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One of the factors influencing the daily mitotic rhythm is the functional  activity of the ~rgans [1-3, 5-10, 16]. 

Most authars have concluded that there is an inverse relationship between this quantity and the mitotic division of 

its cells. However results concerning the relationship between the mitotic activity of the liver and its glycogen-for-  
mat ion are contradictory. It has been shown [18] that division of the hepatic cells is associated with a reduction of 
their glycogen content; also [6] that at the period of maximum mitot ic  rate, in the rat liver there is a min imum 
amount of glycogen, and at the t ime of min imum mitosis, glycogen formation is maximal .  

However it has been frequently asserted [11, 14, 15] that the max imal  glycogen content occurs during the night 
and early morning, when the number of mitoses is max imal  [4, 17]. 

The object of the present investigation has been to determine the nature of the relationship between liver gly-  

cogen formation and mitotic activity. 

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

The work was carried out on 232 white male  rats weighing 160-180 g. For two weeks the animals were kept 
on natural food which was given at 9 a.m. 

In the I set of experiments carried out on 128 rats the animals were first fasted for 24 h, and then at 10 a.m. 

were given food which was left in the cages for one h. From 10 a.m. onwards eight rats at a t ime were killed for 
24 h. The first five killings were made at an interval  of one h, and the others at two-h intervals. 

In the II set of experiments made on 104 rats the animals were also fasted for one day, and then were allowed 
to take food for one h at 10 p.m.; the animals were killed at two-hourly intervals on the same day. 

Pieces of the left liver lobe were fixed in Carnoy. In each case mitoses were counted in 500 fields of view, 
which included 13,500 nuclei of hepatic cells. 

For histochemical  determination of the glycogen, pieces of the same liver lobe were fixed by the method of 
Shabadash by use of fuchsin-sulfuric acid. Histological sections were measured on a microphotometer MF-4. The 

count was made on a linear galvanometer scale reading up to 100. The microphotometer magnified 21 times. We 
measured the absorption of the light over the whole section. Because of the gradual penetration of the fixative into 
the piece of tissue, the central  portions of the section of the glycogen content appeared to be lower than at the 
periphery. Therefore photometric measurements were made separately at the periphery and at the center. 

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

The results obtained in the I series of experiments (in the morning) are given in Table 1 and Fig. 1. 

The curves of mitot ic  activity corresponds mainly  to the diurnal curve showing the number of mitoses in the 
rat liver as obtained previously in this laboratory [4]. 
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TABLE 1. Changes in the Mitotic Activity 

and in Light Absorption in Parenchymal 
Cells of the Liver When the Animals were 
Fed at t0 a.m. 

Time at 
which the 
animals 
were 
kilted 

10 
11 
12 
13 
14 
16 
18 

Light absorption 
Mitotic ] 

cgeffi-  l a tpe r i -  at ' 

cmnt (%) phery center 

20 
22 
24 
2 
4 
6 
8 

10 
12 

0,94 
0,31 
0,06 
0,28 
0,08 
0,04 
0,05 
0,06 
0,04 
0,19 
0,19 
0,03 
0,,02 
0,83 
0,03 
0,08 

32 
36 

51 
52 
58 

55 

67 
68 
59 
48 
44 

22 
24 

36 
37 
44 

39 

52 
52 
45 
34 
29 

A considerable number of mitoses (0.94%) was found at 10 a.m. 
in a rat which had been fasted for 24 h. By 12 a.m. the number had 

fal len (0.06%, P = 0.07), and remained depressed unti l  6 a.m. on the 
following day. By 8 a.m. the number had increased. A comparison 

of the mean  number of mitoses occurring between 4 and 6 a.m. with 

those at 8 a.m. showed that the latter was significantly larger (P 
= 0.0001). By 10 a.m. on the next day the number had again fallen 
(P = 0.03). 

Thus a 24-h period of fasting followed by feeding for one h at 
10 a.m. did not influence the diurnal periodicity of mitosis. Similar 
results on the preservation of the d iumalmi to t ic  rhythm with a s imi-  

lar arrangement of the experiment have been obtained in a study of 
pancreas [8], and of the epi thel ium of the mucous membrane of the 

fundus of the stomach in the same rat [9]. 

It must however be pointed out that at 8 a.m. on the second 
day the number of mitoses was less than the maximum number under 

normal feeding conditions [4]. 

The amount of glycogen in the hepatic cells reached a m i n i -  
m u m  value at 10 a.m., when the rats had been fasted for 24 h. After 

they had been fed the number gradually increased (between 10 and 
14 h this increase was statistically significant, P = 0.0001), and 
reached a maximum in the night at 2 and 4 h. Starting at 6 h the 

amount of glycogen gradually fell  (P = 0.0001). 

Thus the min imum amount of glycogen was found in the fasted rats; it increased after they had taken food for 

one h, and was mainta ined at a high level  for the next 18 h. 

The results of the II series of experiments, in which the animals received food for one h (at 22 h) are shown in 
Table 2 and in Fig.2. 

