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AB'STRACT

Department of Nutrition and Food Science
Massachusetts Institute of Technology
Cambridge 39, Massachusetts

"Effect of Stress on Nutrient Requirements of Man"

Principal Investigator: Nevin S. Scrimshaw, Ph.D., M.D.

No. of pages: 19 Date: November 14, 1962

C:ntract No..: DA-491i93-MD-2239

Supported by: U.S. Army Medical Research and Development Command
Department of the Army
Washington 25, D.C.

SEleven MI.T. freshm-n were given .a ormula diet containing 14%
proatein,. 50/ carbohydrate and 36% fa%\to supply the protein and calorie
intake to which they were accustomed.. Complete urine and fecal
collections were obtained during I consecutive 3-day periods during
the second semnester and for )consecutive 3-day periods during the
week of final examinations. Y>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 11 students, nitrogen
balance became negative in at least one o tetress-periods. XNitrogen

absorption was not affected. No correlation with urinary 17-hydroxy
steroid excretion was observed. No significant effect on the absorption
oE calcium, phosphorus, sodium or .assium 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 Omee additional
consecutive 3-day basal periods in Oc.tober. Results averaged 10.98 gm.
of urinary nitrogen per day compared with 11.03 during the spring basal
periods and 14.27 during the stress periods for these same subjects.
T-hus, urinary rnitrogen excretion values during the stress of the
examination period are significantly higher than basal periods either
before or after.

NOTE: Copies ot this report are filed with the Am" Sexvices Trebmical
Information Agency, Arlington Hall Station, Arlington 12, Virginia,
and may be obtained from the agency by qualified investigators
working under Government contract.



Introduction

In the course of metabolic balance -cperiments with
human subjects, most experienced observers have identified
periods of "nexpectedly 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 7f observation 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 obvious
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. Ohison, Symposium
on Protein Nutrition, Ann. N.Y. Acad. Sci. 69:913, 1958).

Persons studying calcium balance have also found an
adverse effect of emotional stress on retention. This has been
observed by Stearns e._A.3 , in children (ibid. 69:857, 1958),
in some unmarried mothers (Stearns, unpublished data, 1962) and in
a young graduate student wbose calcium balance became increasingly
negative as his preliminary doctorate examination approached and
correspondingly positive after he had successfully passed it
(0,J. Malm, Calcium Requirements and Adaptation in Adult Men,
Oslo University Press, 1958).

Since personnel of the Armed Forces are frequently
subjectsd to a variety of psychological stresses, the present
project was initiated to determine in a 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 c-be project
which are not severe enough to require hospitaliz&tion are being
studied for the parallel effect of this type of stress on nutrient
balance. A companion part of the project, financed primarily by
N.I.H. Grant No. A-6274 places special emphasis on this
type of stress.
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As applied to psychological stress even the term
"identifLabLe" is subject to some controversy since it is
well knoiwn 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. 7.T. , they
are certainly more stressful for some students than for others.
Psychiatric tests and interviews have been used to attempt to
determine the degree of stress involved for each individual.
While the results are described in one of the following sections
of the report, such effects have0 thus far, proved of limited value.

Time Schedule: Funds did not become available until
February 1, 1962 and delivery of key basic laboratory equipment
items was not completed until late May. The first group of students
was selected in February. Fhysical and. basic psychiatric tests
were completed during March and baseline metabolic 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 randomly selected M.I.T. freshmen.
The stress period for all subjects was May 26 through June 1.
Biochemical analyses on stored samples were completed during the
summer. Supplementary baseline data on a subsample of this
initial group was obtained in October. as well as baseline data
on a new and larger group of subjects.

Sujects

±. Selection: At the suggestion of the psychiatric
consultant, an effot was made to obtain a random sample 0 rather
than a volunteer group. It was thought that persons who felt
them.-elves under stzess might be less likely to enter such a
program if volunteers were called for. A letter was sent to
25 freshmen drawn randomly from tbh list of names of the frerhman
class. This class was chosen because it was the first to
receive extensive preliminary psychiatric testing. because it.,
members would be available for the longest time period for
continuing studies and because the final examinations of the
freshman year consftute more of a stress for a large proportirrn
of the students than those of subsequent years.

