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I N V E S T I G A T I O N S  A T  T H E  NUTRITION 
LABOIZATOBP OF TTlE CAIRNICGIE IN-  

S T I T U T I O N  OF WTt74SIBINGT0N, 
BOSTON, B ~ I I S S ~ ~ C T T U S E T T S ~  

CONTRARYto popular opinion the re-
searches ol the Carncgie Nutrition Labo- 
ratory do not follo~v for the most part the 
conventional lines of "natrition investiga-
tions" with special emphasis upon the eco- 
nomic and sociological phases of the worlr. 
7'he admirable facilities ancl equipment of 
the TJnited States Department of Agricul- 
klre fortunately make this unnecessary. 
The Carnegie Laboratory is, however, an 
outcome of the national nutrition investi- 
gations, for the late Professor W. 0. At-
water, who was a pioneer in nutrition in-
vestigations of this col-tntry, wisely devoted 
a part of the government appropriation for 
nutrition investigations to an abstract 
study of the physiological effects of various 
nutrients upon the human body. This 
worli was carried out in the chemical laho- 
ratory of Wesleyan TJniversity, Middle-
town, Conn., and resultecl in the constru~:- 
tion of a special form of apparatus for 
studying both the respiratory products and 
the direct heat production of man, an  
apparatus properly designated by Professor 
Attvater as a "respiration calorimeter. " 
Snbsecluently the board of trustees of the 
Carncgie Institutioll of Washington author- 
ized the construction of a special laboratory 
for similar research in Boston. 

I t  was believed that the appropriation 
for this lal)oratory, for a time at least, 
could best be subdividecl into three main 

1 An address delivered before the depaltlrient of 
chemistry a t  Vassar College, Ponghlreepsie, S e w  
York, on Mag 10, 1915. 
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categories: First, the development of new 
apparatns and technique, thus insuring 
progress in technical lines; second, the ac- 
cnmulation of normal physiological data 
regarcling the metabolism and many physio- 
logical factors of both men and animals, 
such research being needed to supplenient 
the insufficient data secured in previous 
invrsti=;ations; and third, the comprehen- 
sive, crj tical study of certain pathological 
cases, notably diabetics. I n  connection 
with the first of these lines of work there 
has been not only tlie development of a 
large amonnt of apparatus-for the greater 
part of the apparatus used in the nutrition 
laboratory has been there devised and con- 
structed--bnt also an extensive comparison 
of other methods in regalar use, to det.er- 
mine their degree of accuracy and applica- 
bility. 

The laboratory building is of special con- 
struction, the main feature being the large 
room devoted to calorimetric researches. 
With so delicate an apparatus as the calo- 
rimeter, the effect of temperature environ- 
ment is profound, ancl consequently this 
room is provided with heating and cooling 
devices by ~vhich the temperature may be 
held constant. Researches with this appa- 
ratus may therefore he conducted at  any 
time of the year ~ri thoat  regard to the pre- 
vailing temperature. 

As at  present equipped, the calorimeter 
laboratory has four calorimeters, all of 
which may be nsed for studying the heat 
production of the hunian bocly. Of these 
the bed calorimeter has been most exten- 
sivrly used for studying normal men and 
women as well as in a long series of experi- 
ments with severe diabetics. The inner 
chamber of this apparatus is copper-walled 
and about 7 feet long and 3 feet wide, vary-
ing in height from 2 feet at  the foot to 
about 33 feet at the head. The subject, 
lying comfortably on a mattress, is slid into 

this chamber and the opening closed with a 
large piecc of plate glass, the closure being 
made airtight by sealing with wax. The 
ventilating current draws the air from this 
chamber, forces i t  through sulphuric acicl to 
remove the water vapor given olC by the 
l u n g  and skin of the subject, and then 
through soda lime to remove the carbon 
dioxide. Aftrr pure oxygen has been added 
to replace that nsed, tlie air rcturris to the 
chamber to be relsreathed by the subject. 
liy the soda lime containers at  the 
bcgimling and end of the experiment and 
metering the oxygen admitted, we have a 
clirect measure of the carbon dioxide pro- 
cl~xcedand the oxygen consumed. This is 
the respiratory feature of the apparatus. 

