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ABSTRACT
THE EFFECT OF ENVIRONMENTAL TEMPERATURE AND LIGHT ON
THYROID ACTIVITY AND CERTAIN METABOLIC MEASURES IN 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 I131, l-thyroxine secretion rate, chemical analysis
of thyroidal I127, 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 ang percent uptake of 1131 yhich 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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Hugh E. Henderson

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 16
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 signiticant inverse relation-
ship was observed between maximum uptake or retention of I131l 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 I131 yere 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. InTR00UCTION

It is well established that both environmental terperature and the
length of daylirkt has a pronounced effect on the physiolosy of prac-
tically all of the life processes important to meat animel production.

Mumerous experiments incdicnate tuat btoth the length of day and
armbient temperature nlay a major role in the seasonzl breedinr havtit of
the ewe, and su;r~est that its action may be exerted throush the pitu-
itary-thyroid sland 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 licht conditions in order to intellirently adjust
activity estimates mnde at various seasons in the year for comparative
purvoses, surtnermore, if thyroid therany is a factor in overcoming
sumner sterility in the ram end anestrus in the ewe, it is necessary to
have reliable estinwtes of normal thyroid activity at the various environ-
mental temperature and lirht conditions.

This investi~ation has been desicned in order to gain more basic in-
formation on tine normal tihyroid activity of shecp uncer conitrolled an-
bient temperature and licht concitions and the interrelationship of
thyroid activity to certain metabolic activities in the ewe.

Lith a cleareg understndine of the effect of ambient teiperature
and length ol daylicht on thyroid activity, a more intellirent approach

can be made towerd extencine the breedin~ scason of sheep and a clearer



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

formance and procducing ability of the ewe.



IT. OBJLCTIVES

l. To determine the effect of controlled ambient temperature and
artificial lirht conditions in ewes on thyroid activity as
measured by:

a. Uptake of I131

b. Turnover rate of I131

c. 1l-Thyroxine secretion rate

d. Thyroid content of I127

e. Thyroid epithelial cell height

2. To determine the effect of controlled ambient temcerature and

artificial light conditions in ewes on:
a. Body weicht gains
b. Feed conswmption
c. water consumption
d. Respiration rate
e. Rectal body terperature
3. To correlate ambient temperature and artificial light conditions

in ewes on certain metabolic and physiological functions.



ITI. REVITW OF LITIRATURG

Following the classical work of lagnus-icvy (1395) wao obszrved
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 Mgrch (1929) and Teitelbaum and Horme (19L1).

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. Nurthermore, the effects of environ-
ment on thyroid function and its interrelationship to othe; 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 liayer (1946) 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 durinc the period of high sumuer
temperature indicates that the thyroid affects the épermatogenic tissue
of the testes and has little or no effect upon the interstitial tissue
or the accessory organs which are dependent on androgens.

Magsood (1550) reported that mild hyperthyroidism stimulated soerm-
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 prolongced
thiouracil feeding interferred with spermatogrenesis and increased fib=-
rinous tissue in the interstitial spaces.

Jaap (1933), Martinez Carpos (1947), and "heeler and Hoffman (1943),
working with domestic fowl and lieites and Chandrashaker (1945), working
with rats and mice, rerorted that milk hyperthyroidism increased sperm-
atogeresis.

Organon (1936) cited evidence that thyroid therapy was effective
in some cases of human male and female sterility.

Petersen et. al. (1941) found that the administration of thyro=-
protein to hypothyroid cattle improved both sexual libido and fertility.

Masson (1947) showed that the response of the accessory sex glands
in castrated male mice to testosterone was increased by thyroxine
administration.

Black et, al. (1950) reported that the addition of testosterone
and thyroprotein increased semen volume in rams during the summer

months,



larwick et. al. (1948) concluded that cduring the surmer 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 prouounced 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. DBiological assay of the pitui-
taries showed that rams with poor semen quality were also low in thyro-
trophic hormone.

Reineke et. al, (1941) 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.



Numerous investirations have clearly indicated that tigroid [unc-
tion was markedly au—icnied curing exposure of mammals to reduced environ-
mental temperature and retarded by elevated environmental terperature;
however, litlle cata has been reported on the quantitative thyroid
secretion rate of mammals at controlled hirh and low envirénmental terper-
atures.,

Some of the earlicst evicdence of increased thyroid activity at low
environmental teuperaturcs was reported by Craqer (1916), ieidell and
Fenger (1912), idills (1918), and hencall and Simonsen (1923).

Lerpsey and :istwood (1v43) obscrved that thyroid secretion rate in
rats increased narxkedly at low environmental temperatures and was depres-
sed at hirh teimeratures.

iixner et. al. (19LL) reported that the thyroid of the chick res-
ponded in a similar manner and also Reineke and Turner (19L5) observed
a seasonal trend in the thyroid secretion rate of young chicks.

A pronounced decline in thyroid secretion rates of nice wecre re-
ported by Hurst and Turncr (19L8) when the terperature was increased
from 80° to 87° I,

Turner (1940) reported a seasonal trend in thyroid secretion rate
in hens and a pronounced cecline in the secretion rate of older hens.

ilagsood and :eineke (1950) observed a ten-fold reduction in toler-
ance of mice to thyroprotein feeding when the environmental terperature
was raised from 24° to 30° C. They sugrested that tolerance limits for

thyroid stirmlation were determined by the temperature resulating capacity.



Half-time turnover rates of extrathyroidal I131 thyroxine were
found to avera-e 25 hours in shorn and 38 hours in unchorn sheep by
Freinkel and Lewis (1957) when both groups were exposed to winter
terperatures in Great Britain,

Henneman et. al. (1955) reported thyroid secretion rates in ewes
to be lowest during sumuer ionti:s and hirnest during winter months and
that prernancy had little efrect on secretion rate.

Since the advent of radioactive iodine (I131) 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 I3l from the thyroid
rland of the rat with an external counter and determined an index of the
secretion of thyroid hormone. Ly checking the validity of the inaex
against the effcct of thyrotrophic hormone, goitrorsens and thyroxine
on the rate of loss of 1131, a relationship was established betwecn
dose of thyroxine and derree of inhibition of thyroid hormone secretion.

Henneman et. al. (1955) measured thyroid secretion rate in ewcs
by injecting graded dosares of l-thyroxine following maximum uptake of
1131, Counts were taken at the end of each 3 day l-thyroxine injec-
tion period and percentare of nrevious count computed. Using percentage
of previous count and level of thyroxine injected, a straignt line was
corputed by refression 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 et. al. (1955) and Premachandra et. al,
(1957), and for goats by Flamboe (1958).

Percent uptake of I131l by the thyroid gland as an indicator of
thyroid secretion rate is a debated point by many investigators at the
present time.

Reineke et. al, (1956) and Chai et., al. (1957), in studying I131
uptake and output rates in inbred mice, found a reciprocal relationship
between perceﬁtage 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 discharce in the rapid output
rate grecup.

The data collected in this study agrees with that of ileineke and
Chai; however, frequent reference has been made in the literature that
a high uptake of 1131 yas 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 rwam have been in
relation to rerroductive nerformance.

Mcienzie and Fhillips (1933) concluced tnat temcerature secicd
to cause no sirnificant difference in the lensth of time recuired for
e es to come into estrus in a trial coverins a ten day period of time
in Jugust with ore proup under naturcl conditions and the other «roup
confined to an iced cellar.

Yeates (153) concluded that hich temperature was aonarently with-
out effect on the incidence of estrus in ewes but was detrimental to
satisfactory restation. hen ewes were treated with 7 hours oi 107° &,
heat daily from btreediny until parturition, there was a fifty percent
recuction in number of lambs born over the controls wnich received no
heat treatment.

Dutt and Bush (1955) observed that ewes placed in a cold chanber
at LB° F, with natural lirnt on ilay 26 came into estrus L4 day later
on the averare, as comared to ewes in a hot chamber at 88° F. which
came into estrus 9l days latcr. Rectal body temmeratures for the two
groups were 102.0° F, and 103.4° ¥. with respiration rates of 23/m
and 190/m in the cold and hot chanbers respectively. :laiis in the cold
charber averaced 1.9 services per ewe conception as compared to 5.3
services per ewe conception for the hot chamber rams.

Dutt et. al. (1956) concluded that fertility and normaley of ova

in ewes exposed to elevated environmental temperatures were .iore



severely affected than survival of the young erbryo. chearine the ewe
before exposure to the elevated temerature modified the detrimental
effects.

Green (19L0) obscrved that semen ouality in rams decrcased from
Janmuary to iay, June and <(uly ejaculates were quite inferior, July to
Octoter showed a rarid increase toward hirh quality, and the highest
quality was obtained from October to January.

Foote et. al. (1957) obscrved that at hizh ambicnt termeratures,
testes terperature of rams increased at a faster rate than rectal
temperature.

Lee (1945) observed a very low rate of lay in laiying hens at hich
environmentol terperatures and concluded that 60° i, appeared to be tae
critical temperature.

Casady (19Y3) observed that the duration of exnosure to hirh temper-
atures in dairy bulls had a tremendous effect on fertility levels and
that subjection of bulls to 85° to 900 F, for five weeks may interfere
with spermato;enesis, reduce sperm concentration and motility and
increase the numbcer of abnormal sperm similar to effects noted during
exnosure to 100° F, for two wecks.

Casady et. al., (1956) in experiments with young dairy bulls at
chamber termeratures of 60° to 950 F. observed that correlations between
rectal terperature and respiratory rate, ruwp skin temperature and
scrotal skin terperature were lower tnan the correlation between cham-

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

rield studies of Johnston and vranton (1952) incicated significant
correlations between body temperature and ambient terperature only when
the ambicnt temperature was within LG to 60° F. and 70° to 80° F.
intervals. Hespiration rate was siznificantly correlated with ambient
temperature and humidity, except when maximum temneratures were witnin
the 80° to 85° F. and 85° to 90° ¥. intervals. Pulse rate was signi-
ficantly correlated with mean dzily termeratures within the 85° to 90o £,
interval. Later investirations by Johnston and rranton (1953) and
Johnston et. al. (19Si) showed that only respiration rate was consistently
related to climatic conditions, with absolute humicdity and mean environ-
mental te:werature beins most hirhly correlated with respiratory
responses.