The initial letter was answered by 13 students. Of these.
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 bascna period because of difficulties
with fecal collections and social pressure in his fraternity house,
.Mo::e stud1:,nt•s could not be ircludea ir. the stidy in th,: tir"ie
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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 busy
to undertake 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 failed to reveal evidence of
any genito-urinary disorder. Baseline data are given in Table 1.

Each subject was examined by the same experienced
psychiatrist soon after completion of his basal periods. In
the course of an open end-type of interview lasting one to
two hours, a more or less standardized series of enquiries were
made. Interviews were taped and reviewed before the preparation
of a final report. The gross findings of the interview are
summarized in Table 2. Such a summary is 0 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.i in 6 of the group. The age* height and weight of
each subject are listed in Table 1 along with positive 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. Initially urine specific gravity for
KGJ was 1.006, but on subsequent examinati.on it was between
1.028 and 1o.26 with a pH of from 5.0 to 7.0.
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EMerimental Design

A. Procedures

The random selection of the subjects from the M.I.T.
freshman class and their characteristics havc 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 reactions
to the study.

The basal or control period consisted of three consecutive
3-day periods although it was intended that the first 3 days serve
as a period of adjustment to the diet and o! training in the
collection prccedures. 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 imnediately before breakfast
on the fourth day.

A capsule containing a carmine marker was given at the
beginning of the experiment and at the end of each 3-day period.
Fecal collections were started when the dye first appeared in the
feces and ended when the dye from each succeeding carmine capsule
first appeared. Occasionally stool samples were unduly delayed due
to rowall focal volume so that the Alapsed tine between successive
collection periods varied considerably.

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

At all times subjects carried with than containers for
the collection of urine and feces and i.-wlmens were refriqerated
as soon as possible, usually in less than one hour. One or two
blood samples for total protein and vitamin C detxminations
were obtained by finger tip puncture.

Subjects consumed their morning and noon meals under the
direct supervision of one of the dietitians. Most evening meals
were also consumed in the experimental kitchen, but subjects were
alliewnd to take their evening meal and a mid-evening snack home
with them in thermon bot':le.3 if this were more convenient. In thin
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kcCi .~ eD ~e i. ri~.2edin a waring BIOD:1r.,ez
.Wvibn~r.p 't ~'e aa ISophilized and aliqcrts were~ ta]krk by weight or
:'Ie V.:ýrious aralyses. After toztal weight w~as daete~miined, 3n

al1iqu.M-- froui the 24-hour urine collection w~as r.!~noved from e~ch
2~3 ~collection made duri'ng the 3.-day period and pooled. From

-this z~n a. inurt was taken for biochemical analyzes..

Serum total protein was determined by the density gradient
methoa of Lowry arid flunter (J. Iliol. Chem. 159:465, 1945). Serum
vitamin A wan mecasured by the uý,.tra-micro method of Bessey -L a.
1J. Biol.. Cher~, 166:177, 1946) and ascorbic aci~d by the Lowry

Sa.r~iicro adaptation (J. Biol. Chem., 160:609., 19451 of the Roe
and Kuether vtethoo3 (0. Biol. Chem. 147:399. 194-31.

Urinary creatinine was determined usi~icj the Folin and
iqu pr->cedure (Practical Physiological Chemistry by H~awk, Oser
and SL~aerson, t~he Blaltiston Co., 12th EA. p.ý 506! adapted-to
*zhe Technicon Auto-analyzer (Technicon ::nstrunent3 Corp., 1960).
T~he method of Reddy St a]. t24etabolism 1ILl.5, 1952) modified by
Reddy (M~etabolism 6-.489, 1954) ýwas employed in Tzhe determination
of l7-bydroxy steroids in urine.

