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S t i m u l a t i o n  of t he  p r e s y n a p t i c  cell e l ic i ted a s t e a d y  
t r a i n  of spikes wh ich  resu l ted  in t h e  a p p e a r a n c e  of smal l  
depolar iz ing  p o t e n t i a l s  in  t he  p o s t s y n a p t i c  cell. T he  in te r -  
ac t ion  was one way.  H y p e r p o l a r i z a t i o n  of t he  p o s t s y n a p t i c  
cell b y  50-60 m V  g rea t ly  increased  t he  a m p l i t u d e  of t h e  
p o t e n t i a l s  i nd i ca t i ng  t h a t  t h e  l a t t e r  are e x c i t a t o r y  post -  
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Fig. 2. Responses recorded in the postsynaptie cell (upper traces) 
when the. presynaptic cell (lower traces) is stimulated to fire spikes. 
A) Each presynaptic spike gives rise to 1 EPSP. EPSP's summate if 
they are evoked close enough together. B) Facilitation and summa- 
tion of EPSP's produced by a train of presynaptic spikes. C) EPSP's 
summate to cause the postsynaptic cell to fire an action potential. 

s y n a p t i c  po t en t i a l s  (EPSP ' s ) .  I n  F igure  2A the  s t r i c t  one 
for one re l a t ionsh ip  be tween  t he  p r e s y n a p t i c  spikes a n d  
t he  E P S P ' s  can  be  seen. There  was a de lay  of 20 msec 
b e t w e e n  t he  p r e s y n a p t i c  spike a n d  t h e  onse t  of t h e  E P S P .  
The  d u r a t i o n  of t he  E P S P  was b e t w e e n  200 a n d  250 msec. 
The  a m p l i t u d e  of t he  E P S P  was  1 m V  a t  a m e m b r a n e  
p o t e n t i a l  of - -100 mV. 

The  one for one re l a t ionsh ip  was m a i n t a i n e d  as t he  
f r equency  of f i r ing in t he  d r ive r  celt was  increased  (Fig- 
ure  2A). The  E P S P ' s  began  to  s u m m a t e  as soon as t he  
f r equency  of f i r ing in t h e  d r ive r  cell was increased  to 2 
spikes per  sec. F igure  2A shows s u m m a t i o n  of t he  E P S P ' s  
depolar ized  t he  m e m b r a n e  b y  5 mV. D u r i n g  t h e  depolar -  
i za t ion  i n d i v i d u a l  E P S P ' s  could  be  seen clearly.  Often,  
s u m m a t i o n  of E P S P ' s  caused  t he  p o s t s y n a p t i c  cell to  
fire an  ac t ion  p o t e n t i a l  (Figure 2C). W i t h  r epe t i t ive  
s t i m u l a t i o n  of t he  d r ive r  cell t h e  E P S P ' s  were fac i l i t a t ed  
as well  as s u m m a t e d  (Figure 2 B). Af te r  p ro longed  per iods  
of f i r ing in the  d r ive r  cell, E P S P ' s  increased  in b o t h  am-  
p l i tude  a n d  dura t ion .  U n i t a r y  P S P ' s  r eached  a n  a m p l i t u d e  
of 2 m V  a n d  increased  in d u r a t i o n  to  as long as 1 sec f rom 
an  in i t ia l  d u r a t i o n  of 200 msec. The  de lay  b e t w e e n  s t imu-  
l a t ion  and  response  r e m a i n e d  c o n s t a n t  a t  20 msec. 

The  resu l t s  sugges t  t h a t  t he  i n p u t  on to  t he  follower cell 
is monosynap t i c .  P r e l i m i n a r y  inves t iga t ions  h a v e  sug- 
ges ted  t h a t  ace ty lcho l ine  or g l u t a m a t e  could be  t he  t r a n s -  
m i t t e r  c o m p o u n d  re leased b y  t h e  p r e s y n a p t i c  cell on to  
t he  follower cell 6. I t  the re fore  appea r s  t h a t  t he  p r e s y n a p t i c  
cell is an  in t e rneurone .  E x p e r i m e n t s  show t h a t  i t  re- 
ceives a n  e x c i t a t o r y  i n p u t  f rom t h e  ana l  n e r v e  s. 

