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In the present communication we present results of investigations into the influence of pharmacologic
sleep upon the creatine phosphate (CP) in the brain and internal organs. Part of our material has already been
published [2).

The experiments were done on white rats. Sleep was produced by the subcutaneous introduction of a 2.5%
solution of sodium amytal in the dose of 0.1 g. of the dry preparation to 1 kg wt. Such a dose produces a sleep
lasting about 3 hours. Pain reflexes are preserved.

The following tissues were studied: brain, skeletal muscle, heart, liver, kidneys, spleen and gonads.

As is known, CP has a very labile bond. Therefore the brain samples have to be taken with definite pre-
cautions.

We used in our work a technique that we had worked with previously, [3]. The rats under light ether nar-
cosis were immmersed by the back portion of their head into a vessel with liquid oxygen. It is interesting to ob-
serve that when this is done the rat continues to breath almost up to the completion of freezing. . The blood
stays bright red, being saturated with oxygen. Besides this, it should also be noted that the use of this method
of freezing the brain does not produce convulsions, which is very important in studying muscles, We attempted
also other methods of obtaining brain tissue, in part, by freezing the entire rat without narcosis. But with this
method we always obtained lower levels of CP in the brain.

Therefore we recommend our method of freezing onmly the head, (especially under narcosis) when labile
bonds are being analyzed inbrain tissue, the freezing beginning from the posterior portion. By means of this
method we were able not only to obtain higher levels of labile phosphorus bonds but also a smaller variation in
the brain as well as in the muscle.

In Table I, are given the data on the content of CP in the normal brain, as well as during the period of
sleep produced by sodium amytal.

As can be seen from Table I, the CP content of the brain during sleep is increased. In the period of
awakening, when the rats are beginning to make feeble movements, the CP content diminishes, although it does
not reach the levels established in control animals. The maximum elevation of CP in the brain occurs about
one hour after the beginning of sleep.

What, then, is the mechanism of the heightening and subsequent lowering of the CP level in the brain
during the period of sleep? The rapidity with which the heightening is attained, as well as the return lowering
almost to base level, compels the supposition that the process of redistribution takes place among the various
fractions of acid-soluble phosphorus. ’

We attempted to prolong the sleep in animals by additional introduction of the hypnotic (2 hours after
the beginning of sleep), supposing that there might be prolongation of the sleep and an increase in the CP. We
were unsuccessful in this as the animals withstood the additional hypnotic very poorly, convulsions being frequent-
ly observed; the level of the CP in these animals dropped.
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TABLE 1

CP Content in the Brain of White Rats. During Normal and Sodium Amytal
Induced Sleep

Pharmacologic sleep-

Control ,/ :
animals 5 minutes 1 hoir 2 hours 27-3 hours
(mmﬂent °§
. ‘awakening
Creatinine from CP (in mg %)
35.3 40.5 53.4 49.4 - 42.4
37.7 44 .4 ) 54.9 46.0 48.7
31.0 40.1 58.3 45.8 48.3
32.3 42.1 55.6 46.4 35.6
31.7 22.4 51.8 44.0 43.9
38.6 : 45.3 52.0 - 49.2 38.6
35.8 42.5 51.5 44.5 50.2
30.1 47.8. 54.7 48.2 37.1
30.3 41.3 53.3 47.3 —
36.1 40.3 52.9 47.4 -—
38.4 41.6 50.1 46.8 e
35.1 — . 49.8 — —
34.4 — — — —_
Average 34.3 42.5 53.2 46.8 43.1

TABLE 2

The Phosphorus Content in Skeletal Muscles in White Rats During Normal and Sodium Amytal Induced Sleep

Control Animals After 1 hour and 30 min. of sleep
Inorganic Phosphorus | Creatinine | Acid soluble Inorganic | Phosphorus |Creatinine | Acid soluble
phosphorus | (from ATP | from CP phosphorus in- | phosphorus | from ATP | from CP phosphorus
in (mg %) |in mg %) (in mg %) 1{(mg %) Ll (nmg%) I(inmg%) |(inmg%) | (@{in mg%)
32.0 21.7 174 132 32.0 26.4 206 127
29.1 26.0 157 128 27.3 32.0 219 137
34.3 32.0 206 136 30.5 40.5 260 156
30.0 31.2 207 142 23.0 36.0 239 144
37.0 30.7 211 , 141 22.2 30.3 201 120
25.8 24.4 181 122 18.7 32.5 222 121
21.1 39.0 193 139 24.1 36.4 221 136
30.0 42.0 208 143 27.3 34.9 235 142
20.0 31.0 185 124 19.0 35.0 232 135
28.5 28.2 189 140 22.0 29.8 215 129
Average I Average
28.8 31.0 191 133 24.5 33.4 226 135

According to these findings it is difficult to think that sleep serves the period of restoration of the high---
energy phosphorus bonds which have been used up in the period of wakefulness, as is the opinion of some in-
vestigators [ 5]. All that the rat has to do is to begin feeble movements at the end of the sleep period to have
the CP content begin di‘opping almost to normal.

