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Detailed analysis of the responses to 17 of the stimuli presented to the larvae (Vespa orie~talis) 

IExPERIENTIA 31/9 

L a r v a  D a y  of Series wi thin  No. o fcon t rac t ions  r~ b b a b A v e r a g e t i m e  c A v e r a g e t i m e c  
experiment day (signals) between 1st10 NgnMs betweenlast10 signMs 

2 1 1 60 0.77 -.0007 0.075 13.4 29.3 
2 1 133 0.81 - .0004 0.066 12.8 47.7 
3 1 69 0.94 -.0009 0.080 12.2 36.1 
7 1 134 0.71 -.0002 0.051 15.2 49.4 
8 1 57 0.26 -.0001 0.048 20.7 22.7 
8 9 69 0.28 -.0002 0.049 19.3 23.3 

3 1 1 61 0.87 -.0007 0.068 15.0 34.7 
2 1 71 0.65 -.0003 0.040 29.2 61.6 
3 1 57 0.78 -.0007 0.056 18.5 46.4 
4 1 86 0.69 -.0004 0.049 15.9 45.3 
4 2 49 0.92 -.0006 0.047 22.2 51.1 
4 3 32 0.77 -.0007 0.038 28.4 51.2 
4 4 30 0.80 -.0003 0.034 30.4 38.0 
4 5 33 0.72 -.0004 0.037 27.9 37.6 
4 6 29 0.81 -.0004 0.038 27.8 36.2 
5 1 52 0.47 -.0002 0.029 34.6 47.5 
6 1 34 0.62 -.0013 0.054 17.8 45.2 

�9 r, correlat ion coefficient, bThe regression equat ion is Y = a 4- b x  where  Y : r a te  be tween the in tervals ;  and x : index n u m b e r  of the 
signal, eThe ha rmonic  m e a n  of the first and  Iast  10 t imes.  

media t ed  by  some, as ye t  unknown,  motorneurones .  I t  
occurs b o t h  spon taneous ly  and  as a resul t  of sensory  
s t imulat ion.  Analogous behav iour  is known  in o ther  
species of Vesp inae  and  is p a r t  of the  food exchange 
p h e n o m e n o n  called t rophal lax is  5. 

The series of isotonic cont rac t ions  resul t ing f rom a 
mechanica l  s t imulus  does no t  have  a cons t an t  t ime 
difference be tween  successive contract ions .  As the  series 
cont inues,  the  leng th  of t ime be tween  cont rac t ions  
increases (or t he  ra te  decreases).  However ,  t he  ampl i tude  
of the  signal is cons t an t  for each con t rac t ion  in t he  series. 

Therefore,  th is  is no t  similar to fat igue and  mos t  l ikely 
represents  an a d a p t a t i o n  process  similar to  t h a t  occurr ing 
in the  optic  nerve  fibre of Limulus in response to  a f lash 
of light% A second p h e n o m e n o n  similar  to  an a d a p t a t i o n  
process  is seen in t he  response to  the  r epea ted  s t imul i  on 
the  same day.  The n u m b e r  of con t rac t ions  in the  response  
to the  earlier s t imuli  is g rea te r  t h a n  in the  la t t e r  stimuli.  
This t r e n d  also appears  in m a n y  o ther  series (IsHAY, 
unpubl ished) .  

This e x p e r i m e n t  was pe r fo rmed  on single insula ted  
larvae.  The resul ts  con t r a s t  wi th  the  p a t t e r n  of hunger  
signals p roduced  in a normal  comb ( inhabi ta ted  by  m a n y  
larvae).  The l a t t e r ' s  p a t t e r n  is synchronized  for large 
groups of t he  larvae.  This  synchronized  p a t t e r n  is a t  
c o n s t a n t  ra te  2 in con t ras t  to the  insula ted  la rvae ' s  

pa t t e rn .  The in tervals  be tween  the  signals of single 
insula ted  larvae v a r y  over  a broad  range of values f rom 
1.5-5.5 sec; this  represen ts  mos t  p ro b ab l y  the  resul t  of 
removal  of synchroniz ing  stimuli.  The possible communi -  
ca t ive  value  of these  p a t t e r n s  of larval  con t rac t ions  
among  the  colony mates  will be examined  in fu r ther  
research.  

Summary. A mechanica l  s t imulus  of cons t an t  s t r eng th  
was  appl ied to  a single, insula ted  h o r n e t  larvae  (Vespa 
orientalis). A chain of a t  mos t  140 bodi ly  cont rac t ions  
resul ted f rom the  s t imulus.  The in terval  be tween  conse- 
cut ive  cont rac t ions  s teadi ly  increased t h roughou t  the  
per iod of response.  
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Role  of E n e r g y  M e t a b o l i s m  in E n z y m e  R e t e n t i o n .  

