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The study of c i rcad ian  rhy t hm s  in r a t  connect ive  t i s sue  showed that i ts  ce l l s  (especial ly 
his t iocytes)  a re  c h a r a c t e r i z e d  by c i rcad ian  rhy thms  of the i r  metabol ic  p r o c e s s e s .  Th i s  
is  man i fes ted  as  a d is t inc t  d iurnal  dynamic  of succinate dehydrogenase  (SDH) and lacta te  
dehydrogenase  (IX)H) act ivi ty .  During adaptation to high-al t i tude hypoxia SDH and LDH 
act ivi ty was apprec iab ly  higher  than in the control  but the dynamics  of changes  in the ac t iv-  
i ty of these  enzymes  dur ing the 24-h pe r iod  was s i m i l a r  in i t s  gene ra l  f ea tu res  to that in 
the control  group.  It is  postula ted that  c i rcad ian  metabol ic  rhy thms  in connect ive t i s sues  
a re  re la t ive ly  s table :  They show no Sign of b r eak ing  down during adaptation to high-al t i tude 
condition s. 
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T h e r e  is  now extensive  l i t e r a t u r e  on c i r cad ian  rhy thms  in the cel ls  and t i s sues  of an imals  under 
phys io logica l ly  n o r m a l  and abnorma l  conditions,  including dur ing exposure  to ex t r ema l  f ac to r s  such as 
hypoxia [1, 10]. However ,  data  on changes in enzyme  act ivi ty in the course  of the 24-h per iod  a r e  st i l l  
v e r y  l imi ted  [7] and they v i r tua l ly  do not exis t  for  connec t ive - t i s sue  ce i l s .  

The  object  of this  inves t igat ions  was to study Circadian rhy thms  of some enzymes  in ra t  connective 
t i s sue  under  n o r m a l  conditions and during adaptation to hypoxia.  

EXPERIMENTAL METHOD 

Noninbred male  albino r a t s  w e r e  used .  The ce l lu la r  composi t ion  of the subcutaneous connective t i s -  
sue and adaptivi ty of  va r ious  ox ido - r educ t a se s  (suceinate dehydrogenase  - SDH, lac ta te  dehydrogenase  - 
LDH, ma la t e  dehydrogenase  - MDH, monoamine  o x i d a S e -  MAO) and hydro la ses  were  invest igated.  

Mate r ia l  was  obtained f r o m  two groups  of an imals ;  those of group 1 (20 ra ts )  were  kept at an altitude 
of 770 m and those of g r o u p  2 (15 ra t s )  w e r e  kept for  3 days  in the T y a n ' - S h a n  ~ Mountains at an altitude of 
3200 m.  To  Study the diurnal  rhy thm,  th ree  an imals  of each group were  decapi ta ted at each  t ime at in t e r -  
va l s  of 6 h.  P i e c e s  of skin f r o m  the b a c k  were  excised and fixed for  24 h in 12% formal in .  F i lms  were  p r e -  
p a r e d  f r o m  the subcutaneous connect ive t i ssue  and stained with Weige r t ' s  i r o n - h e m a t o x y l i n i n L i l l i e ' s  modi -  
f icat ion [4]. The  num ber  of the p r inc ipa l  cell  f o rms  in the stained f l m s  was counted in a r ea s  between blood 
v e s s e l s  and the r e s u l t s  e x p r e s s e d  as pe r cen t ages  for :  f ib rob las t s ,  h i s t ioeytes ,  m a s t  ce l l s ,  and leukocytes .  
H i s tochemica l  ana lys is  was ca r r i ed  out on f resh  unfixed f i lms  of connective t i ssue .  SDH activi ty was d e t e r -  
mined by  Nach la s ' s  method [8], act ivi ty of LDH, MDH, mad NAD-diaphorase  by B u r s t o n e ' s  method [2], ac t iv -  
ity of MAO and acid and alkaline phospha tases  by  P e a r s e ' s  method [5], A T P a s e  as desc r ibed  by Padykula  
and H e r m a n  [9], and nonspecif ic  e s t e r a s e  by  the method of Bascy  and Vadasz  [6], and the r e su l t s  e s t imated  
v isua l ly  according  to a f ive-poin t  sys t em.  
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Fig. I. Circular graph of changes in diurnal activity of SDH and LDH in histiocytes 
(group i). Here and in Fig. 2, time of day and night shown on outside ring. Plus 
signs show est imated enzyme activity on five-point system. 

