature.

The author is unable to explain the low value obtained for the

90° F. group since respiration rate as snown in table 15 was also lower

than that shown by the 850 F. group except that perhaps the physiological

heat dissipation mechanisms were functioning more effectively at the

900 F. temperature.

There was little or no difference in rectal temperature at the vari—

ous artificial 1i nt conditions; however, a significant interaction

(P<L01) was found between ambient temperature and artificial light with

the lowest rectal temperature at 500 F. and 1e hours of lirht and the

highest at 85° F. and 8 hours of light.

Thyroid activity as measured by turnover rate of 1131 has a positive

association with rectal body temperature; however, the correlation

coefficient of .15 was not significant (P<;10). Since a significant

correlation of .28 (E'<.05) was obtained between turnover rate of 1131



and ambient temperature, it indicates that thyroid function is affected

more by the environmental temperature to which the animal is subjected

than by rectal body temperature.



J. Effects of Ambient Temperature and Artificial Light on despiration

date:

 

Due to the extreme variation in respiration rate from day to day

and between different periods of time during a given day for a given

ewe, data were collected daily throughout the 20 day experimental period

by counting flank movements. The daily values were averaged and the

results are shown in table 15.

Table 15

Effects of Ambient Temperature and Artificial Light Conditions

on despiration date in :Jwesl

(Flank movements per minute)

 

 

 

 

Hours of Ambient Temperature

Artificial

Light 50° F. 55° F. 85° F. 90° 1?. Average

8 39 85 1h8 113 96.5

12 51 h9 126 139 9l.h

16 hl 105 155 139 109.6%%

Average h3.6 80.0% 1L3.0::—:e 130.3%": 99.2

 

lThe value reported for both temperature and light condition is an

average of seven ewes.

ignificantly different from the least value
c

, I I

twoignificantly different from the two least values

.‘
I

\

C:

L.)

(1

Analysis of variance revealed a significant difference (P<L01)

among temperatures and again, as was the case with rectal temperature,

respiration rate increased with increasing temperature with the excep-

tion of the 900 F. group which revealed a lower respiration rate than

the 85° F. group. A correlation coefficient of .81 betteen ambient



temperature and respiration rate was highly significant (P<L01) and

was of the greatest mafnitude of any of the factors correlated with an-

bient temperature.

These data essentially agree with the findings of Casady et. a1.

a

 

(1955) who reported that at ambient texperatures of 90° to 95° F.,

great deal of individual variation existed in respiration rate of

young dairy bulls and at these to peratures, respiration rate was not

closely associated with rectal temperature and could not be used as an

indice of thermal stress. ilso Johnston and Branton (1953) and John-

ston.e£:_gl; (l95h) showed that respiration rate was consistently

related to environmental temperature. In addition, thowell gt; El;

(1953) in chamber studies with bulls concluded that respiration rate

was not significantly correlated with rectal temperature but was

significantly correlated with chamber temperature.

Respiration rate at 16 hours of 1i ht was significantly different

(P<.Ol) from both 8 and 12 hours of light with a significant interaction

(P(.Ol) between temperature and light.

Apparently, 16 hours of artificial light represented a stressful

condition, and to a lesser extent, 8 hours of artificial lifht. This

was also borne out by many of the other physioleical responses studied.



 

K. General Discussion of the Effect of imbient Termerature and

Artificial pi ht on Certain fhysiolowiCil its)o:ses:
 

i sum.ary of the efects of controlled ambient temperature and

artificial linht on the various physiological responses studied are

shown in table lo zind 17 respectivel;, with correlation coefficients

shown in table 18. 2150 a summary of the correlation coefficients

between turnover rate of 1131 by the thyroid and certain physiological

activities are shown in table 19.

Upon examination of these dat, it is evident that zero time

uptake is the only uptake value not confounded with output. This is

confi ned by the fact that correlation values between uptake and turn-

over rate one-balf tih1e increased progressively in magnitude from zero

time to ten days after injection of 1131 as shown in table 19.

It seems clear th;t tie differences in correlation are due to

depletion of 1131 from the thyroidadid that uptake values at three,

five and ten days after injection, as well as max'mum uptaxe, are con-

founded with output rate.

Since all of the correlations are positive, this actually means

that there is an inverse relationship between uptake and turnover

rate one—half time because a long turnover rate value indicates a slow

out1ut rate.

