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INTRODUCTION

There are factors associasted with the external environment
which constitute conditions of stress. The term, stress, has been
used 80 loosely that it is generslly conceded that the conditiom is
present with any situation affecting the normel physiologlcal be-
havior of an animal., OSuch factors as muscular fatigue, cold, anoxia,
emotional strein, toxie injections, and others far too mumerous to
mention csuse a multiplicity of somatic changes in the body. The
degree of response elicited by an organism to stress or the kind of
condition causing stress varies from species to species and to a
limited extent among individuals within a species.

In the words of Selye (1950}, "Anything that ocsuses stress en-
dangers life, unless it is met by adequate adaptive responses;
conversely apything that endangers life causes stress and adaptive
responses, sdaptability and resistance to stress are fundamentsal
prerequisites for life and every vital organ and function perticlpates
in them.™ Therefore, it is apparent that an understanding of the phys-
‘jological adjustments occurring within the organiam which enables it
to sustain a normal or near-normal livelihood under stress would
greatly enhance man's sfforts in his esaseless attempt to better his
own plizht as well ag that of his domestic animals.

There is an insurmountable quantity of literature reporting
experiments designed expressly to study the warious physzioclogiceal
aspects of an animal's response to stress., However, 1t hss been

observed that in only & very limited number of these studies has the



chicken been used as the experimentsl animal. This observation is
both surprising and unfortunate because the chieken has certain ocut-
standing advantages over other animals for such studies., ot only are
chickens easily and economically obtained, but their avajilability in
such large numbers from a given sire or dam offer an excellent oppor-
tunity for the study of genetie variation in stress responses., The
large size and physieal independence acgquired by the chicken at an
early age would alsc facllitate stress studies in the growing animal.
A8 will be fully reviewed later, adaptation to stress is sssen-
tislly an endocrine adjustment with the pituitaery and sdrenal
epparently playing the most important roles. It may be posslible that
the early response of the growing bird to conditions of stress might
roflect its potential abllity as an &dult to reslst disease and ad-
verse environmental conditions or even lits reproductive capaseity, 1In
this manner a chicken's early adaptation to a2 mild form of stress
could have practical significance, particularly so, if genetically
adaptable strains ecould be developed. OFf course, the validity of the
foregeing postulation as 1t relates to reproduction would depend upon
a eorrelation between the efficiency of the endocrine gystem in stress
and 1ts efficlsncy in raproduction., 3Some sueccessful poultrymen, in
dsveloping supericr broiler strains, raised their breeders in adverse
environmental conditions. Such & practice may have as its baagis of
sueccess, the development of genetically adaptable strains through

"natural® selection.



REVIEWY OF LITERATURE

The serlea of somatic changes ocourring within the orgsnism as a
result of stress stimull are thought to procsed in a daefinite chrono-
logical seguence, These changes have become known in recent years as
the "adaptation syndrome® of Selye. The basic concepts of this ayndrome
are as follows (Selye, 1950):

1. Phese of Zhoek., This phese of the "adaptation syndrome™ is

recognized by such changes as (one or more of the following
may not ococur):

(a)
{b)
{e)
(d)

reduction in body temperature

state of hypotension

generalized tissue breskdown

deficiency of chlorides in the blood

{e) high level of potasasium in ths blood

(£) state of acidiosis

{g) an initiasl rise, then & reduction in blood sugar

{(h) & reduction, then increase in blood lymphocytes

(i) asstrointestinal erosions

{i) an emission of certain adrenal hormones may occeur in
this phase as a result of corticotrophin, but this
event is aetually & part of the next phase.

B P ELRE

2. Phage of Counter Shoek., During this phase, there ogcur a

numbsr of changes which asgsigt the animal in its defense
against the stress stimuli. The adrenal cortex undergoes
a marked hypertrophy which is apparently accompanied by an
increase in the activity of this gland. There is also an
outstanding involution of the thyemus and cther lymphatie
zlands. In addition, most of the changes listed under the
phase of shock are reversed in this phase.

%. Stage of Resistance. This phase of the syndrome ls recog-

nized as the extended perioed of time during $hieh the animal

successfully resists the stress atimull. It is the stage



of resistsnce.

4, Stags of ixhesustion. During this stage, the defensse mecha-

nism of the animal fails becauss of the continued exposure
to stress. I‘any of the changes noted in the phuse of shoeck
return. Unless the stress stimuli is removed, the animal

dies.

The volume of literature which supplied thes evidence for these
proposed stages is tremendous. Therefore, the review of literature
to follow must, of necessity, consider only those studies which bear
directly on the problems of the pressnt experiment. Furthermore, the
importance of wvarious physiological chenges ogourring in the atress
response will be considered without too much attention to detail.

THE ADRENAL GLAND3 - One of the earliest disceranible morpho~-
logieal changes occurring during the orgenism's resistance to stress
is mdrenal hypertrophy. aAndersem (1935) observed that rats subjected
to muscular exercise for & total of four hours during a period of
eight hours displayed enlarged adrensls, with a marked widening of
the cortex. A similar enlargement wes shown by Ingle (1938) for the
adrenals of anesthetized rats, the gastronemius nusele of which was
made to lift 100 grams three times per second for twelve hours. A
number of investighators have also noted enlargement of the adrenzls
of rata expeosed to low barometric pressure (Thorm, et 21, 1942; Dohan,
1942; langley and Clark, 1942; Tornetta, et al, 1943; Dalton, et al,
1944; and Tdelman, 1945) and eold (Dugal and Therien, 1949 and

Sealander, 19950;.



The importance of the adrenal glands in the stress response has
been exemplified by an almost complete loss of resistance to streas
stirmuli following adrenalectomy. Ungar (1947) reported thet this lost
resistance can be restored by whole adrenal cortical extracts (ACK).
Ingle and Nezamis (194%) found that adrenalectomized rats subjected to
faradic stimulaetion of the hind legs had a work oubtput which was pro-
portional to the amount of ACE adminisgtered., Adrenal cortical extracts
have also been shewn to increase the survival rates of normal rats ex-
posed to low barometric pressures (Thornm, et al, 1945) and also of
normel mice (Kottke, et al, 1948). Ingle (1944) demonstrated that
large injections of ACE enbanced the resistance of normsl rats %o
peptone shock.

The hypertrophy and hyperaetivity of the adrenals in animals sub-
jeoted to adverse conditions is epparently controlled by the pituitary,
which releases adrenccorticotrophic hormone »CTH into the bloof stream,
But the mecheniasm responsible for the stimulation of the adrenals is
very likely more complex than through the simple relesse of a8 single
pituitary hormone. Paschkis, et al (1950) reported that the levels of
adrenal cortical hormones increased following an injection of ACTH and
also following an injection of adrenalin. The results of Vogt (1944)
gave evidence to indicate that adrenalin has in indirect control over
the activity of the adrensl cortex through the sympathetic nervous
system. 1t was shown that this econtrol was not mediated through action
by adrenalin on the pitulsary. 4 clarification of the fundamental pro-
cesses involved in the pituitary-adrenal reslationship has been handi-

capped beecause of inadeguate means for isclating a given pituitary



hormone in & pure form. Noble and Collip (1%41) found the cortico~
trophic effect of sono piteuitary sxtracts could be augmeunied by the
simaltaneous sdministration of other extraets, especially of & dilute
saline sugpension of the whole gland. Liowever, there is ample evidence
to indicate that the release of AUTH 1s controlled by the concentration
of the cortical hormones in the body fluids. Sayers and Sayers (1947)
concluded that the pitultary relesses ACTH &t a ratoe which is inversely
proportional to the levél of cortiocal hormone (3) in the body and
according to the requirements of the peripheral eells for cortical
steroids., .in excessive dose of an single adrenal hormone 1s apparently
sufficient to interfere with this process. It was shown by S3elye and
Doasne (1942} that an overdosage with desoxycorticosterone ascetate in-
hiblted the response of the adrenal cortex of rats to variocus stimuli.
As a result of this inhibition, the animals indieated a lowered resis-
tance to adverse eonditioms and toxie injeetions. It was concluded by
these investigators that an overdosage with one hormone produced by an
endocrine eell can interfere with the production by the same cell of
the other hormonal compounds.

There seems to be both an abundant and rapld release of the adrensl
cortical hormones by the adrenales of animals exposed %o stress. Vogt
{1947) found that phenomenselly large amounts of coritical hormones were
released into the blood from the left adremal of a dog. This investi-
gator observed that the left gland of an animal under mild operative
shock was producing 19 times as much hormone per minute as could be ob-
tained from the extracted glapd. Furthermore, it was shown that the

venous blooé from the adrenal of the cat, dog, goat, pig, or rabbit



would prolong the survival time of adrenalectomized animals exposed to
cold, The heart blood, on the other hand, had no effsct, The rapidity
with which the adrenal hormones are apparsntly released by the aldrenals
of apinmals exnoged to stross is s8lso amazins. Nilchols and Liller (1948)
reported that there was a significant exerstion of the adrenal corti-
colds in the sweat of two subjects exposed to strenuous exercise in
kent for 30 to 45 minutes. :ince this rate exceeded the resting
values for renal exeretion, it was proposed that thls migsht indicate

&n activation of the adrenal cortex. raschkls, et al (1949) demom-
gstrated that a risse in the cortical hormons in the arterial plasma of
tha dog ocourred withia the first hour after suboutansous Injection of
formulin. Gray and !unson (1950} founé evidence to indicate that ~UTH
was relsased in a matier of seconds following histamine injeection into
the rat., It was proposed by Tepperman, et sl (1947) that cholesterol
may be a prscursor of the adrenal hormones. 7These workers reported
that the cholestercl ester content in the udrenals of rats exposed to
low barometrie pressures was reduced. In this respect, Levin (1945,

2, b) found that rats subjected to 0° to 5% ¢. for 16 to 28 hours re-
vealed small decrsases in adrenal cholesterel. Histologic evidence
was presented by Darrow and 3Jarason (1944) which demonstrated that there
wag a depletion in wdrenal cortieal lipid in ithe adrenal of rats ex-
posed for only two hours at low barometric¢ pressurea.

By administering gradually increasing doses of & glven siress
stimull to rats, Selye (1938 b} found that it was posaidble to develop
demonstrable resistance in the snimal to the stress stimuli, PFurther-
pore, it was shown by thlis investigator that the resistance to one type

of stimull wee apparently specific, and a decrease in the resistance to



8
other stimuli usuvally resulted. Hais pretrested with progressively in-
ersasing dosos of one %oxic subatancs wers able to withstand doses
which were normally lethal. But a sub-lothal doss of another agent was
frequently lethal. One interesting aspect of the reasistinece is the
observation that it 1s not completely loat following zdrenalectony.
Selye, {1937} demonstrated that resistance acquired to drugs, musecular
exercise, and ¢old was retalpned after zdrenulectomy. It was proposed
that the trained tissues spparently reguire very little if any cortin
for the performance of thelr functions. . diserepancy to this obser-
vation was reported by Deumaralis, (1948) who found that the resistance
acyuired to c¢old by rats was lost when the adrenuls were removed. But
langley, (1943) observed that rats which wers adrenalsctomized after 6
days continuous sxposure to 20,000 feet altituds were more resistant to
continused exposurs than adrenaslectomized saimals which had not been
pretreated. In this instance, it was found that 0.9 ce of ACT was suf-
ficient to prevent death in the pretreated animals, but did not prevent

aesath in the untreated animals.

THE LYMPHATIC ORGANS - During the alarm reaction, there is a
marked and progressive atrophy of the lymphatic orgsns. Fogli: and

Selye, (1938) observed that the alarm reaction elicited by means of

miseular exercise, subcutaneous injeetions of formaldehyde, surgical
shock, or exposure to cold was accompanied by a prenounced regression
in the thyms, spleen, and lymph glands. This response was shown not
to be species specific because it was seen to ocecur in the rat, guinea
pig, rabbit, snd cat, It has been established that thie involution is

the result of & release of cortiecal hormones. Selye, (1936 a, b)
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concluded from experiments with rats that the adrenal secretes a sub-
atance which is responsible for the thymie¢ atrophy. It waa found that
varicus operative injuries and drugs which normally caused thymus re-
gresslion wers without effect if the animels had been adrenslectomized.
They were found to have sane effect in hypophysectomized animals, but
to & much less extent than in normal enimals. The results of Simpson,
et al, {(1943) demonstrated that ACTH failed to cause thymic involution
in the rat if the animals had been adrenalectomized. Stoerk, (1944)
found that adrenalectomized animals exposed to adverse conditions re-
vealed less atrophy of the thymus than the normal contrels. It has
also besen shown that the recovery rate of an involuted thymus is much
nore rapid in the ebsence of the adrenal. This work wasg performed by
Gregoire, (1943), who used X-rays to cause involution, Cortisone was
found by .antopol, (192850) to cause an atrophy of %he thymus and spleen
in mice. iolomut, et al, (1950}, also using mice, observed that - mg.
of cortisone ln s two-day period cesused a 2l per cent reduction in
splesn size. 35ines econtinued treatment with cortiscone did not increaase
the original depietion, it was assumed that the effect 1s rapid and
maximal.

I% has been proposed that the thymus may have some influence upon
the function of the adrenal. In a study with rats reported by ielye,
(1940) it was found that saline extracts prepared from the lymphatie
tissue (lymph glends, spleen and thymus) of adrenalectomized snimals
are more toxle for adrenalectomized rats than simllar extracts pre-
pared from the lymphatic tissue of pormal animals. This toxicity was
mores acute if the sdrenalsctomized animels from which the lvmpbh ex-

tracts were takem had been subjected to exhaustive rusecular exercise
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Just prior to sacrifice. This investigator proposed that toxie meta-
bolites maey be formed under the influence of the exhaustive exercise
and that the adrenals sre necessary if these metabolitss zre to be
detoxified. & study waa conducted by Jegaloff and NWelson, (1940) to
ascertein whether thymectony would alter the course of adreusl in-
sufficiencey in the billaterally edrensiccetomized rat. It was found
that thymectomy failed completely to produce any sffect.

3ubstances other than ACH are known to affect the morphology of
the lymphatic glands. The rols of the se: hormones in thymic re-
gression is the classic example. Perason, (1949} has shown thet the
spleens of gonadectomized guinea pigs contain consideradly more lym-
phatic tissue. This investigetor also observed that the spleen of
cestradio-traated animals were ruch enlarged but countsined a relatively
small amount of lymphatic tissue. 3toerk, (1944) observed that cas-
trated ratas expoaed to sub-optimal conditions showed less thymie
atrophy than normal controlas. Injections of insulin were found by
Zeckwer, {(1948) to cause shrinkage of lymphutic tissus in\rats.
ftiddle, (1%41) reported thzat deily injeetions of pigcons with insulin
resulted in mdrenal hypertrophy with the effects mors pronounced in
the cortieal cells than in the medullary eells. It was proposed by
the former investlgavor that the shrinkags of the lymphatic tissue may
be mediated by the rsleasgse of sdrenalin in response to imsulin hypo-
Zycemia, i3 mentioned sariisr, Togt, (1944) found that adremnalin
causges & sitluulation of the adrensl cortex, resulting in 2 release of
the cortiecal hormones. ISynonmynmous with thymice s2trophy iz growth inhie-

bition and weisht lose. Selye, {(1951) found that growth hormone elim-
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inated the inhibition of growih and the welght loss ocmused by multiple
sterile turpentine absesses. And Feldman, (1951} found thet the ad-
ministration of growth hormone %t¢ hypophysectomized rats results in

an increase in the weights of the spleen and thymus. The administration
of thyroxine has also been shown to increage the weizghts of ths spleen
and peripheral lymph nodes of mele mice (Marder, 1949).

The process whereby cortieal hormones c¢suse involution of the
lymphatic tissue hag attracted the interest of many inveatigators.
There 1s ample evidence to indicate that the involution is caused,
at least in part, by the effects which these hormones have on the
different leucoecytes, In the discussion to follow it will be shown
that the cortical hormones apperently mediate the breakdown of lymph-
ocytes and basgophils. At the same time, however, there occurs a
peutrophilia whieh 1s gquite promounced, s0 much so in faet that an
absolute leucocytosis 1s cbserved desplte the reduction in the liympho-
eytes and eosinophils.

Yeyer, ot 81, (1935) observed that rats exposed to low baro-
metric pressures developed an early leucocytoesis whieh is followed
by leucopenia. 4 brief period of exercise was found by Gerkin and
¥iller, (1949) to cause & 60 to 100 per cent increase in the leuco~
cyte eount. Mice placed at 5° C. were found by Elmadjien and Pincus,
{1945) to show a decrease in the number of eirculating lymphocytes.
This reduction was not noted if the animals were adrenalectomized
swlor to exposure, It was reported by Munro and Noble, (1947) that
the reduction in the circulating lymphoeytes in traumatized rats was

proportionel to the amount of trauma, The daily count of circulating
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eosinophils in men were significantly reduced by exercise acecording
to the results of Bader, et al (1948). Seven of 9 drivers consid-
ered at the Indisnapolis Speedway (1850} showed at least a S0 per
cent drop in eirculsting eosipophils after the race and the remmining
2 men showed at least a 60 per cent reduction. It was concluded by
Harlow and Selye, {(1937) that during the alarm reaction, there is an
inerease in the totel white blood ¢ell count mainly as a result of
neutrophilic leucocytosis. Along with this oceurrence, however, there
iz a relative lymphopenia, If the alarming stimuli were very severe,
a period of leucopenis precedes thiz charecteristic reaction.

liore direect evidence for the effeets of cortical hormones on the
leucocytes has been gained through the use of ACTH and ACE. Rein-
hardt snd Li, {(1945) reported that either subcutaneously or intra-
poritoneally administered ACTH caused & rapid reduction in the
nunber of lymphooytes in the thoracle &uot lymph. A condition which
did not oeccur if adrenclectomized animels were used. On the othsr
hand, Reinhardt, et al (1944) found that intraperitoneal injections
of ACTH in doge produced a marked neutrophiliec leucocytosis, ACTH
and cortisone were found by Dworetzky, et al (1950) %o reduce the
number of eosinophils in the blood of male and female gulnea plgs.
This effect was not observed in pregnant females injsoted with ACTH.
Hechter eand Johnson, {1949} observed that ACE in the presence of
lymphoid tissue homogenates significantly inereases the rante of
lymphcoyte breakdown. It was shown by Hechter, (1948) that ACE
administered to the isolated rabbit spleen, perfused with whole

blood under constant pressure, caused an immediste discharge of



aplenie lymphoeytes into the circulation. Secondarily, there was a
tandency for the number of cireulating lymphocytes in the perfusion
medium to decrsase. & single injection of 4CE into the white Leg-
horn produced leuccpenia and a pronounced lymphopenia., In view of
the foregoing discussion, it is interesting that the condition of
leucopenia was observed. OCubcutaneous injections of cortisone into
mice was shown by w«uittner, et al (1951) to cause & prolomged fall
in eirculeting lymphocytes and eosinophils.

Speirs and Weyer, (194%) reported that injeoctions of adrenalin
produced a large reduction in the cireulating eosinophils of mice.
Removal of the adrenal cortex prevented this condition. Adrenalin
was shown by Gellhorm and Frank, (1948) to cause a neutrophilic
leucocytosls and & marked lymphopenia., The absolute lymphocytosis
produced in swim-stressed normal rats by injection of ACE was pre-
vented by Stone and Heehter, (1948) through removal of the spleen
and adrenals, It was proposed by the investigators that ACE mey in-
duce spleniec lymphocyte diseharge inte the eirculation. A satis-
factory explanation cannot be offered for the production of a con-
dition of lymphocytosis instead of lymphopenie by the adrenalin in-
jection. Dury and Bacehus, (1949) also concluded that the spleen
and adrenal are necessary 1f a gignificant depressjion in the circu-
lating eosinophils were to follow adrenslin treatment.

