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Columns 2 and 3 represent the average measurements (in mm) of 
neurosecretory cells 

Stages Cells Nuclei 

1-day-old 0.0075 • 0.006 0.003 • 0.003 

3-day-old 0.012 • 0.009 0.0045 x 0.0045 

5-day-old 0.0165 • 0~0075 0.0045 • 0.0045 

8-day-old 0.0195 • 0.012 0.0075 • 0.0075 

12-day-old 0.0225 • 0.018 0.0105 • 0.0075 
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Fig. 1-5. Camera lucida diagrams of neurosecretory ceils from the 
brain of female S. bullata at different stages. 

p r o d u c t i o n  of l a rvae  in t h e  case of l a rv ipa rous  insects.  The  
ob jec t  of th i s  br ie f  c o m m u n i c a t i o n  is to  t h r o w  some l igh t  
on  t h e  correla t ion,  if any,  ex i s t ing  be t w een  t i le  a c t i v i t y  
of t i le  b r a in s '  neu rosec re to ry  ceils a n d  p r o d u c t i o n  of 
l a rvae  in a l a rv ipa rous  f lesh-f ly Sarcophaga bulIata. 

Spec imens  of S. bullata were rea red  on  m a m m a l i a n  
k idney ,  sugar  a n d  w a t e r  in  t h e  l abora to ry .  T he  l a rvae  
p u p a t e  a f te r  3 days  of l a rva l  life. Tile p u p a l  pe r iod  las ts  
for  12 days.  Tile a d u l t  females  on  t h e i r  11 th /12 th  d a y  of 
emergence  f rom p u p a e  lay l a rvae  on  t he  flesh. B r a i n s  
f rom females  of d i f fe ren t  ages were d issected  out ,  f ixed 
a n d  processed for h is to logical  detai ls ,  as also for t h e  
de t ec t ion  of nucle ic  acid(s), b y  s t a n d a r d  m e t h o d s  ~, 7. 

The  neu rosec re to ry  cells occur  in  m a n y  places  in  t h e  
b r a i n  of t h i s  insec t  b u t  those  in pars  in te rce rebra l i s  are  
more  d i s t inc t .  These  cells, a long w i t h  t he i r  nuclei,  
increase  in  size g radua l ly  as t i le f ly becomes  old (see Table) .  

The  cel lular  act ivi t ies ,  as observed  d u r i n g  d i f fe ren t  
s tages  of g r o w t h  of t i le  fly, can  be  in fe r red  f rom the  
figures.  I n  a 1-day-old f ly t he  cy top l a smic  granules  (CG) 
are pe r inuc lea r  in  pos i t ion ,  l eav ing  a clear  gap  a long  t h e  
pe r iphe ry  of t he  cell (Figure).  These  become  u n i f o r m l y  
d i s t r i b u t e d  ill t i le e x t r a n u c l e a r  zone (Figure  2) in  a 
3-day-old  fly. I l l  a 5-day-old  fly, t hese  granules  t e n d  to 
a c c u m u l a t e  on  t h e  pe r iphe ry  of t h e  cell l e av ing  a peri-  
nuc lea r  gap  (Figure  3). However ,  in  a 8-day-old  f ly these  
granules ,  a m i d s t  w h i c h  h a v e  m e a n w h i l e  deve loped  a few 
vesicles, a p p e a r  to  be  u n i f o r m l y  d i s t r i bu t ed  (Figure 4). Tile 
progress ive  increase  in t he  n u m b e r  of vesicles,  p r e s u m a b l y  
a t  t he  expense  of t he  granules ,  is m a r k e d  hereaf te r ,  so 
m u c h  so t h a t  t h e  whole  of t he  c y t o p l a s m  of t h e  neuro-  
secre tory  cell becomes  c r a m m e d  w i t h  vesicles in  t he  12- 
days-o ld  flies (Figure 5). 

The  nuc leus  (N) is w i t h o u t  nucleolus  in  t he  f i rs t  d a y  of 
t h e  emergence  of t he  f ly b u t  in  due  course t he  nucleol i  
(NU) a p p e a r  in  va r i ab l e  n u m b e r  in  d i f fe ren t  s tages  

(Figures 2-5). I n t e n s e  r eac t ion  for R N A  in cy top l a smic  
c o n s t i t u e n t s  a n d  nucleoli ,  a n d  D N A  in nuc lea r  c h r o m a t i n s  
t lave  b e e n  obse rved  in all  t h e  stages.  