Also upon examination of figure 2 and the uptake values shown in

table lo, it seems clear that a different relationship exists for the

900 F. group which is atove the critical temperature for sheep, and
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Table 16

Summary of Certain Physiological Responses to

Controlled Ambient Temperature in Ewes

 

Ambient Temperature

Responses Studied o

50 F. 55° F. 85° F. 90° F.

Zero time percent uptake of

11311 15.29 1h.69 15.67 13.07

One day percent uptake of

1131 7. 01 9. oz-x-X- 8 . 61%:- 5 . 7h
1

Three day percent uptake of

Maximum.percent uptake of

11311 11.92 11.95 13.28 11.19

Day of maximum percent uptake

of 11311 3.67 3.61 3.78 3.39

Turnover rate one-half time

of 1131 (days)l 12.50 13.08 11.71 17.71%

Daily body weight gains2 .33* .38% .32* .20

Daily feed intake per pound of

body weight (pounds)2 .Oh .OS*%* .Oh .Oh

Daily water intake (pounds)2 S.h9 9.5b* 9.09% 9.55%

Rectal body temperaturez 102.5 103.1% 103.8*** 103.2%

Respiration rate

(flank movements per minute)2 b7 80* lh3** l30%*

 

lThe value reported for each temperature is an average of eighteen

ewes.

2The value reported for each temperature is an average of twentybone

ewes.

*Significantly different from the least value

**Significantly different from the two least values

*%%Significantly different from the three least values
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Table 17

Summary of Certain Physiological Responses to

Controlled Artificial Light in Ewes

 

Hours of Artificial Light
 

Responses Studied

 

8 12 16

Zero time percent uptake of

11311 15.23% 11.92 16.87%

One day percent uptake of

11311
8063* 6.143 7073

Three day percent uptake of

11311 11.21 9.55 12.11%

Maximum percent uptake of

11311 12.h8% 9.90 13.78%

Day of maximum.percent uptake

of 11311 15.23% 11.92 16.87%

Turnover rate one-half time

of 11311 13.80% 12.57 15.73%

Daily'body'weight gains (pounds)2 .33 .28 .31

Daily feed intake per pound of

body weight (pounds)2 .0113-22- .038 .013%

Daily water intake (pounds)2 8.2h 8.h7 8.5b

Rectal body temperature2 103.3 103.1 103.1

Respiration rate

(flank movements per minute)2 97 91 110*

 

lThe value reported for each light condition is an average of twenty»

four ewes.

The value reported for each light condition is an average of twenty—

eight ewes.

*Significantly greater than the least value



Table 18

Correlation Between Controlled Ambient T aperature

and Certain bnysioloyical Responses in hwes

 

 

 

Correlation ietreen ambient Level of

Temperature and: df r Significance

Turnover rate of 1131 one-half time 72 .28 .05

Secretion rate of l—Ihyroxine 12 —.00 .05

Body weight gains 8h -.23 .OS

Feed Consumption 8h -.76 .01

hater Consumption 8h .hh .01

Rectal Temperature 8h .50 .01

Respiration Rate 8h .81 .01

Table 19

Correlation Between Turnover Rate One—Half Time

and Certain Physiological Responses in Ewes

 

  

 

Correlation Between Turnover Rate Including gxcluding

One-Half Time and: 900 F. Group 900 a. Group

df r p df r 4p

Zero time percent uptake of 1131 72 -.01

One day percent uptake of 1131 72 .10

Three day percent uptake of 1131 72 .29 .05 Sh .38 .01

Five day percent uptake of 11311 Sh .h2 .01

Ten day percent uptake of 11311 5h .66 .01

haximum percent uptake of 1131 72 .hl .05 5h .60 .01

1-Thyroxine secretion rate 12 -.27 .10

 

Values are expressed as percent uptake of 1131; however, they actually

represent the percent of injected 1151 contained in the thyroid on the

day in question.



the effects of ambient temperature on uptaxe are not direct and simple.

This is borne out by the fact that turnover rate one-half time was

slower as temperatures increased; whereas, uptake increased with in-

creasing temperature until temperature reached 900 f. it this point,

.uptake was considerably depressed and resulted in the lowest uptake

values of any tenperature studied. By eliminating the 90° F. group,

the correlation values between uptake and turnover rate, as shown in

table 19, were sreatly increased and became more highly significant.

