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Errata in Publication 136.

The following typograpkical errors and corrections, which oceurred in
“ Metabolism in Diabetes,” Publication No. 136 of the Carnegie Institution of
Washington, are listed here in the hope that they will reach the readers of
that volume:

Page £6. In the formula for g-oxybutyric acid, the length of the polarizing tube should be
indicated as 2 decimeters, 1. e., the divisor should be 24.12 » 2 instead of 24.12 X
200 as it now stands.

Page 68, table 61, chart for Case C. The results given for g-oxybutyric acid on October 27-28
and 258-29, namely, 61 grams on each day, were obtained by combining the urine
for the two days, and analyzing. Similarly, the results given for October 20-25,
namely, 33 grams per day, were obtained by combining the urine for the four days,
and analyzing. TUnder ‘Remarks,” the dates given opposite the results for Sep-
tember a—lﬂ, and 19-20, respectively, indicate the dates on which the body-weights
were taken.

Page 127, table 125, chart for Case I. “Urine—total sugar”’ should have been omitted.

Page 195, table 150. The heading of the table should read ** Nitrogen excretion per kilogram
of body-weight per hour in periods without food.”

Page 216, m‘::iia:enéﬁ Eﬂe from bottom. The word “not” should be omitted in “can not be
explained.

Page 225, table 192. The results given for ““carbon dioxide elimination” and “oxygen con-
sumption™ are for per kilogram per minute.
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PREFACE.

In establishing the Nutrition Laboratory in Bostoen, the design was not only to
continue the researches begun at Wesleyan University on the metabolism of nor-
mal individuals, but to still further extend these researches so as to include studies
of pathological metabolism. The metabolism in diabetes mellitus was first se-
leeted for such investigation and the experiments here reported reprezent the
progress thus far made in this study.

In eollaboration with Dozent Dr. Falta of Vienna, we began experiments upon
the metabolism of diabetes mellitus in October, 1908, The chief point of the
investigations was to determine whether the metabolism of severe diabetics at
rest was increased above the normal. The investigations thus performed in com-
mon are represented by experiments Nos. A 1 and A 2 and A 10 to A 13 with
Case A, experiments Nos. E 1 to E 4 with Case E, and experiments Nos. F' 1 and
F 2 with Case F. Sinee it is difficult (by correspondence) to arrive at an under-
standing about details of explanation and description of the experiments, we all
have agreed, in order not to delay still further the publication of the work, to
publish separately the experiments which were jointly carried out. Dozent
Falta, in the Zeitsehrift fiir klinische Medizin, will shortly present and discuss
in detail the experiments mentioned above. Obviously these experiments form
but a relatively small proportion of the material we present in this report, and,
as is to be expected, the larger amount of data has materially influenced our
view-point. Consequently, in individual details, our opinions may differ, but
upon the chief point, the inerease in the metabolism at rest of severe diabetics,’
we are agreed.

In the experimental part of this research and the computation and the prepa-
ration of the material for publication, we have enjoved the active cooperation of
a large number of associates. The experiments were for the most part under the
direct supervision of Mr. T. M. Carpenter, of the Nutrition Laboratory staff. In
this experimental work he was ably assisted by Messrs. L. E. Emmes and J. A.
Riche. The determinations of ammonia and B-oxybutyric acid, and the deter-
minations of the sugar by polarization were made either by Miss Elsie Newman
in a private laboratory (E. P. J.) or by Dr. F. A. Stanwood in the Laboratory of
Biological Chemistry of the Harvard Medical School. The total nitrogen deter-

iIn a preliminary publication (not previously submitied to us) which Dozent
Falta personally made at the Congress for Internal Medicine in Wiesbaden, 1909, by
a misunderstanding upon his part, incorrect fisures were used for the metabolism at
rest of normal individuals. In the more extensive publication of Dozent Falta, cor-
rect fizures will be given,

v



VI PrEFACE.

minations and the sugar by the Citron test were made by Miss Alice Johnson and
Miss Hope Sherman in the Nutrition Laboratory.

The intelligent dietetic handling of the patients was secured through the
active cooperation of Miss Zilla MeLauchlin, of the New England Deaconess
Hospital.

The histories and notes upon three of the patients before and after the period
they were under our observation were most kindly put at our disposal by Dr.
Harry W. Goodall, Dr. Theodore C. Janeway, and Dr. George Carroll Smith.

The report has received the helpful editorial criticism of Miss A. N. Darling,
and the computations and tabulations have been for the most part under the di-
rection of Mr. W. H. Leslie, who was assisted in this work by Mesers. H. L. Hig-
gins and A. G. Emery and Miss F. E. Kallen, Miss P. H. Colbeth, and Miss K. E.
Murphy.

"o all of these co-workers in this investigation we wish to express our thanks
and deepest appreciation of their sincere interest and untiring assistance.

NUTRITION LABORATORY, CAENEGIE INSTITUTION OF WASHINGTOXN,
Boston, Mass., April 15, 1910,









ECE

| =

FROMTISPI

Jrosm IEnoENW jo SpUly SNOURA 10] jauopEd n.n:ﬂiﬁ: Y1 Jo JrosmaumEL) [F9F [RIRGDNLE SYL §1 3R] Ay 1N Bl Jaqioegqe ay) uodn
smesedde m...n_._“x..m.s Joj aauw|wg ayl sl _u:_._.E.muE_ YL JO S S| U] CIIEWLO[ED .___u_“_ﬂ.:_._wE paq 2y &1 H.._w__ YY1y CIUSLIND-are ) Wolj IPINGIp uoqies
pue 1odea satem sy} Buiqrosqe so) pue uone(nuas 2y Smuiejurew o) snyesedde yum ajqe; spqeacw ayy 1 s jo wydu sy o] aunuade peoj ay jo Y3
) IR IR S 13AIIEG0 Y] YIIM UONIIUUGD UL PISA POOY IHNIWOURALER Ju) 51 JA0qe pue sjawo[ed Jeyd sy jo sunpsde pooj sy s a0 2y uj

AHOLYHOHYT HALFWHOTVD NOILLVHIASTY FHL 40 AdIA TVHIANTD

[ Fi Loy

__
|
bl







Errata in Publication 136.

The following typograpkical errors and corrections, which oceurred in
“ Metabolism in Diabeles,” Publication No. 136 of the Carnegie Institution of
Washington, are listed here in the hope that they will reach the readers of

that volume:

Page £26. In the formula for 8-oxybutyric acid, the length of the polarizing tube should be
indicated as 2 decimeters, . e., the divisor should be 24.12 X 2 instead of 24.12 X
200 as it now stands. ) k.

Page 68, table 51, chart for Case C. The results given for §-oxybutyric acid on October 27-28
and 28-29, namely, 61 grams on each day, were obtained by combining the urine
for the two days, and analyzing. Similarly, the results given for October 20-25,
namely, 33 grams per day, were obtained by combining the urine for the four days,
and analyzing. Under * Remarks,” the dates given opposite the results for Sep-
tember 9-10, and 19-20, respectively, indicate the dates on which the body-weights

were taken.
Page 127, table 125, chart for Case I. “Urine—total sugar” ghould have been omitted.
Page 195, table 180, The heading of the table should read * Nitrogen excretion per kilogram
of body-weight per hour in periods without food.”
Page 216, sizleenth E;ms from bottom. The word “not” should be omitted in “can not be
explained.
Page 225, table 192, The results given for * carbon dioxide elimination™ and " oxygen con-
sumption” are for per kilogram per minute.






PART L. .
I13. - -r-‘? 2
INTRODUCTION.

Perhaps no chronie disease makes such rapid inroads on health, strength, and
weight as does diabetes. The large amounts of sugar in the urine, the polydipsia,
polyphagia, and polyuria are observations go common in many cases that it is not
at all surprising that the gross metabolism during diabetes should have been
studied by many investigators,

EARLIER INVESTIGATIONS ON GROSS METABOLISM IN DIABETES.

In the earlier investigations on metabelism in diabetes, two types of apparatus
have been employed, the respiration chamber and the mouth-breathing appliance.
The conditions obtaining in studies with these two tvpes of apparatus are quite
different. In the respiration chamber the subject is sitting up or lying in bed
under conditions of normal rest, although there is more or less muscular activity.
With the mouth-breathing appliance, on the other hand, he is lying quietly under
almost enforced muscular rest, with a minimum amount of exertion.

The conditions vary so widely, especially with regard to muscular activity, that
it is usually not practicable to compare these two classes of experiments with any
degree of satisfaction. It has heen shown, however, in a large number of experi-
ments at Wesleyan University, that the results obtained for the carbon-dioxide
elimination and the oxygen consumption during fhe period when the subjects are
in the respiration chamber and asleep may be compared with those obtained by
the use of the special mouth-breathing appliances, particularly the Zuntz-Geppert
apparatus.’ In considering the results of the earlier studies made on the metab-
olism in diabetes, we will therefore first take up those experiments carried out by
the chamber method, and while experiments with the Zuntz-Geppert apparatus
were made as early as 1891, the discussion of the results thus obtained will be de-
ferred until all researches with the chamber method are presented.

INVESTIGATIONS MADE BY THE RESFPIRATION CHAMBER METHOD.

The large respiration chamber of Pettenkofer,” which was constructed in Mun-
ich in 1862, was the first apparatus of this type with which experiments on dia-
betes were made, and as used by Pettenkofer and Voit ordinarily gave remarkabiy
satisfactory and accurate determinations for the carbon-dioxide exeretion of man.

—

! Benedict and Carpenter, Carnegie Institution of Washington, Publication No. 126,
pp. 166 and 182. See also Durig, Physiologische Ergebnisse der im Jahre 1906 Durch-
gefiihrien Monte Rosa-Expedition, Ueber den Erhaltungsumsatz. Besonders Abge-
druckt aus dem LXXXVI. Bande der Denkschriften der Mathematisch-Naturwis-
senschaftlichen Klasse der Kaiserlichen Akademie der Wissenschaften. Wien, 1909,

i Pettenkofer, Ann. der Chem. u. Pharm., 1862, Supp. Bd. 2, pp. 1-52.

3



4 MEeraBoLIsM IN DiaBereEs MELLITUS.

Certain fundamental errors entered into their determination of the water vapor-
ized, and the determinations of the oxygen consumption of man were of necessity
confined to those made by the indirect method, hence all the errors incidental to
the determinations of the carbon-dioxide elimination, water vaporization, and
changes in body-weight affected the results for the oxygen consumption. A erit-
ical examination of their data shows that while we ean rely for the most part upon
the determination of the carbon-dioxide elimination, little reliance can be placed
on the determination of the water-vapdr and practically none upon that for the
oxygen consumption.

Until very recently the oxygen consumption of a subject experimented upon in
the respiration chamber could only be determined indirectly, but the direct deter-
mination of this factor has also now heen made possible. The method used for
the indirect determination of the oxygen consumption may be expressed by the
formulaa = b 4 ¢ — d, in which a is the amount of oxygen consumed out of the
air, b the carbon dioxide produced, ¢ the water vaporized, and d the loss in weight
of the body expressed in grams. The determination of the oxygen consumption
by this method, therefore, involves an extremely accurate knowledge of these fac-
tors. A recent article by one of us” has considered in great detail the difficulties
incidental to a careful and aceurate determination of the indirect method of de-
termining the oxygen consumption, particularly in experiments on man. With
experiments on small animals, Haldane * has developed this method to the highest
degree of perfection so that it is possible to weigh not only the animal but also the
total respiration chamber itself. With man, however, it is necessary to weigh the
body of the man while inside the respiration chamber, and the hygroscopie nature
of the bed and bedding, furniture, ete., necessitates an accurate record of the .
changes in weight of this material, al=o.

As a result of a large number of 24-hour experiments in the respiration appa-
ratus at Wesleyan University, it was found that an accurate determination of the
oxygen consumption by the indirect method was extremely difficult. The amount
of furniture and hygroscopic material in the Weslevan University chamber was
very much less than that inside the chamber of Pettenkofer and Voit and pro-
vision was made, also, for weighing the subject, furniture, bedding, ete., in the
chamber by means of geales ontside. Kven with these more modern appliances,
however, it was found 40 years after the experiments of Pettenkofer and Voit
that the indireet determination of the oxygen consumption still remained an ex-
tremely difficult task, and only by the expenditure of a large amount of time in
the development of special technigue and special appliances has it been possible
to carry out with man a few experiments in which a comparison has been made
of the direct and indirect methods for determining the oxygen conmsumption.
Fortunately it has been possible to prove that under these extraordinary eon-
ditions as to technique and apparatus the indirect determination of the oxygen

! Benedict, Am. Journ, Physiol., 1910, 28, p. 15
iHaldane, Journ. Physiol., 1892, 13, p. 419.



INTRODUCTION. 5

consumption agrees with the direct determination, though experience with both
methods has shown that only the direct determination is practicable in researches
on the metabolism of man.

In 1867, Pettenkofer and Voit ' made the first notable contribution to the
study of total metabolism in diabetes, in which they gave the results of a series
of experiments on a young man with severe diabetes. The subject was 21 years
old and had formerly worked on a farm. Between August, 1865, and August,
1866, seven 24-hour experiments were made with him, in which the total intake
and output were measured, and complete analyses made of the food, feces, urine,
and respiratory products, including an indirect determination of the oxygen con-
sumption. The experiments are not numbered in chronological order but the
first experiment reported by them was the fasting experiment of February 1,
1866. In order to make the fast as little trying as possible for the subject, they
administered 35.9 grams of meat extract with 22.3 grams of salt and 2590 grams
of water. All the other experiments were made with diets varying in the amount
of protein and in the total amount of food ingested. The results of the seven
experiments are given in table 1.

TABLE 1.—Measurements of metabolism in respiration experiments on a diabetic,
[Pettenkofer and Voit. ]

Experiment No. and date. “]?:T;;“ Kind of experiment. m: Water. i Crrygen.
| Kilos. grams. | grams.  grams.
I. Feb. 1, 1866....| 54.56 | Fasting .......... 1502 1791 | 1344
II. Aug. T, 1865....| 55.0 Heavy mixed diet. TH5 759 792
IV. Dec. 27, 1865....] 54.5 Average diet ...... G621 TG4 GEO
VII. Jan. 9, 1866....| 53.0 Protein-free diet .. G18 762 610
VIII. Jan. 19, 1866.... 52.0 Protein-rich, car- G629 G55 613
| hohydrate-free,
X. Aug. 10, 1866. ... b2.0 | Mixed diet ........ L] G612 b2
T R e gt | T e AB T T e 359 278 246
Might . c.eh. | TR LI e s T R 300 303 | 204
XI. Aug. 14, 1866.... BL-D |ieeaen T i GGO 649 578
LIy BLI 1eees L e 245 268 282
Wight oo 73 211 [ S IE 3 e R 315 £ 296
|

! For the relation between the total amount per day and the calculated amount per hour and
per minute and per kilogram, see table 1G8h, page 175,

An examination of these experiments shows that insufficient data are recorded
with regard to the muscular activity of the subject inside the chamber. The
young man was unquestionably in a weakened condition and did not move about
to any great extent. Nevertheless, knowing, as we do to-day, that minor muscu-
lar movements play an important réle in the metabolism and that a rest, even in
bed, may not indicate a uniform museular condition from day to day, certain dif-
ferences in the experiments may easily be due to such minor museular movements.
Even in the two 24-hour experiments which were divided into day and night pe-
riods, we are not certain of the uniformity of the muscular activity during the

e

! Pettenkofer and Voit, Zeitschr. f. Biol., 1867, 3, pp. 380-444.



6 MEeTaBOoLISM IN DIABeETES MELLITUS.

night period when the subject was unquestionably in bed. He may or may not
have been asleep, and if not asleep the museular activity might have been con-
siderable, although the uniformity of the carbon-dioxide exeretion furnishes
some evidence in support of the view that the muscular activity was the same in
hoth periods.

An examination of the data regarding the oxygen consumption shows that, in
the fasting experiment, Pettenkofer and Voit compute that the subject used only
344 grams of oxygen. Other values found for the suceessive experiments were
792, 680, 610, 613, 572, and 578 grams, respectively. Although these figures
agree with reasonable regularity among themselves and are probably not very far
from the correct values, nevertheless an examination of the figures given for the
day and night periods in the last two experiments shows the difficulty of utilizing
the indireet method for determining the oxygen consumption. Thus, in the ex-
periment on August 10, 1866, it was computed that there were 246 grams of oxy-
gen consumed in the day and 294 grams at night. In the experiment on the 14th
of August of the same year, it was computed that there were 282 grams of oxygen
consumed in the day and 296 grams at night. This greater absorption of oxygen
in the night iz contrary to all subsequent experience with respiration experiments.

While it is certain that the determinations of the carbon-dioxide elimination
by means of their apparatus were liable to an error not greater than 3 per cent,
there are large errors possible in the determination of the water vaporized, and
this would consequently affect the indirect determination of the oxygen intake.
This feature has been considered in a special discussion by Voit," and conse-
quently it is fair to consider that many of the deductions of these writers as a
result of the apparent demonstration of the storage of oxygen during the night
are based upon a false conception, and no reliance whatever should be placed upon
the values found for oxygen consumption.

On the other hand, it 1s a most striking demonstration of the painstaking care
and the ingenuity of the apparatus and methods devised by these pioneers, that
the values for carbon-dioxide elimination show =uch striking uniformity and
agree with praetically all recent research. The well-known increase in metab-
olism ag a result of the ingestion of food, particularly a diet rich in protein, is
clearly shown in the results as presented by these writers.

Unfortunately, placing the greatest stress upon the determination of the oxy-
zen consumption, these authors in the first presentation of this work, drew er-
roneous conclusions, which have subsequently been revised by Voit himself.’
Unfortunately, also, in this treatise on physiology, Voit leaves some doubt since
a number of conflicting statemwents with regard to the absorption of oxygen by
these diabetics find a place in this discussion.

To interpret the metabolic transformation in experiments with diabeties, it is
necessary to compare them with the results of experiments with normal individ-

1. and E. Voit and J. Forster, Zeitschr. f. Biol., 1875, 11, p. 126.
* Voit, Hermann's Handbuch der Physiclogie, 1881, 6, p. 228.
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uals made under similar conditions. It is impossible to compare directly results
obtained with one type of respiration apparatus under certain body conditions in
respect to muscular activity, state of digestion, ete., with experiments made with
another type of apparatus under entirely different physical conditions. For such
comparigon, Pettenkofer and Voit unfortunately selected experiments made by
themselves a few vears prior on a large, robust workingman, weighing some 70
to 80 kilograms. Without giving due consideration to the difference in body-
size, the enormously decreased metabolism as shown by the diabetic subject led to
erroneous assumptions and deductions on the part of these writers. Fortunately,
these investigators previously made an experiment with a man of much weaker
frame but with a body-weight of 53 kilograms, which was essentially that of the
diabetic. This man, with an average diet, eliminated 695 grams of carbon diox-
ide, while on a similar diet the diabetic subject produced 621 grams. Computed
on the basis of per kilogram of body-weight, we see that the diabetic eliminated
11.39 grams of carbon dioxide per kilogram and the normal man 13.11 grams in
24 hours.

The difficulties of comparing these experiments have already been pointed out
and even if the comparisons were reliable on the basis of per kilogram of hody-
weight, we still have differences in minor and, indeed, major muscular activity.
For example, it is unquestionably true that with the robust workingman, with
whom the diabetic subject was compared, there was much more muscular activity
inside of the chamber than with the emaciated, weak diabetic. Too little evi-
dence is given by the writers regarding the muscular activity of the 53-kilogram
man as compared with the diabetic. It is plain, therefore, that we must take
these values of Pettenkofer and Voit with a certain degree of reserve. Neverthe-
less, when compared with normal individuals experimented on in the respiration
chamber, the results are not abnormal and, indeed, we have every reason to be-
lieve that the deduetions drawn by Pettenkofer and Voit to the effect that the
diabetic required much less oxygen and gave off much less carbon dioxide than
does a normal healthy individual, are not true. If the diabetic and normal sub-
jects had had the same body-weight and approximately the same muscular activ-
ity, we believe that no material differences in the carbon-dioxide exeretion would
have been observed.

For more than 20 years following the Pettenkofer and Voit publication, no re-
searches on the total gas exchange or energy transformation of diabetics were
made, but in 1889, Livierato * published a series of experiments with diabeties in
which a Pettenkofer respiration chamber was used. Great reluetance has been
exhibited on the part of recent writers to accept any of the results reported by
Livierato, and it is not at all surprising, since by the simple addition of small
amounts of sodium bicarbonate or lactic acid to the diet, enormous inereases in
carbon-dioxide excretion per hour are reported by this writer—increases amount-
ing to several hundred per cent. The rather meager statements of Livierato

! Livierato, Archiv f. Exp. Pathol. u. Pharm., 1888-89, 25, p. 161.
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would imply that the experiments were of but 1 hour’s duration, and possibly less
than an hour. No indication whatever is given of the degree of muscular activity
of the subjects inside the chamber or of their body position, and it is doubtless
true that in certain of the experiments, the very large variations in earbon-dioxide
production can not possibly be aseribed to the small amounts of sodium bicar-
bonate or lactic acid given. Furthermore, that they can be logically aseribed to
variations in muscular activity is highly improbable, and it would appear as if
there were some gross error in the technique affecting these results.

Examining an earlier research’ of Livierato, on the influence of certain anti-
pyretics, we find a large number of experiments, each of 1 hour or less, in which
the results indicate enormous differences in the carbon-dioxide excretion per kilo-
gram of body-weight per hour. Nevertheless, in none of these experiments do we
find the variations reported by Livierato in diabetes, and many of the experi-
ments in this research gave values for the resting metabolism per kilogram of
body-weight that are fully in accord with the data obtained in the best recent
work. Itis highly probable, therefore, that many of the results obtained by Livi-
erato on diabetics are of sufficient accuracy to be considered as representing the
actual conditions. Itislikewise certain that a number of them must be discarded
owing to gross errors in technique.

Livierato’s first experiment on a diabetic was with a man 40 years of age,
weighing 52 kilograms. With 11 liters of urine per day and nearly 700 grams of
sugar, the carbon-dioxide production per hour was 20 grams. A second experi-
ment followed a period of 6 or ¥ days, during which the diet contained large quan-
tities of meat and cheese. The body-weight was 50.5 kilograms, and with 4 liters
of urine and 168 grams of sugar there was a carbon-dioxide production per hour
of 20.6 grams. With but a slight change in the diet, a second series of experi-
ments showed 29.9 grams of carbon dioxide per hour. Still another test with a
preceding diet of 8 days containing 1800 grams of meat, 50 grams of cheese, and
2.5 liters of 20 per cent aleohol solution, and with a body-weight of 51.6 kilo-
grams, the carbon-dioxide production per hour was 26.8 grams. By adding veg-
etables to this diet, he obtained 27.6 grams of carbon dioxide per hour, and with
8 grams of sodium bicarbonate and artificial Karlsbad water, he obtained 33.8
grams per hour. With a diet containing 500 grams of meat, eggs, vegetables,
sodium bicarbonate, and Karlshad water, the body-weight being 52.4 kilograms,
he obtained 51 grams of carbon dioxide per hour. Adding to this diet 1 liter
of milk and still continuing the sodium bicarbonate and Karlsbad water, the
carbon dioxide became 33.5 grams with a body-weight of 53.1 kilograms. Sub-
stituting 3 grams of lactic acid for the sodium bicarbonate and the Karlsbad
water in this diet, with a body-weight of 52.8 kilograms, the carbon-dioxide elimi-
nation inereased to 48.8 grams.

When the milk was omitted from this diet, the carbon-dioxide elimination
was 50.1 grams per hour, with a body-weight of 52.8 kilograms. With a body-

1 Tivierato, Modo di Comportari del ricambio materiale sotto 1'Azione di diverse
sostanze antipyretiche. Revista Clinica di Bologna, 1885, 5§, p. 748.
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weight of 55.2 kilograms and a diet of meat, eggs, bread, vegetables, and 3 grams
of lactic acid, he obtained an elimination of 36.8 grams of carbon dioxide per
hour. With the same diet as above, but adding 8 grams of sodium bicarbonate,
with a body-weight of 56.3 kilograms, 39 grams of carbon dioxide were elimi-
nated per hour. It is highly probable that all values obtained above an elimina-
tion of 35 grams of carbon dioxide per hour with this subject at rest are due fo
errors in experimental technique, as it iz hardly conceivable that there could be
sufficient differences in muscular activity to account for the differences in the
carbon-dioxide produgction.

In the second case with a 60-year old woman, Livierato obtained with a normal
diet an elimination of 14 grams of carbon dioxide per hour. In other experi-
ments, there wag a produetion of 14.6 and 14.1 grams, respectively. By the addi-
tion of small amounts of sodinm bicarbonate, he obtained an inerease to 26.7
grams, and after the addition of 1 liter of milk to the diet, the enormous amount
of 38.4 grams were eliminated. Lactic acid substituted for sodium bicarbonate
resulted in a production of 26.9 grams of carbon dioxide, and with an ordinary
diet containing 850 grams of meat, 150 grams of bread, 1.5 liters of wine, and 3
grams of lactic acid, the carbon-dinxide elimination was 28.3 grams. These ex-
periments were discontinued as the patient developed pneumonia.

The third case was with a girl 19 years old who had had diabetes for 4 years.
At the beginning of the experimenting the carbon-dioxide production was 16.7
grams and increased with alkali treatment to 32 grams in one experiment and to
33 grams in another. In still other experiments with the same girl, the alkali
treatment seemed to produce similar enormous influences on the carhon-dioxide
output.

An examination of the results obtained by Livierato without treatment of al-
kali or acid shows that the values are usually well within the limits of the carbon-
dioxide production of diabeties. It is thus impossible to explain the variations
in the carbon-dioxide produection apparently resulting from the ingestion of rela-
tively small amounts of sodium bicarbonate or lactic acid, and while the almost
conclusive evidence of gross errors in the experimental technique tend to vitiate
the values of the research as a whole, it is highly probable that in a number of the
experiments values were obtained which were truly indicative of the metaholism
under the experimental conditions.

Appreciating the significance of the determination of oxygen in experiments
with diabetics, Weintraud, a former student of Naunyn, and Laves ' in 1894 car-
ried out a series of researches on diabetes in the Hoppe-Seyler respiration appa-
ratus, then recently completed in the laboratory at Strasburg. The subject of
these experiments was the one formerly used in a long series of digestion and
dietetic experiments made by Weintraud, in which apparently enormous varia-
tions in the energy requirement, as measured by the food eaten and changes in
body-weight, were noted at different periods.

! Weintraud and Laves, Zeitschr. f. physiol. Chem., 1894, 19, p. 603.



10 Merasorism 18 DiaBeres MELLITUS.

The Hoppe-Seyler respiration apparatus marked a most important step in the
determination of the physiological factors of metabolism. Unfortunately, in the
original description of this apparatus * no particulars are given with regard to the
control experiments, so we have no means of judging as to the accuracy of the
apparatus.

The series of experiments by Weintraud and Laves with the diabetic gave a
number of most interesting results. In all, five experiments are reported. In the
first experiment, which lasted from 10" 15™ a. m. to 7™ 56™ p. m., the carbon-
dioxide production and oxygen consumption per kilogram of body-weight and
per minute were 4.425 c. c. and 6.23 c. ¢., respectively. The respiratory quotient
was 0.7. In the second experiment, which extended from 10" 15™ a. m. to 7 52m
p. m., the amounts were 3.795 c. e. and 6.164 c. c., respectively. The respiratory
quotient was 0.617. In the third experiment, the period was from 9® 48 p. m.
until 7" 13™ a. m., and the values were 3.65 c. c. and 5.744 c. c., respectively, with
a respiratory quotient of 0.64. In the fourth experiment, which extended from
10" 15™ p. m. until 7™ 15™ a. m., there were 3.901 c. ¢. of carbon dioxide and
5.593 c. c. of oxygen per kilogram per minute, and the respiratory quotient was
0.699. In the fifth experiment, from 9" 35™ a. m. to 6* 35™ p. m., the values were
4.109 c. c. and 5.53 ec. e., respectively, with a respiratory quotient of 0.742.

In all of these experiments the subject remained sitting quietly in a chair in-
side of the respiration chamber. In the ihird and fourth experiments he un-
doubtedly slept most of the time. Food was taken during the progress of the
first experiment, also shortly before the second experiment, and 5 hours before the
third experiment. In the fourth experiment a part of the food was eaten before
and a part during the experiment. The diet on this day included 200 grams of
levulose, while in the three preceding experiments the diet was practically earbo-
hydrate free. In the fifth experiment, the subject ate immediately before the ex-
periment, and during the experiment considerable amounts of bread were taken
which resulted in the ingestion of 314 grams of carbohydrate calculated as sugar.
The values for the carbon-dioxide elimination found in these experiments are not
unlike those that would be expected with normal individuals; on the contrary,
the values for the oxygen consumption are abnormally high and have been subject
to much criticism. The absence of control experiments makes criticism of the
accuracy of the oxygen determinations very difficult.

In support of his theory that the excretion of sugar in diabetes is due in large
part to the diminished earbon-dioxide ontput, Ebstein * made a series of experi-
ments in a Pettenkofer respiration apparatus in connection with the Agricultural
Experiment Station at Géttingen, with the cooperation of Franz Lehmann. The
subject, who weighed, without clothing, 56.8 kilograms, had a mild form of dia-
betes, and the diet was not free from carbohydrate. From the 24th to the 25th of
July and from the 26th to the 27th of the same month, the carbon-dioxide output

t Hoppe-Seyler, Zeitschr, f. physiol. Chem., 1894, 19, p. 574,
? Ebstein, Deutsch. med. Wochenschrift, 1898, 24, p. 101.
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of thig man was determined in two 24-hour experiments. In the first experiment,
705.3 grams, and in the second, 670.2 grams, of carbon dioxide were found. Eb-
stein concluded that these values agree perfectly with those found by Pettenkofer
and Voit, and Weintraud and Laves, and substantiate his theory that the dimin-
ished earbon-dioxide elimination is an important factor in diabetes.

In an extensive investigation on the influence of the ingestion of carbohydrate
on the carbon-dioxide excretion, Johansson,' using the Sondén-Tigerstedt respi-
ration apparatus in Stockholm, made a series of experiments with 4 diabetics.
The experiments were so arranged that the experimental periods were of 1 hour’s
duration, and the subjects were at complete muscular rest. At the beginning of
the first hour, the subject took 48.5 grams of dextrose in 100 grams of water. For
comparison, the earbon-dioxide production of these individuals was determined
12 hours after the last meal.

The first case, a man 52 years of age, with a hody-weight of 61.8 kilograms, and
height of 169.5 centimeters, was evidently a light one, and it frequently happened
that the subject was sugar-free. Two experiments showed that he eliminated in
1 hour 18.9 and 19.3 grams, respectively, of carbon dioxide. After the ingestion
of dextrose, the carbon-dioxide excretion increased to 22 or 23 grams, but rapidly
diminished and at times was actually less than that found when no dextrose was
given, particularly during the fourth or fifth hour. But a small proportion of the
ingested dextrose was found in the urine.

The second case, a man, 65 years of age, with a body-weight of 85 kilograms,
and 156.5 centimeters high, had had the disease gince 1900. Two 2-hour experi-
ments without food showed that this man exereted in the first hour 24 grams and
in the second, 22.4 grams of carbon dioxide ; in the second experiment he elimi-
nated 24.9 grams in the first hour and 24.8 grams in the second. The ingestion
of dextrose did not influence the carbon-dioxide elimination in any way, and but

~a small proportion of the dextrose ingested was subsequently discovered in the
urine.

With the third case, a woman, 68 years of age, weighing 43.4 kilograms, and
152.7 centimeters high, the disease was first identified in 1900, and in 1904 she
had an attack of diabetic coma. A 2-hour experiment without food showed that
her carbon-dioxide production was 16.6 grams in the first hour and 15.6 grams in
the second. After the ingestion of 50 grams of dextrose or levulose, there was no
material inerease in the carbon-dioxide production.

The fourth case was that of a woman, 71 years of age, nghmrr 54.4 kilograms,
and 144.5 centimeters high. She had had diabetes for 10 years. One experiment
of 2 hours without food showed an exeretion of 18.4 grams of carbon dioxide in
the first hour and 19 grams in the second hour. After the ingestion of 60 grams
of dextrose or levulose, there was but little, if any, change in the carbon-dioxide
production. It was impossible to recover all of the ingested sugar in the urine.

! Johansson, Skand. Archiv f. Physiol., 1908, 21, p. 1.
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Recently Dubois and Veeder,” working under the direction of Dr. Brugsch, of
the IT Medical Clinic, Berlin, have reported a series of respiration experiments
with diabetics in a Pettenkofer respiration chamber constructed after the plan of
Rubner. Experiments were made with a normal individual and also with two
cases of diabetes, one of which was a severe and the other a light case. The nor-
mal individual, 27 years of age, weighed 70.1 kilograms and exereted 783.8 grams
of carbon dioxide in 24 hours, and the heat elimination was calculated to be 32.7
calories per kilogram of body-weight. With the diabetic, 23 years of age, and a
weight of 70.4 kilograms, the total carbon-dioxide output per 24 hours was 748.8
grams. The heat elimination was calculated to be 34.3 calories. The third sub-
ject with light diabetes was 39 years of age and weighed 68 kilograms. The car-
bon-dioxide excretion was 778.4 grams in 24 hours and the heat elimination was
calculated to be 31.7 calories per kilogram of body-weight. A summary of the
three cases is given in table 2.

TaABLE 2.—Results of experiments on diabetics made by Dubois and Veeder.

Carbon
| Tital Calories dioxide
Weight. earbon Calorics, per kilo- | per kilo-
dioxide. gram. gram
| minute.
‘ |  Kilos., | grams. [
| Normal .........o000s seamsrann | T0.1 783.3 2295 a2.7 3.96
Severe diabetes ..........c...... 0.4 T48.8 2453 24.3 2.75
: 4.04

M Aabataa ..o it sadenti I 68.0 T78.4 2258 31.7

The authors took the precaution to test the accuracy of the apparatus by mak-
ing a number of experiments in which different weights of candles were burned,
and the results were very satisfactory. The apparatus and method have been de-
seribed by Steyrer.”

INVESTIGATIONS MADE WITH MOUTH-BREATHING APPLIANCES.

Practically all of the work on diabetes involving the use of a mouth-breathing
appliance has been carried out with the Zuntz-Geppert apparatus. The first re-
search of any importance was that of Leo® who experimented with five different
diabetics and made a number of experiments with each individual 12 hours after
the last meal had been taken. The author had been trained in the Zuntz labora-
tory and consequently his experiments were carried out with the greatest exact-
ness and care. A summary of the results expressed as cubic centimeters per kilo-
gram and per minute, are given in table 3.

The aunthor concludes that diabetes can not influence in any material way the
total metabolism so far as the total energy transformation for the day is con-
cerned. Experimentz on the ingestion of carbohydrates showed that even in the

! Dubois and Veeder, Archives of Internal Medicine, 5, 1910, p. 27.

I Bteyrer, Ueber den Stoff- und Energienmsatz bei Fieber, u. 5. w. Ztschr. f. exp.
Path. u. Therap., 1907, 4, p. 720.

}Leo, Feitschr. f. klin, Med., 1891, 19, p. 101.



INTRODUCTION. 13

most severe form of diabetes, a not inconsiderable quantity of sugar ingested in
the food was actually burned. For all five patients, there was an increase in the
ras exchange after taking food.

TapLE 3. —Results of experiments on diabetics made by Leo,

Subject. | Jarben | Oxygen. |

1
; c.c. c.c.
|0 s e e T 3.21 4.01
[y s PR e 2.88 2.87
8 ] R e | 2.31 2,84
Lih b ol e [ Soen 2.48
Drag. . | 2.84 1.77

In 1894, Stiive," also a pupil of Zuntz, reported two cases of diabetes in which
he had determined the gas exchange by the Zuntz method. The oxygen consump-
tion with one patient was 4.02 ¢. e. per kilogram of hody-weight and per minute.
With the second, at the time when the urine was free from sugar, the oxygen
consumption was 3.96 c. c., and at the time when the sugar was excreted it was
4.13 e. ¢. The respiratory quotients for the two subjects were 0.73 and 0.74,
respectively.

Since many of the previous experiments on diabetics had apparenily indicated
that the ingestion of carbohydrate usually produced some increase in the metab-
olism, Nehring and Schmoll * made a speeial study on the influence of carbo-
hydrate on the gas exchange of two diabetics. Having studied in Zuntz’s labora-
tory, they were thoroughly familiar with his technique. The first patient was
especially well fitted for such experimentation as he had a very quiet respiration.
He was 17 years old and was sugar-free at the time of the experiments, The body-
weight, although not given by the authors, has been computed by Magnus-Levy
to be 35 kilograms. An average of six observations with this subject chowed the
carbon-dioxide production per minute and per kilogram to be 3.3 c. c. and the
oxygen consumption 4.48 ¢. c., with an average respiratory quotient of 0.744.
The second patient was a woman, whose age was not given, and with a body-
weight as calculated by Magnus-Levy of 74.2 kilograms. Two experiments with
this patient showed an oxygen consumption per kilogram of body-weight of 3.70
¢. ¢. and a carbon-dioxide production of 2.57 c. c., with an average respiratory
quotient of 0.693. As the result of the ingestion of carbohydrate, the investiga-
tors found almost invariably a lowering of the respiratory guotient below the
“ niichtern * value, the quotient returning to the normal “ niichtern * value only
after some hours. The assumption is that there must have been a retention of
carbohydrate in the body. The investigators conclude that the ingestion of ear-
bohydrate has no influence on the digestive processes, and point out that while
there are evidences that carbohydrates were not burned, at least during the first

1 Stiive, Arbeiten aus d. stidt. Krankenhause zu Frankfurt a. M., 1896.
* Nehring and Schmoll, Zeitschr. {. klin, Med., 1897, 31, p. 59.
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2 hours of the experiments, the increase in the metabolism can only be considered
as a result of muscular work or of the work of digestion.

The observations of Robin and Binet* and those of Hanriot * are not accorded
much value by writers, principally as a result of the technique. Their experi-
ments, for example, indicate an enormous oxygen consumption under a condition
designated by them as fasting and quiet, which of itself would be evidence of con-
siderable musenlar aetivity. These eriticisms have been raised in extenso by
Magnus-Levy.®

The experiments reported by Magnus-Levy,’ one of the foremost technicians of
the Zuntz school and a prolific writer on metabolism, have a peculiar interest and
value. The experiments were all made under * niichtern * conditions, 1. e., 12
hours after the last meal. Seven different subjects were used, on which, how-
ever, but four series were carried out with an aceuracy satisfactory to the author
himself. The first case, a man 43 vears of age, weighing 62.2 kilograms, and 170
centimeters in height, showed an average carbon-dioxide production per minute
and per kilogram of 3.24 c. e. and an oxygen consumption of 4.67 c. e. The respi-
ratory quotient was 0.697. With a woman 35 years of age, weighing 33.8 kilo-
grams and 145 centimeters high, the average of four experiments showed 3.72 e.e.
for earbon-dioxide elimination and 5.17 . e. for oxygen consumption, the respi-
ratory quotient being 0.719. Both of these subjects had severe diabetes. The
average of two experiments on a man with light diabetes, ¥1 years of age, weigh-
ing 91.5 kilograms, and 169 centimeters high, showed 2.04 .. for carbon-dioxide
elimination and 2.82 c. . for oxygen consumption. The respiratory quotient was
0.721. Three experiments on a woman with licht diabetes, 69 years of age, 58.6
kilograms in weight and 154 centimeters in height, showed a carbon-dioxide
elimination of 2.71 e. ¢. and an oxvgen consumption of 3.88 ¢. ¢. The respira-
tory quotient was 0.628. With three other cazes, Magnus-Levy obtained only
one observation on each. Omne of these, a man 40 vears of age and weighing 44
kilograms, showed a carbon-dioxide elimination of 3.74 ¢. c., an oxygen absorp-
tion of 5.88 c.c., and a respiratory quotient of 0.637. A woman with light
diabetes, 56 years old and weighing 54.5 kilograms, showed 3.03 c. e. for the ear-
bon-dioxide elimination, 4.73 c. ¢. for oxygen consumption and 0.640 as the
respiratory quotient. In comparing his results with those of other writers and
with those with normal persons, Magnus-Levy concludes that in all the experi-
ments in which the subjects had severe diabetes there is a larger oxygen con-
sumption per kilogram of body-weight.*

The most recent contribution to the study of the gas exchange of diabeties by
means of the Zuntz-Geppert apparatus is that of Mohr." The first patient was a
woman 52 years of age, weighing 84.5 kilograms and 158 centimeters high. The

' Robin and Binet, Archive géner de medicin, 1898, 10, p. 283.

* Hanriot, Comptes rendus, 114, pp. 371 and 432,

* Magnus-Levy, Zeitschr, f. klin. Med., 1905, 56, p. 86.

f Magnus-Levy, ibid,

* For Magnus-Levy's ingenious explanation of this point, see p. 163 beyond.
® Mohr, Zeitschr. {. exp. Pathol. u. Ther., 1907, 4, p. 910.
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average of the three experiments with this subject showed 2.29 c. e. of carbon
dioxide eliminated per minute and per kilogram, and 3.16 e. e. of oxygen con-
sumed with a respiratory quotient of 0.711. The second subjeet, with very severe
diabetes, 11 years old and weighing 35 kilograms, without food, eliminated 4.68
¢. ¢. of carbon dioxide and consumed 6.48 c. c. of oxygen, with a respiratory quo-
tient of 0.723. These patients were also fed from 150 to 200 grams of meat and
the gaseous exchange studied for periods following this of 3, 4, and 8 hours. In
practically all of the experiments, there was a very great increase in the oxygen
consumption, unaccompanied by an increase in the earbon-dioxide production 2
or 3 hours after taking the meat, resulting in an abnormally low respiratory quo-
tient. Subsequently, the respiratory quotient increased to the former fasting
value and, indeed, exceeded it in all cases in the seventh to eighth hour. The
author concludes that although sugar or protein is still oxidized in the most se-
vere forms of diabetes, the oxidation takes place much later and, in general, much
slower than in a healthy man.

APPARATUS AND METHODS USED IN THE INVESTIGATIONS
HERE REPORTED.

The apparatus used in connection with the experiments here reported was dis-
tinetly of special construction, and we believe that the methods have been so care-
fully controlled by check-tests as to insure the highest degree of accuracy for the
apparatus employed. This bears particularly npon the method for determining
the total earbon-dioxide output, oxygen intake, and heat elimination. Inasmuch
as many of the methods employed in this investigation are of recent develop-
ment, it is deemed advisable to give a brief description of them here.

DETERMINATION OF THE GASEOUS EXCHANGE WITH THE
RESPIRATION CALORIMETER.

By far the larger number of experiments were made ingide of a respiration
chamber, which was designed to permit the determination of not enly the carbon
dioxide excreted but of the water vaporized, and more particularly of the oxygen
consumed. The apparatus is constructed on the plan of the respiration calorim-
eter described by Atwater and Benedict,’ but has been considerably modified
and is deseribed in its newer form in a more recent publication by Benedict and
Carpenter.®

In this apparatus the subject cits or lies inside of a respiration chamber con-
taining from 700 to 1400 liters of air, which is kept at a constant temperature of
19° to 20° C. By means of a rotary blower, the air is continually withdrawn
from the chamber, paszed through weighed vessels containing sulphurie aecid to
absorb the water-vapor, then through weighed vessels containing soda or potash

* Atwater and Benedict, Publication No. 42, Carnegie Inslitution of Washington,
1905,
19’ ﬂBenadlct and Carpenter, Publication No. 123, Carnegie Institution of Washington,
1 L3
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lime to absorb the carbon dioxide, and finally through weighed vessels containing
sulphurie acid to absorb the moisture yielded to the dry air by the soda-lime. The
air, thus freed from water-vapor and carbon dioxide, is returned to the chamber
to be breathed by the subject. The oxygen abstracted from the air by the process
of metabolism is replenished by admitting pure oxygen from a previously weighed
eylinder of the highly compressed gas. The increase in weight of the first water-
absorber gives the approximate weight of the water vaporized during the experi-
mental period, this period being usually 1 hour in length. The inerease in weight
of the soda or potash lime container, with its attendant water-absorber, gives the
weight of the earbon dioxide exhaled, and the loss in weight of the oxygen eylin-
der shows the amount of oxygen abzorbed by the subject.

Approximate values for the carbon-dioxide production, water vaporization, and
oxygen absorption during the experimental period are thus obtained, but to be
exact, fluctuations in the composition of the air inside of the chamber should be
taken into consideration, and hence at the end of each experimental period
an analysis of the air is made. For this analysis, a portion of the air-current,
amounting to 10 or 20 liters, is deflected through three previously weighed U-
tubes, the first containing sulphurie acid, the second, soda lime, and the third,
sulphuric acid. From the increase in weight of the U-tubes and the relation of
the volume of the sample to the total volume of residual air, the residual amounts
of carbon dioxide and water can be determined. Since the residual air contains
only nitrogen, oxygen, carbon dioxide, and water, the determinations of the car-
bon dioxide and water permit the computation of the combined volumes of nitro-
gen and oxygen with great exactness. Since the nitrogen is an unchangeable
amount and none can enter or leave the chamber, obviously the amount of oxygen
can be computed by deducting the volume of nitrogen in the chamber at the be-
ginning of the experiment. By making these computations, it is easy to deter-
mine at the end of each experimental period the amount of carbon dioxide,
water-vapor, and oxygen present in the air, and making due allowance for any
variations in these amounts, the amount of water-vapor and carbon dioxide ab-
gorbed by the purifying vessels and the oxygen lost from the cylinder can be
corrected for these fluctuations and thus a true measure obtained of the amount
of carbon dioxide produced, water vaporized, and oxygen absorbed during the
experimental period.

The apparatus has been subjected to the most rigid control tests and it has been
frequently demonstrated that in experimental periods as short as 1 hour, it is
possible to determine all three factors, carbon-dioxide production, oxygen absorp-
tion, and water vaporization to within an error of == 1 to 2 per cent.' Usually the
values found in the control tests are inside of this limit of error. Almost invari-
ably in experiments of 3 to 5 hours® duration, the total sum of carbon dioxide pro-
duced and oxygen absorbed will be very close to theory.

In practically all of the experiments with diabetics it was possible to secure ex-

! Benedict, Riche and Emmes, Am. Journ. Physiol., 1910, 26, p. 1.
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periments of 2 or 3 hours or more in length. In nearly all cases it was also pos-
sible by means of the gas analysis apparatus, to divide the measurements into
1-hour periods, and hence the values are given in hourly periods as a general rule.
The carbon-dioxide determination for such periods has been proved repeatedly
to be extremely exact. On the other hand, the determination of the oxygen con-
sumption and the apportionment of the oxygen for the different hours of an ex-
periment continuing 2 or 3 hours may be somewhat at fault and occasionally
abnormally high respiratory quotients have been obtained in one period and ab-
normally low quotients in the other, which would indicate a discrepancy in the
oxygen measurement. While as a rule, therefore, the oxygen determination for
the whole experiment may be looked upon as exceedingly accurate, in many
instances the values for the oxygen consumption in I-hour periods may be at
faulf. In general, however, we believe that the oxygen measurements as here
reported in periods of 1 hour are well within the limit of error in physiological
experimentation.

DETERMINATION OF THE GASEOUS EXCHANGE WITH THE RESPIRATION
APPARATUS, USING NOSEPIECES,

The respiratory exchange can not be satisfactorily determined in extremely
short periods by means of the large apparatus and certain problems can be better
solved by having a more or less continuous study of the respiratory exchange over
periods as short as 10 or 15 minutes. This has usnally been accomplished in
pathological cases by means of the Zuntz respiration apparatus, which has given
such admirable results in the experiments of Magnus-Levy and others of the
Zuntz school.

In connection with the development of the respiration chamber just described,
it was found possible to adapt the same general prineciple for the determination
of the respiratory gases to an apparatus which will not necessitate placing the
subject inside of a respiration chamber. By means of a special form of nose-
piece which will permit the collection of the expired air, the subject can lie com-
fortably on a couch in the laboratory, insert the nosepieces, and breathe without
discomfort into the respiration apparatus, and by this method the total amount
of earbon dioxide produced and oxygen absorbed during a period as short as 15
minutes may be accurately determined. The temperature of the room air in these
experiments varies more or less, but it is usually between 15° and 25° C.

This apparatus, which has been deseribed in detail elsewhere,” has likewise
been subjected to most rigid tests by developing inside of a small supplementary
chamber a known amount of carbon dioxide and absorbing a known amount
of oxygen, and the results were most satisfactory. Further controls have been
obtained in that subjects have first been tested upon the respiration apparatus,
breathing through the nosepieces, and then immediately placed inside of a respi-
ration chamber, where the respiration was perfectly normal, 4. e., without nose-

! Benedict, Am. Journ. Physiol., 1909, 24, pp. 345-374.
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pieces. The respiratory quotients determined under those conditions were com-
pared and the results have likewise been most satisfactory. A detailed account
of these tests iz given in the description of the respiration apparatus previously
referred to. The practicability of the apparatus for experiments on pathological
subjects has frequently been tested with both men and women, and so far as
appears at present the apparatus is admirably fitted for this purpoze.

METHOD OF DETERMINING THE TRANSFORMATIONS OF ENERGY.

For lack of sufficiently accurate calorimeters for use with man, no studies
have previously been made in which the energy transformations of diabetics have
been measured directly. The energy transformations have been computed in
other experiments by means of the gaseous exchange and we believe that the ex-
periments here reported are the first in which the ealorimetry of a diabetic man
has been studied by the direct method. The calorimetric features of this appa-
ratus have been described in great detail in previous publications.' The respira-
tion chamber is surrounded with a number of insulating walls which prevent the
loss of heat by radiation, and different sections of the outer wall are arbitrarily
heated or cooled so as to prevent anv eonduction of heat. To make the calorim-
eter adiabatic by this method, we resort to the principle of Rosa,” who employed
a series of thermal junctions to indicate the temperature differences between the
inner copper wall and the outer zine wall. By connecting these thermal june-
tions with a delicate galvanometer, it is easy to determine whether the zinc wall
should be heated or cooled in order to prevent conduction of heat into or out of
the chamber. The heating of the zine wall is accomplished by passing a current
of electricity through resistance wires suspended in the air confined between the
zine wall and an insulating layer of hair felt. If, on the other hand, the zine
wall must be cooled, this iz accomplished by passing a current of cold water
through small brass pipes which are suspended parallel to the heating wires in
the air space.

The larger portion of the heat given off by the subject i1s brought away from
this perfectly insulated chamber by a current of cold water carried through a
heat-absorbing system inside the chamber, consisting of a brass or copper pipe
to which a large number of copper dises have been soldered to increase the area
for the absorption of heat. Records are made of the temperature of the water
as it enters and leaves the chamber, and the total mass of water passing through
the chamber in the experimental period is measured by weighing the water on a
platform seale. The average temperature rise, multiplied by the total quantity
of water passing through the chamber, gives the amount of heat absorbed. By
regulating the flow and temperature of the water entering the chamber, it is
possible to bring away the heat as rapidly as it is liberated by the subject, and
consequently the temperature of the calorimeter as a whole iz held at a constant

! Atwater and Benedict, loc. cif. Benedict and Carpenter, loc., cit.
* Atwater and Rosa, Physical Review, 1899, 8, pp. 128-163, and 214-251.
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point. A certain portion of the heat, however, is nsed to vaporize the water from
the lungs or skin of the subject, and hence it is necessary to know accurately the
amount of water thus leaving the chamber in the form of water-vapor. This is
accomplished by passing the total air-current, as previously stated, through a
vessel containing strong sulphuric acid, and weighing the vessel at the beginning
and end of the period. As each gram of water vaporized in the chamber requires
for its vaporization 0.586 calories, it can easily be seen that the 25 to 30 grams
of water ordinarily vaporized per hour results in an absorption of 13 to 16 cal-
ories, or from 20 to 30 per cent of the total heat elimination during an hour. By
maintaining the ealorimeter in an adiabatic condition and thus preventing the
passage of heat into or out of the chamber through the wall, the total heat elimi-
nated by man can easily be determined by adding the amount of heat required to
vaporize the water leaving the chamber in the air-current to the amount of heat
brought away by the water-current.

HEAT PRODUCTION AS COMPARED WITH HEAT ELIMINATION.

The large reservoir in the body for the storage or loss of heat makes it ex-
tremely difficult to differentiate between the heat production and the heat elimi-
nation of the body of a man during a given period, particularly during short
periods. In the course of 24 hours the fluctuations in body-temperature are
usually so regular that at any given time, especially during the sleeping period,
the body-temperature is relatively constant, and an experiment beginning at
7 a. m. and ending at 7 a. m. the following day, before the subject has arizen from
bed, gives us probably a very accurate measurement of the heat-production with-
out recourse to a special measurement of body-temperature.

When the heat-produetion is computed in shorter periods, however, it i1s neces-
sary to take into consideration the loss of material from the body, the changes in
body-weight and in body-temperature. If the body has gained in weight 100
grams as the result of drinking a large amount of water, obviously the water has
been warmed from the temperature at which it was consumed to body-tempera-
ture, and therefore heat has been absorbed. Conversely, if a large amount of
urine has heen passed, heat has been lost from the body in this way, and radiated
and measured as heat eliminated, although not necessarily actually produced at
the time. In certain experiments on healthy subjects it was possible to make the
weighings quite frequently, but with diabetic patients this was not found feasible.
From the exact measurement of the water vaporized, the carbon dioxide pro-
duced, and the oxygen consumed, as well as the true measurement of the urine

voided, it is possible, however, to compute with great accuracy the actual losses
- in weight of the subject. These are taken into consideration in computing the
heat production as compared with the heat elimination.

If a body weighing 70 kilograms loses 0.1° in temperature, it can be seen that
if we assume the specific heat of the body to be 0.83, the heat lost from the body
by cooling amounts to 70 < 0.83 X 0.1, which equals 5.8 calories. This may
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be from 5 to 8 per cent of the total heat-production during an hour. It is thus
of the utmost importance to note the changes in body-temperature.

The measurements of the body-temperature have been made by two methods,
sublingually or in the axilla with a elinical thermometer, and deep in the rectum
by means of a specially devised electrical resistance thermometer. We have long
since found that the ordinary clinical measurements as taken under the tongue
are as a rule inadequate for our purpose. With the resistance thermometer, on
the other hand, the body-temperature measurements can be made to 0.02° C. as
frequently as desired by measuring the variations in resistance of the thermome-
ter on a delicate Wheatstone bridge. The thermometer is of a pliable nature, and
when inserted deep in the rectum its presence is not usually noticeable after a few
moments. With this thermometer, therefore, it is possible to get most exact
body-temperatures. With normal subjects undergoing long experiments, com-
parisons of heat-production and heat-elimination by means of these measure-
ments are possible. With diabetics, especially when the patients are unfamiliar
with the apparatus, it is often impracticable to nse the rectal thermometer and
sublingual measurements of body-temperature are then made with a clinical
thermometer. In the respiration chamber, the air is kept at a constant tempera-
ture and approximates the ordinary air of a living room, so there is no tendency
to cool the mouth and thus lower the sublingual temperature by rapid breathing
due to excess cold or to physical exertion. The conditions depending upon the
temperature of the air appear, therefore, to be favorable to an accurate measure-
ment of body-temperature, even with a clinical thermometer ; nevertheless, we
recognize that the conditions are not ideal and we are not always certain of the
accuracy of the measurements.

In previous publications, the term heat eliminated has been applied to the
heat given off by the subject and measured by the apparatus, and this heat-elimi-
nation, when corrected for the changes in body-weight and body-temperature, and
for the loss of heat in excreta, was designated as heat-production. In this report,
however, it will be noticed that the heat actually recorded by the calorimeter,
corrected for the known and readily measured factors, 1. e., the changes in body-
weight, and the loss of heat in the urine excreted, iz recorded as heat-elimination,
while the term heat-production is applied only to this heat-elimination corrected
for changes in body-temperature. By assuming accurate measurements of body-
temperature, the heat-production can, therefore, be easily determined. TUntil
more accurate observations of body-temperature, and particularly fluetnations in
body-temperature, have been recorded, however, we can not use the heat-produc-
tion as thus computed with the degree of assurance that we would wish. Conse-
quently, in the tables and in all subsequent discussion we will make use of the
values recorded as heat eliminated, giving in a footnote to each table the change
in body-temperature during the experiment, and the heat-production for the total
experiment as computed on this basis, The experiments here reported were rest
experiments with the body activity at a minimum, and usually no food was taken,
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so that the naturally occurring body-temperature fluctuations could not be so
great as to seriously change the values for heat-elimination, particularly when
computed on the basis of 6 hours or on the basis of per kilogram of body-weight
per hour.

The normal fluctuations in body-temperature, as measured in the rectum by
an electrical-resistance thermometer, have received a great deal of investigation
in this laboratory and previounsly in the chemical laboratory of Wesleyan Univer-
sity.! Believing that a more accurate knowledge of topographical changes in the
body is necessary, an extensive study of such changes of temperature has been
begun in the Nutrition Laboratory. In this investigation an attempt will ne
made to compare the simultaneous fluctuations in temperature curves in different
portions of the body and thus see if a 0.1° fall in temperature in the rectum, for
example, corresponds to a 0.1° fall in temperature in the axilla or of the surface
temperature. Until this investigation is completed and published, we must use
the terms heat-elimination and heat-production with a certain reserve, for heat-
production as here caleulated is based upon the assumption that the changes in
rectal temperature occurring in the course of 1 hour represent the changes in
average temperature of the whole body.

ACETONE IN THE BREATH.

The general impression that large quantities of acetone are excreted in the
breath of diabetics made it a matter of considerable moment as to the quantities
that would be excreted while the subject was inside the respiration chamber.
With the closed circuit of air in this chamber, there might be a tendency for the
acetone to accumulate during the course of an experiment. On the other hand,
all the air removed from the chamber by the ventilating air system passes through
sulphuric acid twice and probably acetone would there be retained. At the end
of each experiment, therefore, it was the rule, especially at the beginning of the
investigation, to have the air inside the calorimeter chamber observed by a num-
ber of individuals. In no instance could any appreciable acetone odor be found
and we have no reason to believe that acetone excreted in the breath played any
important réle in these experiments so far as the total metabolizm or discomfort
in the normal respiration of these patients were concerned. That there was ace-
tone excreted in the breath may or may not be true, but certainly not enough
was excreted to accumulate in the chamber and make it uncomfortable for the
patient. Mozt of the experiments were performed with the subject fasting, and
at such a time Folin has indicated that the so-called acetone odor is not apt to be
present. Case I did not undergo an experiment at the time that the odor of
acetone about him was so marked.” Similarly Grafe * was unable to detect a dis-
tinct acetone odor in the case of his fasting patient, although marked acidosis
was present. His patient was not a diabetic, but the similarity between the
acidosis of starvation and diabetes is universally acknowledged.

* Benedict and Snell, Archiv f. d. ges. Physiol,, 1901, 88, pp. 492-500; ibid., 1902, 90,
pp. 33-72. Benedict, Am. Journ. Physiol., 1904, 11, pp. 145-169.

* Bee p. 126. *Zeit. f. physiol. Chem., 1910, 85, p. 21.
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SUPPLEMENTARY APPARATUS.
STETHOSCOTE.

As an index of the total katabolism the pulse-rate, when properly taken, plays
a rather important and suggestive rile. The pulce-rate, as ordinarily obtained
in a physician’s office, or indeed, at the laboratory, may be subject to considerable
fluetuations due to the psychical influence on the subject himself, but by attach-
ing a Bowles stethoscope to the chest wall and listening to the heart beat through
a long air-transmission tube passing throngh the metal walls of the chamber, it
is possible to count the pulse-rate with a fair degree of regularity and entirely
unknown to the subject. Under these conditions, a relatively accurate record of
the pulse-rate during the experimental period can be obtained. The pulse is
usually counted every 5 to 10 minutes by an observer outside the chamber and
recorded in a book as the experiment progresses.

FPNEUMOGRAFI.

The respiration-rate and the minor muscular movements were determined in
these investizations by means of a pneumograph which was attached about the
chest lightly and connected with a tambour and registering apparatus on the
outside. The rise and fall of the tambour and the pointer gave the regular respi-
ration-rate of the subject. Superimposed upon this movement of the tambour
were major movements due to minor muscular movements other than the rise
and fall of the chest. A curve or tracing was made on a smoked drum by the
movement of the pointer, and from these pictures or curves can be obtained a
fairly accurate idea of the relative muscular activity of the subject inside the
chamber. Although the subjects were all supposed to be sitting quietly at rest,
reading, nevertheless they differed noticeably at times in the amount of minor
muscular activity indulged in.

SIGNIFICANCE 0F PREUMOGEAPH CURVES.

A specimen of a curve obtained by the pneumograph is given herewith (fig.
1). The smaller vibrations are thosze due to the ordinary rise and fall of the
chest, while the larger vibrations are inecidental to movements of the body,
such as telephoning, collecting the urine, reaching to the floor for a book, turn-
ing the pages of a newspaper, or some similar minor movement. At no time
did the subject leave the chair. As an aid to interpreting the significance of
these movements, a second curve is reproduced (fig. 2), showing certain definite
actions performed by one of the laboratory assistants, and giving a graphic rep-
resentation of the influence of minor muscular activity.

The first curve given is the one obtained in experiment A 7, March 26, 1909,
in which there were four 1-hour periods. The records for these periods have
been placed in series and read from the top downward. As may be seen by the
curve, during the first half of the initial period the subject was very quiet, but
during the next 15 minutes, he was restless, and then quieted down for the re-
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mainder of the period. Shortly after the beginning of the second period, the
subject passed urine and the irregularity of the curve recorded by the fambour
is very well seen in the portion for the first quarter of the second hour. During
the rest of the hour, the subject was comparatively quiet with a few exceptions.
At the beginning of the third hour he drank a eup of coffee, and this necessitated
on his part a number of movements in order to get the bottle containing it. Dur-
ing the rest of the hour, as can be seen, the subject was very quiet. Throughout
the fourth hour he was also very quiet, with the exception of about 10 or 15
minutes at the beginning of the period.

The second eurve given was prepared especially as an aid in interpreting the
records taken during the experiments. An assistant sat inside of the chair cal-
orimeter with the pneumograph placed around his chest in the usual position and
made the following movements at the direction of an assistant outside of the
calorimeter:

(1) Sat perfectly still, reading ; (2) crossed legs; (3) put leg back into normal
position on the floor; (4) turned over a page in the book he was reading; (5)
closed the book and dropped it to the floor; (6) took telephone and held it in
position to talk; (7) returned the telephone to the hook; (8) took a urine jar
from the floor and held it in his lap; (9) prepared to urinate; (10) urinated;
(11) finished urinating and held the jar in his lap; (12) talked; (13) returned
the jar to the floor; (14) took a bottle of water from the floor and drank from it
(15) returned the bottle to the floor; (16) yawned considerably; (17) leaned
over the left arm of the chair and rested his head upon his left hand. The sub-
ject remained in this latter position until he left the calorimeter chamber.

In the intervals between the movements the subject sat perfectly quiet zo that
the records on the tambour for these intervals were due only to the normal respi-
ration. As can be seen, the variations in the curve due to leaning over, reaching
to the floor, and taking up the various articles are those which are more pro-
nounced and more apparent. This ecoincides with the observations made in the
experiments, as whenever the subject was requested to urinate or to drink from
a bottle, there was usually a greater amplitude to the excursions of the pointer
on the tambour.

A careful examination of all the curves obtained in these experiments shows
three things: First, that with the same subject there iz a remarkable uniformity
in the hourly record of minor muscular movements other than respiration move-
ments during the different experiments, indicating that the subjects in each
experiment had practically the same degree of muscular activity. Second, notice-
able variations in muscular activily are observed among the different subjects,
some being considerably more restless than others. Finally, the normal indi-
vidual, almost without exception, showed much greater muscular activity than
did the diabetics. This last observation may have been due to the generally weak-
ened condition of the diabetics and their indisposition to move about to any ex-
tent. It is not considered advisable to devote the time or to incur the expense
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incidental to reproducing all of the curves secured in these experiments, but the
conelusions given represent deductions drawn from a careful inspection of all
the tracings.

URINE ANALYSIS.

The enormous amount of research on the analysis of urine, and particularly
in regard to the analysis of diabetic urine, leaves very little to be contributed in
an investigation of this nature. Sinee many of the researches on diabetics, how-
ever, have been carried out with urinary analytical methods that are distinctly
clinical in nature, and hence of only approximate accuraey, we consider it of
importance here o state exactly how these determinations were made and to
point out some of the advantages in the methods employed.

DETERMINATION OF TOTAL NITROGEN.

The total nitrogen was determined by the method of Kjeldahl. By this method
5 e. e. of urine are digested with 20 e. e. of sulphurie acid and a small piece of
copper wire weighing 0.10 gram. After heating slowly over the free flame to
avold frothing, the liquid is finally brought to a boil and the urine digested until
colorless. The acid is then diluted with water, made strongly alkaline with caus-
tic soda, and the liquid distilled in a still of special construction. The ammonia
is collected in standard hydrochlorie acid and titrated with standard ammonia,
using alizarine as an indicator. Frequent tests of the accuracy of the method
as a whole were made by determining the nitrogen in chemieally pure urie acid.
The results show that the error in the nitrogen determinations is considerably
inside of 1 per cent of the total nitrogen.

AMMONIA DETEREMINATION.

The ammonia was determined by Folin’s * method and was carried out prac-
tically as follows: Enough water was placed in the bottles used to receive the
ammonia to cover the bulb; to this were added 6 drops of alizarine solution and
then 20 c. c. of deci-normal sulphuric acid added. The bottles were then corked.
Into each eylinder used, 10 c. ¢. of urine was pipetted and approximately 4 grams
of sodium chloride and 1 gram of dried sodium carbonate added. The solution
was then covered with kerosene (about 10 drops) to prevent frothing, the eylin-
ders were corked, and the cylinder and acid bottle connected to the pump and
aspirated for 4 hours. The acid was then washed down in the receiving bottle
and the solution titrated with tenth-normal sodium hydroxide.

To caleulate the amount of ammonia present, the number of cubic centimeters
of tenth-normal sulphuric acid was multiplied by the tenth-normal sulphuric
acid factor, and from this was subtracted the number of cubic centimeters of
alkali used in titration. This result multiplied by 0.0017 and then by one one-
hundredth of the total 24-hour urine gave the amount of ammonia.

! Benedict, Journ. Am. Chem. Soe., 1900, 22, pp. 259-263.
! Folin, Zeit. {. physiol. Chem., 1902, 37, pp. 161-176.
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DETERMINATION OF DIACETIC ACID.

The diacetic acid was determined qualitatively by the addition of an aqueous
solution of chloride of iron to the urine (Gerhardt’s reaction). The intensity
of the ferric ehloride reaction was recorded by the following symbols: 4, 4+ 4,
el T oo

The tables furnish some information upon the value of Gerhardt’s test in the
determination of diacetic acid and its importance in estimating the total acidosis,
or more correctly, the large per cent of the total acidosis as represented by g-oxy-
butyric acid. The lowest and highest quantities of B-oxybutyric acid present
upon the days the diacetic acid was estimated and the intensity of the diacetic
acid reaction upon these days are given in table 4.

TapLe 4 —Comparison of diccetic acid and g-oxybutyric acid,

Diacetic acid. | F-oxybutyric acid.
|
gymbal, | grans.

0 5.7 to 11.0
-+ 7.0 14.2 [
Ee | 8.5 65.2 |
+ + + 13.2 51.0 |

SFApEEEE 176 3638

It is evident from these results that large quantities of g-oxybutyric acid may
be present in the urine even though the ferric chloride reaction for diacetic acid
is abgent. Almost the maximum quantity of B-oxybutyrie acid obtained in any
of the cases was found in a urine in which the ferric chloride reaction was re-
corded as only + }. The reaction, however, certainly does possess some value,
but as soon as it is strongly positive, as shown by + -, no idea can be formed
as to whether the quantity of g-oxybutyrie acid is in the neighborhood of 8 grams
or 55 grams.®

DETERMINATION OF B-OXYBUTYRIC ACID.

The method employed for making this determination is that used in the labo-
ratory of Professor Otto Folin and described by Black,' and involves the drying
of a definite amount of urine to a small volume with an alkali. Subsequently
acid is added and the water taken up by mixing with plaster of paris. The B-oxy-
butyrie acid is extracted with ether and the rotation measured. The practical
application of this method, as carried out in the laboratory, is as follows:

100 c. . of urine are measured with a pipette into an evaporating dish and
made distinctly alkaline by the addition of sodium bicarbonate. The urine is
then evaporated to a thick syrupy liquid (4 or 5 ¢. ¢.) using the gentle heat of the
water bath or the low heat of an electric stove. After cooling, the residue is made
distinetly acid with strong hydrochloric acid and is then formed into a thick
paste and later into a porous meal by the gradual addition of plaster of paris.

! Black, Journ. Biol. Chem., 1908, 5, p. 207.
* Bee p. T2 for further discus=ion.
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This porous meal is placed in an extracting apparatus (a Soxhlet or a modifica-
tion of it) and extracted with about 60 c.c. of ether for 3 hours. The ether
extract is then transferred to an evaporating dish where the ether is allowed to
evaporate spontaneously. The rezidue iz treated with 5 e. . of water and 0.4
gram of honeblack added to decolorize, then filtered and washed until perfeetly
clear and made up to a known volume, usnally 25 ¢. ¢. The S-oxybutyrie acid is
determined with a polariscope, using the following formula:

Angle obgerved, ard
8pecific rotation of F-oxybutyric acid (24.12) x length of polarizing tube (200 m. m.) —

Grams of S-oxybutyric acid in 1 e. e.

Estimations of the quantity of S-oxybutyric acid based on the difference be-
tween the 24-hour quantity of sugar obtained by polarization and by Citron’s
method are known to be inaccurate. They must be erroneous, as 1 gram of sugar
by rotation does not equal 1 gram of B-oxybutyric acid by rotation, since each
body has a different specific rotary power. Our tables throw light upon the ex-
tent of the error, because we can compare such figures with the actual quantity
of B-oxvbutyric acid present as extracted by the Black method. As a rule the
difference hetween the extracted quantity of B-oxybutyric acid and that estimated
by the difference between the two tests for sngar did not exceed 5 or 10 grams,
the acid obtained by extraetion almost invariably exceeding that estimated by the
difference of the sugar tests, It i= true that the method of estimating the g-oxy-
butyrie acid by difference is absolutely useless for quantitative work, but on the
other hand it is equally certain that it is helpful clinically.

DETERMINATION OF SUGAR IN 1-HOUR PERIODS,

The determinations of the sugar in the urine reported in the statisties were
made by the method of Citron, introduced in this laboratory by Dr. Falta of von
Noorden’s elinie in Vienna, The original description of the method was pub-
lished by Citron in 1904," and recently he has published a modified form of the
method and discussed in detail the apparatus which he has devised for its nse
in clinical examinations.® The method depends upon the fact that the unre-
duced copper in the Fehling solution after boiling with urine reacts with potas-
sium iodide in a sulphurie acid solution to liberate iodine. The amount of iodine
liberated is determined by means of a standard solution of sodinm thiosulphate,
uging starch paste as an indicator.

The following solutions are required for the carrying out of the method :

A copper solution, which is prepared by dissolving 692.Y grams of erystallized
copper sulphate in water, making up the solution to 10 liters; an alkaline solu-
tion, prepared by dissolving 3460 grams of Rochelle salts and 2500 grams of
potassium hydroxide (in stick form) in sufficient water to make 10 liters; a
sodium thiosulphate solution, prepared by dissolving 250 grams of crystallized

' Citron, Deutsch. med. Wochenschrift, 1904, 30, pp. 1602-1605.
* Citron, Deutsch. med. Wochenschrift, 1909, 35, pp. 1185-1191.
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sodium thiosulphate in sufficient water to make 10 liters; a potassium iodide
solution, made by dissolving 200 grams of the salt in water to make 1 liter; and
finally a 25 per cent solution of sulphurie acid.

The process of the determination of sugar in urine is carried out as follows:
Exactly 10 c. c. of the copper sulphate solution are delivered into an Erlenmeyer
flask of 300 to 500 ec. c. capacity and 10 e. c. of the alkaline Fehling solution
added. The flask and contents are thoroughly shaken in order to prevent the
formation of insoluble copper oxide. About 80 c. c. of distilled water are then
added and the flask and contents placed over a flame. When the solution boils,
1 or 2 c. c. of urine, according to its concentration, are added and the solution
allowed to boil exactly 2 minutes. The flask is next removed from the flame and
20 c. c. of the 25 per cent sulphuric acid solution are added and then 20 c. c. of
the potassium iodide solution. The solution is thoronghly shaken and the starch
paste added, and while still hot, the odium thiosulphate golution is rapidly added
until the blue color disappears and the precipitate is nearly white,

Standardization and calculation.—When the solutions are properly prepared,
it is found that the iodine liberated by means of the 10 c. c. of alkaline copper
sulphate solution will combine with 27.8 c. c. of sodium thiosulphate solution.
In practice it has been found that the sodium thiosulphate solution does not

TaeLe 5.—Cifron sugar test.

mg. mg. mg.

dexirose, dexirose, dexirose,
o [ B e | 10 ¢ c. = 323 19 ¢, c¢. — B3.3
2 6.1 11 36.T 20 66,6
3 83 12 39.1 21 T0.7
4 125 13 42.5 | 22 4.5
5 15.7 14 45.9 23 8.5
[ 19.0 | 15 49.3 24 825
i 22.2 16 p2.8 25 86.5
8 266 | 17 B6.3 | 26 90.6
9 289 | 18 p3.3 | 27 4.8

always when first made up correspond to the 10 e. ¢. of copper sulphate solution,
and it is necessary to adjust the solution to meet this requirement. Based upon
this blank, =o called, table 5 has been prepared, from which the number of milli-
grams of dextrose can be computed corresponding to the different amounts of
sodium thiosulphate computed by subtracting that combining with the free
iodine from 27.8 c.e. The table is given herewith. For example, since the
amount of thiosulphate solution added after the sugar in the sample of urine
reduced a portion of the copper sulphate was 10 c. ¢, then, obviously, sufficient
copper had been reduced to correspond to 17.8 e. . of thiosulphate, and 17 e. c.
of thiosulphate corresponds, according to table 5, to 56.3 milligrams of dextrose
and 0.8 c. c. to 2.56 milligrams, so that the results would be 56.3 4 2.56 — 58.8
milligrams of dextrose. In order to standardize the method, it is best to use a
dextrose solution containing 15 grams of dextrose to 1 liter of solution, and from
this amounts varying from 1 to 5 c. c. are used and the accuracy of the method
thus determined. It is frequently found that it is neceszary to correet the resnlts

3
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obtained as much as 3 to 4 per cent. All of the work done with this method is
based upon the standardization with the dextrose solution.

The method permits of rapid determinations, but has not as high a degree of
accuracy as is desirable in accurate scientific work. It is an empirical one and
must be followed very exactly. It has been found, for instance, that any dimi-
nution of the amount of acid used makes the end point very difficult to determine,
although the amount stated is very much in excess of that required to neutralize
the alkali in the solution.

DETERMINATION OF SUGAR IN 24-HOUR PERIODS.

The estimations of sugar as recorded upon the clinical chart were made with
a polariscope of standard make. They, therefore, are accurate, except in the
presence of levo-rotary bodies. As the majority of the cases presented acidosis,
and so have g-oxybutyric acid in the urine, the polariscopic readings for sugar
can usually be considered low. Frequently, sugar was also determined by the
Citron method, and this is recorded on the eclinical charts, but this method as
applied in a private laboratory was not as accurate as when it was carried out
with almost daily control tests in the Nutrition Laboratory. However, frequent
comparative tests were made to insure the reliability.

Looking over the literature of diabetes and case reports, it is interesting to
note that frequently the per cent and quantity of sugar, as determined by Fehl-
ing’s solution, is less than that determined by the polariscope even when levo-
rotary bodies are present. Such figures almost always represent errors. We are
inclined to doubt the reliability of the quantity of sugar determined by Fehling’s
or even the Citron method, unless special precautions are taken to secure its
accuracy—precautions that are not easily carried out in private laboratories.
Furthermore, in all cases, analyses must be promptly performed as a loss in re-
ducing power rapidly takes place.
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PART II.

STATISTICS OF EXPERIMENTS ON METABOLISM
IN DIABETES.

Recognizing the difficulty of comparing normal people with diabetics, it was
deemed advisable to make the investigation so extensive and to include so many
different individuals that broad generalizations could be drawn, thus eliminating
the personal equation in so far as possible. Consequently thirteen different sub-
jects were used in the investigation. These thirteen individuals were all pri-
vate patients, which accounted for the readiness with which they underwent
the various experiments. With two exceptions, they took a deep interest in the
work, although they realized that the immediate results could only indirectly
benefit them personally. Eleven of the patients spent one or more weeks at the
New England Deaconess Hospital. The habits of the patients were correct as
to aleohol and tobacco, and no suspicion of lues arose in any one case.

CLASSIFICATION OF CASES.

The cases have been divided into three groups—severe, moderately severe, and
mild diabetes.

Group I.—Severe diabetes, 10 cases (A to J, inclusive). This group includes
all cases who failed fo become sugar-free even though all carbohydrates except
the green vegetables were excluded from the diet, or those who became tem-
porarily sugar-free upon vegetable days, which were preceded and followed by
a low quantity of protein in the diet. The cases in this group invariably showed
a minus carbohydrate balance, when the diet was considerably restricted. The
second criterion for determining the severity of a case was the presence of
acidosis. This existed in all cases of this group, and usually to a marked degree.

Growp IT.—Moderately severe diabetes, two cases (K and L). The basis for
grouping is first, that the patients became sugar-free and showed a positive car-
bohydrate balanee, and second, that the acidosis was either very slight or absent.

Group I11.—Mild diabetes, one case (M). This was a fat man who was able
to assimilate at least 100 grams of carbohydrate per day.

This classification and a brief description of the cases are given in table 6.

DIET.

The diet of the patients while under observation was fairly constant. Of the
13 cases studied, 11 of the subjects spent several days or weeks at either the
New England Deaconess or the Corey Hill hospitals, where the nurses are
thoroughly accustomed to diabetic patients, and the diabetic diet and the use
of diabetic charts are a matter of routine. Each meal was recorded on the chart.

29
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TaeLE G.—Classification and description of cases used in the studies on diabetes.

Group numbser Fl'flu:s.ig'ru-

W i Duration
amd Mt"s:;:;p:l:mn l'::;‘:l Sex.l ‘tgﬁef‘t Onset, -:ﬁr?ﬁ“l]!“:‘lr;i. | up l:i.‘lmm:n]llill‘ﬂ,
— 1 - S——

Group I | - A [ M.| 39 | Gradual, 1900.. Fair health....| 10 4 y.
(severe). B F 39 Glr;u%ual, Dec., Light work®...| 1 ¥.4 mo.
C | M.| 28 | Acute, Sept., Died, coma,

| | 1908, Dec. 8, 1909... 15 mo.
D | M.| 31 | Mar., 1909..... Died, coma, |
Jan. 13, 1910..| 10 mo.
M.| 17 | Sept., 1907.....| Died, coma, |
' Oect. 13, 1909..| 2 ¥. 1 mo.
F M.| 22 | Jan., 1908..... Died, pneumo-
. nia, Feb,, 15810. 2 ¥.1 mo.
G M 31 | Transitory gly- Marked debil- |
cosuria, Jan., | ity? | ¥ 3+ mo.
1901; final on- '
set, Jan., 1905, |
H F.| 17 | 1889 ..........| Active work..| 21 + ¥.
I M| D8 R0 Light work... 10 + v.
J M.| 21 | Feb., 1908..... Comfortable .. 24 vy
Group II E | M.| 44 | Nov, 1907..... Aective work... 2v. 5 <4 mo.
(moderate).] L M.| 21 | July, 1908..... Active work... 1y. 94 mo.
Group ITI M M| 47 1000 ... .00 Active work... 10 4+ y.
{mild). | .

