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of the  saline in jec ted  sides was less t han  the  increase 
of the  pro lac t in  in jec ted  sides, i.e., t he  level  × t i m e  inter-  
ac t ion  was s ignif icant  (p < 0.01). 

The  basis of t he  dai ly  cropsac va r i a t ion  remains  to 
be expla ined.  However ,  thyroxin ,  prednisone,  and growth  
ho rmone  enhance  the  responses of hypophysec tomized  
young  pigeons to prolact in% D a i l y  r h y t h m s  in hormone  
levels  have  been found in m a n y  ver tebra tes ,  e.g., T S H  
in ra ts  x0, n ;  cor t icos terone in mice 1] ra t s  ~, h u m a n s  x*, 
and sparrowsXS; pro lac t in  in ra ts  ~*, hamste rs  ~, and  
sparrows ~. The  rise and fall  dur ing the  day of hormones  
auxi l ia ry  to a cropsac response migh t  account  for a 
sens i t iv i ty  r hy thm.  As suggested for wh i t e - th roa t ed  
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Fig. 2. Daily variations in responses of the cropsae mucosa to 
intradermal injections of prolactin. Prolactin (50 mg total) and 
saline were given in 4 equal daily injections at one of 3 different 
times during the day (0, 6 or 12 h after the onset of the daily photo- 
period, 07.30-19.30 h). The broken line represents the mean level 
(19.2 rag) of the combined controls. 

sparrows le, sens i t iv i ty  r h y t h m s  in pigeons m a y  be in- 
vo lved  in the  t empora l  regula t ion  of p ro lac t in -dependen t  
phenomena .  Also, the  exis tence of a marked  dai ly  var ia -  
t ion  in t he  response of cropsacs requires inves t iga tors  to 
consider  the  t i m e  of day  when cropsac assays are  m a d e  17. 

Zusammen[assung. Es wird  festgestel l t ,  dass die An- 
sprechbarke i t  des Taubenkropfsackes  ant  Pro lac t in  in 
AbhAngigkei t  v o m  hormona len  Zus tand  des Versuchs-  
t ieres  yon Tag  zu Tag  versch ieden  ist. 
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Growth Hormone Release After Hepatectomy x 
Cont rad ic to ry  reports  on the  par t ic ipa t ion  of the  

p i t u i t a r y  gland in l iver  regenera t ion  have  appeared  in 
the  l i t e ra ture  for some t ime2-4;  b u t  recent  work  has 
th rown some l ight  on t l le  role p layed  by  this  g land in 
this  process 5, s 

W i t h  the  a im of ob ta in ing  more  in fo rmat ion  on this  
subject ,  and  w i t h  a d i f ferent  approach,  we have ,  as a 
f irst  step, looked for changes in the  g rowth  hormone-  
producing  ceils of the  p i t u i t a ry  g land of hepa tec tomized  
mice and we h a v e  observed morphologica l  changes 
indica t ing  a mass ive  release of t he  h o r m o n e ' .  These 
changes reached a m a x i m u m  a t  midn igh t  of the  second 
d a y  af te r  hepa t ee tomy ,  some hours  before the  appear-  
ance  of the  first  peak  of D N A  synthesis  in t h e  regenera t ing  
l iver  (EcHAVE LLANOS et  al. unpubl i shed  results). 

In  a second step of which the  results  arc repor ted  here, 
we have  assayed the  p lasma of hepa tec tomized  mice, 
t aken  a t  midn igh t  of the  second day  af te r  hepa t ec tomy ,  
the  t ime  of m a x i m a l  release changes in the  g rowth  
hormone-produc ing  cells, on the  D N A  synthesis  index  
of the l iver  of in tac t  adu l t  mice. I t s  effect  was compared  
wi th  the  ac t ion  of saline, p lasma f rom in tac t  mice  kil led 
a t  midn igh t  and pure  bov ine  g rowth  hormone .  

Seven ty - two  90-day-old C3H-S inbred male  mice  were  
used for the  exper iment .  T h e y  were s tandard ized  for 

p e r i o d i c i t y  analysis s. 20 of them,  hepa tec tomized  9 a t  

16.00 h ~, were ki l led by  decapi ta t ion  a t  midn igh t  of the  
second day  of regenerat ion,  toge the r  w i th  20 in tac t  m i c e .  
The  blood of each group was collected as a pool  on 1 ml  
of 3% sodium c i t ra te  and then  cent r i fuged a t  3000 × g  
and 0°C. The  p lasma ob ta ined  was s tored for 16 h a t  
0°C unt i l  in ject ion.  

