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4 RELATIONS OF UREA TO EXERCISE.

disturbed until it eame into my possession. I had no means

of obtaining any reliable scientific information with regard to

the amount and character of the food taken during that time,

nor had I obtained, for purposes of comparison, a specimen of
the urine passed on the day before this remarkable muscunlar ef-

fort. It was several weeks, indeed, before I could get the urine

of twenty-four hours of comparative repose ; which I was forced

to take as representing about the normal excretion. I simply

took the material for scientific analysis as I could best obtain

it, and published the results, with a statement of the facts, not

at that time entertaining any definite hope of being able to

repeat the investigations under more favorable conditions. I

was, of course, well aware of the necessity of carefully esti-

mating certain elements of the food, and of connecting the

elimination of effete matters, particularly those containing ni-

trogen, with the matters ingested. Had I been sure of an op-
portunity of studying the effects npon execretion of excessive
and prolonged muscular exertion, such as has since presented

itself, my first experiments, of the unavoidable defects of' which

no one could be more sensible than myself, would never have

been published. My first observations have been excluded in|
the present inquiry, on account of the imperfect data on which

they were based ; but I may anficipate my conclusions from

these more complete experiments enough to state that the re-

sults have been essentially the same as those first obtained.

In the summer of 1870, Mr. Weston proposed to make an
attempt to walk four hundred miles in five consecutive days,
and, upon one of those days, to walk one hundred and twelve
miles in twenty-four consecutive hours. ITe kindly offered to
submit himself to any scientific observations that I might wish to
undertake in connection with this effort. It is hardly necessary
to say that this offer was gladly accepted ; and I regarded it as
a sacred duty to use every endeavor to make this occasion to the
fullest extent useful to physiological science. The investigations
to be made seemed to me of such importance, particularly in
the present unsettled state of physiological opinion upon certain
points connected with nutrition and disassimilation, that T
asked the aid of certain of my friends, well known for their






6 RELATIONS OF UREA TO EXERCISE.

tory of Prof. Doremus, where they were analyzed under his
direction by his able assistant, Mr. Oscar Loew. The results
show the value of the immense amount of labor bestowed by
My, Loew upon these analyses; a labor undertaken and earried
out with a scientific enthusiasm which has added much to the
value of our results, The necessary analyses of food were also
made by Mr. Loew.

The material thus collected, with a complete record of the
walk, finally passed into my hands for classification and analy-
sis. DBefore a word of this report was written, the tables of
food, composition of urine, faeces, ete., were caleulated. This
alone has been a labor of several weeks, and no pains has been
spared to secure entire acecuracy. The numerical caleulations
were all made by two or more different methods, so that it has
seemed almost impossible that any error of importance should
have been overlooked. Taking, as I have, the bare records
and analyses made by Mr. Doremus and Mr. Loew, with entire
ignorance of their probable results, the calculations proceeded
steadily to their mathematical conclusions, which were only
apparent at their actual completion,

In the preparation of this paper, I have attempted to pre-
sent the scientific data in such a form as to be easily available
as ascertained facts, to any who may not admit the interpre-
tation I have put upon them. ;

I't may serve to make the bearing of our observations more
easily comprehended to give a suecinet statement of the gen-
erally-received physiological views regarding certain of the
points involved. In this I do not propose to analyze the lite-
rature of the subject, even for the past few years; and I de-
gire especially to avoid controversial diseussion. I do not
intend to criticise the experiments of others or to point out
their defects, except in so far as these defects may seem to be
supplied by my more extended opportunities for investigations
in particular directions.

Views of Physiologists with regard fo the Influence of Ei-
ercise, Diet, etc., upon the Elimination of Nitrogenized
Ferementitious Matiers, chiefly Urea.

Following the brilliant researches of Lavoisier upon the
chemical phenomena of respiration and their relations to
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10 RELATIONS OF UREA TO EXERCISE,

mented ; for, in a steam-engine, moderately fired and ready for
use, the oxidation of iron, ete., wonld go on tolerably equably,
and would not be much increased by the more rapid firing
necessary for working, but mueh more coal would be burnt
when it was at work than when it was standing idle.”"

I have made the above quotations from the paper of Fick and
Wislicenus, for the reason that the theories therein advanced
and the experiments reported have changed very materially
the current of physiological opinion with regard to the origin
of muscular force and the significance of the elimination of
nitrogen. The question is not materially modified or ad-
vanced by the papers of Frankland * or of Haughton,” who sus-
tain fully the views of Fick and Wislicenus, which are now
adopted very largely, particularly in Germany and England.

The opposite view, that the elimination of nitrogen is to a
great extent a measure of the waste of the nitrogenized ele-
ments of the tissues, and that this is increased by exerecise, is
substantially the one advanced by Liebig. Almost all ob-
servers who have experimented nupon the influence of exercise
upon the elimination of urea, under an ordinary diet, have
found its excretion markedly increased. Among the earliest of
these are the observations of Hammond, to which reference
has already been made. In 1867, experiments were made by
Parkes upon two soldiers, with the view of controlling the
experiments of Fick and Wislicenus by observations upon a
more extended seale.' These experiments failed to confirm
those of Fick and Wislicenus. They were continued for a
period of eighteen days, and certainly seemed to show an
increase in the urea, attributable to muscular exercise. The
extraordinary exercise taken was a walk of 23.70 miles on one

¥ Loe. eit., p. 501.

* FRANKLAND, On the Origin of Museular Power.— London, Edinburgh
and Dublin Philosophical Magazine, London, July—December, 1866, vol.
xxxil., p. 182, ef seq.

3 Havenron, Address on the Relation of Food to Work done by the
Body, and its Bearing upon Medical Practice—The Lancet, London,
Auvgust 15, Angust 22, and August 29, 1868,

' Parkes, On the Elimination of Nitrogen by the Kidneys and Intes-
tines, during Rest and FErercise, on a Diet without Nitrogen.—Procecd-
ings of the Royal Society, London, 1867, vol. xv., No. 89, p. 889, el seq. «
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14 RELATIONS OF UREA TO EXERCISE,

ing the urine were caleulated from midnight to midnight. It
was also determined to collect and weigh the fieces.

