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as controls.  A week af ter  t he  dea th  of all females,  the  
larvae p resen t  in the  m e d i u m  were scored. In  3 of the  5 
repl ica tes  in t r ea tmen t ,  the re  were no larvae and in the  
remaining  ones the i r  n u m b e r  was much  less compared  
to controls  (Table). 

Since an u n m a t e d  female  is a lways infertile, the  absence 
of larvae in 3 repl icates  suggests  t h a t  the  males had  

failed to m a t e  even though  the  females were in the  
vicini ty,  I t  is therefore  reasonable  to infer t h a t  failure to  
m a t e  was p ro b ab l y  due to  exhaus t ion  resul t ing f rom 
exci ta t ion  dur ing  previous  exposure  to  the  pheromone .  
A few mat ings  discernible in the  o ther  2 repl icates  suggest  
t h a t  e i ther  some of the  males  were no t  exhaus ted ,  or 
t hey  recovered in due course. 

Mating ability of T. granarium males previously exposed to female 
sex pheromone 

Replicate No. Larvae 

Treatment Control 

1 0 280 
2 135 308 
3 0 207 
4 39 234 
5 0 208 

Rdsumd. L'expos i t ion  prolong6e des Trogoderma ingles 
vierges au phfiromone sexuel  Iemelle a r6duit  consid6- 
r ab l emen t  leur capaci t6 d ' accoup lement ,  quoiqu ' i l  y eflt 
des femelles g proximit6.  Ce fai t  r6sulte p r o b a b l e m e n t  de 
l ' @ u i s e m e n t  des organes excit6s p e n d a n t  l ' expos i t ion  au 
phe romone  sexuel. 
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P R O  E X P E R I M E N T I S  

Autorad iography  of W h o l e - M o u n t s  of Isolated E c t o d e r m  of the Body  C o l u m n  of Hydra. A N e w  
Method ~ 

So far s tudies  concerned wi th  cell migrat ion,  cellular 
turn-over ,  and s t ruc tura l  aspects  of axial  gradients  in 
Hydra have  been  per formed according to t he  classical 
histological  techniques  of using serial sections. Besides 
being t ime  consuming,  this  procedure  does no t  exclude 
erroneous quan t i t a t i ve  es t imat ions ,  since the  poss ibi l i ty  
of count ing  .the same cell twice on ne ighbour ing  sect ions 
canno t  be avoided,  especially in the  case of radioact ive  
labelling. 

The m e t h o d  proposed  serves the  same purposes,  bu t  
since it works w i th  who le -moun t s  of the  ent i re  ec toderm 
of the  body  column, the  cellular s i tua t ion  does not  need to 
be recons t ruc ted .  Cells and groups of cells appear  in the i r  
na tura l  and und i s tu rbed  two-d imens iona l  configurat ion.  
In  isolat ing the  ec toderm f rom the  endoderm,  we have  
improved  and ref ined the  t echn ique  descr ibed earlier 2-4 
and  have  made  it avai lable  for au torad iographic  studies.  

The exper imenta l  animals,  Hydra attenuata Pall. 5, were 
grown in artificial cul ture med ium 6. The h y p o s t o m e  and 
the  tentac les  of the  po lyps  were a m p u t a t e d  jus t  below the  
ten tac le  crown. The remain ing  b o d y  was t rans fe r red  to a 
slide previously  coated wi th  a th in  fi lm of egg albumin.  In  
order  to  spl i t  open the  tubu la r  body  of the  Hydra, the  t ip  
of a wa tch  maker ' s  forceps was pushed  longi tudina l ly  
t h rough  the  gast ra l  cavi ty.  The b o d y  wall was t h e n  length-  
wise sliced open by  rubbing  the  loop-like t ip  of a wol f ram 
needle against  tile edge of the  t ip  of the  forceps. The open- 
ed body  wall was t h e n  laid out  on the  surface of the  slide, 
so t h a t  the  ec todermal  layer  was in direct  con tac t  w i th  the  
slide surface, while the  endode rm faced upward.  

