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A definite rhy thm of prote in  syn thes i s  was found by  scint i l la t ion counter  analys is  in cel ls  of 
organ cul tures  of the parot id  s a l i v a r y  gland of an imals  untra ined for  per iodic  feeding. The 
per iod of this rhy thm was 50-60 rain, cor responding  to the per iod of fluctuation in p ro te in  
synthes is  in the glands of an imals  t ra ined by feeding at 3-h  in te rva l s .  The rhythm of f luc tua-  
tions in prote in  content and the co r respond ing  rhy thm of pro te in  synthesis  thus r evea led  a re  
endogenous rhy thms  of the paro t id  gland. An interval  of 3 h between mea l s  is a fac tor  empha -  
sizing the natural  rhy thm of the glands of var ious  animals .  

P rev ious  inves t igat ions  showed that  per iod ic  feeding of ra t s  at 3-h  in terva ls  leads  to the appearance  of 
a definite rhythm (with a per iod  of 50-60 rain) of quanti tat ive changes in prote in  sec re t ion  in the ac inar  cel ls  
of the paro t id  s a l i va ry  glands [1-3, 5]. Two methods  - in te r fe rence  m i c r o s c o p y  and autoradiography - led to 
the s a m e  conclusion. The rhythm d i s cove red  exper imenta l ly  is s table :  in the ac inar  cel ls  it p e r s i s t s  for a 
shor t  t ime  (at l eas t  2 h) without r e in fo rcemen t  and is found in the ce l l s  even when nervous regulat ion of the 
gland is d is turbed in vivo. The cha rac t e r i s t i c  s t ruc tu re  of the rhythm during 3 -h - in t e rva l  feeding is also 
seen  in cel ls  of a surv iv ing  organ  cul ture  of the paro t id  gland 12-16 h af ter  explantation of f r agments .  

Autocorre la t ion  ana lys i s  of the f luctuations in the prote in  content undertaken e a r l i e r  by the wr i t e r s  [3], 
together  with the rapid fo rmat ion  of the rhythm,  its s tabi l i ty  within cer ta in  l imits ,  and i ts  p e r s i s t e n c e  in vivo 
and in v i t ro  a r e  evidence that 3 -h  fluctuations in the prote in  content in the ac inar  ce l l s  a re  evidently a gene t -  
ical ly  de te rmined  p r o p e r t y  of the cel ls  - an endogenous rhy thm cha rac t e r i s t i c  of the glandular  ce l l s  of the 
parot id  gland [3]. However,  ce r t a in  aspec ts  of this phenomenon r e m a i n  unexplained. No changes in prote in  
content cha r ac t e r i s t i c  of a 3 -h  rhythm were  detected in the parot id  gland cells  of an imals  untrained by p e r -  
iodic feeding [2], S imi la r  r e su l t s  were  obtained by  the w r i t e r s  when they inves t igated sec t ions  of glands 
taken f rom var ious  untrained an imals  in v i t ro  [1]. It was  not c lea r  whether  the food s t imulus  acts  as syn-  
ch ron ize r  of the act ivi ty  of individual ac inar  ce l l s  of the s a m e  gland or of the gland as a whole in di f ferent  
an imals .  

The object of the p r e s en t  invest igat ion was to study the rhythm of cell  p ro te in  synthes is  in an organ 
cul ture  of the paro t id  gland of an imals  untra ined and t ra ined  by per iodic  feeding a t 3 - h  in te rva l s .  The rhy thm 
was studied at all  s t ages  of the cycle in ce l l s  of the s a m e  animal.  This  invest igat ion should c l ea r  up some 
of the uncer ta in t ies  r ega rd ing  the nature  of the 3-h  food rhy thm of the paro t id  gland. 

