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THE ROLE OF ENDOCRINE GLAGDS IN PROCESSES OF
COMPENSATION OF FUNCTIONS OF THE ORGANISML

Zﬁhis is a translation of an articlc written by
Yo. No. Spcranskaya, Corrcsponding Momber of tho
Acadomy of Modical Scicncos USSR (Loningrad),
in Problomy Endokrinologii i Gormonotorapii
(Probloms of Endocrinology and Hormonothorapy),
Vol VI, No 1, Moscow, 1960, pagos 3-9./

The basic vitally-important function of the organisms
of animals and mon is thoir rcaction of adaptation to
constantly changing offocts of tho oxtornal as woll as tho
internal cnvironment. Thoe disordors of tho ability to adapt
to the changos of the surrounding influcnccs lcad to patho-
logical statos, i.c., to discasc and loss of the adaptation
rcaction to dcath.

Tho loading physiological procosscs in tho roactions
of adaptation of tho organism aro adaptation and componsation
of functions. Thc processcs of adaptation and componsation
arc not woll defincd in thoir biological significancse and
complcxity. This also follows from the oxact translation of
thoso words from Latin: adaptatio -- adaptation, accomodation;
componsatio =-- balancing, componsation. The first concopt,
as follows from tho translation, docs not roquirc only
spocial cnergy oxponditurc and is not fundamental, whilc tho
second concopt indicatos a prolongcd proccss of rcectification,
which roquircs dofinitc coxponditurcs for compensation and,
to balancc out thc intorrclations of various physiological
systoms, a groat offort of the ontirc organism is froequontly
rcquircd and thon a largc numbor of physiological mcchanisms
is includocd in thc procoss of componsations, :

In sdaptation proccsscs in the organisms of animals
and man, tho work of thc organs apparcntly takcs placc with-
in thce physiological limits of normal viability, but it
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procccds on tho lovel of oithor their lew or thoir high
activity. Thus, for adaptation procossocs, special, scparato,
morg~or-=1less complox recorganization in tho work of organs
and systoms of organs-is not roquircd, But thc proccsscs of
compsnsation aro conncctod prociscly with manifostations of
tho rcoérganization of functions, froquontly con31dorablo,
within soparate physiological systoms as woll as in tho
interrclations of thosc systoms with ocach othor,
In tho origination and course of tho adaptation and
componsation proccssos, tho norvous systom has a lcading
rols; furthormorc, with this a very csscontial rolc is played
by the rcorganization of the function of the endocrino glands
v as spocializod organs whosc function is dirccted to tho
rcalization and allcviation of ncrvous rogulation., In tho
procosscs of tho componsatory function of the organism,
ospocially important significancs is acquircd by norvous
trophicity as a factor which assurcs thse rcorganization of
activity of tissucs and organs not only in tho functional
but also in thoir structural rcspcct,
In tho prcsont rcport I will dwoll mainly on tho
proccsscs of componsation and of tho activity of condocrino
glands in thoir roalization, In tho published litcraturc
thoroe aro sufficiont roforonecs to the rolc of ondocrinc
glands in proccsscs of adaptatlon as woll as to compensation
of tho functions of the organism.
Wo havo proviously pointsd out / 6, 7, .7 that in a
study of thc participation of tho ondocrlno glands in pro-
cosses which assurc the compcnsatory function of the organism,
thosc proccssos may be regardsd in tho light of threc groups
of manifostations which, howsvsr, in tho wholc organism
basically take thoir coursc simultancously.
| First of all, thosc arc the functional changes of
‘ activity of the ondocrins glands in tho dovclopment of
| compcensation procosses; socond, structural rcorganizations
| of thc cndocrinc glands which taku placoc in ths dovclopment
" of componsatory manifestations and, third, functional changcs
| of tho work of sceparatc organs or physiological systoms which
| o ariso in conncction with tho changcs of activity of tho
| : cndocrinc glands thomsslves. In tho last casc, in prolongcd
shifts of the work of the cndocrine glands, morphological

- changcs froquently may also appocar (for sxamplc, hyportrophy

of somc body organs).

