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which  suggest  t h a t  the  e lec t rosensory sys t em is "oscil-  
l a t ing"  3. S u p p l e m e n t a r y  discharges a t  f ixed la tency  could 
be the  fish "echo ing"  to  its own discharge*, 5, and  in 
pa r t i cu la r  t he  ve ry  long t ra ins  of pulses a t  in te rva ls  of 
1i  to  12 msec.  The tuberous  e lec t roreceptors  are p resen t  
and p robab ly  funct ional  a t  the  occurrence of the  first  
d ischarge 3, b u t  it  is possible t h a t  the  inh ib i to ry  p a t h  ways 
normal ly  blocking response to  the  f ish 's  own emission s 
are no t  ye t  es tabl ished,  t~ecordings made  in large t anks  
showed t h a t  mul t ip le  d ischarging was no t  an ar t i fac t  due 
to  t h e  ve ry  small  volume of the  recording cell. 

8 G. W. Mr. WESTBY and F. KIRSCHBAUM, in preparation. 
4 C. J. RUSSELL, J. P .  MYERS, C. C. BELL, J. eomp. Physiol. 92, 181 
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5 B .  K R A M E R ,  J :  comp. Physiol. 93, 203 (1974). 
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P re l imina ry  histological  results  suggest  tha t ,  unlike 
Eigenmannia, no recognisable electric organ exis ts  in 
Marcusenius unt i l  several  weeks af ter  the  first  discharge.  
T1-/e appearance  of t he  charac ter i s t ic  head-nega t ive  adul t  
d ischarge on abou t  Day  40 p robab ly  corresponds  to  t h e  
appearance  of the  first  e lectroplaques.  

Summary. Larvae  of b o t h  species s ta r t  d ischarging 
a t  8 days.  Eigenmannia immed ia t e ly  produces  pulses 
similar  to  those of t he  adult .  Marcusenius however ,  
possesses a charac ter i s t ic  larval  discharge 20 t imes  longer  
and  of opposi te  po la r i ty  to  the  adu l t  discharge which  
appears  on Day  40. 
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P o s t - T e t a n i c  C h a n g e s  of B i la tera l  D o r s a l  R o o t  P o t e n t i a l s  E v o k e d  by S t i m u l a t i o n  of the 
C u t a n e o u s  Afferents  

Long- las t ing  t e t an iza t ion  of the  spinal  a f ferents  pro-  
foundly  affects  t ransmiss ion  at  the i r  synap t ic  terminals .  
Af te r  condi t ioning te tanus ,  the  size of the  tes t ing  mono-  
synap t i c  reflex evoked b y  s t imula t ion  of the  t e t an ized  
af ferent  nerve  is increased. This pos t - t e t an ic  po ten t i a t i on  
is m o s t  p robab ly  caused by  pro longed hyperpo la r i za t ion  
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Fig. 1. Changes of bilateral dorsal root potentials produced by 
stimulation of the superficial peroneal nerve after conditioning 
tetanus of the same afferents. Upper traces of eaeh record show 
ipsilateral and lower traces contralateral DRPs. Negativity is signaled 
by an upward d~flection. The strength of afferent stimulation was 
1.18 times the threshold strength for the ipsilateral potential. After 
the first record which shows the control DRPs, a conditioning teta- 
nus of 350 c/see for 15 see was given. The next records illustrate 
changes in the size of the DRPs. The numbers indicate time in see 
after termination of the tetanus. 
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Fig. 2. Post-tetanic changes of ipsilateral and contralateral dorsal 
root potentials. The DRPs were produced by stimulation of the 
superficial per�9 nerve at 1.22 threshold strength. At this in- 
tensity of stimulation ipsilateral DRP attained about 65% of its 
maximal size. Abscissa, time in see. Ordinate, size of the DRPs 
calculated as percentages of the controls evoked just before tetanus. 
Open circles represent ipsilateral and close circles contralateral DRPs. 

of tne  p r e synap tm 1lores 1. The same exp lana t ion  was 
appl ied to  the  po t en t i a t i on  of p resynap t i c  inhibi t ion 
recorded as the  dorsal  root  po ten t i a l  (DRP) in t he  root  
b y  which  an af ferent  vol ley enters  t he  spinal  cord 3, 3. I t  is 
known  t h a t  the  D R P  is p roduced  no t  only  a t  the  po in t  of 
e n t r y  of an af ferent  volley bu t  spreads  to the  opposi te  
side of t h e  cord. Since cont ra la te ra l  depolar iza t ion in 
m a n y  respects  differs f rom the  ipsi lateral  potent ia l% in 
t he  p resen t  inves t iga t ion  the  pos t - t e tan ic  changes  of 
b i la tera l  D R P s  evoked by  s t imula t ion  of the  cu taneous  
afferents  were s tudied.  