In view of these data, zero time uptake represents the only true

uptake value not confounded with output rate and since it is not cor-

related with output rate, one can only conclude that it is of no value

in predicting thyroid activity in ewes. further evidence of this is

shown by the fact that very little difference was observed in 1127

content of the thyroid gland (table 9) at any of the temperatures

studied; whereas, significant differences existed among temperatures

for turnover rate, l-thyroxine secretion rate and thyroid epithelial

cell height (tables 6, 8 and 10).

Daily hours of artificial lirht which the ewes were exposed to had

a significant effect on both uptake and turnover rate of 1131 as shown

in figure 3 and table 17. The inverse relationship between uptake and

turnover rate was of about the same magnitude at all ligat conditions

studied; therefore, the relationship between uptake and artificial lifht

appears to be less complicated than was the case with teuperature.
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From these data, it is evident that below the critical temperature

and within a light range of 8 and 10 hours daily, three day, five day,

ten day, and maxiiim uptake values of 1131 can be used to predict thyroid

activity in ewes; a low value indicating a more active gland than a high

value.

Both rectal body temperature and body weight gains in ewes are

shown to be sisnificantly correlated with thyroid activity (table 19);

however, a higher correlation was obtained between ambient temperature

and these factors (table 18). This would indicate that all of the effects

of temperature are not exerted through the thyroid.

High ambient temperature was found to have a significant depressing

effect on body weijht gains and feed intake, and significantly increased

water intake, rectal body temperature and respiration rate (table 16).

Daily h\urs of artificial light which the wes were exposed to ap-

peared to have little effect upon body weight gains, water intake and

body temperature; but did hate a significant effect upon feed intake and

respiration rate (table 17). Since the ewes responded to 12 hours of

light more favorably than to 8 or 16 hours for all conditions studied

with the exception of body'weight gains and feed consumption, it is clear

that 12 hours of artificial light represents less stress than either 8

or 16 hours. he si'nificant correlation existed between hours of arti-

ficial light and any of the factors studied.
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VI. SUI-EEKEL’Y REID CQI‘CLTJSlOl'IS

The effect of ambient temperature and artificial li ht on thyroid

activity and other metabolic measures in eyes is reported.

A total of 12 experiments involving 7 ewes each was conducted in

controlled temperature and light chanbers. Lach experiment was con-

ducted over a period of 27 days with 7 days devoted to acclimatization

and 20 days to collection of data. All experimental animals were main-

tained in a similar environment prior to beiny placed on experiment.

Estimates of thyroid activity were obtained by the following

methods:

Thyroidal Uptake of 1131

Thyroidal Output-Turnover hate of 1131

l-Thyroxine tecretion date

Chemical Letermination of Thyroidal 1127

histological Determination of Thyroid inthelial Cell Height

Estimates of thyroid activity obtained by all five methods were in

'very'close agreement with the exception of thyroidal content of 1127 and

13ercent uptake of 1131 which failed to reveal any siynificant difference

among the various temperature studies.

It was demonstrated that ambient temperature had a profound effect

on.thyroid activity, pith high temperature greatly'suppressing and low

temperature stimulating thyroid activity. The relationship between ambient

terperature and thyroid activity as measured by turnover rate one-half
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time was sirnificantly correlated (P<.OS) and it appeared to be curvi-

linear.

Correlation analysis showed a sirnificant (E<LOl) inverse relation-

ship between three ‘ay, five day, ten day, and maximum percent Lptake

of 1131 and tnyroic activity as measured by turnover rate one-half time

of 1131 which demonstrates that an actively secreting thyroid was ac-

companied by a low uptake f 1131 and vice versa. Uptake values taken

between three and ten days after injection of I131 appear to be a

reliable estimate of thyroid activity in ewes at tenperatures below 900

..

awes subjected to 12 hours of artificial lifht dai y showed signi-

ficantly greater values for thyroid activity than did ewes at 8 or lo

hours of li ht as measured by turnover rate one—half time of 1131.

daily body wei ht Cains, daily feed intake per pound of body weifht,

daily water intake, rectal bodv temperature, and respiration rate were

all found to be sisnificantly affected by ambient tenperature. :ijni-

ficant correlations were obtained between ambient temperatu e and resgir-

ation rate (O.dl), feed consumption (-O.7é), rectal body temperature

(0.50), and water consumption (O.hh).