The spl i t  open body  was anaes the t i zed  by  adding  a 
drop of MS 222 (0.02 g/10 cm a) and Novocain  (0.5 g/10 cm a) 
previous ly  mixed  in a p ropor t ion  of 5:1. 10 minu tes  af ter-  
wards  the  body  wall was comple te ly  anaes the t ized  and had  
reached  its m ax ima l  degree of two-d imens iona l  ex tens ion  
(various o the r  drugs tes ted  failed to give sa t i s fac tory  re- 
sults, because the  b o d y  wall, ins tead of expanding ,  re- 
mained  con t rac ted  or sh rank  when  alcohol and acetic acid 
were la ter  added  to separa te  the  endode rm f rom the  ecto- 
derm).  

The d e t a c h m e n t  of the  en d o d e rm f rom the  ec tode rm oc- 
curred af ter  the  addi t ion  of a few drops of a mix tu re  of al- 
cohol and acetic acid (2 em 3 70% a l c o h o l + 2  cm a 5% ace- 
tic acid + 15 cm a dist i l led water) .  This mix tu re  gen t ly  dis- 
solves the  mesogloea so t h a t  the  en d o d e rm could be care- 
fully r emoved  wi th  the  help  of a wol f ram needle,  por t ion  
by  port ion,  w i t h o u t  h a rmi n g  the  ec~coderm. Af te rwards  

Distances {gm) of the nuclei of different ectodermal cell-types from 
the mesogloea measured on histological cross-sections (7 ~xm) of the 
body column of Hydra a#enuata 

Nuclei of : Average distance (~m) 
from the mesogloea 
(standard deviation) 

Epithelio-muscuiar cells 70 14 -4- 7 

Interstitial-cells 209 16 ~_ 9 

Stenoteles : 
Nematoblasts 76 14 -4- 8 

Nematoeytes �9 30 15 • 10 

Desmonemes : 
Nematoblasts 60 11 :k 7 

Nematoeytes 45 5:1: 4 

Isorbizas : 
Nematoblasts 10 23 -L 12 

Nematoeytes 30 28 • 18 

t These investigations, forming the part of a program concerned 
with the regulation of nematocyte-production, were supported by 
the ' Schweizerischer Nationalfonds zur FSrderung der wissenschaft- 
lichen Forsehung' (No. 3.205.69). 
P. TARDEN% Wilhelm Roux' Arch] EntwMech. Org. 746, 593 (1954). 

a F. RICH and P. TARDENT, Rev. suisse Zoo1. 76, 779 (1969}. 
A. Z~JMSTEIN and P. TARDENT, Rev. suisse Zool. 78, 705 (1971). 

5 p. TARDENT, Rev. suisse Zool. 73, 357 (1966). 
6 W. F. LOOMIS, Science J26, 735 (1956). 



15.9. 1972 Speeialia 1125 

t he  v o l u m e  of l iqu id  cover ing  t he  endoderm- f ree  ec tode rm 
shee t  was  r educed  b y  m e a n s  of f i l te r  paper .  Th i s  proce-  
dure  b r o u g h t  a b o u t  a f u r t h e r  ex tens ion  of t he  e c t o d e r m a l  
sheet .  T h e  spec imen  was t h e n  lef t  to  d ry  a n d  to adhe re  to  
t he  surface  of t he  a l b u m i n - c o a t e d  slide. Consequen t ly  t h e  
slides could be  h a n d l e d  and  processed l ike m o u n t e d  h is to-  
logical sect ions.  T h e  spec imens  were  f ixed  w i t h  Carnoy  
and,  if no t  processed f u r t h e r  for  a u t o r a d i o g r a p h y ,  s t a ined  
w i t h  Mayer ' s  h e m a l u m ,  d e h y d r a t e d ,  lef t  to  d ry  a n d  co- 
vered  w i t h  Malinol .  F igure  1 a shows a f r ac t ion  of such  an  
ex t ended  and  s t a ined  w h o l e - m o u n t  of Hydra ec toderm.  All 
cell t ypes  excep t  ne rve  cells can  be c lear ly  iden t i f i ed  b y  
t he  cha rac t e r i s t i c  a p p e a r a n c e  of t h e i r  nuclei .  

