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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. 
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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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Accord ing  to these  au thors ,  t h e  i n c r e m e n t  of t h e  in t ra -  
cel lular  ca lc ium c o n c e n t r a t i o n  follows a t  leas t  t he  square  
of t h e  i n t e r n a l  sod ium concen t r a t i on .  

Calc ium ions p l ay  an  i m p o r t a n t  role in  t h e  con t ro l  of 
j u n c t i o n a l  p e r m e a b i l i t y  in  ep i the l i a  6 a n d  in  card iac  
muscle  ~. I n t r a c e l l u l a r  ca lc ium in jec t ion  p roduces  electr ical  
uncoup l ing  in s a l iva ry  g lands  of C h i r o n o m u s  s and  in 
card iac  P u r k i n j e  f ibres  9, 10 

Cons ider ing  t he  fac t  t h a t  t h e  increase  of in t r ace l lu la r  
sod ium c o n c e n t r a t i o n  causes  a large i n c r e m e n t  in  i n t e rna l  
ca lc ium c o n t e n t  ~, we t h o u g h t  i t  is i m p o r t a n t  to i nves t i ga t e  
the  inf luence  of i n t r ace l lu l a r  sod ium in jec t ion  on electr ical  
coupl ing  of h e a r t  cells. 
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Fig. 1. Top: diagram showing arrangement for measuring input 
resistance and electrical coupling. In cell 2, the NaC1 microelectrode 
was connected to a bridge circuit which was used to record voltage and 
pass current. A) Suppression of electrical coupling of myocardial cells 
produced by intraeellular sodium injection. B) Increase of input 
resistance of the injected cell recorded simultaneously with change in 
intereellular communication. Temperature --36 ~ 

E x p e r i m e n t s  were pe r fo rmed  on isola ted s t r ips  of 
r a b b i t  a t r ium.  The  an ima l s  were ki l led w i t h  a b low on t he  
h e a d  and  t he  h e a r t  was  i m m e d i a t e l y  r e m o v e d  and  t r ans -  
fer red  to a t r a n s p a r e n t  c h a m b e r  t h r o u g h  wh ich  Ty rode ' s  
so lu t ion  w i t h  t he  fol lowing compos i t i on  f lowed con- 
t i n u o u s l y :  (mM) Na+ --  137; K+ - -  2.7; Ca 2+ --  2.7; 
CI-  --  137; HCO 8- --  12; H2PO~4 - -  3.6; Mg 2+ -- 0.5; 
dex t rose  --  5.5. This  so lu t ion  was s a t u r a t e d  w i t h  a gas 
m i x t u r e  of 95% 02 a n d  5% COs a n d  k e p t  a t  36~ 
Sod ium was in jec ted  in to  t he  cell us ing  t he  t echn iques  of 
~N~ASTUK 11 a n d  del CASTILLO and  KATZ 12. Glass micro-  
e lectrodes  (10 M D  resis tance)  were filled w i t h  NaC1 1 M 
and  used to in jec t  sod ium e lec t rophore t i ca l ly  in to  t he  
cy top lasm.  The  in jec t ion  was m a d e  b y  app ly ing  o u t w a r d  
r e c t a n g u l a r  cu r r en t  pulses (40 msec  du ra t ion ,  4 cps) to  
the  in te r io r  of t he  microelect rode.  M e a s u r e m e n t s  of i n p u t  
res i s tance  of t he  in jec ted  cell were m a d e  b y  connec t ing  
t he  sod ium microe lec t rode  to  a ba l ance  br idge  c i rcui t  
se rv ing  to  pass  c u r r e n t  a n d  record  vo l t age  changes .  I n  
these  expe r imen t s ,  a precis ion e l ec t rome te r  (Model lVI-4) 
f rom ~VV-P I n s t r u m e n t s ,  was used. An  a d j a c e n t  cell was  
also impa l ed  w i t h  a c o n v e n t i o n a l  KC1 microe lec t rode  
(15 to  20 Mr2 resis tance)  which  was connec ted  to a 
s t a n d a r d  ca thode  follower and  D.C. amplif ier ,  a n d  t he  
changes  in m e m b r a n e  po t en t i a l s  were d i sp layed  simul-  
t a n e o u s l y  on a second b e a m  of a T e k t r o n i x  oscilloscope. 
The  electr ical  coupl ing  be tween  t h e  two  cells was  mea-  
sured  before,  dur ing,  a n d  a f te r  sod ium inject ion,  

The  resul t s  o b t a i n e d  i nd i ca t ed  t h a t  t he  in jec t ion  of 
sod ium p roduced  a g radua l  decl ine of cell c o m m u n i c a t i o n  
t h a t  c u l m i n a t e d  in comple te  fai lure  of e lectr ical  coupling.  
The  t i m e  requ i red  for t o t a l  uncoup l ing  va r i ed  f rom 30 to  
45 sec, b u t  in some e x p e r i m e n t s  on ly  a f te r  70 sec comple te  
uncoup l ing  was achieved.  