— e —_—

'R, G, and H also died in coma, May, 1910,

The earbohydrates of the diet were given in the form of bread, oatmeal, potato,
milk, cream, oranges, grape fruit, and vegetables. The percentage of carbo-
hydrate in each article was estimated upon the following basis:

— e —

Food material, hg;:';:;‘ I
| Bread L e s per cent. . B0
. Oatmeal (uncooked).......do.... 66
| Potato (cooked)........... do.... 20
|| R e AL [ b
| clireamm: .ot s o do.... 2.5
g T e e Egrams. . 10
One-half grape fruit........ do.... 5

The vegetables used were lettuce, spinach, cabbage, cauliflower, string beans,
celery, asparagus, cucumbers, egg plant, rhubarb, tomatoes, and onions. 300
grams of vegetables was the amount daily given, and this amount was considered
to contain 10 grams of carbohydrates.

The protein was given in the form of eggs, meat, fish, cheese, bread, oatmeal,
milk, and eream. It was estimated upon the following basis:

Food material. Quantity. |  Protein. Hitrogen
5 grams. grams. grams. |
| Meat, uncooked............as 30 5 6.25 1
Cheese ...... R R A B 90 I 25.00 4
TRRE st mie) oo oo i o mi it l petal e e 1 6.26 1
T ) L s = m e e R R e 860 e. o 30.00 b
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The meat was weighed uncooked except in the case of chicken, which consti-
tuted but a small fraction of the meat taken. Fish was rarely given. The esti-
mation of the nitrogen in the diet was only approximate, but that it was not far
from correct was shown by direct analysis. The psetetm in the diet of one day
was considered to be 17 grams. By direct analysis it was found to be 16 grams.

The fat was given in the form of butter, cheese, oil, eggs, and bacon. The
amount consumed was only approximately determined, but it certainly was in
excess of that recorded, because the butter, milk, cream, cheese, oil, and eggs
which were allowed were always eaten, and besides the food materials mentioned
more or less bacon was taken.

The aleohol given in these experiments was either in the form of whiskey or
brandy, in which it was assumed that 50 per cent of aleohol was present, or in
the form of Zeltinger wine, which has no sugar but contains 10 per cent of aleohol.

TREATMENT.

Treatment consisted almost entirely in rearrangement of the diet. A=z soon
as the patients came under observation they were put upon a diet including,
approximately, 100 to 150 grams of carbohydrate. In fwo instances a larger
quantity was given, because the disease had extended over many years, and it
was felt unwise to make radical restrictions of diet so suddenly. In all cases
the diet was gradually reduced, in most to a point at which only vegetables were
given, go that the quantity of carbohydrate ingested during one day fell to 10
grams. Care was taken to insure an adequate amount of fat in the diet. No
such need was met in the case of protein. On the other hand the amount was
usually restricted to about 75 grams to 100 grams of protein a day.

The digestion of the patients improved as a rule when they were put upon a
diet low in carbohydrates and rich in fat. This was striking with Case B, a
frail woman, who entered the hospital with marked indigestion, but after three
or four days was able to live upon a far more rigid diet than many patients can
bear. On the other hand, Case L developed jaundice when he was put upon a
diet somewhat richer in fats than the one to which he had been accustomed.

The carbohydrate balance (the difference between carbohydrate in the diet
and earbohydrate in the urine) in these cases is necessarily only approximate,
but nevertheless will be found to be of considerable value, Falta hag called
attention to the fact that the carbohydrate balance is a nearly constant quantity,
so that any variations in it suggest dietetic or analytical errors. To a consider-
able extent we can substantiate this conclusion. Exceptions occur upon oatmeal
days and also at such times in the course of treatment when the carbohydrate in
the diet is suddenly greatly reduced. Under these circumstances a minus carbo-
hydrate balance of a few grams may change to a positive carbohydrate balance
of over 100 grams. At first we were inclined to believe that such a sudden change
in the earbohydrate balance represented deceit on the part of the patient, but
the results of oatmeal days conducted when the patients were under close super-
vision showed that such a change is perfectly possible.

- 1
*
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Clinically there was no question in our minds but that Cases A, B, G, H, and
I did better when the quantity of carbohydrate in the food reached as much as
75 grams. At that point, too, they were in better condition than they were when
coming under treatment, with the quantity of carbohydrates in the diet far in
excess of this amount. This appeared to be the happy mean for these special
cases. There is no question regarding the advisability of total exclusion of car-
bohydrates from the diet to get the urine of the patient free from sugar, pro-
vided that when once sugar-free a positive carbohydrate balance can be built up.
For example, a child 13 years old in March, 1908, had 55 grams of sugar in the
urine with 90 grams of carbohydrates in the diet. The same child, now, in April,
1910, has no sugar in the urine and 60 grams of carbohydrate in the diet, but
this only became possible under weeks of a carefully restrieted diet.

Vegetable days were frequently used as a means of rendering the patient sugar-
free. As a rule the plan was effectual, but this did not invariably occur with
one vegetable day, and in some instances only with two vegetable days when
these were preceded by a low protein diet. The vegetable days afforded a good
means of estimating the progress of the disease, and this point will be noted
under the respective cases. (Qatmeal days were used in five of the cases while
under observation. As a rule the oatmeal was borne well, but occasionally the
quantity given was considerably below that preseribed by von Noorden. One
patient, Case H, was unable to take large quantities of oatmeal so that no satis-
factory test with this case was made. The results are given in table 7.

TaBLE T.—Oatmeal, bread, and potato days.

| | | Preceding day, Experimental day, Following day.
o _— Food | Glfhﬂ- e — | BT — -
[ material. | 5 0= | Carbo- : Carbo- | Carbo- | 4.
| l hydrate | Acidosis.! | hydrate | Acidosis? | hydrate | 260,
halanece. balance, balance,
| JHRE, fms. | _-f.mtf. s,
A | Dec, 13-14.. Oatmeal .| 160 —10 + + + + + 1 + ¥+ — + +
Jan. 14-15.. Bread ... 130 + 4 — 10 +4+ 4+ 4 i
:}nn, ;?:—l‘ﬂ ..... Do. ....] 130 Faxe +_-||:I+ — 10 | +iii
an. 41-1 | i i
Feb, 1\ "_--'D“- ces| 180 == 1 84 gme.? i' 30 29 gme? I"
I Rov. i 2:‘; Oatmeal . L] =120 | * — 45 + 4+
ov. L R sess |
D | Nov. 3-4.. Oatmeal .| 200 + 120 = 4l
[ .ﬂ.ul{. 4= 5.. Oatmeal . 40 i | pean e ] ": ]&5+gz];:¢ ['
4
Aug. 5 6.....Do, ....| 100 M Rl e e
Oct. 25-27.. Potato ..| 98 — 55 a| — 18 gzedl  —4o a1.0
Oet, 29-20., Oatmeal .| 125 — 40 Gl + 25 406,01 — 30 7.8
J Oot, 12-13., Oatmer] .| 120 —15 + & 4 4 + 80 +
Ok, 13-14.. ...Dw. weaxf 150 + 115 + — 14 &
Oct. 17-18....Do, ....| 180 —16 | R | + +
Oet, 18-19, ... . Do, | 180 | A + 130 [ S — 25 + +

1 Acidosis is e:prl:-sseﬂ in terms of diamtln acid, ammonia, or f-oxybutyric acid, the diacetic
acld being expressed by symbols as follows: 0, +, + 4+, ++ 4+, + + + +.

: Experiment omit because of possible error.

2 Ammonia.

4 f-oxybutyric acld.

From this table it will be seen that the effect upon the carbohydrate balance
from the use of oatmeal was decidedly favorable. In another series of experi-
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ments we should be inclined to use oatmeal days more. A study of the carbo-
hydrate balance would indicate that the oatmeal wag burned in the body. On
the other hand, these catmeal days, either from a study of their effect on acidosis
or from the results of observation in the calorimeter, afford no support to the
view that the carbohydrate of catmeal is oxidized in the body. Longer respira-
tion experiments alone will be able to settle this point.

Bread was apparently of no effect in the three experiments in which it was
nsed in lowering the minus carbohydrate balance or in diminishing the acidosis.
Potato had a distinetly favorable effect upon the carbohydrate balance, but the
acidosis was greater on the potato day and the day following than on the pre-
ceding day. '

Sodium bicarbonate was freely used. It was not administered invariably at
the slightest sign of acidosis (hecause the patients were under extremely close
gupervision) but rather when it was seen that the acidosis wae perzisting or in-
ecreasing in intensity. The quantities used were nsually about 12 to 24 grams,
but oceasionally the upper and lower limits were exceeded. No other medicine
was regularly employed, though oceasionally strychnine sulphate was given, and
once (Case A) diuretin.

Care was taken to restrict the quantity of exercise whenever the patients were
upon a low diet. Constipation was usually present, and treated by simple mea-
sures, such as the use of enemata, or salts. or most commonly by pills of aloin,
0.01 g.: strychnine sulphate, 0.001 g., and extract of belladonna, 0.008 g., or
extract cascara sagrada, 0.3 g., or podophyllin, 0.008 g.

GENERAL CLINICAL COMPARISON OF CASES.

Four of the 13 patients (Cases C, D, E, and F) have died at the time of writing
(April, 1910). Three of theze (Cases C, I), and E) died in coma.’

It would appear that Case C corresponded most closely with Naunyn’s type
of pure diabetes. His carbohydrate balance showed the extent of deficient as-
similation of the various forms of carbohydrate food employed and the experi-
ments in the respiration calorimeter confirmed this view. From this lack of
assimilation of carbohydrates and from the extent of the acidosis, it was evident
some weeks before the end that he could not live but a short time. The duration
of life of Case C after contracting diabetes was 15 months. During the first
7 months the diet was very little restricted, and during the balance of the period
he at no time became sugar-free despite vegetable days. On the other hand,
he was most faithful to diet, and probably the quantity of carbohydrate ingested
seldom exceeded 100 grame during the last 8 months of his life.

When one compares the length of life of Case C with that of Case E, the ques-
tion arises as to whether it was wise to have restricted the carbohydrate diet in
Case C to 50 grams or even 100 grams for as long a time as it was so restricted.
The question forces itself upon us whether he would not have stood a better

10ases B, G, and H died in May, 1910, all in coma: in other words seven of the ten
severe cases have died and six of these in coma.
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chance of acquiring a storage of glycogen in the body with a more liberal supply
of carbohydrate in the diet, even though the quantity of sugar in the urine was
larger than with a restricted supply. This is suggested all the more by observing
the rapid change in the carbohydrate balance of Cases H and I, when the carbo-
hydrates in the diet were restricted from an unlimited quantity to about 100
grams. The change from a positive carbohydrate balance to a minus carbo-
hydrate balance in ("ase I was so great in the short time as to lead to a perhaps
unfounded suspicion of deceit on the part of the patient.

Case E represents the usual course of a case of diabetes not under close super-
vision. The duration of life, 2 years and 1 month, corresponds with the average
period of life for diabetie patients at this age.

Case F probably would have lived for a somewhat longer period had he not
contracted pneumonia. It would appear that he followed restriction of diet
rather more carefully than Case E, but yet a diet which was not as restricted as
Case C, and possibly this was to his advantage. His life was shortened by pneu-
monia unaccompanied by coma.

Case D is a most valuable case for comparison with these men. Although dia-
betes developed in March, 1909, he did not come under observation until Decem-
ber of that year. Not only was the case absolutely untreated for this period, but
by great misfortune he took pains to eat an abundance of carbohydrate, especially
in the form of sugar, during October and November. The debility of the patient
was extreme, and it would appear that diabetic marasmus was responsible to a
considerable degree for his early death. Acidosis was apparently not severe a
few weeks before the end, although the extent of it was not finally determined.
[t is possible that in his weakened condition he succumbed to a degree of acidosis
which would not have affected a stronger individual.

“ase A was a mild case of diabetes grown severe by years of neglect. When
treatment was instituted, improvement at first was marked, but was interrupted
by an attack of influenza. Undoubtedly at this time the diet was too restricted,
for when the patient went to the country and increased the quantity of carbo-
hydrates from 50 to 100 grams, there was no gquestion as to his improvement.
Whereas the patient was a mild case at first and by neglect became a severe case,
it is not improbable that the type of disease may now change and that the disease
will again become of moderate though perhaps not of light intensity.

Case B at the time of writing has made a marked improvement." Two factors
stand out prominently, first, that this patient does better with 50 to ¥5 grams of
carbohydrate than with 25 grams of carbohydrate, and second, that the use of
sodium bicarbonate is most helpful.

Case G iz an example of the necessity of treatment of transitory glycosuria.'
He conforms to the data recently collected by Barringer and Roper,” in which
they show that the majority of cases of transitory glycosuria which are discovered
when being examined for life insurance subsequently develop diabetes. The

! Died, May, 1910.
*Barringer and Roper, Am. Journ. Med. Sei., 1907, 133, p. 842,
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favorable course of this case since the final onset in January, 1905, is attributable
to the careful dietetic management of his physician." In many respects it is sim-
ilar to the famous case, No. 121, which occurred in Naunyn’s series and was de-
scribed by Weintraud.

Cases H and I are in a group by themselves. The former developed diabetes
at the age of 17 and worked actively up to the time of her death in May, 1910,
19 yeare later. The latter developed diabetes at the age of 13. He was married
8 years after the onset and at the time of writing, April, 1910, has a child some
8 months old. Nine years after the onset he took up the occupation of chauffeur.
This is a particularly unfortunate oceupation for a diabetic patient, because it
involves mental strain and bodily exposure.

It is noteworthy that the factor common to these two cases was the hereditary
tendency to diabetes in their families. This was marked, as will be geen hy refer-
ence to their histories. This is often considered a bad prognostic factor, but it
ie very questionable whether such is the case. Such cases should be studied in
a group by themselves because it is probable that the course of hereditary diabetes
is different from the course of diabetes under other conditions, and what is good
therapeutically for one group may be harmful for another.

PLAN AND DETAILS OF EXPERIMENTS.

With the respiration calorimeter 56 experiments were made with the 13 differ-
ent subjects. These experiments covered 193 periods, the periods averaging 1
hour each. With the respiration apparatus, 26 respiration experiments were
carried out, with 102 periods, these periods being usually of 15 minutes” duration.
The conclusions drawn from this investigation, therefore, are based upon a large
number of experiments, and although the physical condition, body activity, grav-
ity of the disease, and individuality may vary considerably with the different
individuals, nevertheless an average of the total results should give a reasonably
accurate picture of the metabolism during severe diabetes.

From a practical standpoint it was found best to make most of the experi-
ments in the chair calorimeter, as this apparatus was finished some time hefore
the bed calorimeter and experimental researches with it had already been begun.
Accordingly but comparatively few experiments were made with the bed calo-
rimeter, the number being about one-third that made with the chair calorimeter.
The respiration apparatus was likewise not brought to completion until some
time after the bed calorimeter was finished, and consequently the respiration
experiments made with this apparatus have been confined to relatively few sub-
jects. However, the results obtained with all three forms of apparatus are of
sufficient importance to warrant a eareful consideration and extensive compari-
sons are made in a subsequent diseussion.

In the presentation of the experimental data, the following order has heen
maintained: First, the respiration ealorimeter experiments when the subject

! Dr. Theodore C. Janeway.
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was without food; second, the respiration calorimeter experiments made with
food ; and, finally, the respiration experiments. Under these different heads,
the experiments are arranged chronologically. In certain instances, a larger
number of respiration experiments was made than of calorimeter experiments,
and it may thus happen that the most recent experiment of all, namely, a calo-
rimeter experiment, may first be presented in the statistical data, while subse-
quently respiration experiments, made several months prior, are reported. A
list of the experiments is given in table 8.
TABLE 8. —List of experiments with diabetics.

—— ——— === e —n —_— —_— e —

i Respiration-calorimeter experiments, Exneciients with
T TR AT T 4] e TR T LT rupmnnlpwlm
Chair ealorimeter, Bed calorimeter.
Case. Without food. | With food. '
B e — — No. ot Mo. of
No.of | No. of EXpEri- No. of experi- No. of
t | Ho.at ; No. of ods. s,
expert- | S experi- periods, | Ments. . L ments. | PO
P s I
A 19 S| ek 23 1 5 L
B o . (i i 1 3 4 17
C 8 25 2 G 1 2 14 b6
D = o | b it i 3 12
B 2 6 | 2 G g i i
K 1 3 "1 3 o
G 3 sanal oo 8 driry 5

H i i - e b 13 1 3
I 5 5 il 2 b
J 1 3 { i 3 9
K 1 4 { e ke 1 5
L 4 21 | ' 1 6 %
M 2 Tl | 1 3 wa
Total. | 30 106 14 ‘ 15 11 37 2% 102

1 Experiment No. A 5 i2 included twice im thiz list, the first two perlods as an experiment
without food (A Sa) and the last two periods as an experiment with gﬂd (A GB).

GROUP I. CASE A.
DESCRIPTION OF THE CASE.

Male; single; traveling salesman; developed diabetes in 1900 at the age of
39 ; came under observation in October, 1908.

Family history—No history of diabetes in the family. Both father and
mother died of angina pectoris, two sisters died in infancy, one sister is well.

Past history—Mumps, measles, German meagles, scarlet fever, influenza once
or twice ; very little alcohol used. .

Present illness.—The disease first attracted attention by polydipsia and polyu-
ria during 1900. It caused the patient little inconvenience ; he underwent little
dietetic treatment. In October, 1908, on account of a cold he was examined by
a physician, and then for the first time began active treatment. Weakness was
the principal symptom ; the appetite was good but not excessive; constipation ;
sleep excellent; no headache, eyesight good.
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Physical examination—Height, 1.71 meters. Greatest weight, 68.2 kilo-
grams; weight, October, 1908, 51.4 kilograms. Poor muscular development.
Pale, coated tongue, teeth quite good. Pupils equal and react to light. Knee
jerks absent, but they were later obtained in March, 1910. No edema. Lungs
and heart normal. Somewhat later, temporarily, a systolic murmur was heard
at the apex of the heart. Pulse, 96; blood-pressure, 165 m. m. (Riva Rocei).
Liver extended 2 fingers’ breadth below the costal margin. Spleen not felt.

General history of the case—The patient was an excellent subjeet, and co-
operated throughout all the experiments in the most obliging manner. At the
time of the last observation, March 11, 1910, he was unquestionably in better
condition than 2 years before, although the gain in weight was only 5 pounds.
From October 29, 1908 until December 24, 1908, he was at the New England
Deaconess Hospital, and under close supervision, but later he came to the labo-
ratory from his home the morning of each experiment. Improvement was de-
cided at the beginning of treatment, but the condition was stationary the latter
part of November and December, 1908. Early in January, 1909, a severe cold
with neuralgia and otitis media greatly weakened the patient, and he did not
recover until he went away in the summer. The pulse increased in rate at this
time. Improvement was marked in the summer, when the patient took about
100 grams of carbohydrate daily in contrast to about 50 grams at the hospital.
The coursze of the disease is shown by the chart herewith (table 9).

Urine data.—The volume of urine varied from 865 c. ¢. to 4750 c. . It was
but little over 2000 c. e. while in the hospital, but rose to 3000 and even 4000 c. e.
soon after leaving the institution in December, 1908. This was explained by a
relaxation of the diet during a severe attack of influenza in January, 1909. The
specific gravity varied from 1033 to 1014, Albumen at no time during the period
of observation exceeded a very slight trace. The quantity of urinary nitrogen
averaged 13.1 grams. This gives us one of the best controls of the patient’s diet
while he was away from the hospital. It is probably a safe inference that he
seldom broke over the prescribed régime to any marked extent.

Sugar in urine.—The total qugntity of sugar in the urine remained very con-
stantly at about 75 grams, except when the diet was markedly changed, and
similarly the carbohydrates in the diet were generally about 40 to 60 grams. The
carbohydrate balance was thus about minus 40 to 60 grams. It exceeded plus
10 grams but once, and that was upon an catmeal day, when it reached plus 70
grams to become minus the next day. Further, the days upon which the balance
wag positive (except the catmeal day) the examination of the urine for sugar
was only by the polariscope. The patient did not show a larger quantity of sugar
in the urine when the first analysis was made because the diet was already some-
what restricted. Presumably the quantity of carbohydrates in the urine a few
days before was considerably in excess of 94 grams. He became sugar-free but
once, and then only after several vegetable days, and remained but a single day
free from sugar.
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TaABLE 9. —Clinical chart—Casze A.

fermentation.
i Per cent.

| ! Ammonia. Sugar.
. : | = ————
. al |z
:.E, E % - : | E
Date, -=' _:'_ E 'E E e o E =
) ez e o 3| B mly | B 1B
o i E P - A e
i -] & = 5 | & | 2 | & |EF| & &
1504, [ e & gmE, | gms, | gus p c!,?gmn. s,
g:g pESe i | ﬁ.’ﬁ I% x| i B gl B g
- Bl ac. ok i ;
Oet. 209-30......| 1 S | o 2 @
Oct. 30-31...... | HLri 123 T 444+ | [ 5 w 4
Oct. 31-Nov. 1. 3 R B T ac. + | 4.2 ... o 81
|
Mov. 1-2...... | 2640 | 1024 ac. 8L+ | 14.2 | 3.6(205| 86 | 84
Nov. - 8...... | 2430 ae. + 1651 | 3.5/15.1 | & 18
Mov. 3-4......| 2476 | 1025 ac. + | 15.2 | 2.8 15% 80 79
Nov, 4-05, A1 FTREO | ... 14.47 3.3 15.5| 67 | 59
| |
Nov. &5=6, . A 10 2165 | 1021 ac, ++ + 13.3 l-l.ﬁli 3.0 17.0| 74 32
: 1 1 |
Mow. 6= T...... 280 | 1021 e, + = 10,1 o iﬂ.ﬁJ a2
Nov. 7-8 | 20) 1023 ac, S 11.5 et [ 1 | 4
MNov, 890...... ! R0 102% ae, + - 1266 | 26169 | 69 BT
MNov. 9-10...... 2570 1024 ac. + + d 1290 | wuni] snes | BB Bl
Nov, 10-11... ... 3060 | 1023 ac. +51 7 | Bey| zs|iBil TR | 6B
Nov,. 11-12...... 2600 cone | wene | 1288 f Lou ) eaes 7] 42
Kov, 12-18.. ETH) 1023 ae, +4 | . | 14.08 : 66 #
[ |
MNov. 18-14.... | . 27 13.19 2 [ e A 1]
iNut. 14-16.. | 6020 | 1022 ac. | 44+ + | 2 13.19 ofeeee | B | BO
Nov. 15-16...... 2215 1026 alk. A S I 11.24 Al e 65
Nov. 16-17. ... T T O e My 0 W e |
MNov. 1T-18...... | 2306 1027 alk. e 2 1B 8 | i | e o BE 55
Nov. 18-19.. | A si 1810 | .... | : 13.5 0.5 4.9 | 43 | 28
Nov. 10-20_ | A 11 2450 i 4.2 17.4 0.9 4.3 | 71 67
|
Nov. 20-21...... | 2120 | 1028 alk, + + . 14.6 b3 49
Mov. 21-22...... 2115 1026 ae, e Y 14.2 ] et | 51
WNov. 22-23...... 2050 P ok S o 13.0 ses | sews T T1
Nov. 23-24.| A 12| 1870 | . = 0.6 | 124 | 05 33 |78 | 69
Nov. 24=-25..| A 13 2165 . e (1] 13.2 as 52 .
| Now, 25-28...... m’ 1024 ac. + - aes . EEETY am 46
| Rﬂ"r' ...... § gmu FaEE mwaE LR LR L2 L1 ! i“'
Now. 27-28...... 24590 1019 aAc. o 2em ssea mun | HEEE ae
Nov, 2890, ... WE | 102 alk. 8L+ | | | | 61
Nov. 20-30. ..., 2310 | 1024 alk. + i e aa %
Nov. 30-Dec. 1 2250 nas alk. + e aasa ann | sues . 41
| Dec, 1-2...... 2550 | 1028 alk. 1 | (e : 46
1 All the determinations by rotatlon on this and all following charts were made before
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TanLE 9. —Clinical chart—Case A,

e - e

Diegt. -
. =
| = =
| = -
- =
5 . [ 2 = Remarks,
g! dﬁ g al | = | 'E"": E
= = o I

AEHEINE RS g | 55| =

E.E‘ gx| B | < | & | BlE | =

am [ E|E |2 |8 | = |8 |

gma. Js, \GmE Jms. Jims. gaes, gnes. Kilos,

B |, | a 12 | —45 513

50 | | 12 | —50|50.5 |

0 12 | .... 48.4 | Previous welghts late In day ; from now on be-
| fore breakfast

490 v 18 | .cox | 12 | —35) 48.2

5 l 106 | 17 | 130 ) 23 |2500( O |—25)48.1| 4 ﬁaix. 00 gms, cheese, 24) gms, meat (un-

| cgﬂ ed), J:t msiﬁ'm-en 3 ﬁh:r Hagﬂma. vcmitnbh:s.
| = 8. r 8. oil, 2. wine.

55 17190 | 33 (2500 o |—30 47.7| Po. Briiilye B

55 | 106| 17180 | &% |2500| o0 |—25) 48.1| Do.

65 17 (180 | 33 |2500| o |—25/|485 | Do.

a5 81 (13 ... | 20 ....| O |—3049.0 2 oprs, 45 gms, cheege, 240 gms. meat, 45 gms.
I { | hread, sngnma. vegetables, butter, 15 gms. oil,

35 &1 13 20 | o | dolasie | et s cheens.hs tmeal, 200

= | . 45 gms. cheese, 36 gms. catmeal, gms.
l Ev?ﬁle. vegetables, 'Evu.tter, 30 gms. cream, 230
£IME. 000 meat,

40 B9 | 11 (200 24 (2400 | 20 |—10|49.3| 4 eggs,m!gms. cheew,aﬂ%ema. catmeal, 300 gms.
| | w;.retut; ez, 120 gms. butter, 250 ¢. ¢. cream, 240
| | me. wine,

40 | 119 19| 200 | 33 | 2700 | 20 | —20 50.7 | The same and 240 gms. meat. Wine, 2330 gms,

40 | 119 | 19 | 200 | 33 | 2700 | 20 | —380 | 51.5 | 4 emzs, @0 gms. cheese, 38 pms. patmeal, 300 gms.

I [ | vegetahles, 120 gms. buftter, 250 c. ¢. cream, 240
[ | gms. wine,

40 | 119| 19/ 200 33 2700 | 20 @ —25 52.4 Do,

40 | 119 18 | 300 i3 20  —380| 5338 Do,

35 | 113 | 18 | 200 33 20 |—40 | 53.2 | The same save only 12 gms. oatmeal,

40 | 119| 19200 33 | 2700 | 20 |—25 53.0 | 4 eggs, %0 gms. cheese, 240 gms. meat (un-

| eooked), 36 gms. oatmeal, 300 gms. vegetables,
| [ 120 zmg, butter, 250 ¢. ¢, cream, 240 gms. wine.

40 | 119| 19| 200 33 2700 | 20 —25|52.5 T,

40 | 119 19| 200| 33 | 2700 | 20 | —25| 525 D

66 | 106 | 17 |180| 33 | 2800 | 20  —10|52.% |4 epgs, 90 gms. cheese, 240 gms. meat (umn-
| l | eooked), 75 gma, hread, 300 gms. vegetables, 120
| | eme. butter, 15 gms. oil, 330 gms. wine.

53 106 ( 17 /180 33 | 2500 | 20 | —10|53.4 Ty,

65 | 106 | 17180 33 | 2500 | M) bl G52T Tho,

35 e (L2 ... 20 | ... |12 |—1052.9 2 eggs, 45 gms, cheese, 210 gms. meat, 45 gms.
| | hread, 300 gms, vegetables, butter, 15 gms. ofl,
| 200 gms. wine.

a5 o 21 20 | 16 |—15 52.9| ¢ eggs, 45 gms. cheese, 240 gms, meat (un-
' cooked), 75 gms. bread, 800 gms. vegetables,

237 gms. meat (eooked), butter, 15 gms. ofl, 200
| | gms, wine.

4] 17 (180 | 33 | 2500 | 16 |— 5 53.2|4 eges, 90 gms. cheese, 240 gms. meat (on-

|  copked), 75 gms., bread, 300 gms. vegetables,
| | 120 zms. butter, 15 gms. oil, 330 gms. wine.

55 17 23 (2500 168 |— 51 53.4| T,

0 | 17| 180 | 33 | 2600 | 16 | 4+ 5| 53.7 | The same and 25 gms, dextroge,

S0 . 17 150 33 2600 12 0 533.5 4 eggs, 90 gms, cheese, 240 gms, meat (on-
| | | 00 m]_;;’: tgms.lshren ; ﬁ:ﬂﬂg}mm vEgeitah'lea.
| 120 gms. butter, 15 gms. oll, gms, wine.

so | .. 171033 260012 | ©53.2 Do.

55 17 | 180 | a3 Eﬁml 12 | +10) 53.5 | 4 ogos, 90 gpms, cheese, 240 gms. meat (un-
| i mﬁsed}. 73 gms, bread, 20 gms. vegetables,
| > | £l 120 gms. butter, 16 gms. oil, gms. wine.

it L 1T | 200 33 | 2700 g | 410 52.2 | The same and 30 gms. bhutter,

55 17 (200 | 33 |2700| 12 | + 5| 522 Do.

40 19 s:rﬁl a3 20 |+ 5 52.3| 4 eggs, 90 gms. cheese, 240 gms, meat, 38 %ms.

| | patmeal, 3% gme. vegetables, 150 gms. butter,
| | , 950 ¢. €. cream, 240 gms. wine.

40 171225 | 33 | 2800 20 | 0 53.4 | The same less 60 gms. meat.

40 17 | 225 | 3 | 2500 | 20 i_ o 564.2 Do

|

' When the sugar in the urine was not determined by the Citron method, the amount of sugar
phtalned by polarization wag usged in computing the earbohydrate balnnee.
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Tasre 9.—OTinical chari—Case A—Continued.
I — . | :
| | | Ammonia. Sugar.
| | = ; T ,
g | E = &l | g
] e [ = (1] |
a s o 53] _
Lo = = [ = | E—. o = = E.E. A
Hod ]y JN 8 i | 2| 8 |.0E|g B
s 4| 2] 3 I %s B EERE R
| = o ' =] Y = | SR L
1508, (5 { : s, | gma. |gma. P ﬂ.lgms. g,
| Dec. 2-3...... 200 | d0m | oalk o (1 ] SRELE | st E ae R
Dec. 3-4...... 1330 | 1027 alk. + b 87 | 18
Dee. 4= Bovuwns 2900 1087 alk. | 4+ 4+ + + E | I 41
| 1
Dee. 5= 6...... sopn | 19 | alk. 4+ 1. | 4 | %
Dec. & T...... 1770 1027 alk. | ++++ ; i 32 | 2
Dec. T-8 ... 2160 | 1025 alk. | ++++ | .. 32 | 35
Deg, & 9.,.... aMg | 1023 alk. | ++++ | . : M | 16
Dec. 910...... 2520 | 1021 | e | £+++ Wy S B
I 1
I 1
Dee. 10-11...... a0 | 1022 | me 54+ | ... il 2ol 6 | =
Dec. 11-12...... | 2640 | 1026 | ae 4+ + 2 a1 | | | N
Dec, 12-18...... | emg | 102G ac. ++ 4+ 4+ 5 S| P s | I8
Deec. 13-14...... 2640 1025 | Sl.ae. + + e T one Wmen | [ 1)
Dec. 14-15...... | FIR0 i 1023 alk. + 4+ ; el W B [
| Dec. 16-18......| 1806 | e 2.1 - - | 18 -
Dee, 16-17.. A 3| S65 | iﬁﬂﬂ B | M (B
Dee. 17-18...... [ 1140 | 1024 alk + + + e 5 | B o 0
Dec, 18-19...... [ 1650 1026 alk. | + + 5 o w1 AR
. I .
Dec, 19-20...... | 960 | 1033 | 8l.ac. + + - B P e | 18
De¢, 20-21...... | 1710 1027 alk. 8L+ - aes | i - 1 14
Dee, 21-22..,... 2580 1014 fc. T. 8l + R e (S ||
DEE M ------ m} lms A, | '+ EEEEY LR ] 1-'! meas = w
Dree, %—:54 ,,,,,, 2130 | 1023 ac. + o b P = | B
Thn: Ak e 2500 | 1027 ac. 4+ttt | ... PRI I (R LT
Jan., & T 3500 1026 | ac, + + e win | seas 18R | 1D
Joan. T=8...... b 1027 e, ++ + + e o din | acww [ 16 i1
Jan, 13-14...... 4760 | 1028 | ac. ++ 4 A : G| cooo PRSI SE
| Jam. 14-15...... ' | | s | e |aeee] o b | S 1
| Jam. 17-18...... | 4250 | 1024 ae, + o+ + & e || et A z
| Jam, 18-18...... | 4000 1026 e || =+ 4+ . wom | SaSaulELEY T
| Jan. 24-%5...... | &0 | ... B S 2 T B Lo e o [N
Jan, 25-28...... B | ... PE (R = R IR R L | o
Jam. 850-31...... | 0D 1028 ac. | + &4 wa “en Sl | cowe | 129 e
Jan. 31-Feb. 1 | &M | 1030 ac. + + + e P 2.9 .. | 161 an
Febh., 8= B...... 4000 | ... F o | 126 | -
Feb, 1215, ... 2504 : : + 4 d Pl Wi [ |
Feb. 1536...... | w00 | ... ++ e ||| wlhadt s
Feb. 22-23...... 3500 | 1026 | ae +4 | ... | 187 | 232|158 128 | ..
Mar. 1-2...... 3750 1028 | ap + + R e i) B i | ) e
Mar. 3-4 4000 1026 ac, + 4 35.6 14.2 4.1 23.8 | 128 .
le.. *g ------ w ].m -H.E'. + + + SEEa aFagy LER S LEERE ] m m
Mar. 15-14...... 4000 1023 | ac. ++ + i e wea | nawa | 104 ik
Mar. 12-19 - B610 08T 1 .aes e 10.3 125 il 114 .-
ar. 20-80...... 3250 1T | + + s asan m] | 109 .
.A. r. 1‘2 ------ | m Eram . LR LR 11-3 LR vass m LA
!.r ""'ﬁ m lﬂﬁﬁ - LR ] o 13-3 Ea EE 11-5‘ (R
May 18-17... 2570 | 1028 “iei i 1.9 AR WA B e |0
June 7- 8 2625 1027 aec. + & i i 4.2 a7 P
ov. 1'2 L) m ac. + + + LR E e LR vass LR s
Nov. l-g-mb ...... 2000 o B3 .4 RERTE| || [ %
Mar. 2-8..... 2565 | 1029 ac. + 0 IR AR e
Mar. 6-8.... 2406 1024 ac. + 16.6 1.7 8.0 |21.1| 7@ | 8T

1 Per cent.
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Carbohydrate-balance,

Naked body-weight.
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38 4.5 | 200
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—a0
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EwEa
sees
mEEaE

sesa
aEEE
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'ym.a- GHHE, Eilus,

4.8
558

Eﬂ'

S 333F
=) DO k]

=

Bil |
5.4
52.2

537

Ohmit c»atl:nen]

i a.m cheese g, meat, 3 gms, oat- |
Theal, 300 ghis. egutablos. 100 B

meal, 3. 'FEEE
E:msnnil mgma wine.

Dvo. Diuretin 2 gms,
Do,

Yolks 14 eggs, bacon, 360 ﬁma. wine, butter,
vegetables, ﬂntl.'ee. tea.. bouillon.

3 oZgs maﬁms cheese, 90 pma. meat, 18 gms. oat-
T &0 gms. vegetables, 150 gms, butter, 15
gmsnnil 250 gma. cream, ﬁtl gms. wine,

0.

160 gms. butter, 15

Be
240 gms. gatmeal, 240 gms. butter, 240 gms. wine.
Yolks 12 B:Ir_;ms vegetables, bacon, batter,
450 gms. wine, boufllon, tea, coffee.
The same El:ce’nt &30 pms. wine.
Bnul]lun 2 epg-yolks, 90 gms. bacon,
etabl ea, ‘gms. wine, o

| As 15-14.

3 egga. 00 gms. cheese, 80 gms. meat, 300 gma.
vegetables, 150 gms, butter, 15 gmas. Eil, 250 ¢. c.
cream, 360 ¢ ¢ wine, 1 grapefralt.

Meat, , vegetables, 250 ¢. ¢. cream, 26 gms.
oatmea 1 oran
210 gms, brea,d

210 gme. bread, 180 gme. butter, 250 gms. eream.
Do,
Do,
Vegetables, 250 c.c¢. cream, boulllon, butter,
cges, bacon, wine, coffee, tea.

34 gms. ontmenl, 25 ¢ e. cream, £ oranges,
ragetnhlem meat, eggs, wine.

e e cream, 210 gms, butter.

o
Do,

3& gms, oatmeal, 250 ¢ e, eream, 13& orange, 14
grapefruit, vegetables, meat, eggs, fat.




42 Meraporisy 1N Diaperes MELLITUS.

Quantitative indications in the urine of acidosis—The acidosis was consistent
with the minus earbohydrate balance, and the quantitative indications are shown
in table 10. It was measured first by the intensity of the diacetic acid reaction.
The diacetic acid was estimated by the depth of the color when an aqueous solu-
tion of ferric chloride was added to the urine. It varied from one plus () to
four plus (4 4 + ), being nearly always less severe when the patient was
outside of the hospital, and presumably taking rather more carbohydrates in
the diet.

TapLe 10.—Quantitative indications in the urine of acidosis—Case A,

e Ammonia. i Sugar.

| S | —

Date, | Diacetic acid.? | 'b::{dr:c S8 ﬂﬁ;ﬂt | citron | Rota- limng.

nitrogen. | it b, tion. {+or —).
! | gms. | gms. | | gms. | gms. | gms.

Oct. 30-31........ + + 4+ | s 3.8 | wuss | 7 T4 -— 3
Oct. 31-Nov. 1.... + 5 4.2 i ik 81 e
Nov. 1-2....... sl. + | 3.6 20.9 86 8 | —2
0N, 2=t v -+ 2.5 19.1 B2 T2 — 9
Nov. 3-4....... f - 3.6 19.4 80 M | —1
Nov., d4-6....... 2.3 18.8 67 59 — 8
MNov., b 0....... + 4+ 4+ 12.2 3.0 17.0 T4 b2 —22
MNov. 8 9....... -+ 2.6 16.9 69 57 —12
Nov. 10-11...... | +++| 0o | 2.8 | 15.1 72 55 | —17

| Nov. 13-14....... B |y i1 50 —15

| MNov. 14-15....... 4+ 4+ 4+ | %27 o L *Gb *50 —15
Nov. 18-19....... cran | wmas 0.8 | 4.9 43 pit —15
Nov. 19-20....... cozie ] el 0.9 4.3 | Tl 67 — 4
Nov. 23-24...... ] e | 006 | GG E 69 | — 9
Nov. 24-25....... e | B2 o =
Dee. 15-16.......| SR T [y =
Dec. 22-23....... | + | d.a o L 30

1909, | - :
Jan. 4=5....... [ ++4+4] - 4.3 [ 132 s
Jan, 13-14 + 4 4+ . 0.4 | P E v
Jan, 20-81....... R LR L e e 3.4 [ 128 | :
Jan. 31-Feh. 1 44+ sk | SN e [ oee 1A -
Feb. 22-23....... + | o | 82 ||-a508 126 3 5
Mar. 3-4....... + 4+ 35.6 4.1 23.8 128 fo -
Mar. 18-19....... ey e ) 11 e 114 - i
June 7-8....... F+4 | - | 4.2 87 89 + 2
1610, I [

Mar. 28 . ivoees 4= 2.8 e ‘ S | B
Mar: B, a0 3.0 T el BT 1

! Intensity of reaction recorded: 0, +, +4+; ++ +; + %+ + +.
t Urlne for 2 days combined and analyzed.

B-oxybutyric acid furnished the second source of information. The B-oxy-
butyric acid amounted to 13.3 grams upon November 5-6, 1908, when the patient
was taking 35 grams of carbohydrate per day and no sodium bicarbonate, but it
was 27 grams on the average for 2 successive days, November 13-14 and 14-15,
when the carbohydrate in the diet was 40 grams, and 20 grams sodium bicar-
bonate had been taken daily for ¥ days. The g-oxybutyric acid fell to 4.2 grams
on November 19-20. For several days prior to this date the urine had been
alkaline, and presumably most of the acid had been washed out of the system by
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the use of fairly large doses of sodium bicarbonate. The g-oxybutyric acid was
less than a gram upon November 23-24, and only 2.1 grams December 15-16.
Upon 1 day, March 3—4, 1909, the quantity reached 35.6 grams. This was at
the time the patient had left the hospital, and after he had had influenza, as
above recorded. The patient was in a very critical condition at this time. The
quantity of B-oxybutyric acid March 5-6, 1910, was 16.6 grams. The large
quantity of g-oxybutyric acid was also indicated by the difference in the quantity
of sugar as determined by the pelariscope and by Citron’s test. The table shows
the relation between the extracted gquantity of g-oxybutyric acid and the differ-
ence in the estimations of sugar by the Citron method and by polarization. The
average difference between the two tests for sugar was 9 grams, the greatest being
22 grams. This iz not an accurate method of estimating the acid as Magnus-
Levy long ago showed, but it is often helpful.

The third index of the acidosis was the ammonia, which varied from 0.5 gram
to 5.4 grams in contrast to 0.5 gram which is the normal amount of ammonia
in the urine. Evidently the ammonia excretion was dependent upon whether
sodium bicarbonate was being administered. The ammonia-nitrogen nitrogen
ratio varied between 3.3 per cent and 23.8 per cent, in general being parallel to
the other methods of measuring acidozis.

Another method of expressing the acidosis is by the quantity of sodium bicar-
bonate which it is necessary to give to render the urine alkaline. Whereas 5
grams of sodium bicarbonate will usnally render the urine of a healthy individual
alkaline, patient A took 20 grams daily for 9 days to produce this result. The
patient felt better for taking the alkali, and continued it of his own accord, when
for a period of several months he saw no physician. As a rule, the amount taken
was 8 to 16 grams. The change in weight of the patient was closely dependent
upon the quantity of the alkali, for it rose from 48.6 kilograms, November 5-6,
1908, to 53.3 kilograms 5 days later, the fifth day of the administration of 20
grams of sodium bicarbonate.

EXPERIMENTS WITH CASE A.

With this subject 16 metabolism experiments were made, 15 with the chair
calorimeter and 1 with the bed calorimeter. Of these, 9 were made in the morn-
ing, after a fast of 12 hours, no breakfast being taken before or during the experi-
ment. Food was taken in the other 7 experiments. One experiment (A 5)
differed from the others in that while begun under fasting conditions, food was
ingested at the beginning of the third period. The experiment is therefore
divided in the text and also in the comparison of the experiments with this sub-
ject. The first two periods are included in the experiments without food, while
the last two periods are considered in the experiments with food. No respira-
tion experiments were carried out with this subject. The vital statisties were
as follows:

Age, 49 years; height, 171 centimeters ; range in naked body-weight,' 48.8 to
57.3 kilograms.

! This range applies only to days of experiments,
4
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MeETABOLISM EXPERIMENT No, A 1.

Date, November 4, 1908. Naked body-weight, 48.8 kilograms.

This experiment was the first made with a diabetic in which the respiration
calorimeter was used. The subject had followed a dietetic régime in the New
England Deaconess Hospital for several days previous to the experiment, and
came to the laboratory without breakfast. The experiment proper began at
7t 58™ a. m., and continued for three 2-hour periods. No water was taken during
this time. The pulse-rate was taken hy the subject himself, and ranged from 77
to 83, but no body-temperatures were obtained. He was very quiet throughout
the whole experiment, the only activity being that incidental to urinating and
to telephoning at the end of each period. He showed no nervonsness regarding
the experiment and proved an ideal subject. In the last period he covered the
lower part of his body with a shawl but did not feel cool previous to that period.
Some lightheadedness was experienced as well as headache, and the subject stated
that the headache continued throughont the afterncon following the experiment.
The metabolism measurements and the data regarding pulse-rate are given in
table 11, while the statistics of the urine are given in table 12.

TarLE 11.—Measurements of metabolism—Metabolism experiment No. A 1.

l Per minute,

Carbon ; sk b Reapi- Aver.
Date and period. dg?i‘:jﬁf l}ﬁfm Carbon | oo 0 ' E;T:K ';:‘;” elimi. e ol
nated, | %0rbed. | dioxide | TIPT | sed. | oG | mated. | Toild

nated, | 50TDed. !

b | lh el of |

November §, 1908, grams. grams.| c.c. | e.c. | gms. cals. |
TE68™am. to 9"58™am..| 39.5 | 42.1 | 167 244 | 43.2 | 0.68 | 152 | 281
O b8 am. 11 58 am..| 38.7 29.9 | 164 233 | 68.1 11| 132 | 20
11 58 a.m. 158 pm..| 38.6| 39.9 ) 164 233 | 41.4 11134 | 31

Total 6 hours=®...... 116.8 | 121.9 165 237 [142.T7 | .... | 418

1 Pulse by the subject.

2 Average of 3 records from 9 a. m. to 10 a. m.

® Carbon dicxide per kilogram per minute, 8.38 ¢ c.; oxygen per kilogram per mioute, 4,86 ¢ ¢, ;
heat eliminated per kilogram per hour, 1.43 calories.

TABLE 12.—S8tatistics of urine—Metabolism experiment No. A 1.

| | | Sugar.

Date and period. tity. _Total — el

Quantity | mitrogen. | poo | Titra-

zation. | tiom,

November 4-5, 1908. i Grims. groms. | grams. Igmms.

TR ol 8 e, ek Era L |~ 84.5 .51 2.2 24| 4.7
BB A BN e R i i g A | 186.1 1.08 4.8 5.3 | 4.91
T Em. 13 noon.. i e S | 169.7 | 1.04 4.2 4.9 | 4.7
12 moon LT o R oo | 118.3 | .81 3.2 2:4 ) 4.20
2 p.m. R 8 P ) e .| 1700 ¢.e,| 11.01 44.2 | 50.5 e
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MEeTAROLISM EXPERIMERT No. A 2.

Date, November 18, 1908. Naked body-weight, 52.8 kilograms.

As in the previous experiment, the subject came to the laboratory in the morn-
ing without breakfast. He entered the calorimeter chamber at 7® 59™ a. m. and
the experiment began at 8" 52™ a. m., continuing for three 2-hour periods. The
subject drank no water. He used the telephone at the end of each period and
also at 11* 12™ a. m. The pulse-rate, which ranged from 63 to 70, was recorded
every half hour by the subjeet himself, and he also took his own body-tempera-
ture, sublingually, with a clinical thermometer, at the beginning of each period,
and at the end of the experiment. In attempting to take his temperature at
10" 52™ a. m. (the beginning of the second period) he broke the thermometer,
and another one was substifuted, so that the second temperature record was
taken at 11" 12™ a. m., instead of at the beginning of the second period. The
subject did not find this experiment =o tedions as the first one or feel the lack
of food =0 much, and suffered from no headache. The measurements of the
metabolism are given in table 13, together with the average pulse-rate. The
statistics of the urine are given in table 14.

TapLe 13.—Measurements of metabolism—Metabolism experiment No. A 2.

I Per minute,
| Carbon | . — | W Respi-

Date and period. dioxide | ORER C 0| e | matney | R *E:f-'
elimi- | sorbed. | dioxide | OXYEER | U | nated. | rate
nated. e ab- | * | taemt. : -

pated. | Porbed. |
' i
November 18, 1904, grams. grams.| c.c. C.oCo | gma. | cals.

e p2mam. to 10*62™am..| 38.56 | ..... 163 doe Rl W gt ] (e 137 69
10 52 am. 12 52 p.m. | 37.8 | 383.0| 160 222 | 45.3 | 0,72 154 67
12 62 p.m. 2562 pm..| 37.9| 40.5| 161 _ 236 | 45.8 .68 131 65

Total 6 hours™...... | 1214.2 | 7.5 | 161 | =220 140.0 |.... | *402| .

| - .

1 Carbon dioxide per kilogram per minute, 3.05 ¢.c.; oxygen per kilogram per minute, 4.34 c.c. ;
heat eliminated gnr kilogram per hour, 1.27 calories.

2 For period 10" 52™ A, m. to 20 52™ p. m,

‘Bodg-tem reture at beginning 957.75° F.; at end, 87.356° F. Heat production for total §
hours, 393 ealories.

TaprLe 14 —Statistics of urine—Metabolizsm experiment No, A 2,

Bugar.
Date and period. ity. | . yotal |__ —| D:N.
e P Quantity. | nitrogen. Polari- | Titra- L
zation. | tiom,
I =l NS
November 18=19, 153, grawms. | grams. | gramis. grams.
Tmam to BB2™AM.......cccccnuan 102.2 |  0.80 2.9 | 3.9 4.88
B2 aam..  10EE BI. ..s e siaesnne s 97.9 i) 2.9 3.4 4.30
1052 am. 1262 pm. ... ..ciicieaian 58.7 .55 1.3 1.6 | 2.91
12 52 p.m. SR DN - e o e 60.2 .h2 .6 1.0 1.92
2 52 pm. O I e e 160 e, e.] 10.87 | 19.5 | 33.5
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MerapoLIsM EXPERIMENT No. A 3.

Date, December 16, 1908. Naked body-weight, 57.3 kilograms.

The subject entered the calorimeter chamber at 8" 20™ a. m., without break-
fast, and the experiment began at 9" 18™ a. m. The measurements of the metab-
olism were made in six 1-hour periods. No water was taken in the experiment
and the subject used the telephone eight times. The subject stated after the
experiment that he was neither tired nor unusually hungry. He suffered some
from indigestion, but this had no connection with the experiment.

The pulse and respiration records were obtained by means of the stethoscope,
which was used in this experiment for the first time with this subject. Records
of the pulse-rate were also made by the subject himself. The range with the
stethoscope was from 64 to 67, while the records made by the subject ranged
from 65 to 71. Measurements of the body-temperature were taken sublingually
with a clinical thermometer at the beginning of each period and at the end of

TapLE 15.—Measuréments of metabolism—Metabolism experiment No. 4 3.

i | Per minute. I;
Carbon | W TRespi-
Date and period, d‘f‘-’“"il* m"i;gm Carbon | ﬂ?:ﬁ “t‘“” | eIi!::ﬁ:' "m'
:n.t':r]l- sarbed. | dioxide %E’E'ﬂ ized, t?unt. rate,
2 | elimi-
| nated, | Sorbed. ; |
o | — -]
December 16, 1908, Jrams. graoms, | c.o. c.C. |gme. cris.
gn1gma m. to 10"18"am.., 22.2 | 21.5 189 |- 251 | 26.2 | 0.78 i (i1
(1018 am. 11 1% am..| 22.0| 21.6 | 187 | 252 |27.2| .74 T9 4
11 18 am. 12 18 pm..| 22.32| 21.6 | 189 252 | 26.3 .6 i i
12 18 p.m. 118 pm..| 21.00| 21.3 178 | 249 | 25.7 -T2 T o
| 118 p.m. 218 pm..| 22.32| 21.7 188 | 253 | 2h.8 .TD i) "4
2 18 p.m. 318 p.m..| 21.7T| 21.3| 184 249 | 24.9 .T4 73 | *66
Total 6 hours®. . .. .. 1316 | 129.0 ‘ 186 | 251 [156.2 T
|
L Average of three records from 1b 40™ p. m . to 1b 55™ p. m.

* Records taken from 2B 50™ p, m. to 3 10

¥ Carbon dioxide per kllogram per minute, 3. Eg'e e oxyvgen per kilogram per minute, 4.38 ¢. ¢, ;
heat eliminated per kflogram per hour, 1. 43 caluriea.

4 Rectal body- l+mpc-rnlurn: at hnz-ginnin#. 36.85° C.; at end, 37.04° C. Heat production for total
8 hours, 461.2 calories,

Tapnre 16.—S8tatistics of urine—Metabolism experiment No. A 3.

Prate and period. , YVolume, EP‘TI'& ! nil.'l:un:lzrln. Sugar. D:N.
December 15, 1908. | C. C. grams. | grams.
700 am. to TO0"pm....... | B72 et 3.91 12.9
December 15-116. I
T00™ p.m. to 1*0™am....... | 641 1.023 | 2.64 2.5
December 16,
1*00™a.m. to T00™am....... 292 ] | [ 2.3
T00m™a.m. to $1E"am....... H 1.029 | .5 1.9 3.38
918 am. 1118 am....... 83 1.027 | .53 1.5 2.83
18 mam,. 138 DE ..o 70 1.028 1 .50 1.2 2.40
118 pm. 218 pm.... ... 49 1.027 | .36 .4 1.11
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the experiment. The rectal measurements were also taken with the electrical-
resistance thermometer. The measurements of the metabolism and the average
pulse-rate are given in table 15. The statistics regarding the urine are given
in table 16.

MEeTABOLISM EXPERIMENT No. A 4.

Date, March 4, 1909. Naked body-weight, 51.6 kilograms.

The bed calorimeter was used for this experiment and the subject entered the
chamber at 8" 16™ a. m., without breakfast. The experiment began at 8® 50™
a. m. and ended at 11" 50™ a. m. The first period was 1 hour long and the four
following, one-half hour each. During the experiment, the subject’s body was
three-quarters covered by a blanket. He used the telephone twice and turned
over from one gide to the other at 10® 12™ a. m. and at 11* 04™ a. m. The subject
said that while there was sufficient light for reading, the position was not favor-
able, and although he did not sleep during the experiment, he was drowsy a part
of the time. He also =aid that while he did not object to the bed calorimeter,
he preferred the chair calorimeter, as the experiment seemed less tedious. The
records of the pulse-rate were obtained with the stethoscope and ranged from
75 to 86, although at one time when the subject was moving about it rose to 91.
The respiration-rate ranged from 12 to 18, and was obtained by means of the
pneumograph, which was used in this experiment for the first time with this
subject. The hody-temperature measurements for the beginning of each period
and at the end of the experiment were obtained with the electrical-resistance
thermometer.

Certain interpretations of the metabolism may in large measure depend upon
the variations in muscular activity, and an accurate record of the movements of
the subject during the experiment may be obtained from the record of the vibra-
tions of the tambour connected with the pneumograph. While the subject was
instructed to lie quietly in the bed calorimeter there are frequently noticeable
differences in the muscular activity with different individuals even under these
TasLE 17 —Measurements of metabolism—Metabolism experiment No. A 4.

e —

| | Per minute. | | e
| Carbon ) — Wat Respi- Heat Aver- |
Date and period. S I-ﬁm;chrbyuln e vapor- e elimi- . respi-
naked. ml'bbﬂ-ldiin_m?‘l:' ahe ized. ik nated. | ' o ration-
T =
| | v I I e N
March §, 1909. ! ﬂrma.! gms. | c.c. | c.c. |gms. | cals.
$50ma.m. to 9"50"a.m. 19.7 | .... 167 |.... |22.6  ....| 55| 84 | 16
950 am. 10 20 am. 10.2 | .... | 178 119 s 31| 84 | 17
10 20 am. 10 50 am. 9.7/ .... | 165 . | 121 20 | 80 14
1060 am. 1120 am. 9.2).... 166 |.... 12.0 83| 7 | 15
11 20 am. 11 650 am. 9.9 .... 168 o | 12.0 2T | 82 15
Total 3 hours®..... | 68.7 | 56.0 | 166 | 218 | 70.6 | 0.76 | 176
|

! Carbon dloxide per kilogram per minute.22 c.c.; oxygen per kllogram per minute, 4.22 c.c.;
- 'tR!em“ e teangil'lnttf?e at i@lé?:éin{fuﬁﬁ EIIEII}IIE' t end, 30.85* C. Heat Jaation £
4 , BE. .; at end, 26, . Heat pro o
total 3 hours, 192 calorles. production for
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conditions and, indeed, with the same individual during different periods.

subject was very quiet for the most of the experiment.
The metabolism measurements and the average pulse- and respiration-rates
are given in table 17, and the statistics regarding the urine in table 18.

MEeTaBoLISM IN DIABETES MELLITUS.

TarLe 18, —~8tlatistics of urine—Metabolism exrperiment No. A J.

Date and period. Volume.

March §, 1509, C. C.
0™ am. to 8"51™a.m....... 183
g am. 102 sam....... 204
10 21 am. 11 61 am....... 155

d _Total
gravity. | nitrogen.
|. S — - — — —_—

grams,
1.027 0.77
1.024 T4
1.023 .62

Specific

The

] Sugar. DN,
grams,
.6 B.56T
5.6 T7.57
2.9 G.29

METAROLISM EXPERIMEXT No. A 5Ha.

Date, March 13, 1909.

Naked body-weight, 51.4 kilograms.

The subject entered the calorimeter chamber at 8" 07™ a. m. without break-
fast and the experiment began at 9 02™ a. m. The measurements of the metab-
olism were in four 1-hour periods, but at the beginning of the third period the
subject took food, and consequently the experiment will be considered in two
parts, the first 2 hours as a fasting experiment, and the second as a food experi-
ment—No. A 5b. The body-temperatures were obtained with the electrical-re-
sistance thermometer, but during a part of the first period the thermometer was
found to be displaced and accurate records were not obtained until the middle
of the period. This also affected the caleulation of the heat production. The
pulse-rate as obtained with the stethoseope ranged from 85 to 94, and the respi-
ration-rate supplied by the pneumograph, ranged from 17 to 20. The records
of the metabolism measurements may be found in table 19, and the statistics
regarding the urine in table 20.

TaBLE 19.—Measurements of metabolism—Metabolism exrperiment No, A 5.

Rectal bud_g
butal 4 hours, 323 calories.

| Per minute. i i oy
Carbon Reapi- Aver-
Date and period. i " [Gacton S | vapar. | FA0ORY | 0 = r:%_
‘“",_33‘ sorhed. dioxide ‘3’{“: ized. | quo- | yoted, | POEET |rg
| nated, | ¢Iimi- | :be.d_. i tient. rate, rate.
nated, |
P — | I_ -
March 13, 1009, pgms. | gms. | .8 | e.c | gms. cals,
9*02™a.m. to 10"02™a.m. 21.1 | 21.0 179 245 | 21.6 .Td T 91 18
10 02 a.m, 11 02 am.| 19.7 | 22.3 | 167 260 | 22.7 JGd 7| 39 149
11 02 am. 12 02 pm.|21.3|20.3 | 181 | 237 |22.4| .76 | 72| 88 | 18
12 02 p.m. 102 pm.| 21.7 | 21.3 | 184 | 249: 22.9 T4 73 84 . 18
1 I |
Total 4 hours®.....| 82.8 | 84.9 178 248 ‘ BO.G i | 1200 i L
| |
1 Mot corrected for coffes tuken durln thl:: eriod.
"CEl.I'bl.'lll dioxide per kilugmm per m ﬁl 02m g, m, to 11002ma m., 337 ¢.c.; 11002m
cho 1R 02 "& = 6 ¢. e oxygen per klln,grnm per minate, 95 02™ 5. m. to 11B ﬂﬂﬂ a. m.,
492 [ 8 11k (2= a, m to 1b 02m 4.73 ¢. ¢.; heat eliminated per kilogram per hour,
9“'(12“ a. to 118 02™ 5, m., 1.50 ulmlea* 1182 02™ g, m, to 1B 02m p-m., 1. 42 calories.
temr:erature ‘at beglonling, '38.34" C.; at end, 38.84* (. Heat production for
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MeTapoLIsM EXPERIMENT No. A DB,

Date, March 13, 1909. Naked body-weight, 51.4 kilograms.

As previously stated, experiment A 5 was divided into two parts, the first two
periods fasting, and the last two 1-hour periods with food. At the beginning of
the third period of the experiment, the subject ate 25 grams of dextrose and 75
grams of white bread and drank a cup of cold coffee. He stated that he was
quite hungry when he took the food. The body-temperature was measured with
the electrical-resistance thermometer. The pulse-rate as obtained with the steth-
oscope ranged from 78 to 92, and the respiration-rate as given by the pneumo-
graph ranged from 17 to 20. The metabolism measurements are given in table
19, and the statistics regarding the urine in table 20.

Tasre 20.—Statistics of wrine—Metabolism experiment No. A 5.

Date and period. Volume, E:g“;iﬂf ni?::nﬂn. i Bugar. Dz M.

March 13, 1909, [ 8 grams. | yrems.
T00™a.m. to 9°02%am....... 136 1.029 6 | 5.7 | 8.26
802 am. 11 02 am....... 136 1.028 73| 6.5 | 7.53
11 02 am. 102 pm....... 250 1.029 1.11 J 18.0

MeTABOLIEM EXPERIMENT No. A 6.

Date, March 19, 1909. Naked body-weight, 51.4 kilograms.

The subject came to the laboratory without breakfast as in the experiments
previously reported, but this experiment differed from those preceding in that
he drank coffee twice while in the apparatus. Nearly all of the carbohydrates in
the diet of the day preceding were eaten in the morning meal. He entered the
chair calorimeter at 8" 03™ a. m. and immediately afterward drank one cup of
hot coffee. Neither milk nor sugar was used but the coffee was sweetened with
saccharin. The experiment began at 8" 47™ a. m. and continued for four 1-hour
periods. At the beginning of the third period, the subject drank a cup of cold
coffee, sweetened with saccharin. No water was taken during the experiment but
the subject said that the cold coffee at the beginning of the third period prevented
his feeling as hungry as in other fasting experiments. The pulse-rate, which
wag obtained by the stethoscope, ranged from 80 to 92, and the respiration-rate,
obtained by means of the pneumograph, from 16 to 20. The body-temperature
was measured by the electrical-resistance thermometer. The records for the
last two periods were imperfect. A temperature measurement, taken sublingu-
ally after the subject left the calorimeter was 97.2° F.

The muscular activity during the experiment was slight. The subject tele-
phoned twice, and at 11" 47™ a. m. he adjusted the rectal thermometer, which
was not recording accurately.

The measurements of the metabolism are given in table 21, and the statisties
regarding the urine in table 22.
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T.mLL 21. —Hmsurmenm af memmmm—ﬂﬂubﬂm‘m erperiment No, A 6

MeTarorisy 1% Diaseres MEeLLITUS.

l Per minute, i
Carbon ' Respi- Aver- | SRET
o Wat Heat
Date and period. d:ﬂ’::.?'“ n:ﬁt-h Carbon Oxygen “ap;r r;lt;” eliﬁi- ! r:ﬂﬁ
| nated, |orbed. dioxide "o ") dzed. | yione | mated. | Gop,  (ration-
i | ﬁ{:ﬁ sorbed. ! rate.
March 19, 1909, | gms, | gms. | C.o. ' C. ¢, i frp R cals.
[ 8%47m™am. tp 947™am.| 22.2 | 22.0 | 188 | 25T | 20.8 | 0.73 73| 89 17
9 47T am. 10 47 a..m.l 20.8 | 20.7 | 176 | 242 | 23.2 .13 74| 87 18
10 47 am. 11 47 am.| 21.6 | 22.2 | 183 | 259 | 22.6 Tl T0| B3 | 18
[ 11 47 a.m. 12 47 p.m. ! 20.9|20.8 177 | 243 | 21.6 .13 Th| 83 | 19
. Total 4 hours..... 85. 181 | 250 | 87.2 2292 |

iCarbon dioxide per kilogram per minute, $.52 ¢, . ; 0X¥gen per kl.l::-grnm per mlnute 4.88 c.c.;
heat eliminated per kilogram per hour, 1.42 calories,

4 Rectal body- temgﬂnmre at 8 47™ a, m., 36.13° C.; at 105 47" a, m., 36.24* C. Heat pro-
duction for period 8* 47Tm g, m. to 10® 472 g, m., 152 c.alunea

TapLe 22 —S!m‘-mtics of urine—Metabolizm crpm a.mmt No. A 6.

Date and period. Volume, Eﬁﬂtﬂ; nlmn BUEAT. DM
..lfﬂr(.'h 18-1%, 1969, [ grams. | groms.
Th00™a.m. to T“Dﬂ'"pm ....... 1563 1.029 6.07 58.5
7 00 p.m. TH am....... 2049 1.025 G.41 55.0 .
March 18, 150,
THmam. to &47Tmam....... 169 1.027 L2 | 6.0 5.33
847 am. 1047 am....... 320 I 1.022 | 1.08 | 8.0 7.41
10 47 am. 12 47 pm....... 234 1.022 | .89 6.1 5.73

_ MEeTaBoLISM EXPERIMENT No, A 7.

Date, March 26, 1909. Naked body-weight, 52.2 kilograms.

The carbohydrates in the diet of the subject on the day preceding the experi-
ment were for the most part taken in the last meal. The subject came to the
laboratory in the morning without breakfast and entered the calorimeter chamber
about 7" 40™ a. m. As in the experiment previously reported, he drank imme-
diately a cup of strong, hot coffee, without milk or sugar. The experiment began

TaeLE 33.—Measurements of memhuhsm—ﬂembaﬁsm mmmenf No.AT.

Per minite, bz
Carbon Respi- Aver- =
Oxygen Water Heat age
Date and period. dioxide " " o vapor- | TAtOTY | o age :
S rbed. dlovide OEe| el | g | ated, | pulse- m"z”.t?.:;,
| ml.hafl :mﬂ:led i
March 2&* 1909, | gms. | gms. | c.e. | c.c. | gms. cals.
8*"48™a.m, to 9*48=am.| 19.4 | 20.1 | 1G5 236 | 24.1 | 0.70 T0 87 16
9 48 a.m. 10 48 am.| 19.7 | 20.2 | 167 236 | 24.7 .1l 68 g3 17
10 48 a.m. 11 48 am. 20.2 (19.7 | 171 230 | 22.8 el M 20 17
11 48 a.m. 12 48 p.m.| 19.6 | 20.7 i 166 242 | 22.6 ] T0 g5 17
Total 4 hours!..... 78.9 | 80.7 I 167 | 235 | 94.2 3979 1

1 Carbon dioxide per kilogram per minut%‘&ﬂﬂ C. &, . oxygen per kilogram per minute, 4.60 ¢. . ;
heut eliminated per kllogram per hour, 1

1 Rectal body-temperature at beglnnlnl:. 31!- 51* C ; at end, 36.79* C. Heat production for
total 4 hours, 292 calories.
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at 8" 48™ a. m. and continued for four 1-hour periods. At the beginning of the
third hour, he drank a cup of clear, cold coffee (137 grams). The pulse-rate,
as indicated by the stethoscope, ranged from 77 to 90, and the respiration-rate,
obtained by means of the pneumograph, ranged from 15 to 19. The body-tem-
perature was measured with the electrical-resistance thermometer. The subject
was fairly quiet throughout the experiment and made no comments regarding it.
The muscular activity is shown by the pneumograph curve given in fig. 1.
The hourly averages for the pulse- and respiration-rates, and the measurements
of the metabolism are given in table 23 and the statistics for the urine in table 24.

TaprLe 24 —Statistics of urine—Metabolism exrperiment No. A 7.

Date and period. Volume. :::::.'ﬂ’ ni';ll—-f;?eln_ Bugar. | D:N |
March 26, 15089, [ giing, | graimns.
™00™am, to *H™am....... 251 1.025 1.06 8.7 8.2
850 am. 12 50 pm....... 284 1.024 127 7.0 5.51

MEeTApoLISM EXPERIMENT No. A 8.

Date, May 17, 1909. Naked body-weight, 49.5 kilograms.

In preparation for this experiment, it had been arranged that no meat or
protein of any kind should be taken at the meal eaten the night preceding. This
experiment was made with the chair calorimeter and the subject entered the
chamber at 8" 35™ a. m. without breakfast. The experiment began at 9" 22™ a. m.
and continued for four 1-hour periods. The stethoscope and pnenmograph were
used to obtain the records of the pulse- and respiration-rates, but the pnenmo-
graph failed to work properly after 10" 44™ a. m. The pulse-rate ranged from
73 to 90, and the respiration-rate during the first 2 hours from 15 to 18. The
body-temperature measurements were obtained by means of the electrical-resist-
ance thermometer. The hourly averages for the pulse- and respiration-rates
and the metabolism measurements are given in table 25, while the statisties for
the urine are to be found in table 26.

TapLE 25 —Measurements of melabolism—>Metabolism experiment No. A 8.

p——

Per minute, |

| . | Aver-
Carbon ] Respi- Aver-
2 | Oxyge Water Pl | Heat |

Date and peried. dgﬂxn]l?l ’fb— 0 Carbon |6 coon | \I'B-:Dr- r::;r-" eliﬁi- e 2 ! r:q';:?-
nated, | %orbed. dioxide ll]:-r.rd: ized. | QU0 | mated. | BLSC irgltnen-
nated, | 2oTbed. | ;

May 17, 1908, | gmee. | gme. | c.C. | C.C | gms. | cals, |
Qoooma . to 10P22ma m, | 20,4 | 26.9 | 173 | 314 | 295 .... 71| 85 16

10 22 am. 11 22 am.|19.3 | 18.6 | 164 | 217 | 2B.2 | 0.75 63 T8 ‘18
11 22 am. 12 22 pm.|20.6 | 23.1 | 175 | 270 | 27.4| .65 72| 81
12 22 p.m. 122 pm.|19.8 (19.2 | 168 | 224 | 26.0 | .75 67 | 83

Total 4 hours®..... 80.1 | 87.8 | 170 | 256 111.1 | .... | %279

:g“% mﬁfd fdﬁ:m. ‘EIT o inute, 3.43 kil i 517
arbon dioxide per kilogram per minute, 3.48 ¢. ¢ ; oxygen per kllogram per minute, 5.17 c.e.
heat eliminated per kllozram per hour, 1.41 ealorles. = . g

3 Rectal body-temperature at beginning, 56.95° C.; at end, 37.07* €. Heat production for
total 4 hours, 285 calorles. : X
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METABOLISM IN IMABETES MELLITUS.

TABLE 26.—Statistics of urine—Metabolism experiment No. A 8.

Drate and period. Volume. gravity. | nitrogen. | Sugar. D:N.
, May 16=17, 1509, C. C. grams. | groms.
[ Tm00™am. to 00" pm....... 1171 1.026 5.73 43.0 wa
T 00 p.m. 700 am....... 1398 1.026 | 6.18 58.6 :
J May 17, 1009,
Te00™am. to 9 26™am....... 146 1.027 T4 6.3 82.51
92 am. 11 26 am....... _ 180 1.025 .86 6.0 6.98
| 11 26 a.m. 180 pm.ocvsnsl 105 1.026 .59 3.3 5.09

Specific |

MerapoLisM ExpeErRIMENT No. A 9.

Total |

Date, November 5, 1909. Naked body-weight, 53.8 kilograms.

The subject entered the chair calorimeter, without breakfast, at 7 55™ a. m.
The experiment began at 9 a. m. and continued for three 1-hour periods. No
water was taken. The subject complained of a slight headache which was caused,
he thought, by hunger. No other discomfort was felt during the experiment.
The pulee- and respiration-rates were recorded by the stethoscope and pneumo-
graph, the pulse-rate ranging from 67 to 77 and the respiration-rate from 14
to 16. The body-temperature measurements were obtained by means of the
electrical-resistance thermometer. The subject was very quiet and fell asleep
for a few minutes shortly after 11 o’clock. He used the telephone at the end
of each period and also at 11" 16™ a. m. The hourly averages of the pulse- and
respiration-rates, and the measurements of the metabolism are given in table

27 herewith, and the statistics for the urine in table 28.

TanLe 27.—Measurements of metabolism—MWetabolism experiment No, A 9,

S

i Per minute, i | Fo 4

|Carbon lo ro Water | R:.rsni.'i Hea | Awer- 2

et priel G0 onygen e | T | Y | g 2

nated. o et | dent. | M Crabel |
elimi= | o ta | rate.
| | mated. | | |
November 5, 1909. gms. gms. | c.c. | e |gms. | cals.

gr00™a.m. to 10°00™a.m. 19.4 | 19.5 166 | 228 | 26.7 | 0.72 64 | T4 15
10 00 am. 11 00 am.| 18.9 | 17.7 | 160 | 207 | 25.7 ! .78 6L | 69 15
11 00 am. 12 00 noon| 19.5 | 19.9 | 165 | 252 | 26.0 | .T1 67 | 68 15
Total 3 hours*®..... 57.8 | 57.1| 163 | 222 | 77.4| .... [ =192 .

Y Carbon dioxide per kilogram per minute, 3.03 ¢. ¢, ; oxygen per kilogram per minute, 4.13 ¢, €.
heat eliminated per kilogram ger hour, 1.19 calories.
at beginning, 26.52° C.; at end, 36.69° C. Heat production for

Z Rectal body-temperature
total 3 hours, 200 calories.

TApLE 28 —Statistics of urine—Metabolism experiment No, A 8.

Date and period. ] Volume.
i |
| November 5, 1909, | ee
9a00™a.m. to 10*00™am....... L0y
10 00 am. 11 00 am....... 128
11 00 am. 12 00 noom...... 153

nitrogen.

Total

grams.
0.54
BT

. {1]
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MerapoLisM ExpERIMENT No. A 10.

Date, November 5, 1908. Naked body-weight, 48.8 kilograms.

In this and in experiments A 11 to A 15, the subject took food imme-
diately preceding the experiment. He entered the chair calorimeter at 7" 36™
a. m. and then ate 220 grams of beefsteak, free from fat, and cooked until medium
done. A small amount of butter, also pepper and salt, were served with the
steak. The experiment began at 8" 28™ a. m. and continued for three 2-hour
periods. No water was taken during the experiment. The subject used the
telephone at the end of every period and, according to the observer, he seemed
more restless during this experiment than he had been previously, but as no
pneumograph curve was obtained we have no method of confirming this. The
pulse-rate observations were made by the subject himself, and ranged from 77
to 85, but no body-temperatures were obtained. The subject stated after the
experiment that he relished the steak and felt better in this experiment than in
the one which was made with him the day before, which was a fasting experiment.
The averages for the pulse-rate and the measurements of the metabolism are
given in table 29. The statisties for the urine are also given in table 30.

Tarre 29 —MWeasurements of metabolism—Metabolism erperiment No. A 10,
|

Per minutke. |
Carbon ST SRS Respi. | !
Date and period. s — Carbon | o 0 E:tfu e | el g
Sated. | Borbed. | dioxide | VI | jmed. | SUO | pated. | rated
| nated, | sorbed. |
November 5, 1908, gms. | gms, | Cc. | c.c gms. ' cals,
gh28ma m. to 10028mam.. 42.9 | 55.1 | 182 ‘ 321 28.7 S 142 84
10 28 am. 12 28 pm..| 43.9 | 44.2| 186 258 |42.5 | .78 143 81
12 28 p.m. 2 28 pm..| 41.0| 43.9| 174 | 256 |35.3| .68 | 135 81

Total 6 hours®...... 127.8 | 143.2 | 131 | 278 [106.5 | ... | 420

1 Pulze by the subject.
2 Carbon dioxide per kilogram per minute, 3.71 e.e.; oxygen per kilogram per minute, 5.70 c.e.;
heat eliminated per kilogram per hour, 1.43 calories,

TarLE 30.—S8tatistics of urnine—Metabolism experiment No. 4 10.

SUEAr.
Date and period. {Er Total | -
g Quantity: | nitrogen. Polariza- | poy o0
! til}l\ﬂ.. ration.
November 5-6, 1908, | grams. | grams. | grams. | grams.
g i T TP T i o O | 303 1.46 1.9 8.9
W22 am 1028 am....ccone B (e ) 1.11 6.7 7.0
10028 am:. 12 2R PI0:..c.veussmemnnaais 329 1.99 10.6 9.8
12 28 p.m. o T T R R B R R e |7 ¢ 1.37 6.2 b.7
2 28 p.m. PR U e e e e 1140 ¢, e. 8.60 22.8 42.5

I —
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MeTAROLISM EXPERIMENT Mo, A 11.

Date, November 19, 1908. Naked body-weight, 52.8 kilograms.

The subject entered the apparatus at 8" 09™ a. m., and as in the preceding ex-
periment, was given cooked beefsteak. Of this, he ate 237 grams, finishing at
88 41™a. m. The experiment began at 8" 50™ a. m. and continued for three 2-
hour periods. The subject telephoned three times during the experimental period
in connection with the collection of the urine. No water was taken during the ex-
periment. The pulse-rate was recorded by the subject himself and ranged from
64 to 4. The body-temperature records were also made by the subject sub-
lingually with a clinical thermometer. The measurements of the metabolism
and the average pulse-rates are given in table 31. The statistics for the urine
are given in table 32.

Tarrke 31 —Weasurements of metabolism—Metabolism erperiment No, A 11.

| Per minute. | |
Carbon T TR Respi-
By gen | Water Heat | Average
Diate and period. dé?ixr::i% i aL— Carbon | gen | VAPOT- “lt;uuf-"r elimi- pulle-‘-
nateq, | Porbed. | dioxide | “TYECR | jged. | UL | mate.

Eimi- | sorbed.

November 19, 1908, s,
gn50mam. to 10050mam.. 448 43.1 190 251 5.8 | 0.76 153 T2
10 60 a.m. 12 50 pm.. 45.4 46 .3 1493 270 63.8 Tl r 152 G8
12 60 p.m. 2 50 pm. | 42 .2 43.8 179 2606 45.7 T0 147 G5

gms. | c.e. | c.c |gms. cals. |

Total 6 hours®...... 132.4 | 132.2 | 187 | 259 149.8 | .... | %453

1 Pulse by the subject.
2 Carbon dioxide per kilogram per minute, 3.54 ¢. ¢.; oxygen per kilogram per minute, 4.91 ¢. ¢.;

heat eliminated per kilogram per hour, 1.42 calories.
2 Body-temperature at beginning, 98.05* F.; at end, 97.85° F. Heat productiom for total &

hours, 447 calorles.
TapLE 32.—8tlatistics of urine—Metabolism experiment No. 4 11,

Sugar.
Date and period. Quantity. | -Egt'l
e Polariza- | ritration.
S |-

November 10-20, 1008, grams, | grams. | grams. | groms.

Th00ma.m. to BPBD™AM. . ...cierinnananian 117 | .85 e 3.9

E 5‘} a-m- I'} 5'} a-m11+l11+r-liil-1++l'!'.l EHT | l'ﬂ? lﬂ'l I 1012

100600 mm.  12-B) Py o RndERe T S e 194 | 1.58 6.2 | 6.7

] ]2 50 ]}.III.. Eﬁ'ﬂ Drm-lli-l-ll-l-l-ldi- ------- 134 1-39 ::IIIB ‘ *'3

| 2 50 p.m. TR || T ¢ N Iflﬂc.c.l 11.72 42.8 45.8

MerapoLisM EXPERIMENT No. A 12,

Date, November 23, 1908. Naked body-weight, 53.8 kilograms.

The subject entered the chair respiration chamber at 8" 10™ a. m. and began
eating at 8" 56™ a. m., finishing at 9" 11™ a. m., during which time he took 75
grams of white bread and 25 grams of dextrose, together with a small cup of
hot coffee. The experiment began at 9* 20™ a. m., and continued for three 2-hour
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periods. The subject used the telephone three times and drank no water during
the experiment. He said after the experiment that while he felt all right, he was
still very hungry and that he could have eaten 10 times as much food as was given
him. The pulse-rate was taken by the subject himeelf, and ranged from 63 to
75. The body-temperature measurements were taken by the subject sublingually
with a clinical thermometer. The average pulse-rates and the metabolism mea-
surements are given in table 33. The statistics for the urine are given in table 34.

