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Tae method of combating tubercular disease, and more
especially pulmonary tuberculosis, by over-feeding, has
attracted considerable notice of late years; and the
opinions of varions observers as to its efficacy differ
vastly. It occurred to us that it would be interesting,
from the scientific as well as from the clinical standpoint,
to carry out some research as to the effect of over-feed-
ing on the metabolism of patients suffering from pul-
monary tuberculosis. It appeared to us that the best
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2 METABOLISM IN PHTHISIS

manner of obtaining definite results would be to take
cases of varying severity, and after having determined
the metabolism on the diet on which they were ordinarily
placed in hospital, to gradually increase the diet in vari-
ous ways in order to ascertain what was the maximum
diet which they could take with advantage, and without
causing too great a strain on the organism from a clini-
cal point of view. It seemed to us that one of the most
important points to be determined was what number of
calories was the most sunitable, as this i1s the easiest
method of determining the diet smitable for any given
case. The most satisfactory method of obtaining the
number of calories per kilo. body-weight suitable for a
patient, appeared to be to take his highest known weight,
and to calculate the number of calories that he would
require in health. From this, it is comparatively easy to
make out the sufficient number of calories, so as to en-
sure that the system of over-feeding—but not necessarily
forced feeding—is being carried out. Physiologically it
seemed rational to conclude that the system of forced
feeding carried out at Nordrach and elsewhere was
faulty, as the patients are forced to eat very large quan-
tities of food, quite independently of their subjective
symptoms (anorexia, dyspepsia, etc.). We failed to see
what benefit the patient could obtain by this system of
“ cramming,” as the strain on the organism must be
very excessive ; and, as far asthe disease was concerned,
equally good results could be obtained by studying the
individual cases more particularly. There seemed to be
no object in compelling a patient suffering from the dys-
peptic symptoms so often present in pulmonary tubercu-
losis to consume, roughly, eighty calories per kilo. body-
weight, if the same result could be obtained with a diet
containing about sixty calories per kilo. body-weight.
Owing to the kindness of the Committee of the Bromp-
ton Hospital we were enabled to carry out this research,
to whom—and to Dr. Kingston Fowler for kindly placing
a ward at our disposal and for selecting cases for us—we
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METABOLISAM IN PHTHISIS 3

desire to express our cordial thanks. We are also in-
debted to Dr. Price, the Assistant Resident Medical
Officer, for the trouble he took in superintending the
work at the hospital. We also desire to take this oppor-
tunity of expressing our cordial thanks to Professor
Vaughan Harley for much kind assistance and advice
during the progress of this research, which was carried
out in his laboratory.

Althongh for some years there has been a consider-
able amount of discussion, in both England and Germany,
as to whether over-feeding in pulmonary tuberculosis is
well founded in a physiological sense, very little work
appears to have been undertaken with a view to deter-
mining the metabolic eondition ; and the Russian obser-
vers have carried out by far the greater number of
researches.

Griezdiev (1) studied the effect of drinking large quan-
tities of hot and cold water in febrile diseases (including
phthisis), and states that the nitrogen metabolism was
mmproved qualitatively, and also that the nitrogen was
excreted in a more oxidised form.

Kuarlov (2), in some experiments regarding the effect of
forced feeding by De Bove’s method, observes that the
metabolism and assimilation of nitrogen was improved,
that there was a rapid gain in weight, that the tempera-
ture was lowered, and that diarrhea was relieved. In
addition, the general condition improved, as perspiration,
cough, and expectoration diminished, and more sleep was
obtained. The same observer also states that the forced
feeding sometimes changed an excessive excretion of
nitrogen into a normal one, or even that a retention of
nitrogen followed.

Swavastyanov (8), in studying the effect of food on
pulmonary phthisis, found that an increased quantity of
nitrogen in the food made very little difference in the
amount retained in the body, but that it sometimes
converted an excessive waste into a retention of this sub-
stance,
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Blumenfeld (4) found that the assimilation of fats in this
disease was within the normal limits, thus placing on a
firm basis the clinical observation that fats are well borne
in this disease.

Levin (5), in some observations which he made as to the
metabolism in pulmonary phthisis, found that elimination
of nitrogen was very low, especially in bad cases, and
that the excretion of phosphoric acid was also below the
normal quantity, and that this was especially marked in
severe cases.

After these preliminary remarks, we now come to con-
sider our own researches into the influence of over-feeding
in pulmonary tuberculosis.

Method of Investigation.—During the week previous to
the period of the investigation the patients were kept
on their ordinary diets, each article of food being sepa-
rately weighed before it was brought to them, anything
that was left over being again weighed. This was done
in order to obtain an idea of the quantity of food taken
by each patient under mormal conditions. Having thus
obtained some data, a diet was made out for each patient
for the following week, and, on the morning of the fourth
day, four drachms of powdered charcoal were given at
§ a.m. The urine was collected in twenty-four hour
periods up to 8 a.m. on the eighth day, when four more
drachms of charcoal were given. The faces were collected
from the appearance of the first charcoal until the second
charcoal appeared.

Then a fresh diet, which had been previously deter-
mined upon, was given during the next week, the time
and manner of collection remaining the same. A similar
plan was followed during the two succeeding weeks, and
then the experiment had to be stopped, as some of the
patients were leaving the hospital, and we had not suffi-
cient time to spare to make it worth while commencing a
second series.

Owing to the difficulty which was experienced in per-
suading the patient to eab all the diet provided, the
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figures given in the tables represent the absolute quan-
tity of the diet constituents taken, the amount ordered
being only occasionally eaten. In Periods B, C, and D
a weighed quantity of figs and grapes was given, as
some of the patients suffered considerably from consti-
pation, and, as will be noticed later, in some of the
cases it was necessary to give enemata. (It was decided
to take this means of evacuating the large intestine, as
it appears to cause as little interference with metabolism
as the administration of drugs.)

The total nitrogen was estimated by Kjeldahl’s method,
no further oxidising agent being employed in the case
of the urine, while sodium pyrophosphate was added for
the purpose of estimating the oxidation of the feeces.

The quantity of urea was estimated by the sodinm
hypobromite method.

The method of Gowland Hopkins was used for estima-
tion of the uric acid, ammonia being added to hasten the
conversion of this substance into ammonium biurate,

Schlosing’s apparatus was employed for the estimation
of the quantity of ammonia.

The amount of phosphoric acid was estimated by the
uranium nitrate method, and that of the chlorides by
precipitating with silver nitrate, and then titrating with
potassium sulphocyanide.

The quantity of sulphates in the urine was estimated
by Baumann’s method—that is, precipitated with barium
chloride, and weighing the barium sulphate thus obtained.

The estimation of the quantity of fats in the faeces was
made by extraction of the previously acidified dried feces
with ether in Soxhlett’s apparatus, the ether extract
being dried at 100° C., and weighed after cooling over
sulphurie acid.

Two analyses were made in each case, and the average
taken, except in the analysis of the sulphates.

In the following description the successive periods
are lettered A, B, C, D.

Approvimate Diets.—The following can be taken as
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During Periods A and B Cases Nos. 2 and 3 were on
the diet that is given in the open-air wards at Brompton
Hospital, which consists of—

Milk . P - . 3 pints. | Bread 7 oz
Meat . I . i 1 Sugar 1y 55
Egg . . - ] Potatoes 3 5
Bacon . 4 . B oz Cabbage i
Butter : : Sl TR Rice pudding 3

In Period C the diet was altered, so that the follow-
ing was given :

Milk . : i . 4 pints. | Sugar . . . 2 oz.
Meat . A s R Potatoes - b
Egg . : ; o | Cabbage . 2 2 N Tl
Bacon : . . 1} oz, Rice pudding b,
Butter 5 : B s Grapes . : Ao
Bread . i : e Lo N
The following diet was given during Period D :

Milk . . . . 4 pints. | Sogar 3 oz.
Meat . . : i DT Potatoes : 4
Egz . : - il Cabbage . : 3 4 ,,
Bacon . - : . 1 oz Grapes 4 ,,
Butter 1 : fii L Rice pudding 1 i
Bread . : - BB

Case 1. Pulmonary Tuberculosis ; Acute Infiltration.

Clinical History.—Age 22, footman. This case was an
early one, being only of six wmonths’ duration. He was
admitted to the special open-air wards on July 18th, 1900,
and the following return as to his condition was made at
that time :

Left Lung : extensive infiltration in the upper lobe
with commencing caseation, and fairly extensive infiltra-
tration of the lower lobe.

ERight Lung : infiltration of apex of lower lobe and
probably early disease of apex of upper lobe.

At the commencement of the research his general con-
dition had improved, the sputum being small in amount,
but containing numerous bacilli. The night sweats were
very much less marked than when admitted, and the
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pyrexia tended to diminish, but oscillated between 99° F.
and 100'5° F. The appetite and digestion were good,
and the digestive apparatus was in excellent condition,
in spite of a tendency to constipation.

He was at least ten kilos. below his highest known
weight, but had gained 1'5 kilos. since his admission to
the hospital. There was no obvious an®mia, but some
dyspneea, Cough was troublesome, and sleep good. No
albumen or sugar was present in the urine.

TasrLe 1.—The various Diets and number of Calories given in
Case 1, together with the Percentage of Nitrogen and Fats
absorbed, ete.

Period. A, B. C. In,
Proteids . . . . 116418 .. 18750 .. 28250 .. 27113
Fats . . . . . 123238 .. 13696 ... 18398 ., 23122
Carbohydrates . 4 . 2060471 ... 20882 ... B321'8T7 ... 839217
Total calories . : . 289774 ... 3105696 ... 412675 ... 502643
Calories per kilo. . b&98 .. 6973 .. 7628 .. B804
Fluids . , i : 2020 ... 2204 ... 2810 ... J444
Nitrogen in urine . . 1664 .. 1453 .. '2082 .. 2388
Urea o . . BOWO . B35 .. 856 ... d0b2
Nitrogen in feeces . . 162 .. 066 .. 211 .. 436
Fat e ' , T894 . 2:53 ... 388 ... 7°8b
Nitrogen absorbed, percent. 91°25 ... 9745 .. 9420 .. B899
Fat oy s » 9882 .., 98516 ... 0700 .. 064l
Weight at end of period . 5076 .. 6234 .. 5436 .. 5516

Period A.—During this week the patient was kept
on the same diet on which he had been since admission,
and on which he had decidedly improved, This con-
sisted of a normal quantity of proteids (116°13 grammes),
a slightly increased amount of fats (123:28 grammes),
and a somewhat small amount of carbohydrates (29671
grammes). The total number of calories contained in
this diet was 2897-74, and was high, considering the fact
that the patient was kept in bed. The number of
calories per kilo. body-weight was 56°93.

Owing to the fact that a considerable quantity of
nourishment was taken in the form of milk, the daily
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quantity of fluid was high, being 2029 c.c., and the
fluctuations seen in the tables were due to the fact that
it was necessary to give more water on some days than
on others.

On this diet a daily average of 1858 grammes of
nitrogen was ingested, and since the total quantity of
this substance found in the urine was 16:64 grammes,
and in the feces 1'62 grammes, it will be seen that only
032 gramme were retained in the body, so that the
patient was practically on nitrogen equilibrium.

The average daily excretion of urime was 1653 c.c.,
and this can be considered the normal amount in health.

The average specific gravity was 1016.

TasLe 2.—The Daily Ezcretion of Nitrogen and Nitrogenous
Substances in the Urine in Case 1 on Diet A.

Drate, Nitrogen, Uren. Uric acid. Ammaonin,
8— 9 . 16:26 A 3402 wee 081 GuE 030
9—10 . 1309 21-19 6B 016

10—11 . 1934 34497 100 043
11—12 . 17785 32'62 100 029
Average . 1664 o 30:70 i 084 030

The average daily elimination of nitrogen in the urine
was 1664 grammes, and was distributed amongst the
nitrogenous substances,so that 86-12 per cent. was excreted
in the form of urea, 1:68 per cent. in the form of uric acid,
and 1-48 in the form of ammonia. From this it will be
seen that 1121 per cent. was excreted as nitrogen rest '
a quantity which 1s well within the normal limits.

The absolute excretion of the nitrogen-containing sub-
stances in the urine was, taking the average of the
twenty-four days, 30°70 grammes urea, 0'84 gramme

! It has been shown by v. Noorden (* Path. d. Stoffwechsels,’ p. 62) that
84 to 87 per cent. of the nitrogen is in the form of urea, 2 to 5 per cent. in
the form of ammonia, 1 to 8 per cent. in the form of uric acid, and 7 to 10

per cent. in the form of nitrogen rest, or in the form of extractions, such as
xanthines, hypo-xanthine, ereatin, hippuric acid, and colouring matters.
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uric acid, and 030 gramme ammonia. All these
quantities are within the normal amounts except that of
uric acid, which is rather high, considering the quantity
of fluid taken.

TasLe 3.—The Daily Excretion of the Inorganic Substances
in the Urine in Case 1 on Diet A.

e Sulphates.

1nsphoric - rh =

Date, acid, Chlorides, ‘Total. Alkaline, Aromatic, HRatio,
Be=:tk . 203 L. 8RR o B2 ., 302 L B8 L 11MEEd
=10 . 1:68; ... 4B6% .. 2868 .. Zp0 .. 016 ... ld4d:1

10—11 . 3388 ... 84 .. 458 .. 8380 .. 020 ... 1lb9:1l

11=12 . 227 ... 602 .. 82 5. 80d . 02l L 1ld3:l

Average b e OTB Gz raelBl s S2ED e DL L L0l

On turning now to consider the inorganic constituents
of the urine, it will be seen that the excretion of phos-
phorie acid was about the normal—except on the second
day, when the quantity eliminated was small,—and that
the daily average was 2'45 grammes. 'The average
elimination per diem of chlorides was 578 grammes, this
being apparently due to the considerable inerease found
on the third and fourth days, and is about that found in
normal individuals,

The quantity of sulphates excreted in the urine showed
a daily average of 3'16 grammes, and was about the
normal quantity, thus showing that there was an active
proteid metabolism going on in the body. The quantity
of alkaline sulphates contained in this amount was 295
orammes, so that 021 gramme were excreted in the
form of aromatic sulphates, this latter figure being about
the quantity which has been found by one of us (G—),
in conjunction with Professor Vaughan Harley (6), to be
the amount normally excreted. The ratio of the alka-
line to the aromatic sulphates was 14 : 1, showing that
there was no increased intestinal putrefaction occurring .

during this period.
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TapLy 4.—The Daily Ewvcretion of Nitrogen and Fats in the
Feces in Case 1 on Diet A.

Date, Quantity. Water per cent. Nitrogen. Fats.
88— 9 . =20 8091 3-27 16°11
9—10 . 102 93-09 0-23 1-14
10—11 . 410 i 89:01 1489 726
11—12 . 410 5901 149 7'26
Average . 361 B7'26 S 1:'62 o 794

The average daily elimination of nitrogen in the faeces
was high, being 1'62 grammes, and this was due to the
fact that it was necessary to administer enemata on two
occasions, owing to the constipation becoming much more
marked. On referring to the complete metabolism Tables
(see Appendix), it will be seen that the quantity of this
substance eliminated in the feeces belonging to the first day
was very large, and, although the amount passed on the
second day was very low, this was followed by a high
excretion on the third and fourth days. As the second
enema given brought away the faeces belonging to these
two days, it has been considered advisable to divide
the quantity by two, so as to obtain the approximate
absorption for these days. The remarks about the
action of the enemata increasing the quantity of nitrogen
in the faces apply also to the fats, and the average
daily elimination of this substance was high, being 794
grammes. The quantity passed on the first day (16-11
grammes) was extremely large, and accounts, in a great
measure, for this high average.

