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!Binucleated/neurons  in the !central n e r v o u s  s y s t e m  of the laboratory!an imals  1 
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Summary. Binuclea ted  neurons  were s tudied  in the  cent ra l  nervous  s y s t em of the  ra t  and  the  rabbi t .  T h e y  were p resen t  
in the  young as well as the  adul t  animals.  The animals  injected wi th  t h y m i d i n e - H  3 dur ing  their  embryonic  deve lopmen t  
showed labelled b inuclea ted  neurons.  I t  is suggested t h a t  the  neurons  become binuclea ted  dur ing neuroembryogenes is ,  
and  d i f ferent ia te  into normal  neurons  morphological ly  and  physiological ly.  

The b inuc lea ted  neurons  in the  cent ra l  nervous  sys t em 
have  been  observed by  m a n y  inves t igators ,  bu t  those  in 
t he  s y m p a t h e t i c  ~, a and spinal  4 ganglia of the  per iphera l  
ne rvous  sys tem seem to have  a t t r a c t e d  far grea ter  a t t en -  
t ion.  Sosa and Savio de Sosa ~ have  p rov ided  ex tens ive  
l i t e ra ture  survey  on th is  problem,  a n d  have  offered 
evidence  on the i r  exis tence in the  spinal  and Gasser ian 
ganglia,  spinal cord, mesencephal ic  nucleus of the  t r igemi-  
nal  nerve  and  cerebel lum of var ious  species of mammals .  

a A fully differentiated labelled binueleated motor neuron in the 
thoracic region of the spinal cord of a 6-week-old rabbit. This animal 
received thymidine-H 3 on day 11 of its embryogenesis, and on this 
day this neuron was formed, b A partially differentiated binucleated 
pyramidal cell (arrow) in layer V ol the neoeortex of a 15-day-old rat. 
Note a uninucleated neuron tightly juxtaposed to it. c A well- 
differentiated small-medium sized biuueleated neuron in the mid- 
brain reticular formation of a 30-day-old rat. • 460. 

