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OBJECTIVRS NAV1.941208.078

To determine vhether other endocrine glands are involved by depression or
sctivation of function in man's metadbolic respcnse %0 trauma; to evaluate the activit;
of other endocrines in relation to the adrenccortex as to hov the metabolic response
of the latter may be modified.

SUMMARY OF PROGRESS

(1) Thyroid Activity During Operation (See Appendix A) (Burgery, Gynecology
and Obst.trﬁmwm‘eau in thyroid conversion ratios followin
the onset of surgical trauma, in this study, corroborates previcus odservations
suggesting increased thyroid aetivity as a consequevce of operation, The inerease in
thyroid activity apparently can be interpreted as part of the normal response to
operative trauma, Vhen such abnormal, long-standing 4isease states as chremte
hemorrhage, debilitating illvess, poor nutrition and wveight loss are present, the
thyroid respouse is &screased or absent. The effects of acute stress in altering
the metaboliceendocrine respouses to subssquent episodes of traums are also fmportant
Initial effects drought adout by & traumtic episode 4o not dlsappear gquickly as notes
by Moore and Ball mnd until couplete return to normal has deen made, there will not
be thyroid sctivation when furtbher stress occurs. This coucept is euphasized by
the patients reported here who had surgical procedures shortly defors undergoing a
second operation (vhieh was studled here) and 414 not shov activation of the thyrotd
gland at ths ucona opsration. One of the patients was a good example of this phenom
responding with actimtion after the first operation but dhpm no tlm-otd
response M %0 She second surgiesl provedwre, - Roano SRR AN

The level of the thyroid activity before operation appeared to dawe some
influence on the stress response. Those patients who preoperatively had e glandular
uptake of radioiocdine of 40% of more after 24 hours (high euthyroid) had a much
greater thyroid activation in general than those wvhose uptakes vere less than bod,
Age apparently had little sffect on thyroid activation as did also the degree of
trauma, Young and o0ld, minor and major degrees of surgical trauma are all inecluded
a:gu those patients in this study who had thyroid activation as well as those
v d1id not,

After an increase in the conversion ratio at some time early in the cperation
a fall to precperative or lover than preoperative levels folloved in most patients,
This suggests a decreass in production of thyroid horwmoune or increased utilization
of hormone at the cellular level, Antagonism of adrenccortical hormone for thyroid
glandular activity has been demonstrated in previous pudblications and may also play
a2 part here, and many of these patients who showed a subsequent decrease in the
conversion ratio may have had adrenocortical responses of some warked degree,
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One group of thntl who never returned to preoperative convorui“oaagt;,o
levels for the period of obssivation after traums may represout one of 154 Pavavns -
of response which has been described earlier in this ladoratory, that is thyrowd
activtty without monocorucal sotivation, .

™e ltabiuty of the hematoorit and total protein dommintuou suggests
that neither dlood dilutiom or alterations in protein composition present for
{odine dinding alter the results found i{n this study. The elevated couversion
ratio observed would certainly have been more elevated had dilution from
intravenous fluids during operation indeed played a part, By the saus token,
poseidly those patients vhe showed no incrsase in conversion ratiorjould have
shown some increase.,

The conclusions obtained from this study are as follows: An increase in
circulating thyroid borsone as meagured by the couversion ratio (PBI 131) has
besn demonstratead to be present in & group of patisuts during operative traum.
Patients who had chronic illness or recent acute stress prior to the study did not
show increased conversion ratios during operation.

The present stuldy as well ss previous work suggest that thyroid activation
may play a very important role in the entire endocrine metabolic response to
opérative traumm, In che adsence of thyroid response, Jbs entire chain of
stress events in the organism way be quite different from the dtandardised
description, B

- (2) The Effaect of Operative Traums on the Utilizatiom of Thyroid !ornoae.
(Surgery, Gynecology and Obstetrics - 1n press)

Eight patients varying from 18 to 78 years of age were stulied before and
after major operations performwed under general eadotracheal anesthesis, IRach
patient bad been given a small amount (20-25 microcuries) of chromatographieally
pure radicactive thyroxzine which is administersd intravencusly several days prior
to operation, Samples of blood were obtained at 24 howr intervals followingy
sdministration and the convers: ntio (PBI 131) wag determined for esch sp :!h
by ¢thd wethole prévivasly descr To dloeck enﬁ aous ﬂqroﬂ horwons Jroduction
and te prevent siguificant uctrcuhtion of the Todine 131, each patient was given
Lugol's solution daily for S te 7 days, This vas éontinuei during the entire course
of the stuly employing intravenous iodine solutiorm wherm the patient vas unadle to
take oral fluids,

