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Influence of Temperature on Myocardial Heal ing-Over 

I t  is known t h a t  depolar iza t ion caused by  in jury  of 
hea r t  muscle  is quickly  reversed  b u t  it  is re -es tab l i shed  by  
ano ther  lesion appl ied near  the  previous one ~ (healing-over). 
Studies of m e m b r a n e  po ten t i a l  and res is tance in Purk in je  
fibers 2 showed, indeed,  no change near  the  cut  end. 
Al though the  precise mechan i sm of sealing has no t  been 
es tabl ished in hea r t  muscle,  as yet ,  evidence has been 
provided  t h a t  the  insula t ing barr iers  which  hold up the  
spread  of depolar izing cur ren t  f rom the  damaged  area are 
no t  previously  es tabl ished bu t  are c rea ted  af ter  lesion ~, 3. 
More recently,  the  possibi l i ty  has been  discussed t h a t  a 
decrease in conduc tance  of t he  intercel lular  junct ions  
located at  the  l imit  of the  lesion could be the  major  expla-  
na t ion  for the  heal ing-over  process in myocardr ia l  fibers 
and t h a t  the  morphological  in tegr i ty  of these  junct ions  is 
essent ia l  for t he  sealing processK 

Calcium is essent ial  for the  heal ing-over  in Purk in je  
fibers 4 and myocard ia l  cells 3 since in Ca-free solut ion no 
sealing has been  found. E x p e r i m e n t s  wi th  E D T A  3 also 
suppor t ed  these  observat ions .  I t  is qui te  possible  t h a t  the  
b inding  of Ca to  in jured  areas and  intercel lular  junc t ions  
nea rby  the  lesion led to a process of coagulat ion of the  

cy top la sm or to  a dras t ic  change  in junc t iona l  conduct -  
anceK In re la t ion to th is  hypothes i s ,  i t  is i m p o r t a n t  to  
know- how d e p e n d e n t  is the  heal ing-over  process on 
t empera tu re .  To answer  this  ques t ion  s tudies  were made  
on muscle s t r ips  of toad  ventr ic le  (Bu/o marinus) im- 
mersed  in Ringer ' s  solut ion at  d i f fe rent  t empera tu res .  
The ra te  of the  sealing process  was de t e rmined  by  cu t t ing  
a small  group of f ibers and measur ing  the  change  in 
ampl i tude  of in jury  po ten t ia l s  as a func t ion  of t ime,  as 
descr ibed elsewhere ~. The roving e lect rode t echn ique  s 
was used to measure  the  size of the  in jury  potent ia ls .  All 
the  expe r imen t s  were pe r fo rmed  on quiescent  muscle  
s t r ips  immersed  in Ringer ' s  solution. The muscles  were  
kep t  ini t ial ly a t  room t e m p e r a t u r e  (25~ and then  
t rans fe r red  to solut ions a t  15~ and  5~ Figure 1, which  
represen ts  the  average resul t  f rom 8 muscles,  shows the  
influence of t e m p r e a t u r e  on the  ra te  of sealing of myo-  
cardial  cells. At  25~ comple te  reversion of t he  in jury  
poten t ia l s  was accompl ished in abou t  12 min. The reduc-  
t ion of t e m p e r a t u r e  of Ringer ' s  solut ion to 15~ decreased 
s ignif icant ly  the  ra te  of healing. 30 rain af ter  lesion abou t  
3.5% of the  initial  po ten t i a l  difference was still p resen t  
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Fig. 1. Graph showing the influence of temperature on the rate of 
sealing of toad ventricular muscle. Ordinates: percent of maximal 
amplitude of injury potential plotted in semi-logarithmic scale. O11 
these experiments 100% was the size of injury potentials recorded im- 
mediately after damage. Abscissae: time after lesion. Each line re- 
presents the average from 8 muscles (24 determinations). The lines 
drawn vertically through the points are equal to S.E. of the mean. 

20 

16 

12 

8 

g 

4 8 12 16 20 Zq. ~ 
Temperature 

Fig. 2. Time constant (~l/e) of the rate of healing calculated from data 
presented in Figure 1. Ordinates: time constant in min. Abscissae: 
temperature in degrees centrigrade. 