The metllod of measuring the heat pro- 
rlnction is of particular interest. The inner 
chamber or copper box is surrounded by 
several layers of material which provide 
good insulation. Outside of this copper box 
are two supplementai*y walls, the first of 
zinc and the second of a one-inch layer of 
co1.l~. These walls arc in each case three 
inches from the inner wall, providing two 
dead air spaces between thc copper and the 
ziric and the zinc and the cork, respectively. 
The odsicle of the calorimeter is finished 
with compo board. Thus, the apparatus is 
of the refrigerator type of construction, 
effectually preventing heat radiation. 111 
winter, houses are heated by passing hot 
water through pipes. This small chamber, 
or little house, would, unless cooled, become 
uncomfortably warm from heat given off 
lty the body, and provision for cooling is 
made by passing a current of cold water 
through the chamber in fine serpentine 
copper pipes. The temperatn~e of the water 
is recorded as it enters and leaves the 
chamber. If the total weight of water 
leaving the apparatus is measured the heat 
brought away is readily computecl by multi- 
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plying this weight by the temperature 
difference. 

The chair calorimeter is of a different 
shape, although primarily of the samc con- 
struction. I n  the chair calorimeter, the 
subject sits in a comfortable arm chair, the 
walls of the chamber being of such a form 
as to give a minimum amount of air space 
about the body. The total volume of air 
space in the bed calorimeter is 950 liters, 
and in the chair calorimeter 1,500 liters. 
Neither apparatns, however, permits long 
experiments. 

A third calorimeter has been bujlt which 
is long enough for a man to lie domn in, 
and yet high enough for him to stand up;  
the form of the chamber also permits the 
installation of a bjcycle ergometer inside 
the chamber for muscular worlr experi-
ments. The volume of air space in this 
apparatus has been limited to 3,500 liters. 
By means of a double port-hole i t  is pos- 
sible to put in or take out food or other 
material without loss of air. The subject 
can live in this apparatus as long, if not 
longer, than in the chamber at Wesleyan 
University, Middletown, Conn., the longest 
experiment with that apparatus covering 
13 days and 14 nights. Thus far  no con- 
tinuous calorimeter experiments of any 
considerable length have been made in the 
Nutrition I~aboratory. 

Finally, to provide a calorimeter espe-
cially designed for: severe muscular work 
with a bicycle ergometer, treadmill, or end- 
less ladde~,  a calorimeter has been built 
with provision for installing any one of 
these muscular work appliances. Owing to 
the great amount of heat that will be devel- 
oped in such experiments, special heat-ab- 
sorbing pipes and temperature measuring 
apparatus have been necessary. 

With the respiration calorimeter i t  is pos- 
sible to measure simultaneously the carbon 
dioxide and water vapor produced, the 

oxygen consumed, and the heat given off by 
a man. These factors'taken not only indi-. 
vidually, but also together, give most inlpor-. 
tant data for the computation of the char- 
acter and amount of the interchange of 
material inside of the body due to vital 
processes. 

Fortunately i t  was found that the long 
and costly twenty-four-hour calorimeter ex.. 
periments could be in part replaced by 
shorter experiments, in which only the 
carbon-dioxjde production and oxygen con-. 
sumption were studied, by means of a 
respiration apparatns devoid of calorimetric 
features and that this type of short experi.. 
ment could be used in the study of many 
problems. An apparatus was devised by 
which a subject lying on a bed could 
breathe through a mouth- or nosepiece, and 
determinations of the carbon dioxide pro.. 
ducecl and the oxygen consumed could bo 
made in periods as short as 35 minutes. 
These experiments have been carried out 
very rapidly and a t  relatively slight ex.. 
pease, and have been of great value in 
giving us a large amount of important 
physiological information. I n  recent pears, 
the calorimeters have also been used for 
short experiments, these being from one to 
two hours long; indeed, the research on 
diabetes, which has been in progress in the 
Nutrition Laboratory for the past six years, 
has relied for the most part on calorimeter 
experiments of from one and one half to 
two hours' duration. 