Hcoowell et. al. (1953) with cnamber studies on respiratory activity
as an incex of heat tolerance concluded that respiration rate was not
significantly correlated with rectal terperature under the conditions
of their erperiment. Similar conclusions were drawm by . and
Findlay (1955a, 195%b) from results of chamber studies with bulls.

Fletcher and Reid (1953) in studying heat tolerance of feeder lambs
on pasture in MHississinni, found that shorn lambs showed rectal teiper-
atures of 104.6° I, as corpared with unshorn lambs of 105.L° F.

iiller and #onre (1946) observed that body temperature and respira-

tion rate in sheep were very hichly correlated with asbient temperature.
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In experiments with swine subjected to chamber termperatures from
L0° to 115° F., Heitman and Hurhes (1949) observed that as air temper-
ature increased, rectal temperature and respiration increased and
pulse rate decreased. Feed consurption 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 averare temperature of appraximately 750 F. for hogs weigh-
ing 70 to 1LL pounds and approximately 60° F. for hocs weighing 166 to
200 pounds. As the air temperature was increased or decreased atove or
below these averages, rate of gain declined and utilization of feed was
lowered. At 960 F. a rise in relative humidity from 30 to 9L percent
produced rapid distress in hors weighing over 200 pounds, and the respira=-
tion rate and body temperature increased rapidly.

Heitman et. al. (1951), in a later study with pregnant sows, found
that increasing ambient terperature markedly elevated respiratory rate
and rectal temperature. Feed and water conswmption were greatly lowered
at temperatures above 950 F, No evidence was accumulated that indicatec
that rise in body temperature under these conditions would cause abortion
of a normal litter; however, Ragsdale et, al. (19L9) reported that two
dairy cows aborted L.5 and 6 month fetuses when exposed for 27 hours to a
temperature of 100° F.

Ragsdale et. al. (1953) presented tabular and graphic data on milk
production and composition, feed and water consumption, and bo@y weight
in Holstein, Brown Swiss, Jersey and Brahman cows at low and high rela-

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



atmospheric termerature, the effect of relative humicity on the above
processes is not sirnificant. The effzct of hunidity increases with
increasing temperature above 75° F.

Robinson and Lee (1:47) observed from exjeriments with hens, sows,
and ewcs on hirh and low planes of nutrition that under hot conditiorns,
the reactions of animals on the hi~h plane of nutrition were signifi-
cantly rreater tinan aninmals on a low plane of nutrition. In another
series of experiments wacre animals were fed rations varyin- in protein
from 5§ to 23.5 percent and exposed to a critically hot atmosphere for
seven hours, in no case was any evidence obtained tnat a hich provor-
tion of protein had any sigrificant effect uron the reactions of
animals to Lezat,

Investigations on the effect of length of day or rours of artificial
licht on physiolocical responses in maamals have been devoted almost
exclusively to reproduction aspects with little or no data om ¢rowith rate,
feed and water conswiption, body temperature, and respiration rate.

Bissonnette (1932), iarsnall (1940), and liart (1950), all workin-
with ferrets, observed that the time of onset of the breeding season
varied with the intensity ol lirht and that the frequency of 1i;ht to
dark was tne irmortant factor rather t..an the amount. 'The ratio of 2
hours of lirht to 1 hour of darimess seemec to be about the desired
ratio and a reverse ratio caused the animals to go into anestrus.

Jammond (19L4}) pointed out that the breedin- secason in sheep normally

occurs ot 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 (19LL) observed that when trhe plane of lirht was
increased daily until 3 hours were added in ..arch, and then decreased
light 1 hour rer week until Iay, five of eight ewes were bred and
lambed five months previous to the normal tire.

Yeates (19L9) concluced that temperature had no effect on brincing
ewes into estrus; whereas, cdecreasine tne plane oi liriit in the spring
brousrnt about estrus and increasing tne vlane of 1i.nt in the fall pre-
vented estrus. le concluded that estrus occurred 1L to lo weeks after
ewes vere put on cecreasins licht and estrus ceazses 1l to 1o weexks after
increasing tuie plane of lirnt.

Eart (199C) concluded that a vradual decrease of 1i-nt as not
necessary to trin: about estrus in ewes but reguired only a ratio of
1 part licht to 2 parts dark.

rafez (1950), (1951), (19%2) ouserved that continuous lirnt as
well as 16 nours of lizht and ¢ hours of darkness brou-ht avout anestrus
in ewes. ZIirht hours of 1li-ht and 16 hours of darlmess was eflective in
bringins ewes into esirus.

liercier and Salistury (19L7a) studicd the records or 125,000 cows
artificially bred to 71 bulls and oiserved that fertility of tulls was
hirhly correlated with length of daylirht. One to two months ol in-
creasinc light was necessary beiore the effect ol dayli~hi reached its

maxinmmuume,
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liercier and Salisbury (194Tb) also observed a siynificant correla-
tion between hours of deylirht and fertility level of bulls as measured
by services per concertion., Lowust fertility was observed in winter

and soring, and hi~hest in summer and fall.
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Iv,. IMLTIIOLS ML rPaOColUni

In order to control ambient terrerature 2nd 1li;nt concitions,
two temrerature and 1i-ht control chambers were used in this study.
inimals were confined to 3 by 6 foot individual wens within the
chambers in order to obtain individual feed and water conswmtion
records.

The cold charber consisted of a reconditioned meat cooler measur-
ins 10 feet wide, 20 feet long and 12 feet hirh. The chamber was
cooled by recirculatine air over coolinr coils with electric blowers.
I'or each of tne experinents, teimmerature was maintveined within nlus
or minus one de~reec of the termerature renorted. Zven witn the aid
of a dehumidifier, it was iimossible to recuce the relotive hunicity
in the cold churber to that of the hot chiater. .. range of To to 8l
percent relative hwnicity was maintained in the cold chamber. =DHagsdale
et. al. (1953) rerorted that hi~h relative humidity did not measurably
affect metabolic functions in cairy cattle unless ambient temperature
was in excess of 75° F., It vas assumed that the high humidity in the
cold charber did not alter the erperimental results.

411 natural dayli-ht was excludec from tlie chamber and artificial
lirht was provided by four 300 watt 1li~ht bulbs susnended o feet above
the floor. .n electric time switch controlled the number of hours the
lishts were on durinc eacih 2L hour reriod. Ihe revorted hours of arti-
ficial lignt in 21l cases was a continuous amount of time out of each

2l hour neriod.
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The hot cnamber was of masonry construction and measured 20 feet
wide, 2u feet long ard lo feet hirh, The chamcer was heated by recir-
culatins air over steam coils with an electric blower and termerature
wos maintained witidn plus or minus one depree of the revorted temner-
ature. telative humidity varied from 60 to 70 percent throusrhout the
experimental < erioa and a derumidifier was not usecd. .11 natural li-ht
was exclucded fron the chamber and artificial 1li-ht was provided bty six
300 watt lirht tulis susoended d feet above tiec iloor. lirhts were con-
trolled in tne sane manrer as outlined for the cold chamber and the in-
tensity or 1i ht was a»nroximately tne same for bota c.ambers.

The oricinal ran-e of temreratures selected to ve stucied were uo°,

o o 0 o . . . . .
5, 707, and 85 F. &ince the first series oi emerimcnis were run at
55° and 059 ©. and little cdifference was observed in the various physio-
lorical resvonses stucied, it was decided to substitute 90° i’, for the
700 I'y eroup. Tae coolin~ capmacity of the cold chnarber was not creat
. . X 0 -» X . o

enouch to maintain the LO~ . tempmerature; thererore, 50 7. was sub-
stituted in its rlace.

The exrerimental animals consisted of 2l blackface California ewe
lammbs and 12 native fine wool yearline eves. The California lwunbs were
arproximately L to 5 months of are 2nd averaped 70 pounds wiien tiey
arrived on April 1%, 1957. fThe native vearlin-s were anproxinately 6
to 7 months older and averzed 75 pounds.

Both groups were shorn and placed on pasture vhere they remained

until two weeks prior to tiie besirning of the experiment on June 16, 1957,
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At this time both groups were confined to a larze ren witnin a masonry
building with heat available where temmerature was maintained at approx-
imately 70° Y. (plus or minus 50) with natural licht conditions. This
also served as a holdin: pen for animals between experimenis which in-
sured that all animals were subjected to the same environment orior to
being placed on experiment and helped eliminate ary 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 ad. lib.

In order to eliminate wastare and to insure accurately measured feed
consumption, the entire ration was pelleted into one-fourth inch pellets.
It contained the followinz ingredients:

1600 pounds ground alfalfa hay
390 pounds yellow corn
10 pounds dicalcium phosphate
10 pounds trace mineral salt
5 pouncds Vitain a pre-mix (5 million units)
2 pounds furofac 10

1 pound Vitamin Dy (625,000 units)

2013 pounds Total
sach experiment included six California ewe lambs which received
1131 and were again used in succeedinc experiments and one native year-

ling which did not receive 1131 and was slaughtered at the enu of each
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exoeriment for histolorical study of endocrine glands and chemical
determination of thyroidal iodine. Lata were collected on both the
California lambs and native yearlings for weight gains, feed consump-
tion, water conswmtion, respiration rate, and rectal body temperature.
Only the California ewe lanbs were used to collect cata on IL31 uptzke
and turnover rate and l-thyroxine secretion rave. Both groups avera:red
approximately 80 pounds at the bec-inning of the experimental period on
June 18, 1957 and 14O pounds at the teriination on January 18, 1958,

Following each evperiment, the California ewes were siven a 30
day rest in order to allow any residual 1131 to decay and to prevent
any carry-over eflects iro.n one experinent to another. #As a further
check against carry-over effects, a stratified s;cztem of rindomization
was used in alloting animals to the hot anc cold chambers. 4#Analysis
of variance showed tnat there were no carry-over effects.

