
The r e su l t s  of  the study of the intensi ty of  nuc lear  labeling showed that  the propor t ion  of in tensively  
labeled nuclei falls  s ignif icantly with age (P < 0.05 for  all  mi togens)  whereas  the number  of weakly labeled nu-  
clei  r i s e s  cor responding ly  (for lymphocytes  s t imula ted  by PEA and con A P < 0o01, for  lymphocytes  s t imula ted  
by ATS P < 0.05), whether  the indices of the p ro l i f e r a t ive  r e sponse  d e c r e a s e  with age or  no significant  d i f -  
f e rences  in these  indices a r e  found. Since the incorpora t ion  of [3}t]thymidine is known to re f l ec t  DNA synthe-  
s i s  by the cell  in the S phase  of the cell  cyc le  [2], the r e su l t s  desc r ibed  above can be in t e rp re t ed  as  a d e c r e a s e  
with age in the propor t ion  of c e l l s  in tens ively  synthes iz ing DNA under the influence of the mi togens  on the 
third day of cul ture .  Considering these  findings,  and a lso  those of Barbaruk  [1], who obse rved  an e a r l i e r  d e -  
c r e a s e  with age in the num ber  of m i t o s e s  than in the number  of b las t  ce l l s  in cul tures  s t imula ted  by PHA, and 
the repor ted  shif t  of the m a x i m u m  of the r e s ponse  to phytomitogens  in cul tures  of PBL f rom old people c o m -  
pa red  with young f rom the th i rd  to the fifth day [6], it can be postulated that with age the re  is a reduct ion in 
the  propor t ion  of ce l l s  among the PBL that  " reac t  m o s t  quickly" to s t imulat ion by mi togens .  At the s ame  t ime ,  
the re la t ive  propor t ion  of ce l l s  " reac t ing  slowly" to mi togens  i n c r e a s e s .  Under these  c i r c m n s t a n c e s  qua l i t a -  
t ive changes in r eac t iv i ty  of  the PBL to mi togens  evidently p recede  the d e c r e a s e  in magni tude of the p r o l i f e r a -  
t ive r e sponse .  

LITERATURE CITED 

1.  Lo G. Barba ruk ,  Tsi tol .  Genet. ,  No. 1, 28 (1974). 
2. Oo Io Epifanova and V. V. Tersk ikh ,  The Method of Autoradiography in the Study of Cell Cycles [in Rus-  

s ian] ,  Moscow (1969). 
3. A~ I~ P ivovarova ,  Zh. Nevropatol .  Ps ikh ia t r . ,  No. 8 ,1191 (1974). 
4. A . N .  Cheredeev ,  Med. EeL Zh., Sect~ XXI, No. 10, 26 (1975). 
5. T . P .  Maznina and S. G. Kushner ,  J.  Immunol . ,  117,818 (1976). 
6. B~ S. Foad, L. E. Adams ,  J~ Jamanch i ,  et a l . ,  Clin. Exp. Immunol . ,  17 ,657  (1974). 
7. A . L .  Goldstein,  G. B. Thurman ,  Go H. Cohen, et a l . ,  "The role  of thymosine  and the endocr ine  thymus on 

the ontogenesis  and function of T ce l l s , "  in: Molecular  Approaches  to Immunology,  New York (1975). 
8. L. Lindach and K. Kiess l ing ,  Exp. Cell Bes . ,  70, 17 (1972). 
9.  P . A .  Henkar t  and 1% J. F i scher ,  Jo Immunol . ,  114,710 (1975). 

10. Vo T. Skoog, T. H. Weber ,  and W. Richter ,  Exp. Cell Res . ,  8 5 , 3 3 9  (1974). 
11. C~ Teasda le ,  J.  Tha tcher ,  R. H. Whitehead, et  a l . ,  Lancet ,  1_, 1410 (1976). 

BIORHYTHMS OF 

OF THE THYROID 

V. L. Bykov 

t l I S T O P H Y S I O L O G I C A L  I N D I C E S  

G L A N D  A T  D I F F E R E N T  A G E S  

a n d  G.  S. K a t i n a s  UDC 612.441"5"] .087.4:543.42 

Bhyttunic changes in s e v e r a l  h is tophysiological  indices of the thyroid gland were  studied in 
144 A / H e  mice  of t h ree  age groups :  young (sexually immatu re ) ,  sexual ly  m a t u r e ,  and aging. 
The rhythm of each index was found to be mul t icomponent  in c h a r a c t e r ,  including a c i rcadian  
component  and a lso  infradian and ul t radian fluctuations.  The leading ro le  of the c i rcadian  c o m -  
ponent in the fo rmat ion  of b iorhy thms of the o rgan  was es tabl i shed,  whereas  the i r  ad jus tment  
during ontogeny is due ma in ly  to a reduct ion in the power of the ul t radian components~ 
KEY WORDS: his tophysiological  indices;  biological  rhy thms;  thyroid gland; age changes .  

