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A N e w  Efferent P a t h w a y  in the Cockroach  CNS 

GUNTHRIE and TINDALL 1 refer t h a t  in some specimens  
of Periplaneta  americana ' t he re  appear  to  be mo to r  
b ranches '  as p a r t  of the  cercal nerve  (NXI)  which  is pre- 
d o m i n a n t l y  a sensory nerve.  By consul t ing the  recent  
l i te ra ture  we were unable  to f ind fu r ther  work which would 
subs t an t i a t e  th is  f inding.  The p resen t  note  is in t ended  to 
repor t  the  resul ts  of expe r imen t s  which prove  the  exist-  
ence of a new efferent  p a t h w a y  in the  cockroach CNS. 

Adul t  male Perip laneta  americana,  15-30 days  old, 
bred under  s t anda rd  condi t ions ,  were dissected and  the  
nerve  cords were isolated by  cu t t ing  the  head  and  sever ing 
all per iphera l  nerves  a t  the  level of t he  cord ganglia. 
Bo th  the  in tac t  cercal nerves  and the  cerci were r emoved  
toge the r  wi th  the  cord. A buffered saline ~ was employed.  
The cord was suspended  on a series of si lver-si lver chloride 
e lect rodes  m o u n t e d  in a plast ic  chambe r  which  was 
covered wi th  glass slides to p r even t  dry ing  of the  prepa-  
rat ion.  A layer  of saline a t  the  b o t t o m  of t he  c h a m b e r  
p rov ided  adequa te  humid i ty .  A couple of f ly ing electrodes 
of the  same type ,  m o v e d  by  means  of a Nar ishiga  micro- 
man ipu la to r  were p laced  at  desired d is tances  f rom the  
ganglia so as to  measure  conduc t ion  at  known dis tances.  
The var ious  pos i t ions  of e lectrodes are summar ized  in 
Figure 1. All expe r imen t s  were carried out  a t  24-26~ 
Record ings  were made  wi th  a 2A61 Tekt ron ix  Different ia l  
amplif ier  and  564 Tekt ron ix  Storage oscillograph. A 
labora tory-bui l t  s t imula to r  p rov ided  vol tage pulses. 

The efferent  p a t h w a y  runs  f rom the  1 a.g. (abdominal  
ganglia) to  the  cercal  nerves.  The fibers do no t  or iginate  
f rom the  3 t.g. ( thoracic ganglia) nor  f rom the  ganglia 
cepha lad  to  t h a t  because no response is ob ta ined  by  
s t imula t ing  e i ther  the  connect ives  2-3 t.g. or any  one of 
the  la teral  nerves  or ig inat ing  f rom 3 t.g. 

The average conduc t ion  t imes  and  synapt ic- l ike  delays 
(Table) were ob ta ined  by  s t imula t ing  the  connect ives  a t  
var ious  pos i t ions  and  recording a t  R. The responses  a t  R 
following s t imula t ion  at  $13 and S 3 are shown in Figure  2. 
The conduc t ion  veloci ty  for the  d i f ferent  connec t ives  
appears  to be r a the r  uniform, averaging 3.93 -1- 0.10 m/see,  
which  corresponds  to  an average axonal  d i ame te r  of 20 
txm, as der ived f rom velocit ies of conduct ion  ob ta ined  by  
d i f ferent  workersK The average synapt ic- l ike  delays are 
s ignif icant ly  higher  a t  1, 2 and 6 a.g., the  reason for th is  
being still  to  be de te rmined .  The response  of recordings  
across each abdomina l  ganglion increases in ampl i tude  
f rom th resho ld  (1.5 V) to max i ma l  vol tage (3.5 V) thus  
ind ica t ing  spat ia l  summat ion .  