Fo r  r ad ioac t ive  labe l l ing  of t he  nuclei ,  t h e  l iv ing  po lyps  
were in jec ted  w i t h  1 }xl of 14C-thymidine 7 so lu t ion  (0.03 mC/  
cm a) or w i t h  1 ~xl of ~ H - t h y m i d i n e  8 so lu t ion  (0.03 mC/cma).  
The  in jec t ions ,  wh ich  were car r ied  ou t  i m m e d i a t e l y  a f te r  
feeding of t h e  spec imens  g, were m a d e  b y  p u s h i n g  the  in- 
j ec t ion  needle  t h r o u g h  t he  b o d y  wall. The  smal l  open ing  
closed i m m e d i a t e l y  a f t e r  t he  w i t h d r a w a l  of t h e  needle.  
The  a u t o r a d i o g r a p h i c  e x a m i n a t i o n  of such labe l led  ani-  
mals  was pe r fo rmed  on w h o l e - m o u n t s  of i so la ted  a n d  ex- 
t e n d e d  ec tode rm p r e p a r e d  as descr ibed  above .  Fo r  auto-  
r a d i o g r a p h y  l~ t h e  Carnoy- f ixed  e c t o d e r m a l  p repa ra -  
t ions  were coa ted  w i t h  s t r i p p i n g  f i lm ( K o d a k  AR-10),  an d  
exposed  a t  4 ~ for 11 (14C-thymidine) or  14 (~H-thymidine)  
days.  Af te r  devel0pi i lg  ( K o d a k  D 19b) t he  slides were s ta in -  
ed w i t h  Mayer ' s  h e m a l u m .  In  o rder  to  e l imina te  a t  leas t  

p a r t  of t h e  dye i n co rp o ra t ed  in the  gelat ine,  t h e  slides were 
i m m e r s e d  for  30 sec in 0 .1% HC1. 

W h e n  us ing  3H label led  precursors ,  one is c o n f r o n t e d  
w i t h  t h e  p r o b l e m  of a d j u s t i n g  t h e  th i ckness  of t h e  speci- 
m e n  to  t h e  shor t  r ange  of tlae/~-rays. Since we could n o t  
d e t e r m i n e  the  th i ckness  of our  ec todern la l  who le -mount s ,  
i. e_ t h e  d i s t ance  b e t w een  t h e  nucle i  i m b e d d e d  ill t h e  t i ssue  
an d  t h e  p h o t o g r a p h i c  emuls ion,  we d e t e r m i n e d  these  va-  
lues on his to logical  cross-sect ions m a d e  f rom t h e  b o d y  co- 
l u m n  of Hydra attenuata. 

Polyps  f ixed for h is to logical  purposes  n o r m a l l y  con-  
s t r i c t  d u r i n g  f ixat ion.  Consequen t ly  t he i r  e c tode rm an d  
e n d o d e r m  are cons ide rab ly  t h i c k e r  t h a n  in an  e x t e n d e d  
stage.  On such  h is to logica l  sect ions  we measu red  t h e  dis- 
t ances  b e t w een  the  nuclei  of va r ious  e c t o d e r m a l  cell t ypes  
a n d  the  mesogloea.  T h e  va lues  g iven  in t h e  T a b l e  show t h a t  
m o s t  of t h e  nucle i  were loca ted  w i t h i n  a r ange  of 40 ~m 
f rom t h e  mesogloea.  Only  10 (1.9%) of t h e  530 nucle i  ex- 
a m i n e d  were s i t u a t e d  outs ide  th i s  range.  