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

Male Wis tar  r a t s  weighing 120-150 g were  used. After the an imals  had been s t a rved  for  20 h they were  
divided into two groups.  Group 1 contained r a t s  fed at 3-h  in te rva ls  for  2.5 days and then decapi tated.  Group, 
2 contained untra ined animals ,  i .e. ,  an imals  fed only once. Jus t  as in the f i r s t  case ,  the an imals  we re  de -  
capitated.  P i eces  of the paro t id  gland were  quickly r emoved  and weighed. The weighed f r a g m e n t s  (from 2 
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Fig. 1 Fig. 2 

Fig. 1. Changes in p ro te in  synthes is  in parot id  gland of t ra ined  and untra ined ra t s  on a 3-hourly  food cycle ,  
incubated b r ie f ly  in medium No. 199. Each cu rve  gives r e su l t s  of m e a s u r e m e n t s  on p ieces  of gland f rom 
the s ame  animal ,  a, b) Tra ined  animals ;  c-h)  untrained animals;  f, g, h) observa t ions  l imi ted  to 2 h. Ab- 
sc i s sa ,  t ime  a f te r  beginning of cycle  (in min); ordinate ,  radioact ivi ty  of gland t i s sue  (in p u l s e s / g w e t w e i g h t /  
rain). 

Fig. 2. Changes in p ro te in  synthes is  in {he parot id  gland of untrained ra t s  during organ cult ivation.  Each 
curve  (a-d) is the resu l t  of m e a s u r e m e n t s  c a r r i e d  out on f r agments  of the gland f rom the same animal.  
Remainder  of legend as in Fig. 1. 

to 5.5 rag) we re  cut up into 10 to 12 p ieces  and incubated in medium no. 199 with the addition of 20~0 bovine 
s e r u m ,  70 p g  v i tamin  C, and 4 mg  g lucose /ml  medium.  Cultivation was  c a r r i e d  out in two ways.  P ieces  
of the glands f rom the an imals  of group 1 and s o m e  animals  of group 2 were  incubated in med ium no. 199 
(with the additives) at 37~ for  between 20 and 180 min .  P ieces  of the glands of the r e s t  of the an imals  in 
group 2 were  grown on HUFS m e m b r a n e  f i l t e r s  in the s a m e  medium no. 199 in Conway dishes for  12-16 h 
a f te r  explantation. The method of cult ivating the parot id  gland was desc r ibed  p rev ious ly  [4]. The intensi ty  
of incorpora t ion  of l y s i ne -H  3 (Radiochemical Centre ,  Amersham,  England; spec i f ic  act ivi ty  20 Ci /mmole)  
in the paro t id  gland t i ssue  was de te rmined  by  m e a s u r i n g  the radioac t iv i ty  with a sc int i l la t ion counter.  Fo r  
this  purpose ,  a group of t i s sue  f ragments ,  15 rain before  each invest igat ion of the per iod of the food cycle,  
was  t r a n s f e r r e d  into medium no. 199 with the addition of l y s ine -H  3 (dose 20 p C i / m l ) ,  af ter  which the p ieces  
were  washed with med ium no. 199 containing an excess  of unlabeled lysine,  washed off with 5% TCA con-  
taining chlor ine  and, to r em ove  the nucleic acids,  hydrolyzed with 5% TCA at 90~ for  20 min.  The su p e r -  
natant  was poured off and the res idue  washed with 96% ethanol, t r ea t ed  with hyamine,  which disolved the 
res idue ,  a f ter  which the toluene sc in t i l la tor  was added and radioact iv i ty  de te rmined  in p u l s e s / m i n / g  wet  
t i ssue.  The counting eff ic iency was 25%. P u r o m y c i n  and actidione (Serva, Heidelberg) in doses  of 100 and 
50 p g / m l ,  r e spec t ive ly ,  used as inhibi tors  of pro te in  synthes is ,  ve r i f i ed  the speci f ic i ty  of l y s ine -H  3 incor -  
pora t ion  into the pro te ins  of the parot id  gland. Altogether 12 exper imen t s  were  c a r r i e d  out. The rhy thm 
was invest igated at all s tages  of the feeding cycle in f r agmen t s  f rom the s a m e  ra t ,  i .e. ,  ten to 12 f r agmen t s  
of the gland f r o m  the s a m e  animal  were  studied each t ime.  

