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Most investigators of the physiology of sleep, in reporting their
findings, remind their readers, by way of apology, of the tremendous
importance of the subject for the advancement of our knowledge of
physiology as a science, as well as for the rational treatment of insomnia.
They also like to record the fact that the average individual spends more
than a third of his life in sleep, has been doing this from time im-
memorial, and raise the question whether eight hours or more of sleep
a day really constitutes the minimum penalty for keeping awake the
reat of the time. It seems reasonable to suspect that as in the case of
protein consumption, there is & large “factor of safety” in the amount of
sleep we are getting, and that it could be considerably reduced without
impairment of health or loss of efficiency. This and other questions
related to industrial physiology, especially physiology of fatigue, can
be answered only by a thorough systematic study of the subject. But
curiously enough, there are scarcely a dozen investigators engaged at
any one time in the study of this great physiological mystery, and most
of these workers are psychologists. It seems that because animals
are not very well adapted for this work and the human beings that are
available cannot be dissected, physiologists have allowed the psy-

~chologists to tackle this problem as best they could. Present day text-
books of physiology contain but a few short references to the subject,
usually antiquated, and some texts (Starling's, for example) ignore the
subject entirely. Luciani’s four-volume work is the only textbook that
treats the subject adequately, but unfortunately it is not in general use
as a manual. Thus most medical students first encounter sleep in their
study of pharmacology, and there they learn several easy ways of
putting a person “to sleep.” In this manner the “practical’” aspect of
the problem for them at least is solved. If we recall that textbook
writers generally do not peruse psychological literature in bringing out
.their new editions, it will be réadily understood why the work of many
able investigators has not been brought to the attention of our students.
67
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In this paper references will be made to both physiological and psycho-
logical literature. One of the best books ever written on the subject of
sleep is Pi¢éron’s Le Probléme Physiologique du Scmmeil (1), which
besides embodying the results of original research on sleep from the
histological, biochemical and physiological standpoints (this by a
psychologist!) contains & valuable and exhaustive bibliography brought
up to 1912. To save space references will be given only to those papers
which appeared after 1912, or have not been included in Piéron’s
bibliography; others referred to as (P) will be found in Piéron’s
bibliography.

Sleep should be studied not only in man, but in animals as well.
Little work has been done on the comparative physiology of sleep, and
at present we have no good criterion for determining whether an animal
is asleep or not. Thus some people endow even plants with the ability
to sleep, while others restrict sleep to animals with a nervous system,
“‘no matter how rudimentary’” (8). In these studies experiments were
made on men and dogs, and this, the first paper of the series, contains a
report of the results obtained on the human subject.

Mersops. The method of experimental insomnia appeared to be
best suited as & beginning, for two reasons. In the first place, it should
enable us to study the behavior and reactions of & subject deprived of
sleep for a number of days, the concomitants of prolonged wakefulness
and, if possible, to see whether all the changes that the various theories
of sleep postulate actually occur; and in the second place, it should
permit us to observe the concomitants of deep dreamless sleep, such as
we could expect the subject to lapse into at the end of the period of
experimental insomnia. The first to use this' method on man were
Patrick and Gilbert (P) who in 1896 kept three persons awake for a
period of 90 hours. They performed a number of psychological and
physiological tests during the experiment and on the day following the
completion of the experiment, but had no normal control with which to
compare their results. The test was made only once, and the individual
findings will be referred to in various places in the course of this and
following papers. In 1916 Smith (3) performed a number of psycho-
logical tests upon herself, studying primarily the effects of fatigue. On
some occasions she studied the effects of the loss of one night’s sleep.
More recently Robinson and Herrmann (4) reported results obtained
on three subjects who had been subjected to a period of experimental
insomnia lasting 65 hours. They tested the subjects’ muscular strength
(Smedley’s hand dynamometer), steadiness, aiming, ability to name
letters and to do mental arithmetic. In this case the period of sleep-
lessness was preceded and followed by normal periods of observation of
some days’ duration (11 to 26 before and 4 to 5 after the test). They
likewise performed the insomnia experiment only once.
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In this study we employed six subjects, all young adults, male students
at the University of Chicago. Each of these went through one or more
sleepless periods. The duration of the experimental insomnia varied
in different tests from 40 to 115 hours. Thus as regards the number of
subjects used, the number of periods of insomnia and the maximum
duration of sleeplessness, this method has been considerably extended
by our experiments. Most of the work that involved long periods of
normal control testing was done on the writer, who went through more
than a dozen sleepless periods himself. The other subjects were used
to check the results obtained on him.