The infl~zence of muscular activity 'upon 
the production of carbon dioxide and heal; 
is enormous. When a subject is soundl 
asleep, quiet and without food in  the 
stomach, we have the minimum basd 
metabolism. The influence of sleep has 
only been tardily recognized, and the major.. 
ity of physiologists are inclined to speak of 
basal metaboljsm as that obtained in the 
early forenoon, when the subject is lying 
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claietly ~vitliout breakfast, bnt not asleep. 
I f  the suhject is sitting up, the metabolism 
is inerease(l, and if he is doing work- it is 
increased in proportion to the amount of 
-cvoi-l<. The approximate norrnal outpnt of 
carhon dioxide and heat I'or a man of aver- 
age ~veiqht with varying contlitiorrs of 
muscular activity is s l i o w ~ ~  Byin Table I. 
means of this table one may calculate Ihe 
approximate carbon dioxide a i d  h ~ n t  out-
pu t  of a rrian dnring twenty-four hours. 
(See Table 11.) 

T 1BLC I 

A e e ~ a g cNolnrccl Otbtpzit o/ Cnr l~on  Dtoxide and 
Ilccct f r o m  the Body  

A\.ernRe (~nm, t l~ lw
Per IIour 

('arbon 

Cond~tionsof Mu.icnlor Artivity 
l)loxlne,

Grn. 
nea t  
Crals. 

Mnn at  rest, skepiag . . . . . . . . . .- - 25 65 
14nn at rest, aaabc, sitting up.. . 35 100 
3I:rn a t  light ~nusrulxr ruerciie.. . 55 170 
Nan a t  nioilcrately ueti! e mnscu- 

Jar exercise . . . . . . . . . . . . . . . . .  100 290 
I tan  at  serere m~~sculxrcxcroise. 150 45 0 
A7:tn a t  ?erg scvcre muscn1:rr exer-

ci3e ........................ 210 600 

Average DarFy Ozctput of Dent  of n Hun at Light 
JJuscular For76 

Heat 
out-

Dally Frogram put 
A t  lest, sleeping, 8 hours, 65 calories per 

hour . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  520 
At reit, nxvnkc, sitting np, G hours, 100 cal. 

per hour ............................. 600 
Liglit muscular exercise, 10 houls, 170 cxl. 

ner lioi~r . . . . . . . . . . . . . . . . . . . . . . . . . . .1,700 

Total output of heat, 04 hours . . . . . . . .  2,820 

I t  is of no avail to m,zl;e investigations in  

snlis, we hnve felt constrained to plod 
along and secure fundament a1 basal valnes, 
ancl tl.1~1~ contribute steatlily to the Iznowl- 
cdge of the physio10,gy of man. To do this, 
anrl to secure information as to the influ- 
ence of variations in  height, age, nrright and 
:;ex of r~ormal indiviiluals, we hnve stutlied 
90 or more rrorrnnl mcln, and nearly as mnny 
normal women, arlcl have secured approxi- 
mate basal values for these indivicluals. 
Stadlcs liavc liltewisc 17ci.n maclc of atlr,l!.li>, 
and ~ r g e t a ~ i a n s .  For  Ihe most par t  these 
obs>rvations miere rnacle with the s r ~ ~ a l l  
rc~spiration apparatus and mot ~ v i t h  the 

caloi~imc~ters;ilrtl!?c.tl, a t  times as man)- as 
~ O U Yr e ~ p i r : t t i o ~ ~  have 1)~erl  ujccl a p p a r a t ~ ~ s  
sitnultnncously in our large calorimeter 
ro01r1, in studying the metabolism of f1111r 

ir~tlividuals. 
7'n.o factors that affect normal metal~olism 

mo1.e than any others are the ingestion of 
food ;tnd mnscular activity. Tn Table I., 
the soinewllat vague terms of "light, " 
'h in ode rat el^ active," 'L~everc"  and "very 
severe" mllselilar work -cvere used. These 
really llave no meaning, 2ndq~~ai i t i ta t ivc  
i t  is necessary for ias to measure accnratuly 
the arnonnt of mechanical wor.li- performed 
w;r.)leu stildying the metaholis~n of a person 
cloiiig scvcrc muscular worlr. F o r  this PLIT-