Daily hours of artificial lixht had a sirniricant effect on feed

consumption and resniration rate, but had little or no effect on rectal

body temperature, water intake, and body'weight gains.

Based on the results and discussion presented, the followin: general

conclusions may be drawn:



High ambient temperatures significantly depress thyroid activ-

ity in ewes; whereas, low ambient temperatures stimulate thy—

roid activity as Leasured by turnover rate of 1131, l-thyroxine

secretion rate, and thyroid epithelial cell height.

Ambient temperature within the range of 50° to 900 F. has no

significant effect on zero time uptake of 1131 or thyroid con-

tent of 1127 in ewes.

Thyroid activity is significantly'greater in ewes maintained

under 12 hours of artificial light daily than in ewes maintained

under 8 or 16 hours of light as measured by turnover rate one-

half time of 1131.

Thyroid content of 1127 in ewes is not significantly affected by

exposure to artificial light within the range of 8 to 16 hours

daily.

Output-turnover rate of 1131 is a reliable estimate of thyroid

activity in ewes under controlled environment.

Three day, five day, ten day, and maximum percent uptake of 1131

in ewes under controlled environment and below 90° F. is inversely

related to thyroid activity.

Three day, five day, ten day, and maximum percent uptake of 1131

can be of value in predicting thyroid activity in ewes under

controlled environment and below 90° F.

Daily'body'weight gains, daily feed intake per pound of body

weight,daily'water intake, rectal body temperature, and respir-
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ation rate in ewes are all significantly affected by and cor-

related with ambient temperature.

Daily feed intake per pound of body'weight and respiration rate

in ewes are significantly affected by artificial light; however,

artificial light has no significant effect on daily body weight

gains, daily water intake and rectal body temperature.
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Appendix I

One Day Per Cent Uptake of 1131 by the Thyroid Gland of Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions

 

 

 

 

Hours of Ambient Temperature

Artificial

Light 50° F 55° F 85° F 90° F Total Average

8 11.17 8.11 8.02 9.18

8 7.71 11.95 8.63 6.02

8 11.99 8.72 9.33 1.88

8 8.09 13.70 16.62 3.62

8 8.90 11.08 10.26 8.93

8 8.05 12.36 12.65 2.68

Total 55.91 61.92 61.51 27.78 207.13

.Average 9.32 11.62 10.25 8.63 8.63

12 8.37 5.69 7.91 8.90

12 5.88 6.26 8.26 5.81

12 7.60 7.73 9.19 7.59

12 5.36 9.86 6.67 5.32

12 8.58 7.91 7.15 6.28

12 7.37 7.68 3.38 5.56

{rotal 35.12 85.13 38.56 35.86 158.27

.Average 5.85 7.52 6.83 5.91 6.83

16 5.50 13.11 7.86 5.83

16 9.58 7.69 11.62 9.38

16 8.95 8.20 9.06 8.33

16 8.92 8.61 8.09 8.92

16 5.56 10.11 7.07 8.22

Total 35.19 55.29 58.87 80.08 185.39

Average 5.87 9.22 9.15 6.67 7.73

fPotal 126.22 162.38 158.98 103.29 586.79

Average 7.01 9.02 8.61 5.78 7.59



Appendix J

Three Day Per Cent Uptake of I131 by the Thyroid Gland of Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions

 

 

 

 

Hours of AmbientTemperature

Artificial

Light 150° F 155° F 85° F 90° F Total Average

8 17.26 7.81 8.38 17.28

8 11.50 6.88 8.76 16.11

8 18.92 5.18 12.06 6.88

8 13.38 15.37 13.02 8.50

8 13.13 10.82 9.65 8.03

8 12.26 18.10 18.86 8.19

Total 86.85 59.32 62.33 60.91 269.01

Average 18.81 9.89 10.39 10.15 11.21

12 11.28 8.82 11.07 6.80

12 9.87 10.07 6.18 8.82

12 10.27 10.18 13.50 10.11

12 8.78 13.82 7.33 11.33

12 8.07 8.58 9.89 7.20

12 12.19 8.70 8.12 9.56

trotal 60.82 60.13 55.65 53.02 229.22

Average 10.07 10.02 9.27 8.88 9.55

16 9.79 20.33 18.98 9.02

16 16.02 9.00 15.39 18.75

16 8 .05 13.68 13.77 10.18

16 6.57 7.61 12.28 10.88

16 8.52 18.81 13.53 18.01

16 5.88 15.93 18.37 15.63

Total 58.83 80.92 88.68 78.03 298.86

Average 9.18 13 .89 18 . 78 12 . 38 12 .88

Total 201.70 200.37 206.66 187.96 796.69

Average 11.20 11.13 11.88 10.88 11.07
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Appendix K

