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Fig. 1. Spermatogonial metaphase from an/retreated larva. 
Fig. 2. Metaphase II from an untreated larva. 
Fig. 3 and 4. SpermatogoniM metaphases from treated larvae. 
Fig. 5. Metaphase I from a treated larva. 
Fig. 6 and 7. Karyograms made from figures 3 and 4. 

k a r y o t y p e s  a n d  t h e i r  e v o l u t i o n a r y  signif icance,  t h e  n a t u r e  
of t h e  k ine tochore ,  b i v a l e n t  conf igura t ion ,  etc. B u t  t h e  
morpho log ica l  de ta i l s  of t h e  k a r y o t y p e s  t h a t  would  he lp  
to  ana lyse  t h e  e l emen t s  i n d i v i d u a l l y  are  st i l l  l a c k i n g  in  
t h i s  group.  
Miller a n d  Miller ~ o b t a i n e d  e longa ted  ch ro mo s o mes  in a 
l e p i d o p t e r a n  species, in  which  t h e  e l emen t s  showed  a nice 
b e a d e d  appea rance .  However ,  t hese  ch ro mo s o mes  could  
n o t  be  a r r a n g e d  in a k a r y o g r a m  for m a k i n g  a compar i son  
a m o n g  t h e  e lements* .  W e  h a v e  been  successful  for t h e  
f i rs t  t i m e  in o b t a i n i n g  in Pier is  brass icae  e longa ted  
c h r o m o s o m e s  t h a t  can  be  cha rac t e r i zed  on  t h e  basis  of 
t he i r  l eng th .  Th i s  species was  selected because  i t  h a s  
fewer ch ro mo s o mes  t h a n  o thers .  C h r o m o s o m a l  p r e p a r a -  
t ions  were m a d e  b y  us ing  an  a i r -d ry ing  t e c h n i q u e  a f t e r  
i n j ec t ing  t h e  p r e p u p a l  l a rvae  w i t h  0.01 ml  of 0 .1% col- 
chic ine  so lu t ion  2 h before  dissect ion.  P r e p a r a t i o n s  were  
also m a d e  w i t h o u t  t h e  t r e a t m e n t  w i t h  colchicine.  I n  b o t h  
t h e  cases, t h e  t e s t i cu la r  t i ssue  was suspended  in 1 .0% 
sod ium c i t r a t e  so lu t ion  w h i c h  was rep laced  a f t e r  20 ra in  
b y  acet ic  a lcohol  (1:3) t h r o u g h  cen t r i fuga t ion .  Af te r  re- 
s u s p e n d i n g  the  m a t e r i a l  a n d  cen t r i fuga t ion ,  t h e  old f ixa-  
t i ve  was ch an g ed  b y  a smal l  a m o u n t  of t h e  new one. The  
m a t e r i a l  was  aga in  s t i r red  in to  suspens ion  which,  a f t e r  
30 min,  was  sp read  on  c lean slides a n d  air-dr ied.  These  
slides were  s t a i n ed  in Giemsa  solut ion.  
I n  t h e  case of u n i n j e c t e d  la rvae ,  s p e r m a t o g o n i a l  m e t a -  
phases  revea led  30 r o u n d e d  c h r o m o s o m e s  of t h e  usua l  
l ep i d o p t e r an  t y p e  (figure 1). M e t a p h a s e  I I  p l a t e s  pos-  
sessed 15 e l emen t s  of t h e  same  n a t u r e  (figure 2). I n  t h e  
t r e a t e d  ma te r i a l ,  however ,  t h e  s p e r m a t o g o n i a l  m e t a -  
phases  revea led  30 e longa t ed  c h r o m o s o m e s  showing  
v a r y i n g  l eng ths  (figures 3 an d  4). F r o m  these  p la t e s  i t  was  
possible  to  cu t  o u t  t h e  e l emen t s  a n d  cha rac t e r i ze  t h e m  
i n d i v i d u a l l y  on  t h e  basis  of t h e i r  l eng ths  (figures 6 a n d  7). 
T h e  2 k a r y o g r a m s  g iven  here  show in each  case 8 pa i rs  of 
large e longa ted  c h r o m o s o m e s ,  4 pa i r s  of med ium-s i zed  
e l emen t s  a n d  3 pa i r s  of smal le r  ones. No e l emen t s  could  
be d e s i g n a t e d  as t h e  sex chromosomes .  However ,  t h e r e  is 
a lone h e t e r o m o r p h i c  p a i r  in  t h e  g roup  of med ium-s i zed  
e lements .  Some c h r o m o s o m e s  show hooked  appea rance ,  
w h i c h  is n o t  due  to  a n y  local ized k ine tochores .  I n  fact ,  
t h e  i n a b i l i t y  of colchicine to s epa ra t e  t h e  c h r o m a t i d s  con-  
f i rms t h e  ho lok ine t i c  n a t u r e  of t h e  chromosomes .  Meta -  
phase  I shows 15 b i v a l e n t  w i t h  clear  c h i a s m a t a  (figure 5). 
T h e  n u m e r i c a l  c o u n t  m a d e  b y  earl ier  workers  4-6 is con-  
f i rmed  in t h i s  analysis .  I t  is be l i eved  t h a t  f u r t h e r  s tud ies  
on  t h i s  p a t t e r n  m a y  be  more  useful  in t h e  l ep i d o p t e r an  
species for  d e t e r m i n i n g  a n y  evolu•  t r e n d s  and  
c h r o m o s o m a l  changes  in t h e i r  ka ryo types .  

