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effect  of propranolol  on myocard ia l  cont rac t i le  force. As 
shown in the  Figure,  each dose-response curve of nor- 
ep inephr ine  on myocard ia l  contract i le  force is sh i f ted  
progress ively  to  the  right,  essent ial ly  in parallel  wi th  each 
other ,  as the  dose of propranolol  increases. This  family  of 
dose-response curves appears  to sa t i s fy  the  concep t  of 
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compet i t ive  an t agon i sm be tween  two pharmacologica l  
agents ,  which has  been advoca ted  b y  ARIENS et  al. 1~ 
and  by  SCHILDn. Hence,  one could conclude t h a t  phar -  
macological  compe t i t ive  an tagon i sm does exis t  be tween  
norep inephr ine  and  propranolo l  4,"'12. 

Zusammen/assung .  Der Einf luss  von Propranolol ,  e inem 
neuen f l -adrenergischen Blockierungsmit te l ,  auf die Wir-  
kung yon  Noradrena l in  auf die Myoka rdkon t r ac t i on  
wurde  an isolierten Meersehweinchenvent r ike l s t re i fen  
s tudier t .  Dabei  wurden  Indiz ien  ffir e inen kompe t i t i ven  
Antagon i smus  be igebracht .  
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Pers i s t ing  Circadian R h y t h m  in Hepat ic  Glyco-  
gen  of Mice dur ing  Inani t ion  and Dehydrat ion  t 

CHOSSAT'S early da t a  2 d e m o n s t r a t e  t h a t  s ignif icant  
c i rcadian per iodic i ty  persis ts  in cer ta in  birds  unt i l  the  day  
of the i r  dea th  f rom s t a rva t ion  and d e h y d r a t i o n :  s ta t is -  
t ical ly  s ignif icant  w i th in -day  differences in cloacal t em-  
pe ra tu re  of b i rds  comple te ly  depr ived  of food and wa te r  
as well as in controls  (feeding and dr inking ad l ibitum) 
can be compu ted  f rom his d a t a  publ ished in 1843 (Tables 
60 and  68 in 2)3. More recent ly ,  c i rcadian r h y t h m s  in 
recta l  t empera tu re ,  p innal  mitosis,  cor t icos terone con t en t  
of se rum and  adrenal ,  as well as in p i t u i t a ry  adreno-  
cor t ico t ropic  act iv i ty ,  were found to  pers is t  in inbred  
Bagg albino (C) mice depr ived  of food and  wa te r  4,5. 
I n t e r e s t  in tile ques t ion of how long cer ta in  o ther  bio- 
chemical  r h y t h m s  d e m o n s t r a b l y  persis t  in a m a m m a l  de- 
p r ived  of food and wa te r  was renewed by  p rob lems  arising 
in the  cons t ruc t ion  of a p r o g r a m m e d  feeding device in 
p repa ra t ion  for a biosatel l i te  s t u d y  on r h y t h m s .  

A p a r t  f rom this  background,  liver glycogen was chosen 
as a var iable  for s tudy,  since for this  func t ion  the  t iming  
of feeding is still general ly regarded as an essential  condi-  
t ion of a r h y t h m .  This  is done in keeping  wi th  a role 
assigned to  nu t r i t iona l  Iactors a l ready b y  BERNARD 6 and  
in line wi th  a repor t  by  HIGG1NS et al. 7, the  p ioneer ing 
inves t iga t ions  on th is  subjec t  by  ~kGREN et  al.S no twi th -  
s tanding .  Cont ra ry  to the  conclusion of ~kGREN e t a l . ,  the  
fact  t h a t  hepa t ic  glycogen drops  to ve ry  low levels dur ing 
s t a rva t ion  is mis in te rp re ted  for a lack of r h y t h m .  This 
s t a tus  quo is no t  surpr is ing since, w i th  few except ions ,  
mos t  curves publ ished by  s t uden t s  of r h y t h m s  more  re- 
cen t ly  on liver glycogen show mul t ip le  t u rn ing  poin ts  9 _ a 
c i rcumstance  arising f rom the  failure to  ' isolate '  a cir- 

cadian r h y t h m  f rom other  super imposed  frequencies  
(such as the  u l t rad ian  changes) and 'noise' .  

Against  this  background,  the  da t a  of the  Figure provide  
a clear view of the  pers is t ing circadian r h y t h m  in several  
groups of animals.  Three groups of mice were s t anda rd i zed  
for per iodic i ty  analysis,  as descr ibed elsewhere 1~ b u t  two 
of these  groups were on a modif ied schedule only in t h a t  
e i ther  all food or all food and wa te r  as well was r emoved  
16 h before the  s t a r t ing  t ime of the  serially i n d e p e n d e n t  
sampl ing  here employed.  

766 C female mice were singly housed in three  separa te  
rooms under  condi t ions  of 12 h l ight (0600 to 1800) al ter-  
na t ing  wi th  darkness ;  t hey  were s t anda rd ized  on th is  
regimen for seven days  prior  to sampl ing  and dur ing  the  
sampl ing  span. Food  and wa te r  were available ad l ib i tum 
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to all animals  unt i l  16 h prior  to the  f i rs t  sampling,  when  
food was r emoved  f rom the  cages in one room while food 
and wa te r  were b o t h  r emoved  f rom the  cages in ano the r  
room. The animals  in the  t h i rd  room were checked (to 
provide  a similar  d is turbance) ,  bu t  had  food and  wa te r  
avai lable  ad l ib i tum t h r o u g h o u t  the  whole sampl ing span. 

