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The Effect of Myokinase on the Aggregation and Disaggregation of Thrombocytes  

Al though  the  aggregat ion  of t h r o m b o c y t e s  has  been 
known  for more  t h a n  5 years  1 its metabol ic  base has  no t  
ye t  been  cleared up complete ly .  I t  is p re sumed  t h a t  an 
i m p o r t a n t  role can  be ascr ibed to  t he  in ter ference  of 
aggregat ion  fac tors  wi th  the  me tabo l i sm of macroergic  
phospha t e s  2,3. 

Fo r  th is  reason, the  re la t ion be tween  the  aggregat ion  
effects  of adrenal ine  and A D P  is of grea t  interest .  I t  is 
p re sumed  t h a t  adrenal ine  induces  aggregat ion by  liber- 
a t ing  A D P  f rom the  in ter ior  of t h r o m b o c y t e s  and  t h a t  
A D P  is the  p roper  aggregat ion  factor  1,2,4. Never theless ,  
evidence has been  given t h a t  there  are differences 
be tween  the  effects  of adrenal ine  and  ADP.  La te ly  
O'BRIEN 5 descr ibed a d i f fe rent  effect  of A D P  and  
adrenal ine  on the  shape  of t h rombocy te s .  

P la te le t  aggregat ion  due to  A D P  is reversible  and  
shows a t e n d e n c y  to  a spon taneous  d isaggregat ion  of 
the  formed c lumps  6. W h e n  using high concen t ra t ions  of 
A D P  (5 • 10-4M) we es tabl ished in our  expe r imen t s  
an a lmos t  comple te  d isaggregat ion  following 20 min 
agi ta t ing.  Con t ra ry  to  this,  t he  aggregat ion  due to adre-  
nal ine in a concen t r a t ion  of 5 • 10 ~M under  the  same 
condi t ions  showed no t  the  least  t e n d e n c y  to  spon taneous  
d isaggregat ion  (Table II).  In  adrena l ine- induced  t h ro m-  
bocy te  aggregat ion  we m a y  suppose  a more  durable  and 
deeper  in t e rven t ion  into t h r o m b o c y t e  metabo l i sm.  This 
possibi l i ty  has  a l ready  been  po in ted  out  by  O'BRIEN. 

An a t t e m p t  to  d is in tegra te  adrenal ine  aggrega ted  
t h r o m b o c y t e s  therefore  seemed no t  to be wi thou t  interest .  

T h r o m b o c y t e  d isaggregat ion  is expla ined  by  the  de- 
compos i t ion  of A D P  into  A M P  or adenosine  and phos-  
phorus ,  i.e. in to  factors  inhib i t ing  aggregat ion  3. 

As bo th  aggregat ion  and  disaggregat ion depend  on the  
condi t ions  of ATP,  A D P  and AMP a we resolved to  s tudy  
how t h e y  would be inf luenced by  myokinase .  Myokinase  
is an enzyme decompos ing  2 molecules of A D P  into  1 
molecule A T P  and  1 molecule AMP. Thus  we m a y  sup- 
pose t h a t  it  would inh ib i t  no t  only the  aggregat ion  due 
to ADP,  bu t  also t h a t  induced by  adrenal ine,  which  is 
med ia t ed  by  A D P  as well. And  finally we m a y  expec t  
its d i saggrega t ing  effect  on adrenal ine  p roduced  aggre- 
gates.  

In  our  expe r imen t s  we used p la te le t - r ich  h u m a n  p lasma  
p repared  according to  BORN and CROSS e . We  measu red  
aggregat ion  according to our  own modif ica t ion  of 
O'BRIEN'S m e t h o d  7. For  inves t iga t ing  the  inhibi t ion of 
aggregat ion,  we mixed  toge the r  myok inase  (C. F. B6h- 
r inger und S6hne) wi th  p la te le t - r ich  p l a sma  in a rat io 
of 100 ~xg and  50 ~g/ml, respect ively.  Fol lowing a 5-min 
incuba t ion  we added  adrenal ine  or A D P  and measured  
the  degree of aggregat ion.  The degree of aggregat ion  was 
expressed  in %. As 100% aggregat ion  we took the  drop  
in ex t inc t ion  following the  addi t ion  of adrenal ine  or ADP.  

The inhibi t ion was eva lua ted  f rom the  reduc t ion  of 
th is  drop  in ex t inc t ion  and i ts  degree expressed  in %.  

Fo r  measur ing  disaggregat ion we ag i ta ted  the  aggre- 
ga ted  t h r o m b o c y t e s  for 20 min  wi th  myok inase  or am-  
m o n i u m  sulphate .  Samples  w i thou t  myokinase  or a m m o -  
n ium su lpha te  were t r ea t ed  in the  same way. Disaggre- 
gat ion was eva lua ted  f rom the  increase in ex t inc t ion  due 
to  t he  presence  of d ispersed t h rombocy te s .  As 100% 
disaggregat ion we took the  re- increase in ex t inc t ion  to  
the  original value found  pr ior  to  add i t ion  of the  aggregat-  
ing substance .  

