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L ' G t u d e  s u r  l ' a o r t e  isolGe m o n t r e  u n  a n t a g o n i s m e  de  la 
P T H  a v e c  la P E  q u i  e s t  u n  e s t i m u l a n t .  Seu le  la  p h a s e  
l e n t e  de  la  c o n t r a c t i o n  e s t  s e n s i b l e  s la  P T H ,  la p h a s e  
r a p i d e  n ' e s t  p a s  modif iGe.  

L ' h y p o t h g s e  la  p l u s  v r a i s e m b l a b l e  p a r a i t  ~ t re  l ' i n t e r -  
v e n t i o n  de  P T H  s u r  les m o u v e m e n t s  de  c a l c i u m  e x t r a -  
ce l lu la i re .  A u  c o u r s  de  n o t r e  6 t u d e  les c o n t r a c t i o n s  de  
l ' a o r t e  s o n t  p r o v o q u G e s  p a r  la  P E  q n i  e s t  t r~s  spGci f ique  
d e s  r G c e p t e u r s  ~. D ' a p r G s  GODFRAINDI0 e t  c o n f i r m 6  p a r  
VAN BREEMEN 11, la  c o n t r a c t i o n  r a p i d e  d 6 p e n d a n t  d ' u n  
s t i m u l a n t  m e t  s u r t o u t  en  j e u  la  m o b i l i s a t i o n  d u  poo l  
i n t r a c e l l u l a i r e ,  a v e c  p a s s a g e  d e s  z o n e s  de  s t o c k a g e  v e r s  le 
m i l i e u  c y t o p l a s m i q u e .  L a  p h a s e  l e n t e  n G c e s s i t e r a i t  
l ' i n t e r v e n t i o n  d u  c a l c i u m  e x t r a c e l l u l a i r e .  Or  il a p p a r a i t  

q u e  s eu l e  la  p h a s e  l e n t e  e s t  s e n s i b l e  ~. la  P T H .  L a  d i m i n u -  
t i o n  de  l ' i n f l u x  d u  c a l c i u m  e x t r a c e l l u l a i r e  a b o u t i s s a n t  
u n e  i n h i b i t i o n  de  la c o n t r a c t i o n  s e r a i t  en  a c c o r d  a v e c  
l ' o b s e r v a t i o n  de  PARSO~ ~e q u i  n o t e  chez  le r a t ,  10 m i n  
ap r~s  l ' i n j e c t i o n  s i m u l t a n G e  de  P T H  e t  de  Ca  47 u n e  b a i s s e  
de  la t e n e u r  en  c a l c i u m  r a d i o a c t i f  d a n s  les  t i s s u s  m o u s .  I1 
s e m b l e r a i t  d o n c  q u e  P T H  e m p ~ c h e  l ' en t rGe d u  c a l c i u m  
e x t r a c e l l u l a i r e  d a n s  les ce l lu les  de s  m u s c l e s  l i s ses  de  l ' a o r t e .  
De  p lus ,  RASMIJSSEN ~3 o b s e r v e  u n e  a u g m e n t a t i o n  de  
I ' A M P c ,  dar t s  les  ce l lu l e s  r ~ n a l e s  en  p rGsence  de  P T H  e t  
BORLE ~ s u r  de s  ce l lu les  rGnales  isolGes m o n t r e  q u ' i l  
e x i s t e  u n e  r e l a t i o n  e n t r e  l ' e f f l u x  de  c a l c i u m  e t  le t a u x  
d ' A M P c .  I1 n e  s e r a i t  d o n c  p a s  i m p o s s i b l e  q u e  P T H  a i t  le 
m g m e  e f fe t  a u  n i v e a u  de  la  f ib re  m u s c u l a i r e  l i sse  ~5. E n  
c o n c l u s i o n ,  n o t r e  e x p G r i m e n t a t i o n  p r 6 l i m i n a i r e  f o u r n i t  
q u e l q u e s  616men t s  s u r  F a c t i o n  e n c o r e  m a l  c o n n u e  de  la  
p a r a t h o r m o n e  a u  n i v e a u  de  l ' a p p a r e i l  c i r c u l a t o i r e .  

