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ried via t he  blood to  the  lungs. Cells which  remain  viable,  
and  are arrested,  face fu r ther  exposure  to  well developed 
immunosurvei l lance ,  which reduces  colony fo rma t ion  
fur ther .  

I t  is concluded t h a t  phenobarb i t a l ,  a t  the rapeu t i c  levels 
of dosage used in humans ,  caused modes t  increases in 
g rowth  of single t u m o u r  cells in ra ts  and  could conceivably  
reduce the  effect iveness  of immunosurve i l l ance  in pa t i en t s  
wi th  ant igenic  tumours .  However ,  should some spon tan-  
eous t umour s  be ant igenic  and  induce a s ignif icant  auto-  
i m m u n e  response in the  hos t  of origin, early s t imula t ion  
of such i m m u n i t y  by  g rowth  of t he  p r i m a r y  t u m o u r  is 
l ikely to  occur. In  th is  s i tua t ion  the  modes t  immuno-  
suppress ive  effects a t t r i b u t e d  to  ba rb i tu ra t e s  and  p re -  
sumab ly  due to  the i r  general  cy to tox ic  und cy tos ta t i c  ac- 
t ions  are unlikely to be of significance, since a p o t e n t  im- 
m u n o s u p p r e s s a n t  (sublethal  whole body  irradiat ion) is al- 
so re la t ively  ineffect ive in reducing i m m u n i t y  to  a t rans -  
p l an t ed  t u m o u r  once t u m o u r  g rowth  causes i m m u n i t y  to 
become es tabl i shed  and  p resumably  the  same condi t ions  

would  apply  to au toch thonous  g rowth  in h u m a n s  if im- 
m u n i t y  s imilar ly depends  on cell med ia t ed  reactions.  

Rdsumd. Chez des ra t s  t ra i t6s  au ph6nobarb i t a l  (1.5 mg /  
k g  par  jour) on a t rouv6 une faible augmen ta t i on  du 
nombre  de colonies p rodui tes  dans  les p o u mo n s  des ruje ts  
inocul6s, par  voie in t rave ineuse  avec les cellules Y-P388 
(un sarcome m6tas tas i sant ,  allog~nique). Cet effet  semble  
~tre dfl aux propri6t6s immunosuppres s ives  de la drogue 5. 
Celles-ci c e p e n d a n t  para i ssen t  faibles, puisque  le ph6no- 
ba rb i t a l  n ' a  pas  st imul6 l ' accro i ssement  d 'une  t r ansp lan-  
t a t ion  pr imaire  de Y-P388 dans  le muscle ni ses m6tas tases  
aux nodules  lymphoides  et  aux  poumons .  
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Mapping  of Central  M o n o a m i n e  N e u r o n s  in the M o n k e y  

The d i s t r ibu t ion  of cent ra l  m o n o a m i n e  t e rmina l s  1, 2 and  
cell bodies  3 have  been  descr ibed in deta i l  in the  rat .  How- 
ever, no comparab le  h i s tochemica l  f luorescence s tudies  
have  been  repor ted  in the  monkey  Thus.  i t  has  only been  
repor ted  in the  m o n k e y  t h a t  a lesion placed in the  ven t ro-  
medial  t egmen ta l  area involving the  medial  aspect  of the  
subs t an t i a  mgra produces  a ma rked  decrease in the  dop-  
amine  (DA) con ten t  of the  ipsi lateral  corpus s t r i a t um 4,5. 
whereas  a n igro-neost r ia ta l  DA p a t h w a y  has been de- 
scribed in the  ra t  e. The presen t  paper  shows t h a t  the  distr i-  
bu t ion  of the m o n o a m i n e  neurons  in the  monkey  re- 
sembles  in m a n y  aspects  the  d i s t r ibu t ion  of these  neurons  
in ra ts .  

Adul t  monkeys  Macaca-I rus  (cynomolgus~ and the  Afri-  
can Green Monkey (Cercopeithecus sabaeus~ ranging f rom 
2.5 to  4 kg b o d y  wt.  were used. The monkeys  were anes the-  
t ized wi th  ba rb i tu ra t e s  given i.v. in order  to per form as 
much  as possible of the  bra in  dissect ion in vivo. By means  
of serial  t ransverse  sections,  the  bra ins  were d iv ided in to  

slices abou t  4 m m  thick.  Various ana tomica l  areas in t he  
t ransverse  sect ions were then  isolated and d iv ided  in to  
small  4 m m  cubes. These were rap id ly  frozen in l iquid pro-  
pane and processed for h i s tochemica l  f luorescence analysis  
of monoamines  ~ 9. 

