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m a t u r a t i o n ,  we can  conc lude  t h a t  sexua l  m a t u r a t i o n  of 
t h e  Oregon  females  beg ins  ear l ier  t h a n  in males  and  t h a t  
E b o n y  females  are late.  

Resu l t s  showed  t h a t  t he  p r o t ho r ac i c  g lands  of all s tages,  
sexes, a n d  s t r a ins  r e m a i n  u n c h a n g e d .  Th i s  confo rms  to t he  
sugges t ion  4 t h a t  t h e  c h a n g e  in t he  a c t i v i t y  of t he  pro-  
t ho rac i c  g l and  ac tua l l y  on ly  a c c o m m o d a t e s  g r o w t h  of t he  
la rvae:  

Fo r  t he  wild type ,  resu l t s  con fo rmed  to  p rev ious ly  
r e p o r t e d  d a t a  2. W e  a s sume  t h a t  t h e  less ac t ive  corpus  
a l l a t u m  found  cons i s t en t ly  in  our  s tud ies  cor re la tes  w i t h  
t h e  decreased  juven i l e  h o r m o n e  t i te r .  I t  would  a p p e a r  
t h a t  w i t h  a less ac t ive  corpus  a l l a tum,  t he  ecdyson  
would  be  u n i n h i b i t e d  a n d  free to  ca r ry  ou t  t he  m e t a -  
morphos i s .  Th i s  suggests  t h a t  t he  juven i l e  h o r m o n e  sup-  
presses  t h e  a c t i v i t y  of t he  p ro tho rac i c  g land  a t  second 
i n s t a r  s ince t he  p ro t ho r ac i c  g land  a c t i v i t y  was c o n s t a n t  
b e t w e e n  second a n d  t h i r d  ins tars .  

W i t h  respec t  to  t he  E b o n y  s t ra in ,  t he  corpus  a l l a t u m  
inc reased  in r e l a t ive  p r o t e i n  c o n c e n t r a t i o n  f rom the  
second to  t he  t h i r d  ins tars .  These  resu l t s  showed  t h e  
p r o t h o r a c i c  g land  to  be  u n c h a n g e d  in p r o t e i n  a c t i v i t y  
f rom second to  t h i r d  ins tars .  I f  t he  corpus  a l l a t u m  in- 
c reased  in a c t i v i t y  a n d  th i s  is r e l a t ed  to  h o r m o n e  ac t iv i ty ,  

t he re  Would  be  no mol t .  The  h o r m o n e  t h e n  is no t  be ing  
secre ted to  t h e  c i r cu la to ry  sys tem.  Since t he re  is s t i l l  a 
l a rva l  mol t ,  we know the  corpus  a l l a t u m  is c o n t i n u i n g  to  
release j uven i l e  h o r m o n e  2. As long as  t h i s  juven i le  hor -  
mone  does no t  exceed t he  ecdyson  level  in  t he  c i rcula t ion ,  
t he re  will be  a mol t .  Since t h e  corpus  a l l a t um of t h e  
E b o n y  is so act ive ,  we can  sugges t  t h a t  the  corpus  
a l l a t u m  is s to r ing  q u a n t i t i e s  of juven i l e  h o r m o n e  or 
p roduc ing  i t  a t  a g rea te r  r a t e  14. 

Rdsumd. Le c o n t e n u  p ro t6 ique  des cellules g landula i res  
circulaires  des la rves  de 2 races  de Drosophila melano- 
gaster est  examin6  en d6tail .  Les r6su l t a t s  de ce t te  6 tude  
m o n t r e n t  que  la  p r o d u c t i o n  et  l ' a c t iv i t6  h o r m o n a l e  de ces 
2 races  diff~re. 
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Influence of Hypo phy se a l  Intermediate  Lobe T i s sue  and Colloid on the Ret iculoendothel ia l  Cells of 
the Liver 

