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ASA activity (mU/mi) in the plasma of dogs in hemorrhagic shock (n = 52) 
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Period Control Hypotension Post-rein fusion 

Sample No. 1 2 3 4 5 6 

Mean 11.04 7.59 7.23 8.49 9.98 10.74 
Median 9.58 6.24 6.24 7.29 8.33 8.74 
20th percentile 7.20 5.04 4.99 5.12 6.08 6.58 
80th percentile 13.49 9.33 8.91 9.96 12.58 14.62 

P ~ P % 0.05 P ~ 0.01 

Probability of random occurrence of difference from the control value. 

when  blood f rom the  reservoir  was reinfused in t ravenousIy  
FolIowing re infusion the  animals  were observed for an 
addi t iona l  90 min.  Blood samples  (5 ml) were t aken  in 
the  control  period,  in the  10th and  80th min of the  hypo-  
tens ive  per iod and  30, 60 and  90 min  af ter  t he  end of 
reinfusion.  ASA ac t iv i ty  was de t e rmined  in p lasma  by  the  
m e t h o d  of BAUM, DODGSON and  SPENCER 9 using p- 
n i t rocha techo l  su lpha te  in ace ta te  buffer,  p H  5, as 
subs t r a t e  and  an incuba t ion  per iod of 180 rain. Sta t is t ica l  
analysis  was done by  the  m e t h o d  of WILcOXON 1~ 
Percent i les  11 were used to e s t ima te  v a r i a t i o n  

Resul t s  are summar ized  in t h e  Table.  I t  can be seen 
t h a t  ASA ac t iv i ty  in p l a sma  shows a decreas ing t e n d e n c y  
a l ready at  the  beg inn ing  of the  hypo tens ive  period,  and  is 
s ignif icant ly  lower t h a n  control  values by  the  end of t he  
period.  The low ASA ac t iv i ty  begins  to  rise s o m e w h a t  
af ter  re infusion and reaches  app rox ima te ly  control  values 
a t  the  end of the  exper iment .  

We can offer t he  following two hypo theses  for the  
i n t e rp re t a t i on  of these  resul ts :  1. Release of ASA occurs 
f rom organs the  perfus ion of which  is severely d iminished  
dur ing  shock, and  thus  lesser a m o u n t s  of enzyme  can 
reach the  general  circulat ion.  2. Dur ing  shock, inhib i tors  

are released which  decrease the  ac t iv i ty  of ASA in plasma.  
We  have  devised  and  c o m m e n c e d  expe r imen t s  in an 
a t t e m p t  to s tudy  these  possibili t ies.  

Zusammen/assung.  Bei 52 H u n d e n  wurde  in e inem 90 
Minuten  daue rnden  Blu tungs -Schock  mi t  e inem Blut-  
d ruck  yon  40 m m  Hg eine 30%ige V e r m i n d e r u n g  der  
Akt iv i t~ t  der  Arylsul fa tase  A im P l a s ma  beobach te t .  
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Optical  Di f fract ion  S tud ie s  on  S t i m u l a t e d  S ing le  

W h e n  s t r ia ted  muscle  is s t imula ted ,  t he  act in  and 
myos in  f i laments  slide toge the r  p roduc ing  a con t rac t ion  of 
several  pe rcen t  in each of t he  sarcomeres,  t he  repea t ing  
s t ruc tura l  uni ts  abou t  2 ~.m long which  conta in  t he  fila- 
m e n t a r y  mechanism.  Because of the  regular i ty  of these  
sarcomeres  the  muscle  acts  upon  an inc ident  b e a m  of l ight  
as a d i f f ract ion gra t ing  wi th  a spacing equal  to t he  
length  of I sarcomere.  Observa t ions  of changes  in the  
d i f f rac t ion  p a t t e r n  thus  enable  changes  in sarcomere  
length  to  be followed dur ing  muscular  ac t ion 1-4. 

By direct  cin@-photography of the  d i f f rac t ion  p a t t e r n  
dur ing  t e t anus  CLEWORTH and  EDMAN 2'3 inves t iga ted  
the  presence  of t he  f luc tua t ions  in t he  sarcomere  length  
which  had  been  repor ted  by  LARSON et al. 4 and  by  
GOLDSPINI~ et  al. 5. We  have  employed  the  same t echn ique  
to de t e rmine  the  ra te  of f i l ament  sl iding dur ing  an 
isometr ic  con t rac t ion  and  to elucidate  the  na tu re  of 
sarcomere  leng th  changes  dur ing  a twi tch .  

