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nation of carbon dioxide and water, and the heightened
consumption of oxygen bear witness to the source of the
energy set free. A igures from actual experiments
will best illustrate this statement. Thus the following
table compiled from the determinations of Atwater and
Benedict on healthy men indicate the increased metabolic
activity incidental to work shown by the increased
output of carbon dioxide. Some de tails of the changes
brought about will be considered later, in particular the
nature of the body constituent burned up.

TABLE M.—CARBON DIOXIDE ELIMINATED BY LUNGS AND SKIN
TRING T AND WORK.

TE PER HOUR.

Kind of
experiment.

arbon dioxide during the working

hours is twice as s during the corresponding hours
of the rest days. In th experiments the heat equiva-
lent of the external muscular work done was only 6.4
per cent. of the total energy given off from the body in
different ways.

The following data, taken from experiments on man

y Katzenstein, show the intensity of the metabolic
changes which work brings Ahwuh as expressed in the
consumption of oxygen per minute in contrast with the
conditions prev culmm ummq rest: During rest, 263 c.c.;
walking on level, ; walking uphill, 1, 253 c.c.

Rubmer has calculated the total metabolis
number of individuals on the basis of an aven
weight, and expressed in heat units (kilocalories), thus

TABLE N.
Di‘riﬂf;_l't‘{-i - 3 eal.= al. per kilo.

48.0
684 SRR = 108%

Finally, the important influence of training must be
noted in this connection. It has veatedly been shown
that the trained individual works more m’nnm‘]cllh\
i.e., utilizes less potential energy in accompli the

me muscular task. No s effects dtIh-HlfleJ. to
mental activity or fo sleep have yet been detected. The
slightly diminished metabolism durir leep is usually
ascribed to the absence of all muscular effort.

In considering the influence which the various constit-
uents of the diet exert upon metabolism, it may be well
to take h]‘ first the changes which go on 11' the absence
of food, in stareatio i i
are ‘uhpterl by nature t 1 prn‘.un
without serious harm. This is true of hi
mals, such as the marmot and the be in which the
processes g at an ebb during certain portions of the
vear. In most animals, however, katabolism continues
uninterruptedly during starvation. The body consumes
jts own tissues, and the extent of the changes will depend
somewhat upon the previous nutrit 2 t of the
individual. The store of fat is : b lled on,
and the relative participation of the various organs and
tissues is shown grapl 11y in the chart constructed
from Voit’s analyses of starved animals.
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T DL- ;1\., 8 y . THE SHADED AREAS REPRE-
AT DEATH. (From

fat, 95 per cent.

spleen, 66.7

liver, 53,

testis, 40 per cent.

muscles, 30.5 per cent,

blood, 27 ¢

) per cent.

>, 18 per ¢

.7 per cent.

Nervous sy
per cent.

bove brings to light the

s, viz., the heart and

serve the body in most

e not drawn upon until the very
at the expense of th(» other t,-,—

important t.lp acitie
end. Thus they w
sues. During 5 . continue
in the urine, the g ng rather lar
two and then reac (th\ level w im h ms
i C ant for ne time. 'This level, it m
nts the extent of prote
continuance of the bodily
abundance of body fat, the
nitrogen y remain at a low figure for some
time. The s i ise in urea exeretion before death
intervenes has been interpreted to in te that the fat
has largely been us up and that tissue proteids are
thenceforth called upon to yield the entire energy liber-
Some of the experiments on fasting men who
reviously well nourished indieate a low nitrog
as low as 3.2 gm. per day being obtained by
L- 3 at the end of Succi’s thirty days’ fast. In other
case a“ll}(}\\}i&\ arger output has been found. Thus
in careful experiments by Zuntz, I. Munk, and others in
Berlin on the * prc sional faster ” Cetti and on Breit-
haupt, the data following were obtained from examina-
tion of the urine. The nitrogen has been calculated to
proteid (N X 6.25).
TABLE P.

