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~. Eleven M.I.T. freshm-n were givendgﬁzgrmula diet containing 14%
protein, 50% carbohydrate and 36% fa%mto supply the protein and calorie
intzke to which they were accustomed.. Complete urine and fecal ’
colilzctions were obtained df:i:gﬂgggaé consecutive 3-day periods during
the second senester and for consecutive 3-day periods during the
week of final examinations.(>Analysis of variance of both nitrogen
balance and urinary nitrogen excretion showed no significant differences
within the basal periods or the two stress periods, but did show a
highly significant decrease in nitrogen balance and increase in nitrogen
excretion during the stress periods.. In 8 of the 1l students, nitrogen
balance became negative in 2t least one o Ré stress-periods. \ Nitrogen
absorption was not affected. No correlation with urinary l17-hydroxy
steroid excretion was observed. No significant effect on the abworption
of calcium, phosphorus, sodium or ggggium was noted. Although there
was a tendency for urinary excretion to increase, the data were not
adequate to establish the significance of this observation.

Five of these subjects were re~studied for thé%e*additional
consecutive 3-day basal pericds in Oztcber. Results averaged 10.98 gm.
of urinary nitrogen per day compared with 11.83 during the spring basal
periods and 14.27 during the stress periods for these same subjects.
Thnue, urinary ritrogen excretion values during the stress of the
examination period are significantly higher than basal pericds either
before or after. {f’
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ROTE: Copies of this report are filed with the Axmed Services Techmical
Information Agency, Arlington Hall Station, Arlington 12, Virginija,
and may be obtained from the agency by qualified investigators
working under Government contract. ' '
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Introduction

In the course of metabolic Dalance cxperiments with
human subjects, most experienced observers have identified
periods of ‘inexpectedly poor results which they believed were
associated with emotional or psychological factors in the subjects.
Usually these are sporadic observations for which proof of the
responsible factors is lacking and which are not reported in the
literature.

An example of this type =f cbservation is the case of
the woman who had been in nitrogen equilibrium for several months
on a daily intake of 1,800 calories and one gm. of protein per kilo
until she learned that her son had been injured in battle in Korea.
Although her food intake was unchanged and she showed no cbvious
agitation, her nitrogen balance became strongly negative and
remained so for a week until she received further news that he
was recovering. This would not have been reported except that
it was elicited by direct questioning at a conference where
the discussion was taped and published (M.,A, Chlscn, Symposium
on Protein Nutrition, Ann. N.Y. Acad. Sci. 62:913, 1958).

Persons studying calcium balance have also found an
adv-rse effect of emotional stress on retention. This has been
observed by Stearns et a). in children (ibid. 69:857, 1958),
in some unmarried mothers (Stearns, unpublished data, 1962) and in
a young graduate student whose calcium balance became increasingly
negative as his preliminary doctorate examination.approached and
correspondingly positive after he had successfuily passed it
{0.J, Malm, Calcium Reyuirements and Adaptation in Adult Men,

Oslo University Press, 1958).

Since personnel of the Armed Forces are frequently
subjectcd to a variety of psychological stresses, the present
project was initiated to determine in a2 systematic manner on
an adequate number of subjects the quantitative effects of a
number of specifically identifiable stresses of a psychological
nature. These are to include examinations, sleeplessness
and reversal of night and day.

Subjects who contract infections during the project
which are not severe enough to require hospitaliza*ion are being
studied for the parallel effect of this type of stress on nutrient
balance. A coumpanion part of the project, financed primarily byv
N.I.H. Grant No. A-6274 places special emphasis on this
type of stress,



A3 applied to psycholcgical stress even the term
"identifiable" is subject to scme controversy since it is
well kncwn that a given situation may be stressful for one
person and not for another. While there are few who enjoy
the final examinations of their freshman year at M.I.T., they
are certainly more stressful for some students than for others.
Psychiatric tests and interviews have bezn used t» attempt to
determine the degree of stress involved tfor each individual.
wWhile the results are described in one of the following sections
of the report, such effects have, thus far, proved of limited value.

Time Schedule: Funds did not become available until
February 1, 1962 and delivery of key kasic laboratory equipment
items wag not completed until late May. The first group of students
wag selected in February. Fhysical and basic psychiatric tests
were completed during March and bageline metabelic data obtained
during April and May.

The project to date has measured only the effects of
psychological stress as represented by the final examinations at
the end of the academic year in randcmly selected M,I.T, freshmen,
The stress period for all subjects was May 26 through June 1.
Biochenical analyses on stored sampies were corpleted during the
summer. Supplementary baseline data on a gubsample of this
initial group was obtained in Cctober, as well as basellne data
on a new and larger group of subjects.