Urinary and fecal. nitrogen were determined by the 1Kjaldnhl
method using the Technicon ICnstrument employing automcztic, cont )nuous
digestion of serial sampr~es and automatic graphing of the titration
results fTechnicon Instumientg Corp., 1961). Results w-are che6A.,d
by tha A.0.A.C. macro-Kjeldahl procedure. Sodium and potassium
were determined in feces and urine using 'the Tech~nicon Auto- nna I Izer
flame photometer ccmbination with lithium nitrate as the int~rnJ.O
stanidard (Techni con Instruments Corp., 1961) .:Inorganic p~hQcPhvzue
in urine and feces wa 's determined as inorga1nic phosph~ate using tt.e
Fiske and Subbarow procedure (J. Biol. Chem. 66:375, 1925) adaptid
to the T!echnicor. Auto-analyzer. 'Urinary and fecal calciuum were
measured by the Moser method (Anal. Chem. 24:1414',.1956) adapted to
the Technicen Auto-analyzer by Skeggs and sterenis ItTechn~icon
Instruments Corp., 1960).

In the Iý.XT laboratories the diet was analyzed for
nitroge~n, sodium, potassium, calcium and phosphorus' by tho
methods previously described. Protein was estirtated by
Kjejhh. nitrogen x 6.25; fat by ether extraction~ for 22 1.ours
(A.O.A*C. 9th Sd., p. 267, 1960), ;_-. carbohydrate calctalateo3by
differ-ence. Crude fiber was determi.aed by standard A. O.A.C.
methods (A.OOA.C.. 9th Ed.. p.. 288, 1960).

Data on lMitmeal 1 which was furnished by the Wisconsin
Alumni R.esearch Poundation Laboratories was obtain ed by standard
A.0.A..C. methods for the nutrients reported.
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ReMMlts

A. ExperiJment 1.

a. Initial Basal and Stress Periods

1. Nitronen - Nitrogen intake ranged fron 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 eamstant throughout
all of the study periods and which were within the limita of the weight
and -vlume measurements.

Nitrogen absorption averaget91.5% (S.D. - + 3.6%0. t was
thought that most of th- apparent variation in abooeption was an artefact
caused by variations in the exact period represented by the fecal
collection rather than physiological differences Collection of
feces posed problems for some of the subjects, particularly when the
marker was delayed in coming through or did not provide a sharp
endpoint.

The data for nitrogen balance are given in Table 6.
They do not take into account the data for the initial 3-day adaptation
and training period although using them would not chsnge tho conclusions
in any way. All of the nitrogen balances obtained during the beasl
periods were clearly positive except for two individuals with negative
balances during the ascond basal peoLiod. In two of the subjects the
lack of a fcal sample made it impossible to calculate nitrogen
balance for one of the basal periods. During the t stress periods,
nine out of ten subjects showed a marked decrease. Ught of the ten boys
were in negative balance during one or both of the two 3--day periods.

Analysis of variance of these nitrogen bealeace data which
are summarized in Table 6 revealed that the variatio, in nitrogen
balance among subjects or between either the two basal or two stress
periods was not significant. Comparison between the baseline values
and those obtained daring the stress periods indicated a difference
which is statistically signif can!' at a level of)0.01.

If the variation between the basal and stress periods wee not
due to Aifferences in either intake or absorption, it must, of necessity,
be the consequence of increased urinary nitrogen eacretion. As shown
in Table 7. urinary nitrogen excretion was, in fact, observed to
be generally greater deiring the stress periods. Aselysis of variance
of urinary nitrogen excretion indicated that differences among subjects
or between two basal or two stress periods are far short of statistical
significance. The increase in nitrogen excretion in the urine during
tee stress 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.
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Table 6.

