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m a x i m u m  p lo idy  levels. A t  th i s  s tage t he  sa l iva ry  g land  
nucle i  i nco rpo ra t e  8 H - t h y m i d i n e  on ly  in a b o u t  2% of t he  
ceils a n d  the re  is no  f u r t h e r  i n c r e m e n t  in  t he  D N A  con- 
t e n t  of t he  g lands  (Figure 5). BERENDES 9 r epo r t ed  a simi- 
lar  case in  Drosophila hydei. Recent ly ,  POELS 10 a n d  POELS 
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Fig. 5. Graph showing the changes in DNA content (100 pairs of 
glands), 3H-thymidine incorporation pattern and nuciear diameter 
during larval development of Dacus cucurbitae. Arrow indicates the 
time at which secretory material starts appearing in the glandu- 
lar lumen. 

et  al. lz h a v e  shown  t h a t  t he  syn thes i s  and  secre t ion  of t he  
mucopo ly saccha r ide  s u b s t a n c e  in Drosophila hydei are 
closely r e l a t ed  w i t h  t he  presence  of ecdys te rone  in t he  
h e m o l y m p h .  T h e y  h a v e  f u r t h e r  shown  t h a t  t h e  h o r m o n e  no t  
on ly  inh ib i t s  t he  syn thes i s  of t h e  secre tory  p roduc t ,  b u t  
also s t imu la t e s  t he  secre t ion of t h e  a l r eady  syn thes ized  
mate r ia l .  W e  are c u r r e n t l y  i nves t i ga t i ng  w h i c h  of t he  two  
processes (cessat ion of D N A  syn the i s  or s t i m u l a t i o n  of 
secre tory  ac t iv i ty )  is u n d e r  t he  inf luence  of ecdysone,  in 
Dacus. 

Zusammen/assung. Die Spe i che ld r i i s enabsonde rung  der  
Melonenfl iege,  Dacus cucurbitae, b e s t e h t  aus  Muco- oder  
Glycopro te inen .  E i n  M a x i m u m  der  Pu f f ing -Ak t iv i t / i t  der  
C h r o m o s o m e n  f/illt m i t  d e m  A u f t r e t e n  der  S e k r e t s u b s t a n z  
i m  L u m e n  zei t l ich zusammen .  Die Sekre t ion  der  Driise 
b e g i n n t  erst ,  n a c h d e m  die C h r o m o s o m e n  ein M a x i m u m  
des Po ly t~n ieg rades  e r re ich t  h a b e n .  
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Effect  of  P h e n o b a r b i t a l  o n  G r o w t h  of a M e t a s t a s i s i n g ,  A l l o g e n e i c  S a r c o m a  in  t h e  Rat  

B a r b i t u r a t e s  cause  revers ib le  depress ion  in v i t ro  and  in 
v ivo  of a wide r a n g e  of biological  func t ions  in  var ious  
m a m m a l i a n  tissUes, inc lud ing  those  conce rned  w i t h  im- 
munolog ica l  reac t ions ,  p r inc ipa l ly  b y  in te r fe r ing  w i t h  
ox ida t ive  and  E m b d e n - M e y e r h o f  glycolysis  a n d  obs t ruc t -  
ing t he  gene ra t i on  of ene rgy  r ich  p h o s p h a t e  1, 7. Such  me-  
t abo l i c  o b s t r u c t i o n  b y  sod ium p h e n o b a r b i t a l  has  been  
shown  to  depress  t he  f o r m a t i o n  of r ibose,  N A D P H  a n d  
A T P  in l ymphocy t e s ,  and  c o n s e q u e n t l y  i nh ib i t s  genera-  
t i on  of oxy-  a n d  deoxy-nuc leos ide  t r i p h o s p h a t e s  necessary  
for D N A  syn thes i s  2-4, ~. These  m e t a b o l i c  effects of pheno-  
b a r b i t a l  a p p e a r  to  exp la in  i ts  i m m u n o s u p p r e s s i v e  ac t ion  
in v i t ro  and  in vivo,  w h i c h  has  been  r epo r t ed  to occur  w i t h  
dosages p resc r ibed  i n  c o n v e n t i o n a l  cl inical  p rac t i ce  ~ a n d  
also p o s t - o p e r a t i v e l y  in p a t i e n t s  a f te r  genera l  anaes thes i a  
and  surgery  ~. Thus  c o n c e n t r a t i o n s  of p h e n o b a r b i t a l  of 
1.5 [zg/ml, wh ich  is e q u i v a l e n t  to  those  p roduced  in h u m a n  
t issues  b y  t h e r a p e u t i c  dose of t h e  drug,  r educed  incorpora-  
t ion  of l~C- thymidine  in to  D N A  of l y m p h o c y t e s  cu l tu red  
in t he  presence  of p h y t o h a e m a g g l u t i n i n  b y  nea r ly  90%, 
and  1.5 m g  p h e n o b a r b i t a l / k g  b o d y  we igh t  p r e v e n t e d  t h e  
d e l a y e d - h y p e r s e n s i t i v i t y  r eac t ion  to d in i t roch lo robenzene  
in r a b b i t s  ~. 

