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Invest igat ions of cell division in the thyroid and pa ra thyro id  glands of young ra t s  showed the 
exis tence of diurnal rhythms of mi tos i s ,  whose phase  dynamics has o rgan  and t i s sue  s p e c i -  
f ici ty and differs  f r o m  that of adult r a t s ,  in these organs.  The diurnal rhy thm of mi tos i s  is 
identical in the cells of fol l ic les  of different s i zes ,  but mitot ic  act iv i ty  is reduced  in t h e l a r g e  
fol l ic les .  

Li t t le  informat ion  is avai lable  on changes in the number  of mi toses  during the 24-h per iod  in the thy- 
roid epithel ium of ra t s .  According to Hunt [5], the number  of mi toses  in the thyroid epithelial  cells of adult 
animals  reaches  a min imum at 8 a .m. and a m a x i m u m  at 11 p .m.  Converse ly ,  M0hlemann et al. [6, 7] con- 
s ide r  that the highest  mi to t ic  act iv i ty  of the thyrocytes  of these animals  occurs  at 7 a .m. and the lowes t  at 
10 p.m. It  is difficult to compare  the r e su l t s  of these invest igat ions,  for  they were  c a r r i e d  out a f te r  long 
in tervals  of t ime (8-12 h). No informat ion  could be found in the l i t e r a t u r e  on changes in the mi to t ic  act iv i ty  
in the thyroid gland of young ra t s  during the 24-h period.  

In an e a r l i e r  invest igat ion conducted at 3-h  in terva ls  a biphasic  diurnal rhy thm of mi tos i s  in the epi-  
thel ium and a monophas ic  rhythm of mi tos i s  in the connec t ive- t i s sue  cel ls  we re  found in the thyroid gland 
of adult ra t s .  A diurnal  rhy thm of mitot ic  act iv i ty  in the epi thel ium of the pa ra thyro id  gland also was dem-  
ons t ra ted  in these  animals  [2-4]. 

In the p re sen t  invest igat ion the mitot ic  act ivi ty  in the epithel ium and s t r o m a  of the thyroid gland and 
in the epithel ium of the pa ra thyro id  glands of young ra t s  was studied during the 24-h per iod.  During inves -  
t igation of the reproduct ion  of the thyroid epithelial  cel ls  their  a r r a n g e m e n t  in the fol l ic les  of d i f f e r en t s i ze s  
and in the in ter fo l l icular  complexes  was taken into account so that any dependence of p ro l i f e ra t ion  of the 
thyrocytes  on the i r  different ia t ion and development  could be a s ses sed .  

TABLE 1. Mean Diurnal Fol l icu logram and Cytogram of the Thy-  
roid  Gland in Young Rats 

No., o,f follicles (%) 

No. of follicular cells 
(%) 

39,0 

14,2 

58,3 
P,=0,0001 

63,0 
P1=0,0001 

Class of foll-icles 

3 4 

,9 0,5 
Pl_,~0,001 Pl_s=0,001 

12,5 7,5 
P2~0,0001 Pt_3=0,001 

P2=0,0001 

0,3 
PI_a=O.O01 

2,8 
Pl_2~O,O01 
Pa=O,O02 
P4=0,050 

Note. The subsc r ip t  at tached to P indicates  the c lass  of fol l icles 
with which the r e su l t  is compared .  
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TABLE 2. Height of 
Follicular Cells in 
Thyroid Gland of 
Young Rats during 
the 24-h: Per iod  

Time of Height of 
day ceils (g) 

10 8,0 
13 8,3 
16 8,4 
19 8,6 
22 8,1 
1 9,0 

P10=0,013 
P22=0,026 
4 8,4 
7 8,5 

Mean 
for 24 h 8,5 
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Fig. 1. Changes in mitotic indices 
in thyroid epithelium of young rats  
during the 24-h period. Here and 
in Figs. 2 and 3: abscissa ,  time 
of day (in h); ordinate,  mitotic index 
(in %o). 1) MIFC; 2) MIIFC; 3) MI~; 
4) MI2; 5) MI 3. 