TasLe 5.—The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 1 on Diet A.

Dats, Ei.l:‘ﬁ-ﬁ:‘n in Fats in diet, Hitrnﬁ:rulill:lst;trbcd Fu?ﬂ:’iil:;;t'l:ml
B— 19 ., 1859 123-55 B2:41 ra 8609
9—10 . 1890 AT 123-66 o878 o908

10—11 . 1843 i 128-48 e 01:91 e 94-12
11—12 . 1840 ... 12244 .. 9191 94:07

Average 1858 ., 12328 .. 01'25 .. 9382







METABOLISM IN PHTHISIS 13

the quantity of fluids was only trifling, as the patient did
not take so much water at other times; and the average
quantity drunk daily was 2204 c.c., as compared with 2029
¢.c. in the previous period.

The average daily quantity of nitrogen taken in the diet
during this week was 2200 grammes; and since 14'53
grammes of this substance was passed in the urine, and
056 gramme in the fweces, it will be seen that 591
grammes were retained in the body—a very different con-
dition to that of period A, when the patient was on nitrogen
equilibrium.

Notwithstanding the increased quantity of fluids taken,
the average daily excretion of urine diminished to 1493
c.c., as compared with 1653 c.c. in the previous week—a
decrease which cannot be accounted for by thefact that there
was an increase in the night sweats, or any sensible per-
spiration at any other time. The average specific gravity
declined during this period from 1016 to 1015.

TasLe 6.—The Daily Excretion of Nitrogen and Fats in the
Feces in Case 1 on Diet B.

Date. Nitrogen. Urea. Urie acid. Ammonia.
15—16 . 1528 s 27-66 as 066 023
16—17 . 1775 i 3582 e 071 - 034
17—=18 . 1245 = - e 065 A 019
18—18 . 1269 2305 e 055 e 030
Averapge . 14:53 2884 ar 064 S 0:27

As was indicated by the lowered specific gravity, the
average daily excretion of total nitrogen in the urine
diminished, despite the increased quantity given in the
food, and was 1453 grammes as compared with 16-64
grammes in period A. This quantity of nitrogen was dis-
tributed amongst the nitrogen-containing substances in the
urine as follows :—87-92 per cent. was excreted in the form
of urea,’ 1'49 per cent. in that of uric acid, and 151 per

1 Owing to neglect in repeating the estimation on the third day of the
analytical period, the result obtained on this day being too high had to be
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cent. in that of ammonia; the proportion excreted as
nifrogen rest being 9°08 per cent. This latter percentage
is still within the normal limits, and compares with 1121
per cent. in the previous period.

As has already been mentioned, only three days’ analyses
of the quantity of urea are available; but the average ex-
cretion per diem was 2884 grammes, as compared with
3070 grammes during the previous week. The average
daily excretion of uric acid also showed a diminution, from
084 gramme to 064 gramme; and that of ammonia a
slight: decrease, from 0-30 gramme to 0:27 gramme.

Tasre 7.—The Daily Excretion of the Inorganiec Substances
in the Urine in Case 1 on Diet B,

Sulphates.

Date, PhOSPHOric  ouioriges.  Total. TEE Aot Ratio.
15—16 . 245 ... 490 .. 269 .. 258 .. 018 ... 1BB:1
16—1% ., 296 .. ®»OG .. 1899 .. 1I¥5 .. O24& .. Tg.1
17=—18 . 212 .. 618 .. 2B .. BG62 .. 020 .. I8I1:1
18—19, 190 .. 594 .. 289 ... 269 ... 020 .. 185:1
Average 218 ... 501 .. 260 .. 240 .. 020 .. 120:1

Having discussed the excretion of the nitrogenous con-
stituents of the urine, we mow turn to the inorganic
substances, and it will be noticed that the average daily
elimination of phosphoric acid diminished from 2:45 to
2:18 grammes. The chlorides also shared in the generally
lessened excretion noticed in the other substances analysed
for; and the daily average elimination was 5'01 grammes,
as compared with 575 grammes in the previous period.

The average excretion of the total sulphates in the urine
per diem showed a decided diminution, being only 2:G0
grammes, as compared with 3-16 grammes in period A;
and the decline in the quantity of the alkaline sulphates
was proportionately greater than that of the aromatic sul-

omitted, and consequently the figures given above are the average of only
three days.
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phates, the former diminishing from 2:95 grammes to 2-40
grammes, while the latter only decreased from 021
grammes to 020 grammes. Consequently, the ratio be-
tween these two substances was 12: 1, as compared with
14 : 1 in the previous week.

Decrease of phosphates, chlorides, and sulphates, together
with the nitrogen, is no doubt due to the building up of
tissue proteids in the patient.

TapLe 8.—The Daily Excretion of Nitrogen and Nitrogenous
Substances in the Urine in Case 1 on Diet B,

Date. Quantity. Wauter per cent, Nitrogen, Fata,
15—16 o . 108 TEBY Ios 0-72 Ve 3-27
16—17 : . 108 e 7887 072 327
17—18 o e ey D2:88 sin 017 i 075
18—19 . . 48 Wi 5906 s 063 e 2:83

Average . i iHS i Y765 056 e 2:53

On turning to the consideration of the feces, it will be
noticed, on referring to the table given above, that there
was a marked diminution in the guantity of nitrogen ex-
creted, the daily average amount during this week being
only 0-56 gramme, as compared with 1'62 grammes in
period A. The explanation of this great difference is to be
found in the fact that there was no necessity to administer
enemata during this week, and, consequently, there was no
excessive excitation of the intestinal walls. For the same
reason the average excretion of fats per diem decreased
from 7-94 grammes to 253 grammes.

Tapre 9.—The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 1 on Diet B.

Date Nitrogen in Fats in Nitrogen absorbed Fats ahsorhed
% diet. diet. per cent. per cent.
15—16 . 21'84 o 136'59 9670 S 9761
16—17 . 21'69 5 136-82 e 96'68 aes 9761
17—18 . 2231 FEE 135710 it o 24 es 99°45

18—19 , 2216 15703 ey D716 9793

—

. e —

Average 2200 o 136:96 9745 98°15
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Corresponding to the diminution in the quantity of
nitrogen found in the feces (noted above), and due also to
the fact that the quantity of proteids given in the diet was
increased, there was a marked rise in the average amount
of nitrogen absorbed—97-45 per cent., as compared with
91:25 per cent. in the previous period. This was a very
good rate of absorption, especially when it is remembered
that the patient was taking a considerable quantity of fat.
The average rate of absorption of fats also increased de-
cidedly, and reached the normal limits, being 98:15 per
cent., as against 93:82 per cent. in period A.

The condition of the patient elinically was very favour-
able, as he took his food better, and constipation was absent,
there being also a decided gain in weight. |

Period ' —Since in the first period it had been neces-
sary to administer enemata, it had been considered advis-
able, as already mentioned, to obtain practically another
normal period in this case; and, in this period, it was de-
cided to test the effect of a marked increase in the quantity
of food given. The diet was so arranged that the given
increase was made in the proteids and in the fats, as we
were anxious to keep the quantity of carbohydrates as near
the previous amount as was practicable. The most con-
venient way to obtain this end was to increase the quantity
of milk, as we did not wish to use a very excessive quantity
of concentrated foods. The concentrated food employed in
these experiments was somatose, and, both on the grounds
of expense and for the future practical value of our results,
it was not advisable to make too great use of it.

The quantity of proteids was accordingly increased by
almost 60 per cent, to 232:50 grammes, and 72 grammes of
somatose were given per diem in order to effect part of this
large increase. The fats were also increased in nearly the
same proportion, as 188'93 grammes were given on an
average, while the quantity of carbohydrates increased from
206:82 grammes to 321'37 grammes. The total number of
calories was thus increased by, roughly, 25 per cent., as
4126'75 were contained in this diet, as compared with

|
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310596 in period B. Despite a further marked rise in
weight, the average number of calories per kilo. body-
weight was increased to 76'28—a very large number when
it is remembered that the patient was at rest in bed.

The daily quantity of fluids taken was increased to 2810
c.c., partly owing to the increased amount of mille given,
and partly due to the fact that the patient desired a larger
quantity of water.

The amount of nitrogen contained in the proteids given
during this period averaged 37-20 grammes; and the aver-
age amount of this substance recovered from the urine was
20°82 grammes, and from the fieces 2:11 grammes. There-
fore 1427 grammes were retained in the body. Though
this is absolutely a large increase over the quantity (591
grammes) retained on an average during period B, it will
be seen later that the inerease is proportionately small, and
at a great expenditure of food, when the greatly increased
quantity of nitrogen given in the diet is taken into consi-
deration.

The daily average excretion of urine was 1957 c.c., and
although this is a marked inerease over the quantity found
in the last period, still the increase is not so marked as
would be expected from the extra quantity of fluid taken.
The increase in the quantity of urine not keeping pace
with that of the fluids was noticed in all the cases, even
when (as in this case) there was no inerease, or even dimi-
nution, in the amount of night sweat. The average
specific gravity remained practically the same, being 1014.

Tapre 10.—The Daily Ewcretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 1 on Diel C.

Date, Nitrogen., Uren. Uric aeid. Ammonia,
2223 . 1898 20-59 0650 o 016
23—24 |, 2358 4211 o 084 o 0-23
24—85 ., 1835 - 3369 0-51 014
25—26 . 2234 et R 088 W 030
Average . 2082 35:56 s 071 021

2
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tained, and is difficult to explain, especially when, as in
this case, the most marked inerease occurs on the second
day of analysis—that is, on the fifth day of the increased
diet.

There was a very marked rise in the average daily excre-
tion of total sulphates (3:62 grammes), pointing to an
inerease in proteid metabolism ; and, of this quantity, the
alkaline sulphates are represented by 332 grammes ; there-
fore, the average amount of the aromatic sulphates excreted
was (30 grammes—a quantity rather above the normal,
and indicating the onset of the increased intestinal putre-
faction, which became so marked in the next period. De-
spite the increase in the quantity of these substances, the
ratio of the alkaline to the aromatic remained practically
the same as in period B, being 124 : 1.

TasLe 12.—The Daily Ercretion of Nitrogen and Fals in the
Feces in Case 1 on Diet C.

Date., Quantity. Water per eent. Nitrogen. Futs,
2223 . 186 67-57 o 343 507
23—24 164 81-23 o] 175 2:59
2425 137 rea 69-26 e 2:34 o 4-94
25—26 . a8 s G005 e 1-32 e 2:93
Average 136 A 6950 2=11 et 388

Although in this period there was no disturbing factor,
such as the administration of enemata, the average quantity
of nitrogen excreted per diem in the fmces was very
markedly increased, being 211 grammes, as compared with
056 grammes in period B. As this figure is, roughly,
double the normal amount passed in the feeces, it appears
to indicate that the intestinal tract was not able to deal
properly with so large a quantity of proteid food. On the
other hand, the results obtained in the analvsis of the fats
in the fieces show that the average daily excretion was
988 grammes—that is to say, well within the normal
limits. Therefore, the intestinal tract still retained 1ts
power of dealing with the fat constituents of the food, al-
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72 grammes of somatose given each day during period C
were continued, and also the guantity of sugar was in-
creased. In addition 28 grammes of lactose were given, to
assist in attaining the inereased quantity of carbohydrates.
A larger quantity of milk was also given. The average
amount of proteids consumed under these circumstances
was 271'13 grammes, an increase over that of period C of
38:63 grammes; while the fats increased from 183-93
grammes to 23122 grammes—+that is to say, to 23 times
the usual quantity. The average quantity of carbohydrates
taken per diem vose from 3521'37 grammes to 392-17
grammes, some of this increase being effected, as above
mentioned, by means of sugar and lactose, in order to
avoid intestinal irritation from the excessive bulk. The
total number of calories contained in this enormous diet
was naturally very large, amounting to 5026-43, as against
4126:75 in period C, and was, approximately, 2000 more
than in the first two periods. Although there was a fur-
ther decided increase in weight, the average number of
calories per kilo. body-weight rose to the very high value
of 8944, Owing to a further increase in the quantity of
milk taken per diem, the average quantity of fluids was
3444 c.c.

The amount of nitrogen contained in the average quan-
tity of proteids given was 4338 grammes, and since the
total amount of nitrogen found in the urine was 23:88
grammes, and in the feces 435 grammes, it follows that
1565 grammes were retained in the body—a very slight
increase over period C, when it is remembered that more
than G grammes extra of nitrogen were given in the food,
representing no less than 37-50 grammes of proteids.

The average quantity of urine passed per diem rose
further, to 2288 c.c., but still was decidedly beneath the
quantity of fluids taken, and the disparity tended to become
more and more marked the greater the increase in the
quantity of fluids. This difference between the quantity of
fluid taken and the quantity excreted as urine may be
explained by the kidneys ceasing to become stimulated by
the increased quantity of the nitrogenous constituents of
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TapLe 15.—The Daily Excretion of Inorganic Substances in
the Urine in Case 1 on Diet D.

Snlphates.
Phosphori ; " ix -

Date. m:fiﬁn.m Chlorides. Total, Alkaline.  Aromatic. Ratio.
9980 . 208 .. 927 ... 90 .. %39 .. 051 .. 66:1
30—41 . 203 ... BT ... 452 . 402 . 050 ., 5:1
31—1 . 36T ... 475 b 408 .. 308 .. 0SB
] TR T, 7 RN [ LT [ T 1 T )+ T | 1 10 e T [ |
Average . 286 ... RI6 o 2T o BEE 049) nne lad

Having above shortly discussed the behaviour of the
nitrogenous constituents of the urine during this very
large diet, it is now necessary to turn to the inorganic con-
stituents of the urine, and we find that the average daily
excretion of phosphoric acid was very much the same as in
period C, being 2:86 grammes, the further increase in the
diet not having the effect noticed in comparing periods B
and C. The same result is to be seen in the average ex-
cretion of the chlorides in this substance. However, the
decrease was more marked since, in this period, the average
daily excretion was 815 grammes, as compared with 894
grammes in the previous week; there being, therefore, an
absolute diminution in the quantity found. The average
excretion of total sulphates in the urine per diem showed a
further rise to 427 grammes, indicating a continued
activity in proteid metabolism. But, as 049 grammes of
this amount represented aromatic sulphates, as compared
with 3:78 grammes of the alkaline sulphates, it will be
seen that the tendency to increased putrefaction noticed in
the last period had greatly increased, and that the intes-
tinal tract was thus confessing its inability to deal properly
with the enormous quantity of food provided. This 1s
easily seen on comparing the ratio of the alkaline to the

aromatic sulphates (7:7 : 1) with that of the previous
period (12-4: 1).
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but the daily average found (89:95 per cent.) was much
below that to be expected, considering the very large aquan-
tities of proteids given in the diet, and shows to what a
large extent this substance was wasted. The average
absorption of fats showed a further slight diminution,
being 96-41 per cent., as compared with 97-90 per cent. in
period C; but this amount is only slightly below the normal
limits. :

On the last day of this period the patient’s weight was
59°16 kilos.—that is, an increase of 1:80 kilos. over the
corresponding day of the previous period. The average
weight of the four days on which analysis was carried out
was 90°1 kilos., a gain of 2:0 kilos. over that of period A.

The clinical report of this week was that the patient was
by no means so well, that pain and feelings of distension
after food had markedly increased, and that other dyspeptic
symptoms were more marked ; his appetite had failed com-
pletely, and he said that he felt utterly unable to continue
on the same diet.

