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Fig. 1. Different forms of agent particles loosely attached to several 
platelets. Some of the platelets show degranulation and reduced 
density. Very dense bodies are seen within some platelet vacuoles. 
Part of a lymphocyte is seen in the upper right corner. × 7,500. 
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:Fig. 2. Agent particles attached to a platelet. A chain form with 4 
'beads' is seen above the platelet. Below this platelet, to the left of 
centre, a particle has almost completed its division. Ribosome-like 
granules are dispersed in the ground substance of the particles. The 

particles are bounded by a plasma membrane, x 46,000. 

T h e  a p p a r e n t  spec i f ic i ty  of t h e  a g e n t - p l a t e l e t  associa-  
t ion ,  if  con f i rmed ,  wou ld  m e a n  d i scove ry  of a p r ev ious ly  
un recogn ized  r e l a t i onsh ip  b e t w e e n  mic roo rgan i sms  a n d  
h o s t  cells. 

Zusammenlassung. Bei  e i n e m  den  b o v i n e n  T h r o m b o -  
z y t e n  a n l i e g e n d e n  M i k r o o r g a n i s m u s  w e r d e n  e l e k t r o n e n -  
mik roskop i sch  b e s c h r i e b e n :  P o l y m o r p h e  1.5-  0.4 # mes-  
sende  Gebi lde  m i t  fe iner  P l a s m a m e m b r a n  a n  de r  Ober -  

fl/iche u n d  r i b o s o m e n ~ h n l i c h e n  S t r u k t u r e n  i m  Inner~;  
die h h n l i c h k e i t  m i t  Mycop ta sma ,  E p e r y t h r o z o e n  un m 

H a e m o b a r t o n e l l e n  zeigen. 

J.  TuoMI a n d  C.-H. YON BONSDOggf 

The Electron Microscope Laboratory, University o[ 
Helsinki, Helsinki (Finland), October 17, 1966. 

Correlation Between Functional and Morpho-  
logical Heart Changes Due to Isoproterenol 

I n  e x p e r i m e n t s  c o n c e r n i n g  i s o p r o t e r e n o M n d u c e d  h e a r t  
necroses  (L~szKoVSZKV a n d  GkL, to  be  pub l i shed)  t h e  
ques t i on  was ra i sed  w h e t h e r  some a l t e r a t i o n s  could be  
de t ec t ed  in  t h e  h e a r t s  d a m a g e d  w i t h  i sopro te reno l  before  
t he  a p p e a r a n c e  of h i s to log ica l ly  d e t e c t a b l e  necroses.  F r o m  
t h i s  p o i n t  of v iew t h e  o b s e r v a t i o n  of E C G  t r ac ings  
seemed  n o t  to  b e  a n  a p p r o p r i a t e  m e t h o d ,  s ince i t  is k n o w n  
f rom HILL e t  al. 1 t h a t  ECG changes  caused  b y  isopro-  
t e r e n o l - i n d u c e d  h e a r t  necroses  are c o n s i d e r a b l y  less 
m a r k e d  t h a n  those  due  to  m y o c a r d i a l  i n fa rc t ions  of 
d i e t a r y  origin.  More was expec t ed  f rom a t e s t  w i t h  i.v. 
a d m i n i s t e r e d  vasopress in ,  w h i c h  induces  h y p o x i a  a n d  
i s c h a e m i a  of ca rd i ac  musc le  w i t h  c o r r e s p o n d i n g  E C G  
changes  (e leva t ion  of T waves) .  T h e  inc idence  of t h i s  
p h e n o m e n o n  depends  on  the  dose of va sop re s s in ;  t h u s  