In this series of experiments, despite the fact that the animals were being fed in the evening, the curve of 
mitotic activity remained the same as in animals whose access to food was not restricted [4]. An increase in the 

number of mitoses between 22.00 hs and 6.00 hs, and a reduction in the number bet,veen 6.00 hs and 8.00 hs was near-  

ly significant (P = 0.03 and 0.04). In the subsequent h, the numbers of mitoses varied irregularly. 
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Fig. 1. Changes in mitotic activity and in light absorption in liver paren- 

chymal  cel lswhen the animals were fed at 10 a.m. 1) Number of mitoses; 
2) optical  density in the central  part of the section stained for glycogen; 
3) optical  density at the periphery of the section, stained for glycogen. 
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TABLE 2. Changes in the Mitot ic  Act iv i ty  

and Degree of Light Absorption in the Par- 
enchymal  Cells  of the Liver when the An i -  
mals were Fed at  22 h 

T~lle at 
which the  
a n i m a h  
were killec 

Mitotic 
zoeffi-  
zient (%) 

Light absorption 

a t p e r i -  
phery . at  center 

2 2  
24 
2 
4 
6 
8 

t0 
12 
1 4  
16 
18 
20 
22 

0,21 
0,25 
0,42 
0,95 
2,92 
0,33 
0,95 
0,29 
0,36 
0,40 
0,52 
0,10 
0,17 

37 
41 
42 
41 
72 

. 66 
60 
48 
37 
40 
48 
47 
39 

25 
33 
31 
30 
54 
55 
50 
34 
27 
29 
38 
34 
27 

70 
50 
50 
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Fig. 2. Changes in the mi to t i c  ac t iv i ty  and de -  
gree of light absorption in the pa renchymalee l l s  
of the liver when the animals were fed at  22 h. 
Indications as in Fig. 1. 

Consequently a dai ly  fast and a change in the h of feeding did not influence the diurnal  rhythm of mi to t i c  
ce l l  division. 

The amount  of glycogen in the fasting animals (at  22.00 hs), and in the fasted animals  of the morning series 
was very small .  It was only at eight  h after feeding (at 6.00 hs) that the amount  of glycogen rose sharply; after 
10.00 hs the amount  again fe l l  and remained at  a low level  during the dayt ime.  By 18 h there was a s ignif icant  i n -  
crease in the amount of glycogen (P=0.0001),  and i t  fe l l  again 24 h after feeding ( i .e . ,  at  22.00 hr). 

Consequently the low mi to t ic  ac t iv i ty  observed at  22.00 hs corresponds to a low glycogen content.  At 6.00 hs, 
i .e . ,  during the period of m a x i m a l  mi to t ic  ac t iv i ty  the glycogen level  also reached a max imum value. There was 
then a reduction in the number of mitoses and in the glycogen content  of the hepat ic  cells.  

From these results it  can be seen that after an evening feed the diurnal changes in the mi to t ic  act ivi ty  and the 
glycogen content  were of the same type. 

Thus the nature of the dai ly  per iodic i ty  of the mitoses is main ta ined  whether the animals are fed in the morn-  
ing or in the evening. At the same t ime the change in the glycogen content  depends upon the t ime at which food is 
taken. The relationship between the position of glycogen in the l iver and the t ime at  which food is taken has l~een 
pointed out [12]. The greatest  amount of glycogen was found six and twelve h after food had been taken; after 18 h 
the amount had fallen,  and after 48 h had disappeared comple te ly .  It has also been pointed OUto[14, 15] that when 
the animals  are fasted for a short t ime there is an a l tera t ion  to the change of g lycogen content .  The authors of [13] 
have also pointed out the important  part of nutrition in the diurnal  cyc le  of glycogen formation; they obtained curves 
showing two peaks of change of g lycogen content  when rats, chickens, rabbits, or guinea pigs were fed at different 
times of day. A change in the t imes of feeding inevi tably  led to an al terat ion in the  t ime at  which glycogen was 
deposited in the liver. Apparently glycogen formation in the liver is more labi le  than the mi to t ic  rate.  A change in 
the t ime at  which the animals are fed may  easily al ter  glycogen deposit ion in the l iver,-whereas a longer t ime is r e -  
quired to change the diurnal mi to t ic  rhythm. 

The results we have obtained allow us to suggest an explanat ion of the contradict ion between the diurnal 
changes of mi to t ic  ac t iv i ty  in the l iver  and the amount of glycogen deposited, as reported by other authors. It ap -  
pears that the effect is to a large extent  due to the fac t  that  in their work the t ime  at which the animals were fed 
was not re la ted  to the diurnal  change of glycogen content.  

When our preparations were examined i t  was found that when deposited at  the period of max imum deposition 
l iver glycogen is formed in large c lear ly  stained clumps. At  a period of the max imum deposit ion and when the 
amount is falling, the glycogen takes the form of fine weakly stained granules. 
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In preparations made in the evening experiment ,  when a maximum mito t ic  act ivi ty  and glycogen content  co in -  
c ided we found in some cases that the glycogen in the dividing ceils had been displaced towards the periphery, and 
in others that i t  was evenly distributed throughout the whole cel l .  Certain cei ls  dividing mi to t i ca l ly  contained less 
glycogen than those which were not dividing. 

However it  cannot be said that there is no glycogen in mi to t i ca l ly  dividing cel ls  or that the quantity is reduced 
by an amount related to the phase of ce l l  division. 

S U M M A R Y  

Mitotic ac t iv i ty  and glycogen content  in the l iver of white rats was measured one h after feeding at 10 a.m. 

or 10 p.m. after a 24-h fast. Irrespective of the t ime at which the rat was fed t h e m a x i m a l  mi to t i c  ac t iv i ty  was 
found to occur between 6 and 8 a .m. ,  and the min ima l  rate during the greater  part of the 24 h. When the animals 
were fed in the morning the g lycogen content rose gradually,  reaching a max imum at a period when mi to t ic  ac t iv i ty  
was min imal .  With an evening feed the highest g lycogen content  occurred at 6 a .m. ,  at  the period of maximum 
mi to t i c  rate.  Subsequently both the number of mitoses and the glycogen content  decreased.  

Thus there was no direct  relationship between glycogen formation and mi to t ic  act ivi ty .  
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