A l t h o u g h  a v a s t  a m o u n t  of l i t e r a t u r e  has  been  d e v o t e d  
to t he  p ro l i f e ra t ion  of r e t i cu loendo the l i a l  cells of t he  l iver  
u n d e r  t h e  inf luence  of va r ious  agen t s  1 s, on ly  a few d o u b t -  
ful m i t o t i c  figures, ye t  unpub l i shed ,  h a v e  ever  been 
obse rved  in  l ivers  k n o w n  to  be  syn thes i z ing  D N A  ~ 

The  d i r t h  of even  ques t i onab l e  m i t o t i c  f igures in the  
face of e x p e r i m e n t a l  resu l t s  i n d i c a t i n g  r ap id ly  pro l i fe ra t -  
ing r e t i cu loendo the l i a l  cells gives t h e  impress ion  t h a t  
t he re  m a y  be  e i t he r  a r e c r u i t m e n t  of cells f rom o t h e r  
sources  or a n  a c t i v a t i o n  of cells p o t e n t i a l l y  phagocyt ic .  

A n  invas ion  of t he  l iver  w i t h  e x t e r n a l  m a c r o p h a g e  
p recursors  ha s  been  r epo r t ed  10, and  fu r the rmore ,  i t  is sug- 
ges ted  t h a t  a n  increase  in t h e  n u m b e r  of ac t ive ly  phago-  
cyt ic  cells m i g h t  be  due  to d o r m a n t  cells r a t h e r  t h a n  to  
mi tos i s  of ex i s t ing  h i s t iocy tes  n .  

I n  a c o n t i n u i n g  s t u d y  of t he  effect  of b o v i n e  hypo-  
physea l  s u b s t a n c e s  on  t a r g e t  organs,  i t  was  d i scovered  
t h a t  i n t e r m e d i a t e  lobe t i ssue  unde rgo ing  d e s q u a m a t i o n  
a n d  au to lys i s  as well  as i ts  r e s u l t a n t  p roduc t ,  colloid, has  a 
pecu l ia r  a f f in i ty  for ce r t a in  cells of m e s o d e r m a l  or igm. 
I n v e s t i g a t i o n s  showed  t h a t  n e i t h e r  an t e r i o r  nor  pos te r io r  
lobe t i ssue  p roduced  a s imi la r  effect. 

I n  o rder  to  d e m o n s t r a t e  t h e  inf luence  of i n t e r m e d i a t e  
lobe t i ssue  a n d  colloid on  m e s o d e r m a l  t issue,  re t iculo-  
endo the l i a l  cells of t he  l iver  p r o v e d  to be  a su i t ab le  model .  

T h e  l iver  of 8 a d u l t  dogs, b o t h  ma le  a n d  female  were 
d iv ided  equa l ly  in to  2 groups.  4 o the r s  were used as 
controls .  The  h y p o p h y s i s  f rom 2-year-old  s teers  a n d  
heifers  were  Collected w i t h i n  15 m i n  a f t e r  s l augh te r  a n d  
p laced  in T y r o d e ' s  so lu t ion  for t r a n s p o r t  to  t he  l abo ra to ry .  
Af te r  r ins ing  in severa l  changes  of T y r o d e ' s  solut ion,  t h e  
g l ands  were cu t  m i d - s a g i t t a l y  in to  2 equa l  halves ,  expos-  
ing t h e  lobes of t he  g l and  a n d  t he  res idua l  l u m e n  ( in t ra-  
g l a n d u l a r  cleft).  On ly  g lands  w i t h  a colloid filled l u m e n  
were ut i l ized.  The  colloid was  collected,  a n d  t h e  avascn l a r  

i n t e r m e d i a t e  lobe tissue, r ead i ly  ident i f iable ,  was care- 
fully sc raped  f rom the  ros t ra l  sur face  of t h e  pos te r ior  lobe. 
Ne i t he r  i n t e r m e d i a t e  lobe t i ssue  nor  colloid was pooled.  