All the  s tudies  on th is  p rob lem are based  upon  Nissl-or 
s i lver-s ta ined mater ia l .  In  our t h y m i d i n e - H  3 autoradio-  
graphic  mater ia l  on neurogenesis  some observa t ions  were 
made  on the  b inuc lea ted  neurons,  and  t h e y  are repor ted  
here.  
Materials and methods. L ab o ra t o ry -b r ed  P u r d u e - D u t c h  
rabb i t s  were bred,  and  the  day  of breeding  was t aken  as 
day  0 of gesta t ion.  One animal  on each  of the  following 
days  of ges ta t ion  was anes the t ized  wi th  N e m b u t a l  and  
p repa red  for l apa ro tomy:  days  10, 11, 12, 13, 14, 15, 16, 
17 and  18. The u terus  ho.rns con ta in ing  embryos  were 
exposed,  and  t h y m i d i n e - H  a was in jec ted  in to  the  amniot ic  
cav i ty  of each embryo  individual ly  w i th  a H ami l t on  
syr inge (specific ac t iv i ty :  7.t~ Ci/mM, 1 mCi dissolved in 
1 ml  of isotonic saline). The 10-day-old embryos  received 
8 tzCi of t h y m i d i n e - H  a, and the  res t  received increasingly 
larger a m o u n t  of the  rad iochemica l  wi th  an i n c r e m e n t  
of 2 ~Ci for each day  of increase in gesta t ion.  The embryos  
were allowed to  develop to full te rm.  6 weeks af ter  the i r  
b i r th  t h e y  were anes the t i zed  and perfused  wi th  10% 
neu t ra l  formalin.  The bra ins  ob ta ined  f rom t h e m  were 
processed in the  s t a n d a r d  man n e r  for h is to logy and cu t  
a t  10 ~zm thickness .  E v e r y  10th sect ion was saved.  This  
mate r ia l  was t h e n  processed for au t o r ad i o g rap h y  using 
Kodak -NTB-3  nuclear  emulsion employ ing  d ipping  
technique .  The au to rad iograms  were deve loped  af ter  an 
exposure  per iod of 10 weeks and pos t s t a ined  wi th  cresvl- 
violet.  In  addi t ion  to  the  mater ia l  f rom the  rabbi ts ,  a 
n u m b e r  of slides of serial sect ions ob ta ined  f rom the  
bra ins  of 6-, 15-, 21- and  30-day-old ra t s  were analyzed.  
These slides were s ta ined  wi th  cresyl-violet .  
Results. In  the  au to rad iograms  ob ta ined  f rom the  r abb i t  
bra ins  b inuc lea ted  neurons  were observed  in t he  cerebral  
cortex,  basal  ganglia, d iencephalon,  midbra in ,  cerebellum, 
h indb ra in  and spinal  cord. General ly  speaking  t h e y  were 
large or med i u m in size. Very  rare ly  small-s ized neurons  
were b inuclea ted .  In  th is  mater ia l  m o s t  of t he  b inuc lea ted  
n e u r o n s h a d  bo th  the  nuclei equal ly  labelled (figure, a). 
Some neurons  showed only  1 nucleus labelled and the  
o the r  unlabelled.  In  such ins tances  t he  label led nucleus 
was found to be close to the  emulsion surface of the  sect ion 
and  the  unlabel led nucleus to  the  b o t t o m  surface. Poss ib ly  
th is  d is tance  con t r ibu ted  to the  a p p a r e n t  lack of label 
on the  la t t e r  nuclei. 
Analysis  of mater ia l  f rom the  ra t  bra ins  also showed the  
presence  of b inuclea ted  neurons  in various regions of the  
cent ra l  nervous  sys t em including cerebra l  cor tex  (figure, b) 
and  midbra in  re t icular  fo rmat ion  (figure, c). Al though no 
sys t ema t i c  a t t e m p t  was made  to q u an t i f y  the  b inuclea ted  
neurons ,  t h e y  were  r a t h e r  few and  sca t t e red  r an d o mly  
all over  t he  bra in  regardless  of the  age of the  animal.  I t  
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was e s t ima ted  t h a t  there  were a t  bes t  15-20 clearly 
ident i f iable  b inuc lea ted  neurons  in a brain.  
Discussion. The significance of the  b inuc lea ted  neurons  
has  been  v iewed d i f ferent ly  by  researchers  f rom di f ferent  
fields of invest igat ions .  Neuropathologis t s ,  in general,  
consider  t h e m  to be the  resul t  of pathological  condi t ion  
of the  bra inS-L Our f indings as well as those  of o ther  
workers  on the  presence  of the  b inuc lea ted  neurons  in 
no rma l  bra ins  do no t  suppor t  th is  v iewpoint .  Spiegel 
and Adolf  1~ and  De Castro n observed t h e m  in the  
s y m p a t h e t i c  ganglia of the  young,  and  sugges ted  t h a t  
t h e y  become b inuc lea ted  dur ing  the i r  genesis and re ta in  
the  capac i ty  to divide later  dur ing  adu l thood  w i t h o u t  
fu r the r  nuclear  changes.  Sosa and Savio de Sosa 12 af ter  
hav ing  examined  mater ia l  f rom 6 d i f ferent  m a m m a l i a n  
species have  concluded t h a t  such neurons  represen t  
ami to t i c  divis ion of ne rve  cells. Their  observa t ions  seem 
to imp ly  t h a t  fully d i f fe ren t ia ted  neurons  in normal  adul t  
b ra in  are capable  of d ividing by  ami to t i c  division. Our 
f indings on the  labelled b inuc lea ted  neurons  suggest  t h a t  
in all p robab i l i t y  b inuc lea t ion  of neurons  is the  case of 
comple te  nuclear  divis ion b u t  incomple te  cy top lasmic  
division in the  precursors  of neurons  dur ing  neuro-  
embryogenes is .  The fact  t h a t  t h e y  can cont inue  to  
r emain  b inuc lea ted  was suppor t ed  by  the  f indings made  

