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t h e  f ron t  of t he  female  she i m m e d i a t e l y  re jec ted  h i m  b y  
b a c k i n g  up  and  t u r n i n g  b a c k  a n d  fo r th  to  avo id  t he  head-  
on  conf igura t ion .  Th i s  r e j ec t ion  b e h a v i o u r  was dup l i ca t ed  
exac t ly  in  cour t sh ips  i nvo lv ing  an t ennae l e s s  females  a n d  
n o r m a l  males.  

The  effect iveness  of female  re jec t ion  b e h a v i o u r  is 
d e m o n s t r a t e d  in t he  Table .  The  m a t i n g  success of g land-  
less males  or an t ennae l e s s  females  d u r i n g  a 10 min  observa-  
t i on  per iod was  reduced  to a p p r o x i m a t e l y  1/a t h a t  of nor-  
ma l  m o t h s  a n d  on ly  10 to 13 ~o of the  r educ t i on  was  a t t r i b -  
u t a b l e  to  t he  a m p u t a t i o n  p rocedures  (see controls) .  More- 
over,  t he  m a t i n g  success of some of t he  e x p e r i m e n t a l s  was 
an  a r t i f a c t  of t he  t e s t  s i tua t ion .  P e r s i s t a n t  males,  desp i te  
female  r e j ec t ion  behav iour ,  were able  to  t r a p  t h e  females  
aga ins t  t he  wails of the  p e t r i  d i sh  and  ach ieve  t he  head-  
u n d e r  posi t ion.  Females  w h i c h  were t h u s  t r a p p e d  a n d  
w h i c h  h a d  been  cour ted  r e p e a t e d l y  b e f o r e h a n d  r e sponded  
b y  ra i s ing  t he i r  a b d o m e n  to t he  accep tance  pos ture .  This  
response  el ic i ted c o p u l a t o r y  a t t e m p t s  f rom the  male.  

Cour t sh ip  i n v o l v i n g  e i the r  of t he  cont ro l s  was  qua l i t a -  
t i ve ly  i nd i s t i ngu i shab le  f rom n o r m a l  pa i r s  a n d  was 
q u a n t i t a t i v e l y  s imi la r  as well  (see Table) .  Thus ,  the  
i m p o r t a n c e  of o the r  s t imu l i  t h a t  m i g h t  invo lve  t he  male  
forewings  or i n t a c t  female  a n t e n n a e  can  be  ru led  out .  Fo r  
example ,  m e c h a n i c a l  s t i m u l a t i o n  of t he  female  a n t e n n a e  
b y  t he  scent  scales is no t  a l ike ly  s t imu lus  because  females  
w i t h  on ly  smal l  a n t e n n a l  s t u m p s  w h i c h  c a n n o t  r each  t h e  
g lands  none the les s  b e h a v e  normal ly .  

These  resu l t s  c lear ly  d e m o n s t r a t e  t h a t  t h e  wing  g lands  
of t h e  male  I n d i a n  mea l  m o t h  release a sex p h e r o m o n e  t h a t  
is essent ia l  for successful  cour t sh ip .  I t s  f u n c t i o n  is to  
induce  t h e  female  to  r e m a i n  s t a t i o n a r y  an d  a d o p t  t he  
accep tance  pos ture .  The  absence  oi t h e  male  sex p h e r o m o -  
ne  leads to  a specific p a t t e r n  of female  r e j ec t ion  b e h a v i o u r  
r a t h e r  t h a n  avo idance  b y  f l igh t  as a p p a r e n t l y  occurs  in 
o the r  m o t h s  s, 7. 

Zusammen/assung. Die Fl t igeldr i i sen der  M~Lnnchen yon  
Plodia interpunetella sonde rn  ein S e x - P h e r o m o n  aus, d i s  
fiir den  er fo lgre ichen  Vol lzug des Ba lz r i t ua l s  n o t w e n d i g  
ist. Das  P h e r o m o n  bewi rk t ,  dass  das  W e i b c h e n  n i c h t  f l ieh t  
u n d  die zur  AuslSsung der  K o p u l a t i o n  no twend ige  Bere i t -  
schaf t s s te l lung  e i n n i m m t .  
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Neuronal  Geometry  of RETZIUS Cells in Hirudo medicinalis 

The  RETZIUS cells, t h e  two  la rges t  cells in  t he  s egmen ta l  
gang l ia  of t h e  leech, Hirudo medicinalis, h a v e  b e e n  t h e  
sub jec t  of m a n y  e lec t rophysio logica l  a n d  pha rmaco log ica l  
s tud ies  1-5. I t  h a s  been  sugges ted  t h a t  t he  axons  of these  
cells emerge  on ly  f rom the  l a te ra l  s e g m e n t a l  ne rves  a n d  
are  respons ib le  for m e d i a t i n g  m u c u s  release f rom t h e  
b o d y  wal l  6, v. LENT s, us ing  an  in t r ace l lu l a r  P roe ion  yel low 
s t a in ing  t echn ique ,  could no t  f ind  a n y  f ibres  f rom t h e  
RETZlUS cells in  t h e  i n t e r s e g m e n t a l  connect ives .  Th i s  
was s u p p o r t e d  b y  t he  o b s e r v a t i o n  t h a t  h igh  Mg 2+ r inger  
b locked  e x c i t a t i o n  of t he  cell bodies  el ic i ted b y  s t i m u l a t i o n  
of t he  connec t ives ,  sugges t ing  t h e  p resence  of a synap t i c  
i n p u t  s. I n  con t ras t ,  t h e  or ig ina l  resu l t s  of :RETzIUS, 
us ing  m e t h y l e n e  blue  s ta in ing ,  show a f ibre  f rom each  cell 
in  t he  pos te r io r  c o n n e c t i v e s 1  