Summary.—This patient was confined to bed throughout
the time that we are concerned with, and while he was under
observation, was considerably below his normal weight,
though he was steadily improving in his general condition.
During period B the diet was maintained at a slightly
higher level than in period A, but was still practically a
normal diet for a phthisical patient undergoing open-air
treatment, and has been taken as a basis for comparison, as
period A was not suitable for this purpose on account of
the administration of enemata. Taking these two periods,
therefore, as a starting-point, the diet was increased until
(during period D) double as much proteid was given, nearly
twice as much fat, and a considerable increase in the quan-
tity of carbohydrates; the total number of calories being
mcreased from 3105:96 to 502643,

The following table shows the extra quantity of nitrogen

retained in the hnd}r Oon increasi ng the amount of 11it1'-:ugen
in the food.
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TasLr 19.—The proportion of the tolal Nitrogen in the Urine
excreted as Urea, Uric Acid, and Ammonia in Case 1.

Foried Total nitrogen Nitrogen ns Nitrogen na Nitrogen as Nitrogen as

il urine. UTER. uric acid. AN O i, nitrogen rest.
A o 166E s BERL . 0 TE6 e DA G 119E1
B T4:68° ... EFESE o 14490 T IR 207
(Bt - i T N T -1t e [0 [he 1 e SR T B (Rt el i S 1
I ... 2888 .., Jo&83 .. 194 . 282 0 1881

The averages of the Periods are here given.

From the foregoing table, it will be seen that the
greatest percentage of nitrogen in the urine was excreted
in the most oxydised form (urea) in the second Period
(B), while in Periods C and A the quantity passed in
this form diminished below the normal. Conversely, the
gquantity excreted as nitrogen rest doubled during Periods
Cand D, in comparison with that found in Period B.
Thus, a very valuable indication is afforded as to when
the strain on the organism of the body is becoming ex-
cessive.

The marked increase in the average quantity of am-
monia excreted per diem in Period D is of interest, as
it shows a sudden tendency in the organism to break
down under over-strain.

The steady increase in the average quantity of sul-
phates excreted during periods C and D shows that the
proteid metabolism was proceeding vigorously, but the
marked rise in the average quantity of the aromatic sul-
phates also indicates that this metabolism was not
proceeding at a sufficient rate to deal with the large
quantity supplied, and that, consequently, the amount of
intestinal putrefaction was increasing. This is also in-
dicated by the diminution in the ratio between the alka-
line and the aromatic sulphates, owing to the increase
in the latter.

The marked rise in the average quantity of nitrogen
excreted in the two latter periods—especially in period
D—indicates the danger and uselessness of cramming







METABOLISM IN PHTIISIS 29

softening, and his sputum, which was small in amount
(1 drachm) contained numerous tubercle bacilli.

On the commencement of the metabolism experiments
three months later he was considerably improved in every
respect, his general health being completely restored.
He had been free from fever for several weeks, and had
no cough or expectoration. His weight was 3360 kilos.
(without his clothes), so that he had gained 2'55 kilos.
since admission, His physical signs now suggested the
presence of a small dry cavity at the left apex. His
appetite and digestion were excellent, and he was in
the grounds all day taking a considerable amount of
walking exercise.

Tasie 20.—The various Diets and nwmber of Calories given
in Case 2, together with the percentage of Nitrogen
and Iats absorbed, ete.

Period.
A 13 c D
Proteids = - : . 147-88 ... 145°19 ... 16038 .., 15651
Fats . . . . . 21248 .., 192-46 ... 17988 ... 166:11
Carbo-hydrates . - . 22235 ... 21704 ... 27145 ... 31444
Total calories : ; . 356782 ...3352-37 ...344292 _ 347605
Calories per kilo. . . . 10587 ... 9717 ... 104°16 ... 102:92
Fluids . : : : : 1554 ... 2043 ... 2586 ... 2698
Nitrogen in urine . - o 321 s 1466 ... 16:47 ... 14722
Urea . . - : < ElGe el 608 . BT8R L 222
Nitrogen in feces . - . G86:... 089.,., 100.. 107
Fat o - . : §20 .. 245 .. 183 .. 262
Nitrogen absorbed per cent. . 9588 ... 9620 ... 9611 ... 9576
Fat s s - 98562 ... 9893 ... 9914 .. 0543
Weight at end of period . 3400 .. 8476 .. 8510 ... 3533

Period A.—During this period the patient was kept on
the ordinary diet in use in the open-air wards at Brompton
Hospital, and the daily average quantity of food taken by
him was :—147'88 grammes of proteid, 212'48 grammes
of fat, and 222'25 grammes of carbohydrates, It will be
seen from the above that this diet contained a large
quantity of fats, but the patient took it well, except on
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substances in the urine in the following manner :—84:04
per cent. was excreted in the form of urea, 0-94 per cent.
in that of uric acid, and 180 per cent. in that of ammonia,
so that 13'22 per cent. was excreted in the form of
nitrogen rest.

The average daily excretion of urea was 24'15 grammes,
that of urie acid 0-39 grammes, and that of ammonia 0°28
grammes, the quantity of the last-named constituent
being rather above the normal. .

Tasre 22.—The Daily Excretion of Inorganie Substances
i the Urine in Case 2 on Diet A.

BEaT Sulphates.

insphoric : - b ;

Date. ; :-u?'ui. Chlorides. Total. Alkaline. Aromatio. Hatio,
8—0 . 248 .. 978 .; $02 ... 280 .. 018 L e |
10 . 163 .. 2%E o 182 o A4 L. 008 e |

D011 227 . A& o 28T 0 2:8% 01 . 22:7:1

1112 . 248 ... 62%7 .. 805 .. =292 .. 018 L T |

Average. 222 ... &59 ... 267 ... 246 ... 0lY ... 929:4:1

As regards the inorganic constitnents of the urine,
the average excretion of phosphoric acid was 2-22
grammes per diem and the elimination of this substance
remained fairly constant, except on the second day of
analysis, when only 163 grammes were passed. The
excretion of the chlorides varied markedly, being 9:73
grammes on the first day of analysis and only 275
grammes on the following day. The average of the
four days was, however, 559 grammes.

The average daily excretion of total sulphates in the
urine was 2'57 grammes, so that proteid metabolism was
not very active. Of this quantity 2-46 grammes repre-
sented the alkaline sulphates, so that the quantity of the
aromatic sulphates excreted (0'11 grammes) was very
low, and therefore the ratio of the alkaline to the aro-
matic sulphates was high, being 224 : 1.
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in this disease, he did not take his food quite so well,
especially on the last day. Therefore the average daily
quantity taken was diminished, particularly in the case
of the fats, The average quantity of proteids consumed
was 14519 grammes, of fats 192'46 grammes, and of
carbohydrates 217:04 grammes. Principally owing to
the lessened quantity of fats taken, the average total
number of calories fell from 3567:82 to 3352:87. The
number of calories per kilo. body-weight diminished from
105:87 to 9717, but some of this decline was due to
the increase in weight. Owing to the patient taking a
larger gquantity of water, the average of fluids consumed
per diem rose to 2048 c.c.

The quantity of nitrogen contained in the diet aver-
aged 23°23 grammes per diem, and since 1466 grammes
were found in the urine, and 0'89 gramme in the feeces,
7°68 grammes were retained in the body—that is, rather
less than the quantity retained in the previous period
(9:49 grammes).

Notwithstanding the increase in the average quantity
of fluid taken per diem, the daily quantity of urine passed
averaged only 1225 c.c., there being thus an average
dimination of 128 c.c. per diem, as compared with that
in period A. There was no change in the average
specific gravity, which remained 1015,

TasLe 25.—The Daily Brcretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 2 on Diet B.

Date. Nitrogen. Uren, Ugie aeid.

Ammonia,
15—16 . 16:12 i 28+18 S 030 =
16—17 . 12:65 o 24-19 LR 0324
17—18 . 183:62 i 2632 066G 029
18—19 . 16 23 20:25 056 020
Average . 1466 2699 047 024

' The average daily excretion of nitrogen in the urine
mcreased from 1321 grammes in period A to 14:66

grammes during this week, and this (quantity was
distributed amongst the

nitrogen-containing constituents
3
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grammes were passed in the form of alkaline sulphates,
so that the excretion of aromatic sulphates still remained
at the previous low level (0'11 gramme). From this it
is seen that the ratio of the alkaline to the aromatic
sulphates was 22°5 : 1, that is, the same as in the previous
period.

TasLe 27.—The Daily Excretion of Nitrogen and Fats in
the Faces in Case 2 on Diet B.

Date. Quuntity. Water per cent. Kitrogen. Fats.
15—16 . 108 77°20 1:04 268
16—1F 128 80-00 107 2-B6
17—18 . 83 7818 076 204
15—13 . 89 81-77 078 1-81
Average . 102 79:20 = 0-89 6 2'45

On turning to the consideration of the faces, it will be
seen that the quantity of nitrogen excreted in this manner
was practically the same as in period A, since (°89
gramme were passed on an average per diem during this
week, and this notwithstanding the fact that there was
a slight diminution in the quantity of nitrogen given in
the food. The average daily excretion of fats in the
faeces also showed a slight diminution, from 8'20 grammes
to 245 grammes, and this quantity is, if anything,
rather below that found in normal individuals, who are
taking an ordinary amount of fat in the diet, and is,
therefore, very small in comparison with the large
quantity of fats ingested.,

Tapre 28.—The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 2 on Diet B.

Date. Nitrogen in Nitrogen absorbed Futs absorbed

diet. Hata in diet, per cent. per eent,
15—16 . 24:76 20318 95:70 9868
16—17 . 2357 21957 0542 9661
17/—18 . 2287 24053 06:656 9945
18—=19 o 2192 . 178501 .. 96:'80 .. 9896

Average . 2323 o 19246 st 9629 i 4893
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the diminution in the quantity of fats ingested. The
average number of calories per kilo. body-weight was
104:15. Owing to the increased quantity of milk given,
the average amount of fluid consumed each day rose to
2586 c.c.

There was an average of 2566 grammes of nitrogen
contained in the daily diet, and 1647 grammes of this
substance were found in the urine, and 1'00 gramme in
the feeces, so that 819 grammes were retained in the
body, this being practically equal to the retention in
period B, notwithstanding the fact that 243 grammes
more nitrogen were given in the food.

The average daily excretion of urine rose considerably,
being 1685 ec.c. as against 1225 c.c. in period B, and this
increase was almost proportional with the increased
quantity of fluids given. The average specific gravity
decreased to 1012, evidently owing to the larger quantity
of water passed, as, on referring to the tables, it is seen
that the average amounts of all the substances analysed
for showed an increase.

Tapre 29.—The Daily Bxcretion of Nitrogen amd Nitro-
genous Substances in the Urine in Case 2 on Diet (.

Date. Nitrogen. Urea. Urie acid, Ammonia,
22—23 . 17'61 26°38 035 037
23—24 . 15'66 2539 047 020
24—2b , 14°26 26°68 042 022
25—26 -, 18-35 30-96 064 054
Average 1647 Yy 2735 e 047 . 033

The average excretion of total nitrogen per diem in
the urine increased to 16'47 grammes as compared with
14:66 grammes in the previous period. The distribution
of the nitrogen amongst the nitrogen-containing con-
stitnents of the urine was such that 77-97 per cent.
was excreted in the form of urea—a decided decrease
on the 86'33 per cent. found in this form in period B ;
095 per cent. was eliminated in the form of uric acid,
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while the amount excreted in the form of ammonia was
1'62 per cent. There was consequently a marked rise in
the amount of nitrogen excreted in the form of nitrogen
rest, 19°41 per cent. being eliminated in this form as
against 11°16 per cent. in the previous period. Taken in
conjunction with the diminished percentage excreted in
the form of urea, this large quantity suggests that the
liver was becoming unable to perform its functions
properly.

The average daily quantity of urea excreted rose
slightly to 27'35 grammes, that of uric acid remained the
same, 0'47 gramme, while there was a slight increase in
that of ammonia, 083 gramme.

TasLe 30.— The Daily Excretion of the Inorganic Substances
in the Urine in Case 2 on Diet C.

e Su!ﬂ:atﬂ'

Date. P m;:i:l?"c Chlorides. Tutaf Alkaline.  Arnmatie. Tatio.
ge_og 983 ... 744 .., 302 .. 288 .. Ol4d .. 203:1
og o4 _ %55 .., B37 .. 282 .. 2867 ... 015 .. 1T7T8:1
94 9= 253 ... B89 .. 283 .. 2690 .. O0l4 .. 192:1
oF_og  opr . @24 ., BdZ .. 25 ... O@7 ... 1B6:1
Average . 262 .. 609 .. %02 .. 287 .. 0156 .. 19l:l

Having considered the behaviour of the nitrogen-con-
taining bodies in the urine, we now turn to the morganic
substances analysed for, and, taking the phosphoric acid
first, it will be noticed that there was a further slight rise
in this substance (2:62 grammes being the average daily
excretion as compared with 2:49 grammes in the previous
period). As has been pointed out in discussing period C
of Case 1, the average daily excretion of the chlorides
showed a considerable increase on inereasing the diet, 6-09
grammes being eliminated as compared with 4-23 grammes
in period B. The average daily quantity of total sulphates
excreted in the urine increased to 302 grammes, so that
there was an increase in the proteid metabolism, and 287
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grammes of this amount was excreted in the form of alkaline
sulphates, so that the average of the aromatic group per
diem increased to 0°15 gramme. From this it will be
seen that the ratio of the alkaline to the aromatic sulphates
diminished slightly, being 191 : 1.

TapLe 31.—The Daily Eaxeretion of Nitrogen and Fats in
the Fzces in Case 2 on Diet C.

Date, Quantity. Water Nitrogen. Fats,
per cent.

22—23 . 130 o 685 1:36 i 2:46

23—24 128 83'81 0-93 1-69

24—25 . 123 B1:85 101 1-92

25-26 . 137 88-71 0:50 1'26

Average . 130 B2'E1 1-00 1-83

The average daily quantity of nitrogen excreted in the
feeces show a slight rvise, being 100 gramme as com-
pared with 0'89 gramme in the previous period ; but
this quantity is well within the normal limits. The
average quantity of fats excreted per diem in the faeces
was very low, being only 1'83 grammes, and shows that
the intestinal tract was able to deal more satisfactorily
with the guantities given in the diet.

TapLe 32.—The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 2 on Diet C.

Nitrogen Mitrogen Fats
Date. in Fats in diet. absorbed abgorbed
diet. per cent, per cent.
2208 . 2806 e 186:09 eI 9478 08:68
23—24 . 2570 B o [t SR 96-38 99:00
24925 . 2589 i 193-E3 i 96:09 e O8-96
25—26 . 2492 W e o719 o 99:-91
Average . 2566 e [ 2 1 96'11 9914

There was practically no change in the percentage of
nitrogen absorbed, the average daily amount in this
period being 96:11 per cent., so that the total quantity
of nitrogen absorbed was greater than in period B, as
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the quantity given in the food had been increased in
this period. 99:14 per cent. of fats were absorbed, this
being practically the maximum absorption that has been
found in any metabolism experiments that we are ac-
quainted with,

The weight on the last day of this period was 8510
kilos. Therefore the gain on the corresponding day of
period B was very slight, being only 0:36 kilo. The
average weight on the four days of analyses was 350
kilos., so that there was an increase of 05 kilo. over
that of the previous week.

Clinically the patient felt extremely well throughout
the week, except on the last day, when there was a
slight attack of vomiting. This, however, did not at all
interfere with his appetite, which remained good, and
did not diminish at the commencement of the following
period. .