3 L.D. Miller and S. M. Miller, Science 152, 529 (1966). 6 
4 N. K. Beliajeff, Z. indukt. Abstamm.- n. Vererb-Lehre 54, 369 * 

(193O1. 
5 H. Federley, Hereditas 2d, 397 (1938). 

Z. Lorkovie, Chromosoma 2, 155 (1941). 
As this paper was in press, we saw a similar report of T. R. L. 
Bigger (Cytologia 40, 713, 1975}, but describing P. brassicae 
chromosomes as monocentric. This is not confirmed by us here. 
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Summary. All 4 g roups  of ne rves  c o n n e c t i n g  w i t h  t h e  gu inea-p ig  infer ior  mesen te r i c  gang l ion  c o n t a i n  s y n a p t i c  i n p u t s  
w h i c h  a c t i v a t e  pos tgang l ion ic  a c t i v i t y  in  nil g roups  e x c e p t  t h e  l m a b a r  sp l anchn ic  nerves .  

The  gu inea-p ig  infer ior  m e s e n t e r i c  gang l ion  (IMG) receives  (AMN) a n d  colonic ne rves  (CN). I n t r a c e l l u l a r  record ings  
a mu l t i p l e  i n p u t  f rom l u m b a r  sp l anchn ic  ne rves  (LSN),  h a v e  s h o w n  t h a t  m o s t  gang l ion  cells receive  s ev e ra l  i n p u t s  
h y p o g a s t r i c  ne rves  (HN),  a scend ing  m e s e n t e r i c  n e r v e  f rom each  of these  sources  w i t h  up  to  40 f ibres  s y n a p s i n g  
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on  to each  cell 1. W e  h a v e  used ex t r ace l lu l a r  r ecord ing  
t e c h n i q u e s  to d e m o n s t r a t e  s y n a p s i n g  a n d  poss ible  direct ,  
or non - synaps ing ,  p a t h w a y s  t h r o u g h  t h e  gangl ion.  
Method& Y o u n g  male  guinea-p igs  (200-400 g) were 
a n a e s t h e t i z e d  w i t h  u r e t h a n e  (1.8-2.4 g kg  -1 i.p.). T h e  
a b d o m e n  was opened  a n d  t he  sk in  edges su tu r ed  to a 
m e t a l  r ing  to fo rm a pool  wh ich  was filled w i t h  l iquid 
paraf f in .  The  in t e s t ines  were pul led  ou t  of t h e  pool  an d  
w r a p p e d  in a mo i s t  gauze  swab.  The  t e r m i n a l  loop of t h e  
large bowel  was  t h e n  m a n i p u l a t e d  w i t h i n  t he  pool  to  
expose  t he  IMG and  c o n n e c t i n g  nerves .  Over ly ing  mesen-  
t e r y  and  adipose  t i ssue  were  cu t  away.  The  gangl ion  was 
decen t ra l i zed  in m o s t  e x p e r i m e n t s  t h o u g h  n o t  neces- 
sar i ly  a t  t he  s t a r t .  The  ne rves  selected for s t i m u l a t i n g  a n d  

