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e n z y m a t i c  changes  are e n h a n c e d  b y  the  d r u g - p r e t r e a t -  
men t .  Also, t he  card iac  changes  i nduced  b y  e n d o t o x i n  
a n d  h i s t a m i n e  in r a b b i t s  were ident ica l ,  sugges t ing  t h a t  
e n d o t o x i n  shock  m i g h t  be m e d i a t e d  b y  h i s t a m i n e  in v ivo  8. 

I t  was  k n o w n  t h a t  no  s ign i f ican t  b lood pool ing  in the  
h e p a t o - s p l a n c h i n i c  sys t em of r a b b i t  a f te r  e n d o t o x i n  in- 
fus ion ~, and  t he  obse rved  m y o c a r d i a l  S D H  a c t i v i t y  
changes  m i g h t  h a v e  been  b r o u g h t  a b o u t  b y  p r i m a r y  ac- 
t i o n  of e n d o t o x i n  on  t he  h e a r t  a t  t he  g iven  per iod  of t ime  
(15 min) .  Previous ly ,  s t r ep to lys in -O was t he  on ly  k n o w n  
bac te r i a l  t o x i n  to induce  p r i m a r y  card iac  depress ion  1~ 
E v e n  t h o u g h  no  depress ion  of f unc t i on  h a s  b e e n  found  
a f t e r  e n d o t o x i n  infus ion  in t he  i so la ted  r a b b i t  h e a r t  n ,  t he  
p re sen t  s t u d y  is cons i s t en t  w i t h  our  r ecen t  f indings  m a d e  
a f t e r  c o r o n a r y  in fus ion  of e n d o t o x i n  in t h e  can ine  hea r t ,  
in  situ.  I t  was  seen t h a t  card iac  m e c h a n i c a l  a n d  bio- 
chemica l  func t iona l  changes  t h a t  occur red  ~*, s t rong ly  
sugges ted  t h a t  the  e n d o t o x i n  m i g h t  r eac t  p r imar i l y  on  
t he  h e a r t  as well as on  t he  pe r iphe ra l  vessels. W e  also 
found  t h a t  exogenous  h i s t a m i n e  infus ion  in to  the  coro- 
n a r y  a r t e r y  resu l ted  in m y o c a r d i a l  func t iona l  changes  
s imi la r  to  t h a t  of e n d o t o x i n  shockl3,1.. 

Zusammen/assung. Escherichia coli-Endotoxin (1 m g  
pe r  kg) wurde  in die Ohrvene  yon  K a n i n c h e n  in j iz ie r t :  

Die Su cc i n a t -d eh y d ro g en as e -  u n d  C y t o c h r o m o x y d a s e -  
Aktivi tS. t  in  den  Mi tochondr i en  des Herzmuske l s  wurde  
n a c h  15 m i n  verAnder t .  Es  is t  wahrsche in l ich ,  dass  das  
E n d o t o x i n  sowohl  auf  das  Herz,  als a u c h  auf  die peri-  
p h e r e n  GefAsse d i r ek t  wirkt .  
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Effect of Acute  and E x h a u s t i v e  E x e r c i s e  U p o n  
the  Fine S t r u c t u r e  of Hear t  M i t o c h o n d r i a  

M i t o c h o n d r i a  are a m o n g  t h e  m o s t  labi le  of m y o c a r d i a l  
s t ruc tu res ,  and  the  f i rs t  to  r eac t  to  d i f fe rent  s t imul i .  Most  
of t he  s tud ies  conce rn ing  the  modi f i ca t ions  of m i tochon -  
d r ia l  fine s t r u c t u r e  in  d i f fe ren t  s tages  of card iac  f u n c t i o n a l  
over load  h a v e  been  m a d e  a f t e r  long- las t ing  s t imul i .  Acute  
a n d  e x h a u s t i v e  exercise r ep resen t s  p e r h a p s  one of t h e  
be s t  ways  to  o b t a i n  card iac  func t iona l  over load  in a s h o r t  
t ime.  I n  t he  p re sen t  r epo r t  t he  modi f i ca t ions  of mi to -  
chondr i a l  fine s t r u c t u r e  a f t e r  acu te  and  e x h a u s t i v e  exer-  
cise are descr ibed.  