Period D.—Notwithstanding the attack of vomiting
previously alluded to, it was decided to increase the
quantity of carbohydrates in this period, while further
diminishing that of the fats. The original intention
was to keep the quantity of proteids the same, but un-
fortunately the patient did not take his proteid food
quite so well. However, as the average daily quantity
consumed was 156:81 grammes, the diminution was
extremely slight, being less than 3 grammes per diem.
On the last two days of the analytical period there was
a marked decrease in the quantity of the fats taken, so
that the daily average only worked out at 16611 grammes,
and a similar state of things occurred in the case of the
carbohydrates, the average here being 314'44 grammes,
The total number of calories eontained in this diet was
3476'95, as the lessened number of calories taken in
the form of fats was almost entirely neutralised by the
larger number taken in the form of carbohydrates, so
that there was practically no difference between the
total number of calories in this period as compared with
that contained in the diet in period C. Owing to a
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slight increase in weight the number of calories per
kilo. body-weight diminished very slightly, being 102:92,
The average quantity of fluids consumed each day was
slightly increased, being 2698 c.c.

The amount of nitrogen contained in the average
daily quantity of proteid taken was 25'09 grammes, and
since 14°22 grammes of this snbstance were found in the
urine, and 107 grammes in the famces, 9°80 grammes
were retained in the body—rather more than that retained
in periods B and C, but only slightly in excess of that
in period A. The average gquantity of urine excreted
per diem diminished to 1435 c.c., despite the fact that
the quantity of fluids taken was slightly inereased
during this period, while the specific gravity remained
the same, 1012,

Tasie 33, —The Duaily Bwcretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 2 on Diet D.

Diate, Nitrogen. Uren. Urie aeid. Amimonin.
2930 . 14-13 2273 (rdf e 042
0—31 . 13-10 1641 cediere iR, 2
31— 1 . 13:92 19-49 o 050 053

1— 8 . 18:63 231056 Or6d 062
Average . 14:22 2242 052 046

The excretion of total nitrogen in the urine averaged
1422 grammes per diem—a considerable decrease from
the 16°47 grammes found during period C. The amount
of nitrogen excreted in the form of urea was only 71:79
per cent., there being thus a considerable further diminu-
tion in the amount excreted in this form, as compared
with period C, when 77:97 per cent. of nitrogen was
eliminated in the form of urea.

The amount eliminated in the form of urie acid was
slightly increased (128 per cent.), while there was a
marked rise in the amount excreted in the form of
ammonia, 2'59 per cent. being eliminated in this manner,
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decrease in the proteid metabolism. 240 grammes of

this quantity were eliminated in the form of alkaline sul-
phates, so that the quantity eliminated in the aromatic
group fell again to its original amount, that is 0-11
gramme. There was, consequently, a slight increase in
the ratio of the alkaline to the a.mma.tm sulphates, which

worked out in this period to 21'8 :

Taste 35.—The Daily Excretion of Nitrogen and Fats in
the Faces in Case 2 on Diet D.

Date. Quantity. Water per cent. Witrogen. Fats,
29—-30 . 144 79:97 1-32 321
30—-31 . 140 A 8274 e 111 Y 2'80
31— 1 . g8 i 79-23 s 004 wa 226

1—2 . 114 8268 091 i 2:20
Average . 124 o 8116 e 1-07 2:62

On turning to the consideration of the faeces it will be
seen that the quantity of nitrogen excreted in this
manner rose again slightly to 1:07 grammes, as compared
with 1'00 gramme in period C, the former figure still
being within the normal limits of excretion of this sub-
stance.  Notwithstanding the fact that there was a
further diminution in the quantity of fats ingested, the
average daily excretion of this substance increased slightly,
being 262 grammes as compared with 183 grammes in
period C,

Tasre 36.— The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 2 on Diet D.

Nitrogen Nitrogen Fata

Date. i Futs in diet. absorhed absorbed
diet. per cent. per cent.

29—30 2579 18466 04-88 08:26
30—31 . 2548 18442 9564 0848
31— 1 24'14 156:01 96-19 9855
1— 2 2443 139:26 96:32 98:42
Average . 2500 166°11 95:75 9843
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at the maximum in period A and at the minimum in
period B; as in this latter period the quantity of carbo-
hydrates had not been increased sufficiently to make up
for the diminution caused by the higher caloric value of
the fat-containing foods. In periods C and D the number of
calories approximated closely with that of the first period;
as in these periods the quantity of carbohydrates was
almost sufficient to neutralise the diminished amount of
fats given from the caloric standpoint. On account of the
increase in weight the number of calories per kilo. body-
weight diminished slightly in the later periods, but re-
mained at a very high level all through.

The following table shows the different quantities of
nitrogen retained in the body on varying the amounts of
the diet.

TasLe 37.—The Increased or Decreased Quantity of Nitrogen
on wmereasing or decreasing the Amount given in the Diet

in Case 2.
Increase or decrease  Inerease or decrease Increage or decrease in
Period in nitrogen ingested  in nitrogen excreted amount of nitrogen
b OVEr previous period, over previous period, retained, in
in grammes, in grammes 1 grammes,
A - —_ + 9'49
ll aw _{].43 Trm -+ ILEB ame T 1181
[ + 243 + 192 + &l
I =057 —2:18 i + 161

It will be seen from the above that, considering the
quantities of proteids given in the foods, the best absorp-
tion was obtained in period A, The quantity absorbed in
period D was very slightly better, but, as will be seen on
referring to the clinical remarks at the end of this period,
the patient was unable to continue this diet for long. In
period C practically the whole of the extra nitrogen in-
gested was immediately excreted, while in period B there

was an increased excretion as well as a decreased inges-
tion.

As will be seen later, the inereased retention in pmmd
That found in both urine and fmces,
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eliminated (0'46 gramme), also indicated an excessive
strain on the organism and showed that there was cer-
tainly a tendency to diminishing the alkalinity of the
blood.

The excretion of sulphates in the urine indicated that,
considering the patient’s age, the proteid metabolism
was proceeding actively, and the small amounts passed
in the aromatic group show that there was no excess of
intestinal putrefaction going on in any of the Periods.

The average quantity of nitrogen excreted in the facces
remained within the normal limits throughout. The ab-
sorption of this substance was within the lower normal
limits all through, although in the last period it was, if
anything, slightly below them.

The average excretion of fats was low, especially in
Period C, when it only amounted to 1'83 grammes, and,
consequently, the absorption was very good all through,
the rate obtained (99'14 per cent.) in Period C being
extremely high. These absorption rates point out the
desirability of including large quantities of fats in the
dietary of phthisical patients.

Clinically the patient felt very well throughout the
first two Periods, but the attack of vomiting on the
last day of Period C appears to have been an indication
that the highest point in ““ cramming > had been reached,
and, as already mentioned, he felt at the end of Period D
that he counld not have continued on the larger diet.

The gain in weight was satisfactory, as, in the four
weeks that he was under observation, it amounted, on
taking the averages of the Periods, to 1'7 kilos.

The report on the condition of his lesion at the con-
clusion of the experiment was very satisfactory, as it
showed that it was almost completely quiescent.

Oase 3.—Tubercular chronic pulmonary infiltration and
softenang ( fairly limited) with considerable arrest.

Clinieal history.—Age twenty-one, curman, admitted
April 23rd, 1900. Physical state—right lung, infiltra-
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habit of leaving a considerable guantity of food each
day. The average total number of calories contained
in the diet consumed was 852670, and the number per
kilo. body-weight 54:01. The average daily amount of
fluids consumed was 1854 c.c.

The average quantity of nitrogen contained in this
diet per diem was 23:09 grammes, and 1568 grammes
of this substance were excreted in the urine, and 1:11
grammes in the faeces. Therefore 530 grammes were
retained in the body.

The average daily excretion of urine was very small,
when the quantity of flnids taken is remembered, and
was only 1055 c.c., the average specific gravity being
rather high, 1021.

TapLe 40.—The Daily Bucretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 3 on Diet A.

Date, Nitrogen. Uren. Uric acid. Ammonia.
E— 9 . 18:15 i 32-40 075 0-32
H—10 . 15-82 Pt 2860 0-88 o 023

iL—1hl 12-24 2288 1:28 013
Hi= 16:52 2949 090 0-1s
Average . 1568 ... 2834 ... 095 022

The excretion of tobal nitrogen in the urine averaged
15:68 grammes per diem, and, of this amount, 8456 per
cent. was excreted in the form of urea and 2:15 per cent.
i that of uric acid, 111 per cent, being eliminated in
the form of ammonia, so that the quantity excreted in
the form of nitrogen rest was 12-19 per cent.

The average quantity of urea excreted per diem was

28:34 grammes, that of uric acid 0:95 gramme, and that
of ammonia 0:22 gramme,
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high considering the large quantity taken in the diet,
the daily average being 5'60 grammes.

TasLe 48.—The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 8 on Diet A.

Dats. HitmE::‘n in Falh e et N“m[ﬁﬁrnc:}:i?ﬂml F::l;:rh:::':;rl:ll
8§— 0 , 2472 221-92 D575 a748
9—10 . 2066 206449 O1-87F 96:15
10—11 . 24-24 221-71 9G-49 0802
11—132 , 23274 197-14 96-26 9775
Avernge 23:09 211-82 9509 97:35

Considering the quantity of nitrogen given in the diet,
and that found in the faeces, the rate of absorption (95:09
per cent.) was rather below that which would have been
expected from a cursory glance, this amount being rather
below the lower normal limits of absorption of this sub-
stance. On the other hand, the rate of absorption of the
fats was satisfactory, being 97-35 per cent., and was
normal considering the large quantity of fats given in
the diet.

On the last day of this period the patient weighed
6536 kilos., and the average weight for the four days
during which analysis was carried out was 65'3 kilos., his
weight having been stationary for some time.

Clinically the report for this week was that the patient
took his food wery well, although his appetite was failing
and some dyspeptic symptoms were present. In addition,
he was complaining of feeling drowsy and heavy.

Period B.—Owing to the condition not having been
very satisfactory during the previous week, it was decided
to keep him on the same diet. However, his appetite
failed still more, and consequently the average daily
quantity of food taken rather diminished, especially in
the fats and carbohydrates, and the following was the
absolute diet taken in this period :—143'00 grammes
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The average excretion of total nitrogen in the urine
per diem was 17°66 grammes, as against 15°68 grammes
in period A. It should be mentioned that the guantity
of nitrogen found on the third day of analysis was very
small—7-64 grammes; but this was counterbalanced by
the large quantity passed on the following day, 27-97
grammes, and supports the suggestion already made in
considering the large quantity of urine passed on the
former day. The distribution of the nitrogen amongst
the various nitrogen-containing constituents in the body
was as follows :—84°52 per cent. was eliminated in the
form of urea, that is, practically, the same as in the former
period ; 2'01 per cent. was eliminated in the form of uric
acid, and 1'24 per cent. in that of ammonia. The
quantity of nitrogen excreted as nitrogen rest was 12:20
per cent, that is, practically, the same as in period A.
The daily average excretion of urea was 30:97 grammes,
the diminution on the third day of analysis being pro-
portionate to the small quantity of nitrogen already
mentioned. The excretion of uric acid, however, did not
diminish on the third day of analysis in common with the
other nitrogenous constituents, and the daily average was
0'94 gramme. The guantity of ammonia excreted on
the third day of analysis was, comparatively speaking,
larger, being 0°'24 gramme, and the average per diem of
this substance passed was 0:20 gramme.

TasLe 45.—The Daily Excretion of the Inorganic Substances
in the Urine in Case 3 on Diet B.

Dato, Flicsplioric o100, . GRSt :
* Tatal. Alkaline. Aromatic. Rautio.
15—16 . 308 .. 235 G i R o L IR W T R [ |
16—17 . 207 .. 632 TR | SO O R 11 SR 1 [ |
179—18 . 088 .. 258 dae LERES s R e IR A R e
18—19 . 419 ... 7387 sie FBE G AT0 L 024 L 18651

P _ ——— —

Average . 2:56 ... 465 .. 289 .. 272 .. 017 .. 161 :1
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TasLe 47.— The Daily Diet and Percentage of Nilrogen and
Fats absorbed in Case 3 on Diet B.

Tate waliimseni il Ustts | ALUDECRbenEed  RALE Meten
1B=185 - 9098 ww  168EE. e 06008 . 9007
TR—17 2 28RO crs L AIDO38:  nn ) 94ARRE i CBTBS
1T LS B O 18329 .. 9651 .. OB67
18—19 . 2450 .. 190001 .. 96:83 .. 9862
Average . 22'88 183:03 9579 98-28

Although there was a very slightly diminished quantity
of nitrogen given in the food, the amount absorbed rose
to 95°79 per cent., consequent on the lessened excretion
of this substance in the faeces, so that the patient made
use of practically the same amount of nitrogen as in the
previous period. Despite the diminution on the quantity
of fats given, the absorption rate reached the very satis-
factory level of 98:28 per cent., and compares favourably
with the 97-35 per cent. found in period A.

On the last day of this period the patient’s weight
was 6626 kilos., so that there was a gain of 0-90 kilo. on
that of the corresponding day of the previous week,
while the average weight of the four days during which
analyses were carried out was 658 kilos.,, there being
thus only an improvement of 0'5 kilo. on comparing the
two analytical periods,

The elinical note at the commencement of this period
showed that the patient complained of “indigestion”
and headache, and the tongue was slightly furred, and
anorexia was increasing. On this account he was ordered
into the grounds for the whole day and told to take a
little exercise, the result being that both his digestion
and appetite improved.

Period '.—As the patient’s condition and appetite had
been improved by being allowed out during the day, and
by being allowed to take a little exercise, it was decided
to increase his diet in this period, especially as regards
the gquantity of carbohydrates. The average quantity of
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the form of urea, a very slight diminution as compared
with that of the previous period; 1'36 per cent. was
eliminated as uric acid, and 1'39 per cent. as ammonia.
From these figures it will be noticed that there was a
slight increase in the average daily quantity excreted as
nitrogen rest, 13°28 grammes as compared with 12-20 per
cent. in period B,

The average daily excretion of urea increased from
30°97 grammes to 43:84 grammes. That of uric acid was
practically the same, being 0:97 gramme, while that
of ammonia increased markedly. being 039 gramme
as compared with 0°20 gramme in the previous period,
the quantity passed on the second day of analysis, 0°52
gramme, being extremely high.

Tapre 49.—The Daily Excretion of the Inorganic Substances
in the Urine in Case 3 on Diet C,

Date.  PHOSEhOTIE oy yorides, e i \

i Total, Alkaline.  Aromatie, Ratio,
22 —88 . 80T .. FYR L 443 Lo 4200 o O=d o 3Egud
OBk o ER UL UR16 L Sl e s e R s 1R
Pd—25 . 2064 ... B§'88 .. 986 ... 281l .- 095 ... 147:1
2b—26 . 246 .. 620 .. 288 .. 274 .. 014 .. 106:1
Average . 281 .. @47 .. 208 .. 281 .. o01% .. 166:1

On turning to the consideration of the inorganic con-
stituents of the urine, we find that there was a further
rise in the average daily elimination of phosphoric acid,
the quantity (281 grammes) being practically normal, and
showing a rise of 0'85 gramme over the previous week.
In this week, again, there was a marked increase in the
excretion of the chlorides on increasing the diet, the
average amount eliminated per diem being 6°47 grammes
n comparison with 4'65 grammes in period B.

The average excretion of total sulphates in the urine
did not show so great an increase as might have been ex-
pected from the excretion of total nitrogen in the urine,
as only 2'08 grammes were found, this being a slight in-
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As was to be expected from the increased quantity of
nitrogen found in the fmces, there was a diminution in
the percentage of absorption rate, 94:06 per cent. as com-
pared with 95'79 per cent. in period B ; and the absorption
of this substance was tending to fall decidedly below
normal limits. Although the absorption of fats diminished
to 96'44 per cent., as compared with 98:28 per cent. in
the previous period, still the rate found during this week
cannot be considered below the normal limits.

