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the  adrenergic  te rminals  show an intense f luorescence and 
can be easily s tudied  everywhere  in the  tissues. Deple t ion  
exper iments  in this  l abora to ry  have  shown t h a t  the  sensi- 
t i v i t y  of the  me thod  is so h igh  t h a t  the  t r ansmi t t e r  can be 
demons t r a t ed  even  af ter  a reduc t ion  of more t h a n  80% *. 

Expe r imen t s  wi th  d i f ferent  doses (Table I) showed t h a t  
t he  f luorescence of t he  adrenergic  nerves  h a d  d isappeared  
comple te ly  24 h a f te r  the  in jec t ion  o~ 1 and  5 mg/kg,  and 
was m a r k e d l y  reduced  a t  t he  dose level  of 0.2 mg/kg.  T h e  
h ighes t  dose was t h e n  used to  examine  the  t ime  course of  
the  N A  deplet ion.  As seen in Tab le  I I ,  t he  u ter ine  nerves  
were qui te  except ional .  T h e y  sti l l  con ta ined  a demons t ra -  
ble - a l though  reduced  - N A  con ten t  a t  12 h, while  no 
t r ansmi t t e r  could be  observed a t  4 h in t he  o ther  t issues 
examined.  

A possible species specif ici ty was t es ted  by  examin ing  
the  u terus  and the  submand ibu la r  g land  in d i f ferent  
animals  4 h af ter  a reserpine inject ion.  Four  u n t r e a t e d  
controls  and 4 in jec ted  animals  of each of t he  fol lowing 
species were used, The  animals  and doses used were:  
mouse, 25 mg/kg ;  rat ,  10 mg /kg ;  hamster ,  10 mg/kg ;  
and guinea-pig 20 mg/kg.  A m o n g  these  animals  only  the  
uter i  of guinea-pigs showed a weak  f luorescence af ter  the  
reserpine inject ion.  

Table I. Influence of dose of reserpine on noradrenaline depletion in 
the rabbit, ~4 h after the injection 

Dose in Noradrenalinc 
mg/kg in uterine 

adrenergic nerves 

All the  uter ine  nerves,  which  were found to be a lmos t  
exc lus ive ly  vasomoto r s  (confirming unpubl i shed  observa-  
t ions by  FALCK) seemed to reac t  s imi la r ly :  the  in tens i ty  
of the  f luorescence of the  adrenergic  nerves  decreased b u t  
r emained  4 and  12 h af ter  the  in jec t ion  of reserpine.  

The  resul ts  show t h a t  t he  adrenergic  vasomoto r s  of the  
r abb i t  and,  possibly, guinea-pig  u terus  reac t  to  reserpine 
m u c h  more s lowly t h a n  bo th  the  vascular  and  o the r  nerves  
in several  o the r  tissues. T h e  difference m i g h t  be  a t  leas t  
p a r t l y  expla ined  if t he  u te r ine  nerves  - in con t ras t  to t he  
o thers  - had  no or  a v e r y  low impulse  f low dur ing  the  ex-  
pe r iments  (FuxE  and  SEDVALLe). A d iminished  impulse  
flow, ob ta ined  by  a decent ra l iza t ion  of  t h e  lef t  super ior  
cerv ica l  gangl ion in 2 rabbi ts ,  d id  no t  p r e v e n t  t h e  com-  
p le te  deple t ion  of t he  m o n o a m i n e  in d i f ferent  t issues 
(skin, tongue,  submand ibu ta r  gland} observed  4 h a f te r  
t h e  in jec t ion  of 5 mg/kg.  I t  can thus  be concluded t h a t  
adrenergic  t e rmina l s  w i th  the  same genera l  func t ion  can 
differ (at least  quan t i t a t ive ly )  wi th  respec t  to basic 
propert ies .  This  is now exp lored  fur ther .  