10 T. GODFRAIND, Mdcanisme d'action des Hormones (Masson, Paris 
1970), p. 265. 

11 C. VAN BREEMEN, B. R. FARINAS, P. GERBA, E. D. McNAUOHTON, 
Circulation Res. 30, 44 (1972). 

12 j .  A. PARSONS, Nouvelle Presse m6d. 7, 2243 (1972). 
13 H. RASMUSSEN, N. NAGATA, Symposium on Calcium and Cellular 

Function (Ed. A. W. CIIT~BERT; Mac Millan, London 1970). 
14 A. B. BORLE, Les Hormones et le Calcium (L'Expansion, Paris 

1971), p. 139. 
15 Nous adressons nos remereiements ~ Monsieur le Professeur J. C. 

STOCLET pour ses conseils tout au long de ee travail. 

Summary.  I n  r a t s ,  p a r a t h y r o i d  h o r m o n e  ( P T H )  
i n d u c e d  a r a p i d  fa l l  of  a r t e r i a l  p r e s s u r e  d u e  t o  v a s o d i l a t a -  
t i on .  C o n t r a c t i o n  of i s o l a t e d  a o r t a  p r o d u c e d  b y  p h e n y l -  
e p h r i n e  w a s  d e c r e a s e d  s i g n i f i c a n t l y  a f t e r  P T H .  T h i s  
a n t a g o n i s m  a c t e d  o n l y  on  t h e  l a s t  p a r t  of  c o n t r a c t i o n .  

A. B]~RTHELOT e t  A. GAIRARD 

Laboratoire de Physiologie, U .E .R .  des Sciences 
Pharmaceutiques, Universitd Louis Pasteur, 
3, rue de l 'A  rgo~zne, F-67083 Strasbourg Cddex (France), 
16 octobre 1974. 

', Mammalian Pineal Gland: 7-Day Rhythmic Activity? 

I t  is wel l  e s t a b l i s h e d  t h a t  t h e  m a m m a l i a n  p i n e a l  g l a n d  
u n d e r g o e s  p r o m i n e n t  c i r c a d i a n  c h a n g e s  in  f u n c t i o n  
w h i c h  a re  t o  a g r e a t  e x t e n t  d e p e n d e n t  o n  e n v i r o n m e n t a l  
l i g h t i n g  c o n d i t i o n s  ~. I n  t h e  p r e s e n t  s t u d y ,  we  s h o u l d  l ike  
t o  r e p o r t  t h a t  t h e r e  a r e  i n d i c a t i o n s  w h i c h  s u g g e s t  t h a t  
t h e  p i n e a l  g l a n d s  of  r a t s  k e p t  in  o u r  l a b o r a t o r y  e x h i b i t ,  
in  a d d i t i o n  t o  24 h cyc les ,  c h a r a c t e r i s t i c  7 - d a y  cyc les .  
I t  is t o t a l l y  u n c l e a r ,  a s  ye t ,  b y  w h i c h  i n t e r n a l  or  e x t e r n a l  
f a c t o r s  t h i s  r h y t h m  is c a u s e d  a n d  w h e t h e r  or  n o t  i t  is 
j u s t  a p e c f i l i a r i t y  of  r a t s  k e p t  u n d e r  t h e  e n v i r o n m e n t a l  
c o n d i t i o n s  of  o u r  l a b o r a t o r y .  N e v e r t h e l e s s  we  feel  t h a t  a n  
e a r l y  p u b l i c a t i o n  of  o u r  f i n d i n g s  is i n d i c a t e d ,  b e c a u s e  