Summary of results 

Position of Position of stimulating electrodes 
recording 
electrodes AMN CN HN LSN 

S SR SR SR 
AMN a c  a b  a c  a c  

22  21 31 22  

SR S SR SR 
CN a a b c  a b c  a c  

2 4 1 3  3 1 2  43  

SR SR S SR 
HN a e  a e  a b e  a b e  

61  33  6 2 4  5 2 5  

R R R X 
LSN a b c  a b e  a 

2 1 1  2 1 1  2 3 

s, Synapsing pathways only; NS, resistant pathways only; SR, 
synapsing and resistant pathways identified; X, no activity recorded; 
a identified using nicotine, b identified using hexamethonium, c iden- 
tified using high frequency blockade. Number of individual experi- 
ments shown below each code letter. 

r ecord ing  were l i f ted on to  b ipo la r  s i lver  or p l a t i n u m  
electrodes.  T h e  recorded  po t en t i a l s  were v iewed d i rec t ly  
an d  also re layed  to a s ignal  ave rage r  (Pa lmer  8137) f rom 
wh ich  all t h e  records  were made.  Nico t ine  (1%, a t  p H  7.4 
appl ied  top ica l ly  to  t h e  IMG) was used to  b lock  s y n a p s i n g  
p a t h w a y s .  W h e n  n ico t ine  was appl ied  to  i n d i v i d u a l  ne rve  
t runks ,  such  as t h e  hypogas t r i c s ,  t he re  was no change  in 
t h e  c o m p o u n d  ac t ion  p o t e n t i a l ;  n o t  even  in the  C f ibre 
c o m p o n e n t .  Blockage  of a c t i v i t y  b y  n ico t ine  appl ied  to  
t h e  gangl ion  was t a k e n  the re fo re  to  r ep re sen t  b lockage  of 
synap t i c  t r a n s m i s s i o n  only.  The  resu l t s  o b t a i n e d  b y  t h i s  
t e c h n i q u e  were conf i rmed ,  in  m a n y  cases, b y  in j ec t ing  
h e x a m e t h o n i u m  (2-5 m g  kg -1 i.v.) or  b y  us ing  r epe t i t i ve  
s t i m u l a t i o n  a t  20 Hz  to b lock  s y n a p t i c a l l y  evoked  
po ten t i a l s .  
Results. T h e  f igure i l lus t ra tes  2 t y p i ca l  obse rva t ions .  I n  
one  example ,  t h e  a c t i v i t y  evoked  in a colonic ne rve  b y  
s t i m u l a t i n g  o t h e r  colonic r terves was b locked  b y  top ica l  
n icot ine ,  t h e r e b y  d e m o n s t r a t i n g  t h a t  all  t h e  a c t i v i t y  was  
ref lexly  exci ted.  I n  th i s  p a r t i c u l a r  p r e p a r a t i o n  on ly  t h e  
ea r ly  p a r t  of t h e  wave  pers i s ted  a f t e r  decen t ra l i za t ion ,  
a n d  t h e  slow la te  wave  the re fo re  r ep resen t s  a sp ina l  com- 
p o n e n t  a n d  t h e  ea r ly  wave  t h e  pe r iphe ra l  gangl ionic  
reflex. I n  t h e  o t h e r  example ,  r ecord ing  f rom a h y p o -  
gas t r ic  n e r v e  an d  s t i m u l a t i n g  a l u m b a r  sp l anchn ic  nerve ,  
t h e  response  cons is ted  of 2 waves.  T h e  la te  wave  was 
b locked  b y  n ico t ine  whi le  t h e  ea r ly  wave  r e m a i n e d  
una l t e red .  The  t a b l e  l ists t h e  p a t h w a y s  iden t i f i ed  and  
ind ica tes  t h e  c r i t e r ia  used to  e s t ab l i sh  t he i r  exis tence.  
