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As A. D, Slonim, O. P. Shcherbakova and others have shown [7, 8, 11 - lq], apes show marked daily and 
seasonal physiological variations, O. P. Shcherbakova [14, 16] showed that the degree of  illumination plays a cri- 
tical part in the daily periodicity of several processes. These changes include the so-called motor activity [13 -17], 
metabol ic  rate [8], body temperature [13 - 16], arterial pressure [6], the morphology of  the blood [5], and the 
chemical  constitution of  the urine [13]; In apes body temperature varies over the 24 hour period by 2.5 ~ rising to 
a maximum between 2 and 4 p.m., and falling to a minimum between 2 and 4 a.m. In the morning, the metabolic  
rate may be 9.5% [8] or even 48~ higher than in the evening. I. S. Kanfor [3] studied the da!ly variations in the 
blood sugar when the animals were fed at 9 a.m.,  12 a.m.,  and 5 p.m., which were the usual mealt imes for the breed- 
ing station, and during fasting. When no food was given, hypoglycemia developed rapidly, reaching its maximum 
value by 8 p.m. At night there was a very small increase of  the blood sugar over the evening value. Under normal 
feeding conditions, blood sugar was higher by day than by night. The seasonal effect showed in variations o f  "motor 
activity" [17], o f t h e  blood cells [4], and of  thermal regulation [7]. .- 

As K. M. Bykov and others [2] showed, an important part in the daily variation of physiological functions is 
played by the mutual relationships between cortex and subcortex. The physiological changes associated with the 
t ime of  day and of  year are closely linked to specific changes of  the intermediate metabolic  stages. The determin- 
ation of  the metabolic  mechanisms controlling physiological functions constitutes an important practical and theore- 
tical problem in medicine. As E. M. Cherkovich [10] showed, disturbance of  the 9.4-hourly rhythm of physiological 
function caused by random variations of  the periods of light and darkness may induce neuroses and the development 
of  pathological conditions such as hypertonia or coronary insufficiency. In this connection it is of  interest to study 
the metabol ic  changes associated with the physiological rhythms. 

To detect any daily or seasonal metabolic variations, in the present work we have followed changes in the 
chemical  constitution of  the blood, and have measured the concentrations of  sugar, cholesterol, residual nitrogen, 
ATP, inorganic and acid-soluble phosphorus, and plasma proteins. 

M E T H O D  
Blood sugar was determined by the Hagedorn-Iensen method, cholesterol by Levchenko's method, residual 

nitrogen by Asel's method, protein by the Robinson-Hogden method, ATP by the amount of  inorganic phorsphorus 
formed after hydrolysis for 7 minutes in 1 N hydrochloric acid (ATP was precipitated from the trichloroacetate fil- 
trate by the addition of mercury acetate)  The inorganic phosphorus was determined after precipitation with mag-  
nesia N. N. V. mixture by the color reaction with eukonogen. 

In the diurnal experiments, we used sexually mature male  and female hamadryl baboons. During the experi- 
ments the animals were fed at the normal times, i.e. at 9.00 a.m. and at 1.00 and 5.00 p.m. Blood was taken from 
the ulnar vein at 9:00 a.m. and at 1:00 and 5:00 p.m. directly before feeding, and at 1:00, 5:00, and 9:.00 a.m. of 
the following days. In one set of  experiments, in order first to extinguish the orienting reaction to the experimen- 
tal set-up, blood was collected at 10:00 a.m. and 5, 10, 15, 30, 60 and 120 minutes after the start of  the experi- 
ment, just as in our investigation on the animals used as controls for the blood sugar curves taken after a quantity 
of  sugar had been given [1]. The experiment was counted as starting at 12:00 noon. Blood was then taken at 4*.00, 
8;00, and 12:00 p.m.,  and 4:00, 8:00 a.m. and 12 a.m. on the following days. In between times at which blood 
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was collected, the animals were set free in the cage in which they were normally kept. Blood sugar determinations 

were made from the blood samples taken a short time before the beginning of each day's experiment. 

To study the chemical composition of the blood during the course of the year, two Rhesus macaque monkeys, 
three hamadryl baboons, and two green marmoset tamarins were used. All of the animals were males. Blood tests 
were made monthly, and the animals were maintained in the usual way. As we have shown previously [1], through 
extinction of the orientating reflex to the experimental set-up, some of the blood indices changed as repeated tests 
were made on a single animal  On this account, before the experiments to determine the effect of the season on 
blood constitution, the animals were adapted to the procedure of removing blood in order to extinguish this orientat- 
ing reflex. 
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Fig. 1. Sugar and ATP content of blood of hamadryl ba- 
boons, showing variation over 24 hours, 1) Blood sugar in 
24-hourly experiments, after previous extinction of the 
orientating reaction; 2) blood sugar in the 24-hourly ex- 
periments without previous extinction of the orientating 
reaction; 3) blood ATP, expressed as mg per cent of la-  
bile phosphorus; 24-hourly experiments, and previous ex- 
tinction of the orientating reaction; 4) blood ATP, in 24- 
hourly experiments without previous extinction of the 
orientating reaction. 

