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f a t t y  l ivers  caused  b y  po i son ing  w i t h  c a r b o n  t e t r a c h l o r i d e  
is u n d e r  d i scuss ion  ~,7,13-*L 

Riassunto. Dopo  a v v e l e n a m e n t o  a c u t o  di  r a t t i  con 
CCt 4 s o m m i n i s t r a t o  con  dose  s ingol~ pe r  v i a  ora le  l ' incor -  
poraz ione  in v ivo  di  p3~ nei  fosfolipidi  del l ega to  b a l t e r a t a  
p recocemente .  A 80 ra in  da l la  s o m m i n i s t r a z i o n e  del tos-  
sico si osserva  u n  for te  a u m e n t o  delle P82-1isolecitine, 
m e n t r e  r i su l t a  b locca t a  la s in tes i  di  ac ido fosfat idico.  

~¢~. ZATTI, F. Ross t ,  
a n d  G. ZoPPi 

Istituto di Patologia Generale, Universit~ di Padova 
(Italy), December 7, 1964. 
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Ontogenetic F a t e  o f  the Neurosecretory Cells in 
the Larval Brain of Sarcophaga ruficornis 

(Fabricius, 1794) (Diptera: Cyclorrhapha) 

Neurosec r e to ry  cells h a v e  been  s t a i n e d  se lec t ive ly  in 
t he  whole  b r a i n  of insects ,  d iverse  i n v e r t e b r a t e s  a n d  ve r t e -  
b r a t e s  b y  a p p l y i n g  d i r ec t l y  to  t h e  b r a i n  t e c h n i q u e s  used 
for r evea l i ng  s u c h  n e u r o n s  in  sec t ions  1. T h e i r  s t u d y  in  s i tn  
in  t h e  b r a i n  of  t h e  p o s t - e m b r y o n i c  d e v e l o p m e n t a l  s tages  
of Sarcophaga ru/icornis disclosed t h e  fa te  of t h e  neu ro -  
s ec re to ry  cells in on togeny .  Th i s  i n f o r m a t i o n ,  b e i n g  pre-  
s en t ed  here ,  is b a s e d  on  a n  e x a m i n a t i o n  of a b o u t  450 
bra ins ,  s t a i n e d  w i t h  C a m e r o n  a n d  Steele ' s  mod i f i c a t i on  of 
G o m o r i ' s  p a r a l d e h y d e - f u c h s i n  t echn ique ,  as a d a p t e d  1, 
a n d  m o u n t e d  in c a n a d a  ba l s am,  e i t h e r  as such  (Figures  1, 
3, 5, 6) or  a f t e r  a p p r o p r i a t e  d i ssec t ions  (Figures  2, 4, 7). 
( F r o m  t h e  b r a i n s  t h e  n e u r a l  lamel la ,  also be ing  PF-pos i -  
t i r e ,  was  a lways  cu t  away. )  I t  was  ver i f ied  on  sect ions ,  in 
t h e  t r an sve r se ,  l o n g i t u d i n a l  a n d  h o r i z o n t a l  p l anes  of a b o u t  
400 b ra ins ,  s t a i n e d  acco rd ing  to  CAMERON a n d  STEELE~. 
The  flesh-flies were  r ea red  a t  28°C ( ~  1°C) a n d  70% R H .  