I n  as m u c h  as t h e  a d u l t  f ly in i t i a t e s  a n d  comple tes  
l a rvae l ay ing  d u r i n g  t h e  1 1 t h - 1 2 t h  d a y  of i t s  emergence  
f rom the  p u p a l  phase ,  t h e  obse rved  a c t i v i t y  of neuro-  
secre tory  cells is seeming ly  cor re la ted  w i t h  t h e  develop-  
m e n t  a n d  l ay ing  of la rvae .  The  pers i s tence  of vesicles in 
t i le  ceils b e y o n d  t he  12 th -day  s tage  ind ica tes  t h e i r  
imp l i ca t i on  in ye t  o the r  m e t a b o l i c  act iv i t ies .  

The  a b u n d a n c e  of R N A  in  t h e  neu rosec re to ry  ceils o f  
S. bullata suggests  t h a t  syn thes i s  of I leurosecre tory  
m a t e r i a l  is coupled  w i t h  a h i g h  r a t e  of p ro t e in  syn thes i s .  
S imi la r  resu l t s  h a v e  been  de r ived  f rom work  w i t h  Peri- 
planets 5, 8. 

Rdsumd. L ' a c t i v i t 6  des cellules neuros6cre t r ices  dans  le 
ce rveau  de la  femelle de Sarcophaga bullata est  en  corr61a- 
t i o n  avec  le d 6 v e l o p p e m e n t  des la rves  dans  la  femelle  et  
leur  pos i t ion .  
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A Rad ioautograph ic  S tudy  of Neura l  Induct ion  in the Chick E m b r y o  

GALLERA a n d  OPRECI~T x a n d  I-AVARACI~ 2 used h is to-  
chemica l  t e c h n i q u e  to  s t u d y  t h e  cor re la t ion  be t w een  lENA 
c o n t e n t  a n d  morphogenes i s  in  ear ly  ch ick  embryos .  T h e y  
showed t h a t  t h e  c o n t e n t  of basoph i l  cy top la smic  m a t e r i a l  
was a lways  h igh  in morpho log ica l ly  ac t ive  regions,  e.g., 
H e n s e n ' s  node  a n d  neu ra l  folds. LAVARACI( 2 f u r t h e r  
showed  t h a t  t he re  was a n  increase  in basoph i l i a  in  t h e  
v e n t r a l  p o r t i o n  of t h e  neu ra l  groove a d j a c e n t  to  t h e  
n o t o c h o r d  a n d  t h a t  t h e  i n t e n s i t y  of t h e  s t a in ing  here  was 
m u c h  g rea te r  t h a n  in t h e  u n d e r l y i n g  no tochord .  These  
f ind ings  t o g e t h e r  w i t h  those  o b t a i n e d  f rom s tudies  on  

a m p h i b i a r  e m b r y o s  h a v e  led BRACI~ET 8, ~ to  suggest  t h a t  
i n d u c t i o n  invo lves  a r a t h e r  mass ive  passage  of r ibonucleo-  
p r o t e i n - c o n t a i n i n g  par t ic les  (microsomes) f rom the  induc-  
t o r  in to  t h e  r eac t i ng  t issue.  

The  p r e sen t  work  was u n d e r t a k e n  to  examine  radio-  
a u t o g r a p h i c a l l y  w h e t h e r  t he re  is a n y  m a r k e d  t r a n s f e r  of 
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Fig. 1. A transverse section of a blastoderm with a labeled graft which 
has undergone self-differentiation and has induced a thickened 
neural ectoderm. The host axis is not included in the photograph. 
Note there is no appreciable amount of grains in the induced neural 
tissue. • 210. G, graft; INT, induced neural tissue. 

Fig. 2. A transverse section of a blastoderm.with a labeled graft which 
has induced a well-developed neural tube, but has failed to undergo 
self-differentiation. The host axis is not included in the photograph. 
Note the induced neural tube has a relatively large number of grains 
on the side adjacent to the tabeled graft but practically none on the 
other side. • 210. G, graft; INT, induced neuraI tissue. 

R N A  or p a r t  of i t  f rom the  induc tor  (Hensen ' s  node graft) 
to  the  c o m p e t e n t  t issue (ectoderm).  