In the execution of the above plan, I assumed the respon-
sibility of superintending the records, except the notes of the
chemical analyses, and of making microscopieal exaininations
of the urinary sediments. Prof. Doremus assumed the re-
sponsibility of the chemical analyses. As far as the general
records are concerned, I have no hesitation in testifying to
their entire accuracy. It is fortunate that no accident hap-
pened, such as the breaking of a bottle or a glass, and the only
error was in taking the weight on November 23d, the third
day of the walk. Prof. Doremus is equally satisfied with
regard to the chemical analyses, made by his assistant, Mr.
Osear Loew. :

The details of the plan as it was carried out are as follows:

Mr. Doremus, Mr. Loew, and myself, were each provided
with a note-book. My own note-book was for recording the
microscopical examinations of the urinary sediments.

The following directions were written in the note-book
given to Mr. Doremus :

At every meal, weigh the iond and drink in the following
manner :

Put the meat on a separate plate, and weigh the plate be-
fore and after eating. Note the loss of weight, which will
give the quantity actually consumed. Mr. Weston does not
intend to eat much fat, but expects to get his fat from butter.
When he eats fat it is to be noted.

Put each vegetable on a separate plate and determine the
quantity consumed, in the same way as for the meat.

Estimate the bread in the same way as the meat and vege-
tables.

Take a known weight of butter and weigh each night to
ascertain the quantity taken during the day. It will be suffi-
cient to determine in this way the quantity of butter consumed
in the twenty-four hours.

Estimate the quantity of sugar taken, in the same way as
the butter.

Note the number of eggs taken, and see that they are en-
tirely consumed.






16 RELATIONS OF UREA TO EXERCISE.

Be exceedingly careful to note each day accurately from
midnight to midnight. :

The weight was taken each night, geaerally in my presence,
by Mr, Doremus, as near midnight as practicable, upon new
platform-scales, weighing accurately to a quarter of a pound,
kindly furnished by Messrs. Fairbanks & Co., of New York.
The food was weighed upon a new balance, likewise furnished by
Messrs. Fairbanks & Co., weighing accurately to ' of an ounce.
These balances were selected on account of the well-known
accuracy of the makers, and for their availability for rapid
weighing, inasmuch as it was desirable to annoy Mr. Weston
as little as possible, partieularly in giving him his weighed food.
The pulse, respirations, and temperature, were noted by myself,
except on the evening of November 16th, when they were noted
by Prof. Dalton. The temperature was taken under the tongue
with a maximum thermometer, “ Celsius, Berlin,” graduated to
45 of a degree, Centigrade.

The weight of the food was talken in the manner indicated.
‘The liquids were measured in a graduated glass, as a matter
of convenience; but their actual weight was calculated in the
final tables.

Having taken the actual weight of each article of food,
it was desired to ascertain the amount of nitrogen in the in-
oesta. After consulting carefully all the works at my com- -
mand giving analyses of the different articles of food, I com-
piled the following table from the admirable treatise on ali-
mentation, by Payen. It was at first thought desirable to
subject specimens of each article to ultimate analysis for nitro-
gen ; but the conditions under which the observations were
carried out seemed to render the estimates of Payen even
more useful, Tt was assumed at the outset that we were not
to interfere with the diet in any way, noting only the articles
taken. Mr. Weston’s food was taken at several different
places, and was prepared by different persons; and it would
have been impossible to have analyzed actual specimens of each
article. In view of this fact, it seemed probable that the varia-
tions from our analyses, should we have made them, would
have been as considerable as the variations from the average
estimates given by Payen. It has been ascertained, also, that
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20 RELATIONS OF UREA TO EXERCISE.

mation is interesting, in view of his immense powers of en-
durance.

s general build is slight, and the parts above the waist
are very light. The bones of the chest and upper extremities
are small, and the museles are but little developed. The pelvis
is unusually broad for a male, and the lower extremities are so
formed that there is a considerable space between the thighs
from the knees to the perinmum. This conformation is pe-
culiarly fortunate, as it gives immunity from chafing, which is
one of the greatest sources of annoyance to pedestrians. The
lower extremities are remarkable for the nnusual development
of the muscles that move the thighs upon the pelvis. In
walking, it is observed that Mr. Weston makes great use of
these musecles, and uses the muscles of the leg very little. The
calf of the leg is small; much smaller than one would expect
to see in a pedestrian,

A noticeable peculiarity about the musecles of the thighs
and legs is that they never become hard, or what is technical-
ly called “fine.” They were quite soft before the walk, and
at all times during the walk they were in the same condition.
It was very remarkable that, after the third day, when Mr.
Weston had walked within the twenty-four hours ninety-
two miles, the muscles were as soft as ever. It has seemed
to me that this peculiarity of the muscles is advantageous.
When the museles are very hard from thorough training,
prolonged exertion is apt to produce eramps, due, perhaps,
to exaggeration of the normal muscular irritability. This
is also a difficulty experienced by pedestrians. In the
case of Mr. Weston, the movements were always free, and,
according to his statements, he was never much fatigued.
Only once during the five days of the walk did he say that he
was “leg-weary.” What he complained of most was want of
sleep, and, at one time, vertigo. The conformation of the feet
is perfect; the toes are straight, the instep is high, and the
heel is very long, giving a remarkable leverage for the tendo
Achillis. The heel does not project, as in the negro, but the
tendo Achillis passes straight to the calf of the leg.

The nervous element has seemed to me very important in
the tasks accomplished by Mr. Weston. In walking, his pluck
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98 RELATIONS OF UREA TO EXERCISE,

Second Period.—Five Days of the Walk.

The walk proposed by Mr. Weston took place in an im-
mense building of corrngated iron, known as the *Empire
Skating Rink,” on Third Avenue, near Sixty-fourth Street.
This building is oblong, measuring 170 by 350 feet. A track
made of boards covered with dirt and fine shavings was laid
out in the form of a parallelogram. This track was measured
by Mr. Joseph L. T. Smith, surveyor, in the presence of Prof.
Doremus and myself. The eircuit, taken two and a half feet
from the inside, measured 73584 feet. This measurement
was made with a metallic tape, adjusted for temperature and
tested in our presence. In making the measurement, Prof.
Doremus wag at one end of the tape and I was at the other,
and every reading was carefully verified. Seven full cireuits
and 1292 additional feet made a full mile. In computing
the walk, the distance was noted by circuits. Three judges
were in attendance day and night ; one calling the time of
each ecircuit, and two checking off the circuits in a book pro-
vided for that purpose. In addition, either Prof. Doremus,
Prof. Mott, or myself, was constantly present. Mr. Weston
had retiring-rooms in the front of the building, where his
food was prepared, where he slept, and where our observations
were taken. The distance from the judge’s stand to the door
of these rooms was 145,15 feet. '

During the walk, Mr. Weston took but few regular meals,
a great part of his nourishment being taken while actually
walking. In this way he took his beef-essence, soft-boiled
egos, g:mel, tea, coffee, and all other drinks. I shall not,
therefore, give the time of the meals taken during this period,
but simply state the entire quantity consumed in each twenty-
four hours.