Zusammenlassung. Nor-Adrena l in  (NA) ver schwinde t  
nach  e iner  Reserp in in jek t ion  im Ute rus  des Kan inchens  
l angsamer  als in anderen  Organen :  nach  12 h nock  Nach-  
weis yon  Aminen  in den vasomotor i schen  U t e r u s n e r v e n ,  
n ich t  abe t  zum Beispiel  in der  Gl. submandibularis. Ten-  
denz zu gleicher Reak t ion  zeigt  der  Ute rus  des Meer- 
schweinchens,  n ich t  aber  der  Ra t t e ,  der  Maus oder  des 
Hamste rs .  Es  wird  der  Schluss gezogen, dass verschiedene  
sympa th i sche  Nervenend igungen  gleicher Aufgabe  var i ie-  
rende  Grunde igenschaf ten  zeigen. 
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Table II. Influence of time on noradrenaline depletion after reserpine 
injection, 5 mg/kg rabbit 

h after 
injection 

Noradrenaline in adrener~c nerves: 

Uterus Other tissues 

0 + + + +  + + + +  
4 ++ 0 
12 + 0 
~4 0 0 

1 This study was aided by grant NB 02854-04 from the United States 
Public Health Service. 
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Rep roduc t ion  of Irradiated M o n k e y  Kidney  Cells: 
Observa t ions  on  Fixed  Sta ined Cultures  and  by  

PhaseContrast C i n e m a t o g r a p h y  

Tissue cul ture  cells are  used  t o d a y  largely  in t he  s t udy  
of the  biological  effects of radia t ion.  F o r  reasons a l r eady  
expressed in a previous  publ ica t ion  1, we prefer  to use 
p r i m a r y  m o n k e y  k idney  cell cul tures  (M. rhesus). In  t he  
course of the  research ment ioned,  we h a v e  no ted  t h a t  
i r rad ia t ion  wi th  X-rays  causes the  appearance  of g iant  
cells which con ta in  one or more micronuclei .  W e  h a v e  also 

shown how, under  t he  expe r imen ta l  condi t ions  which  we 
adop ted  and for expos i t ion  doses compr is ing  be tween  300 
and  1500 R,  t he  n u m b e r  of ceils w i th  micronucle i  and the  
n u m b e r  of  micronucle i  per  cell were p ropor t iona l  to  t he  
i r rad ia t ion  dose used. This  phenomenon  m u s t  be inc luded 
a m o n g  the  modif ica t ions  t h a t  occur  in the  rep roduc t ion  
of the  i r rad ia ted  cells, 

i p. VERANI, D. I]ALDUCCI, and M. CmozzoTro, Exp. Cell Res. 32, 
333 (1963). 
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With the aim of documenting this phenomenon better, 
we have sought to s tudy the reproduction of irradiated 
monkey kidney cells, using both fixed stained prepara- 
t ions and phase contrast  cinematography. 

Materials and methods. For each test the cells are ob- 
tained by trypsinization of the kidneys of several monkeys 
in order to reduce the variabil i ty of the single animal. The 
cells suspended in Hanks saline solution to a concentra- 
tion of 500,000/ml are irradiated in covered Petri dishes 
a t  room temperature. The dishes are exposed for differing 
t ime intervals to an X-ray apparatus (Picker 260 K V P  
type, operating at  230 KVP and 14 ma, filtered with 
t mm A1 and 0.5 mm Cu). The exposure rate employed 
is of 57.8 R/min.  A total of 300, 600, 1000, 1500 and 3000 
R, respectively, have been administered. After the irra- 
diation, the cells are diluted in growth medium so as to 
obtain a final concentration of 100,000 cells/ml. 200,000 
cells are distributed in each ]3arski-Leighton type tube 
containing a coverslip. The cultures are then incubated 
a t  37°C. At  various intervals, the cultures are fixed in 
Bouin fixative and stained with Hematoxylin-eosin. In  
order to make cinematographic recordings, a small perfu- 
sion chamber derived from the thickness of a plate of 
atoxic plastic material  (Teflon) was prepared as de- 
scribed z. 

Observation on fixed stained cultures. In  irradiated 
monkey kidney cells, we have observed tha t  two or more 
days after irradiation some cells appear with the nuclei 
dividing directly by amitosis (Figure 1). Sometimes the 
division by amitosis is irregular, which means that  the 
nucleus divides into a nucleus of almost normal size and 
a micronucleus. In  the course of 10 days'  observation, in 
the control cultures the nuclear divisions have only 
passed through the mechanism of mitosis. In  the cor- 
responding irradiated cultures a number  of cells have the 
nuclei dividing by amitosis; this number,  within certain 
limits, increases with increase of the irradiation dose 
(Table). I t  should be added that  in the irradiated cultures 
some mitoses are clearly atypic, because in metaphase 
some broken and irregularly dislocated chromosomes are 
present with respect to the equatorial plate (Figure 2). A 
small percentage of mitosis, with irregularly dislocated 
chromosomes, is present also in the normal cultures, bu t  

this percentage does not exceed 8% after 10 days'  cultiva- 
tion. In  the irradiated cultures, the percentage of irregular 
mitosis increases with increase of the irradiation dose and 
exceeds 90% after administrat ion of 3000 R and after 10 
days'  cultivation. 