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

Curves  a and b in Fig. 1 re f l ec t  changes in the radioact iv i ty  of the parot id  gland of the s a m e  animal  
t ra ined  with per iodic  feeding at 3-h  in te rva ls .  The r e su l t s  of an exper iment  af ter  incubation of the gland 
for  a ' sho r t  per iod  in med ium no. 199 a re  given in Fig. 1. The kinet ics  of the change in radioact iv i ty  of the 
glandular  ce l l s  was indist inguishable f rom the fluctuations in pro te in  content and 15-min amino acid labeling 
in vivo and in the organ cul ture  de te rmined  by i n t e r f e rome t ry  and autoradiography [1, 5]. As previous  in- 
ves t iga t ions  showed, even af ter  intensif ication of synthesis  15 rain was not long enough for  s e c r e t o r y  
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prote in  to be  fo rmed  and l ibe ra ted  f r o m  the cell  [5], so that  the radioact iv i ty  of the cell  a f te r  incubation for  
15 rain in medium no. 199 with l y s i ne -H  3 c h a r a c t e r i z e s  the in tensi ty  of prote in  synthes is .  Changes in the 
intensi ty of p ro te in  synthes is  we re  fluctuating in c h a r a c t e r .  The ampli tude of these  changes var ied  even in 
t e s t s  of the s a m e  animal .  The p r o p e r t i e s  of the curve  at each momen t  were  de te rmined  by success ive  co-  
ordination and in terac t ion  of s epa ra t e  b iochemica l  rhy thmic  p r o c e s s e s ,  and it was poss ib ly  for  that r ea son  
that  the curve was not s t r i c t ly  s inusoidal .  However,  the mean  per iod  of fluctuation in the in tensi ty  of p r o -  
tein synthes is ,  as  in p rev ious  invest igat ions in vivo and in vi tro,  when the an imals  were  fed at 3-h  in te rva l s  
was 50-60 rain. The d e c r e a s e  in ampli tude of the intensity of prote in  synthesis  in the second half  of the 3 -h  
feeding cycle a l t e r  s h o r t - t e r m  incubation p robab ly  occu r r ed  because  the conditions were  l e s s  favorab le  than 
in organ cult ivation.  However,  in these  conditions also the per iod  of the rhythm of p ro te in  synthes is  was  the 
same .  Thr change in radioac t iv i ty  in the parot id  gland cel ls  during s h o r t - t e r m  incubation was shown not 
to be randoin, but r egu la r  and rhy thmic  in c h a r a c t e r .  Invest igat ions of the parot id  gland of the s a m e  un-  
t ra ined  animal  during s h o r t - t e r m  incubation (Fig. l c -h )  led to the conclusion that the rhythm of pro te in  
synthes is  in this case  is analogous to the rhy thm of f luctuation in the prote in  content in an imals  t ra ined  by  
feeding at 3-h in te rva ls .  