THE ADRENAL GLANDS AND THE DEFENSE KECHANISK - There 1s evidence
which indicates that lymphooytes synthesize and later release inteo
the blood stream the normal gamma globulin of the plasma and also the

nunerous antibodies appearing in the blood during immunity reactions,
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Antibodies, of course, are known to be specific modifications of
gamsa globulins. Dougherty, et al {1944) reported that per unit of
extractable nitrogen, lymphoif +%tissus had signifieantly higher
agzlutin and hemolysin titers than 414 the sera of the same animals.
The anlimals used were mice which had been previously immunized to
shesp erythroeytes. Observations made by Harris, et al (1945)
caused theze investigators to conecluds that antibodies were produced
within the lymphocyte znd not absorbed from the surrocunding fluids,

spparently the adrenal cortex ls involved in the lymphocyte.
White, (1$5C) in a xeview which considered the relationship of the
adrenal cortex %o the immunizing mechanism coneluded that the adrensal
probably plays the following role:

1. The level of sscretory sctivity of the adrenal curtex is
influenced by the administration of an antigen, since antigens mey
elieit, in & non-gpscific manner, pltuitary-adrenccortical secretion.

Z2e An incressed level of circulating adrenocortical steroids
has & profound effect on cells of the reticulo-endothelinl system,
namely macrophazes and lymphoceytes, which sare possibly concerned with

the processes of antlbody formation and release.

3. The rate of formatlon of antibodies by specific tissue is
considerably influenced by adrenccortioal secretion. '

These conclusions are not lecking in experimentasl proof. A
pumber of investlgators have shown that the protein and antibody
content of the blood is aliered during the stress response. Chanutin,
(1947) revealed that the serum of dogs injured by mustard, heat, cold,
or turpentine injection comntained higher levels of alpha and beta
globulins., The research of Dougherty, gﬁ»g&_(1945} showed that
adrenal corticel mediation is necessary for the release of anti-

boGies from the lymphoeytes. These workers observed that benzene
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and potassium arscanite liberated antibodies from the lymphocites
of intacet mice. MHowever, these stimuli fauiled to effect this re-
leasge if the mice had been adrenalectomized, 3ingle injeetions

of adrenotrophic hormone or the adremal agtercids into rabbits were
found by White and Dougherty, (1945) to sisnificantly increase the
beta and gamma fraction of the blood. These investigatoras (1948}
observed that any stimulua or siress which augmented pitultary~
adrenal cortieal secretion accentuated lymphocyte dissolution and
zlobulin releasse. It was suggested by these workers that one of
the me jor functions of ithe lymphocytes may be to serve as a medium
for éistributing gamma globulin throughout the body; and also that
the rate of releass of this protein is controlled by the pituitary
by way of the adrenal cortex. The results of Trowell, (1§47) re-
vealed that hormones of the adrensl cortex stimulated the disso-
lution of lymphoeytes in the germinal centers.

On the basgis of the foregoing observetions, it would be ex~
pectsd that the administration of adrensl cortical hormones to an
organism should sugment the rate at which antibodies are released
following an invesion of the antigen. There ars resulits whieh im-
plicats that this relationship may actually exist. The adrenal
cortex of female rabbits infected with baoterial pyrogens was noted
by windle, et sl {19850) to show siéﬁa of invelution after an
earlier phase of marked growth stimulation. Dougherty, et al (1944)
reported thaet in rabblts the agglutin titers to shesp erythrocytes
woere enhancod as a result of adrenal cortiecal imjeotions. ith

continued hormone injections, these slevated titers were maintained
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for two weeks. Chase, et al (1946) observed that the rate of anti-
body production to sheep erythrocytes was increased in mice, rats,
and rabbits by the subcutanecus injection of aqueous adrenal corti-
cal extract at the time of sntigen administration. Adremal cortical
extracts also incereased antibody production in mice and rabbits re-
ceiving 2as antigen either staphylococcal toxin, horse serum, or egg
albumnin, These investigators found that the finel antibody titer
reached when hormone was given together with antigen was approxi-
mately twice as great a2s in animals receiving antigen alone. It wes
shown by Bissett, (1949) that the release of serum agglutinins which
was inhibited at low temperatures In frogs and fish is resgtored by
injection of adrenal cortical extracta. But Houghton, et al (1947)
and Thatcher, et al (1948) d41d not observe increase agglutin titers
when intact and adrenalectomized cuts were glven the antigen with
adrenal cortical extractas. Similarly Roberts and White, (1951)
found that in general, the rate of development of bemolysin titers
in the tissue and serum of rats injected with a single intravencus
dose of sheep erythrocytes could not be altered sigpificantly by
changes in the circulsting adremal cortical hormones. However, the
rate of release of antibody to a serum medium in vitre by splenic
tissue was significantly affected by the degree of adrensal cartical
activity, No new formation of antibody ocourred in incubstes of
splenic tissue obtalned from adrenmslectomized animals. Thess inves-
tigetors believed the discrepancy between the 1n vivo and the in
vitro results might be explained by the observation that antibody

uptake by various tissues in vitro, particularly by liver and
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mesanteric lymph nodes (Roberts snd White, 1950), mny be depressed
by previocus adrenalectomy and possibly enhanced by injection of
adrenal cortical hornones. An experiment was conducted by 3eott,
et al (1933) in which guinea pigs received diphtheria toxin; rats

received Trypanosoma equiperdumin; and mice received pneumococcus.

Ho benefit was shown in these sxperiments following the administra-
tion of adrenal cortical hormones, It was proposed that the doses
used might bave been insufficient.

Other cbservations made by a number of investigators give
further evidence for a relationship between the adrenal and the
defense mechanlam, The relationship indicated in many instances,
however, does not suggest an involvement of antlbody releass. In
1918, Winter, (1918) observed that the adrenals of three influenza
patients were disintegrated and haemorrhagic. Drake, et al (1944)
made an histophysiologie astudy of the adrenal medulla in 125 patients
dyings as a result of variocus diseases, In neoplastic diseases and
in long-standing infections, the evidence indicated that the activity
cf the medulla had been decreased., High activity was noted in in-
Juries of the brain, in diabetes, in obeslty, and in thyrotoxicosia.
Twenty~-six eases of hypsrtension not aassoelsted with the kidneys
(inflammation) were included in the series. In all except two, histo-
logic evidence of hyperfunction of the medulle wes present. Ball and
Samuels (1938) observed that the adrenal weights of tumor-bearing
rats were greater than controls, These invastigators proposed that
either toxins from $he tumors or a changed gensral mstabolliam might

have been responsible for this enlargement.
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Further evidenoe for the relationship between the adrenals and
the defense mechanism has resulted fram & number of studies in whiech
attempts have been made to alleviate the symptoms of a disease with
adrenal cortical hormones. It was reported by iebster, (1950) that
patients with a number of liver diseases (four patients with eirrhosis,
one with homologous serum jaundice, two with arsenical hepatitis, and
one with chronic hepatitis with "pseudo-colic™} recovered promptly
ané laborstory testis rapidly reverted to normal after treatment with
adrenal cortical extracts.

Since their isolation, the adrenal coritical hormones, cortiscne
and desoxycorticosterone, amnd the pituitary hormone, ACTH, Lave been
employed in the treatment of a number of maladles. The work relating
to the use of the first in the treatment of rheumatoid arthritis has
been widely publicized. But the relief obtained after treatment of
this disease with cortisone 1s apperently only temporary as shown by
the work of Andersom, et al (1851) with humans and the work of Doyle,
et al {(1980) with swine. sinderson and Bolin, (1946) found that
desoxycorticosterone acetate fulled to modify the mortality of Swiss
mice to adapted pollomyelitis virus. UWhile not directly associated
with the adrenals, it was interesting that these workeras found that
progesterone gave complete protection, while trestment with astil-
bestrol decreased mortality from 68 per cent to 2.5 per cent, com-
pared with & decrease to 20 per cent when testosterone propionate
treatment was used. It was shown by Kilbourne and Horsfall, (1951)
that adult mice ordinarily resistant to Cosackle virus, may be

lethally infected if preliminarily administered cortisome. The
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failure of resistance to be enhanced or even maintained following
treatment wlith cortisone might possibly be reflected in the effeect
which this hormone has on the produection of adrenocorticotrophic
hormons (ACTH) by the pituitary, Ividence was presented by Selye
and Dosne, (1942) which indicated that a high level of cortisone
night reduce the (uantity of ACTH, theredby interfering with the
produetion of other adrenal hormones,

The effect of AUTH and cortisone on phagoeytosis was studied
by Crepea, et al (1951). These investigators foumd that in 9 of 10
patients under itreatment with ACTH or cortisome, the phagocoytie
activity of the neutrophilic lsucocyte decreased, In the remaining
case an increase was observed which wes shown to be due to the dev-
elopment of a specifie antibody during treatment. Steranberg, et al
(1952) reported that cortisone, administered orally or intramscu-
larly, produeed complete heealing of atopie dermatitis in 23 of 24
patisnts, One patient was intclerant %o coxtisone, but responded to
subsequent cortitrophin (ACTH) treatment, It wes concluded by
Franklin, et al (1952) that both ACTH and cortisone are effective
and practicel agents for the treatment of asthma, HMoyer, et al
(1950) reported that adequate doses of ACTH shows an inhibiting
action upon the oceurrence of elinical manifestations and the develop-
ment of pathological lesions in experimental allergle encephalomye-
litis of the zuinea pig. Results obtained by Campbell, et al (1951)
suggested migreine may result from over secretion of adrenal corti-
cal hormones, It was found that after drinkimg 1500 ml of water,

16 migraincus subjects showed a diuresis similar to that of seven
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normal subjects but exereted much more Ka and Cl. The comncentration
of Ha in the blood was found to be hizgh before and especially during

an attack of migraine,

ADDITIONAL BLOOD CHANGES -« It will be recalled that a hormone,
by definition, depends upon the blood stremm as the means for reaching
its target organ(s). Yet probably nc hormone is carried by the blood
which does not affect either directly or indirectly +the blood and its
eonstituents in one or several ways. The pronounced eiffect of ACE
on the lymphooytes of the blood has already boeen considered. But a
nunber of additional changes have been cbgerved in tho blood of ani~
mals exposed Yo various stress stimuli. Many of these have bsen
thought to be mediated direetly through hormones, and scme as being
the result of other physiologiecal factors.

The adrenzl hormones spparently affect the resistance of red
cells to hypotonie lysis because 1t has bsen shown that removal of
the adrenals increases this resistance (Megel aand CGordon, 1%51).
Administration of ACTH for 116 days to intact rats was found by
Garcia, et al (1951) to cause an increase in the total circuluting
red cell volume. This homone was also shown by these investigators
to prevent the decrease in the total circulating red cell volume which
is normally found in ithe hypophysectomized rat. Feligln and Gordon,
(19590} reported that exposure of hypophysectomized rats to altitudes
of 156,000 feet for 6 hours of each day for l1l4 days caused no signl-
ficant effects upon the peripheral red e¢ell valucus, hemoglobin levels,

or bone marrow histology. Intaet rats responded tc this altitude



with increassd numbers of red blood cells ané inerezsed hemoglobin
values, However, a simulated altitude of 22,000 feet for similar
periods was found to cause an erythropoletic response in the hypo-
physectomized rats of approximately the same magnitude as that dis-
played by unoperated controls. These investigators concluded that
the pituitary seems to be essentia) for the erythropoietiec response
at 16,000 feet but that the full effect can be produced in the ab-
sence of this gland at 22,000 feet. Cole, et al (1944) noted a
nuzber of blood changeg in rabbits which had been suspended head up
without snesthesia for 24 hours, The animals thus treated hecame
unconscious within 20 to 120 minutes and 30 per cent of the animals
died within 24 hours. Rabbits treated in this manner showed: (1)
a drop in blood pressure, (2) mstabolic ancidiosis, (3) decreased
blood earbon dioxide and venous oxygen, (4) incroased plasma laoc-
tate, phosphats, pyruvate, potassium, and non-protein nitrogen,

{5) an increase or decrease in plasma glucose, and (6) a decrease
in plasma chloride.

Cortisone was shown by idlersberg, et al (1950} to cause an
average increasse of 15 per cent in the total serum cholesterol of 185
patients, The phospholipids increased an average of Z6 per cent
with 14 of the 1% showing this change. Im the 12 instances where
the neutral fat was caleulated, thors was an average decrease of 51
por cent. Less pronounced changes were produced in the serum lipids
by the administration of ACTH. 4 small drop in totsl serum choles~
terol was noted in 6 of 9 patients during the firgt few days of

treatment. An average increase of 9 per cent in the phospholipids

21
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%588 observed with ¢ of the 12 observed oxhibiting a rise, There was
an average dscrease of 16 per cent in the neutral fat, with 6 of 8
showingz this ¢ffact. ¥Tone of the changes occurring with ACTH therapy
wers statistically significant, Selye, (1939) found that sxcessive
muscular azerciss caused 8 considersble inecrease ln the lipid content
of the liver., This incroase was more promounced (1) in adulte than
in youag animals, (2) in fasted animals then in nom-fasted animals,
and (3) in femeles than in meles, MacLachlan (1939) found that the
plasme lipids of rabdbits decreased after 3 bours exposurs to low
pressures (254 mm. Hg.}. By the end of 6 hours exposure, the initisl
lewvels had bsen reesteblished. No effect was noted on the lipids of
cats snd dogs eoxposed to similar conditions. It was concluded by
the investigator that the difference in the response of rebbits from
thet of cats and dogs wmay be reiated to thelr ability to utilize fata,.
Cats were found by Smith and Oster, (1946) to show a marked in-
crenge in blood sugar after sxposure to low oxygen tension., It was
shown by Utickney, et al (1948) that 15 minutes at 24,000 feet was
sufficient to cuuse hyperglycemia in the averape dog. Exposure to
28,000 and 32,000 feet for the gsame period of time invoked propor-
tionately sreater elsvations in blood sugsr, When the length of sax-
posure at 28,000 fest was varied from 15 to 60 minutes, the maximunm
rice vas seen at the ond of 30 minutes. Blood sugar then deelined
with continued exposure. Selye, (193¢ a) found that the blood sugar
of rats deersaged under the influence of muscular exercise, but a
marked ssc¢ondary rlse was indliceated during the reeovery period awven

if the animals were fasted, This investigator (1938 a) reported that



adaptation to histamine, cold, or formaldehyde treatment entailed an
initial transitory hyperglyeemia followed by hyposlycemia. Ilater,
when adaptation ia acquired, the blood sugar rises sbove the initial
value again and finally in the stage of exhasustion, a second sharp
fall of the blood sugar ovecurs which frequently caused hype.lycemio
convulsions and death,

Rakestraw, (1921) conducted a rather detailed study in which he
considered the effect of muscular exercise on certain of the blood
congtituents of 21 subjects, In this studry, two types of exercise
were emploved, The first of these was short strenucus effort whioh
was renresented by a 100 yard dash or by running one mile. 'The second
was longer and more tedious, beling represented by & 65 mile blcoyele
ride over a pericd of 12 hours. Short strenuous exercisc was found
to increase blood sugar concentration, both in plasms and ecorpuscles,
while & longer period of exercise was gensrally accomponied by a
drop in blood sugar which was greater in the plasms than whole blood,
It was noted that both kinds of exercize wers accompanied by small
inoreases in uric acid by about the same order, which was greater in
the plasma than in the whole blood. No effect on urea or mon-protein
nitrogen wsz casused by short, strenuous work, but longer work caused
& zlight inerease in beth, in whols blood as well sz in the plasma,
The viscosily of whole blood was found to increase considerably and
that of the plasma slightly. Though there was no discarnible changs
in blood wvolume, the speeific gravity, hemoglobin, snd the number and
relative volume of corpuseles were found to increage during the periods

of exercise, It was noted by 3Jelye, (1839) that the red cell concen-



tration of rats decreased 1ln thes recovery paried following intense
migeular sxerciss,

The blood chloride was found by “elye, (1922 a) +to show an
initial decrease in animals treated with hiatamine, cold, or formale
dehyde. But durinz the stage of resistance, an increase in this
component was noted. In 1939 a, this investicator reported that ine-
tense muscular exercise caused s marked hyperchloremia in rats which
is maintsined for several days following diseontinuaiion of exercise,

Gortain morrvholosieal chences in the cirenlatory system of
animals expoased to stress have also besn observed. Higluman apd
4ltland, (19249) oxposed rats 14 days of ape at 85,000 feet for 4 hours
gach day untll death occurred. Nonc of these animals lived fur more
than one-hzlf the expected life span. Thelr hoarts wers enlargsd and
contained thickened valves. Nearly zll the rats had striking vese
gular sngorgement 2nd severe lesions in various organs. In some
animals, death was caused by an accumulation of blood isn the¢ intestine.
Kondo apnd Katz, (1945) found that the heart size of dogs was decreased
when shock wes induced by venous occlusion of the hind limbsg., This
decrecase was greatest during the first hour with a continuous decline
until & short period prior to death, when a leveling off occurred,

The survival tine of these animels ranged {from 30 minuites tc 6 hours.
This decline in hesrt size was attributed to the loss of circulating
blood &8s shock developed, the rate of loss lessening zs the experiment

progressed,

KUTRITION -~ Kutrisnts and their unetabolism in the body have been

shown to be grestly influsnced by conditions of stress. There is



evidence to indicate that any situastion causins stress mey inorease
the animal's requirements for one or mwore nutrients. Frequently, an
inecrease in metabolism may be responsible for this obgervation. A
echroniec deficiency of & requlred nutrient has besn found suffiecient
to invoke the typleal atress response.