t h e  c h a n g e s  o b s e r v e d  o n  d i f f e r e n t  d a y s  of  t h e  w e e k  a r e  of  
s u c h  m a g n i t u d e  t h a t  t h e y  a p p e a r  t o  be  of  m o r e  t h a n  
a c a d e m i c  i n t e r e s t .  I t  a p p e a r s  p a r t i c u l a r l y  m e a n i n g f u l  to  
u s  a l so  t h a t  t h e  i n d i c a t i o n s  for  s u c h  a cyc le  h a v e  c o m e  
f r o m  s t u d i e s  o n  a n  o r g a n  e p i t o m i z e d  as  ' b i o l o g i c a l  c lock '  ~ 
or  ' r e g u l a t o r  of  r e g u l a t o r s ' a  in  w h i c h  s u c h  a r h y t h m  is 
p e r h a p s  n o t  u n e x p e c t e d .  

1 R. J. WURTMAN, J. AXELROI) and D. E. KELLY, The Pineal, 
(Academic Press, New York and London 1968). 

2 R. J. WIJRTMAN and J. AXELROn, Detent. Am. 253, 50 (1965). 
3 j .  A. KAPPERS, in The Pineal Gland (Eds. G. E. W. WOLSTENHOLME 

and J. KNIGHT; Churchill Edinburgh and London 1971), p. 3. 

Amount  of synaptic ribbon fields 

Sunday Monday Tuesday Wednesday Thursday Friday Saturday 

Experiment I b 2.25 4- 0.24 8.04- 1.5 5.0 4- 1.0 2.75 4- 1.75 3.25 4- 1.75 1.75 4- 0.24 0.75 • 0.24 
(Nov./Dec.) (2) a (2) (2) (2) (2) (2) (2) 

E x p e r i m e n t l I  b 14.3 4-3.09 4 .24-0 .92 12.34-2.62 11.0 J=2.78 13.5 4-1.89 11.8 4-1.33 11.0 4-1-3.82 
(May) (3) (4) (3) (3) (3) (3) (3) 

Experiment IIIo 5.3 4- 0.7 2.0 4- 0.8 5.0 ~ 1.0 6.2 4- 1.6 5.0 4- 1.5 3.7 4- 1.4 4.2 4- 0.4 
(July) (3) (3) (3) (3) (3) (3) (3) 

aExpressed as means -t- s tandard error/unit area of pineal tissue, the unit area corresponding to an area of 17640 ~zm ~ (i.e. the tissue area 
lying within 10 apertures of electron microscopic specimen supporting grids). For each animal the ribbon fields lying in 20 apertures were 
counted, bAnimals were kept under natural  lighting conditions with additional artifical illumination from 07.00 to 19.00 h. ~ were 
kept in a light-proof room with a lighting schedule of 12 h illumination (07.00 to 19.00 h) and 12 h darkness for 3 weeks prior to sacrifice. 
aFigures in brackets denote number  of animals used. Statistical analysis: I: Mort + Tues vs Fri + Sat + Sun, p < 0.01. II:  Mon vs Tues 
+ Wed + Thurs  + Fri, p < 0.001. I I I :  Mon vs Tues + Wed, p < 0.02; Mon vs Sat + Sun, p < 0.05; Tnes + Wed + Thurs  vs Fri + 
Sat + Sun + Mon, p < 0.1. 
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Fig. 1. HIOMT activity in pineal glands of female Wistar rats kept 
under natural lighting conditions with additional artifical illumina- 
tion from 07.00 to 19.00 h. The animals were killed between 10.00 
and 12.00 h and the glands were assayed individually on the same 
day using a slight modification of AXELROD, WURTMAN and SNYDER'S 
method ~, in which the homogenization of individual glands was 
carried out in a medium of 1 ml 0.1 M phosphate buffer (pE 7.9) 
containing 500 Fg of N-acetyl-serotonin. 50 ~zl aliquot of the homog- 
enate was transferred to a test tube containing 0.05 [~Ci of S- 
adenosyl-L-(methyl-l~C) methionine (55 mCi/mmol) in a final volume 
of 100 ~tl. The reaction was stopped after 60 rain incubation by adding 
1 ml of 0.1 N sodium hydroxide (pH 12). The values given represent 
means ~ S.E. The figures in brackets denote the number of animals 
used and those below the S.E.'s the number of weeks in which the 
experiments were carried out. Statistical analysis (Student's t-test) : 
Thurs + Fri vs Sat -t- Sun % Mon p < 0.001; Tue -}- Wed vs 
Thurs § Fri p < 0.00l. For further details see Figure 2. 