The results obtained here were wmuch the same as those neted previously in
studies of thyroid gland activation and the level of circulating thyroid hormons
during operation, Your of the patients who had not sxperienced recent acrte streas
or long-standing chronic illness displayed an increased utilization of the labelled
thyroxine after operation, This is indicated by the significantly steeper line
ahowing the diurnal change in the log of the conversiom ratio. On the other hand,
the remaining four patients had postoperative thyroxine utilization curves not
significantly different from their preoperative curves, All of these patients 3ad
severe acute stress or had had advanced chrenic illness pricr to thc study here.

The preseunt study strongly suggests that an alteratisa im the peripheral
cellular utilization of thyroxine follows operation, Therefore, it would appear
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that not only 1s the central thyFoid zland activadion preseunt after woﬁljlgpﬂj}g‘_';{(
but also change fa the ultisate edd organ utilisatisd of the horwone, It is mot
clear at this time vhich of the series of reaction is primary - increased outpuy
of hormone by the gland or {ncreased dagand by the eell. The chain of events
after operation may depsnd upon a delicate dalance detween humoral aud neural
controls of howmeostasis, Operative stress causes a generalized incrsdsed cellular
damand for thyroid hormone by pathways not yet delineated, This increased demand
effects the area of the hynothalamus devoted to increasing pituitary thyroid
stimulating hormone nroduction, The thyroid gland them responds vwith an increased
output of hormone, satisfying the navw cellular damands., Iamportant for the inter-
ralated svents to take place sppears %0 de a "normal” organism, Chronic illness
such as evidenced in one group of patients upsats the balance such that anticipated
events already dasaribed 4o not follow, Recent acute streis has the same effect.
The complete dasic response pattern aftaer operation bas now been demonatrated in
all its phases - increased thyroid glandular activity, increased circulating thyroid
hormwone, and aov increased paripheral utilization of the horzone. In suxmary, thea,
increased tissue utilization of thyroxine as measured with fsctopically labelled
bormone has been dexonstrated to follow operation in patients vho have not had
raceut agute stress or whom are no% chronically 1ll, Patients who fall into either
of the latter categories do not display the same i{acreases,

I3

3) The letermination of Calcium and Magnesiuvm in Serum, Urine, Feces and
Diet, (manuseript {n preparation) .

In tha course of a study delerunining whether the parathyroid gland participated
in man's metabolic respouse to trauma, or the factors involved in calcium and
magnesium losses in the postoperative period, a sethod vas developed for the:
deteraination of calcium and magnesium in biological fluids, The reaction detwesn
calcius and ethylenediaminetetra-acetic acid (EIDTA) in the presence of wmurexids has
been examined in a semi-autovatic, microphototitrometric procedure for the
estimtion of as 1ittle as 0,0005 meq. of calcium in a sazpls hag been developed,
using a graphic method for the calculation of results. The reaction between calciua,
wagunesium and ECT4, in U presence of EBT, has been studied, The estimation of
caloiul plus magnesium has deen daveloped using a tew graphic method for the ¢alculation
of results. The new methods have been applied to the estimation of calcium end
sagnesius in serum, urine and feces and diet, (A copy of this manuscript bas already
been submitted to the Office of Xaval Ragearch.)