Observation by phase contrast. Cinematographic phase 
contrast  recordings have given less satisfactory results 
than  those which we expected. The reasons which limit 
the possibility of this type of investigation are: the need 
to use a very high magnification, the difficulty in follow- 
ing the formation and disposition of the chromosomes of' 
living unstained cells of a superior mammal,  and the in- 
distinctness of the smaller micronuclei hidden by  the 
mitochondria. Cinematography, on the other hand, allows 
us to s tudy the evolution of a given cell as a function of 
time, while observations on fixed stained cultures permit 
examination of a cell at  only one point  in time. We have 
followed the division of two cells by mitosis and the divi- 

Fig. 1. Culture on 6th day after irradiation with 1500 R. Nucleus 
dividing by amitosis ( x 800). 
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Fig. 2. Culture on 4th day after irradiation with 1500 R. Atypical 
mitosis and nucleus dividing by amitosis ( x 800). 

2 D. BALDUCCI and L. CASTELI~I, Rend. 1st Sup. Sanit~ 90, 
865 (1957). 
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s ion of a nuc leus  of a t h i r d  cell b y  amitos is .  T h e  t imes  of 
t o t a l  p e r f o r m a n c e  of the  mi tos is  were 30 a n d  60 m i n ;  t he  
d iv i s ion  of t h e  nuc leus  b y  ami tos i s  t akes  a b o u t  2 h,  b u t ,  
a t  l eas t  d u r i n g  t h e  t i m e  of ou r  obs e r va t i on ,  i t  was  n o t  
fol lowed b y  d iv i s ion  of t he  cy top l a sm.  

Discussion and conclusions. T he  r e p r o d u c t i o n  of i r ra -  
d i a t e d  cells c an  be  s t ud i ed  b y  i n t e g r a t i n g  t he  o b s e r v a t i o n s  
t h a t  we o b t a i n e d  on  f ixed s t a i n e d  cu l tu re s  a n d  on  l iv ing  
cu l tu res  obse rved  b y  p h a s e  c o n t r a s t  w i t h  t i m e  c i n e m a t o -  
g raphy .  The  r e l a t i on  b e t w e e n  t h e  n u m b e r  of cells t h a t  
beg in  mi tos i s  a n d  t h e  n u m b e r  t h a t  h a v e  nucle i  d iv id ing  
b y  ami tos i s  (Table) ,  e s t ab l i s hed  b y  o b s e r v a t i o n s  o n  f ixed  
s t a i ned  cul tures ,  was  rev ised  acco rd ing  to  t h e  va lue  of t he  
d a t a  p r o v i d e d  b y  c i n e m a t o g r a p h y .  T h e  m e c h a n i s m  b y  
w h i c h  t h e  nucle i  d iv ide  b y  ami tos i s  r equ i red ,  in  some 
cases,  more  t h a n  twice  t h e  t i m e  necessa ry  for  a cell  
d iv id ing  b y  mitos is .  The re fo re  t he  r e p o r t e d  p e r c e n t a g e s  
can  h a v e  on ly  a n  i n d i c a t i v e  func t ion ,  because  t h e y  would  
be  mod i f i ed  as  a f u n c t i o n  of t h e  t i m e  of evo lu t i on  of e ach  
process.  

A n o t h e r  cons ide ra t i on  is t h a t  a n o t a b l e  p e r c e n t a g e  of 
cells w h i c h  e n t e r  mi tos i s  deve lop  in i r r egu la r  mitosis .  The  
d i s loca t ion  of t h e  c h r o m o s o m e s  is so a typ ica f  t h a t  i t  is no t  
easy  to  s ay  (and  c i n e m a t o g r a p h y  h a s  n o t  p r o v e d  benef i -  
cial  to  us  in  t h i s  respect )  if these  i r r egu la r  mi toses  r e m a i n  
abor t ive ,  or if t h e y  evo lve  in cells w i t h  mic ronuc le i  b y  
f o r m a t i o n  of these  f rom dis loca ted  c h r o m o s o m e s  w h i c h  do 
not r e t u r n  aga in  i n to  t h e  c o m m o n  mass .  

