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of VESSMAN et  al. 6. The  TMS a n d  H F B  de r iva t i ve s  were 
r u n  on  3% SE-30, 6 f t  c o l u m n  u n d e r  t e m p e r a t u r e  pro-  
g r a m m i n g  a long w i t h  e v e n - n u m b e r e d  h y d r o c a r b o n  mix-  
t u r e  (C1~-C14 }. The  m e t h y l e n e  u n i t  va lues  were ca lcu la ted  
a n d  c o m p a r e d  w i t h  s t a n d a r d  reference  compounds .  

Results and discussion. The  iden t i f i ca t ion  of t he  amines  
was  cons idered  pos i t ive  on ly  w h e n  GLC a n d  a t  leas t  one 
of t he  2 o t h e r  m e t h o d s  used showed pos i t ive  tests .  N-di-  
m e t h y l t r y p t a m i n e  and  5 - m e t h o x y - N - d i m e t h y l t r y p t a m i n e  
were  ident i f ied  in all  5 of t h e  acu te  sch izophren ic  p a t i e n t s  
b o t h  in  t h e  free a n d  c o n j u g a t e d  a m i n e  f r ac t ions ;  bufo-  
t e n i n  was  ident i f ied  in  t he  free a m i n e  f r ac t ion  in on ly  2 
acu te  pa t i en t s .  I n  t h e  chronic  schizophrenics ,  t h e  2 nor-  
reals  a n d  1 depressive,  t he  N - d i m e t h y l t r y p t a m i n e s  could 
n o t  be  ident i f ied  b y  t he  above  cr i ter ia .  Tile TMS a n d  
H F B  de r iva t i ve s  of t he  free a m i n e  f ract ions ,  wh ich  were 
iden t i f i ed  b y  GLC, showed peaks  h a v i n g  t he  same  
m e t h y l e n e  u n i t  (MU) va lues  as s t a n d a r d  N - d i m e t h y l -  
t r y p t a m i n e  a n d  5 - m e t h o x y - N - d i m e t h y l t r y p t a m i n e  and  
bu fo t en in .  I n  t he  course of our  i nves t iga t ions  on  t he  
u r i n a r y  excre t ion  of d i m e t h y l a t e d  indo leamines  in schizo- 
phren ia ,  we also e x a m i n e d  t he  ur ine  samples  of 2 of t he  5 
acu te  sch izophren ics  descr ibed  in th i s  s tudy .  N - d i me thy l -  
t r y p t a m i n e ,  5 - m e t h o x y - N - d i m e t h y l t r y p t a m i n e  and  bufo-  
t e n i n  were iden t i f i ed  in t he  free a m i n e  f rac t ions  in  the  

ur ine  samples  of b o t h  pa t i en t s ,  b y  two-d imens iona l  t h i n -  
l ayer  c h r o m a t o g r a p h y ,  as well  as b y  gas- l iquid c h r o m a t o -  
g raphy .  The  l a t t e r  resul t s  will be  pub l i shed  in a s epa ra t e  
c o m m u n i c a t i o n .  

Resumen. E n  nues t ros  es tud ios  en  sangre  de esquizo- 
frenicos agudos,  h e m o s  encon t rado ,  u sando  c roma to -  
graf ia  en  capa  de lgada  y c r o m a t o g r a f i a  gaseosa l iquida ,  
d i m e t i l t r i p t a m i n a ,  y 5-metoxi-N,  N - d i m e t i l t r i p t a m i n a .  E n  
solo uno  de ellos ha l l amos  bu fo ten ina .  Es t a s  subs t anc i a s  
no  fue ron  d e t e c t a d a s  en  n u e v e  esquizofrenicos cronicos,  
dos no rma les  y u n  enfe rmo depresivo.  
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LDH Isoenzyme Spectrum in the Myocardium of 

W h e n  i sopro te reno l  is a d m i n i s t e r e d  in large doses i t  
causes  ca rd iac  necrosis  1, 2. If, however ,  i t  is g iven  in sma l l  
doses for  severa l  days,  t he re  is a n  increase  in the  res i s t ance  
of t h e  m y o c a r d i u m  to necrogenic  doses of t h i s  ca techol -  
a m i n e  3, a n d  a t  t he  s ame  t i m e  a n  increase  in t he  to le rance  
of t h e  r i g h t  ven t r i c l e  to  acu te  a n o x i a  4. 