Afmong, the organs which zld the body in resisting the effecta of
cold, one of the most common stresses to whieh man and enimala are
exposed, the adrensls are of prime importance. The work of Horvath,
et al (1938) revealed that there was a 22 per cent lncrease in heat
production when non-adrenalectomized rats were placed at 4 C. after
being held at 29% ¢. 'The corresponding increase in the heat pro-
duetion of unilaterally adrenalectomized animelis was only about 7 per
ecent. The meximal heat production of thess animmle was attained more
slowly than in the control animais. Horwvath, (1938) reported that
double adrenalectomy caused a 10.6 per cent decerease in heat produc-
tion measured at 29° ¢. after 1 to 2 hours at 4° C. This observation
compared with an increase of about 20 per cent in the control animels.,

Adrenals of rats maintained in cold werse observed by Relss and

e
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Halkergton, {1950) to show en increase in “™P upteke. These workers
concluded that this reaction was due to endogenous mobilization of
40T since hypophyssctomized animals falled to zhow it, The phos-
phorylation in the adrenals of hypophysectomized animals was consid-
erably decreasaed, but a 50 per eent increasse resulted within an hour
after an intravenous injection of AC0TH into these animels. sub,

(1920) found that traumatic shoek induneed in ansathetized cats eaused

a 30 por cent drop in metabolism, 3Shock was producsd by erushing both
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hind lega of these animala. The gquantity of food consumed by white
mice was found by Donhoffer and Vonotsky, (1947 a) to increase at low
temperaturss and decrease at high temperatures. Thess observations
were found to be the result of an increase or decrsase in the con-
gumption of carbohydrate rich fooed. In this study, free selection

of foods rich in carbohydrates, fet, and proteln was allowed. It weas
suggested that changes in thyroid funetion might play a role ia the
qualitative regulation of food intake. Donhoffer and Vonotzky, (1947 b)
found that when mice were given thyroxin and free choice diets, starchy
food ingestion was increassd, 4t the helght of the effect of thyroxin
thias often provided 80 per cent of the calories while in the un-
treated animals 70 to 80 per cent were furnished by the selection of
fat rich food., The foregoing cbservations cause one to view the

work of Dugal, et al (1945) with even greater interest. These inves-
tizators found that a diet rich in fats was decidedly superior to

ons rich in earbohydrates {(both diets being egquiecaloric and egui-~
vitaminie) for adaptation and resistance to cold. In contrasi, a diet
rich in carbohydrate and poor in fats was much more favorable than

one rich in fa$s for conferring resistance to heat. Ingle, (1945)
found that a diet high in carbohydrates results in a marked hyper-
trophy of the adrenals while a casein diet high protein did not.
However, a high casein and lactabumin diet caused a definite inorease
in adrenal weights above those of similar animals fed a high carbo-
hydrate diet. It was observed by loya, st al (1948) that adrenal
cortical stimmlation of rats elicecited by cold or by unilateral

adrenalectomy was greater in enimals kept on high (30%) rather than



low {157} protein diets. This difference in dietary protein concen-
tration did not affect the adrenzls of normal animals under basie
conditions; nor did such diets affect the adrenal response of hypo~
physectonized rats injected with ACTH. These investigators con-
cluded that thess diets do not szensitize the adrenal to ACTH nor 4o
they normally increase ACTH secoretion by the pituitary. But when
the adrenal growth is astimnlated beyond normal, the high protein
diets further augmented ACTE respounse either bty increasing ACTH
production or by synergizing the hypophyseal principle, Roofe snd
Brown, (1$48) conaidersed the effects of diets containing 0, 2, and
16 per cemnt protein on the cervical lymph rodes of rats. The last
level was fed to the control gZroup and the 3 diets contained all
other nutrients known to be esszentisl. There was a depression of
the mediun sized lymphoeybes in the nodular areas of the animals on
the 0 and & per cent protein diet, while the small lymphocyte was
inereased msrkedly. The reverse was found 1o be true in the inter-
nodular arsa, The 18 per cent protelin diet seemed to depress the
mediun sized lymphoeytes in the medullary cords but showed 2n in-
arease in small cells. In the depleted rats, the medium sized
lymphoeytes were increased above nomal in the sinusoldal areas
while the amall lymphocyte wers depressed. The large lymphocytes
and reticular cella remained constant on all diets in all 4 arsas,
In males, the cell population was greater than in femalss except
for the medium sized lymphocytes in the intermodular arsa and ned-

ullary sinuses, and the large lymphocyte irn all areas.



It was shown by Blumenthal, (1934) that even the manner in
which aniwalsg are fed can exert a discernible influence on the
mitotic activity of the adrenal cortex and the thyxroid. This
invegtigator found that if guinea pigs were fed once in 24 bhours,
an inerease in mitotle activity occurs in these glands whileh
reaches a maximum between the fourth and twelfth hour following
feeding. Prolonged astarvation has been shown to cause adrsnal
hypertrophy with an increase in total faet and & disappearance of
birefringent lipid granules (Elliott and Tuskett, 1906; Findlay,
1921; and KeCarrison, 1922).

The apparent relationship existing betwesen the adrenal gland
and aseorbic acid (vitemin C) has attracted the interest of a
numbsr of investigators. Deane and lorse, {19438) concluded that
virtually all the cells of the rat's adrenal cortex contzined
ascorbic acid {or a reducing substance of similsr asetivity). But
when the zlands lost the capeseity to synthesize steroid hormones,
the reducing substance was also lost., 3Since ths guinea pig, as man,
fails to aynthesize this vitamin, it is dependent upon an exogenous
source. It is, therefore, an excellent animal for studying the
effects of a vitamin C deflcieney. Such a deficlency in the guinea
pie has been shown to cause adrenal hypertrophy (Lulck, 1933; Baldwin
et al, 1944; and Clayton snd Prunty, 19$51). Hyman, et al (1950) re-
ported that cortisome and ACTH prolonged the life and reduced the
hemorrhagic manifestations of sourvy in guinea pigs. 4n observetion
which wes not confirmed by Clayton and fruanty, (1951). Loekwood and

Hartman, (1933) found thet ACE injections improved growth snd lessened
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the other effects csused by a vitamin ¢ defliciency in guinesa plgs.
It was reported by Stepto, et al (1950) that guineas pligs recelving
ro asecorbic seid in thelr diet displayed a msrked reduction in
adrenal ascorbic aeid, adrenzl cholesterol, and liver glycogen. In
animals which recelved G.5 mg. of ascorbie acid, there was only a
decrease in ths adrenal aseorbic acid. HNo abnormalities were ob-
served when animals received over 2,5 mg. per day. Bourne, (1944)
econducted a rather interesting study in whiech hs conslderad the
effect of vitamin C deficiency on the tensile strength of wounds in-
flieted in guinsa plgs. The tensile strength of wounds which had
healed for one week were estimated in enimals which had been re-
celving graded doges of vitamin C for £ weeks. This investiigator
observed that the tensils strength of the wounds was proportional %o
the daily dose of vitamin C given. Saturstion with the vitamin,
however, was not found essential for coptimeal healing. when the blood
vitamin ¢ was less than 0.1 mg./100 ce., a wound was likely to have
vory low tensile strength.

The ascorblc acid concentration of ths adrenal has been shown
to be the function of adrenal corbtileal setivity. FEypophysectomy of
the rat was shown by Tyslowitz, (1943) to cause a reduction in the
adrenal ascorbic acid., It should be mentioned that the testis, liver,
kidney, and blood serum of these arimals were alsc reduced in ascorbic
acid content. In contrast, adremalectomy has been found to cause an
incresas in the pituitary aacorbic acid of the rat (Pomereau, 1949).
Sayers end 3ayers, (1947) reported that exposure of rats to cold and

heat, and injection of histamine, epinephrine, and killed typhoid



organisms brought about & reduction in ths councentration ol adrenal
sgcorbic ascid, Svidence way pressnted by these investigators teo indi-
cate {hat eluboration of LUTH by the pltultary during exposure of the
rat to stress for & pericd of cone lour or less is proportional to the
decreese in the concentration of adrensal ascorblc acid whick accom-
panies sueh an exposure. Bacchus, (1950) deseribed two types of
cells in the adrenal cortex with respect to thelr diffusion with
ascorbic acid., It was indleated that one "{type" existed in whieh
the ascorbic acld wes diffusely distributed in the cytoplasm, and a
gecond Ytype" with ascorbic acid peripherally in the cytoplaam.
During the zlarm reaction, there waes & preponderance of the latter
type of cells; the resistance phase being characterized by the nor-~
mal distribution of the "egell types™, with the cells being larger
than normal. The exhaustion phase wasg characterizmed by the occour-
rence of counslderably enlarged cells which exhibited a decrease in
ascorbic acid content. The investigator proposed that these shifts
may have some siganificance in the secretery activity of the cells of
the adrenal cortex. DBooker, et al (1950) observed that when enimals
under stress were glven agcorbie acid, they execreted more agecorbic
acid in the urine than wes given. This observation indicated both a
laek of ability to control the adminlstered aacorbic scid and a loss
in ability to retain the stored ascorbie acid. when similaxr groups
of animels were given the ssue anount of asgcorbie meid and injected
with .\CE, the urinury ssceretion was signifiecantly less, with notable
ineyoesses In the plssma and cell levels., Injsction with aCTH resulted

in & rise in the urilnary ascorbic acid which reached & peak on the



third day and fell om the fourth. Wwhen the ACTH anisals were given
ageurbic aslid, the urinarxry output of ascorbic aeld was higher by the
thixrd day thun in the groups givea ACTH alone., Following this perioed,
& similer bub nob 80 promounced Grop was noted on the fourth day as
geon in the animsls givea only ACTH., Cold exposure was shown by
Shepherd, et al {1902) to cause & decrease in the sdrenal ascorbie
acid¢ in both npormal and diabetiec rats., Dugal and Therienm, (1947)
concluded that the ret requlres large yuantitissz of vitasmin ¢ if it
is to become aeclimmtized to low temperature, Those enimels whieh
were unable to adapi themselves to c¢old show decreased ascorbic aeid
in tissues} while the animels being sble to resist the condition
ghowed an inereass in ascorble acid. 4+dso In this study, the resis-
tange of gulnea pige to c¢old wus found to be proportional to the
dally dose of ascorble scid, Laiter, these investigstors (1949) re-
ported thet the typical enlurgement of ths adrenals which resulted
when rats and gulnea pigs are exposed to cold could be completely
prevented by lurge doses of ascorbic acid. These animals were also
more resistant to cold in spite of the smeller adrenal size. It was
conecluded that aseordbic acld seems to play a compensatory rols some-
what similar to one of adrenali cortical hormones, 'In addition,
normal hypertrophy is prevented, there 1s no atrophy, but at the same
time, the resistance to cold is incrsased. Therien and Dugal, (1949)
found that guinea pigs required more vitamin C as the surrounding
temperature is belng lowered.

A deficieney of several B~Gomplex vitaasina has been shouwn bo

influence the adrenal cortex. iarrian, {(1528) reported an enlargement



of the adrenals in plgsons receolvimg & vitemln D deliclent diet.
This worker estimated that about 19 per cont of llis observed nypare
trophy wes the result of an ademabous cundition. Sigulficant en-
largesment of the adreanals of pyr&doxine dapleted rats, predaulinantly
involving the zona fuscieulata, was noted by Stebbins, {1%51). A
severe deficiency of this vitasln was accomplished by using the
vitamin andugonist, desoxypyridoxzine. 1t wis also noted that the
quantity of ascorblie uvegid-like materials in the ¢ells of the adrenal
gortex wasg reduced in different animals. 7The adrenal cortex of
weanling rats placed on & panothenic acid deficlent diet were ob-
served by LDeane and bcKibbin, (1946) to be enlarged. licreover, the
zonal reticularis and fusciculata were progressively drained of
ketogtercids and gave cybological evidence of exhaustion. By the end
of & woeks, the zomu fausciculata wss entirely depleted of its hormoune.
The thymuses of these rats were atrophled in comperison with those of
the comtrol. Thege authors concluded that puanothenic acid deficiency
acts us an alarmming stimulus for the rat. » thiwslne deficiency in
pigeons was found by Korenchevsky, (1923) to cause adrenal hyper-
trophy, thymus regression, and splepic regression. Injectlous of
ACs into guinew pigs on & vitumin 3y deficlent diet reporiedly im-
proved the growth curve and delayed the onset of other deflflelency
syaptoms (Lockwood und Hartmen, 1933).

The role of the adrenal in sodium metabolism is well kmown., Ho
attempt will be made to consider the vast quaniity of work condermning
this relatiomnshilip. But s a matter of passing latoxest, 1t will beo

mentioned that administration of 0.9 per cent sodium chloride to
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chickens for 17 days ceused s 22 pym, incresge in systolic pressure
and a § rm. inereess in diastolic blood presssure {(sinonymous, 1949),
Cegsation of NaCl administration resulted in 2 return to normel
whieh wag found to be 132 mm, !g. sysstollie and 117 mm, Igp. dlas-
tolie, 'The hirh normal diastolic pressure seemed to bs related to
its nhish body temperaturs. 3elye, (1943) reproduced the symptoms of
blue-conb disease in fowls by sdmiznistering excessive doses of sodium
chlioride, This investigstor proposed that in many instances, the
spontaneous appsarance oif the diseaze may result from the ingestion
of exeessive sodium chloride. Iowever, the writer belleves that
such an cceurrence would be very unlikely where = commercizl diletd
were used. There may be a2 remote posaibllity that "new grain” whick
has been reported to ecause klue comb may contaln some element exert-
ing an affect similar to NHaCl.

It wmas reported by Cullumbine, (1948) thet IlaCl solutions ro=-
dueed the mortality rate of nice sulfering from aghock induced by
immersion in hot water. This type of Ireatument was alsc effective
in treating rats and rodhits suffering with nusterd gee intoxication,
tut was not effective for gouts., Heinherdt and Bloom, (1949) found
that velunterily ingested sodium chloride ()¢ in water) increased
the lymph flow of rots to & volume © 4o 6 times greater than that
observed in controls.

Stress stimull havé been observed to cause chuanges in the levels
of bleod sugnr end bedy glycogen. Thess changes, €8 will be shown,
seen o be assoeisted with the sctivity of the adrenal. i marked

increese in blood sugar was observed in cats by Smith and Cster,



{1946} sfter exposurs of these animals to low oxygsen tension. Insulin
was found to decramzge rasistance to hypoxisa and at the same time de~
ereased postebypoxic hyperglycemia about one-~third., Evans, {(193%4)
found a substential increass in the total carbohydrate of rats when
they wore placed without food at ons-balf atmosphere for 24 hours,

The groatest incrsase occcurred in the liver and could not be accounted
for by decrscsos in carbohydrate alsewhere. It was concluded that
these observations may have resultesd from the interconversion of either
protein or fat %0 carbohydrate in excesas of oxidative needs. This
converslon sesmed to be dependent on the presence of some sadrenal

tissue. J3trand and Gordon, {(1980) reported that adrenalectony of fe-~

iymph nodses, spleen, a8 well =23 the liver. The respiration of these
organ3d was founi to lncrease following adrepmalectomy; a change which
could be reduced with ACE injections. It was shown by Fottke, et
al (1948) that two commercial preparations of 4ACE and also desoxy-
corticosterone acetate injected subeutaneously were without bene-~
ficisl affsct to mics exposed to high altitudes., /n agqueous extract
of the adrenal prepered by ¥endsll when injected at levsls greater
than 0,28 oc. per mouse seemed to have bensfielal sffects, which
were comparables with intraperitoneally injected glucose. Ths work
of Ingle and Jukens, (19%41) revealeé thaut fatisue in the adranal-
octomized rat could be reversed by injectlions with glucose, sucrose,
and sodium chloride, Rats in thia study werse mede to work immediately

following adrenslectony by stimaleting the gestrocnemius ruscle to
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1ift a 100 gram weight 3 times per second until muscular respone
siveness was almost lost. Intravenous administration of gluocose,
sucrose, and sodium chloride caused an improvement in work output.
Glucose had the most pronounced effect.

The nutrient, water, also has an important function in the
animals adaptation to conditions of stress. 4 lacgk of water has been
shown by Nichols, (1949) to have a significant effeet on the adrenals
of rata. 4 marked depletion of totsl lipids and especially of chol-
esterols was found in the adrenal cortices of animals exposed to pro-
longed dehydration (8 %o 12 days). This depletion was especially
pronounced in the zona fasciculata and the zona reticularis. The zona
glomerulosa was the last to become depleted of lipids. HEsposito,
{1952) reported that a short period of water deprivation (24 hours)
reduced the quantity of DFP (di-isopropylfluoro-phosphate) necessary
to ecause death when injected into mice.

Gravity shock was shown by Cole, et al (1944) to cause a sup-
pression of urine flow in rabbits. It was found by Howlett and
Browne, (1940) that gmstriec and intestinal manipulation and hista-
mine injection resulted in a marked water restriction and edema for-
mation., The degree of water rstention was correlated with the inten-
sity of damage. Frevious work by these investigators (1837) had
suggested that the disappearance of edema in the alarm reaction is
fecilitated by an lncreased output of cortin from the adreuasl. Doses
of cortin failed to affect water after surgical tresuma in the intact
animal nor did cortin affect the rate of woter excerstion in adrenale

ectomized animals otherwise undaemaged. However, cortin 4did markedly
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inerease the rate of water exeretion in adrenzlectomized animals after
surgiecal trauma or injection of histemine. 3ilvette, (1943) found
that rats placed at simulated altitudes of 15,000 feet showed a 150
per cent increase in urine output and 25,000 feet caused a 300 per
cent increase, These observations were mads during a period of 3
hours. The polyuric response was gsustained throughout the 27 days of
the experiment. Urinary flow soon returned to normsl within a few
days when the anlmals were again placed at sea level.

This high altitude polyuris was further increased by eold, but
decreased by heat. In the experiments of Stickney, et al (1946) anes-
thetized dogs were subjected to warious degrees of snoxia (14, 11, 9,
7, and 5% oxygen in nitrogen). These investigators concluded that a
mild anoxia produced an obliguria, but the incildence of either was
affected by the typs of anesthetic agent used. It was also shown by
Stickney, (1946) that rats held at 28,000 feet altitude for 3-1/2
houra displayed increased urine secretion, During cold diuresis the
specific gravity and chloride concentration of the urine was noted to
fall as the volume rose (Bader, et 8l, 1949). FEach change appeared
$0 be correlated with the previous state of hydration and chloride
content of the diet. The cold diuresis was Inhlbited by intra-
musocular injections of pitressin., Sargent and Comsolazio, (1951)
concluded that ketonuria (urine of soldiers) tended to be more common
in cold climates than in temperate climatses. The ketonuriz was in-
dependent of the composition of the food consumed and of ealoric ex~

penditure.
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TWRCIDS -« 4 close relationship has been shown to exist bew
tween the adrsnal glands apnd the thyrolds by a number of investi-~
gators. ‘hen asnimels are fed thiouracil, there is a rapid and
progressive atrophy of the adrenals (Baumann snd Harine, 1945;
Deane and Gresep, 1947; Zarrow and Noney, 1$¢49; and ¥Freedman and
Gordomn, 1950)., Surgieal thyroidectomy of male rats was observed
by Freedman and Gordon (1950) to produce a less pronounced adrenal
atrophy but & greater adrenal inhibition e&s revealed by the final
decrease in adrenal ascorbic acid concentration. These researchers
found that the effecte of both types of induced hypothyroidism on
ths adrenals could be prevented with thyroxin. The atrophy of the
adrensal seams to be confined to the adrenal cortex because it was
shown by Barine and Baumann (1945) that the adrenal medulla hyper-
trophies in rats fed thiouracil. Beumann and Marine, (1945) noted
that thers was frequently extreme congestion and hemorrhage in the
raticular zone of the adrenals in rats fed thiouracil, This zone
was found mecrotic and searred in the adrenals of cats fed thioura-
cil for prolonged periods, (McClosky, et al, 1947)

There has been some indication that hormones fran the adrenals
have & direct influence on the activity of the thyroilds, Desoxy~
corticosterone was fournd by Parker, (1947) to counteract the re-
tardation of tooth eruption end the opening of the eyvelids ceuase
in baby rats with thlouracil injections. Williama, et al (1949)
concluded that adrenslin increased the rate at whioch thyrotropin

is reloased from the pituitary. Similarly, Reiss, et al, (1949)



proposed that certain adremal cortical hormones facllitate the re-
lease and/or the action of thyrotropin. These investizators obs-
erved that the uptake of Iml was increased four-fold in patients
with addison's Disease who received certain adrenal cortical ex-
tracts., In contrast, Paschkis, et al (1850) reported that desoxy-
corticosterone end ACE failed to influence thyrold uptake of I+°1
significantly, although & slight increase was noted,

The spleens of thiouracil fed rats have been found to shrink to
1/4 to 1/2 normal size (Baumann and Marine, 1945). Leathem, (1945)
reported that a rise in total plaama protein occurred in rats fed 1
per cent thiourea for 20 to 22 days. This total protein rise was due
entirely to an Iincrease in plasma globulin, while the plasme albumin
concentration did not change.