Numerous  b iochemica l ,  radioisotopie  and morphologica l  invest igat ion have demons t r a t ed  the cycl ic  c h a r -  
a c t e r  of  thyroid gland act ivi ty.  At the s ame  t ime ,  the re  is indi rec t  evidence of the mul t icomponent  composi t ion 
of b io rhy thms ,  as is shown in pa r t i cu l a r  by the i r r e g u l a r  shape of the curves  and the i r  s eve r a l  m a x i m a  [6, 9, 
11], although the au thors  just  cited did not ment ion this .  No spec t r a l  ana lys i s  of  the rhy thms  has  been c a r r i e d  
out. The w r i t e r s  have studied the spec t r a l  composi t ion  of rhy thms  of the s t ruc tu ra l  e l emen t s  of  the thyroid 
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Fig. 1 Fig. 2 

Fig. 1. Curve of spec t r a l  dens i ty  of rhythmic  changes in re la t ive  volume of thyroid  epithelium 
of mice  of group 1. Three  m a r k e d  m a x i m a  can be c l ea r l y  dis t inguished:  one in the CI~ region 
and two in the region of UD components  with per iods  of 4.24 and 2.24 h. The re la t ive  power of 
the individual components  is plotted along the ordinate ,  infr.) Infradian,  c i rc . )  c i rcadian.  

Fig. 2. Spectral  densi ty  (Ps) cor responding  to di f ferent  f requency components  in th ree  groups 
of mice .  Absc i ssa ,  per iod of f luctuat ions,  h; C) c i radian,  I) infradian,  T) t r ead .  Roman num-  
e ra l s  denote groups of an imals .  

gland and examined its age changes .  

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

Exper imen t s  we re  c a r r i e d  out on 144 m a l e  A / H e  m i c e  of t h ree  age g roups ;  14-17 days (group 1), 55-60 
days  {group 2), and 160-170 days  {group 3). Choice of age of the an imals  was made  on the bas i s  of  a study of 
the his tophysiology of the thyroid  gland in mice  of this s t r a in  at  dif ferent  s tages  of ontogeny [4]. For  a per iod 
of 2 months  the an imals  were  adapted to ar t i f ic ia l  conditions of l ighting, consis t ing of 12-h per iods  of  light 
(from 8 a .m.  to 8 p.m.) and da rknes s  (from 8 p .m.  to 8 a .m. ) ,  the intensity of i l lumination at the level  of the 
cages  containing the mice  being about 500 lx .  

Mater ia l  was col lected by the dynamic observa t ion  method [7] o v e r  the per iod of 2 days at in te rva ls  
of  1 h. The glands were  fixed in f o r m a l i n - a l c o h o l - a c e t i c  acid fluid by Li l l i e ' s  method and embedded in p a r a f -  
fin wax. Sections,  5 p in th ickness ,  were  s tained with hematoxyl in  and eosin. All s tages  of his tological  t r e a t -  
men t  were  s t r i c t ly  s tandardized.  The re la t ive  vo lumes  of the fol l icular  and in ter fo l l icu lar  epi thel ium, colloid,  
and s t r o m a  were  de te rmined  in the sec t ions  and the ra t io  between the volumes  of epithelium and colloid and fo l -  
l i cu la r  and in ter fo l l icu lar  epi thel ium,  the s te reo log ica l  index of r e so rp t ion ,  and the mean  height of the fol l icular  
epithel ium were  calculated.  Details  of the methods  were  desc r ibed  p rev ious ly  [3, 12]. To de te rmine  the s p e c -  
t ra l  composi t ion  of  the b io rhy thms ,  the data we re  analyzed on the Minsk-32 compute r  by the NBKAT p r o g r a m ,  
based  on de te rmina t ion  of the power of  the individual components  of the rhy thms  obtained by calculat ion of the 
au tocor re la t ion  function [2, 8]. The r e su l t s  of  the m o r p h o m e t r i c  invest igat ion were  analyzed by compute r  in 
the L a b o r a t o r y  of P r o c e s s i n g  of  Medico-Biologica l  Informat ion,  Insti tute of  Exper imenta l  Medicine,  Academy of  
Medical Sciences of  the USSP, (Head, Dr.  IVied. Sci. N. I. Moiseeva) by V. V. Matseev and V. M. Dorinicheva.  