F igures  1 a n d  2 show the  effect  of sod ium in jec t ion  on  
electr ical  coupl ing  a n d  i n p u t  res i s tance  f rom a typ ica l  
expe r imen t .  The  i n c r e m e n t  of i n p u t  res i s tance  wh ich  
occur red  c o n c o m i t a n t l y  w i t h  sod ium in j ec t ion  (see 
F igure  1B) m e a n s  t h a t  t he  fall  in size of t he  e lec t ro tonic  
p o t e n t i a l s  recorded  f rom a cell a d j a c e n t  to  t he  si te  of 
in j ec t ion  was no t  due  to a n  increase  in m e m b r a n e  
c o n d u c t a n c e  of t he  in jec ted  cell. 

The  e lectr ical  uncoup l ing  caused b y  ra is ing  t h e  i n t r a -  
cel lular  sod ium c o n c e n t r a t i o n  seems to  be  u n r e l a t e d  to  
a n y  h a r m f u l  effect  of sod ium inject ion,  since no dras t i c  
depo la r i za t ion  or a p p a r e n t  change  in t r a n s p a r e n c e  of t he  
in jec ted  cells was  found.  On t h e  con t r a ry ,  in  some 
e x p e r i m e n t s  a s l ight  h y p e r p o l a r i z a t i o n  was seen even  in 
t h e  cell a d j a c e n t  to  si te  of in ject ion.  This  increase  in 
m e m b r a n e  po la r i za t ion  was comple te ly  reversed  on  
i n t e r r u p t i n g  t he  release of sodium.  On t he  o the r  h a n d ,  
t he  fai lure  of cell c o m m u n i c a t i o n  caused b y  sod ium 
i nj ec t ion  was comple te ly  reversible ,  b u t  t he  t i m e  requ i red  
for t o t a l  r e - e s t a b l i s h m e n t  of e lectr ical  coupl ing  var ied .  
I n  m a n y  expe r imen t s ,  however ,  400 see or more  were 
necessary  for t o t a l  r ecovery  of cell c o m m u n i c a t i o n .  

The  effect  of in t r ace l lu la r  sod ium in jec t ion  on electr ical  
coupl ing  of m y o c a r d i a l  cells is p r o b a b l y  exp la ined  b y  t h e  
i n c r e m e n t  of t he  i n t e rna l  ca lc ium c o n c e n t r a t i o n  p roduced  
b y  t he  increase  on  in t r ace l lu l a r  sod ium c o n t e n t  ~. I t  is also 
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Fig. 2. Electrical uncoupling of myocardial cells produced by intra- 
cellular sodium injection, a) control values of electrotonic potentials 
recorded from a myocardial cell adjacent to the site of sodium injec- 
tion immediately after the beginning of sodium release; b) and e) 
after 15 and 30 sec of injection respectively. Resting potential in a) 
--80 mV and in c) --83 mV. Vertical calibration, 5 mV; horizontal 
calibration, 200 msee. Lower trace: outward current pulses (2.5 • 10 -7 
A). Temperature 36 ~ 

known  t h a t  a rise in in te rna l  sodium concen t ra t ion  
releases calcium f rom ra i tochondria ,  and th is  can also 
cont r ibu te  to the  deve lopmen t  of the  electrical uncoupling.  

The presen t  results  rise the  possibi l i ty  t h a t  the  N a - K  
p u m p  in hea r t  and in o ther  cells has  an indi rec t  role on 
the  control  of cellular communica t ion .  I t  is reasonable  to  
t h ink  t h a t  the  failure of the  sod ium in a cell or group of 
cells can interfere  marked ly  wi th  intercel lular  communica-  
t ion t h ro u g h  a marked  change  on the  int racel lular  calc ium 
concent ra t ion .  I t  is conceivable,  indeed,  t h a t  the  block of 
impulse  conduc t ion  p roduced  by  cardiac glycosides in 
hea r t  t issues can be related,  in par t ,  to changes  on 
junc t iona l  conductance ,  secondary  to  its blocking effect  
on sodium extrusion.  E x p e r i m e n t s  are in progress  in our 
l abora to ry  in order  to inves t iga te  th is  hypo thes i s  13. 