The d i s t r ibu t ion  of the  ca techo lamine  (CA) and 5-hy- 
d r o x y t r y p t a m i n e  (5-HT) cell bodies in the  lower brain 
s t em of the  mo n k ey  was s imilar  to t h a t  in the  rat .  The CA 
cell bodies  were localized to t he  la teral  re t icular  fo rmat ion  
of the  medul la  ob longa ta  and  the  pons, wi th in  the locus 
coeruleus (Figure 1), the subcoeruleus area (Figures 1 and 
2), the subs tan t i a  nigra, the  ven t romed ia l  pa r t  of the 
cranial  mesencepha lon  (par t icular ly  the  nuc. paranigral is ,  
nuc. p igmentosus  parabrachia l i s l  and  the  nuc. arcuatus .  
I t  should be no ted  t h a t  the  n u m b e r  of CA cell bodies in t he  
subcoeruleus areas of the  m o n k e y  cons t i t u t ed  a larger 
p a r t  of the  CA cell popu la t ion  t h a n  in the  rat .  The 5-HT 
cell bodies were d i s t r ibu ted  in t he  raphe  nuclei of the  lower 
bra in  as descr ibed previous ly  in the  rat .  No 5-HT cell bo- 
dies, however,  were found in the  nuc. ruber  which by  
JONES 1~ has been claimed to conta in  5-HT cell bodies in 
t he  rat .  

Three d i f fe rent  k inds  of CA nerve  t e rmina l s  were ob- 
served. One t y p e  consis ted of ve ry  fine nerve  te rmina ls  
(varicosities range main ly  f rom 0.3-0.7 [xm) which were 

Fig. 1. The locus coeruleus and the subcoeruleus area of the African 
Green Monkey. A large number of nerve cell bodies with a specific 
green CA fluorescence of moderate intensity are observed. • 120. 
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s c a t t e r e d  in  p r a c t i c a l l y  a l l  p a r t s  of  t h e  c o r t e x  c e r e b r i  ; t h e y  
w e r e  a l so  p r e s e n t  in  a l l  c o r t i c a l  l a y e r s  ( F i g u r e  3). T h e s e  
t e r m i n a l  p l e x a  r e s e m b l e  t h e  v e r y  f ine  c o r t i c a l  N A  p l e x a  
f o u n d  i n  t h e  r a t  s,11. A l so  v e r y  f ine  d e n s e l y  p a c k e d  C A  
n e r v e  t e r m i n a l s  we re  f o u n d  in  t h e  n e o s t r i a t u m  as  h a s  b e e n  
o b s e r v e d  in  t h e  r a t  s ( F i g u r e  4). S i nce  h i g h  a m o u n t s  of  D A  

a r e  f o u n d  ill t h e  b a s a l  g a n g l i a  12, 13, t h e s e  n e r v e  t e r m i n a l s  
p r o b a b l y  c o n t a i n  D A .  T h e  s e c o n d  t y p e  is  f ine  t o  f a i r l y  
l a r g e  CA n e r v e  t e r m i n a l s  ( v a r i c o s i t i e s  r a n g e  m a i n l y  f r o m  
1 -1 .5  ~tm) w h i c h  m a i n l y  i n n e r v a t e  t h e  h y p o t h a l a m u s  (Fi-  
g u r e  5) ; d e n s e  m e s h w o r k s  of  t h e s e  t e r m i n a l s  a r e  a l so  f o u n d  
in  m a n y  a r e a s  o f  t h e  p r e o p t i c  r e g i o n  a n d  s u b c o r t i c a l  p a r t s  
of  t h e  l i m b i c  s y s t e m .  I n  v i e w  of  t h e  h i g h  a m o u n t s  of  N A  
f o u n d  in  t h e s e  a r e a s  14, t h e s e  p l e x a  a r e  p r o b a b l y  n o r a d -  
r e n e r g i c  a n d  a r e  s i m i l a r  t o  t h o s e  f o u n d  in  t h e  s a m e  a r e a s  
in  t h e  r a t  1,2. T h e  t h i r d  t y p e  c o n s i s t s  of  n e r v e  t e r m i n a l s  
w i t h  a v e r y  s t r o n g  f l u o r e s c e n c e  a n d  v a r i c o s i t i e s ,  w h i c h  
s h o w  c h a r a c t e r i s t i c  a l t e r a t i o n s  in  t h i c k n e s s  f r o m  f i ne  
( a r o u n d  1 bLm) t o  t h i c k  (1 .5 -2  ~ m ) .  T h e  t h i c k  v a r i c o s i t i e s  
h a v e  t h e  s t r o n g e s t  f l u o r e s c e n c e  i n t e n s i t y .  T h e y  a r e  f o u n d  
s c a t t e r e d  in  m a n y  b r a i n  a r e a s  : e.g.  t h e  c o r t e x  ce rebr i ,  t h e  
t h a l a m u s  a n d  t h e  g l o b u s  p a l l i d u s .  S u c h  t e r m i n a l s  h a v e  n o t  
b e e n  o b s e r v e d  in  t h e  r a t .  H o w e v e r ,  t h e y  a r e  p r e s e n t  in  