TapLE 33.—Weasurements of metabolism—Metabolism experiment No, A 12,

| .
| Per minute.

Date and period. dioxide | ™0 (..arh:m vapor- ratory | ojimi. pulse-
elimi- | gorbed. | dioxide “"{,‘““ fwed. | U | nated. rate!
nated. | =alsmis den tient.

nated. —

[(I“ﬂ’m' Ox Water Respi- | Heat | Average

November 23, 18, | grams, grams.  ©. o C. . | (mE. cals.
g820mam, to 11"20™a.m.. 42.4 41.2 180 240 | 58.8 | 0.75 | 152 72
11 20 a.m. 120 pm..| 28.2| 38.5| 162 225 [62.9| .72 | 189 68
120 pm. 320 pm..| 37.3 36.9 158 | 215  48.5 .T4| 129 64

Tutnlﬁhaura’._,,._| 118.0 | 116.6 187 | 227 [160.2 | .... | ¥420
| |

! Pulze rate taken by the subject.
i Carbon dioxide per kilogram per minute, 3.10 e.¢.; oxygen per kilogram per minute, 4.22 c. ¢
l'-El-t ellmlnatﬁd per kilogram per hour, 1.0 calories,
-temperatare at bezinning, 97.7° F.; at end, $7.35° F. Heat production for total 6
hn-um 12 calories.

TasLE 34.—Statistics of wrine—Metabolism erperiment No, 4 12,

|
Sugar.
: : | Bpecifie Total

Date and period, Quantity. [;:I-Jla-ci.r.}'. nitrogen. _l‘;n-]arira- —_ 3 —

fr Titration.

November 22-23, 1908. grams. grams, | grams. groms.
T0™am.to 1*00™ D M. ....c0n.s G2% 1.026 3.13 38.9 39.4
100 pm. ] R T e 1 e T45 1.029 4.01 23.8 | 24.5
7 00 pm. 161§ e S 430 1.026G 3.48 BaE 7.1
1 00 a.m, Ti IS | I 250 1.024 2.37 3.3 b.G

November 23-24, 1208,

T0mam. to 9 20™am...couneus it LG 3.4 4.0
020 am. 11 20 am.........: 232 1.13 17.6 | 18.5
11 20 a.m. T2t g, s 190 .99 14.6 | 15.4
120 pm. 320 pM..cicianas 100 LGd Tedi | 7.9
% pm T00 pm.......... 360c.c| 1.027 1.88 TR
T 00 pm. 100 8Mm...coaeenss| GBDe. el 1.023 4.02 8.0 | 11.0
100 am,. A R = e 366c.e| 1.027 3.10 G.6 | 9.3

METAROLISM EXPERIMENT No. A 13,

Date, November 24, 1908. Naked body-weight, 53.6 kilograms.

This experiment was a duplicate of the previous experiment and the subject
ate 75 grams of white bread and 25 grams of dextrose after entering the chamber
at 8 a. m. He began eating at 8" 52™ a. m. and finished at 9" 16™ a. m. He also
drank 200 c. c. of coffee. The experiment began at 9" 20™ a. m. and continued
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for three 2-hour periods. No water was taken during the experiment. The
subject said that the time did not pass so rapidly as in the previous experiments,
that he was hungry, and that the coffee did not taste so good as the coffee given
him the day before. The pulse-rate as taken by the subject ranged from 61 to
73. The measurements of the body-temperature were taken sublingually with
the elinical thermometer. The results of the metabolism measurements and the
average pulse-rates are given in table 35. The statistics for the urine are given
in table 36.

TapLE 35 —Measurements of metabolism—Metabolism experiment No. A 13.

' Per minute,
Carbon | L Respi- '
Date and period, d"l‘*.““.‘k? ﬂiﬁm Carbon | o E?}t;:- ratory elllie:-.?- |ﬁ;:ﬂf
Sited. | sorbed. | dioxide | “RYEER | jpeg | GV | nated. | rated
- | elimi- | ab- | tient.
[ nated. e, | |
November 24, 1908, grams. grams.| c.c¢. | c.o. | gms. cals. |
e 20™a m. to 11"20™a.m.. 39.8 42.0 169 245 | 58.8 | 0.69 144 | 72
11 20 a.m. 120 pm..| 37.9| 37.2 | 161 217 | 53.9| .74 | 132 67
120 pm. 3 20 pm..| 37.4| 37.2 159 217 | 49.1 0 | 142 Ga

Total 6 hours®....... | 115.1 | 126.4 | 163 | 226 [161.8] .... *wsi =
|
| |

! Pulse by the subject.

# Carbon dloxide per kilogram per minute, 3.04 ¢ ¢ ; oXygen per Kilogram per minute,4.22 g€
heat eliminated per kilogram per hour, 1.27 ecalories.

! Body-temperature, at hegllljﬁﬂng, O7.7° F.: at end, 97.56° F. Heat production for total 6
hours, 403 calories.

TarLE 36, —8tatistics of urine—Metabolism experiment No. A 13.

Bugar.
Date and period, Quantity. | . 1otal .
| . . G " | Polarizd: | giration,
‘ November 245-25, 15, grins. | grams. grams. | groms.
TR e, by D20 A C . et e e ] [ R 1.23 5.3 7.5
000 mm s 11 S0ianmn R s 238 1.11 16.6 17.7
| 11 20 a.m, g B 1B o T o e i 214 ‘ 1.05 15.9 16.3
120 pm. i MR T e S Sl e 109 BT T3 1.9
3 20 pm. L e o e e e P | 340c.e.| 1.93 15.2
7 00 p.m. [ e e wars| T1Be.c| 4.24 e 9.0
100 am U | [ 1 4 R e S 30 e, c. 2.92 8.1

MerasoLisy EXPERIMEST No. A 14

Date, April 5, 1909. Naked body-weight, 52.3 kilograms.

The subject entered the respiration chamber at 7* 5Y™ a. m., and between
8% 04™ 5, m. and 8" 24™ a, m, ate 258 grams of cooked beefsteak. The experiment
began at 8" 36™ a. m., continuing for four 1-hour periods. No water was taken
by the subject. A small Tungsten lamp, producing 3.7 calories per hour, was
used for the first time in this experiment to illnminate the interior of the cham-
ber, and the subject stated that the light from it was very good, and that he found
it much easier to read when this lamp waz in use. The pulse- and respiration-
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rates were obtained by means of the stethoscope and pneumograph, the range for
the pulse-rate being from 83 to 100, and for the respiration-rate from 16 to 21.
The body-temperature measurements were made with the electrical-resistance
thermometer in the rectum. The measurements of the metabolism and the aver-
age pulse- and respiration-rates are given in table 37. The statistics for the
urine are given in table 38.

TABLE 37— Measurements of metabolism—Metabolism experiment No. A 15,

Per minute,

| | | " Aver-
|Carbon | L Water | Bespi- | prop | Aver- | T,
Date and period. Il]-r.:ﬁ::lf'} b Carbon |\ ron "-“;W' I mtu?-y ﬂmi' p:ﬁ- "'a;':’?'
| Tuted, |sowbed. (dioxide PER) med. | Jop | mated. | Fgpp" | ration.
| | mated. sorbed |
April 5, 1909, ‘ gms. | gms. | ¢.C | C.C. | gMS. | cals,
g36mam. to 9"36mam. 22.4 | 19.9 | 190 232 |25.6 0.82| 80 92 | 17
936 am 1036 am. 23.8 | 21.4| 202 250 27.7 | .81 | 82| 92 | 17
10 36 am. 1136 am. 24.4 [24.4 207 285 28.0 | 73| 81| 90 | 18
1136 am. 12 36 pm. 24.5|22.3 | 208 | 260 |27.9| .80 | 81| 89 | 19
Yotal 4 hours®..... 95.1 | 88.0 | 202 257 109.2 | 2324

—e —

I Carbon dioxide per kilogram per minute, 8,86 e.c. ; oxygen per kilogram per minote, 4.91 e.c.;
heat eliminated per kilogram per hour, 1.55 calories,

* Rectal body-temperature at heginning, 26.82° C.; at end, 37.56* C. Heat production for
total 4 hours, 356 calories.

TArLE 38, —Statistics of wrine—Metabolism experiment No, A 1J.

[ Date and period, l Volume, :II::IJF; { ni:‘:,:}:ﬂ- | Rugar.
|

April 1-2, 1009 AT | | grams. | grams.

oo e 50 DO e )| il 10 2 1 R e 1301 | S 4.58 | 60.5

ST e D (T kA .| 1504 6.74 50.4
April 4=5, 1099

12500 D, bo TR00™ A M.« i 408 P 2.70 14.4
April 5, 1009,

T00™am. to 836™am....... et A L | 7 1.031 .02 3.4

B85 am.  J03E AT, .. ..eaneen e , 266 1.030 1.63 11.5

U Rty e [ T 1 1 e P e A | 250 1.029 1.77 10.4 |

MerapoLisy EXPERIMENT No. A 15.

Date, May 5, 1909. Naked body-weight, 49.5 kilograms.

Previous to entering the calorimeter chamber for this experiment, the subject
ate 261 grams of cooked heefsteak. Two hours afterwards, at 10" 54™ a. m., he
entered the calorimeter chamber. The experiment began at 11" 46™ a. m. and
continued for four 1-hour periods. There was no water consumed during the
experiment. By means of the stethoscope and pneumograph, the pulse- and res-
piration-rates were obtained, the former ranging from 86 to 107, and the latter
from 14 to 18. The rectal body-temperatures were taken with the eleetrical-
resistance thermometer. The measurements of the metabolism and the average
pulse- and respiration-rates are given in table 39. The statisticz for the urine
are given in table 40.
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TapLE 33.—Measurements of melabolism—Metabolism experiment No, A 15,

| | Per minute,

| | ' Aver-
| Carbon | N | Respl- Avers

- Dxyeen | Water Heat
! Date and period. dii"'.’:l,lff} ab- | Carbon |o vapor- | TOTF | oimi. p:f;_ gﬁ
| ﬁ;tm gorbed. | dioxide :Egen ized. ﬁt. nated. | te, |Tation-
‘ elimi- | 2" rate. | rate.

| nated.
May 5, 1909, | yma‘.l gms.| c.c | c.e | gms. cals,

| 12 46 p.m. 146 pm.|23.5|21.2 | 199 | 247 (27.9| .81 T6 92| 15
1 46 p.m. 246 pm.| 23.5 | 24.7 | 199 | 288 | 28.3 | .6Y T6 94 | 16
2 46 p.m. 346 pm.| 21.2 |19.5| 180 | 228 | 26.6| .79 78 98| 16

11"46™a.m, to 12"46™p.m.| 25.7 | 26.6 | 218 | 310 | 28.8 | 0.70 EE‘ 100 | 15
i
|
!

Taotal 4 huurs‘....,i93.9 92.0 | 199 | 268 111.5| .... | *315

I |

L Carbon dioxide per kilogram per minute, 4.02 c.c. ; oxygen per kilogram per minute, 5.41 c.e.;
heat eliminated per kilogram per bour, 1.60 ealories.

* Hectal body-temperature at beginning, 37.25* C.; at end, 37.33* C. Heat prodoction for
total 4 hours, 319 calories.

TaArLE 40.—&tatistics of urine—Metabolizm experiment Na, A 15,

Date and period. Tatme | Epeciic | imonais | i
May 45, 1909, ¢. €. ! grams. | grams,
TEOD™ A o TEOO®PE. ... et e | 1520 | 1.026 6.21 54.0
IR M A T IR | 1852 | 1.024 7.05 60.7
May 5, 1909. | .
TH00mam,. to 11Y48™ a m. .. v invireracnnss ! 87 | 1.025 03 4.0
11 48 am. 1 48 PE..conevenneninmnins 236 | 1.026 1.51 9.0
1 48 p.m. L L R AR e S 200 | 1.026 1.44 6.8

METAROLISM EXPERIMENT MNo. A 16.

Date, March 11, 1910. Naked body-weight, 49.8 kilograms.

The subject took a cup of clear coffee at 7 a. m. and then came to the laboratory
without breakfast, and at 8" 15™ a. m. entered the chair calorimeter. The ex-
periment began at 8" 59™ a.m. and continued for three 1-hour periods. No
water was taken. The subject stated that he was not uncomfortable in any way.

TaeLE 41.—Measurements of melabolism—Metabolism experiment No. A I6.

' | i Per minute. . | e
'U-'Ir'l:rﬂ-n ﬂx}'ﬁ'ﬂn-_ - .'ﬁrltﬂ Rtﬂ"‘ | Hﬂ.t— | J‘.m

Date and period. {dioxide | ™ S0r" ) e ham | vapor- | TAROTY | yiref. :ﬁ
elimi- | A0y |Sioende (Crgen | 5RAT | quo- | RS
nated. | ab- tient.

| elimi- | hed. |

£5

i
rate.

| nated. |
B I I

e ——

I

¥

March 11, 1910. gms.| gms.| €€ | ¢ ¢ | gna. | cals. |
g50mam. to’ 9"59mam. 20.2 20.1 | 171 | 235 20.6 0.73 | 60| 78 | 14
95 am 1059 am. 18.518.1| 157 | 211 |20.6| .74| 58| 72 | 18
1059 am. 1159 am. 19.1 [18.5| 162| 216|21.2| .75| 58| 69 | 13

|

I=

Total 2 hours®.....| 57.8 | 66.7 164| 221|GE+4E e T

: 1 fm;'llm:li Llltuﬁ:':jide 1ml:-iikllngrum |:n|_~|r1 minuliefét.ﬁﬂlc. f ; oxygen per kilogram per minute, 4.44 ¢.¢.;
eat elimina per kilogram per hour, 1.18 ealories.

* Reetal body-temperature at beginning, 36.55° C.; at end, 36.91° C. Heat production for
total 3 hours, 193 calories.
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The pulse- and respiration-rates were recorded by means of the stethoscope
and pneumograph, the pulse-rates ranging from 66 to 84 and the respiration-
rate from 12 to 16. The body-temperature measurements were obtained by means
of the electrical-resistance thermometer. The subject was very quiet throughout
the experiment and was asleep a short time, at about 10" 30™ a. m. He used the
telephone at the end of each period.

The hourly averages of the pulse- and respiration-rates and the measurements
of the metabolism are given in table 41 herewith. The statistics for the urine
are given in table 42.

TABLE 42 —Statistics of urine—Metabolism experiment No. A I16.

Date and period. Volume. | i'-'_":'::ﬂ_ﬂ ni:crr?aﬁn_ Sugar. | D:N. |

March 11, 1910, | c.c | grams. | grams. |
T00mam. to 10mam....... oaT | 1.08T7 0.78 7.6 9.74
910 am. 1010 am....... 107 1.027 .38 b | 0.74
1010 am. 1113 am....... 9% | 1.027 S8 e 9.43
11 13 am. 1208 pm....... 128 1.028 .51 4.4 §.63

e - .

CoMPARIZEON OF EXPERIMENTS WITH CASE A,

With this subject, nine experiments were made under conditions that are prac-
tically comparable, namely, 12 hours after the last meal, sitting quietly inside
of the chair calorimeter. During the first two periods of another experiment,
previous to the ingestion of food, the subject was also under the same conditions.
These experiments have been collected, together with several experiments which
followed the ingestion of food, and a summary of the results is given in table 43.

The investigations with thiz snbject continued for more than a year and con-
sequently we have an opportunity for comparing the metabolism at different
times and noting the degree of regularity. From a comparison with the general
clinical picture presented by this subject at different periods of the study of his
dizease, we find that when he was in the lowest condition and the acidosis was
at its highest, namely, in the spring of 1909, the katabolism as measured by the
carbon-dioxide excretion, oxygen absorption, and heat-elimination was, as a rule,
somewhat higher than in other periods with this subject.

In considering the results given in the table it iz important to bear in mind
that the experiment of March 4, when an unusually low katabolism is indicated,
was made in the bed calorimeter, under a condition of body-rest which is shown
in a subsequent discussion to result in a depressed metabolism amounting to
some 20 per cent below the value obtained when the subject is sitting upright.
The carbon-dioxide excretion in the experiments without food varied from 161
¢. ¢. to 186 c. c. per minute, and the oxygen consumption from 218 ec. c. in the
experiment with the bhed calorimeter, and 221 c. c. in the experiment of March
11, 1910, in the chair calorimeter, to 256 c.c. In the experiments following

5
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the ingestion of food, on the other hand, we find a marked increase in the oxygen
absorption when beefsteak was given, and hardly any increase following the in-
gestion of carbohydrate. The discussion regarding the influence of the inges-
tion of food on the metabolism of diabeties is, however, taken up in detail in a
subsequent chapter.

The average pulse-rate undergoes a marked variation, the range being from
65 to 91 per minute. During the experiment in the bed calorimeter the pulse-
rate was abnormally high for this subject, and when compared with the other

TABLE 43.—Comparizon of metabolism cxperiments with Case A,
EXPERIMENTS WITHOUT FOOD.

] 'l LE id .1} i -
[ 'E 5# Per minute. E- E g E i 'EH .EE
| Experi- = (EE 2y |2 IE. E IE- g EE
| ment Date, % B SE |E2| &3 = ™
HNo £%5 4% Hoxid Oxygen| E5 | B B & aﬂ
¥ WE || ab- | B |sd) 2B |Eg| Eg
| E | |natea |Pdf @ g g |27 &3
| .

| |kilos. hrs.| c.c. | c.e. cals. cals.
A1 MNov. 4, 1908....... 48 .8 G 165 23T | 0.70 | 70 |RT0 [ 81 ....
A2 | Nov 18, 1908.......|52.8 | & 161 | 229 L | BT an | BT
| A 3 | Dec. 16, 1908....... 6T.8 | 6 186 251 T4 | 76 i bt G e 1
| A 4 Mar. 4, 1908 ..... 1.6 2 156 218 L6 | B9 64 | B2 | 16.6
A bHa Mar. 18, 1909......./ 61.4 | 2 173 | 252 .68 | TT T6 | 90 | 18.56
A6 Mar. 19, 19052%...... 51.4 4 181 250 SR TR .. | 86 | 18.0
AT Mar. 26, 1909*,.....| 62.2 4 167 235 L1 | Th T8 | 84 | 17.0
A 8 May 17, 1909....... 49.5 4 170 266 66 | TO T1 | 82 | 17.0
A S Nov. 6, 1800....... 5a.8 a 163 | 222 13 | 64 67 | 70 | 15.0
A l6 Mar. 11, 1910.......| 49.8 2 164 | 221 .74 | 59 64 | T1 | 12.5

. EXPERIMENTS WITH FOOD.

A10 | Nov. 5, 1908%...... 48.8| 6| 181| 218 | 0.65 | 70 |n70 | 82| ....
All Nov. 19, 1908°%......)| 52.8 G 137 | 2509 B Tai | &8 s
A12 Nov. 22, 1908°"......  53.8 | & | 167 | 22T T4 | TO 6D | 68 | «uus
A 13 Nov, 24, 19087...... 53.6 6| 163 | 226 .72 | 68 BT | BT | iens
A bbb Mar. 12, 1909*....../ 51.4 | 2 | 183 | 243 10 | T3 £5 | 86 | 18.0
Al4 Apr. b 1909 . ... 5.3 4 202 | 257 | .79 | 81 £9 | 91 | 18.0
A 15 May 5, 1909%,..... I 49 .5 | 199 | 268 | L4 | T 80 | 95 | 15.5

! Bed calorimeter,

* 40 minutes before the experiment began, the subject finished drinking one cup of hot coffes
(without sugar or milk). At the beginning of the third period he drank a cop of cold coffee.

? 45 minutes before the experiment began, the subject finizhed dr:ln'tlng one eup of hot, clear,
su;mg coffee. At the beginning of the third hour he drank one ¢up (137 grams) of cold clear
coffee, -

4+ About 20 minutes before the experiment began, the subject finished eating 220 grams of
cooked beefstealk,
be:tﬂtmll:mtes before the experiment began, the subject finished eating 237 grams of cooked

steak.

88 minutes before the experiment began, the subject fAnished cating 75 grams of white bread
and 25 grams of dextrose together with a small cup of hot coffee.

"4 minutes before the experiment began, the subject finished eating 75 grams of bread and
256 grams of dextroze together with 200 . e. of coffee infusion.

# At the beginning of the third hour, the subject ate 25 grams of dextrose and 76 grams of
white bread and a cup of cold coffes,
lm'fmm“::m“m before the experiment began, the subject finished eating 268 grams of eooked

efsteak.

3 hours and 11 minutes before the experiment began, the subject finished eating 261 grams
of cooked beefstealk,

i Heat eliminated and not heat produced.
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observations made in the laboratory in experiments without food, is unusually
high. In the first experiment made with this subject he took his own pulse-
rate, and the records show that it was somewhat above his normal rate, due
unquestionably to the psychical effect of an initial experiment.

An examination of the respiratory quotients shows that aside from the experi-
ment of March 4 made in the bed calorimeter, the quotients as a rule were 0.7,
or below, while in the last two experiments, when the subject was in unusunally
good condition, it was somewhat higher, indicating the oxidation of a somewhat
larger proportion of carbohydrates.

The variations in the metabolism measurements may or may not indicate
actual variations in the metabolism of the subject. Theoretically, the subject
should have remained absolutely quiet, with the greatest enforced muscular rest,
and under the conditions stipulated by Zuntz and Johansson in their researches
upon the respiratory exchange. Practically, it is not feasible to retain diabetics
for this period with enforced muscular relaxation, as they are weak and not in
a normal condition. On the other hand, this particular subject was especially
quiet in the calorimeter, with only slight museular movements ; he did not leave
the chair, and sat for the most part quietly reading. While the individual ex-
periments may not have the abeolutely accurate value that they would be expected
to have when made under the conditions imposed by Johansson, nevertheless, the
average of all the experiments should indicate the metabolism of this subject
when sitting quietly at rest, and the variations are no larger than one would
expect with the conditions under which the experiments were made.

Judging from the comparison table, therefore, it will be seen that this subject
in the course of 1 year underwent no material alteration in the general metab-
olism when food was not taken. It is difficult to point out any striking relation-
ship existing between the respiratory exchange and the general condition of the
subject, and yet the tendency for a higher metabolisin during the severe acidosis
is wholly in line with the general view that the more severe the diabetes the
greater the metabolism.

GROUP 1. CASE B.
DESCRIPTION OF THE CASBE,

Female; born September 9, 1869 ; married ; doing her own housework ; first
recognized symptoms of diabetes mellitus at the age of 39, December 25, 1908 ;
came under observation, September, 1909.

Family history.—No history of diabetes in the family. Father died of typhoid
fever, mother of apoplexy, and one sister at child-birth. One brother and four
sisters are well.

Past history—Measles, mumps, whooping cough, scarlet fever. Pneumonia,
December 25, 1908. One miscarriage,

Present illness—Diabetes mellitus was first recognized becanse of pruritus
vaginge December 25, 1908. At that time the quantity of urine in 12 hours was
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approximately 2000 c. e. Polyphagia, polydipsia, weakness, cramps in the legs,
slight dizziness, and poor eyesight were the other prominent symptoms. Con-
stipation, moderate dyspnea, and palpitation were also present in September,
1909.

Physical examination.—An emaciated, weary woman. Greatest weight, 50.6
kilograms ; weight, September 1, 1909, 38.9 kilograms ; usual weight, 46.1 kilo-
grams. Height, 158 centimeters. Marked odor to breath usunally attributed to
acetone, but upon this doubt has been thrown by Folin. Blood-pressure, 110
m. m. (Riva Rocei) ; pulse, 84. No enlarged axillary, cervical or inguinal glands.
Heart: 3 centimeters to right of median line and 2 centimeters external to left
mammillary line. Systolic murmur at the apex transmitted to the axilla. Lungs:
scattered riiles throughout the chest, not permanently present. Abdomen : liver,
kidneys, and spleen palpable, but not enlarged. Knee jerks present; no edema.

Urine data—The quantity of urine was usually 2000 to 2500 c. ¢. It increased
to 3060 c. c. the first day upon which 24 grams of sodium bicarbonate were ad-
ministered. Coincidently, the diet was being restricted in carbohydrates. At
this time the weight rose from 39.2 kilograms upon September 24 to 40.8 kilo-
grams upon September 28. The edema was manifest, as in Case A, under sim-
ilar conditions.

The reaction of the urine remained acid throughout the period of observation,
although at one period 24 grams of sodium bicarbonate were given daily for over
2 weeks, with the exception of 1 day when 16 grams were given. The large quan-
tity of diacetic acid was another evidence of the extent of the acidosis. Three
determinations of ammonia showed approximately 3 grams. Still another proof
was shown by the levo-rotation of 0.5 per cent in terms of glucose after fermen-
tation upon January 1%, 1910.

The history of the case is shown by the chart herewith, table 44.

EXPERIMENTS WITH CASE B.

With this subject, one metabolism experiment was made and four respiration
experiments. The bed calorimeter was used for the metabolism experiment.
The vital statistics were as follows:

Date of birth, September 9, 1869 ; height, 158 centimeters; range in naked
body-weight, 40.5 kilograms to 42.2 kilograms.

METARODLISM EXPERIMENT No. B 1.

Date, March 2, 1910. Naked body-weight, 41.2 kilograms.

The subject came to the laboratory in the morning without breakfast, after a
12-hours’ fast, and entered the chamber of the bed calorimeter at 8" 36™ a. m.
The measurements of the pulse- and respiration-rates, and of the muscular activ-
ity were made with the stethoseope and pnenmograph, which were adjusted before
the subject entered the apparatus. Clinical thermometers were used for measur-
ing the hody-temperature in this experiment. The experiment began at 9" 26™
a. m. and continued for three 1-hour periods, ending at 12® 26™ p. m. The pulse-
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64 MEeTAROLISM IN DIArrETES MELLITUS.

rate ranged from 56 to 67 and the respiration-rate from 14 to 18. The subject
slept the greater part of the first period, but in the second period was awake most
of the time. In the last period, she slept about 15 minutes at the beginning of
the period.

The measurements of the metabolism and the average pulse- and respiration-
rates are given in table 45, and the statistics of urine in table 46. The experi-
ment seemed to be satisfactory as a whole.

TAvLE 45.—Measurements of metabolism—Metabolism experiment No. B 1.

| ; | | Per minute. i
Garbon |y rgen —— Water | REA- | gy | Awer
! Date and period, I:1'1:':'-’"'-]"'5 ab- | Carhon | | vapor- mﬁw:yl elimi- | nm r%-
- | Patoy. |sorbed. dioxide NE*R| zed. | JU | nated. * | ration-
: elimi- e rate. | rate.
| | nated, |B0rbed. |
. e — .
March 2, 1910 | gms. | gms. c.c | ee | gms. | | cals.
9B 26ma.m. to 10°26™a.m. 15.5 | wons e+ IR L T e e 47 15.0

62
10 26 am. 1126 am. 15.8 | 15.6 | 134 | 182 | 23.2 | 0.74| 53 | 60 |16.0
1126 am. 1226 pm. 15.9 (15.6| 135| 182 | 22.7 | .74 53| 568 |16.5

|
Total 3 hours®..... 47.2 i*am 133 | *182 | 69.5 i"'ﬂ:i‘-i | *153 | 60 |16.0

_—

L Carbon dioxide eliminated 1per kilogram per minute, 3.23 ¢ ¢ ; oxygen absorbed per kilogram
per minute, 4.42 ¢. ¢, ; heat eliminated per kllogram per hour, 1.24 calories.

? Does not Include perfod 9® 26= a, m. to 10" 26™ a. m.

& Bublingual body-temperature at beginning, 26.45° C.; at end, 36.45° C. Heat production for
total 3 hours, 153 calories.

TanLe 46.—Stalistics of urine—Metabolism crperiment No. B 1.

Date and period. | Volume. | E‘gf;tﬁ; ! niMn. Sugar. D:N.
| | |
| [=" 7

March 1-2, 1910, e | grams, | grams.
2'g0™p.m. to 5*00™pm....... 230 | 1.026 0. 46 8.0 A
500 pm. 645 pm.......| 199 | 1.028 | 0.5 7.8
6 45 p.m. 845 pm....... 330 | 1.023 1.18 10.9 PR
845 pm. 11 45 pm....... 275 1.027 1.19 T.6 i
11 45 p.m. 215 amii...od 186 | 1008 0.68 2.6
215 am. D00 am........ 116 | 1.027 0. GO 1.5 e
5 00 a.m. T30 am......, - T [ 0.49 1.5

March 2-3, 1910,

T30mam. to 129230 " pm....... 470 1.019 1.60 4.8 2.69
12 30 p.m. 280 pm......sd 114 0.42 0.3 Tl
2 30 pm. 645 pm........ 410 1.012 1.08 0.3 .29
6 45 p.m. g 00 pm....... a3 0.14 0.1 et
8 00 p.m. 93 pm....... T L] W 0.15 0.2
9 30 p.m. 130 am........ 197 1.023 0.77 1.8 A
130 am. 630 am.....u. 210 1.027 0.94 8.5 S
6 30 am. T00 am....... 78 1.029 0.27 1.9 i

REspieaTION EXPERIMENT No. B 2.
Date, September 29, 1909. Naked body-weight, 40.5 kilograms.
This experiment included four separate periods, the first 10 minutes long,
and the last three 13 or 14 minutes in length. On the morning of the experiment,
the subject came from a nearby hospital where she had been kept on a diabetic
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regimen and lay down on the couch for some 20 minutes before the first period
began. In this period the closure of the nosepieces was not wholly satisfactory,
but the results appeared to be reasonably accurate. In the last experiment the
subject became very restless and opened her mouth just as the valve was thrown.
The patient was rather weak and complained of some tenderness about the nose,
but other than that, she cooperated in the experiment very fully and, as a
whole, the results were good. The results of the experiment are given in

table 47.
Tapre 47.—Results of respiration experiment No. B 2,

Carbon 0 - |
; ! dioxide | VRSN | Respira- | Average | Average
Date and time, Duration, tt]el-?im‘ e ht:!-r s pultse- t!-ma:n-.t;- |
r : l : : -rate.
minul:;'ﬂe. minte, U LRET I rate, | 10T -TalLe, !
September 20, 1509, m. & L ¢.c. |
R L T | R L S I 0 3 127 169 0.75 T1 | 15
i T [ 0 i el e N i el 13 B9 118 177 67 70 15
LI e e e R 14 2 117 175 6T : [i1!] 14
I R e 12 46 128 172 .10 67 | 14
AVTeragal .. ...ierrninea e s 123 173 071 | 69 15

1 Carbon dioxide eliminated per kilogram per minute, 3.04 ¢ c.; oxygen abzorbed per kilogram
per minute, 4.27 e e

RESPIRATION EXPERIMEST No. B 3.

Date, October 2, 1909. Naked body-weight, 41.6 kilograms.

The subject spent the time intervening between this experiment and the one
preceding in the hospital and fasted the day before the experiment. She came to
the laboratory without breakfast and lay on the couch for at least 5 minutes
before the experiment began. Four separate periods were included in this day’s
experiment, varying from 10 to 15 minutes in length. Unfortunately, the oxy-
gen determinations were lost in the second and fourth periods, and consequently
the respiratory gquotients ean not be computed. Owing to the fasting of the pre-
ceding day, the subject appeared to be very weak. The nosepieces had been more
carefully adjusted in this experiment and they gave the subject no discomfort.
The results of the experiment are given in table 48.

TABLE 48.—Results of respiration experiment No. B 3.

| | Eﬂﬁ l OXF&ED | pospira. | Average | Average

Date and time, Duration. | elimina- | “"Egg’“d tory pulse- | respira-

ted per ‘ minute, | Guotient, rate. tion-rate.

minute. . -__] |
|
October 2, 1909, . | e | &e.
o e T T e 10 ¢ | 132 | 171 0.77 B2 17
L R 15 .. 119 San GG 16
SR BN e | 10 2 122 167 0.72 69 15,
2k, A o S R | 14 b7 125 S 67 17
Average® .............. T L | 169 | 0.5 | 66 | 16
I

1 Carbon dioxide eliminated per kilogram per minute, 2.99 ¢ ¢.; oxygen absorbed per kl’l_ugm_n;
per minute, 4.04 c. c.
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RespieATioN EXPERIMENT No. B 4.

Date, October 6, 1909. Naked body-weight, 42.2 kilograms.

The subject came to the laboratory at 8 o’clock from the hospital, without
breakfast, and lay down on the couch for nearly half an hour before the experi-
ment began. Adhesive plaster was placed over the lips and the nosepieces were
inserted very firmly. There were four separate periods, lasting from 10 to 15
minutes each. After the first period the subject said that she did not wish the
nosepieces released or the plaster covering the mouth removed, so they were not
changed in any way. In the last two periods the subject became more restless,
and after the experiment was over she complained that her back ached. At 10
a. m., after the conclusion of the last period, 128 c. c. of urine were passed. The
results of the experiment are given in table 49.

TABLE 43.—Resulls of respiration experiment No. B 4.

Carbon | o o | -

y . dioxide | oo’y | Respira- | Average | Average

Date and time. Duration. | elimina- per I pulse- reapira-

Eldnﬁ;. minute, | duotient. | rate, | tion-rate.

October 6, 1509, m. & | GG ¢ O

e i e 0 & 136 187 0.67 64 15
Bdd AM. covviensinmmnnas 14 47 119 188 63 G8 14
1 T S 14 46 124 165 15 67 15
BBl i T R S 13 20 | 136 187 .73 65 15
AVETARE? .. .ccunnnnsnns 126 182 0.70 66 15

1 Carbon dioxide eliminated per kilogram per minute, 2,90 ¢. ¢.; oxygen absorbed per kilogram

per minute, 4.31 c ¢

REspiRATION EXPERIMENT No. B 5.

Date, March 2, 1910. Naked body-weight, 41.2 kilograms.
After the calorimeter experiment of this date the subject lay on a couch for
about 4 hours, taking no food. The experiment here described, therefore, fol-

lowed a fast of gome 20 or more hours.

TaABLE 50.—Results of respiration experiment No. B 5.

S — -= | B d&ﬂj_utég Oxygen | Respir A 5
10D (] - Verage VA e
Date and time. | Duration. | elimina- 'bﬂgﬁ'm pulse- Tespira-
| m'ﬁ; ik quotient. rate, tion-rate.
March 2, 1910. . & ¢. C. C. C.
e Il e o 10 8 135 . 61 13
" T L 1y 1 e et 15 & 123 Gl 14
BN P e e e i 14 58 122 60 11
T T R | R e St e 15 0 132 179 0.74 Gl 12
| Ty T B etk SRl i 3 131 184 0.71 GO 13
. o T [ S e R 129 182 0.73 60 13

! Carbon dioxide eliminated per kilogram per minute, 3.23 ¢, ¢.; oxygen absorbed per kilogram

per minute, 4.42 ¢ ¢
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This respiration experiment was divided into five separate periods, the first
of 10 minutes, and the remaining periods about 15 minutes in length. During
the second period the suhject was very restless, and in the third period there
seemed to be a leak about the mouth, owing to imperfect closure with the sur-
geon’s plaster. A new supply of adhesive plaster was used for the fourth period
and the liability to leakage was thus diminished. In the intermission between
the periods, the nosepieces were removed and reinflated. The results of the
experiment are given in table 50.

GROUP 1. CASE C.
DESCRIPTION OF THE CASE.

Male; born September 24, 1879 ; married ; dentist ; developed diabetes at the
age of 28, September, 1908 ; came under observation March 23, 1909.

Famaly hstory—No family history of diabetes. Father died of malignant
disease of the lung; mother and one sister are well. No children.

Past history—Measles, mumps, whooping cough. Malaria at 14. The patient
did extra work for financial reasons while obtaining his education.

Present illness.—The disease began in September, 1908, when polyuria was
observed. The onset was fairly acute, coming on during a period of 2 weeks.
The greatest volume of urine observed by the patient was 5000 c. c. Polyphagia,
polydipsia, polyuria, muscular weakness, balanitis were the chief symptoms, be-
gides the loss of weight. The greatest naked body-weight was 73.5 kilograms,
and in September, 1908, it was Y1.7 kilograms, falling to 61.7 kilograms in
November, 1908. On March 23, 1909, it was 64 kilograms.

FPhysical examination.—Height, 166 centimeters. Pupils equal and react to
light. Tongue and teeth normal. No enlarged cervical, axillary, or inguninal
glands. Pulse, 104; blood-pressure (Riva Rocei), 125 mm. Heart and lungs
normal. Right kidney movable and palpable throughout. Liver and spleen not
recorded abnormal. Slight phimosis. Balanitis.

General treatment and history of case.—The diet was gradually restricted
from an indefinite amount of carbohydrate upon March 23, 1909, to about 100
grams carbohydrate April 3, 1909. At the same time the quantity of fat in the
diet was increased, and the quantity of albumen decreased. Coincidently the
patient observed a gradual increase in strength, which lasted into June. During
July he was able to take a sailing trip of 2 weeks upon a small yacht, living
meantime upon quite a restricted diet, which at this time was supposed to con-
tain about 50 grams carbohydrates. Following this vacation, the weight de-
creased and with it his strength, yet the patient was able to carry on his profes-
sion, and, in addition, to work in a garden or play tennis.! On October 24 he
entered the New England Deaconess Hospital, only remaining there until Octo-
ber 31. It was hoped that by accurate tests with the diet and calorimeter it
would be found that he could tolerate some form of carbohydrates and the down-
ward course of the disease could be arrested. The hopelessness of the case,

1 More exercise than was advisahle.
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«es | 1870
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«| 2050
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2345
« | 6000
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cons| Z105
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2000 | 1041

| 2500
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3T ...
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| RS
3330
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: Ammonia. Bugar,
E E’ é i E .g'
] E g
BN B i 0 =
2| 8| 4 20 1 [ e <
| & | o a = = e |E&| & | &
gma. | pms. | gms. | p.ct. | gms. | gEA.
1039 | ac, 1] M9 aaw a0z 6
1035 | Ae. 5 L A 1 a0
| | |
1038 | @e. 4.8 3.0 10.0 180 158
1038 | ae + 4+ | veen | 149 140
i o B sk | 26| ee | A | i
1 ac. + i ; 3 |
1034 | ac. T ; T 0 W e
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P 5§ L 2 Ll 110
14.2 9.0 P 101
| 42 | 131 | . 134
1050/ ac. s il (Rl e | e | 134
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TapLE 51.—Clinical chari—Case 0.
E oy
Diet. H i
g E | ;: I
E E Remarks,
~ d a = i
:g & TR < o - =
2 A i RN
o Bl EE g 2| 2 |
iﬁ;& gme. | Oms,| gms. | gms. | gma. .:I'H't}s. ké:r::;
04| ... g ] s | 16 | 3.6 | Strict diet and 300 gms. vegetables, 250 ¢, ¢
| cream, 250 c. . milk, 20 gms. bread, 18
gm=, oatmeal, 150 gms. fruoit.
100 _— - - — 80 | 24
7] 120 19 160 o | =200 24 5.3 | The same as March 81. No bread.
m . " aEw —_— ﬂ& 3" *.e Dﬂ.
&l 113 18 200 | — 45| 20 66.5
2 s =L 116 e | — 30 12 6.0 | G600 pms. vegpetables, 250 ¢. ¢. cream ; vege-
| . | table day.
| - 200 | .. | =20 0 | §.9 | 450 gms. vegetables, 500 c. ¢. eream, %0 gms.
butter, 4 yolks eggs, bacon; vegetable
o | day.
B | s 3d e Tl 0 | 844 | 200 ems. vepetables, 150 gms. fruit, 18 gms.
oatmeal, 250 c.c. cream, 125 c.c. milk.
S0 s5s 5 im . = 0 D,
i z e o e I
2R 3 = L2 i 'I.l':I s
ol e Ii soer i s (5 1N (e
L] b 175 w | =865 0 | ... | Btrict dlet and 250 ¢, ¢. cream, 250 ¢. ¢. thin |
| E_ﬁmm, 18 j:mtsih?nhnggal. lﬁﬂhnﬁs. fruit,
gms. vege s 5. butter. |
6o T el " B LS P o s d |
&0 175 e = e i | T
P | Sl el s o) ey S T Y T imately.
50 G i e &t eart ¢ same approximately
N i2 e | 6l.1 | Vegetables, eream,
40 3 & 40 15 | — 85 0 ceas | 60 gms, uf.tmeal, 3 eggs, 80 gms. butter, 150
Ems. wine.
100 (1] 10 65 | 16 | + 5| 0 61.0 | 150 gms. oatmeal, 6 eggs, 150 gms. butter,
ot 13 gms, wine, 30 gms. cream.,
5 el (6 sl [ pea BT ¥ Mg
sen s an - 0% | .... | 500 ¢. e cream, 120 gms. fruit, 18 gms. oat-
. o | meal. Strict diet.
i : =5z | e I s
LR saa -s B -n - “ EE |
- L - e e n“ mi-“
": £ : > [1] E'EI'I Bept. 12,
- o z [T} .4 | Bept. 19,
804 ... cen 15 . 0 60.4 | 30 gm=. oatmeal, 250 ¢ e eream, 500 gms.
vegetables, 150 gms, fruit.
16+ T0 11 175 15 . 0 59.4 | 180 gms. meat, 3 eggs, 250 c. o, cream, 100
gms, butter, 300 gms. vegetables, 30 gms.
whiskey.
- = 5 : %.E 1]
o Saw m . R “ LR
xS #n - LY B 15 FERY u
LA =a - L] IE sanm u Eaaw
2 LR CE ] b I:I' aEw
: 11 s o 55 1}5 —'55 | © | 54.9 | vegetables: Tomato, lettuce, eabbage, cu-
cumber, celery ; butter 30 gms., oll 30
gms., broths, coffes,
as | 20 d | 174 (30  — 10 O Potato 450 gms., cream 250 ¢, ¢, butter 148
Zms,
65 “ . cee | 30 | — 7O 6O Strict diet, cream 250 ¢, c., milk 50 e. .,
| ;et tahles, Eto{r,ngﬁllmnﬁwd wonder-
ully. upon takin u L
T I (R . |30 | —10 |60 |56.1 | Tio. 7 L R
123 | ... 5 - |30 | +25 25 | Oatmeal 190 gms., cream 250 ¢. ¢., broths,
| coffee.
65 | . b . |22 | =30 |25 | ... | Diet ason Oct. 28 and %9.
m - EE} (X3 m R EE H'l ‘.
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however, was soon shown by the unassimilated carbohydrates in the diet and
by the acidosis, and it was confirmed by the experiments with food in the cal-
orimeter. The patient showed a minus carbohydrate-balance of over 50 grams
upon a vegetable day, and only a positive carbohydrate-balance of 25 grams after
the administration of 126 grams carbohydrate in the form of catmeal. Upon
this day there were 46 grams of S-oxybutyrie acid in the urine. He continued
to fail after leaving the hospital, and died on December 8, 1909, in coma. The
history of the case iz shown in table 51.

In considering the question as to the proper quantity of carbohydrates which
a patient of this type should be given, we would call attention to what oceurred
in the case of I when carbohyvdrates in his diet were restricted from an indefi-
nitely large quantity to even 100 grams. The symptoms of extreme acidosis
appeared in thie patient as promptly when taking 100 grams of carbohydrates
as in other patients when the carbohydrates were restricted to 0.

Diet.—The treatment of this patient was the same as that of Cases A and B,
but as the patient did not receive training at the hospital until long after he was
first seen his diet was never as accurately controlled. The character of the diet
was essentially the same as in the previous cases, A and B. The quantity of
carbohydrates allowed varied from 100 grams to 50 grams, except for three pe-
riods. The attempt was made to keep the quantity of nitrogen in the diet about
15 to 20 grams, but it is obvious that this was frequently exceeded. A large
quantity of fat was taken, but exactly how much is unknown. A vegetable day,
given on May 10, with a diet of 600 grams of vegetables and 250 c. c. of cream,
resulted in a minus carbohydrate-balance of about 30 grams. A second vegetable
day in which, however, the quantity of vegetables was 450 grams and the cream
500 e, ¢., and in addition the yolks of four eggs, also showed a minus carbohy-
drate-balance of about 20 grams. A third vegetable day, August 3, showed 85
grams of sugar by the polariscope during the 24 hours, and a fourth vegetable
day, October 26, 72 grams of sugar in the urine by Citron’s test, giving a minus
carbohydrate-balance of about 55 grams. These vegetable days show the prog-
ress in the severity of the disease.

Oatmeal days.—Several attempts were made to give the patients oatmeal days
according to the suggestions of von Noorden. With this patient such days were
always more or less of a failure becanse the patient was not especially fond of
oatmeal. However, it will be seen that upon August 5 he took 100 grams of
carbohydrates in the form of oatmeal, and that upon this day for the first time
since March 23 there was a positive carbohydrate-balance of 5 grams. This ex-
erted, however, no essential effect upon the acidosis, for the B-oxybutyric acid
was found to be 15 grams. A third oatmeal day was given October 30, when 125
grams of carbohydrates in the form of oatmeal were eaten. Upon this day there
was a positive carbohydrate balance of approximately 25 grams. The acidosis
was distinetly not lessened, as will be seen from a study of the chart.
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Potato day—Upon October 27, 450 grams of potato were given, and 250 c. c.
of cream. This potato, with the cream, was analyzed and found to contain 92
grams of carbohydrate. The analysis was as follows:

Weleht of potato, molat. .. ... o i i i d s grams.. 450
e R O D I et o e i e i b 50 G do.... 106.9
Amount taken foranalysis........ ..o il i e do.... 11.372
Carbohydrates fonnd ......ccoiivsiainsnsssnssnnnns per cent.. 86
Total quantity of carbohydrates in 450 gms............ grams.. 92

The result of the potato day showed a slight minus carbohydrate-balance, ap-
proximately 10 grams. The acidosis was not lowered, as shown hy the B-oxy-
butyrie acid and ammonia.

The analyses of the urine, as shown by the chart, furnished a very accurate
picture of the course of the disease.

Volume of urine—The greatest quantity of urine observed by the patient was
5000 c. c., but the highest quantity reached while under observation was 4500 c. c.
upon the first day. The gquantity was undoubtedly due to the exceszive amount
of sugar, namely, 302 grams. During June, when the patient was probably in
as good condition as at any time during the course of observation, the quantity
of urine was about 2000 c.c. At this time the sugar was in the neighborhood
of 100 grams. The subsequent rise in the volume of the urine was due more to
the increase in acidosis than to the greater amount of sugar to be excreted. Mag-
nus-Levy * long ago pointed out that it was impossible for a diabetic patient to
remove large quantities of acid, particularly S-oxybutyric acid, from the body,
unless the urine was greatly increased in amount, because 8-oxybutyric acid can
only be excreted in dilute solutions. Bearing this in mind, it is interesting to
note the increasing volume of the urine as the severity of the case advanced.
Thus in the latter days of the period, during which the patient was under obzer-
vation, the urine attained an amount almost equal to that at the start, although
the amount of sugar present was decidedly less. Increasing quantities of urine
without correspondingly inereasing quantities of sugar must be considered an
ominous sign. '

Nitrogen.—The quantity of nitrogen, 34 grams, excreted the first day upon
which the patient came under observation indicates the excessively albuminous
diet of an untreated diabetic patient.

Specific gravity.—The specific gravity of the urine ranged between 1023 and
1050, reaching the higher point only upon a single day, August 10.

Albumen.—The albumen never exceeded a slight trace. The sediment showed
no casts or pus or blood in March, 1909.

Acidosis.—Acidosis wae absent when the patient first came under observation.
This is a common experience in cases where patients have lived upon a diet with
unrestricted carbohydrates. As zoon as the carbohydrates in the diet were re-
stricted to between 70 and 100 grams in the 24 hours, acidosis appeared. This
was shown in various ways. (See table 52.)

* Magnus-Levy, Archiv f. exp. Path. u. Pharm., 1899, 42, p. 199,
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TaprLe b2 —0uantitative indications in the urine of acidozis—Case C.

[ | 3
| Ammonia. Sugar. I
| | Reapi-
: S Diacetic | prd- . ratory
| | | e N | e | 25| ot [ mon| Bl e
! [ : nitrogen. methed. | tion. HET =1
1909. Qrams. | gms. grams, | gms. | gms.
AT e s o 3.0 10.0 1580 152 | —2B| ..sa
WAy B i + 4 S R 9.9 107 110 | 4 3} -.-.
5 e 0 B.T| 2.0 9.2 115 e wens | D.TH
Fome | PR, 7 IE O M 70 i idiludaie
JunE TI- R s + ERCRL R E-E CRCRCE EE 31. _15‘ CRUAC
A e b e R e e 14.6 | 2.9 11.6 141 .69
June 14..... il e 113.0 a5 am — e |
Juane b i e 13.0 o e 122 R
R T op - i DT T ciaet |l B8 9.6 T I AR B
| Jl.llj" 31+rli+rlli-rll-|! ++ nem *'14 zﬂ-u LR 115 ssam LR
Ty R e | + 4 15.3 A5 | avanr]| saim
| g g S E L e e e s 106 g8 | —18} ....
IR e -+ + i |- i) (S 95 T4 | —21) .cna
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| g S ol (Be c TR L et T S T
.&ug. 1'} ------------- + 114'-2 BEE L LB R ) 12* [ B L W
| Aug 24....., e | 170 | 187 | =88]
Heph 28, .. iiiiaaaa + 4+ 4 24.2 | 5.0 23.6 114 1n7 |4 3| ----
Ot O e 2 o i caee | 288 BT, |t e P
Ot 23..... 133 127
'D[‘,'t. 24’ .............. - . » L33 'R CRE RN 125 R LRI LB
] P i S g2 | 5.6 21.5 29 R e
Oet. B S i 3 29 | 4.8 24.3 T2 i T2
Clok: 8. S e T 32.6 | 5.0 a1.0 106
Oct 28...... i d il 5.5 3.1 134 S| e
Dct- 29--1- L *FER R Iﬂl 5"4 E’ghg 1ﬂT "= LR -10
BT ) RS T b 46 5.6 | 31.4 TO0E: | = o | b
ﬂﬁtr 31r LR R R - 413 5-'“ 25-3 93 ERCIC aww R e
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1 Urine for 2, 3, or 4 days combined and analyzed.

Reaction.—The reaction of the urine was acid throughout, except upon one
day, April 9, when it was alkaline. The extent of the acidity was shown when,
upon October 28 and 29, 60 grams of sodium bicarbonate were daily admin-
istered without changing the reaction. ]

Diacetic acid.—Diacetic acid was absent when the patient first came under
observation, but the restriction of the carbohydrates was immediately followed
by its appearance in large quantity. The recent work of Liithje* calls attention
to the fact that one can not estimate the quantity of acidosis present by the in-
tensity or depth of color of the urine upon the addition of ferric chloride. A
slight increase in the total acidosis shows at once by a most pronounced Ger-
hardt’s reaction, so that any subsequent increase must escape detection. Upon
September 5 and 10, diacetic acid wag recorded absent, but it was invariably
found upon all other dates when the test was applied. Occasionally the test was
omitted when the ammonia was quantitatively determined.

! Liithje, Die Therapie der Gegenwart, 1910, 51, p. 13.
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B-ozxybutyric acid—This showed a steady increase when one considers the
case as & whole. On successive dates it rose from 5.7 grams in the middle of
May to 14.2 grams upon June 4, and remained in that vicinity until August,
when another rise oceurred to 15.3 grams, and 18.5 grams, to fall a little later
to 14.2 grams. Upon August 24, 49.5 grams B-oxybutyric acid were excreted.
The exact cause for this is not manifest. However, from this time on the daily
quantifies voided were on the whole higher, and at no time did they fall below
24.2 grams. When a large quantity of sodium bicarbonate was given upon Octo-
ber 28 and 29 the S-oxybutyric acid rose to 61 grams in the 24 hours, an amount
seldom exceeded except in coma. The patient was unable to continue the large
doses of sodium bicarbonate, and presumably this accounts in part for the fall
in quantity of g-oxybutyric acid excreted. On the other hand, it may have been
that these very high amounts of acid represent the washing-out of the acid from
the system.

Ammonia.—The amount of nitrogen which left the body in the form of am-
monia was congiderable. Like the other signs of acidosis it was low at the first
observation, but rose with considerable steadiness up toward the end. The
moderate restriction of carbohydrates was accompanied by an excretion of 3
grams of ammonia, which diminished with the administration of sodium bicar-
bonate to 2.5 and 2 grams, respectively. When the alkali was omitted the am-
monia promptly increased, and never again reached such low quantities as before.
Even upon the days when 60 grams of sodium bicarbonate were given the gunan-
tity of ammonia was 5.5 and 5.4 grams, respectively.

The ammonia-nitrogen-nitrogen ratio rose similarly from 10 per cent at the
start to 20 per cent in July, 23 per cent in September, and in October reached on
two occasions 31 per cent. When one considers that a large quantity of alkali
was being taken at this time these percentages have added significance.

EXPERIMENTSE WITH CASE (.

With this subject 11 metabolism experiments were made, one of which was
with the bed calorimeter. In 9 of these the subject entered the calorimeter
without breakfast, after a 12-hours’ fast. The other two metabolism experiments
were made after the ingestion of food. Fourteen respiration experiments were
alzo made with this subject. The vital statistics were ag follows:

Date of birth, September 24, 1879 ; height, 166 centimeters; range of naked
body-weight, 54.9 to 65.4 kilograms.

MEeTAROLISM EXPERIMENT No. C 1.

Date, April 13, 1909. Naked body-weight, 65.4 kilograms.

This was the first experience of the subject inside of the respiration calorime-
ter and, indeed, the first experiment made with him of any kind. He came to
the laboratory without breakfast, after a 12-hours’ fast, and entered the chair
calorimeter at 8 a. m. The experiment began at 9 a. m. and continued for four
1-hour periods, ending at 1 p. m. No water was taken by the subject, and he
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used the telephone three times after the beginning of the first period. The sub-
ject said that while the experiment was monotonous, he did not find it tiresome.
He did not suffer from headache but said he was slightly hungry. He thought
that the illumination of the chamber was very satisfactory.

The stethoscope, pneumograph, and electrical-resistance thermometer were
used in this experiment. The pulse-rate ranged from 62 to 80, and the respira-
tion-rate from 15 to 21. The data regarding the metabolism and the average
pulse- and respiration-rates are given in table 53, and the statistics of urine in
table 54.

TABLE 53 —MNeasurements of metabolism—MNetabolism experiment No. O 1.

| Per minute. [ "
Carbon b Respi- | Aver- WET =
Date and period. d:;’!’:.t‘ilf ﬂ?llﬁen Carbon !ﬂ:a'gen Fa:rﬁ: rﬁﬁ-" EIIIiEr’:it- A r:uﬁ- |
nated, | orbed. detﬁfr:id-f b ized. | s | Dated. o '.r:lt:n-
nated. BIJEI.lE'd.. | i
—— . . | k
i April 18, 1909. gms.| gms.| c.c. | c.c | gms. | cals.
| Sfoldam.....cccmune 25.0 | 22.9 | 212 | 267 | 34.T | 0.79% 289 T4 18
0toll am....c...-qx. 22.9 ) 24,8 | 202 | 284 | 32.4 T3 8h | T2 17
11 a.m. to 12 noon......| 24.7 | 23.8 | 210 | 278 | 29.7 TG 821 70 19
12noon tolpm........ 23.7 I 23.3| 2001 | 272\ 28.7 .T4| B0 | TO 15
Total 4 hours®. . 97.3 | 94.3 r' 206 | 2756 |126.5 | .... | 336 | .. s
| |

1 Carbon dioxide eliminated per kilogram per minate, 3.15 ¢. ¢. ; oxXygen absorbed per kilogram
per minute, 4.20 ¢ ¢, ; heat eliminated per kll%gram r hour, 1.28 calorles.

3 Rectal body-temperature at begioming, 37.05° C.; at end, 36.95° . Heat productlon for
total 4 hours, 331 calories,

TaBLE 54.—Statistics of urine—Metabolism experiment No. € 1.

Date and period. Volume, Eﬂfﬁf; m-m_ Sugar. D:N.
April 18, 1909. c. C. grams. | grams.
| gr 00" a.m. to 11*04"am....... 382 1.019 2,65 9.2 3.47
11 04 a.m. 104 pm.....us | 214 | 1.016 1.32 2.8 1.74
B

MEeraBoLISM EXPERIMENT No. C. 2.

Date, May 14, 1909. Naked body-weight, 64 kilograms.

This experiment also followed a 12-hours’ fast, and the subject came to the
laboratory without breakfast. He entered the calorimeter chamber at 7 57™
a. m. and the experiment began at 8" 42™ a. m., and continued for three 1-hour
periods, and one period of 1" 18™, ending at 1 p. m. As the water supply of the
cooling system froze in the refrigeration room just previous to the last period,
and the temperature conditions in the chamber were thus affected, the last period
was extended until the defect was remedied and temperature equilibrium was
again obtained. The subject used the telephone four times while he was in the
chamber. On coming out of the apparatus he said that he had no special com-
ments to make except that he did not find it so monotonous as in the preceding
experiment, and noticed no fluetnations in the temperature.
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The stethoscope, pneumograph, and electrical-resistance thermometer were
used in this experiment, the range for the pulse-rate being from 65 to 78, and the
respiration-rate from 18 to 21.

The metabolism measurements are given in table 55, also the average pulse-
and respiration-rates. The statistics of urine are given in table 56.

TapLE 55.—Measurements of metabolism—Metabolizm ewpcﬂmmt No.C 2.

' Per minute. | P |
Carbon | W Ry Respi- Aver- 3
U'H"ﬂ Water Heat
Date and period. Tllmlg-! e trin Tt n:c.r. ratory | SR pzﬁi‘ respi-
nated. ﬂhad. dipxide b ired. | B | mated. | DR ration.
nated, | %0TVeC-
Fi I ) | |
| May 14, 15809, gms. | gms.| c.¢ | e o | gms. | e, |
gh42ma.m,. to 9"42"am. 25.1 | 23.7 | 213 | 277 | 31.9 | 0 84| 72 20
942 am. 10 42 am.| 23.6 | 24.8 | 200 | 289 | 31.3 | G‘B 81| T 20
10 42 am. 11 42 am.| 24.5 EEE 2! 208 }3?0 3 29.1 } 76 1733 T0 19
: : 19

Total 4 h. 18 min.!.,104.4 101.7 | 206 | 276 [132.4 | .... | *339| .. e
L

Carbon dioxide elimlnntnd {]El‘ kilogram Eer minute, 3 22 e e, oxygen absorbed per kilogram
per minute 4.31 c. ¢.; heat eliminated per ram per hoar, 1.23 cal m'll_"s
tal -temperature at beginning, 37.00* C.; at end, 37. 13‘ . Heat production for
tntal 4 hours, 18 minutes, 347 calorles,

TaBLE 56 —S8tatistics of urine—Metabolism experiment No. € 2.

|
f
| 1142 am. 100 pm. 31.2 204 10.1 72
I

Date and period. Volume. Ef:::g:_: nimgﬂ-. | Sugar. ! D: M.
May 13-1f, 1509, C. . grams. | grams.
6*00™a.m, to 6*00™pm....... 1555 1.0385 9.67 8.6 g
6 00 p.m. B am....... BT4 1.034 8.23 36.9
May 14, 1508,
fr00ma m. to 10%44=am....... 183 1.032 2.12 6.1 2.88
10 44 am. 100 pm....... 119 1.028 1.47 2.0 1.36

—— e — — — e — —_ - —

MeTABoLISM EXPERIMENT No. C 3.

Date, June 8, 1909. Naked body-weight, 62.7 kilograms.

The subject entered the respiration chamber, without breakfast, at 7" 28=
a. m. and the experiment began at 8* 14™ a. m., continuing for four 1-hour pe-
riods, ending at 12" 14® p. m. He drank no water during the time he was in
the chamber, and telephoned five times, twice in the first period. Near the end
of the second period he slept for a short time and was awakened by the observer.
He said after the experiment was over that as he had retired later than usual
the previous night and had risen early that morning he found it difficult to
keep awake during the experiment, and the reading became monotonous. The
temperature conditions throughout the experiment were very constant,

The stethoscope, pneumograph, and electrical-resistance thermometer were
used in this experiment. The pulse-rate ranged from 59 to 78 and the respira-
tion-rate from 17 to 20. The data regarding the metabolism measurements and

&
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the average pulse- and respiration-rates are given in table 57. The statistics
of urine are given in table 58.

TarLE 57.—Measurements of metabolism—Metabolism ezperiment No. ¢ 3.

FPer minute. I |

I
(Carbon [ | Respi- Aver. | Aver-
Date and period, |dioxide I PR outer | rtory | Zeat age -
elimi- | sorbed. |dioxide | O0FOR | Gged. | QU0 | npted, | Pulse- ey
. alfmd- | ab- | tiemt. rate. rate.
nated, sorbed. | | g
June 8 1909, gms. | gme.| c.e | Ce gms,l cals.
gtldmam to 914®mgm.| 24.1 | 27.3 | 204 | 319 | 25.5 | 0.64 B0 | T2 19
914 am. 10 14 am.| 23.7 | 27.0 | 201 | 315 25.0 Gd 6| T1 118
10 14 am., 11 14 am. 22.4 | 25.0( 190 ( 292 | 24.9 | .65 78 | 64 18
11 14 a.m. 12 14 pm.| 22.5+|22.2| 191 | 259 |25.3 | .74 | 77| 64 | 18
Total 4 hours®..... | 92.7 [101.5 | 197 | 206 00.7| .... |81 | .. | ..

i Records taken from 9% 48 a, m. to 10" 08™ g, m,
2 "arbon dioxide eliminated per kilogram per minute, 3.14 c. ¢. ; oxy absorbed per kllogram
per minute, 4.72 . c. ; heat eliminated per kilogram per hour, 1.24 ealorles. :
! Heetal body-temperature at beginning, 36.64% C.; at end, 36.82° . Heat produoction for
total 4 hours, 321 calories.

TanLE 58.—8tatistics of urine—Metabolism experiment No. C 8.

Per cent
Vaol- cift -
Date and period. A ;?:Tvity": nif,“;;fin mﬁnmia. mt:!lﬂ ; Sugar. D:N.
| st
June T=8, 1909. C. C. | grams. | grams. grams.
6"00ma.m. to 6"00™p.m. 822 | 1.030 | 5.30 0.7% | 12.3 59.4
6 00 p.m. 5 40 am. 912 | 1.037 | T7.86 1.30 | 13.6 45.1 .
June 8, 1909.
G*46™a.m. to 9"12®am.| 171 | 1.041 | 1.18 -26 | 17.8 14.6 | 12.37
912 am. 10 12 am. 80| 1.040 .62 A3 | 17.7 5.8 9.36
10 12 am. 1112 am.| 48| 1.042 | .43 A1 [ 20.9 3.7 8.61
1112 am. 1212 pm. 42| 1.043| .44 A1 | 20.4 3.0 G.82
|

METAEOLISM EXPERIMENT No. C 4.

Date, June 11, 1909. Naked body-weight, 63.1 kilograms.

The subject came to the laboratory as usual, without breakfast, and entered
the calorimeter chamber at 7 30™ a. m. The experiment began at 8* 16™ a. m.,
and continued for three 1-hour periods, ending at 11" 16™ a.m. No water was
taken and the subject telephoned three times, twice in the last period. No com-
ments were made by the subject and the experiment appeared to be without
incident. The temperature conditions were fairly constant throughout all of
the periods.

The stethoscope, pneumograph, and electrical-resistance thermometer were
used in this experiment, as previously. The range in the pulse-rate was from
62 to 73 and the respiration-rate from 17 to 21. The data regarding the measure-
ment of the metabolism will be found in table 59, and the statistics of the urine
in table 60.
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TARLE §9.—Measurements of metabolism—Metabolism e:pﬁﬂmsnt No. Q 4

! Fer minute, l i |
|Carbon LR el Respi- | Awer- o {
0 Wate Heat {
Date and perfod. Id‘:ﬁ:iﬂ" ‘:IEEDEHI'J"“ Oxygen "'.‘:f'd'“r' ?}F}Tr *I"E'E]‘ f p;f:&- [ :_“1'_
nated, Borks lm:::uc iiby- e, tlent. nated, Lo rﬂnli::'l
I nated. sorbed. | ;
— | — — —— —_—
' June 11, 1000, ! gits. | gnis.| c.c. | C.C. | gms. cals.
ge16ma.m. to 9*16™am.| 24.7 | 26.0 210 303 | 36.T7 | 0.G9 82 67 20
! 5 16 am. 10 16 am.| 23.T | .... 201 S T 83 | o7 20
10 16 am. 11 16 amIEEE 199 32.I5|.... TT | 66 20
Total $ hours®,....| T1.9 | oo | 203 203 025 | .. | 2 |
| |

1 arhon din:idg eliminu'md per kilnﬁ:ram per minute, 3. "2 C. 0.} nxfgen ahsnrbeﬂ per kllngram
r min';;atc i‘lrorln 8b1Gm g, m, to Bh16ma, m., 4.80 ¢ ¢ ; heat eliminated per kilogram per
ur, calories.

2 Rectal body-temperature at beginning 36.71° C.; at end 36.73* C. Heat production for total
3 hours, 244 ealorics.

TABLE El}.—atntmmﬁ- Gf uﬂue—lfembﬂlism grpefi—.-nent No. ¢ 4.

i : | Per r.'eqt
Date and period. I}Tﬂ}.' E’Fﬂbﬁgﬁ ni!ruu'ﬂn. m‘;:':“ : E't:: R Sugar, D :H.
| NHz—N.

June 10-11, 1908, (44761 grans. | grams. grams.
6"00ma.m. to 6"00™p.m.| 930 | 1.041 8.45 1.0 10.3 69.2 e
6 00 p.m. 6 00 am.| 13756 | 1.034 12.16 1.4% 10.1 71.8 R

June 11, 1909,

¢*00™a.m. to &"16™a.m.| 240 | 1.033 2.49 .24 | 11.2 11.7 | 4.70
816 am. 1016 am.| 115 | 1.028 1.10 A5 10.9 4.4 4.00
10 16 am. 11 16 am.| 162 | 1.029 1.75 23 10.9 5.2 2.97
1 11 16 am. 12 16 pm.| 114 | 1.019 1.00 12 10.0 1.8 1.80

METAROLISM EXPERIMENT No. C 5.

Date, June 15, 1909. Naked body-weight, 62.6 kilograms.

The subject came to the laboratory as in previous experiments, without eating
breakfast, and entered the calorimeter chamber at 8" 54™ a. m. The experiment
began at 9® 30™ a. m., and continued for three 1-hour periods, ending at 12" 30™
p. m. He telephoned three times during the experiment, twice during the first

TabLE 61.—Measurements of metabolism—Metabolism e:npm-mmt No. O 4.

Per minute. |

- | Aver-
Carhon | TR NEE AT | Respi- Aver |
Date and period. d':ﬁ::?e Iﬂ”'l?m Carbon | i ﬁ;t;r r:ul..‘n‘n' ell:[ier:r- I :ﬁe I St |
nated. sarbed. d:ﬂ::fe ab- | - | tient, | Pated. prate. ﬂr:fe_n
T sorhed. ‘
|
June 15, 1909. gms. | gms. | c.c. | c.c. |gms. | cals. ‘
g8 30=a.m. to 10"30™a.m.| 24.3 | 26.6 206 | 310 | 36.1 | 0.66 91| T4 | .19
10 30 am. 11 30 am.| 22.5 | 21.9 191 | 256 | 35.2 | .Tb 86| T0 | 20

11 30 am. 12 30 p.m.| 22.9 | 24.8 | 184 | 239 | 30.3 | .67 7!-'!| TL | 20

E |

Total 3 hours®.....| 69.7 | 73.3 | 197 | 285 [101.6 | .... =255i

i Carbon dioxide eliminated per kilogram per minute, 3.15 ¢, ¢, ; oxygen absorbed per kilogram
per mluuta. 455 c. e, heat ellminated per Kilogram per hour, 1.26 calories.

2 Recta quy'tempwature at beginning, 36.91* C.; at end, 38.84" C. Heat production for
total 3 hours, 252 calories.
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period. No water was taken by the subject, and he made no comments regarding
the experiment. The temperature conditions were fairly constant in all periods.

The pulse- and respiration-rates were measured in the usual way, and the
body-temperature was measured with the electrical-resistance thermometer. The
range for the pulse-rate was from 62 to 78, and the respiration-rate from 16 to
25. The data for the metabolism measurements and the average pulse- and respi-
ration-rates will be found in table 61, and the statistics of the urine in table 62.

TaBLE 62.—8tatistice of urine—Melabolism experiment No. O 5.

| Date and period. Volume, g‘—:::ftﬂf m'lll::c‘-?gm Sugar. D:HN.
June 14-15, 1909, i grams. | grams.
0™ am. to *00"p.m....... 960 1.036 10.96 57.9
6 00 p.m. G600 am....... 1440 1.036 11.21 105.4
June 15, 1909, I
6h00™am. to 9320"am....... | 96 1.038%8 52 7.0 11.29
930 am. 11 30 am....... ! 169 1.041 1.37 13.1 9.56
11 30 am. 12 30 pm....... b2 1.044 it 4.1 7.45

METAROLISM EXPERIMENT No. C 6,

Date, June 18, 1909. Naked body-weight, 62.7 kilograms.

The subject came to the laboratory without breakfast and entered the respi-
ration chamber at 8" 45™ a. m. The experiment began at 9" 32™ a. m. and con-
tinued for three 1-hour periods, ending at 12® 32™ p. m. No water was taken
during this time and the subject telephoned only once, just after the beginning
of the second period. The temperature conditions in the chamber were satis-
factory. No comments were made by the subject regarding the experiment.

The measurements of pulse-rate, respiration-rate, and body-temperature were
made in the usual way, the pulse-rate ranging from 61 to 71, and the respiration-
rate from 19 to 25. The data for the metabolism measurements and the average
pulse- and respiration-rates are given in table 63, and the statistics of urine in
table 64.

TABLE 63, —Measurements of metabolism—>Metabolism experiment No. C 6.

Ii Per minute. P

Carbon lgy \ ven |— ——— | Water | BeSPi- | poqy | Aver- | "o

Date and period. dioxide |0 | a0 ratory | i =
B efimi- | 202 | Garoen losygen | YAPA | ‘quo: | S | pule | T

elimi- ' : rate,

ed | sorbed.
June I8, 1909, gms. | gms.| ¢.c. | € G | gis, cals.

gh32ma m. to 10°32™a.m.| 21.9 | 21.6 186 252 | 31.9 | 0.74 86 &6 121
10 32 a.m. 11 32 am.| 22.8 | 22.0 153 257 . 27.0 .75 TG 67 24
11 32 am. 12 32 pm.| 22.5 | 22.1 191 258 | 29.1 .T4 75 (111 19

Total 8 hours™..... 67.2 | 65.7| 190 | 256 [88.0).... | 287 .. | ..

e

“_:gne ren:c-rg att {I;hﬁf;; . n:l
ne record a m g5
3 l‘.‘.‘alr'botne dio':;éde ellm]!lnu:::odl Ine;- kitl ra.m I1' minute, 3#& . l:!l bﬂm ubmrhed per kllogram
permnu L L eaemna ram per hour

* Rectal bo%mmmmre at beginning, aeufs C.; at end, 86.72° c, “Heat production for
total 2 houn ealorles
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Tapre G4d.—Statistics of urine—Metabolism experiment No. C 6.

[e ] . Per cent | [
Date and period. LTHEC TR N R e
. NH;—N. |
June 17-18, 1909, | ¢c | grams. | grans. | grams. |
T16"a.m. to T15™p.m.| 720 | 1.043 | 7.03 |1.12 | 13.1 61.7 A |
715 pm. 540 am.| 845 | 1.039 §.98 |1.28 11.7 53.9 .
June 18, 1909. | |
6*40™a.m. to T"20™a.m.| 117 | 1.038 1.20 22 | 15.0 7.1 5.92
720 am. 1032 am.| 190 | 1.037 2.41 41 14.1 10.5 4.36
1.32 .23 4.4 | 3.6 2.73

10 32 am. 12 32 pm.| % | 1.035

MerABoLISM EXPERIMENT No. C 7.

Date, June 22, 1909. Naked body-weight, 62.8 kilograme.

The subject entered the chair calorimeter, without breakfast, at about 7t 45™
a. m., and the experiment began at 8" 43™ a. m. The measurements were made
in two periods, the first 1 hour in length and the second 14 hours long. The
experiment ended at 11* 13™ a. m. The subject drank no water and telephoned
once just after the beginning of the experiment.

The measurements of the pulse and respiration were made in the usual man-
ner, the range in pulse-rate being from 51 to 69, and the respiration-rate from
16 to 22.

The measurements of the metabolism and the average respiration- and pulse-
rates are given in table 65, and the statistics of the urine in fable 66.

TaeLe 65.—Measurements of metabolism—Metabolism experiment No, C 7.

—_—

Per minute. |

- Aver-
Carbon . N Raespi- Aver-
e xypen Water | Heat age
Date and pericd. :ﬂqul".ie ab- Carbon VARG ratory #limi- a | rospd-
elimi- e e (Oxygen| . r L = ]
mled: sarhed. :ﬂlItl_x:lje it ized. | ot | nated. o 'mhﬂn-
rate.

nated, Borbed.

P — - —_— — e L

June 22, 1909, gms. | gms.| €.C | CC. | gms. cals. |
gedimam. to 943™am.| 24.4 | 35.0 | 207 | 292 [ 29.4 | 0.71 80 | 65 19
943 am. 1113 am. 33.7 342 191 266 38.1| .72 131:Ii 63 20

Total 2 h. 30 min.t.. 58.1 | 59.2 | 187 276 | 67.5 ....i=zzu| o
' !

1 Carbon dioxide eliminated per kilogram per minute, 3.14 c. c. ; oxy¥gen absorbed per Kilogram
per minute, 4.40 ¢ ¢. ; heat ellminated per kilogram per hour, 1.40 calories.

I Rectal i:uud% temperature at beginning, 36.62* C.; at end, 36.84° C. Heat production for
total 2 hours, 30 minutes, 233 calorles.

Tasre 66.—Statistics of urine—Metabolism eéxperiment No, O 7.

Per cent
; Yol i e
Date and period. nn?li. asm:l'g? | nimn. mgmu. l.ul'.ﬂ . Sugar. D:N.
| NHy—N. |
June 21-22, 1909, (N 8 grams. | grams. grams. I
fh00mam. to 5*00™p.m.| 900 | 1.035 4,91 .69 11.6 65.5 S|
5 00 p.m. b 00 am.| 1146 | 1.037 0.38 1.36 11.9 T6.2 e ity i
b 00 am. T20 am.| 135 | 1.041 1.17 .18 12.8 10.6 2.97
T 20 am. 843 am.| 105 | 1.038 1.03 AT 13.6 T.4 T7.19
243 am. 11 13 am.| 176 | 1.039 1.92 83 | 141 11.5 b.99
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MerapoLisM ExpERIMENT No. C 8.

Date, June 25, 1909. Naked body-weight, 62.4 kilograms.

This experiment was made with the bed calorimeter and the subject entered
the chamber at 10" 10™ a. m. The experiment began at 10" 53™ a. m. and con-
tinued for two 1-hour periods, ending at 12" 53™ p. m.

The pulse- and respiration-rates and the measurements of the body-tempera-
ture were taken in the usual way, the range in pulse-rate being from 58 to 72,
and the respiration-rate from 18 fo 21. The metabolism measurements and the
average pulse- and respiration-rates are given in table 67. As the measurement
of the heat-elimination was defective, these measurements are not included in the
table. The statistics of the urine are given in table 68.

TanLE 6T.—Measurements of metabolism—Metabolism experiment No. O 8.

| ' Per minute.

| | ’ Aver-
Carbon ==t T ey | Fespi- | Aver-
- Oxygen Water age
Date and period. dioxide | aif Carbon vapor- | TAtTY | age | TeEpis
elimi- bed. | dioxide | OXYFen | Yzag. | guo- | pulse- | S
nated. | 50T 7 R v | tient. @ rate. | =
| elintgi- sorbed | Tate.
| mated. | | 5 |
= | — !
Jine 25, 1903, Fgrims, grams.| C.c C.C. | gms.

|
0.72 | 65 20
0| 68 | 19

Total 2 hours®. ..... 43.4 | 4.4 184 | 259 ﬁl.Si,“.‘ )

10*58™a.m. to 11*53mam.. 21.8 | 21.9 | 185 256 | 27.9
11 53 am. 12 53 pm.. 21.6 22.5| 1583 263 | 33.9

! Carbon dioxide eliminated per kilogram per minute, 2.95 e. ¢. ; oxygen absorbed per Eilogram
per minute, 4.15 c. c.

TasLe 68.—8tatistics of urine—Metabolism experiment No. O 8.

| | Per cent
Dnt& *-T-'I-d Dﬂiﬂﬂ. Yol- EPEL"EM Tatal

A total ¥ :
ume | gravity. | nitrogen. e Sugar. L L
, . NH—N.
St S b . |
June 2425, 1909, C. & | grams. | grams. grams.
5"45mam. to 5"45™pm.| 775 1.036 10.19 | 1.62 | 13.0 35.6 el

5 46 p.m. 645 am.| 1238 | 1.037 | 11.23 | 1.49 | 10.9 81.3

545 am. 10 00 am.| 332 | 1.034 3.24 .59 | 15.1 17.2

10 00 am. 1053 am.| 62| 1.031 .69 12 | 14.5 2.5 3.62
4.3

/10 53 am. 100 pm. 123‘ S .26‘ 15.6

& -
.
ES =
= s

MEerapoLisM ExperiMENT No. C9.

Date, October 26, 1909. Naked body-weight, 54.9 kilograms.

This experiment was made with the chair calorimeter and differed slightly
from the preceding experiments in that the subject ate a small spoonful of oat-
meal before entering the chamber and drank a glassful of cold water. He entered
the chamber at 9® 36™ a. m. and the experiment began at 10® 26™ a. m., and con-
tinued for two 1-hour periods, ending at 12" 26™ p. m. During the experiment
he drank 50 c. . of water and telephoned once in the first period and twice in
the second. The subject was reading during the experiment and was very quiet
in both periods. He said that he was very comfortable, with the exception of a
slight irritation caused by the rectal thermometer. The temperature conditions
in the apparatus were good throughout the experiment.
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The measurements of pulse-rate, respiration-rate, and body-temperature were
made in the usual way, the range in pulse-rate being from 77 to 86, and the
regpiration-rate from 17 to 19. The measurements of the metabolism and the
average pulse- and respiration-rates are given in table 69, and the statistics of
urine in table 73.

TABLE 69.—Measurements of metabolism—Metabolism empertmem No. O 9.

| | Per minute. I I il
Carbon |, LNt Fe ; Respi- | o L
i | dioxide VATRED Water | patory Heat age i
prsstdpemiol lelimt | hea. | Gioce OyEen BRR | s | nalf | pulee |
| I TE::‘E sarbed. | Fate.
October 26, 1309. gims. | gms. | ¢.C | Cc | gms. | cals. |
10" 26™am. to 11"26™a.m.| 23.1 (19.3 | 187 | 235 | 28.4 (0.83 | &7 | B3 | 18
11 26 am. 12 26 pm. 19.9 | 23.3 | 169 272 | 31.6 | .62 | 71| 82 i 13
| Total 2 hours®.....| 42.0 | 42.6 | 178 | 249 | 60.0 | .... | 7138 |
JHL

e Enrbun dioxide ellmhmted r.kil ram 'pu:r minute, 3.24 ¢. ¢.; ﬂ:yﬁ'&n nhsnrhed per kilogram
per minute, 4.564 c. c. ; heat eliminate er kilogram per hour, 1.26 ca uries
2 Rectal bc:ndy temperature at beginning, 27.04* C.; at end, 37.32°* C.

Heat production for
total 2 hours, 153 calories,

METABOLISM EXPERIMENT No, C 10,

Date, May 27, 1909. Naked body-weight, 4.7 kilograms.