dose-effec t  cu rves  c a n  be  p l o t t e d  in  t h i s  w a y  (TARDOS gild 
LESZXOVSZKV~). I s o p r o t e r e n o l - i n d u c e d  h e a r t  necroses  ar~ 
genera l ly  be l i eved  to  be  t h e  consequence  of m y o c a r d i ~  
i schaemia ,  so i t  c an  be  e x p e c t e d  t h a t  t h e  a n i m a l s '  senSI" 
t i v i t y  to  a v a s o p re s s i n - i n d u ced  hypox ic - i s chaemic  s tate  
could  be  a l t e red  w i t h o u t  t h e  d e v e l o p m e n t  of morph0". 
logical  a l t e ra t ions .  There fore  i t  was e x a m i n e d  whether  
t h e  s e n s i t i v i t y  of r a t s  to  va sop re s s in  was increased  bY 
doses  of i sop ro t e reno t  sma l l e r  t h a n  t hose  i n d u c i n g  histO" 
logical ly  d e t e c t a b l e  necroses .  

Male a lb ino  r a t s  of a n  i n b r e d  co lony  weigh ing  150-250 g 
were  used in t h e  ex p e r i men t s .  T h e  an i ma l s  were g iven  2 

1 R. HILL, A. N. HOWARD, and G. A. GRESHAM, Brit. J. exp. path. 
4], 633 (1960). 
L. TARDOS and G. LESZKOVSZKV, Arehs int. Pharmacodyn. T hSr" 
145, 293 (1963). 



15.2. 1967 Speeialia 113 

S.C. injections of t h e  same  dose of D,L-isoproterenol  
hYdrochloride freshly dissolved in isotonic saline in a 

U~e of 0.2 ml/100 g b o d y  weight  24 h passed be tween  
t--~ - injections and tests  were er)ormed 24 h a f te r  the  p 
Second injection.  The  ef fec t ive  doses (ED~0) of vaso-  
pressin Causing myocard ia l  i schaemia  (i.e. causing T-wave  
elevation of a t  least  1 ram) were de te rmined  according to 
the raethod of LITCHFIELD and WILCOXON a on groups of 

0 rats t rea ted  wi th  t he  same dose of isoproterenoI.  
~..aSOpressin was adminis te red  in the  fo rm of a poster ior  
~km.ltary ex t rac t  (Glandui t r in® in jec t ion  10 I U / m l ;  
reenter " • . . " • . , Budapest)  d i lu ted wath lsotonm saline to the. 

i~ lurae of 0,2 ml/100 g body  weight .  Morphological  
ages were eva lua ted  in paraff in  sections s ta ined wi th  

a~atoxylin and eosin by  means  of a q u a n t i t a t i v e  his to-  
ical - me thod  developed b y  us (G~L et  al. ). T h e  ra ts  

: r e  Sacrificed by  e ther  over -anaes thes ia  24 h a f te r  t he  
e ~ d  inject ion of isoproterenol .  

he sens i t iv i ty  of the  rats  to myocard ia l  hypox ia  is 
~creased by  p r e t r e a t m e n t  w i th  i soproterenol :  the  doses 
e~aGlanduitrin requi red  to produce  appropr ia te  ECG 
, nges are cons iderab ly  decreased.  The  ED~0 va lue  in 

rats t reated wi th  2 . 0 . 2  mg /kg  isoproterenol  is a l ready  

IS°Proterenol ~ag/kg s.c. Glanduitrin, U/kg 
ED~0 Fiducial 

limits 

0.86 0.51 -1.45 
j 0.68 0,402-L150 

2,0.10 0.83 [ 0.98 0.6t7-1.560 ~ 

2,0.11 0.62 0.386-0,998 
2.0.13 0.54 0.302-0.966 • 

2,0.15 0,45 0.237-0,856 ~ 

2,0.2 0.40 0.238-0.671 
2,0.5 0.40 0.247-0.647 ~ 
2. 2 

0.272 0.185-0.400 ~ 
2. 5 

0.198 0.124-0,314 ~ 

*P ~ 0.05 as compared with the control group. ~ p < 0.05 as 
%rapared with the control group. 

s igni f icant ly  smal ler  t h a n  t h a t  in non-pre t r ea ted  controls .  
De ta i l ed  resul ts  are  shown in the  Table.  