The compconsatory manifostations in tho activity of
thoe ondocrinc glands bogin not only in pathological con~
ditions, such as, for oxamplc, in intoxications, traumas,
soeptic discasces, ctec., but thcoy are also obscrvced in a number
of physiologically normal conditions which cntail great strcss
on all functions of tho organlsm, such as, for oxamplc, in
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prognancy, in laotatlon, as woll as in procosscs of acclima=-
tization, otc,

The probloms of componsation of functions of the
organism is at prosont bcoing studicd by many rcsearchors;
howovor, still insufficicnt attontion is bcing dovotcd to
the rolc of tho endocrinc glands, whosc hormoncs have great
significancs in thc adaptation rcactions cnsurcd by tho
narvous systom and its trophic function. :

- During thc last fow ycars, a numbcr of data (2, 3)
woers obtaincd in tho.laboratory on componsation of the
functions of tho organism, in which wo studicd the signi-
ficance of hormonal factors in thc¢ proccsses of roorgani—
zation of work induccd by adaptation roaction,

Onoc of the contral organs that always participatcs in
tho basic functions of the organism in its various physio~
logical as woll as pathological conditions is tho livor.

The condition of the functioning ability of thc liver also
dctormincs to a large extont tho intonsity of tho componsa-
tory possibilitics of tho organism.

Changocs of functional condition of the liver worc
obtaincd by us by moans of surgical intorvontion in which wo
disturbod its supply of the hormoncs of tho pancroas, first
of all insulin. Tho surgory consistod in transplantation of
the ostoum of tho pancrcaticoduodconal voin from the wall of
tho vena porta into the vena cava inforior, [/ 6, 7, 87. As
a rosult of tho surgery, tho vconous blood which flows “from
tho upper part of tho pancrcas, and which is rich in insulin,
bypasscs the liver, dircctly roaching tho gcneral blood
circulation, In small animals (micc, rat), and in rabbits
as woell as in dog, tho changes of thc livor's supply of
insulinh may bo obtaihod by ligation of the pancrcaticoduodcnal
vcing this opcration produccs analogous results. The do-
crcascd supply of insulin to thc parconchyma of the liver
and ths systom of vosscls of the portal circulation induccd
dofinitc shifts in its activity: its glycogcnctic function
decrcascd, its sugar=-rcgulating and dotoxicating functions
changcd, tho activity of thc cholincstcorasc of its tissuo
doercascd, tho biloforming proccsscs wcre disturbcd, otcs

All of the indicatcd changcs had a functlonal charactor
and lovolod off 5-6 wooks aftor surgery. Howsvor, the full
function of thce liveor was only apparcnt, since, in functional
loading of tho liver, which was accomplishod by feeding the
dogs moat coxclusively for 2-5 days, all of the manifcstations
of insufficicent function of the liver appcarcd ancw and,
boing maintainod for somc timc, again disappcarcd. They
could be induccd again by loading tho liver (MoF. Bolovintscva
and Yo. N. Sporanskaya / 3 7; M.F. Bolovintscva /2 7.




As 1s known, tho sizo of tho livor in animals and
in man under normal conditions of tho organism may fluctuato
considorably, which, howovor, docs not depond on its filling
with blood, The dondition of prolongod physiological stross
induces a considerablo incroaso in it, Thus, for oxamplo,
tho liver of horscs may doublo its woight in a prolongcd
procoss of acclimatization to tho difficult high=altitudo
conditions of Tien-Shan /79 7,

The processos of Work of the tissuo of tho livar and
its rogonoration arc of grcat interest; therofore, in
connection with tho study of the compensation function of
tho organism, our co-workor I,.A. Fashchovskaya conducted g
Spceial study of tho rogonerative ability of the liver under
the conditions of an insufficicnt supply of insulin. In tho
Publishad litorature, therc are roferonces to the decrcasc
of tho regoncrative function of tho livor under changod
hormonal influences. Thus, with romoval of the hypophysis,
Franseen, Brucs and Richards /—lh_7 observed a dsercasc of
livor rogoneration in rats. This data was later confirmod
by Canzanelli, Guild and Rapport /713 7 who discovorod
lagging in the rogeonorative ability of the liver of rats
with romoval of thyroid glands, From this point-of-vicw,
tho investigation of Milku, Boyslor, Kostancr /7l 7 is
intorosting; they showed that dcfficicnt function of the
liver has significanco in tho dovclopmont of hyporthyrcosis,

