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anoxia.  Da ta  in the  l i te ra ture  9 show t h a t  a f ter  the  
admin i s t r a t i on  of isoproterenol  the re  is an increase in the  
m y o c a r d i u m  in the  level of the  energy  subs t ra te ,  glycogen, 
and also of Q021~ bu t  no t  in correla t ion wi th  res is tance  of 
the  hea r t  to  acute  anoxia.  

Increased  res is tance b o t h  of the  m y o c a r d i u m  to 
anoxia  in vitro,  and to  necrogenic doses of i soproterenol  
was also found in he igh t  adap t ed  ra ts  n.  Anaemic  ra ts  
also have  a grea te r  tolerance for anoxia  le. One of t he  
c o m m o n  factors  in all 3 models  (adap ta t ion  to isopro- 
terenol,  adap t a t i on  to  he ight  t3, anaemic  ra t s  ~4 is a shif t  
of L D H  isoenzymes in favour  of the  anaerobic  t ype  of 
me tabo l i sm which  is correlated wi th  increased to lerance 
of the  m y o c a r d i u m  for acute  anoxia  in vi tro.  An increase 
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in M- type  L D H  m a y  be one of t he  mechan i sm by  which  
the  hea r t  becomes a d a p t e d  to  an  anaerobic  env i ronmen t .  
An increase in M- type  subuni t s  can ma i n t a i n  L D H  
act iv i ty ,  even in t he  presence of a grea ter  a m o u n t  of sub-  
s t ra te  and  can thus  m a i n t a i n  t he  hea r t  in a s t a t e  of g rea te r  
eff iciency dur ing  anoxic  per iods  in expe r imen t s  in v i t ro  
and  on the  isolated r igh t  ventr ic le  11. 

Zusammen/assung.  Die an  kleine Dosen I sopro te renol  
gew6hn ten  Herzen  yon  R a t t e n  wiesen eine b e d e u t s a m e  
Vermehrung  der  L D H M - U n t e r e i n h e i t e n  auf. Die Z u n ahme  
der  FAhigkeit  zu ana~rober  Glykolyse ist  wahrschein l ich  
einer der  Fak toren ,  der  fiir die gr6ssere Wide r s t ands -  
fghigkei t  der  isol ier ten rech ten  H e r z k a m m e r  dieser R a t t e n  
gegen akute  Anoxie  ve ran twor t l i ch  ist. 
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The Relat ionship Between  Activation Heat and Calc ium Trans ients  in Frog Sartorius  Muscle  

The hea t  which antecedes  tension deve lopmen t  has been 
originally def ined by  HILL 1 as ac t iva t ion  hea t ;  th is  hea t  is 
still p roduced  af ter  work and tension deve lopmen t  is 
e l iminated.  During the  init ial  events  p reced ing  contrac-  
tion, t he  ac t iva to r  calcium is released f rom the  sarco- 
plasmic re t icu lum ~. 

The re la t ion be tween  the  kinet ics  of Ca 2+ changes  and  
the  t ime  course of hea t  l iberat ion a t  0 ~ has been  s tudied  
in freshly excised frog sartorius muscle,  using the  charac-  
ter is t ic  absorp t ion  of the  Ca-murexide  complex  a t  470 n m  
and 540 n m  as a measure  of the  free Ca 2+ concent ra t ion .  
The procedure  was t h a t  of ]OBSlS and O'CONNOR 3. To 
e l iminate  any  mechanica l  response,  the  muscle  pairs  were 
ini t ial ly p reshor tened  to abou t  75% of the i r  s t an d a rd  
length  by  previous st imuli ,  a m e t h o d  which has  previously  
been used to  measure  ac t iva t ion  hea t  1. The h e a t  changes  
a t  0 ~ were followed wi th  a HILL-type the rmopi l e  (90 
ch rome l -cons t an t an  couples) connected  to  a sensi t ive 
ga lvanomete r  system.  The l ight t r ansmiss ion  was di rec t ly  
recorded in a cold room wi th  the  aid of a doub le -beam 
spec t ropho tomete r ,  specially adap ted  for low- tempera tu re  
measurements .  In  some exper iments ,  in which the  A T P  
con ten t  was addi t ional ly  analyzed,  the  r ephosphory la t ing  
react ions  were inhibi ted  by t rea t ing  the  muscles  wi th  
0.38 m M  f luorodini t robenzene  according to DAVIES et  al.*. 
This t r e a t m e n t  had  no effect  on the  hea t  and Ca 2+ 
t rans ients .  