pose stlreral forms of bicycle ergometer 
li;~vr hecn uscrl by means of which the rider 
transl'ormr a certain amount of muscular 
work into heat. T'he ergometer may be 
placed inside a respiration calorimeter, or 
the subject rnay be conncctetl with a suita-
ble molxthpiece to a simple rc~spiration i>p- 
paratns. The series of stndies on this 

patliology miless me have a suitable l ~ i l ~ c  apparatus have provecl r ~ ~ o i t  illuminating, 
Tine or qrouncl for  caompsrison, ant1 ill ~ P : I ( ~ -and shoiir that the l.iui?lnn l~orly is really n 
tically all our rli~lical studirs we have hnd 
to snpply the cl~ficiency in normal data. 
While the temptation is a t  times very great 
lo carry out a series of experiments which 
will most certainly promise striking re-

vcry efficient engine. While in certain 
easrs as much as 35 pcr ccnt. of tlic total 
energy transformed during muscular work 
map be transferred to the peclals of the 
ergometer, there to he tratlrformed into 

http:ilrtl!?c.tl
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heat, the average valnes obtained were consecluently he muat have burned up in 
those given in Table 111. these three hours as much n~aterial as would 

TABLE I11 

J<.rperimenis oi l  Bicycle IZidtrs (Calories pel. H o z i ~ )  
Efficierrcy,

Resting Xrorking Work Done Per Cent. 
J. C. SV. (collegc athletc) . . . . . . . . . . . . . . . . . . .. I 1 2  339 49 21.6 

B. 3'. D. (college athlcte) . . . . . . . . . . . . . . . . . . . . .. I 06  318 45 21.2 


% ,, 
A. L.L. (untrained) . . . . . . . . . . . . . . . . . . . . . . . . . .- 326 16 20.8 

E. F. S. (nntraillecl) . . . . . . . . . . . . . . . . . . . . . . . . . .  ? 3?9 51 18.I. 

S. B. (~rofessional rider) . . . . . . . . . . . . . . . . . . . . .  92 619 112 21 .R 


The fiqures in Table 111.shecl a most inter- 
esting litrht on the c!uestion of training. It 
has cornniollly been supposer1 that when a 
person is trained, the nluscles become more 
effective am1 consequently there is a greater 
procluction of ~ ~ ~ o r l c  for the same expendi- 
ture. TTerc we find that in the first place 
the two men, A. 1;. T1. and E. F. S., who 
mere mhol1,v untrained, ancl indeed wholly 
unfamiliar with the bicycle, accomplished 
as much 1vorB as dicl the collcge athletes, 
J. 6.TV. and R.F. D., with an efficiency 
very little less than that of the first two. 
When we examine the revalts obtained 
~vi th  the l~rofessional bicycle ridcr. Mr. 
Kat Butler, we find that he was able 
hy virtue of his strength to accomplish a 
very great deal molze work than any of the 
other men, but as a matter of fact his 
ef ic iency was not materially greater than 
that oE the collegc athletcs, or, indeed, the 
~mtrainedmen. 

In order to p rod~~ce  this heat in the body 
there innst have b ~ e n  vigorous combustion, 
either of body substance, in case the subject 
did not have food enough, or of food mate- 
rial previously eaten. We have found as a 
rcsnlt of a large number of experiments 
that a man at rest, doing no visible external 
muscular work, requires not fa r  from 2,000 
calories for maintenance dlxring twenty- 
four hours. I t  mill be seen that in three 
hours 11Tr. Butler produced nearly tliis 
amount when at severe muscular work; 

ordinarily be burned by a subject at rest 
in twenty-four hours. On this same basis, 
he 1t7ould need three meals every three 
hours or one square meal an hour. 