The  o b s e r v a t i o n s  were pe r fo rmed  on t he  hea r t s  of 12 
h e a l t h y  a d u l t  dogs wh ich  were s u b m i t t e d  to acu te  a n d  
e x h a u s t i v e  exercise forcing t h e m  to swim in a t a n k  filled 
w i t h  w a r m  w a t e r  (24 ~ u n t i l  t h e y  b e c a m e  e x h a u s t e d  a n d  
s a n k  in to  t h e  water .  Th i s  occur red  a f te r  va r i ab l e  per iods  
of t ime,  r a n g i n g  b e t w e e n  40 a n d  90 min,  accord ing  to the  
s t r e n g t h  of the  animals .  I m m e d i a t e l y  a f t e r  t h a t  the  dogs 
were a n a e s t h e t i z e d  a n d  a smal l  piece of t he  t ip  of t h e  
h e a r t  was  r e m o v e d  a n d  f ixed in cold 6 .25% g lu ta ra lde -  
h y d e  in  cacody la te  buf fe r  t. The  m a t e r i a l  was  pos t - f ixed  
in o s m i u m  t e t rox ide  and  e m b e d d e d  in Ara ld i t e  2. 

The  e lec t ron  mic rog raphs  of t he  h e a r t  sect ions  revea led  
t h e  ex is tence  of m i t o c h o n d r i a  of u n u s u a l  size. I n  some 
cases the  m i t o c h o n d r i a l  mass  r ep re sen t ed  more  t h a n  one 
ha l f  of t he  whole m y o c a r d i a l  a rea  (Figure  1). The  increase  
in m i t 0 c h o n d r i a l  size could be  seen  u n d e r  t h r ee  d i f fe ren t  
aspects .  I n  some cases the re  a p p e a r e d  to be  a fusion of 
n e i g h b o u r i n g  m i t o c h o n d r i a ,  a p p e a r i n g  as long and  s lender  
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Fig. 1. Increase of the mitochondrial mass. In this micrograph most 
of the myocardium is represented by mitoehondria with some swelling 

of the matrix, x 12,000. 
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m i t o c h o n d r i a  w i t h  l eng ths  compr i s ing  severa l  sa rcomeres  
(Figure 2). I n  o t h e r  cases, b u l k y  forms wider  t h a n  n o r m a l  
were found,  especial ly  in  those  m i t o c h o n d r i a  w i t h  a sub-  
p l a s m a l e m m a l  or  pe r inuc lea r  local izat ion,  a l t h o u g h  oc- 
cas ional ly  t he  e n l a r g e m e n t  was no t iced  in  those  loca ted  
a m o n g  the  myof ibr i l s .  The  m i t o c h o n d r i a  appea red  t h e n  
as large bodies  w i t h  a l eng th  compr i s ing  severa l  sarco-  

meres  an d  a n  a lmos t  equa l  wid th .  T h e y  p resen ted  n o r m a l  
looking cr is tae  of an  u n u s u a l  length ,  b u t  in  a g r e e m e n t  
w i t h  t h e  increase  in m i t o c h o n d r i a l  size (Figures  3 a n d  4). 
Las t ly ,  t he  m i t o c h o n d r i a  increased  in size as t h e  r e su l t  of 
an  a p p a r e n t  swelling, w i t h  a decrease  of t h e  e lec t ron  
dens i ty  of t h e  m a t r i x  an d  of t h e  n u m b e r  of cr is tae,  wh ich  
appea red  per ipher ica l ly  loca ted  a n d  occas ional ly  dis- 
rup ted .  Somet imes  a c o m b i n a t i o n  of t h e  modi f i ca t ions  
was found.  G i a n t  m i t o c h o n d r i a  w i t h  pa r t i a l  vacuo l i za t ion  
of the  m a t r i x  a n d  d i s r u p t i o n  of the  cr i s tae  were fre- 
q u e n t l y  obse rved  (Figure 5). 

Inc rease  of t h e  m i t o c h o n d r i a l  size h a s  been  found  in t he  
dog m y o c a r d i u m  u n d e r  severa l  e x p e r i m e n t a l  condi t ions .  
F u n c t i o n a l  over load  a f t e r  e x p e r i m e n t a l  aor t ic  s tenosis  h a s  
been  the  p rocedure  m o s t  usua l ly  employed  3,~. However ,  

Fig.  2. Probable  fus ion of ne ighbou r ing  nf i tochondr ia .  In th is  a rea  
mos t  of them exceed 3 sa rcomeres  i~ leng th .  • 14,000. 