With regard to the distance walked, we are all satisfied
that there is no room for doubt. But, although the task pro-
posed was not accomplished, the effort, as a feat of pedestrian-
ism, was so prodigions, that I have thought it best to give the
history of these five days pretty fully in detail.
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20 RELATIONS OF UREA TO EXERCISE,

are developed to the maximum. In the case of Mr. Weston,
no rigid system of training was adopted ; but the variations
in weight are interesting, in view of the great variations in
his diet during the three periods and the immense differences
in the amount of exercise taken.

When the investigations were begun, at midnight, No-
vember 15th, the weight was 120.5 1bs. (54 k. 655 grammes),
At the end of the five days it had been reduced to 119.2 Ibs.
(54 k. 62 grammes). The lightest weight during this period
was on the fourth day, when it was 118.5 Ibs. (53 k. 745
grammes). On the second day, the weight increased to 121.25
Ibg. (55 kilos.).

Lirst Period, Five Days before the Wall—On the first
day, the weight being unchanged, Mr. Weston walked fifteen
miles; he took 122.99 oz. (3,492.17 grammes) of food and
drink, containing 361.22 grains (23.404 grammes) of nitrogen.
He discharged 44.20 oz. (1,303.08 grammes) in the urine and
tieces, and 78.79 oz. (2,189.09 grammes) by the lungs and skin.
The weather was clear and dry, the temperature ranging from
35° to 46° Fahr. Assuming the usual quantity of food and
drink for an ordinary man to be about 90 oz (about 2,542
grammes), containing about 810 grains (20 grammes) of nitro-
gen,’ rather an excess was taken on this day. The cutaneous
exhalation was excessive. Allowing 20 oz. (567 grammes) for
pulmonary exhalation, which is tolerably constant, the cuta-
neous exhalation amounted to 58.70 oz. (1,658.27 grammes),
the normal amount being about 30 oz. (850 grammes).”

On the second day, there was a diminution in the total
quantity of food and drink and in the amount of nitrogen
(total food and drink, 105.43 oz. [2,987.92 grammes] ; nitrogen,
288.35 grains [18.682 grammes}), with an increase in weight
of 12 oz. (345 grammes), the urine and fieces being dimin-
ished about 0.5 oz. (15.13 grammes), and the cutaneons ex-
halation about 29 oz. (834.12 grammes). The weather was a
little warmer, but cloudy and damp. The only explanation

' Fruxr, Jr., Physiology of Man, New York, 1867, vol. ii., Aliments_
tion, p. 124,
* Id., 1866, vol. i., Respiration, p. 447; and, Id., 1870, vol. iii., Secre-

tion, p. 139,
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(195 e.e.). The estimated cutaneous exhalation was increased
by 130 oz. (8,723.11 grammes), a little more than two and a
half times. The loss in weight was undoubtedly due, in great
measure, to the extraordinary amount of exercise. I will en-
deavor to explain this more fully when I compare the weights
for the three periods.

On the second day, walking forty-eight miles and sleeping
4 hours and 28 minutes, there was a further loss of 4 oz. (114
grammes). The quantity of food and drink was diminished
by about 21 oz. (582.25 grammes), but the nitrogen was in-
creased by about 114 grains (7.409 grammes). The fieces were
increased by a little more than 3 oz. (89 grammes). The urine
was diminished by about 8.5 oz. (2564 c.c.). The eutaneous
exhalation was diminished by 54 oz. (1,521.38 grammes). The
loss of weight I shall endeavor to explain further on.

On the third day, walking ninety-two miles and sleeping
but thirty minutes, the loss of weight was estimated at 20 oz.
(567 grammes). The weight was not accurately taken on this
day, and was averaged.

On the fourth day, walking fifty-seven miles and sleeping
one hour, the weight was 36 oz. (1,020.00 grammes) less than
on the second day. (This represents the loss for two days.)
The food and drink were, for the tZird day, about 5 oz. (151.09
grammes) more than for the second day, and for the fourth
day, about 22 oz. (625.61 grammes) less than for the third
day. On the third day, the nitrogen wus diminished by about
8T grains (2.417 grammes). On the fourth day, the nitrogen
was further diminished by 84 grains (5.436 grammes). There
were no faeces on the #hird day, and the urine was inereased
by about 7 oz. (209 c.c.). On the fourth day, the fieces were
about in average quantity. The urine was diminished about
8 oz. (235 c.c.). On the third day, the cutaneons exhalation
was increased by about 22 oz. (610.82 grammes). On the
fourth day, the eutaneous exhalation was diminished by about
23 oz. (636.67 grammes). I shall discuss the loss of weight in
connection with a comparison of the three periods,

On the fifth day, walking forty and a half miles, and sleep-
ing 9 hours and 26 minutes, there was an increase in weight
of 28 oz. (793.00 grammes). The food and drink were in-
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34 0z, (969.41 grammes). This day was warm, clear, and dry,
the first day being rainy, and from 5° to 8° Fahr. colder.

On the third day, the weight was unchanged. The food
and drink were diminished by 59 oz. (1,670.17 grammes), and
the nitrogen, about 104 grains (6.756 grammes). The fweces
were increased by 5 oz. (140.5 grammes), a little more than
doubled. The urine was increased by 88 oz (1,125 c.c.),
nearly doubled. The eutaneous exhalation was diminished by
about 66.5 oz. (1,930.61 grammes), more than three times. This
day shows a working off by the urine and fieces of the unusual
amount of foed, and especially nitrogenized matter, taken on
the previous day, the weight remaining stationary.

On the fourth day, the weight was increased 52 oz. (1,474.00
grammes)., This great inecrease is explained by the follow-
ing circumstance: At 11,15 ». . Mr. Weston took supper,
the food and drink weighing 54.75 oz. (1,547.36 grammes).
The weight of the body was taken at 11.55 p. ar., about the
usual hour. This was the only time when any thing was
eaten after 7.45 p. . This accident renders it useless to dis-
cuss the question of weight on this day. On this day, the ni-
‘trogen of the food was enormonsly inereased, amounting to
641.71 grains (41,578 grammes) ; the average for an ordinary
man being about 310 grains (20 grammes).