Fig. 3. Electrical couplk~g between adjacent heart cells of toad's ven- 
tricle at 22 ~ and at 12 ~ Top traces show the electrotonic potentials 
recorded when an inward pulse of current (10-7A) (200 msec dura- 
tion)-lower traces, was injected into a neighbour cell through a micro- 
electrode. Numbers at the left indicates voltage calibration. Top num- 
bers show value of resting potential. 
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(see F igure  1). F u r t h e r  r educ t i on  on  t e m p e r a t u r e  of 
sal ine so lu t ion  to  5~ caused  a n  even  g rea te r  decrease  on  
t he  r a t e  of hea l ing ;  a b o u t  15% of t h e  in i t i a l  i n j u r y  
p o t e n t i a l  r e m a i n e d  for  30 ra in  a f te r  lesion (see F i g u r e  1). 
F r o m  t h e  curves  p r e sen t ed  in F igure  1, t h e  t i m e  c o n s t a n t  
of t he  r a t e  of hea l ing  was d e t e r m i n e d  for each  group  of 
expe r imen t s .  As s h o w n  in  F igure  2, such  t i m e  c o n s t a n t  
p r o v e d  to  be  a l inear  f unc t i on  of t h e  inverse  of t e m p e r a t u r .  
The  t e m p e r a t u r e  coeff icient  (Q10) of t he  r a t e  of heal ing,  
m e a s u r e d  in  th i s  way,  b e t w e e n  25 ~ a n d  15~ is 4.7 i nd i ca t -  
ing a h i g h  a c t i v a t i o n  ene rgy  for th i s  process.  

M e a s u r e m e n t s  of r e s t ing  p o t e n t i a l  of n o n - d a m a g e d  
cells pe r fo rmed  w i t h  in t race l Iu la r  microe lec t rodes  also 
ind ica t ed  t h a t  a t  low t e m p e r a t u r e  t h e  depo la r i za t ion  
p roduced  b y  les ion is n o t  t o t a l l y  reversed  in t h e  non-  
in ju red  ceils loca ted  500 ~ m  or more  f rom t he  lesion. O n  
t he  o the r  h a n d ,  i t  was  found  t h a t  t h e  r e s t ing  p o t e n t i a l  of 
t o a d ' s  v e n t r i c u l a r  f ibers  a t  25~ was 80 m V  (S.E. 4-1.5) a t  
15~ m V  (S.E. 4-1.2) a n d  a t  5~ - 7 6  m V  (S.E.4-1.8) .  
S imi la r  resu l t s  h a v e  p rev ious ly  been  r e p o r t e d  in frog 
v e n t r i c u l a r  musc le  6 in  wh ich  changes  on  t e m p e r a t u r e  f rom 
0.3 to  24~ caused  neglegible  v a r i a t i o n  in r e s t ing  po ten t i a l .  
The  fac t  t h a t  i n j u r y  p o t e n t i a l s  c an  easi ly be  el ic i ted a t  
low t e m p e r a t u r e s  is a n o t h e r  i n d i c a t i o n  t h a t  m e m b r a n e  
po la r i za t ion  is no t  d ras t i ca l ly  a l tered.  I n  s a l iva ry  g lands  
t he  fa i lure  of t h e  seal ing process  found  a t  low t e m p e r a t u r e  
seems to  be  r e l a t ed  to  celI uncoupl ing~.  T he  inf luence  of 
t e m p e r a t u r e  on  t h e  e lectr ical  coupl ing  b e t w e e n  h e a r t  ceils 
was  i n v e s t i g a t e d  b y  impa l ing  2 microe lec t rodes  close 
t oge the r  (50 to  70 ~m) ; hype rpo la r i z ing  pulses  of c u r r e n t  
were i n j ec t ed  t h r o u g h  1 e lec t rode  a n d  t he  vo l t age  changes  

were  recorded  w i t h  t h e  o the r  e lectrode.  The  resu l t s  
o b t a i n e d  i nd i ca t ed  t h a t  t h e  e lectr ical  i n t e r a c t i o n  be-  
t w e e n  m y o c a r d i a l  ceils of t o a d  is s l igh t ly  a l t e red  b y  
r educ ing  t he  t e m p e r a t u r e  (see F igu re  3). 

The  p r e sen t  resuI ts  i nd i ca t e  t h a t  t h e  hea l ing -ove r  
process  in  t o a d ' s  m y o c a r d i u m  is la rge ly  d e p e n d e n t  u p o n  
t e m p e r a t u r e  a n d  t h a t  t he  depress ion  on  ti le r a t e  of 
hea l ing  is n o t  due  to  cell uncoup l ing  as in  ep i the l i a  8, 9. 

Rdsumd. L ' in f luence  de la t e m p 6 r a t u r e  dans  le ph6no-  
m~ne  de suppress ion  des po t en t i e l s  de 16sion (~healing- 
over~> d u  muscle  ca rd i aque  de Bu]o marinus est  6dudi6e 
avec  des 61ectrodes extraeel lu la i res .  A l a  t e m p 6 r a t u r e  de 
15~ ou 5~ une  r6dnc t i on  m a r q u 6 e  de la v61ocit6 de 
suppress ion  est  observ6e.  

W. C. DE ]V[ELLO 

Department o/ Pharmacology, 
Medical Sciences Campus, U.P.R. ,  San Juan 
(Puerto Rico 00905, USA), 31 December 197L 

s L. A. WOODBURY, H. H. HECHT and A. R. CHRISTOPHERSON, Am. 
J. Physiol. 164, 307 (1951). 
A. POLITOFF, S. J. SOCOLAR and W. R. LOEWENSTEIN, Biochim. 
biophys. Acta 135, 791 (1967). 