Maximum.Per Cent Uptake of 1131 by the Thyroid Gland of Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions

 

 

 

 

Hours of Ambient Temperature

Artificial 0

Light 350° F 355° F 85 F 90° F Total Average

8 17.26 7.81 8.13 20.68

8 12.38 11.80 10.11 19.09

8 19.36 5.18 12.06 6.88

8 13.38 15.37 16.83 9.35

8 15008 12019 11025 80M

8 13.63 18.28 15.58 8.20

Total 91.05 66.19 73.96 68.30 299.50

Average 15.18 11.03 12.33 11.38 12.88

12 12.88 8.82 11.56 6.89

12 10.16 10.81 6.15 8.82

12 10.27 10.23 13.50 10.28

12 8.78 13.82 8.18 11.33

12 8.07 8.71 9.83 8.78

12 18.09 8.76 8.12 10.56

{Total 63.81 60.75 57.38 55.78 237.68

.Average 10.68 10.13 9.56 9.30 9.90

16 9.79 21.91 18.96 9.95

16 19.68 10.62 16.78 15.21

16 8.05 13.68 16.89 10.72

16 7.28 9.75 16.38 10.72

16 8.52 15.01 16.93 15.03

16 6.35 17.26 22.28 15.63

Total 59.63 88.19 107.78 77.26 332.82

Anmarage 9.98 18.70 17.96 12.88 13.87

Total 218.89 215.13 239.08 201.38 870.00

Average 11092 11095 13028 1.1019 12 008
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Appendix L

Zero Time Per Cent Uptake of 1131 by the Thyroid Gland of Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions

 

 

 

 

Hours of Ambient Temperature

Artificial

Light 50° F 55° F 85° F 90° F Total Average

8 21.97 8.93 5.68 25.36

8 16.11 22.25 18.68 18.58

8 28.65 6.39 18.60 7.85

8 18.60 17.22 18.85 10.25

8 21.21 18.31 13.92 9.15

8 17.36 17.78 18.02 6.

Total 151.90 86.78 85.71 77.25 365.60

.Average 25.32 18.86 18.29 12.88 15.23

12 18.55 12.68 18.87 6.68

12 15.25 18.01 10.80 7.95

12 10.21 12.19 12.73 9.87

12 9.83 18.00 8.68 11.19

12 9.15 9.01 12.22 11.25

12 28.76 9.78 10.78 10.60

trotal 87.75 71.63 69.28 57.50 286.16

.Average 18.63 11.98 11.55 9.58 11.92

16 12.81 21.72 22.92 11.53

16 23.06 10.18 22.32 21.58

16 9.83 20.60 16.25 11.08

16 8.13 9.11 22.63 17.81

16 10.29 23.21 18.68 17.68

16 7.85 21.17 28.28 20.82

trotal 71.57 105.99 127.00 100.82 808.98

.Average 11.93 17.67 21.17 16.78 16.87

Total 275.22 268.36 281.99 235.17 1056.78

.Average 15.29 18.69 15.67 13.07 18.68
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Appendix H

Day of Maximum Per Cent Uptake of 1131 by the Thyroid Gland of Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions

 

Hours of Ambient Temperature

Artificial

Light _55° F 850 F 90° F Total Average
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Total 66 65 68 61 260

Average 3.67 3.61 3.78 3.39 3.61



Appendix N

Twenty Day Body Weight Gains of Ewes Fed 32° lib.