This  s y s t e m  requi res  f u r t h e r  i n v e s t i g a t i o n  in to  t he  
m o n o s y n a p t i c  n a t u r e  of t h e  synapse ,  b u t  a l r eady  promises  
to  be  useful  for the  s t u d y  of cell-cell in te rac t ions .  
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Summary. A d m i n i s t r a t i o n  of t h e  t e r a togen ic  d rug  t h a l i d o m i d e  to  p r e g n a n t  does p roduces  u i t r a s t r u c t u r a l  changes  in 
foeta l  gang l ion  ceils, S c h w a n n  ceils a n d  axons  in t he  pos te r io r  roo t  gangl ia  co r re spond ing  to fore l imb segmen t s  de fo rmed  
b y  the  drug.  U l t r a s t r u c t u r a l  changes  in gangl ia  a p p e a r  on  t he  13 th  day  of ges ta t ion ,  i.e., p reced ing  t he  a p p e a r a n c e  of 
l imb  m a l f o r m a t i o n .  

A m o n g  t e r a togen ic  subs t ances  capab le  of p roduc ing  
deformi t ies  in  t he  m a j o r  sys tems  of t he  h u m a n  body,  
t he  m a x i m u m  a c t i v i t y  is exh ib i t ed  b y  •  3, 4. 
Never the less ,  t h e  va r ious  m e c h a n i s m s  of d y s m o r p h o -  
genesis a n d  in p a r t i c u l a r  t h a l i d o m i d e  t e ra togenes i s  are 
poor ly  unde r s tood .  McBRIDE 5, 8 r epo r t ed  t h a t  t h a l i d o m i d e  
t o x i c i t y  is assoc ia ted  w i t h  d e r a n g e m e n t  a n d  decreased  
n u m b e r s  of gang l ion  cells of t h e  dorsa l  roo t  a n d  pos tu l a t e s  
t h a t  i t  is t h e  d i m i n u t i o n  in n u m b e r  of sensory  ne rve  f ibres  
w h i c h  in te r feres  w i t h  p e r i p h e r a l  o rgan  deve l opmen t ,  

To seek c o n f i r m a t i o n  of t h i s  hypo thes i s ,  t h e  u l t r a -  
s t r u c t u r e  of sensory  neu r ons  of t h e  dorsa l  roo t  gang l ia  of 
New Zea l and  W h i t e  R a b b i t s  de fo rmed  b y  t h a l i d o m i d e  
was  c o m p a r e d  w i t h  t h a t  of u n t r e a t e d  controls .  Sensory  
neu rons  were e x a m i n e d  on t he  13th, 15th, 17 th  a n d  21st 

days  of ge s t a t i on  because  these  days  co r respond  to  im-  
p o r t a n t  s tages  in  d e v e l o p m e n t  of l imbs :  on  d a y  15 d ig i ta l  
t i ssues  beg in  to  condense  in t he  forepaws a n d  b y  d a y  17 
sepa ra t i on  has  occur red  of t h e  d ig i ts  of t h e  forepaws,  as 
well  as comple te  r educ t i on  of t h e  webbing .  D a y  21 m a r k s  
t h e  end  of o rganogenes i s  in  t he  r a b b i t  (EDWARDST). 
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Fig. 1. Axon showing decreased 
numbers of mieroIilaments and 
microtubules together with ab- 
normal vaeuolation o~ a mito- 
chondrion. Uranyl acetate and 
lead citrate. • 60,000. 

Fig. 2. Tightly whorled electron- 
dense 'myelin figure' associated 
with a Schwann ceil. Uranyl 
acetate aud lead citrate. • 20,000. 
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F o u r t e e n  a d u l t  New Zea land  W h i t e  does (3-5 kg  b o d y  
weight)  were r a n d o m l y  a l loca ted  to e i the r  con t ro l  or 
e x p e r i m e n t a l  groups.  One doe was m a t e d  per  day ;  she 
was t a k e n  to  t he  cage of the  b u c k  and  r e m o v e d  i m m e d i a t e -  
ly a f t e r  copula t ion .  The  t ime  of m a t i n g  was cons idered  
as 0 h of p r egnancy .  The  e x p e r i m e n t a l  g roup  was t r e a t e d  
da i ly  w i t h  t h a l i d o m i d e  ( a -ph tha l imido  g lu ta r imide)  in a 
dose of e i the r  150, 200 or 250 m g / k g  f rom t he  8th  to 12th  
d a y  inclusive.  I m m e d i a t e l y  before  a d m i n i s t r a t i o n ,  t he  
d rug  was suspended  in 10 ml  0.5% c a r o b x y m e t h y l  cel- 
lulose a n d  5% glucose b y  v igorous  a g i t a t i o n  for 1-3 min  
a t  r oom t e m p e r a t u r e  and  g iven  b y  gavage.  Cont ro l  
an ima l s  were g iven  10 ml  of t he  suspend ing  m e d i u m  on 
t he  co r r e spond ing  days  of ges ta t ion .  