B a r b i t u r a t e s  are wid ly  used as seda t ives  and  for induc-  
t i on  of a n a e s t h e s i a  in  p a t i e n t s  w i t h  m a l i g n a n t  disease, in  
which  ce l l -media ted  i m m u n i t y  m a y  inf luence  ra tes  of tu -  
m o u r  g r o w t h  a n d  d i s semina t ion .  Therefore ,  i t  was  dec ided  
to s t u d y  w h e t h e r  seda t ive ,  b u t  non- tox ic  doses of pheno-  
b a r b i t a l  a d m i n i s t e r e d  to  r a t s  da i ly  would  reduce  t he i r  
pa r t i a l  i m m u n i t y  to  a n  al logeneic  solid s a rcoma  (Y-P388) 

wh ich  has  been  found  to m e t a s t a s i s  r ap id ly  and  regula r ly  
to  l y m p h  nodes  and  lungs  8. Th i s  t u m o u r  is c lonogenic in  
v ivo  in t h a t  single s a rcoma  cells in j ec ted  i.v., form macro-  
scopic t u m o u r  colonies in  h i g h  y ie ld  in  t he  lungs, wh ich  
are  read i ly  c o u n t e d  as p l eu ra l  nodules  a f t e r  6-7  days  
growth.  S p o n t a n e o u s  d i s s e m i n a t i o n  ot t u m o u r  cells to  t he  
lungs  causes  s imi la r  colonies to  fo rm where  cells a r res t  and  
clone. 

Fema le  C a w o r t h  F a r m  s t r a in  r a t s  f rom a specit ic p a t h o -  
gen free der ived  colony, 30 days  old and  weighing  approxi -  
m a t e l y  90 g were used for t u m o u r  t r a n s p l a n t a t i o n .  Tech-  
n iques  for weighing  t he  p r i m a r y  t u m o u r  (Pr) fol lowing ino- 
cu la t ion  of Y-P388  cells i n to  leg muscle  a n d  t he  p r inc ipa l  
m e t a s t a s e s  p roduced  in reg iona l  groups  of l y m p h  nodes  
( ips i la teral  c ru ra l  CN, lower abdomino -pe lv i c  P N  and  
u p p e r  a b d o m i n a l  UAN) to wh ich  t he  t u m o u r  spreads,  h a v e  
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Table I. Effects of wholebody irradiation (WBI) �9 and daily injections of phenobarbital (1.5 mg kg 1 i.m.) b on growth of primary tumour  (Pr) 
and its metastases in lymph nodes and lungs in rats following inoculation of right leg with 104 Y-P 388 ceils 

Treatment  A W  W 2 Tumour  weights (g • 103) Organ weights (g • 102) N~ 
(g) (g) Pr CN PN UAN Spleen Thymus  

Nil +24  4- 1 135 2_ 2 85 1 3 2 65 33 0.0 
(killed day 7) • 11 4-0.5 4-1.0 4-0.3 
WBI +17 • 3 122 4- 5 126 4 8 3 25 20 
(killed day 7) 4- 16 4-0.5 4-1 4-0.7 
Water  +42  4- 4 128 4- 2 115 4 12 3 58 47 
(killed day 10) 4- 11 4-0.7 4-2 4-0.5 
Phenobarbital +41 -1- 2 130 4- 3 110 5 13 3 60 39 
(killed day 10) 4- 7 4-0.5 4-2 4-0.7 

8 4 - 1  
(6,5,3,13,9,13) 
0.3 4- 0.2 
(1,1,0,0,0,0) 
0.7 4- 0.3 
(1.2.1.0.0.0) 