Subjects

1, Selection: At the suggestion of tlie psychiatric
consultant, an effocrt was rade to obtain a randam sample, rather
than a volunt=2er group. It was thought that persons who felt
themaelves under stress might be less likely to enter such a
progran if volunteers were called fox, A letter was sent to
25 freshmen drawn randomly from ths list of names of the .frechman
class. This class was chosen because it was the first to
receive extensive preliminary psychiatric testing, because ity
members would be available for the longest time period for
continuing studiea and because the final examinations of the
freshman year consiitute more of a stress for a iarge proportinn
‘'of the students than those of subsequent years.

The initial letter was answersd by 13 students. Of thcse,
12 agreed to participate in the study; the remainder had living
arrangements or personal schedules that interfered with their
participation. One of the 12 subsequently dropped out of the
study on the second day of the baselinz period because of difficulties
with fecal collections and social pressure in his fraternity housc.
Moie studants coulcd not be ircluded in the atudy in the time
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available, but follow-up letters were sent to those not responding
to the original letter to find out why they had not replied and
when necessary, telephone calls were made. One boy indicated that
he did not want to restrict his diet; three intended to reply

but procrastinated until it was too late and eight felt too buay
to undertzke anything more. There was no evidence that there was
any difference in concern with studies and examinations or in
adjustment to the Institute among those who responded and those
who did not. In other words, the non-responders did not differ

in any consistent or clearly identifiable way from those who answered
the initial letter.

No urine sample was found to have gross quantitites of
either glucose or albumin and microscopic examination of the sediment
from a centrifuged urine specimen faiied to reveal evidence of
any genito-urinary disorder. Baseline dataz are given in Table 1.

Each subject was exanined by the same experienced
psychiatrist soon after completion of his basal periods. 1In
the course of an open end-type of interview lasting one to
two hours, a more or less standardized series of enquiries were
made. Intexviews were taped and reviewed before the preparation
of a final repcrt. The grxross findings of the interview are
summarized in Table 2. Such a summary is, however, an over-
simplification of complex and often ambiguous information. Neither
in this study nor in the extensive testing of the freshman class
did the psychiatrist feel able to select with certainty those students
who were experiencing the greatest psychological stress.

2. Characteristics: For all of the subjects the medical
history was reviewed and a careful physical examination made
immediately prior to the basal period; this supplemented the medical
history and physical findings recorded at the beginning of the
academic year. Almost the only positive finding was mild acne
of the fac» in 6 of the group. The age, height and weight of
each subject are listed in Table 1 along with pesitive findings
on the physical examination. '

The white blood cell count and sedimentation rate
measurements helped to rule out any infectious process, The
hematocrit ruled out anemia and was used to correct the
sedimentation rates. 1Initially urine specific gravity for
KCJ was 1.006, but on subsequent examjnation it was between
1.028 and 1.226 with a pH of from 5.0 to 7.0,
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B ad
Experimental Pesiqn

A. Procedures

The random selection of the subjects from the M.I.T.
freshman class and their characteristics have been described.
The purpose of the studies and importance of adherence to the
diet and of complete urine and fecal collections vere emphasized
in recruiting and briefing the group. They were instructed to
report any mistakes, lapses or djfficulties of any kind to one
of the two dietitians who saw them at least twice a day and who
also questioned each subject as to his dail_’ progress and reactiona

to the study.

The basal or control period consisted of three consecutive
3-day periods although it was intended that the firat 3 days sexve
as a period of adjustment to the diet and o< training in the
collection proccedures, During the examination week subjects were
studied for two consecutive 3~day periods. Each 3~day period began
with breakfast on the first day and ended immediately before breakfast
on the fourth day.

A capasule containing a carmine mazkar was given at the
beginning of the experiment and at the end of each 3-day period.
Facal collections wera gtarted when the dye first appeared in the
feces and ended when the dye from each succeeding carmine capsule
firs: appeared. Occasionally stool samples were unduly delayed due
to srall fecal voluma so that the ~lapsed time between successive
collection periods varied considerably.

Urine collections were timed by asking the subject to
begin daily collections with the sample after the first one voided
in the morning. Thus, at the beginning of a series the first
sample of the morning was discarded and tha time noted at the
start of the collection period. On each succeeding day the first
gamplo voided became part of the collection for the preceding
24 hours.

At all times subjects carried with them conZainers for
the collection of urine and feces and ~-scimens were refrigerated

as soon as possible, usually in less than one hour. One or two
blood samples for total protein and vitamin C determinations
were obtained by finger tip puncture.