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

Changes in all  the his tophysiological  indices studied were  found to be rhythmic  in c h a r a c t e r .  Spectral  
ana lys i s  showed the mul t icomponent  c h a r a c t e r  of the cycl ic  changes.  Vir tua l ly  no h is tophysiologica l  index could 
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be found whose rhythm could be desc r ibed  by only one f requency component.  By de terminat ion  of the spec t ra l  
densi ty ,  the composi t ion of the rhythm of each index could be desc r ibed  and the re la t ive  power  of the individual 
rhythmic components  could be es t imated  (Fig. 1). 

A c i rcad ian  rhythm (CB) with a per iod of 20-28 h, ul t radian (UD) components  with a per iod of under 20 h, 
and infradian (ID) components  with a per iod of 28 h to 2.5 days were  detected [14, 15]. For  a ce r ta in  p r o p o r -  
tion of theUD waves ,  with a per iod of 20 rain to 2-4 h, the name "c i rcahora l ian"  has r eg re t t ab ly  been adopted 
[1], but not all  of the UD components  identified in these exper imen t s  belonged to this group (Fig. 2). A co mp o -  
nent with a per iod equal to infinity a lso  was detected,  and this mus t  be regarded  as a constant  shif t  of  the p r o -  
ce s s  (its t rend).  Since the object  of  the investigation was to study the CI~ and UD components ,  the per iods  of 
the exper iment  were  l imited to 48 h and,  for that r eason ,  no detai led analys is  could be made  of the ID co mp o -  
nents ,  and only the i r  p r e sence  and the i r  total power  will be indicated. 

In each age group spec t ra  of  the rhythmic  waves of  the indices,  each had the i r  own c h a r a c t e r i s t i c  f e a -  
tu res .  For m o s t  indices of the an imals  of  group 3 (aging) the power of  CR was much  g r e a t e r  than that  of the 
UD components .  Converse ly ,  in the an imals  of group 1 (young, sexual ly  i m m a t u r e  mice)  the UD components  
of many  indices were  comparab le  in power with CI~ or  were  m o r e  powerful.  The dynamics  of the indices of 
the an imals  of group 2 (adult, sexual ly  mature)  occupied an in te rmedia te  posit ion in this r e spec t .  The d i f f e r -  
ence in the power of the spec t r a l  components  in the th ree  age groups is demons t ra t ed  by Fig. 2, which re f lec t s  
the mean  power  of  all  the indices for the an imals  of  this group,  belonging to each f requency component.  C l e a r -  
ly ,  despi te  the w e l l - m a r k e d  CB in all g roups ,  with age there  was a c l ea r  dec r ea se  in the re la t ive  power of  the 
UD components .  

A UD rhythm has been desc r ibed  a f t e r  a study of  the accumulat ion of rad ioac t ive  iodine by the thyroid 
gland in ducks [13], but the authors  in question r ega rded  it as  the sole manifes ta t ion  of cyclic  act iv i ty  of the o r -  
gan. In the p re sen t  invest igat ion UD components  with per iod  of 2 to 5.5 h we re  only one of the components  of 
a mul t icomponent  rhythm.  

The nature  of  the UD rhythms has not been finally es tabl ished.  They a r e  evidently a d i r ec t  ref lect ion of 
fluctuations of  ac t iv i ty  in metabol ic  chains [5]. In connection with the cons iderab le  changes in intensi ty of the 
UD waves  in the course  of adaptat ion of the an ima l s ,  the i r  spec ia l  s ignif icance in adapt ive p r o c e s s e s  has been 
postula ted [10]. These observa t ions  a r e  suppor ted  by the r e su l t s  of the p r e sen t  investigation; in the youngest  
an ima l s ,  in which p r o c e s s e s  of adaptat ion were  evidently m o s t  ac t ive ,  the UD rhy thms  obtained m a x i m a l  e x -  
p ress ion .  

It can thus be concluded f rom these r e su l t s  that the c i rcadian  component  plays the leading ro le  in the 
format ion  of b iorhy thms of the thyroid gland, whereas  the i r  ad jus tment  during ontogeny is due mainly  to a r e -  
duction in the power of the UD components .  
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