In obsorvations on rats I.A. Fashchovskaya discovered
that under conditions of docrecased supply of insulin to the
liveor, thore is g rogular doecreaso in tho ability to ros
ganorate livor tissuoc aftor surgical removal of a part of
its lobes (about 60 ;porcont of tho woight of the organ),

The differconce of rogenoration of the liver in tho cxXperi-
mental group of animals with a ligated pancrcaticoduodonal
vein) as comparcd with tho control group began to appoar on
the 1lth day aftor partial romoval of tho livor and was
oxpresscd most sharply on the L8%th day (Fige 1)

The data obtaincd by application of X~ray irradiation
to animals has 6spocial intorost. Wo have studied the
devolopment as well as tho coursc of radiation sickness in

off from tho liver of a considorable amount of insulin,
which is formed in tho pancreas. With the influcncce of
strongly injurious X-rays on an organism, a condition of
groat physiological stross is inevitably formed in the
organism, undcr which tho functions of compensation have a
docisivo significanco. Tho animals in which tho insulin
supply of the liver was less than normal tolerated irradia-
tion with X-rays with much moro difficulty., The survival of
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mico with an intact liver was considerably higher than
that of mice in which the livor was partially deprived of
insulin (Fig. 2)s Dogs which withstood tho surgical
transfor of tho ostoum of the pancrcaticoduodonal voin from
the wall of the vena porta to tho vena cava inferior slso
gave a sharp picturec of radiation sicknoss and sometimos
- porished, whilo, in control anlmals, tho devolopment of
radiation sickness and its course was considorably weakor,
The sugar-regulating and dotoxicating functions of the liver
?ero moge groatly disrupted than in the control animals
Fige 3).

In thoe statomont of materials wo have limited our-
solves to only onc series of facts, namely to a discussion
of the significance of the supply of insulin to the livor
and the system of its portal vein for successful developmont
of the procosses of componsation; along tho same lines, we
also have data with respect to other hormonscs.

It should bo streossed that great significance is hold
in tho investigatod scopc of manifostations by the hormones
of tho adenohypophysis, the steroid hormones of the adrenal
cortex, the hormoncs of tho parathyroid gland and tho
hormoncs of the thyroid gland. Tho problem of the signi~-
ficance of corticostcroids for the functional condition of
the liver and especially for its detoxicating function is
most important. This is an important task for further
study of the rolo of endocrinec glands and of tho significanco
of the liver in tho procosscs of componsation of functions
of the organism. No less important in the study of mechanisms
which participate in the componsatory function of tho organism
1s tho problem of finding tho conditions undor which the
manifestations of componsation may best bo manifested., We
POSSGss somo oxporimcntal data along this linc.

As obscrvations have demonstrated, one of tho osscntial
conditions of tho succcssful dovelopment of compensation is
the functional condition of the contral nervous systom, and
tho incrcased tonus of its highor rogions has prime signifi-
cancc for optimum manifestation of compensatory rcactions.
Tho significance of tho functional condition of tho central
norvous systom in the procosscs of componsation of the
organism is a probleom which is not now., From ancient times
it has bcon known to modicine that the basic guarantec of a
paticnt's rccovery, all other things being oqual, is his
faith in 1life, his desirc to live, and that 1s precisely
high tonus of thc necrvous system -- of its highcst regions.,

During tho last few yoars, D.S. Tendlor has beon .
studying in the laboratory tho devclopment of manifestations
of compensation of functions in dogs undor excossive intro-
duction of thyroid hormonc. Prolonged intoxication of dogs
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with large doses of thyroidino was performcd for the duration
of 3 - 8 months in doses of 0.3 to 1 g por kg of body woight.,
For clarification of tho optimum conditions for theo dovelop=
mcnt of componsatory functions in tho organism of animals,
thyroidinoe was giveon in various serics of oxperimecnts in
various ways. Some dogs rocoived 1 g of thyroidino por kg

of body weight dally; to othors 3 g of thyroidine por kg. of
woight was given svery 3rd day; thus, tho animals roccived
during the samo perdiod of time idontical amount of thyro-
idine, but with days inbotweon that were froo of introduction
of  the proparation.