Subjects consumed their morning and noon mesls under the
direct supervision of one of the dietitians. Most evening meals
were also consumed in ths experimental kitchen, but subjects were
allw~d to take their evening meal and a mid-evening snack home
- with them in tharmosn bot:les if this were more convenient. In this




recreded the eusct ho.r oar wresk the Jord censured.
B v oy Bt nevn QLECUELIA WY L a0 Foownuzsel ghvaaeal actaretyy
SAE ¢ LTE L ted, bur choasr cadjeels vhin caLentar, ¢1.323 ed in any
Lyt D tn e e Gt oved o esacaiia v T8 ator 1ttaie
SIE UL el L RpDUOXITILY RIOUWE 2l CACEBL . :nt;.'kes KT g

the NCe,

MU PR3

Je ML ocenl Ioiie. owsa formulaced 40 brospilar i proxicrale
e st ca Ly dbe dlievn twmitrarily consaned tz the sebjets in crder
T VT A L. o omer o 0d oraguaced, 3ial eslogie iaxd poosoanr
Pavuite gec. auioviaied £ 3 dietary Wistory ccern 6 adwrince

£r 0 soch silize P r;: el Lere Jiver in Jys o d fore ) r3ke

AT R A ve Braerci@ Conisal of ltieale 2nd an: o deents wore gelacted
x'.".~'.‘a.‘ T ochwen s arvapivairon ia stanlzid fora wothott tno reed v
aanribuier.  Altho ol Fiteeal Tovag

Cot o Graden L (TRLY 4 EVER

coare Loiatadla Eomatys in the cecend reraes of L Sdhern and 1Ris Maz
een ':{e-.u'.'-.‘l“éd g flie £ocifas Ler e twe Cre .8 2re gLean
anle DL (i 2 2 low pesicry veErsiwm of Fitmeal )l eng
cas Tarataced {os use 1o wacdier proiec. .

e U
e
-

i thaenz ot iia@ provaded Lot onl coroer.rended
rrote n. IR oard cickohvdrtee, b 2iss a halarced
crhe s nulrieats eLiopt vitimin © The Laniwr wée
aitdard « roa3s juica piepIretic s Tlhe sreienxly
able ds:iy unoche auirTiere colienl i vhek: dieis 2r2 guven
ir Yadlae 40 3 we drsereguszie retain o Ye vrisilven cetveor
vaiuzg cLtar12d fur ioreal 1 le “fjeronein V.orni Re
. sulasl, tn oreg
4

FevtdTrion Tansran sy aad Ty *‘.- ‘I-.".'.-, pacil el
g ; Deanirae, rilofinvia, Ly ore w2id a1l calcir
A=t iles fra RO 23, A% l2ar i la moiecorts teccgnizea 23

sirential 302 Lrovniel Lo adegquate quarntity.

Li1doe in the cier
s, 0t were reguirec
pe cioe.  Calerre

108 wora anvear the ofptlon ol
e aour bull! bard ce

o
; v

ir

rBLETAL L aalic

LA ead thi 3342 nuer eans &awv o f the s. 18y

intakes wer? adjusced cloasaly ensugh te requ wnrg 80 tha tlere

waz Little chrwe in the =ight ~f vhe 3:0j «:.n.'ing any of hae
tugiy pr'-f" 0L3., T wilm ar tha ead i ¢ 3t the 3.Qky

o3 pu o H< BRRATH Grocdoy o F eacl iy duri e the streasn

wl e
€
=el




& 54.{

cvent thaoy recarded the ex:c* houwt at uhzﬁr ks xard vezs cohsured,
o oy e B Lo

4O ;1acuu3n sroking.  Fo o vnuzaal physical actiwrity
Mas (urniited, bur vaose aabjecis who custesaris engaged in any
type “E nl\.xe,lézs AT .u".,vr.i e oonsdmie s T se Watcerklzzta!;e
WAE raeeerCed LT approxinale alOLx#e ard oreesy o ¢ lntukes W
rhiddes, : ‘

Y Dyeg

3 . :

‘Me Mimenl I dien was formulacted tz b: =i ilar in proxivate:
srpesitica = the diews vistaiarily consuned sy the subjeacts in order
aiaimsze he adaptat.-a per!od reguired., saal cslorie «re prolein

iacalire wers aaleniited £irra 2 dietary histsorxy ceesn ia acvance

Exe h”ch sulyj s The &reta were given in ly:.:.d form to Nake
pacstala gove arvcaqe cc“ffal of intake 3nd ip;...dients were selected
o JAacil ;ta.e thew:s D?ﬂpd'aulon in standard fori w~ithout <he meed to
ref- . qerate - fireese larg? quantxmnes. Althoco sy Mitneal I wag
Gesizned vow yond pulatarality, it cas desided . eTRlov as even

rore satatabla formula in the second series of . ucieu and this has
veen desicd®d as Mitmeal 2. The foruiar far 1 two die-d are given
in Table I. {[Miimeal 2 was a low pruteln versisn of Mitmeal 1 and
v:as £arrmilated for use in another project.)

