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On invest igat ion of the diurnal  rhy thm of the glycogen content in c i rcula t ing  blood n e u t r o -  
phils of eight  heal thy men, a min imum was found at 7:30 A.M. and at 7:30 P.M. and a maxi -  
m u m  at  1:30 P.M. and 11:30 P.M. Changes in the c u s t o m a r y  daily routine consequent  upon 
a sudden change of geographic  zone (during a flight f r o m  Moscow to Khabarovsk  and back) 
led to d is tor t ion  of the diurnal  rhy thm of in t r ace l lu l a r  glycogen m e t a b o l i s m  and to a shif t  
of the rhy thm in t ime .  The diurnal  rhy thm of the glycogen content in the c i rcula t ing  blood 
neutrophi ls  r e tu rned  to no rma l  within a few days.  

Per iod ic  ac t iv i ty  of about 40 functions is exhibited in the human body [3, 11-13]. The exis tence  of a 
rhy thm of ca rbohydra te  m e t a b o l i s m  (blood sugar ,  l ive r  glycogen) has been  demons t ra ted  by s e v e r a l  w o r k e r s  
in an imals  and man during the 24-h per iod and it has been  shown to be dependent upon per iodic i ty  in the 
function of the autonomic nervous  s y s t e m  and endocrine g l a n d s -  pi tu i tary  and adrenal  cor tex  [4, 8]. 

With developments  in aviat ion and space r e s e a r c h  an urgent  need has developed for  an examinat ion 
of the p rob l em of r eo rgan iza t ion  of the diurnal  rhy thms  of physiological  functions in assoc ia t ion  with sud- 
den changes of geographic  zone. Reorganizat ion of daily rout ines ,  p r o g r a m s  of work  and r e s t ,  and so on, 
a re  used in r e s e a r c h  to study the r eac t iv i ty  of  the body and its  compensa to ry  and adaptive mechan i sms  
[2, 5-7]. 

The object  of this invest igat ion was to study the diurnal  rhy thm of glycogen me tabo l i sm  in the blood 
neutrophi ls  allowing for  changes in the rhy thm of the glycogen content a s soc ia t ed  with changes in Climatic 
and t empora l  p a r a m e t e r s .  It  has been  shown that  the glycogen content in the blood neutrophils  r e f l ec t s  the 
s ta te  of ca rbohydra te  m e t a b o l i s m  in the body and is under the control  of the vago- in su l a r  s y s t e m  and the 
s y m p a t h i c o - a d r e n a l  s y s t e m .  

E X P E R I M E N T A L  M E T H O D  

Glycogen was inves t igated in c i rcula t ing  blood f i lms by Shabadash 's  method [9, 10] in eight heal thy 
men aged 24-30  y e a r s  pe r fo rming  physical  work.  The invest igat ion was c a r r i e d  out for  3 days f r o m  7:30 
A.M. until 11:30 P.M. at  in te rva ls  of 3 h. All the subjects  took the i r  mea l s  at  the no rma l  t imes .  At each 
t e s t  200 cel ls  were  counted twice in each of the th ree  p repa ra t ions  (400 cel ls) .  Depending on the i r  degree  
of staining the cel ls  were  divided into four conventional groups:  1) neutrophi ls  with a high glycogen con- 
tent,  s ta ined pinkish-violet  (++ +), 2) cel ls  with an ave rage  glycogen content,  s ta ined br igh t  pink (++), 3) 
cel ls  with a low glycogen content,  s ta ined pale pink (+), and 4) neutrophils  not containing glycogen (0). In 
each group the pe rcen tage  of cel ls  was calcula ted.  The r e su l t s  were  subjected to s ta t i s t i ca l  analys is  and 
the level  of s ignif icance  was P = 0.99. 
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TABLE 1. Average Number of Neutrophils with Different 
Glycogen Contents (wt. %) per  Day 

Convintional group s of neutrophils ( acc. to color} 
Time of day (in 

hours and minutes) o + ++ +++ 

7.30 
10.30 
13.30 
16.30 
19.30 
23.30 

1,0--0,57 
0,7--+0,52 
0,3-----0,25 
0,8--0,5 
1,8~1,0 
0,4-----0,34 

11,8~2,2 
7,0+2,0 
3,7----- 1,3 
6,2~1,5 

11,4-----2,1 
6,2• 1,6 

67,4~ 1,5 
66,5----- 1,7 
64,0"4-2,2 
63,5~ 1,6 
64,0+---9,2 
63,O----- 1,8 

19,8+1,7 
25,8 ~- 1,8 
32,0--2,1 
29,5----- 1,8 
22,8 ~ 1,6 
30,4-----2,0 

A X B % 
50 ~ 1st day 50 t 4th day 
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Fig. 1. His tograms of changes in diurnal rhythm of 
glycogen concentrat ion in circulat ing blood neu t ro -  
phils of subject K during a flight f rom Moscow to 
Khabarovsk and back. A) Initial period; B) r ecove ry  
period. Absc issa :  1, 2, 3, 4, 5) Nos. of blood sam-  
ples taken every 4 h f rom 7 A.M,; 6) blood tes t  imme- 
diately af ter  r e tu rn  f rom Khabarovsk; ordinate -- 
number  of neutrophils (in percent) with different gly- 
cogen content. (For explanation of legend, see text). 