Nitrogen Balance Pesults

Subject Basal 11 Basal III Stress I Stress 11

CJJ +0.39 +2.96 -1.35 -0.65
COK +2.C•3 +0.P.3 +0.23 +0.39

+7.E4 +5.60 +0.A0 -1.68
I4D +2.68 +2.90 +3.26 +2.03
LSJ +5.96 +2.39
hi; +5.38 :1.91 +3.20 -0.41
MOM +5. 96 -0.22 +2.88 -0.23
P•, +5.30 -3.86
SDC +5.01 +6.63 +0.45 -0.39
VRJ +2.33 -4.74 -6.86 +2.66
WK? +4.02 +4.40 -0.92 -0.80

Analysis of Variance

Dcgrees of SUm of meen
fraedam squares squatre

Periods 3 129,5675 43.29**
Basal II vs. UI! 1 15.0164 15.02 B.S.
Stress I vs. II 1 0.0657 0.06 N.S.
pascl vs.Stress

1 114.7854 114.78"*
subjects to ý 88.1781 8.82 U.S.
Error 26 170.6072 6.56

Total 39 388.6528

N.S. Not significanit
• * Significant at the 1% level.
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Table 7

Nitrogen Excretion in Urine "m k ,

Subject Basal 11 Basal III Stress I Stress IZ

CJj 13c 46 10.95 15.00 13.97
COX 11.69 12.68 13.83 13.12

•78.91 11.20 15.01 17. 33

QD 11.43 11.23 13.40 14.20
LSJ 6.91 8.25 13.34 16.51
11 9.88 13.56 12.20 16.06
14Il4 11.00 17.17 13.70 16.24
POO 11.16 6. Sc, 18,09
SDC 9.05 6.70 13.28 13.50
VZi 17.67 11.70 9.89 18,09
WK? 9.28 10.41 15.00 14.93

Analysis of Variance

Degrees of sum of Mean
freedom squares square

Periods 3 165.51 55.17**
Basal 11 vs. III 1 .04 0.04 XS.
Otress I vs. 11 1 24.78 24.78 U.S.
Basal vs. Stress 1 140.95 140.95'
Subjects 10 53.07 5.31 B.S.
Error 29 177.08 6.11

Total 43 395.66

N.S. Not significant
* Significant at the 2.5% level.
"ee • ,ignificant at the 1% level.
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_t*tg~ anl 'ntýgium &, jitk- ?xf:c-ticnn l.jvei
ave-eged 60 QEq pe- day during the adjustmer&L period and 25 and
20, respectively, on the two succeeding basal periods. During
the first 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 I is promptly reflected
in lowered urinary excretion values. Initial urinary excretion of
Na was higher, however, in the first and second strese periods than
during the first and second basal periods.

Potassium, on the other hand. increased from 74 mEq per
day during the ad.istment 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 gm./day
for an average of 0.033 (S.D. -J0.014). For the stress Foriods
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 significant (p< 0.05). There was no
significant difference in calcium absorptiorn between the balance
(m - 61.3%, S.D. - + 0.014, N - 22) and examination periods
(i - 57.7%, S.D. - 1 0.189, N - 21). Since intake was constant,
there was thus a tendency for calcium balances to be lower during
the examination periods (p k0.05).

4. Phosphorus - Much the same thing can be said for
phosphorus an for calcium. Average values for urinbry 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 (3 - 0.710, S.D.=+ 0.2", N - 22) is compared by the
t test with that for the examination poriods (0 - 0.877. S.D. - + 0.200,
3 - 21), the difference is not statistically 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.

5. 17-Hvdroxvsteroids - There was no apparent
correlation between the values for 24-hour 17-hydroxy steroid
excretion in the urine. Some difficulty was encountered with the
standardixat.;on of the method and further treatment of the data
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 completeness of urine collections.



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 time the subje-ts settled easily and
promptly into the routine of the study and the data frow the first
collection period were as consistent as those from the third. While
most of the analyses have not been completed, those for urinary
crestinine and nitrogen given in Table n are most encouraging.