Response  induced at  any  of the  posi t ions  f rom S 3 to  
$13, a t  R d i sappears  if t e tan ic  shock is given or if 10 .4 M 
eserine is appl ied a t  any  one of the  abdomina l  ganglia,  
and  reappears  a f te r  washing.  In  opera ted  cockroaches  
kep t  al ive for 30 days  af ter  the  connect ives  had  been  
severed at  d i f fe rent  levels f rom S 4 to $12, the  response  
was in all cases ma in t a ined  a t  R only  if s t imula t ion  was  
appl ied beyond  the  abdomina l  ganglion immed ia t e ly  
caudal  to the  severed connect ives ,  and not  if the  con- 
nec t ives  caudal  s t u mp s  were s t imula ted ,  thus  suggest ing 
degenera t ion  of the  neurone involved.  Therefore,  by  re- 
moving  the  5 a.g., no response  is ob ta ined  at  the  cereal 
nerves  30 days  af ter  operat ion.  These exper iments ,  added  
to  those  d e m o n s t r a t i n g  the  presence of synapt ic- l ike  de- 
lays across the  abdomina l  ganglia, prove  t h a t  these  ef- 
fe rent  f ibers are i n t e r rup t ed  at  each a.g. by  at  least  one 
synap t i c  junct ion .  

W i t h  a max i ma l  in t ens i ty  of 3.5 V and 0.2 msec dura-  
t ion,  a s t eady  response  is ma in t a ined  at  R, for a t  least  1 h 
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Fig. 1. Cockroach nerve cord (schematic): 1-3 t.g., thoracic ganglia; 
1-6 ag.., abdominal ganglia. S 1 to $18, position of stimulating elec- 
trodes on connectives; R, recording electrodes on cereal nerves; Gr, 
ground electrode. 
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a) Length of connectives, times of conduction and velocity in connective efferent fibers at various levels and b) delays across abdominal ganglia 

a) 

1-2 a.g. 2-3 a.g. 3-4 a.g. 4-5 a.g. 5-6 a.g. 

Length a of connectives (ram) m 1.0 1.5 2.5 4.5 3.0 
Time of conduction (m/see) 
m -~ sm 0.25 j_ 0.020 0.40 4- 0.063 0.69 -t- 0.033 1.20 ~= 0.20 0.77 • 0.024 
Velocity of conduction (m/see) Average of m 4. s,,, 
m 4- s,, 4.10 -t- 0.30 4.19 4- 0.71 3.63 4. 0.18 3.76 ~: 0.07 3.91 4- 0.14 3.93 4- 0.10 

b) 

1 a.g. 2 a.g. 3 a.g. 4 a.g. 5 a.g. 6 a.g. 

Delay across abdominal ganglia 
(m/see) m -4- sm 1.30 4. 0.18 1.20 • 0.016 0.75 • 0.021 0.65 :L 0.21 0.70 4. 0.014 1.25 4. 0.022 

aFixed distances between electrodes 
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period,  if s t imula t ion  is kep t  a t  S, a t  a f requency  no t  
super ior  to  0.1 c/sec. At  a f requency  of 1 c/sec, however ,  
the  response  is uns tab le  and d i sappears  in 10 rain, a t  

a) 

b) 
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Fig. 2. Response at R following stimulation at Sz3 (a) and S 3 (b). See 
Figure 1. 

10 c/sec in 3-4 rain and a t  100 c/sec in a few seconds. The 
same appl ies  for the  analogous  junc t ions  of the  o the r  
abdomina l  ganglia.  

The func t ion  of th is  e f ferent  p a t h w a y  is still  to be in- 
ves t iga ted .  A deta i led  account  of th is  work  will be pub-  
l ished elsewhere.  

Riassunto. Viene desc r i t t a  una  nuova  via  efferente  
della ca tena  gangl ionare  di  Periplaneta americana, che 
origina nel  1 ~ ganglio addominale ,  raggiunge i nervi  
cercali  (NXI)  ed ~ i n t e r ro t t a  da s inapsi  in ciascuno dei 
sei gangli  addominal i .  Vengono riferit i  la velocit~ di con- 
duzione nei conne t t iv i  ed i t e m p i  di t r a smiss ione  a livello 
dei gangli. 

V. d'AJELLO, S. BETTINI and O. CASAGLIA 

Laboratori di Parassitologia, Istituto Superiore di Sanit& 
Viale Regina Elena 299, Roma (Italy), 29 June  7977. 