The results  ob ta ined  for single s t imul i  (condenser  dis- 
charges  of 0.05 ~xF, 40 V) are p resen ted  in the  Figure.  If  
one compares  tile f irst  t ime der iva t ive  of the  ac t iva t ion  
hea t  wi th  the  kinet ics  of the  Ca-murexide  complex,  it  be- 
comes obvious  tha t ,  a p a r t  f rom the  init ial  25 msec, there  
exis ts  a close re la t ionship  be tween  the  release and  re- 
absorp t ion  of Ca 2+ and  the  ra te  of hea t  product ion .  To 
ob ta in  some in fo rmat ion  as regards  the  changes  in the  
level of A T P  in the  t ime  course of ac t iva t ion ,  the  muscles  
were frozen at  40 msec or a t  the  end of t he  370 msec per iod 
by  immers ing  the  expe r imen ta l  (as well as the  uns t imu-  
la ted control) muscle  rap id ly  in i sopentane  cooled wi th  
l iquid ni t rogen.  As ind ica ted  by  the  vol tage changes  of t he  
st imulus,  la ter  t h a n  30 msec af ter  the  s t a r t  of the  freezing 
no longi tudinal  cur ren t s  could pass along the  muscle.  Thus  
freezing m u s t  have  been  comple te  a t  70 msec and  400 
msec, respect ively.  Analyz ing  tile A T P  co n t en t  of 32 
muscle pairs  f luorometr ical ly ,  revealed t h a t  there  was no 
de tec tab le  change in the  A T P  level which paral le led the  
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hea t  l ibera t ion dur ing  the  init ial  40-70 msecl However ,  
over  the  400 msec per iod 0.0724-0.008 vmole A T P / g  
muscle  was hydro lyzed ,  a value which  agrees wi th  similar  
f indings  of DAVIES et  al.*. 
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Time course of activation heat (A) and the relationship between the 
first time derivative thereof and the release and reabsorption of 
calcium (B). Measurements of light transmission and heat production 
were obtained in parallel experiments. The solid line in Figure B is 
the time derivative of activation heat; the open circles represent the 
Ca 2+ concentration at the various time intervals averaged from 10 
successive twitches. The Ca-murexide concentratiou is given in rela- 
tive units, all points are fractions of the light absorption value at 
200 msec. 

The dif ference in the  t ime  course of hea t  p roduc t ion  
and  Ca 2+ release over  the  ini t ial  25 msec can readi ly be 
expla ined  in t e rms  of conformat iona l  changes  accompany-  
ing the  p ropaga t ion  of m e m b r a n e  depolar iza t ion  5, As 
these  changes  are ve ry  s imilar  to  those  observed upon 
nerve  exc i ta t ion  5, the  value of 0.009 mcal /g  ob ta ined  as 
h e a t  per  impulse  in crab nerves  ~ m a y  be used for com- 
par ison.  The h e a t  value of abou t  0.015 mcal /g  suggested 
f rom the  difference in Figure  B m a y  reflect  t he  greater  
m e m b r a n e  surface of muscle~. The f inding t h a t  about  
0.24 mcal  hea t /g  l ibera ted  dur ing  the  initial  50 msec are 
unaccompan ied  by  any  A T P  spl i t t ing,  suggests  t h a t  all 
t he  A T P  is spl i t  dur ing  the  t ime  in which  Ca ~+ is p u mped  
back  into t h e  sarcoplasmic  re t iculum.  SRETER 8 repor ts  
t h a t  for any  molecule of A T P  split,  8-10 Ca ~+ ions are 
t a k e n  up by  the  sarcoplasmic vesicles. Therefore,  on t h e  
basis  of the  observed A T P  hydrolysis ,  the  calcium level 
should be abou t  6 x 10-4M at  i ts  m a x i m u m  in ac t iva ted  
frog sar tor ius  muscle a t  0 ~ 

As a working hypo thes i s  i t  is sugges ted  t h a t  t he  fract ion 
of hea t  p roduced  init ial ly in paral lel  to  the  bui ld-up of the  
free Ca 2+ concen t ra t ion  reflects  some conformat ional  
change  as a resul t  of Ca-binding to  the  myof i laments .  

Zusammen/assung. Fiir  den F roschmuske l  wird ein 
enger  Z u s a m m e n h a n g  zwischen der  zei t l ichen &nderung  
der  Aktivierungsw~irme und  der  ~ n d e r u n g  der  Kalz ium- 
konzen t r a t i on  nachgewiesen.  
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T h e  

and Microorganisms 

W h e n  s tudy ing  the  m e c h a n i s m  of biological ac t iv i ty  of 
i so th iocyana tes  and  the i r  syn the t i c  producers ,  we have  so 
far  cons t an t l y  been  up aga ins t  t he  p rob lem of appro-  
p r ia te ly  dosing the  above -men t ioned  subs tances  in a 
wider  range of concen t ra t ions  re la ted  to cell suspensions  
in the  cul ture  medium.  The  poss ib i l i ty  of choosing the  
so lvent  in which  the  requi red  i so th iocyana te  concent ra-  
t ions  can be ob ta ined  will na tu ra l ly  be l imi ted  by  the  fact  
t h a t  the  solvent  employed  m u s t  no t  inf luence the  meta -  
bolic processes of the  o rgan i sm under  invest igat ion.  For  
the  purposes  men t ioned  we have  for several  years  ut i l ized 
methano l ,  e thanol ,  d ie thy lene  glycol, m o n o e t h y l e t h e r  of di- 
e thy lene  glycol and  o the r  so lvents  miscible wi th  water .  I t  
was  no t  unt i l  recent  years  t h a t  we s t a r t ed  employ ing  as a 
so lven t  d ime thy l  su lphoxide  (DMSO), main ly  for its h igh 
dissolving capac i ty  in respec t  to  a wide spec t rum of inhi- 
b i to rs  r a t he r  less soluble in the  o the r  organic so lvents  

Influence of Dimethyl  Sulphoxide on Metabolic Activity of Ehrlich Ascites Carcinoma Cells 

miscible wi th  water .  I t s  phys ico-chemica l  propert ies ,  bio- 
logical effects,  me tabo l i sm  and ut i l izat ion have  a l ready 
been  descr ibed in a n u m b e r  of paper s  1,2. There  has  also 
been  publ i shed  a n u m b e r  of communica t ions  concerning 
t h e  influence of DMSO on microorganisms  a-5. Ra the r  
less, however,  is known abou t  the  inf luence of low con- 
cen t ra t ions  of D1ViSO on the  metabo l ic  processes of cells. 
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