Fig. 4 

Figs. 3 a n d  4. Increase  in m i t o c h o n d r i a  i nd iv idua l  size. The  cr i s tae  
are  u n u s u a l l y  long a n d  a p p e a r  o r ien ted  in a n  i r r egu la r  fashion .  

Fig.  3 x 19,000, F i g . 4  x 21,000. 

Fig.  5. G ian t  m i t o c h o n d r i a  wi th  a j u x t a n u c l e a r  local izat ion.  P a r t i a l  
swelling of the matrix and disruption of the criatae may be seen. 

Neighbouring mitochondria are of normal size. • 5,000. 

Fig.  3 
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m o s t  of the  s tud ies  h a v e  been  m a d e  a long t i m e  a f t e r  t h e  
s tenosis  was  pe r fo rmed .  To ou r  knowledge,  t h e  on ly  s t u d y  
m a d e  a f t e r  a sho r t  t i m e  is t h a t  of MEEt~SON et  al.3, two  
days  a f t e r  the  ca rd iac  func t iona l  over load  s ta r ted .  Swell- 
ing of m i t o c h o n d r i a  a n d  vacuo l i za t ion  of the  m a t r i x  h a v e  
been  obse rved  a f t e r  severaI  degrees  of i schaemiaS-L  I n  
th i s  case, no  increase  of m i t o c h o n d r i a l  size was  r epor ted .  

The  modi f i ca t ions  descr ibed  in th i s  p a p e r  are s imi la r  to  
those  found  a f t e r  func t iona l  ove r load  and  ischaemia .  I t  is 
p r o b a b l e  t h a t  t h e y  are t he  r e su l t  of b o t h  k inds  of s t imul i .  
However ,  w h a t  was  s t r ik ing  was  the  r a p i d i t y  of the  a l te ra -  
t ions .  A l t h o u g h  some of t h e m ,  such  as t h e  swelling, could  
r e a s o n a b l y  occur  in  a few minutes ,  t he  fusion and  ap-  
pea rance  of g i a n t  m i t o c h o n d r i a  ind ica te  in  our  op in ion  a 
t r ue  increase  in m i t o c h o n d r i a l  mass,  w i t h  ac t ive  repro-  
duc t ive  p h e n o m e n a .  To ou r  knowledge,  no  biological  
s y s t e m  h a s  ye t  b e e n  r epo r t ed  where  such  a r ap id  increase  
in m i t o c h o n d r i a l  mass  occurs. 

A p p a r e n t l y ,  t he  m y o c a r d i a l  m i t o c h o n d r i a  possess t he  
ab i l i ty  to  r ep roduce  in a s h o r t  t ime,  in  response  to  s t imul i  
t h a t  p roduce  a n  acu te  func t iona l  over load.  

Zusammen[assung. Eine  deut l iche  V e r m e h r u n g  de r  
M i t o c h o n d r i e n z a h l  u n d  -gr6sse in  den  Herzmuske lze l l en  
wurde  in H u n d e n  d u t c h  e rzwungenes  S c h w i m m e n  (rasche 
und  e r sch6pfende  Leis tung)  festgestel l t .  
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Inhibition of Amphibian Egg Development by 
Histones 

The  histories are t he  basic  nuc lea r  p ro te ins  of a n i m a l  
a n d  p l a n t  cells. T h e y  seem to be invo lved  in the  r egu la t i on  
of  t he  gene a c t i v i t y  ~,2. However ,  some recen t  r epo r t s  sug-  
gest  a more  i m p o r t a n t  role in th i s  respect  for the  non -bas i c  
nuc lea r  p ro t e in s  a. 13iochemical ev idence  shows t h a t  his-  
tones  i n h i b i t  D N A - p r i m e d  R N A  syn thes i s  in pea  seed- 
lings, m a m m a l i a  a n d  b a c t e r i a  4-s. Moreover ,  t he  a c t i v i t y  
of D N A - p o l y m e r a s e  is d imin i shed  b y  t he  add i t i on  of 
h i s tones  a t  h igh  c o n c e n t r a t i o n s  9-n.  This  i n h i b i t o r y  effect  
is p r o b a b l y  r e l a t ed  to  the  f o r m a t i o n  of a D N A - h i s t o n e  
complex,  wh ich  is u n a b l e  to  ac t  as ' p r imer '  for t he  nucle ic  
acids  syn thes i s  ~,12. O n  t he  o t h e r  h a n d ,  se lect ive  r e m o v a l  
of t he  b i s tones  f rom t h e  nuc leus  b y  mi ld  t r y p s i n  t r e a t m e n t  
enhances  m - R N A  syn thes i s  6. Ve ry  s imi lar  effect  is ob-  
t a i n e d  b y  a c e t y l a t i o n  and  m e t h y l a t i o n  of h is tones ,  a n d  
th i s  revers ib le  m e c h a n i s m  could  be respons ib le  for t he  
r egu la t ion  of genes in  v ivo  13. 