The original intention was to keep conditions as uniform as possible
and to have only one variable—absence of sleep. The subject was
supposed to undress and go to bed at the usual hour, to relax his muscles,
and keep awake throughout the night. This was found impossible of
accomplishment, because the subject always fell asleep some time during
the night. Attempts to keep awake by sitting in a reclining chair were
likewise unsuccessful. The only method that was found to work con-
sisted in having the subject keep moving throughout the night, with
ghort periods of rest sitting down. Even in that case he would fall
asleep shortly after he sat down, and he therefore had to be watched
continually throughout the period of insomnia, especially at night-time.
On some occasions even this method was only partially successful,
because the subject would fall asleep as soon as he was awakened, and
unless the observer made him walk it was impossible to keep him awake.
For these reasons the experiments were not strictly insomnia tests, but
insomnia plus a certain amount of muscular activity during the night,
activity that a person would not engage in if asleep. The results
obtained and reported below may be partly at least due to this increased
muscular work. But from the standpoint of intoxication theories of
sleep this could not be considered a drawback. On the contrary, the
intoxication, if present, should only be accentuated by the products of
muscular activity. On the other hand, the perpetual falling asleep
during certain hours of the night might be looked upon as short aimost
momentary “naps,” and it might be argued that they would have some
restorative power, and would enable the subject to go without sleep
longer than he could otherwise. The method then is not perfect, but it
is the best we could devise at this time.

For the determinations of the pulse, temperature, respiratory rate and
blood pressure, the subject was allowed to lie completely relaxed for at
least 15 minutes, and in measuring basal metabolism, for at least 30
minutes. Only in one series of tests were the measurements taken
with the subject in the sitting position, and this for purposes of com-
parison. All these determinations were made daily at 7 am. The
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pulse was counted by ordinary palpation of the radial artery, the count
being made after the subject’s hand had been held for over one minute.
Respiratory rate was determined by observing the movements of the
pointer on the cylinder of the spirometer at a time unknown to the
subject. Temperature was measured by & one-minute certified clinical
thermometer, which was kept under the tongue for at least five minutes.
For blood pressure we used the Tycos sphygmomanometer, making all
determinations in duplicate. Basal metabolism was measured by means
of the Benedict portable respiration calorimeter (5), using as a basis
oxygen consumption only. Analysis of the blood was usually made
late in the afternoon. For the red and white blood count we used the
Neubauer counting chamber, Hemoglobin was determined by means
of Sahli’s hemoglobinometer, using Dare’s hemoglobinometer as a check.
For blood sugar determinations the Folin-Wu method was used, and
the alkaline reserve of the blood or the plasma was determined by the
Van Slyke method. The percentage of corpuscles was determined by
the hematocrit method.

In our urine work we partitioned the 24-hour sample into two parts.
What we call the day urine is & 16-hour sample from 6 a.m. to 10 p.m.;
the night urine, an 8-hour sample from 10 p.m. to 6 am., the period
devoted to sleep. All previous workers divided the 24-hour urine into
two 12-hour samples, their “night urine” including not only the urine
excreted during the eight hours of sleep, but also that of four hours of
wakefulness. Thus the data we present show the activity of the kidney

.during wakefulness and during sleep, normally and during the hours
usually devoted to sleep in our periods of experimental insomnia. We
also studied the activity of the kidney during periods of “reversed
routine,” that is, sleep during the day and wakefulness at night. Camp-