I t  h a s  been  r e p o r t e d  ~ t h a t  g i a n t  ceils c an  b e g i n  mi tos i s  
bu t ,  owing to  t he  d a m a g e d  chromosomes ,  a typ i ca l  ana -  
phases  m a y  be der ived ,  showing  n u m e r o u s  c h r o m o s o m a l  
br idges .  T h e  a u t h o r s  do  n o t  say  w h a t  t h e  e v o l u t i o n  of 
s u c h  cells a t t e m p t i n g  mi tos i s  m a y  be, a n d  if, as a r e su l t  
of t he  c h r o m o s o m a l  br idges,  cells m a y  be  p r e s en t  in  ir-  
r a d i a t e d  cul tures ,  w i t h  t h e  d a u g h t e r  nuclei  jo ined  to-  
ge ther .  W e  do n o t  t h i n k  t h a t  t h e  ceils showing  t h e  nucle i  

d iv id ing  b y  ami tos is ,  p r e s e n t  in  ou r  p r e p a r a t i o n s ,  are  
p o s t m i t o t i c  f igures  of th i s  t y p e  because  of t h r e e  cons idera -  
t i o n s :  (1) t h e  p e r c e n t a g e  of mi tos i s  is i nve r se ly  p r o p o r -  
t i o n a l  to  t he  dose used,  a l t h o u g h  i r r a d i a t i o n  causes  a n  
increase  of t h e  t i m e  of e v o l u t i o n  of mi tos is4-6;  (2) v e r y  
of ten  we obse rved  a d i r ec t  d iv i s ion  of t h e  nuc leus  w i t h o u t  
a n y  s h a p e  t h a t  ref lec ts  a n  a t t e m p t  a t  mi tos i s ;  (3) a t  e v e r y  
dose level  used,  we h a v e  o b s e r v e d  t h a t  nucle i  are  jo ined  
t o g e t h e r  or d e t a c h e d  b y  one  b r idge  only ,  a n d  we h a v e  
n e v e r  o b s e r v e d  images  t h a t  cou ld  be  t h e  r e su l t  of nu -  
merous  c h r o m o s o m a l  br idges  L 

Riassunlo. Col ture  p r i m a r i e  di rene  di  s c i m m i a  sono 
i r r ad i a t e  con 300, 600, 1000, 1500 e 3000 R.  L a  r i p rodu -  
z ione delle cellule i r r a d i a t e  ~ s t u d i a t a  con  osservaz ion i  su 
co l tu re  f issate  e co lo ra te  e con  c i n e m a t o g r a f i a  a c o n t r a s t o  
di fase. I n  u n  cer to  n u m e r o  di cellule i r r a d i a t e  i nuc le i  si 
d iv idono  d i r e t t a m e n t e  pe r  ami to s i ;  t a le  n u m e r o  a u m e n t a  
con  l ' a u m e n t a r e  del la  dose  di  i r rad iaz ione .  L a  c i n e m a t o -  
g r a t i s  a c o n t r a s t o  di  fase ci p e r m e t t e  di seguire  i t e m p i  di  
evo luz ione  del la  r ip roduz ione  cellulare.  
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Probable Induction of Chondrogenesis  by the 
Spinal Cord Tissue  in the Ammocoetes  

The  p r e s e n t  s t u d y  was  u n d e r t a k e n  p r i m a r i l y  to  i nqu i r e  
if a b l a t i o n  of t h e  sp ina l  co rd  in t he  ba se  of t he  ta i l  in  t he  
a m m o c o e t e  l a rvae  of t he  l a m p r e y  would  h a v e  a n y  adve r se  
effect  on  r e g e n e r a t i o n  of t he  ta i l  w h e n  t he  l a t t e r  is a m p u -  
t a t e d  a t  t h e  same  t ime.  W h i l e  t h e  resu l t s  gave  a n e g a t i v e  
r ep ly  to t h i s  i nqu i ry ,  c e r t a i n  d e v e l o p m e n t s  were n o t e d  in  
some cases wh ich  ind ica t e  t he  c a p a c i t y  of t he  sp ina l  cord  
t i ssue  to  induce  ca r t i l age  f o r m a t i o n  in these  an imals .  
These  o b s e r v a t i o n s  a re  r e p o r t e d  below'. 