The gain in weight, on comparing the last day of the
previous period with that of this one, was 057 kilo,, the
actual weight of the latter day being 66'83 kilos., practi-
cally the same increase as is to be found on comparing
the average weights during the four days of analysis in
the two periods, the weight being 665 kilos., as against
658 kilos. in period B ; the gain was 0'7 kilo.

Clinically the patient was much brighter, the headache
having entirely disappeared, and there was practically no
further complaint of “indigestion.” His appetite was
also much improved.

Period D.—In this period it was decided to continue on
the same lines as in the last period of Case 2, that is, to
keep the quantity of proteids practically the same, to
slightly diminish the fats, and to increase considerably
the quantity of carbohydrates. On the last two days of
the analytical period, however, this patient took fats and
carbohydrates badly, so that the following amounts only
were obtained :—The quantity of proteids was practically
the same as in the last period, being 167°19 grammes,
that of the fats 16287 grammes—a decrease of 4055
grammes, while the average increase in the quantity of
thf: carbohydrates was only 34'48 grammes, the total
daily quantity taken being 317'76 grammes. The average
total .number of calories contained in this diet was 348249,
that is, a decrease of 256'01 as compared with period C,
while the number of calories per kilo. body-weight was
91:21, There was, however, an increase in the daily
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The average daily excretion of urea was 39'87 grammes,
that of uric acid increasing from 097 gramme to 1:04
orammes, while that of ammonia (the mean of three
days’ analysis) was practically the same, 0'38 gramme.

TaeLe 53.—The Daily Exeretion of the Inorganic Substances
in the Urine in Case 3 on Diet D,

i PJ':T:I::{ ok G 3 Sulplmtca. !
3 Taotal. Alkaline. Aromatic. Retio,
2930 . 248 .. 648 ... 833 .. 817 .. @016 .. 19B:1
30—31 . 2¢62 ... 607 ... %00 .. %H) .. 019 .. 15:7:1
31— 1 . 268 ... 444 ... 363 ... 44 ... 19 .. 171
1— 2 . 386 .. 1346 .. 443 ... £1IT ... 028 .. 16:1
Average . 291 .. 761 o %60 . 840 .. 020 . 27 11

In contradistinetion to the decrease observed in the
nitrogen-containing constituents of the urine, there was
a slight increase in the amount of phosphoric acid found,
a daily average elimination of 2'91 grammes being
observed. There was also a further increase in the
average quantity of chlorides excreted, 7-61 grammes
being eliminated per diem as compared with 6:47 grammes
in period C.

The daily average excretion of total sulphates in the
urine showed an increase from 2:98 grammes to 360
grammes, so that proteid metabolism at this period was
much more active than in any of the previous ones. The
distribution of the sulphates in the urine was as follows :—
3'40 grammes were excreted in the form of alkaline sul-
phates, and 0:20 gramme in the aromatic group, so that
the ratio of the former to the latter again increased

slightly, being 17 : 1, as compared with 16 : 5 in
period C.
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absorption of fats—95'53 per cent. as compared with
96-44 per cent. in the previous period, this being
despite a considerable diminufion in the quantity of fats
ingested.

On the last day of this period the patient weighed
67:05 kilos., so that the gain over the corresponding day
of period C was very small, being only 022 kilo.
However, the increase over the last day of period A
was moderately satisfactory, amounting to 1'69 kilos.
The average weight of the four days during which
analyses were carried out was 680 kilos., so that the in-
crease over fthe corresponding period of the previous
week was only 0°2 kilo.

The clinical report for this week was that there was
no dyspepsia, that the appetite was good, and that the
patient felt very well. He was also taking more
exercise,

Summary.—The diet in the first period was the
normal one on which the patient had been for some time,
and on which he had regained a large part of his lost
weight ; and he had apparently reached the point when
he was unable to continue taking this quantity of food
satisfactorily, as in period B, during which we attempted
to keep him on the same diet, we found a considerable
failure of appetite. However, on ordéring him into the
grounds and giving him a certain amount of exercise, his
appetite and capacity for taking food returned, and he
bore the increased diet ordered in period C fairly well ;
but this was only a temporary effort, as shown in period
D, as he was unable to continue on roughly the same
quantity of food.

The above considerations appear to show that the limit
of ““cramming ”’ in this patient had been reached, and,
judging from the total amounts of his analyses, he was
approaching his normal condition, and probably would

have been befter from a metabolic standpoint if his diet
had been reduced considerably.
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TapLe 57.—Nitrogen Percentage Table, Case 3. The pro-
portion of the total Nitrogen in the Urine Excreted as
Urea, Uric Acid, and Ammonia in Case 3.

Total Nitrogen Nitrogen Nitrogen :“Eill:pgrl'l

Period.  Nitrogen us HE ag us Nitro-

in Urine, Wren. Uric aeid. Ammaonia, #en Rest.
A, 1568 B 8456 215 s 1-11 wan 12:19
B. IR . BWE L 20l leBA G, L 1RG0
C. o3ty e REDR o EEB6E o Leer o LEBESC L 18788
D. 22:87 o 8115 1'53 Fan 1-54 n 1578

The averages of the periods are here given.

The quantity of nitrogen excreted in the most highly
oxidised form (urea) i1s seen in the above table to be in
periods A and B ; although the diminution in the two
later periods is only slight, still it indicates that the
powers of the organism were being rather too highly
taxed, and that one of the earlier diets was the more
suitable. The quantity of nitrogen excreted as nitrogen
rest was practically the same in periods A and B, and
the gradual increase in periods C and D also shows that
the maximum point of benefit had been passed. This is
also borne out by the increase in the quantity of ammonia,
which, it will be remembered, rose from 020 gramme in
period B to 0:39 gramme and 0'38 gramme in periods
C and D respectively.

The average excretion of total sulphates showed a
progressive increase, indicating the activity of proteid
metabolism ; but this increase was not so marked in
period C as one would have expected from the quantity
of nitrogen found in the urine, the metabolism in
period D being more active, although there was a
lessened excretion of nitrogen in the urine in this period.
The average guantity of aromatic sulphates found was
within the normal limits in all four periods, and conse-
quently there was no increase of intestinal putrefaction
during the period under observation,

The decided increase in the average quantity of
nitrogen excreted in the fmces in period C as compared

5
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Case 4.—Pulmonary Tuberculosis, Chronie, Progressive.

Clinical history.—Age 84, furnace-worker, he had been
failing for five years with cough and expectoration, and
for the last three years had been unfit for continuous
work., During the twelve months previous to admission
he had become much worse in every respect. For the
last two months of this period he had been attending as
an out-patient ; he had only benefited very slightly,
although he had gained 0'9 kilo. during this time. His
condition on admission on July 20th, 1900, was as follows :
—Right lung, extensive infiltration throughout the whole
lung, with probable excavation, not now active, of medinm
size in the upper lobe. Left lung : probable infiltration
ot lower lobe.

At the commencement of the period of observation he
was markedly emaciated, of poor gemeral physique, and
had much dyspnea on exertion. His cough was very
troublesome, and his spatum (which averaged 6 drachms
daily) contained numerous tubercle bacilli,

The amount of fever was slight, never rising above
100° F. (rectal) ; the appetite was capricious and bad, and
the digestion very poor. He was also subject to attacks of
vomiting and diarrhcea ; there was a certain amount of
cyanosis, and well-marked clubbing of the fingers.

During the three weeks since admission he had been
for the most part in bed, and had gained 1'46 kilos., his
weight being 5389 kilos. (in dressing-gown and slippers)

r

and he was at this time 21°78 kilos. below his highest
known weight, which was 75'60 kilos. His condition
otherwise had remained much the same.
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TapLe 59.—The Daily Eacretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 4 on Diet A.

Date. Nitrogen. Uren. Uric acid. Ammonia.
8— 9 761 15:28 27 0-24 0-14
9—10 o 10:25 1766 e 044 019

10—11 ‘e 945 e 1613 039 T 013
11—12 e 1367 i 24-26 o 066 i 0-21
Average ... 10-25 18:32 S 043 017

In this case the quantity of total nitrogen excreted in
the urine was low, the average being only 10°25 grammes.
The daily quantities of nitrogen found varied from 7:61
grammes to 1367 grammes, so that this patient showed
great irregularity as to the manner in which he utilised
the proteids given in the food. The distribution of the
nitrogen amongst the various nitrogenons constituents of
the urine was as follows :—84°07 per cent. was excreted
in the form of urea, 1:37 per cent. in the form of urie
acid, 1'36 per cent. in that of ammonia; so that the
quantity excreted in the form of nitrogen rest was 13:28
per cent.

The excretion of urea averaged 1832 grammes per
diem, that of uric acid 0'43 gramme per diem, and that
of ammonia 0°17 per diem.

TasLe 60.—The Daily Ewzcretion of the Inorganic Sub-
stances in the Urine in Case 4 on Diet A.

= Sulphates.
Phosphorie e - -

Date. ek, Clilorides. Total, Alkaline. Aromatic. Ratio.

A R oy At - ST (7 R s | TR 1 - S 4 i |

BTONS N BTE s G0B G R e R0 Tl AR
lﬂ_ll rua 111]5 e 4‘5{' e —_— Wy —_ suw —_— aEu —_
11—-12 ... 214 ... @03 AP AL o R L7 & SR [ 1t SR A Lo v |
Average ... 1'68 .. 487 .. 202 .. 189 .. 013 .. 145:1

01{ turning to the inorganic constituents of the urine,
it will be noticed that the excretion of phosphoric acid
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TapLe 62.—The Daily Diet and Percentage of Nitrogen
and Fats absorbed in Case 4 on Diet A.

Nitrogen ahzorbed Fats absorhed

Date. Nitrogen in diet. Fats in diet. per cent. per cent.
8—0 e 1869 e 128205 e 9183 o 9627
9—10 ... 1669 e 124200 o 676 e 0865

10—11 ... 17°73 e P R 03:85 s 9743
11—12 ... 16-56 S 125:0%F Lt 0337 s 07-36
Average ... 1742 e 126:20 4395 9743

On turning to the consideration of the absorption of
the proteids, it will be seen that the average rate (93'95
per cent,) found in the case of nitrogen was decidedly
below the normal, while that of the fats, as usnally found,
was very satisfactory, the average daily excretion being
97'43 per cent.

Throughout the whole of this week the patient’s weight
remained practically the same, and on the last day the
recorded weight was 51-83 kilos. the average for the
four days during which he was on analysis being 5174
kilos.

The clinical report was as follows :—The patient took
his food badly, and complained a good deal of * dys-
peptic symptoms.”’

Period B.—Owing to the unsatisfactory condition of the
patient during the previous week, and the great difficulty
which was experienced in persuading him to take the re-
quired quantity of food, it was decided to make only a
slight alteration in the diet during this week, and the
average quantity of proteids given per diem was only very
slightly increased, being 115:87 grammes. The daily
quantity of fats taken on the four days during which
analyses were carried out was 16118 grammes, so that
there was an increase of 3498 grammes given per diem.
The average daily quantity of carbohydrates remained
practically the same, being 219-33 grammes. The total
number of calories contained in this diet was 287320,
there being an increase of 334:43 over period A, while
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The average daily exeretion of both urea and uric acid
diminished considerably, only 1162 grammes of the former,
and 0'26 gramme of the latter being excreted, while that
of the ammonia remained practically the same as in period
A (0016 gramme).

Tasre 64.—The Daily Ezcretion of the Inorgamie Sub-
stances in the Urine in Case 4 on Diet B.

Sulphates.
Fliosphoric - . -
Date. Acid, Chlorides, Total. Alkaline. Aromatic, Ratio,
IH—TH .. 00T L gnlge oo (GrBBINh 0V . D08 e i
1617 ... 146 ... &34 .. 187 ... 1'32 .. 005 .. 264:1
1¥—16 ... 1:32 ... 228 .. T48- ... 18F ... 012 ... 11:1sl
18—19 ... 091 .. 289 .. 001 .. 084 ... 007 .. 12: 1
Average oo LT L 2Bhl L ElbR L a s RO L o DB SRt

It will be seen from the above table that the average
daily quantity of phosphoric acid excreted was only 1-17
gramme, and on the first and last days of this period
the excretion was very small, being less than 1 gramme.
There was also a very marked decrease in the average
daily excretion of chlorides, this amounting only to 2:55
grammes, being the lowest average that was obtained in
this observation. As will be seen from the very low
quantity of total sulphates, excreted in the urine (1:15
grammes) the metabolism of proteid material during this
period was at a minimum. 1'07 grammes of this total
amount was excreted in the form of alkaline sulphates,
and the extraordinarily small quantity of 0:08 gramme
of aromatic sulphates was found. The relation of the

latter to the former still remained about normal, being
13-4. 1.
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crease, amounting to 0'9 kilo. The average weight of
the four days of analysis was 524 kilos., and thus there
was a gain of 0'7 kilo. in this latter period as compared
with that of the previous week.

Clinically, the condition of the patient was not satis-
factory, as the dyspeptic symptoms remained about the
same, and his appetite was so poor that he could not eat
anything like the gnantity of food preseribed.

Swmmary.—As has just been mentioned, this patient
either could not or would not take the prescribed diets, and
we have been obliged to omit the last two periods on
account of his unsatisfactory behaviour, as, despite the
careful attention of the nurses, we ecould not be certain
that he was obeying the regnlations as to the collection of
the urine and fwmces.

During period B there was a satisfactory increase in
the quantity of nitrogen retained in the body, as 1t will
be seen tfrom the above table that very little extra of this
substance was given in the diet," while practically 8
grammes more were retained.

The marked drop in the excretion of total nitrogen
which has been already pointed out is impossible to
explain, as the surroundings of the patient remained
practically the same throughout the fortnight, and there
was no cause at all that could be discovered for its di-
minution, which appears to be rather similar to that found
in the metabolism of people who are taking no food
at all.

TapLe 67.—The Proportion of the Total Nitrogen in the
Urine exereted as Urea, Uric Acid and Ammonia in
Case 4.

Nitrogen Percentage Table.

Total nitrogen Nitrogen as  Nitrogen as  Nitrogen as  Nitrogen s

Feriod, in urine. ures. uric acid.  ammonis,  witrogen heat,
A, ... 10026 ., B4:07 .. 137 .. 136 .. 1820 i
B UBD L BTRL i 1:80. L 200 L. 18718

The averages of the periods are here given,
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He returned again on July 28th, 1900, and was at once
admitted. At this time his condition was as follows :—
Right lung: extensive infiltration, with softening and
excavation of the upper lobe. Left lung : early infil-
tration of the npper lobe.

At the commencement of the metabolism experiments,
his general condition was very bad, his cough was inces-
sant, and often caused vomiting, the sputum was very
abundant, averaging 10 oz. daily, and contamed very
numerous tubercle bacilli. Night sweats were constant
and very profuse. He had high remittent fever, dyspneea
waus very marked, and he was very aneemic. The appetite
was bad, and he suffered from dyspepsia. His weight was
5639 kilos. (in dressing-gown, ete.), and he had lost 2:03
kilos. since his admission. No albumen or sugar were
found in the urine.

TasLe 68.—The Various Diets and Number of Calories
given in Case b, together with the Percentage of
Nitrogen and Fats absorbed, efe.