E a c h  ce rebra l  h e m i s p h e r e  of t h e  b r a i n  of al l  t h e  t h r e e  
l a r v a l  i n s t a r s  c o n t a i n s  four  (1, 2, 3, a n d  4) g roups  of P F -  
pos i t ive  n e u r o s e c r e t o r y  cells, of w h i c h  t h e  d i spos i t ion  in 
t h e  f i r s t - i n s t a r  l a r v a  is s h o w n  in F igu re  1. T h e i r  compar i -  
son  w i t h  t h e  n e u r o s e c r e t o r y  cell g roups  of t he  t h i r d - i n s t a r  
l a r v a  of Lucil ia caesar, in  which  six g roups  a re  p r e s e n t  ~, 
shows t h e  ex i s t ence  of close co r r e spondence  in t h e  topo-  
g r a p h y ,  s t a i n i n g  r e a c t i o n s  a n d  n u m b e r  of n e u r o s e c r e t o r y  
cells c o m p r i s i n g  t h e  g roups  (Table) ,  as  also of  two  dif- 
ferences.  One  d i f ference  is due  to  t h e  a b s e n c e  in  S. ruff- 
cornis l a r v a  of n e u r o s e c r e t o r y  cells in  t h e  locus of t h e  
t r a n s i e n t  g roup  6 of L. caesar l a rva .  The  o t h e r  d i f ference  
s t e m s  f rom t h e  s p l i t t i n g  up  of t h e  c lus te r  of neurosecre -  
t o r y  cells a t  one  locus in to  two g roups  (3 a n d  4), m a i n l y  on  
di f ferences  in  t h e i r  s t a i n i n g  r eac t ions  in t he  d iapaus ing ,  
b u t  n o t  in  t h e  n o n - d i a p a u s i n g ,  l a r v a  of L. caesar ~. But ,  
one  g r o u p  (2) of t i le  t h i r d - i n s t a r  l a r v a  of S. ruficornis, 
w h i c h  deve lops  d i rec t ly ,  co r r e sponds  to  t w o  g roups  
(3 a n d  4) of t h e  n o n - d i a p a u s i n g  l a r v a  of L.  caesar. As t h e  
l a r v a  of S. ru]icornis differs  f rom t h e  d i a p a u s i n g  l a r v a  
on ly  of L.  caesar, as m u c h  as t he  two  t y p e s  of l a r v a e  of t h e  
l a t t e r  fly differ  f rom each  o ther ,  t h i s  d i f fe rence  is nul l i f ied.  

In the photomicrographs neurosecretory cells of groups 1, 3, and 
of both the hemispheres of the brain are distinct ; all ceils of group 
are not evident as their compact arrangement in tiers prevents their 

reproduction at one locus. 

Fig. 1. Brain and ventral ganglion of first-instar larva showing all 
four groups of neurosecretory cells. × 170. 

1 G. S. DOGRA and B. K. TAtqDA~, Quart. J. mitt. Sci. 105, 455 
(I964). 
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I f  t h e  t o t a l  n u m b e r  of neurosecre to ry  cells in the  larval  
b ra in  is t a k e n  in to  considera t ion,  onty  four  cells are less 
in t h a t  of S. ru[icornis la rva  (Table). 

In  F igure  1 of the  whole bra in  of the  f i rs t - instar  larva, 
all the  groups are clearly visible, b u t  group 4, owing to 
smal l  a m o u n t s  of t he  neurosecre to ry  mater ia l  in the  cell 
bodies,  is re la t ive ly  indis t inc t .  In  t he  bra in  of the  th i rd-  
ins t a r  m a t u r e  larva  and of the  whi te  pupa,  the  groups 
show a change  in the i r  posi t ion.  Groups 1 and 2 in each 
hemisphe re  come to  lie closer to  each other ,  group 3 moves 
a w a y  f rom group I to  which  i t  was contiguous,  becoming 
anter ior ,  and  g roup  4 becomes  an te ro ta te ra l  (Figure 2); 
because of  i ts  pos i t ion group  4 was outs ide  the  field of 
th is  pho tomic rog raph .  This  reor ien ta t ion  of the  cell groups 
cont inues .  B e tween  two to  four days  af ter  the  whi te  pupa  
s tage,  groups  1 and  2 of each side app roach  each other  
ve ry  closely and  move towards  t he  mid-line.  While  these 
pa r t i cu la r  groups  come to  occupy  the  anter ior ,  dorsal  
marg in  of t h e  b ra in  (protocerebrum),  group 3 moves  
ven t rad .  Dur ing  th i s  per iod,  group 4 ceases its ac t iv i ty  
and  fades  away.  In  F igure  3 th is  posi t ion of groups 1 and 
2 is d i s t inc t ;  g roup  3, s l ight ly  ven t r a l  in posit ion,  is evi- 
d e n t  only  on the  left side. Be tween  four to six days  af ter  
the  whi te  p u p a  stage,  groups  1 and  2 of each pro tocerebra l  
lobe merge  wi th  one a n o t h e r  to form a composi te  group;  
concur ren t ly ,  t he  resul t ing  compos i te  groups of the  two 
sides also merge  together .  In  Figure  4, among  the  numer-  
ous  neurons ,  on  each  side of the  mid-l ine,  the  two larger 
cell bodies  are of g roup  i and  the  remain ing  smaller  ones 
are  of g roup  2; g roup  3 of each  side is s l ightly far ther  
a w a y  and  lies on  the  basa l  side of the  pro tocerebrum.  In 
Figure  5 t h e  na tu ra l  re la t ionsh ips  of groups  1 and 2 are 
fa i thful ly  r ep roduced  ; g roup  3 of each side, being vent ra l  
in posi t ion,  is ou t  of focus and  is shown  in Figure 6 of the  
same prepara t ion .  In  the  n e x t  five days  of the  meta-  
morph ic  phase,  t he  med i an  compos i te  cluster  undergoes 
fu r the r  - bu t  s l ight  - r eo r i en ta t ion  so t h a t  by  the  end of 
m e t a m o r p h o s i s  it  a ssumes  an an te rodorsa l  position. In 
t h e  newly  emerged  fly (about  l O - l l  days  af ter  the  white  
p u p a  stage), a smal l  and  var iable  n u m b e r  of cells of the  
med ian  c luster  are  s ta ined .  I towever ,  larval group 3 of 
each side, ven t r a l  in posi t ion,  is d i s t inc t ly  revealed, bu t  
w i th in  24 h i ts  ac t iv i ty  ceases and  the  group fades away. 
In  older  flies 24-26 cells are s ta ined  in the  median  cluster  
and  th is  n u m b e r  agrees w i t h  t he  combined  number  of 
la rva l  groups  1 and  2 of t h e  two  cerebra l  hemispheres  
(Table). I n  F igure  7 of t he  d issec ted  pars  intercerebral is  
of a s ix -day-o ld  female  fly, t h e  med i an  c luster  d is t inct ly  