On the fifth day the weight was about the same as on the
third day; the increase being only 0.5 lbs. (226 grammes).
On this, the final day of the observations, the weight was
about the same as on the first day of the first period, being in-
ereased only a quarter of a pound. The food and drink were
diminighed about 85 oz. (2,419.09 grammes), and the nitrogen
about 358.5 grains (23,219 grammes). The fieces were in-
creased about 1 oz. (22.5 grammes), and the urine 8 oz. (257
e.c.). The cutaneous exhalation was increased about 1.68 oz.
(37.87 grammes.)

Causes of the Variations in Weight!—In a measure, the
variations in weight during the fifteen days may be satisfac-
torily explained ; but there are certain questions involved that
are as yet obseure. The explanation of the variations during

'To avoid complicating the discnssion of the eauses of the variations in
weicht, the English weights only will be used.
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elements to be considered. These have a most important bear-
ing upon the subject of nutrition, disassimilation, and * the
source of muscular power,” about which so much lias been
written within the past few years,

First: What tissue was consumed, the products being
thrown off;, during the effort of walking 8174 miles in five con-
secutive days? Was it the muscular substance? The impor-
tance, as regards our ideas of nutrition, of a positive and defi-
nite answer to this question can hardly be overestimated.

The loss of weight was undoubtedly due in a great measure
to the excessive muscular exertion ; but in part, also, to change
in diet. This proposition does not demand discussion,

The loss must have been either in liguids, fats, or muscular
substance,

It is not probable that the loss was due, to any great ex-
tent, to a diminution in the proportion of liquids, for the
excessive loss from the skin was instantly supplied by liquids
taken into the stomach. It is not necessary to cite cxperi-
ments which show that loss by the skin, as it occurs in hot-air
or vapor-baths, or in working for an hour or more at a high
temperature, is readily compensated by liquid ingesta, as this
tact is well settled in physiology.” A glance at the daily tables
of food and drink will show that, during the five days of the
walk, Mr. Weston took from 8 1bs. 8 oz. to 10 Ibs. 11 oz. of
liquids.

If the loss were due to a consumption of non-nitrogenized
matters, it would be chiefly of fat and would be represented by
the carbonic acid of expiration. It is certain that the non-
nitrogenized constituents of the body do not contribute to the
formation of the nitrogenized excrementitious matters.

If the loss were due to a consumption of the nitrogenized
elements of the body, principally of the museular tissue, this
loss, under the extraordinary muscular effort, would be rep- -
resented by the nitrogen of the excretions. It is not probable
that the nitrogenized constituents of the body are,in any con-
siderable amount, changed into non-nitrogenized matter and
exhaled under the form of carbonic acid, though this may
oceur to a slight extent.

1 See ny work on Physiology, New York, 1870, vol, iii., p. 140, et seqg.
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and when the quantity of nitrogen taken with the food was
largely increased. The important question here is the fol-
lowing

In the return of the weight to the normal standard, did
the muscular tissue take up nitrogen to repair the excessive
waste engendered by the five days of exertion ?

In two days after the walk, the weight had increased to
within four ounces of the standard at the beginning of the ob-
servations, five days before the walk., Tt is not to be expected
that this increase would be due entirely to appropriation of
nitrogenized matter by the muscular system. Reference to
the tables of diet for these two days shows that the food taken
was about 155 oz. each day, the normal average being assumed
at 90 oz., an excess of a little more than 70 per cent. The
nitrogen taken was about 50 per cent. in excess of the normal
amount. The tables also show a large proportion of non-
nitrogenized matter in the food on those days. The exercise
was only two miles daily. Mr. Weston gained in weight 4.5
1bs. He retained in his system an amount of nitrogen equiv-
alent to 1.11b. In view of the muscular inactivity and the
- large proportion of non-nitrogenized matter in the food, it is
fair to assume that the remaining 3.4 1bs. was due to accumu-
lation of fat. This, however, is a point incapable of positive
demonstration. Taking the entire period of five days after
the walk, the gain in weight was five pounds, which brought
it 4 0z. above the weight at the beginning of the fifteen days.
The excess of the nitrogen of food over the nitrogen of the
urine and fieces represented, for these five days, an acenmnla-
tion of 1.6 Ib. of muscular substance. During this time there
was almost complete repose of the muscular system. The
daily quantity of food was about 61 per cent. over the normal
average, and the nitrogen, about 42 per cent. over the average.
The food contained, also, a large proportion of non-nitro-
cenized matter,

These facts seem to indicate that, after the immense effort
in walking 3174 miles in five consecutive days, for five days
of muscular inactivity, the quantity of food being large and
containing a greater proportion of non-nitrogenized matter
than the food taken either before or during the walk, the mus-
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66 RELATIONS OF UREA TO EXERCISE.

evening,” On this day, the total amount of food and drink
was the same as on the third day, but the nitrogen of the food
was increased by about 23 per cent. The exercise was fifteen
miles, on the fourth day. On the second day, when the tem-
perature under the tongue was 98.4° Fahr. (36.9° C.), the
nitrogen of the food was only 16.08 grains more than on the
third day. The weather was cloudy, the highest temperature,
47°, and the lowest, 37° Fahr.

In the range of temperature during the five days of this
period, there does not seem to be any marked difference due
to the exercise. The variations apparently bear some relation
to the amount of nitrogenized food, the temperature being
high when the nitrogen of the tood is abundant, and low when
the proportion is small. The temperature was markedly
higher on the clear days, without any definite relation to the
external temperature.

The range of temperature for these five days was about
normal, from 98° to 99.7° Fahr. (36.7° to 37.6° C.). In my
work on physiology, I have taken, as the standard tempera-
ture under the tongue, 98° Fahr., subject to variation within
the limits of health of about 0.5° below and 1.5° above.’

- The average temperature for the first period of five days
before the walk, which I shall take as the standard for com-
parison with the temperatures at the other periods, iz 99° Fahr.

(37.2° C.).

Second Period, Five Days of the Walk.—The variations
in temperature during this period are remarkable, and highly
interesting from their possible physiological relations. By
reference to the meteorological table (E.), it will be seen that
the weather during thiz period was generally cloudy, without
much variation from day to day in the thermometer. There
does not appear to be any constant relation, during this pe-
riod, between the temperature and the daily consumption of
nitrogen.