The changes in the CP levels during the period of sleep in rats seem to point, rather, to the conclusion
that there is really a weakening in some other chemical processes during both sleep and wakefulness. It is pos-
sible that the indicated changes in the CP level during sleep are connected with a diminution in the processes
of oxidation and glycolysis. Owing to this the consumption of high-energy phosphorus bonds is reduced and
in accord with the lowered metabolic rate, their equilibrium with other phosphdrus compounds is restored, i.e.,
there must occur, apparently, changes comparable to those observed in the muscles when they change from a
condition of rest to intensive work and vice versa.
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TABLE 3

The CP Content in the Organs of White Rats Normally and in the Period of Sleep Caused
by Sodium Amytal

-Creatinine from CP v Creatinine from CD
(in mg %) (in mg %)
. Organ
Organ Sleep 8 N 1 Sleep 1
Normal 1 hr, 30 miny orma hour 30 min.
Heart 10.4 22.0 Gonad 2.2 0,0
15.4 15.0 0.0 1.2
19.2 18.1 0.0 0.1
25.8 14.2 0.7 0.0
19.8 16.3 0.0 0.0
14.2 13.8 0.0 0.5
—_ 22.0 - 0.4
Average ' 17.5 18.2 Average 0.5 0} 3
iver. 3.8 4.7 Spleen 2.3 2.8
Liver 3.8 3.9 plee 2.0 4.9
2.2 3.8 1.1 3.1
3.7 2.5 2.5 3.7
3.5 4.5 1.6 2.2
00 3.2 2.7 3.2
- 2.8 — 3.0
Average 2.8 . 3.6 Average 2.0 3.2
Kidneys 1.1 3.3
1.5 2.1
2,6 1.8
3.1 3.0
0.2 5.4
1.9 1.5
2.3
Average 1.7 2.8

It appears to us that the supposition concerning the redistribution of the acid-soluble phosphorus fraction,
is confirined by the findings of our experiments in which we determined separate fractions of the acid-soluble
phosphorus in the muscles of rats both in the waking state and in the period of sodium amytal induced sleep,
[Table 2].

The creatine phosphate in these experiments was determined, as in the brain, by creatinine and adeno-
sinetriphosphate (ATP) determined by the phosphorus which separated after boiling it for ten minutes in 0.1 N
HCl after prehmlnary prempnatlon with barium acetate. The inorganic phosphorus was determined by the
difference between the phosphorus determined by the method of Fiske-Subbarow in the fraction inorganic phos-
phorus + CP phosphorus, and the phosphorus calculated for creatinine from CP,

‘As seen from the data in Table 2, in the muscles of rats during the period of sleep, for 1 hour and 30
minutes there continue certain changes in the phosphorus content of certain fractions of the acid soluble phos-
phorus. Especially noticeable is the elevation in the CP level (on the average about 18%) and some lowering
of the inorganic phosphorus level (around 15%).
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We could not determine any marked increase in the ATP level during the period of sleep, as was deter-
mined in the work of §.F. Epshtein [ 5], although it should be noted, that this author produced sleep in rats by
a somewhat different method which was somewhat more prolonged. It is a cause for surprise that S. F. Epshtein
found low levels of CP phosphorus in normal rats (on the average, 18.8 mg). Even if we determined CP by the
old method (by its phosphorus), we found levels averaging 40 mg %. The values of the inorganic phosphorus
in the muscles of normal rats appear, contrariwise, quite high (61.3 mg%). It is to be regretted that the author
does not state how he obtained his material and how he made the phosphorus determinations.

In Table 3 are shown the results of experiments tracing the influence of pharmacologic sleep upon the
CP contejit in other organs of white rats.

The tahulated results shown in Table 3 appear o prove that the heights of the CP levels of the various
organs in the animals (in liver, kidneys, spleen), with the exception of the seminal vescicles in the period of
sleep are somewhat higher than in the waking state. But it must be said that these and other quantities are
so small that we can only speak of traces of CP. It is qifficult to ralk of an accumulation of this substance in
the period of inhibition. The increase is so insignificant that it is within the limits of the errors of the method
(e.g., the data on the CP content in the heart). The absence of CP in the gonads deserves further examination.
It cannot be found here either in the waking state or in the period of sleep. In spite of the high level of
creatine in this organ, apparently synthesis of CP for some reason does not oceur here.

Our experiments permit the following conclusions.

In the period of sleep induced by sodium amytal, there occurs a definite elevation of CP in the brains
of rats. At awakening the level falls, remaining however,somewhat ahove base level,

During the period of sleep there also is a noticeable CP elevation in the muscles of rats as a result of a
redistribution of the fraction of acid-soluble phosphorus, at which time there is a definite decrease in the
quantity of inorganic phosphorus, The ATP level is elevated very slightly.

In the liver, kidneys, and the spleen, during the period of sleep as well as during the period of wake-
fulness there are only traces of CP. In the heart its level during the period of sleep is practically unchanged,
In the seminal vescicles, CP is not found either during sleep or wakefulness.
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