We  s tudied  the  effect  of a m m o n i u m  su lpha te  as it  is 
p a r t  of Myokinase  B6hringer .  I t s  concen t ra t ions  were  
chosen to cor respond  to  those  con ta ined  in t he  myok inase  

prepara t ions .  The aim was to ver i fy  t he  effect  of myoki-  
nase  itself. 

Table  I shows t h a t  a m m o n i u m  su lpha te  blocked pla te-  
let  aggregat ion  induced b o t h  b y  adrenal ine  and  ADP,  
in keeping wi th  the  f inding of HASLAM s. The presence  
of myokinase  reinforced the  inh ib i to ry  effect  of ammo-  
n ium su lpha te  and we m a y  say t h a t  myok inase  by  itself 
b locked p la te le t  aggregat ion due to  adrenal ine  and  ADP.  

More in teres t ing  was the  f inding t h a t  myokinase  
b ro u g h t  abou t  a d isaggregat ion  of t h r o m b o c y t e s  aggre- 
ga ted  by  adrenal ine  (Table II).  

Tab le  I. Inh ib i t ion  of t h r o m b o c y t e  a g g r e g a t i o n  

Myok inase  (NH4)2SO 4 Degree of % of S.D. No. of 
aggre- inhibi- experi- 
gation tion a merits 
(%) 

A D P  5 • 1 0 - 6 M  

0 0 + 100.00 0 7.75 11 
0 6.4 • 10-2M + 43.21 56.79 9.23 10 
0 3.2 • 10 2M + 52.12 47.88 11.28 10 
100/xg/ml 6.4 • 10-2M + 3.23 96.77 12.30 7 
50 [xg/inl 3.2 • 10-2M + 24.31 75.69 6.82 6 

Adrenaline 5 • 10 ~M 

0 0 + 100.00 0 11.51 25 
0 6.4• 10 2M + 68.13 31.87 14.06 10 
0 3.2 • 10-2M + 75.07 24.93 13.95 10 
100 [zg/inl 6.4 • 10-~M -- 1 . 4 5  101.45  10.83 6 
50~g/inl 3.2 • 10 eM + 36.10 63.90 11.29 6 

a S ta t i s t i ca l ly  s igni f icant  inh ib i t ion .  F o r  s t a t i s t i ca l  e v a l u a t i o n  t- 
test was used. 

Tab le  11. D i sagg rega t i on  of a g g r e g a t e d  t h ro Inbocy t e s  

Myokinase  (NH4)2SO a % of S .D.  No. of 
disaggre- experiments 
gation 

A D P  5 • 10 6 M  

0 0 --  88.88 a 3.78 11 

Adrena l ine  5 • 1 0 - S M  

0 6.4 • 10 2M -- 1.96 8.09 15 
0 0 --  3.77 5.33 13 
100 ~xg/inl 6.4 • 10 2M -- !21 .69  a 14.99 15 

a S t a t i s t i ca l ly  s igni f icant  d i saggrega t ion .  
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The  inh ib i to ry  effect  of myokinase  on adrenal ine  
induced  p la te le t  aggregat ion  indicates  t h a t  th is  aggre- 
ga t ion  is caused b y  an in ter ference  of adrenal ine  wi th  
t he  me tabo l i sm of A T P  and ADP.  

The d isaggregat ing  effect  of myokinase  suppor t s  the  
view t h a t  d isaggregat ion is also an act ive  metabol ic  
process  in which  high energy  p h o s p h a t e s  p lay  an impor-  
t a n t  role. 

The clinical mean ing  of th is  f inding is t h a t  it  shows 
the  poss ibi l i ty  of reduced p la te le t  aggregabi l i ty  w h e n  
myok inase  is released, for ins tance  f rom myocard ia l  
infarct .  Released myok inase  could enhance  p la te le t  dis- 
aggregat ion  and  thus  reduce the  danger  of m i c r o t h r o m b i  
format ion .  