‘Eeen of these formulac prcv@ded LQt only recunrendéd

quarcicies »f protewn, f£ar ard cazkohydrave, boc also 3 balanced

corplement £ cther sutrieats except vitsmin . The latter vas

supplied by a ~tuandard orenge juice prepsraztic:. The frerently
avaslable data on the aetrient content of vhes: Giets are givern

ir Tadle &0 Sme digorepancies renvain o be riszclved retwveen

values cbtainad fur Hidneal 1 by tlhie VWisconein Alurmni Reseeych
Feoundation laboratoyry and by 4,25.;ﬁ pariiculacly n regard 2 tae

_cgv».dt of cizarnn N, thinvire, rikoflavia, eocorbie acid and ca.civo.

Anziyses ere s:siixy aonginned., At lzast 11l nulrrents reccgnized 23
zrential a<2 provided .n 3degquate quantily.

\
v

D1 asts wa"e q1ve1 the option of ireiasding in the diet
severas vitasin-gires “sous-bali" hard candies, ot were requir@d
to eat th: sagpe nuwer each day <f the siady periosd. Caloric

“intakes wers adjusted closely ensugh te reqazrenents q0@£ha. tLere

was little change in the w2ight »f the subjects during any of the
study periols. Thae waights at the end 2f zzcl 7f-1he 3-Cay
besal per od aad uhe baginainy of eack Ezy duriag the streas
perind a. jiven in Table 5. - )

-

' REPRODUCED FROM
BESTI“”“LABLEHCOPY



. m S\ VJT«)@ /Eﬁfuaad T.U*Jir.«w;a TG

‘wb 00 - 1RREIRO PAZTURBIMOH

@o1af °buezo

‘wb QoL *ub Q0L pue 3tnzzadexb pouajdamsuf
*bu ¢ - - ojearured ¥ UTWelTA
- x ‘wb g°1 170 I2ATY POD

- ‘wub 00T 5o aToOUM
"0 0599 "0 998 x33eM
up 1 ‘wb T 3res
‘wH ze .&m €L 17 uxod
‘wh Zy1 ‘wb (12 9803 TR~ T XIXIAY
‘ub 00T ‘wb 0f JYTTW WEYS PaIopmod
‘ub gL ‘wb Qo1 - uyezoad Aos po3s=0L
Til LEoWITH I (VoUW #IueFpeibur

8397Q 9Y2 JO SUOT3IIOZ OTIOTRD 005°Z 3O uUotT3ITsoduod
"€ aTqulL




ov9°0 96 YL 00°5 20°¢ {poa3eTnoTEd) € TLewd
- - ve oz°s PSo1 (stsiieue °J I°W) T IS
1¢6°0 8°L9 9°99 €evy -1 {sTed1eur UTSUOISTM} T TREL T
088°0 Z9 (4 00°v =1 S § jpojernuIed) [ jelwn Ty
“bhu *bu * bul Bow D WIJ
a4 d ed i | eN
‘ub QOT/UdIU0D TRISUTK
01 €8T 0 S6T1°0 160°0 L2 {pajrTNOTEd) ¢ TedumTIT
Lv°s 881°0 8€0°0 0zZ0°'0 L9 {sTsileue UTSUODISTM} T TeIUL TR
B8°eT 867°0 v90°0 080°0 € {pa3eTndIed) T Teduwniy
“ba “bw B “bu "0 I RERAq] -
PIOER DTQIODSY UTSRIN UTARTIOATY SUTWRTYL A4
IUS3UC) UTWeITA
0°s1T - S vl £E9°V Yo v {pajernoren! £ TeIWRITK
ow—co i€9°0 0°¥T Li°v LTV {etsdteue ° gL °I°K} T Tesinth
0°12Z1 ——- Z°st €8°Y zZEe¥ {sTsA{eue UTSUOIBTH) T TEIWTH
9°211 ~— T°%T LSV 96°€ { peyeIndYed) T TWOUITH
TR b “wb o
gatxofe)d ysy axexphyoqxed aeg uyejoxg 0T