Methods. The exper imen t s  were per formed on 24 spinal 
ca ts  l ight ly anaes the t i zed  wi th  th iamyla l  sodium (30 
mg/kg  i.p.). The  tes t ing  D R P s  were evoked by  s t imula t ion  
of the  superficial  peroneal  or poster ior  t ibial  nerves  
every  3-5 see and led off bi la teral ly  f rom the  mos t  caudal  
root le ts  of the  L7 dorsal  roots.  The condi t ioning s t imu-  
la t ion of the  same nerve  las ted 15 sec and its f requency  
ranged f rom 100 to  450 c/see. 

Results and discussion. Prolonged te tan iza t ion  of the  
cu taneous  nerve produces  d i f ferent ia ted  changes  in the  
size of the  D R P s  on b o t h  sides of the  spinal cord. They  
are mos t  easily observed when  the  s t r eng th  of an af ferent  
s t imula t ion  is ad jus ted  to produce  ipsilateral  t es t ing  
D R P s  which  a t t a in  no more  t h a n  60 -70% of the i r  
max i ma l  size. Figure 1 and  2 show the  most  f r equen t ly  
encoun te red  changes of bi la teral  D R P s .  I t  m a y  be seen 
tha t ,  jus t  af ter  t e rmina t i ng  the  te tanus ,  the  ipsi lateral  
D R P  is decreased to  abou t  70 % of the  initial value. Then  
the  depolar iza t ion increases, bu t  dur ing  several  tens  of 
seconds i t  does no t  fully recover,  a t t a in ing  92-95 % of 
t he  control  level. The initial  depress ion of the  cont ra la te ra l  
D R P  is much  deeper  (up to  45-48 % of the  control) bu t  
i ts  du ra t ion  is shorter .  The size of t he  po ten t ia l  rap id ly  
increases to  regain af ter  abou t  25 see its control  value 
and  then  i t  augments  fur ther ,  d isplaying a s ignif icant  
de layed pos t - t e t an ic  po ten t i a t ion  to abou t  150 % of the  
init ial  level. Pos t - t e t an ic  po ten t i a t i on  of the  ipsi lateral  
D R P  was observed only  in 2 out  of 24 prepara t ions .  
W h e n  present ,  it  was small  (up to 118 % of the  control) ,  
var iable  and  of shor t  dura t ion .  

Pos t - t e t an ic  depress ion of bi la teral  D R P s  depended  
on the i r  init ial  ampl i tude .  On the  ipsi lateral  side of the  
cord, the  m o s t  conspicuous  decrease of t he  D R P s  
occurred when t h e y  were p roduced  by  a jus t  above  
th resho ld  s t imulat ion.  W i t h  the  increase of the  DRPS, 
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t h e i r  pos t - t e t an i c  depress ion  was g radua l ly  reduced .  
W h e n  t he  D R P s  were p roduced  a t  4 t imes  t he  t h r e s h o l d  
s t r eng th ,  t h e i r  changes  fol lowing t e t a n i z a t i o n  were 
negl igible  a n d  cons is ted  in r educ t ion  of t he  depo la r i za t ion  
on ly  to 9 5 - 9 9 %  of t he  control .  I t  follows f rom these  
e x p e r i m e n t s  t h a t  t he  size of t he  pos t - t e t an i c  depress ion  
of t he  ips i la te ra l  D R P  is inverse ly  p r o p o r t i o n a l  to  t h e i r  
in i t ia l  ampl i tude .  On the  c o n t r a l a t e r a l  side of t h e  cord, 
t h e  r e l a t ionsh ip  be t w een  t he  size of t he  D R P s  a n d  t h e i r  
depress ion  occur r ing  j u s t  a f t e r  t e r m i n a t i n g  t h e  t e t a n u s  
p r o v e d  to be  qu i te  opposi te .  The  g rea t e r  t he  a m p l i t u d e  
of c o n t r a l a t e r a l  D R P s ,  t he  g rea te r  t h e i r  p o s t - t e t a n i c  
depression.  On t he  o the r  h a n d ,  the  de layed  pos t - t e t an i c  
p o t e n t i a t i o n  of t he  c o n t r a l a t e r a l  D R P s  was inverse ly  
p r o p o r t i o n a l  to  t he i r  p reced ing  depression.  