Li t t l e  is known  of the  mechan i sms  by  which  enzymes  
are released f rom normal  o r  damaged  cells. There  is 
evidence t h a t  the  p r even t ion  of enzyme  leakage is d i rec t ly  
or indi rec t ly  an energy-consuming  process 1-4. In  t he  
m y o c a r d i u m  an unequivocal  re la t ion be tween  enzyme  
release and dura t ion  of ischemia can be shown s,% A 
close re la t ionship  exists  also for enzyme loss and  oxygen  
supp ly  to  the  hear t .  The t e m p e r a t u r e  coeff icients  (Q~0- 
values) for myocard ia l  enzyme release and  the  b r eakdown  
of energy  r ich phospha t e s  in t he  hea r t  muscle dur ing  
anaerobiosis  ( ~  2,2) are ident ical  (unpubl ished results).  

A Study  on I so la ted  P e r f u s e d  Canine  Hear t s  

In  the  following the  correla t ion be tween  the  ra te  of 
enzyme loss f rom the  h e a r t  and  the  myocardia l  A T P  
c o n t e n t  will be  shown.  

Tell isolated dog hea r t s  were sub jec ted  to a non-recir-  
cu la to ry  anoxic  perfusion a t  25 ~ wi th  a modif ied Tyrode-  
solut ion af ter  an aerobic s t e ad y  s ta te  phase.  In  5 exper-  
imen t s  t he  release of C P K  (EC 2.7.3.2.), M D H  (EC 1.1.1. 
37), L D H  (EC 1.1.1.27), GOT (EC 2.6.1.1.), GPT (EC 
2.6.1.2.), ALD (EC 4.1.2.13), and  I C D H  (EC 1.1.1.42), 
in t he  remain ing  exper imen t s  the  t issue con ten t s  of 
creat ine  phospha te ,  A T P  a n d  lac ta te  dur ing  anaerobiosis  



15.9. 1975 Specialia 1047 

were d e t e r m i n e d  (for e x p e r i m e n t a l  deta i ls  see ~, for e n z y m e  
and  m e t a b o l i t e  d e t e r m i n a t i o n s  see 8). 

The  resul t s  are p re sen ted  in F igure  1. Af te r  even  a sma l l  
decrease  in ATP ,  enzym es  can  be  de tec ted  in  t he  co rona ry  
eff luent .  A t  t h i s  p o i n t  t he  cells shou ld  n o t  ye t  be  irre- 
ve r s ib ly  d a m a g e d  ~. T he  ra t e  of e n z y m e  loss increases  w i t h  
increas ing  A T P  decompos i t ion .  P l o t t i n g  t h e  e n z y m e  
release f rom t h e  m y o c a r d i u m  aga ins t  t issue A T P  c o n t e n t  
(Figure 2) yields s t r a igh t  lines w i t h  s ign i f ican t  cor re la t ion  
coefficients  (p < 0.001). (The curves  for GPT,  ALD,  
I C D H  h a v e  no t  been  eva lua ted . )  

The  fol lowing conclusions m a y  be  d rawn.  1. As e.g. 
t h e  liver,  t h e  h e a r t  loses enzymes  w h e n  sub jec ted  to 
revers ib le  damage .  2. The re  is a close cor re la t ion  be tween  
e n z y m e  r e t e n t i o n  and  energy  me tabo l i sm.  The  proof  for 
a d i rec t  causal  dependence  c a n n o t  be  adduced  on  the  
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Fig. 1. Enzyme release during anaerobiosis from the isolated perfused 
dog heart (above and iuiddle; 25 ~ n = 5) in relation to the tissue 
content of creatine phosphate (CP), ATP and lactate (below 25~ 
n = 5; ww, corrected for edema). 
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Fig. 2. Release of MDH, LDH, CPK and GOT from the anoxic 
perfused dog heart in correlation with the myocardial ATP content 
(ww, corrected for edenla). 

basis of t he  e x p e r i m e n t s  discussed. An emphas i s  on  t he  
re la t ions  be tween  ene rgy  m e t a b o l i s m  and  p e r m e a b i l i t y  of 
the  cell m e m b r a n e  on ly  obv ious ly  does no t  cons ider  t he  
en t i re  p rob lem.  C o m p a r t i m e n t a l i z a t i o n ,  charge  changes ,  
in t race l lu la r  b ind ing  etc. of enzymes  are, of course,  also 
re levan t .  

Zusammen/assung. Zwisc he n  der  E n z y m f r e i s e t z u n g  a u s  
dem a n o x i s c h  p e r f u n d i e r t e n  M y o k a r d  u n d  d e m  G e w e b s -  
geha l t  an  A T P  b e s t e h t  eine l ineare  A b h g n g i g k e i t .  Die  
B e f u n d e  we i sen  au f  die engen  B e z i e h u n g e n  zwi schen  d e m  
E n e r g i e h a u s h a l t  de r  Zelle u n d  der  E n z y m r e t e n t i o n  als 
w a h r s c h e i n l i c h  a k t i v e r  S t o f f w e c h s e l l e i s t u n g  hin .  
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