As t h e  w h o l e - m o u n t s  of t h e  ec tode rm were f ixed in an  
e x t e n d e d  s tage  a n d  lef t  to  d r y  before  be ing  processed  
f u r t h e r  (see above) ,  we could a s sume  t h a t  t h e  t o t a l  th i ck -  
ness of these  p r e p a r a t i o n s  an d  t h e  d i s t ance  b e t w een  t h e  
nucle i  an d  t h e  p h o t o g r a p h i c  emuls ion  were m u c h  reduced,  
fa l l ing wi th in  t h e  r ange  of t h e  fl-particles, wh ich  for 1~C 
accord ing  to RO~ERS ~, is 40 ~zm. B y  using x4C-thymidine 
all  label led nucle i  will, therefore ,  be iden t i f i ed  on t h e  pho-  
t og raph i c  emuls ion  so t h a t  th i s  r ad i o ac t i v e  p recursor  can  
be  cons idered  as b e i n g  re l iable  for q u a n t i t a t i v e  inves t iga -  
t ions.  

The  ~4C label  has,  however ,  t he  d i s a d v a n t a g e  of pro- 
duc ing  wide ly  sca t t e r ed  groups  of s i lver  g ranules  (Figure 
1 b), wh ich  some t imes  m a k e s  i t  d i f f icul t  to  decide which  
of two a d j a c e n t  nucle i  is a c tua l l y  labelled.  I n  t h i s  respec t  
3 H - t h y m i d i n e  gives m u c h  d e a r e r  p i c tu re s  (Figure  1 c), b u t  
i t  has  an  even  more  r e s t r i c t ed  r ange  of ac t ion  (max.  7 ~zm, 
D o c u m e n t s  Geigy~2). I n  who le -moun t s ,  t he  d a n g e r  of la- 
bel led nuclei ,  especial ly  t hose  deeply  i m b e d d e d  in t h e  ecto- 
derm,  n o t  showing  up  a u t o r a d i o g r a p h i c a l l y  is increased.  
Th i s  is pa r t i cu l a r ly  t r u e  for  spec imens  t h e  th ickness  of 
wh ich  is n o t  known,  as is t h e  case for our  e c t o d e r m  whole-  
moun t s .  The  a H - t h y m i d i n e  m e t h o d  can  the re fo re  be  used 
on ly  for  q u a l i t a t i v e  purposes .  

To summar i se ,  t h e  new m e t h o d  us ing  w h o l e - m o u n t s  of 
i so la ted  a n d  e x t e n d e d  ec tode rm of Hydra cons t i tu tes ,  
w i t h  or w i t h o u t  a u t o r a d i o g r a p h y ,  a r e l a t ive ly  easy  w ay  of 
e x a m i n i n g  q u a n t i t a t i v e l y  an d  q u a l i t a t i v e l y  t h e  two-di-  
mens iona l  a r r a n g e m e n t  of cells w i t h i n  t h e  b o d y  ec tode rm 
u n d e r  n o r m a l  as well as e x p e r i m e n t a l  condi t ions .  Un-  
f o r t u n a t e l y  the  endode rmaI  shee t  is no t  cohe ren t  e n o u g h  
to be  i so la ted  in a s imi la r  m a n n e r .  

Zusarnmen/assung. Eine  Me t h o d e  wird  beschr ieben ,  die 
es e r l aub t ,  Totalprb~parate  y o n  ausgebre i •  i so l ie r tem 
E k t o d e r m  y o n  Hydra a u t o r a d i o g r a p h i s c h  zu u n t e r s u c h e n .  
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Whole-mounts of isolated and extended ectoderm of Hydra atte- 
nuata, stained with hemalum, a) Low magnification of part of a 
whole-mount. • 120. b) Autoradiograph of a cluster of stenotele 
nematoblasts labelted with l~C-thymidine. • 320. c) Autoradiograpb 
of a cluster of stenotele nematoblasts labelled with aH-thymidine: 
• 320. 

New England Nuclear Corp. 35.9 mC/mM, thymidine-2-14C. 
New England Nuclear Corp. 6.7 C/mM, thymidine-methyl-aH. 
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