Nitrogen
output.
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Of the total loss of body weight during inanition, about
two-thirds may be aseribed to loss of water , and the re-
maining one-third to body proteid and fat, the relative
proportion of the latter b determined by the pre-
vious nutritive condition. s therefore obvious that
complete inanition is more far-reaching in its effects and
i i I tl i n which water is
consumed. gl 1 - the fmces which continue
to be p d from the intestine have their origin in ma-
terials poured into the-alimentary irance
the “hunger feeces” resemble those following a diet rich
in meat; & ul mg- lh”l' t at once sug ted that the

3 r=l<11‘1 3 scharged after an easily restible diet
secretory preducts from the ali-
not to be considered as the undi-

upt quoted
bstance in the fae

aht per
> to four per cent.
i - of metabol
nl.uumn ‘\vlu the obs
rious conditior ient nhunlun
In many of the 2 the prote id m
low i pecially whe
i et and v

of this ar-

le, to (11 CUS! s which the various

factors the ert o , and on proteid

'i the est ment of
- been referred rn
: On a diet
eceds of the body, the exter
LﬂmW sm is (h hi
i T tlw lower limit ab¢
f body we

it’s) being 1.

ol the ve;g f(’L.Lbh.l
ures. So far as now ent. the pure
\'cgotahlv proteid chan in metab-
olism direcily compar T
tained for the prote

In man nitrogenous equili be at-

ined: for a short time on a r
(meat) diet. The large

ich: is: nece ]
difficulty: process of ¢
ting on flesh” in 1 *layi
fat” is accordin
conditions i
f growth and conva
: se or deficient 1‘-1111*1
termining factor in & as liate nutritive
state of the tissue ¢ an art is lained
the hypertrophic grow f muscles: incidental to in
creased: activity. TI sondition of the cell rather than
the character of the food ial i ps the impor-
tant element here. Undq r variations occur wit
the species as with the i dual in this respect: and
i r has pointed:out cases in which the growth of the
total cell substanee m be assumed to be doubled after
proteid feeding A most peculiar fact is the marked in-
crease in pmh.ld metabce and in total metabolism
brought about by inerea the proteid of the diet.
Von. V.—49

This is indicated in the following table constructed by

Tigerstedt from the experimental data of Pettenkofer
and Voit.

TABLE Q.—EFFECT OF PROTEID DIET 0N METABOLISM.

& Total
Nitrogen (-:.11’1 () or € i
output. | 10ss (—) of fat:
Grams. ¢

The ecalculation o metabolism in m_.i
1t produced i 2 ults twice as
those: obtained dur 1
metabolism unde S A ‘ndnut hl stimulation.
facts d 5 th Y ome of the
mode 1ent for obesi I he lar

1 H;‘m‘l{ on men
were made at
I n the lef
ru an s mcd standard rate of
The parallel S
On the fourth and sixth
s of proteid were con-
general th excretion of

m tri nucl U\plme J
on of v h( interp 1S e
;1‘ "1u f no nueleic acid 'com-
thymus,
]“xLl!Ll(r mcleins)
e in W LﬂLll th

])110117@-‘1 proteids e a puulml 1.1111:’-11.111(
trition, and J at })ht pho in the form nr inorganic
phosphates canno y replace suc m-
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pounds of phosphorus as are represented by casein and
vitellin.

We have seen that the body may soon reach nitrogen
equilibrium after ingestion of considerable quantities of
p:nrud The study of the time within which the extra
nitrogen is again olmnm\.'ul has indicated that the pro-
teid is quickly broken down in metabolism. A glance at
the diagram of N and SO; excretion pre snted above
verifies this. When lean beef sufficient to furnish about
64 gm. of extra proteid was taken with breakfast on the
two days indicated, the nitrogen of the urine began to
rise in the first three hours and reached a maximum be-
tween the sixth and ninth hours, after which it declined
at first rapidly and then more slowly, reaching its nor-
mal after about thirty-six to thirty-nine hours. The na-
ture and extent of the changes in the urine seem to ha
been about the same when the proteid was simply added
to the diet as when it was substituted for an isodynamic
amount of fat.