comprises  cells of d i f fe rent  sizes. On each  s ide  of t h e  mid -  
line, the  two  larger cells (in focus only  on the  lef t  side) 
belong to  the  larval  g roup  1 and  t h e  r ema in ing  smal le r  
cells belong to  the  larval  group 2. This  d i s t inc t ion  is due  
to the  smal l  amo u n t s  of t he  NSM in the  cell bodies.  

The n u m b e r  of neurosecre to ry  cells in adu l t  S. ruff- 
cornis is more  t h a n  in the  re la ted  Calliphora erythrocephala 
of which the  adul t  has  two median  groups  of 8-10 neuro-  
secretory cells ( total  16-20)4 Reasons  for th is  difference 

Showing homology in the PF-positive neuroseeretory cell groups in 
the third-instar larval brain of S. ru]icornis and L. caesar 

Groups Number of neurosecretory cells in the two Groups 
hemispheres of the brain 

Sarcophaga ru]icornis Lucilia caesar 3 

2 + 2 = 4  2 + 2 - 4  i 

10-11 °~- 10-ll ~ o0-°2 J 4 + 4 =8  3 
• - - ( 7 + 7 = 1 4  4 

1 + 1 - - 2  1 + 1 - 2  2 
4 + 4 = 8  4 + 4 = 8  5 

Total of 4 pairs of Total of 5 pairs 
groups = 34-36 of groups = 36 

2 + 2 = 4  6 
Total of 6 pairs 
of groups = 40 

Fig. 2. Dissected portion of the brain of third-instar mature larva 
showing groups 1, 2, and 3 only {black object on right-hand side, 

medial to the cells, is a foreign particle), x 235. 

Fig. 3. Pars intercerebralis of the protecerebrum of a whole brain of 
the stage two days after the white pupa stage, x 160. 

Fig. 4. Dissected pars intercerebralis of the protoeerebrum of an 
animal four days after the white pupa stage, mounted so that the 
anterior {and also ventral) surface of the protocerebrum is in contact 

with the coverslip, x 270. 

Fig. 5. Pars intercerebralis of the protocerebrum of a whole brain of 
an animal six days after the white pupa stage. The solitary cell o n  

each side representing group 3 is out of focus and is shown in Figure 6 
of the same preparation, x 142. 

Fig. 7. Dissected pars intereerebralis of the protocerebrum of a six- 
day-old female fly. × 225. 

4 M. TItOMSEN, Pubbl. Staz. zool. Napoli 24, Suppl., 46 (1954). 
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m i g h t  h a v e  become  clear  f rom a c o m p a r i s o n  b e t w e e n  t h e  
l a rva l  ne u rosec r e to ry  cells of t h e  two  species of flies. B u t  a 
c o m p a r i s o n  is n o t  poss ib le  because  in t he  l a r v a l  b r a i n  of 
C. erythrocephala t h e  n u m b e r  of m e d i a n  cells, a l t h o u g h  
g iven  as a b o u t  12-14,  p r o v e d  di f f icul t  t o  dec ide  ~. 