An  inocu lum was p r e p a r e d  b y  minc ing  sepa ra t e ly  
i n t e r m e d i a t e  lobe colloid a n d  t i ssue  in to  f ine aggrega tes  
(1/4 m m  or less l which  were t h e n  d iv ided  in to  c o m p a r t -  
m e n t s  3 m m  3. E a c h  c o m p a r t m e n t  c o n t a i n e d  approx i -  
m a t e l y  29.6 m g / m l  of pro te in .  The  inocu lum f rom each 
c o m p a r t m e n t  was  fed in to  t h e  po in t ed  end  of a n  18- 
gauge h y p o d e r m i c  needle  a n d  t he  oppos ing  end  of t he  
needle  was f i t t ed  wi th  a m e t a l  wire plunger .  

The  e x p e r i m e n t a l  an ima l s  were l ight ly  anes the t i zed  w i th  
e the r  a n d  t h e  inocu lum was in j ec t ed  d i rec t ly  in to  t h e  
l iver  of each  an imal ,  t r a n s a b d o m i n a l l y ,  below the  twe l f th  
r ib  in  the  r i g h t  mid -ax i l l a ry  line. 2 ma le  and  2 female  
an ima l s  rece ived  colloid, t he  o the r s  rece ived  i n t e r m e d i a t e  
lobe tissues.  One a n i m a l  f rom each  group  was sacrif iced 
on d a y  3. 5, 7 a n d  9. B y  fol lowing the  needle  t r a c t  in to  t h e  
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liver,  t h e  in j ec t ion  si te  was  located.  Tissue  t a k e n  f rom t h e  
si te  was  f ixed in 10% formal in ,  a n d  p r e p a r e d  in t he  usua l  
m a n n e r  for microscopic  s tudy .  The  t i ssue  was ser ial ly  
sec t ioned  a t  3-5 a and  s t a ined  w i t h  hema toxy l in -eos in .  

I n  t h e  con t ro l  an imals ,  2 types  of cells were seen in t h e  
s inusoids  of t h e  l iver.  The  endo the l i a l  cells h a d  l i t t le  
s t r u c t u r a l  de ta i l  a n d  a p p e a r e d  as th in ,  compac t ,  e longa ted  
cells w i t h  a sma l l  d a r k  nucleus.  The  d i s t inc t ly  la rger  an d  
well  def ined Kupf f e r  cells h a d  w h a t  a p p e a r e d  to  be  
n u m e r o u s  cy top l a smic  processes  which  were i n t i m a t e l y  
connec t ed  to  t h e  wai l  of t h e  sinusoids.  The  K u p i f e r  cells 
c o n t a i n e d  a large  ova l  nuc leus  w i t h  a r a t h e r  smal l  
p r o m i n e n t  nucleolus.  

The  microscopic  p i c tu re  of b o t h  au to lys is  colloid 
and  i n t e r m e d i a t e  lobe t i ssue  in jec ted  l iver  was  s imilar .  
An ima l s  sacr i f iced on  days  3, 5 a n d  7, showed  au to lys i s  of 
i n t e r m e d i a t e  lobe t i ssue  and  colloid in t h e  s inusoids  of t h e  

l iver.  Sect ions  f rom an i ma l s  sacr i f iced on  d a y  3, showed  
a n  increase  in n u m b e r  a n d  size of b o t h  t h e  Kupf fe r  a n d  
t h e  endo the l i a l  cells l i n ing  t h e  s inusoids.  T h e  cells were 
equa l ly  d i s t r i b u t e d  t h r o u g h o u t  t h e  pe r i lobu la r  an d  cent r i -  
l obu la r  regions of t h e  l iver.  