4 j .  AXELROD, R. J. WURT~IAN and S. H. SNYDER, J. biol. Chem. 
240, 949 (1965). 

5 R.  J .  WURTMAN, J .  AXELROD a n d  S. H .  SNYDER, E n d o c r i n o l o g y  

76, 798 (1965). 
L. VOLLRATH and H. Huss, Z. Zellforsch. 139, 417 (1973). 
L. VOLLRATH, Z. Zellforsch. 145, 171 (1973). 

Clear evidence for the  presence of 7-day r h y t h m i c  
changes  of pineal  func t ion  was ob ta ined  by  s tudy ing  the  
ac t iv i ty  of h y d r o x y i n d o l e - 0 - m e t h y l  t ransferase  (HIOMT) 
which  is a key enzyme  in the  fo rma t ion  of the  pineal  
hormone,  mela ton in  1. 

Figure  1 shows tha t ,  in t he  pineal  glands of female 
Wis t a r  ra t s  kep t  under  na tura l  l ight ing condi t ions ,  
H I O M T  ac t iv i ty  followed a charac ter i s t ic  pa t t e rn .  
H I O M T  ac t iv i ty  was h ighes t  on Sa tu rdays  and lowest  on 
Thursdays ,  the  T h u r s d ay  values  being 6 t imes  lower t h a n  
those  on Sa turdays .  A gradual  decrease in enzyme  ac t iv i ty  
was no ted  be tween  Sa tu rdays  and  Thursdays ,  a s t r ik ing 
increase occurred be tween  Fr idays  and  Sa turdays .  

Since t I I O M T  ac t iv i ty  is supposed  to be twice as h igh 
in me te s t ru s  and dies t rus  as in p roes t rus  and  estrush, the  
s tage of t he  estrous cycle was t aken  in to  considerat ion.  In  
Figure 2 it can be seen t h a t  t he  differences observed are 
no t  due to  sampl ing  animals  of a par t icu lar  s tage of the  
estrous cycle on par t icu lar  days  of the  week. 

Female  ra ts  kep t  under  a l ight ing schedule of 12 h 
i l luminat ion  (07.00 to 19.00 h) and  12 h darkness  showed 
an H I O M T  p a t t e r n  similar  to  t h a t  of the  above animals,  
bu t  wi th  t he  h ighes t  peak  on Sunday.  Male ra ts  (Figure 3) 
also revealed the  charac ter i s t ic  weekly  H I O M T  pa t t e rn .  

Ind ica t ions  t h a t  pineal  funct ion  migh t  v a r y  according 
to the  day  of week was also ob ta ined  by  s tudy ing  the  
synap t i c  r ibbons  which,  it  h a s  been suggested,  migh t  be 
involved in intercel lular  communica t ion  be tween  ad jacen t  
pinealocytes6,  7, the  main  cellular cons t i t uen t  of the  
m a m m a l i a n  pineal  gland. The results  ob ta ined  in the  
p resen t  s t u d y  are l is ted in the  Table.  I t  can be seen t h a t  
3 series of expe r imen t s  yie lded s o mew h a t  var iable  results .  
In  the  f i rs t  exper iment ,  the  a m o u n t  of r ibbon  fields 
showed a behav iou r  similar  to  t h a t  of H I O M T  act iv i ty ,  
bu t  wi th  a phase  shif t  of 2 days.  In  the  o ther  two experi-  
ments ,  pe rhaps  the  mos t  i m p o r t a n t  f inding was t h a t  the  
Monday  values differed s t r ik ingly  f rom those  ob ta ined  on 
the  o ther  days  of the  week. 