Changes in the in tensi ty  of p ro te in  synthes is  in the parot id  gland of the untra ined an imals  during organ 
cult ivation are  shown in Fig. 2. Each curve  is the r e su l t  of m e a s u r e m e n t  of the rad ioac t iv i ty  of f r agmen t s  
of gland f rom the s a m e  animal  over  a per iod of 3 h~ F rom 14 to 16 h a f te r  explantation, rhythmic  changes 
were  c l e a r l y  v is ib le  in the synthetic  act ivi ty  of the glandular cel ls  with a mean per iod of fluctuation of 50-60 
rain. ~ccording  to e a r l i e r  observa t ions ,  no rhythm of prote in  synthes is  was detectable  in untrained r a t s  or  
in sect ions of the paro t id  gland of the s a m e  untrained animals  [1, 2]. In the f i r s t  case  the explanation is that  
each point of the 3-h curve ,  when the p rev ious  method of invest igat ion was used, was the mean  for  glands of 
s e v e r a l  animals  at the s ame  stage.  Glands of d i f ferent  animals ,  however ,  were  in different  phase s  of the 
s e c r e t o r y  cycle  r e la t ive  to each other,  and no regu la r  rhythmic  changes in prote in  were  t he re fo re  observed.  
In the second case  the m a t e r i a l  invest igated by  autoradiography was sma l l  in quantity and evidently insuffi-  
cient  to allow the conclusion to be  drawn, as the p r e s e n t  invest igat ion showed. The glandular  ce l l s  of the 
parot id  glands evident ly  have the i r  own natural  rhy thm of fluctuation in prote in  content, with a co r r e spond ing  
rhy thm of pro te in  syn thes i s .  The mean  per iod of the endogenous rhy thm is 50-60 rain. An in terval  of 3 h 
between mea l s  is  thus a f ac to r  synchroniz ing the natura l  rhy thm of glands of d i f ferent  an imals .  As was 
s ta ted  above, the endogenous c h a r a c t e r  of the rhythm of the parot id  gland on a 3-h food cycle  was a lso  con-  
f i r med  by  au tocor re la t ion  analys is  of f luctuations in the prote in  content in r a t s  fed under  d i f ferent  conditions, 
by  the s tabi l i ty  of the rhythm with a change in the feeding p r o g r a m  of the r a t s  within cer ta in  l imi ts ,  by its 
s t e a d y p e r s i s t e n c e  in vivo, and its detect ion in t i s sue  cul ture [1]. A 3-h in terva l  be tween m e a l s  is also 
p e r f e c t l y  natural  for  r a t s  given a sufficient  quantity of food. 

Autoradiographic  invest igat ion of the 3-h  rhy thm showed that r egu la r  rhythmic  changes in the prote in  
content a re  connected with a change in the r a t e  of synthes is  and in t race l lu la r  t r a n s p o r t  of p ro te ins  s e c r e t e d  
by  the cell  [5]. The p r e s en t  invest igat ion showed that  these  p r o c e s s e s  occur  a lso  in v i t ro .  Informat ion  
about them p e r s i s t e d  for  s o m e  t ime  in v i t ro  in the f o r m  of an a f t e r - r eac t ion ,  thus p e r m i t t i n g  in te rce l lu la r  
regulat ion of the rhythm.  

It is c l ea r  f r o m  the l i t e r a t u r e  that many  t i s sues  re ta in  the i r  typical  endogenous rhy thm obse rved  in 
vivo, e i ther  c i rcad ian  or  pa rac i r cad i an ,  when grown in t i s sue  cul ture  [6-10]. The natura l  rhy thm of the 
parot id  gland detected in the p r e s en t  exper imen t s  has a much shor t e r  per iod.  Poss ib ly  for  rhy thms  uncon- 
nected  with inevitable natura l  events  (changes in the t ime  of day, in t e m p e r a t u r e ,  the ebb and flow of thee 
tide), but  due to s t imul i  of a different  order ,  a r e  c h a r a c t e r i z e d  by rhy thms  with a s h o r t e r  than diurnal  p e r -  
iod. In the previous  p a p e r s  the hypothesis  was put forward ,  and the grounds for it  specif ied,  that  rhy thmic  
changes  in the pro te in  content in giandular  cel ls  a r e  essen t ia l ly  se l f -osc i l l a t ion  events  [3]. If  the  t ime  i n t e r -  
vals  between feeding of an imals  a re  changed so that  the new t ime  sca le  co r r e sponds  r e l a t ive ly  to the natural  
sca le ,  the per iod of f luctuation of the pro te ins  in the cell  will al ter .  
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