Urinary areatinine values for a given subject are highly
consistent, indicating completeness of urine collection and the
values for urinary nitrogen are not only consaritent 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 S

Urin3ry Creatinine and Nitrogen
October Baseline Periods

Creatinine Nitrogen
gm./day gm./day

Subject Basal I Bacal II Basal III Basal I Basal II Basal III

COI( 1.47 1.49 1.48 9.50 9.53 9.89
IloD I.5q 1.58 1.65 12.69 11.55 11.72
MWG 1.73 1.75 1.69 14.12 12.41 12.32
MO 1.89 2.08 2.01 12.78 13.57 12.13
WKF 1.62 1.68 1.69 11.66 10.85 11.92

Average 10.98 + 3.3 (N-15)
Average same
5 subjects
all available
periods during
final examinations
in June 14.27 ± 1.2 (N-9)

t - 5.456
p - (0.001
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Discus" ýon

It in unfortunate ,. but inevitable, that time is lost at
the start of any new project with dulays in funding, receipt of
equipment, recruitment and training of personnel, standardization
of methods and establishing procedures on a routine basis.
Nfevertheless, it was possible by the end of the first six months
of the project to obtain data clearly supporting the initial
hypothesis that psychological stress could be shown to exert a
significant adverse effect on the balance of nitrogen and probably
other nutrients 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 believe that
many stresses affecting otherwise healthy young men significantly
increase nutrient requirements over those determined in subjects
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 *te "basal" periods represent true
baselines in view of the te.asion under which undergraduates at an
institute like M. .T. are continuously subjected. The slightly
lower nitrogen excretion values of the same students early in the
fall of their sophomore year compared with the spring of their
freshman year may be significant in this regard, but more data ere
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 aftb.:
this examination has been successfully completed end only thes.s
work remains.

Until recently nitrogen balance studies have been scme'hat
limited by the time-consuming Kjeldahl procedure for the dte:tmination
of nitrogen in urine and feces. The experience of the presen"
project indicates that this is largely overcome by use of the
Tochnicon Auto-analyzer which is capable of analyzing 40 urirs samples
per hour. This makes feasible the analysis of daily urine sJeples
from large groups of subjects. The use of a formula diet a';so it
possible to keep nitrogen intakes truly constant for many data.
Under these circumstances the limiting factor becomes the co.lection
of fecal samples which must combine several days because of :he
dLfficulty 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 excretion rather than a decreased intestinal absorTtion.
For the studies now underway and those planned for the future.
Uily: urinary nitzogen excretion will become the crit.rion :ather

Lhan 3-day nitrogen balance. This should make it possible to



relate the stress effect more closely to the timing and severity
of the stimulus and to handle the ensuing data with greater
statistical sophistication.

It will still be necessary to continue fecal collections
and analysis until it is clearly established whether the
intestinal absorption of any of the essential nutrients is influenced
by stress. The data obtained thus far fail to indicate an effect
on mineral and electrolyte absorption 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 stress.

The possible application of these studies to prolonged
space flight was not originally anticipated. For such trips 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 the
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 of the many stresses to
which they will be subjected in actual fliqht are taken in
consideration, estimates of requirements might be greatly in error.

Plans for Imediate Future

During October and November three consecutive 3-day baseli~ae
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 period in February.
Some of them will also take part in the studies of the effect of
sle,ýpiessness scheduled for the spring vacation period.

Already one of these subjects has developed a severe upper
respiratory infection during which daily urine nitrogen excretion
increased iignificantly. OCthers 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 additional subjects
at the moment they acquire an infection ar'ý also to invostigate
thoroughly the effect of each of these stresses on servm amino ac:'d
levels. Dr. Guillermo Arroyaveo, Chief of the Division of
Physiological Chemistry of I.P and an expert on clinical studCes
of amino acid metabolism, is spending the year as Visiting Ass,.Piate
Professor to assist with this phase of the work. Now that al1 of
the ?qvipment has been delivered, personnel trained, methods 3tandardised
and ,rocedures have become routine, the pace of the work ha0 reached

Le•:•vi,,'C.g~l planned.
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