U n d e r  t h e  cond i t ions  of t h e  p r e s en t  expe r imen t ,  t h e  
Kupf fe r  cell showed t h e  m o s t  s t r i k ing  changes .  T he  
swollen cell a l m o s t  comple t e ly  b locked  passage  t h r o u g h  
t h e  s inusoids  (Figure 1). The  cy top l a smic  p ro t ru s ions  
p r o v e d  to  be  more  t h a n  j u s t  s te l la te  processes.  Indeed ,  t h e  
processes  n o w  a p p e a r e d  as cy top l a smic  t u b u l e s  e x t e n d i n g  
f rom t h e  surface  of t h e  cell to  p ro j ec t  in to  t h e  p a r e n e h y m a  
of t h e  l iver  b e t w een  h ep a t i c  cells. Here  t h e y  d i m i n i s h e d  
in size an d  b r a n c h e d  in to  m a n y  smal l  channe l s  w h i c h  
m a d e  d i rec t  c o n t a c t  w i t h  t h e  h ep a t i c  cell m e m b r a n e .  I n  
serial  sect ions,  t h e  t u b u l e s  were found  to  open  d i rec t ly  
in to  t h e  h ep a t i c  cells: Th i s  a r r a n g e m e n t  suggests  a n  

Fig. 1. Kupffer cell from liver injected with intermediate lobe tissue. Note branching cytoplasmic tubules. • 1400. 

Fig. 2. Kupffer cell during late anaphase. • 1400. 

Fig. 3. Endothelial cell during late anaphase. • 1400. 

Fig. 4. Daughter cells taking up new positions on opposite sides of the sinusoid. • 1400. 
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i n t ima te  re la t ionship  be tween  the  sinusoid,  the  Kupf fe r  
and the  hepa t ic  ceils. At  th is  t ime, the  Kupf fe r  cell  
showed signs of p repar ing  for division;  the  nucleus w i th  
i ts  uneven  m e m b r a n e  was filled wi th  da rk  s ta in ing  
c h r o m a t i n  clumps.  

Microscopic sect ions of the  liver f rom animals  sacrificed 
on day  5, showed b o t h  d iv id ing  Kupf fe r  and endothel ia l  
cells. By  late  anaphase ,  t he  Kupf fe r  cell had  lost  i ts  
cy toplasmic  tubules .  The cell, now cons iderably  swollen 
wi th  foamy  cy top lasm,  had  e longated,  ex t ended  f rom one 
wall of the  sinusoid to  the  o ther  (Figure 2). I t  is in te res t ing  
t h a t  dur ing the  mi to t ic  phase,  the  Kupf fe r  cell never  lost  
comple te  con tac t  w i th  the  wall  of t he  sinusoid. 

Al though  there  was considerable  swelling of the  endo-  
thel ial  cell dur ing  i ts  mi to t i c  phase,  i t  too never  lost  
con tac t  wi th  the  wall of the  sinusoid, nor  did it ever  a t t a i n  
the  size of the  Kupf fe r  cell. N o t w i t h s t a n d i n g  these  facts,  
dur ing  late anaphase ,  the  cell managed  to ex t end  i tself  
across the  sinusoid f rom one wall  to the  o the r  (Figure 3). 

Af te r  the  re t icu loendothel ia l  cell had  comple ted  its 
division, the  daugh t e r  cells took  up new posit ions,  one 
a t t a ched  to  e i ther  side of t he  wall of t he  sinusoid (Figure 
4). The new ceils, b o t h  Kupf fe r  and  endothel ia l ,  r epea ted  
th is  process,  accoun t ing  for t he  great  increase in ret iculo- 
endothe l ia l  cells observed  in the  l iver on day  7. On day  
9, the  process had  grea t ly  d iminished  and  no d r ama t i c  
increase in re t iculoendothel ia l  cells per  se were seen. 

Amid  the  ac t iv i ty  of these  ceils on days  5, 7 and  9, t he  
newly  formed Kupf fe r  and  endothel ia l  cells were engaged 
in a mos t  unique process,  reveal ing  the i r  d i f fe ren t ia t ion  in 
the  d i rec t ion  charac te r ized  as cells be longing to  t he  
e ry th ro id  series. 