Mater ials  ~znd methods. Fert i le  hen ' s  eggs were  incuba ted  
a t  37.5~ for 16-19 h to  ob ta in  embryos  a t  s tages 3-4 ~ 
The embryos  were cul tured  in v i t ro  by  SPRATT'S 6 tech-  
nique.  A Ringer -a lbumen-aga r  m e d i u m  ~ was used to  
cul ture  all the  embryos  and will be referred  to  as the  
basic medium.  

The grafts  used in th is  s t u d y  were p r e p a r e d  as follows : 
I so la ted  s tage 3+ b la s tode rms  were grown on the  basic 
m e d i u m  conta in ing  5 ~c/mt ur id ine-H ~ (New Eng land  
Nuclear  Corp., Boston,  Mass.) unt i l  t h e y  reached  stage 4. 
The node  area (size 0.3 • 0.3 inm) was excised and  washed  
several  t imes  in chick Ringer ' s  solution.  The ec toderm 
was t h e n  r em oved  f rom the  isolated node area and  the  
r ema inde r  (mesoderm wi th  i ts  under ly ing  endoderm)  was 
used as a graft .  E a c h  graf t  was inser ted  be tween  the  ecto- 
de rm and  e n d o d e r m  of a hos t  embryo  at  s tage 4 using 
C, RABOWSKI'S s technique .  All t he  hos t  embryos  were 
grown for 19-21 h on the  basic medium,  washed  several  
t imes  in Ringer ' s  solution, f ixed in absolute  e thanol -  
glacial acetic acid (3:1), e m b e d d e d  in paraff in,  sect ioned 
a t  5 ~zm, and m o u n t e d  on slides. The slides were placed in 
dist i l led wa te r  or in 80 ~zg/ml r ibonuclease  (Wor th ing ton  
Biochemical  Co., Freehold,  N.J.) ,  i ncuba ted  at  37~ for 
1 h, covered wi th  K o d a k  NTB-2  l iquid pho tog raph ic  
emuls ion using the  d ipp ing  t echn ique  of KOPRIWA and  
LEBLOND 9, and  exposed  for 5-14 days  a t  4~ No notice-  
able increase in the  n u m b e r  of grains in hos t  t issues were 
found by  increasing the  exposure  t ime.  The emulsion 
was  developed for 6 min in K o d a k  D-19 at  20 ~ and  f ixed 
for 10 rain in K o d a k  acid-fixer.  The sect ions  were s ta ined  
wi th  e i ther  hematoxyI in-eos iu  or m e t h y l  green-pyronin ,  
d e h y d r a t e d  t h rough  a g raded  e thano l  series, and  m o u n t e d  
in Pe rmoun t .  

Results.  Of the  36 embryos ,  25 showed neural  induct ions  
ranging  f rom a th i ckened  neural  ec toderm to a well- 
developed neural  t ube  (Figures 1 and  2). The induced 
neural  t issue was of ten  in close con tac t  w i th  the  graf t  and 
was somet imes  a t t a ched  to the  hos t  neural  tube.  Those 
grafts,  which  failed to  give recognizable  neural  induct ion,  
were usual ly  su r rounded  by  mesode rm and  endode rm of 
the  host .  The overal l  resul ts  showed t h a t  the re  was no 
clear-cut  corre la t ion be tween  the  degree of d i f fe ren t ia t ion  
and  the  inducing capac i ty  of the  graft .  In  all cases the  

grafts  showed a high ur id ine-H 3 up take  (Figures 1 and 2). 
Ribonuclease  digest ion r emoved  66-70% of labeled 
material ,  the  r emainder  being a lmost  exclusively ass0ciat= 
ed wi th  the  nuclei. The notochord ,  mesenchyme,  and 
foregut  associated wi th  the  induced  neural  t issue had  a 
re la t ively  large n u m b e r  of grains and  thus  appeared  to be 
der ived main ly  f rom t h e  graft .  The host ,  excep t  the  
por t ions  which  were in close con tac t  wi th  the  graf t  
(Figure 2), showed li t t le or no labeled mater ia l .  In  addi t ion,  
t he  concen t ra t ion  of grains in cells which  had  been  i n d u c e d  
to  develop into neural  t issue was s imilar  to  t h a t  in o thers  
which  had  failed to  r e spond  to the  graft .  