A consideration of the influence of the non-nitrogenous
foodxtult‘e the fats and carbohydrates, leads to conclu-
sions quite different from those drawn for the proteids
It is evident tlmt the non-nitrogenous foods cannot be fed
alone for any length of time without bringing about
effects comparable with those obtained during “hunger
The chief inte arding their behavior in metabolis
therefore lies in the influence which they exert on nitrog-
enous or proteid katabolism. In general, it may be
stated that the fats and carbohydrates, even when fed in

quantities, fail to inc metabolism in any such
ee as does proteid feeding. On the contrary, the
¥ -nce of non-nitrogenous constituentsin the diet tends
to diminish the amount of p id required to bring the
body into nitre 1ous equilibrium. The fats and carbo-
hydrates, and the so-called “carbon moiety ” of the pro-
teids, i.e., the portion remaining after the deduction of
sufficient carbon to unite with the nitrogen to form urea
may all be deposited in mp or, glm m in the form of fat
or glycogen. Or, ¢ hum« :1 up tlu Yy may
yrotect the tissue f
likewise bring about a lllll”ll'[‘_-lli(l loss or 1L‘-“1r:11‘-f
to the body. This is known as profeid-sparing ac
The adipose tissue of the body may ap]mw-ml\ act in a
manner analogous to that of the fat of the diet. Ttis gen-
erally amn1nu1 tl oteid-sparing power of carba »]n -
eater than that of the fats. In-
uantity of proteid which fails to produce nit
equilibrium may do so when carbohydrate is added to
The same is tr to a lesser degree in the case
ts. Thus a dog which required 1 kgm. of meat to
reach N equilibrium v obse -ved to show a similar ni-
trogen balance on a ._th t of nn]\- 500-600 gm. of meat to-
gether with 100-150 gm. of { The extent of fat utili-
zation, on the other hand, will depend on the quantities
of proteid and carbohydrate simultaneously fed, and also
on the amount of muscular work perfnrmcd From an
economic standpoint the sparing action of the carbohy-
drates on proteid katabolism is of interest in view of the
relative cheapness of this type of foodstuff in comparison
with proteids and fats. Problems of cost as well as of
efficiency must enter largely into practical dietetics, es-
pec 1:11]\' where ths- nutrition of larg asses is involved.
The proteid-sparing action of carbohydrates is well illus-
trated by the figures cﬁmpiiul from an experiment by
I. Munk on a dow of 28 kgm. (see Table S).

No consideration of the influence of the various dietary
constituents would be complete without reference to a
number of accessory substances either commonly taken
with the food or closely related to the foodstuffs proper.
lhu~ the albuminoid gel eTs into ordinary diet to a

able extent. Although it contains nitrogen in

: 1y the same 11?;\11:\11‘111}]\ as this element e 8
in the simple proteids, gelatin cannot completely IL’]\LL( e
the latter. Experiments on animals have shown that
when gelatin is fed exclusively, tissue proteids are al-

onsumed in e ss of the gelatin introduced and
sooner or later serious symptoms intervene. For exam-
ple, a 50 kgm. dog livi on 200 gm. of gelatin, 250 gm.

TABLE S.—

Foop. | FLESH.

Gain ()

Carbohydrates. || Metabolized.
Gran | Grams.

250
300
500
500

of starch, 100 gm. of fat, and 12 gm. of beef extract per
diem died in thirty days as a result of continued prot
katabolism (L. Munk). Ingested with proteid and other
foodstuffs, however, g latin exerts a noticeable proteid-
and fat-sparing action and thus behaves like a non-nitrog
enous food. It has been found possible to replace as.
much as five-sixths of the proteid of the diet with gela-
tin wit hmu unfavorable outcome.
In view of the pe pu:nMAhnl\ which proteids undergo
in the 11!'= stive processes it has been asked whether the
various hydration products, albumoses and peptones in
parti ular, can replace ordinary proteids. A practical
aspect of the problem is seen in the present widespread
use of predigested or partially digested foods. From the
data available the statement seems justifiable that some
of these may replace proteid without disturbance of the
nitrogenous equilibrium of the individual. TRecent in-
jeation has indicated that distinct differences occur
in various digestive products, and as yet no experiments
in this direction have been ‘-llll!Ll(Ill’[\ longed to per-
mit any far-reaching statements. W ‘hether the non-pro-
teid nitrogenous ¢ nmp(mndx (such as asparagin and amido
lergo a synthesis te proteid—as Loewi has
ed (1902)—remains to be seen. Faity
3 observed to exert the same proteid-spar-
ing action as comparable quantities of fat. The physio-
cal action of aleohol hLas formed the subject of much
controversy. It seems certain, however, that moderate
quantit are almost completely oxidized, and in non-
toxic doses probably may exert a slight proteid-sparing
actic The function of the um)//(mu salts of the diet
apparently exerted more in_directing the mietabolism of
the body than in any immediate participation in the ex-
change of materials. Their importance is fully demon-
strated by the serious effects which follow the removal of
even single elements from the diet. At certain periods
Ca, Fe, efc., enter into synthetic processes. Large quan-
tities of common tissue constituents, such as chlorides and
phosphates, tend in general to exert an increased action
on the metabolism of pluu'uh
The general features of metabolism during muscular
activity have already been reviewed. There can be lit-
tle question that the muscles themselves are the seat of