‘wh Q0T <« UOTITSOdUOD 23eWTXOIJ

SILAXIA 40 NOILISUG

WOD IRXATHINN
‘y a1qel




¥°99 9°99 6°9¢ 6799 0°L9 L9 5°99
T°65 T°65 S°6S 0°09 S°65 0°09| S°65
SL°L9 SL°L9 0°89 SL°L9 SZ°89 v'69| 0°89
8°89 S6°89 $6°89 6°89 1°69 €°69) v 69
§°08 €°08 £°08 L°06 608 608 L"03
L°'s9 - 0°S9 0°59 0°S9 6°59| . 6°99
8'VPL 6°WL LWL S°5L T°9C €'9L| o9-oc
9°SL  6°9L 9°9L T°9L 6°SL L°SL T'9L| oL
€°S9 $°S9  €£°S59 9°S9 S°S9 p°99] g°go
$°68 ¥°68 8°68 $°68 9°06 O0°T6] T1°68
0°€L 6°ZL 6°ZL T'EL €L LEL O0°€L| o0°zZL

z 9 K3 v € F4 T

siu(qg
POTIRd UOTIRUTWRXY
9893135

‘'S aTqey

1

©°99

- §°69

$Z°89
€°69
1°08
v°99
0°9¢L
1°LL
0°99
1°68

L°TL

1°£9

$°69
v L9
1°69
¢°08
6°99
¥ 9L
1°LL
G°s9
A

1°2¢L

wafiosed

8POTIad 880I}S pue jeseg bButang uuuon&:w 30 s3ybray LApog

8°L9
565
569
¥°18

0"99

0°8L
0°99
0°16

T°zL

TeT3TUL

i A S
*3°0°D
‘L°o'y
‘aQ‘W A
‘OM'R
‘£°s*1
‘HO'R
*D°0°gq
*o*ats

‘£TUcA

- o

oarqns

J—



Vo oadesd Lo saeter

Fecoi saip?es were hdaeajonized in a Waring Blendox, o
avbuarple was lyophilized and aliquets were takan by weight forx
whe virious arvalyses. After total weight was datermined, an
aligust frowm the 24~hour urine collection was ramoved £rom ceuch

2a-houy csllection made during the 3-day period and pooled. From
dhx an a’iquot was taken for biochemical aralyses.

Serum total protein was determined by the density gradient
rmethod of Lowry and Hunter (J. Biol. Chem. 159:465, 1945). Serum
vitamin A was measured by the ul.tra=-micro method of Bessey et al.
{J. Biol. Chem. 166:177, 1946) and ascorbic acid by the Lowry |
at al. wicro adsptation {J. Biol. Chem. 160:609, 1945} of the Roe
and Kuether method {J. Biol. Chem. 147:299, 1943},

Urinary creatinine was determined usiug the Folin and
Wu pracedure {Practical Physiological Chenistry by ilfawk, Oser
and Summerson, the Blakiston Co., 12th Ed,, p. 506} adapted to
<he Technicon Autc-analyzer (Technicon Instruments Corp., 19690).
‘The method of Reddy et al. [Metabolism 1:511, 1952} modified by
Reddy (Uetabolism 6:489, '1954) ‘was ‘employed in :he determination
of 17-hydroxy steroids in urine.

Urinary and fecal nitrogen were determined by the Xjeldnhl
rnethod using the Technicon Instrument enploying automatic, cont)nuous
digestion of serial samp.es and automatic graphing of the titration
results (Technicon Instruments Corp., 1961). Results were checiiad
by thz A.0.A.C. macro-Kjeldahl procedure. Sodium and potassium
were Jdetermined in feces and urine using the Techanicon Auto=ananzer
fiame photometer combination with lithium nitrate as the internl.
astandard {Techniccn Instruments Corp., 1961). .Inorganic phosphucus
in urine and feces was determined as inorganic phosphate using tte
_ Fiske and Subbarow procedure (J. Biol. Chem. 66:375, 1925) adaptid
to the Technicor Auto-analyzer. Urinary and fecal calciun were
- nneasured by che HMoser rethod {Anal. Chem. 24:1414, 1956} adapted (o

the Techniccn Auto-analyzer by Skeggs and Stevens {(Technicen
Instruments Coxrp., 1960). :

In the X.I.T. laboratories the diet was analyzed for
nitrogen, sodium, potassium, calcium and phosphozus by the
nethods previously described.  Protein was estinated by
Kje-iahl nitrogen x 6.25; fat by ether ex*racticn for 22 lLours
{a.0.A.C. 9th Bd., p. 287, 1960), = -. carbohydrate calculated.by
difference., Crude fiher was de*ermlaed by standard A.0.A,C,”
nethods (A.0.A.C. 9th Bd., p. 288, 1960).