E X P E R I M E N T A L  R E S U L T S  

The mean data for the diurnal rhythm in the 
number  of neutrophils with different glycogen con- 
tents in the eight subjects for a period of 3 days 
a re  given in Table 1. They show that during the 
24-h period the rhythm of the glycogen content 
cor responds  to a curve with two maxima (at 2 
P.M. and midnight) and with minima at 7:30 A.M. 
and 7:30 P.M. These resul ts  a re  in agreement  
with data in the l i terature  for the diurnal rhythms 
of functions of the autonomic nervous sys tem.  

The process  of reorganizat ion of the diurnal 
rhythm of the glycogen content was investigated in 
nine persons aged 24-43 yea r s .  Changes in the 
mode of life were produced in some subjects by a 
flight f rom Moscow to Khabarovsk and back, and 
in other  subjects by ar t i f ic ia l ly  revers ing  the 
t imes  of sleeping and waking (sleeping during the 
day and waking at  night). Blood was investigated 
in the pre l iminary  period (before reorganizat ion) ,  
and also on the 1st  and 4th days of the r ecove ry  
period. At the time of their  r e tu rn  f rom Kha- 
barovsk  a dec rease  in the glycogen content in the 
neutrophils was found in all four subjects .  In two 
subjects there was an a lmos t  sevenfold decrease  
in the number of cells r ich  in glycogen (+++),  
while there were ten t imes more  cells poor ingly-  
cogen (+) than at the same time of day inthe period 
before the flights; inthe other two subjects the c o r r e -  
sponding difference s were a fourfold decrease  in the 
number of cells r ich in glycogen and a sevenfold in- 
c rease  in the number of cells poor in glycogen. 

On the 1st  day of the r ecove ry  period the diurnal rhythm was opposite in charac te r  to that in the 
original period before the investigation began, while the curve of the diurnal rhythm was shifted in t ime. 
In the w r i t e r ' s  opinion this shift cor responded to the diurnal rhythm which had existed in Khabarovsk and 
it was not r e s to r ed  to normal  during the 1st  day af ter  the subjects ' r e tu rn  even though their  life was geared 
to Moscow conditions. By the 4th day of the r ecove ry  period the diurnal rhythm of glycogen in the neu t ro -  
phils of all  the subjects was s imi lar  in cha rac t e r  to that in the pre l iminary  period, with differences only in 
the absolute values.  After 4 days complete r ecove ry  of the initial rhythm of in t racel lu lar  metabol ism was 
still not observed.  Graphs of the reorganiza t ion  of subject  K's diurnal rhythm are  shown in Figs.  1 and 2. 
No complete analogy was found between the p rocesses  of adaptation of in t racel lu lar  metabol ism in the sub -  
jects undertaking the flight or  in the group with r eve r sa l  of sleep and waking, probably because of differ-  
ences in the experimental  conditions. 
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Fig. 2. Dynamics of histochemical coefficient of glycogen 
content in blood neutrophils (after Astaldi) in subject K 
during a flight from Moscow to Khabarovsk and back. Or- 
dinate, glycogen content in neutrophils; abscissa, time of 
day (in hours); 1) preliminary investigation; 2) 1st day 
after flight; 3) 4th day after flight. 

The results showing changes in the diurnal rhythm of the glycogen content in the blood neutrophils in 
response to reorganization of the normal daily routine of the subjects can thus be explained by the activity 
of homeostatic regulatory mechanisms. Because of the high sensitivity of the index used, it is suitable for 
investigation of reactivity of the body and of compensatory and adaptive reactions. 

L I T E R A T U R E  C I T E D  

1. t~. S. Alekseen tseva ,  Fluctuations in the Blood-Sugar Leve l  under  Normal  Conditions and during Ex- 
posure  to Various Fac to r s ,  Doctora l  Disse r ta t ion ,  Khar 'kov  (1946). 

2, R . M .  Baevski i ,  G. A. Nikulina, e t  a l . ,  in: Proceedings  of a Symposium on Biological  Rhythms and 
P rob l ems  in the Development  of Work and Res t  P r o g r a m s  [in Russian],  Moscow (1967), p. 14. 

3o K.M. Bykov and A. D. Slonim, in: The Study of Regulation of Physiological Functions under Natural 
Conditions of Existence of Organisms [in Russian], Leningrad (1949), p. 5. 

4. V.V. Koval'skii and I. A. Pleteneva, Dokl. Akad. Nauk SSSR, Nov. Seriya, 56__, No. 8, 835 (1947). 
5. M.I. Kuksova, Zh. Obshch. Biol., 20_, No. i, 73 (1959}. 
6. M.A. Matova, in: Proceedings of a Symposium on Biological Rhythms and the Development of Work 

and Rest Programs [in Russian], Moscow (1967), p. 20. 
7. G.K. Mikushkin, Kosmich. Biol. i Med., No. i, 32 (1969). 
8o M.I. Mishnaevskii, in: Collected Scientific Transactions of Rostov-on-Don Medical Institute, Book 14 

[in Russian], Rostov-on-Don (1960), p. 323. 
9. L.L. Shabadash, Dokl. Akad. Nauk SSSR, 68___, No. 2, 389 (1949). 

I0. L.L. Shabadash, The Histochemical Investigation of Glycogen in the Normal Nervous System [in Rus- 
sian], Moscow (1949), p. 19. 

11. O.P. Shcherbakova, The Study of the Regulation of Physiological Functions [in Russian], Leningrad 
(1949), p. 16. 

12. I. Aschoff, in: Verhandlungen der 4-ter Konferenz der Internationalen Gesellschaft f[ir Biologisehe 
Rhythmus-Forsehung, Stockholm (1955), p. 50. 

13. E. Biinning, Physiological Clock, Academic Press (1964). 

961 