I n  t h e  p re sen t  i nves t i ga t i on  t h e  n e u r o n a l  geome t ry  has  
been  s tud ied  us ing  t h e  t e c h n i q u e  of PITMAN, TWEEDLE 
a n d  COHEN s w h i c h  enab les  specific neu rones  to be s ta ined  
b l a c k  w i t h  coba l t  sulphide.  The  e lec t rophys io logy  of t he  
cells, w i t h  special  reference  to t h e i r  b e h a v i o u r  in h i g h  
Mg 2+ r inger ,  h a s  conf i rmed  these  results .  

Materials and methods. B o t h  s t a in ing  an d  electro-  
phys io log ica l  t e c h n i q u e s  were car r ied  o u t  us ing  in t r a -  
ce l lu lar  microe lec t rodes  m a d e  f rom 4 m m  O.D. glass t ub ing .  

For  t h e  s t a in ing  me thod ,  e lec t rodes  were fi l led w i t h  
1.25 M coba l t  chlor ide  a n d  h a d  a res i s tance  of 5-20 MSP. 
Coba l t  was  in jec ted  in to  t h e  cells b y  app ly ing  a n  18V 
h y p e rp o l a r i z i n g  c lamp.  The  in j ec t ed  p r e p a r a t i o n  was 
b a t h e d  in a d i l u t e  so lu t ion  of a m m o n i u m  su lph ide  in 
r inger ,  w h e r e u p o n  t h e  coba l t  su lph ide  p r e c i p i t a t e d  as a 
b l ack  s ta in .  P r e p a r a t i o n s  were f ixed in buf fe red  pa ra l -  
d e h y d e / g l u t a r a l d e h y d e ,  an d  m o u n t e d  in creosote.  

Fo r  t h e  e lec t rophys io logica l  s tudies ,  microe lec t rodes  
were fi l led w i t h  1 M p o t a s s i u m  ace t a t e  (buffered to  
to  p H  6.5) an d  h a d  a res i s t ance  of 20-40 Mr2. P o t e n t i a l s  
were m o n i t o r e d  us ing  a c o n v e n t i o n a l  c a t h o d e  follower 
an d  br idge  circuit ,  an d  d i sp layed  on an  oscilloscope or pen  

A 3-D reconstruction of the neuronal geometry of the paired RETZlUS 
cells in the segmental ganglion of the leech, Hirudo medicinalis. 
Each RETZlUS cell sends its major branches ipsilaterally, one down 
each of the paired lateral nerves and one down both posterior and 
anterior ipsilateral connectives. 

1 S. RETZlUS, Biologische Untersuchungen, Neue Folge 11. (1891), 
p. 13. 

2 S. HAGIWARA and H. MORITA, J. Neurophys. 25, 721 (1967). 
3 V. D. GERASIMOV, Symp. on Neurobiol. of lnverts (1962), p. 285. 

C. A. MARSDEN and G. A. J~ERKUT, Comp. Biochem. Physiol. 31, 
S51 (1969). 

5 R. J, WALKER and P. A. S~ITH, Comp. Bioehem. Physiol. 45A, 
979 (1973). 

0 C. M. LENT, Comp. Biochem. Physiol. d4A, 35 (1973). 
7 C. M. LE~T, Science 179, 693 (1973). 
s C. M. LENT, Comp. Biochem. Physiol. d2A, 857 (1972). 
9 R. M. PITMAN, C. D. TWEEDLE and M. J. COHEn, Science 776, 412 

(1972). 



15.8. 1974 Specialia 919 

recorder.  La te ra l  nerves  and  connec t ives  were s t imu la t ed  
by  means  of t i gh t ly  f i t t ing  glass suct ion  electrodes.  The 
normal  r inger  used was t h a t  of KUFFLER and  POTTER 1~ 
High  Mg 2+ r inger  con ta ined  20 mM Mg ~+, and  the  
osmolar i ty  was ma in t a ined  by  r emov ing  an appropr i a t e  
a m o u n t  of sodium.  