Our  e x p e r i m e n t s  revea l  t h a t  in c o n t r a s t  to  t h e  D R P s  
evoked  b y  s t i m u l a t i o n  of t he  whole  dorsa l  roots  or of t he  
muscle  a f fe ren t s  wh ich  exh i b i t  apprec iab le  p o s t - t e t a n i c  
p o t e n t i a t i o n  2, 3, 5, t he  depo la r i za t ion  of t h e  dorsa l  roots  
p roduced  b y  s t i m u l a t i o n  of t he  c u t a n e o u s  ne rves  u n d e r -  
goes m a i n l y  pos t - t e t an i c  depression.  T he  o t h e r  t r a i t  of 
t h e  pos t - t e t an i c  changes  of t he  D R P s  obse rved  in our  
e x p e r i m e n t s  seems to be  connec t ed  w i t h  differences  in 
depo la r i za t ions  resu l t ing  f rom t e s t i ng  vol leys on  b o t h  
sides of t he  cord. The  c o n t r a l a t e r a l  D R P s  are  m u c h  
smal le r  t h a n  t he  ips i la te ra l  ones  4, a n d  i t  was  found  
t h a t  t h e y  a p p e a r  a t  s l ight ly  h igher  in tens i t i es  of a f fe ren t  
s t imula t ion .  Hence,  a t  v e r y  low in tens i t i es  of s t imu la t ion ,  
c o n t r a l a t e r a l  depo la r iza t ions  are a lmos t  invis ib le  a n d  
pos t - t e t an i c  depress ion  of p r e s ynap t i c  i nh ib i t i on  m a y  be  
cons idered  to occur  exclus ively  on t h e  ips i la te ra l  side 
of t he  cord. On t h e  con t ra ry ,  w h e n  t he  s t r e n g t h  of t he  
t e s t i ng  s t i m u l a t i o n  is h igh  enough  to exci te  all a lpha  

c u t a n e o u s  afferents ,  fol lowing t e t a n i z a t i o n  on ly  con t r a -  
l a te ra l  D R P s  are  affected.  

The  descr ibed  p a t t e r n  of pos t - t e t an i c  depress ion  shows 
t h a t  on ly  in a n a r r o w  r ange  of t he  s t i m u l a t i o n  in tens i t i e s  
p roduc ing  t he  t e s t i ng  D R P s  (such as chosen  to  p roduce  
changes  i l lus t ra ted  in F igures  1 and  2) i t  is possible  to  
evoke  b i l a t e ra l  r educ t i on  of p r e s y n a p t i c  inh ib i t ion .  E v e n  
in these  ins t ances  t he  depress ion  of t h e  c o n t r a l a t e r a l  
D R P  is r ap id ly  fol lowed b y  i ts  po t en t i a t i on .  B o t h  a t  low 

a n d  a t  h igh  in tens i t i es  of t he  t e s t i ng  s t imu la t ion ,  t h e  
a l t e r a t ions  of the  D R P s  concern  on ly  one side of t he  cord. 
These  f ind ings  sugges t  t h e  ex is tence  of a sub t le  m e c h a -  
n i sm  c o u n t e r a c t i n g  t he  s i m u l t a n e o u s  decrease  of pre-  
synap t i c  i nh ib i t i on  on  b o t h  sides of t he  l u m b a r  sp ina l  
cord. 

Summary. In  sp ina l  ca t s  fol lowing t e t a n i c  s t i m u l a t i o n  
of t he  c u t a n e o u s  ne rve  b i l a t e ra l  dorsa l  roo t  po t en t i a l s  in  
t he  l u m b a r  sp ina l  cord  are  depressed.  Because  of differ-  
ences be tween  ipsi- a n d  c o n t r a l a t e r a l  po ten t ia l s ,  t h i s  
depress ion  can  usua l ly  be  evoked  on ly  on  one side of t he  
cord. 
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D e v e l o p m e n t  of L o n g i t u d i n a l  R e t r a c t i o n  of Carot id  Arter i e s  in N e o n a t a l  D o g s  

The  large ar te r ies  of the  b o d y  are u n d e r  l ong i tud ina l  
t r ac t ion .  Th i s  ex t ends  t h e  vessels and  has  severa l  phys io-  
logical  effects:  a) t r a c t i o n  i n t e r ac t s  w i t h  b lood  pressure  
to  help  m a i n t a i n  ar ter ies  a t  c o n s t a n t  length1,  b) t r a c t i o n  
a n d  long i tud ina l  ex tens ion  a l te r  a r t e r ia l  pulse wave  
veloci ty ,  and  thus ,  ind i rec t ly  inf luence a r te r ia l  p ressure  2, 
c) t r a c t i o n  causes  r e t r ac t i on  of severed  ar ter ies ,  p r o m o t i n g  
hemos ta s i s  3. 

