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t h r o m b a s t h e n i c  p la te le ts .  I t  has  been  p rev ious ly  de- 
m o n s t r a t e d  t h a t  t h e  release r eac t ion  induced  b y  col lagen 
or t h r o m b i n  in  s t i r red  p l a t e l e t - r i ch  p l a s m a  is n o r m a l  in  
t h r o m b a s t h e n i a  ~. I n  t he  p r e sen t  s tudy ,  we e x a m i n e d  t h e  
i n t e r a c t i o n  of p la te le t s  in  a n t i c o a g u l a t e d  whole  b lood  
w i t h  a phys io logica l  s u r f a c e  ( subendo the l ium)  u n d e r  
cond i t ions  of b lood flow t h a t  s i m u l a t e  those  in ar ter ies .  
Our  f ind ings  d e m o n s t r a t e  t h a t  t h e  bas ic  defect  in  
t h r o m b a s t h e n i a  is n e i t h e r  in  adhes ion  no r  in t he  release 
r eac t ion  b u t  r a t h e r  in  t h e  m e c h a n i s m  i n v o l v e d  in p la t e l e t  
aggregat ion .  E x p o s u r e  of s u b e n d o t h e l i u m  to  f lowing 
b lood in  t he  per fus ion  c h a m b e r  has  p r o v e d  useful  in  

f u r t h e r  def in ing  t h e  n a t u r e  of t h e  p la t e l e t  defects  in  
severa l  b leed ing  disorders .  I n  y o n  WILLEBRAND'S 
disease 2 an d  in t h e  BERNARD-SOULIER s y n d r o m e  3, we 
found  decreased  p l a t e l e t  adhes ion ,  whereas  agg rega t ion  
was normal .  In  con t ras t ,  agg rega t ion  was m a r k e d l y  
r educed  in p a t i e n t s  w i t h  s torage  pool  disease or in  n o r m a l  
sub jec t s  a f te r  asp i r in  inges t ion  12, b u t  n e v e r  to  t h e  e x t e n t  
obse rved  ill p a t i e n t s  M.C. an d  M.M. w i t h  classical  
t h r o m b a s t h e n i a .  

Zusammen/assung. Mit  Hilfe  e iner  n e u e n  Perfus ions-  
k a m m e r  f a n d  sich eine n o rma l e  Adh/ i s ion  y o n  Blu t -  
p l / i t t chen  a m  S u b e n d o t h e l  u n d  eine feh lende  Aggrega t ion  
der  P lXt tchen  u n t e r e i n a n d e r  bei  2 P a t i e n t e n  m i t  T h r o m b -  
ast l lenie  GLA~ZMANN. N o r m a l e  A u s b r e i t u n g  de r  P l~ t t -  
chen  a m  S u b e n d o t h e l  z u s a m m e n  m i t  e iner  n o r m a l e n  
D e g r a n u l a t i o n  u n d  d e m  feh lenden  A n e i n a n d e r h a f t e n  der  
Pl~Lttchen z u m  A u f b a u  eines P l ~ t t c h e n t h r o m b u s  f i ih ren  
u n t e r  Ber t i cks i ch t igung  der  a n  P a t i e n t e n  m i t  a l lderen  
P l ~ t t c h e n f u n k t i o n s s t 6 r u n g e n  g e w o n n e n e n  Ergebn i s se  zum 
Schluss, dass  A d h e s i o n  u n d  Aggrega t ion  au f  verschiede-  
n e n  M e c h a n i s m e n  b e r u h e n .  
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Fig. 3. Electron micrograph of a leukocyte in close association with 
thrombasthenie platelets spread out on the subendothelial surface. 
The black bar indicates 1 [xm. 
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F r a c t i o n s  of T r a p p e d  P l a s m a  in the P a c k e d  Red B l o o d  Cel ls  of Materna l ,  Feta l  and Ox B l o o d s  