* bell and Webster (6) have recently reported similar experiments on the
secretory activity of the kidney on a reversed routine, but they allowed
their subjects to eat at night, thus introducing new factors. In our
experiments in which two subjects were used for many weeks, the meal
hours were fixed at 8 a.m., 12 m. and 9:30 p.m., so that the subject on
“reversed routine,” sleeping from 1 p.m. to § p.m. did not have to change
his meal hours. No attempt was made to keep the diet absolutely
uniform, and these are to be regarded not as metabolism experiments,
but as a test of the secretory rhythm of the kidney and its possible
persistence or change during changed conditions, In the urine analysis,
for total nitrogen the modified Kjeldahl method was employed, for
creatinine the Folin method, using pure creatinine solution asa standard;
chlorides were determined by the ordinary Vollhard method; phosphates
by the uranium acetate method; and total acidity by the Folin titration
method.
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In the tests made during the sleep following insomnia the heart rate,
respiratory rate, temperature and blood pressure were determined as
above. The pupillary reflex and the position of the eyes were examined
by gently spreading the eyelids with the fingers, and flashing a light from
a pocket flashlight. The skin of the face was stimulated by touching it
with sharp pieces of paper, and the reflex movements of the arms and
hands on both sides were observed. The plantar reflex was deter-
mined by passing & pencil along the inside and outside aspects of the
soles, the foot being illuminated by a flashlight. The subjects very
rarely woke during these tests, and their general reflex behavior was
observed during the several determinations.

Resvrrs: Subjective observations during insomnia. While there were
differences in the subjective observations of the subjects in the course
of the experimental insomnia, they were so slight that a common de-
seription for them all will suffice. During the first night the subject did
not feel very tired or sleepy. He could study or read or do laboratory
work, but felt an attack of drowsiness between 3 and 5 o'clock in the
morning. There were some itching or burning sensations in the eyclids
during the night. In the morning the subject felt as usual, except for a
slight indisposition which always appeared when the subject sat down
to rest. As long as he kept moving, and especially if he engaged in
laboratory work, he did not feel any urgent desire to sleep. Onthe
second night he felt sleepier much earlier, or else felt a peculiar “buzzing
in the head,” or else a sensation of emptiness, not only in the head but
in the entire body. Similar sensations were described by the subjects
of Patrick and Gilbert and of Robinson and Herrmann. It was more
difficult to keep awake during the second night, and the dryness of the
eyes often became very unpleasant. It was found impossible to read
or to study, because sitting would cause the subject to fall asleep.
However, even during the second night work requiring manipulations
and movement from place to place could be carried on with great ease
and had the effect of banishing the desire for sleep. On the day follow-
ing the longing for sleep subsided again, and the person could perform
routine work as usual. He had great difficulty, however, in keeping
awake at lectures. Even if he did not fall asleep while listening to the
monotone of the lecturer, he had difficulties in taking notes. Alter a
few words had been written in the correct fashion, his hand would begin
to slip in executing the delicate movements of writing, would slide across
the paper, and instead of words there was unintelligible scribbling.
. A new effort would make the hand write properly, but only for a short
time. The lecture hour was a trying one for every one of our subjects.
On the third night the desire for sleep was still more accentuated, but
on the day following the subject again felt much better. On this day
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taking lecture notes was entirely impossible, as the peneil would fall
out of the subject’s hands after he had been sitting for a short while.
Laboratory work was possible, as on previous days. Attempts to
count one’s own pulse were almost always unsuccessful, because the
subject would lose trend of the count after he had reached twenty or
thercabouts, or else would become extremely drowsy. Only one sub-
ject (N. K.) kept awake for a fourth night, and he reported momentary
dreams during the night, whether walking, standing or sitting. No
hallucinations had been experienced by any of our subjects. The sub-
jective feeling of drowsiness was not any worse after 115 than after 60
hours of wakefulness, and if the subject was engaged in an interesting
conversation, he felt no desire for sleep at any time during the experi-
ment. Likewise, a trip to an “all-night” café proved to a number of our
subjects that interest in their surrounding had a powerful effect in
dispelling all the subjective symptoms of drowsiness and depression.
Lying down had the effect of inducing immediate sleep. This was
observed on the subject whose basal metabolism was measured every
morning during the period of insomnia, and who had to relax completely
for this purpose. The observer had to keep a very close watch over him,
and even so he managed to fall asleep while his companion det,ermined
his blood pressure (this may partially account for some of the low blood
pressure values obtained). Usually on lying down for & minute or so
the eyelids drooped without closing (relaxation of the levator palpebrae
super.}, and the subject saw double because of the divergence of the
eyeballs. Shortly after that the eyes closed, unless the subject was
disturbed. If the subject was aroused as he was falling asleep in the
horizontal position, it was a matter of seconds before he was asleep
again. We may sum up by stating that subjectively all the individuals
tested felt sleepier during the night than during the day following; that
drowsiness could be dispelled by any form of muscular activity and
sleepiness accentuated by inactivity; that it was more difficult to stay
awake while sitting than while standing and entirely impossible while
lying; that at times the subject felt a greater need to sit down or lie
down and rest than to sleep. None of the subjects employed experi-
enced any loss or even diminution of appetite during the period of
insomnia.