Data on Mitmeal 1 which was furnished by‘the WisconSin
Alumni Pesearch Poundation Laboratories was obtained by standard

A.0.A.C. methods for the nutrients reported.
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Regults
A, Experiment 1.
a. Initcial Basal and Siress Periods

1. BHjitrogen - Nitrogen intake ranged from 15.1 to 17.6 gm.
per 24 hours depending upon the weight of the subject. The use of the
formula diet permitted dietary intakes which were comstant throughout
all of the study periocds and which were within the limits of the weight
and “rolume measurements.

Ritrogen absorpticn averaged9l.5% (5.D, = & 3,6%). It was
thought that most of tha apparent variation in absoxption was an artefact
caused by variations in the exact period representsd by the fecal
collection rather than physiological differences. Collection of
feces posed probiems for scme of tha subjects, psrticularly when the
marker was delayed in coming through or did not prowide a sharp
endpoint.

The data for nitrogen balance are given im Table 6.
They do not take into account the data for the initial 3~day adaptation
and training period although using them would not change the comclusions
in any way. All of the nitrogen balances obtained during the besal
periods were clearly positive except for two individuals with negative
balances during the ascond basal pesicd. In two of the subjects the
lack of a fecal sample made it impossible to calculate nitrogen
balance for one of the basal periods. During the two stress periods, .
nine out of ten subjects showed a marked decreasse. Bight of the ten boys
were in negative balance during one or both of the two 3-day periods.

Analysis of variance of these nitrogen balance data which
are sumarized in Table 6 revealed that the variatiom in nitrogen
balance among subjects or retween either the two bassl or two stress
periods was nct significant. Comparison between the haseline values
and those obtained Caring the stress perjods indicated a difference
which is statistically signif can® at a level of)»0.0l.

If the variation between the basal and stress pericds was not
due o Mfferencesin either intake or absorptiomn, it aust, of necessity,
be the consequence of increased urinary nitrogen excretion. As shown
in Table 7, urinary nitrogen excretion was, in fact, observed to
be generally greatsr during the stress periods. Amiysis of variance
of urinary nitrogen excretion indicated that differsnces among subjects
or between two basal or two stress periods are far short of statistical
significance. The incrsase in nitrogen excretion iz the urine during
tae strers periods is, however, significant.

Serum protein values averaged 7.30 gn. per 100 ml. and showed
no consistint tendency to change during any of the basal or stress
periods.




Table 6.
Nitrogen Balance Resgults

Subject Bagal II Bagal IIX Stress 1 Stress 1I

cI13 "+0.39 +2.96 ~1.35 -0.63 ‘

COK +2.€3 +0.283 +0.23 +0.39 '

£GJ +7.54 +5.60 +0.40 -1.68 v

KMD +2.€8 +2.90 +3.25 +2.03

L3J +5.96 +2.39

MWG +5.38 +1.91 +3.20 -0.41

Mo +5.96 -0.22 +2.88 -0.23 ,

POQ +5.30 ~3.86 :

sDC +5.01 +6.63 +0.45 ~0.39 ;

VRS +2.33 ~4.74 ~6.86 +2.66 ‘

“K? ‘!‘4-82 +4.4° -0092 '0.80 !
RO

Analveis of Variance

Dcegrees of Sum of Mean

freedom squares square
Periods 3 129,8575% 43,29%% i
Easal II vs. IIT 1 15.0164 15.02 N.s. ;
Streas I vs, 1IIX l 0.0657 0.06 N.S. *
Reacl vs.Stress ) .

1 114.7854 114,780 i

Subjects 10 ¥ p8.1781 8.82 N.8. 3 .
Error 26 170.6072 6.56
Total 33 388.6528

N.S. HNot significant
bkl Significant at the 1% level.




Table ?

Bitrogen Excretion in Urine qe . Jaw hews

Subject Bzsai 1I Basal II1 Stress I Stress 17
Cag 13.48 10.95 15.00 12.97
cox 11.6% 12.68 13.83 13.12
K&y 8.91 11.20 15,01 17.33
MD 11.43 11.23 13.40 14,20
Ls3 6.91 8.25 13.34 16.51
MwG 9.88 13.56 12.20 16.06
HOM 11.00 17.17 13.0 16.24
roqQ 11.%5 6.5 18,09
spC 92.05 6.70 13.28 13.50
vRJ 17.67 11,70 9.89 18.09
wK? 92,28 10.42 15.09 14.93
Analyasis of Variance
Degrees of sun of Mean
freedom squares square
Pericds 3 165.51 $5.17%¢
Bagal II vs. IIXI 1 .04 0.04 R.8,
Stxess I vs. II 1l 26,78 24.78 M.S.
Baaal vs. Stress 1 140.95 140, 9%
Subjects 10 53.07 $.31 M. 8.
Exzorx 29 177.08 6.11
Total 43 395.66
N.,S, HNot significant
* Significant at ‘the 2.5% level.

v o,

. bt g 4

Significant at the 1X level.