Since experiments were being conducted concurrently in tne hot and
cold chambers, a total ol 12 California ewes were on experiment at all
times and 12 were beins rested in the holding ven for succeeding erperi-
ments,

At the berinning of each experiment, animals were randomly assigned
to individual pens within the chambers and allowed T days to becomne
acclimated to the resvective temperature and light condition. On the
seventh day the animals were weirhed and injected subcutaneously on the
medial side of the risnt rear leg with 50 microcuries of IL3l, Indivicual

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 ternination of the 20 day experimental period
and the native yearling was slaughtered.

txternal I13l counts were taken over the area of the thyroid begin-
ning 2L hours after the time of injection and continued daily until maxi-
mum uptake of the injected I13l had been reached.

For output turnover rate studies, counts were taken every L8 hours
after maximum uptake of 1131 and continued until five such counts had
been made. The counting technique as outlined by Kenneman et. al. (1955)
was used throurhout the study. 411 I13l counts were made by a scintil-
lation counter (liuclear Chicaro, model number DE-1) and a count rate
meter (Nuclear Chigaro, model nunber 1020).

For l-thyroxine secretion rate studies, 150 microcuries of I131
were injected instead of the usual 50 microcuries in order tnat sufii-
cient count would be available following turnover rate determinations.

A count was taken 3 deys nrior to the last count used for the turnover
rate deterniration which was considered as zero time., Counts were taken
every third day trereafter throuchout the l-thyroxine injection period,.
Again, the teclmique outlined by Henneman et. al. (1955) was used for
l-thyroxine injection procedures and estirates of secretion rate.

All data were collected during the period of time wiien the lights
were on in the respective charbers and the caabers were not entered

durins the reriod of carimess.
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Immediately followins slaurhter of the native ewe whicih did not
receive 1131, the pituitary, thyroid, adrenals, and ovaries were dis-
sected ifree of adhering tissue in a saline solution and wciihed to the
nearest millirram, T“he ovaries, adrenals and one lote of tie tayroid
were fixed in 10 vercent formalin, sectioned in paraffin and stained
with harris Laemotox;lin-eosin., The remainine lobe of the thyroid and
pituitary were imrediately frozen for later iodine deter.airation and
biolorical assay.

Chemical iodine determiration of frozen thyroias were made by
using the procedure of ieineke et. al. (1945) as reproduced in part

in appendix S.



- 23 -

Ve RZSULTS AD DISCUSZICHN

A. nffect of ‘mbiert Termerature and Artificial Li-ht on Thyroidal
Uotake of I131l:

Counts were taken over the area of the thyroid berinning 2l hours
after subcutaneous injection of 50 microcuries of I13l and continued
every 2l hours thereafter until each animal had reached its peak uptike
of 1131, iach count was compared with the count of a 5 microcurie I131
standard prepared on the day of injection and tne percent uptoke of
injected dosare was cowvuted.

Since a large numcer of rescarchers have internreted a hich 1131
uptake by the thyroid and the sveed at which it is taken up to be highly
correl.ited with a hirh outout of l-thyroxine, this experiment was de-
signed to measure the effects of ambient temperature and artificial
light on both tiie percent and rate of uptake of I131 by the thyroid and
their relation to output rate.

The results of one day percent uptakes are shown in tatle 1. Analycis
of variance showed that significant differences (P€.0l) existed auong both
temperature and lirht conditions. Correlation analysis revealed no
significant correlation between one day percent uptaxe and both ambient
terperature and turnover rate of I13l one-half time.

The results of three day percent uptakes are shown in table 2,
Analysis of variance again showed a significant difference (P<.0l) among
lirht conditions but no sirnificant difference amon~ terperatures; how-

ever, there was a signi‘icant interaction (P<.05) between temperature and



Table 1

One Lay fercent Urtarxe of IL31l by the Thyroid Gland in iwes
Under Contrclled imbient Temperature and Artificial Lirht Conditionsl

Hours of Zavlent Yerperiture
Artificial
Lirht o R, g0 @, 85° F. 900 ¥, dverace
8 9.32 11.62 10.25 L.63 8.63%
12 5.85 7.52 6.3 5.91 6.L3
16 5.87 9.22 9.15 6,67 7.73
Average 7.01 9.,02:=¢ 8,61 S.ThL 7.59

l'he value reported for eacn termerature and lirht condition is an
averare of six ewes.,

#Cionificantly difierent from the least value
s=2:8ignificantly different from the two least values

Table 2

Three Day Percent Uptake of I13l by the Thyroid Gland of _wes
Under Controlled .mbient Tesperature and Artificial Lir~ht Conditionsl

Hours of bient Termerature
Artificial o
Li~ht 500 F, o507, 85w, 900 ¥, Averare
8 1L.41 9,89 10,39 10.15 11.213%
12 10,07 10,02 9.27 8.6L 9.55
16 9.1L 13.49 1L4.78 12,3 12,44
Average 11.20 11.13 11.48 10.LY 11.07

lihe values renorted for both temperature and lirht condition is an
averare of six ewves.
*Cignificantly different froa the least value
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light. There was no sirnificant correlation between tiiree day percent
uptake and ambient temperaiure or lisht conditions; however, there was
a sicnificant correlation of .20 (P<ZOS) between turnover rate of IL131
one-half time and tiree day percent uptake of 1131,

There was no sisnificant difference among terperatures for maximum
percent uptaxe as shown in table 3. .izain there were significant differ-
ences (P€.0l) among licrht conditions. There was also a significant inter-
action (P<.05) between temperature and lirht with the greatest uptake
at 65° . and 16 hours of li-ht. iAfain there was a sirnificant correla-
tion of L1 (P€.05) between moximum percent untake and turnover rate of
1131 one-half ti.e.

Table 3

}Maxirum Percent Uptake of I131 by the Thyroid Gland in Luwes

Under Controlled Ambient lemmerature and -rtificial Licht Conditionst

Liours of wnblent demperacure
Artificial o
Licht 500 7, £50 1, 85" F. 000 i, iverace
8 15.18 11.03 12.33 11.38 12,48
12 10.0L 10.13 9.56 9.30 9.90
16 9.9 1L.70 17.96 12.68 13.67%
Average 11.92 11.95 13.28 11.19 12.03

1The value reported for each temperature and light condition is an
average of six ewes.
#Significantly ¢ilfezrent from the least value
Percent uptake zero time (table L) was determined by extrapolating

the output turnover rate regression line back to zero time, This is
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interopreted to indicate what the percent uptaxe would have becn had not
the thyroid g¢land becn putiine out 1131 in the form of l-th:roxine
during the time in wrnicn I131 was being taken up from the tlood strean.
snalysis of vari2nce acain showed no signitricant Zifference amon~ temo-
eratures. - sirrificant difference (P€.01) existed aweonz lirht condi=-
tions and a sirnificant interaction (P€.05) between te:perature and
lirht, yain the ¢reatest uptaxe value was otscrved at ¢5° . and lo
hours of 1i ht, UYhere was no ciyniZicant correlation between zero tine
percent urtace and outrut turnover one-half time.

Table L

Zero Time Percent Uptake of I13l bty the Thyroid Cland of Lwes
Under Controlled :wibient Tcrperainre and “rtificial Lirht Conditionsl

Lours of kiert Termeratore
Artificial
Licht oo, 550 ¥, 85° T, 900 F, Averare
8 25032 llzoLé lbq29 ]2.88 15023*
12 14.63 11.94 11.55 9.58 11.92
16 11.93 17.07 21,17 16.7L 16,873
Average 15.29 14.69 15.67 13.07 14.68

1lThe value reported for each termerature and licht condition is an
average of six ewcs,.
#Significantly different from the least value
There was little difference amons termeratures for day of maximum
percent uptake as shown in toble 5. Acain there was a sirnificant dif-

ference (P<€,01) arong lirht conditions and a significant interaction

(P€.01) between te perature and lirht.
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Table 5

Day of Maximum Percent Uptake of I13l by the Thyroid Gland in Zwes
Under Controlled Ambient Temperature and Light Conditionsl

Hours of Ambient Temperature
Artificial
Lirht 50° F, 550 F, 85° F. 90° F.  Averare
8 hoo 308 )-103 )4'2 ,4008*
12 3.8 3.0 3.0 2.7 3.13
16 3.2 L.0 L.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 eix 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. ZEwes 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 I3l than did rats under continuous light. An accurate comparison

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

continuous darkness.



- 28 -

Since an inverse relationship was obtained between maximum percent
uptake of I13l and thyroid activity as measured by output turnover rate
one-half time of I13l (r = .1, 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 et. al. (1956) and Chai et. al.
(1957) also observed an inverse relationship between 1131 uptake and
l-thyroxine secretion rate in inbred strains of mice.

Ixcept at the one day interval, there was little or no difference
in 7131 uptake at any of the temperatures studied. It seems clean

that any relationship that might exist is not direct and sirple.
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B. Zffect of Ambient Temperature and Artificial ILight on Thyroidal
Output Turnover Rate of Il3l:

Following maximum uptake of I13l, counts were taken every 48 hours
over the area of the thyroid until five such counts had been taken to
estimate turnover one-half time of I131 by the thyroid. Using the log
of the count againrst time in days, the slope of the ouvtput line was
determined by linear regression. A typical uptake=-output curve is
shown in figure 1.

Since iodine is a nscessary part of the l-thyroxine molecule, it
was hoped that turnover rate wculd 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 35 perhaps the most sensitive measure
of thyroid activity available, it was not used except in the last exper-
iment cue to the high level of injected I131 required which would possi-
bly injure the thyroid if repmeated 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 termperature and light condi-

tions, the correlation coefficients were converted to a z statistic and a
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FIGURE I
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t test used to determine the level of significance. Computation pro-
cedures were taxen from Snedecor (1950).
Table 6

Effects of Ambient Teﬂ erature on Turnover ilate
One-half Time of I3l by the Thyroid in _wes

Aambient Level of Lstimated
Temperature daf r Significance b Turnover
Rate in Days

50° F, 89 -.91 .01 -.02L,09 12.496
550 F. 87 -.85 .01 -.02302 13,077
85° F. 83 -.87 .01 -.020L6 1k4,713
90° F. 9l -.80 .01 -.01798 17.702%

*Significantly diffcerent from the least value

Turnover one-half time at 900 F. was significantly greater (P<.01)
than turnover at 50° ',y and was not significantly different than turn-
over at 55° F, (P&.25) or 85° r, (P£,12). Turnover at 85° F., was not
significantly different from 50° i, (P€.18) nor 55° ¥, (P€,60)., Also
55° F. was not significantly different (P€.30) from 500 F, 4 signifi-
cant correlation of .28 (P€.05) was obtained between turnover one-half
time of I13l and ambient termperature and the relationsinip appears to be
curvilinear within the temperature range stuaied. 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 arree with a vast amount of literature which

demonstrates that thyroid secrection rate is stimulated by low environ-
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FIGURE 2

MAXIMUM PERCENT UPTAKE AND TURNOVER RATE
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mental temperature and is depressed by high envirommental temeratures.
Some of the more classical studies are those of ilenreman et. al. (1955)
who reported that tiie lowest l-thyroxine secretion rate in ewes occurred
during July, the hottest month of the year, and liurst ard Turner (19.3)
who reported tnat hirh ambient temmeratures caused a pronounced decrease
in thyroid secretion rate in mice. .lso Lerpsey and 4stwood (1943) re-
ported a tiree fold difference in tryroid secretion rate of rats between
25° C. and 35° C.