Objective observations during insomnia. In appearance the victim of
experimental insomnia did not differ from his fellows. In fact no
observer could tell & person who had not slept for several nights from a
normal individual. This was true, however, only of the subject who
was engaged in some kind of activity. When he sat down, one could
see that he was extremely sleepy, even in the daytime. At night the
observer had to watch the subject very closely. It was amusing to
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note that some subjects used ruses to escape the watchful eye of the
observer. After being roused many times they pretended to get up for
a stroll in the corridors of the building, but would actually walk over to
some corner, sit down and fall asleep almost immediately. On other
occasions the subjects would become irritable and resent being aroused
every few minutes. They would pretend that they were not falling
asleep, would roundly deny the fact. However, in all cases a short walk
would restore the subject’s good disposition and banish his drowsiness.
The mental power of the subject was normal so far as could be deter-
mined. We performed a few tests on letter naming and on mental
arithmetic, but our results were negative, confirming Robinson and
Herrmann (4). Only in the subject who was kept awake for more than
four days could some deficiency in mental power be observed. This
consisted in temporary semi-dreaming states. In onc case, early in the
morning of the fifth day of insomnia, the subject was looking up
logarithms of some numbers as they were called off by the observer.
After some time the latter noticed that the subject’s movements became
mechanical and began to watch him as he looked up the various
logarithms. He found that the subject invariably located the loga-
rithms and called them off correctly, but once in response to & number
whose logarithm he had located, instead of calling off the latter, said:
“It is because they are against the system.” On being questioned the
subject admitted that all the time he was looking up the logarithms |
he had been under the impression that he was having a heated argument
with the observer on the subject of labor unions. It is interesting to
note that one of Patrick and Gilbert’s subjects went through a similar
experience during a weight lifting experiment, when instead of saying
“number one,” said “trimmings,” and afterwards admitted to have
dreamt during the experiment.

Our quantitative results will be found summarized in three tables.
Patrick and Gilbert found a progressive increase in weight of their
subjects during insomnia. We could not confirm this. Blood sugar
and whole blood and plasma CO; determinations were made on two
subjects (N. K. and M. P.). No variations that did not fall within the
diurnal curve could be detected. Likewise, erythrocyte and leucocyte
counts, percentage of hemoglobin and percentage of corpuscles, studied
in one subject during several sleepless periods, showed no deviation
from the normal. The absence of any change in the alkaline reserve
of the blood is significant in that it shows that no toxic acid product
accumulated in the blood during sleeplessness. The values for the heart
rate, respiratory rate, temperature, blood pressure and basal me-
tabolic rate, all obtained on subject N. K., are given in table 1. The
normal days include the period preceding and following sleeplessness
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tests, and the figures constitute the average of all the daily observations
made. Besides the several periods of sleeplessness there was one 5-day
period of complete fasting (4 observations) which was introduced mainly
as a check on the accuracy of the basal metabolism determinations.
In series 1, with the subject in the horizontal position, the average
heart rate at 7 a.m. for 33 days was 74 per minute. The average ob-
tained during three periods of insomnia (7 observations) was 62. In
series 2, with 14 normal days and one period of insomnia of 4 days, the
values are 75 and 62. The heart rate during insomnia was 17 per cent