On the first day, between 12.15 A, a. and 10.32} p. ar. Mr.
Weston walked eighty miles. His temperature was taken

' Frasm, Jr., Physiology of Man, New York, 1870, vol. iii., Nutrition, p.
306,
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(8 RELATIONS OF UREA TO EXERCISE.

[t is diffieult to explain satisfactorily the elevation of tem-
perature by 1.8° on the third day, the day of the longest walk,
and the same temperature on the fourth day, when Mr, Wes-
ton broke down completely. The temperature, however, on
these days was still 2.4° below the average of the five days
before the walk, and 2° below the average of the five days after
the walk, The elevation of temperature on the fifth day, by
1.3°, was probably on account of the sleep of nine hours and
twenty-six minutes.

The average temperature during this period was 96.3° Fahr.
(35.7° C.); 2.7° below the average of five days before, and 2.8°
below the average of five days after the walk. The tolerably
uniform depression of temperature during this period of ex-
cessive exertion shows pretty conclusively that severe and pro-
longed muscular exercise diminishes the heat of the body. Tt
has been observed that during, or immediately after moderate
exercise, the heat of the body is increased, and that the actual
temperature of the muscles is sensibly elevated ;* but this is
very different from the immense muscular and nervous strain
to which Mr. Weston subjected himself for five days. The
fact of diminution of temperature during this period remains,
without any explanation, except that it was probably due to
come unusnal condition of the nervous system.

Third Period, Five Days after the Walk.—During this
period, there was but little variation in the temperature from
day to day. On the first day, the temperature was 98.6°
Fahr. (37° C.); 0.7° higher than on the last day of the walk.
This temperature was about normal. On the second day, the
temperature was 98.4° Fahr. (36.9° C.); on the third day,
09.3° Fahr, (37.4 C.); on the fourth day, 98.8° Fahr, (37.1°
C.); and on the fifth day, 97.5° Fahr. (36.4° C.). This
range of temperature was about normal, assuming, as I have
done, that the average is 98° Fahr., with a range of 0.5° below
and 1.5° above. The average temperature for the five days
was 98.6 Fahr. (37° C.), 0.4° less than the average for the five

! For an account of different observations on this point, sce my wm-k_
on Physiology, New York, 1870, vol. iii, Nutrition, p. 413.
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70 RELATIONS OF UREA TO EXERCISE.

The records with regard to sleep, exercise, quantity of
tood and drink, and the composition of the food, were made to
be used in connection with the question of the elimination of
nitrogen, and will not, therefore, be discussed separately. The
cutaneous and pulmonary exhalations were calculated from
the weight of ingesta, urine, and fieces, and the variations in
the weight of the body. As these were not directly estimated,
they will not be discussed under distinet heads.

Variations in the Urine due to Erercise, studied in connec-
tion with the Proportion of Nitrogen in the Food.

In discussing the variations in the urine during the three
periods into which the investigations were divided, I shall
take up first the quantity; then the urea, or the amount of
nitrogen eliminated in the urea, in connection with the nitro-
gen of the faeces, and compare the total elimination of nitrogen
with the quantity introduced with the food ; then the urie acid
and its relations to the urea; and, finally, the inorganic salts
and abnormal matters,

Quantity of Urine.

The most important point to determine in this connection
is whether the immense amount of exercise during the five
days of the walk had any influence upon the elimination of
water by the kidneys. This can be settled with tolerable
accuracy, inasmuch as the liquids taken each day were care-
fully measured.

First Period, Five Days before the Walk.—The range of
variation in the quantity of urine during this period was not
oreat, the extremes being 32.45 13 (960 c. c.), and 46.15 113
(1,365 c.c.). The variations do not present any definite rela-
tion to the quantity of liquids. On the fourth day, with 32.45
1% of urine, the liquids taken amounted to 68.73 3. On
the third day, with 46.15 5 of urine, the liguids taken
amounted to 55.56 lZ. On the third day, when the quantity
of urine was the greatest, the meteorological record is the fol-
lowing : Thermometer, highest, 42° Fahr., lowest, 20° Fahr.
humidity (saturation 100) 61.36 ; “slight rain and slight snow
at 6.15, r.».” The humidity on that day was the greatest of
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72 RELATIONS OF UREA TO EXERCISE,

and on the first day, with 31.59 13 of urine, the liquids taken
amounted to 46.74 f15.  On the second day, the liquids taken
amounted to 104.82 fl 2, and the urine discharged, 46,14 f1 % ,

The average quantity of urine during these five days was
58.14 15 (1,720 ¢. ¢.). The average quantity of liquids taken
was 69.22 15 (2,076.6 c. ¢.).

During the five days after the walk, for every 100 parts of
liquid ingesta, the kidneys discharged 84 parts. During the
five days before the walk, for every 100 parts of liguid ingesta,
the kidneys discharged 58 parts. This is probably to be ex-
plained by the exercise of 8.2 miles daily for the five days before
the walk, which would increase the action of the skin, while
after the walk, the exercise was only 2.9 miles daily.

It will not be necessary to consider under a separate head
the variations in the specific gravity of the urine, as this simply
represents the solid constituents, which will be taken up sepa-
rately.

Influence of Erercise wpon the Elimination of Nitrogen, chiefly
un the Urea, and the Relations between the Nitrogen dis-
charged and the Nitrogen ingested.

As regards the elimination of nitrogen, the investigations
were undertaken chiefly with reference to the influence of the
great amount of muscular exertion during the five days of the
walk. In order to ascertain exactly the amount of nitrogen
excreted at this time, as compared with that discharged under
ordinary conditions, the nitrogen of both the urea and fices
was taken. The proportion of nitrogen in the urie acid, cre-
tine and creatinine of the urine is go insignificant, as compared
with the tofal discharge, that it would hardly at all modify the
results of the caleulations, During the fifteen days, Mr. Wes-
ton took food according to his fancy. At certain times during
the walk, he took immense quantities of tea and coffee; but
the results of the calculations show that the modifieations, if
any, in the discharge of urea produced by those articles, must
have been greatly overshadowed by those due to the mus-
cular exertion. In the discussion of this, the most interesting
and important of all the questions involved, the influence of
food will be treated of from a secondary point of view. As re-
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urea and fieces, 104,45 parts, The exercise was five miles,
The nitrogen. of the food of this day was a little below the
average,

On the third day, the total nitrogen of the urea and fieces
was 330.36 grains (21.405 grammes). The nitrogen of the food
amounted to 272.27 grains (17.641 grammes), much below the
average for an ordinary man, which I put at 310 grains. TFor
every 100 parts of nitrogen of food, there were discharged in
the urea and fieces, 121.8 parts. The exercise was five miles.