An ima l s  were ki l led on  d a y  13, 15, 17 and  21. E a c h  doe 
was a n a e s t h e t i z e d  w i t h  i.v. sod ium p e n t o b a r b i t a l ,  t he  
a b d o m e n  opened  a n d  t he  foetuses  a n d  m e m b r a n e s  expos-  
ed in u tero .  The  n u m b e r s  of v iable ,  dead  a n d  reso rbed  
foetuses  were recorded.  F r o m  each  foetus  in  tu rn ,  t he  
m e m b r a n e s  were r e m o v e d  a n d  K a r n o v s k y ' s  c o m b i n e d  
a ldehyde  f ixa t ive  in jec ted  in to  the  s u b d u r a t  space a t  t he  
base  of t he  skull.  The  cerv ica l  v e r t e b r a l  co lumn  inc lud ing  
the  i n t a c t  sp ina l  cord  a n d  ganglia ,  were excized w i t h o u t  
de l ay  a n d  a g i t a t e d  in K a r n o v s k y ' s  so lu t ion  o v e r n i g h t  a t  
4~ The  dorsa l  roo t  gang l ia  a t  t he  level  of C6 and  C7 
were t h e n  dissected a w a y  f rom t he  v e r t e b r a l  co lumn  and  
sp ina l  cord  and  t r a n s f e r r e d  to 0.1 M cacody la t e  buffer  
p H  7.4. The  gangl ia  were pos t - f ixed  in 2% o s m i u m  t e t rox -  
ide for 1 h and  t h e n  e m b e d d e d  in Spur r ' s  epoxy  resin.  
Sect ions  were cu t  w i t h  a L K B  u l t r a m i c r o t o m e ,  s t a ined  
w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  and  e x a m i n e d  w i t h  
a Ph i l ips  300 e lec t ron  microscope.  

Six  con t ro l  does p roduced  a t o t a l  of 49 v iab le  foetuses  
of which  none  were de fo rmed  b u t  t he re  were 5 resorpt ions .  
3 does t r e a t e d  w i t h  150 m g / k g  t h a l i d o m i d e  p roduced  9 

resorp t ions  a n d  15 foetuses,  of wh ich  6 were mal fo rmed .  
3 does t r e a t e d  w i t h  200 m g / k g  p roduced  6 resorp t ions  
and  17 foetuses,  of wh ich  9 were deformed.  2 does t r e a t e d  
w i t h  250 m g / k g  p roduced  5 resorp t ions  a n d  12 foetuses,  
one of which  was dead  and  6 were mal formed.  

U l t r a s t r u c t u r a l  changes  were found  in axons ,  S c h w a n n  
a n d  sa te l l i te  cells as well  as gangl ion  cells of cervical  
pos te r io r  roo t  gangl ia  in 15-, 17- a n d  21-day-old foetuses 
exposed to  t h a l i d o m i d e  wh ich  exh ib i t ed  m a r k e d  r educ t ion  
deformi t ies  of t he  r e l e v a n t  de rma tomes ,  as well  as in 
13-day-old foetuses  f rom t r e a t e d  does. A b n o r m a l i t i e s  of 
axons  were t he  c o m m o n e s t  lesions wh ich  inc luded  loss 
of mic ro f i l amen t s  a n d  degene ra t i on  of mic ro tubu les ,  
t o g e t h e r  w i t h  v a c u o l a t i o n  and  d i s tens ion  of m i t o c h o n d r i a  
(Figure 1). More severe ly  d a m a g e d  axons  were r ep re sen t ed  
b y  i r regula r  whor ls  of l amina t ed ,  e lec t ron  dense  conf igura-  
t i ons  or 'mye l in  figures ' ,  m a n y  of wh ich  were re la ted  to 
e i the r  the  cy top l a sms  of S c h w a n n  cells or to  i m m e d i a t e l y  
a d j a c e n t  axons  (Figure 2). Gangl ion  ceils exh ib i t ed  on ly  
mino r  abnormal i t i e s ,  compr iz ing  an  overal I  increase  in 
n u m b e r  of m i t o c h o n d r i a  a n d  free r ibosomes,  b u t  w i t h o u t  
c o n c o m i t a n t  increase  in endop lasmic  re t i cu lum.  The  
nuc lea r  envelopes  of gangl ion  cells a t  13 days  and  to a 
s ign i f i can t ly  and  progress ive ly  lesser e x t e n t  in 15-, 17- 
and  21-day-old foetuses  were i r regu la r ly  inden ted .  

