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Stimulat ion of cell division in ectopic liver t issue fol lowing partial removal of the lung 
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Summary. A u t o g r a f t s  of l iver  were i m p l a n t e d  i n to  the  lef t  l ung  (Xenopus laevis). S u b s e q u e n t  r e m o v a l  of t h e  r i g h t  
lung  s t i m u l a t e d  increased  mi to t i c  a c t i v i t y  in the  lung  an d  in t h e  l iver  graft ,  

I n j u r y  or pa r t i a l  r e m o v a l  of t i s sue  is genera l ly  followed 
b y  increased  cell p r o d u c t i o n  a n d  c o m p e n s a t o r y  g r o w t h  in 
t he  r e m a i n i n g  t i ssue  of t h a t  organS. Most  ev idence  sug- 
gests  t h a t  th i s  response  is t i ssue  or o rgan  specific:  for 
examp le  i n j u r y  to t he  l iver  causes  a response  in t he  l iver  
b u t  in no  o t h e r  organ.  Whi le  t h e r e  is no genera l  concensus  
as to  t he  n a t u r e  of t he  h o m e o s t a t i c  m e c h a n i s m  con t ro l l ing  
t he  response,  m o s t  h y p o t h e s e s  m a k e  t he  fol lowing com- 
m o n  a s s u m p t i o n s  a: 1. t h a t  t he  con t ro l  is m e d i a t e d  b y  
some fo rm of chemica l  g r o w t h  regula tor ,  2. t h a t  each  
o rgan  or  poss ib ly  t i ssue  ha s  i ts  own  specific g r o w t h  regu-  
l a to r  a n d  3. t h a t ,  in  cases where  t he  si te  of response  is 
d i s t a n t  f rom the  si te  of i n j u r y  (for example  t he  h y p e r -  
p las ia  of 1 k i d n e y  w h i c h  follows d a m a g e  of t he  con t r a -  
l a t e ra l  k idney) ,  these  chemica l  r egu la to r s  m a y  c i rcu la te  
in  t he  b lood  a n d  fo rm a ' sys t emic  pool ' .  
As t he  resu l t  of a series of e x p e r i m e n t s  on  c o m p e n s a t o r y  
g r o w t h  in t he  m a m m a l i a n  lung  4-~ we h a v e  ques t i oned  
these  assumpt ions3 .  I n  a f u r t h e r  e x p e r i m e n t  we showed 7 

t h a t  increased  cell d iv is ion  in a piece of k i d n e y  t issue 
g ra f t ed  in to  t h e  lung  could be  s t i m u l a t e d  b y  r e m o v a l  of 
t h e  c o n t r a l a t e r a l  lung.  This  cas ts  d o u b t  on the  accep ted  
co n cep t  of the  organ-spec i f ic i ty  of t h e  response.  However ,  
before  th i s  r e su l t  can  be cons idered  r e l e v a n t  to  genera l  
theor ies  of c o m p e n s a t o r y  g r o w t h  r egu la t i on  i t  m u s t  be 
shown  t h a t  i t  is a more  genera l  p h e n o m e n o n  r a t h e r  t h a n  
a specific case p e r t i n e n t  on ly  to t h a t  p a r t i c u l a r  c o m b i n a -  
t ion  of g ra f ted  t i ssue  a n d  hos t  organ.  
Materials and methods. 2 a u t o g r a f t s  of l iver  t issue,  each  
m e a s u r i n g  4 • 1 m m  were i m p l a n t e d  in to  the  left  lungs  of 
each  of 13 i m m a t u r e  X e n o p u s  laevis  frogs ( t r u n k  l e n g t h  
25-35 mm)  us ing  a t e c h n i q u e  descr ibed  e lsewhere  ~. 
28 days  l a t e r  7 an i ma l s  were a n a e s t h e t i z e d  an d  t h e  r i gh t  
lung  r e m o v e d  a n d  f ixed in Ca rnoy ' s  fluid.  A t  t h e  same 
t ime  t h e  r e m a i n i n g  6 (control)  an i ma l s  were sub jec t ed  to  
a ' s h a m  o p e r a t i o n '  in wh ich  the  r i gh t  lung  was exposed  
b u t  n o t  removed .  Af te r  a f u r t h e r  2 days  all  13 an i ma l s  
were sacrif iced a n d  t h e  fol lowing t i s sues  t a k e n  for  f ixa- 
t i on :  r i gh t  lung  (presen t  in  con t ro l  an i ma l s  only) ,  lef t  
lung,  k i d n e y  a n d  liver.  Mi to t ic  c o u n t s  were m a d e  on  6 ~tm 
sect ions  s t a ined  w i t h  h a e m a t o x y l i n  an d  eosin, slides 
be ing  r a n d o m i z e d  before count ing .  A c c u r a t e  ident i f ica-  
t i on  of each  cell p r o v e d  dif f icul t  a n d  d i f fe ren t ia l  c o u n t s  
accord ing  to cell t y p e  were n o t  a t t e m p t e d .  The  mi to t i c  
i ndex  (MI), expressed  as t h e  p r o p o r t i o n  of mi toses  
(p rophase  to te lophase)  pe r  104 cells, is the re fore  a com- 
pos i te  va lue  cover ing  a n u m b e r  of cell t ypes  w i t h i n  each  
organ.  
Results. All an i ma l s  su rv ived  the  g ra f t ing  ope ra t ions  and  
u n i l a t e r a l  p n e u m o n e c t o m y .  L ive r  grafts ,  u s u a l l y  fused-  
in to  1 mass ,  were ident i f ied  in t h e  lungs  of all  b u t  1 of t he  
13 an i ma l s  i m p l a n t e d  (figure) ; t h e y  c o n t a i n e d  b lood ves- 
sels an d  the re  were no  areas  of necro t ic  or d e g e n e r a t i n g  
t issue.  
R e m o v a l  of t h e  r i g h t  lung  caused a 2.4 • increase  in t he  
MI ( table)  in t h e  left  lung  an d  also a 90% increase  in t he  
MI of l iver  graf t s  s i t u a t e d  in t h e  lef t  lung.  There  was no 
s ign i f i can t  di f ference b e t w e e n  t h e  l ivers  of un i l a t e r a l l y  
p n e u m o n e c t o m i z e d  an d  con t ro l  an i ma l s  b u t  in t h e  k i d n e y  
t h e  MI was 37% lower in  t h e  u n i l a t e r a l l y  p n e u m o n e c t o -  
mized  animals .  The  MI in l iver  g ra f t s  was  lower t h a n  in 
t h e  i n t a c t  liver.  
Discussion. The  increased  cell d iv i s ion  obse rved  in the  
lung  fol lowing un i l a t e r a l  p n e u m o n e c t o m y  is cons i s t en t  
w i t h  p rev ious  o b s e rv a t i o n s  in A m p h i b i a  7, s an d  in m a m -  