Zusammen/assung. Myokinase,  welche die U m w a n d l u n g  
yon  2 Molekiilen A D P  in je 1 Molekiil AMP und  A T P  
kata lysier t ,  h e m m t  die durch  A D P  sowie du tch  Adrena l in  
hervorgerufene  T h r o m b o z y t e n a g g r e g a t i o n  betrAchtl ich.  
Myokinase  un te r s t i i t z t  die Desaggrega t ion  der  durch  
Adrena l in  aggregier ten  T h ro mb o zy t en .  Diese Befunde  
weisen darauf  hin, dass  die makroe rgen  P h o s p h a t e  n ich t  
nur  fiir die Aggregat ion,  sondern  such  fiir die Desaggrega-  
t ion eine bedeu t ende  Rolle spielen. 
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The Development of the Amylase  Activity in Blood and its Behaviour in the Amniotic  Fluid in Rats 

I t  is well known  t h a t  the  amylase  ac t iv i ty  ra te  in blood, 
according to  i ts  behav iour  in the  duodenal  juice, is slow 
in the  new-born  and  reaches the  normal  adul t  level wi th in  
the  f i rs t  2 years  of life 1-4. E m p l o y i n g  our  own micro-  
m e t h o d  we examined  th is  course of d e v e l o p m e n t  in 
Wis t a r  ra t s  dur ing  the  first  hal f  year  of life. To de te rmine  
amylase  act iv i ty ,  0.02 ml of capi l lary blood (or amnio t ic  
fluid) were suspended  in 0.5 ml  of 0.9% NaCl-solution,  
centr i fuged,  and the  s u p e r n a t a n t  di lut ion examined  in 
the  same w a y  as descr ibed for h u m a n  s e r u m 5  

The resul ts  are shown in the  Figure.  The f e rmen t  
ac t iv i ty  ra te  is expressed in t e rms  of g% amylase  ac t iv i ty  
(=  hydro lys is  of 1 g of s ta rch  in a 0.12% solut ion a t  
p H  6.8 and  37 ~ wi th in  30 min  by  100 ml of blood). 

The  examina t i on  of the  amylase  ac t iv i ty  ra te  in b lood 
and  in t he  amnio t ic  fluid of the  ra t  foetuses as well as in 
the  blood of the  respect ive  p r e g n a n t  animals  yie lded the  
values  compi led  in the  Table.  

Amylase  ac t iv i ty  is observed  in the  blood of ra t  foetuses  
weighing 1 g and  more.  The mean  values  increase f rom 
b i r th  up unt i l  abou t  the  twe l f th  day  of life, reaching the  
no rma l  adu l t  level. 

I t  m u s t  be no ted  t h a t  th is  increase coincides w i th  t he  
per iod dur ing  which  the  animals  ingest  exclusively by  

lactat ion.  Thus,  con t r a ry  to  t he  a s sumpt ion  wi th  regard  
to h u m a n s  6, it  is no t  necessary  to  expose the  organism to  
the  physiological  subs t r a t e  of the  amylase  (starch) for t he  
full d e v e l o p m e n t  of th is  f e rment .  

No amylase  ac t iv i ty  is observed  in t he  amniot ic  fluid 
dur ing  the  early per iod of foetal  deve lopmen t  either.  
Above  a foetal  weigh t  of 0.9 g the  amylase  ac t iv i ty  ra te  
increases rap id ly  to  values which  can a m o u n t  to  a b o u t  
the  20-fold of those  of t he  foetal  blood, or the  5-fold of  
the  m o t h e r ' s  blood. The amylase  ac t iv i ty  ra te  drops  con- 
s iderably  a t  the  end of the  g rav id i ty  w i th  the  decrease of 
the  a m o u n t  of amnio t ic  fluid. 
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Amylase activity of the amniotic fluid and in the blood of foetuses and the respective pregnant rats 

Weight of Amniotic fluid Blood of foetus 
foetus (g) 

No. Vol. (ml) Amylase activity Amylase activity 
(g%) range (g%) No. ~" (g%) range (g%) 

Pregnant 
rat 
Amylase 
activity 
(g%) 

0.166 9 ~ 0.2 0 . . . .  11.3 
0.320 6 ,-~ 0.2 0 - 4 0 - 16.3 
0.5 2 ,~0.2 0 . . . .  15.3 
0.9 8 ,~0.3 0 - 8 0 - 22.5 
0.9 2 ~ 0.3 2.5 (2.5-2.5) - - 12.8 
1.9 2 ,~ 0.5 24.1 (23.7-24.4) 5 4.3 (3.4-6.0) 12.2 
2.9 4 ~ 0.5 54.3 (46.0-62.7) 6 6.5 (5.1-7.5) 20.0 
4.0 3 < 0.1 17.7 (14.4-19.6) 3 6.7 (6.5-7.0) 21.3 
4.5 3 --~ 0.5 91.5 (72.0-114.1) 3 4.7 (2.4-6.3) 22.3 
4.5 4 < 0.1 13.9 (10.8-16.1) 6 4.8 (4.1-5.6) 13.7 
5.0 2 < 0.1 16.8 (14.4-18.6) 2 5.6 (4.4-7.0) 22.2 
New-born , 
5.0 . . . .  33 6.4 (4.4-9:3) - 