.
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2. Jediuwn and [oteogium - Sodium exsretion levels
averaged 63 WEq per day during the adjustment period and 25 and

20, respectively, on the two succeeding basal periods. During

the firat stress period the average was 84 and during the second
it was 32 mEq per day. Judging from these data alone the
relatively low sodium content of Mitmeal 1 is promptly reflected
in lowered urinary excrstion values. Initial urinary excretion of
Na was higher, however, in the first anl second stress periods than
during the first and second basal periods.

Potassiun, on the other hand, increagsed from 74 mEq per
day during the adjustment period to 88 and 97 during the basal
periods. It was 108 during the first and 130 during the second
stress period.

Until the dietary levels of sodium and potassium have been
confirmed and additional subjects have been studied further,
statistical treatmant of these data does not appear warranted.

3. Calcium - Average values for calcium excretion in
the urine during the control periods were 0.034 and 0,032 om./day
for an average of 0.033 (S.D. =10.014). For the stress periods
it was 0,048 and 0.045 gm./day with an average of 0.044 (S.D.=
+ 0.189). A simple t test comparison indicates that the differences
are not statistically eignificant (p{0.05). There was no
sggniﬁ.cant difference in calcium absorption between the balance
(m = 61.3%, S.D, = + 0.014, N = 22) and examination periods
(8 = 57.7%, S.D. = + 0.189, N = 21). Since intake was constant,
there was thus a tendency for calcium balances to be lower during
the examination periods {p [ 0.05).

4. Phosphorus - Much the same thing can be said for
phosphorus as for calcium. Average values for urinary phosphorus
were 0.63 and 0.79 gm. per day in the basal periods and 0.86 and
0.89 gm. during the examination periods. When the average for all
basal periods (® = 0.710, S.D.=+ 0.244, N =~ 22) is compared by the
t test with that for che examination puriods (@ = 0,877, S.D. = + 0.200,
¥ = 21), the difference is not stztistically significant. Consistent
differences in absorption were not apparent. While phosphorus
balance also tended to be lower during the examination periods, the
variance was such that this fell short of statistical significance.

S. 17-Bydroxysterojds - There was no apparent
correlation between the values for 24-hour l7-hydroxy steroid
sxcretion in the urine. Scme difficulty was encountered with the
standardizat.on of the method and further treatment of the dats
will be postponed until the reliability of the analytical method
has been confirmed.

6. Creatinine - The results were used only as an added
check on the campleteness of urine collections.
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B. October Control Periods

As early as possible in the school year, baseline studies
were repeated on 5 of the subjects studied in the preceding spring.
Although the diet was now Mitmeal 3, the same calorie and nitrogen
intake was maintained. This tims the subjests settled essily and
promptly into the routine of the study and the data from the first
collection period were as consistent as those from the third. Wwhile
most of the analyses have not been completed, those for urinary
creatinine and nitrogen given in Table R are uost encouraging.

Ucinary creatinine values for a given subject are highly
congistent, indicating completeness of urine collection and the
values for urinary nitrogen are not only consistent as 3-day
averages, but the daily fluctuations not shown in the table were
also relatively small. The average value for all periods was
10,98 compared with 11,67 for all 15 "basal® periods in the
preceding spring. The average for the same subjects during the
examination periods was almost a third higher, 14.27, and the
difference is highly significant.