I sop ro t e reno l  c a r d i o p a t h y  is a c c o m p a n i e d  b y  a m a r k e d  
sh i f t  in  t h e  L D H  i soenzyme  s p e c t r u m  of t he  m y o c a r d i u m  
in  f a v o u r  of a n  anae rob i c  t y p e  of m e t a b o l i s m  5,6. W e  
the re fo re  ra i sed  t he  ques t ion  of w h e t h e r  one  of t h e  fac tors  
respons ib le  for increased  to le rance  of t he  h e a r t  to  acu te  
a n o x i a  a n d  i sopro te reno l  necrosis  in  r a t s  a d a p t e d  to  smal l  
doses of i sopro te reno l  is a changed  c a p a c i t y  for anae rob i c  
glycolysis .  

Methods. The  e x p e r i m e n t s  were m a d e  on  W i s t a r  ra ts ,  
ave rage  we igh t  250 g, fed on  a n o r m a l  l a b o r a t o r y  d ie t  w i t h  
w a t e r  ad  l ib i tum.  I sop ro te reno l  (Spofa) in  doses of 1 mg /  
kg  b o d y  we igh t  (6 • mg/kg)  was  in jec ted  s.c. a t  24h in te r -  
va ls  for  6 days.  2 days  a f te r  t h e  las t  dose of i soproterenol ,  
t he  r a t s  were d e c a p i t a t e d  a n d  enzym es  d e t e r m i n e d  in t he  
en t i r e  m y o c a r d i u m .  

Card iac  t i ssue  was  homogen ized  a t  0~ in ve rona l  
buf fe r  a t  p H  8.4 a n d  cen t r i fuged  a t  15,000 r p m  for 30 rain,  
L D H  isoenzymes  were d e t e r m i n e d  in t he  s u p e r n a t a n t  b y  
e lec t rophores i s  in aga rL  I s o e n z y m a t i c  a c t i v i t y  was de- 
t e c t e d  b y  n i t r ob lue  t e t r azo l ium,  e v a l u a t e d  on  an  E R I  10- 
Zeiss J e n a  dens i tome te r ,  a n d  t h e  curves  c o n s t r u c t e d  b y  
p l a n i m e t r y .  The  p r o p o r t i o n  of t h e  s epa ra t e  i soenzymes  
was  expressed  as a pe rcen t age  of t he  t o t a l  a rea  of t he  
curve.  The  p e r c e n t a g e  of M-un i t s  was  ca lcu la ted  on  t h e  
basis  of t h e  r e p r e s e n t a t i o n  in  t h e  i n d i v i d u a l  i soenzymes  8. 
T o t a l  l a c t a t e  d e h y d r o g e n a s e  (LDH) a n d  m a l a t e  dehydro -  
genase  (MDH) a c t i v i t y  were m e a s u r e d  spec t ropho to -  
m e t r i c a l l y  b y  obse rv ing  decrease  of e x t i n c t i o n  a t  340 n m  
a n d  t h e  specific a c t i v i t y  expressed  in txM N A D H / h / g  wet  
weight .  

Rats after Repeated Doses of Isoproterenol 

Results. The  m y o c a r d i u m  of r a t s  which  h a d  received 
in jec t ions  of i sopro te reno l  for 6 days  showed  a m a r k e d  
sh i f t  of t he  l a c t a t e  dehyd rogenase  i soenzyme s p e c t r u m  
t o w a r d s  slower i soenzymes  of t h e  M- type  (Figure).  L D H  1 
va lues  were decreased ( P <  0.001), whereas  L D H  4 a n d  
L D H  5 were s ign i f ican t ly  increased.  These  changes  c lear ly  
ref lect  a n  increased  p r o p o r t i o n  of M-subun i t s  of L D H ,  
wh ich  is ev idence  t h a t  t he re  was a decrease  in t he  t y p e  of 
m e t a b o l i s m  o b t a i n i n g  energy  v ia  ox ida t ive  cycles in  
f a v o u r  of t he  t y p e  of m e t a b o l i s m  w i t h  energy  f o r m a t i o n  
b y  anae rob i c  glycolysis.  To ta l  L D H  and  M D H  a c t i v i t y  
r e m a i n e d  unchanged .  

Discussion. These  resul t s  show t h a t  in  r a t s  a d a p t e d  to 
sma l l  doses of i sopro te reno l  the re  is a n  increase  in t he  
r a t io  of anae rob i c  to  aerobic  t y p e  of L D H  isoenzymes.  The  
increased  anaerob ios i s  is p r o b a b l y  one of t he  fac to rs  re- 
spons ib le  for t he  g rea te r  res i s tance  of these  r a t s  to  acu te  
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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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