The effects of hyperthyreidism are opposite in some respeets to
hypothyroidiam. Hagsood, (1961) reported that the administration of
thyroxin to rabblis caused & significant inerease in the weight of
the adrenals. It was found by Wallach and Heineke, (1949) that hyper-
thyroid rats showed a deerease in ascorbic acid which reached a mini~
mal value after 4 days of thyroxin administration., This period was
found to be followed by a progressive increassa in adrenal weighi and
ascorbic acid content whieh reached a maximum at 4 wesks. Following
this perilod, there was a general leveling off during the fifth and
slxth weeks. These investigators reported that the adrenals of these
rats showed an increased secretion rate which was estimated to be
between 10 and 20 dog units of adrenccortical hormone. It was con~

cluded thet the sdrenals are discharging increased amounts of
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eortieal hormone in the blood stream during the early stages of ine
duced hyperthyroidism if the vitamin ¢ content is un index of
gecretion. Desne and Greep, (1947) found that during hyperthyroidiam,
the zona fascioculata of the cortex hypertrophles; with its keto-
stercld content becoming at first augnented and subsequently de-
pleted. There was abundant sign of cell death appearing in the inmner
faseiculata, while the zona glomerulosa beecame exhausted of keto-
sterolds. These workers proposed that there was an increased output
of ACTH 1n hyperthyroidiam.

Thyroxin also seems to augment the growth of the lymphatie organa.
Marder, (1949) found that thyroxin csused an increase in the organ
weights of the kidneys, spleen, and peripheral lymph nodes of mice.
Similar treatment of adrenslectomized animals resulted in an increase
in the weights of the aplsen and peripheral lymph nodes over and
abovs that which followed adrenzleciomy alone. It was congluded that
thyroxin produced an increase in lymphoid tissue mass which is inde~
pendent of the rate of body growth and the level of adremal cortical
aetivity. There was a aslight decrease in the thynmic weights of
intact animals treated with thyroxin in this study. Pentz, et al,
{1950) reported that rats fed with desiceated thyroids had enlerged
adrenals and atrophied thymus glands. Yet thyroid-fed groups which
received 1liver supplement or vitamin B;, had hypertrophlisd adrenals,
but this hypertrophy was not accompanied by thymie atrophy equivalent
to that present in groups fed thyrold alone,

The thyroids by virtue of their control over metabolism and both

the ocortex and medulle of the sdrenal gland have bheen designated sa



the most important non-neural accessory thermoregulatory mechanism,
It was reported by Hoffmen and shaffner, (1950) that the thyroid
weights and metabolic rates of 7-week-o0ld New Hampshire cockerels
were increased following =z J-woek exposure to cold. This response
of the thyroid 3o conditions of cold is apparently not an imnmediate
one. 7The research of lsblend, et al (1943} indlcated that there was
no definite ehange in the use of radiocactive lodine during the first
3 days that rats were exposed toc ococld. Following this period, how-
ever, there was & progressive inerease in the consumption of this
substence; the maximum rate being reached at 26 days. Continued ex-
posure for 40 days caused consumpiion to return toward the conirol
lavel. Zarrow and loney (1949) observed & marked relationship be-
tweon the size of the adrenal cortex and the resistance of C-week-
0ld rats to cold. Thiouracil treated rats were less able to with-
stand coléd, No adrenal hypertrephy was noted in thiouracil treated

rats after expesure to cold.

GOHADS - It is probably tyue that no gland ox organ of the living
organism functions completely independent of any other gland or organ,
but data has besn obtained by several investigators which indicate
the existence of a definite ralationshlp between ithe gonads and the
zdrenals. The results of Herrick and Torstvelt, (1938) revealed that
the testes of White Leghorns regressed in size following adrenale
cectomy. Listological exemination showed that the tubule walls were
30 broken down that the lumina were obscured. These cobservations lead
the workers %o conclude that the adrensl glands have an important

function in mdaintaining the %Yestes of chickena., .dninistration of
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ACTH to male rats was observed by Baker, et al (1950) to cause a
slight reduction in gonad weight. The treatment alsoc resulted in

an atrophy of the i.eydig ceils in about 80 per cent of the inatances,
Under conditions of stress, the testes hawve been shown to becoms
smaller than normal, Tornatta, et al (1943) reported that male rats
whieh had been exposed to altitudes of 25,000 to 28,000 feet for &
hours each day for 14 to 13 days had smaller testes, seminal vesi-
cleg, and prostates, It was found by Altland, (1949 a, b, ¢} that
daily exposure of rats to altitudes of 235,000 feet for prolonged
periods of time ceaused a significant reduetion in the reproductive
capzeity of both sexes. LExposure seemed not to affect the descent

of the testes, bud 4id cause a delay in the onast of puberty; and
gpermatozoa were late in appearing. The wvaginal orifice of exposed
females was from 1 to 6 weeks late in opening. Testes/body weight of
thege animals were 10.5 teo 52,0 per cent iesa than the controls with
the occurrsnce of gsevere disintegration of the seminifercus tubulss
resulting in some cases. The ovary/body weights ratios wore less
than controls during the periocd of exposure from 33 to 140 days after
whicech the difference was not significant. Fregnaney cecurred, but no
live offspring wers bLora. The author felt that this inability on the
part of the femzle to reproduce was not due to a failure of the re-
prodauctive system; but rather to & zeneral debility caused by the
prolonged exposurs to anoxia. 3elye, (1950) proposed that under con-~
ditions of stress that there iz a "shift in anterior pituitary pro-
duction”. according to this supposition, the pituitary rslieases ro-

duced guantities of such hormomes as gonedotropin, thyrotropin, ete.
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when conditions demnnd the secredtion of large wueniitiez of ACTH,
In & review by Christian, (1950} 1t was proposed that exhaustion
of the adrenco-pituitary system subsequent to the stresses inharent
in a hizh population level, severe climatic conditions, and the
denands of ths 3pring breeding season may be regponsible for the
eyelie deslines in population for a numbsr of mammﬁls.

The mals hormone apparently exerts an influence on the adrenal.
Feczenik, (1944) found that the reduction in adrenal weight in male
hamstere following cusztration ecould be partially or completely allew
vieted with Iinjections of the mele hormone. Iz contrast, the adrensls
of castrated fesmales became larger and this effeet was augrented by
injections with the sex specific hormone, Testosterone proplonate
wasg reported by leathem, (1944) to partially maintein the adrenal
weighta of hypophysectomized irmature male rats. is the length of
the injection period wus extended (beyond 15 éays) decressed
adrenal weights cecurred in apite of treatment with the msle hormone.

Selye, {1940} observed that androgens such as testosterone or
£?~dahydro—iaenandrosterone ¢caused an involution in the adrenal cor-
tex. This effect was more propounced in the females than in the
males. This investigator and coe-workers (1943) reported that chronie
treatment with large doses of methyl-testosteropne resulted in a
vucber of histologlieal changes in the adrenal cortex of the msle
albino rat., Specifically, there was an invelution of the glomeru-
losa, & marked thickening of connective tissue, with a deposition
of coarge fai gramles in the cellis of the Pfasclcoculata and reotieu-

laris, In a atudy conductsd by Longley, (1342), it was shown that



treatment with testosterone proplonate apparently increased the sur-
vival rate of rats poilsoned with small doses of mercuric chloride,

but was without effect when larger doses of the poison were used,

RERVOUS SYSTEX -~ Ko attempt will be made in this review to give
an extensive consideration to the nerwous system, Unfortunately, the
nervous system has been grossly neglected by investigators of the
adaptetion syndrome. A few interesting studies will be cited, however,
in order to place the subject in smome perspective.

The lmportance of AUTH in the stress response has already been
emphasized. Hoagland, (1949) comducted an interesting study which
lead him to the conclusion that ACTH secration wag assoclated in some
manner with schizopbremia. Among nomal individuals, it was found
that the greater the stress, the greater was the secretion of this
bormone. In contrast, schizophrenics displayed an inabllity to re-
spond with enhanced output. It wes observed by Gordon, (1950) that
the dlscharge of adrenal ascorbie aseid which normally results in rats
feollowing a fracture or a mild scald, was diminished if the leg had
been denervated previously. With more severe scalds, denervation had
no effect. Vogt, (1944) concluded that the sympathetic nervous system
has an indirect control over the adrenal cortex which is mediated
through adrenalin.

Heither stress nor adrenalsctomy consistently changed choline
acetylase or coenzyme level of brain tissue of rats in studies con-
ducted by Greenberg, (1949). Hoagland and Stome, (1948) found that

mascular fatigue induced by prolonged swimming caused 2 4.4 per cent



reduction in brain potassium. A similer reduetion was notsed in the
masele tissue.

Evidence was presented by Grenell and McCawley, (1947) whieh
indicated that ACE protected the cerebral cortex ageinst struetural
and functional abnormalities caused by exposure. It was shown by
Woodbury and Sayers, (1950) that rats treated with ACTH (1 mg., 3
times daily) experienced a slight decrease in the elsciro-shock
seizure threshold which was followed by a2 return to normal and sub-
sequently a siight inocorease in threshold., Cortisone administered in
doss of 1 mg. twice daily markedly reduced the threshold. The anserobic
glycolysis of the rat brain is reduced to a lewsl 20 per cent below
normal after hypophysectomy, according to the results of Abood and
Koosis, (1950). aAnasrobie glycolysis was restored to normal by the
administration of ACTH. céstor, et al (1951) reported that ACTH
resulted in chromstolysis in the c¢ells of the paraventricular hypo-
thalmic nucleus. Cortisone also affected this nucleus but caused
more widespread chromatolysis and wvacuclation of thalmie and hypo-

thelmic nerve cells,
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FaTBRIALS ARD GENERAL
PROCEDURL

The liew Hampshire and White lLeghorn chickens used in this study
were maintained in wire batteries from the tlwe of hatceh until they
were sacrificed at the end of the experimental pericd. Frior to being
placed on experiment, they were provided a standard broiler ration and
water ad libitum. During certein experimental trials, this ration was
modified by the addition of other substances which will be indieated
where appropriate.

The faetors comasidered in preparing comparable experimental and
control groups depended upon the iype of atudy being planned, If the
age of the birds permitted sex idemtification, as it did in most in-
gtances, the control and experimental groups contained the same number
of nales and femeles. When observetions were made usizmg randomly
selected normal chickens, body weight was also considered in formu-
lating the groups. However, welght was not considered when preparing
groups for studying the genetlc aspects of the problem. In some ex-
perimental trials, the birds were divided into comparable groups on
the basis of the time required to induce museular fatigue; this obser-
vation being made prior to actually placing the birds on experiment.

The age of the birds used in most instances ranged from 3 to 6
wesits., sAn exception to this practice was the ons-week-old birds used
in a study planned to determine the level of cortisone causing tox-
icity.

The nature of atress considered during the study was ezsentlslly

of © types: museular fatigue, cold, high altitudes, emotlional strain
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and drug administration.

Juageular fatigue was induced by means of a rsvolving cags con-
structed by the suthor (fig. 1). This cage was lli.4 inches in diam-
eber, giving it a circumference of 3€ inches. . uite easrly in the
study, it was necessary to construct 2 additionsl eages which are
shown in figures 2. The speed of the revolviung cagses was regulated by
tape pullers which wers powered by 1/30 horsepower electric motors.
48 is seen In filgures 1 and 2, the cages werse eguipped with timers.
Thege were esssntinl because of the types of studlies eonducted with
the cages. Une seriss of studies was of the tvpe in wihilenr the birds
were sxercised until they fell exhausted on the floory of the cage,
therefore, the time required to induece muscular fatigue wus the fore-
most factor of conecern. In other studiss, the birds were sxercised
for a definite periocd of time, The revolutions per minmute {(r.p.m.)
used in all studies herein described varied from 4 to 232, Vhen the
birds were exerciged for a definite period of time, the lower T.p.m.
were used, while higher r.p.rn. were ussd in studies designed to in-
duce museular exhaustion., In all trials where the birds were exer-
cised until exhausted, no bird was exercised more than once during a
given 24 hour periocd.

Birds were exposed to cold by plaeing them in a walk-in type
cooler which was meintained at 38° to 40° ¥. This room was equipped
with batteries divided into cages large enough for two 6 to 8 week-
old birds. During the experimental period, the room was lighted.
Ths control groups of birds were kept 1n batteries at room tempera-

ture {approximately 75° to 80° r.).
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Figure 2.

I daiky . «
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Two additional cages constructed for inducing muscular fatigue.
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The ajparatus used for simulantion of high altitudes is shown in
figure 3. 1%t .onsisted of a large vacuum dasiceator connected to a
vacuwr pump., The floor c¢f the desiceator consisted of 2 perforated
porcelain dise¢ about 78 square inches in area, Alr was drawn from the
top of the desiceator and fresh sir was admitied through a tube at the
bottom. The nesstive pressure within the aysten was measured by a
mercury columm. In the studies of this type of atress, simulsated alt-
itudes of 12,000 to 1&,000 feet were used. These exgeriments were
conducted st room temperaiture (?5° to 80° F.). 4 precision gzus meter
was used to determine thoe rate of air intake, which was found to be
several times greater thap the minimum reguired.

The aspset of emoticnal stress was not dealt with fo any great
extert, but in the study involving its use, it was induced by tying
the birds securely to a frame covered with hardware cloth {(see figure
4). The birds were bound loosely with wide rubber bands with one
band ettached to both wings which were first folded over the bird's
bagck, and the other bend was attached to botk lzgs., To these bands
were attached small books which were placed into the hardware cloth,
Iin this menner the birds were held securely with e minimum of injury.

4t the end of a given study, the birds were sacrificed by sever-
ing the blood vessels of the neck. Following death, the birds were
autopsied and a number of observations were made., The lymphuatic and
endocrine glands were the main objects of ceonsideration. These
glands were welighed and those considered one or pmore times in the
various studies reported were the pituitary, thymus, thyroid, adrensl,

gsplesen, and bursa of Fabricius. The smaller glands, those weighing
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Figure 3. The apparatus used for the simulation of high altitudes.



Figure 4. The method of inducing emotional strain. The legs and wings of the birds were bound with
rubber bands and hooked into the wire screen*
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less than 500 mg., were weighed to the nearest 0.2 mg. on a ioller-
Smith torsion balance. Thoss glands weighing more than 800 mg. were
weighed on a conventional %riple bes;n balance to the nearest 0.01
gram,

Removal of the glands wasg by a standard procedurse in wmost ing-
tances, but the method employed for the removal of ceritain ones will
be given in some detail. Keedlesas to say, all the tissues welghed
were cleaned of exogencus material prior to weighing.

The removal of the pituitary wes as follows: First the lower
mandible was removed., This first step was found simpler if performed
on all the birds at the time they were killed., Vith a dissecting
scalpel, the fleshy portion of the oral cleft was scraped away, ex-
posing the region between the oceciplital bone and the sphenoidsal ros-
trum, At this point a triasngulsr cut was made in the bone ag is
shown in fisure ©. This freed flap of bone was then caught under-
neath the anterior edge and flipped posteriorly, care being taken not
to édisturb the brain tissue below. O(nce the bone has been removed,
the zland is ususlly found near the anterior junetion of the triangle.
Using the blade of the improvised instrument shown in figure 6, the
membrane surrounding the gland was cut and the gland was carefully
removed with the pointed foreeps. Occasionally, especially in older
birds, the pituitary was found to e¢ling te the pitultary fossa found
in the bony flap which was removed. hen this was the cause, it was
necessary to carefully pick the glandéd from its location with a hooked
dissecting needle or to pick away the bone from aroumnd it with the

fingernails.



Figure 5.

The location of the triangular cut made between the occipital bone and the sphenoidal ros-
trum for the purpose of exposing the pituitary*

=g.



Figure 6,
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The instrument developed for the purpose of facilitat-
ing the removal of the adrenals and the pituitary.



85

The latter procedure, though often more time consuming, was found more
desirable because of minimum damage to the gland. Following removal,
the gland was welghed.

Before removing the remaining glands, it was necessary to open
the bird. The procedure used to accomplish this end was ons whieh is
guite common in poultry-sutopsy lasboratories. First the bird was
placed on its back and the skin bstween the legu and the torso was
sovered, Hach leg was thex folded flat on its reaspective side. The
skin was fimly grasped about midway of the abdominsel cavity and
pulled anteriorly. An incision was made in the abdomen and contine
ued along each side of the dbird just below the pectoral muscles. The
entire breaat wag folded forward and worked loose from the carcass,
This method of autopsy was found to expose all the considered glands
to the best advantage. A campletely autopsied bird is shown in
figure 7.

The thyrms tissue was removed by splitting the skin of the neck
and folding it toward each side. The areas of thymus were stripped
from the adhering menbrapes, carefully clesaned and weighed.

Removal of the thyroid is such s simple matter that the proce—
dure need not be resolved here. The two glands were merely cut fronm
their loeation along the carotid artery.

The adrenal glands of the chicken are qulte difficult to remove
without shattering. The first step in their successful removal is
the slimination of the gonads. In the male this is sasily accomplished
by pulling saeh testis from its location with foreeps. Removal of the

female gonad without damaging the adrenals presents a more difficult



Figure 7. A fully autopsied bird showing the glands and organs considered during the study
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problem since the ovary of the youns bird is in close association
with the glend. It waa found that by using ¢ sharp dissscting secal-
pel that the gomad of the female could be litsrally shaveu from the
adrensl,

Crnee the gonads have been disposed of, the way is clear for the
removal of the adrensals. This was best accomplished by using & spee-
ially improvised instrument, shown in figure 6. The instrument con-
slsted of shorp-pointed forceps with a bit of broken razor blade
attachsd to the sitationary or base end. By means of solder, the blade
was first fastened to a stesl needle which was then soldered to the
foreceps. A great deal of time was saved by having both the dissect-
ing blade and foreceps combilned in one instrument. The blade was
sharpened from time to time by means of a leather hone.

The actual removal of the adremal consisted of patiently cutting
eround the periphery of the gland with the small blade, gradually
working underneath the gzland. Once the gland had become sufficiently
loosened, it was removed by grasping it with the forceps. after
cleaning a&way the excess material, it was weighed.

The bursa of Faebricius, which is a lymphatic gland in the region
of the cloaea, was found to be rather resistant to removal by instru-
ments. This gland is wery tender and requires only a guall amount
of carslessness to be torn. 1t was found that a long fingernail on
the forefinger was the best tool for its removal. By carefully
working the nell underneath and arcund the gland, 1t was easily freed
from the adhering membranes.

Additional procedure will be described where essential or

degirable,



RESULTS

The following presentation of results treats the present study
in four distinet phases. Fhasgse 1 includes those trials designed for
the purpose of obgerving & fowl's response to pnmseular fatigue. Thisg
phase of tho study inVestigataﬁ such factors as the fundamental ana-
tamical changes in the stress-response, possible genetie differences
involved, and afttempts to enhasnce the fowl's rssistance to fatigue,
with exogenous hormonal therapy. Thase II congidered the rasponse
of the fowl to stress in the form of cold, Basically the study was
one of & time reoleationship; that is, 1% wes an attempt to determine
the morphologiosl state of wvarlous glands as sapparently influenced by
time of exposure to cold. However, & rather limited investigation
was also wade into the genetienl varilabtions of response in two sbrains
of fowl. Phase [I] was an attempt to eastablish the shortest period of
exposure t0 stress necessary to eliecit a discernible weight change
in such glands as the adrenals, pituitary, burse of Fabricius, and
gspleen. The warious forms of stress employsd were those of muscular
fatigue, high altitudes, co0ld and emotionel atrain. In Phase IV of
this study, the degree of stress-response induced by either thioura-
cil or protamone administration for varying periods of tine was eluei-
dated.

The sewersl forms of atress uvsed were not considered without
purpose, The author concluded from his search of the literature that
the clearest understanding of the siress phenomens in chickens should
be acgulred through the uss of & numbsr of different astress stimull,

applied in & number of different ways. It is believed that the results
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of this study bear cut the wvelidity of this conclusion.