M e a s u r e m e n t s  of e lec t ro ly te  and  non-e lec t ro ly te  con- 
c en t r a t i ons  of i n t r a e r y t h r o c y t e s  are occas ional ly  m a d e  b y  
us ing  spec imens  of packed  red b lood cells s epa ra t ed  f rom 
p l a s m a  b y  cen t r i fuga t ion .  Smal l  po r t ions  of p l a s m a  
t r a p p e d  i n  t he  specimens,  t he  e x t e n t s  of wh ich  are  
d e p e n d e n t  on  t he  cond i t ions  of c en t r i f uga t i on  1 however ,  
p roduce  errors  in  t h e  m e a s u r e m e n t s  of concen t r a t i o n s  of 
i n t r a e r y t h r o c y t e s .  W h e n  more  accu ra t e  m e a s u r e m e n t s  
are  required ,  resul t s  o b t a i n e d  f rom the  packed  red  b lood 
cells should  be  cor rec ted  for t he  v o l u m e  of t r a p p e d  p l a s m a  
and  concen t r a t i ons  in  t he  p lasma.  Recent ly ,  we h a d  a n  
o p p o r t u n i t y  to  t ake  a m e a s u r e m e n t  of chlor ide  con- 
c en t r a t i ons  of p l a s m a  a n d  i n t r a e r y t h r o c y t e s  in  n o r m a l  
m a t e r n a l ,  fe ta l  and  ox bloods  in order  to  d e t e r m i n e  t h e  
D o n n a n  d i s t r i b u t i o n  ra t io  of C1- b e t w e e n  p l a s m a  an d  
i n t r a e r y t h r o c y t e s  f rom each  sample .  I n  t he  course of 
chlor ide  d e t e r m i n a t i o n s  of t he  i n t r a e r y t h r o c y t e s ,  we 
needed  resul t s  conce rn ing  t he  vo lume  of t r a p p e d  p l a s m a  
for these  3 t ypes  of blood. However ,  s ince no  such  s tud ies  
of these  t ypes  of b lood  were found  in  t he  l i t e ra tu re ,  t h e  
p r e sen t  e x p e r i m e n t  was  des igned to  i nves t i ga t e  th i s  
p rob lem.  

Materials and methods. I m m e d i a t e l y  a f te r  del ivery,  5 ml  
each  of m a t e r n a l  an d  fe ta l  b lood  were s ampled  f rom the  
a r m  ve in  a n d  t h e  umbi l i ca l  cord, respect ively .  Ox b lood 
was sampled  d u r i n g  venesec t ion  a t  a s l augh te rhouse .  
H e p a r i n  was used as a n  an t i coagu lan t .  The  v o l u m e  of 
t r a p p e d  p l a s m a  was d e t e r m i n e d  us ing  bas ica l ly  t he  
m e t h o d  of JACKSON a n d  NUTT 1. 4/100 ml  of 10~o T-1824 
d y e - R i n g e r  so lu t ion  were added  b y  mic rosyr inge  to 2 ml  
of t h e  b lood  sample  which  h a d  been  p laced  in a la rger  
syringe,  an d  t h e  2 f luids were t h o r o u g h l y  mixed .  E a c h  of 
t h e  samples  of dyed  b lood t h u s  p r e p a r e d  a n d  u n d y e d  
b lood (original  blood) was infused in to  a m i c r o - h e m a t o c r i t  
cap i l la ry  (1.5 m m  in inside d i a m e t e r  a n d  75 m m  in length)  
a n d  cen t r i fuged  a t  10,200 x g  for 5 min.  Red  cell v o l u m e  
(hematocr i t )  was  t h e n  m e a s u r e d  exc lud ing  t h e  bu f fy  
coat.  P a c k e d  red  b lood ceils were s epa ra t ed  f rom t h e  b u l l y  
coa t  an d  p l a s m a  b y  c u t t i n g  t h e  cap i l l a ry  1 m m  below the  
bu f fy  coat ,  a n d  a n  a l i quo t  of 0.03 ml  of i t  was  p i p e t t e d  
in to  2.0 ml  of R i n g e r  so lu t ion  p laced  in a s i l iconized 

1 D. M. JACKSON and M. E. NUTT, J. Physiol., L0nd. 115, 196 (1951). 
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centr ifuge tube.  The tube  was gent ly  ro ta ted  to mix  bo th  
solutions thoroughly  and centr i fuged a t  3,000 r p m  for 
10 min  to ob ta in  a clear supernatant .  The opt ical  dens i ty  
of the  supe rna tan t  obta ined  f rom the  dyed blood was 
read at  570 nm against  the  superna tan t  obta ined f rom 
the  undyed  blood. Dyed  plasma separa ted  f rom the  
packed red blood cells was used for p repara t ion  of a 
s tandard  solut ion of the  dye. 3/10o ml  of the  dyed p lasma 
was p ipe t t ed  into a 50 ml -gradua ted  flask and di luted wi th  
Ringer  solution. The  opt ical  dens i ty  of the  s tandard  
solut ion was read against  R inger  solution. I n  the  course 
of p ipe t t ing  0.03 ml  of packed red blood cells into 2.0 ml  
of Ringer  solut ion as ment ioned  above,  the  red blood cells 
adher ing to the  p ipe t te  were washed several  t imes  wi th  
the  Ringer  solut ion so t h a t  any  visible t race  of the  red 
blood cells was t ransfused into the  solution. This procedure  
was done ve ry  careful ly in order to p reven t  hemolysis.  I f  
the  superna tan ts  were reddish, the  results f rom these 
samples were discarded. Percent  of p lasma t r apped  in 
the  packed red blood cells was calculated according to the  
me thod  of JACKSON and NU~T ~. Red  blood cell counts  
were de te rmined  by  a rout ine  technique  under  a l ight  
microscope. Mean corpuscular  vo lume  (MCV) was 
calculated as red cell vo lume/ red  blood cell counts.  