The effects of artificial lizht on output one-half time of I131l are
shown in table 7 and graphically illustrated in figcure 3.

Table 7

nffects of irtificial Lizht on Turnover Rate
One-half Time of I13l by the Thyroid in Iwes

liours of Lstimated
Artificial Level of Turnover
Light af r Significance b Rate in Days
8 120 -08)4 ool -.02182 13.796*
12 112 -9 .01 -.02396 12,564

#Cignificantly different from tiue least value

Turnover one-half time at 12 hours of artificial lirnt was sicni-
ficantly lower (P€.02) than at 8 hours of lirht and 16 hours of 1lijht.
Arain, as was the case with uptake of 1131, the relationship between
hours of artificial 1i ht and turnover rate was non-linear with toth 8

hours of li:ht and 16 hours of lizht depressing thyrcid activity. The
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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. uffect of Arbiert Terrerature and Artificial Licht on 1-Thyroxine
Secretion :latc:

Using the procedure of lLernneman et. al. (1955), imcediztely fol-
lowing the turnover rate study on the 50° ., and 90° I, croun of eres
at & hours qf artificial licht (the last experiment conducted), sgraded
dosases of l-tiyroxine were injected subcutaneously daily for a period
of three days at eacn dose level and a count taken over the area of the
thyroid. The dosape level of l-thyroxine was increascd at the end of
each three cay rericd urtil five levels had been inlected and counts
obtained. Yercent of »revious count was computed for each dosase level
and secretion rate was estinmated for each individual ewe by linear rerres-
sion usinc millirrams or l-thyroxine per 100 nounds of body weil ht in-
Jected cdaily as the x variable and rercent of previous count as tie y
variable., The point at wnich the recressiocn line intercsected 100 per-
cent of previous count %as asswned to be the daily l-tayroxine secre-
tion rate per 100 pounds of tocdy weirht of the aniwmal in question.

Intra-class correlation and recsrecssion coefficients were used to
estinate secretion rates for tne 50° F, and 90° T, groups with the
results shown in table 6. The t test revealed a significant difference
(p€,0L) between secretion rate of the 50° F. and 90° F. groups as was
shown by turnover rate for the same groups. 4 correlation of =,27
between l-thyroxine secretion and turnover rate approaches significance
(P€.10) and perhaps would have been sirnificant had the study incluced
all 72 animals instead of only 12. .rain, as was the case with turnover

rate, a sisnificent correlation of -.60 (+€,05) between l-thyroxine
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secretion rate and ambient temperature was obtained. <The aaily secre-

tion rate of .035 millisrams per 100 pounds of body weirht for the 90° F.

group agrrees very closely with the value of .00 millicrams daily re-

ported for ewes durinz the month of July by lienneman et. al. (1955).
Table 8

Lstimated Daily 1-Thyroxine Secretion Rate of Lwes
at Controlled “mbient Temperature and :rtificial ILirht Conditions

Ambient Level of wstimated
Temperature af r Significance b Laily
Secretion

rate in mg.
Per 100 lbs.
Body ‘ieight

500 r, 25 i .01 139.1h J122%

90° F. 13 L3 .06 ,03.33 .035

#oignificantly different from the least value

These data are further evidence that hish ambient temperature de-
presses thyroid function and indicates that turnover rate one-half time
may be used with a relatively high decree of accuracy in predicting
thyroid activity in ewes.

The advantaces of conducting an output turnover rate one-half time
study to predict thyroid activity over the l-thyroxine secretion rate
method are:

a. Smaller dosare of I13l required.

b. Conducted in a shorter period of time.

c. Fewer I131l counts necessary.

d. Daily injections are not reguired.



The chief disadvantage is that turnover rate gives ornly a compara-
tive estimate of thyroid activity; whereas, l-thyroxine secretion rate

gives an absolute estimate.
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D. Effect of Ambient Temperature and Artificizl Lirht on VWeight and
Iodine Content of Thyroid Gland:

Immediately following slaughtér of the native fine wool ewe on
each of the experiments, the thyroid gland was dissected free of adher-
ing tissue, wecirhed on an analytical balance, and one lobe was frozen
for later iodine determiration.

The native ewes which were to be slaughtered for the 8 hours of
light, 550 F. and 8 hours of licht, 850 F. grours were accidentally
bred and were not slaurhtered; therefore, no data are available for
these groups.

Jodine content of the thyroid gland was determined by the method
of Reineke et. al. (1945) and the results are shovm in table 9. In
all cases the percent iodine cof the wet thyroid weirht was based on
the analysis of one lobe of the gland.

Due to the small number of animals fcr each temperature and light
condition, no significant difference was found ameng any of the groups
with respect to weight of the thyroid gland or iodine content expressed
as a percent of wet tayroid weight. ‘

Only slight differences existed in percent iodine content for any
of the temperature and licht conditions studied with a low value of
0.132 and a hirh 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 corputations
and analytical procedures were double checked; however, there is a possi-
bility that the glassware may have been cortaminated and the value may

not be real.
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Z. Lffect of Ambient Temperature and /rtificial Light on Thyroid
Activity as lMeasured by Histological rixaminations

As was the case for percent iodire determinations, ewes at 8 hours
of licht, 55° F. and 8 hours of light, 85° F. are not ircluded 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 enbedded 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 eye-piece
micrometer mounted in a stage microscope 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£.0l) among both terperature and lifht con-
ditions. The cell heignht in the SOO F. group was significantly greater
than either the 850 F. or 90° F. group; however, it was not different
from the 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 terperature



effects are very closely associated with the values recorded for I131
outout turnover rate and l-thyroxirne secretion rate.
Tatle 10

~ffect of .‘mbient Terreratore and ‘rtificial Licht
on _pithelial Cell :reirht of Thyroid Gland

Concition lio. nimals averase ieirht of
~pithelial Cells
(iicra)
o0 &, 3 10, 79wk
550 I, 2 9.0l
859 ¥. 2 7.79
90° =, 3 6.39

8 hours li-ht 2 8.73
12 hours lirht L 7.66
16 hours lirht L 9,323

Soignificantly ciirferent from tre least value
s=:Sicnificantly different from the two least values

These data are further evidence that ambient terperature has a
profound effect upon tiiyroid activity in eves.

Althourh anal:rsis of variance revenled a hi-idy sirnificant ciffer-
ence ameng lirnt conditions (PL.0l), tie author tends to discount some
of the diflerence since ornly the SOO and 900 s animals are included in
the 8 hour eroup; whereas, ewes from 2ll experiacntel temweratures are
included in tiie 12 and 1o hour ¢rours.

These data indicate rreater thyroid activity at 10 hours of licht
than 12 hours which is in contradiction with tne 1131 outnut turnover

values. {yain the autlior cautions tiat the turnover rate studies are
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based on 72 animals; wiereas, the histolorical studies are based on 10

animals, and furtanermore, tiiese data are non-ortnosonal.,



Fo 2ifect of mplent Terrercture and .rtificiasl Li-nt on Dody eirht
Gains:

All eves were wel-icd at the berinnins~ of the exveriment-sl pericd
and arain 2t tie end and total rain for tne 20 <oy veriod recorded.
rfeed, water and tr-ce mineral e21t were fed ad. lib. rrior to being
placec on er—ericnt anc dvrins the exrerinental rneriocd. The results
are shown in table 11, <t eves increaced in size fron the e inninc
of the series of emeriasents from an averace of 0 pounds to z2n aver-
are of 1.0 nounds at tuie end. ecognizineg tle fact tihat weirlit gains
tend to decrease ac cn anincl becomes oluer and fatiter, tine ol exveri-
ment vas treated as a rernlication and the varioction sue to tils source
was removed fron the data bty oncdeis of variance.

Yable 11

caily Lody " cicht Gaine of _wes few a7, Lib,

ci
i o , 1
Under Controlled .unblent Teiperacure anu artificicl Liit Conditions

nours of Leleaent re.rerature
Artificial o o o o
Li~ht 5o° F. o5 T, 65 V. 90~ I, sverage

8 2360 oLT8 .226 243 .331
12 .250 .350 L26 056 .279

16 .250 .3C . 307 . 205 .313

Averace o231 376 230205 L1975 2307
1he value re¢porvcd for eac.a tennceraturc ani 1ijnt concition is an

aver e of seven ewves.
cod nlflcantl ¢ifferent from the least vzlue
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Weight gains at 90° F, were significantly lower (P{.05) 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 ligh£ were slightly
lower than 8 hours or 16 hours, there was no significant difference
between any of the values ncr was there a sicnificant interaction be-
tween ambient temperature and artificial licht.

These data are in agreement with the conclusions of Ragsdale et.
al. (1949), (1951), and (1953) who concluded that high ambient terper-
atures severely depress or retarcd body weight gains in dairy cattle and
Heitman et. al. (1951) who reported that pregnant sows lose weight at
high ambient temperatures.

A significant correlation of -.23 (P{.05) 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 weicht 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 (19L5), Reineke et. al. (19L8), Beeson et. al. (1947),
and many others.