570 rads (6~ T-rads) 24 h preceding turnout inoculations, bCommenced 1 day preceding tumour  inoculations and terminated 7 days after 
inoculations, o Number  of lung colonies counted in individual rats (in brackets). Turnout growth measured 7 days after WBI and 8 days after 
commencing phenobarbital t reatment,  respectively. Pr, CN, PN, UAN represent primary turnout and crural, pelvic and upper abdominal lymph 
nodes, respectively; A W and W~, gain in body weight after inoculation and final body weight; N~, mean number  of tumour  colonies for lungs. 
Each group consists of 8 rats. 

b e e n  d e s c r i b e d  in  d e t a i l  p r e v i o u s l y ,  a s  we l i  a s  c o u n t i n g  
a n d  i n c i d e n c e  o f  l u n g  m e t a s t a s e s  s. T u m o u r  c o l o n i e s  p ro -  
d u c e d  in  l u n g s  b y  i .v.  i n o c u l a t i o n  of  5 • 102 105 t u m o u r  
cel ls  w e r e  c o u n t e d  7 d a y s  a f t e r  i n o c u l a t i o n ,  a) a f t e r  r a t s  
we re  i n j e c t e d  w i t h  1.5 m g / k g  p h e n o b a r b i t a l  d a i l y  for  8 
d a y s ,  t h e  f i r s t  i n j e c t i o n  b e i n g  g i v e n  1 d a y  p r i o r  to  i n o c u l a -  
t i o n  w i t h  t u m o u r  a n d  b) a f t e r  r a t s  w e r e  e x p o s e d  t o  w h o l e  
b o d y  i r r a d i a t i o n  ( W B I )  f r o m  a 6~ s o u r c e  24 h p r e c e d i n g  
i n o c u l a t i o n  t o  s u p p r e s s  i m m u n i t y .  E f f e c t s  of  p h e n o b a r -  
b i t a l  a n d  W B I  o n  s p o n t a n e o u s  s p r e a d  of  t h e  t u r n o u t  t o  
l y m p h  n o d e s  a n d  l u n g s  w e r e  m e a s u r e d  a f t e r  i n o c u l a t i n g  
t h e  l eg  m u s c l e  w i t h  104 cel ls  a n d  k i l l i ng  t h e  a n i m a l s  7 d a y s  
( W B I  g r o u p s )  a n d  10 d a y s  ( p h e n o b a r b i t a l  t r e a t e d  g r o u p s )  
l a t e r ,  r e s p e c t i v e l y .  T r e a t m e n t  w i t h  p h e n o b a r b i t a l  h a d  n o  
s i g n i f i c a n t  e f f e c t  o n  r a t e  of  g r o w t h  of  p r i m a r y  t u m o u r  in  
m u s c l e ,  n o r  o n  g r o w t h  of  m e t a s t a s e s  in  l y m p h  n o d e s  a n d  
l u n g s  ( T a b l e  I) ; n o r  d i d  i t  s i g n i f i c a n t l y  a f f e c t  r a t e s  of  g a i n  
i n  b o d y  w e i g h t  of  r a t s  o r  t h e  w e i g h t s  ot  s p l e e n  a n d  t h y -  
m u s .  P r i o r  e x p o s u r e  of  r a t s  to  s u b l e t h a l  w h o l e  b o d y  X -  
i r r a d i a t i o n  (570 r a d s  6~ v - r a y s )  t o  s u p p r e s s  i m m u n i t y  
c a u s e d  s i g n i f i c a n t  i n c r e a s e s  in  g r o w t h  of  P r  a n d  m e t a s t a s e s  
( i n c l u d i n g  l u n g  m e t a s t a s e s )  as  r e p o r t e d  p r e v i o u s l y  8. 

W h e n  t h e  t u m o u r  w a s  a s s a y e d  i n t r a v e n o u s l y ,  t o  m e a -  
s u r e  s u r v i v a l  a n d  g r o w t h  of  i n d i v i d u a l  cel ls  a r r e s t e d  in  t h e  