Under Controlled Ambient Temperature and Artificial Light Conditions

 

 

 

Hours of Ambient merature

Artificial

Light 50° F 55° F 85° F 90° F Total Average

8 10 8 -1 3

8 3 5 8 2

8 3 21 8 8

8 8 3 5 2

8 6 12 8 2

8 13 7 2 8

8 8 15 3 13

Total 51 67 33 38 18 5

Average 7.28 9.57 8.71 8.86 6.61

12 8 2 8 1

12 6 9 9 S

12 8 l2 l2 0

12 3 6 5 2

12 8 8 12 2

12 8 8 l3 2

12 2 8 5 0

Total 35 89 60 12 156

Average 5.00 7.00 8.57 1.71 5.57

16 9 8 -8 5

16 0 9 13 5

16 6 -2 9 7

16 12 7 3 8

16 5 6 2 7

l6 8 10 10 2

16 13 8 10 3

Total 55 82 83 37 175

Average 7.60 6.00 6.18 5.30 6.25

Total 139 158 136 83 516

Average 6.62 7.52 6.88 3.95 6.18



Appendix 0

Twenty Day Feed Consumption Per Pound of Body Height

of Ewes Fed ad. lib. Under Controlled Ambient Temperature

and Artificial Light Conditions

 

 

 

 

Hours of Adbient Temperature

Artificial

Li:ht 50° F 55° F 85° F 90° F Total Average

8 .62 1.00 .53 .50

8 .76 .99 1.11 .63

8 .56 1.32 .98 1.11

8 .86 .93 .91 .88

8 .72 1.23 .88 .97

8 .53 1.01 .87 .87

8 .71 1.13 .72 .80

Total 8.76 7.61 6.00 5.76 28.13

Average .68 1.09 .86 .82 .86

12 .61 .78 .68 1.00

12 .57 .96 .96 .70

12 .75 .83 .73 .57

12 .61 .92 .81 .71

12 .88 .80 .83 .75

12 .82 .92 .95 .78

12 .50 1.02 .50 .70

Total 8.70 6.23 5.86 5.17 21.56

Average .67 .89 .78 .78 .77

16 .90 .86 .68 .86

16 .57 1.16 .88 .89

16 .71 .63 .65 .62

16 .99 1.19 .96 .86

16 .67 1.09 .79 .89

16 .82 1.19 .91 .69

16 .98 1.15 .86 .78

Total 5.68 7.27 5.69 5.59 28.19

Average .81 1.08 .81 .80 .86

”Total 15.10 21.11 17.15 16.52 69.88

Average .72 1.02 .82 .79 .83

Note: The weight of all ewes was adjusted to 70 pounds by the use of the following

formula (Brody, “Bioenergetics and Growth"):

Adjusted WBiHht = 70 + (deviation from 70)°73
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Appendix P

Pounds of water Consumption Daily by Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions

 

 

 

 

Hours of AmbientfiTemperature

Artificial

Light 50° F «55° F 85° F 90° F Total Average

8 5.18 7.20 8.29 6.18

8 5.80 8.53 9.99 . 6.82

8 3.81 13.72 10.63 12.71

8 7.70 7.70 7.72 10.29

8 3.28 9.73 9.82 10.29

8 8.72 7.96 12.00 11.78

8 8.93 11.12 8.97 8.37

Total 38.98 65.96 63.82 66.80 230.76

Average 5.00 9.82 9.06 9.89 8.28

12 3.10 7.78 6.51 13.02

12 8.93 10.18 12.71 10.23

12 8.03 9.20 10.66 8.93

12 8.89 9.92 10.58 8.99

12 6.99 9.09 8.68 10.51

12 6.10 8.06 9.86 13.33

12 8.96 11.87 8.38 9.61

Total 33.68 65.66 63.30 78.62 237.22

Average I408]. 9038 900).} 10.66 80,47

16 7.25 7.56 6.38 8.92

16 8.19 11.08 11.83 9.83

16 6.35 7.31 6.78 6.23

16 8.92 12.05 12.95 10.16

16 8.12 11.13 7.53 9.26

16 7.00 11.39 9.52 7.08

16 8.89 8.12 9.88 8.18

Total 86.72 68.68 68.07 59.62 239.05

Average 6.67 9.80 9.15 8.52 8.58

Total. 115.38 200.26 190.79 200.68 707.03

Average 50149 905,4 9009 9055 80,42

Note: water was available ad. lip. for all groupd of ewes except the 50° F group

which was offered water every twelve hours in order to control humidity.

This may account for the differences shown by the 500 F group.