From these data, it may be concluded that ambient terperature does
effect body weight gains which are greatly retarded at 90o F. and that

artificial light has little or no effect.
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G. =ffects of .imbient Temrerature and ‘rtirficial Jicht on rfeed
Consurmtion:

Since tne experimental animals aliost doutled in weipht from the
beginrning of the experimental period to the end and because maintenance
requirements increase witn weirht by a power of .73 (Crody, 19L5) it
was necessary to adjust all feed consumption data to an egual metabolic
welght basis before the analysis was conducted. The results of the
adjusted feed conswmption cdata during the 20 day experimental period
are shown in table 12, _wes at 550 F, consumed a sirnificantly greater

Table 12

Daily Feed Consurmtion rer Pound of Lody welght of swes [ed ad. 1lib.
Under Controlled .imbient Terperature and .rtificial Livht Conuitions~t

liours of ambient Terperature
Artificial
Lirht £O F, o5o 7, 85° F. 90° F. Averace
8 o 03)4 . OSS . O)—lB . Ohl .O)JB*
12 .03y .0L5 .039 .037 .039
16 .0L0 .052 0Ll .0L0 .OL 3%
Average 0306 L0516t 0l .039 .0L2

IThe value reported 1or each temperature and li-int conaition is an
average of seven eves,
#Significantly different from the least value

s==:Significantly different from the three least values

amount of feed (P€.0l) than ewes at 50°r., 85° F., or 90° F.; however,
there was no significant difference between the 500 F., 85° F., and

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

of experiments conducted and the ewes were in a hirh state of condition
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when they went on experiment. This may account for the small amount of
feed consumed; whereas, the 55° and 8t° 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 ,043 pounds of feed consumed per pound of
body weight for the 500 and 550 F. groups is significantly different
(P<.05) from the pooled value of .OLO for the 85° and 90° F. groups.
This is a logical and perhaps the most valid comparison of terperature
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 hish ambient temperatures
greatly depress feed conswiption in ewes. This is in agreement with the
results of Reik et. al. (1950), Magsood and Reineke (1950), and Hobinson
and Lee (1547) who reported that high ambient temperatures depressed
feed consumption in sheep, rats, and other animals.

Twelve hours of artificial 1light resulted in a significantly lower
(P£.05) feed intake than did either 8 or 16 hours. Althoush +the 12 hour
group showed the preatest thyroid activity, it remained the lowest group
with respect to feed consumption and body weight zains.

On the basis of these data and the published literature pertaining
to the effects of lirht on feed conswmption 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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He _ffect of ‘mbicnt Temeratore and wtificial i

Consurrmtion:

£11 ecxverimentzl crouns of ewes were given

the seven cay acclimatization period and durine
period with exception of the 50° o, oroup. The U
all the watcr

m

daily., 7Tnis proceuure was followed in

b]
(o]

the 507 I, ci.ouker to thot oreviously recorded in tie
ouring tre pre-exvericentzl period, water consurtion
ras corcared ~ith no ¢ifllerences evident,

Lo corrections .2rc nde for evaroration losses
slight at all terreratures. i'rech water was suonlied
sliently in excess of daily consumption, Ine resultis
13.

Table 13

Pouncs of .2ter Conswied vaily by .wes

L™

Under Controlled - ubient Temperature and Artificial Light Conaitions

the 20 cda

v experinental

&e croup was ofered
they would corsume curins a one-nour terioc of time tuice

n attemt to reduce huwaldity in

(@)

5o M, chasber.

by tie two methous

csince thie loss w2

¢zily in an aount

are siown in torle

1

rours of Ambient femerature
Artificial

Li-nt

9]

50° T, 52° ¥, 65° 7.

o averace

8 5.00 9.2 9.00

12 L.l 9.28

16 6.67 9.80

g.2L
8.L7
8.54

50}—'r9 90511%

Average

8.0L2

lrhe value renorted for each temerature ard li~ht condition is an

average of seven ewcs.
s#tignificantly diffcrent from the least value
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Althourh analysis of variance shows a sirniiicant difrerence (2€.01)
betireen water conswmtion at 50° ¥, over all other temeratures, u.e
author is of ti.e opinion that a part of it should be discounted since
the SO° s group cid not have water before then at all tiies and a part
of the low value shown for tie S0° ¥, sroup may be cue to this factor.

There was no si;nificant déifference between the 55° 7., 85° r., and
90° F. groups and no sirnificant difference shovn among the lirht grouvs.
A significant correlation (Ll »£,01) was arain shown betwecen anmbient
terperature and water cornswmtion as was tne case w.en anbient terperzture
was correlated with body weisht 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 50° T, £roup.

A great deal of irndivicual variation existed anorg animcls (Appendix
P) at each of the terperature and lirht conditions studied and as re-
ported by lagsdale ct. al. (19L9), water consurption tends to parallel
feed conswmption except at hi-h temmeratures where it tends to increase
with terperature.

Artificial licht within the range stucied appears to have no

effect on water cornswmption.
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I. Sffects of Zmbient Tesperature and Artificial Licht on Rectal Body
Temperature:

Temperatures were taken every other day throurhout the 20 day ex-
perimental period by the use of rectal thermometers and the results are
shown in table 1l.

Table 1l

Effect of Controlled /mbient Temperature and Artificial Licht Conditions
on Rectal Body Temperatures in Lwesl

Hours of Ambient Temperature
Artificial o °
Light 50" F, 550 F, 85" F. 90° F, Averare
8 102.7 103.5 104.1 102.8 103.3
12 102.4 102.8 103.5 103.7 103.1
16 102.2 103.1 103.7 103.2 103.1
Average 102.5 103.1x* 103, 8 103,.2% 103.1

1The value reported for each temperature and light condition is an
average of seven ewes.

#Significantly different from the least value
xSignificantly different from the three least values

Analysis of variance revealed a significant difference (P€.Ol) among

temperatures with the 50o 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 (’¢.0l) was obtained when am-
bient temperature was correlated with rectal body temperature. This dif=-
fers somewhat from the field studies in dairy bulls by Johnstcn and Bran-

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

ature and antient temperature only when the ambient temperature was



within L0° to o0° #. and 70° to 80° i. intervals. Lowever, these data
are in areement witn the worx of Casady et. al. (1v50) who found a
hirh correlation btetween rectal tem.erature and ambient chamber temper-
ature of young dairy bulls at temperatures ransire from 00 to 950 ir.

A great deal of variation existed amonc~ ewes at all terreratures
studied wiiich indicates that certain ewes have an inherant atility to
maintain relatively low rectal temperatures at hi-h enviroumental temver-
atures. This indicates that the animal breecder may have an opportunity
to select for heat tolerance in the breedinc pro-r:n ana eventually
build up some natural resictarce to hi~h ambient teimerature.

The author is unacle to exrlain the low vilue ovtained for the
90° F. group since respiration rite as snown in table 1Y was also lower
than that shown by the 65° . group except that perhacs tne physiolocical
heat dissipation mecnanisas were functioning more efiectively at the
90° F. temmerature.

There waz little or no aifference in rectal temperature at the vari-
ous artificial 1i nt conditions; however, a sirnificant interaction
(p&,01) was found between amtient temperature and artificial lirht witn
the lowest rectal tewmerature at 50° ©. and 16 hours of lirht and the
hirhest at 85° F. and § hours of 1li-ht,

Thyroid activity as measured by turnover rate of I13l has a positive
association with rectal body termmerature; however, tre correlation
coefficient of .15 was not significant (P€.10). Since a sirnificant

correlation of .28 (#&.05) was obtained between turnover rate of il2l



and amcient temperature, it indicates that thyroid function is affected
more by the environmental temrerature to which the animal is subjected

than by rectal vody terperature.



Jo Lffects of Anbient Termerature and .rtificial Licht on despiration
Rate:

Due to the extreme variation in respiration rate from day to day
and between different periods of tine durinc a given day for a given
ewe, data were collected daily tnrouchout the 20 day experimental period
by counting flank movcments. The daily values were averased and the
results are shown in table 15.

rable 15

Lffects of Ambient Temperature and Artificial Li;ht Conditions
on iespiration iate in swest

(Flank movements per minute)

fours of muient remmerature
Artificial
Lizht 500 i, 50 F. 85° ¥. 90° ¥.  Averare
8 39 85 148 113 96.5
12 51 L9 126 139 91.4
16 L1 105 155 139 109,63
Average L3.6 80.,0% 13,0 130, 3¢ 99,2

1The value revorted for both terperature and lirnt condition is an
average of seven eves.
*Significantly different from the least value
s=:Significantly difierent from the two least values
Analysis of variance revealed a sicnificant difference (p<.01)
among temmeratures and again, as was the case with rectal temperature,
respiration rate increased witn increasing termperature with the excep-

tion of the 90° ¥, group wiich revealed a lower respiration rate than

the 85° I". group. A correlation coefficient of .0l beticen ambient



temperature and respiration rate was nichly sirnificant (©<.0l) and
was of the greatest marnitude of any of the factors correlated with am-
bient te:perature.

These data ecsentially arree witn the findinzs of Casady et. al.
(1956) who reported tnat at ambicnt te peratures of 90° to 95° i., a
great deal of individual variation existed in respiration rzte of
yourg dairy bulls anc at tiese terperaturcs, recpiration rate was not
closely assoclated with rectel terperature and could not be used as an
indice of thermal stress. . lso Joihnston and Branton (1953) and John-
ston et. al. (195L) showed that respiration rate was consistently
related to environrental temverature. In addition, ..coowell et. al.
(1953) in chamber studies with bulls concluded that respiration rate
was not signiiicantly correlated with rectal temoerature but was
sienificantly correlated with chaunber termperature.

fespiration rate at 16 hours of li ht was signiificantly different
(P€.01) from both‘8 and 12 hours of lirht with a sirnificant interaction
(P£.01) between temperature and licht.

Apparently, 16 hours of artificial licht repnresented a stressful
condition, and to a lesscr extent, 8 hours of artificial li-ht. This

was also borne out by mony of the other physiolo-ical res.onses stucied.