Methods. Single fibres were dissected f rom the  dorsal  
pa r t  of the  semi tend inosus  muscle  of a t ree c l imbing frog 
(Hyla caerulea) and  m o u n t e d  hor izonta l ly  (between a 
t ens ion- t r ansducer  and  a rigid arm) in frog Ringer ' s  
solut ion (NaC1, 115 m M ;  KC1, 2.5 r aM;  CaC12, 1.8 raM;  
Na~HPO4, 2.15 m M ;  NaH~ PO4, 0.85 r a M ;  p H  6.9) a t  
7~ A laser b e a m  was d i rec ted  upon  the  fibre a t  r igh t  
angles to its axis and the  zero and 1st order  d i f f ract ion 

Fibres  of  F r o g  M u s c l e  (Hyla caerulea) 

lines were d isplayed on a screen abou t  40 cm away. 
A moving- f i lm camera  focussed on the  screen p rov ided  
a cont inuous  record of the  spacing be tween  the  d i f f rac t ion  
orders dur ing  act ivat ion.  The f ibre was  s t imula ted  
t ransverse ly  by  a pai r  of p l a t i n u m wire electrodes (0.007" 
diameter)  located immed ia t e ly  ad jacen t  to  the  laser 
beam, so t h a t  t he  i l lumina ted  sarcomeres  were the  f i rs t  to  
contract .  A single 200 ~x sec s n p r a m a x i m a l  pulse or a t ra in  
of such pulses a t  an appropr i a t e  f requency  was used to 
p roduce  a t w i t ch  or a t e t an u s  as required.  The s t imula t ing  
pulses were recorded on the  f i lm by  including a syn- 
chronized l igh t -emi t t ing  diode in the  field of v iew (as seen 
in t h e  Figure).  

Results. Trace A in the  Figure  i l ]ustrates  the  typ ica l  
sarcomere  response  in t e t anus  ob ta ined  f rom a region 
located m i d w a y  along the  length  of a muscle.  The res t ing 
sarcomere  leng th  was  2.6 [zm and  the  t e m p e r a t u r e  7 ~ 
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The init ial  con t rac t ion  of 4.6% takes  place a t  a ra te  of 
150 (-t- 30) %/sec;  w i th  a sarcomere  leng th  of 2.6 ~m 
this  implies t h a t  t he  t h in  and th ick  f i l aments  slide 
toge ther  wi th  a re la t ive  veloci ty  of 2.0 tx/sec. Al though  
the  pho tograph ic  image of the  1st order  line looks coarse 
and il l-defined to the  eye, when  it was scanned  wi th  an 
i sodens i tometer  the  changes  in the  pos i t ion  of the  peak  
in tens i ty  could be de te rmined ,  in favourable  condit ions,  
w i th  0.2% accuracy at  m i n i m u m  t ime  intervals  of 1 msec. 
Wi th in  th is  accuracy no de tec tab le  f luc tua t ions  of the  
first  order  line were p resen t  dur ing  the  p la teau  of a fused 
isometr ic  te tanus .  There  was no immed ia t e  change in 
sarcomere  length  when  the  s t imula t ion  ended, bu t  150 
msec later  the  sarcomeres  sudden ly  con t rac ted  by  a 
fu r ther  5% (the 'after-effect'), and then  en te red  the  
stage of slow re laxat ion to  the i r  initial  lengths.  

An ins t ruc t ive  compar ison  m a y  be m a d e  be tween  th is  
te tan ic  response and t h a t  of a twi tch .  To obta in  the  
tw i t ch  response shown in t he  Figure, t race B, a single 
shock was appl ied to  the  muscle fibre immedia te ly  af ter  
t race A was obta ined.  The close s imi lar i ty  be tween  the  
t e t anus  af ter-effect  and the  la ter  s tages of t he  t w i t ch  
response is emphas ized  by  the  t races  in the  Figure  which  
have  been jux taposed  so t h a t  t he  peaks  of the  shor ten ings  
coincide. Similar compar isons  were found  f rom t w i t ch  
and  t e t anus  responses  a t  o ther  po in t s  along the  length  of 
the  fibre. 

Since the  average sarcomere  con t rac t ion  over  the  whole 
length  of a muscle  fibre held isometr ical ly  mus t  follow the  
changes  in tension,  there  mus t  be some sarcomeres  which  
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Sarcomere length changes of a stimutated muscle fibre recorded by 
displaying the zero and first order diffraction fringes on moving 
film. For reasons of space the zero order beam, which does not deflect 
on stimulation, is not shown on the record. Upward movement of the 
traces corresponds to a contraction of the sarcomeres. Dots below 
trace A and the dot above trace B are time markers produced by a 
light emitting diode synchronized with the stimulating pulses. 
Arrows indicate first and last pulses. Trace A) middle region of fibre 
tetanus. Trace B) middle region of fibre-twitch. The traces are 
aligned to emphasize the similarity of the after-effects. 

behave  in a m a n n e r  c o m p l e m e n t a r y  to  those  sarcomeres  
responsible  for the  af ter-effects  shown in t he  Figure. In  
genera1 sarcomere  po lupa t ions  located near  one or b o t h  
ends of muscle have  th is  p r o p e r t y  a. Thus,  in t he  typ ica l  
response  of sarcomeres  located near  the  t ib ia l  end of a 
muscle a large overshoot  beyond  the  init ial  l eng th  was 
found to  take  place before the  res t ing  leng th  is a t ta ined .  