Period, A. 3. c. = 0
Proteids . ; . AT49E . 12008T L EB0eld .. - 260N
Fats , % : . 12169 .., 127056 .. 17991 ... 20838
Carbohydrates . . 240:13 ... 225568 ... 26483 .. 29728
Total calories . . 25690:26 ... 2654°23 ... 366154 ... 418773
Calories per kilo. . 4458 .. 50:27 .. 6781 .. 7728
Fluids, . - . 1952 .. 2183 R i s 3234
Nitrogen in urine o oliBdbe 0 1ERE 0 ARIE L GBS
Urea ot oo wBOER . BEAR o B4RR 0 Sy
Nitrogen in feces . 100 A6 s 542 I s 2:41
Fat in fieces : ; 00 ... 218 ... 441 ... 447
Nitrogen absorbed, per

cent. 5 F o 9886 ... 9441 ... 9187 ... D3:03
Fat absorbed per cent.. 9506 ... 9833 .. 9754 .. 9770
Weight atend of period 5546 .. K400 ...° &H6:03 ... 56:14

Period A.—During this week he was kept on prac-
tically the same diet on which he had been since his
admission, and the average gquantity of food taken daily
consisted of 114:13 grammes proteids, 121:69 grammes
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Tasre 70.—The Daily Eucretion of the Inorgante Sub-
stances in the Urine an Case 5 on Ihet A,

Bulphates.
Phiosphoric - A -

Date. arid. Chlorides, Totul. Alknline, Aromatie, Ratio.

8—9 ... 1&4Y ... 540 Lo Bdd . 20T ERY L 8

9—10 ... IF6 ... 52T .. 238 .. 218 .., 028 ... 98:%
02 Cicer 1286 o GBHLOG s dEBOE G ST o RONEE s (ERgE
VI—13 . LBd. .0 & o 2006 0 185 ... QRL L BREl
Avernge ... 147 .. 456 ... 247 ., 194 .. 023 ... 886:1

It will be seen from the above table that the average
excretion of phosphoric acid was rather low, being 1-47
gramme per diem. The execretion of chlorides in the
urine averaged 4'56 grammes, and was about that
noticed in the first periods of the other cases, this being
a large quantity considering the large amount of sputum
expectorated.

The quantity of total sulphates excreted in the urine
averaged 217 grammes per diem, so that there was a
moderate breaking down of proteids. Of this amount
1'94 gramme was excreted in the form of alkaline
sulphates, and 023 in that of the aromatic group. The
ratio therefore of the alkaline to the aromatic sulphates
was 86 : 1, this ratio being rather below the normal,
there being a slightly excessive amount of intestinal
putrefaction present.

TasLe 71.—The Daily Becretion of Nitrogen and Fats in
the Feces in Case 5 on Diet A.

Date. Quantity. Water per cent. Nitrogen. Fats,
80 e 185 8015 s 1-70 B:88
9—10 ra 196 BO-a2 i 006 E L
10—11 es 154 i 7821 oy 1:10 797
11—12 e 54 s T6:11 ik 0G4 ) &:23
Average ... 150 B0O5 1-10 i 609

On turning to the consideration of the faces, it will
be seen that the average daily excretion of nitrogen in
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himself, as he found great difficulty in taking food con-
taining much of this constituent. This diet gave 2654-23
total calories, that is practically the same as in period A ;
but, owing to a decrease in the average weight obtained
during the first four days of analysis, the number of calories
per kilo. body-weight rose to 50-27. There was a slight in-
crease in the average daily quantity of fluids taken, from
1952 e.c. to 2183 e.c.

20°78 grammes wap the amount of nitrogen contain.ul
in the proteids in tha above diet, and 12:93 grammes of
nitrogen were excreted in the urine, and 1°16 grammes in
the faeces, so that the amount retained in the body was
6:60 grammes, that is, approximately double that retained
in period A.

Notwithstanding the increased quantity of fluids taken,
the average daily excretion of urine diminished from 1050
c.c. to 935 c.c., while there was an increase in the average
specific gravity from 1022 to 1024.

Tasie 78.—The Daily Baeretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 5 on Diet B.

Date. Nitrogen. Uren, Uric acid. Ammonin,

AE=185 iv o I8 e BAOE ot 0GR el O
16=17" ..or IS8R .. o%gg. = gikw - gisa.
e O - R T R S
18—=19' * ... 1178 L. | Thes o L oY

Average: ., 1288 .. 2208 .. O0WE .. 099

The diminution in the average daily quantity of total
nitrogen excreted in the urine was very slight, being 12:93
grammes as against 13'45 grammes in the previous week.
There was also a slight diminution in the amount of
nitrogen eliminated in the form of urea, 79:56 per cent,
being found in this period, as compared with 80'02 per
cent. in the previous week. The proportion eliminated in
the form of urie acid also decreased from 2:21 per cent, to
1:96 per cent.; while the quantity eliminated in the form
of ammonia was nearly doubled, an average of 2:04 per

6
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and indicated that the amount of intestinal putrefaction
going on was considerable. The ratio of the alkaline to
the aromatic sulphates diminished in this period from
84d:1 to 74:1,

TavLe 75.—The Daily Hacretion of Nitrogen and Fats in
the Faces in Case 5 on Diet B.

Date, Quantity, Water per cent. Nitrogen. Futs.
15—16 5T LK} 7613 o 131 223
16—17 100 76:13 121 2:23
17—18 b VB 6963 i 1-12 i 206
18—19 72 GO-6G3 as 110 g 203

-— S — - —_
Average .., 86 s 7238 By 118 b 213

The average daily excretion of nitrogen in the fmces
remained practically the same in this period, being 1:16
grammes, and was well within the normal limits, consider-
ing the fact that the patient was taking a considerable
quantity of proteid food. The excretion of the fats in
the faces showed a marked difference from that of
period A, sinc® the daily average was only 2:13 grammes,
as compared with 6:09 grammes in period A,

TasLe 76.—"The Daily Diet and Percentage of Nitrogen
and Fats absorbed in Case 5 on Diet B.

Nitrogen absorbed  Tats alsorlied

Date. Nitrogen in dict. Fats in diet. per cent, peE eeit.
L e
18—17 ... 1951 ... 12420 .., 9379 .. 9821
17—18 ... 2097 e 12450 ... 9466 98 Lu
18—18: ... 2181 e CLBOETOY L e B o OBIAE

Average e e I T TSR R T

It will be seen from:the above table that the average
absorption of nitrogen increased sli ghtly, 94°41 per cent,
being absorbed, as compared with 93:36 per cent. in the
previous period ; but the rate of absorption of this sub-,
stance still remained below the normal. On account of
the slightly larger quantity of fats ingested, and the
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kilo. body-weight was 67:81 kilos., that is an increase of
17-54 per kilo. over the previous week. Owing to the
quantity of milk being increased in this period, the
average daily amount of fluids consumed was 2726 c.c.,
as against 2183 c.c, in period B.

The average quantity of nitrogen in the above diet
was 35'23 grammes, and 15°08 grammes of this substance
were eliminated in the urine, and 2-97 grammes in the
fweces, so that 17°08 grammes were retained in the body.
Though this quantity was much greater than that retained
in the latter period, it will be seen later—after having
discussed the case as a whole—that there is really no
advantage gained by the large amount of proteids given
in the diet, as a great part of the increase was immediately
excreted.

Although there was an increased quantity of urine
excreted per diem, the quantity found (1138 c.c.) was
very small in comparison with the large guantity of fluid
taken, The average specific gravity remained about the
same, being 1023 ; but this is only the average of three
days, as there was no record of it on the second day of
analysis,

TarLe 77.—The Daily Faxeretion of Nitrogen and Niiro-
genous Substances in the Urine in Case 5 on Diet (.

Date. Nitrogen, Uren, Uric acid. Ammonia,
22—23 i 17-25 i 2760 0-78 0-31
20—24 vis 16-68 2712 et 050 tan 041
24—25 ies 13-49 i 25506 s 067 019
25—26 13-30 o 19:80 088
Average ... 15°18 24:52 081 e (|

The average quantity of total nitrogen excreted per
diem in the urine was 1518 grammes, an increase, as
compared with the 12:93 grammes excreted in period B. ;
but very small in comparison with the great increase in
the quantity taken in the food. This appears to show
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pointed out as haying occurred on increasing the diet,
was also noticed in this week ; a daily average of 526
grammes being eliminated, as compared with 384
grammes in period B. The average daily excretion of
total sulphates in the urine increased slightly, from 193
grammes to 2:21 grammes, the proteid metabolism being
thus still very small. Of this amount 188 grammes was
eliminated in the form of alkaline sulphates, there being
an increase in the quantity of aromatic sulphates from
028 gramme to 0'33 gramme. It was evident from
this that the amount of intestinal putrefaction had still
further increased during this week, and this is very
clearly seen from the small ratio of the alkaline to the
aromatic sulphates found (5:7 : 1).

Tasre 79.—The Daily Fxcretion of Nitrogen and Fats in
the Faeces in Case 5 on Diet C.

Diate. Quantity. Water per cent, Nitrogen, Fats.
2223 347 8101 448 G659
23—24 114 TT04 178 2-61
2425 166 9153 095 o 1'60
FE=0fE | n o S 00 8 e WRELT L S RSB L aa BiEb
Average ... 232 o TO 44 e 2:97 Tit 441

In the above table it will be seen that there was a very
~marked increase in the average daily excretion of nitro-
gen in the feeces, 2:97 grammes being eliminated in this
manner, as against 1'16 gramme in period B, so that a
large quantity of proteids was being passed throngh the
intestines without being utilised.

The quantity of fats exereted per diem was about normal,
being 4'41 grammes, an increase over the small quantity
(2:13 grammes) found in period B,
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by 31'33 grammes, the total amount therefore being
251°47 grammes. An addition of 2847 grammes of fats
was made to the previous diet, the total quantity in this
week being therefore 208'38 grammes. The average
quantity of carbohydrates given was 297'26 grammes,
there being thus an increase of 32'43 grammes. The
total number of calories contained in this diet was
4187'73, that is an ‘increase of 526'19 over that of
period C; and the number per kilo. body-weight in-
creased to 77'26. The average daily quantity of fluids
taken was further increased to 3234 c.c., principally due
to the larger quantity of milk ordered.

The quantity of nitrogen contained in the above diet
was 40°14 grammes, and since 18:14 grammes of this
substance was excreted in the urine, and 2:41 grammes
in the feces, 19°69 grammes were retained in the body.
Although the guantity retained was absolutely increased,
it will be seen that there was only a very slight propor-
tional increase, when the increased quantity of proteids
ingested is taken into consideration.

There was a considerable inerease in the average daily
quantity of urine excreted, 1673 c.c. being eliminated, as
compared with 1188 c.c. in period C, this increase being
nearly proportional to the increase in the gquantity of
fluids given. The average amount still remained very
small In comparison with the total amount of liquid
drunk. There was a decline in the average specific
gravity from 1023 to 1014,

Tavie 81.—The Daily Exeretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 5 on Diet D.

Date. Nitrogen, Urea, Uric acid., Ammonia,
29—30 o 2475 vad 4140 £ 1:49 e 063
S0—31 = 11°53 e 20°15 (68 0-24
dl— 1 wiy 2146 e 26:72 s 099 ‘v 0-41

1—:2 P 14-80 2507 092 0-38

Average .. 1814 S 2844 102 042
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further increase in the quantity of chlorides eliminated
in the urine, the daily average being 667 grammes as
compared with 526 grammes in the previous period.
The excretion of total sulphates in the urine showed a
daily average of 2'90 grammes, as against 2-21 grammes
in the previous period, so that proteid metabolism was
more active duoring this week. Of this amount 252
grammes. were eliminated in the form of alkaline sul-
phates, while there was a further increase in the quantity
eliminated in the form of aromatic sulphates, the large
amount found (0°38 gramme) indicating that there was
a further increased amount of intestinal putrvefaction.
The ratio of the alkaline to the aromatic snlphates
showed a slight increase, being 66 : 1, as compared
with 57 : 1 in period C.

TasLe 83.—The Daily Bzcretion of Nitrogen and Fats in
the Feces in Case 5 on Diet D,

Mate. Quantity. Water per cent. Nitrogen. Fats,
29—30 138 A 7628 ik 2:16 e 425
30—31 T 138 ¥Ei 7628 o 2-16 e P25
31—1 s 163 o 7530 it 2G4 vas 522

1—2 144 71-49 i 2:71 s 584
Average. .., 146 .. 486 .., 241 477

From the above table it will be seen that the
excretion of nifrogen in the faces still remained very
high, although the average quantity found (2:41 grammes)
was slightly lower than that in period C, when 2-91
grammes were found. The quantity of fats excreted
per diem was very slightly increased, being 477
grammes, as conipared with 441 grammes in period C.
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TasLE 84.—The Daily Diet and Percentage of Nitrogen
and Fats absorbed in Case 5 on Diet D.

Hitrngtn in Fats in Nitrogen ahsorbed Fats absorhed
Date., diet. diet. per cent, per cent.
29—30 4079 v 220016 9471 9807
a0—31 pak 3034 o 20757 iy 94:51 705
31— 1 4022 0 20848 o] O34 a0 9749
1— 2 S 40-22 e 19690 e 09324 e 9729
Average ... 4014 e 20888 et 93-93 97-50

Althongh there was a slight increase in the rate of
absorption of nitrogen, the quantity found (93:93 per
cent.) was still low, but on taking into consideration the
extra quantity of nitrogen given in the food, there was a
decided increase in the total amount absorbed. There
was practically no difference in the rate of absorption of
fats in this period, 97-70 per cent. being absorbed as
compared with 97°54 per cent. in the previous week.

On the last day of this period the patient’s weight
was b4'16 kilos,, there being a gain of 011 kilo. over
the corresponding day of period C. On comparing this
day with the corresponding day of period A the total
increase was only 0°67 kilo., so that in this respect the
patient’s progress was not satisfactory. On comparing
the average weights of the four days during which
analyses were carried out in periods C and D, it will be
seen that there was an increase in weight of only 0°2
kilo. respectively, the weights being 540 kilos. in period
C, and 542 kiles. in period D.

The clinical report was that the patient was very ill,
and though perhaps slightly stronger, could not have
continued on the above diet for any length of time,
owing to the severe dyspepsia produced.

Summary.—From a elinical point of view this patient’s
case was hopeless, as he was much below his proper
weight, and, in addition, had very high pyrexia, and
profound constitutional disturbance.

Throughout the whole month his weight remained
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practically stationary, being 53'49 kilos. on the first day,
and 54°05 kilos. on the last day of the period under
observation. The fluctuations, however, were very large,
ranging between 51'91 kilos. and 54'39 kilos. He
frequently lost weight during the first part of the period,
and regained it during the latter part, or wvice versd.
The weight therefore gave no help in determining the
most advantageous diet for him. As far as the diets
were concerned, this case was practically a repetition of
Case 1, as, commencing with a diet containing a normal
quantity of proteids, a slight excess of fats, and a small
quantity of carbohydrates, he came to take—in period D
—rather more than double the quantity of proteids, 70
per cent. more of fats, and 20 per cent. more carbo-
hydrates. The total number of calories increased pro-
gressively from 259026 to 4187:73. The following
table shows the quantity of nitrogen contained in the
body on increasing the amount in the food.

TasLe 85.
Increased amount of Increased or decreased  Increased amount of
nitrogen in diet, amount of nitrogen nitrogen retained in

Period. in grammes. excreted,® in grammes.  the body, in grammes.