TABLE 1

Showing the effect of insomnia and fasting on the average heart rate, respiratory
rate, temperalure, syslolic and diastolic blood pressure and

basal metabolism
NUMAER CONDITION HEEART I:PI.BA’A‘ T':;::A' ALOON FRAESIURR .:::‘."o_
OF DAYS OF SURJ ECT RATE TO E B”tdic I Disstolic LIsM
Series 1
C. calories
33 Normal 74 14 36.15 110 72 1491
7 Insomnia 62 14 36.07 105 67.5 1500
4 Fasting 80 14 36.20 114 77 1643
Series 2
14 Normal 75 14 36.50 107 72.5 1527
4 Insomnig 62 12 36 .43 101 67 1569
Series 3
15 Normal 85 15 36.83 110 83
4 Insomnia 79 13 36.80 116 88

Subject N. K.; observations made daily at 7 a.m. In series 1 and 2 subject
was in the lying position, in series 3 subject was seated.

lower than normal, and individual counts were as low as 56 per minute.
In series 3, comprising 14 normal days and one 4-day insomnia period,
with the subject in the sitting position, the decrease in heart rate result-
ing from sleeplessness was 6 beats per minute, or 7 per cent. During
the fasting period the heart rate increased about 8 per cent. Respira-
tory rate showed no change in series 1, and a decrease of two respirations
per minute in series 2 and 3. The temperature showed no change either
during sleeplessness or during fasting. An interesting observation as
regards the temperature variation, when it was recorded every two or
three hours in several subjects during a number of tests, was the notice-
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able “damping” of the diurnal temperature wave. A good example of
this is shown in figure 1, which respresents the temperature curve during
a 115-hour period of insomnia. The reader will note that the difference
between the temperatures taken at 1 p.m. and 1 a.m. following was 1.38
degrees on the first day, 1.12 on the second, 1.00 on the third, 0.85 on
the fourth and 0.68 on the fifth. While not all our temperature curves
are as nearly diagrammatic as the one plotted, they all show the same
tendency for the temperature to be equalized, indicating that the
- diurnal temperature rhythm is dependent upon sleep for its persistence.
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Fig. 1. Diurnal temperature curve during a 115-hour insomnia period. Circles
on the curve indicate temperatures at 1 p.m. and 1 a.m. It will be noted that
the difference between the temperatures taken at 1 p.m. and 1 a.m. becomes
progressively smaller,

The blood pressure, both systolic and diastolic, was lower during the
insomnia periods, when it was taken with the subject in the horizontal
position; with the subject seated, it showed a rise. It also rose during
fasting. The basal metabolic rate did not vary with lack of sleep.
This may be only apparent, because the subject would continually fall
asleep during the determination, and be continually awakened by the
production of sharp metallic sounds. The momentary spells of sleep
might have lowered the consumption of oxygen, while the awakenings
involving as they do increased muscular tension, might have tended to
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increase it. Comparative respiration curves on normal days and on
sleepless days are shown in figure 2. On the whole there was a slight
rise in basal metabolism during insomnia in both series 1 and 2. During

Fig. 2. Respiration tracings secured by means of the Benedict portable respi-
ration calorimeter. Upper tracing taken on & day preceding the period of in-
somnia. The middle two tracings were taken on the third and fourth days of
insomnia. The lowermost tracing was taken on the morning following the termi-
nation of the insomnia test. Reduced twice.

fasting the basal metabolic rate was markedly increased, which is in
agreement with the results obtained by Xunde (7) under similar
conditions. (4
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Observations during sleep following insomnia. The subject of the
insomnia experiment, at the end of the period, usually retired at 10 or
11 o’clock in the evening. The observer visited his bed-chamber at
about 1 a.m. and again at 4 a.m. It was the invariable impression of
the observers (as judged from general reflex irritability) that their
subjects slept more deeply on the second visit than on the first. The
values of the heart rate, respiratory rate, systolic and diastolic blood
pressure and temperature taken during the first sleep following the
period of insomnia in one subject are given in table 2. They show that

TABLE 2

Observations on the heart rale, respiratory rale, temperature and blood pressure
during sleep following period of insomnia