L o n g i t u d i n a l  t r a c t i o n  ha s  been  m e a s u r e d  d i rec t ly  1, 
b u t  more  f r e q u e n t l y  i t  has  been  assessed b y  measu r ing  
vessel  r e t r a c t i o n  u p o n  excision. Fo r  example ,  w h e n  
severed,  t he  ca ro t id  a r t e r y  in a d u l t  dogs r e t r ac t s  a b o u t  
38%1, 4, 5. The  m a g n i t u d e  of t h i s  va lue  var ies  in  d i f fe ren t  
vessels and  in d i f fe ren t  species, b u t  r e t r a c t i o n  occurs  in 
v i r t u a l l y  all  a r te r ies  s tud ied  1,4-8. W h a t  is t he  genesis of 
l o n g i t u d i n a l  t r a c t i o n  a n d  how  does i t  deve lop  ? T he  p re sen t  
e x p e r i m e n t s  were u n d e r t a k e n  to  cons ider  t h i s  ques t ion  
b y  e v a l u a t i n g  t he  r e t r a c t i o n  of ca ro t id  ar te r ies  in neo-  
n a t a l  dogs. 

Method. Two groups  of pupp ies  were used. P r e g n a n t  
mongre l  dogs were pu rchased  f rom Sleepy Hol low F a r m s  
to  o b t a i n  pupp i e s  u p  to  4 weeks  of age. T h e  p r e g n a n t  
an ima l s  de l ivered  t h e i r  pupp ies  in t he  l abora to ry ,  a n d  t he  
pupp ies  were  nu r sed  b y  the  m o t h e r  un t i l  t h e  t i m e  of 
expe r imen t .  An im a l s  4 weeks of age and  older  were 
p u r c h a s e d  d i rec t ly  f rom Sleepy Hol low Fa rms .  An ima l s  
were housed  in groups  accord ing  to  age, a n d  were fed 
P u r i n a  H i g h  P ro t e i n  L a b  Chow and  w a t e r  ad  l ib un t i l  
t h e y  were s tudied .  E a c h  a n i m a l  was anes the t i zed ,  
p laced  on  i ts  b a c k  w i t h  t he  h e a d  a n d  neck  in a n a t u r a l  
posi t ion,  and  t he  a n i m a l  was used for va r ious  e x p e r i m e n t s  
conce rned  w i t h  t h e  phys io logy  of t he  newborn .  A t  t he  

comple t ion  of these  e x p e r i m e n t s  t he  a n i m a l  was sacrif iced 
b y  i.v. in jec t ion  of a s u p e r s a t u r a t e d  so lu t ion  of KC1 to  
a r res t  the  hea r t .  A l o n g i t u d i n a l  incision t h e n  was m a d e  
in the  neck  la te ra l  to  t h e  midl ine .  The  incision was car r ied  
down to expose the  ca ro t id  t r u n k ,  t he  s h e a t h  was opened  
a n d  t he  vagus  ne rve  a n d  i n t e r n a l  j ugu la r  ve in  were 
excised to  expose  a b o u t  3 cm l eng th  of i sola ted c o m m o n  
ca ro t id  a r te ry .  A m e a s u r e d  l e n g t h  of vessel  was  m a r k e d  
b y  p lac ing  2 smal l  no t ches  in t he  wal l  precisely 20 m m  
apar t .  The  a r t e r y  t h e n  was t r a n s e c t e d  d i s ta l  to  th i s  
m e a s u r e d  s egmen t  a n d  t h e  vessel  was p e r m i t t e d  to  
r e t r a c t ;  a f t e r  wa i t i ng  a b o u t  1 m in  t he  d i s t ance  b e t w e e n  
t he  2 no t ches  was m e a s u r e d  to  t he  nea re s t  0.25 mm.  
Vessel  r e t r ac t i on  was c o m p u t e d  as t he  difference b e t w e e n  
t he  e x t e n d e d  and  r e t r a c t e d  lengths ,  d iv ided  b y  t he  ex t end -  
ed length .  Mul t ip ly ing  th i s  va lue  b y  100 gave  vessel  
r e t r ac t i on  as a pe r cen t  of i ts  or ig inal  in s i tu  length .  

Results. A t o t a l  of 105 c o m m o n  ca ro t id  ar te r ies  were 
s tud ied  in pupp ies  b e t w e e n  0 and  16 weeks of age. The  
F igure  p resen t s  ca ro t id  a r t e r y  r e t r a c t i o n  va lues  a n d  
a n i m a l  b o d y  we igh t  values ,  b o t h  p l o t t e d  as a func t ion  of 
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