T h u s  in S, ru/icornis, d u r i n g  o n t o g e n y  t h e  fa te  of t h e  
four  g roups  of n e u r o s e c r e t o r y  cells in  each  h e m i s p h e r e  of 
t he  l a rva l  b r a i n  is no t  t he  same.  W h e r e a s  cells of g roups  1 
a n d  2 are des t ined  for  t r a n s f o r m a t i o n  in to  neu rosec r e to ry  
cells of t he  a d u l t  fly, g roups  3 a n d  4 are  t r a n s i e n t  ". 

m o u c h e  a d u l t e ;  le g roupe  3 d e v i e n t  v e n t r a l  ma i s  s ' 6 v a n o u i t  
apr~s  l '~closion de la m o u c h e ;  le g roupe  4 s ' 6 v a n o u i t  aussi,  
ma i s  plus  t6 t .  

G. S. DOGRA a n d  B. K. TANDAN 

Department o[ Zoology, University o/ Lucknow (India), 
August 20, 1964. 

Rdsum& II y a q u a t r e  groupes ,  1, 2, 3 e t  4, de cel lules 
neuros6cr6 t r ices  d a n s  c h a q u e  d e m i - s p h b r e  du ce rveau  
l a rva i r e  du  Sarcophaga ru/icornis. P e n d a n t  la  m ~ t a m o r -  
phose ,  les g roupes  1 e t  2 d e v i e n n e n t  a n t 6 r i e u r s  d o r s a u x  
e t  f o r m e n t  des  cel lules neuros6cr6 t r ices  m6dia les  de  la  

M. TltOMSEN, Dan. Biol. Skr. 6, 1 (1951). 
s We are grateful to Prof. BER'rA SCHARRER for a critical review 

of the typeseript; to Prof. K. K. NA'Z~R, Trivandrum, for generous 
advice and to Prof. M. B. LAL for his unceasing interest in our 
work. 

Quelle  est  la dur6e n6cessa ire  pour  d6clencher  
des  induct ions  neura les  chez  le P o u l e t ?  ~ 

Les  r eche rches  de JOHNEN ~-~, de DENIS ~ e t  de GAL- 
LERA ° on t  pr6cis6 le t e m p s  que  p r e n d  l ' i n d u c t i o n  neu ra l e  
chez les Amph ib i ens .  La  dur6e de c o n t a c t  en t r e  l ' i nduc-  
t eu r  n o r m a l  ( f r a g m e n t  de la vofl te  a r chen t6 r ique )  e t  
l ' e c t o b l a s t e  c o m p 6 t e n t  su f f i san te  p o u r  d6c lencher  la  for- 
m a t i o n  de  l ' 6bauche  neu ra l e  va r i e  c o n s i d 6 r a b l e m e n t  d ' u n e  
esp~ce ~ l ' a u t r e  (demi -heu re  p o u r  l 'Axo lo t l  e t  16 h p o u r  
Triturus alpestris). Elle  ne  d 6 p e n d  pas  de  t ' i ndue t eu r ,  
ma i s  de la  r6ac t iv i t6  de l ' e c t o b l a s t e  (Jon~ENT).  

Jusqu'5~ p r6 sen t  des  r eche rches  ana logues  n ' o n t  pa s  6t~ 
en t r ep r i s e s  chez  les Oiseaux.  No tons ,  c e p e n d a n t ,  que  
GALLERA et  IVANOV 8 on t  r 6 c e m m e n t  d 6 m o n t r 6  que  le 
noeud de H e n s e n  mis  en  c o n t a c t  avec  l ' e c t o b l a s t e  d ' u n  
b l a s t o d e r m e  au s t ade  du  p r o l o n g e m e n t  c6pha l ique  n ' e s t  
plus  capab le  de  p r o v o q u e r  des  i n d u c t i o n s  neura les .  I1 
semble  done  que  chez  les O i seanx  le feui l le t  e x t e r n e  pe rd  
tr~s r i t e  ses comp6tences .  C o m p t e  t e n u  de  ce t t e  obse rva -  
t ion  e t  de  Ia r ap id i t 6  du  d 6 v e l o p p e m e n t  e m b r y o n n a i r e  
des  Oiseaux,  on  p o u r r a i t  s ' a t t e n d r e  ~ ce que  le p rocessus  
de l ' i n d u c t i o n  exige peu  de t e m p s .  Les  i n v e s t i g a t i o n s  que  
nous  a l lons  r e l a t e r  d 6 m o n t r e n t  que  c ' e s t  le con t r a i r e  qu i  
est  vrai .  