active chemical change. It is sufficient to point to the-

ppearance of glycogen from the contracting muscle
and the appearance of products like carbon dioxide and
lactic acid. The lymph bathing the muscle cells is
called upon to furnish oxygen and organic compounds,
while it carries away the pm(lncu of katabolism. We
are now in a position to consider what are the sources of
the energy expended. Are the nitrogenous or non-nitrog
enous constituents drawn upon in muscular work? The
older view of Liebig that the mus work r'nrml\ at
the expense of their proteid con ituents was conclu-
sively overthrown by the investigations of Voit and his
successors. The output of carbon dioxide and water is
promptly inereased by muscular activity to an extent di-
rectly proportional fo the work done. With reference to
nitrogenous metabolism no such effect can be noted.
Under satisfactory conditions of diet the elimination of
urea is scarcely, if any, greater during work than with
the same intake of proteid during rest. This indicates

I clearly that the non-nitrogenous compounds are the chief
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sources of the energy expended by the muscles. Many
statistical facts are in harmony with this. Thus the diét
of the laboring classes compared with that of less active
persons does not contain an excess of proteid sufficient to
account for more than a small fraction of the extra work
done and heat produced, as will be seen in the commonly
accepted standards below. 2

TABLE T.—COMPARISON OF DIETARY STANDARDS.

Fats. ll\zl‘xili‘_':cl): Eotrmlal
Grams.

Subject. 1
C

Man at moderate work
(Voit) ....

Man at
(Atwater) .

Man at ha:

Man at hard work (At

Actual metabolism experiments are in accord with
what the statistical inquiry would lead us to expect.
On an abundant mixed diet no marked increase in pro-
teid Kkatabolism attends periods of muscular work.
When, however, the diet is too seanty to furnish the po-
tential energy required, body proteid may be called upon
to furnish the deficiency ; and under these circumstances
the nitrogen output in the urine is observed to be in-
creased. The same phenomenon is observed after pro-
longed or severe exertion, although the extra nitrogen
output may not occur until the day following the exer-
cise. This suggests (as experience in training athletes
shows) that the increased cellular activity of the muscles
calls forth metabolic changes in the contractile tissue
independently of the tr ansforms 111(111 of energy incidental
to the work done. Pfliger has lately attempted to refer
the source of muscular energy to proteid substances,
since he succeeded in keeping a dmr for weeks upon a
diet of very lean meat and causing him to do a very
large amount of muscular work during this period. Ex-
periments of this sort merely show that in the absence of
non-nitrogenous food the ho:h can utilize plurm:l in liber-
ating energy through the muscles. This is the less re-
markable since recent investigation has made probable
the existence of large carbohydrate groups in many of
the proteids. As Schaefer has said in this connection:
“The most probable view appears to be that the muscle,
like other cells, although it can only build up the bio-
plasm out of proteid, is nevertheless able to produce

scular energy by the oxidation of any or all the or-

foodstuffs, and that this pre s is attended only

uch small disintegration and loss of the proteid ma-

3 i arily attendant upon its

functional activity—a loss which is comparable to the

wear and tear of the working parts of the machine as
distinct from its consumption of fuel.”