BALOOD PREMIURE
oare  |wea mae| ST | PRI i
Systolic | Disstolic
First call—1 a.m.
o howrs
12- 3-22 71 12 35.60 97 62 64
12-13-22 63 12 35.80 08 66 90
1-27-23 68 12 {1 36.20 94 62 115
2-13-23 66 12 36.10 103 76 65
2-24-23 75 14 36.00 98 76 115
Average...... 69 12.5 35.95 98 68
Second call—4 a.m.
12- 3-22 60 11 35.70 96 64
12-13-22 62 14 35.90 096 64
1-27-23 63 12 36.25 95 65
2-13-23 66 12 36.10 103 76
2-24-23 72 12 36.10 101 74
Average...... 64.5 12 36.00 98 68.5

the respiratory rate was about the same at both hours, but that the
heart rate was lower at 4 o’clock. In other subjects the respiratory
and heart rates varied, sometimes being lower on the second observation,
sometimes higher. The temperature did not vary from 1to4a.m. The
blood pressure was low, but not much lower than the pressure shown
in the morning during the insomnia periods. The general behavior of
the subject varied with the amount of sleep lost and with the usual
depth of the person’s sleep. Thus the sleep of one subject (N. F.)
was normally much deeper than that of other subjects after two or three
sleepless nights. But as a rule the sleep was deeper the greater the loss
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of sleep during the preceding period of insomnia. The unavoidable
sounds made by the observer rarely aroused the sleeper, but occasionally
seemed to disturb him. The eyes were always found rolled up and out,
but sometimes returned to their normal position wher the eyelids were
spread apart. The pupils were frequently but not always found
markedly constricted, but in one subject (S, L.) they were widely
dilated. Every one of our subjects showed a positive pupillary reflex,
but the response was very slow, it sometimes taking several seconds for
the pupil to contract. There was no resistance to the insertion of the
thermometer into the subject’s mouth. The sleeper never closed his
mouth tight enough to break the thermometer. The application of the
sphygmomanometer cuff in some cases aroused the subject, but he
always fell asleep before the reading was taken, as was evidenced by
resumed snoring. Brushing the cheek with a rolled piece of tissue paper
from the ear to the corner of the mouth often elicited a facial grimace
and a movement of the hand, intended to scratch the stimulated spot.
There was no strict homolaterality about this response. As a rule,
the right hand would respond when the right cheek was stimulated,
but if this hand was under cover and the left hand exposed, the latter
would respond instead. In a few cases both a direct and a crossed
reflex were elicited by this method. Plantar stimulation snvariably
elicited a positive Babinski in every one of our subjects during the sleep
following insomnia, and in the deep sleeper referred to above (N. F.)
during an ordinary night’s sleep. Not only was there an extension
but also a spreading of all the toes. This reflex could be obtained any
number of times, provided a suitable interval (15 to 20 seconds) was
allowed between successive stimulations. If the sole was scratched at
shorter intervals, several extensor responses were followed by an exten-
sion-and-flexion, later by fiexion of the toes, and either an attempt to
rub the sole with the other foot or a flexion of the leg upon the thigh.
On several occasions a crossed as well as direct Babinski was observed.
Stroking the surface of the posterior tibial region from the tendo Achilles
to the fossa of the knee usually resulted in a prompt flexion of the knee.
All these tests were made without waking the sleeper, and if they did
not follow each other too closely, without disturbing him. The duration
of sleep following a period of insomnia was not much greater than
normal.

Analysis of urine. In our urine work we first studied the excretion
of total nitrogen in one subject (N. K.). The period covered 45 days
of normal routine which preceded and followed two sleepless periods
of 65 hours each, and one fasting period of 5 days. The normal average
excretion of nitrogen was 14.477 grams in 24 hours, 9.911 grams for the
day (16 hours) and 5.066 for the night (8 hours), or 0.619 gram and
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0.633 gram per hour respectively. During the insomnia period the
average was 15.323 grams in 24 hours, 10.538 grams for the day and
4.785 grams for the night, or 0.659 gram and 0.598 gram per hour.
There was then a slightly greater excretion of nitrogen in the daytime
during insomnia, but the diffcrence is not great enough to make it
significant. During the fasting period 11.805 grams of nitrogen were
excreted in 24 bours, 7.730 grams for the day and 4.075 for the night
(0.483 gram and 0.509 gram per hour respectively).