(4) A Study of Parathyroid @land Activity, Calcium and Magnesium Metabolism
in the Postoperative Period. (Manuseript in preparation) A group of patisnte bas
been stud{ed by the calcium infusion technique (Howard et al,, Journal of Clinical
Eodocrinology and Metabolism 13:1, 19533 Xyle et al,, Awerican Joirpal of Medicine
18:754%, 1953; and Lawin et al., Journal of Clinical Investigation 32:584, 1553)
to evaluate preoperatively and postoperatively any alteration in parathyroid activity
that might be related to cperailve trauma, No significant alteration in serum
phcaphorus levels during the infusion of the calcium salts or in the urinary excretion
of phospliorus was deterwined that could be related to cperativc trarma, Thus it 1s
conciuded that there is no essential alleraticn in parathyroid acti~ity as effected by
trauma itself, Cn the other hand, careful metabolic studles in patients who frcm
other studies would be predicted to be thyroid-adresmocortical hyper-reacters, and
thyroideadrenocortical nonreacters, showed that on restricted calcium intake prior to
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opdration there was etill a-considerable loss in the mtogqs@ivg period nf calcium.
and mgnesivi, Thése ions Because of their iuportance in determining the iategrity
of all cellular processes, {ncluding neuromuscular frritability, must de considered
as ding in negative balance during the iumediate postoperative period, As e
consequence of this study, {¢ is advisadle to inclule these fous is intravenous fluids
that are given during the postoperstive psried, particularly iun extensive traums
and in patients in vhom prolonged parenteral alimentation is predictadle,

(5) =ndocrine Machuniams [nvolved in Water and Sod{.m Metadollsa Juring Operatior
and Convalescence (in press - Jurgery)

An axact definition of the gschanisas involved in water and electrolyte
wmetabolisw as modified during and after operative procedures and trauma has never dbeen
made, The recognition that the esarly convalescent period is complicated by am
ilutoierance for sodium ind water has determined qualtitatively the amount and character
of fluids adainistered parentera.ly to pat€ants, Observations on colancident sodiuvn
retention and increasas in eliher plasma or urinary excretory levels of 17 hydroxy-
adrenocortical steroids during and after operation has led to the conclusion,
perbaps without Justification, that increases in thase adrsnocortieal staroids
produce a disturbance &n scdium homeostasis, It is necessary to recognize that
concoaitant alterations in tbe normal coustituents of the body do not imply of
necossity that they are related causally,

(a) A Study c® Anti-dluresis., Though biological identification of
antidiurstic horwone Is lacking Ia VBis study, as well as others, the experimental
results mXs it clearly mandatory %o accept an anti-diwretic mechanism as being

active aftar traum, 3ince 80 many featuraes of the axperimsntal results find counter-
parts in physiological experimentation with vatural anti-dfuretic hormone, it seems
logical %o acceph a naurogenic release of ADH from the posterbr pitultary as the
machanisu involved in post-traumatic vater retention, BSince the vater retention

occurs ia the presence of the progressive and often alarming decreass in serum

oswlarity (2 mechanisa normally i{nhibiting ADH relesse) 1% would de Justifiadle to
assume that 1t {s “cantrally driven”, that {3, forced discharge comparable to the
mechanisn that elevates the lavels of the adrenccortical sterodds in the serum, both bein,
fnstancys of disturbed physiologis equilibrium, Furihéy evidesce for ADF defng forcidly
released 1s the failure of alcobol to inhibit its release during operation, vhen the
alcobol is given {antravenously as supplemsentary ¢o anestheeia, an observstioc made

on %two patients during this study,

(v) A Stuly of Insensible Water Loss. It is poessible to administer
f1luid as 5% glucose In dist{1Ied vater to compensate for insensidle loss in post-
operative patfents on a metabolic baeis, confirzed both by calenlations dope and
information previously published and by accurate measurements of the actual loss
in surgical patisauts, This amount conveniently is rounded off to 750 ml. per sq.
weter per 24 hours, If this amount is added to the values recommended for obligatory
urinary function, the total requirement, excluding abnormal losses by drainages, total
1,000 gl, per sguare meter per 24 howurs for the operative day, adding 250 ml, per
sqe. keter rach of the two successive dayas, A simple rule of thumb is thus obtainable:
from a Tubois-Benedict chart, the body surface is obtained = for example, at 1.73 sq.
meters the fluids required for the operative cay are 1730 ml. (750 ml, insensible
loss plus 250 ml, for renal function totalling 1,000 cc. per sq. meter, thus 1730 ml.
per 1.73 sq. metersy 2030 ml. the first postoperative day; 2080 nl. the second
postoperative day. The calculated amount, thecretically, should be administered over
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the entire 24 Bowr period, thus asupplying the vater as it iz metadolized, iﬂ Lo
Por the operative day, the theoretically "norwal” wyn (1.73 sq. maters) would s, .
receive 72 ul, per douwr, the rate at which he is losing the vater; if given faster?,
tewporary vater retention vill occur with tesporary falls in serum sodiua and

serul ossolarity.