Subgroups  of app rox ima te ly  15 mice f rom each of the  
three  groups were sacrificed at  4 h intervals .  The liver was 
immed ia t e ly  removed,  frozen, and  the  glycogen concen-  
t r a t ion  de te rmined  by  the  m e t h o d  of KEMP and KITS VAN 
H E I J N I N G E N  11. 

In  t he  animals  wi th  food and wa te r  ad l ibi tum, the  
liver glycogen concen t ra t ion  var ied  p red ic tab ly  as a func- 
t ion of t ime,  f rom mean  crest  values of abou t  8.0 g glyco- 
gen/100 g t issue wet  weigh t  to t rough  values  as low as 
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0.36 g. The s ta rv ing  and th i r s t ing  as well as the  s ta rv ing  
an imals  showed on inspect ion of t ime plots  s imilar  circa- 
d ian  r h y t h m s  t h a t  were roughly  comparab le  also wi th  the  
r h y t h m  in the  fully-fed and fu l ly-watered  mice, as can be 
seen f rom the  re la t ive values shown in the  Figure  - al- 
t h o u g h  the  absolute  liver glycogen levels in s t a rv ing  
groups of animals  ranged f rom a mean  value of 0.356 g 
glycogen/100 g t issue wet  weight  a t  the  circadian crest  
t ime to 0.049 g a t  the  t ime of t rough.  

At  the  ex t remely  low levels of l iver glycogen in the  
s t a rved  and d e h y d r a t e d  mouse,  the  circadian r h y t h m  per- 
sists and  its ampl i tude  dur ing the  f irs t  day  of dehydra t ion  
and /o r  s t a rva t ion  does no t  compare  unfavorab ly  wi th  
t h a t  in controls.  A p a r t  f rom the  prac t ica l  in te res t  in these 
resul ts  related to  a biosatel l i te  survey  of b iochemical  and 
o ther  r h y t h ms ,  the  Figure  demons t r a t e s  for ye t  ano the r  
func t ion  w h a t  migh t  be called, in honor  of a pioneer  in 
this  field, a CHOSSAT 12 p h e n o m e n o n  13. 

Zusammen/assung. Eine C i r cad ian rhy thmik  des M~use- 
leberglycogens l~sst sich durch  S tandard i s i e rung  anderer  
biologischer F requenzen  und  <~L/~rm~> isolieren. Dies ge- 
l ingt  auch  nach  E n t z u g  von  F u t t e r  oder  F u t t e r  und  Was-  
ser. Pers i s ten te  R h y t h m e n  mi t  grosset  Ampl i tude  kenn-  
ze ichnen eine Reihe physiologischer  F u n k t i o n e n  nach  
Fu t t e r -  und Fl t iss igkei tsentzug und  k6nnen  als Chossat-  
ph~tnomene beze ichne t  werden.  
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H e x a m e t h y l e n t e t r a m i n e -  S i l v e r  R e a c t i o n  
for  L y s o s o m e s  

In  the  course of a s t u d y  (D~ lYIARTINO et  al. 1) abou t  the  
feasibi l i ty of the  appl ica t ion  of the  hexame thy l en -  
t e t ramine-s i lve r  t echn ique  in order  to s ta in  various cyto-  
plasmic s t ructures ,  s i lver-s ta ined granules were observed 
in the  p a r e n c h y m a l  cells of the  liver and  in those  of the  
in tes t ina l  epi thel ium.  Similar granules were also s ta ined  
in the  p rox imal  convolu ted  tubules  of the  kidney.  This 
s t u d y  was per fo rmed  to  assay the  specif ic i ty  of the  reac- 
t ion and  to define the  i den t i t y  of the  s ta ined  granules.  

Kidney ,  l iver and small  in tes t ine  of adul t  newts  
(Triturus cristatus Laur.) were used in th is  s tudy.  Four  
d i f ferent  f ixat ives  were used:  Sanfelice, Bouin, Carnoy 
and  acetic subl imate .  5 y paraf f in  sections,  af ter  oxida t ion  
wi th  10% HsIO 6 (15-20 rain), were exposed to silver 
h e x a m e t h y l e n t e t r a m i n e  (5-12 h). The silver solut ion was 
p repa red  according to  the  m e t h o d s  of JoNEs 2 and MARI- 
NOZZI a for the  basal  membranes ,  as modif ied  by  DE 
MARTINO et al. 1. Other  sect ions  f rom the  same block 
were oxid ized  wi th  10 % N a l O  4 before silver impregnat ion .  
Frozen sections,  8-10 # thick,  f rom formol-calc ium fixed 

tissues, were i ncuba ted  for acid p h o s p h a t a s e  ac t iv i ty  to 
d e m o n s t r a t e  the  presence of lysosomes b y  the  GOMORI 4 
procedure .  

In  t he  liver, m a n y  s i lver-s ta ined granules  were localized 
a round  the  bile canaliculi.  Similar  granules  were also 
s ta ined  in the  p rox ima l  convolu ted  tubu les  of the  k idney  
and  in the  supranuclear  region in the  in tes t ina l  e p i t h e l i a l  
cells. These granules m a t c h e d  in size and  d i s t r ibu t ion  the  
lyosomes d e m o n s t r a t e d  by  the  Gomori  technique .  How-  
ever, in the  in tes t ina l  cells, these  granules  were revealed 
by  the  silver reac t ion  only when  the  mater ia l  had  been 
f ixed in Sanfelice or in Bouin. 

The results  ob ta ined  in our s t u d y  conf i rm and ex tend  
the  observa t ions  of o ther  authors .  LILLIE 5 descr ibed 
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