Beesuse of the large volume of data involved, no attempt has
been made a8t this time to make a complete statistiesl analysis.
shere the gland welghts are given, thsy are presented as average
values with the standard errorsg. In most ceses, these values are
given for the males and females of both the experimental and control
groups. 1t was believed that more informastive resulis could be se-
cured by treating the sexes separately. Of course, in the instaunces
whers the mailes and females have not differed markedly, the standard
arrors obtained for the gland weights of each sex are larger than
would be obtained if the sexes had been considered together. This
thought should be borne in mind by the reader in considering the re-

sults of the various experiments,



FHASE I

fuscular Fatigue Study

Trial 1

This study wes designed in such & manner as to make it essen~
tially exploratory in nature. It was desired in this experiment to
determine the rather general effects of exposing the birda to muscu-
lar fatigue over an extended perlod of time, TFor this purpose, two
comparable groups of llew Hampshires 32 days of age were selected with
each group containing 6 mules apd 6 females, During a period of 10
days, each bird of the experimental group was exercised 4 times with
the cages shown in figures 1 and 2 turning at a rate of 12 r.p.m.,
3 tines at 17 r.p.m., and 3 times at 22 r.p.m. At the termination of
this periocd, both the experimental and the control group were sacri-
ficed, and the weights of the following glands and organs were taken:
pitultary, thyroid, adrenal, gonads, thyms, bursa of Fabricius, pan-
creas, liver, spleen, kidnay, heart, and comb (male), In additiomn to
these measurements, live body weight and feed consumption were also
considered. Furthermors, the proventriculus (stomach) and the duo-
denun were ezamined for sizns of irritation.

In order to illustrate the extreme variation in the apparent
reaistanee of this strain of New Hampshires to fatigue, the aetusl
revolutions reguired %o exhaust each bird of the experinental group

ara given in Tabls I. From these data 11 is sesn that most birds
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seemed to becume progressively more resistznt to fatigue as the study
wag continued, There was an indication that the ealm, docile indi-
viduals could withstand the revolving for the greatest neriod of tine.
Fregquently, it was noted that the droppings of birds becams watery
while they were being revolvsd in the czges. This condlition became
sagpoecially evident on the third or fourth day of the atudy and was
most pronounced in the birdes reguiripg the longast periocd of time to
exhaust. Joon after the bLirds were returned from the revolving

cages to the batteries, watery droppings were no longer cbserved, As
noted in Teble II the experimsntal birds comnsumed slightly less feed
than the contrel group. The former group alss gained less welaght
than the control during the experimental perilod,

An examinstion of the subtonsy date in Table II reveals that
cartain of the wvarious glands ané organs considered ars morpho-
logically different for the experimental group. The adrenal glands

f this group wera hsavier, but the variation in the welght of thease
glands waa also pronounced, Those individusls reguiring the greatest
nuxber of revolutions to exhaust were alsco found to have the largest
adrenal glands. Bird 71 shown in Table I was the most resistant indi-
viduel of the trial. This bird had = relutive adrensl welighit of
19,14 mg., which was $.24 ng. hsavier than the average for the experi-
ental group. However, = close correlation was not found to exist
between the revolutions required to exhaust these birds and theilr
adrenal weights. Among the birds showing rather high resistance to
fatigue, a correlation of this nature was suzgested. But the adrenal

weights of the birds with low resistance seemed to bezsr no relation-



THE AVERAGE

TABLE 11

(Trial 1)

ICHT: CF THE GLAKDS AND ORGANS CUNGIDERED

#land or Orgen

Weight in mg./100 gm, of body weight

CONTRCL GROUP

EXPERIUENTAL GROUP

vituitary
Thyroid
Aadrenal
Thymus

Bursa

Gonads

Spleen

Hidnsy

Comb (6 males)
Heart

rancreaa

Liver

initial
¥innl

Control
Zxperimental

0,984 0.04

7.22% 3,50

11.40%0.69
719.7 45,5
580.8 ¥ 45.6
31,5 £ 8.6
237,0 T 10.7
893.4+ 25.5
£16.5 % 40.0
547.7% 15,9

304.7X 11.6

1.20% 0,08

6.21% 0.64

13.90% o0.80
512.6 % 42,9
365,9 ¥ 23,5
27.3 % 1.8
£32.0%18.9
¢63.9% 41.8
197.1 35,2
658.7 ¥ 24.1

334.4% 18.%

weizht in zm./100 zm. of body weight

£,55% 0.08

Body ieight in Cranms

393
£48

2,56% 0.11

399
522

Feod Consumption in FPounda

11.90
10,5

63
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ship to the revolutions regulired to cause exbaustion.

The thymus glands and the bursse of the experimental chickens
were much lighter in weight than those of the control. These glands
were found to be the smallest in the birds showing the grestest re-
siastance to fatigue.

31ight increases in the weights of the pituitaries, pancreas,
kldneys, and hearts werse alsc noted for the birds of the experimental
group. On the basis of absolute wsight, the pancreas and kidrecys were
not different from those of the control birds, Of course, the stand-
ard errors for the weights of both glands are quite large.

The liver and spleen weights of the experimental group were simi-
lar to the weightas of theass glands for the comtrol group.

The weights of the thyroids, gonads, and combs (male) were
slightly less for the revolwed group, but in these instances the
variation was alsc large.

Birds pumber 33, 64, 90, and 71 listed in Table I had irritated
areas about the size of = match head secattered throughout the duo-
denum. In addition, the proventriculus of pumber 71 possessed these

areas,
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Trial 2

This trial was conducted to detormine if there were a discernible
sex difference in llew Hampshires with respect to their exhaustion rev-
olutions. It was alsc thought that an additional invesiigation of a
few of the foregoing observations might prove desirable, For this
reagon, the weights of the pitultaries, thyroids, adrenals, snd bursae
of the 10 males reguiring the largest number of revolutions to exhaust
were compared with the welghts of these glands from the 10 msles with
the lowest resistance to fatigue. This same procedure was followed
with the same nunber of females, The forty birds (20 males and 20 fe-
males) used in this study were 32 days of age. Over a pericd of 11
days, each bird was exercised untll exhausted for 2 times at 12 r.p.m.
2 times 8t 17 r.pelte, &nd 3 times at 22 r.p.u.

It would seem that the zsles were more reslistant to fatigue than
the females according to the results presented in Table I1II. Evidence
will be given 1o subseqguent ztudies to support this observation. The
bursae of the most resistant meles and females were amaller than for
the birds of each sex displaying the least resistance to fatizue (see
Table IV). Yet for the other glands considered, there was no marked
difference between the {wo groups of each sex. The adrenals of the
mnales with the greatest resistance to fatigue were somewhat larger.,

It was tound that the 2 males requiring the largest number of revo-
lutions to exheust had adrenal weights of 22,63 and 25.51 mg./100 gm.

of body weight.
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TABLE IV

A COMPALTICCR OF THL G- HIGEHTS FOQ THY IIGH

AND LOW RESISTANT BIRDS OF 25CH 3BX

{Trial 2)

e

¥eight in mg./100 gm. of body wt.

GLAND & High Kales Low Malesg High Females  Low Females
Pituitery 1,061 0.06 0.94+0.00 0.96 0,07 0.83% 0,08
Thyroid 6.7210,48 6.63 * 0,37 7.24% 0,49 G.08% 0,58
Adrensl 18,51 1.5 12,83 06,536 12.66 * 0.62 13.23* 0.66
Bursa 337.5% 32,8 439.,4 T 32.8 349.3* 18.8 457.7% 30.4
Initial Wt. 354 em. 382 gm. 332 gnm. 339 gn.




Trial 3

In this trial, the exhaustion rsvolutions were determined for the
offspring (MNew Hampshire) of a number of the dams constituting the
high- and low-thiocuracil-response strains of the farm flocks., A total
of 92 offspring about 36 days of age were used., These werc from 21
different dams and 6 different sires. On the basis of the thyroidal
hypertrophy observed in the full siblings of these offspring, a given
dam was designated as bhigh or low with respect to thyroid hypertrophy
following thiocuracil feedinz. The degree of thyrold hypertrophy in
the siblings was determined by lir, #William b, Shaklee in conjunetion
with his research., XJach individual was exercised twice at 12, twice
at 17, and 3 times at 22 r.p.m.

In Table ¥V are gilven the over-all averzge number of rsvolutions
required to exhaust ths offspring of each dam. 3ince these wvalues
were indicative of the differences seen to exist betwesn the groups,
they are given rather than the avsrages obtained at each of the r.p.m.
used. asttention is directed to the obserwvation that the two groups
of offspring which reguired the greatest number of revolutions to ex-
haust were from highethiouracil-response dams. Though the differences
seemed pronounced, none of the differences were found to be signifi-
cant, Unfortunately it was not possible to continue this study be-

cause the sires were mistakenly marketed.



TABIE ¥

THE OVER-~LLL AVERAGE NUKBER OF REVOLUTIONS REJUIRED TO BXHAUST
THL OFFSPRING OF 21 DANS FROM TiHE HIGH- AND LOW-THIOURACIL-
RESPONSE JTRAING

{Trial 3)
3ire Dagn Humbes of mevolutionsg Regquired to Zxhaust
Offapring .
liean Range
1 A(low)* 2F, 44 34-54
C{high) ., 1F, 1369 141-4111
D(low) Qi., 4¥F. 548 45-23298
2 Z{high) 2., 1F. 19¢ 81~330
F{high) 2., 4¥. 166 64-312
3 G{high) BLe, 1F. a7 b4-154
H{high) 2., 4F. 189 48-390
I{kigh)} 2. 5345 S8-647
J{high) 5. 1776 60=-6157
4 ¥K{high) 8., R&F. 309 86-459
L{high) ., 4F. 287 99~-468
3] % {high) ., 2F. 276 120-483
H{low) e N 477 176~778
0(low) Blile 174 70-238
P{high} 4., 4F. 268 50553
Q{low) 1x. 121
Ri{high) 1¥,, 2F. 173 163-189
8 S{low) 4345,, 4F. 353 101.-876
T(low) Zile, RF. 143 86814

Indicates whether the thyrold hypertrophy of siblings from this
mating was high or low following thlouraell fsading.
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This study was undertaken to sscertain whether or not a dig-
cernible difference in resistance to fatizue existed between the
¥hite Leghorn and the lMNew Hampshire. 7To make this observation, one
group of Hew Mampshires was selected which consisted of & males and
8 femsles 33 days of age, and a similar group of White Leghorus was
selected. Pricr to commenelng the study, the birds from which both
groups were sslected had been hetched tomether in the seme hatching
trays and had bgen raised together under the same environmental
conéitions., During the period of the expsrixent, & similsar procedure
was followed with respect to providing similsy environmenital situa-
ations for both groups. The individuals of each group were exercised
twice at 12, 17, and 22 r.p.m. over 8 period of 10 days. In this

rinl as in other studises of thls type, the individuals of esch
group were exerclsed in an alternate manner; e.g., New Hampshire,
White Leghorn, ste.

Becsuve of the extreme variation in the revolutions reguired to
exhaust the birds of both groups as shown in Teble ¥I, it canpot be
sald that there was significent difference between the two breeds of
chickens with regard to resistance to muscular fatigue. i3 a group,
the leghorns were nore resistant to fatigue than New Fampshires, but
the two most regsistant individusla of the study were New Hampshires.,
For this reason, the average revolutions required to exhaust the two
groups have little meaning. However, it is seen in this Table that

the median values ars higher in all instances for the Leghorns. The



sverage gland and body welghta for the two groups are given in Table
VII. It is noted that the gland weights did not differ greatly ex-
cept for the adrenals which were larger in the Leghorns. Of interest
is the observation that the bursae were largest for the Leghorn fe-
males. It is also seen that the spleens for the fomales of each
group were larger than those of the males, Of course, the average

body weight of the l.eghorns wes less than for the New Hampshires,

71
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Trial 5

This study was pleanned@ for the purpose of comparing the ex-
heuation period of the turkey with that of the chicken. The turkeys
used were from the farm stock, which had bsen developed from matings
between Broad Breasted Bronze snd Beltsville Whites. Both the turk-
eys and the MNew Hampshire chickens with whieh they were compared
were ralsed together in the same wire battery. When they were 30
days of age, one group of turkeys and one group of the chickens was
gelected, Fach group contained © malesg and 8 females, The indi-
viduels of both groups were exercised one time at 12 r.p.m. until
they became exhsuasted after which they were autopsied.

#When this study was plenned, it was intended to revolve the indi-
viduals of each group several timesg until they bsosms exhausted, How-
ever, the unususl resistance of the turkey to fatigue made this pro-
ca&u&e physically impossible. From the results given in Table VIII,
there can be little doubt that the turkeys required a much larger
mupber of revolutions to exhaust than the chickens, vhen the turkeys
were being revolved, they displayed practically no signs of exeite~
ment. Hach individual ealmly walked in the revelving cages until com-
pletely exhausted, A8 shown in Teble IX, the average body weights
were greater for the turkey than for the chicken. 4ll the glanda con-
sideted weighed relatively less for the turkeys, particularly the

bursee and spleens. (Table IX)
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Ti REVOLUTIONS REQJUIRED TO SXHAUST THE TURKEY »ND
THE CHICKEN AT 12 R.P.H.

{Trial 5)
Rumber of Revolutions to Sxhaust
GROUP
lean Medlan Range
Turkeys 248% 1495 BOR2~4622
Chickens 214 o6 18-1080
TABLE IX
THE AVERAGE GLAND FEIGHTS FPOR THE TURKEY: oND CHICKENS HICH

HAD BEEN REVOLVED AT 12 R.P.M. UNTIL mm}r}m

(Trial 5)

ieight in mg./100 gm. of body wt.

GRCUP: Pitul. Thyroid Adrenal Bursa 3pleen
, | 5 !

Turkeys: | ; i ‘
Kales }1.281% 0,08 i 4,88+0.,20 11.19% 0.92 | 175,4+ 12,85 126,61 9.3
Females i 1.26% 0,13 % 5.77+ 0,30 ! 11.32r 0.78 l 186.5t12.8) 118,33+ 12.8

| |

New Hampshires: E é
iiales 1.3910.18 ; 7.09+ 0,35 15,68% 1.20 | 483,87* 67.3 | 272.4 * 46.8
Females | 1.40% 0. O’i; S.50¥ G, 84; 15.31 % 0.41 | 475.3t 28,3 367.17 22,7

|
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Trial 6

Wwhile the differences were not significant, there was an indi-
catlon in trial 3 that the progeny from certain dams of the high-
thiocuracil-response atrain possessed a marked resistance to muscular
fatigue, It was therefore reasoned that there might be a relation-
ship between the resistance of a bird to fatigue and the subsequent
response of its thyroid to thilouraell administration. Three geparats
studies were conducted for the purpose of testing this hypothesis,

In the first study, the revolutions required to exhsust 45 birds
33 days of age wes twice determined at 1% r.pe.m. On the basgis of the
number of revolutions required for exhaustion during the second re-
volving, these birds were divided into 3 groups with 12 birds in each
group (6 males and 6 femsles). 4 low exhaustion group consisted of
birds requiring fewer than 48 revolutions to exhaust, Ths secgond or
high exhaustion group contained birds requiring more than 180 revo-
lutions to exhaust. The third or control group contained individuals
which required between 0 and 150 reveoluiions to exbmust. For a
periocd of 2 weeks, the rirsf two groups were fed thiocuracil at a level
of 0.2 per eent. The control group was fed the same diet without
thiouracil,

The second study was baglically a repetition of the first. How-
ever, only one exhamustion period was determined at 12 r.p.m. for 126
birds 31 days of age., From these individuals, the following 3 groups
of 24 birds (12 meles and 12 femesles) were selected: (1) This group

was made up of low exhaustion birds requiring fewer than 36 revelutions
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to exhsust, (2) A high exhaustion group; the individuals of which
reguired more than 120 revolutions to exhaust. (3) This group, the
control, contained chickens reguiring between 50 and 120 revolutions
to exhaust., 4 diet$ containing 0.2 per cent thiocurseil was fed to the
firast 2 groups for 2 weeks after which they were sasecrificed. The
control group recelved the same diet during this periocd, but without
the thioursacil.

The third study was conducted in such a manner as to make 1t
more nearly a repetition of the first study than was the second. The
exhaustion revolutions of 80 birds 32 days of age were dstermined
twice at 12 r.p.m. On the basis of the number of revolutions necessary
to exhaust them during the second revolving, 3 groups of 16 birds (8
males and 8 females) were selected. The first of these constituted
the low exhaustlon group, each individual of which required less than
30 revolutiona to exhaust, A second or high exhauation group consis-
ted of birds which had reqguired wmore than 132 revolutions to exhaust,
In addition, & third or intermediate exhaustion group wes selected.
Betwesn 50 and 150 revolutions were reguired to exhuust each bird of
1his group. prior to being sacrificed, all 3 groups were placed on a
diet containing 0.2 per cent thiouraeil for 2 weeks. The intermediate
group was fed thiouracil in order %o determine whether the response of
this group to the drug was different from that of groups 1 and 2. 4ll
the chickens used in these 3 studies were lNew MHampshires,

There is very little information to be gleansd féam the results
of these 3 gtudies. In the first study there was an indication that

the low exhaustion group subsequently displayed@ the greatest response



to thiouraeil (Table X)., It was not possible, however, to confirm
this observation in the second or third studies. As a matter of
pagsing interest, it might be pointed ocut that the bursae of the
groups fed thiouracil in the first and second studies were markedly

lighter in weight than those for the conmtrol individuals,

77
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Trial ¥

It is common knowledge that & marked individual variation in
thyroid weights exlists among chickens which have been administered
thilourac¢il. It was noted in a preliminary study that the individ-
uals showing the greatest resistance to fatigue following a two-week
period on thiouracil also had the larygeat thyroid glands. In this
preliminary study, two comparable groups of 10 New Hampshires 26
days of age were selected., For a period of two weeks, one group was
placed on a diet containing 0.2 per cent thiouracil, with the second
group constituting the control. The pituitaries and thyrolds of the
experinental birds were larger, but the adrenals and bursae were
smaller. The control birds required over twice as maeny revolutions
to exhaust us the birds of the experimental group. The average thy-
roidal weights of the 8 individuals of the experimental groups, re-
quiring fewer than 50 revolutions to exhaust, was 33.28 ng./100 ga.
of body weight; compared with an average thyroid welght of 48.66 ng./
100 gm. of body weight for the Z males requiriang 161 and 517 ravo-
lutions to exhaust. Therefore, the present trial was planned in whieh
50 New Hampshires (29 males and 21 females) 30 days of age were se-
lected which had redquired in excess of 124 revolutions to exhaust
during the second revolving at 12 r.p.m. These individuals were
placed on thiouracil (0.2 per cent) for two weeks at the end of which
time they were again revolved twice st 12 r.p.m. Thoae birds of each
gex still requiring greater than 124 revolutions tc exhaust were deas-
ignated "high resistant® and those requiring fewer than 124 were

designeted "low resistant”,
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The results of this trial are shown in Table XI., It is seen
that the thyrold weights of the moszt resistant meles were sbout 2
times greater than the thyrold weights for the "low resistant™ males.
The thyroid weight for the most resistant individual male was 120,97
mg./100 gm. of body weight. This was the greatest thyroid weight ob-
served in the $rial. But for the females, there was mno great differ-
ence in the thyroid weights of the two groupa, though the thyroids
were slightly heavier in the group with the greatest resistance.
There was an indication that the adrenal weighta for the “high" group

of each sex were larger than for the "low” group.



