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Sucrose-Gap Recording of Electrical and Mechanical Activity in the Smooth Muscle of 
the  I so la t ed  M e t a c a r p a l  Vein  of the  Bat  

The  d i rec t  co r re l a t ion  be t w een  electr ical  a n d  mechan i -  
cal a c t i v i t y  of s m o o t h  muscle  cells in  t he  pu lsa t i l e  ve ins  
of t he  b a t  wing,  was  f i rs t  d e m o n s t r a t e d  b y  MISLIN1, b y  
m e a n s  of e x t e r n a l  e lectrodes.  I n t r a c e l l u l a r  record ings  
were r ecen t l y  o b t a i n e d  f rom t h e  i n t e r d i g i t a l  venu les  b y  
SPEDEN a n d  2qlCOLL 2. The  m e c h a n i c a l  responses  of t he  
m e t a c a r p a l  ve ins  of Pteropus giganteus h a v e  been  
descr ibed  r ecen t l y  (PERISTIAN'Z a n d  HUG~EL a, 4), a n d  t he  
a im  of t he  p re sen t  s t u d y  was to f ind  ou t  w h a t  k inds  of 
e lectr ical  even t s  were assoc ia ted  w i t h  t h e  c o n t r a c t i o n s  of 
th i s  venous  s m o o t h  muscle .  A sucrose-gap t e c h n i q u e  
p rev ious ly  app l ied  to  t he  ana lys i s  of e l ec t romechan ica l  
r e l a t ionsh ips  in  r a t  p o r t a l  ve in  (AxELSSON et  al.5) was  
used for t h i s  purpose .  

A s egmen t  of ve in  b e t w e e n  2 va lves  a n d  a p p r o x i m a t e l y  
3 cm in l e n g t h  was d issec ted  ou t  of t he  neu ro -vascu l a r  
b u n d l e  a n d  l iga ted  a t  b o t h  ends. Secondary  venu les  were 
cau te r i zed  in s i tu  tO avo id  col lapse of t h e  vessel,  in  w h i c h  
case record ing  was un favou rab l e .  T he  vessel  was  t h e n  
m o u n t e d  in t he  sucrose gap  a p p a r a t u s .  One end  was  
f ixed a n d  super fused  w i t h  depolar iz ing,  h igh  K+ solut ion,  
and  t he  o the r  end, w h i c h  was  connec t ed  to t he  force 
t r a n s d u c e r  (Grass FTO3) ,  was  b a t h e d  in n o r m a l  'C.S.3. 
so lu t ion '  (PERISTIANY, LANE a n d  HUGGEL 6) a t  37~ 
Since t he  s m o o t h  muscle  is essen t ia l ly  a r r a n g e d  in a 
c i rcular  m a n n e r  or in  t h e  fo rm of a close he l ix  con t rac -  
t ion  wil l  m o s t l y  be  assoc ia ted  w i t h  a d rop  in t he  longi-  
t u d i n a l  force as recorded  in  t he  p re sen t  expe r imen t s .  
However ,  where  t h e  p r e p a r a t i o n  was s t r e t c h e d  to  a 
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Fig. 1. Recording of electrical aeitvity (below) and longitudinal iso- 
metric force (above) during spontaneous circular contractions of 
isolated metacarpal vein from bat wing. 
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r e l a t ive ly  g rea te r  l eng th ,  ac t ive  increases  in  l ong i t ud ina l  
force were seen. 

The  n o r m a l  p a t t e r n  of a c t i v i t y  obse rved  in  these  ve ins  
is i l l u s t r a t ed  in F igure  1. Circular  con t r ac t i ons  caus ing  
a d rop  in  l ong i t ud ina l  force, occur red  a t  a f r e q u e n c y  of 
a b o u t  15 pe r  min .  E a c h  c o n t r a c t i o n  l as ted  a b o u t  11/2 sec 
a n d  was assoc ia ted  w i t h  e lectr ical  responses  cons i s t ing  of 
a n  ear ly  r ap id  spike c o m p o n e n t  fol lowed b y  a l a t e r  s low 
depo la r i za t ion  a n d  a p ro longed  repola r iza t ion .  