(e) A 8tuly of Adremocortical Activity in S8odium Metabolism,
Summarising this portion of the study, It seems that, Igellect, there 1s littic
evidence to shov the pituitary controlled adrenccortical steroids play a mjor rols
in the vell recognised postoperative intolerance to sodium., It primarily is a result
of increased aldosterone secretion from the adrenocortex, which occurs independent
of pituitary control and is related to prior or operative period restricted sodius

intake, -

(4) Summary and Conclusions of this Study. Trawma influeuces hypotbalamic
conters through the zedia of varicus neural effectors and possible bumoral mediators.
By disturding the usual homeostatic mechanisms operating in the hypothalamus, its
effect on the pituitary gland is altered; by neural conzections, the posterior
pituitary (the neuwrohypophyseal system) discharged anti-~diuretic hormone and, dy
probable humoral influences, the anterior pituitary discharges at least thyrotropbic
and adrenocorticotrophic hormones, each acting on its specific target gland,

Thyrotrophic and adrenocorticotrophic effects on the thyroid and adremno-~
cortex are antagonistic and a nev level of physiologic squilibration is effected,
Amoug the other metabolic effects of the increased relesase of adrenocortical steroids
vhich are controlled by the anterior pituitary is the possible increase in remal
excretion of sodium, tending to a lovered serum sodium concectration.

On the other hand, the increaassd antiediuretic activity when vater is supplied
too rapidly or in amounts beyond setadolic requirements, results in primary vater
retention and serus dilution leading to a lowered serum concentration,

The lovered serum sodium level, with an inadequate sodium intake, acts
independently of any known controlling wechanism te inorease adrenocortical release
of aldostercns, This sterodd effects maximal reual dondervation of Wodfum,* '~

Practical {wplications from avd applications of this theory would caution
against the administration of amounts of vater exceeding wetabolic requirements
or exceeding rates of metabolic utilization. If the state of sodium metabolism
is not known vith certainty, prior to trauma, {t probably vould be unwise to given
extra gsodium during trauma and convalescence. If sodium depletion or restriction
has not antedated the traumatic episode normal daily requirements for scdium can be
given throughout operation and convalescence without a fear of excessive retention and
edeoa,

PLANS FOR THR FUTURE

Since July 1 (the beginning of this fiscal year) the laboratory parsounel
have been busily occupled with developing methods for the study which will begin
in January of 1957. ZEmwploying the basic wethods of irdirect calorimetry and the
wetabolic interrelationships as described by Albright and his group and Newburgh and
his group, we plan on investigating total metabolism in surgical patients as their
petabolic activities may be altered by the traumatic experience of an operative procedure,
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These stuiles will f{aclule the following bdalances: sodius, potassium, water, nitrog
phosphorus, calcium and sulfw, Very careful veight seasurements vill de made on
this constant dietary progras precperstively and postoperatively and in view of this
accurate reflections of mstadolis changes vithin the dody will de done,

The endocrinologic relationships as assoclated with these mstabolic changes
¥ill be evalusited by sequential studies of anti-diuretic hormone release,
thyrotrophic hormone release, and adrenocortical horwone levels in the blood during
the course of the operation and during couvalescence, DBy accutately evaluating
these hormonal interrelatiouships, it may bYe possible to detect different wetabolie
respovges to traumm vwhich bave been characterised in a leaser vay in the past five
yeara! activities of this ladoratory, It is anticipated that by properly selscting
patients of the known clinical types that we have begun to recognize, it will de
possidle to document these characteristic changes at this time, Previously, in the
technical reports to the Office of Yaval Raesearch, conflicting reports have bean med
b7 us concerning gonadotrope activity as effected by oparative trauma, It is hoped
t2at with kaown nuiritional states and a carefully controlled metabolic progras as
outlined above, 1t will be possidble to clarify vhetber or not pituitary gomadetrope
13 releasad in incrensed or decreased amounts in the immediate and later postoperati:
period and how 4t 1s correlated with the complete convalescent period dack to the

original precperative veight,

It 1s anticipsfed that this progras vill occupy the daotter part of the forth-
coming calendar year and the results will bde available for incerporation in the
pext tachnical report,

PUBLICATIONS

The publications during this current reporti riod are as indicated
under SUMMARY OF PROGRESS, alk
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