Table 8

Urinary Creatinine and Nitrogen

October Baseline Pariods

Creatinine Nitrogen

om./day gm. /day
Subject Basal I Kagal II Basal IIT ! Basal I Basal IX Basal III
COK 1.47 1.49 1.48 9.50 9.53 9.89
KD 1.59 1.58 1.65 12.69 11.55 - il.72
MWG 1.73 1.75 1.69 14.12 12.41 12.32
HoM 1.89 2.08 2.01 12.78 13.57 12.13
WKF 1.82 1.68 1.69 11.66 10.8% 11.92

e

e e e o g e 1 o i+ Ao

Average 10.98 + 3.3 (N=15)
Average same

S subjects

all available

periods during

final examinations

in June 14.27 3 1.2 {N=9)

t = 5.456
p = £0.001
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Discug- ion

It is unfortunate ., but inevitable, that time is lost at
the start of any new project with delays in funding, receipt of
equipment, recruitment and training of peraonnel, standaxdization
of maethods and establishing procedures on a routine basis.
Nevertheless, it was possible by the end of the first six months
of the project to cbtain data clearly supporting the initial
hypothesis that psychological stress could be showa to exert a
significant adverse effect on the balance of nitrogen and probably
other nuirients as well. When interpreted in the light of data
previously obtained by the principal investigator in children with
varying types of infection, there is every reason to Lelieve that
many stresses affecting otherwise healthy young men sionificantly
increase nutrient requirements over those dstermined in subjeccs
free from such influences.

Thus far, the stresses studied have been acute ones in
well nourished individuals. Little is known as to the extent to
which an individual would adapt to continued stress of the type
studied or indeed whether the “"basal” periods represant true
baselines in view of the te.usion under which undergraduates at an
institute like M.I.T. are continuously subjected. The slightly
lower nitrogen excretion values of the same students early in the
fall of their sophomore year caompared with the spring of their
freshman year may be significant in this regard, but more data :re
needed. One way of checking this will be to study the nitrogen
excretion of graduate students who are about to take their
preliminary examinations for the doctorate with the values aft:.:
this examination has been successfully completed and only thes.s
work remains.

Until recently nitrogen balance studies have been somethat
limited by the time~consuming Kjeldahl procedure for the detemination
of nitrogen in urine and feces. The experience of the presen:
project indicates that this is largely overcome by use of the
Tichnicon Auto-analyzer which is capable of analyzing 40 urire samples
per hour. This makes feasible the analysis of daily urine staples
from large groups of subjects. The use of a formula diet maies it
possible to keep nitrogen intakee truly constant for many dars.

Under these circumstances the limiting factor becomes the co.lection
ol fecal samples which must combine several days because of :he
difficulty of separating fecal collection by period even whe:
carmine or charcoal markers are swallowed.

All available evidence suggests that the effect of stress
on nitrogen balance, at least, is to cause an increased urirary
nitrogen excrntion rather than a decreased intestinal absorption.
For the studies now underway and those planned for thae futwre,
deily urinary nitrogen excretioin wili becoma the criterion :atherx
than 3-day nitrogea balance. This should make it possible to
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relate the streszs effect more closely to the timing and severity
of the stimulus and to handle the easuing data with greater
scatistical sophistication.

It will still be necessary to continue fecal collections
and analysis until it is clearly establishad whethexr the
intestinal absorption of any of the essential nutrients is influenced
by stress. The data obtained thus far fail to indicats an effect
on mineral and electrolyte aksorptiorn although urinary excretion
appears to be increased for some. <Considerable further work will
be required before any nutrient can be definitely eliminated from
consideration as unaffected by streas.

The possible application of these studies to prolonged
space flight was not originally anticipated. For such trxips it
is important to calculate protein and other requirements with
great precision since weight of food supplies or of equipment to
produce them will be a major consideration in determining ths
practicability of such flights. Individual variation can be
taken into account by balance studies while the astronauts selected
are in. training, but unless the effects c¢f the many stresses to
vhich they will be subjected in actual flight are taken in
consideration, estimates of requirements might be greatly in error.

Plang for Immediate Future

During October and November three consecutive 3-day baseline
periods are being completed with 30 subjects. Some of these will
participate in the study of the effects of reversal of night and
day which is scheduled for the Christmas vacation and most will
be followed during the final examination periocd in Pebruary.

Some of them will also take part in the studies of the effect of
slesplessness schecduled for the spring vacation period.

Already one of these subjects has developed a severe upper
respiratory infection during which daily urine nitrogen ercretion
increased significantly. Ctchers will undoubtedly develop infections
during the current academic year. With the assistaace o! N.I.H.
Grant No. A-6274, it will be possible to study additionsl subjects
at the moment they acquire an infeciion an” also to investigate
thoroughly the effect of each of these stresses on servm amino ac’d
levels. Dr. Guillemmo Arroyave, Chief of the Division of
Physiclogical Chemistry of INCAP and an expert on clinical stud/es
of amino acid metabolism, is spending the yeaxr ag Visiting Ass.ciate
Profensor to assist with this phase of the work. Now that al! of

the squipment has been delivered, personnel trained, methods 3tandardized

and nrocedures have become routine, the pace of the work has reached
ti.n: Leve? origirally planned.
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