This experiment differed from those preceding in that the subject took food.
He entered the chair calorimeter at 7™ 33™ a. m. and began eating broiled beef-
steak, part tenderloin, at ¥ 43™ a. m., finishing at 8" 04™ a. m. Im all 253 grams
free from fat were eaten. The experiment began at 8" 48™ a. m., continuing
for four 1-hour periods, ending at 12" 48™ p. m. No water was taken by the
subject and he telephoned five times during the experiment, twice in the first
period. The subject said that he found it difficult to urinate as often as was
requested, and while the experiment did not weary him he found it somewhat
tedious.

TaBLE T0.—Measurements of metabolism—Metabolism experiment No, C 10,

|
| | | Per minate. | Ny
| Carbon : Reapi- | Avear- &
Date and period, I“jﬂ:ﬂj io e | ibim | Oxygen E?:'cfrr . ";3;’#‘ .ﬁlﬁ'ﬁi o 'ﬁ.
|t {wosbed. |dioxide Sy, oo Seed. | tient. nated. | frope. |ratlon- |
[ |
—— - - |_
: May 27, 1909, | g, _o'ms_i e.c. | cc | gmas.| cals. i
gt 48mam. to 9*48™a.m.| 26.G | 27.8 | 226 | 324 | 31.1 | 0.69 88 | 71 18
948 am. 1048 am.| 26.6|27.0 236 |316 |31.7| .71 B4 | 73 | 20
10 48 am. 11 48 am. 26.5 | 26.9 | 235 | 214 | 29.6 | .M1 B4 | Tl 20
11 48 am. 12 48 p.m.| 25.9 | 26.0 | 220 | 303 | 31.4| .72 81 . G8 . 19
Total 4 hours®,.... 105.6 !10?1' 924 | 314 |123.81 .... | ’EﬁTi Fa|
! | l | |

¥ Carbon dioxide n'limlna.ted per kil rn.m r minute, 3.46 ¢, ¢.; oxygen absorbed per kilogram
per minute, 4.85 c. ¢.; heat eliminate il ram per hour, 1. 20 calories.
* Rectal hod -temperature at b-eglnnlns. 87.23* C.: at end, 3747* C. Heat production for

total 4 hours, 351 calories.
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The stethoscope, pneumograph, and electrical-resistance thermometer were
all used in this experiment, the pulse-rate ranging from 62 to 78, and the respi-
ration-rate from 16 to 22. The measurements of the metabolism, also the average
pulse- and respiration-rates, will be found in table 70, and the statistics of urine
in table 71

TavLle T1.—Statistics of wrine—Metabolism experiment No. © 10,

Date and period. Volume. | EE:::E : mif_ﬁ?':lh_ Sugar.

May 26-27, 1509, [HE l | grams. | Frans,

™ anm. to PR DM. ear e sneaas 925 1.083 | 7.76 | 4d4d

6 00 pm. GO Ta e e 045 1.036 | 11.19 | 44.6
Magy 2%, 1909, | | |

| r00™am. to TEI0™A T, ... Lo S 153 1.082 | 1.6 | 6.9

7 30 am. L T e B s e 174 1.028 1.51 | 5.8

8 48 am. 0 R RS R e 160 1.027 1.22 4.9

04 am. I0 48 AT ..aoiisauresinsass 100 1.027 81 | 2.8

028 am. 1148 am. . e 106 1.029 1.14 3.1

11 48 am. 7k (|78 1 a Ltk s 105 1.030 1.34 3.2

MerapoLisy ExrerimesT No. C 11.

Date, October 29, 1909. Naked body-weight, 56.1 kilograms.

In this, as in the preceding experiment, the subject took food. He entered
the chair calorimeter at 10" 06™ a. m., and between 10" 14™ a. m. and 10® 28™
a.m. he ate 545 grams of cooked oatmeal (60 grams of carbohydrates). The
cereal was very warm when eaten, and although the cream was provided the
subject used none. The subject drank 155 c. . of water with the food, and said
that he found it difficult to eat all of the catmeal. The experiment began at
11* 01™ a. m. and continued for two 1-hour periods, ending at 1* 01 p. m. Dur-
ing the experiment he drank 56 c. . of water at 11* 04™ a. m. and telephoned
at 11» 02™ a. m., and again at 12" 02™ p. m.

The pulse-rate, respiration-rate, body-temperature, and muscular activity were
measured in the usual manner, the pulse-rate ranging from 59 to 69, and the
respiration-rate from 14 to 18. The subject was very quiet during the first pe-

TapLE T2.—Measurements of metabolism—Metabolisin experiment No, © 11,

-

=
| Per minute. | l b s |
Carban phkern s % w Sl o Rospi- | Aver- | A¥ET |
Date and period. 'iil':;‘id' u?ﬁen Carbon | E?:;rr. ratory gli]iﬂ:-r‘i;. I tg.i-
S |sorbed. |dioxide O%TE®" | ized. | S0 | mated. | BHE" |ration- |
:l;ﬁ; |s-:-rb-£wl. i rate.
| - |
October 29, 1908, ‘yms gms.| €.C, ! €. 0. | gms. cals, ‘
11%01™a.m. to ﬂ‘mmpm 19.7 | 21.8 | 167 | 254 | 27.3 | 0.66 74| 62 | 17
12 01 p.m. 101 pm. ! 21.5 | 21.3 | 182 | 249 | 27.9 .14 T3 | &2 16
Total 2 hours'..... 41.2 | 43.1 | 175 1 251 : el e l 3
.:Carbun dloxide ellmiﬁabed r kilo ram -p;r mlnute. 3. 12 C.C. ﬁ__ nhmrhed per kllogram

per minute, 4.47 ¢. ¢ ; heat eliminat D’ﬁam per houar, 1
T Rectal h-n&y-tempernture at beginnin ﬁ'.. 31’ C.; at end, 37.08* -E. H&at prodoction for
total 2 hours, 140 calories.
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riod. The measurements of the metabolism and the average pulge- and respira-
tion-rates are shown in table 72, and the statistics of urine in table 73.

TABLE T3.—Statistics of wrine—Case O, Oct. 24-81, 1909.

Ex-

peri- | Date and period. Specific | Total Sugur. :
| IE\e:t s Volume. gravity.  mitrogen. ol | DN
[ ﬂctahw 25—25 1008, G O grams. | grams.
T*00ma.m. to 4°00p.m.. 1150 7.05 29.4
4 00 p.m. 700 am.. sl IR 11.02 73.0
| October 25-26, 1909.
Gl:-'l {4 T00™am. to 9*45™a.m.. 505 2.31 12.7 5.50
945 am. 10 30 am.. W00 L e | -bY 2.8 il
10 30 am. 145 pm.. T S i (| 8.7 :
1 45 p.m. 530 p.m.. SRR 2.95 16.4 7
| 53 pm. 700 pm.. | e R T 5.8 :
| 700 pm. 900 pm.. ] S SR e 5.5 ,
9 00 pm. 600 am.. 280" [ L. | 4.90 18.6
6 00 a.m. 700 am.. 118 | .58 | 1.9 |
October 26-27, 1909, | |
20 ({ T00™am. to 931™am.. 297 | 1.018° 1.16 | . 4.9 4.22
93 am. 10 28 am.. 170 1.017°? .59 2.8 4.75 |
Gog {1028 am 1128 am.. 173 1.018% .57 3.4 5.97
(111 28 am. 1228 pm.. 140 .54 3.2 5.93
| 12 28 pm. 4 40 pm.. 495 1.021 1.97 13.2
| 440 pm. & 40 p.m.. 785 1.024 2,98 A et
£40 pm. 320 am..| 1029 | 1.02% 2.25 T | R
22 am. 645 am.. 514 } 1.023 1.67 15.3
645 am. 715 am.. 105 | 1.027 42 3.7 2
October 27-28, 1909, | ; |
c21 |4 Tri5™a.m. to 9"55ma.m.. 2337 | 1.0m | .88 | 9.8 | 10.10
955 am 1145 am.. 230 | 1.024 | .84 | 8.2
| 1145 am. 120 pm.. 458 | 1.024 1.48 16.3
[ 120 pm. b1k pm.. 463 1.027 2.26 16.9 j
| 516 pm. 930 pm.. TAT | 1.026 | 8.72 25.5 .
93 pm. 245 am.. 1284 1.025 | 4.99 41.6 :
2 456 a.m. T 10 am.. 863 1.027 4.04 | 26.1 3
October 28-29, 15909, -
022 T™10ma.m. to 925ma.m.. 241 1.023 o N T 3
- 99 am. 1009 am.. 220 o T |t A | 4.82
009 am. 215 pm..| 718 1.026 3.35 23.9 |
215 pm. 610 pm.. 634 | 1.024 3.26 19.7 | ;
6 10 p.m. 9 15 pm..| 466 1.02¢ | 2.28 14.6 e
915 pm. 1015 pm..| 120 | 1.029 | .65 3.2 el
10 15 pm. 3 15 am..| 1173 | 1.024 4.70 32.6 i !
316 s.m. 700 am..| 563 | 1.018? | 3.58 13.5
October 20-30, 1009, | ' :
023 { T00™a.m. to 10"00=a.m. . 360 1.023 1.78 7.5 4.21 |
10 00 am. 11 04 am.. 178 1.026 ‘ 81 | 5.5
o1y {1104 am. 12 04 pm.. 185 1.020 a3 Eacy |
1 12 04 pm. 104 pm.. 152 | 1.029 .58 | 6.9
104 pm. 400 pm.. 408 1.032 1.78 18.8
400 pm. 615 pm.. 728 | 1.028 2.86 | 29.4 |
615 pm. 10 20 p.m.. 294 | 1.028 1.27 9.8 |
10 20 pm. 710 am..| 1023 | 1.021 4.17 18.7
Octover 30-31, 1909. , |
c24 |{ T10"am. to10*15™am..| 340 | 1.023 1.35 6.8 5.04 |
1015 am. 12 30 pm.. 254 1.027 R 8.4 el
12 30 pm. 1 30 pm.. 163 | 1.028 .56 6.9 =0l
130 p.m. 615 pm.. 658 1.028 2.85 19.8 s
615 pm. 830 pm.. 502 | 1.026 2.03 | 14.3 |
230 pm. 545 am.. 1200 | 1.021 5.15 27.3
545 am. 700 am.. 222 | 1.025 1.11 5.1 ol
T 00 am. 9 656 am.. 334 1.023 1.65 4.2 2 61

— e — |
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A comparison of the metabolism experiments with Case C is given in table 74,

TapLE T4.—Comparison of metabolism experiments with Case C.

EXPERIMENTS WITHOUT FOOD,

=

of . & = | =
e E ‘ Per minute. E E = = ‘g
i} = ST s o -
= ) ] - = ‘EE
: 2 E ; e |2y E-.' =8| E8 |
e e Dt o ol | B STy PERlEs e s
. I |2 = ﬁ‘-E £ |5 |gF 1
a ! | 2 |B|238| B8 |8 |5 |5 (6|85
. [ | E | E Eﬁm Bty § | o m | = -
1909. |kilas.!nrs. ce | e cals | cals.
| &4 T 0 e A e S S G5.4 | 4 206 275 | 0.75 | 84 22|72 18.0
| O 2 May 14...... ceeees| 4.0 | 43| 206 | 276 | .76 | 70| 81| 71|19,
C 3 R it ol | 62.7 | 4 197 296 67T | 78 | 80 | GB | 18.5
C 4 June 11...caiensans] B30 | 3 203 203 69 | Bl 81 | 67 | 20.0
C b o3 - i R 62.6 | 3 197 285 69 | 8p | 84| T2 | 20.0
C 6 June I8 i G2.7 | & 130 256 14 | 79 83 |66 | 21.5
T June 22...00000aa 62.8 | 23 197 276 .TL | 88 93 | 64 19.5
C'8" | hine B5Y..TETLE |62.4(2 | 184 259 | .71 |.. | ..|64[19.5]
C 9 et 262, ccaneesans] S8 ] 2 178 249 .72 | 69 T7 | 82 | 18.5
! . . |
EXPERIMENTS WITH FOOD.
| | |
1909, ‘ ,
| G110 May 27" .verrenmns| BT 4 224 314 | 0.7L | 84 | 88 (71| 19.6
c11 [ [ AR Rl et 86.1 I 2 175 250 | .T0 | T3 ] T0 | 62 ‘ 16.5

1 Bed calorimeter.
30 minutes before the experiment began, the subject finished eating one teaspoonful of

oatmeal.
% 44 minutes before the experiment began, the subject finished eating 253 grams of cooked

heefstealk,
4 33 minutes before the cxperiment began, the subject finished eating 545 grams of oatmeal.

ResprATION EXPERIMENT No. C 12,

Date, June 11, 1909. Naked body-weight, 63.1 kilograms.

As the respiratory quotient in the metabolism experiment of this date appeared
to be unusually low, it was decided to shorten the experiment and make the
measurements in two 1-hour periods instead of the four originally planned. The
subject was then immediately transferred to the respiration apparatus. This
wag the first time the apparatus had been used for this subject. Two separate
periods were included in the experiment, 10 and 15 minutes in length, respect-
ively. In the second period, the subject said that he found it slightly more
difficult to breathe into the system than into the room air. The temperature
conditions were fairly constant, and the results appeared to be satisfactory. The
data for this experiment will be found in table 75.
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TapLe 75, —Results of regpiration experiment No, ¢ 12,

= L e iy = — | it - | - - - |
| Carbon ' -
| dioxide | (XVERN | Respira- | Average | Average
Date and time, Duration. | c&wim- = per tory F"-'t;_lﬂ“ l!"-'ﬂ'j“"
pEr ! quatient. rate, IOTI-TALE,
mimute, minute. |
June 11, 1900, m. & o 0. 0.
TARERDETN. . .ivanasthans ol 30 5T 186 262 0.71 64 15
7 b L SR e T S : 15 3 165 244 it 63 14
| o B | 1176 | 252 | 0.70 64 15
!

1 Carbon dioxide eliminated per Eilogram per minute, 2.79 . o ; oxygen absorbed per kKilogram
per minute, 4.01 & e

RESPIRATION EXPERIMENT No. C 13.

Date, June 15, 1909. Naked body-weight, 62.6 kilograme.

Inasmuch as the respiratory quotient in the preceding metabolism experiments
had been considerably lower than would be expected, it was decided to make a
respiration experiment with this subject before he entered the calorimeter. Four
separate periods were included in the experiment, the first 10 minutes in length,
and the last three 15 minutes each. The intermission between the separate pe-
riods was from 10 to 15 minutes in length. Previous to the first period, the
subject lay upon the couch for some 12 minutes, and was more or less active
during this time. After the first period, and preceding the second, he was talk-

ing with the physician in attendance. The results of the experiment are given
in table 76.

TagLe T6.—Results of respiration experiment No. ¢ 13,

E?r:rrﬂ:l“ OXYRED | pospira. | Average | Avera

Date and time. Duration. | elimina- | ADSorbed | S | SoGE | respirae

tied per miﬁfm quotient. rate. tion-rate.

mimuke.
June 15, 1909, m. 8. C. €. [

Tlﬁﬁmﬂ-.m. l|-|-+|-Il--!lll-|-+-ll---! l-ﬂ 5 165 + 8 & & LI AL Tﬁ 1“
TiITE T s T e A et R TR 181 284 0. 64 71 16
o LS T e R s e Ih .. 179 281 JGd T3 15
839 arm- R E R EFEFTREREIREERS 15 3 1'?1 ET{. IES 14 1G
ROTIEN e vttt | | 274 | 2218 | 0.64 78 | 18

1 Carbon dioxide ellminated per kilogram per minute, 2.78 ¢. ¢. ; oxygen absorbed per kilogram
per minuate, 4.44 ¢ ¢

ResriraTioN EXPERIMENT No. C 14,

Date, June 18, 1909. Naked body-weight, 62.7 kilograms.

This respiration experiment preceded the metabolism experiment of the same
date and included four periods, the first one of 10 minutes and the last three of
15 minutes each. The time between periods was less than 10 minutes in all
cases. The results of the experiment are found in table 77.
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TABLE T7.—Resulis of respiration experiment No, ¢ 14.
Carbon
' dioxide | VB | pocnira. | Average | A
Date and time. | Duration. el]i':}:‘.ilm- absorbed | “GITE ;ulne- i |
ted per -DEL quotient. rate. tion-rate.
t'l'lﬂ'l-'l.!t{.‘- minute, 1
June 18, 1909, m. 8. a0 s
TSR AN, s 9 BB 1949 263 0.76 | 63 15
T A3 B wsicnsnmpans wesan| 1B 2 164 246 | .66 | 069 17
b TR - By e R e, 15 2 164 245 | BT GG 16
L T R e e 1 2 197 260 73 | 66 1G
BTOTRER - e S s Sraas 1181 1256 0.71 4 16
| |

1 Carbon dioxide eliminated per kilogram per minute, 2.89 ¢. ¢.; oxygen absorbed per kilogram
per minute, 4.08 ¢. ¢

RESPIRATION ExPERIMENT No. C 15.

Date, June 22, 1909. Naked body-weight, 62.8 kilograms.

This experiment followed immediately after the metabolism experiment of
the same day, and included four separate periods, the first 10 minutes in length
and the last three 15 minutes long. The time between the periods was less than
10 minutes in all cases. In the second period there appeared to be a leak around
the nose, and the subject gaid that the nosepiece in the right nostril was loose.
The results of the experiment are given in table 78.

TABLE T8 —Results of respiration experiment No, (7 15,

1 1
Carbon |
e Oxypen |
dioxid Respira- | Average | Average
Date and time. Duration. el.i:lnin.:v , ‘hﬁfﬂﬂ | tg:l:-r | :
rtnﬂin::g. it |uuﬂtlent.! rate. itimwnt:.
| ¥ 2l i SO ‘ | g i
June 22, 1009 m. & c.c | ec | {
1L B S ST R, 10 4 168 | 249 | 0.68 64 15
T8 08 By om0 TG 158 234 .68 60 15
1% 38 pun i O 162 | 238 | .68 | 64 15
AVOTRER ot s asias | 162 | 240 | 068 | 68 | 18
| |

! Carbon diexide eliminated per kilogram per minute, 2.60 c. ¢.; oxygen abeorbed per kilogram
per minute, 8.82 e e

REsPIRATION ExXPERIMENT No. C 16.

Date, June 25, 1909. Naked body-weight, 62.4 kilograms.

This respiration experiment immediately preceded the metabolism experi-
ment of the same date and included seven separate periods, all 15 minutes in
length, with the exception of the first period, which was 10 minutes long. The
intermission between the fifth and sixth periods was longer than usnal, being
36 minutes. The results of the experiment are given in table 79.
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TABLE T9.—Results of respzraim emzieﬂmﬂnt No. C 16.

' Carbon
| dioxide | OXYERN | Respira. | Average | Average
Date and time. Duration, | elimina. | #7500 tory pulse- | respira-
| ted pg cimi e quotient. rate. tion-rate.
minute.
| | |
June 25, 1909, m. £ [ c.c |
e T T ey | P 163 253 0.64 i 14
T R R i 170 262 | Wit 6O .| . AT
g th ) e A U SR | 15 0 177 261 .68 62 | 1T
325 a-m- A FFAR R R A FEE R 15 2 191 | 2?2 | '7“ hs 15
T R A U T || 268 | .66 72 15
L e b T e e | 15 4 274 67 ‘ 15
SR ST e s | Ly 177 260 | i T T i 16
Averege SUIEINMNE ' 1176 1264 | 0.67 i 66 ‘ 16
| |

1(l‘ar'bon dio:hle eliminated per kilogram per minute. B2 c.c.; oxygen absorbed per kilogram
per minute, 4£.23 . e

ResrpaTiON ExpERIMENT No, C 17.

Date, August 9, 1909. Naked body-weight, 61 kilograms.

Some 20 minutes previous to this experiment, the subject ate some oatmeal
which, before cooking, weighed 60 grams. Only one period was included, 14
minutes in length. The results are as follows: Carbon dioxide, 208 c. c. per
minute ; oxygen, 310 c. . per minute ; respiratory quotient, 0.67 ; average pulse
per minute, 73, and average respirations per minute, 17.

RespiraTION EXPERIMENT No. C 18.
Date, August 24, 1909. Naked body-weight, 60 kilograms.
This and the subsequent respiration experiments were without food unless
otherwise stated.
The experiment on this day included five separate periods, the first period 10
minutes in length, and the last four each 15 minutes long. The intermission
between periods was a little longer than usual. During the first period, the

TasLE B0.—Results of respiration experiment No. O 18,

Carbon OI}'KEEI- |
g dioxide ahacrhed Respira- | Average | Average
Date and time. | Duratien. | elimina- Der | tary pulse- | respira-
ted per | ke | Quotient, rate. tion-rate, |
minute. | |
| i
August 24, 15909, nm. 8. CLoB. [ 8 ,
AR e St e el T I e o O L T
1 T PR T N TR (S | T 173 233 i | B& | 16
EEE B.m- BE B EE E B R B R EE SRR 14 3'} ]-ﬂ 242 -‘?3 Eg | 11
846 am. ......... ae 15 .. 176 251 LT it} 15
L e 14 30 149 224 6T 63 | 16
L T R L P i 167 1236 0.71 B4 | 16
| |

i Carbon dioxide ellml.tlateﬂ per kilogram per minute, 2.78 c. ¢ ; oxygen ahsorbed per kilogram
per minute, 3.93 c.
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subject was inclined to be eleepy. After the second period he made a slight
change in the adjustment of the nosepiece in the right nostril, as he said that it
was pushed in so far that it was uncomfortable. This did not apparently affect
the closure, which seemed to be perfect. Previous to the third period the physi-
cian in attendance talked with the subject for a few minutes, evidently affecting
the pulse-rate, which rose from 58 to 69. At the end of the fifth period the sub-
ject was sound asleep. The results during the different periods were variable,

but this does not seem to be due to experimental conditions. The data are given
in table 80.

RESPIRATION EXPERIMENT No. C 19.

Date, October 25, 1909. Naked body-weight, 54.9 kilograms.

The experiment on this date included four periods of the usual lengths and
with the usual intermissions. Surgeon’s plaster was used to obtain a perfect
closure of the mouth. The subject had a cold-sore in the left nostril but this
did not appear to affect the closure with the nosepieces. During the first period
the oxygen supply diminished, and this seemed to increaze the respiration-rate,
but when a new eylinder of oxygen was substituted it became perfectly normal
again. Between the first and second periods the nosepiece in the left nostril
was released, but there was no change in the adjustment at any other time during
the experiment. The results are given in table 81.

TABLE Bl.—Resulis of respiration erperiment No, ¢ 19,

I |
Carbon o
dinxide mﬁ;ﬁ | Respira- | Average .kreﬂaf

Date and time, Duration. | elimina- o tory pulse.
tedper | _BEL | quotignt. | rate. | tiom-rate.
minute. = |

, October 25, 1909. m ¢ | o c. e !

T s T 216 308 | 0.70 | 78 16
S Ler T e N 16 13 176 2582 | 70 | %R 15
0B, LR | 1518 165 244 b il e - 15
A e T R 5 gt 176 260 .68 | 73 15

AVATREE ~ e 1183 1366 ‘ 0.69 T3 15
|

! Carbon dioxide eliminated per kilogram per minunte, 3.83 c. c.; oxygen absorbed per kilogram
per minute, 4.85 c. ¢

REesPIRATION EXPERIMENT No, C 20,

Date, October 26, 1909. Naked body-weight, 54.9 kilograms.

This experiment preceded the metabolism experiment of the same date and
included four periods of the usual length and with the usual intermission. The
soreness in the left nostril continued in this experiment. In the first period the
adhesive plaster used about the mouth appeared to trouble the subject and he
attempted to adjust it frequently. The pulse was also very weak in this period
and it was diffienlt to count it accurately. The subject was very quiet in the
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second period. The nosepieces were removed and reinserted between the third
and fourth periods, but the adhesive plaster was not changed in any way. In the
fourth period there was more or less activity of the upper part of the body. The
subject moved his head once or twice as if the nosepieces troubled him. He
tried to adjust the pillow and indicated that he thought the closure of the right
nostril was not perfect, but on examination it was apparently all right. The
results of the experiments are given in table 82.

TaeLe 82.—Resulis of respiration experiment No. ¢ 20,

Carbon |

diu];:i-ig | “?:-;i']; Respira-  Average | Average |

Date and time, Duration, elimina- ner pulze- TESpir- |

. I:‘EI?I 15':,:1:5 | minnte, |Ouotient. | rate. | tion-rate. |

[ S e, o L]

October 26, 1908, | m. & s | e | |
L R L L | 9 &8 177 ; 238 0.74 63 14

b e T | PR e e T 5 2 160 | 229 L0 67 14 ‘
E Eg E-m-.- R FFEFRFEERE AR 15 4 IEU 222 '-Tz Eﬁ ]-Il
e BTN, e i 15 3 171 250 it 1 14

Average ....... ol SR | 1167 1235 | 0.71 67 14 |

I |

t Carbon dioxide eliminated per kilogram per minute, 2.04 ¢. ¢.; oxygen absorbed per kilogram
per minute, 4.28 c. c.

REsPIRATION EXPERIMENT No. C 21.

Date, October 27, 1909. Naked body-weight, 54.9 kilograms.

This experiment included three periods, the two first 15 minutes in length
and the last about 11 minutes, with the usual intermissions. In beginning the
experiment some difficulty was experienced with the nosepieces, but another set
was substituted, which proved satisfactory. The nosepiece was taken out of the
left nostril and replaced between the second and third periods, but otherwise
the conditions were unchanged throughout all the periods. The results may be
found in table 83.

TapLe 83.—Results of respiration experiment No, (f 21,

ﬁ?ﬂ?} | Oxy Respira- | Average | Awvera l
Date and time, Duration. | elimina- “h‘“:r d ta‘::lr pulse- m;n‘:ic
ted per miﬁute... quotient. | rate. |tion-rate. |
minute. |
October 27, 1509, m. 8. c. C. C. 6.
L Tl U T R o e St | 14 &6 178 248 0.72 B2 16 |
351 ﬂ.m* HEgsswemsrnrvnnras| 1'1 El 1'?4 251 -Hg 33 16
L s R o CC T (o T R s I 245 <13 84 16 |
&mm & B E 83 EEEEEEE A 1176 1243 ﬂ‘ril 3:! 16 ‘

1 Carbon dioxide eliminated per kilogram per minute, 3.21 ¢ c.; oxygen absorbed per kilogram
per minute, 4.52 ¢, ¢,
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RESPIRATION EXPERIMENT No. C 22,

Date, October 28, 1909. Naked body-weight, 56.1 kilograms,

This experiment included five periods, the first 10 minutes in length and the
others 15 minutes long, with the exception of the last period, which was but 11
minutes. Previous to the experiment the subject lay on the couch for 20 minutes.
The mouth was then closed with the adhesive plaster and the nosepieces care-
fully inserted and inflated. The soreness in the left nostril still troubled the
subject, and to relieve him the nosepiece on the left side was released and re-
inflated between the second and third periods. Between periods three and
four the subject rose and urinated. He talked considerably during this inter-
mission and seemed in very good spirits. Both nosepieces were released and
inserted again before the fourth period. The last period was not of full length,

as the patient was feeling hungry. The results of this experiment are given in
table 84.

TaBLE 84.—Results of respiration experiment No, ¢ 22,

| Soade | Omvmen | o | Ay |
Date and time, Durativa; | elimina: ulu:‘;rbt'd essjua I::]r:ge | r::iarif
éf:é;lg | minute. quotient. | rate, itmn-rl.te.
S— — sl - |
October 28, 190J. m. 8. c.c. | Gc

L ™ e s R R e e 1 0 | 157 | 241 (.65 o9 14
BB R S s e 14 56 161 244 GG bt 14
BB s e 14 50 169 | 242 LT0 6T 14
BBl RN S e e 14 51 171 267 | 4 G 13
LB T R S TS e AR 10 50 161 252 | LG4 T 14
s Rl 164 | 249 | o006 | et [ ik

1 Carbon dioxide eliminated per Kilogram per minute, 2.92 ¢ ¢. ; oxygen absorbed per kilogram
per minute, 4.44 ¢. ¢,

RESPIRATION EXPERIMENT Mo, O 23,

Date, October 29, 1909. Naked body-weight, 56.1 kilograms.

This experiment preceded the metabolism experiment which was made with
the same subject on this date. Previous to the respiration experiment, the
subject lay on the couch for 10 minutes, then the nosepieces and adhesive plaster
were adjusted as in previous experiments. There were four separate periods of
the usual length and with the usual intermissions. In the first period the plaster
became loosened, but as the subject had had a great deal of experience with the
apparatus and had been well trained in the routine, there is no reason to believe
that he breathed through the mouth. At the end of the second period the nose-
pieces were released and reinserted before the next period, and they were re-
moved again at the end of the third period. The pulse-rate rose considerably
during the experiment, ranging from 50 to 60. This may have been due to the
fact that the flies were very troublezome. The results are given in table 85.
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TaABLE 85.—Results of respiration experiment No. ¢ £3.

Carbon

i
dicxide D“ﬁﬂ] Respira- | Average | Average
Date and time. Duration. | elimina- ah“;'_;r 4| “tory pulse- | respira.

ted per

i v minute. quaoticnt. rate. tion-rate

— e — e —

Oetober 209, 1909, m. 3 C. 0. C. 0.
T 1p 0O 159 233 0.68 bl 13
I T S R e e (e 1] 158 234 67 64 14
LT T e e R R 14 53 162 236 .69 ] 13
LT T PR e A s | 16 0 158 235 i | a7 14
T T G S e e T L | 1159 1235 | 0.68 66 | 14

1 Carbon dioxide eliminated per kilogram per mioute, 2.83 ¢. ¢.; oxygen absorbed per kilogram
per minute, 4.19 ¢ e

RESPIRATION EXPERIMENT No. C 24.

Date, October 30, 1909. Naked body-weight, 56.1 kilograms.

This experiment included five periods of the usunal length. The subject lay
on the couch about 15 minutes before the experiment began, then the nosepieces
were inserted and the adhesive plaster adjusted. In the first period the plaster
did not adhere perfectly, and the respirations did not seem the same as usunal.
The nosepieces were not removed between the first and second periods. At the
end of the second period the subject cleared his throat, but was very sure that
he lost no air through the mouth. Between the second and third periods the
nosepieces were removed and reinserted. The subject was asked to move around
considerably previous to the fourth period, and to keep moving during the ex-
perimental period. He accordingly moved his legs constantly and also moved
his hands and arms considerably while reading his newspaper. The musecular
activity was continued in the fifth period, although it was possibly somewhat
less during this period than in the one preceding. The results of the experiment
are given in table 86.

TarLE B6.—Results of respiration experiment No. ¢ 24,

E?;g?di Oxygen | Respira- | Average | Average
Date and time. Duration, | elimina- *"E;;rbﬂd | tor pulse- | respira-
nﬁ:lﬁ:r e | quotient. rate. tion-rate.
October 30, 1909. m. & c. C, c. . | .
RSB, .o uiinens e o NG T 164 230 | 0.71 | 50 13 |
T e I T 15 11 164 233 .70 52 13
gﬂf B, iiciasrsasrssnne 14 57 151 22'} -ﬁg | 53 13.
AVETRES o oveearsornnas 60 | '228 | .70 | 52 13
R e . iiesepeed| 1% BH 181 252 72 | 59 14 |
T T N VR S0 T (T (| 175 253 .69 56 2|
RVATIER s it i v 1167 1238 | 0.71 | 58 14

i Carbon dioxide eliminated per kquram per minute, 2.85 ¢. ¢ ; oxyeen aba-u_rbed kil
51:“ mutn}lt}u, 4.08 ¢. e. Periods beginning at 90 31™ g, m. and 9v Eiﬂrgf m. are e:mﬁgd hﬁfﬁiﬁ
activity.

JI
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ResriraTION ExPERIMEST No. C 25,

Date, October 81, 1909. Naked body-weight, 56.1 kilograms.

This experiment included five periods of the usual length. These were with-
out incident the omly difference being that in the last period the subject was
muscularly active, considerably more go than during the two last periods in the
previous experiment. The results of the experiment are given in table 87.

TasLe 8T.—Resullts of respiration experiment No, O 25.

| :
Carbon |

di . Oxy Bira. v Aw
Date and time. Duration. i.‘li'.rg;;l:- abﬂﬁ:‘i Rinl:'ym ﬂpuc&ﬂ :e;;:'ﬁ?
ted per Ihigul{' quotient. | rate. | tion-rate.
minute. ; [
T ) PP i
October 31, 1909. | m. & a6 | ‘fo |
T B M e e S e i m e 10 0 175 242 0.72 b4 14
S 34 . el E 14 55 164 | 238 LG9 a4 14
R ¢ 16 1 156 230 68 55 14
RS e R 14 65 | 148 | 220 .68 | '5gir Mg
ANOTREE. -, i ns ey , 161 | 232 | 0.69 | 5¢ | 14
OMAR R T i i | 14 67 | 183 | ‘240 | 0.78 | 66 13
| |

iCarbon dioxide eliminated per kilogram minute, 2.87 ¢ ¢ oxygen absorbed per kilogram
per minute, 4.14 ¢. ¢. Perlod beginning at 90 36= a4, m. ls excep becanse of net:lv]g.

GROUP I. CASE D.
DESCRIFPTION OF THE CASE.

Male; 31 years of age; married ; banker; came under observation December
27, 1909, 9 months after the onset of the disease.

Famaily history.—No family history of diabetes; father well at 70; mother
died at 65 of “weak heart and grip”; one brother and one sister well. No
children.

Personal history.—Chronic diarrheea in 1897 lasting for 3 years. In 1905,
renal calculus, In 1897, lost sight of one eye by aceident.

Present illness—Since March, 1909, blurring eyesight, polyuria (3 quarts
in one night), polydipsia, but appetite not abnormal. Weariness. Riggs® die-
ease. During Qctober and November ate considerable sugar, although very little
formerly. The disease was not diagnosed until September, 1909. Tobacco, ex-
cessive. Greatest weight, 57.3 kilograms, in 1900 ; average weight, 51.8 to 54.5
kilograms ; August 30, 1909, 51.8 kilograms ; September 28, 1909, 47 kilograms;
December 27, 1909, 45.9 kilograms.

Physical examination.—Weak, pale, thin. Pupils unequal but react; pulse,
80, regular; tongue coated, moist; knee jerks normal; no edema, and nothing
abnormal found in heart, lungs, or abdomen.

General treatment and history of case.—Treatment of this case did not begin
until 6 months after the onset of the disease. This may account in part for the
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poor condition of the patient when he was first observed. Added to this was the
fact that he ate an unusual quantity of sugar a short time before coming under
treatment. The patient was at the New England Deaconess Hospital from the
latter part of September until the latter part of October. During this fime he
gained a little in strength, but the increase in weight was slight. On no occasion
did he appear to overcome the debility which was present when he first came
under observation. The history of the case is shown by the chart herewith
(table 88).

The volume of urine was never excessive while under treatment, even when
large quantities of sodium bicarbonate were administered. Albumen was either
absent from the urine or present to only a very slight degree.

Acidosis.—The urine was acid at first, but became alkaline when 30 grams
of sodium bicarbonate had been given daily for 3 days, followed by 3 days on
which 45 grams daily were given. With a single exception it remained alkaline
until October 24, although the quantity of sodium bicarbonate was decreased to
2 grams. The alkali was then omitted.

Diaeetic actd.—This was strongly positive at the start, but gradually decreased
with the administration of sodium bicarbonate, and altogether disappeared about
2 weeks after treatment began. It reappeared 2 months before death.

The quantity of sugar in the urine was never excessive while the patient was
under observation, and there was soon acquired a slight positive carbohydrate-
balance. This disappeared after some 3 weeks, and was never regained, except
upon November 3, when 200 grams of carbohydrates were given in the form of
oatmeal. The carbohydrate-balance upon this day was 120 grams, but upon the
following day, the minus carbohydrate-balance was distinctly greater than it had
previously been for some time, and the same holds true of the next day. During
the latter part of the patient’s life he was away from observation, and conse-
quently it is not possible to give his exact diet, or to record the exact quantity
of alkali which he was taking. Presumably the diet contained somewhat more
than 50 grams of carbohydrates and the alkali amounted to about 20 grams of
sodium bicarbonate each day. Toward the end he failed quite rapidly, and died
in coma January 13, 1910.

EXPERIMENTS WITH CASE D.
This subject was in a hospital on a hospital régime. No calorimeter experi-

ments were made with him and only three respiration experiments. The vital
statistics were as follows:

" Date of birth, 1878 ; range of naked body-weight, 48 to 50 kilograms.
ResriraTioN ExrERIMENT No. D 1.

Date, October 1, 1909. Naked body-weight, 48 kilograms.
The subject came to the laboratory in the morning at 8® 08™ a. m., without
having had food, and lay down on the couch 20 minutes before the experiment
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TaprLe 88.—Clinical chari—Case D.
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proper began. This experiment was divided into four periods, the first of 10
minutes, and the other three of 15 minutes each, with the usual intermissions.
The subject rose from the couch and passed urine at the end of the second period,
and again at the end of the last period. The results of the experiment are given
in table 89, and the statisties of urine in table 90,

Tasrke 83.—Results of respiration experiment No. D 1,

|
Carbo
dimldr-o.} %B”bec:j Respira- | Average | Average
Date and-time. Diuaration, elimina- | & ory palze- Tespira-
ted per migfrtf- quotient. Pt Hiom-rate,
minute. .
October 1, 1900, . & oo | oo
o ek 0 T T s SRR S O e 0 3 163 215 0.76 b3 16
L LSRR 15 © .. 156 | 221 | .70 55 17
BB T 0, ot e e e e e 15— 1 168 | 212 1 it 18
D NN ko e e de 3 154 | 204 | .15 bl 17
AVETRER . .cvwnaacnsanss 166 ‘ 213 | 0.T2 1] 17

" 1 Carbon dloxlde eliminated per kilogram per minute, 3.25 ¢, ¢.; oxygen absorbed per kilogram
per minute, 4.44 ¢ .

TapLe 90 —~8tatistics of urine—Respiration experiment No. D 1.

Total

Date and period. ; Volume. ' _“E""’f“_ __.":uir. . D_ N.

October 1, 1909, ‘ c.cC. grams. | grams.
Ta00™am. to 3 dToam. .. ..o aiiea e 118 1.06 3.4 .21
RENTeEcn  Dold AW i i e ' 52 .42 123 |28

The large excretion of carbon dioxide frequently noticed in experiments
of this kind is here present. The last three experiments show a wonderfully
constant carbon-dioxide excretion per minute with this subject. The oxygen
consumption varies somewhat but not beyond usual limits, and the respiratory
quotient ranges from 0.7 to 0.75, the average for the four periods being 0.73.
The pulse-rate and reepiration-rate did not undergo material changes through-
out the whole experiment.

The subject was an unusually good one in that he cooperated to the fullest
degree with the experiment and remained perfectly quiet on the couch, with a
very regular respiration-rate. He was not annoyed or prejudiced at all by the
experimentation.

RespmATION ExpErIMENT No. D 2.

Date, October 5, 1909. Naked body-weight, 50 kilograms.

This experiment was divided into four separate periods of the usual lengthe
and intermissions. The subject came to the laboratory without breakfast and
lay on the couch for 20 minutes hefore the experiment began. The nosepieces
were then adjusted and an attempt made to use the adhesive plaster. On account
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of the subject’s beard the plaster did not adhere, and it was removed before the
beginning of the second period, as it seemed to be of no use. The subject re-
mained lying on the couch throughout the four periods. Between the second
and third period, the nosepieces were released and readjusted, and in the third
period the subject indicated that there was a leak in the left nosepiece. This
nosepiece was then tightened without loss of pressure. At the beginning of the
fourth period the subject said there was moisture in the nosepieces and another
set was substituted. Unfortunately, in the last two periods the determination of
the oxygen consumption was lost. The results of the experiment are given in
table 91.

TasLE 91 —Resulls of respiration erperiment No. D 2.

dioxide | OXYEED | pocnira- | Average | Average

Date and time. Duration. | elimina- | 3P80Tbed | Tyory pulse- -

tmlar i mlﬁh&. quotient. rate. tion-rate.

i m =
Ecee - — :
October 5, 1909, m s | ce | e

e | et T o 10 40 152 208 0.7% | 5% | A6
g O e e i 2 153 | 205 g6 | "B | AT
B 1 T R R e e 14 47 153 e e ] 17
D8 BRI o it saasaenrk : 14 43 159 #ok PRI (B e [
AVEIBgE »0uvveenennnn. | 1154 ‘ 1207 | 0.74 | 55 ‘ 17

1 Carbon dioxide ellminated per kilogram per minute, &03 & uxa;en abzorbed per kllo
per minute, 4.14 ¢.e. The urine collected between 7 a.m. and =™ g,m. amounted to
i-iﬂ?‘-&n. c. and contalned 1.73 grams of nitrogen and 2.9 grams sugar, giving a D: N ratio of

Ag may be seen, the carbon-dioxide production was remarkably constant, and
in the two periods in which the oxygen was determined the same amount was
found in each case. The pulse-rate slightly increased in the fourth period. In
this experiment, as in the preceding one, the subject was very quiet and cooper-
ated in every way towards the success of the experiment.

RESPIRATION EXPERIMENT No. D 3.

Date, October 14, 1909. Naked body-weight, 48.3 kilograms.

The subject came to the laboratory without breakfast, as in the preceding
experiments, and lay on the couch for about 10 minutes before the experiment
began. The nosepieces were then adjusted, and although the adhesive plaster
was used it was not very effective, owing to the stiff mustache of the subject.
During the third period the subject swallowed, but as he did not open his mouth,
it is not probable that any air was lost. At the end of the experiment he com-
plained that lying still so long made his neck ache. Immediately after the ex-
periment he passed 223 c. c. of urine and returned to the hospital. The results
of the metabolism are given in table 92.

The results for both carbon dioxide and oxygen are certainly as good as
can be expected in physiological experimentation, and evidently these values may
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be taken as signifying the respiratory exchange for this subject under the condi-
tions then existing. The relatively high respiratory quotient in this experiment
signifies that the subject had no inconsiderable storage of glycogen which he
could draw upon when food was not ingested. An examination of the urine chart
will prove of unusual interest. It is rather difficult to understand why this sub-
ject, with such a relatively high respiratory quotient, should have died shortly
afterwards in coma; the only explanation apparent at present is that the diet
was so rigidly restricted that the store of glycogen was drawn upon to such an
extent as to induce acidosis.

TaBLE 92 —Resulls of respiration experiment No. D 3.

| ml’t!ﬂn | ﬂ:’r!gu . —|

: dioxide | abworhed Respira- | Average | Average

Drate and time, Duratien. | elimina tory pulse- | respira-

Lﬂﬂg:: e forites quotient. rate, tion-rate.

October 14, 1909, m. &. C.C. c.c. | |

BRI, ool b caida 0 3 147 180 | 0.97 | B3 16
T . 14 57 144 194 | .14 | B7 16
BEIR R e 15 34 145 192 | .16 | 56 16
1] VI 1 R e e 14 57 142 197 .72 56 17
- R S T | 1145 1193 0.75 157 16

i Carbon dioxide eliminated per kilogram per minute, 3.00 ¢ c. ; oxygen abzorbed per kilogram
per minute, 4,00 ¢. ¢, The urine collected from 7 a. m. to 9® H0™ a, m. amounted to 223 ¢ ¢. and
contained 1.21 grams of nitrogen and 0.6 gram of sugar, giving a D : N ratio of 0.50,

GROUP I. CASE E.

Male; born, 1890 ; single; light farm work ; ecame under observation Novem-
ber 9, 1908.

Family history—No family history of diabetes. Father, mother, and one
sister well.

Past history.—Good health up to onset of diabetes.

Present illness—First symptom of diabetes occurred in September, 1907.
Polyphagia and polydipsia were extreme. No loss of strength.

Physical examination—Height, 173 centimeters. Weight, February, 1908,
67.2 kilograms, dressed. Well developed and nourished, good color, ekin dry,
good teeth, pupils equal and react to light, knee jerks normal. Examination of
heart, lungs, and liver negative. Pulse regular, and of good volume and tension.

General treatment and history of case.—The patient entered the New England
Deaconess Hospital November 9, 1908, and remained in the hospital until No-
vember 18. His condition continued to be fairly good and he maintained a
weight of about 66.2 kilograms. He was able to do light work. The preseribed
diet was followed to a moderate degree. In September, 1909, he was much
troubled with indigestion, and although his weight was not affected he steadily
lost ground and died of coma on October 13, 1909. The history of the case is
shown by the chart herewith (table 93).
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The records of the volumes of urine are incomplete prior to and succeeding
the stay of the patient at the hospital. While there the quantity was nearly nor-
mal. The reaction was acid. Albumen was absent throughout or present to only
an extremely slight degree. Diacetic acid first appeared upon November 3, 1908,
and increased in intensity. B-oxybutyric acid was prezent to a considerable de-
gree in November, 1908, varying from 11 grams to 17.9 grams per day. Am-
monia in November, 1908, was considerable, rising to 3.8 grams per day, the
NH,—N: N exceeding 20 per cent. The acidosis is also shown by the difference
between the amount of sugar obtained by the polariscope and by the Citron test.

The quantity of sugar did not exceed 129 grams per day while the patient was
in the hospital, but this was evidently below the previous amounts present he-
cause the carbohydrate-balance fell from —120 grams on the 12th-13th to —35
grams 2 days subsequently. The patient during his stay at the hospital did not
bear the diet comfortably, and suspicion was awakened that errors might have
entered into either the quantities of urine or diet which he reported outside of
the hospital.

EXPERIMENTS WITH CASE E.

There were four metabolism experiments ecarried out with this subject, two
after a 12-hours’ fast, and without breakfast, and two preceded by food. No
respiration experiments were made with him. The vital statistics were as follows:

Date of birth, 1890 ; height, 173 centimeters ; body-weight, 60 kilograms.

METABOLIEM EXPERIMENT No. E 1.

Date, November 9, 1908. Naked body-weight, 60 kilograms.

This experiment was carried out after a 12-hours’ fast, the subject coming
to the laboratory without breakfast. He entered the chamber of the chair cal-
orimeter at 8" 05™ a. m. and the experiment began at 9" 02™ a. m. The measure-
ments of the metabolism were made in three 2-hour periods, and the experiment
ended at 3" 02™ p. m. The water taken by the subject was as follows: 9" 02™
a.m. 6 c.c; 11"02™ a.m., 13 c.c.; 1" 02™ p.m., 15 c.¢. The subject was
weighed at the end of each period, and he also telephoned several times. About
the middle of the first period it was found that he was playing cards and he was
asked not to continue this. After the experiment he stated that he played only
about 5 minutes. The subject said that the time seemed to pass rapidly, although
he asked over the telephone several times how much longer the experiment would
continue.

The pulse-rate was counted by the subject himself, but the noise of the blower
used in the ventilating current interfered somewhat in his taking the record,
especially in the first part of the experiment, and he did not consider the records
reliable. The record throughout the experiment was 77. The measurements of
the body-temperature were made sublingually by the subject. The measure-
ments of the metabolism are given in table 94, and the statistics of urine in
table 97.
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TaepLe M4.—Weasurements of metabolism—Metabolism ezperiment No. E 1.

| Per minute,
Carkbon L N Respi-
| Oxygen Wat Heat | Average
Date and period. | dioxide | i:irﬁ Carhon vlu-:rr- YAy | olimi- | pulse
elimi- | H%s. | dioxide | O%veen | T | auo | Tated | Fated
| mlfﬁl- | l"']tmi' iy % Lient. |
| nj:ﬂ"‘.l- Wrb!d.
—— - : | - s - R
November 8, 108, (grams. grams.| c.c | c.c. | gms. cals. |

296 | 46.5[0.73 | 172 | M
288 |59.1| .70 | 189 ] 77T
270 | 43.7| .72| 68| 77

Total 6 hours®. ..... | 144.4 14&.3‘ 204 | 284 149.3| .... | *4089 |

9r02mam. to 11"027am..| 51.0 | 50.7 | 216
1102 am. 102 pm.. 47.5| 49.3 | 202
102 pm. 302 pm..| 45.9 | 4. 3| 195

L Pulse by the subject.
I Carbon dioxide ulimiuated kilogram r minute, 3.40 ¢. €. ; oxygen absorbed per kilogram
per minute, 4.73 c. c. ; heat eliminated per gi.ram per hour, 1.38 calories.

* Sublingual body-temperature at baglnnlng 37.22° C.; at end, 37.06" C. Heat production for
total 6 hours 490 calorles.

— — e t— - — —d

There was a slight decrease in metabolism as the experiment progressed, as
would be expected, since this was the first experiment with the subject and the
novelty did not wear off until the end of the experiment. The records of the
observer show that the subject was more or less active in the early part of the
experiment, While the pulse-rate records are exceedingly unreliable the value
77 probably represents the average for the total 6 hours.

METABOLIEM EXPERIMENT No, E 2.

Date, November 16, 1908. Naked body-weight, 60 kilograms.

Like the preceding experiment, this was carried out after a 12-hours’ fast,
the subject coming to the laboratory without breakfast. He entered the chair
calorimeter at 8" 17™ a. m. and the experiment began at 9" 21™ a. m., continuing
for three 2-hour periods. The experiment ended at 3" 21™ p. m. Water was
taken as follows: 9 30™ a.m., 17 c.c.; 11" 30™ a. m., 41 c.c.; 1* 30™ p. m.,

TABLE 95 —Measurements of metabolism—Meitabolism experiment No, E 2.

| Per minate. |

Carbon — | Respi- | Heoat |A
Date and period. dioxide | Oal_. | Carbon | \'ﬂmi -""l elimi- | pulse-
climis | gorbed, | dioxide |OTE*™ | ized. | g nated. | rate.t

elimi- : | fent. |
| : nnwﬂ- m“‘ | | : |
November 16, 1908, grams. grams. c.e. | c.e. | gms. | cals.

gu21mam, to 11*21™am..| 41.4 | 49.5 176 259 46G.4 | 0.61 157 80
11 21 am. 12 pm.. 46.8 | 43.6 | 199 254 | 44.2 | .78 | 16T ]

121 pm. 321 pm.. 46.9| 40.1| 199 234 | 46.4 .35! 155-! 20

Total 6 hours™...... (1351 133.2| 191 | 259 7.0 | ... | *470]|

1 Pulse by the subject.

* Carbon dioxide eliminated per kllngram ﬁer minute, 3 18 c.c; nl{'ﬁvm absorbed per kilogram
per minute, 4.32 ¢, c. ; heat ellminated pe iu:r hour, 1. 2 ealo

'Euh‘lingunl body-temperature at h-exinning. 87.11* C.; at end, 36.78" C., Heat production
for total 6 hours, 453 calories.
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37 c. c.; and at 2" 45™ p. m., 51 ¢. . The subject stated that he was very much
more tired after this experiment than after the previous one.

The pulse-rate records were made by the subject himself and ranged from
77 to 83. The body-temperature measurements were made sublingually by the
subject with a elinieal thermometer for the beginning of each period and at the
end of the experiment. The measurements of the metabolism are given in table
95. The statistics of the urine are given in table 99.

The results indicate a marked increase in the carbon-dioxide excretion in
the second and third period, with a corresponding decrease in the oxygen absorp-
tion. On the other hand, the heat-elimination was remarkably constant for all
three periods.

MeraporisM ExrERIMENT No. E 3.

Date, November 10, 1908. Naked body-weight, 60 kilograms.

This experiment differed from those preceding in that the subject ingested
food immediately after entering the calorimeter chamber the purpose being to
test the effect on the metabolism of the ingestion of a large amount of protein.
He therefore came to the laboratory without breakfast and entered the calorime-
ter chamber at 7 52™ a. m., then ate 329 grams of broiled beefsteak, finishing at
82 20™ a.m. The experiment began at 8" 54™ a.m. and continued for three
2-hour periods, ending at 2 54™ p. m. The amounts of water consumed during
the experiment were as follows: 8! 59™ a.m., 60 c.c.; 128 59™ p. m., 66 c.c.;
2" 30™ p. m., 65 c. . The subject sat in a swinging chair throughout the whole
experiment and was weighed in it at the end of every period. During one of
the weighings he dropped a pencil, which caused more activity than usual. At
1 p. m. the subject stated that he felt better than he had in previous experiments.
Later he also said that the time had passed rapidly, that the beefsteak, which he
brought with him to the laboratory, tasted good, and he could have eaten more
if it had not been dry. The footrest broke during the second period, and as his
feet did not touch the floor it gave him some dizcomfort and eaused more rest-
lessness. He telephoned several times during the experiment.

The pulse-rate was counted by the subject, but inasmuch as the rate for the
whole experiment was 77, it is doubtful if this can be relied upon. After he left
the calorimeter it was counted by one of the assistants, the first count being
100, and the second taken almost immediately, 90, and a subsequent count was
80. The body-temperature measurements were taken as usual sublingually by
the subject for the beginning of each period and at the end of the experiment.
The measurements of the metabolism are given in table 96, and the statistics
of urine in table 97.

There was a noticeable increase in the carbon-dioxide elimination and oxygen
consumption in the last period. The heat eliminated remained essentially the
same throughout the whole experiment. The abnormally large water vaporiza-
tion in the second period was doubtless due to a defective regulation of the tem-
perature of the air in the calorimeter which caused a condensation of water and
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a subsequent evaporation. Since this was one of the earlier experiments with
this apparatus the technique had not been fully perfected, and consequently such
irregularities would naturally be expected.

TaBLE 06.—Measurements of metabolism—Metabolism experiment No. E 3.

{ I Per minute. |
Carbon

|
Oxygen. | — | Water | BesPi- | Hear |Average
dioxide EE vapor- | FAtory |ellmi- pulse-

elimi= Carbon | Oxyvgen | ui- | i
e sorbed. | dioxide g ined, ﬂnnt. | nated. | rate,

Date and period.

| elimi-
[ | ﬁntl:rnli. sorbed. | |
= | s i : .
November 10, 15, grams. grams. €. ¢ ¢ 2. | gms. | .:-uis.|
g8 54ma.m. to 10*5d™am.. 53.7  57.2 | 228 334 | 41.9 (0. 191 | |
10 54 am 12 54 pm..| 64.2| 67.5| 280 | 335 |67.2| .69 186 | 77
| 12 54 p.m. 254 pm..| 58.3| 59.1| 247 | 345 |45.6| .72 | 191 | 1T

Total 6 hours*. ..... [ 166.2 173.8 | 235 | 338 1154.7 i S .

1 Pualse by the subject
#Carbon dioxide e minated per k!.l ram per minute, .92 o e, : en nhaurhed per kilogram
per minute, 563 e. c.; heat elimjna.t mm IJEI' hour, 1. mﬁ
bwig%rlng d

58
% Bublingual body-tem ture at C.; at end, 86.78" t.‘ Hent production for
total 6 hours, 556 calories,

TasLe 37.—Statistics of urine—Metabolism experiments Nos. E 1 and E §.

Sugar,

Date and period. Quantity, | . Total = D:HN.

fa Polariza- | itration.

November 910, 1908, grams. | groms. | grams. | grams.
T00™am. to 902™am...... .| 241 1.87 10.1 11.5 G.15
902 am. 1102 am....... 137 1.25 5.5 6.0 4,80
11 02 am. 1 02 pm.cicons 92 1.00 2.7 3.8 3.80
102 pm. 203 pm e 63 2.90 1.5 2.2 2.44
202 pm. 8§00 am....... 1170 e. . 7.58 43.3 51.9 |

November 10-11, 1908,
gugd™a.m. to 8"54™am....... | 215 1.03 sty | E.5 e
854 am. 1054 am....... | 219 1.07 A L
054 am. 12 54 pm...... .| 269 2.12 e 10.0 -
| 12 54 p.m. i T ] 0 1 T | 168 2.14 | 7.0 s
| 254 pm. 700 amll 1360¢c.c.  9.61 N
| |

METABOLISM EXPERIMERT No. E 4.

Date, November 17, 1908. Naked body-weight, 60 kilograms.

This experiment was also designed to study the effect of the ingestion of pro-
tein. The subject came to the laboratory without breakfast and entered the
chair calorimeter at 8 a. m. A considerable amount of beefsteak was broiled for
him at the laboratory until well done, and of this he ate 402 grams between
8" 25™ a, m. and 8"48™ a.m. The experiment began at 9" 26™ a. m. and con-
tinued for three 2-hour periods, ending at 3" 26™ p. m. Water was taken as fol-
lows: 8" 45™ a.m., 73 c.c.; 128 30™ p. m., 71 c.c.; 1" 30™ p. m., 99 c.c. The
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subject was fairly quiet during the experiment, aside from the activity incidental
to urinating, drinking water, and telephoning. After the experiment he stated
that his head ached the last 2 hours, that his back became tired, and that he was
uncomfortable inside the chamber, but after leaving the chamber he was more
comfortable and felt better. He also said that he had no difficulty in eating all
the meat that was given him.

The pulse-rate was taken as usual by the subject and ranged from 73 to 86.
The measurements of body-temperature were made by the subject sublingually
for the beginning of each period and at the end of the experiment. The results
of the metabolism measurements are given in table 98. Statistics of urine are
given in table 99.

TagLE 98.—Measurements of metabolism—Metabolism experiment No, E §.

Per minute. [
E_a[tl_ﬂ'n : — W HQ‘ST.“I' A

Date and period. bt ikl i Carbon | vapar. | iy olbeni- putmf-
St | sorbed. ‘tﬂfﬂff Oﬁfe | tignt. | Doted. | 1ate

| ]J-'I.IBG- lﬁrm. |

g |
November 17, 1908, grums.' grams. .o, c.¢. | Jms. | cols, |

ge26ma.m. to 11*26™a.m.. 52.0 | 53.9 | 221 315 | 60.0 | 0.70 | 171 83
11 26 a.m. 12 pm..| 52.0| 53.5| 221 312 |658.4| .T1| 189 | 76
126 pm. 226 pm..| b5.2 | b5T.4 | 234 33 | 60.2 00 171 50
Total 6 hours®...... 159.2 | 164.3 I 225 d21 [178.6 | .... | *611 e

i Pulse by the subjec

2 Carbon dioxide ellminated per kilogram per minute, 3.75 ¢. ¢ ; oxygen absorbed per kilogram
per minute, 5.35 c. ¢.; heat eliminated per kilogram r hour, 1.42 calories

3 ublingual body-temperature at b-eﬂlnn!ng. 37.06* C.; at end, 36.78* C.

Heat production for
total 6 hours, 496 calories.

TABLE 99 —S8tatistics of urine—Metabolism experiments Nos. E 2 and E 4.

|
Sugar. |
Date and d. Quantity. |  Tofal | D:N.
]'."Gl‘f{! nltl‘DgE‘IIa Pﬂhl’in' Tltﬁtjnn
tion.

November I6-17, 1908. grams. | grams. | grams. | grams,
TM=agm. to P*21"am....... 266 2.26 15.2 14.2 G.28
B2l -am. 11 21 am....os 153 1.49 T.0 7.2 4.90
11 21 am. 1 2] pM.:c.css 105 1.256 4.2 4.8 | 3.84
121 pm. 821 pm....... 161 .85 8.1 2.5 | 2.94
321 pm. T00 am.......| 1120¢c.¢. 8.54 47.0 52.7

November IT-18, 1908.

Timam. to S*07T"am....... 137 .92 7.1 T.2

s m a-m- 9 Eﬂ almllfr'l‘i‘: 1EE 1-26 3'9 9'6 [N
92 am. 11 26 am....... 270 2.26 14.3 14.4

11 26 am. 3 1 1 L | 218 2.20 10.1 11.0
126 p.m. 32 pm.......| 166 2.47 7.9 8.5 g
3 26 pm. T0 am....... F 1005 e. e. 9.41 40.2 47.7 2
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The metabolism was relatively constant for the three periods, there being a
slight increase in both carbon dioxide and oxygen in the third period. The heat
elimination was constant throughout the whole three periods; owing to the fact
that there was a perceptible decrease in body-temperature of 0.5° in the 6 hours,
the total heat-production for the experiment is lowered by some 15 calories. The
uncertain values of the measurements of body-temperature obtained by the clin-
ical thermometer make this value for heat-production somewhat speculative.

CoMPARISON OF METARBOLISM EXPERIMENTS WITH Case E,

This subject did not appreciate the scientific aspects of the experiments in
which he was to participate, consequently the results have not the significance
of the results obtained with other subjects who cooperated with us more fully.
A comparison of the results of the experiments is given in table 100.

TapLe 100 —Comparison of metabolism erperiments with Case E.

EXPERIMENTS WITHOUT FOOD.
?é g Per minute. ! i E E..
| ™ — =2
Biperl: ' Date £ § 1 o gﬁ EE %.g
. hon
I £ g | dimi- |4,
= nited, | BoTDeCd. - E
| E E | | % o =
kilos.| hrs. | c.c. | €. c. cals. | cals.

El MNow, 9, 100E....... 60 G 204 | 284 | 0.72 83 82 (i)
H2Z | Nov. 16, 1908....... 60 (] 191 250 T4 T8 75 80
EXPERIMENTE WITH FOOD.

Bi | Now. 10, 19082, ..... | 60 G 235 | 238 | 0.7T0 95 093 i)
B4 | Nov. 17, 1908°%...... i G0 6 226 | 321 | .70 | 85 83 80

heltsi rriinutes before the experiment began, the subjeet finished eating 329 grams of cooked
efsteak,

be:fiﬁtcﬂi.“tu before the experlment began, the subject finished eating 402 grams of cooked
The results of the two experiments without food show a fairly uniform agree-
ment. Less carbon dioxide and less heat were eliminated, however, in the second
experiment and less oxygen was consumed. This may be accounted for by the
diminizshed muscular activity of the subject in the second experiment. The
experiments with food show a noticeable increase in metabolism as measured by
the carbon-dioxide elimination, oxygen consumption and heat-production. There
was also a slight increase in the pulse-rate, although the records are open to criti-
cism. The respiratory quotient was low in all the experiments. \
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GROUP I. CASE F.
DESCRIFTION OF THE CASE.

Male ; born September 16, 1885 ; farmer; married ; came under observation
July 14, 1908.

Famaily history.—Father, mother, and two brothers well. No children. Mar-
ried January 8, 1907. The wife’s mother, second cousin, and great-aunt also
had diabetes.

Past history.—St. Vitus’ dance, otherwise unusually good health, except for
infrequent attacks of indigestion and headache.

Present illness.—The onset was approximately 1 year after marriage, but it
was not diagnosed until March, 1908. The greatest weight was 84.4 kilograms,
and 58.1 kilograms was the lowest weight reached. Polyuria and eramps in the
legs were the noticeable symptoms. The greatest quantity of urine noticed
was 5000 c. c.

Physical ezamination.—A robust-looking young farmer, whose loss of weight
was not striking. Height, 176 centimeters. Nothing abnormal was noted upon
physical examination (original data not at hand).

General treatment and history of the case.—The patient remained at home in
the White Mountains from the middle of July, 1908, until early in September,
1908. During this time the quantity of sugar did not noticeably decreasze, but
remained about ¥ per cent, and the total quantity excreted each day varied from
103 grams to 230 grams upon August 14. The quantity of ammonia increased
from 1.5 grams on July 13 to 4.2 grams on August 14. The patient entered
the New England Deaconess Hospital September 13, 1908, and remained in the
hospital until October 2. During this time the diet was gradually restricted,
and the carbohydrates finally reduced to 10 grams daily, and a single vegetable
day given. The guantity of sugar in the urine decreased noticeably, but only
upon 2 days was the patient sngar-free. The carbohydrate-balance was generally
minus, ranging from minus 60 grams to plus 10 grams. Upon leaving the hos-
pital the sugar promptly increased, but during the next month did not rise, when
examined, to above 65 grams. In the subsequent year, 1909, several analyses
were made, and a progressive increase was noted. No analyses were recorded
after May 3, 1909. The history of the case is shown in the chart herewith
(table 101).

The urine remained acid, whenever it was examined, with the exception of
6 daye at one period and 1 day at another. Upon these 6 days, and for the pre-
ceding 5 days, sodium bicarbonate was administered in considerable quantities;
during the 5 days preceding the time the urine was alkaline, and the 6 consecu-
tive days in which it had this reaction, in all 192 grams of sodium bicarbonate
were given.

Diacetic acid was present whenever the test was applied, except on two occa-
sions.

The quantity of B-oxybutyrie acid during the first few weeks of observation
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was rather low, being 7.1 grams on July 15, and 8.5 grams on September 1 to 2.
It was not later examined.

The ammonia increased to 4.2 grams while the patient was in the hospital, but
later diminished, as shown by a single analysis. Although the patient was not
seen after October 2, 1908, he frequently reported himself as being in fair con-
dition. He died of pneumonia in February, 1910, which involved the right
lower lobe of the lung. Coma was not present. Had it not been for the pneu-
monia there was no especial indication that he would have so quickly suceumbed

to the disease.

Tagre 101.—Clinical chart—Case F.

J Ammonia Bugar.
. " =
g % |3

= = & .

Date, E - E : 2 i E’* E g E g
el 8|3 § |88 |5|B1EYE

A o o e 5 e P2 :

o | = a 44 = | e | & | &

| |

& e gms,| gma.  gma | p.ct |gme. 8.

Spec. | 103 | ae BL+ | .. 3 4 i
1620 | 1041 | ac. | Gl P 5 | 16|, il i 103
3 2160 1028 ac. | + + i AL L [ . 121
Joly 17-18.. 00 pelioois 2300 ceee | B + 4+ 4+ i a5 a a 138
Joly 198 e 540 1084 ac. + ; e b e 187
Aupg. 14-15....... G000 1034 ae. + + e o 4.8 | ..ie i 250
| Toly 20=80.....-fiaieenns Spec, | 1087 ae, + + i = [TE B i e 2
| Bept., 1=2 . i...Kie 4350 1041 ac. S e b Ll 2o “a 272
| sept. 1834l ki o400 | W2l | ae 4+ | .. i g | iR
| 1036 ac. + + ia e il alna . 156
1081 | ac. ++ | .. ol ] L E T
1080 ac. + + o i <5 S . 13
i 1031 | ae + + 5 i T . 86
1033 | ac + + iy o o = 10
| 1038 @ ac ++ | . A £ 82
Sept, 20-21... 2105 1027 BC. | ++4+ 4+ e A R g e 80
sﬁ}ﬂ o1-80,., ik 1830 1030 ac. + + + . = i H
| Sept. 22-23....... .. a@s | 1031 Bc. -l 0 e | s 42
Sept. 23-24....... susswnan 1650 1031 ae. + 4 + A 2 e ‘ - 20
Sept. 24-25... HE .| 1875 1034 ac. ++ ++ i o | at 43
t. 25-96... L «s| 1675 1028 ag. + . . & ivia . 3
Sept. 2H-2T....... BEEESS .| 1860 10z | alk. + : 5 0 -
o708, L 0 | 124 | alk + + 2 i 5 Tr. 0
Sent: 1?1 1’03 alk‘ + + LR - LR e 1“
1081 alk. 8l + B ' C . s
1030 | alk + : o e 3 13
031 alk. + i i & L ke 7
036 ae. 8l + S| [ & . = i
gl | ae 8L+ 10.28 | 1.9 | 16.2 53 B0
ﬂ ac. = [} 1;--}’% i ﬁ g

Mr I+ - - - RO

1037 ae. Bl + : BRI 22 i 63 o8
aman - L] -m ﬁlﬁ LR arew E m
5 e . 16.29 | 1.7 | S.6 3
29.31| 2.1 | 5.9 |73 3
lm a]k- $1'+ 8 L] L X ] ases e m
1033 ac. + 4+ | T = oL o T
1038 ac. G | L L o i o
) 1038 ae, BL+ | z : : o 150
May 2-4 .| 1280 | 1030 ae. ++ + | .| = b

37 per cent. *{.8 per cent. i For 13 hrs. 4 3.6 per cent.
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EXPERIMENTS WITH CASE F.

Two metabolism experiments were conducted with this subject, both with the
chair calorimeter. In the first, the metabolism after a 12-hours’ fast, was stud-
ied, and in the second, after the ingestion of a large amount of protein. There
were no respiration experiments made with this subject. The vital statistics
were as follows:

Date of birth, September 16, 1885 ; height, 176 centimeters; body-weight, 59
kilograms.

TasLE 101.—Clinical chart—Case F.

Diet. g "
; g | |
= - e |
] = g Remarks,
- d g o ¥ E é'g £
% 2 E’ 2 E 2| = z
T - (R S = SR | =
T I - B = & I
gmE. | gues, | gns, | gma. | g, gma. | gma. kilos,
95 : 0 = G L6
115 : 4 L] 18 | Sasd
115 . —Fl 12 | 56.3

7o =55 12 | 54.9

S | 12 |0

20 : 5 ; : =50 | 12 | 65.6 | Strict diet, ertnhlea. B00 ¢. ¢, cream, 9
gms. oatmenl.

20 =60 | 12 | B4.B Do,

20 =15 | 20 | 54.8 Lo,

20 - —10 | 20 | B4.9 Dran.

30 4 0| 20 | 56.7 Do,

16 =85 | 20 | 57.2 o,

10 + 6| 20 | 57,7 | Vegetable day.

10 5 410 | M | 57.2 | Strict diet and vegetables In 5 per cent
and 8 per cent groups.

10 +10.| M | 57.8 Dror.

1 0| 16 | 68.3 Da.

10 =10 | 12 | 57.4 | The same and 30 ¢. ¢. ¢réam.

10 = 5| 12 |Ga.l Do,

10 - 1 W T 1| e Do,

. - 0 | 69.0 | 240 gms. meat, 4 eggs, 9 gms. cheege, 300
gms. vegetables, 75 gma. bread, 16 gmas.
ofl, 120 gms. butter, ¢. ¢. wine,

o0 106 | 17 1% a3 224K} 0 | 553

55 & | IT 175 33 2500 0 | 58.3 T,

55 06 | .. 175 13 2500 0 | 53.2 Do,

i) 106 | .. 175 33 2500 0 | 58.2 D,

55 10665 g 1 23 2500 5 0 | 58,2 i,

37 TS |12.5 150 | 21 @ |5%.9| The same, minuz 2 egge, 45 gma, cheese,
30 gms. bread, 120 gms, wine,
3r 78 112.5 150 | 21 0 (579 5

0 3| 18 24 2800 0 | 57.9 | Az Nov. 67 except omit bread and %0
gms. wine, and add 3% gms. catmeal

| and 250 ¢. ¢. cream.

(m P I v i . I

|

45 | E::E .

125 | | 155 i .. | 12+| .... | Bread 210 gms., 180 gms. butter.

L | B | e | Pt ve | eee. | —20| 12%| .... | Vegetable day.
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MEeTABOLIEM EXPERIMENT No. F 1.

Date, November 11, 1908. Naked body-weight, 59 kilograms.

As this experiment was designed to study the metabolism of a diabetie after a
12-hours’ fast, the subject came to the laboratory without breakfast, and entered
the calorimeter chamber at about 8 a. m. The experiment began at 8® 50™ a. m.
and continued for three 2-hour periods, ending at 2" 50® p. m. The subject
drank no water while in the chamber. In an unsuccessful attempt to determine
the oxygen consumption indirectly, the subject was weighed in a swinging chair
at the beginning of every period and at the end of the experiment. In connection
with the weighing, he was telephoned to several times, and the weighing and
telephoning involved considerable muscular activity at times' The subject
reported that he was quite tired, but otherwise he found the conditions inside
the chamber very comfortable.

The subject observed his own pulse-rate in 2-minute counts, the range for
the experiment being from 80 to 82. He also made observations of his body-
temperature with a elinical thermometer, sublingually, for the beginning of
each period and at the end of the experiment. The results of the metabolism
are given in table 102, and the statistics of the urine are given in table 104.

TaprLe 102 —Measurements of metabolism—Metabolism experiment No, F 1.

Per minute. ]

Carbon i R Y Respi-
_ oo | Oxygen Water Heat | Average
Date and period. f ‘,'a'fi‘::;’_"i ab- | Carbon | o ooy | VAPOT- | ‘:ﬁ'ﬂf’ elimi- | pulse-
nated. m’d- ﬂi]':_'-h'l!jr.' Ebr mﬂl. I tient. Mtl’.’d. | rate,
| TR
| nated, | Borbed | I
November 11, 1908. igrams. |grum, C. C. c.¢ | gmas. | cais.

g 50mam. to 10°50"a.m.. 48.9 | 46.6 | 207 | 2712 | 38.
10 50 a.m. 12 50 p.m..| 47.5| 45.6 | 202 | 266 |58.
1250 pm. 2650 pm.. 47.4| 49.0 201 | 286 |50

5| 0.
71 .76 | 159 | %81
0| .70| 155| &0

' 2

Total G hours®...... 143.8 | 141.2 | 203 | 276 [147. "494

1 Pulse by the subject.

2 Average of 2 records at 9 a. m. and 10 a. m.

' Average of 2 records at 11 2. m. and 12 poon.

f Carbon dioxide eliminated per kilogram per minute, 3.44 e ¢.; oxyFgen absorbed per kilogram
per minute, 4.66 e c.; heat eliminated per kllogram ger hour, 1.39 ecalories,

& Sublingual body-temperature at beginning, 87.00* C.; at end, 86.95* C. Heat production for
total 6 hours, 491 ecalories.

Save for the abnormally high heat-elimination in the first 2 hours, the metab-
olism remained relatively constant throughout the whole experiment. There
seems to be no apparent explanation for this larger elimination of heat, and as
this was one of the first experiments with diabetics in this new apparatus, the
technique had not been carried to such a degree of perfection as to have a perfect
control of the whole apparatus. Consequently it is not surprising that one of
these factors showed an abnormal value.

! Benedict, Am. Journ., Physiol.,, 1910, 26, pp. 15-25. Benedict and Carpenter, Pub-
lication No. 123, Carnegie Institution of Washington, p. 93, 1910.
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METABOLISM ExPERIMENT No. F 2.

Date, November 12, 1908. Naked body-weight, 59 kilograms.

In this experiment, which was carried out the day immediately following the
fasting experiment, an attempt was made to study the influence of the ingestion
of large quantities of protein on the metabolism of a diabetie. The subject came
to the laboratory in the morning without breakfast and entered the calorimeter
chamber at 8 a. m. Between 8" 03™ a. m. and 8" 35™ a. m. he ate 466 grams
of beefsteak. The experiment began at 8" 58™ a. m. and continued for three 2-
hour periods, ending at 2" 58™ p.m. He drank water at 10" 35™ a. m. and
12" 15™ p. m., the total amount being 229 c.c. He also used the telephone at
the beginning of each period. After leaving the calorimeter chamber he stated
that he felt all right, and that he noticed nothing abnormal about himself as a
result of the experiment. He relished the steak, but said he could not have
eaten a larger amount, and found it somewhat difficult to eat all that was given
him.

The pulse-rate was taken in 2-minute counts by the subject himself and
ranged from 86 to 90. The body-temperature measurements were also taken
sublingually by the subject with a clinical thermometer for the beginning of each
period and at the end of the experiment. The results of the metaholism are
given in table 103. The statistics of the urine are given in table 104,

TABLE 103.—Measurements of metabolism—Metabolism experiment No. F 2.

Per minute. |
Carbon ’ Reapi-
Oxygen Water Heat |Avera
Date and period. | ﬂﬂfe ah- Carbon | Oy | vapor- “wl__-"" elimi- | pulae-
1 gorbed. | dioxide | YEYRED | Geeq | 990" | roted. | ratel
nated elimi- | _ &b tient.
nated. i sorbed. |
November 12, 1908, grams.| grams.| c.c. ! e ¢ | gms cals.
[

$*58=a.m. to 10*58"a.m.., 59.7 | 59.0 | 253 244 | 42. 3‘ 0.74 | 199 | =38
10 58 am. 12 58 pm.. 59.8 | 58.2 | 254 340 | 66.6| .75 | 193 88
12 68 p.m. 258 pm.. 57.4| 57T.6| 244 336 | 46.1 | .73 | 187 87

Total 6 hours®...... 176.9 | 174.8 | 250 340 156.0 ) .... | *B579

1 Pulse by the subject.
* Average of 2 records at O®* 156™ 4. m. and 10 a. m,

* Carbon dioxide eliminated per kll':fram r minute, 4.24 ¢, c.; ox¥ absorbed per kllogram
per minute, 5.76 c. c.: heat elﬂﬁinata per kilogram per hour, 1.64 capignrlea, . o

* Bubll 1 -temperatore at beginning, 37.84* C.; at end, 56.80* C. Heat produoction
for total E hours, o656 egﬁ:trles. o . =

The metabolism during the first two periods, as indicated by the carbon-
dioxide elimination, the oxygen consumption, and the heat-elimination, was es-
sentially the same. There was a slight falling off of all three factors in the last
period. Inasmuch as there was a noticeable decrease in the body-temperature
as measured by the clinical thermometer, the heat-production is considerably
lower than the heat-elimination, 556 calories as compared with 579 calories. It
must be borne in mind, however, that the measurements by the clinical ther-
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mometer under the tongue are too uncertain to make them absolutely reliable,
and hence no special emphasis should be laid upon the heat-production in these
experiments.

Tasre 104, —Statistics of urine—Metabolism experiments Nos. F 1 gnd F 2.

Sugar. |
Date and period. Quantity. , Total D:H.
' s : Polariza- | mitration.
November 11-12, 1908, | grams. | grams. | grams. | grams.
TM=am. to 3*50"am....... | 87 1.1% 2.3 2.7 2.27
850 am. 1050 am.......| 05 1.39 1.9 1.9 1.37
10 50 am. 12 50 pm....... [ 70 1.09 .6 B .73
12 50 p.m. 200 pm....... [ ] .93 | 8 22
2 50 pm. 700 am....... | 665 11.69 18.6 21.6
November 12-13, 1908. |
T"M™am. to B"68™am....... | 142 1.95 6.1 o.4 i
858 am. 1058 am....... 273 2.11 10.9 8.8 :
10 58 am. 12 58 pm....... | 244 3.59 9.8 10.2
12 58 p.m, 268 pm....... | 157 3.05 5.7 b.8 :
2 58 pm. TO0 am.......| 1130cec.| 17.61 41.0 41.4 i
|

CoMPARISON OF THE EXPERIMENTS WITH CAsSE F.

The two experiments are designed to compare the metabolism of the subject
when without food and after eating considerable quantities of cooked beefsteak.
An abstract of the results is given in table 105. There is a noticeable increase
in the total metabolism as measured by the factors, carbon-dioxide elimination,
oxygen-absorption, and heat-elimination and production following the ingestion
of food, and the pulse-rate was also greater in the experiment with food. The
respiratory quotient remained the same in both experiments. The discussion
of the influence of the ingestion of protein on metabolism in diabetes will be con-
sidered in a subsequent portion of this report.

TABLE 105.—Comparison of metabolism experiments with Case F.

| | - - =
o i EEJ- Per minute. -4 a g
%2 — =
: 5 5 At 2 B
| = = Respa- | = . B =5
Experi- | Date. & g . ratory | 28 | S5 | BH
ment Nao. E = E;ﬂmlﬂxgﬁen t'}:ﬂut, =EE E.E E
£ | § [l femba 5 rilma ?
= | 3 : | 3 |z
[ | - v o1
| 1 =
| kilos,| hre. | e.c. | .o cals. | cals.
Pl Nov, 11, 1908....... | 59 G 203 | 275 | 0.74 g2 82 81
a2 Wov, 12, 19081...... | a9 [ 250 | 340 .14 a7 93 g8
|

108 nﬂlnutea before the experiment began, the subject finished eating 466 grams of cooked
BErEa K.
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GROUP 1. CASE G.
DESCRIPTION OF THE CASE.

Male; born December, 1874; married; broker; came under our observa-
tion February 13, 1909, but his case had been closely studied for many years
previously.