A — BEE e ma s + 3“?1

B + 2:38 — 58 g + 208

C + 1445 + 403 + 10-42

] + 4Bl + 243 + 248

# Total excretion in both urine and feces,

It will be seen from the foregoing table that, on the
diet in period B, the retention of nitrogen was satisfactory,
as more than the extra quantity given in the food was
retained, the excretion being at its minimum in this
period. The quantity retained in period C was large, but
there was also a great increase—amounting to more than
25 per cent.—in the amount excreted, and therefore a
considerable amount of useless work was being thrown
on the organism ; and, as has already been pointed out
in discussing the sulphates of this period, there was a
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and the large quantity excreted in period D showed that
the alkalinity of the blood was diminished.

The average excretion of total sulphates was low
throughout all the periods, indicating diminished activity
of proteid metabolism ; but the principal intevest centres
in the large quantity of aromatic sulphates, both relatively
and absolutely, The great increase in the amount of
intestinal putrefaction is very apparent on considering
these totals. In this connection it is necessary to lay
stress on the fact that the ratio of the alkaline to the
aromatic sulphates indicated that the increased amount
of intestinal putrefaction was greater than would appear
from a consideration of the quantity of the aromatic sul-
phates alone—especially in the first two periods, as the
inerease in this latter substance was more relative than
absolute, on account of the small quantity of total sul-
phates excreted,

The quantity of nitrogen in the fmces was about
normal in period A, and remained much about the same
in period B, and then rose markedly in period C, behaving
in a similar manner to that noticed in Case I, However,
in period D, the further increase noticed in the last-
mentioned case was not apparent, there being a slight
diminution, although the quantity still remained high.
Though the quantity of fats excreted in period A was
high from some unknown cause, still the excretion of this
substance did not, in the remaining periods, show any
decided variation from the normal, although in period B,
the quantity excreted was rather low.

The absorption of nitrogen was very low all through,
and was at its best in period B. The absorption in this
case differs from that in Case 1 in the fact that the lowest
rate was not obtained in period D, when the diet was
largest, but in the previous period. The absorption of
fats was best in period B, but remained about normal in
the two following periods. We are unable to offer any

explanation of the relatively low percentage absorbed in
period A,
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From the varions constituents alluded to above, it
would appear that the best diet in this case was that
given in period B, which consisted of a slight excess of
proteids and fats, and a rather small amount of carbo-
hydrates. Probably, a slight increase in this diet—about
halfway between this and that given in period C—would
have shown better results.

It was impossible clinically to compare this case period
by period at the end of the four weeks under observation.
He was certainly better in general health than at the
commencement, although the dyspepsia was as bad as ever.
The night-sweats were less severe, and he appeared to be
stronger. However, an examination of the lung showed
a further spread of the disease.

Case 6.—Chronic Progressive Tuberculosis with Partial
Arrest.

Clinical history.—Age 49, engineer, admitted July 16th,
1900. The disease was of ten months’ duration, during
the last six of which he had been living an open-air life,
as far as was possible, in his own home in Barnsbury.
During this time he had improved considerably, and had
gained 8'88 kilos. in weight. On admission, his condition
was as follows :—Right lung : early extensive infiltrafion
of the upper lobe, and also of the apex of the lower lobe.
Left lung : infiltration and some softening, followed by
partial arrest in the upper lobe, and infiltration of the
lower lobe.

At the commencement of the period of metabolism
experiments his general condition showed satisfactory
improvement, and he was practically apyrexial ; his appe-
tite was good, but his digestion somewhat faulty, as he
was liable to bad attacks of dyspepsia and obstinate con-
stipation. His weight was 63:46 kilos., and he had gained
3-38 kilos. since admission. He was very considerably
below his proper weight, his highest known weight (in
his clothes) being 88'2 kilos. He spent the whole day in
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the hospital grounds, and took a good deal of walking
exercise.

Tasie 87.—The Various Diets and Number of Calories
given in Case 6, together with the Percentage of
Nitrogen and Fats absorbed, ete.

Period A. B. & D.

Proteids : a . 10913 ... 18148 ... 22844 161-56
Fats: . ; 5 . 12286 ... 19046 ... 19772 ... 18649
Carbohydrates . . 245'00 ... 24004 ... 28316 .. 26797
Total calories - 2004:58 ... 333200 ... 3936'35 ... 3495-43
Calories per kilo, ¢ 486 .l BRO8E Mo BOUT L A219
Fluids . . . . 1917 - 2166 . 2802 eer 2728
Nitrogen in urine L iy [T 687 . 2029 L0 11712
Urea . : . = LR 0 1108 .. JRU8 ... 1883
Nitrogen in fmces . 2ld o e 201 ., 1:29
Fat in freces - 5 842 .. L Hr 819 .. 475
Nitrogen absorbed per :

cent. . : - =8740. . D414l ., 9446 ... 0450
Fat absorbed per cent.. 9312 .., 6944 .. 9851 s 9783

Weight atend of period 6401 ... 6660 .. 685] .. 68596

Period 4.—During this period the diet remained the
same as that which he had taken since admission, and con-
sisted of 10913 grammes proteids, 122:86 grammes fats,
and 24500 grammes carbohydrates. The total number
of calories contained in this diet was 259453, and the
number per kilo. body-weight 41'65, the diet, therefore,
being an ample one for a normal individual on ordinary
exercise. The daily average quantity of fluids taken
was 1917 c.c.

The quantity of nitrogen contained in this diet was
1746 grammes, and 679 grammes were excreted in the
urine, and 2'14 grammes in the faeces, this latter high
amount being due to the necessity of using enemata.
Therefore, 10:53 grammes were retained in the body.

The average daily excretion of urine was very low,
considering the quantity of fluids taken , and only amounted
to 973 c.c., while the average specific gravity was also
low—1010,

7
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was a small excretion of total sulphates in the urine, the
daily average being 1°25 grammes, so that the amount of
proteid metabolism going on was very slight. The
distribution of the total sulphates was as follows :—1°13
grammes were excreted in the form of alkaline sulphates,
while the average quantity of aromatic sulphates elimi-
nated was much below the normal, being only 0:13
gramme. This excretion, though really below the normal,
was relatively rather large in comparison with the
alkaline sulphates, and the ratio of the latter to the
former was consequently low, being 86 : 1; but no
evidence as to an increased amount of intestinal putre-
faction being present can be drawn from the above, on
account of the small exeretion of this substance.

Tavre 90.—The Daily Ewcretion of Nitrogen and Fats in
the Faeces in Case 6 on Diet A,

Drate, Quantity, Wiater per cent. Nitrogen. Futs,
85—9 334 5203 2-46 263
g—10 2 G66 e 9459 cus 1-39 i o

10—11 450 o 9591 ses 075 287
11—12 540 e B2:06 ot 397 o 1564
Average .. 408 .. 8872 ... 214 .. 842

Since—owing to the coustipation—it was necessary to
administer enemata during this period, the average daily
excretion of nitrogen in the fmces was increased, and
amounted to 2'14 grammes per diem. For the same
reason, the excretion of the fats was above the normal,
the daily average being 842 grammes.

TasLe 91.—The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 6 on Diet A.

Nitrogen alisorbed  Futs absorked

Trate, Nitrogen in diet, Fats in dict. per cent, jer cent.
8— 19 .. 1801 123-89 . 8684 win 9223
9—10 ... 1817 . 123-96 92:356 ras 95°59

10—11 ... 17-69 o 123-75 fici 9576 i 762
11—-12 ... 1596 119:852 7513 85703

e

] ——

Avernge... 1746 .. 12286 .. 8740 ... 931g
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TasLe 92.—The Daily Ereretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 6 on Diet B.

Date, Nitrogen. Urea. Urie acid. Ammonin.
15—16 vk 818 s 13:47 T (r28 o 10
16—17% EE HeGa i 11-80 026 Q10
17—18 o014 =80 (022 Y]
18—19 753 12:66 028 -
Average e 687 11-83 a 026 e 010

It will be seen from the foregoing table that there
was practically no change in the average daily excretion
of total nitrogen in the urine, 6'87 grammes being
eliminated as compared with 6:79 grammes in period A,
aund it still remained extremely low. The proportion of
this snbstance excreted in the form of urea remained
practically the same, being 8183 per cent., that eliminated
in the form of uric acid being 129 per cent., and that in
the form of ammonia, 1:23 per cent. There was a very
slight diminution in the proportion excreted as nitrogen
rest, the daily average being 1565 per cent. as compared
with 16:25 per cent. in the previous week. The average
daily excretion of urea was 1193 grammes, that of uric
acid 026 gramme, and that of ammonia 0:10 gramme,

so that the excretion of these three substances was below
the normal, -

TapLe 98.—The Daily Hxcretion of the Inorganic Substances
in the Urine in Case 6 on Diet B,

Sulphates.

Fhosgphoric o = ~
imte. i, Chlorides. Total. Alkaline. Aromatic. Ratio.
16—16 ... 131 .. 138 .. D by I I 1 S T 1 1 | e - [
16—17 ... 083 .. 280 .. Lde s 136 al 0ul0e oo GAB:6E
17—18" ... 099 ... 318 .. Lot 17 RRRRR i TR SR 1 111 {0 R o |
1818 i L4 s 80 5 —_ ... —_— . — —
Average ... 102 ... 264 .. 120 .. 110 .. 010 .. 11 =1

On turning to the consideration of the inorganic con-
stituents of the urine, it will be seen that there was also
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TasLe 95.—The Daily Diet and Percentage of Nitrogen and
Fats absorbed in Case 6 on Diet B.

Nitrogen absorbed Fats absorbed

Dats. Nitrogen in digt. Fats in diet, Per cent. per cent.
15—16 v 22:30 - 196:04 e 9297 e 9665
16—17 e 23°03 e 19816 i 9071 es 54k
17—18 e 19:22 T 17590 e 8887 axs 9487
18—19 ot 2052 T 191-66 st 9727 e 9879

Average ... 21-02 S 19046 . ... 9494 G D644

It will be seen from the above table that there was a
marked increase in the rate of absorption of nitrogen,
94:94 per cent. being absorbed in this period, as com-
paved with 87:40 per cent. in period A. There was also
a considerable improvement in the absorption of fats,
96-44 per cent. being absorbed as compared with 93:12
per cent. in the previous week.

The patient’s weight on the last day of this period was
64°26 kilos., there being, consequently, a gain of 169
kilos, during the week ; while, on comparing the average
weight of the two four-day periods of analysis, it will be
noticed that there was an increase of 1'5 kilos., the weight
in this period being 638 kilos.

From the clinical standpoint the patient did extremely
well, except that he was troubled with constipation.
He took his food moderately well, and was not so
troubled with dyspeptic symptoms.

Period (.—During this week it was decided to test
the effect of a large increase in proteids, together with a
very small increase in fats and a moderate one in carbo-
hydrates. In order to effect the increase in proteids 72
grammes of somatose were given each day, and the quan-
tity of milk was inereased. The average daily quantity
of proteids was increased by 9706 grammes, the total
quantity being 228'44 grammes. The average quantity
of fats was increased from 190'46 grammes to 197:72
grammes, and that of the carbohydrates from 249-04
grammes to 283'16 grammes. The total number of
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eliminated in the form of urea, 1°'18 per cent. in the
form of uric acid, and 70°78 per cent. in that of ammonia.
There was a slight farther diminution in the proportion
excreted as nitrogen rest, the daily average being 1446
as compared with 1565 per cent. in period B. The
average excretion of urea was 18:18 grammes per diem,
that of uric acid 0-36 gramme per diem, and that of
ammonia 010 gramme per diem.

TavLe 97.—The Daily Ereretion of the Inorganic Substances
in the Urine in Case 6 on Diet (.

Sulpluates.
Plinsphoric - s N

Date, aced, Chiorides. Taotal. Alkalive. Aromatic. Ratio.
2228 ... 160 ... B4 ... 226 ..o 200 ... 098 ... 12:5 : 1
2—24 ... 105 ... 443 ... 195 .. 173 .. 022 . =l
34—35 ... 098 ... 335 .. 145 .. 180 ....-015 ... 8:7:1
25— o C0Be o 838 oo 112 G 205 L et S [ |
Average... 1:11 .. 408 .. 167 .. 162 .. 015 .. 1071:1

It will be seen from the foregoing table that the
excretion of phosphorie acid still remained extremely low,
although the daily average eliminated (1'11 grammes) was
shghtly above that of the previous week., The excretion
of chlorides in the urine showed the nsual rise on in-
creasing the diet, and the daily average found (4:08
grammes) was rather less than that noted in the other
cases. The quantity of total sulphates excreted in the
urine showed an increase, 1'67 grammes being eliminated,
on an average, per diem, and of this quantity 1'52 grammes
was passed in the form of alkaline sulphates, so that there
was a slight increase in the excretion of aromatic sul-
phates, 0-15 gramme being eliminated as compared with
010 gramme in period B. The ratio of the alkaline to

the aromatic sulphates remained practically the same,
being 10-1 : 1.
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Clinically the patient did well, and was not much troubled
with constipation. He complained occasionally that the
somatose cansed some nausea, but there was no vomiting.

Period D.—During this week it was decided to omit the
daily dose of somatose, and to keep the remainder of the
diet exactly the same, m order to test the effect of this
substance on metabolism. Unfortunately the patient did
not take his food quite so well, so that there was a slight
general decrease in the average quantity of the various
constituents. The quantity of proteids taken per diem
was 161'56 grammes, that of the fats 186°49 grammes, and
that of the carbohydrates 267-97 grammes,

The total number of calories contained in this diet was
349543, being 54092 less than the number in the diet in
period C, and 16343 more than in period B. The average
number of calories per kilo. body-weight was 52:19—prac-
tically the same as in period B; but there had been a
considerable increase in weight since that time. As on
an average a smaller quantity of water per diem was taken,
the amount of fluid consumed each day was 2723 c.c. as
compared with 2802 c.c. in period C.

The quantity of nitrogen contained in the above diet was
25'85 grammes, and 11'12 grammes of this substance was
excreted in the urine, and 1-29 grammes in the fieces; so
that 13-44 grammes were retaimed in the body.

Although the quantity of fluid taken diminished slightly,
the average daily excretion of urine increased to 1223 c.c.
as compared with 1130 c.c. in the previous week ; while
there was no change in the specific gravity, which averaged

1013.

TapLe 100.—The Daily Exeretion of Nitrogen and Nitro-
genous Substances in the Urine in Case 6 on Diet D,

Date, Nitrogen, Ures. Urie acid. Ammonia,
20—30 Fi 1274 2145 -G8 009
J0—31 A 212 i 14:16 s 0:30 011
dl— 1 984 tio 2136 (35 i 13

1— 2 iaa 12-78 i 20 87 051 o2z

P — e —— —

Average ... 11°12 s 18-88 dis DR, ] o O l4
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of alkaline sulphates. The average exeretion of the aromatic
sulphates diminished slightly, and the ratio of the alkaline
to the aromatic sulphates increased slightly, being 14:3 : 1.

Tasre 102.—The Daily Fzcretion of Nitrogen end Fats in
the Feeces in Case 6 on Diet D,

Dute, Quantity, Wiater per cent. Nitrogen, Fuis.
29—30 o 77 o F3-36 0-86 322
30—31 o5 201 43 741 Tie 180 =2 G806
31— 1 129 71796 1-19 446

1— 2 an 129 7796 119 446
Average ... 134 Lax 7667 “us 1:29 oo 475

On turning to the consideration of the faces, it will be
seen that there was a marked decrease in the excretion of
nitrogen in this manner, the daily average being only 1-29
grammes as compared with 2:01 grammes in the previous
period. On the other hand, there was an increase from
317 grammes to 4'75 grammes in the daily average ex-
cretion of fats.