Of other influences which may bear upon metabolism
nervous excitement or mental activity apparently brings
about no noticeable change in the katabolism of proteid
or the utilization of fat. In the higher animals which
maintaiz an approximately constant body temperature,
changes in the surrounding temperature do not modify
proteid metabolism. W ith .increased cold more fat is
used up by the organism. The influences of age and sex
are largely dependent upon variations in the size of the
body which condition the inequalities in heat regulation
already discussed. In old age metabolism is less intense
and the nutritive requirements are consequently dimin-
ished. The few experimental data at hand indicate that
during the period of menstruation the output of nitrog-
enous waste may be diminished. A similar sparing of
proteid appears to occur during the period of gestation.
Many drugs exert pronounced effects on metabolism
either directly or indirectly through the physiological
lL'd("L']Ulh Q-u(h as muscular (\mtd.nht\' or sleep) which
they provoke. Coffee and tea, and some of the more
widely used food preservatives (borax, formaldehyde,
ete.) have no extensive effects in this respect, when used

in very small quantities. In larger doses they tend to
increase proteid metabolism. The action of various thera-
peutic agents cannot be discussed here.

No account of metabolism in disease need be given in
detail here, since the peculiar features are presented else-
where under the descriptions of the various pathological
states (see Diabetes, Fever, etc.). In febrile disea 2es it
seems to be demonstrated that katabolism is stimulated
and may be increased twenty-five per cent. beyond that
which oceurs in health. The extensive exchange of mate-
rialsisu ly associated with increased work of the heart
and respiratory mechanism. To this may be added the
results of the deficient nutrition which is common to the
sick, and a specific effect of the to acterial or proto-
plasmic products which may directly stimulate proteid
metabolism. The destruction of the nitrogenous tissue
compounds may proceed very rapidly in fever and lead
to extreme emaciation, although total metabolism may
not be more marked. In diabetesinereased proteid katab-
olism usually occurs. It seems likely that this is a
physiological consequence of the failure on the part of
the organism to utilize carbohydrates; and in many of
the milder types the loss of nitrogenous substance may
be limited by an appropriate diet which will afford suffi-
cient energy in place of the wasted sugar. The exten-
sive proteid katabolism in the several forms of diabetes
must, however, be attributed to toxic effec and to the
perversions of metabolism peculiar to the disease. The
effects of fhepatic disease vary with the nature of the
pathological condition. In icterus they are largely indi-
rect, depen: r in part on the remote results of unpdlred
dizestion, while in cirrhosis and in acute atrophy of the
liver we have to deal with inefficient hepatic cells.
Thus it is that unusual end-products of proteid decom-
position (such as leucin and tyrosin) make their appear-
ance in the urine, and direct attention to the incomplete-
ness of the chemical reactions in the cells which are
ordinarily entrusted with important functions In
certain types of leukemia there is evidence of dis cordered
metabolism of the nuclein substances, giving evidence of
itself in an increased output of uric ac -id and phosphates
in the urine. In various forms of agnemic the peculiar
perversion of metabolism consists in disturbances of inter-
nal respiration connected with the deficiency of blood
pigment. TFurther disturbances of nutrition may be see-
ondary. The metabolic phenomena in diseases of the
gastro-intestinal tract are largely the outcome of malnu-
trition, the deficient work of the digestive mechanism
perhaps being accompanied in some instances by an auto-

ation. The whole subject of metabolism in dis-
> deserves further study before more general conclu-
sjons can be drawn.

The history of the foodstuffs after their introduction
into the organism is fragmentary and uncertain in many
details. The formation of urea, C = O, the most im-

~NH,

portant nitrogenous end-product of the katabolism of
simple proteids, can safely be ned to the liver; al-
though evidence is not wanting that small quantities
may- arise elsewhere, perhaps in the muscles. The na-
ture of the intermediate steps still remains somewhat
hypothetical. There is much in favor of the view that
the proteid is first transformed to simple compounds like
ammonia (NHs) and carbon dioxide (CO-.), and that am-
monium carbonate (NH,).COs may be the precursor of
urea. It is not unlikely that the bulk of the proteid ni-
trogen leaves the various organs in the form of ammo-
nium lactate, C.H.(OH)COO.NH,, which is brought to
the liver and there oxidized to carbonate. When the
liver cells undergo degeneration, the amount of urea in
the urine is diminished while the quantity of ammoninm
compounds is augmented. Furthermore, urea can be
formed in the liver from ammeonium carbonate. other
ammonium salts, and even amido acids such as glycocoll,
CH(NH.)COOH. Drechsel assumed that the process
took place with the formation of ammonium carbamate
as an intermediate stage, as follows:

{EiE
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/0. NHy /' NH;
- P—>> C=0 p—> C=0
\() NH, NNH; NNH;

Ammonium carbonate. Ammoninm carbamate. Urea.