RESULTS 
The diurnal variation in the chemical con- 

stitution of the blood of a hamadryl baboon is shown 
in Fig. I and in the table. As can be seen from Fig. 1, 
the blood sugar reached its minimum value at 
8-9:00 p.m. In lhe experiments in which the ori- 
entating reaction was first extinguished, the max- 
imum blood sugar level was reached at 4:00 a.m.. 
and without extinction at 9:00 a.m., i.e., at the 
start of the experiments. The greatest divergence 
between mean values of the blood sugar over a 
24-hour period in the two experiments was statis- 
tically significant. In the experiment in which the 
orientating reaction was first extinguished, taking 
blood a short time before the start of the daily ex- 
periment caused a temporary drop in the blood sug- 
ar level, but it recovered 1.5 hours after the start 
of the experiment. This hyperglycemic reaction 
is typically associated with the orientating reaction 
to the experimental set-up, and it becomes extin- 
guished. 

In both sets of experiments, the lowest blood 
sugar level occurred 4-5 hours after the last meal. 
However, despite the fact that no food was taken 

before morning, during the night the blood sugar gradually increased. Such changes can scarcely be attributed to 
the consumption of food. As L S. Kanfor [3] showed in experiments on three apes, taking food at the normal times 
eliminates the most marked hypoglycemia, which developed during the second half of the daily experiment. How- 
ever, in his experiments, in which the animals fasted, at night the blood sugar rose a few mg per cent over the even- 
ing level. We m~st note that in the diurnal experiments, the minimum blood sugar level occurred at the sametime 
as the minimum fnetabolic rate, as determine by Q P. Shcherbakova. Apparently, in apes the blood sugar is to a 
certain extent related to the rate of energy exchange. In this connection, the changes of such a high-energy com- 
pound as ATP arc interesting. Although the variations of the blood ATP over a 24-hour period were not statistically 
significant, we must nevertheless note the reduction in mean level at the same time, 8:0(!-9'00 p.m. (Fig. 1). The 
results obtained in the two sets of experiments differ somewhat. Without extinction of the orientating reaction, 
there was some increase in blood ATP between the beginning of tim experiment and 5:00 p.m. Apparently this in- 
crease was associated with the phenomenon of extinction of the orientating reaction. The minimum ATP in this 
set of experiments occurred at 1:00 a.m., and at 9:00 p.m. In the experiments in which the orientating reaction 
was first extinguished, the blood ATP was maintained at a more stable level. Some reduction occurred at 8:00 p.m. 
and at 12:00 noon on the following days. 

The simultaneous reduction of the sugar and ATP at times when the metabolic rate was low shows that the 
concentration of these substances in the blood plays quite an important part in the regulation of energy exchange. 

The results on the variation over a 24-hour period of blood cholesterol,plasma proteins, residual nitrogen, in- 
organic and acid-soluble phosphorus are shown in the table. The diurnal variations of these indices are statistical- 
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ly insignificant. In the experiments in which there was no extinction of the orientating reaction, the cholesterol 
change followed that of the sugar. Minimum blood cholesteroloccurred at 9:00 p.m., i.e. at  the t ime when the 
metabolic rate and the ATP and blood sugar levels were minimal. 

The results of the investigations into the seasonal changes of the chemical constitution of the blood (Fig. 2) 
show that blood sugar, cholesterol and ATP underwent regular changes. The variations of the blood sugar were stat- 
istically significant. In winter, the blood sugar feU, and ATP and cholestrol rose above the summer values. Residual 
nitrogen, inorganic and acid-soluble phosphorus and plasma proteins showed no regular changes related to the season. 
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Fig. 2. Variation during one year in the lower apes of the blood con- 
tent of (1) sugar; (2) cholesterol; and (3) ATP in mg per cent of labile 
phosphorus. 

The increase of ATP in the blood during the cold season indicated that the resultant increase of energy pro- 
duction is brought about by an increase of tissue respiration associated with pbosphorylation and notwithany indepen- 
dent respiratory process. The increase of blood ATP in winter may explain the reduction of the blood sugar level, 
which might be due to increase of the hexokinase reaction, and to the consequently more rapid utilization of glu- 
cose by the tissues. 

Thus the results of the studies of the changes in the chemical composition of the blood of apes in relation to 
the t ime of day and to the season confirm the suggestion that blood sugar and blood ATP play a definite part in the 
physiological mechanism for the regulation of the intensity of the energetic processes. 

SUMMARY 
Experiments were carried out on male and female hamadryl baboons daily throughout a 24-hour period. The 

blood sugar and blood ATP fell to a low level at 8-9:00 p.m. Concerning seasonal variation, we showed that the 
blood ATP and cholestrol blood contents increased during the cold season, whereas the sugar level dropped. The 
residual nitrogen, inorganic and acid-soluble phosphorus, and plasma proteins showed no regular seasonal or 24- 
hourly changes. Comparison of these results with variations of the metabolic rate in apes indicated that the blood 
sugar and blood ATP levels were possibly concerned in controlling energy changes in relation to external en- 
vironmental conditions. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as Riven in the original Russian journal. Some or all of  th i s  per i -  

od i ca l  l iterature may well be available in English translation. A complete Ust of the cover-to- 
cover Engl ish translations appears at the back of this i ssue .  
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