K. General Discussion of the ffect of ‘mbient Termzrature and
Artificial 1d bt on Certmin Jhnreioloricd {csnonsess

A sumiary of the effects of controlled ambient teiperature ana
artificial 1li~ht on the various rhysiolo-ical recponses studied are
shown in t2ble 16 and 17 resrectively, with correlation coefficients
sihovn in table 16. .lso a summary of the correlation coefficients
between turnover rate of 1131 b the tayroid and certain shisiolorical
activities are shown in tutle 19,

Upon exarination of trese datn, it is evident that zero time
uptake is the only uotake vilue not confounded with output. <Tnis is
confirnecd bty tiae fact that correlation values bLetween uctake and turn-
over rate one-half time incressed prosressively in ma nitude froa zero
tine to ten days afier injection of 1131 a5 shown in table 19.

It seems clcar that the differences in correlation are cdue to
depletion of I3l from the thyroid and that uptake values at three,
five and ten days after injection, as well as nmaxzimun uptace, are con-
founded with output rate.

Since all of the correclations are positive, tiis actually means
that there is an inverse relationship between uptaize and turnover
rate one-half time bec:use 2 lons turnover rate value indicates a slow
output rate.

Also upon examinction of ficure 2 and tne untake values shown in
table 16, it seens clear that a different relationshin exists for the

90° F. group which is atove the critical termerature for sheep, and
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Table 16

Summary of Certain Physiological Responses to
Controlled Ambient Temperature in Ewes

Ambient Terperature

Responses Studied

s0°F., 552 F, 85°w®, 90° F,
Zeﬁo time percent uptake of
i3, 15.29 14,69 15,67  13.07
One_day percent uptake of
i3, 7.01 9,023 B8.61% 5,74
Three day percent uptake of
1134 11.20  11.13  11.L8  10.Lk
Maximum percent uptake of
i3l 11.92 11.95  13.28  11.19
Day of maximum percent uptake
of I134 3.67 3.61 3.78 339
Turnover rate one-half time
of I3l (days)y 12,50  13.08 .71 17.7L*
Daily body weight gainsp e33% «30% 0323 .20
Daily feed intake per pound of
body weight (pounds)s Nollt LO5es 0l .ol
Daily water intake (pounds), 5.L9 9.5L%  9.,09% 9,55k
Rectal body temperatures 102.5 103.1%  103,8%== 103,23
Respiration rate
(flank movements per minute)2 L7 8os¢ 1)y 3¢ 1308

1The value reported for each temperature is an average of eighteen

eWweS.

oThe value reported for each temperature is an average of twenty-one

ewes.
#Significantly different from the least value
##Significantly different from the two least values

wE:ignificantly different from the three least values
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Table 17

Summary of Certain Physiological Responses to
Controlled Artificial Lirht in Ewes

Hours of .rtificial Lirsht

Responses Studied

8 12 16
Zero time percent uptake of
1131, 15.23% 11.92 16,87«
One_day percent uptake of
3L 863 6.13 7.73
Three day percent uptake of
1131, 11.21 9.55 12,00t
Maxirmum percent uptake of
i3l 2.8 9.90 13.78%
Day of maximum percent uptake
of 131, 15,23 11.92 16,87
Turnover rate one-half time
of 1131, 13.80% 12.57 15,73
Daily body weight gains (pounds), .33 .28 .31
Daily feed intake per pound of
body weight (pounds)2 SOl 3% .038 L0l 3%
Daily water intake (pounds), 8.2l 8.L7 8.5L
Rectal body temperature, 103.3 103.1 103.1
Respiration rate
(flank movements per minute)2 97 91 110

1The 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 Zetween Controlled ‘mtient Te:merature
and Certain rnysiolorical ilesponses in :wes

Correlation Letiezn .sivicnt wevel of
Terreratore ance af r Zi~nificarce
Turrover rate of IL131l onc-half tine 72 .23 .05
Secretion rate of l-lhrrorire 12 -.00 .05
Body weirht rains gL -.23 .05
I'eed Conswmtion bl -.76 .01
\.ater Consurmption 8L nn .01
Rectal Temperature 8L .50 .01
esniration Late 8L .81 .01
Table 19

Correlation Zectween Turnover ate One-Hzalf Time
and Certain Physiolosical Itesponses in Lwes

Correlation cetween Turnover nate  Incluaing wxclucing

One-Half Time and: 90° 7, Croup 900 #, Group
dcf r p af r bp

Zero time percent uptake of I131 72 -.01

One day vercent uptake of I131 72 .10

Three day percent uota<e of I131 72 .29 .05 5L .38 .01

Five day percent untake of I1313 sl JL2 .01

Ten day percent uptake of 1131y gl .66 .01

Haximum percent uptake of I131 72 .41 .05 oL .60 .01

1-Thyroxine secretion rate 12 -.27 .10

Values are expressed as percent uptaxe of I13l; however, they actually
represent the percent of injected I131 contained in the thyroid on the
day in guestion.



the effects of ambient termerature on uptare are not direct and simple.
This is torne out by tiie fact that turnover rate one-half time was
slower as terperaturcs increasedy whereas, uptake increased with in-
creasing temperature until termerature recached 90° I'. it this point,
uptake was considerably cevnressed and resulted in tite lowcst untake
values of any teperature studied. By eliminatinz the 90° I'. group,
the correlation values between uptarxe and turnover rate, as shown in
table 19, were rreatly increased and became more highly significant.

In view of these data, zero time uptake represents the only true
uptake value not coniounded with output rate ana since it is not cor-
related with output rate, one can orly conclude that it is of no value
in precictirg thyrold activity in ewes. surther evidence of tils is
shovn by the fact that very little difference was observed in 1127
content of the thyroid gland (table 9) at any of ihe tc.meraturcs
studied; whereas, significant differences existed among terperatures
for turnover rate, l-thyroiine secretion rate anc ihyroid epithelial
cell heirht (tables 6, 8 and 10).

Laily hours of artificial lirht which the ewes were exrosed to haa
a siznificant effect on both uptake and turnover rate of I13l as shown
in figure 3 and table 17. The inverse relationship between uptake and
turnover rate was of about the same magnitude at all lisht conditions
studied; therefore, the relationsaip between uotake and artificial licht

appears to be less cormlicated than was the case witi teperature.
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Srom these cata, 1t is evident that below tie critical tcmperature
and within a 1iht ransz of ¢ and 10 rourcz c¢aily, taree duy, five day,
ten day, and marimm wotdce values of I131 can be used to rrodict thyroid
activity in eves; a low value indicating a wmore active gland than a hich
value,

poth rectal body tcascrature and body wel it gains in ewes are
shown to Le sirnificantlv correlated with tnyroid activity (table 19);
however, a higner correlation was obtained ktetween ambient temverature
and these factors (tatle 15). This would indicate that all of the effects
of termerature are not exerted through the thyroid.

Eirn arbient te.rerature was found to have a sirnificant cepressing
effect on body weiht gains and feed intake, and si-nificantly incrcascd
water intake, rectal cody temerature and resviration rote (table 16).

-z2ily hours of artificial li nt wiich the ewes were exmosed to ap-
peared to have little effect upon body weicht gains, water intake and
body temperature; but did have a signiricant effect uhon feed intake and
respiration rate (table 17). Since the ewes responded to 12 hours of
licht more favorably than to 8 or 16 hours for 211 conditions studied
with the excention of body weirht gains and feed conswmption, it is clear
that 12 hours of artificial lirht represents less stress than either 8

or 16 hours. o significant correlation existed between hours of arti-

ficial licht and any ol the factors stucied.
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VIe SUILDRY 4D COI'CLUSLOLS

The effect of ambient temperature and artificinrl 1i-at on thyroid
activity and other metavolic measures in e.ves is rerorted,

A total of 12 experinents involving 7 ewes e2ch was conducted in
controlled temmeraturce and lirht chiombers. oach experiment was con-
ducted over a period of 27 cdarys with 7 days devoted to acclimatization
and 20 days to ccllection of data. .11 experinentsl animals were main-
tained in a similar environnent vrior to teine placed on exmeriment.

istimutes of thyroid activity were obtained vy the followin
methods:

Thyroidal Uptake of 1131

Thyroidal Output-Turnover hate of I131

1-Thyroxine ecretion rate

Chemical Letermination of Thyroidal I127

Histolorical etermination of Thyroid _pitheli=zl Cell ileipnt

Lstimutes of thyroid activity obtained by all five methods were in
very close arreement with thie excertion of thyroidal convent of 1127 ang
percent uptake of IL131 wiich failed to revecl any sirnificant cifference
among tihe various teiperature studies.

It was cdemonstrated that ambient temperature had a profound eflect
on thyroid activity, »ith high termrerature rreatly suopressing and low
temperature stirmulzting thyroid activity. LYhe relationship between ambient

te:perature and thyroid activity as measured by turnover rate one-half
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time was sirnirficantly correlated (24.05) and it 2poeared to be curvi-
linear.

Correlation analysis snowed a si-nilic-rnt (&, 01) invcrse relation-
snhip between tarec doy, five day, ten day, 2nd mxriswa percert ustake

of I131 ang toyrole activity as measured by turnover ratve ore-hulf time
~ 131 . Y . » e o
of I which denoactrates thint an actively secretin: tiyroid was ac-
. ~ e . - "
cormanied by a low urtalie of 1131 and vice versa. Jniae values taken

between three and ten da:s after injection of I13l anpear to be a

. . . . s . . . S
reliable estimate of thyroid activity in ewes at teimeratures below 90

Fat
.

swes sublected to 12 hours of artificial li~ht aail; showed sizni-
ficartly rreater vzlues for thyroid activity than did ewes at 3 or 10

hours of 1irnt as mezsured by turnover rate oneo-nalf tire of 1131,

h

wally bocdy wel~ht cains, caily feed irtake ver pound of tody weirnt,
cdally water intaxe, rectal body termerature, and respiration rate were
all found to be sirrnificantly uffected by ambient temerature, Cirni-
ficant correlations were ottained between amvient te.mmerature and reeoir-
ation rate (0.,51), feed consumtion (-0.76), rectal body temperature
(0.50), and water conswmtion (0.LL).

Taily hours of artificial 1lirnt had a siniiicant effect on feed
consumption and resviration rate, but had little or no effcct on rectal
body temperature, water intake, ancd body weirnht gzins.

Based on the results and discussion nresented, the Iollowin- ceneral

conclusions 12" be drawn:



1.

3.