In a second series of experiments we used two subjects, N. K. and
M. P. The results obtained are summarized in table 3. Both subjects
had supposedly normal kidneys, and their urines showed neither
albumen nor sugar. But when they were tested by means of the
phenolsulphonephthalein excretion method, M.P.’s kidney function
was found to be perfectly normal, whereas N.K.’s kidneys seemed some-
what below par. We are presenting the results obtained in both
subjects, but as N.K. appears to be slightly nephropathic, more weight
will be given to the figures obtained on M.P. From the table it will
be seen that N.K. secretes more urine at night than in the daytime.
That this increased secretion is dependent upon sleep can be seen from
the fact that on a reversed routine he secreted more in the daytime
than at night. M.P. secretes much more urine during the waking

. hours than while asleep, and the rate of the hourly secretion during the
-day was decreased on a reversed routine. During insomnia N.K.

secreted less urine at night, further indicating that the increased night
secretion under normal conditions was due to sleep. From these results
it will be seen that the excess night secretion of urine by the nephritic
or nephropathic kidney is connected not with the time of day, but with
the condition of sleep. The phosphate excretion per 24 hours was
almost twice as great in N.K. as in M.P. In either case, however, there
was a slight diminution of phosphates on a reversed routine, and a
slight increase during insomnia. N.K. excreted slightly less P at night
than in the daytime, but this difference is greatly magnified (from 3.5
to 13.5 mgm. per hour) on a reversed routine. M.P. normally excretes
much more P during the night, and this condition is strikingly changed
ob a reversed routine, The results obtained on both subjects show that
a certain amount of the phosphate excreted bears a direct relation to

. sleep. The excretion of phosphates during the sleepless nights is less

than normal in both subjects, confirming this conclusion. The same

. results were obtained by Campbell and Webster (6) on their 3- and 4-day

periods of reversed routine, but, as stated above, in our experiments
sleep was the only variable. Practically the same relations hold true
for total acidity as for phosphates, confirming the observation of
Campbell and Webster on the parallelism between the excretion of
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TABLE 3
The secretory aclivily of the kidney on a normal rouline, ‘“‘reversed”’ rouline, and
during cxperimental insomnia

AYERAGE | AVERAGE YOR “DAY" |AVERAGE FOR “NiGrT"
BUBJECT TYFE OF TEAT m::: roR
24 mouvna 18 hours [ 1 hour 8 hours 1 hour
1. Volume of urine in cubic centimeters
N. K. { Normal 45 1063 680 43 383 43
Reversed 4 1054 749 47 305 38
Insomnia 8 1009 700 44 309 39
M. P. | Normal 35 1498 1173 73 325 41
Reversed 12 1422 1090 68 332 42
* 2. Phosphates, in milligrams of P
N. IX. | Normal 45 1063 728 45.5 335 42
Reversed 4 1027 808 50.5 219 27
Insomnia 8 1121 821 51 300 37.6
M. P. | Normsal 35 581 339 21 242 30
Reversed 12 528 433 27 95 12
Insomnia 2 647 418 26 229 29
3. Total acidity in cubic centimeters of N/10 acid
N. K. | Normal 45 546 366 23 180 23
Reversed 4 482 354 22 128 16
Insomnia 8 530 360 23 170 21
M. P. | Normal 35 269 165 10 104 13
Reversed 12 232 168 11 64 8
Insomnia 2 217 104 7 113 14
4. Chlorides, in grams of Cl
N. X. | Normal 45 6.01 4.47 0.280 1.54 0.193
Reversed 4 5.40 3.54 0.221 1.86 0.233
Insomnis 8 4.92 3.55 0.222 1.37 0.171
M. P. | Normal 33 | 657 | 507 | o317 | 150 | 0.188
Reversed 12 4.85 3.19 0.200 1.46 0.183
Insomnia 2 6.58 5.50 0.350 0.99 0.124
5. Creatinine, in milligrams
N. K. | Normal 45 1088 1334 82 646 80
Insomnia 8 2064 1438 90 626 78
M. P. | Normal 35 1862 1276 80 586 74
Reversed 12 1034 1378 86 556 70