The liver graft is a rounded compact mass, enclosed by a capsule of 
connective tissue, attached to the alveolar septa of the surrounding 
lung tissue. 
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mals  5,9. The increased cell division in the  liver graf t  
canno t  be in t e rp re t ed  as a general  nonspecif ic  s t imu la to ry  
effect :  no such increase was observed in the  liver in si tu 
while in the  k idney  uni la tera l  p n e u m o n e c t o m y  seemed 
to  p roduce  a s l ight  decrease in mi to t ic  incidence,  poss ib ly  
due to the  s t ress  of the  opera t ion.  The mi to t ic  s t imula t ion  
t h u s  appears  to  be conf ined to the  ' lung field'  b u t  wi th in  
t h a t  field any  t issue m a y  respond.  The fact  t h a t  resul ts  
prev ious ly  ob ta ined  for k idney  graf ts  7 have  now been 
r epea t ed  for liver graf ts  suggests  t h a t  th is  m a y  be a 
general  phenomenon .  
I t  is therefore  sugges ted  t h a t  the  compensa to ry  response  
m a y  be 'f ield specific '  r a the r  t h a n  s t r ic t ly  organ-  or 
t issue-specific.  This  has  a bear ing  on hypo theses  for tile 
cont ro l  of the  c o m p e n s a t o r y  response since these  are 
largely based  on the  concep t  of organ specificity.  I n j u ry  
to  t issue is a lmos t  a lways followed by  an increase in the  
ra te  of b lood flow th rough  homologous  t issue and we have  
sugges ted  t h a t  th is  m a y  s t imula te  mitosis  by  causing a 
change  in the  local concen t r a t ion  of mi to t ic  regu la tory  
fac tors  a,7. This  hypo thes i s  could explain  the  resul ts  ob- 

Mitotic indices (proportions of mitoses per 104 cells) and SD in organs 
of Xenopus laevis 2 days after removal of the right lung (unilateral 
pneumonectomy) 