TapLe 103.—The Daily Diet and Percentage of Nitrogen and
Fats absovbed in Case 6 on Diet D,

Nitrogen in Futs in Nitrozen ahsorbed Fats ahsorbed
[hate. ie diet. per cent. per cent.
20—30 oy 25:85 4 18649 — 0667 o 0881
A0—31 o 26001 e, 186:56 e 9269 o OfG22
dl— 1 e 25:70 186-42 0587 O7-G8
1— 2 ot 25:85 e 18649 95-39 s O7-61
Average ... 2585 ... 18649 A 9450 AT 7'83

The average rate of absorption of nitrogen (94:50 per
cent.) was practically the same as in period C; but as the
gquantity of proteids in the diet had been considerably
reduced, there was a considerable diminution in the total
quantity absorbed. Owing to the lessened ingestion and
mcreased excretion of fats the rate of absorption diminished
from 98:51 per cent. to 97'83 per cent., the latter rate being,
however, a satisfactory one.
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of nitrogen retained in period B was greater than the extra
quantity ingested, this being probably due to the previous
stimulation of the intestines by the enemata in period A.
The inereased retention in period C was very considerable,
even though the extra quantity taken per diem was large,
and the patient was apparently able to deal satisfactorily
with the large amount given. In period D the quantity
retained diminished pari passu with the decreased in-take,
and therefore the digestive tract in this case was not
apparently injured by the large quantity of proteids given
in period C.

The very low excretion of nitrogen in the urine is note-
worthy, but it is impossible to explain why there was such
a small proteid metabolism, except on the theory that the
patient was replacing degenerated cells by active ones, and
that nucleo-albumen was being stored up for the future use
of the nuclei.

TasrLe 105.—The Proportion of the Total Nitrogen in the
Urine excreted as Urea, Uric Aeid, and Ammonia in

Case 6.
Nitrogen Percentage Table.

y Total nitrogen Nitrogen us Nitrogen as Nitrogen sis Nitrogen as
Perind, in mrine. ure. uric acid. winmonia, nitrogen rest.
I Vit~ | it P - 1 T i [+ G [ - | {117
B .. Lk SR I 1L R R s e SRS [ BT [ L
G LA 1[}+29 mem 83.53 B 1‘18 aen UI?S L 14.46
G D s B SR e O [t [ T e e

The averages of the periods are here given.

From the foregoing table it will be seen that the propor-
tion of nitrogen excreted in the most highly oxidised form
(urea) remained practically equal during periods A and B,
and reached its maximum in period C. As has already
been mentioned, there had been apparently no ill effects
from the large diet in this period, but the marked diminu-
tion in the percentage of nitrogen excreted in this form in
period D might be taken as evidence to the contrary, if it
were not that three clear days had been allowed to elapse
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From all the foregoing statements it appears that the
best diet in this case was that given in period C, though
probably that used in the following week would have
given almost as good results.

Clinically the condition of the patient was excellent all
through, except for the troublesome constipation of the
first two periods, the gain in weight being very satis-
factory.

During the period under observation the condition of
his lesions improved.

Effect of Forced Feeding on Normal Individuals.

In order to compare the effect of over-feeding on
patients suffering from pulmonary tuberculosis with that
obtained in ordinary individuals, we think it advisable to
give a short account of the results obtained in another
series of experiments. The normal metabolism of some
individuals having been ascertained, they were placed on
diets containing from 60 to 80 calories per kilo. body-
weight. These excessive diets were taken with a good
deal of difficulty, and the condition of the individuals
quickly altered for the worse, although considerable
weight (2—3 kilos.) was put on during the six days that
the experiment lasted. The bad effect of the diet was
shown by the disturbance to digestion caused, as they all
suffered a good deal from amorexia and feelings of
distension during this period. Also, for some days after
the termination of the experiment they suffered consider-
ably from mucous colitis, and it required various periods
of time (from 1—3 weeks) for them to get back into their
normal condition. In these individuals the retention of
nitrogen in the body was extremely small, except when
the over-feeding was carried to its utmost extent, as
practically the whole of the excess of nitrogen taken in
the diet was immediately excreted.

One of the points of interest observed was that, on
increasing the quantity of fluids taken, the quantity of

8
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the tubercular cases, when no marked increase was noticed,
even when the normal quantity of fats in the diet was
doubled.

As was to be expected from the fact that the excretion
of nitrogen in the fmces was not increased during the
period of forced feeding, there was a temporary increase
in the quantity of this substance absorbed, as the amount
taken in the food was very largely increased. The
absorption of the fats tended to diminish on forced
feeding, though this decrease was not as marked as would
be expected from the enormous quantities found. On
account of the very great increase in fats in the diet (in
some cases as much as 289'15 grammes were taken in the
diet, that is to say, roughly, three times the usual quantity)
there was a very rapid increase in weight during the
period of forced feeding ; but this inerease was lost in a
very short fime, the individuals returning to their normal
weight in about a week, although effort was made to keep
them as much as possible on their normal diet.

In conclusion, as has already been pointed out above, the
forced feeding caused a marked deterioration in health in
these cases, and it required a considerable amount of time
for them to regain their normal health and energy, one of
the things most complained of being that they were utterly
incapable of doing any work whatsoever.

The tubercular cases, on the other hand, presented an
entirely different sequence of events, for a decided increase
in the quantity of food taken was well borne by them. We
now give a short summary of the more important results
obtained in the course of the experiment.

The number of calories per kilo. body-weight which gave
the best results was between 50 and 70, as any increase
above the latter number was quickly followed by great
anorexia and dyspeptic symptoms, and complete inability
to take the diet after a few days, in some cases vomiting
being cansed. When a very large number of calories’
was given, that is above 70 per kilo., there was a decided
increase in weight during the week, but in no case were
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Case 3, when, in the third and fourth periods, the urine
increased almost proportionally to the additional quantity
of fluids given; but, as has already been mentioned, this
case more nearly approached the normal than any of the
others.

In comparison with the quantity of nitrogen given in the
food, the excretion of total nitrogen in the urine was very
low in the worst cases, and increased markedly when the
conditions of the lesions improved. Notwithstanding the
fact that the patients were on a diet containing a con-
siderable amount of proteid, the excretion of uric acid was
not increased more than would be expected, except in cases
complicated by fever. On increasing the diets there was,
as a rule, a decided increase in the quantity of ammonia
excreted in the urine, pointing to diminished alkalinity of
the blood.

The proportion of total nitrogen in the urine exereted in
the form of nitrogen rest varied considerably, and was
decidedly above the normal in all cases, and showed a
decided increase when more than 70 calories per kilo. body-
weight were given. In some cases—notably Cases 2 and
6—more than 20 per cent. of the total nitrogen was ex-
creted in this form, so that the oxidation processes in the
body were not proceeding actively.

As has already been noted by Russian observers, we
found that the quantity of phosphoric acid excreted was
very small in this disease, in some cases being less than 1
gramme per diem, while in cases with a considerable degree
of arrest, the exeretion rose to between 25 and 3 grammes.
The excretion of chlorides was also below the normal in the
cases which had the most advanced physical signs, and it
was also possible to form an idea as to the bodily condition
of the patient by watching the daily excretion of this sub-
stance.  On increasing the diet there was generally a
decided increase in the quantity of chlorides excreted, but
in all cases this increase quickly disappeared.

Taken as a whole, the excretion of total sulphates in the
urine was small, showing that there was a greatly diminished
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On turning to the consideration of the patients’ weights
it was found that a considerable gain could be obtained by
increasing the diet, but that this increase was obtained at
the cost of disturbing the digestive functions if a diet con-
taining more than 70 calories per kilo. body-weight was
given.

In considering the guestion of decreasing the number of
calories according as the condition of the patient improves,
it 1s interesting to notice that in Case 3 the larger increase
in weight was obtained on reducing the number of calories
per kilo. body-weight from 56 to 51 and also allowing the
patient to take some exercise.

In dealing with the question of retention of nitrogen in
the body, it is convenient to take Case 1 as an example.
The quantity of proteids in the first diet in this case was
11613 grammes, and in the following week the quantity
wag increased to 137'5 grammes—a difference of 2137
grammes, that is to say, 842 grammes mtrogen. On this
diet there was a diminished excretion of nitrogen in the
urine and feces, and an inereased retention of 6°59 grammes
of mitrogen in the body. On increasing the quantity of
proteids in the following week to 2325 grammes—an
increase of 95 grammes of proteid—there was an increased
exeretion of mitrogen in the urine and fseces over the
previous period of 6:84 grammes, so that only 9:23 grammes
of this extra quantity of nitrogen given was retained in the
body. However, on increasing the quantity of proteids to
271°13 grammes—an increase of 4863 grammes over that
given in the previous week—there was a further increase
of mitrogen excreted of 527 grammes, and only 091
gramme of the extra nitrogen given was retained in the
body, that is to say, only 569 grammes of proteid. As has
already been pointed out, a considerable quantity of this
inereased amount of proteids was excreted in the faeces, so
that practically no advantage was obtained by forcing the
patient to eat such a very large diet. The above results
may be taken as typical of those obtained in other cases.

The most suitable diets for patients suffering from
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9828 per cent., his average weight during the period
being 65°8 kilos. This was the most suitable diet given to
him in any period; and the bad effects of trying to
increase the quantity of food taken are well brought out
by the results obtained in the fourth period, when 167:18
grammes proteids, 162:87 grammes fats, and 317-76
grammes carbohydrates were given. On this diet he only
absorbed 92:66 per cent. of nitrogen and 9553 per cent. of
fats, so that practically no advantage was gained from the
increased quantity of food given; and, in addition, the
digestive system of the patient was seriously disturbed.
The most advanced case of disease that we had under
observation was Case 5, and the most suitable diet we
found in his case was that given in the second period,
when 120:87 grammes proteid, 127:05 grammes fats, and
22556 grammes carbohydrates were taken. On this diet,
although he was entirely confined to bed and had a con-
siderable degree of fever, he absorbed 94:41 per cent. of
nitrogen, and 9833 per cent. of fats. In the following
week his diet was increased to 220-14 grammes proteid,
179:91 grammes fats, and 264:83 grammes carbohydrates,
and the rate of absorption of nitrogen diminished to 91:67
per cent., and that of the fats to 97:54 per cent., so that
the excessive quantity of food produced a worse result.
The above diets have been given as examples of the
various ones fried during the course of the research, and
we have included the rates of absorption of nitrogen and
fats for the purpose of indicating some of the ways in which
we based our conclusions as to the most snitable diets for
these patients. '

Conelusions.

(1) The tuberculous patients showed very satisfactory
results, both elinically and experimentally, when their
diets were slightly increased above the original, and, since
the original diets were their own selection as regards the
amount taken, it is evident that the state of the appetite

9
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Chlorides.
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Normal,

Took excessive diet with
much difficulty and with
lasting bad effects.

Very small except on ex-
treme forced feeding.

Increase more or less pro-
portional to increased in-
take of fuids.

Very high.

Marked increase on forced
feeding.

Very large quantities passed
on forced feeding. Pro-
portion of nitrogen thus
excreted remained normal
all through.

Follows ordinary course.

Did not increase ont of pro-
portion on forced feeding.

Tendency to increase on
forced feeding.

Marked inerease on forced
feeding.

Marked increase on forced
feeding.

Increased by forced feeding.
Aromatic—normal. Ratio
—normal.

No marked incresse as a
rale on forced feeding.

Usnally an enormons in-
crease on the forced diet.
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Tuberculous.

Took increased diets much
better, and only failed with
very excessive diets.

Considerable in all increased
diets, and well marked in
some.

Very little connection between
increase in quantity and in-
creased fluid intake.

For the most part low.

Below normal, most markedly
s0 in patients much below
normal weight, and ap-
proaching normal guantity
in cases nearly up to their
weight.

Exeretion lower than in nor-
mal eases on similar diets,
Fatients with active disease
excroeted smaller proportion
of nitrogen as urea than
those with tendency to
arrest. This proportion falls
further on excessive diets.

Smallest excretion met with in
those most below weight.

No disproportionate increase
noted. In excessive feed-
ing, large quantities found.

Increased on larger diets. Very

large in eases with impaired
digestion and active disease.

Quantity diminished through-
out. Only slight increase
on larger dict.

Usually low on ordinary diets.
Increased on inereasing the
diet, but this not usually
maintained.

Lowest in worst cases, in-
creasing on larger diets.
Aromatic—marked increase
on forced feeding. Ratio—
diminished on forced feed-
g,

Diminished or normal on ordi-
nary diet. Very marked
merease on forced feeding.

Diminished or normal on ordi-
nary - diets. Incrense not
marked on excessive feeding.
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1
URINE. Frors. ;-E:":Eﬂ .
' 1 Weight,
Sulphates ¢ k-l].t:l;.
Chlo- = . Water | Nipro. | Nitro-
Hilen | Alka- | Aro- | Ratio, |Quantity|per cent.| ~ .y Fats gen Fats

Total line matic | 4: B

008 | 1-687 | 1'53 | 0-14 |10°9:1| 834 |82:03| 246 | 963 | 8634 | 92:23 | 620
2-47 | 087 | 073 | 014 |12:0:1| 666 | 94'89 | 1:39 | 546 | 9285 | 9559 | 62:2
2-19 | 138 | 128 | 0-10 |12-8:1| 450 | 9591 | 075 | 2:95 | 95:76 | 97-62 | 62-3
365 | 1009 | 096 | 018 | 7-4:1| 540 |B2:06 | 3-97 [156°64 | 7513 | 87-03 | 625

232 | 125 | 112 | 018 | 86:1| 498 |8872| 214 | 842 | 8740 | 9312 | 623

1-38 | 1-27 | 1118 | 009 18:1:1| 190 | 7709 | 1:57 | 6-66 | 92:07 | 06:65 | 630
2:30 | 1-46 | 1'86 | 0010 [13:6:1| 397 | 8428 | 2:14 | 8-00 | B0°71 |‘35'4ﬁ | 687
316 | 08 | 075 | 0010 | 7°5:1| 898 | 8408 | 215 | 002 | 8881 | 94:87 | G4°1
370 | — = — = 66 | 76:63| 055 | 2:32 | 97-27 | 98:78 | 643

264 | 120 | 1110 | 010 [11:0:1| 265 | 7957 | 160 | 672 | 94:94 | 9644 | 638

614 | 2:16 | 2000 | 0:16 (125:1) 76 | 6581 | 184 | 191 | 9497 | 99 08| 652
443 | 195 | 1'73 | 022 | 79:1) 59 |76:58| 094 | 1:64 | 0745 | 9969 | 658
385 | 145 | 1:30 | 0°15 | 8:7:1| 245 | 7319 | 446 | 7'86 | 87°568 | 9602 | 658
2:38 | 1-12 | 105 | 007 16:0:1] 70 |8387| 078 | 1'35 | 97-89 | 99°28 | 66°1
408 | 1467 | 1'52 | 0°15 (101:1) 118 (7486 | 201 | 3'19 | 94'46 | 9851 | 656

468 | 2:28 | 212 | 0-18 |18-8:1| 57 |73:36| 0'86 | 3'22 | 9667 | 953-81 | 664
320 | 1'66 | 156 | 011 14'1:1] 201 | 77'41| 1'90 | 6'B6 | 96:20 | 96:22 | 666
396 | 1'68 | 158 | 010 |168:1] 129 | 7796 | 1'19 | 446 | 9537 | 9768 | 66'8
568 | 2:28 | 2:13 | 016 |14°2:1) 129 | 77'96| 1'1D | 446 | 95°30 | 97'61 | 66'8

438 1'88 | 1'85 | 0r18 (14:3:1] 134 |76:67| 1-29 | 4756 | 9450 | 8783 | 666
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