50

Te

High ambient temperatures significantly depress thyroid activ=-
ity irn ewes; whereas, low articat terperatures stimulzate thy-
roid activity as measured by turnover rate of I13l, 1-thyroxine
secretion rate, and thyroid epithelial cell heicht.

Ambiert terperature within the range of 50° to 90° F. has no
significant effect on zero time uptake of IL13l or thyroid con-
tent of I127 in ewes.

Thyroid activity is significantly greater in ewes maintained
under 12 hours of artificial 1lirht daily than in ewes maintained
under 8 or 16 hours of licht as measured by turnover rate one-
half time of I131,

Thyroid content of 1127 in ewes is not siznificantly affected by
exposure to artificial light within the ranze of 8 to 16 hours
daily.

Output-turnover rate of I131 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 90o F.

Daily body weicht gains, daily feed intake per pound of body

weicht,daily water intake, rectal body terperature, 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 sicnificantly affected by artificial light; however,
artificial licht has no significant effect on daily body weight

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

One Day Per Cent Uptake of I13l by the Thyroid Gland of Ewes
Under Controlled Ambient Temperature and Artificial Light Conditions

“Hours of Ambient Temperature
Artificial
Light 500 F 55O F 85° F 90° F Total Average
8 11.17 8.11 L.02 9.1,
8 7.7 11.95 8.63 6.02
8 11.99 L.72 9.33 1.LL
8 8.09 13.70 16,62 3,62
8 8.90 11.08 10.26 L.93
8 8.05 12.36 12.65 2.6L
Total 55.91 61.92 61,51 27.74 207.13
Average 9032 ].1.62 10.25 h063 8.63
12 L.37 5.69 7.91 L.90
12 5.84 6,26 L.26 5.81
12 7.60 7.73 9.19 7.59
12 5.36 9.86 6.67 5.32
12 k.58 7.91 7.15 6.28
12 7.37 7.68 3.38 5.56
Total 35,12 45.13 38.56 35,46 154.27
A'Ver&ge 5.85 7. 52 60)43 5091 60)43
16 5.50 13.11 T.L6 5.43
16 9.5 7.69 11.62 9.38
16 k.95 8.20 9.06 k.33
16 L.92 L.61 8.09 L.92
16 5.56 10,11 7.07 8.22
16 L.T2 11.57 11.57 7.76
Total 35.19 55.29 54.87 40.0L 185.39
Average 5.87 9.22 9.15 6067 7073
Total 126,22 162.34 154.9L 103.29 5L6.79
Average 7.01 9.02 8.61 5.7k 7.59



Appendix J

Three Day Per Cent Uptake of I3l by the Thyroid Gland of Ewes
Under Controlled Ambient Temperature and Artificial Light Conditions

Hours of Ambient Temperature
Artificial
Light 500 F 550 F 85° F 90° F Total Average
8 17.26 7.81 L.38 17.24
8 11.50 6.48 8.76 16.11
8 18.92 5.1L 12.06 6.8L
8 13.38 15.37 13.02 8.50
8 13.13 10.42 9.65 8.03
8 12.26 14.10 14.86 Le19
Total 86.45 59.32 62.33 60,91 269,01
Average 1L.41 9.89 10,39 10,15 11.21
12 11.28 8.82 11.07 6.40
12 9.87 10,07 6.1} 8.42
12 10.27 10,18 13.50 10.11
12 8.74 13.82 7.33 11.33
12 8.07 8.54 9.L49 7.20
12 12.19 8.70 8.12 9.56
Total 60.42 60.13 55.65 53,02 229.22
Average 10.07 10.02 9.27 8.8L 9.55
16 9.79 20.33 14.98 9.02
16 16,02 9.00 15.39 14.75
16 8.05 13.64L 13.77 10.18
16 6.57 7.61 12.24 10.L)
16 8.52 .41 13.53 14.01
16 5.88 15.93 18.37 15.63
Total cL4.83 80.92 88.68 74.03 298.46
Average 901)4 13-)49 lh.78 1203)4 12.)4)4
Total 201.70 200,37 206.66 187.96 796.69

Average 11.20 11.13 11.48 10,4k 11.07
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Appendix K

Maximum Per Cent Uptake of I3l by the Thyroid Gland of Ewes

Under Controlled Ambient Temperature and Artificial Light Conditions

Hours of Ambient Temperature
Artificial o
Light 50° F 550 F 85 F 90° F Total Average
8 17.26 7.81 8.13 20,68
8 12.34 11.40 10,11 19.09
8 19.36 S.1h 12.06 6.84
8 13.38 15.37 16.83 9.35
8 15.08 12.19 11.25 8.1h
8 13.63 14.28 15.58 L.20
Total 91.05 66.19 73.96 68.30 299.50
Average 15.18 11.03 12.33 11.38 12.48
12 12..48 8.82 11.56 6.49
12 10.16 10.41 6.15 8.42
12 10.27 10.23 13.50 10.24
12 8.74 13.82 8.18 11.33
12 8.07 8.7 9.83 8.7
12 14.09 8.76 8.12 10.56
Total 63.81 60.75 57.34 55.78 237.68
Average 10 06)4 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 13.6L 16.L9 10,72
16 7.2L 9.75 16.34 10,72
16 8.52 15.01 16.93 15.03
16 6.35 17.26 22.24 15.63
Total 59.63 88.19 107.7L 77.26 332.82
Average 9.9 14.70 17.96 12.88 13.87
Total 21,49 215,13 239,04 201.34 870,00
Average 11.92 11.95 13.28 11.19 12,08



Zero Time Per Cent Uptake of I3l by the Thyroid Gland of Ewes
Under Controlled Ambient Temperature and Artificial Light Conditions
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Appendix L

Hours of Ambient Temperature
Artificial
Licht 500 F 6O F 850 F 900 F Total Average
8 21,97 8.93 5.68 25.36
8 16.11 22.25 14.6L 18.58
8 2L.65 6.39 14.60 7.85
8 1},.60 17.22 18.85 10.25
8 21.21 14.31 13.92 9.15
8 17.36 17.74 18.02 6.
Total 151.90 86.7@ 85.71 77.25 365.60
Average 25,32 .46 14.29 12.88 15,23
12 14.55 12,68 1L.47 6.64
12 15.25 14.01 10.40 7.95
12 10.21 12.19 12,73 9.87
12 9.83 14.00 8.68 11.19
12 9.15 9,01 12,22 11.25
12 28.76 9.74 10.78 10.60
Total 87.75 71.63 69.28 57.50 286,16
Average lh063 llo9h 11055 9.58 11092
16 12.81 21.72 22.92 11.53
16 23.06 10.18 22.32 21.54
16 9.43 20.60 16.25 11.08
16 8.13 9.11 22.63 17.81
16 10.29 23.21 18.6L 17.64
16 7.85 21.17 24.24 20.82
Total 71.57 105.99 127.00 100.42 L,0L.98
Average 11093 17067 21017 1607,4 16087
Total 275.22 26).36 281.99 235,17 1056. 74
Average 15.29 14.69 15.67 13.07 1,.68
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Appendix M

Day of Maximum Per Cent Uptake of I13l by the Thyroid Gland of Ewes
Under Controlled Ambient Temperature and Artificial Light Conditions

Hours of Ambient Temperature
Artificial
Light

550 F 8s° 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 ad. lib.
Under Controlled Ambient Temperature and Artificial L:Lght Conditions

Hours of Ambient Temperature
Artificial
Light 50° F 550 85° F 90° F_ Total _ Average
8 10 L -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 L
8 8 15 3 13
Total 51 67 33 3L 185
Average 7.28 9057 ho?l ,4.86 6.61
12 L 2 L 1
12 6 9 9 5
12 8 12 12 0
12 3 6 5 2
12 L 8 12 2
12 8 L 13 2
12 2 8 5 0
Total 35 L9 60 12 156
Average 5.00 7.00 8.57 1.71 5057
16 9 L =L 5
16 0 9 13 5
16 6 -2 9 7
16 12 7 3 8
16 S 6 2 7
16 8 10 10 2
16 13 8 10 3
Total 55 L2 L3 37 175
Average 7.60 6.00 6.1, 5.30 6.25
Total 139 158 136 83 516
Average 6.62 7.52 6..8 3.95 6.1
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Appendix O

Twenty Day Feed Consumption Per Pound of Body ieipht
of bwes I'ed ad. lib. Under Controlled :mbicnt Te:perature
and .rtificial Ligcht Conditions

Hours of ~blent Teimerature
Artificial
Li~ht 50° F 550 850 w 90° T Total Averare
8 62 1.00 .53 .50
8 .76 .99 1.11 .63
8 .56 1.32 .98 1.11
8 .86 .93 .91 .68
8 o 72 1.23 .03 97
8 .53 1.01 .87 07
8 .71 1.13 W72 .80
Total L.7 7.61 6.00 S.76 2L.13
Average .68 1.09 .86 .52 .86
12 .61 .78 .68 1.00
12 .57 .96 .96 .70
12 .15 83 o713 o5
12 LOL .92 b1 .71
12 RN .80 .83 .75
12 .82 092 .95 in
12 .50 1.02 .50 .70
Total L.70 6.23 5.6 5.17 21,56
Average .67 .89 .78 i oT7
16 «90 .86 .6l .86
16 .57 1.16 .88 .89
16 .71 .63 .65 W62
16 «99 1.19 .96 .86
16 07 1.09 o 19 .09
16 .82 1.19 .91 .69
16 .98 1.15 .86 .78
Total 5.6).1 7.27 5-69 5-59 2llol9
Average .01 1.04 .81 .G0 86
Total 15.10 21,11 17.15 16.52 69.68
Averare .72 1.02 .82 .79 .83

Note: The weirht of all ewes was adjusted to 7O pounds by the use of the following
formula (Brody, "3ioenergetics and Growth"):

Adjusted weicht = 70 + (deviation from 70)¢!3
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Appendix P

Pounds of Water Consumption Daily by Ewes
Under Controlled Ambient Temperature and Artificial Light Conditions