T h e  m a t e r i a l  cons i s ted  of 15 a m m o c o e t e s  of Petromyzon 
marinus a n d  Entosphenus tamottenii, 72-105 m m  in 
l eng th .  I n  each  case, a f t e r  a n a e s t h e t i z i n g  t h e  a n i m a l  in  
1 :4000  MS222 so lu t ion ,  a n  incis ion was  m a d e  t h r o u g h  t he  
t a i l  musc les  a longs ide  t h e  ba se  of t h e  dorsa l  f in on  t he  
r i g h t  side n e a r  t h e  cloaca. T he  incis ion exposed  t h e  sp ina l  
cord, a smal l  piece of w h i c h  was cu t  ou t  a n d  r emoved .  
T h e  c a u d a l  p a r t  of t h e  sp ina l  cord  was  t h u s  s e p a r a t e d  
f rom the  s ame  o r g a n  in t h e  r e s t  of t h e  body .  T h e  d i s t a l  
p o r t i o n  of the  ta i l  was a m p u t a t e d  i m m e d i a t e l y  a f t e r  t h i s  
opera t ion .  All t he  a n i m a l s  s u r v i v e d ;  t h e y  were ki l led 
a t  va r ious  i n t e r v a l s  a n d  t h e i r  ta i l s  sec t ioned  for micro-  
scopic  s tudy .  

A l t h o u g h  a t t e m p t s  h a d  b e e n  m a d e  to  r e m o v e  t he  
seve red  s e g m e n t  of t h e  sp ina l  cord  comple t e ly  f rom t h e  
o p e r a t e d  region,  t he  sec t ions  showed  t h a t  i t  was  n o t  
successful  in  t h r e e  cases, in  w h i c h  seve ra l  sma l l  f r a g m e n t s  
of t h e  sp ina l  cord  t i ssue  were  le f t  b e h i n d  in t h e  a r ea  n e a r  
t h e  base  of t h e  dorsa l  fin. One  of t he  t h r ee  a n i m a l s  was  
ki l led a n d  i ts  t a i l  sec t ioned  26 days  a f t e r  t h e  opera t ion .  I n  
t h i s  case m a n y  m e s e n c h y m a l  cells, t o g e t h e r  w i t h  n u m e r -  
ous  leucocytes ,  were  f o u n d  d i sposed  a r o u n d  these  f rag-  
m e n t s  of t h e  n e u r a l  t issue.  

The  o t h e r  two a n i m a l s  were ki l led a n d  t h e i r  ta i ls  sec- 
t i o n e d  90 days  a f t e r  t he  ope ra t i on .  I n  b o t h  of t h e m  defi-  
n i t e  ca r t i l ag inous  s t r u c t u r e s  were  found  to  h a v e  deve loped  
a r o u n d  t he  sp ina l  cord  f r a g m e n t s  lef t  b e h i n d  in t he  a rea  
nea r  t he  base  of t he  dorsa l  fin. These  s t r u c t u r e s  were  
t u b u l a r  w i t h  t h e  sp ina l  cord  f r a g m e n t  occupy ing  t h e  
l u m e n  in  e a c h  case.  I n  one  of t h e  two a n i m a l s  t h e r e  were  
two  such  tubes ,  more  t h a n  250 / ,  in  length ,  s i t u a t e d  pa ra l -  
lel to  t h e  long axis  of t he  tail .  These  ca r t i l ages  h a d  de-  
ve loped  in e n t i r e l y  a b n o r m a l  pos i t ions .  T h e  o p e r a t i o n  h a d  
caused  qu i t e  e x t e n s i v e  d a m a g e  t o  t h e  musc les  in  t h i s  re-  
g ion a n d  m u c h  ded i f f e r en t i a t i on  of t h i s  t i s sue  h a d  oc- 
cu r r ed  in t h i s  area.  I t  is p r o b a b l e  t h a t  t he  cells for t he  
a b n o r m a l  car t i lages  m a y  h a v e  b e e n  de r ived  f rom t h e  de- 
d i f f e r en t i a t i ng  musc les  in  t h e  o p e r a t e d  region.  T h a t  chon-  