F o u r  groups of 8 in t ac t  mice  were  used as receivers.  
They  were in jec ted  i.p. a t  16.30 h for 3 consecut ive  days,  
w i th  0.01 m l / g  body  weight  of the  fol lowing solut ions:  
1. Buffered  saline (pH:  7.2) wi th  3% sodium c i t ra te  (9:1). 
2. P l a sma  from in tac t  mice kil led a t  midnight .  3. P l a sma  
from hepa tec tomized  mice kil led a t  m i d n i g h t  of the  
second day  af te r  hepa t ec tomy .  4. Growth  ho rmone  
(NIH-GH-B13 .  Bovine)  dissolved (1 lzg/0.01 ml) in a lka-  
l ine medium,  buffered to p H  7.2 and  f ina l ly  added  wi th  
3% sod ium c i t ra te  (9:1). All  t he  animals  were ki l led 
af ter  the  th i rd  in ject ion a t  02.00 h of t he  fol lowing day,  
hav ing  received,  1 h previously,  an  i.p. in jec t ion  of 
t r i t i a t ed  thymid ine  (From N e w  England ,  Chicago. 
Specific ac t iv i ty :  2 C/raM) in a dose of 1 ~C/g body  
weight .  The  l iver  was r emoved  and processed for au to-  
rad iography.  The  D N A  synthes is  index  was  de te rmined  
and  expressed as label led nuclei/10,000 nuclei.  

In  th is  expe r imen ta l  design (Figure), t he  t i m e  for the  
in jec t ion  of the  hormone  (16.30 h) was chosen bear ing  
in m i n d  the  resul ts  of HALBERG 10 -~vho demons t r a t ed  
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t h a t  g r o w t h  h o r m o n e  s t i m u l a t e s  m i t o t i c  a c t i v i t y  of 
i m m a t u r e  g rowing  l iver,  w h e n  in j ec t ed  a t  t h i s  t ime ,  in  
c o m p a r i s o n  w i t h  in jec t ions  m a d e  a t  m i d n i g h t ,  w h i c h  
are  n o t  effect ive.  Th i s  effect  was  o b s e r v e d  b y  con t r o l l i ng  
t h e  m i t o t i c  a c t i v i t y  a t  noon  of t h e  fo l lowing d a y  **, t h e  
p e a k  t i m e  of  m i to t i c  a c t i v i t y  of n o r m a l  i m m a t u r e  g rowing  
l iver  ~*, x~. 

T h e  t i m e  chosen  for  c o n t r o l  of D N A  s y n t h e s i s  is b a s e d  
on  t h e  resu l t s  b y  BAR~UM a n d  HAI.B~RO ~4, a n d  o u r  o w n  
resu l t s  in  y o u n g  C3H-S  y o u n g  mice  ~s, in w h i c h  t h e  p e a k  
t i m e  of i n c o r p o r a t i o n  of t r i t i a t e d  t h y m i d i n e  is a b o u t  
03.00 h.  N o t w i t h s t a n d i n g  t h e  f ac t  t h a t  a d u l t  l ive r  shows  
a v e r y  low l abe l l i ng  a t  t h i s  or  a n y  o t h e r  t i m e  of a c i rca-  
d i a n  per iod,  i t  was  a s s u m e d  t h a t ,  if a n y  ef fec t  were  t o  
appea r ,  i t  would  a p p e a r  a t  t h i s  c i r cad i an  t ime .  

T h e  resu l t s  (Table)  show t h a t  t h e  p l a s m a  of h e p a t e c t o -  
mized  mice  s t i m u l a t e s  t he  s y n t h e s i s  of D N A  in  h e p a t o -  
cy tes  as wel l  as l i t o ra l  cel ls  of t h e  l ive r  of i n t a c t  a d u l t  
mice.  T h i s  effect  is n o t  obse rved  w i t h  t h e  p l a s m a  of 
i n t a c t  mice ,  b e i n g  t h e  f igures  of t h e  c o r r e s p o n d i n g  ani -  
m a l s  n o t  d i f f e ren t  f r o m  those  of t he  a n i m a l s  i n j ec t ed  
w i t h  sal ine.  P u r e  b o v i n e  g r o w t h  ho rmone ,  a t  t he  dose  
level  used,  s t i m u l a t e s  s t r o n g l y  t h e  s y n t h e s i s  of D N A  in 
b o t h  cell  p o p u l a t i o n s  of i n t a c t  a d u l t  l iver .  T h e  labe l led  
h e p a t o c y t e  nucle i  in  t h e  a n i m a l s  i n j ec t ed  w i t h  p l a s m a  
f r o m  h e p a t e c t o m i z e d  mice  as well  as in  t h o s e  i n j ec t ed  
w i t h  g r o w t h  h o r m o n e  a p p e a r e d  in  t h e  p e r i p o r t a l l y  
loca ted  areas.  