The dogrec of thyroidine intoxication woe judgod
according to the changes of a numbor of physiological indexos
in animals. In all exporimental dogs the consumption of 0o
under the conditions of deotermining the basal motabolism
according to Goldan, body woeight, pulse; numbcer of rospira-
tory movements, functional condition of therid.§land accord-
ing to tho absorption of radiocactive iodine (113 ) and its
introduction wore studied; in all animals tho conditioned-
reflecx activity was studied.

It is intorosting that focding of the same large
quantitiocs of thyroidine over a prolonged poriod of time bub
by differcnt mcthods, i.0. daily or every third day, pro-
duces a difforont offect according to tho intonsity of
intoxication which was presont in the animals., The intoxi-
cation was considerably more sharply expressed with daily
introduction of thyroid proparation 1 g por kg of woight
than with introduction of 3 g por kg of woight every 3rd
day. This could be judgoed according to a number of indexes,
among thoem the woight of the dog (Fig. i)« Also noted was
a sharp difference in tho amount of increase of oxygen
consumption under the conditions of various mothods of fecd-
ing with thyroidins, the increasc of oxygen consumption under
tho conditions of basal mctabolism on the 17th week was on
the average L7% of the initial lovel, while, in feeding with

- thyroidine once overy 3rd day, during the samo poriod the

increasoc of oxygon consumption under the conditions of basal
metabolism was on the average only 22% of the initial levol.
During the coursc of tho following 5 months of dog thyro-
idinization, tho incrcase of the motabolism level remained
within the same limits; furthermors, during this period

days worce frequontly obscrved when the consumption of oxygen
was normal; in dogs with daily introduction of thyroidine
the normal valuos of oxygen consumption under the conditions
of basal metabolism appoared only during the 8th month of
introduction of the preopsration. Thus, the manifestations
of compcensation dovelop worse with daily introduction of
thyroidins. ' '
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Disturbancos of highor nervous activity of dogs were
cloarly exprosscd under both methods of feeding thyroidinc.

Undor both methods of introduction of thyroidine,
the curves of absorption of radiocactive iodine by the
thyroid gland and its oxcrotilon on the seccond day showed
the absence of the formation of thyroid hormone by the
thyroid gland of the dog. Under conditions of intensively
supplying the organism with thyroid hormons, the termination
of formation of thyroid hormones by the dog's own thyroid
gland is one of the first mechanisms of compsnsatory function
of the organism in its struggle against excessive quantitics
of this hormono.

The above-mcntioned exporiments on dogs showed that
the componsatory manifestations deovolop in the organism more
successfully with fractional introduction of thyroidine than
with daily introduction. Abelin /12,117 also obscrvod grgater
rosistance in rats with introduction of large doses of
thyroidine with froee days inbotween than with daily intoxi-
cation, '

Apparently, tho devolopment of compensatory processcs
takes a botter coursse when therc are days without the intro-
duction of thyroid hormone, during which the organism
apparontly continues to intensively mobilize its componsatory
potontialities, , '

Thoe presonco of such a mochanism was also indicatod
by I.P. Pavlov in his pronouncomonts on clinical "media"
1;5_7. This momont, it appears to us, should have spcecial
practical intorest with respect to endocrine discases undor
hormone therapy and spocifically in substitution hormone
thorapye. The Introduction of the appropriate hormone quickly
normalizes motabolic processes, rcctifies the function of
an ondocrine gland, and provides a possibility for tho
dovelopmont in it of compcnsatory processes with respect to
its functional changes as woll as morphological reorgani-
zation. This, for example, may take place in the correct
insulin therapy of diabectos.