MOORE 14 suggests  t h a t ,  d u r i n g  ear ly  e m b r y o n i c  de-  
v e l o p m e n t ,  before  gas t ru l a t ion ,  mos t  of the  s t r u c t u r a l  
genes  are  ' t u r n e d  off '  because  t h e y  are closely assoc ia ted  
w i t h  h is tones .  Af te r  gas t ru l a t ion ,  the  genes are ' t u r n e d  on '  
b y  changes  in  t h e  D N A - h i s t o n e  associat ion.  I n  t h i s  r e spec t  
t he  t r e a t m e n t  of a m p h i b i a n  eggs b y  h i s tones  g rea t ly  in-  
h i b i t s  ga s t ru l a t i on  xs. 

W e  t r e a t e d  t he  eggs of A n u r a n s  (Discoglossus pictus) 
w i t h  lys ine- r ich  (HL) a n d  a rg in ine- r ich  (HA) f rac t ions  of 
caif  t h y m u s  h i s tones  t6. T he  eggs t r e a t e d  w i t h  0.4-0.1 
m g / m l  of H L  f r ac t ion  a t  two  b la s tomeres  are  b locked  
d u r i n g  c leavage;  w i t h  0.05-0.0 25 m g / m l  the  d e v e l o p m e n t  
s tops  a t  t he  gas t ru l a  stage.  

I n  t he  f i rs t  case t h e  resu l t s  are l ikely to be  r e l a t ed  to  
t h e  i n h i b i t i o n  of D N A - p o I y m e r a s e  reac t ion .  A t  lower  con-  
cen t ra t ions ,  however ,  on ly  t he  D N A - p r i m e d  R N A - s y n -  
thes is  could be  affected,  and  d e v e l o p m e n t  s tops  a t  gas t ru -  
la t ion,  w h e n  new molecules  of m - R N A  are requi red  for t he  
d i f f e ren t i a t ion  lL Af te r  t he  gas t ru l a  stage,  t he  eggs be-  
come re l a t ive ly  insens i t ive  a n d  the  effects of the  t r e a t -  
m e n t  are u n i m p o r t a n t .  The  H A  f rac t ion  has  t he  same  

effect  b u t  a t  h igher  concen t r a t i ons .  T h e  p r o t a m i n e  f rom 
s a l m o n  mi l t  is as effect ive as H L  fract ion.  

W i t h  sho r t e r  t r e a t m e n t  (2 h) b e t w e e n  two b l a s tomere s  
a n d  la te  b l a s t u l a  s t age s ,  0.05-0.025 m g / m l  H L  is able  to  
i nh ib i t  t he  d e v e l o p m e n t :  on ly  a few eggs gas t ru la t e  a n d  
fo rm a b n o r m a l  tadpoles .  

The  d e v e l o p m e n t a l  a b n o r m a l i t i e s  are  r e m a r k a b l e  in  
eve ry  e m b r y o n i c  a p p a r a t u s  (microcephaly ,  cyclopia,  ad-  
hes ive  o rgans  fused, o l f ac to ry  o rgans  absen t ,  vacuo l a r  
no tochord ,  sp ina  b i f ida  a n d  e x t e r n a l  in tes t ine) .  A t  gas t ru -  
l a t ion  the  i n h i b i t o r y  effects beg in  a t  concen t r a t i ons  of 0.2 
mg/ml ,  a n d  t he  t adpo les  h a v e  g rea t ly  r educed  tails. Af te r  
th i s  s tage  on ly  10 h t r e a t m e n t  can  p roduce  func t iona l  ab-  
no rma l i t i e s  in  t he  tadpoles .  The  m a r k e d  i n h i b i t o r y  effect  
on  morphogenes i s  p r o d u c e d  b y  br ief  t r e a t m e n t  w i t h  h is -  
tones  f rom c leavage  to the  b l a s t u l a  s tage,  suggests  t h a t  
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