Rdsumd. L' inf luence  de l ' a u g m e n t a t i o n  de la t eneur  en 
Na+ intracel lulaire  sur le processus de communica t ion  
ent re  les cellules card iaques  du lapin est  6tudi6e. Une  
suppression de la communica t i on  6Iectrique est  provoqu6e 
par  l ' in jec t ion  de Na+ dans  la cellule. Ce r6sul tat  est  
p r o b a b l e m e n t  expliqu6 par  une a u g m e n t a t i o n  de la 
concen t ra t ion  en Ca ~+ intracellulaire,  subs6quente  
l ' in ject ion de Na+ et pa r  une d iminu t ion  de la perm6abil i t6 
des jonct ions  intercellulaires.  
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Quantification of Secretin Release by Acid, Using Immunocytochemistry  and Radio immunoassay  

W h e n  secret in was successfully pur i f ied by  JoRP~S and  
MUTT 1, sequenced by  MU~T and J ORPES 2, and its synthes is  
unde r t aken  by  BODANSZKY, ONDETTI, LEVINE, !~ARAYA- 
NAN, VON SALTZA, SH~E~EHAN, WILLIAMS and  SABO 3, and  
by  BODANSZ~V and  WILLIAMS ~, avai labi l i ty  of the  hor- 
mone in pure  form gave rise to numerous  s tudies  des igned 
to elucidate  its physiological  role in digestion.  The produc-  
t ion of sui table ant isera  p e r m i t t e d  ident i f ica t ion  of 
sca t te red  secre t in-producing  endocr ine  cells in the  upper  
in tes t ina l  mucosa  5-7, and  the  deve lopmen t  of a radio- 
i m m u n o a s s a y  for the  hormone  in blood and t issue 
ex t rac t s  s. Doub t s  remained ,  however,  as to  the  precise 
response  of t he  endocr ine  cells of the  upper  in tes t ine  to 
inst i l la t ion of acid into the  duodenum,  and therefore  the  
p r imacy  and degree of the  secret in  response  to  acid 
remained  unknown.  

For  th is  reason we proposed  to  inves t iga te  the  effect  of 
such acid ins t i l la t ion on the  secret in  and  other  endocr ine  
cells by  1. M e a s u r e m e n t  of secret in  release into the  blood 
s t ream,  2. Assay of the  secret in  con ten t  of the  mucosa,  
3. Assessment  of immunocy tochemica l  changes  in the  
endocr ine  cells and,  4, Quant i f ica t ion  of intracel lular  
secre t in  levels. 

Material and methods. H e a l t h y  Engl i sh  W h i t e  pigs were 
ob ta ined  f rom the  same breeder .  Thei r  weight  was be tween  
24 and  30 kg. For  1 week before each e x p e r i m e n t  t h e y  
were kep t  in an animal  house, washed,  dewormed  and t h e n  
s ta rved  for 18 h before exper imen ta t ion .  The pigs were 
anaes the t i zed  wi th  ha lo thane  induct ion,  and received no 
barb i tu ra tes .  They  were t h e n  i n t u b a t e d  w i t h  an endo-  
t rachea l  tube  and  given cont inuous  n i t rous  oxide and 
oxygen.  The mean  ar ter ial  blood pressure  was cont inua l ly  
moni to red  and ma in t a ined  a t  no rmal  levels by  J.v. saline 

infusion. The bile duct ,  pancrea t ic  duc t  and  s t o mach  
were canu la ted  and  ca the te rs  p laced in the  por ta l  vein  
and  femoral  ar tery .  All blood and  juice samples  were 
collected at  5 rain intervals~ 

The d u o d e n u m  and  p rox imal  20 cm of j e j u n u m were 
isolated and canula ted  for acid perfusion.  Af ter  a 15 rain 
basal  period, biopsies (approx imate ly  4 • 2 era) of the  
duodenal  mucosa,  5 cm dis ta l  to  t he  pylorus,  were t aken  
for histology,  i m m u n o c y t o c h e m i s t r y  and t issue ex t rac t  
assays. 0.1 N HC1 was t h e n  perfused  a t  a cons t an t  ra te  of 
11 ml /min  for 30 rain, and a second mucosal  b iopsy  taken.  

Secret in levels in blood and  t issue ex t rac t s  were carr ied 
out  by  r ad io immunoassay  9. The b iopsy  samples,  t a k e n  
before and af ter  acid inst i l lat ion,  were sub jec ted  to  the  
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