TABLE XI

THS THYROID AND ADRENAL VEIGHTS FOR TE BIADS OF EACH SEX
SHOYING THE GREATEST AND LEAST RESISTANCE TO FATIGUE AFTER
THO WERKS OF THIOURACIL {(0.2%) FEEDING

(Trial 7)
Yeight in mg,/100 gm., of body wt. Body i/t., Gms,
GROUP: Thyroid Adrenal Initial Final
High Males (10) 61,78t 9,26 11.08 +0.72 351 629
Low ¥ales (18) 28,22+ 2,20 10.34 £ 0,37 366 643
High Females (8) 39.83+ 5,63 11,96+ 0.65 324 562

Low Females (13) 32.,48%3.75 10.021 0,38 329 556
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Triasl 8

The foregoing study indicated that when birds are administered
thiouraecil, the individuals retaining the greatest resistance to
fatigue generaily had the largest thyroid glends. Because of this
obgervation, it was reasoned that under similar conditions of thiour-
acil administration, the high-thiocuracil-response strain of birds
used in $rial 3 should possess & higher exhaustion period than the
low-responge strain. Therefore, the following study was conducted
in an attempt to determine the wvalidity of this postulation: Two
groups of birds 31 days of age were chosen, each group containing 8
males and 8 females, (ne group consisted of individuals from the
low=-response strain, while the second consisted of individuals fronm
the high-yesponze strain. Frior to being placed on z dist contain-
ing 0.2 pasr cent thiouracil, the exhaustion revolutions of both
groups were detsrained twice at 12 r.p.m. A% the end of 1 and 2 weeks
the revolutions required to exhaust both groups wes again determined
twice at 12 r.p.m. +#hen the study was terminated, 3 weeks after
placing the birds on thiouracil, the 2 groups were autopsied,.

A8 shown In Table AII, there was no great difference between the
two groups with respect to the revolutions required $o exhaust them;
particularly when one considers the large individual wvariation. It
wag indicmted by the mean and median exhaustion revolutions that the
low-response group was more resistant to fatigue than the high- during
the first 5 times they were revolved. Yet on the sixth revolving

{after a little over 2 weeks on thiouraeil), the high-response group
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seamed to be more resiatant. The most resistant individual was from
the high-response group and this bird also had the largest thyrold
weight observed in this trial (97.59 mg./100 gm. of body weight).
¥W4ith the exception of the thyroids, which were larger in the
high~response group, there wes little difference between the two
groups with respect to the other gland weights (Table XIII), How=-
ever, all the glands considered were slightly lerger in the high-

TeSpoOnse group.



TABLE {II

THE LAVOLUTIONS R UIRED TO FlaUg! THE HIGH= AND LOVie
THIOURACIL-HESPONSE BIHDS AFTER 1 AND 2 WHIKS ON

0.

2% THIOURACIL

{Trial 8)

8%

Number of Weeks om 0.2% Thiouracil

0 1 2

GROUP 12 r.p.m. 12 r.penm. 12 r.pe.m.
Hizh Response v

ifean 71 278 132 38z [ 360 811

Kedian 45 180 119 218 138 181

Range B88-136 29-816 |15-840 30«1324| 50-1476 25-8100
low Response

Hean 180 749 282 806 457 672

ledian 93 310 113 265 226 154

Range 42-660 40-2688] 23-1960 58-5882 | H2-444 435064

THL L VERAGE

TABLE XIII

VEIGHTS OF THE
AND LOW-THIOURACIL-RESPONGE BIRD

FAKDS 5

0.2F THIQURACIL

{Trial 9)

ESIGELTED FOR HEN BIGH=-
5 FOLLOWING & WERKS ON

“eight in mg./loo gm. 0f body wt. Body t.Gn

GROUP Pitul, Thyroid hAdrenal Bursa 3pleen Init. Fin.
High Response ,

Males (8) 1.0510,06|55,0748,63|12.30+0.61]| 256.3+24,3|162,1t15,0 333 691

Females (8)]1.05t0.,10(57,94+7.87|11.66%0,66| 256.0115.2|203.7¢14.3| 280 L48

Low Response
Nales (7) 0,88%0,08{19,48+2,15|11,46+1,10| 213,1+17,3/154,1*t13.8 381 839
Pemales (8)|0.8910.07|25.32%2,7611.36%1,10{ 241.6¥29.,53|197.3+21.0 343 709




Trial 9

This trial consisted of several studies planned in an effort to
increase the exhaustion revolutions of chieckens. With this thought in
mind, studies using cortisone Injections, testosterone implantation,
and protamone administration were conducted. Becauss of the great vare
iatlon in the number of revolutions required to exhsust randomly selee-
ted chickens, it was deemed necessary to first determine the resistance
of the chickens to muscular fatigue. Therefore, for a given study, a
large number of New Fanmpshires (between 100 and 125) were selectod and
these were revolved twice at 12 r.p.m. Only those birds reguiring
fewer than 48 revolutlons to exhaust during the second revolving were
uged in the studiesg. After thesgse birds had been obtained, they were
divided into control and experimental groups. Treatment of the exper-
imental birds was begun two days prior to the tims that the groups
wore sxerclsed agsin, The paragzraph discussing each study is appro-
priately deaslznated as cortisone atudy, ete.

Cortisone Study: Prior to commencing this study, an investigation

was conducted for the purpose of ascertaining the toxieity of cortisone
for young chickens., For thls purpose, B aemp&é&bla groups of ©® birds
one-waok of &ge were selscted. For a periocd of 10 days, groups 1, 2,
3, 4, and 5 recelved daily injections of cortisone at levels of 1, &,
10, 20, and 50 me. /ke. of body weight respectively. Atsixth group
constituted the control. The percsntage reduction in growth rate was
eonaidered as being indicative of the degree of toxieity. In figure 8,
it is indicated that daily injections exeeeding 5 mg./kg. of body

weight were toxic. After obtaining the foregoing information, two



o
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$rials were conducted using cortiscne., In the first, daily cortisone
injections of 5.0 mg./kg. of body weizht were used. uUince this dosage
level seemed toc high, a second trial was made using daily injections
of 2.5 mu./kz. of body weight. In the 2 trials, 12 birds 32 days of
age wexre used in both the control and expsrimental groups. The groups
were compurable with respect to welight, resgistande To muscular fatigue,
ané sex, The experimental groups received injections daily for v days
in the pectoral museles. 4ll contrel blrds received injections of
saline guanitatively equal to the cortlsone administered. Both groups
of each trial were revolved twice at 12, 17, snd 22 r.p.m. The birds
in the first trial were exercised an additional time at 17 r.p.m. At
the end of each study, both groups were autopsied.

Cortisone injections at levels of 2,5 and 5.0 ng./kg. of body
welght were found not t0 auzment the resistance of these birds to
fatigue (Table XIV). actually a reduction in resistance occurred
fellowing cortisone injections. ¥No sxplanation ean be given for the
exceptional individual (see Table XIV) in the group injected with 5.0
nge. of cortisone. Since the subseguent resistance of this animal %o
fatigue wau so much greater than noted for the other individusls of
this group, it was not included when the mean and median exhaustion

valuss were computed.
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IN PERCENTAGE WEI

-

/1

FROM FONTROL
)
o

DEVIATION
4}]
(@
. |

10 20 20 40 50
CORTISONE INJECTED DAILY (mg./XZ. of body wt.)

Figure 8. The effect of 10 daily injections of cortisone at the
levels indicated on the percentage weight gains of
young New Hampshires,



TABLE A1V

THL REVOIUTIORD FouUIRED TO RXHAUST THE CCNTROL ~0 ZEPARI-
LENTAL BIRDS OF TUE CORTISCNL JTUDY A7 TUR R,P.¥. INDICATED

(Trial 9)

5,0 mg. of Cortisone/kg. of Body ieight

B89

GouP:
Hevolutiona Per Mlnute
12 12 7 i7 22 2z 22
Control:
Fean B24 353 240 248 585 284 367
Yedian 92 217 150 221 350 275 354
Rangze 22~-1025 DLH~1020 88-748 48-849 271020 81l-629 66-781
Experimental:
¥Yean 132 113 126 138 180 138 128
¥edian oG 124 &4 88 1359 139 121
Ranse 45~ 234 1%~ 352 35208 31l-D32 37— 745 Z26-244 40-283
Excaptional
Individual 12686 1813 209 4721 3091 107g 3133

2,5 mg. of Cortisone/kg. of Body veight

rRevolutions Per Minute

12 12 17 17 28 22

Control:

lean 110 314 238 247 117 is8

redian L6} €6 182 189 9% 159

Range 17- 733 23-1387 19-553 27-646 37~ 286 31-339
Zxperimental:

Mean 102 180 94 g9 75 86

ledlan 38 74 80 54 a4 70

Range 10~ 837 12~ 777 14-437 20-836 22~ 139 31-176
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There was little differencs botween the control and experimental
groups with respect to the weights for the various glands as shown in
Table XV. The pituitaries of the experimental birds were larger,
particularly for the group injected daily with 5.0 mg, of cortisone/
kg. of body welght. There was reduction in the welight of the bursae
and spleens of this group below that for the control, but not for the
group receilving 2.% mg. of cortisone daily.

There was an indiecutlon as shown by the final body wsights thet
the prowth rate of the experimsntal birds had been adversely affscted.
it wag found that an oceasgslional bird injected with cortisone under-
went a mild convulsion at the time of the injection. In & nmaitter of
mimutes, these individuals seemed to recover.

Frotamone Study: This study was conduected for the purpose of obsere-

ving the effect of protamone administration on the birds displaying
low resigtance to Patigue, Two comparsble groups of 12 low-sxhaug-
tion birds 32 days of age were selsched; one congtidtuted the control
and the second was glven 0.03 per cent of protamone in thelr feed.
Over a perliod of 6 days, the birds of both groups were sxercised to
exhaustion twiece at 12, 17, and 22 r,p.m. hon the study was term-
inated, all the birds were autopsisd.

The mean and medlan revolutlons required to exhaust the birds
at each r.p.n. are gilven in Table XVI. These results have aluso been
plottad in figure S, There i3 a definite indiceation that protamone

has increased the resistance of the sxperimental group to fatigue.
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Figure 9. The effect of protamone on the exhaustion revolutions of
birds showing low reasistance to fatigue,
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THE REVOIUTIONS RELUIRED TO EXFAUST THE CUNTROL Akl SXPERI-
AENTL BIRDS OF THE PHOTAMONE STUDY 47 THE R.P.M. INDICATED

{Prial 9)

Revolutions Per Mimuts

GROUP iZ 12 17 17 22 22
Control:
liean 69 116 121 204 116 iz28
Wedian &2 55 51 o8 114 88
Range 20-192 18-510 31-517 26- 872  33-323 40~ 330
ixperimental:
Mean 94 232 267 412 295 422
Yedian 38 119 - 169 , 181 161 236
Range 38-252  24-606  60~-643 119-1620 O5-8605  103-1441
TABLE XVIIX
THE AVERAGE GLANWD ﬁElGHTS FOR THE CONTROL AND EAPERIMENTAL
BIRDS OF THL PROTAMCHNE STUDY
{Trial 9)
weight in me./100 gm, of Body Wt, Body W%.
CROUP Pitul. | Thyroid Adrenal Bursa 3pleen [Init. Fi
Control:
Kales (6) [0.93+0.07|6,90%1.23|13,55%1.15)|383,5+38,9)|212.0*19.1] 384 519
Fenzles {5*0.78!0.06 9.53%0.74|10.87:0,42| 485.0134.5| 255.4124,0 405 554
Experimental g
Lales (6) 0.79%0.004.19¥0.3211.61+t0.48|466.0Y¥01.3|169.4*15.1] 437 571
Females (5)0,85%0,056{6.17%0.39|11.18t0.42|494.,0t31.0|233.9115.2| 389 494
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¥ith the exception of the thyroida, the gland weights for the
control and experimental groups differed only siightly as showr in
Table XVIiI, Tﬁg $hyreoids, of course, were smsller for the birds given
protamone. It wasg noted that the burasse of the experimental birds

were larger, especially those for the males,

Teatosterone Study: It has been noted in s number of the previous

trials that the msles sezmed to be mors resistant to fatigue than the
females. This same phenomenon was encountered when searching for the
low resistant individuals used in the present series of studies. The
larger number of the resistant individuals were found to be nales.
Therefore, the present study was designed 1o aseertain whether or not
the male sex hormone affected the resistance of the low-exhaustion
birds. For this investigstion, two comparable groups of 12 birds 34
days of age were obiained in the same manner as the previous groups.
One of these weas designated as control while the individuasls of the
second group were implanted in the neck region with a 4.4 mg. pellet
of testostercne. Cver u period of one week, both groups were exer-
cised until exhausted for 2 times at 12 r.p.m., 2 times at 17 r.p.m.
and 3 timeas at 22 r.p.m., after which they were sutopsied.

The resultg of this study are shown in Table XVIII and figure 10.
There seemed to be no difference betwesn the two groups with regard
to their resistance to fatigue until they were revolved for the second
and third time st 28 r.p.m. At that time, the resistance of the group
implanted with tegtosterone was grester, The combz of the experimental
birds showed & marked increase in size during the lagt days of this

sWdy.



There was no great difference between the gland weights of the
two groups, (Table XIX)., It might be mentioned that the bursse of

the birde implanted with testosterone were asmaller.
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TABLE XVIII

THA REVOLUTIONS HE UIRED TO BAHAUST THY CONTROL AND EXPERI-
ENTAL BIRDY OF THE TuSTOSTARUNL STUDY AT THE R.P.ide INDICAWRED

{Prial %)

Revolutions Per Linute

GROTUE 12 12 17 17 22 T 22 22
Control:
¥ean 50 137 65 125 244 104 86
kKedian 44 71 46 79 8% 88 63
Range 12-114 18-726 22-145 12-408 42-1980 44—~ 282 24~ 264
Experimental:
Lean 74 117 157 222 148 293 617
Vedian 41 73 112 73 112 172 227
Range 12-324 20-387 54~808 31-99]1 42~ 440 BHD-1767 Bl-2004

TABLE XIX

THE AVERAGE GL.MD JBIGETS OF THE CONTROL AND EXPLRIBEENTDAL
BIRDS OF THE TESTOSTERONE STUDY

{Trial €)
veight in mg, /100 gn, of Body . Body it.Gms
GROUE Titui. AGrapal Bursa Spleen Init. #in.

Control:
Hales (B) 1.02L 0,15 11.35*1.88 444.6F32,5 2i7.4
2 7

2L Q0 r5i.6 432 544
Females (7)0.92*¥ 0,056 9.31t0.71 494.9* 19,1 230.

+
*21.1 3569 485

Experimental:
Kales (4) 0.98% 0,09 11.45* 0,36 383.,3t37.7 169.3% 3.3 384 517
Females (7)0.97t 0,08 9,83+ 0,55 445.,2% 34,5 247.7X20.4 389 508
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Figure 10, The effect of testosterone on the exhaustion revolutions

of birds showing low resistance to fatigue,
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PHadE IX

Cold %esponse 3tudy

Trial 10

Preliminary investigations had suggestcd that certain morpho=
logical changes occurring in wvarious glands upon exposgure cof lew
Hampshires to cold varied with the length of exposure. Thereiore,
this trial was conducted which consisted of four different studles
designed to investigate the stress response of Hew Hampshires 47 to
49 days old to conditions of cold. An ambient temperature of 40° to
44° P. was maintained for all four exposure periods of 1, 2, 3, ard
4 weeks. Both the control and experimental group for a given study
eontained 13 femsiea and 11 males, The effects of these sxposure
periods on the weight of the pituiltary, thyroids, adrensls, bursa,
and spleen were investigated. In addition, the body weight of the
birds was considsred.

The resgults of this study ars presented in Table XX. It is
seen that for the four control groups, the males had slightly smaller
thyroids and spleens and generally had larger adrenals and bursee,
These differences, while not proncunced, were found to be consistent
with subseguent observations.

Following 1, 2, 3, and 4 weeks exposure to cold, it was noted
that the adrensls of the males were heavier than for the females,
The bursae, spleens, and thyroids were smaller for the males follow-

ing all periods of exposure. (i.e., sicaller than for the females of
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the experimental groups).

in figurse 11 l1s presented the percentage which the various glands
were noted to deviste in weight from the control. For the preparation
of this figure, both the males and females were considered together,
It is seen that the adrenals of the eéxperimental groups are larger than
for the control after all periods of exposure, The same 1la true for
the pituitary except at 4 weeks, where there seened to be no difference
between the control and experimental groups. It is seen that the
bursae and splesns of the experimsntal birds are smaller for all per-
joda. Of interest is the observation that the thyroids decrease in
walght at one week, return to control weight at 2, increase at 3, and
decrease in weight again at 4 weeks,

The body weight of the experimental birds was below that for the

control followinz all exposure perioda.



THE BFFECT OF 1, 2, 3, ~ID 4 WEEKS ZXPOSURE OF NEY HAMPSHIRES
TO COLD (40 to 44° F.) OF TED EIGHTS OF THE GLANDS INDICATED

TABLE XX

(Trial 10)

iiedght in mg./100 gm, of Body Wt.

BOdy e, GM8.

Cold For
Three lieeks

{Cont'd. on next page)

Pitui, Thyroid iAdrenal Bursa Spleen Initial Final
Cold For
One ¥eek
Control:
Nales (11) 0.82% 0,09 9,181 0.85 10.37+0.52 Bl%.7* 32,1 230,0+13.1 788 g73
Females (13) 0,70+ 0,04 11.03t0,53 10.11%*0.33 429,0%29.2 259,47 20.5 674 826
Experimental:
Meles (11) 0.88+ 0,06 8,12+ 0,66 12,55+0,78 388,2+35,1 193.1%113.6 768 882
Temales (12) 0,72% 0.03 8,49+ 0,53 10.76% 0.41 447.6 *40.0 235,9%1l.1 672 779
Cold For
Two Veeks
Control:
Males (1l) 0.75t 0,05 B8,53* 0,41 9,12+ 0,44 471.6%42.4 222.,1*10.6 673 1079
Females (13) 0,.63+0,03 10.31% 0,58 8,680,353 379,8% 23,85 246,01 13,8 597 904
Experimental:
Hales (11) 0.,82+0,04 8,55+ 0,79 11,79+ 0,80 373.,0127.4 209.4% 7.8 678 1020
Females (12) 0,72+0.04 10.38* 0.54 10,53+ 0.34¢ 383.2+21.2 241.5%14.1 597 869

00t



[ABLE XX, Cont'd.

THE EFFICT OF 1, 8, 3, 10 4 MBS “XPOSURE OF N&7 HAMPUHIRES
PO COLD (40 to 44°F.) ON T¥: WEIGHTS CF THi GLANDS INDICATED

(Triel 10)
. Weight in mg,/100 gm. of Body Wi, Body Wt,, Cms.
Pitul. Thyroid Adrenal Bursa Spleen Initial Final
Control:
i¥ales (11) 0.57% .03 8,51 0,83 9,162 0.48 341.9* 25,8 277.1% 29.0 808 1425
Females (13) 0.61% 0.02 8,96 0.38 8,93+ 0,40 3B4,7+ 27.4 288.0% 16,1 7486 1202
Experimental:
Males (11) 0.78+0,00 9,26+ 0,90 11.86%¥0.,88 338.4:28,3 250.,0147,9 806 1263
Females {(13) 0.71+0.04 11.8%20,83 11,1920.,34 367.28%31l.2 2372,8%18.4 768 1178
Cold F¥or
Four “eeks
Control:
rales (11) 0.67% 0,04 9.75* 0,77 9,22%0,29 458,8%52,9 279.3%*40.1 714 1428
Females (11} 0.60%0.04 11.52t0.62 8,54+Q,27 391.1130.8 2%4.,1*36,9 648 1203
Experimental:
Yales (11) 0.62% 0,04 8,03% 0,75 10,23t 0.76 356.4%24,9 207.8% 9.9 703 1308
Females (12) 0,651 0.04 9,93% 0,90 9,86+ 0,41 418,6+34,9 245.,2%+ 27,2 649 1140

10T
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Figure 11. The percentage which the designated gland weights of New Hampshires were noted to devi-
ate from the control groups after 1, 2, 3, and 4 weeks exposure to cold (40 to 44° Fo)o

20T



103

Trial 11

This study was conducted for the purposec of determining whether
thére was & pronounced difference in the reaction of the high- and
low-thiouracil-response strains to conditions of cold. Four groups
of birds were chosen, each of which contained 5 males and 7 females
40 days of age. Two of the groups were selected from the low-response
strain and 2 from the high-response strain., One group of eaeck strain
was placed inm a cold room for 2 weeks at 40° to 44 ¥, The remaining
2 groups constituted the control.