9 Supported by Grant No. HE-10897 from National Heart Institute. 
9 Note: The muscle when injured heals by sealing. Healing and seal- 

ing arc used here interchangeably. 

R e l e a s e  o f  F i b r i n o l y t i c  A c t i v a t o r s  f r o m  H u m a n  T u m o u r s  C u l t u r e d  in  v i t r o  t 

T u m o u r s  possess coagu la t ive  proper t ies2 ,  8 a n d  t h e  
ab i l i ty  to  deve lop  f ib r ino ly t i c  a c t i v i t y  t-7. F i b r i n  degrada-  
t ion  p rocuc t s  (FDP)  h a v e  been  d e m o n s t r a t e d  in t he  s e r u m  
a n d  ill v e r y  h i g h  c o n c e n t r a t i o n  in asci t ic  f luid f rom 
p a t i e n t s  w i t h  m a l i g n a n t  o v a r i a n  t u m o u r s  s. These  f ind ings  
are  p r e s u m a b l y  c o n n e c t e d  w i t h  t he  f ib r ino ly t i c  a c t i v i t y  
of t h e  neop lasms .  

This  p a p e r  r epo r t s  t h e  release of f ib r ino ly t i c  a c t i v a t o r s  
f rom h u m a n  ora l  t u m o u r s  cu l t u r ed  in  v i t ro  (Table  I). The  
t u m o u r s  were excised u n d e r  local a n a e s t h e s i a  (Lidocain  | 
2% w i t h  E x a d r i n  | 12.5 ~g/ml) a n d  d iv ided  u n d e r  s ter i le  
condi t ions .  One p a r t  was  se t  aside for h i s topa tho log ica l  
e x a m i n a t i o n ,  whi le  t h e  o t h e r  was  s tud ied  for i t s  c apac i t y  
to  release f ib r ino ly t i c  agen t s  in  o rgan  cu l tu re  w i t h  t he  
m e t h o d  descr ibed  p rev ious ly  9. E x p l a n t s  f rom t h e  t u m o u r s  
were cu l tu red  as o rgan  cu l tu res  on  ge la t ine  foam (Spon-  
gos t an  | in  L e i g h t o n  t u b e s  c o n t a i n i n g  1 m l  P a r k e r  199 
(SLB,  S tockho lm)  s y n t h e t i c  m e d i u m  and  a p r e f o r m e d  clot  
o b t a i n e d  b y  a d d i n g  i m l h u m a n  I ib r inogen  (Kab i  S t o c k h o l m  
1% in dis t i l led  water )  to  0.02 ml  of t h r o m b i n  (Topos tas in  | 
75 N I H  U / m l  saline).  Penic i l l in  a n d  s t r e p t o m y c i n  was 
a d d e d  to  t he  P a r k e r  so lu t ion  in order  to  p r e v e n t  infect ion.  

E a c h  t u b e  c o n t a i n e d  6 t u m o u r  exp l an t s  d i s t r i b u t e d  on 
2 slices of ge la t ine  foam. E v e r y  24 th  h a f te r  t he  b e g i n n i n g  
of t he  cul ture ,  a sma l l  v o l u m e  (0.06 ml)  of m e d i u m  was 
a sp i r a t ed  and  assayed  q u a n t i t a t i v e l y  for f ib r in  degrada-  
t i on  p r o d u c t s  (FDP)  accord ing  to  a n  i m m u n o l o g i c a l  
m e t h o d  ~0. 

A t  t h e  end  of t he  cu l tu re  pe r iod  (3 days),  t he  e x p l a n t s  
were e x a m i n e d  h i s t ochem i ca l l y  for  a c t i v a t i o n  of f ibr ino-  
lysis b y  a modi f ied  f ib r in  slide t e c h n i q u e  1~. Some e x p l a n t s  

were f ixed in  Bou in ' s  so lu t ion  a n d  e x a m i n e d  b y  rou t i ne  
his tology.  

I n  all  t u m o u r s  examined ,  F D P  a p p e a r e d  in progress ive ly  
increas ing  a m o u n t s .  A cu l tu re  e x p e r i m e n t  is s h o w n  in 
Tab le  I I .  The  m e a n  va lues  of F D P  found  in t h e  cu l tu re  
m e d i u m  are g iven  in Tab le  I. There  was a cons iderab le  
d i f ference in t he  f ib r ino ly t ic  a c t i v i t y  of d i f fe ren t  tu rnou t s .  
The  h ighes t  a c t i v i t y  was found  for epulis  ang ioma tosa .  
A d d i t i o n  of T r a n e x a m i c  acid (AMCA) in t he  cu l tu re  
m e d i u m  comple t e ly  i n h i b i t e d  f ibr inolys is  sugges t ing  t h a t  
t he  a g e n t  l i be r a t ed  is a n  a c t i v a t o r  of p l a sminogen  since 
AMCA m a i n l y  affects  f ibr inolys is  b y  exe r t ing  a compet i -  
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