The  fac t  t h a t  t h e  s t i m u l a t i n g  effect  of p l a s m a  f rom 
h e p a t e c t o m i z e d  mice  a p p e a r s  some  h o u r s  before  t h e  D N A  
s y n t h e s i s  p e a k  of t he  r e g e n e r a t i n g  l iver  of donors ,  a n d  
co inc ides  w i t h  t h e  m a x i m a l  c h a n g e s  in  t h e  g r o w t h  hor -  

The action of saline, plasma from intact mice, plasma from hepa- 
tectomized mice and growth hormone on the DNA S-index {labelled 
nuclei/10,000 nuclei) in mouse intact liver 

Group Treatment N Hepatocytes Litoral cells 
4- S.E. ~ 4- S.E. 

1 Saline 8 1.8Z =~: 0.91 12.50 -t- 2.50 
2 Intact mice plasma 8 4,00 4- 1.01 13.75 4- 2.73 
3 Hepateetomized 8 11,00 4- 1.29 23.75 4- 4.20 

mice plasma 
4 Growth hormone 8 37.50 4- 1.54 60.00 4- 3.05 
P values (Student's t-test) 1-3 < 0.001 1-3 < 0.05 

1-4 < 0.001 1-4 < 0.001 
2-3 < 0.001 2-3 < 0.05 
2-4<0.001 2-4<0.001 
3-4 < 0.001 3-4 < 0.001 

N, sample size; ~ :[: S.E,, aritmetic mean :t: standard error. 
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Arrows with asterisks, time of injections. Black arrows, time of 
sacrifice. White arrow: time of hepatectomy. The illuminating 
regimen, LD12_12 , is indicated in the lower line. 

m o n e - p r o d u c i n g  cells of t he  p i tu i t a ryT,  f i ts  qu i t e  well  
w i t h  t h e  f ac t  t h a t  t h e  t i m i n g  of t h i s  f i r s t  p e a k  is p i t u i t a r y -  
d e p e n d e n t  a n d  appea r s  to  be  de layed  in  t h e  r e g e n e r a t i n g  
l iver  of h y p o p h y s e c t o m i z e d  a n i m a l s  s. 

The  a p p e a r a n c e  of t h e  labe l l ing  in  t h e  p e r i p h e r y  of 
t he  l iver  lobule ,  a f t e r  t h e  in j ec t ion  of p l a s m a  f rom hepa -  
t e c t o m i z e d  mice  or  g r o w t h  ho rmone ,  coincides  w i t h  t h i s  
same  loca t ion  of l abe l l ing  ~ or  t h e  mi to t i c  a c t i v i t y  t h a t  
follows ~ in  t h e  f i r s t  p ro l i f e r a t i ng  p e a k  of r e g e n e r a t i n g  
l iver.  

All  t h i s  g ives  s u p p o r t  to  t h e  h y p o t h e s i s  t h a t  t h e  e f fec t  
of p l a s m a  f r o m  h e p a t e c t o m i z e d  mice  in  t h e  p r e s e n t  
e x p e r i m e n t  is due  to  i t s  h i g h e r  c o n t e n t  in  g r o w t h  hor -  
mone.  I f  t h i s  is t rue ,  t h e  ex i s t ence  of a h y p o t h e t i c a l  
g r o w t h - s t i m u l a t i n g  f ac to r  f rom l ive r  or ig in  is no  longer  
necessa ry  t o  e x p l a i n  t h e  s t i m u l a t i o n  of m i t o t i c  a c t i v i t y  
or  D N A  s y n t h e s i s  in  t h e  n o n - o p e r a t e d  p a r t n e r  of a 
p a r a b i o t i c  ~5 or  cross c i r cu la t ion  ~ pair .  T h e  n e g a t i v e  
resul t s  w i t h  g r o w t h  h o r m o n e ,  w h i c h  fai led to  s t i m u l a t e  
t h y m i d i n e  i n c o r p o r a t i o n  i n to  a d u l t  l ive r  DNA~L could  
be  due  to  a w r o n g  e x p e r i m e n t a l  des ign  w i t h  r e spec t  to  
t h e  t i m e  of i n j e c t i o n  of t h e  h o r m o n e  a n d  con t ro l  of t he  
syn thes i s  of D N A .  

Resumen. E1 p l a s m a  de  r a t o n e s  h e p a t e c t o m i z a d o s ,  
recogido a la m e d i a n o c h e  del  s egundo  dia  de la  r egenera -  
cidn, es t imula ,  a l  igual  que  la  h o r m o n a  de c r ec imien to  
pu ra ,  la  s in tes is  de  A D N  de  los h e p a t o c i t o s  y c61ulas 
l i to ra les  del  h fgado  del  r a t d n  a d u l t o  i n t ac to .  E s t e  efec to  
no  se obse rva  con  el p l a s m a  de r a t o n e s  i n t a c t o s  sacrif i -  
cados  a m e d i a n o c h e  n i  con  so luc idn  fisioldgica.  Se sugiere  
que  el f ac to r  e s t i m u l a n t e  del  p l a s m a  de  r a t o n e s  h e p a -  
t e c t o m i z a d o s  en  h o r m o n a  de  c rec imien to .  
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