Les  exp6r iences  son t  fa i tes  su r  de ]eunes  b l a s t o d e r m e s  
de "White L e g h o r n  cul t iv6s  in  v i t r o  selon la t e c h n i q u e  de 
NEw% l~'g~rement modif i6e  p a r  GALLERA et  CASTRO- 
CORREIA 10. L a  r6gion an t6 r i eu re  de la l igne p r i m i t i v e  
achev~e,  d6nud$e  de l ' endob las t e ,  s e r t  d ' i n d u c t e u r .  Ce 
greffon es t  plac6, p o u r  des p6r iodes  plus  ou  mo ins  longues,  
darts  u n e  n iche  p r a t i q u ~ e  d a n s  le r e m p a r t  v i t e l l in  ell  
a v a n t  de  l ' a i re  pel lucide.  Le  gref fon  es t  t o u j o u r s  i m p l a n t 6  
sa face v e n t r a l e  con t r e  l ' e c t o b l a s t e  de l ' h6 te .  C o m m e  h6te ,  
nous  e m p l o y o n s  en  g6n6ral  des b l a s t o d e r m e s  au  s t a d e  de 
la  l igne p r i m i t i v e  m o y e n n e .  Aprbs  u n  laps  de t e m p s  d6ter-  
min6  (5 ~ 10 h 30), le greffon est  d6 t ach6  de  l ' ec tob las te ,  
a u q u e l  il adh6re  6 t r o i t e m e n t ,  e t  r e t r a n s p l a n t 6  su r  une  
a u t r e  r6gion de l ' a i re  opaque ,  X gauche  de l ' a i re  pel lucide.  
D a n s  sa nouve l l e  pos i t ion ,  le gref fon se d6ve loppe  nor -  
m a l e m e n t  e t  f ou rn i t  de  la chorde ,  des  somi tes  e t  un e  
6bauche  neura le  r u d i m e n t a i r e .  Si ta  r e t r a n s p l a n t a t i o n  a 
eu lieu a v a n t  que  l ' e m b r y o n  h 6 t e  n ' a t t e i g n e  le s t ade  du  
p r o l o n g e m e n t  c6phal ique ,  le gref fon i n d u i t  ta f o r m a t i o n  
d ' u n e  ~bauche  neura le  seconda i re  d a n s  l ' e c t o b l a s t e  sus- 
j acen t .  

12 greffons  o n t  6t6 laiss~s d a n s  leur  s i te  p r imi t i I  d u r a n t  
5 h ;  ils n ' o n t  p r o v o q u 6  a u c u n e  induc t ion .  D a n s  7 cas, Ie 
c o n t a c t  e n t r e  le matOriel  greff6 e t  l ' e c t o b l a s t e  a 6t6 m a i n -  
t e n u  p e n d a n t  u n  t e m p s  u n  peu  plus  long (6 h env i ron) ,  
4 de ces greffons  o n t  d6clench6,  d a n s  l ' e c t o b l a s t e  sus-  
j acen t ,  la f o r m a t i o n  de  s t r u c t u r e s  d ' a s p e c t  p l u t 6 t  neuro i -  
da l  que  neura l .  I1 s ' ag i t  de  minuscu le s  p l a q u e t t e s  d ' ec to -  
b l a s t e  6paissi  e t  p lu r i s t ra t i f i6 .  De 13 face v e n t r a l e  de ces 
p l a q u e t t e s  se d 6 t a c h e n t  des  cellules qui  r a p p e l l e n t  celles 
de  la  cr~te n eu ra t e  (Figure  1). 8 greffons  o u t  6t6 laiss6s 
Ieur place  p r i m i t i v e  de  8 h 30 ~k 10 h 30. Tous  o n t  i n d u i t  
des s t r u c t u r e s  n e u r a l e s  t yp iques .  Ce s o n t  des  p l a q u e s  
neu ra l e s  en  fo rme  de r a q u e t t e  d o n t  la  r6gion  an t~ r i eu re  es t  
61argie e t  se d6pr ime  en  p ro fonde  e t  l a rge  gou t t i~ re  de 
caract&re c6r6bral  (Figure  2). D a n s  tous  ces cas, n o u s  
a v o n s  observ6  u n  execs d '616ments  p r o v e n a n t  des c ra tes  

Fig. 1. Structure neuroIdale induite par le greffon qui a 6t6 laissO en 
contact avee l'ectoblaste durant 6 h. Le rempart vitellin s'est recon- 
stitu6 au-dessous de la structure induite. Remarquer les OI(!ments de la 

crfite neurale (5, droite de la Figure). 
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