On the fourth day, the total nitrogen of the urea and fieces
was 300.57 grains (19.475 grammes). The nitrogen in the
food amounted to 335.01 grains (21.706 grammes), a little
above the average for an ordinary man. For every 100 parts
of nitrogen of food, there were discharged in the urea. and
freces, 89.75 parts. The exercise was fifteen miles,

On the fifth day, the total nitrogen of the urea and fieces
was 820.06 grains (20,737 grammes). The nitrogen of the
food amounted to 440.43 grains (28.536 grammes), very much
above the average. For every 100 parts of nitrogen of food,
there were excreted in the urea and feces, 72.67 parts. The
“exercise was one mile, with ten hours’ sleep.

Taking the averages for the five days, the nitrogen of the
urea and feces daily was 515.09 grains (20.149 grammes),
The daily nitrogen of the food amounted to 339.46 grains
(21.994 grammes). For every 100 parts of mitrogen of food,
there were excreted in the urea and feeces, 95.53 parts, which
may be taken as the normal average under ordinary conditions.

From these figures, the following important conclusions
may be drawn :

1. Under ordinary conditions, about 95 per cent. of the
nitrogen of food is represented in the urea and fweces, the re-
maining 5 per cent. may be put down to nitrogen discharged
in other ways, and to an allowance for error in the estimates,
partienlarly in the food.

2. In view of the extraordinary powers of endurance of
Mr. Weston and his habit of walking long distances, I do not
think that the variations in the amount of exercise during the
five days are to be regarded as sufficient to influence, to any
great extent, the elimination of nitrogen; and I consider that
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directly by the blood, and part passing into the blood by the
Iymph. This fact isillnstrated by the slow accumulation of urea
in the blood after extirpation of the kidneys. If this be the
mechanizm of the production of urea, the increase in its quantity
would be marked for a day or two after the introduction of an
excess of nitrogenized food, which is a fact sufficiently well
demonstrated by actual observation. If the excess of urea
were directly formed in the blood from an excess of nitro-
genized food, being discharged by the wrine and leaving a
stated and but slightly variable amount resulting from the
actual disassimilation of the tissues, its increased discharge
from an excess of nitrogenized food would be more rapidly
developed.

Second Period, Five Days of the Wall.—On the first day
of this period, Mr. Weston walked eighty miles, with one hour
of sleep. The total nitrogen of the urea and fizces amounted
to 357.10 grains (22.167 grammes). The nitrogen of the food
was reduced more than 50 per cent. below the average, amount-
ing to only 151.55 grains (9.820 grammes). TFor every 100
parts of nitrogen introduced, there were 235.63 parts of nitro-
gen discharged.

This enormous discharge of nitrogen, in proportion to the
nitrogen of the food, may be in part explained by the large
excess of nitrogen taken the day before ; but by far the greatest
part can be attributed only to the extraordinary muscular ex-
ertion and the consequent waste of the muscular tissue. The
loss of weight on the first day was 43.2 oz. (1,224.00 grammes.)

On the second day, Mr. Weston walked forty-eight miles,
with 4 hours and 28 minutes of sleep. The total nitrogen
of the urea and freces amounted to 370.64 grains (24.015
grammes). The nitrogen of the food was largely increased,
amounting to 265.92 grains (17.229 grammes). For every
100 parts of nitrogen introduced, there were discharged,
139.89 parts. On this day, there was still a large excess of
nitrogen discharged ; but the proportion per 100 parts of the
nitrogen introduced was reduced by the inerease in the propor-
tion in the food. The excessive discharge of nitrogen on this
day is to be attributed almost exclusively to the museular ex-
ertion of that, and, perhaps, of the previous day.
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78 RELATIONS OF UREA TO EXERCISE,

show that the period had probably arrived when repair of the
muscular substance had become absolutely necessary.

It these facts be aceepted, and, leaving the widest margin
for inaccuracy in the estimates, they cannot involve any con-
siderable error, it is impossible to come to any other conclu-
sion than that excessive and prolonged muscular exertion in-
creases enormously the excretion of nitrogen, and that the
excess of nitrogen discharged is due to an inereased dizas-
similation of the museunlar substance: and it is to be remem-
bered that the experiments upon which this statement is hased
were made with a diet regulated solely by the taste of the indi-
vidual under observation.

On the fifth day, after 9 hours and 26 minutes of sleep, the
system reacted completely, and Mr. Weston walked forty and
a half miles. The nitrogen of the urea and fieces was 832.77
orains (21,561 grammes). The nitrogen of the food was
increased 165 per cent., amounting to 383.04 grains (24.818
grammes). For every 100 parts of nitrogen of food, there
were discharged, 84.27 parts. The absolute quantity of nitrogen
discharged was still very great, but the proportion to the nitro-
gen infroduced was reduced by the great quantity in the food.

On this day, when there was apparent reaction after the
complete prostration of the fourth day, the system seemed to
appropriate nitrogen, as it were, with avidity, to repair the im-
poverished muscular tissue. The weight was increased on this
day by 28 oz. (793 grammes).

A study of the averages for the five days of this period de-
velops points of great interest and importance, some of which
have already heen considered in conneetion with the variations
in weight

Lirst. The absolute discharge of nitrogen by the urea and
fieces for each day, without considering the nitrogen of the
food, is in a nearly uniform proportion to the number of miles
walked. This proportion is but little disturbed, if it be as-
sumed that the influence of the ingestion of nitrogen is pro-
longed for a period of from twenty-four to forty-eight hours.

Second. During the walk of 3174 miles in five consecu-
tive days, for every 100 parts of nitrogen taken in with the
tood, there were discharged in the urea and fmces, 174.81
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S0 RELATIONS OF UREA TO EXERCISE,

the five days of the walk. The nitrogen of the urea and fieces
amounted to 205.70 grains (19.159 grammes), about 18 per
cent. below the average for the five days of the walk. This
reduction in the amount of nitrogen excreted is very significant.
For every 100 parts of nitrogen of food, there were discharged
in the urea and fieces, 76.68 parts,

On the second day, the nitrogen of the food was very much
increased, amounting to 499.10 grains (32.338 grammes). The
nitrogen of the urea and faces was 8358.81 grains (23,248
grammes), For every 100 parts of nitrogen of food, there
were discharged, T1.81 parts.