Discussion.  This s t u d y  showed,  in con t r a s t  io  
BaACHET'SS, 4 idea, t h a t  there  was no mass ive  t ransfer  of 
R N A  or p a r t  of i t  f rom the  induc to r  to t he  c o m p e t e n t  
tissue, regardless of w h e t h e r  or no t  an induc t ion  process  
took place. The possibil i t ies remain,  however,  t h a t  1. the  
induc t ive ly  act ive  R N A  migh t  be synthes ized  before or 
af ter  the  label ing per iod and  th is  is t r a n s p o r t e d  dur ing  
the  t ime  of incuba t ion  and 2. only  a ve ry  smal l  a m o u n t  
of R N A  (undetec table  by  the  r ad ioau tograph iq  t echn iqu  e 
used in th is  s tudy)  migh t  be necessary  to  t r igger  a sequence 
of react ions  which  resul t  in t he  ac t iva t ion  of appropr ia te  
gene(s) responsible  for neural  d i f ferent ia t ion.  On the  o ther  
hand,  SIRLIN et  al. 10 and PANTELOURIS and MULItERKAR i! 
showed t h a t  me th ion ine -S  ~5 was t ransfer red ,  t hough  no t  
on a large scale, more  ac t ively  f rom the  labeled graf t  into 
cells which  were induced to develop in to  neural  t issue 
t h a n  into others  which failed to ~respond to  the  graft .  They  
concluded t h a t  there  migh t  be some selective migra t ion  
of p ro te ins  f rom the  induc tor  in to  the  c o m p e t e n t  t issue.  
I f  th i s  were the  case the  induc t ive ly  act ive  subs tance  in 
r ibonucleopro te in  would  be p ro te in  r a t h e r  t h a n  RNA_ 
F u r t h e r  work  along th is  line is p resen t ly  under  invest iga-  
t ion  in our labora tory .  
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Zusammen/assung. Gebiete  aus dem H e n s e n ' s c h e n  
K n o t e n  wurden  implant ie r t ,  wobei  dessen D N A - R N A  mi t  
Ur id in -H  3 mark ie r t  wurde.  Die induz ie r ten  Neura lan lagen  
en th ie l ten  k a u m  mark ie r te  Substanzen,  und  wenn,  dann  

is I thank Dr. N. GOOD for reading through the manuscript and 
making useful comments. This study was supported by a grant 
from the Ruthgers University Research Council No. 07-2189. 

nur  im ]3ereich der  Kontak t s te l l en ,  woraus  folgt, dass 
andere  Subs tanzen  fiir die I n d u k t i o n  ve ran twor t l i ch  sein 
miissen. 
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Thrombin-Induced 'Macrophage Disappearance 

As previously  shown in guinea-pigs,  macrophages  
d i sappear  f rom the  per i toneal  fluid of sensi t ized animals  
af ter  re in jec t ing  the  an imal  wi th  specific an t igen  x. This  
mac rophage  d i sappearance  reac t ion  (MDR) is one of the  
ill vivo mani fes ta t ions  of de layed  hypersens i t iv i ty .  
E n d o t o x i n  elicited a similar  effect  1 which  was t h o u g h t  
to  be the  resul t  of t he  na tu ra l  hype r sens i t i v i ty  s ta te  to 
endo tox in  2, ~. FORBXS ~ d e m o n s t r a t e d  t h a t  endo tox in  
t r e a t m e n t  caused the  d isappearance  of macrophages  f rom 
the  per i tonea l  fluid of mice, too. As ant icoagulants ,  
hepar in  and  warfar in ,  inh ib i ted  the  M D R  in guinea-pigs ~, 
i t  was an t i c ipa ted  t h a t  the  coagulat ion sys tem,  or a t  least  
some of its components ,  p lays  a role in th is  in vivo react ion.  
In  the  p resen t  s tudy  the  effect  of in t raper i tonea l  t h r o m b i n  
in ject ion was  examined  on the  per i toneal  different ia l  cell 
coun t  of mice. 