Results and discussion. The Figure  is a r econs t ruc t ion  
of a pai r  of RETZlUS cells in a segmenta l  ganglion as seen 
in the  coba l t - s ta ined  prepara t ions .  This t echn ique  showed 
t h a t  a ma jor  f ibre of each RETZIUS cell is found in all the  
ipsi la teral  nerves,  i.e. one in each lateral  segmenta l  nerve  
and one in b o t h  an te r ior  and pos ter ior  ipsi la teral  con- 
nect ives.  Cobal t -s ta in ing shows no sign of t he  connect ion  
be tween  the  two ceils r epor ted  by  LENT 6, bu t  shows t h a t  
there  is an extens ive  dendr i t i c  t ree  wi th in  the  neuropile.  
Thus  the  po in t  of e lectrotonic  coupling descr ibed by  
var ious  au thors  2, S, ~ m a y  be con ta ined  wi th in  th is  t ree  
r a the r  t h a n  at  a c lear ly-def ined connect ion.  

S t imula t ion  of any  of the  la teral  nerves  or connect ives  
was fol lowed by  an exc i t a to ry  even t  in bo th  RETZlUS cells. 
These events  showed the  character is t ics  of an t id romic  
s t imula t ion  ~, i.e. t h e y  failed to fatigue, were blocked by  
hyperpolar iza t ion ,  followed the  s~imulation 1:1 wi th  
cons t an t  la tency  up to 20 Hz, and  were composed  of A 
and S spike componen t s .  These resul ts  therefore  conf i rm 
t h a t  the  1RETZlUS cells are e lect rotonical ly  coupled,  and 
suppor t  the  presence  of axon branches  in the  la teral  
nerves  and the  an te r ior  and  pos ter ior  connect ives .  

The exc i t a to ry  events  elici ted by s t inmla t ion  of bo th  
la teral  nerves  and connect ives  were of ten  blocked by  
high Mg 2+ ringer,  especially a t  low s t imulus  intensi t ies .  As 
the  connect ion  to  the  la teral  nerves  is cer ta in ly  no t  
synap t ic  ~ it seems t h a t  h igh Mg ~+ ringer may,  in addi t ion  
to its effect  on synap t i c  t r ansmiss ion  ~a, also block nerve  
conduct ion .  To tes t  th is  possibi l i ty ,  a sect ion of connec t ive  
assumed to con ta in  no synapses  was s t imula ted  using a 
suct ion  electrode.  The compound  A P  produced  was 
recorded exkracellularly a shor t  d i s tance  away by  a 
second suct ion  electrode.  This A P  was also reduced  in the  
presence of h igh  Mg ~+ ringer,  ind ica t ing  a block in 

conduc t ion  p robab ly  associated wi th  an etfect  on sodium 
conduc tance  la. 

The results  of cobal t  in jec t ion  are in con t ras t  to  the  
results  of Procion yellow s tudies  pe r fo rmed  by  LENT 6, 
who found no axon branches  f rom the  RETZlUS cells in 
the  connect ives.  The electrophysiological  conf i rmat ion  of 
th is  depended  on evidence ob ta ined  in high Mg~+ ringer.  
However ,  as magnes ium appears  to block nerve  conduc-  
t ion  as well as synap t i c  t ransmiss ion ,  it  is no t  an adequa te  
cr i ter ion for the  de t e rmina t i on  of the  synap t i c  or ant i -  
dromic  na tu re  of exci ta t ion.  

Rdsumd. Les cellules de RETZlUS de la sangsue (Hirudo 
medicinalis) ont  6t6 t e in tes  par  in jec t ion  intracellulaire de 
sulphide de cobalt .  Chaque cellule fair ~met une branche  
majeure  dans  tous  les ner is  s e g m e n t a u x  connect i fs  
(ant6rieur et  post6rieur) ipsi tat6raux.  I1 y a aussi des 
ramif ica t ions  dendr i t iques  nombreuses  darts la neuropile.  
Ces d6couvertes  fu ren t  confirm6es par  des en reg i s t r ement s  
61ectrophysiologiques en pr6sence ou non de magn6sium.  
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Cerebral  Cortical Blood F low in the Rat.  Effect of 

An effect  of furosemide  on vascular  smoo th  muscle is 
known to  exis t  in the  renal  vascular  bed 14  and the  
isolated por ta l  veinK Fur the rmore ,  the  an t ihype r t ens ive  
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Fig. 1. Cortical blood flow before (1) and at different times after 
(2, 3, 4) topical application of furosemide (10 mg/m]). 

F u r o s e m i d e  

effect  of furosemide  seems to depend" on a sys temic  
vascular  action.  Desens i t iza t ion  of vascular  smoo th  
muscle to  noradrena l ine  by  furosemide  is also well 
known 6. The effect of t he  drug  on blood flow and  vascular  
res is tance  of cerebral  cor tex  was tes ted ,  a f ter  topical  or 
sys temic  admin is t ra t ion ,  on a p repa ra t ion  where blood 
flow was measured  by  means  of the  hydrogen  clearance 
m e t h o d  in ra t s  under  u re thane  anaesthesia .  

Material and methods. Rat s  were anaes the t i zed  wi th  
i.p. u re thane  (1.5 g/kg) t r aqueos tomized  and  f ixed to  a 
nose clamp. The left f ron topar ie ta l  cor tex  was exposed  and  
a p l a t in i zed -p la t inum electrode inser ted  there .  The 
p l a t i n u m electrode,  and all ind i f fe ren t  si lver-si lver 
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