Family history.—No history of diabetes in the family. Father died at about
40 of tuberculosis; mother and six brothers living and well; one sister died of
suppurative appendicitis. Several children, the last born spring, 1909,

Past history.—In 1891 severe pneumonia with thrombosis of the femoral
vein. December, 1900, severe catarrhal jaundice. TUrine December 4, 1900,
free from sugar, but upon January 3, 1901, 1.3 per cent. The glycosuria dis-
appeared at once on restriction of diet, and did not return after resumption of
a liberal diet containing sugar.

Present illness.—December, 1904, right pyelo-nephritis, urine sugar-free;
January 3, 1905, sugar appeared with a moderate amount of acetone, but no
diacetic acid. The sugar persisted for 1 week, but disappeared on a diet of di-
luted cream, broth, and egg. The infection of the right kidney subsided after
a week, to be followed after a few days by a much more serious infection and
enlargement of the left kidney, which lasted for 6 weeks. Colon bacillus present
in pure culture. Until July, 1906, able to eat freely of toast, oatmeal, potato,
rice, or oranges without glycosuria, but any sugar or a single slice of untoasted
bread caused it. Since July 24, 1906, see chart. In July, 190%, it was necessary
to restrict protein to get sugar-free. In January, 1908, glycosuria disappeared
only on hunger day, and acidosis was increasing. Since February, 1908, not
sugar-free. The following green days illustrate the increase in the severity of

the condition.

D-.t&- S'L'Iﬂ]'. Fitl‘ﬂm:n. -".ﬂ'lTI'IUhi*. | bi&‘;ﬂ‘m‘u
rams. Jrams. ' grams, | Jrams,
July 10, 1908.... 29 13.6 1.1 0
Dec. 29, 1908. ... 48 1.0 45
Jan. 23, 1909.... 100 15.9 3.7 | 30

Physical examination.—Weak. Height, 178 centimeters. Pupils equal and
react, pulse regular, color good, knee jerks normal. Lungs and heart: nothing
abnormal found. Abdomen: liver palpable two fingers’ breadth below the costal
margin, otherwise nothing else abnormal.

General history and treatment of case.—The patient entered the Corey Hill
Hospital February 13, 1909, and during his stay there the diet was closely fol-
lowed and all the experiments made. Subsequently his condition changed but
little, save for a gradual loss of weight which was 58.1 kilograms in March, 1910.
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The carbohydrates administered while in the hospital were in the form of
bread, cream, and vegetables. The total amount was certainly much less than
that to which the patient was accustomed. He acknowledged that previous to
entering the hospital he had eaten rather more freely than usual of carbohy-
drates, though not as much as if he were on an unrestricted diet. The constancy
of the minus carbohydrate-balance is good evidence of the care with which the
details of diet were followed while in the hospital. The diet, however, was not
sufficient for the patient’s meeds, for he steadily lost weight. Subsequent to
leaving the hospital the diet was raised to somewhat over 100 grams of carbo-
hydrates. The history of the case is shown in the chart herewith (table 106).

The high volume of urine, ranging from 2784 c. ¢. to 4800 ¢. ¢., is evidently
due, as in Case C, to acidosis as well as sugar, because the quantity of sugar
excreted from February 13 to February 20 was not excessive. Albumen was
absent throughout. The acidosis was extreme. The reaction of the urine was
acid while at the hospital, although 30 grams of sodinm bicarbonate were given
daily. Large quantities of S-oxybutyric acid were excreted. In only one case,
Case C, was g0 much eliminated from the body during 1 day. The especially
large quantities, 55.3 grames and 51 grams, came on days following the first
fasting experiment in the calorimeter when the quantity of carbohydrates was
somewhat lowered.

The ammonia was nearly constant at 5 grams despite the large guantity of
alkali administered. It is noteworthy, however, that the ammonia-nitrogen-
nitrogen ratio was not nearly as high as would be expected from the total g-oxy-
butyrie acid and ammonia.

The case as a whole is paricularly interesting from the therapeutic standpoint.
It emphasizes the importance of prophylaxis even when glycosuria is most transi-
tory. Further, the duration of life of the patient illustrates what careful medi-
cal treatment can accomplish in a severe case of diabetes. The patient through-
out the course of the disease was under the care of Dr. Theodore C. Janeway.

EXPERIMENTS WITH CASE G.

Throughout these experiments the subject was in a nearby hospital and lived
under hogpital régime. Three metabolism experiments were made, one in the
bed calorimeter and two in the chair calorimeter. Of these, the first was carried
out after a 12-hours’ fast, and without breakfast, the second after the ingestion
of carbohydrates, and the third, after the ingestion of a considerable amount of
protein. No respiration experiments were made with this subject. The wital
statistics were as follows:

Date of birth, December, 1874 ; height, 178 centimeters; naked body-weight,
67.1 kilograms.

! Death ocenrred in coma, May, 1910,
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MerapoLisyM ExrERIMENT No. G 1.

Date, February 16, 1909. Naked body-weight, 67.1 kilograms.

The subject came to the laboratory in the morning without breakfast. Before
enfering the calorimeter chamber the lower bowel was emptied by a warm-water
enema, and the subject entered the bed calorimeter at 8" 23™ a. m. The experi-
ment began at 9" 46™ a. m. and continued for five 1-hour periods. Besides his
regular clothing, the subject wore a heavy sweater and put on a pair of heavy
socks over his ordinary ones, and low slippers, and covered the legs below the
knees with a blanket. During the experiment he drank water as follows: 10" 52=
a.m., 200 c. e.; 12" 36™ p. m., 200 c. ¢.; 1* 40™ p. m., 200 ¢.c. The pulse-rate
ranged from 1‘55 to 74 and the msplratmn rate from 11 to 13. It was necessary
for him to readjust the pneumograph at 12" 12™ p. m., as it was somewhat out of
place. The subject remained quiet for the greater part of the time, the only
activity being that incidental to urination, drinking water, etc. The subject
said that he did not sleep during the experiment but he probably dozed at times.
It is interesting to note that the evidence given by the pneumograph record is
contrary to the statement furnished by the subject himself, who said that he
was under intense nervous excitement throughout the whole experiment and
found the sojourn inside the chamber distinctly disagreeable. As he expressed
it, it seemed to him as if he must fly out through the walls of the chamber.
Furthermore, neither the pulse nor the respiration-rates gave evidence of the
intense nervous excitement which the subject claimed he experienced throughout
the whole experiment. Judging from the pneumograph record, the muscular
activity was about the same in all of the five periods.

The rectal thermometer indicated a rise in temperature from the beginning
to the end of the experiment amounting to 0.31°, but as the calibration curve
for this thermometer was not absolutely certain, the base line is not known with
sufficient accuracy to report it. It is certain that the subject did not have a
febrile temperature.

TaABLE 107.—Measurements of metabolism—Metabolism experiment No. G 1.

1 |
| Per minute. | j
Carbon ) o ren —  Water | Respi- | oot | Aver- e
| Date and period. d:ﬁf:.?” ab- |Carbon | | vaper- ﬂt‘::?ialiri | ?1.
| nated, "“'hEd dm’:::ff ab- | ized. &:nt. — Ed'l rate, “rnt?
| ﬂitﬂd— m‘b‘.‘d- | |
o T — |__
February 16, 1909. oms. | gms. | C. o gms cals.

v d6™a.m. to 10"46™a.m.| 26.1 | 27.4 | 221 :Laﬂ | 27.1 | 0.69 | T0 T0 13
10 46 am. 11 46 a.m.| 25.7 | 24.9 | 218 | 291 | 28. E 75 | 75 Tl 13
11 46 am. 12 46 p.m.| 26.6 | 27.9 | 226 | 326 | 31.0| .69 | 81 71 12
12 46 p.m. 146 pm. 24.2 | 22.5 205 | 263 | 30.8 .18 85 Tl 12

| 1 46 p.m. 2 46 p.m.l 24.5 | 23. 2- 21}3 | 2T | 21.0 T T4 70 13
Total 5 hours®.....[127.1 125.9 1 216 | 294 ‘143 5|.... |%386

'Cnrbun dloxide ellminated per kil rnm r minute, 3.22 ¢. ¢. ; oxygen absorbed per kllogram
per minute, 4. EB c ¢. ; heat elimina m per hour, 1.15 calories.
2 Rectal Pernture at the end waa 31" . higher than at the beginnlog. Heat
production I.'-nr mt:al hours, 401 calorles.
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The results for the metabolism and the average pulse- and respiration-rates
are given in table 107. There was a noticeable decrease in the carbon-dioxide
elimination in the fourth and fifth periods. This was accompanied by a decrease
in the oxygen consumption. The irregularities in the respiratory quotient from
period to period are in part explained by the points brought out in a previous
discussion,’ namely, that the oxygen determination for periods as short as 1
hour in the earlier experiments with this apparatus had not the significance that
the carbon-dioxide determinations had, and hence only the average respiratory
quotient for the whole experiment is of true significance. The heat-elimination
wag noticeably higher in the third and fourth periods than in any of the others.
The respiration- and pulse-rates remained essentially the same throughout the
whole experiment. In the third and fourth periode, the average values for the
pulse- and respiration-rates are taken from a relatively few observations. The
statistics for the urine are given in table 108.

TapLE 108.—S8tatistics of urine—Metabolism experiment No. G 1.

Date and period. Volume. I E‘E:}'P; niTmaln_ Sugar. DN,
. r—— - I I
February 16-17, 15908, Gl | grams, | groms.
Thi0™a.m. to 9"46™am....... 219 | 1.030 1.12 8.4 | 760
946 am. 11 62 am....... 250 | 1.029 1.35 5.4 6.22
11 52 am. 265 pm....... 433 | 1.020 2.02 7.4 3 .66

MEeTAROLISM EXPERIMENT No. G 2

Date, February 19, 1909. Naked body-weight, 67.1 kilograme,

This experiment was dezigned to study the metabolism of a diabetic after the
ingestion of carbohydrate food. The subject came from the hospital early in
the morning and entered the chair calorimeter without breakfast. Between
8" 19™ a. m. and 8" 32™ a. m. he ate 75 grams of white bread and 25 grams of
dextrose and drank 1 cup of clear, black coffee. The experiment began at 9 a. m.
and continued for four 1-hour periods, ending at 1 p. m. Inasmuch as this
subject experienced very disagreeable sensations in the bed calorimeter, the
chair calorimeter was used for this experiment, and he found it much more
agreeable. Water was consumed at the following times: 10" 12™ a. m., 122 c. ¢,,
and 11" 28™ a. m., 192 c. . Shortly after the experiment began the subject was
muscularly somewhat active in adjusting the cushion, and at 9" 28™ a. m. he
telephoned. The pulse- and respiration-rates were measured by the stethoscope
and pneunmograph, and the body-temperature by the electrical-resistance ther-
mometer, The range in the pulse-rate was from 61 to 78, and the respiration-
rate from 15 to 18.

The adjustment of the pneumograph was extremely unsatisfactory in this
experiment. The subject was unusually quiet in the last period of the experiment.

! Benedict, Am. Journ. Physiol., 1910, 26, p. 15.
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The results of the metabolism and the average pulse- and respiration-rates
are given in table 109. The carbon-dioxide excretion decreases regularly as the
experiment progresses, there being a noticeable drop in the last period. The
irregularities in the oxygen absorption and the values for the respiratory quo-
tient are likewise quite considerable. The values for the pulse and respiration
present nothing abnormal. The statistics for the urine are given in table 110.

Tasre 109, —Measurements of metabolism—Metabolism experiment No, G 2.

FPer minute. '
Carbon gy | Aver- | AVeI-
Date and period. o e e o Eﬁ; elimt- r:gl-
nated, | Sorbed. |dioxide “UPER | zed. | JUC |nm:d ration-
elimi- rate.
i :I'Jlt-ed... Wﬂ.lt'd
|
February 19, 1909, gms. | gms. | e.c | c.e 'gms cals. |
9 am. to 10 am....... 25.7 | 20.9 | 218 | 244 | 20.3 | 0.90 | 90| 71 | 16
10 am.to1l am....... 25.0 | 24.9 | 212 291 | 22. Ei i a0 T8 17
11 a.m. to 12 noon...... 24.8 | 24.1 | 210 | 281 /23.3| .15| 92| 60 | 17
12 noon to 1 pm....... 23.2 | 20.3 198 237 | 22.4 34| 22| 69 17
i Total 4 hours*..../93.8 | 90.2 | 210 | 263 88.6|.... | *355

‘Carbon dioxide eliminated per kilogram per minute, 3.13 ¢ ¢.: oxygen absorbed per kilogram
per mmute 3.92 ¢ ¢.; heat eliminated per kilogram per hour, 1.33 calorles.

* Rectal body temperature at beginning, 37.27° C.; at end, 37.42° C. Heat production for

total 4 huurs 366 calories.

TapLe 110.—Statistics of urine—Metabolism experiment No. G 2,

Date and period. Folame." | Bpecle | sl | ‘Sop

| A

February 19-20, 1909, c. C. grams. | groms.
Th00ma.m. to SP00™am....... 325 1.028 1.19 13.2
900 am. 1100 am....... 681 1.028 1.37 30.8
11 00 a.m. 100 P 347 1.028 1.08 16.9

MeTABoLISEM ExPERIMENT No. G 3.

Date, February 20, 1909. Naked body-weight, 67.1 kilograms.

The subject came to the laboratory from the hospital in the morning, with-
out breakfast, and entered the chair calorimeter at 8" 05™ a.m. Between
8412 a.m. and 8" 36™ a.m. he consumed 546 grams of cooked beefsteak.
The experiment began at 8" 54™ a. m. and continued for four 1-hour periods,
ending at 12® 54™ p. m. The water consumed during the experiment was as
follows: 9® 56™ a.m., 198 c.c.; 112 02™ a.m., 197 c.c.; and 12" 24™ p.m.,,
192 c. . The subject used the telephone at the end of each period.

The pulse- and respiration-rates were measured by the pneumograph and
stethozcope, and ranged from 77 to 86 and from 13 to 20, respectively. The
body-temperature was measured by the electrical-resistance thermometer. The
subject stated that he was comfortable during the experiment, but that he was
very glad to leave the calorimeter chamber as the confinement was very tedious.
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Aside from the muscular movements incidental to urinating, drinking water,
and telephoning, the subject remained for the most part sitting quietly.

The results of the metabolism and the average pulse- and respiration-rates
are given in table 111. There was a noticeable increase in the carbon-dioxide
production after the first period, which thereafter remained constant. There
was likewise a marked increase followed by constaney in the oxygen consump-
tion. On the other hand, the ratio of increase was such that the respiratory
quotient remained essentially the same, being slightly decreased in the second
period and increasing again in the third and fourth periods. The heat-elimi-
nation was the greatest in the fourth period. The average pulse-rate was the
highest in the first period, and decreased to a constant value for the last three.
The respiration-rate was slightly higher at the end of the experiment. The
statistics for the urine are given in table 112,

TagLE 111.—Measurements of metabolism—Metabolism experiment No. 3.

Per minute. | %

Qarbon | e | BesDl- | gy | Aver- | TOT

Date and period. d;ﬁgfﬁﬂ“‘: Carbon .y en vapor- | . elimi. i r%ﬁv
nated. sarbed. xide ab- | ized. I tient. nated rate, |Tation-

_ elimi- el [ rate,

| nated. |
February 20, 191, gms. | gms.| c.c.  C.C | gms. cals,

$hE4mam, to 9*54ma.m. 26.9 | 25.8 | 228 301 | 29.0 | 0.76 96 | 84 16

9564 am. 1054 am.| 31.1 | 21.9 264 | 372 | 30.8 + 71 W1 | 79 15

10 64 am. 11 64 am. 31.4 | 31.4 266 | 366 | 20.5 ali 100 | T8 17

11 54 am. 12 54 pm. 31.1 ' 80.1 | 264 351 |32.4| 75| 105 | 79 17
Total 4 hours!.....120.5 119.2 256 | 348 122.7 2402 s i :

* Carbon dioxide ellminated per kilogram per minute, 3.82 ¢, ¢.; oxXygen absorbed per kilogram
per minute, 5.18 ¢, ¢.; heat eliminated IIH.‘T Ellogram per hour, 1.51 calories,
2 Reetal body temperature at beginning, 87.58° C.; at end, 8T.77° C.

total 4 hours, 412 calorles.

TawsrLe 112.—Statistics of urine—Metabolism experiment No, G 8.

Heat production for

Date and period. Volume. ;';_ffg; nilll::tt::n, . Bugar.

February 20, 1909. ¢ e. ; grams. | grams. |
6'50™a.m. to 8*54™am....... 191 1.034 1.15 9.6
854 am. 1054 am....... 414 1.032 | 2.28 | 18.8
10 54 am. 12 54 pm....... 229 1.032 2.70 15,4

COMPARISON OF THE EXPERIMENTS WITH CAsE G.

Unfortunately, these three experiments are not strictly comparable, for the
first experiment, which was the only one resting and without food, was made in
the bed calorimeter, while the other two, which immediately followed the inges-
tion of food, were made in the chair calorimeter.

As will be seen in table 113 the carbon-dioxide excretion was unaffected by
the ingestion of carbohydrate in the second experiment, and was noticeably in-
creased by the ingestion of a large amount of meat in the third experiment. The
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oxygen absorption actually decreased in the second experiment when carbo-
hydrates were given, but increased enormously in the third experiment. The
respiratory quotient, on the other hand, did increase somewhat during the car-
bohydrate experiment. The heat-elimination was larger in both experiments
in the chair calorimeter than in the bed calorimeter, and much higher values were
found in the experiment which followed the eating the beefsteak than in the
experiment following the ingestion of carbohydrates. The pulse-rate was ap-
parently affected only by the ingestion of meat, while the respiration-rate was
much larger in the chair calorimeter than in the bed calorimeter.

TasLE 113.—Comparison of metabolism experiments with Case .

£ | &, | ormte | & |2 |3 |44 |22
: -, | ®E el 4| €5 | 88 | BE | BE

E . ﬁ"é = == -
I'I'll.‘;'l:'lrtle?ﬂ-. Date. - @ .=-E Carbon | g-"f’ == e &5 ﬂi
I'E: Wi ﬂi{:r_xi@'ﬂ“ ?ﬁen == E E = E E E gg
£ | 3 | natea, |%tbed | £ = = 25 | &=

1909, kilos.| hrs. | c.c. | e.c. cals. | cals.

G1 Feb. 161...... 67.1 & 216 | 294 | 0.73 7 &0 71 13
G2 Feb. 19%......| 67.1 4 210 | 263 .80 | B9 91 7l 17
i G3 Feb. 20...... 67.1 4 256 | 348 .74 | 101 | 103 80 16

1 Bed calorimeter,
* 28 minutes before the experiment began, the subject finished eating 76 grams of white

bread and 25 grams of dextrose with 1 enp of elear black coffee,
* 158 minutes before the experiment began the subject finished eating 546 grams of cooked

beefatealk,

It is much to be regretted that the experiments do not lend themselves to a
better comparison. Since, however, with diabetics of this type the ingestion of
carbohydrate food influences the metabolism but little, the experiment in which
the carbohydrates were given (G 2) may be used for comparison with the experi-
ment on the following day when steak was given. This will be treated in a
subsequent section of this report.

GROUP 1. CASE H.
DESCRIPTION OF THE CASE.

Female ; born May 19, 1872 ; single; nurse ; developed diabetes at 17 years of
age ; came under observation January 17, 1910.

Family history—Father died of kidney trouble at ¥7; mother of diabetes
mellitus at 47; one brother of diabetes mellitus at 21; one sister when about
17 years of age had sugar in the urine for 8 months, but is now 25 years old and
somewhat undeveloped. Five brothers and sisters died as babies, one being a
blue baby, and another dying of diphtheria. A brother and sister are well.

Past history.—Mumps ; scarlet fever at 10; catamenia appeared at 11; never
felt strong until 12, not going to school until 14 ; malaria for years while living
near the Hudson River; later inflammatory rheumatism confining patient to
bed ; jaundice two or three times ; gall stones twice.
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Present illness.—At 17 years of age fearful thirst while at school. The urine
was not measured, but the patient reports it as * heaps of urine.” At 20 years
of age dizziness, and sugar found in the urine by Dr. Stockton of Buffalo. Since
this time the patient has been under the care of a great variety of excellent
physicians on account of travel and occupation, and has undergone all sorts of
treatment, both medicinal and dietetic. Despite her illness she went through
a nurses’ training school, and for the last 2 years has done an unusual amount
of hard work, involving much responsibility and detail. The urine is said to
have contained at one time 16 per cent of sugar, but investigation showed that
the test used was not reliable. The greatest volume of urine observed by the
patient was 180 ounces (5400 c.c.). The specific gravity is said to have been
at one time 1060, and recently 1040. On March 5, 1904, the specific gravity
was 1046 ; on March 21, 1043, and on March 28, 1904, 1042. When examined
there was very little thirst, no fietitious appetite, and good digestion. The pa-
tient, however, had been troubled by exhaustion for 2 weeks, insomnia, headache,
nausea and pain in the lumbar region, also in the hip and right knee. Eyesight
troublesome. This winter the hands eracked and felt like sand paper, and there
were callous spotz on the feet, yet the patient said she felt * just as well as I
can be.”

Physical examinalion.—A healthy-looking young woman with red cheeks,
but evidently rather tired out. Greatest weight, 60.8 kilograms; 1 year ago,
58.1 kilograms ; January 1%, 1910, 52.2 kilograms (all weights dressed). Height,
159 centimeters. Pulse, 100, regular. Blood-pressure, 140. Pupils equal and
react ; tongue moist and clear ; teeth in good condition, as in Case I. No cervical,
axillary, or inguinal glands. Hair slightly less than usual. A mass partly
filling one-half of the right breast, which is hard, nodular, irregular, but it has
been there for 5 or 6 years. Lungs and heart normal. Abdomen: nothing ab-
normal found ; knee jerks normal.

General hastory and treatment of the case.—The case is remarkable because
of the long duration. It is quite possible that this is due to the fact that there
is a hereditary fendency. Recently attention has been called to the fact that
hereditary cases of diabetes often are less virulent. Another case in our series
(Case I) exemplifies this fact most strikingly, and still another case has been
recently seen by us.

The carbohydrate-balance was positive until the carbohydrates were restricted
from the neighborhood of 160 grams to about 100 grams. Then it at once be-
came minus, and practically remained minus from that time on. It will be
noticed that upon calorimeter days as a rule the earbohydrate-balance was better
than upon the other days, both preceding and following. Is this due to the fact
that upon the calorimeter days the patient is starved for two-thirds of the day,
in reality going from 7 p. m. the previous night until 1 p. m. the calorimeter
day without food?
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It will be noticed by the chart (table 114) that the amount of ammonia in-
creased only from 2 grams to 3 grams between January 4-5 and February 13-14.
This is not only interesting but important, because it shows that restriction of
the diet did not cause a great increase in acidosis. This is generally considered
to be the rule when so great a reduction in the diet has been made as in this
case, namely, a reduction from abount 200 grams to about 50 grams.

The general condition of the patient improved much under treatment. Despite
the fact that she said she was in good condition at the start, she really was not,
but was tired out and very nervous. As she underwent treatment her improve-
ment was marked, and she herself volunteered that she felt better than she ever
expected to feel again, also that her eyesight was much improved. This general

improvement corresponds with the high respiratory quotient which she in-
variably showed.*

EXPERIMENTE WITH CASE H.

Five metabolism experiments were carried out with this subject, and one
respiration experiment, all without food. The bed calorimeter was nsed for all
the metabolism experiments. The vital statistics were as follows:

Date of birth, May 19, 1872 ; height, 159 centimeters; range of naked body-
weight, 51.8 to 52.3 kilograms.

MeTapoLIsM ExpERIMESNT No. H 1.

Date, February 1, 1910. Naked body-weight, 51.8 kilograms.

The subject came from the hospital to the laboratory without breakfast and
entered the bed calorimeter at 8" 06™ a. m. The experiment began at 9* 05™ a. m.
and continued for three 1-hour periods, ending at 12* 05™ p.m. The pulse-

TABLE 115.—Measurements of metabolisim—Metabolism experiment No. H 1.

| | Per minute. [ o
Carbon | | Respi- Aver. |
Deate and period, ﬂ'i“]d“ |':|'!:F.B"Hl Carbon |0 Eﬁ I tory | !El!lenif lﬁc | I':ETJEI* l
:;m gorhed. ﬂi{,‘ﬂiﬂ.ﬂ “E'm imed, t :‘;:E nated. urat:f ratinn-
| |¢’£&5mrhed.| s
. o MR R ) [ SE - S
February 1, 1910. gms. | gms. | c.c. ‘ e | gms. cals.
g™ a m. to 10*05™a.m. 19.2 | 17.9 163 209 | 25.5 | 0.7T8 LT 5o 21
10 05 a.m. 11 05 a.m. | 20.3 | 19.9 172 232 | 29.6 | .T4 T 24 a1
11 05 a.m. 12 05 DII:I [ 19.9 | 20.1 ! 169 235 | 30.0 ! T2 ol o 20
Total 3 hours®..... | 59.4 | 57. El 168 | 235 | 85.0 :

“180
| i

& -Carbun dioxide eliminated per kilogram per minute, 3.24 c. ¢.; oxygen absorbed per Eilogram

1 minute, 4.34 ¢, c.; heat @ minnted per kilogram per hour, 1.16 calories. The urine col-
ected Detween T a. m. apd 12b 15 . amounted to 511 e. c. haviog a speclﬁc ﬁmﬂtv of
11;{'523' It mtul.ned 1.70 grams of n rugan and 16.9 grams of sugar, gl?lng & ratio of

# Bublingual body temperatare at beginni 37.00* C.; at end, 38.72* C. Heat productlion for
total 3 huura, 166 calorios, stuntg -

10mn a trip to Europe in May, 1910, the patient became seasick, and after three
days coma developed and death ensued.
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and respiration-rates were measured by the pneumograph and stethoscope, and
ranged from 81 to 88 and from 17 to 23, respectively. The rectal thermometer
was not used in this experiment, the body-temperature measurements being
taken sublingually by the subject with clinical thermometers.

In the second period the subject was very restless, but in the third period
she was asleep the greater part of the time.

The metabolism measurements are given in table 115, together with the
average pulse- and respiration-rates.

METABOLISM EXrERIMEST No. H 2.

Date, February 7, 1910. Naked body-weight, 52.3 kilograms.

The subject came to the laboratory in the morning without breakfast and en-
tered the bed calorimeter at 8" 01™ a. m. The experiment began at 9® 08™ a. m.
and continued for three 1-hour periods, ending at 12" 08™ p. m. The pulse-
and respiration-rates were measured as in the previous experiment with the
stethoscope and pneumograph and ranged from 64 to 89 and from 13 to 23,
respectively. The clinical thermometers were used for measuring the body-
temperature which was taken by the subject sublingually. The temperature
conditions inside the chamber were not wholly satisfactory, owing to the ex-
treme cold weather at the time of the experiment. The subject remained fairly
quiet throughout the experiment.

The measurements of the metabolism and the average pulse- and respiration-
rates are given in table 116, and the statistics of the urine in table 117.

TapLE 116 —Weasurements of metabolism—Metabolism e:cperiment No.H 2.

i Per minute. | Py
Carbon | Respi Aver-
= e [Oygen || Water | Heat age
Date and period. dioxide ab- |Carb o Tatory | alimi- i-
:LI.I]:];:L sorbed. dm:u:h: ﬂ!vﬁe"| ;cp-dur- ﬂ::i ﬁ:ltT-tl. przﬁ:*- lﬁ?m
| elimi- | oq | F rate.
: cscod !
February 7, 1910, gms. | gms.| ¢.c. | c.c. | gms. | cals.
9508™a.m. to 10*08™a.m. 18.5 | 17.4 | 157 203 | 16.8 | 0.77 41 T 20
10 08 a.m, 11 08 am. 19.2 |18.1| 163 | 211 | 18.6 | .77 53 78 18
11 08 a.m. 12 08 pm. 19.2 | 16.8 | 163 | 196 | 20.5 | .84 52 76 21
Total 3 hours®..... 56.9 | 52.3 | 161 i 203 | 55.9 146
| | |

H Cnrbun dioxide E'].llIIEI:I-E.T'Eﬂ per kilogram per minute, 3.08 c. ¢.; oXygen ﬂbmr'b-ed per kllogram

per minute, 3.88 ¢. ¢ ; heat eliminated per

143 calories.

Eilogram
- Suhliuzual! body- tumperutursl at beginning, 36.72
for total 3 hours,

Amr hu:rur 04 calories.

C.: at end, 36.87* C. Heat production

TABLE 117.—Statistics of wrine—Metabolism experiment No. H 2.

Date and period. Yolume, m’cﬂ; ni&?@lu. Sugar. D:H.
February ¥, 1910, C. 0. grams. | grams.

To00™am. to 1216 pm....... 11 1.025 2.13 17.4 8.17

12 16 p.m. T00 am.......| 2154 9.22 94.9
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MerasoLIsM EXPERIMENT No. H 3.

Date, February 9, 1910. Naked body-weight, 52.3 kilograms.

The subject came to the laboratory without breakfast and entered the bed
calorimeter at 10" 05™ a. m. The experiment began at 11" 16™ a. m. and con-
tinued for three 1-hour periods, ending at 2" 16™ p. m. The beginning of the
experiment was delayed owing to difficulty with the stethoscope, which did not
record. As the subject was unable to remedy the difficulty, it was decided to
make the experiment without recording the pulse-rate. The respiration-rate was,
however, obtained with the pneumograph and ranged from 13 to 25. The body-
temperature measurements were obtained by means of clinical thermometers.

The first half of the first period, the subject was asleep, and also for the first
15 minutes in the second period. The last period she was awake apparently
for most of the time.

The metabolism measurements for this experiment are given in table 118, as
is also the average respiration-rate for the experiment. The statistics of the
urine are given in table 119.

TaerLe 118 —Measurements of metabolism—MNetabolism experiment No. H 3.

| Per minute. i
| Carb e p— | Respi- oL
Date and period. di;’m L e | ﬁﬁ: . ratory | uIlI-?:::; |
f:lﬂl.;-“efi- sorhed. diqui;‘le 0:};‘?}“ | ized. &gg{_ | nated. l'ﬂtjt'l:ll'l-
i 21mi- rate.
nated, | Sorbed. i ,

February 92, 1510, grams. grams. | o.c. C.C. | gmas. cals.
11*"16™a.m. to 12°16™p.m..| 17.G 15.1 149 | 176 22.6 | 0.85 gD 20
12 16 p.m. 116 pm.., 18.1 | 16.9| 154 | 197 | 24.2 T8 | 58 | 20

116 p.m. 2 16 pm. . 18.9 16.9 1600 | 197 24.2 B2 5113 21
i

Total & hours®...... i 4.6 | 48.9 | 154 190 | 71.0 ]l cene || 166

I Two records in first half hour,

2 Carbon dioxide eliminated per kilogram per minute, 2.94 ¢ c. ; oxyzen absorbed per kilogram
per minute, 3.63 c. ¢ ; heat eliminated per kilogram per hour, 1.05 calories.

3 Bublingual body-temperature at beginning, 36.67° C.; at end, 36.45* C. Heat production for
total 3 hours, 156 calories.

TasrLE 119 —8tatistics of wrine—Metabolizm experiment No, H 3.

Date and period. | Violume, ;’f:.l'fiif; niﬁ?tln_ Sugar. DN,
B — = |
February 9, 1910. e. C. grams. | grams.
TE00™ a.m. to 10°00™am....... 274 1.022 1.1% |" B.2 T7.32
10 00 a.m. | B0 () (R | 313 1.022 4.45 | 8.8 1.98

MerapoLisy ExveriMeENT No. H 4.

Date, February 12, 1910. Naked body-weight, 52.3 kilograms.

The subject came to the laboratory as usual without breakfast and entered
the chamber of the bed calorimeter at 9" 04™ a. m. The experiment began at
10" 03™ a. m., continued for only one 1-hour period, and was immediately fol-
lowed by a respiration experiment. The pulse- and respiration-rates were ob-
tained by means of the stethoscope and pneumograph, and ranged from 65 to
87 and from 18 to 21, respectively.

9
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The measurements of the metabolism and the average pulse- and respiration-
rates are given in table 120. The statistics of the urine are given in table 121.

TaeLE 120, —Measurements ﬂ}' memhﬂt:am—m'emhnlmm exper:ment No. H j.

i | | Per minute, bt i e
2 (Oxygen - — Water | " | Heat Aver- age
Date and period. dioxide "5y ™| Rty | et | 2 2
S i, G ospen| HRE™ |7 | A | ot |

- | 8

l%atud |“':""':“‘-"5l l |
February 12, 1910, gms. |gms. | c.e | ¢c.e | gms. cals,
| 10*03™a.m. to 11"03™a.m.| 19.3 19 4| *164 | *226 | 225 | 0.72 | *64 | T9 20

1 Carbon dioxide eliminated per kilogram per minute, 3.14 e c. §en absorbed per kilogram
per minute, 4.32 ¢ c. ; heat eliminated per kilogram per hour, 1. 22 calories,

: Bublingual body-temperature at 90 46™ a. m., 36.61* C.; at 10" 46™ a. m., 36.50* C. Heat
production for one hour, 59 calories.

TarLE 121.—Statistics of urine—Metabolism experiment No. H J.

: ; :
Date and pericd. Volume. mﬁgﬂ | niFTf;ﬂn. Sugar. D:N.
February 12, 1510, [ | grams. | grams,
T00™am,. to M15™am. 150 1.021 | 0.76 4.1 5.40
9 15 am. 100 pm. 255 1.020 1.81 8.0 4.42

MeraporisM ExperiMeNT No. H 6.

Date, March 5, 1910. Naked body-weight, 51.8 kilograms.

The subject came fo the laboratory in the morning without breakfast and
entered the chamber of the bed calorimeter at 8" 18™ a. m. The experiment
began at 9" 10™ a. m. and continued for three 1-hour periods, ending at 12" 10=
p.m. The pulse- and respiration-rates were taken with the stethoscope and
pneumograph and ranged from 74 to 80 and from 21 to 24, respectively. The
body-temperatures were measured as in previous experiments with the clinical
thermometers, sublingually. At the end of the experiment, the subject said that
the pneumograph was uncomfortably tight, but seemed to experience no other
discomfort.

TABLE 122 —Measurements of metabolism—M etahﬂﬁsm empﬂﬂmm No. H 5.

| . | 1
Per minute. |

| Aver-
(Carbon | Respi- Aver-
: | dioxide (ORYEED ————————| Water | TtoTy Heat e
Premdperied ellm ot oo omypen| R | | R | e | S
clim Sl rate.
| 1151
March &5, 1910, ome.  gme. | ¢.c | o€ |g~ms. cals.
10™a.m. to 10"10™a.m.| 20.2 | 19.5 | 171 | 228 | 23.9 | 0.75 B | TB 22
10 10 am. 11 10 a.m. 19.9 | 19.7| 169 | 230 | 25.2 | .73 B9 | T5 23
11 10 am. 12 10 p.m.| 18.2 [ 16.2 | 154 | 190 | 24.4| .81 54| T 21

Total 8 hours®.....| 68.3 |55.5 | 165 | 216 | 78.6 | .... | "68 | .. | ..

I Carbon dioxide climlnahz-l! per kllu ram per minute, 3.19 ¢ 3 mgm absorbed per kilogram
r minute, 4.17 e. c. ; heat eliminated per kilogram per hoar, 1.08 ealories. The urine collected
tween 6 A, m. and 12'1 45" p, m. amounted to 880 ¢. c. having a sgclﬂ: gravity of 1.020. It
eontained 518 grams of nitrogen and 21.6 grams of nuga giving a N l'l.tlﬂ- of 6.54.

7 Bublingual body-temperature at beginning, 36.61° C.; at end, 36.61* C. Heat productlon for
the total houra, 168 calories.

e
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During the first period, the subject was awake the greater part of the time,
but near the end of the period, she fell asleep and slept during much of the
second period. At the end of the second period, she was sound asleep and slept
during practically all of the third period and until the end of the experiment.

The data regarding the metabolism measurements are given in table 122,
together with the average pulse- and respiration-rates.

A comparison of the metabolism experiments are given in table 123.

Tasre 123 —Comparison of metabolizsm experiments with Case H.

2 = Per minute. é | E’ g gd |
- = o . 1 = é’ BE

<. um s | 3% — B [ 25| 28| % | B2 |
ment No. | Date. el O (- E;{xh::]ﬂe Oxygen | 2.3 == =i &5 | &%
| iy - o e ah- = B Y 8 = =
| I #h | alimi- Sxhied B =i =t i =8
| SR e L2 e [ 58| 3

1910, kilos.| hrs. | c.c. | c.c. cals. | cals.
H1 T Ty} R [ 51.8 3 168 225 | 0.5 Gl 5 86 | 21
H2 Fab. Teeoasas b2.3 3 161 i 203 .79 49 s 77 | 20
H2 |Feb. 9....... 52.8| 8 | 54| 190 | .81 | &5 | 52 Sl | ey
H4 Feb 12....... | 52.3 1 164 226 T3 64 59 Ta | 20
Hb MAT B s b1.8 3 165 | 216 i 56 | b T6 22
| | |

REsSPIRATION EXPERIMENT Mo, H 6.

Date, February 12, 1910. Naked body-weight, 52.3 kilograms.

This experiment followed a metabolism experiment of 1 hour in the bed calo-
rimeter and included four periods, averaging about 15 minutes in length. The
stethoscope and pneumograph were both used in this experiment, giving the
pulse- and respiration-rates. The first period began after the nosepieces and
surgeon’s plaster had been adjusted 5 minutes. In the second period the respi-
ration-rate was considerably more rapid than in the first period, and at the end
of this period the right nosepiece was found fo be defective and a new one was
substituted before the third period was begun. A new set of nosepieces was also
used for the last period. The results of the second period are not included in

the tabulated data given in table 124.
TABLE 124 —Results of respiration experiment No. H &,

oo | oxrgen | Respira- | Average | Average
Date and time, | Durstion. | elimine- “WEE"" tory | pulse- | respira-
| | ted per minats, | Tuotient. rate. tion-rate.
| | minute, 3
February 12, 1910. | m. s | . c. e. .
b M T | 15 B 162 2009 0.78 T T
B e e I e e o e e | 14 59 155 211 .T4 &0 12
R e A e 14 58 161 213 .76 73 12
S P Ml f ‘ 1159 | 211 | 0.7 | 78 11
|

1 Carbon dioxide eliminated per kilogram per minute, 3.04 ¢, ¢, ; oxygen abzorbed per kllogram
per minute, 4.03 c. c.
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GROUFP I. CASE I.
DESCRIPTION OF THE CASE.

Male; born February 2, 1886 ; married; chauffeur; came under observation
October 25, 1909.

Family history.—Father died of diabetes at age of 51, July 14, 1909, having
been ill with the disease for 2 or 3 years. The immediate cause of death was
appendicitis. One brother died of diabetes at the age of 11. Mother has gall
stones. Two brothers and one sister well. The patient was married September,
1907, and has one child in fairly good health, five months old.

Past history—A frail boy; scarlet fever, measles, chicken-pox, whooping
cough. October, 1907, typhoid fever.

Present illness.—The date of onset is not acenrately known, but during 1900
the patient was thirsty and rose several times at night to void urine. On May,
1902, sugar was found in the urine. Dr. Oscar O. Roberts, who examined the
patient at that time, said that the indications were that sugar had been present
for some time previous. Sugar was absent from the urine for a time in 1904,
but has since been constantly present. Since the onset of the disease the patient
has worked steadily, only oecasionally losing some time, as during an attack of
typhoid fever, and on account of a furuncle on the heel. He began his oceupation
as chauffeur in April, 1909. The present symptoms are most marked: Polydip-
sia, polyphagia, polyuria. The greatest quantity of urine noted in 24 hours was
12 quarts, and upon October 23, 1909, the quantity measured amounted to 10
quarts. The patient has a mania for ice-cream sodas. Up to the first of October
the patient felt in fairly good health, but was then especially upset because he
could not get the diet to which he had been accustomed, being forced to live
while upon a visit chiefly on sugar and starch. He now eats “ any time.” No
headache. He is recovering from a cough but has no sputum.

FPhysical examination.—The greatest weight, dressed, 60.8 kilograms ; October
25, 1909, 49.5 kilograms, dressed; February, 1909, 53.5 kilograms. Height,
176 centimeters. Typical gaunt, flushed, dry appearance. Pupils equal and
react; eyelids red; teeth in good condition; knee jerks normal; no edema; no
cervieal or axillary glands ; but there are a few inguinal glands. Lungs and heart
normal ; pulse, 128 ; blood-pressure, 100 ; tongue red, back of tongue elightly dry.
Abdomen : the liver and spleen were not felt, but the patient was ticklish. So-
called acetone odor to breath. The whole room in which the patient passed the
night of November 20, 1909, was filled with it. A student from the Harvard
Medieal School, who examined the patient, was suspected by his fellow-students
later in the day of having the odor about him, and a peculiar odor was remarked
by his friends.

General history and treatment of the case.—The history of the case may be
seen by the chart herewith (table 125). Unfortunately, the data relating to
diet, and even to the quantities of urine, are unreliable. This is suggested from
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a study of the carbohydrate-balance, because it is almost inconceivable that it
should vary so much in a few days, from being minus 120 grams on October 28
to 29 and positive 15 grams 4 days later, yet compare these data with the oat-
meal days in Cases D and J.

TaeLE 125 —Clinical chart—Case I.

| Sugar. < Diet. Z | <
= - E-'—" "E 1 i
s | & = & = s
il %' = |2k £ 1':
Date., - 3 = = : L= I = ] :
Bles e = ol S S [ e (B e |
gl al e L 2o L P o = = o e
BUIEE e e il e 2 =g 1B 18 [T
= - = ) =] = cl Cl
|2 | & = (SR [ e (R N L - - |
| |
1809, | oA | gma. | gms.| gms, gms. | gms. pms | gms, Lﬂns
Oct. 23-24 . 10000 | 2099 i e (o et O i ‘| .’
Oct. 26275, ... 00 Pr| i T ) e el el e L
Oct, Z7-2Z8._ ... 11 25551036 v(i4es T (200!l lase| .. |-20| o lav. {
(171 S R R | B340 | 1082 ++ (286 | ...| 288 |..| 10| T |-10) 0 [4g.2 |
Oet. o R 4050 «s | 15-11 . 160 T ... | 46 | 4B.8
Oet. Z0=-31. ., 12 42121029 + 112.99! 11% 0|15 | =40 43 459
Oct. 31-Nov. 1........ 55 | 1026 | +++ | 1900 | 161 100 15 |- 60| 45 |49.1|
Mow. 1=2...c.cifeccan 2630 | 1027 ) s 81 100 | 22 |+ 16| 45 | 48.3 |
| Mow. 2-13..... 3960 | 1008 | +++|17.96| 55 ... | 100 | 22 |4+ 5| 40 | 45.8
Nov. 3-4 375 | 1009 8L+ | ... LY [y 100 | 22 0| 40 | 47.9
Nov. 4§ [seeee| 4725 | 1032 . 198 | ... | 80| 22 | =130 | 40 | 485 |
Nov. 5 6% .| 735 | 1070 + + T2 o 80| 22 | — 45| 40 | 48.6
Nov. 6-7h.....|..... | 4880 | 1028 + | %8 | ... 90 | 23 | —180 | 40 | 48.6
Now, 17-18%, vees| 3060 | 1034 s Eagial Pl M | A | |
Nov. 158-13.. coses| 3120 | 1035 + + | 168 |+ |10 ]| 18 |— T 24 | 473
Nav. 1980 ... .|..... 2840 | 1032 8L+ B 13 oo | 24 | 482
Hov. 20-81.iieacefonnnss Z660 | 1031 + 4+ 154 | .- | 12 E | 45.2
Nov., 21-28....... |ERc 1o | 101 + o+ il | .. | 15 P
Nov. 2-28....... fravees 2640 | 2031 [+ 4+ + + | | J i | = | e
I-An roximate. 4 Datmeal day.
Ei *For 12 hrs.
‘ Dcralm- 20, a. m., looks and acts much better. 8 Or less,

The reaction of the urine was acid throughout, altheugh the patient was given
45 grams of sodium bicarbonate daily for 4 successive days, and 40 grams of
sodium bicarbonate daily for 5 more days. The improvement of the patient
when he took 45 grams of sodium bicarbonate on October 29 was striking. Evi-
dently even the moderate restriction of diet changed his acidosis markedly, and
the alkali gave him relief.

A very slight trace of albumen was present in the urine throughout the period
of observation. The patient returned to the hospital November 17 saying that
he felt better than he had felt for 2 years. The acetone odor was very marked.
The patient was put upon a diet containing about 100 grams of carbohydrates,
but it was not possible to determine just how much he ate of it. Certainly
within a few days he changed greatly for the worse, so that there was considerable
anxiety aroused as to his recovery. Upon November 21 his condition was so
alarming that he was given chiefly oatmeal and milk, but it was difficult for him
to take even this. He went home the following day. Some weeks later he was
gseen in a railroad station at 4 a. m. sleeping quietly and comfortably. On waking



128 MEeTABOLISM IN DIABETES MELLITUS.

he said that he had been very much used up on reaching home after his stay
in the hospital, but that he had gradually regained strength, and was then feel-
ing quite comfortable. He voided urine very frequently, but was able to do a
little light work. Evidently the increase of carbohydrates which he must have
had at home proved beneficial to him. Tt will be seen that the respiratory quo-
tient was not as high in this case as in Case H, yet the average was somewhat
higher than those of the other severe cases of diabetes.

EXPERIMENTS WITH CASE I.

Two calorimeter experiments were made with this subjeet, both in the chair
calorimeter and both after 12-hours’ fast and without breakfast. The subject
was in a hospital at the time the experiments were made and living under hos-
pital régime. The vital statistics were as follows:

Date of birth, February 2, 1886; height, 176 centimeters; range of naked
body-weight, 45.1 to 45.3 kilograms.

MEeTABoLISM ExrERIMENT No. I 1.

Date, October 27, 1909. Naked body-weight, 45.1 kilograms.

The subject eame to the laboratory in the morning at 8" 15™ a. m. without
breakfast. He was entirely unfamiliar with scientific investigations of this na-
ture and had never seen the apparatus nor the laboratory before. He seemed
to be very apprehensive and nervous. The apparatus and the purpose of the
experiment were explained to him fully, then the pneumograph and stethoseope
were adjusted. The subject found it impossible, however, to use the rectal ther-
mometer, owing to an extremely small sphincter. Clinical thermometers were
therefore used for measuring the body-temperature. The experiment began at
9" 11™ a. m. and continued for two 1-hour periods, ending at 11* 11™ a. m. The
pulse-rate ranged from 114 to 130, and the respiration-rate from 15 to 24. Adfter
the experiment, the subject said that he was very hungry and weak, but other-
wise the experience was not disagreeable.

TarLE 126.—Measurements of metabolism—Metabolism experiment No. I 1.

| Per minute, Bt i At
Carbon | | - VieFs

| Finaide | AT ——— Water Heat age

: |dioxide | . | ratory i 3
o elimi- | orhed. (Gioside loxygen| B3 uo- | Coted g‘% e

' 4 | elimi. | _Ab- * | rate.

| | nated. BUERRC-
October 27, 1909, gms. | gms. e e gms. cals.
pE1Ima m. to 10011™am.| 23.3 | 22.2 | 108 259 | 31.6 | 0.76 Th 124 20
10 11 am. 1111 am.| 22.6 | 21.5| 192 | 251 | 30.3 | .76 i 120 21

Total 2 hours™..... 45.9 | 43.7 | 195 | 255 | 61.9 | | *151

1 Carbon dioxide eliminated per kllogram per minute, 4,32 c. ¢. | ox¥ absorbed per kilogram
per minute, 5.65 ¢, ¢. ; heat eliminated per Kilogram per hour, 1.69 calories,

I Body-temperature at beginning, 36.95° C.; at end, 36.67* C. Heat production for total
2 hours, 139 ealories.
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For the most part the subject was very quiet during the experiment, and
during the first period he was asleep for a few moments. Most of the time he
sat reading or was sitting quietly uneccupied.

The results of the metabolism are given in table 126. The metabolism is
strikingly uniform throughout the two periods with regard to all the factors,
the carbon-dioxide eliminated, the oxygen consumed, and the heat eliminated.
The average pulse-rate was very high, as was the respiration-rate. This did not
necessarily indicate extreme nervousness on the part of the subject, for, as
stated previously, he fell asleep during one of the periods, and as his normal
pulse-rate is 120, the high pulse-rate would not be significant. The statistics
of the urine are given in table 127.

TanLe 127.—Statisfics of urine—Metabolism experiment No. T 1,

| | Total

| Date and period. Volume, nitrogen. Sugar. | D:N. |
October 27-28, 1009, ¢ C. grams, grams.

3457 p.m. to TP00®am........ 2300 13.65 273.6 et
7 00 am. 1% B .vaeens 131 BT 14.3 16.44
9 14 a.m. 1014 am.....on- 83 BT
1014 am. 1118 am........ 22 .61 7.6 11.34
11718 am. 22 27 PaL....e.s _ 103 15
12 27T pm. 7 00 am........ | 2445 | 11.46 B

MeTAaBOLISM ExrermMExT No. I 2.

Date, October 30, 1909. Naked body-weight, 45.3 kilograms.

As in the previous experiment the subject came to the laboratory in the morn-
ing without breakfast and entered the calorimeter chamber at 8" 14™ a. m. The
experiment began at 9" 03™ a. m. and continued for three 1-hour periods, ending
at 122 03™ p. m. The stethoscope and pneumograph were used in this experi-
ment and an attempt was made to use the electrical-resistance thermometer.
At 9" 29™ a. m., however, the subject removed the rectal thermometer, which
gave him considerable trouble. Aside from the disagreeable sensations occa-
sioned by the rectal thermometer, which apparently annoyed him more than
any other subject with whom we have experimented, he reported no discomfort
as the result of the experiment.

The range in the pulse-rate was from 108 to 125, and the respiration-rate
from 17 to 23.

The pneunmograph did not keep in place during the whole experiment and
there was considerable difficulty in properly adjusting it and securing an accurate
record, as the subject was extremely thin and very tall. The subject was more
restless during the first hour than at any other time. At 10" 04™ a. m. he re-
adjusted the pneumograph, and at 10" 54™ a, m. there was also other muscular
activity inside the chamber. The adjustment of the pneumograph was such that
the amplitude of the respiration curve was much larger during the firet period
but the curve shows that the muscular activity was the least in the third period.
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The data for the metabolism and the average pulse- and respiration-rates are
given in table 128 herewith. The most pronounced features to be noticed in
this table are the decrease in the oxygen absorption during the last period and
the abnormally high pulse-rate throughout the whole of this experiment. The
respiratory quotient averaged 0.72. The respiration-rate was likewise high,
averaging 21. Both the pulse- and respiration-rates are the average of a large
number of observations made in this experiment. The statistics of the urine are
given in table 129.

TapLe 128 —Measurements of metabolism—Metabolism experiments No. T 2.

e - - —

s | Per minute. : ey I T ]
rhon £3pi- VErs
i dinxide Oxygen 1 Water ratory Heat a age
Date and period. h- | 1irmni- 3
xietasitg elim | b, [SH000 loxywen GRG™ |"guor | SRS | pube. |
alimi- | 20 | z * | rate.
l'I.i.'I'.ﬁl. sorbed. |
October 80, 1900, gms. | gms.| .o | 0.0 | gms. cals.
g*03"a.m. to 10*03"a.m.| 23.4 | 24.2 | 199 | 282 | 25.6 | 0.70 76 | 123 | 21
1002 am. 11 03 am.| 23.5 | 23.8| 199 | 278 | 27.0| .72 T2 118 | 21

' 11 02 am. 12 03 pm. 22.0| 21.7| 187 | 253 | 27.7 | .74 | 112 | 21
Total 3 hours®..... 68.9 | 69.7 195i 271 | 80.3 | .... | *220 | oo

e ————

! Carbon dioxide cilminateﬂ r kilogram per minute, 4.31 ¢ ¢. ; oxy n. aba;-urb-ed per kilogram
per minute, 5.98 ¢ ¢ ; heat eliminated per kilogram per hour, 1 B1 calori

2 Bublingual bo tempenlture at 10h03m 4, m,, 37.11° C.; 12h (e p. rn 36.84" . Heat
produetion for period 10® 03™ a, m. to 128 03™ p. m., 130 nalnrics

TasLE 129 —=S8tatistics ar wrine—Metabolizm experiment No. T 2.

Date and period. Volume, nitll;ﬂraeln..

October 30-31, 1009, e aranms,
Tr00=a.m. to 10%03™am........ 457 2.07
10 03 am. 1103 am...... : 135 63
11 ¢ am. 12703 pm.......| 170 .94
i 12 03 p.m. TN AT i 3450 9.35

CoMpPARISON OF THE EXPERIMENTS WITH CAsE L.

These two experiments, which were made within 3 days of each other and
under the same conditions of nourishment, as may be seen from the hospital
chart, furnish interesting proof as to the constancy of metabolism with such an
individual under similar circumstances. A comparison of the two experiments
given in table 130 shows that the carbon-dioxide excretion was identical in both
experiments, but there was a slightly larger oxygen consumption in the second.
On the other hand, the recorded figures for the heat-elimination show a some-
what greater heat-elimination during the first period, but the temperature
data are insufficient for reading accurately the heat-production for the second
experiment.

The respiratory quotient was somewhat lower in the second experiment than
in the first, and the unusually high pulse- and respiration-rates are noticeable.
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TarLe 130.—Comparison of metabolism erperiments with Case I.

'E & Per minute. E-_ ..-E: E E“é E-E
= o) = =E E.E .=
Experi- 2o | BE o — 1. 84 | B2 | EZ E | £E
moido | | P | eR | op (Gubhlome) 65 | vy | &y | B | BE
.E g: elimi- m:'.l:“d % "_; E- E = ‘f_-,.;: !EE
| E | 8 |mted|®™ g g |& | B | <=
i

' 1909, kilos.| hrs. | c.c. | e cals. | cals
Il Oct. 27....... 51| 2 | 195 | 255 | 0.76 : 7% | 70 | 122 |20.5
12 Oct. 30....... 45.3 a3 185 | 271 T2 [ T3 5 118 | 21.0

|

(General observations—This subject was Extreme'ljr high strung, nervous, and
apprehengive. He had very small nostrils eo that it was difficult and, indeed,
impracticable to make respiration experiments with him with the small appa-
ratus, and at the time these experiments were in progress the mouthpieces had
not been adjusted so that we could use the mouth in breathing for making the
determinations. The very small sphincter also made the use of the rectal ther-
mometer very unsatisfactory. The subject was not an ideal subject, therefore,
for experiments of this kind but it was hoped that some evidence might be se-
cured as to his metabolism which would possibly assist in the dietetic treatment
of his case.

GROUP 1. CASE J.
DESCRIPTION OF THE CASE.

Male ; born March 26, 1889 ; single ; no occupation ; came under observation
September 24, 1909.

Family history.—No family history of diabetes. Father, mother, one brother,
and nne sister well.

Past history—Measles, whooping cough, and poseibly chorea at seven.

Present illness.—The present illness began in February, 1908, after an attack
of influenza. Frequent micturition, polyuria, polydipsia, and weariness were
noticed. Sugar was found in the urine 10 days later and persisted until Novem-
ber 17, 1909 ; since then it has been absent most of the time. The patient com-
plained of no other symptoms, but cried during the physical examination.

Physical examination.—Height, 171 centimeters; greatest weight, fall of
1907, 62.6 kilograms ; February, 1908, 61.3 kilograms ; March, 1908, 56.7 kilo-
grams ; June, 1909, 62.6 kilograms ; September 24, 1909, 57.8 kilograms. Pupils
equal and react, knee jerks present, lungs normal. Heart extended 3 centi-
meters to the right of the median line and 10 centimeters to the left of the
median line. A systolic murmur at the base. Pulse, 108; blood-pressure, 105
(Riva Rocci). No acetone odor to the breath. Abdomen, nothing abnormal
felt. No edema.

General history and treatment of the case.—The course of the case is shown
in the chart herewith (table 131).
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TaeLE 131 —Clnical chart—Case J.

|
| Ammaonia, Sugar.
AERE ;
Date, 4 iz E E : E
=] a -
L I e [ 3 | % “la | £ 3
= T £} & § E = = E
e | = E. k- = - | FE-E -
g | £ & = 2 2 g |Eg| = &
1
1005, a. o gma, | gms f.oet. | JEE. s,
Sept. 23-24....... e B 1037 ac T Sl (N . o + 4.4
Sept. BT .ovoon|annnns 2 vty o = e
Sept. 27-28....... eeans| H850- 1 L.l ) me gl R LAl e e
Sept, 28-19....... cevess| 1850 &
SHept, 20-30....... | D) it 8
Sept. B JE | 2550 | 1025 ac. +

et 1
Qet. 1= 2......cfeassss
Dot B8 e

I'DE n-cl + LR LN -
1019 ac. + 4+ =

2@ e 2 Sge s Bzn &

Oet, 3 4. 1022 ac. + e

Oet. 4=5,, AL+ - e o =

Oet. 650w 1022 ae. T I b | s ol

Oct.  B= Toovnuraloiuse= 1021 ac. 4 4 o e 3

Oot:  T=B. iialiasiis] S0ED 1021 ac. + | = ey -

Oct. B9....... conses| 2840 | 1027 ac. + g i i

Oct. 910....... sesann| 2000 | 1028 ac. ++ + - . . -

Oct. 10-11.......[c...-«| 2640 | 1032 ac. + + + e o &

Oct. MO8 .. ...|sieeee| 2540 1026 ac. g ey p ‘ 3 nH el s

Oet. 18-18....... eesnes| 5640 [ 1005 | Sl.aec. + - — a7 2 A

Oct. 13-14.......[s:0--=| 3360 1023 ae, - i 64 e

Ot T4-15.....00|eens=x| 2880 1022 ac, et s 5 5

Oet. 1516....... censas| 8280 | 1023 ac. + . - a2 -

Oet. 16-17.....u. ceeees| 2580 1027 ae. + + + 5 3z

Qet. 1T-18....... suvaes| BTRO 1028 ac. + + o ; a1

Ok, 18=19...:000 e 0 ) | 105 ae. + -+ - . Gh e

Oct, 19-20....... saanns| 500 1024 ac. + + P 43

Oct. 20-F.......fenn-=0]| 458D 1024 ae. + + 48
42

Oet. 1031 ae. +++ 4+

MNov. 1020 alk. l A tr. 0

+
Nov. 1006 ad. &+ + anw - trl ®
Nov. 1024 | alk + 8
Die. 1007 ac. o £ 1 vees
Jan. 018 | ae g sevd F tr. |1=10.1
+

1016 .
1022 ac.

Jamn.
Feb.

16 | g | i oo '35

1 Per cent.
* First day's urine was for 22 hrz, but the total quantity sugar has been estimated for 24 hrs.
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TapLE 131 —Clinical chart—Case J.

Remarks,

Strict diet, 250 c.c. cream, 13 gms, cat-
mm]!;avnmmbles.

o,

Striet diet, but egzs limited to 3 and
meat limited to 90 gms., 250 ¢. ¢, cream,
vegetahles.

'I‘léc ifﬂmv. butter from now on 150 gms.

aily.

The same, 60 gmsa. Zeltinger.

The same, meat limited to 60 gms.

The same. Vomited. Later 150 gms.
milk but not repeated.

120 gme. Zeltinger, idem, but no meat
auﬂﬁ-‘glks only of 4 eggs.

Strict diet, 4 epps, M0 gms. meat, 30

gms. cheese, 25 ¢. e, cream, vegetables,

The same, exm&t & epprs omitted and 540
=, milk added,

¢ same, wine diminished to &0 gms.

Strict diet, 2 eggs, 240 gms. meat, 30 gms.
chesse, 375 gme. cream, vegetables.

Vegetable ﬂn{. 200 gm=. butter, 3 c. c.
eream, broths.

Oatmeal day, 180 gms. catmeal, 165 gms.
butter, 90 gms. Zeltinger.

270 gms. oatmeal, broths, coffee, 920 Fme.
Zeltinger, 320 gms. butter, oatmeal day.

Btrict diet, 200 gms. meat, 2 egge, 120 ¢, &,
cream, 0 gms. wine, 165 gms. butter,
vegetables,

The zame, but 230 ¢. ¢, cream, 200 gms,
bitter,

The same, except 180 zms. butter.

o7 gms. oatmeal, 180 gm=. butter, 120
gms, cream, 90 gms. wine, broths,
eoffes, tea,

The same, aatmeal day.

Strict diet, 150 pms. meat, 30 gms. cheese,
{ egzz, 180 gms. botter, % gms. wine,

250 zms. cream, vegetables.

Strict diet, 210 gms. meat, § eggs, 195
gms. butter, 80 gms. wine, 250 c. o
eream, vegetables,

Btrict diet, 180 gms. meat, 3 eres, 30 gms.
cheeze, 180 gma, butter, 0 gmsz. wine,
250 c. ¢. cream, vegetables,

Etrict diet, 250 ¢. c. eream, 90 gms. wine,
0 gpmas. oil.

Strict diet, 250 e, ¢. cream, 60 gms. wine,
0 gms, oil, diarrhea.

Do,
T,

The same and %% grapefruit,
o,
240 gms. meat, 3 eggs, ¥ grapefruit, 250

¢, ¢, cream, 90 gme. milk, 50 gms. wine,
200 gms. vegetables.

133

:
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Albumen was absent from the urine throughout or present in only a very
slight trace. The examination of a single specimen of urine of this patient
upon September 24, before treatment was begun, shows the severity of the case.
Diacetic acid was present, and yet there was 4.4 per cent of sugar. The diet at
this time was probably fairly liberal, vet in spite of it diacetic acid was present.
When first seen the aspect of the case suggested that the sugar would quickly
disappear, because the minus earbohydrate-balance at first deereased, but to our
surprise it did not disappear, but rather tended to remain stationary. At first
a restriction of carbohydrates was made without effect. The patient, in fact,
was on about as low a carbohydrate diet as is often used, namely, 300 grams vege-
tables and 250 c. c. eream. When this expedient failed, the protein was lowered.
At the start this had not been very high, but it was gradually restricted to 25
grams, and yet upon this diet no marked change in the gquantity of earbohydrates
excreted was noted. Fearing to draw longer upon body protein, the patient was
put upon a liberal amount of protein, and an experiment tried by giving 500 e. e.
milk in addition to the former diet. The extra quantity of milk sugar was at
once excreted. Tt is of interest to observe that the increased quantity of sugar,
following the administration of the 500 grams of milk, continued for 1 day
after the milk was omitted.

The patient was then put upon a vegetable day. He was remarkably adapted
for such a day, because he was able to take large quantities of butter. On this
day, for example, he used 300 grams. No patient who has ever come under
our observation was able to take butter more readily. There was a quick reaction
to the vegetable day, and the earbohydrates fell to as low a point as hitherto
reached. It was followed by two oatmeal days with striking results. Although
there had been a minus carbohydrate-balance from September 28 up to October
12, inclusive, under oatmeal it at once changed to a positive carbohydrate-bal-
ance of 80 and 115 grams, respectively. There was no material change in weighf,
although a slight increase was registered. The oatmeal days were borne satis-
factorily. The quantity of diacetic acid decreased. Following these days the
diet consisted of 16 grams carbohydrates, 70 grams protein, and about 230
grams fat. Upon this the quantity of sugar excreted was lower than had usually
been the case up to this time, but a minus carbohydrate-balance at once ap-
peared. The good effect of the oatmeal encouraged us to repeat its use, and with
equally good result. Following this, however, upon the diet of 16 grams carbo-
hydrates, Y0 grams protein, and about 230 grams fat, the minus carbohydrate-
balance reappeared, and persisted until the patient left the hospital, October 22.

The outcome of the case was considered doubtful, but the patient at his home
continued most faithfully to follow out a carefully restricted diet with moderate
protein and excessive amount of fat. It will be seen that gradually the minus
carbohydrate-balance turned to a positive one, and at the same time the weight
steadily increased. Finally, about 1 month after his return home sugar entirely
disappeared and he remained practically sugar-free although one-half a grape-
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fruit was allowed. Milk (90 grams) was then added with the reappearance of
the sugar. The patient was sugar-free upon January 26, 1910, but 35 grams
were present February 23, 1910.

The bulk of the diet of this patient was extremely emall, and upon reading
what he was given at the hospital, or on watching him eat, it appeared that he
took a very small quantity of food. This, however, was not the case if we com-
pare the caloric value of the diet and the weight of the patient while at the
hospital. It will be seen that he had approximately 40 calories per kilogram.

EXPERIMENTS WITH CASE J.

One metabolism experiment in which the chair calorimeter was used was
carried out with this subject, and prior to this, three respiration experiments,
The experiments in all cases were made without food after a 12-hours’ fast.
The vital statistics were as follows:

Date of birth, March 26, 1889 ; height, 171 centimeters ; range in naked body-
weight, 52.3 to 54 kilograms.

MeTABOLISM EXPERIMENT No. J 1.

Date, October 22, 1909. Naked body-weight, 53.7 kilograms.

The subject came to the laboratory in the morning, without breakfast, and
entered the chair calorimeter. The experiment proper began at 9" 02™ a. m.
and continued for three 1-hour periods, ending at 12" 02™ p.m. The subject
drank 200 c. c. of water during the firet period, and the same amount during
the second period.

The pulse- and respiration-rates were obtained by means of the stethoscope
and pneumograph, and ranged from 79 to 90 and from 14 to 17, respectively.
The body-temperature was taken by the subject with clinical thermometers under
the tongue.

For the most of the experiment the subject sat quietly in the chair, excepting
when telephoned to at the beginning of each period, and during urination. To-
ward the end of the second period he was somewhat restless. The greatest mus-
cular activity was experienced in the last period, and the least in the first period.
As this subject was of a nervous temperament the enforced guiet incidental to
sitting in the chair doubtless caused a greater nervous tension and more activity
as the experiment progressed.

The results of the metabolism are given in table 152, and the urine data in
table 133. The carbon-dioxide excretion was lowest in the first period and
constant in the last two periods. The oxygen absorption was somewhat larger
in the second period, and the respiratory quotient for the three periods averaged
0.75. In this experiment, as in many others, the heat-elimination did not follow
the eourse of either the oxygen absorption or the carbon-dioxide elimination.
Thus the highest oxygen absorption was during the second period, while the
heat-elimination in thiz period was the lowest. The course of the pulse and
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respiration indicates a slightly increased muscular activity as the experiment
progressed. On the whole, the three periods represent reasonably accurate ex-
perimental periods. The average of the experiment as a whole should indicate
very closely the metabolism of this individual under the eonditions existing
when the experiment was made.

TasLe 132 —Measurements of metabolism—Metabolism experiment No. J 1.

Per minute. e
Carbon Respi- | Awirs
o [0xygoen |[———| Water | Heat age
Date and tod. dioxid h- . | matory | e ] =
ate and perio ;Li;—:é. mfhud Eﬂm Dxfg_'en v;ggr tﬂ'g;- :;::;E_ F:'E:‘ m
. elimi- | o4 s rate.
nated. |
October 22, 1500, JMmE. | gms. | e | ce. s, cals.
9" 02™ a.m. to 10*02™am.| 22.9 | 22.1 194 258 | 39.3 | 0.76 5 84 15
10 02 am. 11 02 am.| 23.9 | 24.3 203 284 | 38.4 o I T0 58 16
11 02 am, 12 02 pm. 23.9 | 22.7 203 265 | 36.8 .TTl T4 87 16

Total 3 hours®..... | 70.7 | 69.1 | 200 | 269 ;114.5 0.75 | *219

1Carbon dioxide elhminatcd per Hlug.ram r minute, 3.72 ¢ ¢ ; oxygen absorbed per kilogram
per minute, 5.01 ¢ ¢ ; heat eliminated per kilogram ner hour, 1. B.H calories.

3I{ndy-t9mpﬂr.ltm'e at beginning, 37.11* C.; at end, 36.94° Heat production for total 3
hours, 211 calories.

TasLe 133.—Statistics of urine—Metabolism experiment No. J 1.

———

Date and period. Volume. mﬁg}m Sugar. | D:N.

Octoher 22, 1009, €. O grams. | grams.
TH00™a.m. to 10°04™am....... 337 1.02 6.1 5.00
1004 am. 124 pm....... 408 1.48 4.8 2.24

ResPrIRATION EXPERIMENT No. J 2.

Date, September 30, 1909, Naked body-weight, 52.3 kilograms.

For this experiment the subject came to the laboratory without food. The
experiment consisted of three periods, which averaged about 15 minutes in
duration. All three periods showed an unusually high respiratory quotient for
a diabetic, and subsequent experiments with thiz subject indicate that this
might be due to errors in the determination of the oxygen consumption. If this
is the case it is a striking illustration of the impracticability of relying upon
duplicate experiments, for we have here three periods following each other
rapidly which give duplicate results with the same subject, and in which the
respiratory quotient is consecutively 0.89, 0.88, and 0.88. It seems impossible
that the subject at this stage of his disease could have a respiratory quotient as
high as indicated, and subsequent experiments showed that it might be higher
than would be expected from the clinical features shown by this case. The
pulse-rate was somewhat high during the first experiment and the respiration-
rate averaged about 11. The results of the experiment are given in table 134.
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Tagre 134.—Resulis of respivation experiment No. J 2.

Carbon | gypen | Pated] - .
dioxide TR ol Reapira- | Average | Average
Date and time. Duration. | climina- 'h‘”':’ tory | pulses | respira-
ted per et | Guotient. | rate. | tion-rate.
TMInuTeE |
September 30, 1909, m. & . 0. cc | |
BEOEELIN. i 15 3 207 232 0.89 | 74 11
T S R W P |16 2 201 228 .88 75 11
Bdd am. . b . 15 0 222 253 B8 | T8 12
Fbt g € e 210 238 J0.88 | T& | 11
|

REsPIrATION EXPERIMESNT No. J 3.

Date, October 4, 1909. Naked body-weight, 52.3 kilograms.

The subject came to the laboratory in the morning and lay down on the couch
for some 20 minutes before the experiment began. In this experiment, which
consisted of five separate periods, it was possible to obtain the carbon-dioxide
production in four periods, and the oxygen consumption in two. The results are
given in table 135.

TasLE 135.—Results of respiration experiment No. J 3.

| Carbon 0
| dioxide | SHVES | Respira- | Average | Average
Date and time, Duration. | elimina- per oIy pulse- | respira-
‘ tod [Igil‘ minute, | quotient. rate. | tion-rate.
minute. x
October §, 1909. . & | ce | ce :
SE40PAM. ..iiivniieaanne.| 14 B2 208 | 253 | 0.82 | 65 10
L e e RN | 14 48 111 [ (LS | e | 63 13
L 10 o I e e e S [ 14 34 213 | e e 68 12
i1 Tl | 14 19 | 214 | 242 | .88 | 69 13
AVErage ............... | 207 ‘ 248 | 0.85 ‘ 66 12

The urine collected between T a. m. and 100 157™ a2, m, amounted to 443 c. ¢. and contained
1.1% grams of nitrogen and 6.0 grams of sugar, giving a D: N ratio of 5.04.

Of special significance is the high respiratory quotient again found with this
subject. The pulse-rate was considerably lower than in the first experiment and
the respiration-rate was somewhat higher. The carbon-dioxide production was
about the same in both experiments.

ResriraTiON EXPERIMENT No. J 4,

Date, October 21, 1909. Naked body-weight, 54 kilograms.

This was the last attempt to make respiration experiments with this subject,
and although there were five periods in this experiment, only two were successful ;
the results of these two are given in table 136, and the data for the urine in
table 137.

The oxygen consumption was essentially the same as in the other experiments,
and the carbon-dioxide elimination was somewhat lower. The respiratory quo-
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tient still continued somewhat high for as severe a case of diabetes as that de-
scribed by the clinical picture, being 0.76 and 0.77, respectively. The pulse-
rate was essentially the same as that of the first experiment and the respiration-
rate likewise.

A comparison of these three respiration experiments, therefore, shows that
the most striking feature is the high respiratory quotient in the first two ex-
periments, and the appreciable fall in the respiratory quotient in the third.
The total metabolism, as measured by the oxygen intake, is not materially differ-
ent in the three experiments. There is a noticeable decrease in the carbon-
dioxide production in the last experiment, due to the combustion of a larger
proportion of fat.

TABLE 136.—Results of respiration experiment No., J §.

§ | carben | B
diaxt Oxygen S
Date and time. Inaration, elilxil::]:- . ""L“Dw"d R?:Prjrm A;ue{:f #:;iﬁ?
minﬂ:;r minute, | duotient, rate, tion-rate.
Getober 21, 1508, m. 8. (i C. €.
L Lt T T e | 15 T 189 248 0.76 T3 11
SR R 14 &8 186 : 241 i | 77 12
AErage o e e 188 | 245 | 0.77 76 |

TaeLE 137.—Statistics of urine—Respiration experiment No. J 4.

Date and time. Vaolame. nim.

October 21, 1909, .0 | grams.
Th00™am. to 94Tmam..... 490 1.01
9 47 am. 10 256 am..... 325 T4

CoMPARISON OF METAROLISM AND RESPIRATION EXPERIMENTS WITH CAsSE J.

Comparing the results of the respiration experiments with the metabolism
experiment on the day following the last respiration experiment, we find a close
agreement between the values in the last respiration experiment and in the
metabolism experiment. There is a somewhat higher carbon-dioxide elimina-
tion and a slightly higher oxygen absorption, as would be expected from the
difference in body-position and the inereased muscular activity. On the other
hand, the respiratory quotient iz substantially the same in both experiments,
thus verifying the respiratory quotient as determined by the two forms of appa-
ratus. As may be expected, the pulse- and respiration-rates were considerably
higher in the metabolism experiment inside of the respiration chamber, as com-
pared with the respiration experiment on the day before.

The atmormally high respiratory quotients found with this subject in the first
two respiration experiments are diffienlt to explain. It seems almost incredible
that three periods following each other so closely as those in the first experiment
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should give such remarkably constant respiratory quotients and an error be
constant throughout. From a critical examination of the apparatus and tech-
nique, no cause for such an error was apparent. Furthermore, as a matter of
fact, it has been found that usually the greatest errors occur through the measure-
ment of excessive volumes of oxygen, which would tend to result in an abnor-
mally low rather than an abnormally high respiratory quotient. Every precau-
tion to avoid such errorz was taken in all of these experiments, although the
nervous temperament of the subject and his unwillingness to cooperate with us
to the fullest extent made it extremely difficult to interpret these results. The
values for the respiratory exchange in the two first respiration experiments,
therefore, must be considered with some reserve. From an examination of the
history of the case and the clinical picture, together with the charts and the
dietetic régime, it would seem impossible that a respiratory quotient of this
value could be found with a subject suffering from so severe a case of diabefes.
On the other hand, as has been previously stated, it was impossible fo detect an
error either in the technique or in the manipulation of the apparatus in these
experiments, and the agreement of the three experiments following each other
successively is, to say the least, striking.

GROUF II. CASE K.
DESCRIPTION OF THE CASE.

Male ; born June, 1863 ; widower ; undertaker ; came under observation August
19, 1908.

Family history—No family history of diabetes. Father died of cholera
morbus at 69, and one gister of heart trouble, Wife died 3 weeks after confine-
ment. One sister has “ arrested * pulmonary tuberculosis. Mother, two brothers,
and one sister well.

Past history.—Healthy child. Pleurisy on left side, with effusion, in 1894.
Measleg, mumps, whooping cough, and rheumatic pains, without fever, in the
left shoulder in 1897.

Present illness—Onszet November, 1907, with polydipsia, polyuria, poly-
phagia, and weakness. No nausea or vomiting. Bowels moved three to four
times daily. No headache. Cough, but no sputum.

Physical examination.—Height, 180 centimeters. Greatest weight, 77.1 kilo-
grams (dressed) ; November, 1907, 74.9 kilograms (dressed); August, 1908,
62.7 kilograms. (Weight of clothes, 3.8 kilograms.) Healthy-looking man.
Pupils equal and react. Teeth partially false. A mass of varices sufficient to
make a tumor inside of the left cheek. Heart normal, pulse 96, blood-pressure
100 millimeters (Riva Rocei), lungs normal, abdomen, nothing abnormal felt,
knee jerks present, no edema.

General history of the case.—The diet consisted recently of 10 slices of gluten
bread daily, in addition to other articles of food.

10
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While under observation, the patient was never troubled with a large quantity
of urine, nor did he excrete much sugar, although seldom sugar-free. The sugar
disappeared within 2 days after his entrance to the New England Deaconess
Hospital. The general health was excellent throughout. Albumen was absent
from the urine throughout, save on a few occasions, when only a trace was
present. Diacetic acid was never distinctly positive. The general history of
the case is shown by the chart (table 138).

TArLE 138.—Clinical chart—Case K.

i) . .
| i Sugar. Diiet. = =
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ane, o
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Blelel & LE[BElRlE [ ol Bl iltE =
2|3 §|E|B|E[%|3 £ B we g £
CIR R - T P 2
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¥The same as August 15-16, and 90 grams meat.
;il.n grnn:;s meat, 4 cggs, 250 c. c. cream, vegetables.
er cent,

EXPERIMENTS WITH CASE K.
One metabolism experiment and one respiration experiment were made with
this subject, some 3 months apart, and both without food. The vital statistics

were as follows:
Date of birth, June, 1863 ; height, 180 centimeters; range of naked body-
weight, 59.1 to 60.6 kilograms.
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MeTAaBoLISM ExreriMeEsT No. K 1.

Date, May 11, 1909. Naked body-weight, 60.6 kilograms.

The subject came to the laboratory in the morning without breakfast and
entered the chair calorimeter at 8" 54™ a. m. The experiment began at 9" 38™
a. m. and continued for four 1-hour periods, ending at 1" 38™ p.m. No water
was consumed throughout this experiment. The pulse-rate was obtained by
means of the stethoscope, the respiration-rate and body-movements with the
pneumograph, and the rectal temperature by means of the electrical-resistance
thermometer. The individual records of the pulse-rate varied with this subject
from 64 to 88, and the respiration-rate from 15 to 19.

The quietest period was during the first hour, and the activity gradually
increased with each successive period inside the chamber, although he was in
general very quiet, the movements being due in large part to telephoning and
urinating.

Records of the metabolism and of the average pulse- and respiration-rates
are given in table 139. The carbon-dioxide elimination remained almost un-
changed throughout the whole experiment. The oxygen absorption for the last
two periods was not calculated, although the results give the sum total for the
last two periods. Similarly, in the computation of the respiratory quotient,
the average value for carbon dioxide is taken for comparison with the average
value for oxygen. An increased pulse-rate and relatively high metabolism are
apparent in the first period, notwithstanding the fact that the pneumograph
record indicated the least external muscular activity in the period. This is in
full accord with our experience with many other subjects, especially during an
initial experiment, as we usually find that there is a stimulated muscular tonus
throughout the first period of an experiment, which may result in a somewhat
increased metabolism. The statistics of the urine are given in table 140.

TapLE 139.—Measurements of metabolism—MNetabolism experiment No. K 1.

|
l | Per minute. | - e
C?rh.'m_ Orrgent——— | Water espi- Heat | Aver- ﬂﬂ‘
semaoat. |Gt A e o T | S | S |
nated. g oo b . ent.
nnted. | Sorbed: | 5 G
| I
May 11, 1909, gL, lﬂrms Gl (| o | GJms. | cals, |
9 38™a.m. to 10"38™a.m. 22.3 | 21.2 189 | 247 | 43.8 |0.76 | 85| 82 17
10 38 am. 11 28 am. 21.5 | 19.7 | 132 230 | 38.6 LB | EE T2 17
11 238 am. 12 28 p.m. 22.0 187, 35.1 (4] 18
12 38 pm. 138 pm. 2.7 ¥3-5 | {193l %% {aylel ha| T | 1s
Total 4 hours?*..... B8.5 I Bd.4 | 188 | 246 i152,1 0.76 | *318 ‘ T | 17.6

1 Carbon dioxide ntimlna.ted er kilogram nr minute, 3.10 e. c. u:yﬁen absorbed per kilogram
per minute, 4.06 ¢ ¢ ; heat eliminated per ogrram per hour, 1. 31

ctal body- tempernture at beginning, 37 C.; at end, 36.93° C. Hent production for
tnml 4 hours, 307 calories.
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TaArLE 140.—8tatigtice of urine—Metabolism experiment No, K 1.