More complex  record ings  were some t imes  ob t a ined  
f rom v i r t u a l l y  n o r m a l  p repa ra t ions .  One example  is 
shown  in F igu re  2. Here  t he  decreases  in  t ens ion  fol lowing 
t he  ac t ion  p o t e n t i a l s  were  more  long las t ing  t h a n  in 
F igure  1 a n d  were i n t e r r u p t e d  t e m p o r a r i l y  b y  pos i t ive  
no tches .  The  l a t t e r  were p r o b a b l y  due  to  regu la r  a c t i v i t y  
w i t h  pos i t ive  t ens ion  d e v e l o p m e n t  in  some d i s t a n t  p a r t  
of t he  p r e p a r a t i o n  as i nd i ca t ed  b y  t he  pu re  rise in  force 
obse rved  w h e n  one ac t ion  p o t e n t i a l  a n d  i ts  m a j o r  
c o n t r a c t i o n  wave  failed. I t  appea r s  t h a t ,  for sortie 
reason,  t h i s  vessel  d id  no t  ope ra te  as a func t iona l  ' s ingle 
un i t ' .  

I n  ' f a t i gued '  p r epa ra t i ons ,  a f t e r  severa l  hours  of 
recording;  we obse rved  va r ious  degrees  of i r regular i t i es  in  
t he  e lectr ical  a c t i v i t y  and  of a p p a r e n t  e l ec t ro -mechan ica l  
dissociat ion.  Such  f ind ings  are exempl i f ied  in F igures  3 
and  4. F igu re  3 shows a fa i r ly  regu la r  a c t i v i t y  of Slow 
depola r iza t ions ,  m o s t  of wh ich  a p p e a r  to  be  sub th resho ld .  
Some of t h e m  do, however ,  lead to f i r i ng  o f  ac t ion  
p o t e n t i a l s  a n d  increase  of l o n g i t u d i n a  ! force. I n  F igure  4 
e lec t r ica l  a c t i v i t y  is recorded  f rom a focus w i t h  v e r y  h lgh  
f r equency  of f i r ing  . (about  40 pe r  min) .  T h e . i n d i v i d u a l  
ac t ion  p o t e n t i a l s  are no t  re f lec ted  in t he  m e c h a n i c a l  
recording,  e i t he r  because  t h e r e  is a fused t e t a n u s :  or, 
more  p r o b a b l y  perhaps ,  because  t he  p o t e n t i a l s  fail  to  
p ropaga te .  One s t rong  phas ic  c o n t r a c t i o n  occur red  in t he  
m i d s t  of th i s  ac t iv i ty .  The  slow depo la r i za t ion  s e e n  a t  
th i s  p o i n t  could be  due  to e lec t ro tonic  sp read  f rom 
d i s t a n t  po r t i ons  of t he  vein,  b u t  i t  m i g h t  also be  j u s t  a 
m o v e m e n t  a r t e f ac t  due  to a s l i p -o f  t he  muscle  in  t he  
sucrose gap.  

The  resu l t s  h a v e  s h o w n  t h a t  con t r ac t i ons  of t h e  
c i rcular  muscle  in  m e t a c a r p a l  ve ins  of t he  b a t  wing a r e  
n o r m a l l y  assoc ia ted  w i t h  ac t ion  p o t e n t i a l s  of t h e  p l a t e a u  
t y p e  r e s e m b l i n g  those  of card iac  musc le .  S tudies  of 
sma l l  venu les  in t he  wings  of o the r  species of b a t s  b y  
mic roe lec t rode  t e c h n i q u e  (SPEDEN a n d  NICOLL 2) h a v e  
d e m o n s t r a t e d  a v e r y  s imi la r  p a t t e r n  of e lectr ical  a c t i v i t y .  
Ac t ion  p o t e n t i a l s  of t h e  p l a t eau  t y p e  h a v e  p rev ious ly  
been  descr ibed  also for vascu la r  s m o o t h  muscle  f rom 
t u r t l e  a o r t a  (RODDIET), b u t  r h y t h m i c  a c t i v i t y  in  venous  
musc le  f rom h ighe r  a n i m a l s  s e e m s  more  of ten  associa ted  
w i t h  p ro longed  b u r s t s  Of spike- l ike  p o t e n t i a l s  (for ref. 
see JOHA~SSONS). The  ac t ion  p o t e n t i a l s  o b t a i n e d  in oflr 
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Fig. 2. A more complex pattern of spontaneous activity than in the 
preparation of Figure 1. Major circular contractions (drop in longi- 
tudinal force) associated with clear-cut action potentials, and smaller 
increases in force with little change in the electrical recording. The 
latter type of contraction, which probably takes place in a distant 
circumscribed area of the preparation, is seen most clearly when one 
of the major beats drops out. 
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Fig. 3. Recording from 'fatigued' preparation. Regular appearance of 
slow waves, most of which are sub-threshold. Action potentials and 
increases in force at irregular intervals. 
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exper imen t s  were somet imes  preceded  by  slow depolar-  
izat ions  resembl ing  pacemaker  poten t ia l s  (Figure 2 
and  3). 