The compar i son  of the  results  ob ta ined  for H I O M T  
ac t iv i ty  and the  a m o u n t  of r ibbon  fields reveals  t h a t  the  
two pa rame te r s  s tud ied  appa ren t l y  follow di f ferent  
pa t t e rns .  Never theless ,  b o t h  pa rame te r s  suppor t  t he  view 
t h a t  p ineal  func t ion  m a y  differ according to the  day  of 
week. At  the  p resen t  s ta te  of our  knowledge,  H I O M T  
ac t iv i ty  represen ts  a b e t t e r  pa ran le t e r  of pineal  func t ion  
t h a n  the  a m o u n t  of synap t i c  r ibbons,  and we therefore  
a t t a ch  more  impor t ance  to  t he  H I O M T  results.  We  feel 
tha t ,  a f ter  exclusion of any  technica l  errors, the  H I O M T  
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Fig. 2. HIOMT activity of indi- 
vidual animals (i.e. those used in 
Figure 1) taking into considera- 
tion the stage of the estrous cycle. 
The Roman numerals denote the 
month in which the experi- 
ments were carried out. Because of 
a fair number of borderline cases 
between Met-Estrous and Di- 
Estrous animals these two phases 
were pooled. 
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results  have  been so cons is ten t  over  m a n y  weeks and  
m o n t h s  t h a t  t h e y  can well serve as a basis for a working 
hypo thes i s  t h a t  ra t  pineal  func t ion  exhibi ts  a 7-day 
r h y t h m i c  act ivi ty .  

We are aware t h a t  the  pos tu la te  of a 7-day func t iona l  
cycle is an unusual  one. Admi t t ed ly ,  the re  is no known  
p r o m i n e n t  geophysical  coun te rpa r t  for such a r h y t h m  s. 
On the  o ther  hand,  the  resul ts  r epor ted  here  do no t  
r epresen t  t he  f i rs t  h in t  for such a r h y t h m .  Circaseptan 
r h y t h m s  in t he rmova r i ance  9 and  17-ketosteroid excre- 
t ion  s have  been  descr ibed in humans .  The tac t  t h a t  the  
la t t e r  r h y t h m  was no t  a lways synchronized  wi th  the  
weekly  societal  r h y t h m  led to  the  specula t ion  t h a t  a 
weekly  c o m p o n e n t  in physiologic func t ion  migh t  have  
preceded  the  societal  7-day week and  t h a t  the  sizeable 
gap be tween  circadian r h y t h m s  on the  one h a n d  and  
m o n t h l y  and  annual  r h y t h m s  on the  o the r  migh t  be 
reduced by  abou t  weekly  r h y t h m s  and t h a t  th is  could 
faci l i tate  the  t empora l  in tegra t ion  of organisms s. 
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Fig. 3. HIOMT activity in pineal glands of male Wistar rats. For 
details see Figure 1, for the explanation of the Roman numerals 
Figure 2. Statistical analysis: Sat + Sun vs Wed + Thurs + Fri 
p < 0.001. 

F r o m  our resul ts  we are incl ined to  conclude tha t ,  if 
t he  7-day cycle in the  ra t  pineal  gland is not  endogenous,  
it  is p robab ly  the  change  in t he  env i ronmen ta l  condi t ions  
over  the  weekend  which has a p ro found  and  long-tast ing 
effect  on the  organ. Such an i n t e rp re t a t i on  is all the  more  
likely because mos t  p ronounced  changes  occurred ill 
relat ion to t he  weekend.  F u r t h e r m o r e  it is becoming  
increasingly a p p a r e n t  t h a t  factors  o the r  t h a n  environ-  
men ta l  l ight ing affect  pineal  func t ion  as well~~ 1~. 
Seasonal  r h y t h m s  ~1, the  presence  ot fl-receptors whose 
sens i t iv i ty  undergoes  charac ter i s t ic  changes  12 and the  
close associat ion wi th  t he  s y m p a t h e t i c  nervous  sys t em 1 
make  the  pineal  an ideal t a rge t  for ex te rna l  and internal  
s t imuli  which  could easily lead to a super impos i t ion  of a 
7-day funct ional  cycle on 24 h cycles. In  th is  co n t ex t  it  is 
in te res t ing  to  note  t h a t  recent ly  t he  H I O M T  ac t iv i ty  
p a t t e r n  dur ing  the  estrous cycle in the  ra t  has  been 
descr ibed as the  sum of the  oscillations of a t  least  2 r h y t h m s  
whose frequencies  differ s l ight ly ~3. F u r t h e r  s tudies  are in 
progress  to  e lucidate  the  factor(s) responsible  for the  
7-day cycle and to  unrave l  its physiological  significance. 