on the  bra ins  of the  neona te  ra t s  and  adu l t  rabbi ts ,  and  
t h a t  t h e y  can d i f ferent ia te  as normal ly  as un inuc lea ted  
nerve  cells was es tabl ished by  the  d i f fe ren t ia ted  cy to logy  
of these  neurons  in the  adul t  brains.  Al though  our  
observa t ions  do no t  deny  or con t rad ic t  the  l a t t e r  2 
v iewpoints ,  t h e y  offer suggest ions  t h a t  the  d i f fe ren t ia ted  
b inuc lea ted  neurons  m a y  remain  as such w i t h o u t  ever  
giving rise to  2 un inuc lea ted  neurons ,  and  t h a t  t h e y  m a y  
be as normal ,  b o t h  morphologica l ly  and physiologically,  
as o ther  nn inuc lea ted  nerve  cells of the  cent ra l  ne rvous  
sys tem.  
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Summary. Squirrel  monkeys  learned to  avoid hypox ia  by  press ing a bar.  E a c h  bar -press  replaced the  noxious gas 
m ix tu r e  w i th  no rma l  air for 3 sec. The da t a  fu r the r  ind ica ted  t h a t  O 3 i tself  has  no posi t ive  re inforcing effect.  

Squirrel  m onkeys  (Saimiri  sciureus) have  been  ex tens ive ly  
and  successful ly used in a large n u m b e r  of ope ran t  con- 
d i t ioning studies,  using a va r i e ty  of d i f fe rent  schedules.  
These animals  learn to  respond  to b o t h  posi t ive  and  
nega t ive  s t imul i  1. Pos i t ive  re inforcing s t imul i  have  
included food, water ,  l ight  2 and  social con tac t  s. The mos t  
f r equen t ly  employed  nega t ive  re inforcing s t imulus  is 
electric shock 4, b u t  l i t t le  is known  abou t  the  effects  of 
o the r  noxious  st imuli ,  such as exposure  to  an e n v i r o n m e n t  
made  unp l ea san t  by  change  in t e m p e r a t u r e  or a tmospher ic  
var ia t ions .  
The vu lnerab i l i ty  of t he  nervous  sy s t em to lack of oxy-  
gen 5 and  the  i m p a i r m e n t  of pe r fo rmance  in hypo x i a  6 
have  been  well documen ted .  We have,  therefore ,  in- 

Number of bar-presses during 1 h under defined oxygen concen- 
trations 

% 02 Animals Mean Change 
s 46 s 101 s 70 s 65 (%) 

ves t iga ted  w h e t h e r  squirrel  mo n k ey s  could learn to  de t ec t  
h y p o x i a  and  a t t e m p t  to  a l ter  the  e n v i r o n m e n t  when  
given the  oppor tun i ty .  
Methods: 6 squirrel  monkeys  w i t h  previous  exper ience in 
condi t ioned  avoidance  expe r imen t s  were used. The sub- 
jects  were seated in a res t ra in ing  chair  and  f i t ted  wi th  
an a i r t igh t  he lme t  which  was perfused  wi th  a gas mix tu re  
conta in ing  known concen t ra t ions  of oxygen  and ni t rogen.  
The expe r imen t s  were carr ied ou t  in a sound proof cage 
equ ipped  wi th  a press ing bar. The p ro g ram was a r ranged  
so t h a t  each bar-press  led to  r ep l acemen t  of the  gas 
mix tu re  w i t h  no rma l  air for a per iod  of 3 sec. The oxygen  
co n t en t  of the  perfus ing mi x t u r e  was con t inuous ly  
mon i to red  using a Beck man  oxygen  meter .  
In  an init ial  t ra in ing  period,  t he  an imals  were exposed to  
a gas m i x t u r e  conta in ing  9% oxygen  and,  under  th is  
condi t ion,  each bar-press  increased the  oxygen  concen-  
t r a t i on  b y  4%. All the  an imals  learned to  press the  ba r  
wi th in  1 h, and  af ter  2 weeks wi th  dai ly  1-h-sessions, the  
n u m b e r  of bar-presses  had  s tabi l ized in 4 monkeys .  E a c h  
of these  4 an imals  was t h e n  t e s t ed  wi th  gas mix tu re  

9 922 719 1494 1651 1196 0 
11 616 455 211 1137 604 -49.5 
13 593 263 502 1078 609 -49.1 
15 343 190 156 1209 474 -60.3 
17 335 271 147 984 434 -63.7 
19 321 209 123 627 320 -73.3 
21 391 178 100 434 275 -76.9 
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