A new series of muscular work experi- 
ments is in procress in the Nntrition Labo- 
ratory llnder the clirection of Professor 
TI. AX. Sniilh in which the subject wallts on 
a specially-designed treadmill a t  varying 
rates of speed, breathing through a mouth- 
piece into a respiration apparatus which 
measures the carbon-dioxide excretiol~ and 
the oxygen consumption. As a resnlt of 
this investigation i t  has been found that. 
in walking on a level road a t  a moderate 
qait (70 to 80 meters per minute) there is 
an increase in the heat production for each 
Bilograni of bociy weight moved forward 
one meter, which is equivalent to about 0.5 
small calorie. With an increase in velocity 
the energy espenditure is rapidly aug-
mented and during running may bccome 
60 per Gent. more per unit of weight trans- 
ported than that of the subject walking at 
a moderate rate. Studies are also heing 
made with this treadmill in which the sub- 
ject wallri on an incline, the work of ascent, 
thus being added to the work of walking on 
a level. 

I n  this investigation, which is elaborate, 
a large number of simultaneous measure-. 
ments have been attempted. I n  addition 
to measurements of the carbon-dioxide ex- 
crction and the oxygen consumption, we 
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have simultaneoasly recorded the total dis- 
tance walked, the number of steps, the in- 
clination of the ti*eaclrnjll and the total 
height of the body movement. By attach- 
ing a cord to the shoulders and connec.ting 
i t  with a pointer, a record of the up-and- 
down motion of the body with each step is 
made, and I?y a multiplying device the total 
snm of the upward motions of the body are 
also recorded, thus giving the total lieight 
to wllich the body is raised during the 
period of walking, for in ivalking on a 
level plain, an individual raises his body 
from 3 to 1; inches each step. 

Connected with the ventilating air cur- 
rent of the respiration apparatus is a deli- 
cately-counter.poise~l bell or gas-holder, 
which rises and falls with each respiration. 
By means of a pointer attached to the 
counterpoise of this bell, a graphic record 
of the type of respiration is obtained. A 
multiplying device attached permits the 
measnrement of the total amount of air 
actually passing through the lnngs inde- 
penclpnt of the ventilation of the respira- 
tioil apparatus itself. This graphic record 
of the ventilation of tlie langs likewise 
records the respiration rate, Finally, by 
means of electrodes a,ttached to the chest, 
tlie pulse rate of a walking man is photo- 
graphically recorcled with a string galva- 
nometer or  an oscillograph. 

The intimate relationship between pulse- 
rate and the total energy output has been 
the subject of special study, and the pnlse- 
rate, the respiratiorcmte, and particnlarly 
tlie body tc~mperature have received especial 
attention i r l  our several lines of investi-
gation. The distrihntiori of a number of 
delicate thermometers in different parts 
and cavities of the body has shown that 
when the temperature deep in the body 
trlxn1c undergoes its regular daily rhythm, 
these fluctuations in temperature are ac-
companied by sjrrljlar fluctuations in all the 

other therruometers, and that while the 
absolute temperatures in different parts of 
Ihe body are unlike, the fluctuations in 
temperature are essentially the same 
throughout the whole body. 

It has long been known that when food 
is eaten tlie body activities are consiclerably 
increased. This is particularly the case 
vil\-hen tlie food consists of protein material. 
The exact cause of this increase has long 
lxen the subject of much discussion. On 
the one hand i t  mas believed that this was 
dne to the work of diyestion in the digestive 
tract;  on the other hand, that it was duc to 
an escpss lleat produution caused by the 
splitting off and combustion of portions of 
the protein molecule. A long series of in- 
vestigations in the Nutrition Iiahoratory has 
shown that when peristaltic stinluli, such 
as saline purgatives, were used and careful 
control tests made. the movements of the 
dige5tjve tract did not nlensurably increase 
the metabolism. When dogs who had defi- 
cient digestive capacity were fed large 
:rmounts of mcat, in spite of the excess of 
nndigestcd ~esidiic, tlic metal~olism was not 
augmented. Evidence has been accumu-
lated which shows that the aeirl proclucts of 
c.leavage in the processes of digestion are 
probably tlie chief factors causing this ia-
crclwe in metaboljsn~, mrliich WEIS explained 
by tlie direct stimulus of the cells to a 
greater activity. 