Tlie possibility of a direct formation of urea from pro-
teids is no longer excluded. By direct oxidation with
permanganate in' the presence of ammonia at 40 C.
Hofmeister has succeeded in obtaining urea from va-
rious ~nb~mm es, both nitrogenous and non-nitrogenous.
There i . no experimental evidence to s st
that auch oxidative syntheses actually occur in the
lmd_\'. Another source of urea may be found in arginin,

N which is formed by the hydrolytic cleavag
of pummi and by digestive enzymes. Arginin yields
urea on decc

Gll](’\\']’[-’-‘(‘h has detected arginin in the spleen of the
, and thus demonstrated that it may oceur in the body.
In view of all these f: - s quite possible that urea
may arise in a number of ways: in .mt1lm]1~.111 and in-
ide one or more of the pr es outlined. Other
ieories have been .u'i\‘u)(v!l in : D but none of
hem has anything more de
Of the purin derivati
bases) excreted. in the ur
tant. In birdsand rept

Y n of the uric acid
I it resents one of the m bolic products of the
wucleic-acids. The: latter are present in the diet in va-
iable guantities and occur in nature in the so-called nu-
(nucleates) which are salts of proteids with
nucleic acid. On de composition the nucleic acids yield
one or more of the purin , usually adenin or
uanin, which undergo oxic on- i body. Uric acid
is-an: intermediate stage in the complete decomposition ;
when introduced assuch into the bod} s largely burned
In some animals a further ‘-:t'l“l in the oxidation
. viz., allantoin, is found in the urine after ing
uric acid or of nucleates. The relationship be-
veen: these compounds is indicated by their structural
formulse:

N— Q. NH; HN —.CO

| i 1 |

Yir €)== N HN=C — NH
HC \H>‘ N ‘r ¢ N \C‘H
N @ Nt BN — ¢ N

Adenin. Guanin.

HN — CO HFX

CO

| | = = £
f(’ (_,ﬁ BII\( cO (l_)—.\H\

H\ SR, P T HN — CH-—NH"

Uric acid. Allantoin.

Experiments by the writer and others-make it probable
that the liver is the seat of the oxidations referred to.
There is no evidence that the spleen is involved, as has
been assumed. While the possibility of a synthetic for-
mation of uric-acid has not been: absolutely excluded, it
cannot play any important réle under ordi 'y condi-
tions. In the absence of purin compounds in the diet,
the uric acid output in man does not ordinarily exceed
300 mgm. per day. Uricacid bearsno direct relation to
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Hippuric acid (benzoyl-glycocoll) is ‘a synthetic prod-
uct formed through the agency of the kidney cells.
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roic acid radical is introduced into the body with
while glycocoll (CH;[NH:]COOH) is without
of the intermediary products of proteid katab-

It can be obtained directly from most proteids by

tice leavage.

:zn in the urine re presents, for the most part, in-
atinin, or creatin which is largely changed into
in the body. The fact that neither of these

metabolism with produetion of

neral belief that

bs hmw cannot build up proteids and presu-
1 an intermediate step in the formation

The relation of creatin to creatinin is shown
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11 proper conditions. The ecriticisms of
and  his school have thrown llwl‘-h upon many
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1 other active tissue 1

may go on is afte -ather nited; and the
carbohydrate may be deposited as fat for which
an almost unlimited depot. How extensive dis-
synthetic processes may become, on the other

lustrated in the transformations which result

mation of milk within the mammar and

oteid, carbohydrates, and fat content of thi

> almost entirely made up of compounds
where in the or,
emical changes within the individual organs and
ve been referred to incidentally in various con-
The muscles are doubtless the most important
of metabolic activity, owing to the large amount
ctile tissue in the whole body and to the vigor-
'ui(')ll w’:in g on in this. Among the glandular
s pre-eminent as the seat of a series
ical functions, chemical in nature.
enesis and the reverse process by
£ : rain set free, the formation of urea from
and amido compounds, and the oxidation or
f uric acid, the liver is responsible for the for-
bile pigment from the blood constituents: for
wration of cholic acid from antecedents not yet
nd the origin of the conjugate bile acids: for the
of the eth 1 sulphat f the ne; for pr