v a r i o u s  r e g i o n s  of  t h e  h u m a n  b r a i n  15. T h e y  r e s e m b l e  t h e  
p r o c e s s e s  of  t h e  s m a l l  i n t e n s e l y  f l u o r e s c e n t  cel ls  in  t h e  
g a n g l i a  w h i c h  p r o b a b l y  a r e  p a r t  of  a p r i m i t i v e  n e r v e  cell  
s y s t e m  16; t h e s e  n e w  t y p e s  of  t e r m i n a l s  t h e r e f o r e  m a y  be -  
l o n g  t o  p h y l o g e n e t i c a l l y  o l d e r  n e u r o n a l  s y s t e m s  t h a n  t h e  
o t h e r  m o n o a m i n e  t e r m i n a l  s y s t e m s  d e s c r i b e d .  

T h e  5 - H T  n e r v e  t e r m i n a l s  w e r e  m a i n l y  o b s e r v e d  in  cer -  
t a i n  b r a i n  s t e m  a r e a s  as  f o u n d  p r e v i o u s l y  in  t h e  r a t  1, 3. F o r  
e x a m p l e ,  a h i g h  d e n s i t y  of  5 - H T  n e r v e  t e r m i n a l s  w a s  ob -  
s e r v e d  in  t h e  n u c .  s u p r a c h i a s m a t i c u s .  

I n  s a g i t t a l  s e c t i o n s  t h r o u g h  t h e  l ower  b r a i n  s t e m  a l so  
CA n e r v e  b u n d l e s  c o u l d  be  o b s e r v e d  h a v i n g  a w e a k  to  m o -  
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Fig. 2. The subcoeruleus area of the African Green Monkey. Nerve 
cell bodies with a specific green CA fluorescence of weak to moderate 
intensity are observed together with fine, varicose CA nerve terminals 
making close contacts with the CA celi bodies. • 300. 

Fig. 3. The parietal cerebral cortex of the African Green Monkey. A 
plexus of very fine varicose nerve terminals with a specific green CA 
fluorescence is observed. • 260. 

Fig. 4. The caudate nucleus of the African Green Monkey. A dense 
plexus of very fine dots with a strong specific CA fluorescence is 
observed probably representing closely packed CA nerve terminals. 
x 260. 

Fig. 5. The premanmfillary area of the African Green Monkey. Plexa 
of fine to fairly thick varicose nerve terminals with a strong specific 
CA fluorescence are observed especially in relation to the ventral 
border of the hypothalamus.  • 100. 
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dera te  green fluorescence,  t he  individual  f ibers hav ing  
varicose-l ike en largements .  The fibers could be seen to  
t r averse  the  re t icular  ven t ra l  nucleus in the  medul la  ob- 
longata,  t he  parvocel lu lar  re t icular  nucleus of the  pons,  
the  caudal  and  oral re t icular  nucleus of the  ports, media l  
to  nuc. mot .  n. t r igemini ,  and  nuc. subcunei formis  of t he  me- 
sencephalon.  The course of these  fibers is very  s imilar  to 
t h a t  of the  ascending  noradrena l ine  (NA) t r ac t s  in the  
ra t  17, is. SLADEK 19 has recent ly  descr ibed th is  t r a c t  in kit-  
tens  b u t  i n t e rp re t ed  i t  to  represen t  CA nerve  t e rmina l s  
due to  the  s t rong  f luorescence in the  varicose-l ike enlarge-  
ments .  I t  is known,  however ,  t h a t  in young  animals  the  
fiber t r ac t s  have  a re la t ively  s t rong f luorescence in- 
t ens i ty  2o, 21 

The p resen t  da t a  indicate  t h a t  in the  monkey  the  pr in-  
cipal a rch i tec tu re  of the  cent ra l  monoamine  neurons  is si- 
milar  to  t h a t  in t he  ra t  and o ther  m a m m a l s  such as t he  
r abb i t  and  the  cat.  Thus,  the  CA and 5-HT neurons  in the  
monkey  are re t icular  lower bra in  s t em neurons  wi th  in ter  
alia long ascending  m o n o s y n a p t i c  connect ions  w i th  the  
te l -d iencepha lon  22 

Zusammen/assung. Verte i lung und  Morphologie von 
Ka techo lamin - (KA)  und  5 - H y d r o x y t r y p t a m i n - N e u r o n e n  
im Affengehi rn  s t i m m t  mi t  fr i iheren Befunden  iiber das 