It is indicated in Table XXI that the pitultaries and thyrolds
of the high-response contrcl group weighed slightly more than these
glands for the low-response controls. However, 1t is reasonably
certain that the differencees obssrved are not statistieally signi-
ficant. ‘The other glands consldered for the control group of each
strain were comparsble ln weight., C(old seemed %o cause a slipght ine
crease in adrenal weight, which was similar for both strains. The
bursae snd spleens of the experimental group of birds also regresged
in weight except for the meles of the low-response straln whers an

increase was sugzgestsd,



THE SFFECT OF COlD
FROL THE HIGH=-

TABLE XXI

S,

OH TS DESTIGNATED GLadm

{(Teial 11)

VEIGHTS OF BIRDS
AND LOW-THIOURACIL AESPONSE STRAINS

#eight in mg./100 gm, of Body Wt.

Body wt., Gms.

GROUP Pitud, Thyrold Adrenal Bursa Spleen Initial Final
Hizh Response o
Control:
Kales (5) 0.86+ 0,10 8,771 0,73 11.04t0.46 433,2+43,9 198.8+17.0 571 878
Females (7) 0.,84+0,06 8,88%+1,04 11.09t0,40 423.,7% 28,56 207.2116.) 473 714
Experimental :
¥ales (5) 0.80+ 0.06 7.75+1,00 13.,12+0.83 371.2:50.1 220.7%t27.1 BES 854
Females {6) 0,956+0,03 11.27+1,51 13.61t0.54 387.3%52.9 237.2+21.0 461 717
Low Response
Control:
Keles (5) 0.82%0,06 7.4821.,10 10.77*1.,14 424.,6+60,3 188,11+ 17,2 479 722
Yemalos (7) 0.67%0.05 7.49% 0,50 10,46+t1,08 352,3%45.5 228,5+26.0 453 701
Experimentel !
Males (5) 0.,93% 0,07 7,230,857 13.20+t0,96 490,28+ 37.3 286.4 ¥46.3 475 747
Females {6} 0,81%0,09 8.,47X 0,88 11.94t0,59 283,7+27.2 236,56 +29,3 464 876

yOT
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FHEASE IIX

EFFEICT OF SHORT PFERIODS OF 3TRESS

Trisi 12

Tnis phese of the investigation wes undertaken to determine
how soon after exposure of the birds to various forms of stress is
it possible to recognize changes in the orparp and gland weights.

In the present trial four comporable groups of Hew Fempshirea 21
days of age vore selected and these were designated 4, B, C, and D.
EZach group wois subjected to the feollowing conditions: A - Control,
E - Zach bird of this group was revolved for 60 minutes every third
hour at 4 r.p.m. during a period of 24 hours (total of 8 hours per
biré). © - laeh bird was exposed to simulated altitudes of 12 %o
15,000 feet for £ hours of every 4 during a 24 hour period (12 hours
totnl per bird}., D - These birds were placed in =z cold room at 32°
F. for the 24 hour period. HNeither the control nor experimental
groups were given feed or water during the study.

Before presenting the results obtained for ths weighta of the
various glands, it would probably be well to mention 2 few obser-
vations made in the course of this study. While 4 r.p.m. 83 a very
slow speed, occasionally an individual became completely exhausted
and was unable to continue walking in the cages. However, these birds
were not removed from the cages until the end of the hour when they
were usually in an unconscious state, 4 few pinutes sftar they were

takon from the revolving cages, they seemed to racover almosy
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completely. 1t was interesting to note in this study and also in a
preliminary study assoclated with it, that the birds unable to cam-
plete the hour's walk were usumlly the poorest feathered individuals.
Fhile the scope of this trial wss not broad enocugh to confirm this
observation, it might prove interesting to investigate it further.
These birds, the youngest used thus far, seemed to have larger rela-
tive pituitery weights than the older birds used previcusly. A com=
perison of the welghts for this gland given in Table XXJII with those
given in previous Tables will illustrate this observed difference,

As showm in Table XXJI, all three stress stimuli apparently
eaused an increase in the welxhts of thse adrenals. This increase in
the weights of the adrenals seemed to be most pronounced for the males
which were exposed to muscular exerciss and high altitudes, Attention
iz directed to the lerge standard error for the adrenal weights of
the birds subjected to cold., It was found that some individuals of
thia group responded with a profound increase in adrenal weight while
no apparent effect was exerted on the glands of other indilviduals.

The four largest adrenal woights observed in thic trial were glands
whlich had been diasected from birds of thils group.

The bursae and splesns of the birds exposed to muscular exercise
were smallsr, particularly those for the females. It was noted that
the bursae of birds placed at high altitudes were also smaller. There
was an indicetion that the spleens fror the females of this group were
smaller,

%hile the bursse of the birds kept in cold wsighed less than the

bursae of the control birds, the difference was quite amall, The
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splesens of thcee birds seemed to be slightly larger.

There weie 1o pronounced differences in the weights of the pitui.
tary glends for the four groups. However, with one exeeption, this
gland veight wes less for the birds of each sex which had been under
econdition of stress. The only exceptional group were the females which
hed besn subjected to cold, The thyroid weights for the four groups

were similar,

All four groups showed a rsductlon in body welght during the 24

hour period whieh was most rronounced for the experimental groups.
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Trial 13

This trial wes conducted in ordsr to observe the sffectis of
emotional stress on thes various gland weights. Two conparable groups
of Hew Hampshires were selected with 12 birds 29 days of age in each
group (6 males and 6 femeles). The birds of the experimental group
were carefully bound by the feet and wings with rubber baends 3/8 in-
ches wide and by means of hooks, the dands were fastened to hardware
cloth: {(refer to figure 4). Thesge birds were left in this position for
24 hours., Nsither the control nor the experiment=l group was fed or
wetered during that pericd., PFollowing this exposure period, both
groups were autopsisd. Actuslly this experiment was conducted as a
preliminary study in conjunction with the trial to follow. It was cne
of & series of attempts designed to discover & stress stimull mild
encugh not to cause death over extended periods of time end yet severe
enouzh to elielt a discernible response withim & few hours., IHowever,
gince it was found thst simulated zltitudes of 12,000 to 15,000 fest
more nearly met the requirament for this form of stress, the emotional
agpect, as such, was not considered beyond this trisl. But ss a
matter of interest, the results ol this study are being reported,

During the 24 hour periocd, the experimental birds struggled very
little. It should be mentioned that for about 1/2 of the birds, the
rubber bands impaired circulation in the extrenities,

In Table XXI1II, are given the gland weigzhts obtained for the
birds in this study. ¥hile the differences are probably not statis-

tically significent, it is seen that the pituiteries, thyroids, bursse,
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and spleens of the experimsntel group weére smaller., The adrenals were
somewhat larczer for ths experimental group. 1t was noted that indivi-
duals sufferiag fromx impalred circulation possessed the smallest

spleens,

T-BLE AXII1I

THE ZFFECT OF FORCED IMMOBILIZATION OF THE CLAND WilGHTIS
CF NuW HAMPIIIRES

(Trisl 13)

yeight in mg,/100 gm., of Body Wt,
GROUE Pitui, Thyroid Ldrenal Bursa Spleen

Control:
(6., 6F.) 1.,14T0,07 6.,7630.68 13.,430,.80C 463.,7Tt32.4 170,4120.4

ixperimental:
(6k., 6F.) U.83%0,08 6,170,308 10,26%0.68 CUDR.3¥32.5 116,4%19.2

Body leight, Grams

Initial Final
Control:
(Bbi., 6F.) 383 318
wxperimental:

(6., 6F.) 353 317
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Trisl 14

This investigation was designed to consider the effect of even
shorter periods of stress than used in previous trials. The experi-
mental birds in each of five trials were oxposed to simulated altil-
tudes of 12,000 to 15,000 feet for periods of 1, 2, 3, <, and § hours.
Both the experimental and control groups for each exposure periocd con-
tained 2 New Hampshires (10 males and 10 females) 21 to 22 days of age,
except the 2-hour study which contained 50 birds (26 males and 24 fe-
males in each group). Neither the control nor the experimental
groups were fed or watered during these studies. The initial body
weights were used in computing gland weights/100 gm. of body weight.

The regults of this trial are given in Table XXIV. As observed

previously in trial 12, the relative pitultary welights for birds of
this age were greater than has been noted for the somewhat older birds
used in other studies., The control =nd experimental males of each
exposure period consistently hed larger sdrenals than the females of
their group. Gensrally the bursae and spleens of the control males
were smaller than for the control females, but not remarksbly =o.
Similarly, the spleens of the experimental males were usually smaller,
except after © hours of exposure when the reverse situation weas indi-
cated, With the exception of the 1 and 2 hour exposure periods, the
bursae of the experimental males weighed slightly more than for the
experimental females.

In figure 12 is plotted the percentage which the various glands

of the experimental birds (males and females combined) deviated in
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weight from the eontrol birds following each exposure period, It is
seen that a slight increase in adrenal weight seems to occur follow-
ing one hour of exposure, with an increase in welight not becoming
apparent again until after © hours at this condition. It is noted
that the piltuitary of the experimental blrds is slightly heavier
after 2, 3, 4, and 5 hours of exposurse., The bursae and spleens be-
came progressively lighter &8s the study continued; a pronounced drop

in spleen welght occurring after one hour of exposure.
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THY EFFRCT OF SIIULGTED ALTITUDES OF 12-15,000 FEuT FOR puuIcbDs OF

1, 2, 3, 4, A¥D D HOURS ON THZ AVIRAGE GLAML WEIGHTS

(Trial 14)

QF wWaw M SHIRES

(Continued on next page)

velght in mg./100 gu. Body ¥t. Body 'Wt.
GROUP Pituitary  Adrenal Bursa Spleen Grams
One Hour
Control:
Kale {10} 1,270,808 13,27+0.68 395,7136.8 2139.8T1i5.6 261
Femnle (10) 1.30t0.08 12,4740.47 449,5r35.4 253.7110.1 224
Experimental:
Male (10) 1,24t0.10 14.85t0.79 384,.8t29,3 146,22t 8.1 250
Female (10} 1.283+0.07 13.9910.65 446.1748.6 204.4116.0 224
Two Hours
Control:
Male (26) 1.4110,07 15.4310.57 441.5+21,5 177.0r 9.8 200
Femele (24) 1.31%0.06 13.3720.44 475.2r25.3 201,.6x17.1 154
Experimental :
Male (24) 1,4%10,06 15,285r0.55 386.9125.) 168.5114.9 202
Female (26) 1.41%0,06 14.02%10.38 461.8214.,0 186.2t 4.9 190
Three Hours
Control:
Male (10) 1.3610.,13 15.3530.88 430,4¥55.1 172.5220.0 243
Female {(10) 1.43%0.11 13,40%(0,.88 434.1*31.0 1B6.3%15.7 207
Experimental:
Kale (10) 1,420,008 14.2620.72 417.8136.0 132.0t16.1 238
Femule (10) 1.34%0.05 14,20%0,63 362.5%¥44.3 190,0t20.0 208
Four Hours
Control;
Male (10) 1.29+0.09 14.20x0.65 481,6+26.8 189,2%13,.7 237
Female (10) 1.36¥0,07 13.80%0.84 464.1t38.4 214.6x17.1% 202
Experimental:;
Male {(10) 1,40+0,17 5,086r0.52 400.,1*41l.5 159.7*13.8 239
Female (10} 1.33%0.07 13.55%0.52 402.,5%¥19.5 1891.3:16.7 201
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TABLE XXIV, (Continued)

THE EFFECT OF SIMULATED ALTITUDES OF 12-15,000 FizT FOR PERIOCDS OF
1, 2, 3, 4, AND § HOURS ON THE AVERAGE GLAND WEIGHTS OF NZW HAMPSHIRES

(Trial 14)
Height in mg./100 gm, Body iit, Body Wt,

GROUP Pituitary Adrenal Burssa Spleen Grema
Five Hours
Control:

Male (10) 1.2620,06 14.76320,66 484.4t31.5 183.4115,7 216

Females (10) 1.23+0,.10 13,12t0.48 444.7£33.1 175.8215.% 195
Exparimantai:

Nale (10) 1.45+0.08 17.04+0.62 374,7¢22.2 150,7+21.5 239

Female (10) 1.20t0.,11 15.32t0.64 411.6%25,7 132.6% 9,8 201
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PHASE IV

Thiouracil and Protasons Jtudy

Trial 15

It vas notod in certain of the foregoing trials (trials 6 and
?7) that the adrenal weights of the birds fed thiouracil for two wesks
were either comparable with or less than those of the control. In
addition, the bursae and apleens of these hirds were consistently
gsmaller. But in @ preliminary study, there was evidenece to indlcate
that the adrenals of birds sdministered thiouracil begame enlarged
a short time after plaeing young chickens on such a diet. This pre-
liminary study eonsisted of two comparaile groups of ¢ New Hampshires,
ons group of which was administered thiourscil for 3-1/2 days. it
the end of this period, both the experimental and control groups were
autopsied. It is noted in Taeble XXV that the adrenala of the axperi-
mental birds were greatly enlargsd, while the bursas were amaller,
Because of these conflicting observations with respect to adrenal
welghts sfter thiourscil feeding, 8 series of gtudlies were undertaken
to determine the effset of 3, 6, 9, and 12 day periods of thiouraeil
adminlstretion on the various glanda,., At the same time, the effect of
feeding protamons to similar groups for these psriods of time was also
investigated., To accomplish this enpd, 12 similar groups of New Hamp-
shires 31 days of age were selectsd. kach group contained 10 males
anéd 10 femalss., For a given experimesntal period of 3, 6§, 9, and 12

days, 3 groups were used. O(ne group conatituted the control while a
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THE ZFFECT OF THIOURACIL (0.02%) FOR 3-1/2 D.Y5 OK THE
AVARAGR CLAKD “EIGHT: OF NETW HaltSHIRES

(Triel 15)

Bedx #t., mg

weight in mg./100 gm. Body Wh,

GROUP Pituitary Thyroid Adrenal Burga Init. Final
Control:

(5M., 4F.) 1.47:0,08 7.3910,38 17.55%0,.85 398.9128,4 212 234
Experimental:

{5K,, 4F.) 1.6520.15 8,02:0.38 25.26+2.06 348,7133.% 211 212
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sasgond group was fed a diet containing 0.8 per cent thiouracil and
the third group wes fed a diet containing 0.03 per cent protamone.
#ith the termination of each study (l.e., the 3-day study, the O-day
atudy, ete.), all 3 groups were autopsied.

The gland weights obtained in this study are given for the males
and females of each group in Table XXVI. Ir most instances, thers
wag no marked difference between the relative gland welghts for the
males and females of all control groups,., Gensrelly, iths adranals of
the males weighed slightly more than those for the females. On the
other hand, the thyroids for tie males were usually somewhet zmaller.
For some reason, the bursse of the cortrol males in the &S-day atudy
averaged about 80 mg. less in weight/100 gm. of body weight than the
weight of this gland for ths control famslies.

After 3 days on thiouraeil, the males were found to possess
larger adrenals, smaller bursae, and slightly smaller ithyroids than
the females, DPut after 6 days of feeding thiouracil, the reveorse sit-
uation wes indiceted. TFollowing © and 12 days of thicurase¢il adminis-
tration, it was indlcoted that the bursae were smaller for ths males
then for the females,

It was found that the adrenals of the msles administersd protamons
for 3 days wers heavier than for the femalea by an average of about
1 mg./100 gm. of body weight. For all periods of protamone sdninis-
tration, the agmaller spleens were possessed by the males., Iith the
exception of the &-~day study, a similar observation was made with

respect to the bursae. After 12 days on protamone, there wis an
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indieation that the sdrenals were slightly larger in the males,.

¢f interest was the large variation in adrenal weights for the
birdz fed thiourecil for 3 daya. The standard error for the weights
of this gland progressively deereased ag the birds were given thioura-
cil for longer periods. It was noted that the 10 birds showing nega-
tive weight gains at the snd of 3 deys on thiouracll feeding had
larger adrenals (18.45 mg./100 gm. of body wt.) than the 9 birds
showing positive weight galns (12.37 meg./100 gm. of body wb.).

In figure 13, the percentage by which the various glands of the
birds fed thiouracil and protamons deviated in weight from the con-
trol has been plotted. The cbservations for the males and femalea
of each group have been combined, It 1s interesting to note that for
a given experimental period, protsmone generally has had the opposite
effect of thiocuracil. The pitultary of the thiouracil groups is
larger than the control for all occasions, while this gland is
smaller for the protamone groups except at 3 days. The adrenals of
the former groups increased in welght during the firgt pericd of
+he trial, then decreased., This gland for the latter groups showed
no change until the twolfth day when an increase in weight wag noted.
The spleens and bursae wolighed less in the birds administered thiocura-
cil for all periods. 4An inerease in the weight of these glands was
noted during the early periocds of prolemone feeding followed by a
slight decrease in weight at 12 days. The thyroids of the groups fed
protamone progressively decreased in weight as the study proceeded.
Conversely, the thyroids of the igroups administered thiouraeil in-

creased in weight. The bursa and spleens of the thiocuracil-fed birds
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The per cent deviation from the control in the gland weights of New Hampshires indepen-
dently administered thiouracil and protamone for periods of 3, 6, 9, and 12 days.
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seemed to recover in weight during the sixth and ninth days of the
study, Thease recoveries were coincident with ths first marked hyper-
trophy of the thyroid.

The growth rate of birds fed protamone seeamed to be increased.

Thiouraeil adversely affected the growth rate,
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Trial 18

This study was conducted to determine if there were & difference
in the response shown to thiouracil by Hew Hampshires asz compared with
¥hite leghorns. For this purpose two comperable groups were selected
from each breed. Xach group contained 8 males and 8 females, Durlng a
period of two weeks, one group of lNew Hampshires and one of Yhite Leg-
horns were administered thiouracil at a level of 0.2 per cent. The
study was then terminated and all four groups were autopsled.

The main gland of consideration in this study was the thyrold
gland. But the resulis presented in Table XX{VII show that there is
no marked difference in the two breeds with regard to the observed
thyroidal hypertrophy as a result of feeding thiocuracil., It was noted
that on a relative basgsis, the adrenal weights of the control Leghoras
were larger than the weights of this gland for the control New Hamp-
shiresa, The weight decresases observed for the adrenals, bursae, and

spleans of the two groups fed thiouraeil were similar.