U l t r a s t r u c t u r a l  changes  are the re fore  p r e sen t  in  rele- 
v a n t  cervical  pos te r ior  roo t  gangl ia  a t  13 days,  i.e., 
p reced ing  t he  a p p e a r a n c e  of t h a l i d o m i d e - i n d u c e d  fore 
l imb  m a l f o r m a t i o n s  a n d  s u b s e q u e n t l y  w i t h  increas ing  
f r equency  and  c o n c o m i t a n t  w i t h  progress ive  ma ldeve lop-  
merit .  I t  is the re fore  l ikely t h a t  these  changes  r ep re sen t  
t he  p r i m a r y  lesion evoked  b y  t h a l i d o m i d e  and  are no t  
s econda ry  a t roph ic  neu ra l  changes  r e s u l t a n t  f rom deformi-  
t y  of t he  pe r iphe ra l  segments .  

Pseudomonas aeruginosa Causes Epidemic Disease in the Milkweed Bug, Oncopeltus fasciatus 
Dallas (Insecta, Heteroptera) 
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Summary. Pseudomonas aeruginosa was recognized as the  causa t ive  o rgan i sm of an  ep idemic  disease occur r ing  in a 
l a b o r a t o r y  b reed  of Oncopeltus/asciatuss The  infec t ion  p r o b a b l y  occurs  perora l  and  is f avoured  b y  h igh  t e m p e r a t u r e  
a n d  h u m i d i t y .  Pseudomonas aeruginosa des t roys  t he  fa t  b o d y  of t he  bug.  

Oncopellus /asciatus has  become  a wide ly  used labo-  
r a t o r y  a n i m a l  ~. There fo re  t he  occurence  of a severe  
ep idemic  disease,  as obse rved  in t h i s  a n d  o the r  l abora -  
tories ,  seems of in te res t .  T h e  illness b reaks  ou t  r a t h e r  
s u d d e n l y  a n d  u n p r e d i c t a b l y  a f fec t ing  a l m o s t  exclus ive ly  
an ima l s  of t h e  5 th  (last) l a rva l  ins tar ,  n e v e r  imagines .  I f  
t he  sickness appea r s  in  a cu l tu re  jar ,  w i t h i n  1 to  3 clays 
a lmos t  all bugs  of t h e  5th  a n d -  to  a lesser d e g r e e -  
4 th  l a rva l  s tage  are killed. Dead  bugs  h a v e  d a r k  b lue  
to b l a c k  swollen a b d o m e n s  and  sp read  a cha rac t e r i s t i c  
u n p l e a s a n t  odor,  wh ich  r e m i n d s  one of t r i m e t h y l a m i n e .  
F i r s t  s igns of t h e  i l lness are  h a r d  to  diagnose,  since d a r k  
gu t  c o n t e n t  sh in ing  t h r o u g h  t he  cut ic le  can  be  m i s t a k e n  
w i t h  t he  onse t  of t h e  pa tho log ica l  a b d o m e n  darken ing .  
If  t he  s y m p t o m s ,  i .e. d i sco lora t ion  of e x t e n d e d  b o d y  
areas and  pa ra l i za t ion ,  are c lear ly  recognizable ,  t he  
a n i m a l  per ishes  n o r m a l l y  w i t h i n  24 h ;  r ecovery  was 
neve r  observed .  

L i g h t  and  e lec t ron  microscopic  s tudies  on spec imens  
f rom i n d e p e n d e n t l y  diseased popu la t i ons  revea led  t h a t  
bac t e r i a  were p r e s e n t  in  t h e  hemocoel ,  t oge the r  w i t h  
t issue debris ,  and  ex t ra -  and  in t r ace l lu l a r ly  in  t he  f a t  
body ,  obv ious ly  dissolving i t  (Figure 1). O t h e r  t i ssues  
seemed  i n t a c t  a n d  n e v e r  i n v a d e d  b y  bac te r i a .  In  severa l  
expe r imen t s ,  a t  leas t  5 d i f fe rent  s t r a ins  of b a c t e r i a  (Pl 3, 
P1 4, P1 5, P l  11, P1 1/12) were isolated.  I t  is h igh ly  
p r o b a b l e  t h a t  t he  m a j o r i t y  of t he  s t r a ins  is de r ived  f rom 
gu t  contentS ,  for despi te  careful  p r e p a r a t i o n  of t he  f a t  
b o d y  a d a m a g e  of the  gu t  could no t  a lways  be  avoided.  
To e s t ab l i sh  t h e  disease caus ing  bac t e r ium,  y o u n g  5 th  
l a rva l  i n s t a r s  were p u n c t u r e d  w i t h  a needle  c o n t a m i n a t e d  
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