The  changes in t h e  sens i t iv i ty  to vasopress in  are  shown 
graphica l ly  in the  F igure  as the  funct ion  of the  2 doses of 
i soproterenol  in jec ted  into the  rats.  Doses of i soproterenol  
are  p lo t ted  on a logar i thmic  scale and the  sens i t iv i ty  to 
vasopressin is expressed by  the  reciprocal  va lue  of the  
effect ive  dose (EDs0) of Glandui t r in .  By  this  means  a 
dose-effect  curve  p ropor t iona l  to the  increases in log doses 
is obta ined .  I t s  m a t h e m a t i c a l  fo rmula  is as follows: 
Y = 1.8875 log x + 3.4400. The  dose-effect  cu rve  of t he  
morphologica l  a l te ra t ions  based on the  m e a n  values  and 
S.E. of the  index  numbers  of seve r i ty  counted  in the  dif- 
ferent  groups is demons t r a t ed  in the  same figure. 2 • 10 
mg /kg  of isoproterenol  a l ready  caused wel l -marked  necro- 
ses; w i th  increasing doses the i r  sever i ty  increased, the  
equa t ion  of the  curve  being Y ---- 15.0647 log x -- 10,8089. 

The  2 curves  presen ted  in t he  F igure  are  near ly  paral le l  
bu t  there  is a considerable  hor izonta l  shif t  be tween  them.  
The  slope of the  curve  of t he  morphologica l  changes be- 
gins a t  2 • 10 mg/kg ;  the sens i t iv i ty  to hypox ia  is a l r eady  
m a x i m a l  below this dose level. Thus,  our  results  suggest  
t h a t  smal l  doses of isoproterenol ,  which do no t  induce 
de tec tab le  his tological  changes,  do cause some damage  to  
t he  myocard ium.  So this  tes t  w i t h  vasopress in  in jec t ion  
seems to  be a more  sensi t ive m e t h o d  for de tec t ing  t h e  
pa thologica l  s ta te  of the  hear t  t h a n  the  histological  
examina t ion .  

According  to BEZNA, K and HACKER 5 histological  
changes in the  m y o c a r d i u m  precede the  funct ional  dis- 
tu rbances  s tud ied  b y  them.  Never theless ,  by  adequa te  
tests ,  e.g. wi th  i .v.  adminis te red  vasopressin,  func t iona l  
d is turbances  can be  de tec ted  wi thou t  the  deve lopmen t  of 
his tological  changes.  This  is in accordance  wi th  t he  ideas 
expla in ing  the  pathogenes is  of  isoproterenol-induced 
myocard ia l  necroses by  ischaemia (R6sA et  al. s ROSI~-  
BT.UM et  al. ~) and wi th  results  of measurements  of 
me tabo l i sm and hear t  ra te  of i sopro te renol - t rea ted  ra ts  
(STRUBELT and  BREININGS). 

Zusammenfassung. In t r aven6s  verabre ich tes  Vasopres-  
sin (Hypophysen -Hin t e r l appen -Ex t r ak t )  ve ru r sach t  hy-  
poxisch- ischaemische EKG-Ver~nderunger~ an  m i t  Iso- 
p ro te renol  vo rbehande l t en  R a t t e n  (wesentl ich kleinere 
Dosen als bei Normal t ieren) .  Dieser Vasopress in-Test  er- 
laubt  den Nachweis  einer herzsch~digenden W i r k u n g  yon  
Isopro te renol  berei ts  m i t  Dosen, die noch zu keiner  histo-  
logisch e rkennha ren  Ver~nderung  (Nekrose) des Myo-  
ka rd iums  fi ihrten.  
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~'.effeet curves of sensitivity to vasopressin (left) and histo- 
~°l~gical changes (right) as the functions of the 2 s.c. injections 

of isoproterenol, 
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