One of the most irite~~estingresearches 
cleveloping from tlie comparison of meth- 
ods for studying the respiratory exchange 
has been the importance of lino~ving physi- 
ologically the exact composition of outdoor 
air. Every person is eontjnually taking air 
ir~to the lungs. Many technical methods 
for detcrinining the amount of oxygen thus 
onsurned involve some assumption as to the 
exact composition of the normal outdoor air 
inha1t.d. An investigation lasting over 
three years, in which daily analyses of 
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outdoor air were made by Miss Alice John- 
son, proved conclusively that the percentage 
of carbon dioxide and oxygen in  uncon-
taminated outdoor air remained constant 
throughout the entire year, irrespective of 
wind direction and temperature. Speci-
mens of normal air secured at  numerous 
places on the Atlantic Ocean and on the 
top of Pike's Peak showed the same re-
markable uniformity. By this study we 
were provided a t  one and the same time 
with a standard for testing all gas-analysis 
apparatus and definite linowledge regard- 
ing the composition of inspired air, thus 
doing away with the necessity for the innu- 
meralde analyses that otherwise would be 
essential. 

The investigations on diabetes in con-
junction with Professor Elliott P. Joslin 
have shown in the first place that during 
severe diabetes there is a distinct increase 
in the basal metabolism of the patients. 
I t  has also been shown that this increased 
metabolism in diabetes is due to the fact 
that with the abnormal breaking down of 
food materials in the body of the diabetic 
there is developed an excessive amount of 
acid, chicfly B-oxybutyric acid, which 
directly stimulates the cells to a greater 
activity. With treatment reducing the 
acidity and particularly with the new, re- 
markable Allen treatment this increased 
metabolism entirely disappears. 

I n  addition to the study of diabetics, a 
number of other projects have received 
consideration at the Nutrition Laboratory. 
Among these are the study in conjunction 
with Dr. El. B. Talbot of the metabolism of 
normal and atrophic infants and of infants 
in the first hours of post-natal life. The 
importance of knowing the energy require- 
ments and the character of the combustion 
in the body of the new-born infant has 
justified an extended research on this sub- 
ject in which we have studied over 100 

infants within the first few hours after 
birth. The new-born babies were taker1 
from the hospital immediately after birth, 
placed in the respiration chamber and there 
studied for several hours, very careful 
records of the carbon dioxide produced 
and the oxygen consumed being made. The 
observations on atrophic hospital infants 
have supplied values of particular signif- 
icance in interpreting a number of so-called 
"physiological laws. " Indeed, one of the 
best methods of studying physiology is to 
study abnormal physiology. 

I n  connection with the respiration experi- 
ments on infants a knowledge of the exact 
degree of repose of the subject is of impor- 
tance. I have already shown the enormous 
influence of severe muscular activity upon 
the nletabolism of man, and i t  is evident 
that if, in securing normal data regarding 
infants, to be subsequently used for corn- 
parison with pathological cases, me do not 
take cognizance of the influence of even mi- 
nor mi~sc~llar activity, we are liable to great 
error. Thus, i t  would be wholly irrationa,l 
to compare the metabolism of a normal, 
healthy infant, but moving and restless, 
with that of a weak, emaciated infant lying 
perfectly quiet. Nor is i t  suffi~ient to sup- 
plement our measurements of the respira- 
tory exchange by records of ocular obser- 
vations of the activity, for experience 
quickly showed us that these were wholly 
inadeqnate. A method has therefore been 
devised for automatically recording the 
muscular activity. The crib in which the 
baby is placed rests at one end on two fric- 
tionless steel points. The other end is sup- 
ported by a spiral spring having a rubber 
tube about it. As the infant moves, the 
air inside of the rubber tube expands or 
contracts and by means of the air trans- 
mission any changes in this tension may be 
recorded with a delicate tambour and 
writing point. This adjustment may be so 
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delicate that even the sliglit change in the 
ceilter of gravity of the infant due to 
respiralion, niilscular tremors, or move-
nie~lts of the hand or fingers are immedi- 
ately recorded. 7'h~se gaphic recorcls are 
non- an absolute essential of all nletabolisni 
expesimeuts in our laboratory, anil unless 
tllc recorcls of activity are appro.oniniately 
alike, no use is nlade of the experiinental 
periods for comparison purposes. Precisely 
this same principle applies not only to 
Babies, but to the ohscrvatio~is on animals, 
si~chas dog?, cluclts, geese alld guinea pigs. 
Arrangen~ents are made for securing sim- 
ilar records for men and \yomen lying in 
the hcil calorislieter or on a conch connected 
mjth the rcs1)iration apparatus. 