l u n g s ,  t r e a t m e n t  w i t h  p h e n o b a r b i t a l  w a s  f o u n d  to  c a u s e  
s i g n i f i c a n t  i n c r e a s e s  in  cel l  s u r v i v a l  (Tab l e  I I ) .  A p p r o x i -  
m a t e l y  d o u b l e  t h e  n u m b e r  o f  co lon ie s  w e r e  p r e s e n t  7 d a y s  
f o l l o w i n g  i n o c u l a t i o n  10 z a n d  104 t u m o u r  ceils.  T o o  m a n y  
co lon i e s  t o  c o u n t  h a d  f o r m e d  a f t e r  105 cel ls  w e r e  i n c o u l a t e d ,  
in  b o t h  p h e n o b a r b i t a l  t r e a t e d  a n d  c o n t r o l  g r o u p s ,  a n d  
c a u s e d  m e a n  i n c r e a s e s  i n  l u n g  w e i g h t  of  n e a r l y  5 0 % .  I m -  
m u n o s u p p r e s s i o n  b y  W B I  g i v e n  24 h b e f o r e  i n o c u l a t i o n  
h a d  a m o r e  m a r k e d  e f f ec t  t h a n  t r e a t m e n t  w i t h  t h e  b a r -  
b i t u r a t e  in  i n c r e a s i n g  t h e  y i e l d  of  l u n g  co lon i e s  w h e n  a low 
n u m b e r  (5 •  of  t u m o u r  cel ls  w e r e  i n j e c t e d  i n t r a -  
v e n o u s l y .  

T h e  i .v .  t e c h n i q u e  o f  a s s a y i n g  t h i s  a n t i g e n i c  t u m o u r  
p r o v i d e s  a m o r e  s e n s i t i v e  m e a n s  of  m e a s u r i n g  i m m u n i t y  t o  
i t s  g r o w t h  in  l u n g s  t h a n  s p o n t a n e o u s  d i s s e m i n a t i o n  t o  t h e  
l u n g s  f r o m  a p r i m a r y  so l id  t u m o u r ,  s i n c e  g r o w t h  of  t h e  
l a t t e r  in  s i t u  s t i m u l a t e s  i m m u n i t y  t o  f u r t h e r  g r o w t h  o f  t h e  
t u m o u r ;  i t  c a u s e s  i m m u n o s u r v e i l l a n c e  to  d e v e l o p  r a p i d l y  
a n d  e f f e c t i v e l y  d e s t r o y  a c o n s i d e r a b l e  p r o p o r t i o n  o f  t u -  
m o u r  cells  d e p o s i t e d  as  s i n g l e  o r  s m a l l  g r o u p s  of  cel ls  i n . t h e  
v a r i o u s  o r g a n s ,  a n d  p a r t i c u l a r l y  in  l y m p h  n o d e s .  T h u s  in  
t h e  i m m u n o l o g i c a l l y  i n t a c t  a n i m a l ,  g r o w t h  o f  P r  s t i m u -  
l a t e s  i m m u n i t y .  T h i s  a l l o w s  r e l a t i v e l y  f ew cel ls  to  l e a v e  t h e  
l y m p h  n o d e s ,  e n t e r  t h o r a c i c  d u c t  l y m p h  a n d  t h u s  be  car -  

Table II. Effect of phenobarbital~ given daily to female rats inoculated intravenously with 108-105 Y-P388 tumour  cells, on growth of lung 
tumour  colonies scored 7 days post incoculation 

N Treatment  A W W 2 Mean organ weights (g • 102) NL 
Spleen Thymus Liver Lung 

103 Water  +23  -4- 2 113 47 35 463 89 x: 4 5.5 z: 2.0 
103 Phenobarbital +34  4- 1 113 54 41 464 91 = 1 11.5 :x 2.9 
104 Water  +28  ~: 3 118 53 43 489 93 :x 3 64 2= 15 
104 Phenobarbital +30  4- 3 116 66 47 469 93 = 4 128 x: 37 
105 Water  +30 4- 1 116 60 42 485 145 = 20 >500  
105 Phenobarbital  +37  4- 2 118 65 40 500 135 2= 14 >500  

5 •  102 Nil +38 4- 1 129 62 38 92 :x 3 5.5 2= 1.5 
5 •  ~ WBI b + 2 4 4 - 3  110 18 15 902= 1 25 2= 3 

�9 phenobarbital (1.5 mg kg -1) injected i.m. daily for 8 days, rats  receiving the first dose 1 day preceding inoculation: controls received equal 
volumes of destilled water daily, b 570 rads (6~ 7-rays) whole body irradiation given 24 h preceding inoculation with tumour  cells. Results 
compared with incidence of lung colonies in untreated rats inoculated with 5 • I0 n tumour  cells and in immunosuppressed rats exposed to 
wholebody irradiation (WBI). A W  (g), mean increase in body weight 7 days post inoculation; W 2 (g) final body weight; N, number  of tumour  
cells inoculated; NL, mean number  of lung tumour  colonies per rat. 
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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 .  

H. A. S. VAN DEN BRENK and  C. SHARPINGTON 

Richard Dimbleby Cancer Research Laboratory, 
St. Thomas' Hospital, London S.E.  1 (England), 
75 November 1971. 

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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