Results and discussion. The Table  shows that ,  under  our 
exper imenta l  conditions,  the  t rapped  p lasma conten t  
in the  packed red blood cells was 1.5% for ma te rna l  blood 
and 1.1% for fe ta l  blood, the  difference be tween  these 

Percent of trapped plasma and mean corpuscular volume (MCV) 

Blood Trapped plasma ( % ) MCV (~zm ~) 

Maternal 1.5:1:0.10 (15) 96.5 q- 3.94 (6) 
Fetal 1.1 :t: 0.11 (13) 116.2 -1- 5.16 (7) 
Ox 5.3 :I: 0.29 (15) 60.0 • 3.34 (6) 

The values represent mean =L SE. Numbers of samples measured are 
shown in parentheses. 

values  being signif icant  (p < 0.02 according to S tuden t  
t-test). I n  ox blood, the  percentage  was marked ly  high, 
at  5.3%. The Table  also indicates  t ha t  the  magni tude  of 
t r apped  p lasma is inversely re la ted to MCV, i.e., the  
smaller  the  MCV, the  higher  the  percentage  of t r apped  
plasma. This re la t ionship supports  the  results of C~tlEN 
et al. ~ in which percentages of t r apped  p lasma were 1 to 
3% in bloods of elephant,  man  and dog (MCV 112 to 
72 ~m~), 4% in sheep blood (MCV 37 ~in 3) and 9% in 
goat  blood (MCV 18 t~m a) under  the  condi t ions  of centrifu- 
ga t ion  a t  15 ,000•  for 5 rain. The  MCV values  for 
maternal ,  fetal  and ox bloods obta ined  in our  s tudy  were 
qui te  s imilar  to those described elsewhere 3. W h e n  
ery throcytes  of small  diameters ,  such as those found in 
ruminants ,  are subjec ted  to exper iments  such as hemato-  
cri t  de te rmina t ion  and concent ra t ion  measurements  using 
specimens of packed red blood cells, errors caused by  
intercel lular  p lasma t rapping  should be considered in 
order to ob ta in  more accurate  results. 

Zusammen[assung. t31utproben verschiedener  Her-  
kunf t  enthie l ten  nach  5 min  Zent r i fugat ion  bei 15000 g 
im Ery th rozy t ensed imen t  folgenden P lasmageha l t :  
menschliches Erwachsenenblu t  1, 5 %, menschliches Nabel-  
schnurblut  1,1% und Ochsenblut  5,3%. 
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H y p e r a c u t e  Graft  Rejec t ion  in Eiseniafoetida typica and Eisenia/oetida unicolor 

The acceptance  or  re ject ion of graf ted tissues and 
organs has been ex tens ive ly  s tudied in ver tebra tes  and 
much  knowledge has been gained of the  under ly ing 
immunologica l  mechanisms which lead to reject ion of 
al lografts  and xenograf ts  in immunologica l ly  compe ten t  
recipients.  In  an a t t e m p t  to s tudy  the  evolu t ionary  origins 
of these mechanisms,  some pre l iminary  inves t igat ions  
have  been carried out  in inver teb ra te  systems, par t icu-  
lar ly  in the  ear thworms where t ransp lan ta t ions  of body  
wall  provides  a convenien t  assay procedure.  

Autograf ts ,  a l lografts  and xenograf ts  have  been s tudied 
in Eisenia/oetida and Lumbricus terrestris and the  degree 
of re ject ion has been moni to red  by the  loss of p igment  from 
the  graft  surface1-3. Most autograf ts  heal  in successfully 
and are fully accepted ; al lografts are ini t ia l ly  accepted bu t  
la ter  undergo acute  (2-20 days) or chronic (20-250 days) 
re ject ion;  xenograf ts  are usual ly  re jected in an acute  
manner .  Ea r thworms  car ry ing  a p r imary  graf t  general ly 
re jec t  a second al lograft  or xenograf t  in an accelerated 
fashion similar  to the 'second set  re jec t ion '  of ver tebra tes  
and indicat ing immunologica l  memory.  I t  is also claimed 

tha t  accelerated re ject ion m a y  be achieved in an un- 
sensit ized recipient  by  t ransferr ing coelomocytes  f rom 
the  pu ta t ive  donor.  

I n  all the  publ ished repor ts  there  is ment ion  of ex- 
t remely  rapid  graf t  re jec t ion  occurr ing wi th in  24 h. This  
rapid  re ject ion is also seen in a propor t ion  of autograf ts  
and has therefore  been ascribed to ' technical  fa i lure '  
r a the r  than  incompat ib i l i ty .  F r o m  ini t ial  exper iments ,  
I gained the  impression t h a t  this  ' hyperacu te '  re ject ion 
was more  often seen wi th  al lografts  and xenograf ts  
t han  wi th  autograf ts .  The  present  inves t iga t ion  was 
designed to de te rmine  whe ther  this was indeed so, and 
whether  a propor t ion  of graf t  re ject ions pu t  down to 
technical  failure migh t  instead be related to incompat ib i l -  
i ty  be tween  donor and recipient.  
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