R a t t e n g e h i r n  gut  iiberein. Die Zahl der  KA-Zel lk6rper  in 
Area  Subceorulea ist  j edoch  b e d e u t e n d  gr6sser bei  Affen, 
und  eine neue Ar t  t e rmina le r  KA-Nervenfase rn  von  s tar-  
ker Fluoreszenzintensi t~t t  und  im Durchmesse r  var i ieren-  
der  Varikosi t / i t  wurde  aufgefunden.  
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Alleviat ion of the Tox ic i ty  of A c t i n o m y c i n  D by 
Chick E m b r y o s  Cult ivated in vitro 

Teratogenic  effects  of Ac t inomyc in  D in var ious  am- 
bryonic  sys t ems  have  been  repor ted  by  BRACHET et  al. 1, 
]~RACHET and DENIS 2, WALLACE and ELSDALE 3, FLICKIN- 
GERm, 5, and SAMESHIMA et al. 6 in amphibia and PIERRO 7, 8, 
KLEIN and PIERRO 9, PonL10, and GALLERA 11 in chick em- 
bryos and GROSS 12 and COUSINEAU 12 in sea urchin em- 

bryos. 
The malformations in amphibians and chick embryos 

involved the nervous system, the eyes and cardiovascular 
sys t em etc. In  the  p resen t  work ac t inomyc in  D has  been  
shown to  cause similar  abnormal i t ies  in the  chick em- 
bryos  and  can be reversed to a greater  ex t en t  w i th  subse- 
quen t  t r e a t m e n t  w i th  t h y m i d i n e  or uridine. 

Materials and methods. Fresh  and  fert i l ized eggs of whi te  
leghorn hens  were ob ta ined  f rom a local fa rm and incubat -  
ed a t  37.5 ~: 1 ~ for requi red  n u m b e r  of hours  so as to  ob- 
t a in  the  proper  s tage for exper iments .  The expe r imen t s  
were pe r fo rmed  at  2 d i f fe rent  s tages of d e v e l o p m e n t  na- 
mely  1. p r imi t ive  s t reak  stage and 2. head  process  s tage 
(stages No. 4 and  No. 5, respect ively,  HAMBURGER and  HA- 
MILTON13). The glassware employed  in the  expe r imen t s  
was steri l ized and  the  cul tur ing solutions were autoclaved.  

Stock solut ion of Ac t inomyc in  D ' (Merck ,  Sharp  and 
Dohme) (500 ~g/ml) was su i tably  d i lu ted  to give an effec- 
t ive  concen t ra t ion  (0.05 [xg/ml). 

The embryos  were exp lan ted  by  the  m e t h o d  of NEw 14 
and  t r ea t ed  wi th  t he  above concen t ra t ion  of ac t inomyc in  
D. Care was t aken  to  add  the  ant ib io t ic  gent ly  by  the  side 
of the  b l a s tode rm so t h a t  it  is evenly  exposed  to  t he  ant i-  
biotic.  The p r epa ra t i on  was kep t  a t  room t e m p e r a t u r e  for 
1 h for p roper  diffusion of the  an t ib io t ic  before incuba-  
tion. Af ter  6 h of incuba t ion  wi th  the  ant ibiot ic ,  the  em- 
bryos  were p lunged  3 t imes  separa te ly  into f resh PC saline 
to remove  the  ant ib io t ic  complete ly .  The embryos  were 
t h e n  d iv ided in to  2 expe r imen ta l  groups A and t3 in series 
1. In  group A the  embryos  were m o u n t e d  in PC saline 

Uridine  and T h y m i d i n e  on the M o r p h o g e n e s i s  of 

only. These embryos  served as controls.  In  group B, the  
embryos  were subsequen t ly  exposed  to  uridine (0.05 ~tg/ 
ml). In  series 2, the  controls  were run  (A1) as in t he  above 
series and the  embryos  in expe r imen ta l  group were sub- 
sequen t ly  t r ea t ed  wi th  t h y m i d i n e  (0.05 [xg/ml) (B1) ins tead  
of uridine.  30 embryos  were used in each set of controls  
and  exper imenta ls .  

Iden t ica l  sets of expe r imen t s  were done using head  pro-  
cess s tage of embryos  (stage V), f i rs t  t r ea ted  wi th  act ino-  
myc in  D and  then  subsequen t ly  t r e a t ed  ei ther  w i th  uri- 
dine or t h y m i d i n e  a t  t he  same concen t ra t ion  (Series 3 and  
4). 

I t  is seen in the  p resen t  work  t h a t  ac t inomycin  D causes 
microcepha ly  in 60% of the  embryos  t r ea t ed  at  t he  pr imi-  
t ive  s t reak  stage, inhib i t s  t he  fo rma t ion  of somites  and- 
hea r t  in 63% and 80% cases, respect ive ly  (Figure 1). 
Shor ten ing  of axis is also observed  to  the  ex t en t  of 56%. 
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