Mitotic index 
Organ Unilateral pneumonectomy Control 

ra ined in the  k idney  7 and  l iver graf ts  since these  shared  
a co mmo n  blood supply  wi th  the  hos t  organ and would 
hence  have  been  affec ted  b y  any  change in the  ra te  of 
blood flow following uni la tera l  p n e u m o n e c t o m y .  
Increase  of blood supp ly  to  the  l iver in si tu was no t  found 
to s t imula te  l iver g rowth  10, an observa t ion  which  m a y  
appear  incons i s ten t  w i th  our  hypothes is .  The l iver has a 
sys tem of anas tomoses  be tween  the  larger b ranches  and  
t r ibu ta r ies  of the  hepa t ic  ar tery ,  por ta l  vein  and hepa t ic  
vein n and divers ion of blood via  these  anas tomoses  
reduces  flow t h ro u g h  the  small  vessels of the  sinus- 
oids 11, 1~. We would suggest  t h a t  it  is the  ra te  of f low of 
blood t h ro u g h  the  small  vessels, w i t h  their  i n t ima te  
con tac t  wi th  the  hepa t ic  t issue, t h a t  regulates  the  po ten-  
tial for increased cell division. Because of the  sys t em of 
anas tomoses ,  an increased blood supply  to  the  liver 1~ 
would no t  necessar i ly  p roduce  in increased flow t h ro ugh  
the  small  vessels of the  sinusoids.  
The ra te  of cell division in the  l iver graf ts  was lower t h a n  
in the  l iver in situ, a resul t  cons i s ten t  wi th  prev ious  
resul ts  on mitosis  and D N A  synthes is  ~3 and g rowth  ~4 in 
ectopic liver grafts .  In  view of the  p rox imi ty  to  the  well- 
vascular ized capi l lary bed  of the  sur rounding  lung t issue 
i t  seems unl ikely t h a t  th is  effect  was due to i schemia  and 
the  exp lana t ion  m a y  be found  in the  absence of no rma l  
bile dra inage or nerve  connect ions ,  S t imula t ion  of hepa t i c  
cell divis ion was observed in the  absence of any in jury  to  
the  liver graf t  or to the  liver in situ. We consider  th is  
incons i s ten t  w i th  the  hypo these s  ~5, ~ which  propose  an 
organ-specif ic  humora l  cont ro l  sys tem.  

Left lung 6.2 ~= 3.7 (p < 0.05) 2.7 :~ 1.2 
Right lung 2.2 4- 1.2 (NS) 2.2 i 0.3 
Liver graft 6.6 i 1.1 (p < 0.001) 3.7 • 1.0 
Liver 16.1 4- 3.5 (NS) 14.7 =k 2.9 
Kidney 9.5 -t- 2.9 (p < 0.05) 13.8 -t- 3.0 

The number of animals in the unilaterally pneumonectomized group 
was 7 and in the control group 6. The value for each animal was the 
mean of 5 sample mitotic counts. Significance of differences (p- 
values in parentheses) was calculated by Student's t-test with the 
number of degrees of freedom (11) taken as the number of animals 
minus 2. For the difference between liver and liver grafts p < 0.001. 
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Summary. The choline ace ty l t rans fe rase  ac t iv i ty  of submand ibu la r  g lands  t h a t  had  previous ly  received a re t rograde  
in jec t ion  of bo tu l i num tox in  via the i r  duc ts  was found  to be marked ly  lower t han  in the  un t r ea t ed  con t ra l a t e ra l  glands.  
In  the  pa ro t id  glands  exposed  to  the  same t r e a t m e n t  the  ac t iv i ty  of th is  enzyme  was less affected.  

Bo tu l i num tox in  causes para lys is  of per iphera l  cholinergic 
mechan i sms ,  and  th is  is cons idered  to  be the  consequence  
of impa i r ed  release of acetylchol ine  f rom the  nerve  
end ings  2. In  the  cat ,  E m m e l i n  3 showed t h a t  in ject ion 
of the  t ox in  t h r o u g h  sa l ivary  duc t s  causes the  s u b m a n d i b -  
ular  and  pa ro t id  glands  to  develop wi th in  a few weeks 
a supersens i t iv i ty  which  las ts  for several  months ,  s imilar  
to t h a t  found  af ter  p a r a s y m p a t h e t i c  denerva t ion .  The 
ace ty lchol ine-synthes iz ing  enzyme,  cho l ine  ace ty l t r ans -  
ferase, is conf ined to  the  cholinergic nerves,  and  i t  was 
wonde red  w h e t h e r  t he  b o t u l i n u m  tox in  would have  any  

affect  on the  ac t iv i ty  of th is  enzyme.  Therefore  in t ra-  
ducta l  in jec t ions  of b o t u l i n u m  tox in  have  been  made  
into submand ibu l a r  and  pa ro t id  glands of cats,  and  the i r  
choline ace ty l t rans fe rase  ac t iv i ty  was de t e rmined  af ter  
d i f ferent  t ime  periods.  At  the  end of each expe r imen ta l  
period,  t he  sens i t iv i ty  to  chemical  s t imuli  was t e s t ed  in 
order  to  assess the  eff iciency of the  original  in jec t ion  of 
bo tu l i num toxin .  
Material and methods, 14 cats  of e i ther  sex, weighing 
2.0-4.4 kg, were used. U n d e r  n e m b u t a l  anaes thes ia  
(36 mg/kg  i.p.), e i ther  the  submand ibu la r  duc t  or  the  