.‘\ which IILH:V toxic substances are

finally for a series of chemical processes

which we know only the merest outlines. The metabolic

chan

in the other gland cells are doubtless of a simi-
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have not as yet'been'devised. On the other hand, if the
results of meétabolism are to be determined absolutely-and
with scientific accuracy, perfect guantitative ﬂtmh\u:
must be made of all the food ingested and of 111 the ni-

en and carbon eliminated in the excreta. Failure to
at n even approximate .:.ccmdcv'm these two directions
is the essential reason for most of the errors that have
crept into the clinical deductions in connection with this
important subject. Much of this error, however. can be
eliminated 3 rmelnl E: ])lic';uwn of the very accurate

i ative to the composition and di-

s, that have hu:a worked ‘out
Atwater,? dnd mh
with r]u- dig x{‘u org
hief ‘disturbance i
minution or by zll‘
we know, the chemiecal (nmpo ition of the
ferment bodies is not changed. Therefore
ms in the metabolism of the cells of the
salivary P*lanr wili be indicated by a diminution in the
excretion-of p n, or‘its elimination may be complete
its decreased -elimination in¢
the bioplasm constituting the epithelial cells
of the glands fails to ‘take up the proteid :constituents
from the blood and i;umc llv tmn:mure 1hem inm
ptyalin, to this e
and later with general l'nﬁ-:'lbulhnl

In the stomach similar disturbances are met with, but
they are more complieat because the g
tric mucous membrane I r fuucnou the produc-
tion, out of the proteids taken up from the blood, of
hydrochloric acid, rennin, and pepsin. Hence, a disturb-
ance in the metabolism of the epithelial eells peculiar to
this organ will result 7in decreased production of hydro-
chloric acid, rennin, and pepsin. ‘ Only one of the three
may be decreased or arrested, or all:may be absent at the
same time from the gastric secretion. In this manner
there will be produced varying degrees of disturbance in
the metaholic action of the epithelial cells lining the g
tric tubules. This will cause varying degrees of dis
turbance in the gastric' digestion and act as another
source of general malnutrition and metabolic disturb-
ance.

What has been said regarding the changes in the secre-
tion of salivary organsand of the glands of the stomach
applies with equal force to the secretion of the pancreatic
gland. Here, however, owing to the more complex fune
tion of the gland so far as its secretion is concerned, dis-
turbance in its metabolism is more varied in character
and disastrous in its results. There maybe a diminution
or an arrest in the secretion of the Jm\k)p in, trypsin, or
steapsin. Onmne cr all may be inveolved, thus indics 3
var g degre dml kinds of metabolic ‘disturbance in
the hmpluqn of cells. The supposed milk-curdling
fer ment of the ps secretion may be defe e or

t, and this indicates still another type of disturb-

A6 MR | be said of the glands and follicles con-
f of theintestinal wall, all
of which point to a :ii-’-‘Tm'han(_ in the metabelic function
or bioplasm constituting the cells that enter into their
formation.
While it is impossible from a practical standpoint to
secure d Iy the secretion of the pancreatic gland and
the intestinal glands for analysis in the human
subject, indirectly we are readily made aware of a de-
crease OT 8 st in the output of the enzymes contained
] r an imperfect digestion of the food-
A i ad of the normal fermen-
tion <_'=f the starches, sugars, fats, and proteids contained
in the food
The dec e or arrest of the hepatic secretion mus
also be ) to account in the study of disturbed me-
tabolism when ‘analyzed from the d ive viewpoint.
‘While the bile is not generally considered as impeortanta
digestive fluid as some of the other glandular secretions
that are peured into the alimentary canal, it cannot be
eliminated from this problem of disturbed metabolism.
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