Hours of Ambient Temperature
Artificial
Light 50° F 550 F 85° F 90° F Total Average
8 s.1hL 7.20 Lh.29 6.1L
8 50)40 8053 9099 6082
8 3.81 13.72 10,63 12.71
8 7.70 7.70 T.72 10.29
8 3.28 9.73 9.82 10,29
8 L.72 7.96 12.00 11.78
8 L.93 11.12 8.97 8.37
Total 34.98 65,96 63.L2 66,40 230,76
Average 5.00 9.42 9.06 9.L49 8.2
12 3.10 7.78 6.51 13,02
12 8.93 10,14 12.71 10.23
12 L.03 9.20 10,66 8.93
12 L.L9 9.92 10.54 8.99
12 6.99 9.09 8.68 10.51
12 6.10 8.06 9.86 13.33
12 L.96 11.47 k.34 9.61
Total 33.6L 65.66 63.30 T4.62 237.22
Avera.ge hoal 9.38 900’4 10066 8.h7
16 7.25 7.56 6.38 8.92
16 L.19 11.08 11.L43 9.83
16 6.35 T.31 6.78 6.23
16 8.92 12.05 12.95 10.16
16 L.12 11.13 7.53 9.26
16 7.00 11.39 9.52 7.0L
16 8.89 8.12 9.L8 8.18
Total L6.72 68.6L 64.07 59.62 239.05
Average 6.67 9.80 9.15 8.52 8.54
Total 115.34 200,26 190.79 200.6) 707.03
Average 5;)49 9454 9.09 9.55 8.42

Note: Water was available ad. lib. for all groupd of ewes except the SO° F group
which was offered water every twelve hours in order to control humidity.
This may account for the differences shown by the 50° F group.
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Appendix Q

Rectal Body Temperature of Ewes
Under Controlled Ambient Temperature and Artificial Light Conditions

“Hours of Ambient Temperature
Artificial
Light 500 F 550 F 8s° F 90° F Total Average
8 102.9 103.7 102.9 102.0
8 102.7 103.1 105.1 102.6
8 102.7 103.7 104.1 102.9
8 102.9 103.1 104.2 103.2
8 102.5 103.6 104.2 102.9
8 102.6 103.2 104.2 103.2
8 102.8 103.9 103.9 102.7
Total T19.1 72L.3 728.6 719.5 2891.5
Average 102.7 103.5 104.1 102.8 103.3
12 102.1 102.2 102.8 1044
12 101.8 102.8 103.8 104.1
12 103.0 102.7 103.9 103.8
12 102.8 102.9 103.6 103.2
12 102.1 103.2 104.2 104.0
12 102.6 103.2 103.7 103.8
12 102.6 102.7 102.5 102.9
Total 717.0 9.7 724.5 726.2 2887.4
Average 102.4 102.8 103.5 103.7 103.1
16 102.0 103.1 102.8 103.3
16 102.1 103.3 104.2 103.L
16 102.0 102.1L 103.1 102.8
16 102.5 103.2 104.7 103.3
16 102.1 103,6 103.8 103.8
16 102.4 103.1 104.0 102.6
16 102.4 103.5 103.3 102.9
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 866L.6
Average 102.5 103.1 103.8 103.2 103.1



Respiration Rate of Lwes
Under Controlled Ambient Temperature and Artificial Light Conditions
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Appendix R

(Flank Movements Per Minute)

Hours of Ambient Temperature
Artificial
Licht S0° F 550 F 8s° F 90° F Total Averace
8 L2 61 135 75
8 LO 90 186 89
8 31 89 154 102
8 Lé 11 159 15y
8 36 60 17 139
8 33 99 1,8 12
8 L2 92 109 89
Total 270 60l 1039 790 2703
Average 39 85 18 113 97
12 6l L9 111 ua
12 59 55 111 150
12 59 L3 129 1y
12 L2 55 150 131
12 L3 50 155 135
12 56 11 134 152
12 37 L9 91 123
Total 360 342 881 976 2559
Average 51 L9 126 139 91
16 L2 L8 131 ),
16 35 124 168 156
16 L0 90 1,5 137
16 57 100 201 139
16 3L 105 159 181
16 L0 128 156 80
16 37 137 123 133
Total 285 732 1083 970 3070
Average L1 105 155 139 110
Total 915 1678 3003 2736 8332
Average LL 80 13 130 99
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appendix S

The Letermination of lodine in lhyroid Glands

1. 2, . @uality Nalil and AﬂOB for the alkaline iusion
20 H’%{) L’ 65")
. rethyl oranse incdicator solution

. todium tisulfite, 17,5 solution, 4i. R.

s

3

5. bromire water, saturated. . H.

6. Sodium salicylace, Y, solution

T. :otassium iocide, . lte, 10, solution fresily prepared imreciately
before titratins samples.,

8. 0.5, starch soluiion (kecp refricerated).

9. Standard Iodate tolution, 0.1 N: Wei~h 3.5670 grams of potassium
iocate, dissolve in a swuall a.ount of water, transfer the solution
quantitatively to a liter volumetric flask ana dilute to the mark
vith water. .hen treated with an excess of kI and E,30; this solu-~
tion literates iodine equivalent to its volume of O.1 k. The solu-
tion is used to stancardize the 0.1 k. socium tniosulfate. If kept
in a cool place and in a class stoprered bottle the solution will
retain its strength almost indefinitely.

10. Standard fodium Thiosulfate wolution: In approximately 0.1 k. stock
solution of sociwn tuiosuliuate, 1.ap0n04.5 H,0 is prepared by cis-
solvine 24,820 prams in water and diiu%ing o0 the mark in a 1000
ml. volumetric flask. The addition of 10 ml., of 0.1 N. kadi per
liter greatly increases its stability.

sidnalytical vroceaure for metnod publisred by .. P. eineke, C. w. Lrurner,
G. O, hohler, . D. boover and :. B. Leezley. the determination of
thyroxine in iodinzated prroteins havins thyroidal ectivity. J. tiol.
Chem. 161:599-611, 19L5.
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Apvencdix & (continued)

1l. :ne 0.1 k. thiosulfate is stoncdarcized a~ainst potassium iodate
after it reacts with an excess of potassium iodide and sulfuric
acid, Tne rrocedurc ic as follows: To 20 cc., of standard 0,1 I,
Iodate solutlion in a 50U ml. wrlenmever flask add about 200 ml.
of cistilled water ana 1C ul., of a 10,5 solution of potassium
iodide anad about S cc. of 1 i. sulfuric acid. 'the thiosulfate
is added by means of a burette. wiien the iowine color has faded
to a nale yellow or straw color, 1 cc. of starca solution is
adced and the titration is continued until tre tlue color has
entirely disappeared, .

cutic centinmeters of 0.1 =, iocdate - factor for 0.1 n. thiosulfate
cuktic centimeters of thniosulfate -

rrom this solution a 0.005 k. sodium thiosulfzte solution is pre-

parea. If the halh is added the solution retrins its titre for

several days. If the NalUil is omitted it must be prepared caily.
Procedure

Flace an accurately weirhed thyroid, dissected free of all adhering
tissue, into a nickel crucible. To the content of the crucible add 5.0
grams of sodlum hydroxide pellets and 2 ml., of distilled w#ter. Then
moisten tlie film of sediment remaining on tne sices of the crucible by
tiltine, Lvaporate the water by cautiously heating over a low tlame.
Then place the cover on the crucible and heat strongly enouch to keep
the melt liquid. \lien nearly clear add a small crystal of KLOB. Continue
the heatins. 2epeat until no more efferscence is observed after adding
Kii03. After cooling dissolve the melt by filling the cruicible about two-
thircs full of distilled water and heating cautiously. Transfer guanti-
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 ti-

sulfite solution, and 055 H3P0) until the color is faintly pink. 4dd
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Appendix S (continued)
Procecure (continued)
enourh brorine water to color tne solution stron:ly yellow, add glass
beads and boil brisily until clear. (This will take zbout 10 minutes.)
Add © drops of 5, sodium salicylate solution and cool in running water
to about 20° C. Insufiicient cooling causes an indistinct end point.
Add 5.0 ml. of freshly prepared 10, KI solution and 5 ml. of 854 H3PQ).
Titrate the iodine with 0.00% ¥, K325203 solution., Use a starch solution
as an indicator. (rhe N328203 is freshly prepared by diluting it in the
ratio of 5.0 ml. of 0.1 k. NapspO3 per 100 ml. of cistilled water.)
Calculation: 1 ml. of 0.005 L. NapfpO3 solution is eguivalent to 0.106

mg. of iodine in the sample.

Percent iodine = wei~ht of iocire 100
weilght of thyroid
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Appenaix T

LUffect of Ambtient Termerature and Artificial Licht on
weignt and Iodine Contert of Thyroid Glana

Ambient fours of leicht Veirht Total Percent
Temperature Artificial of of Todine lodine
Lizht wwe  hyroid Content Content
(lus.) (grams) (n=.)
500 F 8 103 2.232% 2.2 0.106
50° F 12 79 2.2071 3.L0 0.154
50 r 16 68 3.228L Li.55 0.1L1
5EO ¥ 12 11, 1.8993 3.L3 0.183
55° 7 16 ¢1 1.7220 2.22 0.129
350 F 12 93 2.1707 3.17 0.146
85° F 16 79 2.3410 L7.59 2.033
90° F 8 108  2.,1109 3.31 0.157
90° F 12 91  2.0L85 2,72 0.133
90° F 16 13  2,0776 3.26 0.157




apnendix U

~ffect of uibicnt Termerature and .irtificiz2l Li~ht on
wnithelial Cell lLeicht of Thyroid Gland

Ambient Temperature Llours of Averace Lelght of
“rtificial spitinelial Cells
idicht (CAicera)
50° ¥ 8 10.76
50 i 12 10.98
50° & 16 10.63
550 g 12 7.25
5O g 16 10.52
85° ¥ 12 6.37
850 F 16 9,22
90° 7 8 6.70
90° 1 12 6.0l

90° 1 16 6.12




sppendix V

Tzstine _ifference Letween Two Correlation Coefiicients

Convert r to 2z

Variarnce in z = 1
n-3
Variance of zy; - zp = 1 + 1
nj-3 rp=3
Standard deviation of z] - zp = 1 + 1

t = 21 - 2o
Ltangera ceviation of zy - 2o

Look up t with infinite cdegrees of freedom
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