Date and period, Volume. mf;&: n?.t'erJ!-:]m. Sugar. D:N.
May 10=11, 1509, C. &. graas, | grams.
Tig0mam. to TT00™pm....... 243 1.033 | 4.57 3.4
T 00 pm. f ) T 870 1.024 | 13.57 11.3
7 00 a.m. B RN ) e i e | 1.2 .4 0.32
940 am. 11 40 am....... 62 1.026 | 1.11 -4 .36
11 40 a.m. 140 pm....... it 1.022 . 1.38 .4 )

1 Bottle broken—welght of urine befors dilution unknown,

ResriraTION EXPERIMENT No. K 2.

Date, August 21, 1909. Naked body-weight, 59.1 kilograms.

Subsequent fo the metabolism experiment here reported, this patient was
placed about the middle of August in a local hospital and was kept on a prac-
tically controlled diet with a relatively low intake of nitrogen, i. e., about 8
grams a day. The carbohydrates in the food were also extraordinarily low, only
about 16 grams being given. The subject was at this time practically sugar-
free. At this season of the year it was impracticable to conduct experiments
with the respiration calorimeter, but by means of the respiration apparatus it
was posgible to determine the gaseous exchange.

The subject came to the laboratory at v 30™ a. m., August 21, without having
taken any food, and immediately lay down on the couch. Since this was the
subject’s first experience with the respiration apparatus and he was entirely
unfamiliar with it, an unusual amount of preliminary experimenting was neces-
sary in order to avoid a leakage of air and to adjust him to the apparatus. It
was furthermore impracticable to cover the mouth with surgeon’s plaster and
ensure a tight closure as the subject had a short and stiff mustache.

The experiment included five periods, lasting from 10 to 13.5 minutes each.
The subject took every precaution not to open his mouth, lay perfectly quiet,
and cooperated in every way with the experiment. The nosepieces caused him
no discomfort, but he reported that it was very unusual for him to lie quiet for
such a long time. No urine was passed during the experiment or soon after-
wards. The subject left the hospital a few days after this experiment was made.

A summary of the respiratory exchange during the experiment is given in
table 141. The records for the pulse and respiration, which are also included
in the table, are the averages of a number of observations during each period.
The slightly larger carbon-dioxide output shown in the first period is commonly
experienced in experiments of this kind, and indicates a possible abnormal respi-
ration due to the novelty of the situation. Consequently in computing the aver-
ages for this experiment only the last four periods were taken.
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TArLE 141.—Results of respiration experiment No. K 2.

Carbon | 5 ' '

dioxide | OXVEER | pogpirg. | Average | Avera |

Date and time. Duration. | elimina- | “"07% | tory | pulse- | respira-

ted per mi‘;ﬁ’m | quotient. | rate. |tion-rate.

| minute. 3 | {

August 21, 1909, m | ge | ae ' ,

AT R S R TR 10 80, | 187 247 | 0.76 | 76 15 |
L L T R e e B el 1 .. 168 239 .70 75 16
FI B ...esennesie e 13 30 166 334 71 75 16
] AT 10 10 170 245 ik 75 18
BOY B .i.iiicnnreinneans 0 .. 167 37 .T0 . | 13
Averagad ... desas 163 239 0.70 75 16

1 First period not included in average. Carbon dioxide eliminated per kilogram per minute,
2.85 e c.; oxygen absorbed per kilogram per minute, 4.05 ¢. ¢

COMPARISON OF THE EXPERIMENTS WITH CAsE K.

In comparing the results of the respiration experiment with this subject with
the metabolism experiment made inside the respiration chamber, it is important
to take into consideration the difference in body-position and muscular activity.
In the respiration experiment the subject was lying quietly, with minimum mus-
cular movement, and we find the total metabolism as measured by the carbon-
dioxide elimination and oxygen absorption somewhat lower than in the earlier
experiment. There is a marked decrease in the carbon-dioxide production per
minute, amounting to some 20 e¢. ¢., while there is but a small diminution in the
oxygen consumption.

The most striking feature is the noticeable decrease in the respiratory quo-
tient, which in the metabolism experiment in May was 0.76 and in the respira-
tion experiment in August was 0.70, again indicating a decrease of carhohydrates
in the body. The patient was practically sugar-free and the fact that he was
less muscularly active is the only interpretation of this low respiratory quotient,
as indicating that there was a low storage of glycogen to be drawn npon during
the fasting period. The average pulse-rate remained essentially the same in
both experiments, while the respiration rate was somewhat lower in the respira-
tion experiment. Taking the oxygen as an index of the total energy transforma-
tions, we see that there is practically very little difference in the two experi-
ments. The decreased carbon-dioxide elimination is accounted for by the differ-
ence in the kind of material katabolized, a larger proportion of body-fat being
substituted in the second experiment for the carbohydrate katabolized in the
first experiment.
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GROUP II. CASE L.
DESCRIPTION OF THE CASE.

Male; born October 18, 1886 ; single; student; came under observation De-
cember 15, 1908.

Family history.—No family history of diabetes. A brother and sister died
at birth. Father, mother, three brothers, and two sisters well.

Past history.—Measles, mumps, whooping cough, and chicken-pox. Appendi-
citis, with operation, in 1900,

Present illness.—In July, 1908, polydipsia, polyuria, and weariness appeared.
The diagnosis of diabetes was not made until December 9, 1908. Except for
weariness, the patient appeared in good health. From July, 1908, to December,
1908, the patient took considerable exercise, but this was reduced as soon as he
came under treatment.

Physical examination.—Greatest weight, stripped, summer, 1908, 79 kilo-
grams ; December 11, 1908, stripped, 64.7 kilograms, and December 15, 1908,
67.2 kilograms, stripped. Height, 6 feet (183 centimeters). Healthy-looking
young man with red cheeks. Pupils equal and react, knee jerks present, lungs
normal, heart normal, pulse 56, blood-pressure 110 mm. (Riva Rocei). Abdo-
men, nothing abnormal found.

General history and treatment of case—The history of the case is given in the
chart herewith (table 142).

The patient reacted quickly to the change of diet, the percentage of sngar
falling in 24 hours from 6.8 per cent to 1.2 per cent. Jaundice developed almost
immediately upon restriction of carbohydrates with the increase of fat in the
diet, but persisted for only about 1 week. The jaundice was extreme and ap-
peared like a typical gastro-duodenal catarrh. Even when he had jaundice, the
subject appeared in perfect health and spirits and always reiterated that he
felt extremely well. He bore the diet with unusual comfort, and after the first
few days consumed a good quantity of fatty food.

Although the volume of urine was reported as 6000 c. ¢. upon December 13—
14, it never approached this quantity again. Albumen was absent except during
the attack of jaundice, December 18-24. The reaction of the urine was acid
throughout, except for 1 day. Sodium bicarbonate was at no time given. Dia-
cetic acid was never present.

Despite the large quantity of urine and sugar which the patient had at the
onset, the case must be considered a mild one, because diacetic acid was absent
thronghout, and because a positive carbohydrate-balance of 50 grams was soon
obtained. Undoubtedly the patient would have become sugar-free more promptly
if a vegetable day or starvation day had been earlier instituted. This is evident
by the quick response to a vegetable day 10 months later, when sugar had tem-
porarily reappeared.
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EXPERIMENTS WITH CASE L.

Five metabolism experiments were carried out with this subject, in all cases
after a 12-hours’ fast and without breakfast. No respiration experiments were
made with him. The vital statistics were as follows:

Date of birth, October 18, 1886 ; height, 183 centimeters; range of naked
body-weight, 63 to 65.5 kilograms.

MerasoLisM ExpERIMENT No. L 1.

Date, January 1, 1909. Naked body-weight, 64.6 kilograme.

The subject came to the laboratory without breakfast and entered the chair
calorimeter at 8* 05™ a. m. The experiment proper began at 9" 52™ a. m. and
continued for five 1-hour periods, ending at 2* 52™ p. m. No water was con-
sumed. Aside from sitting still so long, the subject reported that he was very
comfortable and did not feel particularly hungry. The pulse-rate was taken
by means of the stethoscope and ranged from 66 to 86. The body-temperature
was measured with the electrical-resistance thermometer. Measurements were
also taken sublingually by the subject with clinical thermometers as a possible
control upon the measurements by the rectal thermometer, and to give evidence
regarding the uniformity in temperature changes in the body at different points.
With this particular subject the agreement between the measurements with
the clinical thermometer and the rectal thermometer was very satisfactory.
No pnenmograph curve was made in this experiment and the respiration-rate
was not recorded. The records of the physical observer show that the subject
was telephoned to once during each period, but for the most part he sat very
quietly reading.

TaeLe 143.—Measurements of metabolism—Melabolism experiment No. L 1.,

Per minute. I |
S Oxygen ———— Water | Beopi- | o |4

| 211?;-:5\! ab- | Carbon ox; Vapor- “l::':gf elimi- | pulse-
nated, | S0vbed. | dioxide | “UYEED | zed. | AL | mated. | rate

| Carbon |

| Date and period.

| Tated, | worbed.

|

| Januwary 1, 1508, groms. grems. C.c. c.c. | gms. | cals.
| 9%G2mam, to 10°62=am..| 2B.5 | 26.4 | 242 208 | 28.0 | 0.78 88

0 T3

1| .T8 &6 84

11 52 am. 1252 pm..| 27.6| 25.1| 234 293 B | LB 83 81
12 62 p.m. 162 pm..| 2.7 25.7| 218 300 | 28.0| .73 84 7
152 pm. 262 pm..| 26.1| 24.0 | 221 280 b .19 &0 T2
T

*421 ‘e

|
10 52 am. 1152 am.. 26.6| 24.8| 226 | 289 | 28.

I

!

Total 5 hours®......| 134.5 | 126.0 | 228 294 141.

! Carbon dioxide eliminated per kilo Ii r minute, 3.53 c. c.; oxygen absorbed per kilogram
per minuote, 4.55 ¢. c.; heat ellmina Il-u ram per hour, 1.30 calories.
2 Rectal body- h:-mpcmlure at heginnlng, a7. 1 C.:; at end, 37.22"° 'E. Heat production for

total & hours, £27 calories.

The results of the metabolism are given in table 143, and the urine data in
table 144. The first period, as is frequently the case with new subjects, is char-
acterized by a large carbon-dioxide excretion which subsequently decreases some-
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what. The last four periods show a general regularity in the metabolism as a
whole. The respiration-rate was not recorded in this experiment. The pulse-
rate decreased somewhat as the experiment progressed. From the respiratory
quotient one would assume that this subject had a high glycogen storage and
drew upon this regularly throughout the whole 5 hours of the experiment. The
abnormally low quotient and pulse-rate are probably without particular sig-
nificance, and only the average respiratory quotient for the whole experiment
can be considered.

TarLE 144 —8tatistics of wrine—Metabolism experiment No. L 1.

Date and period. Quantity. gfffl'g? ool | suer | pam.
Januwary -2, 1909, C. C. grams. | grams. |
Teg0™a.m. to 9"62™am....... 167 el 2.05 1.3 0.63
9562 am. 1162 am....... 81 1.030 1.07 =8 .28
11 52 a.m. T-B% pa.. ... 156 92 5 .22
152 pm. 262 pm...... 122 41 Al .24
2 52 p.m. T00 am.......| 1380 16.11 14.1
| ol 2
! Grams.

MEeTABOLISM EXPERIMESRT No. Li 2.

Date, January 9, 1909. Naked body-weight, 64 kilograms.

The subject came to the laboratory in the morning without breakfast and
entered the chair calorimeter at 8" 05™ a. m. The experiment began at 8" 47m
a. m. and continued for six 1-hour periods, ending at 2% 47™ p. m. The subject
drank no water and used the telephone at the beginning of each period. The
stethoscope was used to obtain the pulse-rate, which ranged from 61 to 77, and

TaeLE 145.—Weasuremenis of metabolism—Metabolism experiment No. L 2.

Per minute. [
Carbon Sl == Respi- |
0 Wat Heat |A
Date and period. TR ab- | Carbon SHERE) vapor | | ratary | giimd. | “pulae.
nated, | Sorbed. d:ﬁ;i.ii_e en | zed. | o | mated
nated. | ®orbed. | ! |
| | - T
Janudary 8, 1909, gramas, grams.| o c. c.o | gms | cals
Br4T™am. to 94T™am..| 26.5 | 26.6 | 225 310 | 26.7 | 0.73 | BB T3
947 am. 10 47 am..| 26.1 221 i Bl R 88 71
10 4T am. 11 47 am..| 26.3 | 25.5 | 223 298 | 25.1 6 | B4 63
11 47 am. 12 47 pm..| 24.8 | 24.0 | Z10 280 | 25.3 75 | 87 I 63
12 47 p.m. 147 pm..| 24.T| 24.6 | 210 287 | 25.0 .73 85 63
147 p.m. 2 47 pm 26.7 | 24.9-| 227 291 | 26.6 .78 85 | T1
Total 6 hours®...... 155.1 | 125.6 | 219 | *203 152.2 ‘ 517 ‘ pr
|
1 Carbon dloxide eliminated per kil m r minnte, 8.42 ¢. ¢. ; oxygen absorbed per kilogram
per minute, 4.58 c. ¢.; heat el lnn hour, 1.34 calories.

i Dges not include period fr-um [

2 Rectal bﬂdg

total B hours,

1ﬂgrnm per

-temperature at beginulng. 3'3 D‘T* C.. nt cnd. 37.07* C. Heat production for
1T calories.
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the body-temperatures were recorded by the rectal thermometer; clinical ther-
mometers were also used as a control upon the measurements with the rectal
thermometer. On coming out of the chamber the subject reported that he ex-
perienced even less discomfort than in the previous experiment.

The metabolism is given in table 145, and the statistics for the urine in table
146. The noticeable fall in the carbon-dioxide production in the first experi-
ment with this subject does not appear here, and the measurements of the oxygen
consumption were lost in the second period. The respiration-rate was not de-
termined during this-experiment, but records of the pulse-rate varied consider-
ably for a subject at rest. The low respiratory quotient during the fifth period,
and the somewhat higher one during the sixth are probably due to a compensation
and are without significance. The average value of 0.75 is somewhat lower than
in the previous experiment. In general this 6-hour experiment indicates that
the metabolism of the subject 12 hours after the last meal iz relatively constant
from hour to hour.

TarLE 146.—Statistics of urine—Metabolism experiment No. L 2.

‘ Date and period. Quantity. Hs":::;‘i?;_ n;f:ﬁ::n Sugar. D:N.
i January 9-10, 1909, C. C. grams. | grams.

o)™ a.m, to 3*50™am....... 104 1.025 1.27 0.6 0.47

2060 am. 1050 am....... 121 1.025 1.37 .4 .29

W am. 125 pm....... 1105 1.19 A 20

| 12 50 p.m, 280 pm....... 1 66 e, .89 1 11

| 74 00 p.m. TO0 am....... l 960 14.58

1 Grams.

MEeTABOLIEM ExprerIMENT No. L 3.

Date, January 26, 1909. Naked body-weight, 63 kilograms.

The subject entered the chair calorimeter for this experiment at 7® 50™ a. m.,
without breakfast. The experiment began at 8" 51™ a. m. and continued for
six 1-hour periods, ending at 2 51™ p. m. No water was consumed. The pulse-
rate was obtained by means of the stethoscope and ranged from 61 to 82, but the
respiration-rate and the pneumograph curve were not obtained in this experi-
ment. The body-temperature was measured by the rectal thermometer.

The results of the metabolism are reported in table 147, and the urine statis-
tics in table 148. All six periods are characterized by having unusually regular
and uniform metabolism as measured by the oxygen consumption and the car-
bon-dioxide production, The heat-elimination decreased noticeably as the ex-
periment continued. The values for the respiratory quotient varied considerably
from period to period, but the average of the whole six periods indicates a value
of 0.75. The pulse-rate also noticeably fell off as the experiment progressed.
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TasLE 147.—Measurements of metabolism—Metabolism experiment No. L 3.
| Per minute. |
Carbon Oxv l = Respi- [
: Aioxide | :Hx—n _ Water ratery I;.'_I‘III!-‘ Avo{-aa:t
e g eiimi- | 20, | Sarbon | oxygen| TES” | avo- | RIRE | TANE
|| A | sorbea
January 26, 1909, grams. grams. c.c. c.c.  gms. | cals,
g*51mam. to #51"am..| 26.6 | 25.5 | 226 298 | 28.6 [ 0.75 91 80
951 am. 1051 am..| 24.7| 23.1| 210 270 | 28.4 T8 58 (]
1051 am. 115l am..| 25.6| 26.0( 217 303 | 29.3 LTl 87 71
11 51 am. 1251 pm.. 256.2| 25.0 | 214 282 | 27.1 .78 82 LiE]
12 51 p.m. 16 pm..| 2b.6 | 23.4| 217 278 | 275 .79 8i i
151 pm. 251 pm..| 26.7| 27.0| 227 als | 27.0| .72 Ta G
Total 6 hours®...... 154.4 | 150.0 | 218 292 [167.9 | 0.75 | *507 |

L Carbon dlc-xlde eliminated per kilogram per minute, 3.46 ¢. ¢

per minute g4 c. c. ; heat eliminated

Rectal 'i:m dy temperaturve at begino
tntnl G hours, 514 calories,

: oxyeen absorbed per kilogram
r kilogram per hour, 1.35 calories.

ng, 36.50° C.; at end, 36.93* C. Heat production for

TapLE 148, —8tatistics of urine—Metabolism exrperiment No. L 3.

Date and pr_rmd Volume, ?f:ﬁ?; n;"tf-!-}rtn Sugar. | DN
January 26, 1009. e e grams. | grams.
T™00™a.m. to &"56"am....... 76 1.027 1.20 0.3 0.25
36 am 1065 BmM....... 89 1.026 1.27 o | .24
10 66 am. 12 66 pm....... 79 1.026 1.13 | .7
12 56 p.m. 20 pm....... a7 1.027 .85 2| .24

MeraroLisy ExreriMESNT No, L 4.

Date, February 11, 1909. Naked hody-weight, 63 kilograms.

The bed calorimeter was used for this experiment. The subject came to the
laboratory without breakfast and entered the calorimeter chamber at 8" 04 a. m.
The experiment began at 9" 22™ a. m. and continued for six 1-hour periods, end-
ing at 3" 22™ p. m. At 11" 58™ a. m. the subject drank 199 c. c. of water. The
pulse- and respiration-rates were obtained by means of the stethoscope and pneu-
mograph and ranged from 54 to 58 and from 17 to 22, respectively. The body-
temperature was measured by means of the electrical-resistance thermometer.
In the experiment the subject lay on the mattress without a coat and covered
with a blanket up to the waist.

The muscular activity during this experiment was greatest from 11% 22® a. m.
to 11" 52™ a. m. ; during most of this time he was unsuccessfully attempting to
urinate. During the rest of the experiment he was quiet the greater part of the
time. The subject reported that he was asleep or dozing most of the first period,
while in the last part of the experiment he was more awake, especially at the
end of the fifth period. Part of the time he lay on his back and at another time
on the left side, so that he was as a rule perfectly comfortable and quiet.
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The data for the metabolism are given in table 149, and the urine data in
table 150. The carbon-dioxide production was relatively constant, except for
the fifth period, when it rose 3 grams. This is accompanied by a large increase
in the oxygen consumption and consequently a marked lowering of the respira-
tory quotient. On the other hand, the highest heat-elimination was reported in
the last period. The averages for both pulse- and respiration-rates include but
two or three observations in each period, as the pneumograph and stethoscope
were not adjusted in a particularly satisfactory manner, and records could only
be obtained intermittently.

TasLe 149.—Measurements of metabolism—Metabolism experiment No, L 4.

Per minate, Ao
Carbo: Water Respi- Heat Aver-

n
ra [OXFEeEn ——————
dioxide ratory
Fr b- Onrhnnl VApor- | elimi- ﬁe Fespis
elimi- L. [SEEET | regen o= pulse- 3
nated. m'bﬁd-ldalﬁmﬂf: qab— ized. ’:}E‘ﬂt nated. | Ty r:._:;:na
I n:“ul. | morhed. :

Date and periocd.

e e e ———

February 11, 1908, gms. | gms. | ¢.¢. | ¢.C | gms. cals.
Quadma m, to 10°22®am.| 23.9 | 22.0 | 208 | 257 | 26.T7]|0.79 | T3 BT 19
| 10 22 am. 11 22 am. 25.5|23.4| 216 | 273 | 29.9 19| 81 55 20
191 29 am, 12 22 pm. 25.1 [ 21.0 | 213 | 245 | 22.8 BT | 86 e 19
12 22 p.m. 12 pm. 25.2|22.4| 214 | 261 | 22.3 82| T9 56 e

122 pm. 222 pm. 28.2|20.4| 239 343 | 33.1| .70 | 7T a6 19

2 22 p.m. 3 22 pm. 25.8  24.6 | 219 | 287 | 32.9 16 | 88 BT 20

Total 6 hours®..... 153.7 [142.8 | 217 | 278 167.7| .... [*484 | .. A

|
1 Carbon dioxide eliminated per kilogram per minute, 3.44 c. . ; oxygen absorbed per kilogram
per minute, 4.41 ¢ c.; heat eliminated per kilo?mm per hour, 1.29 calories.
2 Reetal body-temperature at begioning, 37.71° C.; at end, 37.65* C. Heat prodoction for
total & hours, 481 calories.

TanrLe 150.—8tatistics of urine—Metabolism experiment No. L 4.

Date and period, | Volume, gf;ﬂfﬁ . n;ﬁ{t:;!m. Sugar. D:N.
| = = x
February 11, 1909, .. grams. | grams.
™~ am. to 1*26™pm.......| 530 1.016 4.16 0.5 0.12
126 p.m. ¢ 30 pm..... i 95 1.019 08 3 .20

MeraBoLisM ExperiMeNT No. L 5.

Date, March 27, 1909. Naked body-weight, 65.5 kilograms.

The subject came to the laboratory without breakfast and entered the chair
calorimeter at 8" 02™ a. m. The experiment began at 9% 07™ a. m. and con-
tinued for four 1-hour periods, ending at 1" 07™ p. m. No water was consumed
during the experiment. The stethoscope and pneumograph were used to obtain
the pulse- and respiration-rates which ranged from 62 to 80 and from 16 to 21,
respectively. The rectal thermometer was used to measure the body-temperature.

The muscular activity was greatest in the first period and the least during the
third period.
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The results of the metabolism are given in table 151, and the urine data in
table 152. There was a noticeable decreaze in the carbon-dioxide production
after the first period, and the oxygen determination was also quite irregular. Tt
is evident, therefore, that in this experiment we must take the average oxygen
determination for the whole experiment as a true value rather than the values
for the periods, and the same is obviously true with regard to the respiratory
quotient. The pulse-rate fell off perceptibly as the experiment progressed. The
heat-elimination was the largest in the first period and followed in general the
decrease in the carbon-dioxide production and oxygen absorption. The aver-
age of the pulse- and respiration-rates are the results of a number of observa-
tions during each period.

TasrLe 1561 —Measurements of metabolism—Metabolism experiment No. L 5.

I Per minute. | ! Ay
Respi- Aviers 5

| ‘ AaEitda Oxygen | Water ity Heat | age age
Date and period. Eli::,ld su:g:d L?nm Oxygen| ?:zl:ﬁ.ﬁ tquut ;LI'I:':;I- | P‘ﬂtf I;etr;pﬂll;

o | elimi- End e * | rate.

nated, | %7 |
March 27, 1909. gms. gms. | e.c. | c.c | gms. cals.

907" am. to 1007 a.m. 27.8 | 28.1 236 228 | 27.5 [ 0.72 a6 T6 18
10 07 am. 11 07 am. 25.9|21.7 | 220 | 253 |27.9| .87 | 88 il 20

11 07 am. 12 07 pm. 25.7 | 24,9 | 218 | 291 | 27.8 | .75 | 83 67 20
12 07 p.m. 107 pm. 26.1  23.1 | 221 | 270 28.1 | .82 | &7 i3 20 |

Total 4 hours®..... fms.ﬁim.a- mad | s |l tase | Lt R
| |

1 Carbon dioxide ellminated r kilogram E:H minute, 3.42 ¢, ¢.; oxygen absorbed per kilogram
per minute, 4.35 ¢, c.; heat eliminated per kilogram per hour, 1.37 calories.

i Rectal body-temperature at beginning, 37.09" C.; at end, 37.13* C. Heat production for
total 4 hours, §HS ecalories,

TaArLE 152.—S8tatlistics of wrine—Metabolism experiment No. L 5.

Date and period. Volume, | Specife n:{'ﬁ"“;fm Sugar. i D:¥N.

March 26-27, 1009, C. C. grams. | grams.
T™00"a.m. to T°00™p.m....... 600 5.49 TT | e
700 pm. 700 am.......| 720 6.54 - N
700 am. 907 am....... 65 1.025 1.29 .2 0.16
907 am. 1107 am...... ¢ 127 1.024 1.73 4 | .23
1107 am. 107 pm....... 84 1.024 1.18 -2 | A7

CoMPARISON OF THE EXPERIMENTS WITH Case L.

As will be seen from an examination of the chart, the progress of the disease
in this subject was such as to make a comparison of these different experiments
desirable., It should be borne in mind, also, that during the first experiment the
subject was just recovering from a marked jaundice. An examination of the
figures given in table 153, in which a comparison of all the experiments is made,
shows that the carbon-dioxide excretion was relatively constant for all experi-
ments and did not materially decrease in the experiment with the bed calorim-
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eter, where the muscular activity must have been somewhat less than in the other
experiments. The oxygen consumption, however, was somewhat less in the bed
calorimeter than in any other experiment, although not noticeably so. The respi-
ratory quotient remained relatively constant throughout all five experiments,
while the heat-elimination was somewhat lower in the bed calorimeter than in
the other experiments. There was a very marked decrease in the pulse-rate
while the subject was inside the bed calorimeter.

In general, therefore, it is seen that these experiments substantiate very
clearly the constancy of metabolism in this subject, and, indeed, during the pe-
riod in which these experiments extended from January 1 to March 27, there was
no material alteration in the metabolism of this subject. The respiratory quo-
tients indicate a fairly liberal supply of glycogen that could be drawn upon when
food was not given. This is probably of special significance, inasmuch as the diet
throughout the whole of these tests contained a relatively small amount of earbo-
hydrates, 1. e., 35 to 50 grams, and notwithstanding this very low carbohydrate
intake, the store of glycogen was fairly large.

TasLE 158 —Comparison of metabolism experiments with Case L.

'é > | Per minute. g_ E 3 I % » i é% E%
+ .y E = ] i=
| Experi- T T8 | 55 E8 2 E EE
ment No. Date. -y =.§ E’:’;m |DEyEen EE == E": g,g B
| § | B2 |im | A | B | 52| g2 | 55 | EE
= 3 nated, | * E H | = - E'ﬁ
= =
1909, kilog.| hrs. | 0.0 | G0 cals, | cals.
L1 Jan. Lasav 64.6 | .... 228 | 204 | 0.78 | 84 85 9
L2 TR o 64.0 | .... 219 | 293 | .75 | 86 86 67
L3 Jan. 26....... 63.0 | .... | 218 | 292 | .76 | &5 ‘ 86 71
L4 Febh. 113...... 63.0 | .... 217 | 278 | .78 | 81 | 80 66 | 19.5
L5 Mar. 27....... 65.5 234 | 285 | .79 | 90 | a1 T0 | 19.5
. |

1 Bed calorimeter.

GROUP II1. CASE M.
DESCRIPTION OF THE CASE.

Male; born January 23, 1853; married; dentist; came under observation
January 6, 1908,

Family history.—Father died of pulmonary tuberculosis at 56 and mother of
typhoid fever at 67 ; one sister died of apoplexy, and possibly had diabetes mel-
litus ; one sister and two brothers died of typhoid fever; one brother probably
has dlabetes mellitus ; one sister is 77 and well ; five healthj,r children ; one child
died of pneumonia at 18 years of age.

Past history.—Not a vigorous child. Diphtheria at 15, typhoid fever at 18,
considerable indigestion as a boy; at 25 or 26 years of age troubled with gall-
stones during a period of 4 or 5 years. The patient has been a sugar-eater,
especially of maple-sugar and candy since boyhood.
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Present illness.—Sugar was detected in 1900 in the urine upon application
for life insurance. Since this date the greatest volume of urine observed was
July, 1906, when it was 2500 c. ¢. The largest per cent of sugar did not exceed
2 per cent. Patient has remained in good health from January 6, 1908, up to
the present time, except for a moderate attack of inflammation in the region
of the gall-bladder during April 3 and 4, 1908. During this period he has
taken very little exercise, although working long hours even aside from his
professional work.

Physical examination.—Fat man, greatest weight, 86.2 kilograms, stripped ;
weight January 6, 1908, 84.8 kilograms. Height, 172 centimeters. Pupils equal
and react, knee jerks normal, lungs normal. Heart extended 2 centimeters to
the left of the mammillary line. Sounds normal. Blood-pressure 120 mm.
(Riva Rocei) May 26, 1908, and 115 mm. October 30, 1909. Liver extends 2
fingers’ breadth below the costal margin. Spleen not felt.

General history of case—The history of the cace may be seen from the chart
(table 154). The volume of urine did not exceed 1820 c. ¢. from January 7,
1908, until March 5, 1910. The reaction was acid throughout. Albumen was
either absent or present in only a very slight trace. Diacetic acid was present

TABLE 154 —Clinical chart—Case M.

Sugar. Diet. e E
= 2 = = 3
o o | g |2 :
Date. g = £ L e |- R - (R B
S e o - 4 2
T E = = i = = = =8
e ¥l g |8|2|3|2 H | E
- & Nz el s d ) A 2 | 2
et et
1008, 0. . gma. | gms.| gms. | gms.| gms. | gme | kilos.
Jan. & T... . 1031 0 i 0 S [ T [ i
o |k P - ] 1830 1030 a . BS | 200 145 i 54.8
Jan. 2495... z 1380 | 1036 A [ g2 | 10| ... 0 | 8.2
Feb, 4- 5... M0 | 1 - | 2B | 100 &0 ] 85.3
Feb. 11-12....... | . 1480 | 1082 0 B (] e e 1] 0
Feb. 15-20... === 1260 | 1029 [} EA T a0 45 ]
Mar., 5 6... - 1130 1023 8L+ 5 T ik &0 L] B4.2
Mar. 12-1%... - 1180 1037 - - 7 ) e 1] n
Mar. 15-19... = 1370 S Bl + s 11 T) e =
Mar. 23-24...... 1210 0 4 16 ) & i84.2
Mar, 2289, .00 | owiee 1260 w27 | Bl.+ i S ?a
Er. S-g_—ﬂ; mﬁn = w 3 ;
r- mEewm meEw - -mww
Apr. 9-10.. i - il I ] x 7 i 20+ | 83.6
ay E=9.. 1031 &l + s i 7 i
May 20-83.. 1080 | 1027 | 8.+ | 145 i 2 ET - Eg3 g
I“I? 15-16.. Lhs 115 l‘.'l‘?."l ﬂ mnm [ 'll ? mE (] amws
Apg. 1W-11...... E e HA i o i B0
Aug. 13-M4...... o)) | 1028 ] TR e o 3
Bopt. 18-19....... | ..ceu- | 1600 1025 . = 3 7 L ;
O 20-31...... 470 1026 o 11 + 2 1 o
MNov, 10-11....... | . 13060 1025 e o [i] i ?
Deec. 25-20.. T 1028 |V.sl.4+| .... ] = F X s PEEEG
Feh. ﬂ-ﬁ s 1080 1027 L] o 4 55 B3 ik £3.0
Mer. 1=2...... 10 1026 1] -+ 4 7 pois
Apr. 23-84...... 0| 16.4 6 2 ¥ 5
Oct. 25-20.cvvune | cunees 40 | 1029 | e 7] % 2 81.0
Nov. ﬁ-:%‘? a5 Rk o 15.2 e . Tl e
Mar. 4 5ivevene| wwioee | 220 | 1024 0 0 3

184 per cent. 2 0On Mar. 26, 1008. °0.4 per cent. 4 0.6 per cent. 5 On May 26, 1908,
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only twice and then in a small quantity. The quantity of sugar in the urine de-
creased from 55 grams on January 9, 1908, to 8 grams on March 29, 1908, and
since that time has either been absent or present in a quantity not exceeding
9 grams.

The diet was never accurately controlled, but has varied between 200 grams of
carbohydrates at the start to 50 to 100 grams of carbohydrates at the present

time. The weight has been nearly maintained and the patient has enjoyed ex-
cellent health.

EXPERIMENTS WITH CASE M.

Three metabolism experiments were carried out with this subject, all without
breakfast. No respiration experiments were made. The vital statisties were
as follows:

Date of birth, January 23, 1853; height, 172 centimeters; range of naked
body-weight, 81.4 to 83.1 kilograms.

MeTARBOLIEM EXPERIMENT No. M 1.

Date, February 27, 1909. Naked body-weight, 81.8 kilograms.

The subject arrived at the laboratory in the early morning, without breakfast,
and in order to prevent the possible necessity for defecation during the experi-
ment the lower bowel was emptied by means of a warm-water enema. The pneu-
mograph was adjusted about the chest, the stethoscope was also adjusted, and
the electrical-resistance thermometer inserted in the rectum. The subject then
lay down on the air mattress and was placed in the bed calorimeter at 8* 17™
a.m. The experiment proper began at 9" 07™ a. m. and continued for three 1-
hour periods, ending at 12® 0™ p. m. No urine was passed by the subject while
inside the chamber, but immediately afterwards he passed 598 grams. No water
was consumed and the patient remained drowsy and quiet most of the time.

This was the subject’s first experience inside the apparatus, but he did not
find it disagreeable, although as he was a large man, the narrow confines of the
chamber made it rather difficult for him to move around. The adjustment of
the clothing also caused him some annoyance, as it interfered with his reading
a paper which he took into the calorimeter. During the experiment the stetho-
scope connections were not satisfactory and the pulse was therefore taken by
the subject himself. Only two records were made, these being 78 and 80, both
of these records being taken at 11" 40™ a. m.

The museular activity was materially less in the last period than in the other
two, with apparently but little difference between the first two periods. Through-
out the whole experiment the subject remained very quiet and the results may
therefore be considered to indicate very satisfactorily the resting metabolism of
this subject in bed under quiet conditions.

The measurements of the metabolism are given in table 155. An examination
of the results given in the table shows that the metabolism as measured by the
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carbon-dioxide production, oxygen consumption, and heat-elimination remained
essentially the same in the first two periods, but there was a noticeable decrease
in all three factors during the last period, and it is reasonable to attribute the
decrease to a lessening of muscular activity. The average of the three periods,
therefore, gives a fair indication of the metabolism of this subject under the
experimental conditions.

TapLe 156, —Weasurements of metabolism—Metabolism erperiment No, M 1.

| Per minute. | { |

é‘i%%'-?,: | Ox:;gen — —| Water rgﬁf_" Heat | age

Date and period. timi- ab- Carbon | VApOT- ¥ | elimi- | respi-
e sorbed. | digxide | VX¥EeR | jged,  IUY° | nated. | ration-

nated. E.'lli = ¢ ab- tient B L

" | sorbed. :

nated -
= |
February 2V, 1908, grams, grams.| c.c. | c.o | gms, cals,

9807 am. to 10*07™a.m..| 25.2 |23.2 | 214 | 271 |22.6 0.79| 87 10 |
10 07 am. 11 07 am..| 25.7 | 23.6 | 218 | 276 [22.8( .79| 82| 18
11 07 am. 12 07 pm..| 23.5 | 22.0 199 257 | 235 | T8 T 11

Total 3 hours . ..... 4.4 |68.8 | 210 | 268 [es.0.... [ 2248 .. ||
|

! Carbon dioxide eliminated IJEt' kilogram per mionute, 2.57T ¢. ¢ ; oxygen absorbed per kilogram
per minute, 3.28 ¢, ¢.; heat eliminated per kKilogram per houwr, ﬂl.![!!! calories,
? Heat production for total 3 hours, 241 calories,

METARBOLISM EXPERIMENT No, M 2.

Date, April 24, 1909. Naked body-weight, 83.1 kilograms.

Although this subject had not been under a strict hospital diabetie regimen
subsequent to the previous experiment, it seemed desirable to make a control
experiment with him. Owing to his large size and the narrow confines of the
chamber in the bed calorimeter, he preferred that the chair calorimeter should
be used for this experiment, and it was consequently so arranged.

The subject came to the laboratory early in the morning and entered the respi-
ration chamber at 8" 17™ a. m., without breakfast. The experiment proper began
at 9" 12™ a. m. and continued for four 1-hour periods, ending at 1" 12™ p. m.
No urine was passed during the experiment, but the subject drank 128 c. c. of
water at 11" 20™ a. m. The pulse- and respiration-ratez were obtained by means
of the stethoscope and pneumograph, and ranged from 67 to 82 and from 10
to 17, respectively. The rectal body-temperature was measured by means of the
electrical-resistance thermometer.

The muscular activity in this experiment differed somewhat from that in the
bed calorimeter by virtue of the fact that the subject was sitting in a chair and
could read more readily, and consequently there was some slight museular move-
ment in turning over the leaves of the book or paper. He also used the telephone
a number of times. In this experiment the drinking of water called for a certain
amount of museular effort which did not appear in the first experiment, but the
subject was not unduly restless inside the chamber. The least muscular activity
appears to have been in the period from 10" 11® a. m. to 11* 11™ a, m.

11
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The results of the metabolism are given in table 156 herewith. Owing to a
defect in the apparatus the heat eliminated between 10" 12™ a. m. and 12" 12=
p. m. can not be advantageously separated into hourly periods, but we have every
reason to believe that the total heat measured for the 2 hours from 10" 12™ a. m.
to 12" 12™ p. m. is correct, and the total heat for these two periods is therefore
given in the table.

A similar defeet was experienced in the measurement of the oxygen consump-
tion, for as has been pointed out in previous publications,' the determination of
the amount of oxygen consumed depends in large part upon an accurate tem-
perature measurement. Consequently, the total oxygen consumption for the 2
hours is given in the table rather than the amount consumed in each hour.

TABLE 156.—Measurements of metabolism—Metabolism experiment No. M 2.

: Per minute, | | e
Carbon » . Respi- Aver-
: !d!otld.e Oxygen l ““ﬂ: | ratory Heat | age
e amdpeiol Sl e, G oy | TR | g | S| ol |
E elimi- | 2P~ | ient. rate. rate.
| mated. Iﬁ}!‘htd-.l
April 24, 1509, gmse.  gms. | C.e | €C | gms. cals.
9812=a m. to 10"12""3.![!.! 24.5  24.0 208 | 280 29.2) 0.74 88 7 14
10 12 a.m. 11 12 a.m.| 22.06 (192, | 209.9 T4 14
1112 am. 12 12 pm.| 23.5 | ¥3-0 iyget | 281 (3ol -T8| 179 | {g, ! 13
12 12 p.m. 112 pm.| 23.8 | 21.2 | 202 247 28.9 .B1 | 81 T4 13

Total 4 hours®..... | 94.4 | 88.2 200 |25'I 118.5 | .... | *348

2 Carbon dioxide eliminated peér Kilogram ]||ﬂ' minute, 2.41 ¢ e ; oxygen abzorbed per Eilogram
per minute, 308 ¢, e ; heat eliminated per kilogram per hour, 1.05 calories.
? Rectal body-temperature at begioning, 36.90° C.; at end, 37.04° . Heat production for

total 4 hours, 358 ealories.

The experiment appeared to be successful in every way and the subject found
the sojourn in the chair calorimeter pleasanter than in the bed calorimeter. As
is customary in most experiments, the pulse-rate was somewhat higher in the
first period, the values given in the table representing the average of a number
of observations for each 1-hour period. The respiration-rate, as is commonly
the case, underwent minor fluctnations, although in thie particular experiment
the fluctuations were larger than usual ; the figures given represent the average
of a number of observations for each hour,

MeTaBoLIsM ExreriveEsT No. M 3.

Date, November 27, 1909. Naked body-weight, 81.4 kilograms.

In the period intervening between this and the preceding experiment, the
subject had personally regulated his diet, but had not been under hospital ré-
gime. As the clinical picture had not materially altered, it seems of value to
note any possible changes in his case as evidenced by the metabolism.

! Benedict and Milner, U. 8. Dept. Agri,, Office Exp. Sta. Bul. 175, 1907, pp. 23-32.
Benedict, Am. Journ. Physiol.,, 1910, 28, p. 15.
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He came to the laboratory in the morning without breakfast and entered the
chamber of the chair calorimeter at 8" 01™ a.m. The experiment began at
8" 45™ a.m. and continued for three 1-hour periods, ending at 11" 45™ a. m.
During the experiment proper, no urine was passed and no water consumed.
Although the subject was fairly quiet, he reported at the end of the experiment
that he found the chair somewhat uncomfortable, and that the rectal thermom-
eter irritated him slightly. As previously, the pulse- and respiration-rates were
obtained by means of the stethoscope and pneumograph, and ranged from 76
to 79 and from 12 to 15, respectively. The body-temperature was measured by
the electrical-resistance thermometer.

The muscular activity was at a minimum during the last period, and the
observer’s records show that during a part of the period he was asleep.

Tarrr 157.—Measuremenits of metabolism—Metabolism experiment No. M 3.

Per minute. |

! Aver-
:Ellrl:xm OxvEen - —| Water r':"{':‘r"",' Heat "'L;'E:' ;g
Date and period. Timi ab- | Carbon VM- - | elimi- f reEpls
AL mrbed | dioxide 05—""'7““ iged. | T | nated. | P2 | mtion-
nated, I I oh- tiemt, rate, s
| | H:Ei anrhed. | A
| i | '
November 27, 1009, gme. | gme, | C.0. | c.oe | gme, cals. |

B"4hma m. to H45mam.| 22.7
9456 am. 10 45 am.| 22.4
10 45 am. 11 45 a.m.| 21.9

23.0( 193 | 268 |24.0 (0.71| T4| T8 | 13
22.0 | 190 257 | 24.9 .14 TG | 14
22.0| 186 | 257|248 .72| 70| 77 | 13

Total 2 hours'®..... ﬁ?.ﬂ‘ﬁ?.ul 189 2i.il|?3.i' -e.. | 7220

1 Carbon dioxide ellminnted. r kilogram Er minute, 2.32 ¢ ¢.; oxygen absorbed per Eilogram
per minute, 3.20 ¢ heat eliminated per kilogram per hour, 0.00 calories,

* Rectal bﬂd; t-emperature at I:eginnlng, 3667 C.; at end, 36.50* C. Heat production for
total 3 hours, 235 calories.

The results of the metabolism are given in the table 157. As in the other ex-
periments the averages for the pulse- and respiration-rates indicate the average
from a number of observations on this subject. The metabolism as a whole, as
indicated by the carbon-dioxide elimination, oxvgen consumption, and heat-
elimination was somewhat low during the last period, this being in conformity
with the noticeably decreased muscular activity shown by the pneumograph
record for this period.

CoMPARISON OF EXPERIMENTS WiITH CAsE M.

While the course of the disease with this subject may be traced in a general
way from the chart given on a preceding page, it is of interest to compare the
records of the metabolism in the three experiments made with this individual.
The comparison is of value in indicating first, the constancy of metabolism with
this subjeet, and second, any noticeable variations incidental to any change in
the method of conducting the experiments. The results for the three experi-
ments with this subject are given in table 158.
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TapLe 158.—Comparison of metabolism experiments with Case M.
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M1 el 3T 1. .. #1.8 2 | 210 | 268 | 0.78 &1 &0 s 11.6
M2 Apr. 2....... 83.1 4 |- 200, 257 .78 a7 &89 ™ | 13.56
M2 £ [ i B e 81.4 3 189 . 261 T2 73 T8 7 13.5

1 Bed calorimeter,

Of these experiments, the first was made in the bed calorimeter and one wounld

therefore expect to find that the metabolism was less during rest than in the
other two experiments when the subject was sitting up. On the other hand,
in the last experiment there was a period of time when he was without doubt
asleep and the muscular activity was very emall. The carbon-dioxide elimina-
tion per minute was highest in the first experiment and lowest in the last, while
there was practically no variation in the oxygen consumption. The lowest h&at-é
elimination was in the last experiment and the highest in the second.
- It is also feasible here to make a comparison of the heat-production in the
different experiments. The values recorded in this column were obtained by
dividing the total heat-production for each experiment by the number of hours
the experiment continued. This total heat-production takes into consideration
the changes in body-temperature, and is therefore affected by any errors inei-
dental to the body-temperature measurement. However, for periods of 3 to 6
hours, we believe that the heat-production may be used advantageously for com-
parigson with the respiratory exchange,

There is a perceptible difference in the respiration-rate when the subject was
sitting in the chair as compared with the period when he was lying on the bed.
Perhaps the most noticeable feature in this series of experiments is the fact that
in the third experiment, the respiratory quotient was considerably lower than
in the other two experiments. As pointed out in a subsequent section this factor
is of special significance in diabetes as indicating the status of the diseaze. Dur-
ing this last experiment, judging from the respiratory guotient, it would ap-
pear that the supply of reserve carbohydrate in the body of the subject was
considerably less than in the first two experiments. The respiratory quotient
would indicate a metabolism wholly of fat, and yet there was no marked acidosis.
In this special case, despite the absence of a large amount of sugar in the urine,
there was apparently only a low storage of glycogen in the body.

It is important here to note that the direct determination of the heat-elimi-
nation, when compared with the indirect determination, does not show the con-
cordance that one would expect. Assuming the calorific value of oxygen with
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a respiratory quotient of (.78 as 4.78 calories, we would expect in the first experi-
ment a larger heat-elimination than in the second, in which some 4 per cent
less oxygen was consumed, whereas an examination of the data for the heat-
elimination and heat-production indicates an increased heat-production in the
second experiment over the first, varying from ¥ to 10 per cent. On the other
hand, in the last experiment there was a noticeable fall in the heat-production,
with a slight rise in the oxygen consumption. It has not yet been demonstrated
that in short experiments the direct and indirect heat-determinations agree
closely with people in normal health and with normal metabolism. It is evi-
dent from these experiments that we have here such conditions as preclude the
possibility of computing accurately the heat-production from the respiratory
exchange. So far as this experiment is concerned one can only state that the
direct and indirect calorimetry are not in accord.

It is perhaps a little surprising that there should be such a perceptible de-
crease in both the oxygen consumption and the carbon-dioxide elimination in
the experiments with the chair calorimeter as compared with that in which the
bed calorimeter was used, for obviously the patient was quieter in the bed calo-
rimeter. On the other hand, it has been the frequent experience in this series
of experiments that in the first experiment the novelty of the experience pro-
duces an excitability and muscular tonue that tend to a higher heat-production
and a generally higher metabolism.



PART III.

DISCUSSION OF RESULTS AND GENERAL CONCLUSIONS.

The data presented in the preceding section are summarized and discussed
in the following pages. In this discussion the grouping differs slightly from
that used in the statistics as the cases are considered in only two classes, i. e.,
severe diabetes (Cases A to J) and light diabetes (Cases K to M).

In general, the method of treatment used for the discussion in this publica-
tion is the same as in preceding publications of this nature, that is, the more ob-
vious comparisons and summaries are first taken up, a general summary is then
made of the various relations of metabolism, and, finally, some general conclu-
sions are drawn and the needs for further investigations are pointed out. It is
not to be presumed that all of the possible topies in relation to the metabolism
in diabetes are dwelt upon, but those which are more apparent are considered.

PULSE-RATE.

Several thousand observations of the pulse-rate were made on these subjects
at different times and while, as pointed out in the statistical discussion with each
subject, there are numerous relatively wide variations, particularly with Case A,
on the whole the pulse-rate of the subjects remained well within the normal limit.
The unusually high pulse-rate of Case I, which averaged in one experiment 122
per minute and in the other 118, has heen the subject of special comment in
another part of this report.’ Case A had a pulse-rate varying from 65 per min-
ute in experiment A 3 to 95 per minute in experiment A 15, after eating meat.
Even without food the pulse-rate at times rose to 90, as in experiment A 5a.
The fluctuations in pulse-rate obtained by this subject have also been especially
commented on. Other than the two variations mentioned above, the pulse-rate
for all the subjects was well within normal bounds.

RESPIRATION-RATE.

By means of the pneumograph, the respiration-rate could be obtained with
great accuracy and with congiderable regularity. The records all show reasonable
uniformity with the same subject from experiment to experiment, and with no
subject were abnormal respiratory rates found. In other words, we have no
reason for assuming that diabetes has any influence whatever on the respiration-
rate when subjects are resting quietly, either lying on the couch or bed or sitting
in a chair.

18ee p. 129,
160
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BODY-TEMPERATURE.

In practically all of the cases here studied, the temperature was measured
frequently. At times it was measured every few minutes by an electrical-resist-
ance thermometer; in other experiments clinical thermometers, carefully cali-
brated, were used and the temperature taken by the subject under the tongue.
Of the several hundred observations made on these subjects, there was in no
instance an indication of an abnormal temperature at the time the experiments
were carried out, and in so far as the observations extended over different pe-
riods of the day, the minor fluctuations in rectal temperature, as indicated by the
electrical-resistance thermometer, were parallel in general with those found on
normal subjects.

CHANGES IN BODY-WEIGHT.

Practically all of the diabetic subjects who were used in these experiments
had lost in weight as compared with their former best weights. Inasmuch as
Magnus-Levy has pointed out that there may be a disturbance of the relationship
between body-surface and body-weight with emaciated subjects, it is of interest
to note to what degree these different subjects became emaciated. Consequently,
their greatest naked body-weights in health and the lowest weighis recorded -
during the experiments have been collected in table 159. With nearly all of the
subjeets, this lowest weight represents, probably, the average weight of the hody
at this time. As a matter of fact in some of the experiments, particularly with
Case A, there were noticeable increases in weight, which as has been stated be-
fore, may be wholly due to edema. On the other hand, with Case C there was
unquestionably a distinet loss in weight from June unfil the following fall,
which could not be attributed simply to a loss of water as the result of a dis-
appearing edema.

TaeLE 159.—Comparison of body-weights of subjects in health and disease.

Greatest Minimum Enin F;"':;:mt ;
e irht .
| Subject. “'E?;ﬁt in duv;;}nE e “l.:;:i'g r_t ﬂ-r:f;jl:.ll
| health. periments. weight.
|
kilos, Kilos. kilos, p. k.
Case A......... G8.0 45.8 19.2 28
Cage B......... 80.T | 40.5 10.2 20
Case Bl e 5.9 | 54.9 21.0 28
CaseE: ... BT.2 | 48.0 9.3 16
Cage T, ... 80.5 59.0 21.6 27
Case G......... 73.6 | 67.1 6.5 9
Case H......... 57.T | b51.8 5.9 10
Case J....00000 o6, 8 45.1 11.7 21
el el i 59.1 53.7 5.4 b
Casa H......... 73.2 6l . 6 12.6 17
i T L e 79.1 63.0 16.1 20
Cage M. ....ones B6.4 81.4 5.0 G
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It is thus seen that some of these subjects lost in weight very considerably
and others only moderately. The greatest loss was that of Case F of 21.5 kilo-
grams. While the largest losses in weight were usually among severe cases, yet
two of the three lighter cases, K and L, chowed 17 to 20 per cent loss, thus indi-
cating that the severity of the case per se is without influence on the degree of
emaciation.

The use of body-weight as an index of the physical condition of diabetics is
the source of many errors, for changes in body-weight, to be of real significance,
ghould indicate loss or change of organized tiszue or fat. Fluetuations in body-
weight due to changes in the water content of the body are not of vital significance
from the standpoint of the supply of energy, in taking the calories as a whole.
Thus it may frequently happen that on an extraordinarily low energy diet, when
actually the subject was not getting sufficient energy to maintain the body in
energy equilibrium, there may be a gain in weight due to some phase in the
treatment. For instance, the administration of sodium bicarbonate may result
in an edema which would entirely mask the loss in weight taking place every day
through the deficiency in the diet and this loss must be supplied from the body-
material.

The gain in weight shown by Case A* between November 2, 1908, 47.7 kilo-
grams, and November 11, 1908, 53.3 kilograms, was undoubtedly due in part
to the retention of water which has been shown by Joslin and Goodall * to take
place in severe diabetes when the diet is restricted and sodium bicarbonate ad-
ministered. This was also marked in other cases, Case D, for instance, gaining
3.5 kilograms in 8 days. It has been known for some time that rapid gain in
weight due to edema takes place on von Noorden’s oatmeal diet, but it has not
been so well recognized that this occurs independently of such a diet in severe
diabetes. The work of Joslin and Goodall suggests that this is brought about by
a retention of salt caused by the irritation of the kidneys which the increasing
acidosis, consequent upon a restricted diet, induces. It is not dependent upon,
but is accentuated by the administration of sodium bicarbonate, because in this
way more acid is washed out through the kidneys. For these reasons, calcula-
tions upon the energy requirements of diabetic patients based upon weight
must be considered only approximate. In recognition of this fact, weights of
patients have been recorded in this report only to tenths of kilograms.

It is highly probable that sudden inereases in body-weight, whenever they
occur, are due solely to edema and do not represent any actual gain of body-
tissue. On the other hand, a loss of body-weight of several kilograms extend-
ing over several monthe’ time can not be taken as indicating merely the loss
in water and may actually and probably does involve a loss of organized tissue.

Recently a case has been called to our attention in which the edema in a severe

1 8ee table 9. p. 39.
? Joslin and Goodall, Journ. Am. Med. Asso, 51, pp. T27-731.
* September 29, to October 6, 1909, See table 88, p. 94,
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case of diabetes became so extreme that a physician of experience reported it to
be greater than any edema he had ever before witnessed. At one time it was
thought that tracheotomy would be necessary. Upon investigation it was found
that the patient had taken 1 kilogram of sodium bicarbonate in the preceding
week. During treatment he was given adrenalin, and subsequently the edema
disappeared. The patient lived for a year longer and finally died of diabetie

gangrene,
BODY-SURFACE.

It is quite common to compare the metabolism of different individuals in
health on the basis of per kilogram of body-weight or per square meter of body-
surface. According to Rubner, the metabolism is proportional to the body-
surface, which is found from the body-weight by using the formula of Meeh*:

12.312 V/ body-weight.

In discussing the metabolism of diabetics, Magnus-Levy has made the claim
that while the metabolism per kilogram of body-weight may be larger than
normal, as a matter of fact, the comparison should be made not with a normal
individual of the same body-weight, but with an individual having the original
weight of the diabetic when in health, as the diabetic would have wasted away
as a result of the disease. In support of this argument, he states that this
loss in body-weight may not have been followed by a proportionate change in
body-surface, and the body-surface is therefore larger as compared with the
body-weight than it was before the diabetic became emaciated. He further
claims that if the metabolism is proportional to the body-surface, a diabetic
ought to show relatively the same absolute amount of metabolism irrespective
of body-weight.

This argument of Magnus-Levy is not tenable for several reasons. First, a
marked loss in weight by diabetics is not accompanied by the apparent increase
in skin area in proportion to the body-weight which is shown by elderly people
who have shrunk and lost in weight from causes other than diabetes. Further-
more, it i= by no means proved that the shrinking in body-weight experienced
by elderly people does really leave a materially increased body-surface in pro-
portion to the body-weight, for as the skin shrivels and falls into folds, there
is nnquestionably less area for the radiation of heat. If the skin area in age
remains larger in proportion to the body-weight than with normal individuals,
then, if the assumption is true that the metabolism is proportional to and de-
termined by the area of the skin, we would expect a larger metabolism per
kilogram of body-weight with elderly people than with young people, and, as a
matter of fact, this is contrary to actual experience.

With the diabetics used in our experiments, all of whom were comparatively
voung, there was no appearance of the gkin lying in folds, nor any evidence that

! Meeh, Zeitschr. f. Biol.,, 1887, 15, p. 425.
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the skin area was larger in proportion to the body-weight than in health. It
would appear, therefore, that although these diabetics showed a marked loss in
body-weight, amounting to as much as 27 to 28 per cent, there was, without
doubt, a compensating shrinkage of the skin so that the skin area remained pro-
portionately the same per kilogram of body-weight as in health.

THE GASEOUS EXCHANGE AND ENERGY TRANSFORMATIONS IN
PeEr1ops WiTHouT Foob.

In experiments on the gaseous exchange in diabetes, the one factor that has
been measured more than any other has been the carbon-dioxide exeretion, and
in experiments with diabetics as well as with normal individuals, an attempt
has been made by investigators to estimate the heat-production from the earbon-
dioxide elimination.

SIGNIFICANCE OF THE CALORIFIC EQUIVALENT AND THE
RESPIRATORY QUOTIENT.

Ag oxygen is taken into the lungs and carried by the blood to the various
tissues, it combines with body-mnaterial to form carbon dioxide and water in
the normal processes of metabolism, and in so doing heat is liberated. From a
large number of experiments the amount of heat per gram of carbon dioxide
produced and the amount of heat per gram of oxygen ahsorbed have been ecom-
puted. An examination of the calorific equivalents of carbon dioxide and oxygen
shows, however, that while the number of calories accompanying the absorption
of each gram of oxygen is nearly the same whether protein, fat, or carbohydrate
is oxidized, on the other hand, the number of calories accompanying the produe-
tion of each gram of carbon dioxide varies noticeably with the different materials
burned, the extremes being indicated by carbohydrate and fat, protein oecu-
pying an intermediate position. Consequently, if the carbon-dioxide elimina-
tion in normal individualz is taken as an index of the total energy transformation,
an error is introduced.

Furthermore, the absorption of each gram of oxygen results in the formation
of a definite amount of carbon dioxide, and this amount also varies very con-
siderably with the nature of the material burned. From the ratio of the oxygen
absorbed to the carbon dioxide given off, 4. e., the respiratory quotient, many
interesting conclusions as to the nature of the metabolism may be drawn.

When carbohydrate is oxidized, it can be seen from the chemical structure of
the molecule (C,H,,0,), that there is sufficient oxygen in the molecule of itself
to completely combine with the hydrogen and form water, leaving practically
only carbon to be oxidized. It is, of course, obvious that there is not such a
sharp division in the cleavage of the carbohydrate molecule that the oxygen
preexisting in the molecule invariably combines with the hydrogen, but the end
result iz the same, namely, that when carbohydrates are oxidized, the amount
of oxygen required iz measured by the amount of carbon in the molecule. Since
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in the conversion of carbon to carbon dioxide, for every liter of oxygen ahsorbed,
there is produced 1 liter of carbon dioxide, obviously, in any chemical transfor-
mation where carbohydrate alone is burned, the volume of carbon dioxide pro-
duced is equivalent to the volume of oxygen absorbed.

With normal individuals the combustion of earbohydrate is a very important
factor, and, indeed, many diets, particularly in the warmer climates, consist
almost exclusively of carbohydrates. On the other hand, in dealing with dia-
betics, where the metabolism is largely of fat, the relationship between the
oxygen ahsorbed and the carbon dioxide produced when fat is burned iz of more
direct significance and importance. An examination of the structure of the
molecule of fat shows that there is a relatively small amount of preexisting
oxygen. Consequently, when fat is burned in the body, a considerable amount
of oxygen is required to convert not only the carbon to earbon dioxide but also
the hydrogen of the molecule to water, since there is so gmall an amount of
oxygen available in the molecule itself for this oxidation.

Here again, it is not permissible to assume that the oxidation travels in any
definite line, or that the oxygen of the molecule has any selective function in
combining with this or that hydrogen or carbon atom, but assuming that all
the oxygen of the molecule is completely combined with the hydrogen, it can
be seen from a computation of the molecular weights that the oxygen is still
insufficient to completely oxidize the hydrogen molecule. Consequently, when
oxygen is absorbed from the air in the combustion of fat, it iz used not only in
the formation of earbon dioxide but likewise to form a eertain amount of water,
and a much larger volume of oxygen is thus absorbed than of ecarbon dioxide
produced: When pure fat is burned, it has been computed that for every liter
of oxygen ahsorbed, there are 711 c. c. of carbon dioxide produced.

In addition to the combustion of fat which plays so important a réle in dia-
betes, we have also a large disintegration of protein. With diabetics this disin-
tegration iz fully as large as with normal individuals, and in many instances,
when a special diet is administered, it is much larger. While the disintegration
of carbohydrate and fat proceeds with relatively simple processes of oxidation,
the apportionment of the oxidation between earbon and hydrogen is much more
difficult when protein iz disintegrated, owing to the extremely complex nature
of the protein molecule. The nitrogen of the protein is excreted in the form
of urinary products, and it has been definitely proved that no nitrogen leaves
the body as nitrogen gas. There have been a number of methods for computing
the proportion of oxygen ahsorbed to carbon dioxide produced in the combustion
of protein, but perhaps the best is that presented by Loewy."! By this method
he ecomputes that for every liter of oxygen absorbed there are 801 e. e. of carbon
dioxide produced.’

' Loewy, Oppenheimer's Handbuch der Biochemie des Menschen und der Thiere,
Jena, 1908, 4, p. 156.

* For a complete discussion of this point see Benedict and Carpenter, Publication No.
126, Carnegie Institution of Washington, 1910, pp. 209-212.
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Some general idea of the relations existing among the amounts of oxygen,
carbon dioxide, and heat accompanying the oxidation of various materials in the
body may be obtained from table 160. From these values it is clear that if we
know the relationship between the carbon dioxide produced and oxygen con-
sumed, and furthermore, if we know the heat measured, it is possible to estimate
with considerable accuracy the nature both qualitatively and quantitatively of
the katabolism itself. Thus, if in an experiment the respiratory quotient, or the
relationship between the carbon dioxide produced and the oxygen absorbed, is
0.95, the indications are that during the period in which the experiment was in
progress the material burned was in large part of a carbohydrate nature, while,
on the other hand, if we find a ratio of approximately 0.72, as is frequently the
case with diabetics, obviously the material katabolized consisted largely of fat.

TarLe 160.—Respiratory gquotients and calorific equivalents of carbon dioxide
and oxygen for protein, fats, and carbohydrates.

| Oygen required to | Products of the oxidation of | Calorific equiva-
| oxidize 1 gram. . 1 gram. | Respira- lent of 1 gram.
i e - tory quo
Materials. ; Carbon doxide | tient, ?:} s

| Weight. | Volume, Water. | Heat. | oot | Qioxids | exygen
Welght. l Volume, = d'l.l::!ﬂ& required.,

grams.| c.c. |groms.| c.c. |grams.| cals. | cals. | cals

Starch ..... 1.185 | 829.5 | 1.62% | 829.3 | 0.556  4.20 | 1.000 | 2.58 | 3.56
Cane sugar.| 1.122 | 785.4 | 1.543 | 785.5| .579 | 3.96 | 1.000 | 2.56 | 3.58
Glucose i 1.066 | 746.2 | 1.4066 | 746.2 | .600  3.75 | 1.000 | 2.56 | 3.52
Animal fat.| 2.876 | 2013.2 | 2.811 | 1431.1 | 1.065 | 9.50 | 711 | 3.38 | 3.30
Human fat. 2.844 | 1990.8 | 2.790 | 1420.4 | 1.055 | 9.54 | T13 3.42 3.36
Protein .... 1.367 | 956.9 | 1.520 | T73.8 | .340 | 4.40 09 | 2.%0 | 3.22

THE GASEQUS EXCHANGE AND ENERGY TRANSFORMATIONS OF
NORMAL INDIVIDUALS.

Of fundamental importance is the comparison of the metabolism of diabetics
with normal individuals. In making such comparisons, however, it is important
that possible variations in body activity, state of digestion, body-weight, body-
surface, and similar factors should be taken into consideration. It is relatively
easy to make experiments with selected normal individuals in which the mmus-
cular activity is approximately the same as in experiments with diabetics, thus
eliminating the influence of this factor. Secondly, by making experiments on
normal individuals 12 hours or more after the last meal, the results will not be
complicated by the ingestion of food. On the other hand, when we compare
normal individuals and diabetics on the basis of per kilogram of body-weight
and per square meter of body-surface, we find certain abnormalities that are
very difficult to adjust, and consequently we are not able to make a wholly sat-
isfactory comparison in this way.
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The metabolism of normal men of varying ages, body-weights, and other
physical characteristics has been studied extensively by Magnus-Levy and Falk,’'
Sondén and Tigerstedt,” and more recently by Benedict and Carpenter.® The
values found by Magnus-Levy and Falk have especial significance for compari-
gon with values obtained in experiments with diabetic individuals in which the
respiration apparatus is used or the bed calorimeter, for their experiments were
all made with subjects lying on a couch with enforced muscular rest. On the
other hand, the experiments of Benedict and Carpenter are peculiarly adapted
for comparison with subjects inside of the chair calorimeter, as a large majority
of their experiments were made with individuals sitting quietly in a chair read-
ing. They also report a large number of experiments with individuals sleeping,
between 1 a. m. and ¥ a. m. Unfortunately, the sleeping experiments of Bene-
dict and Carpenter are not strictly comparable with the experimentz made on
diabeties with the respiration apparatus or in the bed calorimeter, since with
the sleeping experiments in a large number of instances, the period began hut
6 or 7 hours after the last meal, while in most of the new experimentz on diabetics
here reported the beginning of the period was at least 12 hours after the last
meal—frequently 14 hours, However, it is quite probable that the digestive
processes had largely ceased during the sleeping period in the respiration cham-
ber of Wesleyan University, and hence these values have considerable significance
when compared with the results of the diabetic experiments without food.

THE GASEOUS EXCHANGE OF NORMAL INDIVIDUALS AS DETERMINED WITH THE
ZUNTZ-GEFPERT APPARATUS.

The values found with the Zuntz-Geppert apparatus, drawn in large part from
the researches of Magnus-Levy and supplemented by researches of others of the
Zuntz school, are given in table 161, which is abstracted from the table given by
Loewy." The subjects are arranged in order of the increasing body-weights.

It is clearly shown in this table that appreciable differences exist in the metab-
olism of different individuals, even among those having approximately the same
body-weight, with enforced muscular quiet and 12 hours after the ingestion of
food, as is the rule in experiments with the Zuntz-Geppert apparatus. This is
strikingly shown with Subjects 10 and 11. With Subject 10, with a body-weight
of 61.2 kilograms, the oxygen consumption was 5.50 c. ¢. per minute and the
carbon-dioxide elimination 4.18 c. ¢., while with Subject 11, with a body-weight
of nearly 4 kilograms greater, the oxygen consumption was 3.39 c. c., and the
carbon-dioxide production 2.50 e. e. In general, however, the smaller the body-

i Magnus-Levy and Falk, Archiv f. Anatomie und Physiologie. Physical. Abthg.,
Supplementband, 1899, p. 314.
? Sondén and Tigerstedt, Skand. Archiv. f. Physiologie, 1895, 6, p. 1.
9' Eﬁnﬁ&iﬂt and Carpenter, Publication No. 126, Carnegie Institution of Washington,
1910,
‘Loewy, Oppenheimer’s Handbuch der Biochemie des Menschen und der Thiere,
Jena, 1908, 4, p. 179.
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weight the higher the production of carbon dioxide and the oxygen consumption
per kilogram of body-weight.

TaBLE 161.—Gaseous exchange per minule of normal individuals as determined
with the Zuntz-Geppert apparatus,

Per kilo. of -
weight per mm.
No. Age. f;’;%f!,;t_ Carbon
dioxide Oxygen
climi- | consumed.
nated.
|

years. | kilos. . C. . C.

] e L e a4 43.2 2.40 .| 4.53
R e R R 24 48.0 2.88 3.68
B i atopatas cacariaraeh b A 30 50.8 3.08 3.73
e 36 53.0 2.45 4.14
i L R 24 a6 .3 2.21 4.41
[ P e e 50 B6.5 2.98 3.93
B e Tt i 22 58.0 2.90 2.3
L A T e (7) 58.5 3.05 3.96
! o e e B SR a8 60 .0 2.96 3.80
b | i A= T e S (7 61.2 4.18 5.50
I st Sk ot i 43 65.0 2.50 3.39
L R e e e B (?) 66, 2,60 3.42
1 et e s S e e 2b 67.5 2.86 3.43
1 R T e e o 22 67.5 2.97 3.43
i e 23 .7 2.96 8.73
p [ ST R R 34 T3.6 2.66 3.37
Ly RS S TR R | 82.0 2.17 2.76
h |, AR sl g gl A B 29 82.7 2.72 3.60
A e e 22 58.3 2.69 .30
AVOraRe ...oxnnmenl o sme ol 6T 2.96 3.79

THE GASEOUS EECHANGE 0F NOEMAL INDIVIDUALS DURING SLEEP IN THE
RESPIRATION CALORIMETER.

In the large number of experiments made with the respiration calorimeter at
Wesleyan University in which the gaseous exchange between 1 a. m. and ¥ a. m.
was studied, 19 different subjects were used. In the majority of these experi-
ments the oxygen consumption was directly determined as well as the carbon-di-
oxide production. The values found for these different individuals per kilogram
of body-weight per minute are given in table 162.

An examination of this table shows that the variations in the carbon-dioxide
elimination do not bear a definite relation to the hody-weight, although with the
subject W. 0. A., with a body-weight of 84.7 kilograms, there is the lowest car-
bon-dioxide elimination per kilogram of body-weight, and one of the highest
amounts eliminated is found with the subject H. E. 8., with a body-weight of
but 56.6 kilograms. On the other hand, when the results for oxygen consumption
are examined, it is seen that, in general, the lower the body-weight the higher
the oxygen consumption, although there is not a strictly mathematical relation-
ship between these.
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TABLE 162.—Gaseous exchange by different individuals during sleep in the
respiration chamber at Wesleyan University.
(1 @ m. to7 a m)

Per kilo. of baoedy-
weight per minute,
Subject, Age, Weight, | Height,
elimi- L
| nated. surmed.
1
vears, kilos. CIHLE, C. €. C. o
Il e LT e 549 B4.7 168 2.356 2.92
e e 22 8.3 180 2.88 3.61
I S B «| 26 7.1 178 2.92 2.71
17 o R Sl 22 72.0 181 2.92 3.55
Al B . oy | R T1.5 156 3.08 3.78
1 (8 R R e i L e 62 | Ti.2 168 2.61 3.27
X W 23 | 69.4 176 2.94
151 T 0 B e e a2 | 68.3 173 2.83 il
o ] L e Sl e 21 | 66.9 177 2.12 3.79 |
e L b R et a et 23 | 66.4 170 2.95 3.54
i b e T e 20 66.1 170 3.22 2.87 |
Tn [ ngdaind - o e 5.5 it 19 64.1 170 3.64 4.70 |
A il 1l I R SR R 23 G4.0 171 2.98 |
T (), N 24 61.6 179 2.67 3.53
B e saves]| 24 | B7V.2 168 3.56 sows |
e e e 28 | bB7.0 166 2.96 2.61 |
7 I 0 o e A e 14 56.6 178 3.41 4.66
1 VB N I e e o e T € 5G.2 171 3.18 3.99
15 E] B e 24 55.0 166 2.99 3.75
| |
AVETBES ..covnwna.| 2T i i 172 3.01 3.75 |

Varrations 18 MeTapoviss Durineg SLEEF DUE To VARIATIONS IN
PHYSICAL CHARACTERISTICS.

Recognizing these differences in individuality and in body-weight, Benedict
and Carpenter have collected into groups a number of these experiments and
characterized the subjects as short, fat men, lean men, tall men, and short men,
respectively. The results of these experiments are given in table 163. The
values given in this table are for the period from 1 a. m. to ¥ a. m., when the sub-
jects were lying quietly asleep on a bed inside of the respiration chamber, and
at least 7 hours after the last meal was taken.

The individuals selected in these groups are not numerous enough to draw
deductions from, but it seems clear that there is a marked difference in metab-
olism per kilogram of body-weight between the short, fat men and the lean men,
while the values for the tall men and short men range between these two groups.
These variations are defined with sufficient sharpness to indicate a marked
difference in the metabolism, and the differences in the body-condition should,
therefore, he taken into consideration when making any comparizon.

These variations in metabolism due to physical characteristics make a com-
parison between diabeties and normal individuals all the more difficult, since
diabetics are frequently considerably reduced in body-weight and are more or
less emaciated. This is particularly true with Case I in the diabetic experiments
here reported, who was a tall man but with a very small body-weight.
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TasLE 163.—Comparison of gaseous exchange during sleep of subjects grouped
according to physical characteristics.

| | Per kilo. of body-
| Bnd%' | weight per minute,
+ Group and subject. lr:?:ﬁl;;t | Height. | Carbon |
clothing). | 'ﬂ;;ﬁ::?_e | &Eﬁ?&g
| | mated, |
| |
Groun [.—Short, fat men: Eilos. Cms. c.C c. L.
A . e s e e ML G 1G] .30 2.92
{3 e e R | 71.% 168 2 61 3.27
Group II.—Lean men:
[ SR i1 {E A e E e 6.6 178 2.41 4,66
| 2 2 N © S B Bh6.2 171 3.18 3.99
Group III.—Tall men:
I [ in o IR P B 72.0 181 2.92 2.55
T S s e 78.3 180 2.88 3.61
A ML A Gl.6 179 | - 2.67 8.58
Group IV.—Short men:
B e e AR | &T.2 168 3.66
e s e (T 1.5 166 3.03 3.78
24 B..... an ] e e 166G 2.96 2.61
J B 2 i L 55.0 166 2.99 2.75

In his discussion on diabetes, Magnus-Levy has attempted to compare the
metabolism of each individual with a normal individual of approximately the
same body-weight-and general condition. In view of the preceding statements
with regard to the marked difference in metabolism between two men of approxi-
mately the same body-weight such a comparison is hardly permissible, and it is
obvious that in this discussion we must deal with groups of individuals rather
than with individuals. It is probably true that with all the diabetics used as
subjects in the experiments here reported, with the possible exception of Case M,
there is a greater degree of emaciation than with normal individuals, and in the
statistical statements regarding these individuals, we will find evidence that
their former body-weight was considerably greater than the body-weight at the
time of the experiment. Certain individuals may be classified as lean men, and,
therefore, we would expect normally a high metabolism, while other subjects,
from the measurements of body-weight and height, would not appear to be
greatly emaciated, and hence are comparable fo the group of individuals desig-
nated as short men.

COMPARISON OF THE RESULTS OBTAINED WITH THE ZUNTZ-GEFFERT APPARATUS
AND WITH THE RESPIRATION CALORIMETER DURING SLEEP.

Very recently, Durig® has brought together a large number of experiments
made with the Zuntz-Geppert apparatus, and alzo has included a number of
experiments made with the respiration calorimeter at Wesleyan University.

* Durig, Physiologische Ergebnisse der in Jahre 1906 Durchgefiihrten Monte Rosa-
Expedition. Ueber den Erhaltungsumsatz. Besonders Abgedruckt aus dem LXXXVI.
Bande der Denkschriften der Mathematisch-Naturwissenschaftlichen Klasse der Kai-
serlichen Akademie der Wissenschaften, Wien, 1909.
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Seventeen subjects experimented on with the Zuntz-Geppert apparatus are com-
pared with 10 subjects in the respiration calorimeter. Unfortunately, the com-
parison is not as obvious as would appear from Durig’s fizures, inasmuch as he
included seven experiments with one subject who was used in a number of fast-
ing experiments. The comparisons as made by Durig show an average oxygen
eonsumption per kilogram of body-weight per minute of 3.53 c.c. with the
Zuntz-Geppert apparatus as compared with 3.55 c. c. with the respiration calo-
rimeter, and a carbon-dioxide production of 2.83 c. e. with the Zuntz-Geppert
apparatus against 2.91 c. c. with the respiration calorimeter.

GASEOUS EXCHANGE AND ENERGY TRANSFORMATIONS IN RECERNT CONTROL
EXPERIMENTS ON NORMAL INDIVIDUALS.

While the results of these earlier investigations supply considerable data re-
garding normal metabolism as a hasis of comparison with the results of experi-
ments made with diabetics, yet a comparison of the metabolism of individuals
during experiments in different laboratories and with different forms of appa-
ratus is at best unsatisfactory. Therefore, in connection with the investigation
on the metabolism of diabetics here reported, control experiments have also been
made on normal individuals 12 hours after the last meal with all three forms of
apparatus. With the chair calorimeter we have a series of experiments with
several individuals and the results of these experiments are given in table 164.
The variations range from 2.66 c. c. of carbon dioxide eliminated per kilogram
per minute to 4.20 c. ¢., the oxygen consumption from 3.07 c.c. to 5.15 e. c,,
and the heat eliminated per hour per kilogram 0.97 calories to 1.47 calories.
The average of all the subjects gives the carbon-dioxide production as 3.26 c. ¢,
oxygen consumption, 3.99 c. c., and heat elimination, 1.21 calories per hour per
kilogram of body-weight.

Tapre 164.—Average metabolism of normal individuals in experiments without food.
{ Chair calorimeter.)

T Per kilo. of body- E';‘;:.:f_
By oray || WEIEHE per mimite ||, o
Subject. welght | proioht. | nug}hrr Carbon Efrhkm:
c'iimr;!br?l?]:.- haours. d'i":}ld" a:::.:ﬁ E'ﬂ wci;ﬂ{
(5 B! - 5 per
| nated, T
Eilos. f ik &, GG . cals
ooy e R N | 83.5 | 169 4 3.15 | 3.63 1.12
T e e i W T9.7 166 2 2.71 | 2.07 0.97
e e e T T T4.4 163 | 18 2.2T | 4.12 1.17
A ol ol B gt e oIl e GT.6 176 | & 3.29 4.02 1.34
L R e e P i - 7.0 | 161 2 2.66 3.48 1.09
T S e, e iV S 66.5 | 182 4 2.7% 3.56 1.12
| el s e e i R T 66.0 | 182 12 3.47 | 4.21 1.20 |
| K10 L] e e i o ennnea] D90 179 11 4.20 5.15 1.47 |
1) v e et i S e | 48.5 167 4 3.76 | 4.67 1.39
Average .........: !_ 2.26 i 2.99 1.21
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A series of experiments with fewer subjects was likewise made with the bed
calorimeter, and these results are given in table 165. While the variations in
the body-weights of the subject are nearly as great as those in the experiments
with the chair calorimeter, the ranges in the values for earbon-dioxide elimina-
tion and oxygen consumption are not as great, the average values for carbon
dioxide being 2.95 e. ¢., for oxygen, 3.51 ¢. ¢., and 1.01 calories per kilogram of
body-weight per hour.

TaBLE 166.—Average metabolism of normal individuals in experiments without food.
(Bed calorimeter.)

| ‘ Per kilo. of body- | Heat
weight per minute alimi-

Euh'iﬁ:’t- 'I'I-'E;ti‘:é:ﬂ-tt Hﬁiglll 'I'I.T'I.ll'l':lﬂt;:f Carbon . pf'rgi;"

IR * of hours. | dioxide | Oxy Sl

ctizgs| orbour | dlxide | ogen | St

nated. hour,

kilos. | cms. | e. . e e cals.