On the third day, the nitrogen of the food was diminished,
though it still largely exceeded the standard for an ordinary
man. On this day it was 894.83 grains (25.582 grammes).
The nitrogen of the urea and fieces was largely increased,
amounting to 409.87 grains (26.556 grammes). For every 100
parts of nitrogen of food, there were discharged, 103.81 parts.
This excess of nitrogen discharged is to be attributed to the
immense quantity of nitrogen taken with the food on the day
before.

On the fourth day, the nitrogen of the food was in enor-
-mous quantity, amounting to 641.71 grains (41.578 grammes),
more than double the average for an ordinary man. The
nitrogen discharged in the urea and fmces was 352.89 grains
(24.808 grammes). For every 100 parts of nitrogen of food,
there were discharged, 59.67 parts. This proportion was re-
duced by the very large quantity of nitrogen taken with the
food.

On the fifth day, the nitrogen of the food was reduced to
a little below the average for an ordinary man, amounting to
283.35 grains (18.359 grammes). The nitrogen of the urea and
freces was 418.49 prains (27.125 grammes), muech more than
the discharge on any day during the fifteen. TFor every 100
parts of nitrogen of food, there were discharged, 147.69
parts. This active discharge of nitrogen is explained by the
immense amount taken in the food on the previous day. On
this day, at midnight, the observations were terminated.

The daily observations durving this period, taken in con-
nection with those during the five days before the walk, have
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influence thie nrie acid ; but I did not find any confirmation of
this idea in the tables, I caleulated also for each day the pro-
portion of urie acid per 100 parts of urea discharged, with the
view of confirming or disproving the idea that uric acid is real-
ly urea in an imperfect condition of oxidation ; but the results
of these caleulations were also unsatistactory. Finally, I com-
pared the sleep and the meteorological record with the urie
acid, and could establish no relation between them. The
variations were so irregular that it was impossible to trace any
influence upon the uric acid due to food or exercise, even if it
be assumed that the influence might be protracted for a period
of one or more days.

As it is impossible to draw any positive conclusions from a
comparison of the quantities of uric acid excreted day by day,
I can only refer to the averages for the three periods of five
days each.

The average daily excretion of urie acid for the five days
before the walk was 2.26 grains (0.127 of a gramme). The
proportion of urie aeid per 100 parts of urea for this period
was 0.362 of a part.

The average daily excretion for the five days, walking in all

3174 miles, was 3 grains (0.194 of a gramme). The proportion
- of urie acid per 100 parts of urea for this period was 0.409 of
a part. :

The average daily excretion for the five days after the wall
was 1.42 grains (0.082 of a gramme). The proportion of urie
acid per 100 parts of urea for this period was 0.187 of a part.

These results, in view of the inexplicable daily variations
in the urie acid, are not sufficiently definite to lead to any
positive conclusions. As far as they go, they show an increase
in the uric acid of about 33 per cent. during the period of ex-
traordinary museular exertion. During the period of eamplete
muscular inactivity, with an excess of food, the excretion was
diminished about one-half.,

The observations have developed, however, the following
negative facts:

1. Thereis no apparent relation between the increase of urea
and of uric acid, except that both are inereased, with the other
solid constituents of the urine. In other words, in increasing the
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the tissues, or they may come from the tissues, by a process
analogous to that of the production of urea, If these salts
passed directly from the blood, their elimination would be al-
most entirely under the influence of the food, and this in-
fluence would be manifested soon after their introduction. It
~ the phosphates and sulphates of the urine be derived from the
tissues, in the process of disassimilation, when this process is
inereased in activity, as it was during the five days of the
walk, the influence of the food would probably be over-
shadowed by the exaggerated activity of disassimilation, due to
the extraordinary muscular effort. It is not possible to subject
these questions to rigidly scientific inquiry without estimating
exactly the phosphoric and the sulphuric acid in the food. This
was impracticable; but the solid food was so little changed
in its character during the different days of the three periods,
that the variations in its quantity will be, to a certain extent,
2 measure of the introduction of the inorganic salts.

First Period, Five Days before the Walk.—During this
period, the range of variation from day to day was tfrom 43.01
to 67.00 for the phosphoric acid, and from 38.18 to 51.50 for
the sulphuric acid. With one exception, these two acids varied
from day to day in about the same ratio. On the first day,
the phosphoric acid was in large quantity, with a small quan-
tity of sulphuric acid. With the exception of the fifth day,
both the phosphoric and the sulphuric acid were varied in a
tolerably constant ratio to the variations in the nitrogenized
food, being increased with the food, and vice versa. On the
fifth day, when the quantity of nitrogenized food was the
oreatest, both the phosphoric and the sulphuric acid were
Dbelow the average for the five days. On this day, the exercise
was very slight, only one mile.

The most marked and constant variations during this period
were with the exercise, especially in the phosphorie acid. On
the first day, the exercise was fifteen miles; the phosphorie acid
was 51.46 grains (3.334 grammes), the average for the five days
being 50.14 grains (3.262 grammes), and the sulphuric acid was
38.37 grains (2.486 grammes), the average being 41.57 grains
(2.693 grammes). On the fourth day, the exercise was fifteen
miles; the phosphoricacid was 67 grains (4.341 grammes), and
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the sulphurie acid, 51.50 arains (3.337 grammes).  On this day,
the loss of weight was 24 oz (687 grammes), the greatest
amount of loss for any one of the five days. On the gecon d
and the third day, both the phosphoric and the sul plm?'ic m.::id
were slightly below the average for the five days, WIT:II five
“miles of exercise during each day. On the fifth day, with ten
hours of sleep and one mile of exercise, the phosphoric acid
was 43.01 grains (2.787 grammes), and the sulphuric acid,
38.18 grains (2.474 grammes), the smallest quantities during
the five days.

During this period, the increase in the phosphoric and the
sulphurie acid with the exercise was constant.

Second Period, Five Days of the Walk.—During this
period, the ratio of variations between the phosphoric and the
sulphuric acid was constant, with the exception of the fifth
day, when the quantity of sulphurie acid was a little greater
than on the fourth day, while the phosphoric acid was less.
During this period, there was no definite relation between the
quantities of these two acids and the nitrogenized food ; the
influence of the food being apparently overshadowed by the
exercise. The relations between the phosphoric acid and the
exercise were nearly absolute. Taking the exercise from the
highest to the lowest points, the relations were as follows:

Third day. Exercise 92 miles. PO; 102.25 grains (6.625 grammes).