W h e r e  2 or  more  m e t h o d s  of b lock ing  synap t i c  t r a n s m i s -  
s ion were used, iden t i ca l  resu l t s  were o b t a i n e d  in each  
case. T h e  r e s i s t a n t  p a t h w a y s  are poss ib ly  n o n - s y n a p s i n g  
t h o u g h  t h e y  m a y  inc lude  r e s i s t a n t  s y n a p s i n g  p a t h w a y s .  
T h e  l u m b a r  sp l anchn ic  ne rves  c o n t a i n  p regang l ion ic  
f ibres  s y n a p s i n g  w i t h  infer ior  mesen te r i c  gang l ion  cells 
as well  as r e s i s t a n t  p a t h w a y s .  H o w e v e r  no  pos t -gangl ion ic  
f ibres  f rom LMG cells, a c t i v a t e d  b y  a n y  of t h e  i n p u t s  to  
t h e  gangl ion,  were found  in t h e  l u m b a r  sp l anchn ic  nerves .  
On ly  s y n a p s i n g  p a t h w a y s  pass  to  a n d  f rom t h e  gang l ion  
in t h e  same  n e r v e  or g roup  of nerves .  All  o t h e r  possible  
rou tes  are  a m i x t u r e  of s y n a p s i n g  a n d  r e s i s t a n t  (and 
the re fo re  poss ib ly  n o n - s y n a p s i n g ) p a t h w a y s .  
Discussion. The  p r e s e n t  s t u d y  conf i rms  t h a t  all 4 g roups  
of ne rves  c o n t a i n  p regangl ion ic  or c e n t r i p e t a l  f ibres  
m a k i n g  s y n a p t i c  co n n ec t i o n s  w i t h i n  t h e  IMG. In  addi -  
t ion,  all  ne rves  e x c e p t  t h e  L S N  c o n t a i n  pos t -gang l ion ic  
f ibres  wh ich  can  be exc i ted  ref lexly  b y  s t i m u l a t i o n  of a n y  
of t h e  4 g roups  of inpu ts .  A s imi la r  genera l  a r r a n g e m e n t  
h a s  been  sugges ted  before,  ba sed  on  t h e  c o m b i n e d  resu l t s  
of a n u m b e r  of i n d i v i d u a l  workers ,  us ing  severa l  d i f fe ren t  
species ~. A comple te  ana lys i s  of t h e  f u n c t i o n a l  p a t h w a y s  
in a single species h a s  n o t  been  repor ted .  Th i s  f u n c t i o n a l  
o r g a n i z a t i o n  p rov ides  a bas is  for  a n u m b e r  of p e r i p h e r a l  
s y m p a t h e t i c  reflexes as well  as for poss ible  i n t e r a c t i o n s  
b e t w e e n  t h e  I M G  a n d  o t h e r  p e r i p h e r a l  s y m p a t h e t i c  
ganglia .  

Results of 2 experiments. Left: Effect of stimulating LSN and re- 
cording from HN. Arrangement of stimulating and recording elec- 
trodes shown above trace. For labelling see text. Traces a and b, con- 
trol responses, Traces c and d, responses after topical application of 
1% nicotine to IMG. Right: Effect of stimulating CN and recording 
from CN. a Control responses with LSN intact. On cutting LSN the 
late wave disappears leaving only the early peak. b Response after 
topical 1% nicotine, LSN still intact. Vertical bars : 50 [zV. 

1 P.J .  Croweroft and J. H. Szurszerski, J. Physiol. 212, 421 (1971). 
2 V. I. Skok, in: Physiology of Autonomic Ganglia, chapter 2, 

p. 41. Igaku Shoin Ltd, Tokyo. 