Under Controlled Ambient Temperature and Artificial Light Conditions
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Appendix Q

Rectal Body Temperature of Ewes

 

 

 

 

Hours of Ambient Temperature~

Artificial

Light ##500 F 55° F 85° F 90° F Total Average

8 102.9 103.7 102.9 102.0

8 102.7 103.1 105.1 102.6

8 102.7 103.7 108.1 102.9

8 102.9 103.1 108.2 103.2

8 102.5 103.6 108.2 102.9

8 102.6 103.2 108.2 103.2

8 102.8 103.9 103.9 102.7

Total 719.1 728.3 728.6 719.5 2891.5

Average 102.7 103.5 108.1 102.8 103.3

12 102.1 102.2 102.8 108.8

12 101.8 102.8 103.8 108.1

12 103.0 102.7 103.9 103.8

12 102.8 102.9 103.6 103.2

12 102.1 103.2 108.2 108.0

12 102.6 103.2 103.7 103.8

12 102.6 102.7 102.5 102.9

Total 717.0 719.7 728.5 726.2 2887.8

Average 102.8 102.8 103.5 103.7 103.1

16 102.0 103.1 102.8 103.3

16 102.1 103.3 108.2 103.8

16 102.0 102.8 103.1 102.8

16 102.5 103.2 108.7 103.3

16 102.1 103.6 103.8 103.8

16 102.8 103.1 108.0 102.6

16 102.8 103.5 103.3 102.9

Total 715.5 722.2 725.9 722.1 2885.7

Average 102.2 103.1 103.7 103.2 103.1

Total 2151.6 2166.2 2179.0 2167.8 8668.6

Average 102.5 103.1 103.8 103.2 103.1



Respiration Rate of Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions
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Appendix R

(Flank Movements Per Minute)

 

 

 

 

Hours of Ambient Temperature

Artificial

Light 750° F 55° F 85° F 90° F Total Average

8 82 61 135 75

8 80 90 186 89

8 31 89 158 102

8 86 118 159 158

8 36 60 187 139

8 33 99 188 182

8 82 92 109 89

Total 270 608 1039 790 2703

Average 39 85 188 113 97

12 68 89 111 181

12 59 55 111 150

12 59 83 129 188

12 82 55 150 131

12 83 50 155 135

12 56 81 138 152

12 37 89 91 123

Total 360 382 881 976 2559

Average 51 89 126 139 91

16 82 88 131 188

16 35 128 168 156

16 80 90 185 137

16 57 100 201 139

16 38 105 159 181

16 80 128 156 80

16 37 137 123 133

Total 285 732 1083 970 3070

Average 81 105 155 139 110

Total 915 1678 3003 2736 8332

Average 88 80 183 130 99
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Appendix S

The Determination of lodine in Thyroid Glands%

- far 4-

11.68. .CI’! 08:
*

9.

10.

a. n. duality KaOH and £803 for the alkaline Tusion

H31 ab.) 8 5:

methyl orange indicator solution

Lodium bisulfite, 10$ solution, A. d.

Bromine water, saturated. A. d.

1

Sodium salicylate, 53 solution

Lotassium iodide, A. n., 10; solution freshly prepared immediately

before titratin; samples.

0.5% starch solution (keep refrigerated).

Standard Iodate Solution) 0. N: heirh 3.5670 grams of potassium
 

iodate, dissolve in a small a ount of water, transfer the solution

quantitatively to a liter volumetric flask and dilute to the mark

with water. then treated with an excess of RI and h280: this solu-

tion liberates iodine equivalent to its volume of 0.1 h. The solu-

tion is used to standardize the 0.1 8. sodium tniosulfate. 1f kept

in a cool place and in a glass stOppered bottle the solution will

retain its strength almost indefinitely.

Standard Sodium Thiosulfate solution: In approximately 0.1 8. stock

solution of sodium tniosulfate, hag; 09.5 H 0 is prepared by dis-

solving 28.820 grams in water and diluting o the mark in a 1000

m1. volumetric flask. The addition of 10 ml. of 0.1 K. haOH per

liter greatly increases its stability.

 

 

*Analytical procedure for method publisned by a. P. leineke, C. t. Turner,

G. 0. hohler, d. D. hoover and h. B. beezley. The determination of

thyroxine in iodinated proteins having thyroidal activity. J. biol.