EXPERI~FNTAL METHOD 

Experiments were carried out on 48 young male albino rats 

(mean weight 31 g, age about 20-35 days) receiving a natural diet 

and kept in a natural alternation of daylight and darkness (February). 
The animals were killed 6 at a time at I0 a.m., I, 4, 7, and I0 p.m., 

and I, 4, and 7 a.m. The thyroid and parathyroid glands were fixed 

in Zenker- formol  with acetic acid and sections 6 tt in thickness 
were stained with hematoxylin-eos[n.  The total mitotic index (TIVII) 
of the epithelial cells of the thyroid was calculated for 60,000- 
70,000 thyroetyes.  The mitotic indices of the foll icular cells (MIFC), 
the interfoll icular  cells (MIIFC), and cells belonging to follicles 
of different c lasses  (MI1, lV[I2, etc. ,  depending on their size) were  
determined as described previously  [1-3]. The number of mitoses  
found in the per ipheral  zone of the gland, equal in thickness to the 
diameter  of the field of vision of the microscope  (7 • 40), and in 
the central  zone, occupying the remainder  of the sect ion through 
the organ, was expressed as a percentage of the total number of 
mitoses,  l~II of the connect ive- t issue cells of the gland was calcu- 
lated on the basis of the total number of thyrocytes  examined, lV[I 
in the parathyroid  epithelium was calculated for 10,000-14,000 
cells. All MI values were expressed per  1000. The number of 
interfoll[cular cells also was determined as a percentage,  the r e l -  
ative percentages  of the numbers of different c lasses  of follicles 
(follieulogram) were calculated, and the number of cells in follicles 
of each class (cytogram) was obtained as descr ibed previously [2]. 
The height of the cells in 100 follicles of the thyroid gland was 
measured  in microns  by means of a screw-adjus ted  ocular  m i c r o m -  
eter.  

E X P E R I 1 V [ E  N T A L  R E S U L T S  

It will be c lear  f rom Table 1 that follicles of class 2 accounted 
for more  than half, and follicles of class 1 (microfolltcles) for 
more  than one- thi rd  of all follicles in the thyroid gland of the young 
rats .  The fol l iculogram ref lects  the mtcrofol l icular  type of gland 
s t ruc ture  observed under the microscope.  The class 2 follicles 
also contained the l a rges t  cell population (Table 1). The size of 

the cell populations of the class 1 and 3 follicles was about the same,  but it was 3.7-5 t imes smal le r  than 
that of the class 2 follicles. No change during the 24-h period was found in the relat ive percentages  of fol- 
licles of different c lasses  or in the number of cells in them, and there was likewise no change in the r e l a -  
tive percentage of interfoll icular cells in the gland. The absence of diurnal fluctuations in these values is 
evidently a feature of young ra t s ,  for in the gland of adult rats  these pa ramete r s  vary  in the course  of the 
24 hours [2]. 

The foll icular cells were  highest at 1 a.m. (Table 2). Hypertrophy of the foll icular epithelium may be 
evidence of increased excret ion of hormonal products of the gland into the blood s t r eam at this time, and 
consequently, of the existence of a diurnal rhythm of functional activity of the thyroid gland of the young rats .  