A largc rlamhev of observations have 
bem made 011 r~ornlal animals, chiefly clogs, 
ri117bits ancl more recelltly geese. The in-
h e n c e  or partial inanition, of tempera-
ture environment, of the ingestion of varj- 
ous kir~cls of foods, and of living in an 
attnosphcre containing a high percentage of 
oxygen have all lwea the subject of re-
search(~~ arc mom or less nearly coin- ~ ~ l ~ i c h  
plete. Tt \? as obviol~sly necessary to develop 
special apparatus and special technique for 
thcse researches ancl in all instances the 
observations irlcludctl a large nnrrrher of 
control tcsts of the apparatus ant1 experi- 
ments xrrith eol~trol animals. 

TTihile marry, if not indeed tlrc mnjoritg of 
the rescarchps in the Nutrition L:il)caratory 
may be considered as of an abstract, scien- 
Ijfic nature, one researcll certainly has far- 
reaching, pmdical bearings, namely, the 
investigation of the influence of alcohol 
upon the metabolic, nenral arrcl muscular 
proecsses. The laboratory is at preseat en-
gacccl in nn extended program of research 
on thcse vexed prol~lems and not only is the 
ii~fluenceof alcohol npon the metabolic 
processes studied with the special eqaip- 
ment of thc lxho~atory, but a special labo- 

ratory has hcen constrllcted for the study 
of the inflncncc upon the neural and mus- 
cnlar pocesses. The equipncnt of this 
spt~cial iahoratory iricluclcs the exceedingly 
i~ige~ziorrsstring galvanometer of Einthoven 
for measurcmcnts of the pillse and heart, 
the faradic stirnuhs npparatas of Kro-
13ecI~erancl of Martin, arid particularly the 
apparatus of Dodge. In the past year the 
psjrchological ph:~sec; 01the work liave been 
furf her es tendd by Professor Walter R. 
IIilcs lo include observations on profes-
sional typists, with a most cai-efnl analysis 
of the movernentq ancl reactions inciilental 
to type~tiriting. A proqram for the coni- 
plete research has been prepared and sub- 
niittcct to a large narnher of l3aropean and 
Amcrican sci~ntists Ior comment, and the 
studies will be plannccl in accordance ~vitli 
this program. Such an elaborate program 
emphasizes thc value of being able to con-
ilnct uc~ea~clies continuonsly for a series of 
years and thus accumulate definite ancl au- 
tlioritntive data with regard to probIems 
that have htwtofore h e n  studied for the 
rrrost part in a desnltory manner. 