Discussion. The main  f indings  of t he  expe r imen t s  
descr ibed here are : 1. The ini t ial  ra te  of f i l ament  sl iding in 
sarcomeres  located near  t he  electrodes is of t he  order  of 
2 F/sec a t  7~ which  is close to  the  veloci ty  of free 
isotonic con t rac t ion  at  th is  t e m p e r a t u r e  6. This is to  be 
expec ted  in the  expe r imen t s  descr ibed because, as a 
result  of the  localized s t imula t ion  of t he  fibre, t he  sarco- 
meres  being observed con t rac t  ini t ia l ly against  v i r tua l ly  
no load and  achieve the i r  m a x i m u m  veloci ty  of contrac-  
t ion before t he  ex te rna l  tens ion  has s ignif icant ly  develop-  
ed. 2. There  are no de tec tab le  f luc tua t ions  oi the  mean  
sarcomere  length  a t  the  t ime  of a t e t anus  plateau,  in 
ag reemen t  w i th  the  results  of CLEWORTH and  EDMAN 2, 8. 
I t  m u s t  be noted,  however,  t h a t  the  1 m m  laser b e a m  
spans  about  400 sarcomere  lengths,  so t h a t  th is  observa-  
t ion does no t  exclude the  possibi l i ty  t h a t  small  asyn-  
chronous  oscillations exis t  locally a t  t he  level of one or a 
few sarcomeres.  3. There  is a long per iod wi th  l i t t le  or no 
local sarcomere  length  change  following the  end of 
s t imulat ion.  4. There  is a sudden  fur ther  con t rac t ion  of 
the  middle  sarcomeres  (after-effect) following th is  l a t en t  
period.  As suggested by  HUXLEY and  StMMONS 7 such 
behaviour  can arise dur ing  the  per iod of falling ac t iv i ty  
when  some sarcomeres  become unable  to  suppor t  the  
ex te rna l  tens ion  and 'give' ,  t hus  al lowing the  remain ing  
sarcomeres  to contrac t .  5. The form of the  af ter -ef fec t  is 
essential ly the  same whe the r  in tw i t ch  or in te tanus .  

Zusammen/assung. Die Sarkomer -Bewegung  w~hrend 
isometr ischer  Muske lkon t rak t ion  wurde  m i t  Hilfe der  
L i ch td i f f r ak t io r /un t e r such t .  Die Anfangsgeschwindigke i t  
der  re la t iven Bewegungen  des Act ins  und Myosins be t rug  
bei 7 ~ e twa  2 F/sec-1. Nach  Re iz -Ende  verki i rzen sich die 
Fasern  noch e twas  und  zwar in der  gleichen Art  nach  
Te tanus  wie nach  Einzelzuckung.  
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Effect of  M a n g a n e s e  I o n s  o n  H u m a n  Plate le t  A g g r e g a t i o n  in v i tro  

The p la te le t  release reac t ion  seems to  involve mecha-  
nisms analogous to  those  involved in the  con t rac t ion  of 
muscle fibre1 and  has  s t r ik ing  resemblances  to  the  secre- 
t ion process  of chromaff in  cells, m a s t  cells and  leukocytes  2. 
As i t  has  been  p roved  t h a t  calcium ions are t he  sole 
t r igger ing agent  for the  con t rac t ion  and  secret ion mecha-  
n isms a, 4, i t  is wor th  s tudy ing  the  effects  on p la te le t  
aggregat ion  of agents  in ter fer ing  wi th  the  ac t iv i ty  of 
calcium ions. This paper  deals wi th  the  effects of manga-  
nese ions. 

Materials and methods. Pla te le t  aggregat ion  was 
measured  at  37~ by  the  t u rb id ime t r i c  t echn ique  of 
BOR~ and CRoss ~ using an E E L  Long  Cell Aggregometer  
rood. 169. The 1.2 ml sys t em consis ted of 0.8 ml  of c i t r a ted  
h u m a n  p la te le t - r ich  p l a sma  (PRP,  abou t  3 • l0 s p la t /ml) ,  
0.2 ml of adenos ine -5-d iphospha te  t r i sod ium sal t  (ADP) 
or noradrena l ine  b i t a r t r a t e  (NA) and 0.2 ml  of manganese  
chloride or 0.2 ml  of sod ium chloride (control). The final  
concen t ra t ions  of reagents ,  as salts, in t he  sys tems  were  as 
follows: 1.2 or 2.0 FM ADP,  4.0 ~zM NA, 20.0 m M  