The mitotic activity of the thyrocytes of young animals var ies  during the 24-h period (Fig. 1). The 
highest values of all mitotic indices studied were observed between 7 p.m. and 4 a.m. (P =0.012 and P =0.050 
for the compar ison with 7 and 10 a.m.). TMI changed in a s imi lar  manner  to MIFC in the course of the 24 
hours.  The marked synchronizat ion of the diurnal changes in MIIFC, 1KI1, 1VII2, and MI 3 must  be emphasized. 
In the epithelium of the class  4 and 5 follicles the number of mitoses  was very  small  so that no general  pr in-  
ciples governing diurnal fluctuations in the number of mitoses  and in their cell populations could be estab-  
lished. Unlike the biphasic diurnal rhythm of mitosis  in the thyroid epithelium of adult ra ts  [2, 3], this rhy-  
thm in the young animals was thus monophastc.  Another feature distinguishing the diurnal rhythm of r e -  
production of the thyrocytes in young rats  was the s imi la r i ty  between the dynamics of the rhythms of mitosis  
in the follicles of different c lasses ,  whereas in the thyroid gland of adult animals the charac te r  of the rhythm 
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Fig. 2. Changes in mitotic index in thyroid s t roma  of young rats  
during the 24-h period. 

Fig. 3. Changes in mitotic index in parathyroid  epithelium of 
young rats  during the 24-h period. 

of mitosis  differs in the cell populations of different follicles [2, 3]. Consequently, in young animals the in- 
fluence of development and differentiation of the thyrocytes on the diurnal changes in their  mitotic activity 
has not yet  become c lear ly  manifested. 

Determination of the mean values of the mitotic indices for the 24-h period in the thyroid epithelium 
of the young rats  gave the following resul t s :  TMI 0.78, MIFC 0.73, MIIFC 1.49, MI 1 0.73, 1Vii 2 0.86', MI 3 0.73, 
MI 4 0.10, and 1Vii 5 0.03 (all values expressed in ~ Clearly N[IIFC was twice MIFC, but these differences 
are not significant. The f i rs t  three classes  of follicles likewise did not differ in their number of mitoses .  
However, mitotic activity fell sharply  (by 7.6-26.9 t imes;  P =0.001-0.021) in the follicles of c lasses  4 and 5. 
Although differentiation of the thyrocytes in the young rats  had no marked effect on the charac te r  of the di- 
urnal rhythm of mitosis ,  the ability of the cells to divide by mitosis ,  as in the adult animals,  depends on it. 

On the average for the 24 hours ,  27 and 73% of mitoses ,  respect ively,  were located in the central  and 
peripheral  zones of the gland. Between 1 and 4 a.m. the number of mitoses  in the central  zone was g rea te r  
than in the period f rom 7 a.m. to 10 p.m. (38-44 and 17-28%, respect ively;  P =0.023). Allowing for the fact 
that  the a rea  of the per ipheral  zone as a whole was smal le r  than the a rea  of the central  zone, these resul ts  
point to a much higher intensity of cell division at the per iphery  of the gland than its central  zone. 

As Fig. 2 shows, between 7 a.m. and 10 p.m. the mitotic activity in the connect ive- t issue s t roma  of 
the thyroid gland was low. Mitoses were more  numerous in this region in the period f rom 1 to 4 a.m, (P = 
0.013-0.026). The diurnal rhythm of mitosis  in the thyroid s t roma  of the young rats  was thus monophasic 
and its dynamics was s imi lar  to that in adult ra ts  [3, 4]. 

lV[I in the epithelium of the parathyroid  gland of the young rats  increased twice during the 24-h period:  
at 10 p.m. and at 4-7 a.m. (P =0.0001-0.040 compared with the other  times of day; Fig. 3). The mean diur-  
nal MI was 2.40 ~ By contras t  to the biphasic rhythm of mitotic activity of the para thyroid  cells in the 
young rats  described above, a monophasic diurnal rhythm of mitosis is observed in the para thyroid  gland 
of adult rats  [3, 4]. 

The resul ts  of this investigation thus provide evidence of age differences in the diurnal rhythm of mi -  
tosis in the thyroid and parathyroid glands of ra t s ,  a decrease  in mitotic activity in the course  of differenti-  
ation of the thyrocytes ,  and the existence of organ and t issue specif ici ty in the phase charac te r i s t i cs  of the 
diurnal rhythm of cell reproduction. 
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