U n d e r  the  condi t ions  of the  p resen t  s tudy,  the  increase  
in re t iculoendothel ia l  ceils of the  liver is en t i re ly  a local 
p h e n o m e n o n  exh ib i t ed  by  exis t ing cells, wi th  no cont r ibu-  
t ions  f rom outs ide  sources1~ These results  lend credence 
to  evidence ma in t a in ing  t h a t  ma tu re  macrophages  can 

undergo divis ion 12-~s, and  d e m o n s t r a t e s  t h a t  the  respon-  
siveness of re t icu loendothel ia l  cells to  in te rmedia te  lobe 
mater ia ls  is an i m p o r t a n t  bear ing  on the  role of endocr ines  
in t he  regula t ion  of the  re t icu loendothel ia l  sys tem t7-.21. 

Al though  the  re t iculoendothel ia l  cells of the  l iver are 
uns table ,  are mul t ipo ten t i a l  and  behave  according to  t he  
na tu re  of the  s t imulus  employed,  there  is no doub t  abou t  
the i r  mi to t ic  capabil i t ies .  

Zusammen/assung.  Gewebe des H y p o p h y s e n z w i s c h e n -  
lappens  und  das Kolloid wirken  auf Endothe lze l len  ein. 
Sie ve rm6gen  die re t iku loendothe l ia len  Zellen der Leber  
zur Mitose anzuregen.  Diese Zellen scheinen eine wicht ige  
Rolle bei  der  l~bermi t t lung  yon  endokr inen  Stoffen und  
der  Regula t ion  des re t ikuloendoth~l ia len  Sys tems  zu 
spielen. 
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The Re la t ionsh ip  Be tween  Cell Div i s ion  and Cell 

The s t eady  s ta te  concep t  which  character izes  renewing  
cell popula t ions  has  been  formula ted  on a s ta t is t ica l  basis. 
Thus,  to  m a in t a in  an equi l ibr ium be tween  cell b i r t h  and  
cell dea th ,  one daugh te r  cell of a progeni tor  (or stem) cell 
divis ion remains  in t he  prol i fera t ive  pool, while the  o the r  
p rogeny  migra tes  t owards  the  funct ional  c o m p a r t m e n t  
and  takes  on special  funct ions.  Therefore,  in order  to 
account  for th is  mechan i sm,  several  s tochas t ic  models  
depic t ing  the  re la t ionship  be tween  cell b i r t h  and  cell 
special izat ion have  been suggested l-s. Unt i l  recent ly ,  t he  
m o s t  widely  accep ted  model  has  been  p red ica ted  on an  
a symmet r i ca l  mitosis  1-8, s. 

Such a concept ,  however ,  does no t  allow for consider-  
able var ia t ion  in t he  life h i s to ry  and funct ion  of indiv idual  
cells wi th in  a popula t ion .  Moreover,  recent  evidence 
ob ta ined  f rom a va r i e ty  of renewing epi thel ia l  cell popu-  
lat ions,  esophagus  5, j e j unum 7-", d u o d e n u m  1~ has  sug- 
ges ted t h a t  3 models  m a y  be opera t ing  in concer t  to  
m a i n t a i n  the  s t e ady  state,  none  of which  use an asym-  
metr ica l  divis ion to  expla in  t he  re la t ionship  be tween  
division and  the  subsequen t  special izat ion of progeny.  
Therefore,  t he  p re sen t  s tudy  was unde r t aken  in an a t t e m p t  
to  d e m o n s t r a t e  the  role of ind iv idua l  p rogeni to r  cells in 
the  renewal  of the  duodenal  epi thel ium.  

Spec ia l i zat ion  in the Mouse  Intes t inal  Ep i the l ium 

Materials and methods. A to ta l  of 46 male Swiss a lbino 
mice were uti l ized.  E a c h  an imal  received a single dorsal  
s.c. in ject ion of t r i t i um t h y m i d i n e  (hereafter,  3HTdr) 
labeled at  t he  me t h y l  posi t ion,  New Eng land  Nuclear  
Corporat ion,  specific ac t iv i ty  6.4 C/raM, a t  a concent ra-  
t ion of 0.5 txc/g body  weight .  The mice were sacrificed by  
cervical  dislocation,  2 per  t ime  interval ,  f rom 1/4 to  30 h 
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