B B e s e e e 83.0 183 | 4.5 2.76 3.23 1.01
P e e s et e T74.4 163 | 10 2.77 3.34 .95
J.J-Grl|-|+--|+-|.-|+|.-1+-ii+i.-1--i GT-.E 1?5 22-5 EFSE 3-36 .gﬁ
1 Y o g, 66.0 | 182 (] 2.94 2.59 1.00
o 1" B i TSRO TR I T S L T 166 5 3.43 4.05 1.13
2.95 3.51 1.01

Amrm A E e E e R EEE AR = #sa ERCEE |I-I|-I

Experiments with six different individuals on the respiration apparatus also
furnish a basis for comparison. These are given in table 166. The variations
in the body-weights of the different subjects are about the same as in the bed
calorimeter experiments.

Tance 166.—Average gaseous exchange of normal individuals per kilogram per

minute in experiments withowt food.
( Respiration apparatus.)

F ; . | Per kilo. of body-
Body- Tatal weight per minute,
. ight number
Subject. (without | Heignt. | OS] Carbon
diofig): mentst| dxide | OXET
nated.
| kilos. Ccms. B .G
] & e I Lt h ooy i e i 82.0 183 1 2.67 2.30
B TR e B i e vl crdak 163 ; 1 2.67 2.15
L E 5 e il s e e, Bl el Ll DR 66 .0 182 | 11 3.06 3.68
J J.ﬂ ---------------------- LR R R B '351-6 ITE E E-E‘T EFEE
R e e o T D 59.0 179 13 3.63 4.15
o B TR o e E A S e | 166 4 2.28 2.94
BVOTEIDE 0 o e s o it e b 5 a 3.02 3.62

' Each experlment consists ordinarily of from 4 to § 15-minute experimental periods.
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CoMPARISON OF THE METAROLISM OF THE SAME INpIvVIiDUAL A3 DETEERMINED WITH
TareE DIFFERENT TYPES OF APPARATUS.

Of the normal subjecis studied in this laboratory recently, three of them,
F.A.R.,J.J. C,and J. R., were experimented upon in all three forms of appa-
ratug, and, therefore, these experiments are especially well designed for com-
paring the relative metabolism as measured by the three different types of appa-
ratus. This comparison and also a partial comparison with other subjects are
made in table 167.

Tarre 1687.—Comparizson of the metabolism of normal individuals as determined
in different types of apparatus.

E Chair. Bed. ﬁﬂ::ﬂn kiﬁﬁ:ﬁﬁﬁmn
B ; ] i : il :
ZE 55 A s 2es £
subject. | 52 BEE | gps | ESF | ant|Ho% st
22| . |#3%) 832|574 (525|588 | 522 | char | men
: £ |28 |88c| 88|58 |53: | £Es
z T |£E= | B35 |83 | BT |£ES BEZ |
(5] =) | & (=) (] =] '
kilos.| ems. | c.e. | c.c. | c.e. | ee. | e | oc | cals | cols.
3 e e T R 74.4 163 | 3.27 | 4.12 | 2,77 | 3.34 | 2,87 | 3.15 ( 1.17 | 0.91
R 13 R 67.6 | 175 | 3.29 j 4.02 | 2,86 | 3.36 | 2.87 | 3.52 | 1.34 | 0.96
i s S e 6.0 | 182 | 3.47 | 4.21 | 2.94 | 3.59 | 3.06 | 3.68 | 1.20 | 1.00
Avg. 1to 3. .... | .... | 334 | 4.12 286 | 3.43 | 2.87 | 3.45 | 1.24 | 0.96
4T M C..ooo | 49,0 | 186 ] ... | wuns |3.43 | 4.05 | 3.23 | 3.94 | ....
BitG e, . 83.0 | 183 | 2.76 | 3.23 | 2.67 | 3.30 |
Avg.1tob.| ... | .... | cenu | --.. | 295 | 3.51 | 2.90 | 3.52 |
6L B E...... 59.6 | 179 | 4.20 5'15I ] (e 5 - e O
| | |

From the values given in table 167, it can be seen that with the three subjects,
F. A R, J.J.C, and J. R,, a study can be made of the gaseous exchange as
measured with the three different types of apparatus, 1. e., the chair calorimeter,
the bed calorimeter, and the respiration apparatus, and that the direct heat
measurement can be compared on the chair calorimeter and the bed calorimeter.
T'wo other subjects, T. M. C. and F. G. B., were experimented with both in the
bed calorimeter and with the respiration apparatus, and, therefore, furnish data
for comparing further the carbon-dioxide excretion and oxygen consumption.
One other subject, L. E. E., was studied both in the chair calorimeter and with
the respiration apparatus, giving additional data for such comparison.

Since in experiments with the bed calorimeter or the respiration apparatus,
the subject is lying comfortably on a bed or a couch, one would expect that the
gaseous exchange as measured by these two forms of apparatus would be nearly
the same. If we consider the average of the subjects, 1 to 3, we find that there
are 2.86 c.c. of carbon dioxide per kilogram per minute excreted in the bed
calorimeter and 2.87 c.c. on the respiration apparatus. Of oxygen consumed
there were 3.43 c. c. with the bed calorimeter and with the respiration apparatus,
3.45 e.c., an agreement that is unusual in physiological experiments. With
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subjects, 1 to 5, the agreement is equally as satisfactory, 2.95 c.c. of carbon
dioxide eliminated for the bed calorimeter against 2.90 c. c. on the respiration
apparatus, and 3.51 c. c. of oxygen consumed with the bed calorimeter against
3.52 c. c. on the respiration apparatus.

A comparison of the rezults obtained with the chair calorimeter with those ob-
tained either with the bed calorimeter or with the respiration apparatus shows a
marked increase when the subject is in the chair calorimeter. This is especially
noticeable in the measurement of the heat-elimination, which gives an average
of 1.24 calories per kilogram per hour in the chair calorimeter against 0.96 cal-
ories per kilogram per hour in the bed calorimeter.

The unusually high gaseous exchange of L. E. K., measured both in the chair
calorimeter and on the respiration apparatus, is worthy of note. This subject,
with whom a number of experiments have been made, has an unusually high
metabolism, as will be seen from tables 164, 166, and 167, and it is a good in-
stance of the marked variations in metabolism that may occasionally be found
with normal subjects.

CoMPARISON OF METABOLTISM MEASUREMENTS WITH THREE DIFFEEENT
TYPES OF AFPARATUS.

The results obtained with the three forms of apparatus with normal subjects
are summarized in table 168¢. For more convenient comparison with data pre-
sented in various ways by other investigators, the results given in table 168a for
the chair and bed calorimeters have been calculated on the basis of per kilogram
per hour and per 24 hours, and also for an individual weighing 70 kilograms,
and are given in table 168h. A general inspection of table 168a shows that
the average values found with the chair calorimeter are somewhat higher than
those with either the bed calorimeter or the respiration apparatus, but it is
evident that such a comparison is open to the eriticism that a different number of
individuals were used in each grouping, and the well-known wide variation in
metabolism found with normal individuals, even on the bagis of per kilogram
of body-weight, may account for any discrepancies observed here.

Tapre 168a.—Comparison of metabolism measurements with three different
forms of apparatus.

Per kilo. of -
weight per mingte.
Ealﬂim
5 i,
Apparatus used ﬁ.ﬂrgod: Gﬁﬁm E::: e
T s
l'llil.t':!‘l-'l‘ sumed,
.0 [
Chair calorimeter .....vvvvvues 3.26 3.99 1.21
Bed calorimeter .............. 2.95 3.01 1.01
Respiration apparatus ........ 3.02 3.62
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TapLe 168b.—Results calculated on the basis of per hour and per 24 hours for I kilo-
gram and for 70 kilograms.

Chair calorimeter. Bed calorimeter.
Easis of caleulation, |~ = i : TR [ T | o
Carbon diox- Heat Carbon diox- | ? Heat
ide elimi- Oxfginma'h- elimi- ide olimi- | Ox}glt!,ndih— elimi-
nated. SRS Lonaited atad - |l T nated.
eo0. | s, [ HT fma, i cala. C. ¢ | gma. .o | gma. cals.
Per kimﬁ“ﬁ? of [ | [ |
body- gat per |
BOIEE e s ]&ﬁ.ﬂl 0.38 | I9.0( 0.3 1.21 | 177.0| 035 | 211.0 | 0.30 1.01
Per kilogram of | | |
body-weight per | |
U8 .u-rvese..| 4604.0 | 9,22 | 57400 | 8.20 0.0 ﬂﬂlﬂ.ﬂl 8.3 BOGD.O | T.26| 24.0
For 70 kllograms |
per hour ......... 113.7 | 26.9 | 16.7| 22.9 84.0 102 4| 24.4 1747 | 2.0 0.0
For ™ Eilograms | |
| per 24 hours.......| 2326.0 | 645.0 | 402.0 | 674.0 | 2033.0 | 1295.0 | 585.0 | 2353.0 | 504.0 | 1697.0 |

1 Liters.

The relationship existing between the metabolism as measured by the three
different types of apparatus is best illustrated by a percentage table (table 169)
in which the values found in the bed calorimeter are taken on the basis of 100.
This table is designed for use in connection with table 168a, and shows clearly
that the metabolism as measured by the carbon-dioxide production and oxygen
consumption is identically the same with both the bed calorimeter and respiration
apparatus. With the chair calorimeter, the carbon-dioxide production is 17 per
cent higher than with the bed calorimeter, the oxygen absorption 20 per cent,
and the heat-elimination 29 per cent. It is of interest to note that with subject
6, who had the abnormally high metabolism, these proportions hold good, rela-
tively speaking. In general, then, we may state that the metabolism as measured
in the chair calorimeter is some 20 to 30 per cent greater than with the bed cal-
orimeter or with the respiration apparatus. On the other hand, the results as
found by the bed calorimeter and respiration apparatus agree remarkably well.

As the result of a large number of experiments on individuals lying asleep and
gitting up in a chair, Benedict and Carpenter * concluded that there was an in-
crease in the resting metabolism when a person is sitting up over that when
TaerLe 169.—Percentage comparison of metabolism of normal individuals in chair and

bed calorimeters and with the respiration apparatus.
[Bed = 100 per cent.|

—

| Carbon g:é:.;?’-c elimi- Ohevigen absorbed,? HE:: elimi-
» 7 " |
Sublects. | orae | Bea | Be: | cuaie | Bea | B | haie | pea

lealorim- calorim-: ration calorim-|calorim.| ration calorim- ealorim-

| eter. eter. | :EEJ:I eter. | eter, app.ll- eter. | eber.

{—— — _— —

1t08......0...] 117 | 100 | 100 | 120 | 100 | 101 | 120 | 100
P o ST ‘ 100 98 | ... [ 100 100 ....]....
| 1

1'With subject 6, carbon dioxide with respiration apparatos = 100 ; with chair = 118.
' With subjeet 6, oxygen with respiration apparatus = 100; with chalr = 124,

! Benedict and Carpenter, Publication No. 126, Carnegie Institution of Washington,
1910, p. 95.
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sleeping, amounting to 46 per cent in the carbon-dioxide production, 29 per cent
in the oxygen consumption, and 37 per cent in the heat-elimination. Tt must
be borne in mind, however, that these conclusions were based upon experiments
in which there was much greater activity during the period when the subject was
sitting up and awake than in the experiments with the new respiration ealorim-
eters. In these latter experiments the subject did not at any time leave the
chair and maintained the greatest degree of rest, while in the earlier experiments
they occasionally stood up, moved to the food aperture of the calorimeter and
returned. Aecordingly there was without doubt much greater minor muscular
activity and the inereased metabolism noted in the earlier experinients wonld
naturally be expected. When we take into consideration this greater muscular
activity, therefore, the results found in the earlier experiments with a very much
larger number of individuals confirm us in the belief that the values here ex-
pressed indicate an increase in metabolism of a subjeet when sitting in a chair
and awake over that when lying asleep, varving from 20 to 30 per cent.

At first sight it may seem somewhat incongruous that the increments in the
oxygen consumption and the heat-elimination are not alike, as the difference
between the calorimetry as directly measured and the indirect calorimetry com-
puted from the oxygen would apparently indicate an error. As a matter of fact,
the agreement between the direct and indirect calorimetry is the subject of a
subsequent discussion in this report.” The values here found, however, may be
of actual use in comparing experiments made with subjects in the sitting posture
with those made when the subjeet is lying on a couch or in bed.

THE GASEOUS EXCHANGE AND ENERGY TRANSFORMATIONS
IN DIABETES.

CARBON-DIOXIDE ELIMINATION.

With normal individuals the method of determining the total energy trans-
formations by the measurement of the carbon-dioxide elimination has led to a
numbher of erroneous results, but with diabetics, since the metabolism is largely
of fat, this method gives obviously much more accurate results, and consequently
the measurements of the carbon-dioxide elimination when aceurately made may
serve in severe cases of diabetes as a relatively exact indication of the metab-
olism from day to day. If, on the other hand, the cases of diabetes are such
that there is any considerable tolerance for carbohydrate and the metabolism on
any given day is in large proportion due to carhohydrate, the use of the carbon-
dioxide elimination as an index of the energv metabolism is obviously erroneous.

The data regarding the volume of carbon dioxide eliminated per kilogram of
body-weight per minute in the experiments with diabetics here reported have
been collected in table 170. All the values given are those for the period 12
hours after the last meal, and hence are probably uninfluenced by the digestive
processes, Since the muscular activity varied in the different experiments, the

1 8ee p. 188,

T
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results have been grouped under three heads, (1) experiments made with the
chair calorimeter when the patients were sitting upright in the chair; (2) those
made with the bed calorimeter when the subject was lying on a bed; and (3)
those made with the respiration apparatus when the subjects were lying on a
couch. While in the presentation of the statistics of each subject certain in-
ferences have been drawn and points emphasized with regard to the katabolism
of different individuals on different days, this table shows very clearly the
variations in experiments with the same individual.

TasLE 1T0.—Carbon dioxide eliminated per kilogram of body-weight per minute by
diabetics in experiments without food.

l Chair ealorimeter. Bed calorimeter. Respiration apparatus,
Subject. — — e g |
| Carbon dioxide | Awer- Carbon dioxide Aver- Carbon dioxide Aver- !
| eliminated. | age. eliminated. age, eliminated. age. |
Bevere diabetes. | o0, oo | Fu :I
Coge A ove-snans| R T I f ] PR ) B - BRI (e B B e |
| g.g 3.20 2.43 3.08 | .
L1 s o e Uy M8 e T g S s g .28 | 8.04 2.00 3.90 8.17 | 3.05 !
e e [ 815822 8.14.3.:28 | B.I6 [ 285 .. cure nure 2.95 | 2.792.78 2.802.600 | 2.90 |
| 3.15 3.0% 3.14 3.24 2.82 2.78 3.33 3.4
| 3.21 2.02 2.63 2.85
| | 2.87
P ] oy S| S RSN O T R - A
Bt | 8.40 8,18 .... .... L e T R e e | EEEE
R i g el O ) Py g el [ e o e s
e e, e i e e i e R 3.22 e R e e o
| et e e S ) g‘ﬁ:}ﬂﬁzﬂ'«lﬁli R B e 3.
| |
Db oo a8 .... ..,. T e S (R
M L ke SRl 3.72 - 4.02 3.96 3.48 .82
Av. of se- | | i
VEIE CASES. ...v caee wens s 8.53 TR e e (55 | PR | 3.18
Light ﬁ{db{-res ' |
Case E.. Balmivien e S INBELI Alusea o finn Jell Lol (RFTTTRN - 5 PPPPRPPRPI | 2.84 |
R 3.58 3.42 3.46 3.42 d.46 | 3.44 .. - | =il p | R e e A e |
Mt BAL B3B8 Lovi wuns | &.87 |2.57 R T | e e |_e=ee |
Mr afllr.:ht | .|
...................... 1. WS I T v
Av. of all | .
COBOR ...... i Bt i s | A 2.1 |

Considering the experiments with the chair calorimeter it can be seen that
with Cases A and C, with whom the larger number of experiments were made,
the variations from the average are relatively unimportant. With Case A the
range is from 3.03 c. . to 3.52 c. c., the average being 3.28 c. ¢. With Case C
the range is much less, from 3.03 c. c. to 3.24 c. c., the average being 3.16 c. c.
In none of the experiments are there wide ranges between different experiments
with the same individual. When it is considered that these experiments were
made at many different times during the year and at different stages of the dis-
ease, and, indeed, were frequently preceded by a different diet, the uniformity in
the results of the determinations of the carbon-dioxide elimination are certainly
striking, indicating that the nature of the katabolism must be practically the
same throughout the whole period in which each subject was investigated.
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Fewer experiments were made with the bed calorimeter, and with but one
subject was more than one experiment made with this apparatus, i. e., Case H.
These experiments followed each other and hence the range is very small, being
from 2.94 c. c. to 3.24 c. c., the average being 3.12 c. c.

With the respiration apparatus we have a large number of experiments, par-
ticularly with Case C. These values again show a striking uniformity; the
variations are, however, larger than with the chair calorimeter. Thus, with
Case C, the variations run from 2.60 e¢.c. in experiment No. C 15, which is
evidently an exceptional experiment, to 3.33 c. c. in experiment No. C 19, the
average of all experiments being 2.90 c¢. c. Here, again, the experiments cov-
ered a period of several monthe, and when the subject was in widely different
conditions with regard to his general hodv-state.

On the whole, the results for carbon dioxide are wonderfully constant con-
sidering the possibilities and the nature of the material katabolized at different
times of the year and at different stages of disease. This i, however, obviously
due to the fact that the metabolism with diabetics is in large part of fat, and
carbohydrate plays a relatively unimportant réle in the total metabolism.

The values also indicate that the muscular activity must have been relatively
the same in practically all of the experiments. In the chair calorimeter the
subjects were all supposed to be sitting quietly in the chair, reading, and they
were requested not to leave the chair or move about unduly. In the bed calo-
rimeter they were lying quietly on a couch inside the chamber, and in many
instances were asleep. In the respiration experiments on the couch there was,
usually, enforced muscular quiet, as the subjects were not even permitted to turn
over or lie on the side, as frequently occurred in the bed calorimeter.

In comparing experiments made under different physical conditions, it is
almost impossible to eliminate the variations in muscular activity. On the other
hand, with the two calorimeters and the respiration apparatus used in these ex-
periments, it is possible, by means of a series of experiments on the same appa-
ratus with the same subject, to obtain some definite idea with regard to the
variations in the total metabolism resulting from a change in position from the
couch used with the respiration apparatus and the bed in the bed calorimeter
to the sitting position in the chair calorimeter. A discussion of this variation
will be found on page 175. From the results given in table 170, it can be seen
that the carbon-dioxide excretion per kilogram per minute with different indi-
viduals is essentially the same in the bed calorimeter as with the respiration
apparatus, but there is a noticeable inerease in the carbon-dioxide elimination
of subjects in the chair calorimeter—an increaze amounting to approximately
8 per cent. The average production of carbon dioxide in eubic centimeters per
minute and per kilogram of body-weight was 3.35 ¢. c. in the chair calorimeter,
in the bed calorimeter 3. 11 ¢. ., and in the respiration experiments 3.13 e. c.
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CoOMPARISON WITH CARBON-DIOXIDE ELIMINATION 1IN EARLIER EXPERIMENTS
WITH DIABETICS,

While the experiments with the chair calorimeter are not strictly comparable
with those in which the bed calorimeter and respiration apparatus were used,
nevertheless such experiments are extremely interesting in that they can be
compared with the work of earlier investigators, many of whom used a respira-
tion chamber or special mouth-breathing appliances, such as the Zuntz-Geppert
apparatus.

Of the earlier experiments in which the respiration chamber was used, prac-
tically all of the results were obtained when the subject had had food during
the experiment or immediately prior thereto. The results obtained with all the
cases of diabetes which have been studied in respiration chambers with which
we are familiar are collected in table 171, including one experiment of Petten-
kofer and Voit with a subjeet without food and the four experiments of Johans-
son, in which the subjecis were also without food. Food was given in all the
other experiments included in the table, although it should be pointed out that
the third experiment of Weintraud and Laves approximated those experiments

TaeLE 171.—Carbon diozide eliminated per kilogram per minute in erperiments
with food* in the respiration chamber.

Carbon |
dioxide ’
Experimenter, | Subject. | Age. weinugd}ht. ﬂ;f"p“u Remarks.,
kilo. per
minute.
{2 |
wrs. | kilos, L. 0. |
Pettenkofer and Volt (1866).. Man ....| 21 | 54.5 | *3.06 | Without food. |
| B84 0.1 | Very liberal diet.
5.5 4.03 Average diet. |
| 530 | 412 | Droteln-free diet. |
82.0 4.27 Proteln-rich diet, no carbohy-
drates.
52.0 4.48 Mixed diet.
51.0 4.58 Do,
Livierato (188R-1B8S%) .......... Man ....[ 40 62.0 1.26 Eich protein diet.
0.6 | 2.49 T,
61.7 4.491 T,
51.6 | 4.39 Do.
Woman .| &0 39,7 2.9 Iha,
|t d.11 T,
|| Tho.
Girl .....| 19 44.2 | 3.2 Ordinary diet.
| | 44.8 3.41 | Protein rich dlet.
[ 45.7 3.5 | Same one month later,
Welntrand and Laves (1804)..| M o | o | 38 | .
eintrand and Laves 4) .. i1 1 [ | . :
[ 3.80 | Food just before the experi-
| ment.
[ [ 3.6 Five hours after food ; asleep.
3.80 Food with levulose,
4.11 Large amounts of bread;
urine sugar-free after Enﬂ.
| of experiment,
Ebstein [(1888) ..........ccc0c0 Man .... 62.5 ggg
Johansson ! (1908) ............ Man .... 6l.8 2,62 | Without food.
EIE NN 5.0 | 2.43 To.
Woman . 43.4 3.15 Do.
| Woman . | 5.4 2.82 T,
Duboiz and Veeder (1910).....| Man .... 0.4 3.75 Severe case.
| Man ... | 8.0 4.04 | Mild case,

t The first experiment reported from the work of Pettenkofer and Voit and the experiments of
Johanszon were without food.
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on normal individuals summarized by Benediet and Carpenter,” in which the
metabolism was determined from 1 a. m. to 7 a. m. The subjeet in this experi-
ment had been without food 5 hours, and for the greater part of the experiment
wasg asleep. The influence of the ingestion of food iz markedly shown in the
experiments reported by Pettenkofer and Voit, and also with the subject of
Weintraud and Laves.

While the majority of these earlier experiments with the respiration chamber
have been made with subjects during digestion or with food, most of the experi-
ments with the Zuntz-Geppert respiration apparatus were made 12 hours after
the last meal, although certain investigators used this apparatus in studying
the influence of the ingestion of food on the metaholism. Fortunately, most of
the investigators have been pupils of Zuntz, and were well trained in his tech-
nique, and therefore the resultz are extremely reliable. The carbon-dioxide
eliminations per kilogram of body-weight in experiments without food in which
the Zuntz-Geppert apparatus has been used have been brought together and
placed in table 172. The variations found with different individuals in the
amounts of carbon dioxide eliminated are indeed striking, ranging from as low
as 2.04 c.c. to 4.80 c. e. There is likewise a wide range in the age and body-
weight of the different subjects, the lowest values being found with fat indi-
viduals and the highest with a young boy, weighing but 35 kilograms and 11
years of age.

In considering the researches of earlier investigators it is necessary for us to
take into comsideration the muscular activity of the subject. In all of the
respiration experiments, excepting those of Johaneson, we deal with a condition
of body activity that is unquestionably somewhat greater than in the experiments
with the Zuntz-Geppert respiration apparatus, where the subjects lay quietly
with enforced museular rest on a couch. In the data for the earlier experiments
we find too little evidence with regard fo the muscular activity, particularly in
the early experiments of Livierato, and Pettenkofer and Voit. In the experi-
ments of Weintrand and Laves the subjects sat quietly in a chair, and therefore
the muscular activity must have been not far from that in the experiments here
reported made with the chair calorimeter. On the other hand, in the experi-
ments of Ebstein and of Dubois and Veeder, there was in all probability more
muscular activity during the period.

Unfortunately with the unecertain amount of muscular activity in many of
the earlier experiments, it is difficult to draw a sharp line between the values
obtained while resting on the couch and those obtained inside of the respira-
tion chamber. Unguestionably, from the experiments of Weintraud and Laves,
where the subject sat practically all the night sleeping in a chair, the results
are nearer to those obtained with the bed calorimeter or with the subject lying
on a couch than any others aside from those made by Johansson when the sub-

! Benediet and Carpenter, Carnegie Institution of Washington, Publication No. 126,
1910,
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ject was trained to control the body with uwnusual muscular quietness and rest.
The differences in muscular activity, in the state of digestion, and in the meth-
ods employed make a strict comparison somewhat difficult, and the results given
by these early investigators are here tabulated only to give a general resumé
of the early researches on diabetes in the special field of earbon-dioxide elimi-
nation and oxygen absorption.

TasrE 172 —Carbon dioride eliminated per kilogram per minute in experiments
without food as determined by the Zuniz-Geppert réspiration apparatus.

Carbon
| o dioxide
5 " | = -
Experimenter. Subject. Age, .hvejgf:t. E:;:r?:r Remarks,
| | kilo, per
| minute,
| e, | Kilog &
Tty EIROL) o e Man ........ | B1 5 3.2 Severe diabetes ; Magnus-Lavy
| 3 | says moderately light.
MaAn ... ba To 2.88 Tdght diabetes,
BT 47 | 90.5 2.31 | Light diabetes (fat).
| MAD :vavsans 33 | 63 2.80 Light diabetes,
| Man ........| 6 | 72 2.84 | Severe case.
Stilve (1808) ..eoveers it | Caze' I ..., Y (B 2.0% )
Case IT ....| (M | (M 2.93 Irine sugar-free,
R 3.06 Sugar in urine.
Nebring and Schmoll Bo¥ .eoveed| 15 | BTG 3.41 oderately severe case of dia-
(1897} | betes.
| 3.12
3.45
| 3.90
3.27
. e 3.33
| Woman (7). bt | E.EI} Da.
Magnus-Levy (1905) ......| Man ........| 43 | §2.2 Egg Severe case.
s 3.27
PR E-Eﬁ'
i
. 3.26
. | B
- 3
. 3.38
saes | 3.01
Woman ....| 35 | 338 %66 Severe.
i 3.96
| 3.66
3.64
MAD .vuurses 40 .4 3.74
| Man of T | 9.5 2,04
Woman 69 BE.6 2.71
ik 2,65
A o ey
Women ....| 56 | 6.6 | 3.08
Mohr (I007) .cvvvrvnnsnnsss| VWAL ....| 52 | Bd.B i g‘:ﬁ
| e 2.22
Boy ol 1| B 4.55
| R 4.64
Y ""’-m
Lo 4.75
e 4.67

OXYGEN ABSORPTION.

While the determination of the carbon-dioxide elimination in cases of dia-
betes is not extremely difficult, the direct determination of the oxygen consump-
tion, especially in a chamber apparatus, is very difficult, and has heretofore not
been attempted, save in the experiments of Weintraud and Laves. Pettenkofer
and Voit did attempt to determine the oxygen consumption indirectly, but this



182 MEeraBorisM 1IN DIABETES MELLITUS.

has been the subject of much criticism, as will be seen on page 6. In the
experiments here reported with both calorimeters and with the respiration appa-
ratus, oxygen was determined directly.

The direct determination of the oxygen consumption of man has a much
greater value as a rule than the determination of the earbon-dioxide elimination,
since the relation between the oxygen consumption and the heat-elimination is
much more constant than between the carbon-dioxide production and the heat-
elimination, and thus it has been possible in instances where the direct heat
measurements are lacking to compute indirectly the heat from the determination
of the oxygen consumption. Hence, in the more recent experiments on diabetes,
the determination of the oxygen consumption has been accorded special atten-
tion, since the chamber apparatus had been so perfected that accurate direct
determinations of the oxygen consumption could be made. The values found
in the different cases are presented in table 173.

Tapre 173, —0xygen absorbed per kilogram of body-weight per minite in experiments
with digbetics without food.

Chalr calorimeter. | Bed calorimeter. Respiration apparatus.
Subject. P S i e T
VEer- - | Yer=
Oxygen absorbed age. ‘ Oxygen absorbd, | age. Oxygen absorbed, age.
B =2 q ¥ | ee
Bevere diabetes. | o6 (5 -
Cage A....cnuins 4,50 4,84 4.58 4.02 | 462 R S B e e e e i
4.86 4.50 5,17 4.13
4.44
e e i e e Rl e S s ek 4.42 427 4.04 4.31 4.47 4.27
Ed e 4,70 4,31 £.72 4.80 | 445 | 4.15 conn inee eee | 415 | 4,00 4.44 408 3.82 | 423
4.55 4.08 4.40 4.54 4.73 3.93 4.E5 4.28
4.52 4.44 4.19 4.06
4.14
T T 4.44 4. 14 4,00 ... | 418
B e 4,78 4.82 ...c wuns R e e | aa
B 4.06 .. T v A W e
R R, | rieas BB L s e I o s
BT | e s e M T 4.%1; B8 868482 | 407 [ 4.08.... . .00 ouen | 403
4.
T.. 5.065 5.08 B i e |
e [T LA e e 6.00 [
| Av. of se-
i TEPE CABBH.| c.ov vurs wia e 485 [ 4.18
Light diabetes. [
Cose E.......... OB e 408 JHeds. 0 3 e | ORI B 1417 IR L L
| PR 4.55 4.58 1.64 4,85 | 468 |41 ... .0 EAD Dol e
3, B T L 800 3.90 .. 0 cuun 3.16 | 3.78 L e e
|
Av. of light
| CASes ...... AR b M 0 4 . 1 o) [P G SR Tt S Rl R e | SR i G i &0
Av. of all ' ,
CAZEE ...... R it i [ [t | B || aiis ane i e 4.13

It is here to be remembered that each experiment with the chair calorimeter
may consist of three to six 1- or 2-hour periods, and that each experiment with
the respiration apparatus usually consists of three to five 15-minute periods.
The variation in the values found for the oxygen consumption of different sub-
jects is somewhat larger than that found for earbon-dioxide elimination. Thus,
with Case A, the variations are from 4.13 c. c. to 5.17 c. e., the average for all
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being 4.62 ¢. c. With Case C the variations ranged from 4.08 ¢. ¢. to 4.80 e. c.,
and the average was 4.45 ¢. e. These values are fully in accord with those found
in experiments with the respiration apparatus where, with Case C, the variations
ranged from 3.82 c. c. to 4.85 c. c. The extremely high value of 5.82 c. c. was
with the greatly emaciated subject I, while the lowest values, 3.09 c.c. and
3.20 c. e., were with the fat man with light diabetes. On the whole, however
the agreement between different experiments with the same subject is all that
could be desired. As with the measurements of carbon-dioxide elimination, it
is seen here that the highest amount found en the average in all experiments
with all subjects is found with the chair calorimeter, 4. e., 4.54 c. c., and the
values for the experiments in the bed calorimeter and with the respiration appa-
ratus are considerably lower.

CoMPARISON WITH OXYGEN ABSORPTION IN EARLIER EXPERIMENTS
WITH DIARETICS.

The results here given can be compared with those given by earlier writers
only in so far as the earlier experiments were made with the Zuntz-Geppert
apparatus, with the single exception of the experiments of Johansson, for un-
questionably the experiments with the larger chamber, aside from those of Jo-
hansson, include much greater museular activity than was exhibited by the
subjects of these experiments, excepting, possibly, experiment No, 3 of Wein-
traud and Laves.

In these earlier experiments the only determinations of the oxygen consump-
tion of diabetics inside of the respiration chamber are those made by Weintraud
and Laves in 1894. With a subject 27 years of age and weighing 64 kilograms,
they found in five experiments, ranging from 9 to 10 hours each, an oxygen
consumption per kilogram per minute of 6.23, 6.16, 5.74, 5.59, and 5.53 c. ¢,
respectively. Just before the second experiment, food had been taken. The
third experiment was made 5 hours after the last meal and the subject was for
the most part asleep. Food was taken in the fourth experiment, and with it a
large amount of levulose ; in the last experiment considerable amounts of bread
were taken. As a matter of fact, at the end of this last experiment the urine
wag sugar-free.

With the Zuntz-Geppert apparatus, on the other hand, in practically all of
the experiments where the carbon-dioxide elimination was determined, the oxy-
gen consumption was also determined, and unusual emphasis is laid on the
determination of the consumption of oxygen owing to its being a better eriterion
of the energy transformations. The values obtained by different investigators
for different cases of diabetes are given in table 174. The variations in the
physical characteristics, sex, age, and body-weight, are here very noticeable,
the largest amounts of oxygen consumed per kilogram of body-weight being
found with the 11-year old boy of Mohr, and the smallest amounts with the fat
men of Ieo and of Magnus-Levy.
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TABLE 1.7 1. —0zxygen absorbed per kilogram of body-weight per minute in experiments
without food as determined with the Zuntz-Geppert respiration apparatus.

Oxygen |
con- |
s
Experimenter 1 DO¥= | PEL K10,
P 5 Eﬂtﬂm Age, weight. | of body- Remarka.
weight |
| minute. |
wre. | Kilns, | ¢ e
Leo (1BOL) .......ceccueisse Man ........ 5l G5 4.01 Severe dlabetes ; Magnus-Levy
E says moderately light,
Man = (1] 3.57 Light diabetes,
MAR .iiieuis 47 80.5 2.84 Lizht diabetes (fat).
%Ean ﬁ Eg E% ‘lilght diahetes,
Al ccasunns i i SEVEre cage,
Btilve (18M) ..cocvvucinnea: Cage I .....| (D 4] 4.4 '_:;i
Case IT ....| (M) (1 3.9 | Urine sugar-free.
el 4.13 =ugar In urlne.
Nehring and Schmoll |2 1, AR 15 | 67.B 4.50 | Moderately severe caze of dia-
I {1897) ' “betes.
: 4.4
I ,I i -1.% |
|. 4. |
| e | il
| Woman { 7). T4 g% ; Dia.
Magous-Levy (19057 ....| Manm ...... 43 | 62.2 13; | Bevere case.
4.70
AAT 4.563
S 4.69
RS 4.4
)5 4,88
e 4.73
4.84
4.45
Woman ...-| 35 33.8 b, Hevers,
5.54
4.48
5,02
Man ........| 40 44.4 5.58
MAT oiceess]| 21 91.5 2.82
Woman ....| 6 | 53.6 3.9
2.70
Woman ....| 56 -3 T
Mohr (IB0T) - evvanssnmnes Woman ....| 82 | .5 gﬁ
| 3.14
By i 1 | % 6.58
G.24
6.38
6,55
| .63

It is obvious, from a consideration of a table such as this, that the individual
differences in the oxygen consumption per kilogram of body-weight per minute
may vary widely. We deal with several factors, all of which may influence more
or less the oxygen consumption, such as the age, body-weight, and the severity
of the diabetes, and particularly the degree of emaciation to which the subject
has been brought in the course of the disease. TUnder these conditions, there-
fore, it is seen that the most rigid system of normal controls must be applied
before proper deductions ean be drawn in regard to the oxygen consumption
of diabetics when compared with normal men.
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COMPARISON OF THE GASEOUS EXCHANGE OF DIABETICS AS DETERMINED WITH
THREE DIFFERENT TYPES OF APPARATUS.

CARBON-DIOXIDE ELIMINATION.

Of the greatest importance iz the comparison of the metabolism under the
different conditions of body-activity obtaining in these experiments. The larger
number of experiments, as has been stated before, were made either with the
chair calorimeter or with the respiration apparatus when the subject was lying
on a couch. A few experiments were also made with the bed calorimeter. It is
of importance, therefore, to note the average differences in the metabolism re-
sulting from these varying body-positions and conditions of experimenting. It
g0 happens that we have four caszes who were experimented on in both the chair
calorimeter and in the bed calorimeter, three cases in the chair calorimeter and
with the respiration apparatus, and one caze in both the bed calorimeter and
the respiration apparatus, while experiments with Case C were made with all
three forms of apparatus. The results for the different subjects whose metab-
olism can be compared have been brought together in table 175 to show the
elimination of earbon dioxide.

Tapre 176.—Comparizon of carbon dioride eliminated per Eilogram of body-weight
per minute in experiments with diabetics without food.

[Average amounts.]

fis 30 B i _. Chair c‘ﬂin;imrler. Baed :'-’Eur_iml'ltr. E‘tTlﬂ:iTim-'J-;pmntu-l._
Sobject. N Carbon - | Carbon - Carbon
| & umber dl Eﬂe ?"I.Im:htr 1 di id ."hum].l-ﬁ'r d' id
of periods. | ofiaked. |¢1:in'3ﬁnf«1. of periods. | 1 i Rated,
£ 6 | it €. 0.
BB e e 27 g8 5 222 :
L 4T, D A e L 25 3.16 2 | 2.95
T e e R e S 21 3.16 G a3.44
| R e ] 2.37 I ,_
AVIBES. .« v inson e T oo [easyd
..._._,_..___,....__=:=____I—_"2—— —- . —
L Tt e | 25 3.16 53 | 2.90
AR 3 3.72 g | 8.82
s pe 3.10 5 | 2.84 |
BVOTRER . = o wiataie s w s s I 3.33 i 2.19 !
Gase: Bl ST T | insdallt, 18 3.23 17 3.05
Bl s St e e S ! 13 3.12 3 3.04

All the subjects with whom experiments were made in both the chair and
bed calorimeters had a slightly larger carbon-dioxide production with the chair
calorimeter than with the bed calorimeter. Unfortunately, there are no cases
in which experiments with both forms of apparatus included a large number
of periods. For instance, with Case A we have 37 hours inside the chair cal-
orimeter but only five periods (total of 3 hours) in the bed calorimeter, and
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with Case C we have 25 hours in the chair ealorimeter and but 2 hours in the
bed calorimeter. Case L showed practically no difference between the two
forms of apparatus, and Case M showed an actually larger carbon-dioxide pro-
duction with the bed calorimeter. It should be said, however, that Case M was
the lightest case of diabetes, and he had quite a considerable carbohydrate tol-
erance, which might account for the larger carbon-dioxide exeretion during this
period. Furthermore, both Case I and Case M found the sojourn in the bed
calorimeter much more trying than in the chair calorimeter. One of the primary
purposes of constructing the bed calorimeter was to provide an apparatus in
which the subjects could lie for a considerable length of time comfortably, and,
indeed, go to sleep if they desired. Case L was a mervous individual who did
not find the sojourn in the chamber comfortable, and Case M, who was a large
man, also found difficulty in moving about in the narrow confines of the chamber
and was rather uncomfortable. It is evident, therefore, that the comparizons
here made are by no means satisfactory, first, because the number of experi-
ments made with the different =ubjects is not the same with the two forms of
apparatus; and, second, in those instances where the larger number of experi-
ments was made with the bed calorimeter, the subjects were particularly uncom-
fortable inside the chamber.

When we compare the experiments made with the chair calorimeter and with
the respiration apparatus, we find we have one case which gives a very satis-
factory comparison. Case C had 25 periods with the chair calorimeter and 53
periods with the respiration apparatus on the couch. Under these conditions,
therefore, we have a sufficient number of periods for a satisfactory basis of
comparison.

(Case J was a high-strung, nervous individual, who was extremely apprehen-
give, and whose first introduetion to the laboratory was in connection with some
experiments on the couch connected with the respiration apparatus. He was
so nervous that it was practically impossible fo conduct satisfactory respiration
experiments with him. The results of three 1-hour periods in the chair calo-
rimeter are also given in the table.

('ase K, who was the subject of a limited number of experiments, both in the
chair calorimeter and with the respiration apparatus, was a very satisfactory
subject, and in all probability the differences in the carbon-dioxide excretion
indicate in a general way the differences in metabolism with this individual.

Averaging the results with the three individuals, we find a somewhat lessened
metabolism with the respiration apparatus over that in the chair calorimeter.
Discarding the results of Case J, we find a noticeably decreased metabolism when
the above comparison is made.

Three subjects permit of a comparison between the bed calorimeter and the
respiration apparatus. Case C had two periods in the hed calorimeter and
53 periods with the respiration apparatus; case H had 13 periods in the bed
calorimeter and three periods on the respiration apparatus, while Case B had
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three periods in the bed calorimeter and 17 periods with the respiration appa-
ratus. It is interesting to note that aside from Case B there is practically the
same metabolism in both kinds of experiments.

It iz clear from these experiments that in general there is not a noticeable
difference between the metabolism measured on the couch with the respiration
apparatus and in the bed calorimeter. On the other hand, in the experiments
which can best be compared, it is obvious that there is a noticeable increase in
the values obtained with the chair calorimeter over those with the bed calo-
rimeter and the respiration apparatus. Both of these findings are in full har-
mony with similar comparisons made with experiments on normal subjects in
which the three different forms of apparatus were used.

OXYGEN ABSORPTION.

The values for the oxygen absorption as found with three different types of
apparatus are given in table 176. The points raised in connection with the
question of the carbon-dioxide comparison obtain with almost equal value in
the instances here reported. Thus, with Case M, there is a somewhat larger
oxygen consumption in the bed calorimeter than in the chair calorimeter, while
the increased metabolism as measured by the carbon-dioxide production of Case
K in the chair calorimeter i not noted when the oxygen measurement iz taken
into consideration with the same subject. Again, comparisons between those
experiments which were made with the bed calorimeter and with the respira-
tion apparatus indicate that the metabolism is essentially the same when meas-
ured with either type of apparatus.

TarLE 176.—Comparison of ozygen absorbed per kilogram of body-weight per minute
in experiments with diabetics without food.

[Average amounts.]

Chair calorimeter. | Bed calorimeter. IH,-:rspiratin:ln apparatus.
2T N | | — 7 T
N Oy, | Number Xy, Number 0
lllﬁ?ﬁ?‘;&. ih:gr e | af ;‘f‘;-i;imlh ;l::glgﬁ:ﬂ. of :‘Jl-(?;i.ﬂtl'l. nh:glﬁé':i.
. O, 'I C. C. R el
TR e 32 4.62 1 4. 22
o AT S Y 23 4.45 | 2 4.15
e e 20 4.53 i 4.41
L L e el e 6 .15 3 3.28
Average 4.19 | 4.02
e M o T e e e s 22 4.45 | | Bl 4.23
S 3 4.06 e 4.04
Average...... | 4.26 | = 4.14
2 Wt e s R | [ £.42 | 12 4.27
18 Pt S P e B s | { 13 4.07 3 4.03
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THE ENERGY TRANSFORMATIONS OF DIABETICS.

IXDIRECT CALORIMETRY.

As a result of the fundamental researches of Rubner and of Zuntz and his
associates, it is possible to compute from the gaseous exchange the approximate
heat-production of man in 24 hours, and until now this has been the only method
available for obtaining this value. Heretofore, from the carbon-dioxide deter-
minations alone, it has been impossible to more than roughly approximate the
energy transformations in a day, and the more accurate estimates of this value
have been those which were based upon the determination of the oxygen con-
sumed. When the elimination of carbon dioxide, the oxygen consumption, and
the nitrogen excretion are accurately known, the computation of the energy trans-
formation is most satisfactory for 24-hour experiments. Such computations
from the gaseous exchange have frequently been compared with the direct de-
termination of the energy transformation by the respiration calorimeter, and
for periods of 24 hours or more the agreement has been all that could be desired.

It is impracticable here to enter into a lengthy discussion of the accuracy
of the methods of indirect calorimetry when applied to short periods. These
methods are now undergoing rigid tests at the Nutrition Laboratory, and striet
comparigon is being made of the results obtained by direct and indirect ealo-
rimetry, With healthy individuals in a state of fast it is not diffienlt to make
a very satisfactory computation of the energy transformation from the gaseous
exchange, but the problem becomes somewhat more complicated when food is
given, especially nitrogenous food. Various methods have been devised for
computing the enmergy transformations in short periods, and these have been
used in a number of experiments, partieularly on animals, but all the methods
have been based upon the original data of Zuntz and his co-workers.

An attempt has been made by many investigators to use the indirect method
for computing the energy transformation from the gaseous exchange in study-
ing the metabolism of diabetics. With diabetics, however, not only the unburned
nitrogenous material from protein, but also sugar from either preformed sugar
in the body or from sugar formed from protein is excreted in the urine, and the
calculations are accordingly more complicated.

From the 24-hour experiments of Pettenkofer and Voit, Ebstein, and Wein-
traud and Laves, Magnus-Levy has computed the energy transformations per
24 hours in each of the three studies to have been 36, 36, and 37 calories, re-
spectively, per kilogram of body-weight and per 24 hours. In the experiments
of Weintraud and Laves, Magnus-Levy used the carbon-dioxide values rather
than those for oxygen absorption, as they seemed to be more accurate. Dubois
and Veeder have caleulated that the energy transformations in the studies made
by them were 34.3 calories per 24 hours per kilogram of body-weight with the
severe cases of diabetes, and 31.7 calories with the cases of mild diabetes.
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DIReCcT CALORIMETEY.

In the experiments on diabetics here reported the energy transformations were
directly measured by means of the two respiration calorimeters. A part of the
heat eliminated was absorbed and brought away by a water-current flowing
through the chamber, and a part was used to vaporize the water in the air. The
accuracy of the apparatus for the measurement of the heat-elimination has been
discussed in detail in another place.’

An attempt was made in these studies to shorten the experimental period to
1 hour, and, indeed, the heat-production has frequently been computed on the
basis of 1 hour ; nevertheless, for final conclusions we must use the heat-produc-
tion for the total experimental period inside the respiration chamber, and thus
eliminate any minor errors due to the apportionment of the heat-measurement
over as ghort a period as 1 hour.

The difficulties of distinguishing clearly between the heat-production and the
heat elimination have already been pointed out,” as well as the methods described
for securing the body-temperature correction. The measurements of body-tem-
perature which were made in connection with these experiments, while much
more accurate than those ordinarily made, are still unsatisfactory for the most
accurate apportionment of the heat-measurements between the heat-elimination
and heat-production. Fortunately, as the subjects were either lying or sitting
quietly throughout the whole period of the experiment, there was doubtless in
all cases only minimum temperature alteration. The only experiments in which
there was probably any material alteration in the body-temperature, such as
would affect the heat-elimination, were those in which food was taken.

The measurements of heat are in large part influenced by the degree of mus-
cular activity of the subject. In these experiments the subjects were all cautioned
to remain unusually quiet inside the chamber or lying on the bed and to keep
the muscular activity at the lowest possible point. While there were wide varia-
tions in muscular activity with different individuals, on the whole the diabetics
were extremely quiet throughout the experiments. They did not, of course,
maintain the state of complete muscular rest assumed by the subjects of Zuntz
or Johansson, but it is to be noted that the experiments of Zuntz rarely lasted
more than 20 minutes, while those of Johansson were of necessity restricted to
1 hour in length, as it was impossible for subjects to maintain such enforced
muscular rest longer than this period.

As in the experiments with diabetics, particularly in those without food and
without muscular activity, the body-temperature did not change materially, it
has been considered advisable to use in all caleulations the heat-elimination as
measured by the calorimeter, without making corrections for the slight variations
in body-temperature. With all the subjects it was not possible fo use the elec-
trical-resistance thermometer, and with certain subjects the clinical thermom-

! Benedict, Riche and Emmes, Am. Journ. Physiol., 1910, 26, p. 1.
*See p. 19.
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eters were not used with any great degree of satisfaction, since the subject must
take the temperature himself inside the chamber. It is hardly probable, how-
ever, that in averaging so large a number of experiments, as is frequently the
case here, any considerable errors can be introduced by neglecting to take into
consideration the heat-production instead of the heat-elimination.

TABLE 1T7.—Heat eliminated per Eilogram of body-weight per hour and per kilogram
per 24 hours in experiments without food.

Chair ealorimeter. Bed calorimeter.
Subject. Per
kilo- kilo-
- Aver- R Aver-
Heat eliminated. Eram Heat eliminated. gram
uge. er 24 AER. r
UTAE. [iLH o8
Bevere diabetes, e lories cals. | cals. calories. cals, | cals,
(Nl e T e g 1.421.27 1.88 1.50 | 1.34 T I o S R T 24
1.42 1.84 1.41 1.19
1.18
B e e R R | i 1.24 1.24 .5
o 1.28 1.28 1.24 1.28 1.5 LD | s e e e s e S o
1.26 1.26 1.40 1.26
B e e s e oM 1B 100 o i 1.34 BER | sean wwwn e o s
A R e S R T 1.29 .. o | R T AR
L e R S i R [ I | 1.15 7.6
B e e s ha amun l.igﬂﬂl.fﬁlﬂﬂ 1.08 2.2
1.
L.uisassnsensnsnnnnes so| LB LOL caus oans 1.65 0.6 BEZM o hoife b N
e L B B3 - e e 1.6 2.6 ialbi
Av. Of BEVEDe COBEB.ccus|| con swiss vuss swss | LoD 386 1.16 27.8
- —  — - — -
| I&yﬁl diabetes.
[Conge H.. soosvsnssassasnsens 1.8l cove suse suns 1.51 a4 | .. .
] B B S R e 1.20 1.84 1.35 1.37 1.34 na 1.29 1.5 31.0
| . o e 100 080 .. sins 098 2.5 0,99 < 0.99 ]
| Av. of light cases....... S TN [ T [0 17 1.4 | 21.4
| R |
Av. of all COBOR.:ccocccal] sose saas iass aais 1.33 Sl ot e e 1.15 2.6

A summary of the measurements of the heat-elimination in all the experi-
ments, expressed on the basis of per kilogram of body-weight per hour, has been
placed in table 177. With Case A there was an unusually low heat-elimination
in the last two experiments with the chair calorimeter, much lower than in any
other period. With Case C in the chair calorimeter the results from experiment
to experiment are strikingly uniform. The unusunally high heat-production of
Case I agrees also completely with the unusually high oxygen consumption and
carbon-dioxide production shown by this subject. Similarly, the extremely low
values found with Case M in both the bed and the chair calorimeters are in
accord with the observations of the carbon-dioxide elimination and oxygen con-
sumption. With the bed calorimeter, the observations are more or less frag-
mentary, usually consisting of but one experiment with each subject. The
average heat-elimination of all the subjects in the chair calorimeter iz 1.33 cal-
ories per kilogram per hour and 1.15 ealories with the bed calorimeter. A strict
comparison between these two values is not permiesible, since a much larger num-
ber of experiments was made with the chair calorimeter with a much larger
number of subjects.
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As was seen in the discussion of the carbon-dioxide production and oxygen
absorption, the chair calorimeter usually gave values some 15 to 20 per cent
higher than the bed calorimeter. Here, although the basis is unsatisfactory for
the best comparison, we still have an increase ranging from 15 to 20 per cent.

It has been the custom of most writers to give the heat-elimination on the
basis of per kilogram of body-weight per 24 hours, and a column has therefore
been added to the table giving the values in this way. This is, however, some-
what illogical, since it is not at all probable that the metabolism as measured
either in the chair calorimeter or in the bed calorimeter is in any way repre-
sentative of the average metaholism of a 24-hour day. Unquestionably, the sub-
jects while gitting in the chair calorimeter are more active muscularly and have
a higher metabolism than when in bed asleep at night, and, on the other hand,
while sitting in the chair calorimeter, they would have a lower metabolism than
in moving about the house or engaged in any business occupation. It is probable,
however, that in view of the general weakened condition of diabetics and their
tendency to conserve energy more or less, the values found with the ehair calorim-
eter represent more nearly the actual 24-hour metabolism than any thus far
obtained, although no doubt these values are somewhat less than the metabolism
outside of the chamber would be when the subjects are free to move about.

COMPARISON OF THE METABOLISM I¥ DIABETES OF DIFFERENT
DEGREES OF SEVERITY.

In all of the tables and discussion thus far presented there are not sufficient
data to note material alterations in the metabolism of the same individual at
different times of the year or different stages of the disease, with the single ex-
ception of the last fasting experiment with Case A, where the metabolism was
noticeably lower than in the earlier experiments.’ Conszequently, there has been
as yet no means for judging of the influence of varving degrees of severity of the
disease upon metabolism.

Considering the experiments in two groups, those of the severe and light cases,
it will be of interest to compare the metabolism as measured on these two differ-
ent groups of individuals. The comparizon, however, can be made only with the
chair calorimeter, for the experiments in the bed calorimeter, all with light cases,
were too few to be of any service, only two experiments, one with Case L and one
with Case M, being available. The metabolism as indicated by the carbon-
dioxide production and oxygen consumption per kilogram of hody-weight per
minute, ag well as the heat-elimination per kilogram of body-weight per hour, are
given in table 178, in which the averages of the severe cases and of the light
eases are compared.

* Clinically at this time the patient was in better condition than during the earlier
experiments,
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TaeLeE 178 —Comparizon of the metabolism of severe with light diabetes in
the chair calorimeter,

Cubie centimeters

: g Heat elimi-

| = | mated ﬁ‘uki'ln.
Carbon O e =
dioxide, XFEEn.

£. 0 C. . calories.

| Severe ........ 3.53 4.85 1.40

| 139 £ T e e 2.98 3., 1.21

| =]

The results of this comparison show that the carbon-dioxide production is
noticeably higher in the severe cases than with the light cases. This is also indi-
cated by the oxygen consumption and the heat-elimination. The objection may
readily be raised with this comparison, however, that of the three light cases,
Case M was abnormally fat, and, therefore, had an abnormally low metabolism
per kilogram of body-weight. On the other hand, an inspection of the data
shows that the metabolism for Case L was unusually high, and probably the
average of these three may still represent a fair average of so-called “light”
cazes of diabetes.

The values found indicate a noticeable increase in the carbon-dioxide pro-
duction, oxygen consumption, and heat-elimination per kilogram of body-weight
with severe cases, when compared with light cases. On the other hand, the
results found with Case L indicate that there may be light cases of diabetes which
give a high metabolism per kilogram of body-weight, and consequently no value
may be expected to be derived from a measurement of the intensity of metabolism
as an index of the severity of any case. It is true, however, that practically all
of the severe cases have a value higher than the highest value found with the
light cases, at least so far as the oxygen consumption is concerned. It is further-
more highly probable that with the same individual the more severe the acidosis
the higher the metabolism.

COMPARISON OF THE METABOLISM IN DIABETES WITH METABOLISM IN HEALTH.

Since it was clearly shown in the comparison of the metabolism of individuals
with diabetes of different degrees of severity that the more severe the case the
greater the metabolism, the comparison of diabetics with normal individuals
would, 4@ priori, be expected to show a larger metabolism with diabetes than in
health. TUsing for comparison the normal experiments made in this laboratory
with the same type of apparatus employed in making the experiments on dia-
betics, the average results have been brought together in table 179, in which are
compared the results with normal individuals, with all the cases of diabetes, and
with all the severe cases of diabetes. In order to furnish the best means for com-
parison, the values are all given on the basis of per kilogram of body-weight per
minute, the results for the heat eliminated being presented on the basis of per
kilogram of body-weight per hour and per 24 hours.
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TaBLE 1T —Comparison of carbon dioride eliminated, orygen absorbed, and heat
eliminated by diabetics and by normal individuals,

' Heat, i

Carbon dioxide per | Oxwvgen per kilo, of - ]
kila. of b-ﬂ-d_'r-wc:'::ht body-weight per | Per kila. of LoF kilo. of

per minute, | minute, [bedy-weight hudy—w;::t‘ghtf
Subjects. per hour. . urs. |
| S
E & o E &
g | . |aZ88 = 2283 & s o
2 | 3 [§rSE 2 3 §ede 2 |4 | 2| 2
6| & 2" 6 """ 8 m-5|a
W e i [
| | | [
o | ce.| c.e. |ec|loe| ce | cals. cals.| cals | cals.
Normal Individuals ............... 2.% | 295 | .02 (399|361 3.62 |1.21|1.01 | 29.0 | 24,2 |
Diabetes, all cases...... St 3.5 | 3.11 3.1 454 4.13 | 4.15 1.33 | 1.16 [ al.9 | 27.8
Diabetes, severe cases.............[3.58 | .15 | 3.8 | 4.85 [ 4.25 | 418 | 1.40 | 1.15 | 33.6 | 27.6 |
Percentage increase, severe over | | | | ]
T R R R G R G 21 | 6.8 53 [2.6 (21,1 | 15.5 [15.7 |13.9 | 15.T7 i 13.9

The noticeable increase in the average metabolism of diabetics over normal
metabolism is marked in hoth the oxygen consumption and in the heat-produe-
tion. The inerease in carbon-dioxide elimination, though positive, is much less.
At first sight this appears to be a marked discrepancy in the results. On the
other hand, the normal individual, even when no food is eaten, has a much
larger supply of carbohydrates stored as glycogen that he can draw upon than
have diabetics, and the carbon-dioxide exeretion of normal individuals would,
under otherwise uniform conditions, be expected to be somewhat larger than
that of a diabetic subsisting upon a diabetic or flesh-fat diet with a minimum of
carbohydrate. We see, therefore, that the positive increase in the carbon-dioxide
excretion in diabetes, slight though it may be, is all the more remarkable, and is
wholly in harmony with the large increases noted with the oxygen consumption
and the heat-produetion.

The percentage increases have been included and it is seen that the carbon-
dioxide excretion averages not far from 6 to ¥ per cent, the oxygen consumption
from 16 to 21 per cent, and the heat-elimination about 15 per cent. The positive
increase measured by all these three factors is such as to leave no doubt that
in the diabetie individuals here studied there was a distinct increase in metahb-
olism above normal.

Inasmuch as this finding is distinctly opposed to many commonly accepted
beliefs, the experiments must he subjected to a eritical examination and study,
and all possible influences on the metabolism taken into consideration. The
criticisms raised, therefore, in the subsequent sections of this report will deal,
first, with the validity of the value assumed as normal, and, second, with all
possible factors occurring to the writers that might influence the metabolism
of the diabetics which were not present in the normal experiments.
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THE NITROGEN AND SUGAR EXCRETIONS OF DIABETICS IN PERIODS
WitTHouT Foob.

THE NITROGEN EXCRETION.

Among the numerous possible explanations of the increased metabolism noted
in diabetes may be the inference that there is a larger katabolism of protein
with diabetics and that the specific dynamie action of the protein causes the
increased metabolism. In order to throw some light upon the relative amount
of protein katabolized by these individuals, the calenlations have been made
showing the nitrogen in the urine per kilogram of body-weight per hour ex-
pressed as milligrams for the various fasting experiments. While it was formerly
believed that enormous amounts of protein were katabolized by diabetics and
enormous amounts of protein were given in the earlier dietetic treatment of dia-
betes, with the more modern treatment the nitrogen ingested per day is con-
giderably less. It is of interest, therefore, to determine the nitrogen excretion
of these different subjects at least 12 hours after the last meal on different days
and during different periods of the year. The results are given in table 180.

The differences in the amounts thus excreted are very noticeable. Thus, with
(Case A, on December 16, 1908, there were but 4.1 milligrams of nitrogen per
kilogram per hour in an 8-hour period, while on November 5, 1909, in 3 hours
there were 12.5 milligrams, or nearly three times the former amount. The
values found with Case C range from 6.3 milligrams to 16 milligrams, and,
indeed, these wide variations are found in experiments but 4 days apart. In
experiments with Case H, 1 week apart, the nitrogen ranged from 6.3 milli-
grams to 14.5 milligrams. In most of the other experiments the variations are
not so great and the amounts remained relatively uniform. It should be stated,
however, that with no other case did the experiments extend over so long a period
of time as with Cases A and C. The average values for the different individuals
shown in the table range from 5.8 milligrams with Case B to 13.8 milligrams
with Case I, the average of all the severe cases being 9.6 milligrams, and the light
caseg 8.7 milligrams, the average for all cases being 9.4 milligrams.

From these results it is clear that the amount of nitrogen excreted 12 hours
after the last meal may vary considerably with the same subject at different
times, and likewise between different subjects, although on the average it is
not far from 10 milligrams per kilogram of body-weight per hour.

For comparison it is necessary for us to make similar analyses of the urine
of normal individuals. This we have done in connection with several of the
normal experiments included in this report, and the results are abstracted in
table 181.

Of special significance is the fact that the variations between the minimum
and the maximum amount for nitrogen per kilogram per hour are very much
less with normal individuals than with diabeties, the widest variations being
with the subject J. R., ranging from 3.8 milligrams to 8.7 milligrams. The
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TapLE 180.—Nitrogen excretion per kilogram of body-weight in periods without food,

Milli-

Date. Hours. grams. Date, ; Hours. | ;;},LE! |
Case A. Case F. ' ‘ |
Nov. 4, 1908.......... T 10.0 Mow. 11, 1908, ......... 8 | 100 |
Mov. 18, 1908.......... B 6.4 . —
Dec. 16, 1908....... S 4.1 Case (. :
Mar, 41800 e 5 8.5 Feb. 16, 1908.......... 8 8.5 |
HE-I.'. 13- lm--iivrr-fr 4 5-9 e ——————
Mar. 19, 1909.......... i 9.1 Case H. |
Mar. 26, 1909.......... G e Feb, 1, 1910.......... 5 5.3 |
May 17, 1909.......... T 6.8 || Feb. T, 1900.......... 7 7.8
Mow. 5 1909.......... & 12.5 Feb, 9, 1510.......... T 14.5
Mar: 11, 1910......... 5 T8 || Feb 12 1930......:... G 8.2 |
(PR R TR 1 T T 9.0 |
Average .......... 5 8.0 |
—_— Average .......... 9.2 |
Case B. —
Oct. 2, 1909.......... 4 4.6 Case I
08k, 82900 1 eermons Bof w88 Oct. 27, 1909.......... b oas b oaaes |
Mar, 2 190.:::.c00500 | 11 | 6.6 ek, 30, 1909, .. .o 5 15.9
AVETAEE .....ccuus i 6.8 Average .......... T B
Case O. | Case J
Apr. 18, 1900w cunalll. 0| 86|l Oet 4, 1909..... s 7.0
May 14, 1909.......... ] I A B Ot 21, 1808, .. ....... 3 8.5
June 8, 1909...... ... gl et a2 as0e. il 5 | 92
June 11, 1909.......... (] [ 16.0 ||
June 15, 1906.......... ki 6.3 AVETAEE .......uns 8.6
JT.I.IJ'E 15. 19'}9 111111 ERCEEEY 1 | 11'5 —
June 22, 1909.......... | & 10.6 Case K.
June 25, 1909.......... |, T 11.7 May 11, 1909, ... T 10.3

[ e I 2 15.3 [ 3

e O 1 R ] 9.5 Case L.

e e b R 2 6.7 Jam. 1, 1909, ........0 8 | 8.8
Oct. 28, 1909.......... SRl hesTan: 91000, ... .. 8 | 9.4
Oct, 29, 1909.......... ] 10.6 I Jan. 26 1909.. .. 0000 | B 9.0
Dot 30, 1808, ......... a3 7.8 Feb, 11, 1909.......... 9 9.6
Qet. 31, 1809 .....nnn 2 | 10.1 || Mar. 27, 1909.......... fi 10.7

AVETREE .......... 10.1 || AVErage ...ocuvvns e 9.5
Case D, | Case M.
B et P 1) | 2 11.3 Nov. 27, IEI‘JE..........I ] | 6.3
T S T L1 3 11.9 [ fe——
Oct. 14, 19098.......... 3 8.8 | Average: [
| ' (| Severecases, AtoJ..| .. | 9.6
| AVETrage .....oo... St T Light cases, KtoM..| .. 8.7
| AN CASOE oo onaina . 9.4
Case E.
Mov. 9 1908.......... 5 10.4 |
Mov. 16, 1908.......... B | 11.7 |
AVerage ..........| - I TR | ‘ ‘
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individual averages range from 4.3 milligrams with the woman subject, Mrs. B.,
to 9.6 milligrams with T. M. C., the average of all 10 subjects being 6.85 milli-
grams of nitrogen per kilogram of body-weight per hour. This value is nearly
30 per cent less than that found with the severe cases of diabetes.

TasrLe 181.—Nitrogen excretion of normal subjects per kilogram of body-weight
per hour in periods without food.

| Number P .
Subject. w]";:gi* a:'“i:nﬁ:rl- I H“"': !ﬂm' Average.
|

| mg. mg. mg.
Prof 0 i b At 83.5 3 G.2 10.5 5.2
L B o | 83.0 2 G.9 T.4 7.1
| ol D R B e T T o 9.9 1 5.6 5.6 5.6
T G o L A won| T4 b 4.1 6.3 5.0
! B A B 67 .6 8 5.6 8.2 6.2
MIEEE: o S R I 67.0 1 Igii] e 4.3 4.3
S e A A 66.0 12 | 3.8 8.7 6.5
SRS 1 M e 59.6 14 | 6.2 11.0 8.3
G I ) ol R 49.0 3 7.9 10.8 9.6
IV R i e o T A 48.5 L AR 7.6 7.6
Average all subjecis. .. G.85

In a recent research, Johansson ' has likewise determined the nitrogen exere-
tion 12 hours or more after the last meal with a number of different subjects,
all healthy young men. The results thus found are of interest in connection
with the experiments here reported, and are given in table 182.

TasLE 182 —Fxeretion of nitrogen per howr per kilogram of body-weight in
periods withowt food (Johansson).

* | Average
W-d }_i of
il

S"Et- 5 L—h] | E'd. | i L:M 2 = .]I P
(61 kilos.). | (58 kilos. ). | (57 kilos.h. | (85 kilos.). | (73 kilog. periments.
. LT, . g, | WM. .
Experiment A......... 9.6 10.9 | 7.5 6.5 7.8 8.5
Experiment B......... BT 9.1 G.4 ‘ 9.7 l’ !

In these experiments, as in those cited in table 181, the variations on the
same individual are very small, the subject W—d showing the widest fluctuation
(a little less than 2 milligrams). The average for all the subjects is 8.5 milli-
grams per kilogram of body-weight per hour. This is but a little less than that
found with the severe cases of diabetes.

Since, however, in making general comparisons between the results with nor-
mal individuals and with subjects having severe diabetes, we are using chiefly
the individuals experimented upon in this laboratory, it is necessary to consider
whether or not the increased nitrogen elimination clearly indicated by the dia-
betics when compared with our normal subjects could, in any way, affect the
metabolism as a whole. In other words, was the increased protein katabolism

! Tohansson, Skand., Archiv f. Physiologie, 1908, 21, p. 1.
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sufficient to result in the total katabolism being influenced by the specifie dy-
namic action of the excess protein disintegrated? The difference between the
average values found in the severe cases of diabetes and those found with 10
normal subjects in the Nutrition Laboratory was 9.60 — 6.85 = 2.75 milligrams.
Assuming an average naked body-weight of 55 kilograms for the diabetics, we
find that there would be an excess of 151 milligrams of nitrogen per hour. Since
each gram of nitrogen in the form of protein gives rise to approximately 26
calories, this excess protein would result in the liberation of approximately 4
large calories of heat per hour. If we assume the most favorable conditions for
the specific dynamic aetion of the protein to assert itself, and if we assume
Rubner’s value of 31 per cent as the extra heat dissipated and not available to
the body, then there would be an excess of only about 1.5 calories eliminated
as the result of the increased katabolism. This is barely 2 per cent of the total
energy transformations, in any of these cases, and hence we are entirely unable
to attribute the increased metabolism of 15 to 20 per cent to a possible increase
in the protein katabolism, even by assuming the most favorable condition for
the specific dynamic action of the protein to assert itself.

THE DEXTROSE-NITROGEN RATIO.

On the assumption that the nitrogen excreted in the urine of diabetics on a
carbohydrate-free diet is derived from protein, the relationship between the ni-
trogen and dextrose excreted has been much used by different investigators in
attempting to estimate the quantity of dextrose that may be formed from 100
grams of protein. For this purpose it is assumed that on a carbohydrate-free
diet cases of severe diabetes give off from 1 to 4 grams of dextrose per gram of
nifrogen in the urine. This ratio has been called the dexirose-nitrogen ratio.
A very large number of experiments have been made upon this basis, but in
most instances sufficient care was not taken to consider the possibility of the
previous storage of sugar or glycogen in the body. With animals this has been
possible, as the glycogen can be removed by methods which with men would be
imposgible. Im all the experiments here reported, the dextrose-nitrogen ratio has
been determined in the period in the early morning without food at least 12
hours after the last meal.

The errors incidental to determining this dextrose-nitrogen ratio are numer-
ous. In the first place, the assumption that the nitrogen excreted in the urine
is accompanied by the glucoze or dextrozse formed from the protein is difficult
to prove since it presupposes a parallelism in the excretion of the two portions
of the disintegrated protein molecule, namely, the nitrogenous and the non-
nitrogenous portion. As can be seen in the experiments in which meat was fed,
the excretion of the sugar is very much more rapid than of the nitrogen, the
nitrogen excretion not increasing to the maximum for some hours, while the
sugar excretion fakes place almost immediately. This has been pointed out in
numerous experiments on both man and animals by earlier writers.
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It is probably true that the dextrose-nitrogen ratio determined 12 hours after
the last meal is erroneous in that there is the influence of previously existing
sugar or glycogen in the body, and the assumption that the sugar excreted under
these conditions comes wholly from protein is not tenable.
connection with these experiments, we have a large number of these dextrose-
nitrogen ratios determined in short periods in the early morning before food
was taken. The variations in these dextrose-nitrogen ratios are most significant,
and the results have been brought together in table 183 for comparison, together

with the respiratory quotients.

Fortunately, in

TanrLe 183.—The dextroge-nitrogen ratio and respiratory guotient during

periods without food.

Case and number. Date. Time, !
| R § rle 2|
1908. | '
Casa A1...... Nov. 4......] T0™am. to E2*00™am....
: [ B00 am. 10 00 a.m....|
| | 10 00 am. 12 00 noom...
' | 12 00 noon 2 00 p.m....|
Case AZ2,..... Nov. 18...... | T 00 a.m. 252 am....|
| £52 am. 1052 am....|
10 52 am. 12 562 pm....
| 12 b2 p.m. 252 pm....
Case AS...... Dec. 18...... ‘ 7 00 am, 918 am....
| 918 am. 11 18 am....
| 11 18 a.m. 118 pm....
| 1 18 p.m. %1% pm....
1909,
Case A4d...... Mar. 4.....n 7 00 a.m. 8 51 a.m....|
£ 51 a.m. 10 21 am....
10 21 am. 1151 am....|
Case Aba.....| Mar. 13...... | 700 am. 902 am....
902 am. 11 02 am....
Case AG...... | Mar. 19...... 700 am. 847 am....
| | 847 am. 10 47 am....
| | 10 47 a.m. 12 47 pm....
Case AT...... Mar. 26...... 7T 00 am. 950 am....
950 am. 12 50 pm....
| Caga AB...... May 1T...... | 700 am. 9 86 am....
| 926 am 11 26 am....|
| 1126 am. 130 pm....|
19140,
Case Al6..... Mar, 11...... | 700 am. 910 am...
| 910 am. 10 10 am....
| ‘ 10 10 am. 11 13 am....
[ 11 13 am. 12 08 pm....

Respiratory
quotient for
experiment,®

B =1 8 =1
o

BRE Lowe

= m -
[0 -1 = il A = -] ==L -5] b
Tl [TUN=s] 0 =] =1 =

[ I =]

S =3=1  Eneoen TR

[+ =lLT ==L =]

|
l 0.70

L0

.4

LT6

68

72

.T1

.66

.T4

1 The dextrose was determined for the periods by the Clitron method. For a description of this

method, see p. 26,
day

® These fignres represent the average respiratory quotlents for the measured perlods on that
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TapLe 183, —The dextroze-nitrogen ratio and respiratory quotient during
periods without food—~Continued.

| I | Respiratory |
Cage and number, | Date. | Time. | D:K. | quotient for
| expennjnjnt.
1909, |
Case B'3......| Ock  2...... | 6*30™a.m. to 10"00"a.m.... 0.00 0.75
Case B4...... Det’ Bl..s- - T3 am. 1000 am.... .1 .70
1910 |
Case B1...... Mar. - 2...... | 738 am. 1280 pm.... 2.69
12 30 p.m. 230 pm.... .71 } .4
2 30 pm. 645 pm.... .29
1909,
Case C1...... Apr: AT 6 00 am. 1104 am.... 3.47 |} s
11 04 a.m. 104 pm.... 1.74 || :
Cage C2...... May 14...... 600 am. 1044 am.... 2.88 [y 75
. 10 44 am. 106 pm.... 1.36 |f :
Case C3..... . June 8...... 545 am. 912 am....| 12.37 | !
912 am. 1012 am....| 9.36 '} 67
1012 am, 11 12 am....| 8.61 2
11 12 am. 1212 pm.... 6.82 J
Cage C4......| June 11...... 6 00 am. £16 am....| 4.70
216 am. 10 16 am.... 4.00 69
10 16 am. 11 16 am....| 2.97 || 2
11 16 a.m. 12 16 p.m.... 1.%0 ||
Case C5...... | June 16...... 6 00 am. 93 am....|[ 11.20 |]
[ 930 am. 11 30 a.m.. 9.56 |} LG9
. 11 30 am. 12 30 pm...., 7.45 )
Case CB...... June 18...... 5 40 a.m. T20 am... 5.92
| T20 am. 10 32 am....| 4.36 } .14
[ 10°32 am: 1232 pm....| 2.73
Case CT...... | June 22...... 50 am. 720 am....! 8.97 |
| T 20 am. 43 am....| T.19 |
! 843 am. 111% am.... 5.9
Case CB..... ! Jiune 25...... 5 45 am. 10 00 am.. b.31
! i 10 00 am. 10 52 am....| 2.62 } 11
| | 10 53 a.m. 100 pm....| 3.13
Case C19.....| Oet. 25...... | T 00 am. % 45 am....| 5.50 | 68
Cage C20.....| Oct. 26...... | 700 am. 93 am.... 4.2 | 71
Case C9...... 923 am. 1022 am.... 4.7 |)
| 10 28 am. 11 28 am.... &5.97 wid
! | 1128 am. 1228 pm.... 5.93 j
Case C21..... Ock” “2T......1 7 16 am. 9 556 am....| 10.10 71
Case C22..... QOct. 28......] T 10 am. 9 25 am....| 4.44 } 66
: i 926 am. 1009 a.m.‘.,| 4.83 X
Case C23..... Dok 29._.... [ 700 am. 1000 am.. | 4.21 LG8
Cagse C24.....| Oct. 30...... . T10 am. 1015 am. | 5.04 LT
Case C25.....| Oct. 31......| 7 00 am. 9 556 am 2.61 .69
Cage D1......| Oct. 1...... | 700 am. 8B 47 am. ‘ 3.1 } 73
8 47 am. 944 am....| 2.86 :
Case D2..... S b o ] o S | T . - 1 R ] e by 1 .T4
Cagse D3...... Oet. 14...... ot B ST Ty G S e | 4.96 | .15
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TapLe 183.—The dertrose-nitrogen ratio and respiratory guotient during
periods without food—Continued,

Time.

Caze and number. Date.
15908,
Case BEl...... . Nov. 9......
Case BE2...... Mov., 16..... :
Case F'1...... Nov. 11..... ’
1908
Case G1...... Feb. 16.. .
|
1910,
Case H1...... | R oo
Case H2...... Babh. T ..o
Case HE8...... | Feb, 8......
Cage H4......| Feb. 12......
Case HG...... Mar. b5......
1904,
Cage Il......|0ct. 27......
Case J3...... 11 R (e
Case J1...... Oct. 22......

—

Case L1...... Jam: . il
!

Caze Li2...... JAD. 9....:s |

Case L3......[ Jan. 28......

casa Lilllilﬁl Fehr 1111 I-ll"l
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55
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00
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00
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L. 1M1,
.1m.
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a.m.
a.m.
a.m.
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a.1m.

Tt 00™a.m. to 9"02"am..

11 02
1 02
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a.m....
pm....
p.m...

a.m....
am..

T
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3

9 21
121
b |
21
20 am....
A5
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pm....

----------------

2 52

8 50
10 50
12 50

2 50

8 55
10 55
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2 50

1 25
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9 07

11 07
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While there seems to be no definitely marked division in the relationship be-
tween the respiratory quotient and the dextrose-nitrogen ratio, there appears to
be a general tendency for the dextrose-nitrogen ratio to be low when the respi-
ratory quotient is high, and the ratio to be high when the respiratory quotient
is low. One can perhaps readily understand why the first statement should be
true, namely, that the dextrose-nitrogen ratio would be low when the respiratory
quotient was high, because under those conditions the body is burning glycogen
or burning carbohydrate as indicated by the high respiratory quotient. It can
be assumed, therefore, that a larger amount of glycogen or sugar existing in the
blood would be burned than under other conditions. To explain why there
ghould be such a large excretion of sugar in the urine at times when the respi-
ratory quotient is low is more difficult.

It can also be assumed that if the dextrose-nitrogen ratio is large the body
would be flooded, eo to speak, with sugar or glycogen, and the respiratory quo-
tient would be larger. This is assuming that the flooding of the body by sugar,
either from the liberation of the previously stored glycogen in the liver or from
gome other source, results in an increased oxidation, and also increased excretion
of sugar in the urine. There may be a large part of this flooding from the liver
pass into the urine, and also a sufficient part of it burned to inecrease the respi-
ratory quotient. Obviously, these two views are contradictory, but they repre-
gent two possibilities that should be horne in mind in any final discussion.

From the foregoing discussion it would seem to be almost impossible to control
experimental conditions on man so as to be certain of the value and scientific
accuracy of any dextrose-nitrogen ratio. Considering the possibilities for the
storage of glycogen in the liver of man, the impracticability of experimentally re-
moving glycogen by any of the methods so often used for animals, and of sub-
jecting diabetic patients, who are frequently critieally ill, to a diet more
strict and more one-sided than is commonly used in such cases, it can be seen that
it is practically impossible to determine the dextrose-nitrogen ratio of man.

Lusk has suggested that if a meat-fat diet be adhered to for a number of
days there may be under these conditions a dextrose-nitrogen ratio that is char-
acteristic. A ratio with as high a value as 3.65 has been termed by him the
“fatal ¥ ratio. It is, however, not out of the bounds of possibility that even
with a meat-fat diet persisted in for some time, the storage of glycogen may ulti-
mately be drawn upon to such an extent as to seriously vitiate the accurate deter-
mination of any dextrose-nitrogen ratio, for with diabetics it is more than
probable that any glycogen stored can be burned if there is an ultimate demand
for it, as in very severe muscular work, or that it may be transformed to sugar
and excreted as such. Even in the most severe cases of diabetes, glycogen has
frequently been found in the liver, particularly after eating sugars, such as
dextrose and levulose. We can consider, for example, that glycogen is held in the
liver cells perhaps somewhat as creatine is held in the muscles. It was found
that during fasting when muscle substance was broken down that creatine as
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such was excreted in the urine, and a theory was propounded to explain this ap-
pearance of creatine in the urine on the ground that it accompanied the disso-
lation of muscular tissue, thus resulting in the liberation of creatine which was
not converted to creatinine and excreted as such in the urine.

If we assume that glycogen is held in the liver or muscles in some similar
way, if is not too great an assumption to make that under conditions of fasting
there is bodv-material broken down and glycogen may he set free with the nitro-
genous material of the tissue holding the glycogen. The glycogen may be in
part burned and in part excreted as sugar. Obviously, therefore, in considering
the dextrose-nitrogen ratio, we deal here with the possihility of a source of sugar
not only in protein but likewise in glycogen liberated as the result of the disin-
tegrated body-materials.

Thus, from another standpoint, it iz seen that the dextrose-nitrogen ratio is
very uncertain. Conditions such as are outlined above, however, would indicate
somewhat higher rather than lower ratios. Consequently, all the factors of the
dextrose-nitrogen ratio must be with man, at least, of little avail owing to the
fact that we have no knowledge whatever with regard to the amount of glycogen
present in the body at the time of the experiment. Studies of the dextrose-
nitrogen ratios of man should invariably be accompanied by a careful series of
especially planned respiration experiments, showing the amounts of materials
actually burned on the experimental days. From the respiratory quotient it is
possible to determine with considerable accuracy the kind of material burned,
and if there are drafts upon body-glyeogen or storage of body-glycogen this ean
readily be shown. It is impracticable to starve subjects with severe diabetes long
enough to have the katabolism wholly of body-protein and body-fat, so we have
no means of knowing what the dextrose-nitrogen ratio would be under these
conditions. It is highly probable, however, that the body would utilize its ma-
terial most economically in conformity with the experience found with fasting
individuals, and that the dextrose-nitrogen ratio would never be very high. The
subsequent effect of ingesting meat might be to increase this ratio somewhat.
Experiments of this kind should be made and ghould be completely controlled
by respiration experiments which would indicate the nature of the material
burned.