Materials and methods. Throughou t  the  expe r imen t s  8-  
14-week-old r a n d o m l y  bred  male  BALB/c  mice were  used, 
and  in each series of expe r imen t  t he  t r e a t ed  and  control  
animals  were f rom the  same age. At  various in tervals  af ter  
giving t h r o m b i n  or saline i.p., t he  animals  were anesthesiz-  
ed wi th  e ther  and the  per i tonea l  cav i ty  was washed  out  
w i th  3 ml  of TC 199 solut ion conta in ing  5 un i t s /ml  hepar in  

Table I. Effect of thrombin on the peritoneal fibrinogen level and 
cell count 

Treatment ~ No. of Fibrinogen Cell-count 
animals (~tg) ( X 10 s) 

Salt 6 122 ~: 8 14.2 =k 1.5 

Thrombin, 2U (inactivated b) 6 127 ~= 18 14.0 • 1.2 

Thrombin, 2U 6 122 ~= 36 10.5 =~: 2.0 

Salt 5 86.5 ~= 6 13.9 -b 1.8 

Thrombin, 10U (inactivated b) 5 114 ~ 42 13.1 ~ 2.4 

Thrombin, 10U 5 21 ~: 7 8.3 ~ 2.0 

1 h before sacrificing the animals, b Thrombin was inactivated at 
70~ for 15 rain. 

Reaction' in Mice 

and  2 % normal  inac t iva ted  r abb i t  serum. Tota l  and  glass- 
adhe ren t  cei l-count  was de te rmined .  The g lass-adherent  
cells were separa ted  as follows: smal l  chambers  were 
m o u n t e d  on microscope-sl ides;  t he  walls of the  chamber s  
were formed by  two half  cover slips of 0.4 m m  th ickness  
and  th is  was covered by  a Biirker cover  slip. The cell 
suspens ion  was  incuba ted  in these  chambers  for 60 rain 
a t  37 ~ in a humid  a tmosphere ,  t hen  the  cover-sl ips were 
r emoved  and  the  slides were allowed to  s t and  in a reverse 
posi t ion for 10 mill in a TC 199 solution. 

Af ter  s ta in ing wi th  Giemsa-stain,  absolute  and  differ- 
ent ia l  cell counts  were  de te rmined .  The ad h e ren t  mono-  
nuclear  ceils were regarded  as macrophages  and  the  n u m b e r  
of l ymphocy te s  was calcula ted f rom the  difference of the  
to ta l  and  adhe ren t  cell numbers .  

For  f ibr inogen de t e rmina t ion  s, t he  per i tonea l  c a v i t y  
was  washed  out  wi th  3 ml  of c i t ra te  solut ion (0.38% 
Na-ci t ra te ,  0.8% NaC1). 

Results and discussion. Table I shows t h a t  2 (NIH) 
uni ts  of t h r o m b i n  (Topostasin,  H o f f m a m - L a  Roche) did 
no t  apprec iab ly  decrease the  per i toneal  f ibr inogen conten t ,  
a l though  the  to ta l  cell count  d iminished,  which  could be 
p r even t ed  by  hea t - inac t iva t ing  the  t h rombin .  10 U of 
t h r o m b i n  s ignif icant ly  reduced  b o t h  the  f ibr inogen level 
and  the  hell number .  

Table  I I  shows the  effects of 2 and  10 U of t h r o m b i n  on 
the  different ia l  cell count  of the  per i toneal  cells. The 
grea t  ma jo r i t y  o f  the  macrophages  d i sappear  f rom the  
per i tonea l  fluid, while t he  n u m b e r  of l ymphocy te s  di- 
minishes  less markedly .  The effect  of 10 U of t h r o m b i n  
lasts a t  least  for 5 h and  af ter  28 h the  cell p ic ture  becomes 
normal  again (Table I I I ) .  
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Table II. Effect of thrombin on the peritoneal cell-count 

Treatment ~ Cell-count X 106 per mouse 
Total Adherent Macrophages Lymphocytes GranuIoeytes 

Salt 16.9 =t= 0.2 5.23 =t= 0.65 4.90 ::~ 0.52 11.6 d= 2.5 0.33 -4- 0.11 

Thrombin, 2 U 8.4 ~ 2.1 1.26 4- 0.26 1.01 ~: 0.27 7.1 :t= 1.9 0.25 -b 0.05 

Thrombin, 10 U 8.1 4- 0.7 0.81 ~- 0.16 0.57 :f: 0.24 7.3 ~ 0.5 0.24 -4- 0.08 

1 h before sacrificing the animals; 5 mice per group. 