Zusammen/assung. In  der  Zirbeldriise m&nnlicher und  
weibl icher  R a t t e n  deu te t  das  Verha l t en  des an der 
Mela ton inbi ldung  bete i l ig ten  E n z y m s  Hydroxy indo l -O-  
me thy l t r ans fe ra se  auf das Vorhandense in  eines 7t~igigen 
Funk t ionszyk lus  bin. 

L.  VOLLRATH 1,, A I D A  KANTARJIAN and 
CLAIRE H O W E  

Department o/Anatomy, King's College London, Strand, 
London, WC2R 2LS (England), 79 November 7974. 

8 F. HALBERG, M. ENGELI, C. HAMBURGER and D. HILLMAN, Aeta  
endoer. Copenh. Suppl. 703, 1 (1965). 

9 F. HALBERG, M. DIFFLEY, M. STEIN, H. PANOFSKY and G. ADKINS, 
Ann. N.Y. Aead. Sei. 75, 695 (1964). 

10 H. J. LYNCH, J. P. ]ENG and R. J.  WUgTMAN, Proe. na tn .  Aead. 
Sei., USA 70, 1704 (1973). 

n R. J. RmTER, in Chronobiology (Eds. L. E. SCHERING, F. HALB~aG 
and J. E. PALV; Jgaku Shoin Ltd., Tokyo 1974), p. 155. 

as T. DEGVCm and J. AXELROD, Proe. natn. Acad. Sei., USA 70, 
2411 (1973). 

la E. P. WALLEN and J. M. YOCHIM, Biol. Reprod. 70, 461 (1974). 
14 Reprint requests should be addressed to Prof. L. VOLLRATH, 

Anatomisehes Institut, Saarstrasse 19, D-65 Mainz (German 
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U n c o u p l i n g  of Heart  Cells  P r o d u c e d  by Intrace l lu lar  S o d i u m  Inject ion  

I t  is known  t h a t  the  low intracel lular  calc ium concen- 
t r a t ion  in muscle  cells is ma in t a ined  by  an act ive  up take  
by  mi tochondr i a  and  sarcoplasmic re t iculum,  and also by  
act ive  ex t rus ion  of the  ion t h rough  the  surface cell 
membrane .  

In  o ther  cells, like red blood cells, A T P  is used di rec t ly  
to  ex t rude  calcium from the  cell in ter ior  1. In  exci table  
t issues,  however,  evidence has  been ob ta ined  t h a t  the  
i nward  m o v e m e n t  of Na+ and p robab ly  the  ou tward  
m o v e m e n t  of K+ provides  energy for calcium ext rus ion  2, a. 
In  th is  case, the  b reakdown  of A T P  is indi rec t ly  involved,  
since it is essent ial  for the  ma in t enance  of sodium 
gradient .  

I n  cardiac muscle the  s tochiometr ic  re la t ionship  seems 
to  be the  exchange  of two sod ium ions for one calcium 

ion*. Studies  of BAKER and ]~LAUSTEIN 5, and  BAKER et al. a 
showed,  indeed,  t h a t  a smal l  raise in the  in t racel lular  
sodium concen t ra t ion  of the  squid axon,  resul ts  in a large 
increase in the  in t racel lular  calcium concent ra t ion .  
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