First day. LIPSO Tt “o 8405 Y4 (5504 !
Fourth day. LR g “ 6690 (4208 LU
Second day. “ 48 ¢ Tt 1 AR T R DR
Fifth day. GES S ke S Gl Al R R R e

The variations in the sulphuric acid were not so absolute :

Third day. Exercise 92 miles. SO, 63.T1 grains (4.128 grammes).

First day. Woogp o & 7389 % (dhEE ¢ ),
Fourth day. B Loabifis o S BRA0L, 8 S116 5.
Second day. 445 B AR “ BB.90 ¢ (B.68T R )
Fifth day. o 403 ¢ B had A gl | e

These calculations show a decided and nearly absolute rela-
tion between the excretion of phosphoric acid and the amount
of exercise. On the fourth day, with fifty-seven miles of exer-
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cise, the nitrogen of the food was about forty-six per cent. less
than on the second day, with forty-eight miles of exercise.
This will, perhaps, aceount for the diminished exeretion during
the day of less exercise.

As regards the sulphuric aeid, the conclusions are about
the same ag for the phosphorie acid. The diminished excre-
tion on the second day is also accounted for by the small
amount of nitrogenized food taken on that day.

Third Period, Five Days after the Walk.—During this
period, the exercise was practically nothing ; and this element
does not, therefore, enter into the calculation of the variations
of the inorganic constituents of the urine. Although the
variations in the phosphoric and the sulphuric acid were con-
siderable, as were the daily variations in the nitrogenized food,
there seemed to be no definite relation between them. I shall,
therefore, give for this period simply the extremes and the
averages,

On the third day, the quantities both of phosphoric and of
sulphurie acid were the greatest. The phosphoric acid was
105.68 grains (6.847 grammes). The sulphuric acid was 53.57
'~ grains (3.471 grammes). . On the first day, the phosphoric acid
was least in quantity, being 29.06 grains (1.833 grammes),
with 49.53 grains (3.209 grammes) of sulphuric acid. On the
second day, the sulphuric acid was least in quantity, being
46.07 grains (2.985 grammes), with 46.93 grains (3.041
grammes) of phosphorie acid. A

The averages for the five days of this period were as fol-
lows : Phosphoric acid, 56.89 grains (3.674 grammes); sul-
phuric acid, 49.02 grains (3.176 grammes).

Awverages for the Three Periods—The averages for the
three periods of five days, each show very clearly the influence
of exercise upon the elimination of phosphoric and sulphuric
acid; and the averages for the period of five days before the
walk, and the period of five days after the walk, show the in-
fluence of tood, probably attributable to the phosphates and
sulphates combined with the nitrogenized matters.

For the first period, five days before the walk, the average
discharge of phosphoric acid was 50.14 grains (3.262 grammes),






58 RELATIONS OF UREA TO EXERCISE,

used in cooking for the five days before the walk and the five
days after the walk; but on some of the days of the walk,
particularly the third and fourth, the diet consisted largely of
beef-essence and oatmeal-gruel. No salt was added to the
beef-essence, which was prepared under my own direction, and
very little was used in the preparation of the oatmeal-gruel.

Lirst Period, Five Days before the Wall.—The average
quantity of salt used as a condiment during this period was
34.5 grains (2,235 grammes). During the five days, the pro-
portion of nitrogenized food and the elimination of chloride of
godinm presented no definite relation to each other. The
variations in the cehloride of sodium of the urine were not very
considerable, and had no definite relation to the exercise. The
greatest quantity was on the first day, amounting to 195.02
grains (12.636 grammes); and the smallest quantity was on
the fourth day, when it was 106.68 grains (6.912 grammes).
In the absence of any definite relation between the exeretion
of chloride of sodium and either the food or the exercise, I
can only use the average for this period, which was 159.45
grains (10.331 grammes).

Second Period, Five Days of the Wall.—There are one or
two interesting points in connection with the elimination of chlo-
ride of sodium during this period. The nitrogenized food,
which would contain nearly all the chloride of sodium, was di-
minished 31 per cent., and the average quantity of salt used as
a condiment was 35 grains (2.265 grammes). The average elim-
ination of chloride of sodium by the kidneys was only 65.08
grains (4.217 grammes) ; but a large amount must have been
eliminated by the skin, the average cutaneous and pulmonary
exhalation daily being 138.41 oz. (3,875.18 grammes), against
61.630z. (1,690.91 grammes), for the five days before the walk,
and 62.82 oz. (1,706.78 grammes), for the five days after the
walk,

On the third day, when the food contained, probably, the
minimum proportion of salt, the salt of the urine was reduced
to 44.45 grains (2.88 grammes), about 32 per cent. below the
average for the five days. On the fourth day, it is probable
that a little more salt was taken with the food. On this day,
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Third period, five days after the walk, 312,40 grains (20,241
grammes).

These averages show a great diminution in the chloride of
sodium of the urine during the walk, due in a great measure,
undoubtedly, to a diminution in the quantity of salt ingested.
In the absence of exact estimates of the quantity of salt intro-
duced, it is impossible to state definitely the influence of exer-
cise on its elimination by the kidneys. Probably it is di-
minished, a much larger amount than usual being eliminated
by the skin. An argument in favor of this view is the small
quantity in the urine the day next after the walk, when a
large quantity was introduced with the food.

The only explanation I can offer of the great inerease in
the chloride of sodium durving the five days after the walk is
in the larger quauntity taken with the food, and, possibly, the
cessation of the influences which diminished it in the urine
during the five days of the walk.

Abnormal Matters in the Urine.

There is very little to be said with regard to the abnormal
matters discovered by microscopical exumination of the uri-
nary sediments. During the first period, five days before the
‘walk, there was a constant deposit of octahedra of the oxalate
of lime. During the second period, five days of the walk, the
oxalate was found daily. On the fifth day of this period, in
addition to the oxalate, there was a small quantity of the
amorphous phosphates. The oxalate continued during the
third period, five days after the walk, with the exception of
the fourth day, when there were no abnormal matters. On the
first day of this period, the sediment contained, in addition to
the oxalate, amorphous urates in small quantity. On the sec-
ond and the third day of this period, in addition to the oxalate,
the sediment contained erystals of uric acid. On these days, the
amount of uric acid in the urine, as determined by analysis,
was very slight, and the erystals were probably due to increased
acidity of the urine. I ean offer no explanation of the pres-
ence of any of these crystals in the urine, nor can I connect
them with any of the conditions observed.

On the second and the third day of the third period, five
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