Perhaps the most ambitious undertaliing 
of the laboratory thus far  118s been a recent 
strxciy of prolonged Fasting. Just prior to 
the cstahlishmcnt of the Carnegie PITutri-
tion I~abOr2tOr~ a speciiil fund was appro- 
priated by the t r~~s tecs  of the Carnegie In-
stitution of Washington for the study of 
fasting st JTTes1ey:lri University, illiddle-
i o ~ c n ,Conn. r'po~l tlrrc I~asisof this illvcsti- 
gation plans trrc3re made for studying a 
fastinp subject over a long period, but it 
mas not until 1912 that opportlruity arose 
for satisfactorily coiltlueting such a re-
search. 'Che subject fastcd for a period of 
thirty-one days, taliir~g absolutely no food 
and drinking b i ~ t  900 e.c. of distilled water 
per (lay. The subject was also studied dur- 
iiig a short preliminary periocl and duriug 
a tf ~ree-clay r~ali~nentation Duringperiod. 
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the sojourn of the subject in the labora- rigid and careful clinical examination was 
tory, the a made every other clay and the subject masentire laboratory staff, ~ ~ i t h  
corps of medical experts, was concentrated 
upon securing simultaneous observations 
with this subject. A large number of ob- 
servation~ of a purely physiological nature 
were made, such as body-weight, insensible 
perspiration, tcrnperature fluctuations, 
pulse-rate, blood pressure and certain ob- 
servations on the mechanics of respiration. 
The gaseous metabolism and the alveolar 
air were also measured. The subject slept 
each night throughont the experiment for 
approximatelj~10 hours inside of the bed 

under the constant supervision of skilled 
physicians. All the resonrces of the labo- 
ratory were brought to bear upon this study 
and the whole project illustrates in the best 
manner possible the particular advantages 
of a laboratory of this type and the pecul- 
iar obligations of wo~liers in the laboratory 
to undertake in so far  as possible only those 
researches that can not be satisfactorily 
studied elsewhere. 

~ ~ ' R A X C ~ SG. BENEDICT 

calorimeter. ITe was under s~~rveillanceNRANDERTAL MAN I&- SPAIN:  TRR LOWEZ 

constantly and it rvas therefore impossible 
for him to secure any food. As a result he 
livecl entirely upon body su~bstance, and 
ehen-~ical analyses, which included a stndy 
of the gaseous, solid and liquid excreta, 
gave most important data regarding the 
breaking clown of the material inside the 
body, and the various components most 
strenuously attacked as a resnlt of the 
fasting. 

The subject was an ideal one, remaining 
very qniet. Comp:~risons of the metabolism 
and otlier factors during sleep and during 
waking were tlius perfectly Peasible for the 
first time, and shomecl the profonnd influ- 
ence of sleep upon the metabolism. From 
the numerous experiments nrith both the 
respiration apparatus and the respiration 
calorimeter and a careful record of the daily 
activity, the total balance of income and 
outgo of this nlan for thirty-one days eollld 
'be computecl with great accuracy. The 
most important factors of metabolism meas- 
ured on this subject are indicated on the 
accompanying chart. 

Simnltaneous with the physiological and 
chemical examination, an important psy-
chological stndy showed that for thirty-one 
days the subject was able to exist in a 
fairly normal mental condition. A most 

JAW OF BA%OLBS 

TT is not generally realized that tlie first 
skc4etal remains of ~ilhat is now known as 
T f o m o  neanderlulensis, or Moneterian man, 
were fonnd in Spain at  Gibraltar in 1848. 
'Phis precetled the discovery in tlrc valley of 
the Nenndcr by nine years. In ninny rcspccts 
the Gibraltar skull is still one of the most im-
portant specimens of this type of early man. 
Althougli its distinctive characters were early 
recognized by both Falconer and Buslr, the 
discovery of the snarl of NeandertaI corning at  
a more opportune time was the first to win 
and hold tlie attention of the scientific world: 
hence for the name of that race we have 
TIonzo ncnndcrtalensis instead of IT. caTpiczcs 
(from Cnlfh, tlle old name for Gibraltar). 

The history of the Gibraltar sliull is almost 
paralleled by that of another discovery in 
Spain, not near Gibraltar hut in the north- 
easternmost ~~rovince. Gcrona. near tlie eastern 
end of the Pyrerican chain of mountains. 
Some 23 lcm. north-northwest of Gerona, the 
capitol of the province of the same name, in 
the center of a depression lies tlle lake of 
Baiiolas, now only a remnant of what it once 
war. Inlmediately to tlle east of the soutl~crn 
end of the lake is the town of Baiiolas built 
on travcrtine beds left hy the formcr greater 
lake. Thew rest on early Quaternary red 
clays and have beex1 exploited extensively for 
building purposcci. The quarry of Don Lo- 
renao Roura is near the northern limits of the 