Fig. 2. Ci rcular  d iagram of changes in diurnal SDH and LDH activity in hist iocytes 
during adaptation to hypoxia (group 2}. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Determination of the relat ive percen tages  of the pr incipal  cell types in the intact ra ts  of group 1 
gave resul ts  s imi l a r  to those in the l i te ra ture  [3]: f ibroblasts  56o3%, hist iocytes 40.5%, leukocyt, es 2.6%, 
mast  cells 0.6%. 

Histochemical  analysis revealed substantial  differences between the main types of cells as regards  
activity of the enzymes tested. The relat ive percentages  of cells with high activi ty of cer tain oxido-reduc-  
tases var ied:  For  instance,  cells  with high NAD-diaphorase activity accounted for only 25% of the total 
number of cells,  whereas the number  of cells with high LDH and MDH activity was about equal, namely 
about 33%. Determinat ion of diurnal  changes in the cel lular  composition and activity of the enzymes  studied 
yielded nonhomogeneous resul ts .  No definite changes could be found in the relat ive percentages  of f ibro-  
b las ts ,  leukocytes,  and mast  cells.  However,  investigation of the activity of oxido-reduetases  such as SDH 
and LDH in ce l l s  of the hist iocytic s e r i e s  did reveal  diurnal fluctuations. It follows f rom Fig. 1 that SDH 
activity rose steadily af ter  3 a . m .  to reach a maximum during the evening at 9 p.m. The small  decrease  
in the afternoon (3 p.m.) was not significant.  LDH activity was highest in the morning (from 7 to 9 a.m.), 
after  which it fell gradually until 9 p .m.  It i s  interest ing to note that LDH activity was higher than SDH 
activity during mos t  of the 24-h period,  and it was only in the evening that a nar row "peak" of SDH activity 
above the LDH level occur red .  Changes in the diurnal activity of these enzymes  in hist iocytes were accom-  
panied by changes in the number  of cells with high activity of the enzymes specified: During the afternoon 
their  total content was 15% lower than during the evening and night. As r ega rds  the f ibroblasts ,  mast  cel ls ,  
and leukocytes,  the diurnal rhythm of their metabol ism was less  marked than in his t ioeytes .  

The changes in activity during the 24-h period can be regarded  as a manifestat ion of the circadian 
rhythm of metabol ism in connect ive- t issue cells.  Should that be the case ,  they evidently ought to be p r e -  
served substantially unchanged in cells cultured in vi t ro.  A maximum of LDH activity was found during the 
morning. Since ra ts  lead a predominant ly  nocturnal  mode of life and their activity is maximal  at night, 
the possibil i ty cannot be ruled out that the inc rease  in LDH activity during the second half of the night and 
in the morning is an expression of a compensa tory  response  of the connective t issue to an increased content 
of products  of anaerobic glycolysis  at this period of the 24 h. The relatively low SDH activity in the connec- 
t ive- t issue cells in this period can also be regarded as a manifestat ion of this compensatory  response,  
aimed at reducing the oxygen deficiency for the parenchymatous  cells by reducing the oxygen demand of the 
actual connective t issue.  It is difficult at p resen t  to decide which of these al ternat ives  is more  likely to be 
co r r ec t .  

Investigation of the connective t issue of animals during adaptation to high-alt i tude conditions (after a 
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stay of 3 days at an altitude of 3200 m) gave results similar with those obtained in the control group. 
Changes in the cellular composition of the connective tissue also were very slight. Activity of SDH, LDH, 
ATPase, and alkaline phosphatase in the connective-tissue ceils (chiefly the Mstiocytes) was appreciably 
higher at this time than in the control but the dynamics of changes in the activity of these enzymes during 
the 24-h period repeated in its general features that in the control animals (Fig. 2). Just as in the control, 
LDH activity reached a maximum in the morning (by 9 a~ and during the greater part of the day it was 
higher than the SDH activity; only toward 9 p.m. did it fall below the SDH activity. 

Circadian rhythms of connective-tissue metabolism are thus relatively stable: They show no sign of 
breaking down during adaptation to high-altitude conditions. 
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