Under these circumstances, therefore, we must hold in abeyance all judgment
with regard to the dextrose-nitrogen ratio thus far determined on man. As a
matter of fact, it can readily be seen that these ratios throw no light whatever
upon the possibility of the formation of carbohydrate from protein or sugar
from fat, or, indeed, from the relative amounts of sugar formed from 100 grams
of albumen.

It seems to be very clear from the marked falling off in the dextrose-nitro-
gen ratio in most of the experiments that the sugar exeretion in the first period
is certainly influenced by a previous condition of glycogen or sugar surplus in
the body. With animals by the use of cold, strychnine, phloridzin, or removal
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of the pancreas it is possible to remove a very large proportion of glyeogen from
the body; with man it is impossible to use these methods, and we must never
forget that there may be considerable quantities of glycogen which can be drawn
upon immediately when required by the demands of the subject’s hody. In many
instances, this glycogen may be used and rapidly replaced ; in others, it may be
very slowly replaced. Indeed, it may be dangerous to starve a patient with severe
diabetes or even to place him upon a strict meat-fat diet for several days to de-
termine the dextrose-nitrogen ratio.

RESPIRATORY (QUOTIENT IN DIABETES.

The relationship between the volumes of ecarbon dioxide excreted and of oxy-
gen consumed is of great significance in interpreting metabolism during diabetes,
and this relationship has been most carefully discussed by Magnus-Levy ' who
determined with great care the respiratoryv quotient in a number of cases of
diabetes.

As pointed out in earlier sections of this report, the determination of the
carbon-dioxide elimination in practically every experiment is carried out with
the greatest degree of exactness, and can, for the most part, be relied upon abzo-
lutely. On the other hand, the determination of the oxygen consumption in-
volving as it does more or less absence of muscular activity and requiring accurate
measurements of temperature inside the chamber, are at times inaccurate. Ob-
viously, an erroneous oxygen determination will result in an erroneous respi-
ratory quotient. While individual experiments may be unreliable, fortunately
in the experiments here reported, there is a sufficiently large number of observa-
tions from which to draw positive deductions with regard to the average respi-
ratory quotients of different individuals. The respiratory quotients in all of
our experiments with diabetics without food have been collected in table 184.

While an examination of the results shows notable variations in the respira-
tory quotient with individual experiments ranging in Case A from 0.66 to 0.76,
the average of all results with each subject is relatively constant. In general,
the most severe cases have somewhat lower respiratory quotients than the light
cases. The striking exception to this is Case H, who had an average respiratory
quotient of 0.77. On the other hand, Case K had an unusually low respiratory
quotient with the respiration apparatus. Since but one experiment was made
with this subjeet, however, too much value can not be placed upon so small an
amount of data. Obviously, it iz necessary to consider the average of the light
cases with the respiration apparatus as practically without significance, as it is
based wholly upon the one experiment with Case K.

The lowest respiratory quotient found was 0.64 in one experiment with Case
C and the highest, 0.81, with Case H. Although a number of respiratory quo-
tients below 0.7 are given, there is nothing in the experiments to prove that this

! Magnus-Levy, Feit. . klin. Med., 58, 1905, p. 83.
14
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is an absolutely accurate indication of the respiratory exchange with these indi-
viduals at this time. We have no reason to believe, therefore, that the average
values found with these subjects do not represent more truly than the individual
values the actual conditions at any particular time. Unusually low respiratory
quotients of 0.6 or below we have not found, and we have no ground for believing
that in any of the cases here examined was the metabolism so disturbed as to
affect the relation between the carbon dioxide excreted and the oxygen consumed
to such an extent as to produce a respiratory quotient below 0.6.

TasLE 184 —Average respirafory quotients in experiments with
diabetics without food.

| Calarimeter., | Respiration apparatus.
Subiject, ‘ Respiratory quotient, | ‘:;El" Respiratory quotient. m
Revere diabetes. !
cm l&.11+r1++r “'75 ﬂ‘TE n‘Tli ﬂ'-'i‘ﬁ Urﬁg G‘Tl * B @ 2 +E LI I & EE *EESE
0.72 0.71 0.66 0.73 0.74
1 S T L R e T o B e 0.74 | 0.71 0.76 0.T0 .... +vus 0.72
e | 0.75 0.75 0.67 0.69 0.69 0.71  0.70 0.64 0.71 0.68 0.67 | 0.69
0.74 .71 0.71 0.72 0.71 0.69 0.71 0.71 0.66
| 0.68 0.70 0.69
i e R e i e, arn w0 T O T 0 T e e 0.74
{1 S [ 0.72 0.74 S B B BN e R e
F -------- I}-T* EREEEY " w - {]'Ti| - EE &R
[ P [1 57 | SR e I PR S e e s L
Bl ey, | 0.76 0.79 0.81 0.72 0.78| 0.77 | 0,78 +ee tivr vene seee 0.76
] B L [ | W M= R senie i ererel [ | e MR e T T - 5
el e 0.76 . - R |1 T i i e
Av. of severe — ===
CASEE ....ves | DT B o e e e 0.73
Idght diabetes.
Case K....:c... [ 078 -.ov ones wnes asns IR L P e e .. 0,70
1 L [ 0.T8 0.75 0.75 0.T8 0.T9] 0.77 | --+: iz suin susa nans
1.5 RN ey D.TB 0L.T8 0728 ove viins e i T e o g
Av. of light _— -
cages ..... [ .. DL T I BT6] oo i i dad KA RN 0.70
Av. of all |
cases ..... It o b e e 074 | isn sin wiie At RS

The respiratory quotient, therefore, in severe cases of diabetes, indicates prac-
tically a fat katabolism compensated on one hand by a slight increase due to the
protein katabolism, and on the other hand by the increase in the formation of
sugar from protein, since with pure fat the respiratory quotient would be 0.711,
while with pure carbohydrate it is 1.00. Assuming that the protein metabolism
is 15 to 20 per cent of the total, we find that the respiratory quotient would be
not far from 0.73, which is the average of practically all the severe cases. As
has been pointed ont by Magnus-Levy," however, other factors play an important

! Far an interesting theoretical discussion of these points, see Magnus-Levy, loc. cif,,
p. 93.
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role here, such as the formation of partially oxidized material as acetone hodies
and the excretion of sugar in the urine.

It should be stated that although aleohol was used sparingly in many of the
diets, it was not used for 12 hours prior to these experiments without food, and
hence there can be no effect of the naturally low respiratory quotient following
the taking of aleohol.

In studying the respiratory gquotient of diabetics, it is hardly probable that
when we find somewhat higher respiratory quotients, it indicates that the diet
of the preceding day had a marked influence upon the respiratory quotient 12
hours after the last meal, a condition frequently noted in this laboratory in ex-
periments. In a series of unpublished experiments carried out by Benediet,
Riche and Emmes, it has been found that the respiratory quotient is noticeably
higher on days following a carbohydrate diet than on days following a fat diet,
although the respiratory quotient in no case was determined less than 12 hours
after the last meal. With diabetics, with a relatively low carbohydrate ingestion,
and with a relatively low capability for storing earbohydrate, it iz probable that
no such influence exists for any great length of time. It is significant, however,
that in many instances the dextrose-nitrogen ratio is of such a character as to
indicate a sweeping of carhohydrate out of the system. While the evidence points
to a greatly retarded combustion of carbohydrates by diabetics and the possi-
bility that previously ingested carbohydrate is but slowly oxidized, yet, on the
other hand, that the inerease in sugar excretion in the urine is not due to pre-
viously stored glycogen has not been proved. Experiments in which a large
carbohydrate diet is given on a day or two prior to the * niichtern ” experiments
should therefore be made and the respiratory quotient studied, together with the
dextrose-nitrogen ratio, to determine this point.

THE RESPIRATORY QUOTIENT AS AN INDEX OF THE CHARACTER
OF THE KATABOLISM.

Since a respiratory quotient appreciably above 0.7 indicates an oxidation in
part of carbohydrate, it may naturally be queried why, as the experiment con-
tinues, the respiratory quotient does not progressively sink, as the supply of
glycogen or carbohydrate is being steadily drawn upon. As a matter of fact,
in the experiments with normal subjects where relatively large storages of gly-
cogen are present, the respiratory quotient remains relatively constant for 8 to
10 successive 1-hour periods.

In these experiments it has been repeatedly pointed out that individual respi-
ration experiments are not to be taken as a eriterion of the exact conditions at
that time, as the experimental conditions were not ideal for obtaining accurate
results for such short periods. Only the average of a large number of experi-
ments can be really relied upon.

How much influence a relatively small amount of carbohydrate exerts upon
the respiratory quotient may be seen if we calculate the metabolism of an indi-
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vidual, eliminating approximately 25 grams of carbon dioxide per hour, or not
far from 80 to 90 calories. If we assume the katabolism of protein to he 3.5
grams, and of fat, ¥ grams, and compute the respiratory quotient from the com-
bustion of the material, using the data given in table 160 on page 166, and then
compute the respiratory quotient under similar eonditions, where the amount
of protein burned is the same, but 0.9 of a gram of fat is replaced by the isody-
namic quantity, namely, 2 grams of carbohydrate, we can see a noticeable dif-
ference in the respiratory quotient.
TABLE 185.—TInfluence of carbohydrales on the respivatory gquotient.

FROTEIN-FAT EATABOLISM.

Carbo
Material katabolized. ; pﬂig'ﬁ;i e
grams. | grams. |
Proteln (3.5 gramBY......ccccineicnnncnna. | 5.32 4.78
Fat (¥ Erama)-. .c-ivasarssansas rersEne e 19.563 19.91
ORRAY =, ol R e S e ey 24.85 24,69
Total Mieps - U l.0 o oo fol i sl AR iR 17.28
|
Respiratory quotient .....ccenssssrnssnrnss i 0.73

PROTEIN-FAT-CARBOH Y DRATE KATAROLISA,

Protein (8.6 ETAMB) ... coineernsnssnsnisnns | 5.32 | 4.78
I W sy el S e e e 17.02 17.35
Carbohydrate (2 grams) . .................. | "3.28 ! 3.37
DELLL 0. 50, e e AT RS BT PREE | 25.60 | 24.50
Total Hiers . ... .00 00 Ba L IS0 AU IS 08 SIS 055

1
Respiratory quotient ... ...........c.o.... .78 | wiengs

In other words, the combustion of 2 grams of carbohydrate per hour results
in an increase in the respiratory quotient from 0.73 obtained when no earbohy-
drate was burned, to 0.76 in the carbohydrate period. Two grams of carbohydrate
per hour corresponds to a combustion of about 50 grams per day. It is not to be
inferred, from this computation, however, that all diabetics who burn 2 grams
of carbolhydrate per hour should give a respiratory quotient of 0.76, for, as has
been assumed by Magnus-Levy and others, the formation of B-oxybutyric acid
and other unoxidizable materials in the body has a distinet tendency to lower
the respiratory quotient and instead of having a protein-fat respiratory quotient
of 0.73, we would probably have somewhat lower values. In these calculations,
which are given in detail in table 185, it is assumed that the protein katabolism
is about 15 to 20 per cent of the total katabolism.
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VAPORIZATION OF WATER FROM THE LUNGS AND SKIN IN DIABETES.

From the large amount of water passing through the body of a diabetic, one
might naturally infer that there was a disturbance in the normal amount of
water vaporized from the lungs and skin. To oppose this assumption there is
the fact that the ekin of diabetics is usnally very dry. The observations made
in connection with the metabolism experiments here reported enable us to directly
determine the water vaporized from the lungs and skin, and the results have
been brought together and computed on the basis of per square meter of body-
surface per hour. Furthermore, since a certain amount of heat iz required to
vaporize the water, the proportion of the total heat eliminated required to vapor-
ize this water has also been computed. For comparison, the average of nine
experiments with normal individuals is given. The results are given in table 186.

TARLE 186.—Water vaporized and proportion of total heat reguired for the
vaporization in experiments with diabetics,
[Average amounts.]

[ e, [P
t B FRE limi
Subject. ;ﬁihgput surf;'?t:ﬂ : ';ﬁ;t:ﬂ“g i ur:cd“_tt:d
clothing. R v:gnter:fe
= | i ol |-
HSevere digbetes. Kilos. meters | grams, p. ct.
T TR T R R e S R | b62.6 | 1.73 14.1 20.2
it ool et R e ] 62.3 | 1.%3 15.8 23.2
A A R L P A R A o A | 46.2 | 1.b8 18.5 | 28.7
|5l e o o e SRR AR s IR Rl e R R L | 3.7 1.75 | 21.8 0.7
Average of BEVErQ CABES. ... .vvvvnurenns ' eer | 17.6 24.0
Light diabetes. I "
e B s e e s S e RS Lhas e S 60.6 1.90 20.0 27.9
L o e e A e o r L 64.3 1.98 13.9 18.6
e 2 el R SR B e i) 82.8 | 2.33 11.6 19.9
Average of light cases................. s g IRl Sl | 22.1
| EEeS e
Average of all €a888. .....ccovnernnnn.. | «-se | ..o | 166 | 22.2
Average of 9 normal individuals.......| ¢ | aees i 15.3 22.5
| |

1 In computing body-surface, the formula of Meeh has been nged : 12,312 1g.fltli:inEl'p'-'l?wzlgtl_t.

It is seen that with the severe cases, the water vaporized per square meter of
body-surface per hour was on the average, 17.6 grams, and 24 per cent of the
total heat eliminated was used in vaporizing this water. With the light cases
of diabetes it was somewhat less in amount, the difference, however, being almost
wholly explained by the abnmormally low values found with Case M, who was
stout. The average of all cases for water vaporized per hour was 16.5 grams,
and 23.2 per cent of the total heat eliminated was required to vaporize this water.
The average of the results obtained with nine normal individuals showed that
15.3 grams of water per square meter of body-surface were vaporized per hour,



208 MEeragorisyM 1% DiaBeres MEeLLiTus.

and of the total heat 22.5 per cent was required to vaporize this water. It is
thus seen that the differences between diabetics and normal individuals wholly
disappear as the slight mathematical differences, we helieve, are without physio-
logical significance.

While such short experiments are hardly comparable to the long experiments
of Pettenkofer and Voit, it is of interest to note that the results found in all
experiments do not confirm the belief obtained by these earlier writers from their
experiments that the water vaporized by a diabetic is usually less than normal.

INFLUENCE OF THE INGESTION OF FOOD ON METABOLISM IN
DIABETES.

With normal individuals there are two indices of metabolism affected by the
ingestion of food, namely, the excretion of nitrogen in the urine and the respira-
tory quotient. When nitrogenous substances are ingested, there is usunally an
increase in the nitrogen exeretion in the urine in a relatively short time after
the ingestion of the food. When carbohydrate material is ingested, particularly
in a state of fast, there is usually a noticeable increase in the respiratory quotient,
that is, an increase in the carbon-dioxide production unaccompanied by a corre-
sponding increase in the oxygen absorption. Knowing the influence of the in-
gestion of food on metabolism with normal individuals, it is extremely interesting
to study its influence on metabolism in diabetes. Furthermore, diabetes adds
one other interesting factor, inasmuch as there is excreted in the urine a portion
of the material ingested, 1. e., sugar either preformed or resulting from protein
katabolism. With severe diabetes, in which there is no tolerance for carbohy-
drate, the excretion of sugar in the urine after its ingestion is almost immediate.

INFLUENCE ON THE NITROGEN AND SUGAR EXCRETIONS.

In the cases here studied, many experiments were made in which no food was
given ; in others, relatively large amounts of cooked beefsteak, or of carbohydrate,
usually of dextrose, and bread were ingested. The influence on the nitrogen and
sugar excretions per hour from the ingestion of these materials is clearly shown
by the results given in table 187, in which are reported, first, the average values
found when no food was taken, both for the excretion of nitrogen per hour and
the sugar per hour, then the exeretion in the individual experiments when food
was given.

With Case A it is seen that under ordinary conditions when food was not
taken, there was 0.38 gram of nitrogen excreted per hour in the urine accom-
panied by 2.5 grams of sugar. The ingestion of about 225 grams of meat more
than doubled the nitrogen exeretion, and the sugar excretion was increased to
4.4 grams per hour, The observations usually covered from 3 to 6 hours. When
earbohydrates were given, as in the form of dexirose and bread, the nitrogen
excretion was but slightly affected, being, on the average, 0.50 gram, but the
sugar excretion was noticeably influenced, the average increasing from 2.5 to
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7.7 grams. The experimental periods in the carbohydrate experiments were
likewise approximately 6 hours.

Assuming in this case that 225 grams of meat, corresponding to 56 grams of
protein, could poszibly yield 45 grams of sugar, provided that the maximum
theoretical conversion of protein to sugar can here be faken, it is seen that in
6 hours about 12 grams out of the 45 grams of sugar were excreted. With the
dextrose it was computed that about 70 grams of carbohydrates were ingested.
Under these cireumstances, therefore, there was an inerease in the sugar excre-
tion amounting to about 5 grams per hour, or 30 grams in 6 hours. It would

TaBLE 187, —Influence of the ingestion of food on the excretion of nitrogen
and sugar in the urine of diabelics,

[ Amounts per hour.]

Subject.

Case C..

Case E..

Case A...| Without food

Case F...

Case G... Without food

Diiet.

| Beefstealk?

-----------

Average A10,11,14,15 ..

Carbohydrate ®

Average AGh, 12,13, ..

-----

Experiments,

-----------------------
-----------------------

-----------------------

| Without food.......... 10 experiments ............
IBEﬁmtmk‘ ----------- E"J- [EE R RN SRR N EENERRENSNEREHNHN.)
Oatmeal* ..... e 1L Ek I TS 2 it e R
Without food....... veol 2 experiments .............
Beefsteak® ...........| R e e e T i AT
e e R R
Average E3,4........ SRR S PR e -
Without food.......... B e e e e et e
L B L
e e S =M e L m L Gl - - . ® F B E oA os e s EE A EE e
R T e e U e e e
ey drete il S e i S
|

1 Amounts of beeksteak eaten varied from 220 to 261 grams.

Nitrogen. | Sugar,

grans. grﬂms.|
.38 | 2.5

.88
81
85
LT4

o OTE T3 e

82

=] =] =] S [

=

|

P ) T S TR - -4
0w e [ -] ﬂ'.il-"-.'llh:l (=N — ] = ) - T &

ol = I = |
L] - -
L =R H-—-I‘

—

# Bubject ate 75 grams of white bread and 25 grams of dextrose in each experiment (70
grams carbohydrates).

% Bubject ate 258 grams of beefsteak.

4 Bubject ate 545 grams of cooked oatmeal containing 50-60 grams of carbohydrates.

¥ Amounts of beefsteak eaten were 320 and 402 grams,

|

ect ate 466 grams of beefsteak.

¥ Bubject ate 546 grams of heefateak.
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appear, then, that with this particular subject, the sugar formed from protein
was oxidized more readily than carbohydrates given as such, and that in the
former case 33 grams out of a possible 45 were not excreted in 6 hours after the
ingestion of food, while in the second case 30 grams out of 70 were not ex-
creted. Furthermore, as the disintegration of protein is much slower, usually,
than the absorption of carbohydrates, it is possible that the total sugar excretion
from the protein katabolism had not taken place at the end of the 6-hour period,
although the dextrose-nitrogen ratio would indicate a much more rapid excretion
of the sugar than of the nitrogen-containing portion of the protein molecule.
In the above calculation, a maximum theoretical production of sugar from the
protein has been assumed, and that from 56 grams of protein there would be
formed 45 grams of sugar. Using the lower value of Minkowski, who assumes
that only about 45 per cent of the protein can be converted into sugar, we would
expect to find from the 56 grams of protein about 25 grams of sugar. On this
basis, therefore, we can see that 12 grams out of the 25 were excreted in 6 hours,
or only about half of the material ingested was burned. Under these circum-
stances, therefore, it would appear that the carbohydrate combustion by this
diabetic was much the same whether sugar was given or whether the sugar was
formed from protein, with perhaps a slight advantage in favor of the protein.
With Case C, the average nitrogen and sugar excretions when no food was
being taken were (.55 gram of nitrogen and 2.7 grams of sugar. When 253 grams
of beefsteak were eaten, the excretion of nitrogen was doubled, reaching 1.04
grams, while the sugar excretion only rose to 3.1 grams, an almost insignificant
rise. It is to be noted, however, that this period was only 4} hours long, and
that possibly a longer period might have resulted in a larger excretion of sugar
in the urine. With this subject, instead of using bread and dextrose, 545 grams
of cooked oatmeal, corresponding to 50 to 60 grams of carbohydrate, were in-
gested prior to one of the experiments. Under these circumstances, the hourly
nitrogen excretion increased slightly, 1. e., from 0.55 gram to 0.60 gram, but
there was a noticeable rise in the sugar exeretion from 2.7 grams to 7.6 grams.
This food experiment continued for only 2 hours, from 11" 04™ a. m. to 1" 04=
p. m., and it is highly probable that the sugar excretion did not reach the maxi-
mum in this time. Nevertheless, of the 50 to 60 grams of carbohydrate ingested
at 11 a. m. but about 10 grams had appeared in the urine 2 hours later. With
such a general intolerance for carbohydrates exhibited by this subject, as shown
by the carbohydrate balances on the statistical chart, one would expect to find
a large excretion of sugar almost immediately after the ingestion of carbo-
hydrates, and we probably deal here with conditions which are frequently men-
tioned by earlier writers, when the ingested carbohydrate was not recovered in
the urine and the inference was drawn that the carbohydrate was actually burned.
Unfortunately, experiments with bread and dextrose were not made with this
man, and hence we have not the data for comparing the effects of these kinds of

carbohydrates.
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With Case E, experiments were made without food, and also after the inges-
tion of beefsteak. The nitrogen excretion was noticeably increased by the in-
gestion of the beefsteak, rising from 0.67 grams on the average to 1.03 grams.
The sugar excretion, on the other hand, only underwent a moderate increase
from 3.2 grams to 4.9 grams, showing that this subject was able to oxidize sugar
from the non-nitrogenous portion of the protein with relative ease.

With Case F, the ingestion of beefsteak increased the nitrogen exeretion nearly
threefold, and the relatively low hourly sugar excretion of 0.7 gram per hour
rose to 4.3 grams. From the amount of steak taken and the possible carbohy-
drate which was formed from the protein, it is seen that this subject oxidized,
relatively speaking, the greater part of the non-nitrogenous portion of the pro-
tein molecule.

With Case G, the nitrogen output per hour was more than doubled by the
ingestion of beefsteak, while the sugar output increazed from 3.1 grams to 8.6
grams. Judging from the amount of beefsteak eaten, 546 grams, the excretion
of the sugar in the urine over and above the amount noticed when food was not
taken, was not sufficient to indicate the excretion of a large part of the non-
nitrogenous portion of the steak in the urine. When carbohydrate in the form
of dextrose and bread was ingested, the nitrogen excretion was hardly affected,
while there was an enormous increase in the sugar in the urine per hour, which
rose from 3.1 grams when without food to 11.9 grams, showing that the ability
to either oxidize or store this form of carbohydrate material was almost wholly
absent.

INFLUENCE ON THE RESPIRATORY EXCHANGE AND ON THE TOTAL
KATABOLISM.

In addition to studying the influence of food upon the nitrogen and sugar
excretions in the urine, we have also the means for determining the influence
upon the carbon-dioxide exeretion, oxygen consumption, and heat-production.
It has been found with normal individuals that when food is ingested there is
usually an increased katabolism as a whole. It has likewise been found that
the different nutrients exercize a widely varying influence. Thus, while carbo-
hydrate and fat produce a relatively slight increase in the total katabolism, when
protein is ingested, there is a noticeable increase. With normal individuals,
when carbohydrate is ingested several hours after the last meal is taken, there
is almost immediately an increase in the carbon-dioxide excretion and a corre-
sponding increase in the respiratory quotient. When protein is ingested, there
is invariably an increase in the total katabolism, but there may or may not be a
change in the respiratory quotient.

The plan of these experiments on the ingestion of food was not ideal for
studying this particular subject, and as the problem was ineidental to a more
fundamental study of the general metabolism, it was deemed unwise to alter the
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plans in order to enter into a scheme for studying such problems as the influence
of the ingestion of food on the metabolism of diabetics. In these experiments,
therefore, fasting values were determined in a number of experiments separately,
and then on other experimental days either carbohydrate or protein food was
ingested.

On this basis, it is necessary to assume that the metabolism prior to the inges-
tion of food was that of the preceding days when the fasting value was obtained.
While with normal individuals this procedure iz open to serious criticism, with
diabetics whose metabolism is essentially the same from day to day, particularly
when the diet contained minimum amounts of carbohydrates each day, this as-
sumption is probably not far from correct. Since the results of experiments
considered individually can not have much value, and the average results of a
number of experiments should be used invariably in studies of this kind, the
average values for carbon dioxide- and heat-elimination and for oxygen con-
sumption found with different conditions of diet have been collected in table
188. In this table, also, are recorded the difference between the values found
when no food was given and when carbohydrates or beefsteak were ingested,
together with the percentage variations, using the value without food as the basis
of comparison.

TasLE 188, —Influence of the ingestion of food on the metabolism of diabetics.
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1 Bubject ate 75 grams of white bread and 25 grams of dextrose In each experiment = 70
grams of earbohydrates,

2 Amounts of beefsteak eaten varied from 220 to 261 grams.

3 Experlment of May 14, 1509,

4 Bubject ate 253 grams of beefsteak.

* Experiment of May 27, 1909,

% Bubject ate 645 grams 'of cooked oatmeal containing 50-60 grams of carbohydrates,

T Amounnts of beefsteak eaten were 329 and 402 grams.

8 Bubject ate 466 grams of beefsteak,

® Bubject ate 546 grams of beefsteak.

I Carbohydrate metabollsm used as a basis.

With Case A, nine experiments were made in which the subject was without
food, three experiments in which carbohydrates were given, and four experi-
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ments in which beefsteak was ingested. In these experiments it is seen that
the ingestion of approximately 70 grams of carbohydrate made no appreciable
change in the metabolism as a whole. As a matter of fact, it so happens that
there was a slight decrease in all of the factors measured after the ingestion of
carbohydrate, a decrease, however, that is so slight that it is not probably of
physiological importance. On the other hand, when beefsieak was ingested,
there was a material inerease in the carbon-dioxide excretion, oxygen consump-
tion, and heat-elimination of 15.2, 12.5, and 10.3 per cent, respectively. As
pointed out above, these experiments were not primarily designed to study this
problem, for otherwise the experimental periods should have been longer, but it
is well known that the stimulating increase in metabolism as the result of the
ingestion of protein may continue over periods much longer than 6 hours, and
thus the effect here noted may be somewhat below the maximum. These experi-
ments were not longer than 6 hours, owing to the inability of the patients to
withstand a longer sojourn in the chamber without weariness, Subsequently,
indeed, the experiments were shortened to 3 hours. However, the results point
toward a positive inerease in metabolism as a whole upon the ingestion of pro-
tein, and no variation in metabolism from the ingestion of 70 grams of carbo-
hydrate.

With Case C, but two experiments are available, one in which 253 grams of
beefsteak were taken, and a second in which 545 grams of cooked oatmeal were
ingested. Notwithstanding the ingestion of the 50 to 60 grams of carbohydrate
in the form of oatmeal, it is seen that there was practically no increase in the
metabolism, and the results are in full accord with those found with Case A.
On the other hand, when beefsteak was given, there was an increase in metab-
olism amounting to 7.5 per cent in the carbon dioxide, 12.5 per cent of oxygen,
and 5.7 per cent of heat, an increase proportionately much less than that found
with Case A, who consumed the same amount of meat. The experience with this
subject is suggestive of the possibility of the specific dynamic action of protein
being somewhat affected by the abnormal metabolism in certain severe cases of
diabetes. The detailed statistics for the first beefsteak experiment with Case A
also implies a diminished influence of protein. Further study of this question
15 much desired.

With Case E, two experiments were made in which beefsteak was eaten, and
we have also two experiments without food for comparison. Both of these were
made in the month of November, 1908. In these two experiments he consumed
329 and 402 grams of beefsteak, respectively, and as the result of the ingestion
of this beefsteak, the katabolism, as measured by the earbon-dioxide output,
was increased by 16.7 per cent, the oxygen by 21.2 per cent, and the heat-elimi-
nation by 11.9 per cent, these values more nearly approximating those found
with Case A.
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A beefsteak experiment was also made with Case F, in which he ate 466 grams
of steak, a much larger amount than was consumed by any of the previous sub-
jects. The increase in metabolism was very noticeable, being 23.3 per cent in
the carbon dioxide, 23.6 per cent in the oxygen, and 18 per cent in the heat,
values somewhat larger than those found on the average with either of the
preceding subjects, but which were comparable in a way with the inereased quan-
tity of steak eaten.

With Case G the comparisons are, unfortunately, not very satisfactory. The
fasting experiment was made in the bed calorimeter, and owing to his discomfort
and apprehension the metabolism as a whole was very much larger than would
ordinarily be expected with this subject. Indeed, in a subsequent experiment
made in the chair calorimeter, when carbohydrates were ingested, the metab-
olism was somewhat lower than in the bed calorimeter. While, therefore, the
values found here without food with the bed calorimeter are probably very much
higher than would naturally be expected with this apparatus, they are doubtless
not far from the values which would be found for this subject in the chair
calorimeter, for as has been seen from the experiments on other subjects, the
ingestion of carbohydrate has practically no influence. Consequently, we can
use with this subject the values found in the carbohydrate experiments as the
base line in considering the values found in the chair calorimeter. On this basis,
it can be seen that as the result of the ingestion of 546 grams of beefsteak, there
was a noticeable increase in metabolism amounting to 22 per cent of the carbon
dioxide, 32.4 per cent of the oxygen, and 13.5 per cent of the heat eliminated.
The irregularities in these increments may in part he accounted for by the fact
that but two experiments are here being compared and irregularities in indi-
vidual experiments are frequently met with.

In some unpublished experiments on the influence of the ingestion of food on
metabolism, made in the laboratory of Wesleyan University by Benediet and
Carpenter, the amounts of food eaten, both carbohydrate and protein, were much
larger than the amounts eaten in these experiments. But in one experiment,
where 217 grams of beefsteak were eaten, it is interesting to note that the in-
crease in katabolism was found to be 11 per cent in the carbon dioxide, 20 per
cent in the oxygen, and some 8 per cent in the heat-elimination. The apparent
discrepancy in these values has been the subject of much discussion, and the
point to be emphasized here is that these results are not far from those found
by actual experiments with diabetics. These results, however, were obtained in
only one experiment made with one subject. The other experiments, in which
more than 217 grams of meat were eaten, show much more uniform results for
the three factors of metabolism.
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GENERAL CONCLUSIONS REGARDING THE INFLUENCE OF THE
INGESTION OF FOOD IN DIABETES.

The more or less fragmentary evidence secured in connection with these ex-
periments points towards certain deductions.

In the severe cases of diabetes with which these experiments were made, the
ingestion of carbohydrate produced no very material alteration in the metabolism
as a whole. It is unfortunate that the experiments were so conducted that
the respiratory quotients could not be determined with the respiration appa-
ratus in short periods after the ingestion of a definite amount of food, but this
was not feasible at the time the experiments were made.

The ingestion of large quantities of protein resulted in a marked increase
in the total katabolism as measured by the three factors, carbon-dioxide ex-
cretion, oxygen consumption, and heat-elimination.

From a close inspection of the short periods in different experiments where
carbohydrates were ingested, no evidence can be found of a combustion of carbo-
hydrate as indicated by an increased carbon-dioxide excretion following inges-
tion. If such were found, it would be a reasonably accurate demonstration of
the combustion of carbohydrate supplanting a portion of the katabolism normally
progressing with the diabetes.

Experiments are much needed in which the gaseous exchange can be studied
in short periods after the ingestion of food, particularly after the ingestion of
protein, and also the possible effect of the ingestion of different proteins and
various forms of carbohydrate, particularly oatmeal. It is conceivable, for
example, that the protein of egg or of gluten or of meat may not have altogether
the same action, particularly in grave cases of diabetes. The newly stimulated
interest in the compogition of the proteids and their food values is certain to
result nltimately in experiments on pathological cases presenting such abnormal
phases of metabolism as are found in grave cases of diabetes.

The ingestion of carbohydrate has no appreciable influence on the nitrogen
excretion of a diabetic. The ingestion of protein results in a noticeable increase
ag would be expected from the nitrogenous nature of the protein molecule.

The excretion of sugar during the early morning hours without food is some-
what increased by the ingestion of meat, while the ingestion of carbohydrates
as such usunally produces a marked increase in the sugar in the urine. Indeed,
in certain instances it would appear as if the non-nitrogenous portion of the
protein molecule, 4. e., the portion that is ordinarily considered as being con-
verted into sugar and excreted as such, is much more readily burned by diabeties
than is ingested preformed sugar.

With normal individuals the ingestion of protein produced certain effects
which were not apparent with diabetics, namely, accelerated pulse- and respira-
tion-rates, and a greater uneasiness of body-position. In practically all of the
experiments with diabetics after the ingestion of beefsteak, except in those with
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Case (7, there was apparent no material influence upon the pulse- or respiration-
rates. In spite of this fact, there was still a noticeable increase in the total
katabolism as a whole. The reason for the absence of increased pulse- or respi-
ration-rates in connection with this inereased metabolism is at best somewhat
obscure. Further experiments will be made in which more eareful and contin-
nous records of the pulse- and respiration-rates, and, indeed, blood-pressure will
be secured, as well as a most careful series of observations with regard to the
body-muscular movements. It would seem hardly probable that there could be
an inerease of metabolism without increased pulse- or respiration-rates, and vet
these experiments seem to imply that this was the case with these diabeties.
With normal individuals, the ingestion of even moderate amounts of protein
invariably results in a noticeable increase in both the pulse- and respiration-rates.

POSSIBLE INFLUENCE OF THE INGESTION OF COFFEE.

A criticism may possibly be made of these studies on account of the fact that
in almost every case the subjects took clear, black coffee prior to the experiment,
ugnally from 1 to 2 hours before the actnal experimental period began. In a
number of experiments made in Middletown by Benedict and Carpenter, as
yet unpublished, the ingestion of coffee infusion resulted in no appreciable in-
fluence on metabolism. In one experiment where large amounts of hot coffee
were consumed during the progress of the experiment, and the museular exercise
involved in going to and from the food aperture played an important réle, there
was an increase in metabolism, but in all other experiments this increase did not
appear. We believe that it is hardly probable that coffee taken an hour or more
before the beginning of the actual experimental period could have played any
material réle in the metabolism, or that any increase in metabolism found in
diabetics over the normal can not be explained as resulting even to a very small
degree from the influence of the coffee ingested an hour or more before the ex-
periment began.

One possible influence of the ingestion of coffee in this research, however,
should not be overlooked, that is the effect of the presence of sugar-forming ma-
terial in the coffee infusion upon the determination of the dextrose-nitrogen
ratios in certain of the experiments. For a series of experiments made in Mid-
dletown, Connecticut, a large number of analyses of coffee were made. It was
found as the result of these experiments that coffee as ordinarily made contains
about 10 grams of solid matter per liter of infusion.

An analysis of the infusion ordinarily used at the New England Deaconess
Hospital showed in two samples an average of 1.13 per cent of dry matter.
Hydrolyzing portions of the infusion with hydrochloric acid, the amount of
reducing-sugar was found to be but 0.08 gram in 200 c. e. (1 small cupful) of
the infusion, an amount entirely inconsequential when dealing with the quan-
tities of urinary sugar ordinarily found in this research.
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INFLUENCE OF MUSCULAR WORK UPON METABOLISM IN DIABETES.

As is well known, with normal individuals the slightest increase in musecular
activity will result in an increase in both the excretion of carbon dioxide and in
the intake of oxygen. Usually, with normal individuale, the increase in these
gaseous products is essentially the same so that the relationship between the
carbon dioxide and the oxygen, 1. e., the respiratory quotient, does not materially
alter during muscular work. This has been shown in innumerable experiments
made by Zuntz and his co-workers.

While our experiments were not primarily designed to study the question of
the influence of muscular activity upon the respiratory quotient and on the
character of the metabolism in diabetes, certain results were obtained which
point towards rather interesting conclusions. With one of the subjects, Case C,
an experiment was made with the respiration apparatus and immediately there-
after the subject entered the chair calorimeter for another experiment. It was
noted that in one instance the respiratory quotients changed from 0.64, the
average of a number of periods with the respiration apparatus, to 0.69, the
average of three periods in the chair calorimeter. In the second instance, the
average with the respiration apparatus was 0.71 and with the chair calorimeter
0.74. Both instances indicated, therefore, a slightly larger combustion of carbo-
hydrate. In thus changing from the lying to the sitting position, greater mus-
cular activity was introduced, and consequently the character of metabolism
may have been affected. It is important, however, fo note that small differences
in the respiratory quotient may be accounted for by the differences between
respiration of the lungs alone on the one hand, and that of the whole body,
including the cutaneous respiration, on the other, for as Magnus-Levy has
pointed out, the absence of the cutaneous respiration may lower the respiratory
quotient from 0.01 to 0.015. This observation of Magnus-Levy, however, is
made in large part upon theoretical grounds, and as vet has not been given com-
plete proof.

In addition to the observation previously referred to, namely, the change from
the respiration apparatus to the chair calorimeter, experiments were also made
on two days in which the subject was asked, while still lying on the couch used
with the respiration apparatus, to perform certain muscular movements in con-
nection with his recumbent position. Both of these experiments showed a
noticeable increase in the total metabolism as indicated by the earbon-dioxide
excretion and the oxygen absorption, and there was also a slight increase in the
respiratory quotient. In the first experiment he moved the arms frequently
in handling a newspaper and also moved his legs frequently.

There was sufficient muscular activity to raise the pulse-rate from 52 to 58
per minute. In the second experiment, there was not only an increase in the
total katabolism but also a marked increase in the respiration-rate. In this last
experiment, instead of moving the arms about and handling a newspaper, he
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was told to twitch the muscles continuously throughout the experiment, and this
resulted in a marked increase in the metabolism. The pulse rose from 54 to 66.
In neither case was the muscular exercise sufficient to affect the respiration-rate.
The resulfs of these two experiments on twitching the muscles and other mus-
cular movements are given in fable 189,

TasLE 180 —Comparison of the gaseous exchange in rest and in work experiments
with Case O, (Respiration apparatus.)
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From these observations it can be inferred that the muscular exercise was
accompanied by the combustion of carbohydrate. There may be, therefore, three
possible explanations :

First, there may be an increased ventilation of the lungs, causing an abnormal
excretion of carbon dioxide, as was pointed out by Zuntz in connection with his
respiration experiments, in which case the normal ventilation must be estab-
lished hefore satisfactory results can be obtained ; second, there may be a forma-
tion of acid in the body that expels the carbon dioxide, as pointed out by Mohr *;
and, finally, there may be an actual combustion of carbohydrate.

Singularly enough, as measured by the earbon-dioxide excretion and oxygen
consumption, the amount of work performed on both days during the working
period was essentially the same. In the second experiment we have, however,
a distinet increase in the respiratory quotient, which points strongly towards
a consumption of carbohydrate during the period of work.

In these two experiments on the respiration apparatus, any increased venti-
lation of the lungs incidental to muscular work might cause a sweeping out of
carbon dioxide from the system. The increased muscular activity resulting from
the transition from the respiration apparatus to the chair calorimeter could not
have produced such an effect, however, as the periods in the chair ecalorimeter
were too long for the influence of any sweeping out of carbon dioxide to persist.

That the diabetic, even with his low storage of glycogen or earbohydrate, can
actually supply this material for muscular work when occasion demands it has
long been recognized. Nehring and Schmoll concluded that muscular activity
in diabeties was also at the expense of glycogen from the fact that it was possible
in many instances to reduce the sugar excretion by controlling the muscular
activity.’ This is also fully in accord with the experiments made by Mohr,’ in

i Mohr, Zeitschr. f. Exp. Pathol. u. Therapie, 1907, 4, p. 940.
i Nehring and Schmoll, Zeitschr. f. klin. Med., 1507, 31, pp. 59-02.
* Mohr, loc. cit., p. 939,
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which he found with a diabetic dog that there was a noticeable increase in the
respiratory quotient during walking, and therefore he concluded that diabetics
can burn but little glycogen until there is the most urgent need for it. Under
those conditions it can be oxidized, although very slowly. It is thus evident,
even in some of the most severe cases of diabetes, that the capability for burning
glycogen or carbohydrate is not entirely absent, and we may have here the con-
dition indicated by von Noorden ' when he said:

One can not help thinking that, in man, even when death has resulted from coma,
the diabetes has not always been quite * complete "—that is to say, the pathological
processes which produce diabetes have not developed so far, and the factors which

favor the storing up of glycogen have not been so completely removed, as is the case
in a doz whose pancreas has been entirely ablated.

These observations do not agree with those reported by von Noorden® as
having been made by Salomon in his laboratory. Salomon studied the respi-
ratory exchange with two cases of severe diabetes, at rest, and after working
or during work with an ergostat. While the working metabolism was some five
or six times that of the resting metabolism, the respiratory quotient actually
decreased in both instances, but the experiments are somewhat complicated in
that they were not made in the morning without food but about 2 hours after
a mid-day meal consisting of meat, vegetables, and 25 grams of butter and cheese.

Many practical difficulties are encountered in making experiments with mus-
cular work in severe diabetes, as frequently the subjects are too weak to undergo
work experiments, but it is obvious that physiology may learn much from euch ex-
periments, and we hope that further information on this line can be accumulated.

THE CALORIFIC EQUIVALENTS OF CARBON DIOXIDE AND OXYGEN.

The methods of indirect calorimetry have been developed for use with normal
individuals so extensively that at present much of the information with regard
to the energy transformations of resting man has been secured in this way.
Until a sufficient number of experiments had been made, in which the three
factors of metabolism were measured, we had no recourse but to compute the
katabolism from the nitrogen excretion, the carbon-dioxide elimination, and the
oxygen consumption, and then, from the well-known heat of combustion of
protein, fat, and carbohydrates, to compute the energy in the katabolized ma-
terials, thus giving indirectly the heat-production. Recently, a large number of
experiments on normal individuals have been reported by Benedict and Car-
penter in which the calorific equivalents of carbon dioxide and oxygen, secured
under different body-conditions, have been determined.

In diabetes, where the computation of the nature of the katabolized material
is very much complicated by the abnormal cleavages of the materials of the

! v. Noorden, Metabolism and Practical Medicine, 3, p. 542, Chicago, 1907.
* v, Noorden, loc cit., p. 584.

15



220 MerasorisM 18 DiaBeTEs MEeLLITUS.

body, the indireet method of calorimetry has been used with but partial success,
Since in the experiments here reported we have determined simultaneously the
heat-elimination, the carbon dioxide, and the oxygen, it seemed desirable to find
out if there were any definite relationships existing between these factors of
metabolism. Since the katabolism was, in general, chiefly of fat, it is possible
that at least the relationship between the carbon-dioxide and heat-elimina-
tions may be relatively constant, and if o, a factor may be derived which may
prove of value in interpreting the total energy transformations in many earlier
experiments.

When starch is burned, for every gram of carbon dioxide produced, there are
liberated 2.58 calories of heat, and for every gram of oxygen absorbed 3.55
calories of heat. In table 160, page 166, the calorific equivalents of both carbon
dioxide and oxygen for a number of the principal food- and body-materials are
given. It is seen that for fat the values are essentially the same for both earbon
dioxide and oxygen, while with earbohydrate there is a much larger heat-pro-
duction per gram of oxygen absorbed than per gram of carbon dioxide produced.

In experiments on man, by dividing the total heat-elimination by the number
of grams of carbon dioxide, we obtained directly the calorific equivalent of
carbon dioxide. A similar computation gives the value for the oxygen absorbed.
The results for the experiments with diabetics have been computed, and an
abstract given in table 190.

TapLe 190.—Calorific equivalents of carbon dioxide and oxygen in experiments with
diabetics in periods with and without food.

[ Average amounts,]

Calorific equivalent | Caloriflc equivalent
of carbon dicxide. of oxyEen.
Subject.
Without With Without With
food, food. foad. food.
Severe diabetes. cals. cals. cals, cals,
[ T AN, T S 3.41 3.42 3.36 3.43
HE i S R 3.25 .40
D . ST 3.46 3.37 3.37 2.26
e e e a.47 &.32 3.47 3.19
| S . .44 3.27 2.50 3.31
e e e e 3.08 3.47 3,06 3.66
| A R e zige | Lol U et e
| 1A L S e 3.24 3.3
AR R e R R R 3.09 3.17

Average of severe cases.| 3.26 3.27 3.31 2.37
Light diabetes.

T ) P o e S L 3.59 3.77 e
Tits iearon ce e e 3.26 3.44

1, e T e S 3.42 5.59
Average of light cases..| 3.42 3.60

Average of all cases....| 3.30 3.37 3.38 3.37
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An inspection of the fizures shows that in general the calorific equivalent of
carbon dioxide is somewhat higher with the lighter cases of diabetes than with
the severe cases, and the average of all cases is 3.30 calories without food, and in
experiments with food, 3.37 calories. So far as diabetes iz concerned, the calo-
rific equivalent remains essentially the same whether food is taken or not. There
is, however, a slight difference when the severe cases are compared and we find
the calorific equivalent is somewhat lower with the severe eases without food than
with food.

Considering the calorific equivalent of oxygen, the results are essentially the
same as with carbon dioxide, namely, the highest calorific equivalent is found
with the light cases. It seems to be immaterial whether food was taken or not
with the severe cases so far as the calorific equivalent of oxygen is concerned,
for it remained essentially the same in both cases.

It is also of interest to note that the number of calories accompanying the
production of 1 gram of carbon dioxide is essentially the same as that accom-
panying the consumption of 1 gram of oxygen in diabetes, so that with accurate
carbon-dioxide measurements, one can compute directly the heat-elimination
by means of these factors. We can assume, then, that for every gram of carbon
dioxide there will be produced without food 3.30 calories, and with food 3.37
calories.

These factors have a particular value inasmuch as a number of earlier writers
on diabetes have given the total 24-hour amount of carbon-dioxide and have also
attempted to compute indirectly the heat-production. We have computed here
the heat-production given by these earlier investigators, nsing the value 3.37
as the calorific equivalent of carbon dioxide. The results are given in table
191, together with the amount computed either by the authors themselves or by
others who have had occasion to use their values. In this table the figures for
the earlier calculations of the experiments of Pettenkofer and Voit, Ebstein,
Weintraud and Laves are taken directly from a table given by Magnus-Levy.

TABLE 191 —Heat elimination of subjecis in experiments made by
earlier investigators on diabetes.

——— =

Heat eliminated per 24 hours.
Body- E?J,g?ﬂ Calealated by earlier | Calenlated by factor
Experimenter, weight. | :‘%i-:l;ﬁ:r‘ investigators. 2.3
LHERS. "
Total | yiormm | Tl | pomam.
kilos, | grams. | cals. cals. cals. cals,
Pettenkofer and Voit......... 52.3 63T L1900 36.0 2147 41.1
ik T T TR o e S 61.2 G55 2200 26.0 2318 27.9
Weintraud and Laves........ 64.0 719 #2400 a7.0 2403 27.9
Dubois and Veeder........... T0.4 | T49 2453 34.3 2524 35.9

! Note by M Lefv? Loe. cit.—-Fritz Voit gives somewhat lower values, See Feltschr. f.
Elol an, IEM p.. 128,
2 Note hy Magnus -Levy. Loe. eit.—Estimated from the values for earbon dioxide eliminated
which apparently are more reliable than the values for the oxygen consnmed,
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Magnus-Levy * has given the value of 3.31 calories per gram of carbon dioxide
with normal individuals under conditions in which the respiratory quotient was
0.72. Since, with these diabetics, the average respiratory quotient was a little
above this point, it is of interest to see how closely the value of 3.31 given by
Magnus-Levy agrees with that actually found by experiments with the respira-
tion calorimeter, 1. e., 3.37.

In a series of experiments reported by Johansson,” the earbon-dioxide exere-
tion is given only for 1 hour’s time. These values have been computed, using
the calorific equivalent of carbon dioxide as 3.37, and the following values are
found with the four subjects:

Subject E-k-n, with a body-weight of 61.8 kilograms, gave off 1545 calories
in 24 hours, or 25 calories per kilogram in 24 hours ; subject Str-11, with a body-
weight of 85 kilograms, gave off 1965 calories per 24 hours, or 23.1 calories per
kilogram ; Frau Sj-st, with a body-weight of 43.4 kilograms, gave off 1303
calories per 24 hours, or 30 calories per kilogram per 24 hours; Frau St-g, with
a body-weight of 54.4 kilograms, gave off 1512 calories per 24 hours, or 27.8
calories.

From these results it is clear that the calorific requirement of Johansson’s
subjects was much less than those of the earlier investigators, a fact that is
easily explained, since in Johansson’s experiments the subjects were lying quietly
with practically enforced muscular rest, while in the earlier investigations the
subjects could move about in a large respiration chamber and the body-activity
was unquestionably somewhat greater.

From the results of these experiments, therefore, it is obvious that in severe
diabetes, where the tolerance for carbohydrate is very low and the respiratory
quotient is not far from 0.70 to 0.72, the calorific equivalent of carbon dioxide,
taken as 3.3%, should give values for the total heat-production that are well
within the limits of experimental error. The calorific equivalent of the oxygen
in diabetes has not as great a value as that for carbon dioxide, for it is relatively
seldom that the oxygen determination in diabetes can be made over a long period
of time. The experiments made with the Zuntz-Geppert apparatus usually con-
tinue for but a few minutes, and it is only with the chamber method that we can
secure a 24-hour oxygen consumption. In general, then, we may state that
in cases of severe diabetes with respiratory quotients as low as 0.72, or diabetics
with practically no carbohydrate tolerance, for every gram of carbon dioxide
excreted there will be a liberation of 3.37 calories of heat.

1 Magnus-Levy, Physiologie des Stoffwechsels, p. 245.
2 Johansson, loc. cit.
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GENERAL CONSIDERATIONS WITH REGARD TO THE INCREASED
METABOLISM IN DIABETES.

Sufficient experimental evidence has accumulated to show that the metab-
olism in normal man is in gemeral proportional to the body-weight; in other
words, a large individual will give off a larger amount of heat than will a smaller
individual. It is also well known that metabolism is affected by muscular activ-
ity, by the ingestion of food and by a rise in body-temperature, and in seeking
an explanation for the increased metabolism noted in diabetics, it is important
to comsider all of these factors.

Psychical influences.—With the diabetic subjects who were unaccustomed to
the laboratory and to the apparatus, a possible explanation of this increased me-
tabolism may be that the novelty and the psychieal influence played an important
rile. As a matter of fact, these subjects did not show any particular disquietnde
on going inside the chamber nor do any of our subjects, as a rule. One or two
of the diabetics, as pointed out in the previous text, were extremely apprehensive
and were distinctly nervous inside the chamber, but most of the subjects were
very quiet and frequently went to sleep.

Muscular aclivity of diabetics as compared with that of normal individuals.—
It may be contended that the increased metabolism noted with the diabetic sub-
jects may be due to the fact that they were more restless and more muscularly
active while inside the respiration apparatus. Furthermore, certain of the normal
individuals were members of the laboratory force and had therefore become
more or less “ trained * subjects. It can be easily seen, however, that two of onr
diabetic subjects, Cases A and C, had a sufficient number of experiments made
with them to become likewise “ trained,” but aside from this, it is a fact that
the majority of the diabetics were extremely quiet inside the chamber, frequently
falling asleep and having to be called, and at other times sitting quietly reading
with minimum muscular exertion. They were very sick, and as a consequence
were weak and disinclined to move around to any great extent. Furthermore,
a careful comparison of the pneumograph eurves made with these subjects and
with the normal individuals shows that on the whole the diabetics were very
much quieter than were the normal individuals.

While external muscular work may be eliminated in these comparisons, it is
always possible that the pulse- and respiration- rates, which are the indices of
the internal muscular work, may have been larger. A careful examination of all
the records made in connection with these experiments shows that there was
nothing abnormal whatever, even in the pulse-rate or respiration-rate of these
individuals, save that Case I had an unusually high pulse-rate, and that Case A,
during the experiments in the spring, had for him an abnormally high pulse-
rate. Otherwise nothing abnormal was observed, and we have no reasons for
believing that the pulse-rate as such, could influence in any way this increased
metabolism. TUnfortunately, blood-pressure observations were not made with
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sufficient frequency to draw definite deductions. It is conceivable that while
the pulse-rate did not change, the blood-pressure might have been higher, but
we have no reason for believing this.

Body-temperature—A careful examination of all the temperature records
fails to show the influence of any possible slight temperature rise upon metab-
olism, although it is well known that the febrile temperature results in an in-
creased metabolism. It is certain, therefore, that we can not explain the in-
creased metabolism noted with diabetics on the ground of a febrile temperature.

Increase of protein katabolism in digbetes.—The possibility of the increase
in gross metabolism in diabetics being due to an increased katabolism of protein
with its specific dynamic action has been considered in detail in a preceding
paragraph, where it was seen that although there is a slight increase in the total
nitrogenous excretion of diabetics over the normal individuals, nevertheless the
excess amount could not possibly account for more than 1 or 2 per cent of the
total energy transformation ; therefore, this possibility can be wholly excluded.

Food and drink.—No food was administered in the experiments which are
compared to secure data regarding the fundamental metabolism of diabetics, and
hence we have not the complicating factor of the influence of the ingestion of
food upon metabolism to consider. The improbability that the small amounts
of coffee infusion taken prior to the experiments influenced the metabolism in
any way has already been pointed out.

Comparison of normal and diabetic individuals and the influence of differ-
ences in physical characteristics.— Apparently, therefore, there are no obvious
external evidences of differences in the two classes of experiments to warrant an
explanation of the increased metabolism on either the grounds of increased mus-
cular activity, increased pulse- or respiration-rates, increaged hody-temperature,
psychical disturbance, or an excessive protein katabolism. Food was not in-
gested in any case, and the possible influence of the previous ingestion of black
coffee has been shown to be so slight as to be practicably negligible.

We have only to consider, then, the variations in the physical characteristies
of the normal and diabetic individuals used in the comparisons. There are two
methods by which these comparisons can be made. In the first place, one can
select a diabetic with a given body-weight and height with whom the metabolism
has been measured. We can then compare him with a normal individual of
approximately the same body-weight and height, whose metabolism has also
been measured, and note the differences in the metabolism. This method has
been used by Magnus-Levy.'

Such a comparizon involves two assumptions: First, that a normal individual
can be found with the same body-weight and height as that of the diabetics;
second, that the metabolism of the normal individual can be compared directly
with that of the diabetic. With regard to the first of these assumptions, it is
generally true that diabetics are more emaciated than normal individuals, and

! Magnus-Levy, Zeit, f. klin. Med., 56, 1905, p. 87.
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that usually the body-weight is somewhat less than with normal individuals of
the same height, and it is therefore difficult to select individuals with the same
body-weight and height. Second, as a result of an examination of the results
of the metabolism of normal individuals given in table 167, it is seen that there
may be very noticeable differences in metabolism with normal individuals of
approximately the same weight and height. This has been shown not only in
the experiments made with the Zuntz-Geppert apparatus, but likewise in un-
published experiments of Benedict and Carpenter. If two individuals, such as
subjects 9 and 10 in table 161, have the same body-weight and widely different
metabolism, it is very important to know which of the two individuals is selected
for comparison with diabetics, since with one individual a decreased metabolism
may be shown, and with the other a highly increased metabolism. We believe
that the normal metabolism of individuals has not been studied in a sufficient
number of cases to permit of such a close comparison as this, namely, the study
of the metabolism of diabetics as individuals and comparing them with normal
individualz of the same weight and height. We further believe that the only
logical method for comparizon is to place diabetics in a large group and compare
them with a group of normal individuals of approximately the =ame body-weight
and height. This method has been followed in these experiments. This as-
sumes that the values used as normal values are truly representative of an average
group of individuals who may, with propriety, be compared to the group of
diabeties studied.

As an index to the values found with the series of experiments designated as
normal, we have compared these with results published by Benedict and Carpen-
ter, and also with the results obtained with the Zuntz-Geppert apparatus. The
results are given in table 192, in which it is seen that the average hody-weight
of all the subjects was not materially different in the three different sets of ex-
periments. The average height was the same in both the published and unpub-
lished material of Benediet and Carpenter. The carbon-dioxide excretion was
essentially the same in all three cases, but the oxygen consumption is somewhat
lower in the unpublished experiments of Benedict and Carpenter than in the
other two instances. On the whole, the agreement of the results implies that the
figures for the normal subjects here used are justified.

TasLe 192.—Comparison of results of experiments with normal subjects at rest,
in a reclining posgition,

Carbon

]
Average fepie 4]
I qu}f Height. | Tﬁf;‘i{“ mﬁuﬂa
| wieight, Halin tion.
I
| Kilos. cit. (El [ 8
Benedict and Carpenter (unpub-
lished experiments) .......... 68.1 172 2.95 2.51
Benedict and Carpenter (pub-
lished experiments) .......... 66.6 172 3.01 1.75
Zuntz-Geppert apparatus ........ G3.6 S 2.96 2.79
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With normal individuals it has been found that, in general, the larger the
body-weight the less the carbon-dioxide excretion and oxygen consumption per
kilogram of body-weight. This is very well emphasized by table 161, copied
from the published work of Zuntz and his co-workers given on page 168. The
differences are especially noticeable when dealing with the higher and the lower
weights, and have frequently been pointed out in the case of diabetics, a fat
man usually showing a much lower metaholism per kilogram of body-weight
than a thin man. While, theoretically, the metabolism on the basis of per kilo-
gram of body-weight should be much the same with all individuals, it can be
geen from the table just referred to that even with individuals of the same weight
and height there may be marked differences. It is all the more important,
therefore, when normal individuals are compared with diabetics, that there
should be no discrepancy in the metabolism per kilogram of body-weight due to
a difference in the average weight and height.

As a typical example, the results of experiments with diabetics in the chair
calorimeter without food and with the normal individuals with whom they
are compared have been computed. The average weight of all the diabetics was
59.9 kilograms, with an average height of 174 centimeters. The average weight
of the normal individuals was higher (68.1 kilograms), while the height was
172 centimeters. Using this group as a whole, then, we have the tall diabetic
with lighter weight compared with the shorter normal individual of somewhat
heavier weight. According to the results reported by Benedict and Carpenter,
the tall, lean individual has a tendeney to a higher metabolism per kilogram of
body-weight than the short, fat person. Under these conditions, therefore, we
would expect to find a somewhat higher metabolism with the diabetics than with
normal individuals. The normally oceurring differences in metabolism between
a group of individuals having the average weight of the diabeties here studied
and normal individuals having the average weight of the normal individuals here
studied may be found in a number of ways. If, instead of using the averages
of a large group of individuals reported either by Zuntz, or by Benedict and
Carpenter, we take a group of individuals varying from 64 to 72 kilograms in
weilght, and then another group varying from 56 to 64 kilograms in weight, we
can obtain average values which will approximate those which would be obtained
on normal individuals with the average body-weight of 60 kilograms and 68
kilograms. Calculations show that, in general, when groups are studied in this
way the carbon-dioxide excretion is 3.16 c. c. per kilogram per minute with a
body-weight of 60 kilograms, and 2.99 c. ¢. with a body-weight of 68 kilograms,
and the oxygen consumption 3.96 c.c. at 60 kilograms, and 3.75 c.e. at 68
kilograms. Thus, there are differences indicating a slight inerease in the metab-
olism per kilogram of body-weight with the lighter weight individuals. The
differences are not, however, appreciable when compared with those found be-
tween the groups of diabetics and the normal individuals in table 179, page 193.



IvcrEASE oF METABOLISM IN DIABETES. 227

Still another possibility is to be considered if we are to concede what Magnus-
Levy maintains, that the emaciation results in a dizturbance of the relationship
between the body-surface and the body-weight, so that these cases should be
considered as having a body-weight and a metabolism equal to that in their
original greatest weights in health. The arguments against thiz assumption of
a relation between body-weight and body-surface have already been presented.
If Magnus-Levy's assumption is correct, it is easily seen that the metabolism
per square meter of body-surface should be the same with these diabetics irre-
spective of the body-weights, and as body-weight decreases the metabolism per
kilogram should increase. On the other hand. with at least one of our cases,
Case C, who was studied over a considerable period of time, there was a notice-
able change in body-weight unaccompanied by a material alteration in the metab-
olism per kilogram of body-weight. An abstract of the results with this case
is given in table 193.

TABLE 193.—Metabolism per kilogram of body-weight in experiments
without food with Case (.

S —— S

I | 1 Calorimeter experiments. Rﬂ:‘sp:rla..:;;g?;xpun-
| P | | Heat .
! Date. I wmﬁt. E:J'ﬂ'&: Oxygen elimi- m’}gﬂ: Oxygen
| | | per kilo- per kila- nated per kilo- | PCT Kilo=-
gramper | ERBEET | PO | gram ger | ENTIEE
| minute. = ]‘m"n : minute, :
1909 | kilos, | ¢c | ce | cals. c. e . 0.
e b R 65.4 | $.15 4.0 1.28 .
1.0 b b e BNl e S G64.0 | 3.22 4.21 1.23
| TR R S S 2.7 | 3.14 4.72 1.24 i
2SI I e 63.1 | 3.22 4.80 1.28 2.79 4.01
Ve LA R ; 62.6 | 3.15 4.55 1.36 2.78 4.44
T 62.7 3.03 4.08 1.26 2.89 4.08
AT 62,8 3.14 4.40 1.40 2.60 3.82
AN RIS EY N o e oy e Taa 62.4 1385 | 14.15 s wm 2.82 4.23
o F T DO R ey D b G0.0 o 2.78 2.93
I gl TR R R e R | 54.9 ok G 2.33 4.85
O G e s e | 54.9 3.24 4.54 1.26 3.04 4.28
ek 8. v ST serr | waes 3.21 4.52
T e e Al e [ 54.9 i il 2.92 4.44
Gpsg i I Jporpgin fes- e | 2.83 | 4.19
nct- Eﬂ ---------------- | EE[] CRC ) LB 1 e oEw 2-5‘5 4-“‘5
B ] el b BARSR e | 56.1 - ieas sars 2.87 4.14

iBed calorimeter.

On April 13, 1909, this subject had a body-weight of 65.4 kilograms, and
the metabolism, as measured by the carbon-dioxide excretion, oxygen absorption,
and heat-elimination, was not far from that of October 26 of the same year,
when the body-weight was but 54.9 kilograms. There was a slight increase in
the carbon-dioxide exeretion, a noticeable increase in the oxygen consumption,
and but a slight decrease in the heat-elimination. Unfortunately, but one calo-
rimeter experiment was made with this subject in the fall. However, we have
a series of respiration experiments made during the middle of June and a
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long series in the latter part of October, so we have an excellent basis for com-
parison. It is seen from the results in the comparison of these experiments that
there was essentially no difference in the metabolism of this subject during the
two periods, although there had been a material change in weight, amounting
to nearly 7 kilograms, or 10.7 per cent. Although there was this marked loss
in body-weight, the metabolism per kilogram of body-weight was not altered, and
apparently the heat-transforming power of the material was lost with it and
not conserved by the body.

This experience is wholly in line with the observations first made by Zuntz
and Lehmann, that with very long fasting experiments the metabolism per kilo-
gram during complete rest without food was not materially altered. With the
fasting experiments at Wesleyan University, while the total 24-hour transfor-
mation of matter gradually decreased during a 7-day fast, Zuntz has computed
from the night period that there was no material decrease in the energy trans-
formation while the subjects were at rest and asleep, thus showing that the two
series of experiments fullv substantiate each other. It is remarkable that with
a loss of body-material such as is undergone through a long fast or through the
ravages of diabetes, there chould be a loss of the heat-producing power of the
body, while on the other hand, as has been demonstrated on healthy men, there
may be a very congiderable storage, not only of fat but of nitrogenous material,
without any inerease in the oxidative powers of the body. Unfortunately, ex-
perimental evidence has not yet been sufficiently accumulated to show the differ-
ence in metabolism as measured on non-diabetic individuals of large body-
weight who have subsequently lost flesh by reason of dietetic treatment or other-
wise with a sufficient degree of accuracy to throw much light upon this point.
Such experimental evidence is much to be desired and should be accumulated.

It seems proper, therefore, to contend as the result of the experiments with
Case C that the loss of weight of diabeties is accompanied by a decrease in metab-
olism which is, relatively speaking, proportional to the body-weight so that the
lower body-weight had a metabolism per kilogram of body-weight not much
different from that of the higher weight. The highest weight during an experi-
ment with this subject was 63.4 kilograms, and this was some 10 kilograms less
than his greatest weight in health, but we have no evidence whatever as to the
difference in metaholism hetween that of the best body-weight and that at 65.4
kilograms. It is more than probable that the kind of material lost when the
body-weight fell from about 75 kilograms to 65.4 kilograms differed materially
from that lost when the body-weight fell from 65.4 to 54.9 kilograms. In the
first instance the material lost may not have been of active protoplasmic nature,
and therefore vitally influencing metabolism, while in the second it evidently
was of such a nature. Furthermore, with a loss of body-weight amounting to
20 kilograms on 75 kilograms, or about 2% per cent, one would expect, if there
were to be a marked decrease in the surface, to find loose, flabby skin and other
evidences of a former large body-area. As a matter of fact, nothing of this
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kind could be noticed with this, or indeed, with any of the other subjects. While,
as is well known, the relationship between the body-weight and the body-surface
does vary materially between fat and thin people, nevertheless we have no reason
for believing that with these diabetics there was a sufficient disturbance of the
relationship to account for the marked differences in the metabolism noted with
diabetics over normal individuals. It is obvious, therefore, that the experiments
with Case C are to be taken as strong evidence againgst the theory that the in-
ereased metabolism noted in severe cases of diabetes is due to the fact that
the body-surface is larger in proportion to the body-weight than with normal
individuals,

Character of the metabolism during severe illness,—With Case A it was ap-
parent that in the spring when he was most ill, the metabolism had a distinct
tendency to be higher than at other periods of the year. The natural inference
is, therefore, that the diminished vitality and general weakness resulted in a
stimulation of the metabolism in an effort on the part of the body to make up
for the lack of physical tonus. This was evident, not only from the increased
pulse-rate, but likewise from a somewhat higher katabolism as a whole.

Of the other subjects we have but one, Case C, who was studied both during
a period of grave illness and during periods when he was fairly comfortable. In
the fall, about two months before his death, Case ¢ was in a rather eritical
condition. At this time, contrary to the results with Case A, his metabolism was
the same per kilogram of body-weight as it was in the spring when he was in
fairly good condition. It isof unusunal interest that although this patient’s body-
weight had fallen some 10 kilograms during the summer, nevertheless the katah-
olism per kilogram of body-weight remained essentially the same. It is to he
noted, however, that the pulse-rate in the fasting experiment made in the fall
was abnormally high (83), while 2 or 3 days later, during the oatmeal experi-
ment, the pulse-rate decreased to 62, the former low level with this subject. With
this abnormally high pulse-rate, one would have expected a somewhat higher
metabolism than was actually measured with this subject. There iz a possible
explanation for this difference in metabolism in that with Case A the illness was
due not so much to acidosis as to extreme weakness and debility. Under these
conditions the stimulation of the heart was noticeable, the pulse-rate high, and
the katabolism was also higher. On the other hand, with Case C, the illness
was due chiefly to the severity of the acidosis, and possibly under these conditions
the metabolism would take an entirely different course, but the acidosis with
Case A was certainly not negligible.

The idea of an increased metabolism accompanying severe diabetes and ex-
treme sickness is wholly at variance with the idea suggested by Naunyn, that
there may be periods in the course of the disease during which time there is a
very low metabolism. We see nothing here to justify the conclusion that these
diabetics at any time showed an abnormally low metabolism, but on the con-
trary their demands were usually even individually higher than normal.
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PRACTICAL CONSIDERATIONS.

It is important that diabetics should be given food containing a sufficient
amount of energy, the idea that diabetics have a low energy requirement being
obviously wrong. While with the ordinary normal individual it is possible to
compute the food requirement with a reasonable degree of accuracy, with dia-
betics it is much more difficult, inasmuch as there is a considerable loss in the
form of sugar in the urine; there is also the formation of unoxidized material,
such as 8-oxybutyric acid, in the urine, and it is necessary to take both of these
factors into account. Practically every gram of sugar excreted in the urine
results in a loss of 4.1 calories, and every gram of B-oxybutyrie acid of 4.4
calories ; consequently the diabetics who were exereting 100 grames of sugar per
day and 20 grams of B-oxybutyric acid may have lost over 500 calories in this
way. It is essential, of course, to make sure that the food ingested has an excess
calorific content to make up for this deficiency.

It is also necessary to conserve the heat output of diabetics. They should not
be exposed to undue cold or to severe wind, thus avoiding an increase of the ex-
cessive radiation of heat, and there should be the minimum amount of muscular
work aside from a sufficient amount to maintain a generally good physical eon-
dition. In many cases one has literally to consider every individual calorie, as
the reserve of body-material ordinarily used for excess demand has almost dis-
appeared. Diabetics can not easily store fat or glycogen for an emergency, and
therefore they should not be exposed to sudden or severe drafts upon body-mate-
rial, as this has a tendency to deplete the storage, though, singularly enough,
a fasting day has been demonstrated to be very beneficial in securing the removal
of sugar and establishing a base line for the building up of a carbohydrate fol-
erance. The sudden appearance of coma after unusual exertion is, however, a
well-known clinical faet.

In considering the energy output of diabetics, it is important, also, to note
the energy required to warm urine. For example, if 3 liters of water are taken
and excreted as urine in the course of the day, thiz water is warmed from an
average of 10° C. to the temperature of the body, 37° C. In other words, each
liter is warmed 27° C., and 3 liters thus warmed would result in the absorption
of 81 ealories. With a body-weight of but 42 kilograms, a weight not uncommon
with many diabetics, this may be nearly 6 per cent of the total heat of a day, an
amount that can not be neglected when practically every calorie must be taken
into consideration in attempting to keep up the unequal fight of increased metab-
olism on the one hand and deficient utilization of carbohydrates on the other.

The possibility of the combustion of sugar formed from protein should be
carefully noted. The non-nitrogenous portion of the protein molecule seems to
be tolerated in many instances by diabetics better than preformed sugar. It is
conceivable, for example, that it may be of distinet benefit to have larger amounts
of protein ingested and thus have the carbohydrate moiety of the protein mole-
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cule broken down, perhaps, in gome different manner or different portion of the
body than would be the case in the ordinary absorption of the carbohydrate from
the intestine. Thus we deal here with two factors regarding the ingestion of
meat. Without doubt, the ingestion of meat does stimulate the metabolism
noticeably ; this was observed even in the most severe cases of diabetes. That
this stimulation of the metabolism is of actual benefit to the body is probable.
If, in addition to the stimulated metabolism, we have the liberation of non-
nitrogenous material in certain parts of the fluids of the body which may
prove to be of special benefit, we have a double reason for the ingestion of large
quantities of protein provided always that the patient can tolerate the protein
and does not excrete the carbohydrate moiety of the molecule.

Even in severe cases of diabetes, the determination of the respiratory quotient
may have great practical value in showing whether or not the subject is in a
eritical condition. If in experiments several hours after the last meal, the
respiratory quotient is above 0.74, it is clear that there is a fairly liberal supply
of glycogen or carbohydrate material stored in the body that iz actually being
burned. Each 0.01 point higher is, of course, more favorable, When practicable,
therefore, the determination of the respiratory quotient without food may be
of distinct value in rapidly diagnosing the severity of the case. It is further-
more possible that in many instances it is highly desirable to make a rapid diag-
nosis as the early treatment of a case may be of very great value. With the
previously existing methods for determining the severity of the case, depending
upon long-continued experiments with special diet, there may obviously be a
period of time lost that is of vital importance to the patient in treatment.

The respiratory quotient may also be of very great value in determining the
degree of tolerance of the individual for carbohydrate. It is impracticable in
many instances to place patients upon an exact carbohydrate diet and be certain
that the diet is followed. The tendency for many diabetics to unintentionally
or intentionally deceive with regard to the amount of earbohydrates taken during
a day is well known. If, however, a definite amount of carbohydrates be in-
gested and a definite increase in the respiratory quotient is found after a delay
of 30 to 50 minutes, this may be taken as conelusive proof that there is an actual
utilization of carbohydrate in the system. On the other hand, it has heen fre-
quently noted that there may be an ingestion of carbohydrate which under cer-
tain conditions does not appear in the urine and is still not actually burned,
but which may be stored and subsequently excreted as sugar in the urine.

From the respiratory quotient, therefore, one should be able to form a tolerably
clear idea of the situation. With a respiratory quotient of 0.70 or below, it is
evident that the patient has practically no available carbohydrates, and if pre-
viously he has been living upon a moderately liberal diet, it is clear that the body
has lost in a measure its power of storing any carbohydrate. We may naturally
assume, therefore, that the patient may be in a serious condition. The replenish-
ment or the building up of the storage of glycogen in the body may prove to be
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a very important factor in the prognosis of diabetes and an indication of the
advance in treatment.

Body-weight indications are very erroneous. On the basis of changes in body-
weight, it requires some time to demonstrate the efficiency or the advantage of
certain diets and certain methods of treatment, while by means of the respiratory
quotient results can be obtained in a relatively short time. If carbohydrate is
to be used in the body on being ingested, this can be shown by the respiratory
quotient at onece, while several days might elapse before positive proof could be
obtained from the carbohydrate-balance as determined from the urine and the
intake of food.

While the respiratory quotient, the dietetic treatment, the carbohydrate-bal-
ance, and the dextrose-nitrogen ratio would all point toward the presence in the
body of the diabetic of a relatively small amount of glycogen, it iz important
for us to know, first, to what extent this glyeogen storage exists, and second, to
what extent it can be drawn upon or added to.

Many diabetics have a small storage of glycogen, and although not large, it
iz probably of vital importance. It iz a serious question whether this storage
ghould be materially depleted, and yet in an effort to secure sugar-free conditions
in order to establish a basiz for the development of a carbohydrate tolerance, it
may frequently happen that this storage of glycogen is greatly depleted. Im
many instances, therefore, it is a question whether or not the attempt to make
the patient sugar-free is wise, This point should be carefully watched and care
taken not to draw too heavily upon the storage of glycogen, It is unquestionably
true that some diabetic patients can never hecome permanently sugar-free, and,
indeed, the attempt should never be made to bring them to this condition, since
in the process of making the patient sugar-free, the storage of glycogen must
be so seriously depleted that acidosis may quickly develop and the storage of
glycogen can not be replenished. It becomes, therefore, a serious question as to
whether it is not better in a large number of cases to have the patient with a
low sugar-content in the urine and a fairly liberal supply of glycogen in the
body rather than with no sugar in the urine and a very greatly depleted storage
of glycogen.

INVESTIGATIONS NEEDED.

The topics for investigation here suggested represent only a few of the most
pregnant which we hope soon to take up.

A geries of 24-hour experiments is much needed in which the complete intake
and ontput will be determined. Under these conditions it is possible to com-
pute the kind of material katabolized and find to what extent the food ingested
supplies the needs of the body. The storage of material and the retention of car-
bohydrate-material in the body can be definitely proved and a large number
of questions which deal with the intermediary metabolism can probably be con-
giderably illuminated by these experiments. A series of experiments, particu-
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larly those including the ingestion of oatmeal, would be of unusual value, as
any change apparent in the carbohydrate-balance would indicate a storage of
large amounts of carbohydrate. If the carbohydrate was subsequently passed
into the urine as sugar the balance will, as has been shown, tend to become minus
again. On the other hand, if this material was stored during a portion of the
day and subsequently oxidized, the respiratory quotient would be affected and
it is possible that during the night, when the food ingested during the last meal
of the day is drawn upon and the diabetic begins to feel the need of new material,
the body might draw more heavily upon the storage of glyeogen and thus affect
the respiratory quotient.

By experiments of this kind we could demonstrate quite thoroughly the value
of the various kinds of carbohydrate and protein food, as it is conceivable that
with certain subjects the non-nitrogenous portion of the protein molecule may
be really of considerable benefit in supplying energy in an otherwise scanty and
rather monotonous diet.

Of considerable importance from the standpoint of physiology is the influence
of the abnormal metabolism upon the specific dynamie action of the protein.
It i conceivable, for example, that when the storage of glyeogen is low and meat
is given, the non-nitrogenous portion of the protein molecule may be converted
to glycogen and not burned but stored, and consequently the so-called specific
dynamic action might fail to appear. Thus we might have here a possible ex-
planation of the specific dynamie action of protein in that the non-nitrogenous
material of the protein is burned under conditions that give rize to special heat-
production,

In studying the influence of the ingestion of protein and comparing the in-
fluence of the different kinds of protein, it may be advisable to note the value
of ingesting the daily quota of this nutrient not in one but in several meals, so
as to get the value of the stimulated metabolism throughout the whole day.
On the other hand, it may be found of advantage to give the total protein quota
in one meal and thus obtain an unusunally large stimulation. Furthermore,
whether this stimulation should be given at night or in the morning may be
of significance. While large amounts of gelatine are not easily consumed as a
rule, it is not entirely impossible that the use of gelatine in diabetes may be of
value, and that the non-nitrogenous portion is converted to sugar which can be
more easily burned or stored than the sugar formed from the ordinary protein,
and although the nitrogen-sparing power of gelatine is lower than that of ordi-
nary protein, it is not entirely absent. The important factor here is to secure
a supply of energy which may be utilized by the body and also to secure a stimu-
lating effect as a result of the specific dynamic action. Consequently, the lower
protein-sparing power of gelatine iz without special significance in this case.

If diabetics can be given a creatine-free diet or a meat-free diet it may be of
value to study the simultaneous output of nitrogen, dextrose, and creatine, par-
ticularly on green days and on true fasting days. As the creatine in all probabil-
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ity is derived from the breaking down of muscular tissue, some idea of the
dextrose-nitrogen ratio and muscular tissue disintegration may possibly be ob-
tained by this means. Unfortunately, the Folin method for determining creatine
has not yet been proved to be accurate in the presence of many of the partially
oxidized compounds existing in the urine." If it could be experimentally demon-
strated that known quantities of pure creatine added to diabetic urine could be
recovered and found by the Folin method, this would make possible an interest-
ing study upon the excretion of creatine in diabetes during a period of time
when possibly no meat or creatine-producing material is eaten. Even in a 24-
hour fast the creatine excretion might prove of very great interest.

The utilization of aleohol in a diet is also important, for if there iz a disease
in which the use of aleohol as a food is justified, that disease is diabetes. Energy
studies should be made in which carbohydrates, fat, or protein should be re-
placed by aleohol to see to what extent the latter is oxidized, how rapidly it can
be burned, if the respiratory quotient iz immediately affected by its use, and
if it in any way increases the metabolism as a whole. The influence of the in-
gestion of alcohol in varying amounts and in varying combinations with other
nutrients may also be studied with both the large and the small respiration appa-
ratus, and if subjects are used with diabetes of differing degrees of severity,
results of great theoretical and practical value should be obtained.

1 During a recent visit of one of us to the laboratories of Scotland, it was observed
that considerable unpublished research of great interest in this connection was being
conducted independently by Catheart of Glasgow and Cramer of Edinburgh.
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