In a study of conditions which may assist the de-
velopment of tho manifestations of componsation, we made an
attompt to clarify the role of the tonus condition of the
nervous system in the manifostation of compensatory reactions,
and, first of all, in tho mobilization of mocchanisms which
‘would assuroc the normal activity of higher rogions of the
nervous systeme

Among the first indexes of thyroid intoxication, as
wo have alrcady reported /_l;7, are tho changcs of canino
conditioned-reflex activity. This is also observed with
introduction of insignificant doses of thyroidine (0.002 g
por kg of woeight), which do not induce changes of 0o
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consumption under conditions of basal mctabolism. 1In
subsequent investigations, D.S. Tedler studied the changes
of higher norvous activity with introduction of largo doses
of thyroidino., The dog received 1 g of thyroidine pcer kg.
of body woight ovory 3%rd day. This dose was sufficiontly
large, which was indicated by tho tormination of the forma=-
tion of thyroid hormonc by tha thyroid %1and of the dog, as
was ostablished by the absorption of 1131 by the gland,

: During the control period the storcotypod conditioned
alimontary r&flexes woro prcduced in the dog; they were
studied daily under two difforent mothod conditions.  First
of all, in a chambor of tho half-open type, with placoment
of the dogs on the stand and roglstration of saliva secrotion
and second, under the conditions of froe behaviour, when the
dog moved frecly during the oxperiment, from one side of the
room where she was on a mat, to the other side of the room
for roecoeiving food under positive conditioned stimuli. Under
these experimental conditions the moments at which the dog
ran to tho feeder, of its arrival at the fecder whers Food
was thrown to it, and of its roturn to the mat where it lay
during the exporiment, werc automatically registered on a
kymogram. Tho conditions of this mothod allowed one to
rogister tho latent poriod of conditioned reflexeos, the time
of tho running of the dog and its roeaction to a differont-~
lated stimulus. The time interval betweon the experiments,
according to conditioned reflexes under the conditions of
frec behavious and tho experiment in the changor, was 5
hours; both exporiments wers performed daily. After the
control peoriod, which lasted morc than 3 months, the dog
started to receive 1 g. of thyroidine por kg. of weight every
3 days . :

It was possible to judge the processes of compensa=-
tion according to the above-mentionsd indexcs: comsumption
of 02, body weight, ctc.

In this dog, right after the beginning of feeding
thyroidine, thore was a clear differcnce in the naturc of
conditioned reflexes during the same day under differont
methodical conditions of conducting the experiment, Under
conditions of limiting the movoments of the dog in placing
it on the mat immediately after the boginning of thyro-
idinization, considerable disturbances of higher nervous
activity bogan; thosc woro expressed in a decreasc of positivae
salivary roeflexos, releasc of the differentiation with mani-
foestations of an ultraparadoxal phase, rofusal of food,
motor unrsst, barking during stimuli and in the intervals
botween them, etc. Under conditions of a froes-movement
method of conducting the experiments, tho disturbance of
higher nervous activity was not observod: the dog, functioned
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clearly the same as befors introduction of thyroidine; only
after 1z months aftor tho beginning of thyroidinization was
a disturbance of differentiation noted and the seecond time
this wds obsorved was aftor a month,.after which for longer
than a month tho conditioned~reflex activity was faultloss.

The cited data evidence the significance of the tonus
of the cersbral cortex for the development of the process of
compensation, which, as was shown by P.S, Kupalov and his co-
workers, is increased under conditions of free behavior of
the animal during the experiment.

The significance of the functional condition of the
nervous system for the development of compensatory mani-

. fostations was also observed by us in the neoplasm of the
Langsrhans island apparatus of the pancrcas in adult rats
with an intensive administration of carbohydrates into thcm.
Yo. V. Stroganova /79 7 observed that in neurotic conditions
of the animals, the neoplasm of insulaes is absent in glucose
. loadings, whilc in normal animals this compensatory reaction

of the organism, in response to glucose loading, always
appeared quite distinctly.

Thus the development of compensatory processes in the
~organism and the involvement of various physiological mechanisms
which assure the functional and structural reorganizations of
the endocrine glands as woll as of a number of physiological
systoems of the organism or individual organs have a great
dependenco upon the functional condition of the central nervous
system,.

The study of thoe processes of compensation of the
functions of the organism not only has great theoretical signi-
ficance but is also important for practical modicine.
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