The s t r ic t  corre la t ion be tween  electrical  and  mechanica l  
ac t iv i ty  in mos t  of t he  p resen t  expe r imen t s  (Figure 1), 
ind ica tes  t h a t  a single pacemaker  regule tes  r h y t h m i c a l  
con t rac t ion  of a whole segment  of vein  be tween  2 valves. 
This mechan i sm m a y  p lay  a s ignif icant  role in p romot ing  
venous  r e tu rn  f rom the  b a t ' s  wing. More complex  
p a t t e rn s  of mechanica l  ac t iv i ty  wi th  par t ia l  dissociat ion 
of electr ical  and contract i le  even ts  (Figure 2) m i g h t  
occur in t he  in v i t ro  s i tua t ion  as a resul t  of t r auma t i c  
in terference w i t h  the  mechan i sms  of synchroniza t ion .  
However ,  a p h e n o m e n o n  of ' ac t ive  d i la ta t ion '  has  
p rev ious ly  been  observed  in v ivo  in t h e  in tac t  vessel,  
par t icu lar ly  when  the  perfus ing pressure  was art if icial ly 
reduced  by  10-20 cm HzO (PERISTIANY and  HUGG~L 3, ~). 
I t  was considered t h a t  th is  mechan i sm m a y  con t r ibu te  
to  t he  regula t ion of local blood flow in the  b a t ' s  wing. 

Zusammen[assung. Die isolierte pulsat i le  F lughau t -  
Vene der  FledermXuse zeigt  m i t  d e m  <, Sucrose-gap ~> eine 
enge e lek t ro-mechanische  Korre la t ion .  Das  A P  is t  of t  
yon  e inem Schr i t tmache r -Po ten t i a l  eingelei tet .  Solche 
AP  s ind ~iusserst sel ten bei den Gef~tssmuskeln. 
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Fig. 4. Recording from 'fatigued' preparation. Focal discharge of 
action potentials at high frequeney.A single synehronizedcontraetion 
oceurs in the record. 
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A Comparative Study of Growth, Development and Survival of the Cricket 
Plebeiogryllus guttiventris Walker Reared Singly and in Groups 

The p h e n o m e n o n  of 'group effect '  has  been  reviewed 
by  CttAUVIN1 in orders like Lepidopte ra ,  Coleoptera  and 
Or thop te ra  and  some Social insects.  CHAUVIN2 has als0 
shown t h a t  rear ing of Acheta domestica in groups of 2 or 3 
insects  accelerated be t t e r  growth,  and in groups of 5 and 
10 slowed down the  g rowth  compared  to  the  rear ing of 
single larvae. Mc FARLANE 3 working wi th  t he  same insect  
found  t h a t  rear ing of larvae  in groups of 10 accelerated 
g rowth  be t t e r  t h a n  single rearing.  Since the  two  au thors  
used d i f ferent  rear ing jars  t he  differences in the i r  results  
suggest  t h a t  the  group effect  for op t imal  g rowth  does no t  
depend  on the  absolute  n u m b e r  of individuals  per  group 
b u t  on the  re la t ive n u m b e r  per  uni t  of vo lume or area. 

So far no work  on the  group effect  ill Plebeiogryllus gutti- 
ventris is on record.  An expe r imen t  was therefore  conduc-  
t e d  to  discover  t he  effect  of grouping on the  growth,  
deve lopmen t  and  survival  of th is  cricket.  The  p re sen t  
pape r  deals w i t h  the  compara t ive  s tudy  of such effects 
and  also suggests  t h a t  a group of 10 accelera ted  b e t t e r  
g rowth  t h a n  any  o ther  group. 
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T~ble I. The number and average weights of nymphs of P. gultiventris reared singly and in groups after 10, 20 and 30 days 

Time (days) Single 5 10 15 20 

No. wt (rag) No. wt (rag) No. wt (rag) No. wt (rag) No. wt (rag) 

Commencement 60 -- 60 -- 60 -- 60 --- 60 -- 
10 49 5.6 33 6.5 52 7.1 45 6.8 41 5.9 
20 34 23.0 31 26.3 51 29.3 41 25.4 39 20.5 
30 34 42.5 30 114.0 49 137.7 41 126.5 34 98.7 