Chem. 161:599-611, 1985.
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-‘Lppendlix t.“ (continued)

11. The 0.1 h. thiosulfate is standardized against potassium iodate

after it reacts with an excess of potassium iodide and sulfuric

acid. The procedure is as follows: To 20 cc. of standard 0.1 h.

lodate solution in a 500 ml. nrlenmeyer flask add about 200 ml.

of distilled water and 10 ml. of a 10; solution of potassium

iodide and about 5 cc. of l 8. sulfuric acid. The thiosulfate

is added by meals of a burette. when the ionine color has faded

to a pale yellow or straw color, 1 cc. of starcn solution is

added and the titration is continued until the blue color has

entirely disappeared. .

 

cubic centimeters of 0.1 h. iodate - factor for 0.1 h. thiosulfate

cubic centimeters of thiosulfate -

 

From this solution a 0.005 t. sodium thiosulfate solution is pre-

pared. If the baOh is added the solution retains its titre for

several days. If the Naoh is omitted it must be prepared daily.

Procedure

Place an accurately weighed thyroid, dissected free of all adhering

tissue, into a nickel crucible. To the content of the crucible add 5.0

grams of sodium hydroxide pellets and 2 ml. of distilled water. Then

moisten the film of sediment remaining on the sides of the crucible by

tilting. Evaporate the water by cautiously heating over a low flame.

Then place the cover on the crucible and heat strongly enough to keep

the melt liquid. then nearly clear add a small crystal of 8803. Continue

the heating. depeat until no more efferscence is observed after adding

Kh03. After cooling dissolve the melt by filling the cruicible about two-

thirds full of distilled water and heating cautiously. Transfer Quanti-

tatively to a 500 ml. drlenmeyer flask, using about 150 ml. of distilled

water. Add 6 drOps of methyl orange solution, 1.0 ml. of 10; sodium bi-

sulfite solution, and 85% H3P0h until the color is faintly pink. Add
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Appendix 8 (continued)

Procedure (continued)

enough bromine water to color the solution strongly yellow, add glass

beads and boil briskly until clear. (This will take about 10 minutes.)

Add 5 drOps of 53 sodium salicylate solution and cool in running water

to about 200 0. Insufficient cooling causes an indistinct end point.

Add 5.0 m1. of freshly prepared 10% K1 solution and 5 ml. of 85% H3P0b.

Titrate the iodine with 0.005 8. 8325203 solution. Use a starch solution

as an indicator. (The Na28203 is freshly prepared by'diluting it in the

ratio of 5.0 ml. of 0.1 8‘. Na25203 per 100 ml. of distilled water.)

Calculation: 1 ml. of 0.005 K. ha25203 solution is equivalent to 0.106

mg. of iodine in the sample.

 

Percent iodine = weieht of iodine 100

weight of thyroid
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Appendix T

Effect of Ambient Temperature and Artificial Lifht on
r-H

Leight and Iodine Content of 1nyroid Gland

 

 

Ambient Hours of Leieht height Total Percent

Temperature Artificial of of Iodine Iodine

Light awe Thyroid Content Content

(lbs.) (grams) (mg.)

500 F 8 103 2.2825 2.82 0.106

50° F 12 79 2.2071 3.80 0.158

50° F 16 88 3.2258 8.55 0.181

55° F 12 118 1.8993 3.88 0.18

550 E 16 81 1.7220 2.22 0.129

85° F 12 93 2.1707 3.17 0.186

85° F 16 79 2.3810 87.59 2.033

90° F 8 108 2.1109 3.31 0.157

90° F 12 91 2.0885 2.72 0.133

900 F 16 183 2.0776 3.26 0.157

 



rppmxfix'U

dffect of imbient Temperature and Artificial Light on

dpithclial Cell Leifht of Thyroid Gland

 

 

Ambient Temperature hours of Average height of

Lrtificial npithelial Cells

Light (Hiera)

500 F 8 10.76

50° F 12 10.98

50° F 16 10.63

550 F 12 7.25

55° F 16 10.82

85° F 12 6.37

85° F ‘ 16 9.22

90° F 8 6.70

900 F 12 6.08

90° F 16 6.82

 



Append' V

Testing bifference between Two Correlation Coefficients

Convert r to z

 

  

Variance in z = l

n-3

Variance of 21 - 22 = 1 + 1

nl-3 n2-3

Standard deviation of 21 - 22 = 1 + l

nl-3 n2-3

t = 21 - 22

 

Ltandard deviation of 21 - 22

Look up t with infinite degrees of freedom



USE 02‘1“!1

-"."'.,‘._§.'

{.3 1,551.3

“taut.

 

 
 



 