The Effect of Picrotoxin and 
by Cutaneous Fiber Stimulation 

I t  was r epor ted  by  HUNT and  PAINTAL and by  KOlZUMI 
et  al. z t h a t  some spon taneous ly  fir ing fus imotor  neurons  
are inhib i ted  for up to  several  hund red  mil l iseconds 
following s t imula t ion  of var ious  per iphera l  nerves :  mos t  
ev iden t  wi th  cu taneous  nerve  s t imula t ion .  The p resen t  
expe r imen t s  have  been  designed to observe  the  effects  of 
p ic ro tox in  and s t rychn ine  upon the  fus imotor  inhibi t ion,  
since the  act ions  of these  two convulsan t s  upon synap t i c  
t ransmiss ion  in the  spinal  cord appear  to  be d i f fe rent  3. 

E x p e r i m e n t s  were pe r fo rmed  on 16 cats.  U n d e r  e ther  
anes thes ia  b o t h  carot id  ar ter ies  were l igated and  the  
t r achea  was cannula ted .  The lumbosacra l  cord was  ex- 
posed by  l a m i n e c t o m y  in t he  usual m a n n e r  and  the  L~ or 
S~ ven t r a l  root  was cut  in t radura l ly  a t  i ts  exi t  f rom the  
dura l  cavi ty .  Af te r  t he  spinal  cord was t r ansec ted  a t  the  
a t lan to-occ ip i ta l  m e m b r a n e  e ther  was d i scon t inued  and  
respi ra t ion  was ma in t a ined  artificially.  The cent ra l  cut  
end of d issected ipsi la teral  sural  nerve  was m o u n t e d  on 
si lver s t imula t ing  electrodes.  The L 7 or S 1 ven t ra l  root  was 
spl i t  in to  fine f i l aments  conta in ing  only  one spon tan-  
eously fir ing fus imotor  f iber  and  these  f i l aments  were 
m o u n t e d  on a pai r  of silver recording electrodes.  Criteria 
for ident i f ica t ion  of 7 m o t o n e u r o n  is descr ibed elsewhere 8. 

Af te r  the  animals  were immobi l ized  by  i.v. in jec t ion  of 
ga l lamine  t r i e th iod ide  (Gallamine, Teisan, Co.), a saline 
solut ion of p ic ro tox in  (0.2 mg/ml)  or s t rychn ine  n i t r a t e  
(0.02 mg/ml)  was slowly in jec ted  in 1 rain into the  radial  
vein.  The drug  was appl ied a t  least  3 h af ter  the  cessat ion 
of e the r  anesthes ia .  

Results. In  p re l iminary  expe r imen t s  on 7 units,  it  was 
found t h a t  t he  inh ib i to ry  effects  were s t ronges t  when  the  
sural  ne rve  was s t imula ted  at  a round  7 to  10 t imes  the  
th resho ld  of t he  largest  fibers. Thereaf ter ,  the  observa-  
t ion  was made  a t  abou t  10 t imes  th resho ld  where  t he  
s t r eng th  was suff ic ient  to  p roduce  clear inh ib i to ry  effect,  
the  dura t ion  of t he  rec tangular  pulses be ing 0,05 msec 
and the  f r equency  0.3 per  sec. 

One rep resen ta t ive  example  of the  effect  of p ic ro tox in  
on a spon taneous ly  fir ing fus iomotor  neuron  is shown in 
Figure 1A. The f ir ing in tervals  became  more  i rregular  a t  
the  dose of 0.4 mg /kg  (Figure l a b ) ,  t he  n u m b e r  of spikes  

Strychnine upon Inhibition of Fusimotor Neuron Discharges Caused 
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Fig. 1. A) The effect of picrotoxin upon spontaneous firing of a fusimo- 
for neurone, a, control records; b, c, d, e, after injection of pierotoxin 
at  the doses of 0.4, 0.6, 0.8 and 1.0 mg/kg, respectively. At 1.0 mg/kg 
convulsive discharges of both large and small neur0nes appeared (e). 
B) Tile effect of picrotoxin on inhibition of the fusimotor neurone 
shown in A. a, b, before injection of picrotoxin; a, spontaneous dis- 
charge; b, the spontaneous discharges ceased for about 134 msec on 
stimulation of sural nerve, stimuli being applied at the beginning of 
the sweeps; c, d, after pierotoxin injection of 0.6 mg/kg; d, the period 
of inhibition was shortened to about 74 msec. One sweep represents 
180 msee. 
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