TABLE AXVIX

T RFFECT OF FEuDING THIOURACIL (0.02%) ¥OR 2 BIXS ON THE
GlalD “BIGHTS OF FE& IWBPSHIRES AlD UHITS LEGHORNS

{Trial 16)

7elght in me./100 ga, of Body Wi, Body t.,Srams

GROUP Pituitary Thyroid Adrenal Bursa Spleen Tpitial Final
New Hampshires
Control:
kales (8) 0,80+ 0,04 8,784+ 0.99 10,23%0,38 523.0+ 50,5 327,54 29.3 387 656
Fomales (8) 0,92+0,06 7.48+0,69 11.19%¥0.40 510,0%58.1 219.8%¥ 21,1 358 602
Experimental:
¥ales (8) 0,982 0,06 23.88%1.78 9,78+ 0,56 266.8* 33,1 155,4*10,9 330 658
Females (7) 0.89*0C.08 19,67%2,36 9.30+0.45 379.5%40.1 1Bl.2%14.2 365 632
White Lsghorns
Control:
¥ales (&) 1.06€ 0,06 5,66t 1,09 13,99+ 0,43 531.5+43.,2 221.8% 8,5 287 477
Females (8) 0.99%0,06 7.33*X 0,64 13,45% 0.74 $36,9+58.,6 280,711%5.6 269 430
Experimental:
¥ales (8) 1,04% 0,07 20,31+ 3,71 11,37% 0.91 336.8+43,6 151.7113.8 298 492
¥emales (3) 1.07X0,09 19,14% 2,56 13,32T 0,98 311.1x38.1 196.,6% 22.1 269 422

$eT
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LISCU3SION

Before proceeding with e discussion of the results of this
study, a few cstatemants should be made concerning asome of the ex-
perimental equipment and technigues employed. The revelving csges
used in the musculzr fatigue phase of this study, whils being setis-
factory, were by no means perfect. It waz found that the power of
the motor was %00 low to permit the revolving of birds over 6 or 7
weaks of ags., The wire mesh was found to be injurious to the feet
of the individuals which required am extended pericd of time %o
exhaust. This latter situation could possaibly be corrected by con-
gtructing cages of a wirs mesh which had been cozted with a durable
covering of rubber. A number of cagea would be desirable if omns
plans extensive studies of this type. Ideally noll the cages used
should have s eentrel powar source. This arrangsment would facili-
tate the problem of synchronization,

The forceps shown in flgure 6 were extremely useful for re-
moving the adrensl and pitultary glands during autopsy. It was
obssrved that the adrenals of the chicken were so intimately assoc-
iated with the other tissues of the areas that an instrument of this
type was essentlal if the glands were to be removed quickly and com-
pletely. Besides the chicken and the turkey, the wrifer has removed
adrenal glands from the rat, the rabbit, and the turtle. Only the
turtle hasz been found to heve adrentls which wers more difficult to

remove than those of the chicken and bturkey.
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The results of this study have created a great many more gues-
tions than have been answered. 35Since the problem dealt primerily
with morphological changes, one c¢an only speculate from these changes
what physioclogical phenomena may be oceurring. It has been shown in
the foregoing trials that the morphologieal changes elicited by a
number of different stress stimull are similar. In addition, it has
been shown in trials 10, 14, and 1% that the period of time which an
animal is subjected to 8 given stress condition greatly influences
the degree or even the type of morpheological change noted. Genersally
speaking, the most prominent changes observed for chickens under
stress were those of adrenal hypertrophy accompanied by an involution
of the bursa of Fabricius and spleen with a reduction in body weight.
It is believed that this is the first occasion that an involution of
the bursa under conditions of stress has>been reported. The funec-
tlion of this gland haes long evaded solution. Perhapa its role in the
antibody formation should be considered. Probably it would not be
unreasonable to assume that the lymphstic invnlﬁtian observed in the
experiment was the result of adrensl hyperactivity. In the review
of literaturs, s number of studies were cited whiech would lend support
to such an agsumption (Selye, 1936 a, b; Simpson, et al, 1943;
Stoerk, 1944; antopol, 1950; and Molomut, et al, 1950).

Ko discernible weight changes were noted for the thyrold glands
in most instences excep: the trials involving exposure to cold and
the trials where thlouracll was administered. It was interesting how
this gland of birds in colé {(trial 10} at first decreaged, then in-

creased, snd finally decreased in weight. Thils observaetion suggests
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that the release of the thyroidal hormone during the first week of ex-
posure msy account for the initial decrease. Lack of sufficient thy-
roxin in the cireculating blood may account for the thyroidal hyper-
trophy noted at the end of the third week in cold. The aecondary
docrease in weight after four weeks of exposure may indicate a de-
creese in the need for thyroxin,.in these older birﬁs, or it might
possibly be indieative of a breakdown of their resistance to cold. It
was noted that the relative adrenal weights were less at thiz point
also. The finel body weights of these animsls were not indicative,
however, of a breakdown in resistence. There were a few instances in
the present experiment where it was suggested that the thyroid hormone
might be exerting a growth promoting effect on the lymphatic tissues.
Freviously the work of larder, (1949) was cited; a study in which
thyroxin was found to increase the weight of lymphatic orgsns. In
trial 15, it was indicated that protamone administration, during the
pericd prior to adremal hypertrophy, caused slight inereases in the
weight of the bursa and spleen. These zlands of birds subjected to
cold in trianl 10 and thilouraecil in trial 15 markedly decreased in
welight in the first period of the study. “hen the first thyroidal
hypertrophy became apparent in these triasls, the bursa and spleen
seemed to recover somewhat in weight. If a high thyroxin level does
cause proliferation of the lymphatic tlssuse, the weight increase of
the bursse for the low-thiocuracil-reaponse males subjected to cold

in trial 11 mey be indicatlive of @ high circulating level of thyrox-
in. Yowever, this observation was made with only 5 males in the con-

trol and experimental group.
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It was shown that prolonged conditions of stress usually resulted
in hypertrophy of the pl.tuitary. Prerhaps the two most striking exam-
ples of this observation was the progressive increase in pltultary
welght for the birds exposed to cold in trial 10 and thiouracil admin-
istration in trial 15. Possibly this hypertrophy was indicative of
hypsractivity. Frotamone administration in trial 15 seemed to cause
& slight reduction in plituitary weight after 6, 9, and 12 days of ad-
ministering this drug. “as the reduction in weight caused by lessened
activity of the pitultary when there was no longer need for it to
produce thyrotrophin or was it releasing larger quantities of the
other hormones? 48 will be recalled, Deane and Greep proposed that
there was an increased ocutput of ACTH in hyperthyroidism. It was
suggested in $trial 12 that the piltuitary weights were less for birds
subjected to fatigue and to high altitudes intermittently and to cold
continuously during a period of 24 hours, This observation might indi-
cate & sudden release of pltultary hormonea, Histologloal consider-
ations of this gland from birds subjected to the above stress stimu-
13 might reveal more definitely its state of activity at the time of
removal.

It was shown in Phase III of this study that only a short perlod
of astress was zufficlent to cause weight changes in the glands and
organs considered., usfter one hour of exposure to simulated altitudes
of 12,000 to 15,000 feet, an increase in the weight of the adrenals
was indieated while the bursa snd spleen decressed in weight. It
would appear fram trial 14 that the sdrenal increased in weicht after

one hour at high altitudes, returning to normal after 2, 3, and 4



hours of exposure and increased in weight egain after S hours., This
obssrvation might suggest that the adrenals are rapldly acquiring
constituents from the blood stresm during the first hour. Then in-
creasing demands for the cortical hormones results in a release of
greater guantltles of these substances; thereby cuausing a decrease in
woight. Continuing demands for the hormones results in greater hyper-
activity, perhaps accounting for the secondary hypertrophy noted. Of
course the increase in adrenal weizht noted at one hour wes not pro-
nounced. The rather marked reduction observed in spleen weight after
the first hour of exposure was probably caused by a sudden release of
red blood celis into the blood stream. These additional cells may
have been released because of an acuts anoxia at this condition.

There was an abundance of evidencee to indicate that thz sexes
differed in their responses %o stress. Norphologieally, the most
consistent difference in most studies took the form of greater
adrenal hypertrophy ifor the males, This difference was markedly
demonstrated in trial 12. The aversege adrenal weizghts for the coantrol
males of each trisl were practically always slightly greater than
those for the females. i033lbly the greater resistance of the male
to fatigue c¢an be attributed to a greater activity potential of the
male's adrensl. The observstion that the male usually had the larger
adrenals is of interest, since for most anlmals the female has been
reported to have larger adrenals (Selye, 1949j.

1t was rather amazing that such an extieme degree of variation
existed among the birds with respect to the number of reveolutions re-

guired to cause exhaustion. The scope of the present study was too
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narrow to consider all the factors probadbly responsible for this vari-
ation. There was ample evidence to suggest that the individuals pos-
sessing the largest adrenals wsrs the most resistant birde to fatlizue.
However, the skeptic mlght justifiably cquestion whether the adrenal
hypertrophy was the cauge or the effect of nrolongzed periods of revol-
ving in the cages. 4 number of studlies have heen cited previously
which revealed that the adrenal hormones influence an animal's resis-
tance to stress stimuli (Ungar, 1947; Nezamia, 1949; Thorn, et al,
1940; Kottke, et al, 1945; and Ingle, 1944). Thersfore, it might be
concluded that the adrenal hyperactivity was a contributing faetor to
the observed fatigue resistence, In %riasl 9, it way seen that the
sdrenal hormone, cortiscne, failed to favorably affect the resistance
of the chickens to fatigue., 48 2 matter of faet, there was an indi-
cation that the cortisone had a detrimental effect. There is the
possibility that this hormone interfered with the production of other
egsential adrenal hormones througsh its metlon on the pituitary (3elye
and Dosne, 1842). 5lso there 1s the possibility that tha dosage
lsvels used were too high for favorable effecta., IHowever, there was
no strong evidenos to suggest that the doses used were toxiec. Xo pro-
nounced reductions in body welight were noted. The mild convulsions
cbserved in the birds injected with this hormone propose an unusual
guegtion which may merit further study.

There was evidenee that protanone caused an increase in the re-
sistance of birds to fatiguse,. But wvas the action of this drug direct
or indirect? 1t was shown in the lasi period of trial 15 that prota-

mone administration caused hypertrophy of the adrenals., EHarlier, it
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wa3 mentioned thet Megsood, (1951), and Deane end Gresp, (1947) found
that thyroxin stimulated adrensl cortical activity., Wallach and Relin-
eke, (1949} reoporteda that the adrenals of hyperthyroid rats secreted
larger quantities of the adrenal cortical hormoned. 3o it might well
be that proteamone had an indirect effect through its scetion on the
adrenal cortex.

Testosterone implantation seemed to enhsnce the resistance of the
birds during the last reriod of triasl $. It was nscessary o conclude
this trisl bessuse the birds beecams too large for the cages, Ideally,
it should have been continued Tor s fsw more days. Seversl investie
gators have besn clted who reported that the male horwone exerts an in-
"fluence on ithe adrenals {i'eczenii, 1944; Leathem, 1944; Selye, 1940;
and lengley, 1942). Oo agein it is not possible to state definitely
whether this hormone has bad a diract or an indireet action in its in-
fluence on the individual's resistance to fatisue,

Thiouracil markedly reduced the resistance of chickens to fatigue,
posaibly because of its alfect of the svailable thyroxin. sAn unusual
observation wag that the msles retalning the greatest reaistance %o
fatigue subseguent to thiourscil administration also had the largest
thyroids {trial 7). Since thyroid hypertrophy was involved and since
protemone waa shown to enhsance resistance to fatigue (trial 9), this
obgervation suggests that the available thyroxin might have been
greatar for the resgistapnt individuals, ¥Fhile a gimilar observation was
wade Lor the famales, it was not nearly so pronounced ag for the males,
This result may indicate that a high level of thyroxin in the resistant

nales permitted near-normal functioning of the tesbtes and subsegquently
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greater androgen seeretion. osuch an explanation would depond, of
course, upon btlie male hormone causing & greater registance to fatigue
43 way suggested in trial 89, No explanation ean be given for the laek
of & marked d¢ifference between the fatisue resistance of the high- and
low~thicuracil-response strains of trial 8 after thicuracil sdminis-
tration. ~n explanation might be fourd in the fset thaet all the birds
of trial 7 had shown a marked resistence to fatigsue prior to being
placed on thiocuracil. This proesdure undoudbtedly eliminsted those in-
dividuals lacking reslstance to fatigue for one or zeveral ressons.
The readser is reminded, however, thet the single individual whieh re-
teined the greatest resistance to fatigue also poysessed the largest
thyroid gland.

A correlation was expected to be found bstween an individual's
resistanes to fatigue and 1ts subsequent response %o thicuragcil. But
such an observation was not made under the condltions of the ztudy re-
ported in trial &é. There 18 the possibility that the trizl was nod
extensive snough to establish the true resistance cof birds to fatiguse
prior to placing them onm thiocuracil. It might be fruitful to repsat
the lnvestigetion, using several periods of revolving to estzblish the
high- snd low-fatigue-resistant groups.

The turksy was much more resistant to fatigus than the chieken,
There may be several reasons for this observation. First, ths turkey
posaesges a definite an&tomiéal advantage over the echicken., Its legs
are longer, ensbling it to take longer and less frequent stspa, The
turkey was also able to retaln its balance in the capec rore zlfog-

tively than the chicxken. Interestingly, the abacolute endocrine gland
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weights for the two groups did not differ appreeclably. Of course,
asince the chicken was amaller, the endocrine gland weights were
relatively less for the turkey. Sinee the turkey has a greater
growth rate and a greater resistance to fatigue than the chieciken,
this observation might sugzest one of the following: (1)} that a
smaller guantity of the hormones produced by these glands is re-
guired per 100 grams of body welght for the turkey becsuse the tis-
sues of the turkey are more responsive to the hormones, or {(2) that
the glands of the turkey produce the hormones more afficiently and
at a greater rate.

While the results of thls study were not such as 1o warprpant a
definite statement that genetle diffsesrences exist in the stress re-
sponse, sufficlent positive observations were made to recommend
additional studies in this direction. The high-thiocuracil-regponse-
strain seemed more resistant to fatigue than the low-response-strain,
but this difference was not statistically significant. I% is pro-
posed that additlional studies of this type be continued when the two
gtrains have been more definitely established., There was no pro-
nounced difference between the Leghorns and MNew Hampshires imn thelr
regponse to muscular fatigue or thiouracil administration. Howewver,
the results indiceted that the Leghorns 83 & group might be slightly
more rasistant to fatizue than the New Hampshires. Two strains of
rats were developed by Rundquiat, (1933) differing in thelr wvoluntary
activity. Brody, (1942) found that by the F,5 generation, the aver-
age distance run by "actlve™ mals rats was approximately 35 times as

great as the distance run by the "inactive” strain. The females of
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the "active" strain ran sbout 10 times as foar as the females of the
"inactive” strains. Undoubiedly in developing strains of chickens
differing in resistance to mmscular fatigue, it will be found that a
number of inherited characteristics are responsible for the differ-
ences,

It may be that more research needs o be done which considers not
groups of animals, but which considers individuels. Ingle, (1952)
remarked, "Individual variation in biologle reaponsiveness rpay aggra-
vate the investigator to regard it as an impediment tc research, but
it remeins as a dimension of metabolic problems whieh, for the endo-
erinologlist, extends fram the cyclostome to man and within the species
encompasses the individuality of both the heterozygous and snzygotie
organism,” In the present study, @ great deal of individual variation
was shown to exist not only in the time reguired to induce muscular
fatigue, but s8lso in the time requirasd to cause morphological changes
in the glands studied. It was noted in trial 1% that about one-half
of the individuals fed thiocuracil for 3 days showed negative welight
geins. As will be recalled, the adrenals of these individuals were
larger than those for the birds showing positive welight changes.
FPossibly this cobservation suggesta that the level of thyroxin was
leas for the former Iindividualsg and its productlion was more effec~
tively blocked by thiocuracil feeding, Or it may indiczte that the
thyroids of thess individualas were slow in responding to the thyro-
tropie¢ hormone or that their pltuiltariesz were slow in produelng this
hormone, Whatever the cause, thicurseil administration seemingly con-

atituted a greater stress stimuli for these individumis. sAnother
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instance of pronounced individual variation was the short cold study
of trial 14, Certain individuals responded with marked increases in
the welgzhts of the adrenals while others displayed no increase. No
less phenomenal was the exireme variation ip individual resistance to
fatigue which bhas already received passing mention. For example, just
why certain individuals required as long as 12 hours to exhaust at 22
r.p.1z, while others required only 2 ninutes is not eompletely clear.
Nor is it known why the fatigue resistance of cne individual of trial

9 was not adversely affected by cortisone injections. On thke contrary,
it was more resistant than any other individual, control or experimentel.
The obuservation that certain individuals seemed unable to adapt them-
selves to cold oxr thiouracil administration may be worthy of sdditional
investigation. These individuals became emaclated and died & short
time after the study was begun,

While the writer believes the hormonal aspect of this problem to
be an important one, it is not believed to be the complete answer to
the problem. ¥For example, with regard to muscular fatigue, such phys-
iological factors as: (1) respiratory efficlency as perhaps influenced
by permeability of the membranes, wital capacity of the lungs, possibly
by gome impediment to breathing, and perhaps even the individual O, and
002 saturation curves; (2) circulatory efficiency as affected by
heart volums, blood preagsure, and the condition of the blood vessels;
{3) muscular development; (4) anatomical structure; and (5) metabolie
rate. ith regard to the last factor, heat elimination might be an
important consideration. Garren and Craig, (1952) observed that the

voluntary tolerance limits of exerecising subjects were relsted in a
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bhyperdbolic manner to their rate of hsat storagse, Concerned also
might be the efficiency of the digestive tract, since a number of
investigators have been cited who revealed that a nusber of nutrients
are extyemely important in an animal's response to atreas (see
MUTRITION in Review of Literature)., In this rsspect the nutrient,
water, may be important. In the present study, the birds at high
altitudes and the birds subjeetead to muscular exsrcise iavariedly
passed large quantities of water with their feces, Therefore, the
problem of water balance may be important in the chickens' response
to stress. Even though the chicken is gemnerally believed not to
possess a great deal of intelligence, it is conceivable that psych-
cloglicael faetors might be involved in suvme manner. In this resapset,
the learning capacity of the individual chicken might influence its
ability to run in the revolving cazgss.

In conclusion, it is believed that the results of the present
experiment have been promising enough To recommend additicnal studies
of this type with the chicken. Ilany problems of economical signi-.
ficance to the poultry incdustry might possibly bave their solution

in suech studies.
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SULIARY

The following stress stimnll were investigated in chickens:
musoular fatigue, cold, high altitudes, and protamone and thiouracil
administration,

Periodic induction of muscular fatizue caused an snlargement of
the adrenals apdi a reduction in the weight of the $hymus, the bursa
of Febricius, snd the splesen., Nales were more resistant to fatigue
and gsnerally had larger éﬁranals than the femmles., Genetic differ~
ences in the fatigue-response were indicated. Th2 turkey was found
to be more resistant to fatigue than the c¢hicken., Thiouracil adminis-
tration lowered the resistance of chickens to fatigue, the most reasis-
tant 1n§ividuals among the treated birds being those with the greatest
thyroid enlargement, Frotamone or testosterone itresatment sseamed to
enhance resistance, but cortiscne did not.

The adrenals of birds exposed to cold (44° F.) were larger and
the burss and spleen smaller than in birds at room temperature. One
end four weeks of exposure caused a decrease in thyroid weight, but
three weeks of exposure caused an increase,

Chickens placed at simulated altitudes of 12,000 to 15,000 feet
for one to two hours haed larger adrenals and smaller bursss and
spleens than control birds. These changes were augusented with foux
and five hours of exposure.

Thiocurseil and protamone were administered independently forx

periods of 35, 6, 9, and 12 days, respectively. Thiouracil for 3 %o



6 days increased adrenal weight, but continued treatment decreased
adrenal weight., The :ursa and spleen of thioursecil-treated birds
were amaller for all periodas of treatment than in the control birds,
Protamone caused a progressive enlargement of the adrenals, and ini-~
tially caused an enlargement of the bursa and spleen which was
followed by a& decrease in the size of these organs.

There was an indication that protamone adminiastration caused a
reduction in pitultary weight. Frolonged periods of exposure to the

other stress stimuli usually caused hypertrophy of ths pituitary.
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