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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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The ea r thworms  used were Eisenia /oetida, isolated 
f rom known  locat ions and  ma in t a ined  in the  l abora to ry  
for a t  least  2 years,  and  Dendrobaena veneta collected 
f rom the  wild. The worms  were cul tured in a pea t -cha lk  
mix tu re  (100:1), in pe t r i  dishes and  ma in t a ined  at  15 ~ 
Graf ts  were made  be tween  cl i tel late worms  of s imilar  age 
(120 days) and  size (60 mm).  The worms  were anaes-  
the t i zed  for 5 rain in 70/0 e thanol  in e a r t h w o r m  saline and 
graf ts  cut  f rom the  dorsal  b o d y  wall (3 • 2 mm) wi th  fine 

Summary of graft combination and statistical analysis 

Donor Host Hyperacute rejection (%) Z ~ 

ET -+ EU 53 
EU -~ EU 39 

EU -+ ET 55 
ET -~ ET 35 

ET -+ ET 35 
EU -+ EU 20 

ET -~ EU 53 
EU -+ ET 55 

EU Autograft 20 
EU ---->- EU 39 

ET Autograft 24 
ET -+ ET 35 

EU Autograft 20 
ET -+ EU 53 

ET Autograft 24 
EU -+ EU 55 

EU Autograft 20 
DV -+ EU 52 

ET Autograft 24 
DV -+ ET 50 

EU -+ EU 
Same population 

5 day interval between grafts 
1st set graft 29 
2nd set graft 50 

8 day interval between grafts 
1st set graft 28 
2rid set graft 75 

4.3796- 

7.7815 b 

0.2556 

0.3070 

3.8788, 

1.5568 

10.2546 b 

9.5085"0 

7.2180"o 

4.0614 b 

21,5666 

4.4979 

scissors. The graf t  bed of t he  hos t  was no t  s w ab b ed  ou t  to  
r emove  excess coelomic fluid, the  graf t  was placed in th is  
ma in ta in ing  its original  pos ter ior  an te r ior  o r ien ta t ion  a f te r  
some t r i m m i n g  if necessary  to allow for a good fit. No 
sutures  were used to hold  the  graf t  in place. E a c h  opera-  
t ion  was carr ied out  whi ls t  the  an imal  was laid on a cold 
p la te  ma in t a ined  at  2 ~ The worms  were t h e n  t rans fe r red  
to  indiv idual  pe t r i  dishes  conta in ing  d a m p  fi l ter  paper .  
The expe r imen ta l  mater ia l  was observed at  2 hour ly  
in tervals  for t he  first  6 h, af ter  which  t ime  t h e y  were 
mois tened  again, t h e y  were  t h e n  observed at  24 hour ly  
intervals .  Graf ts  were made  be tween  the  donor - rec ip ien t  
combina t ions  shown in the  Table  which also shows the  
percen tage  of hype racu t e  re jec t ions  for each combina t ion .  
Autogra f t s  showed a hype racu t e  reject ion ra te  of a b o u t  
20% and  as there  should be full compat ib i l i ty ,  th is  ra te  
p robab ly  represents  a t rue  base  level for technica l  failure. 
The hype racu te  re jec t ion  ra te  for p r i m a r y  al lograft  and  
xenogra f t  combina t ions  is in all cases cons iderably  grea te r  
and  Z 2 analysis  shows the  differences to  be s ignif icant  a t  
0.05% level. W i t h  second set  graf ts  the re  was mark ed  hy-  
pe racu te  re ject ion when  the  t ime  in te rva l  be tween  first  and  
second graf t  was 5 and  8 days.  Publ i shed  work  suggests  
th is  t ime  in te rva l  be tween  f irs t  and  second graf ts  pro-  
duces t he  grea tes t  accelerated re jec t ion  of second graf ts  4. 

I t  seems likely t hen  t h a t  th is  excess of hype racu t e  
re ject ions  seen in a l lograf ts  and  xenogra f t s  does ref lect  
t he  incompa t ib i l i t y  of donor  and  recipient .  Graf t  
re ject ion wi th in  24 h in such combina t ions  can no longer 
be ascribed solely to  technica l  failure, and  the  under ly ing  
mechanisms ,  w h e t h e r  cellular or humoral ,  deserve 
fu r the r  s tudy .  

Zusammen/assung.  Das P h ~ n o m e n  der  h y p e r a k u t e n  
T ran s p l an t a t -A b s t o s s u n g  ( innerhalb  von  24 h) wurde  bei 
I n v e r t e b r a t e n  un te rsuch t .  Diese rasche Abs tossungs-  
reak t ion  wird  s ignif ikant  hgufiger  bei  Allo- oder  Xeno-  
als bei A u t o t r a n s p l a n t a t i o n e n  beobach te t .  Dies spr ich t  
fiir das Vorl iegen einer Inkompat ibi l i t~t tsreakt ion.  

M. PARRY 5 

Department o/ Biology and Geology, Polytechnic o~ 
North London, Holloway, London N 7  8 D B  
(England), 73 August  797d. 

E U, Eisenia/oetida unicolor; ET, Eisenia ]oe tida typica; DV, Dendro- 
baena veneta. �9 0.05 > p > 0.01. b 0.01 > p > 0.001. ~ Special thanks to Dr. A. TERRY for her help. 

T h e  Inf luence  of Cycl ic  N u c l e o t i d e s  ( c - A M P  and c - G M P )  on the  N i t r o u s  Blue  T e t r a z o l i u m  
R e d u c t i o n  b y  H u m a n  P o l y m o r p h o n u c l e a r  L e u c o c y t e s  

The pa r t i c ipa t ion  of Adenos ine  3 ' :5 ' -cycl ic  mono-  
p h o s p h a t e  (cyclic-AMP) in var ious  metabo l ic  processes  
accompan ing  phagocytos i s  of par t ic les  by  po lymorpho-  
nuclear  (PMN) leucocytes  is t he  subjec t  of con t rove r sy  
in recen t  l i t e ra ture  1-8. SCHELL-FREDERICK4, recen t ly  
r epo r t ed  t h a t  add i t ion  of cycl ic-AMP or re la ted  sub- 
s tances  does no t  influence the  glucose ox ida t ion  and CO2 
product ion ,  t he  two  basic processes  s t imu la t ed  b y  
par t ic le  ingest ion.  QUALITIONE et  al. ~ d e m o n s t r a t e d  an 
inhib i t ion  of hexose -monophospha t e  s h u n t  ac t iv i ty  
following admin i s t r a t ion  of cyclic-AMP, d ibu ty ry l  cyclic- 
A M P  and  caffeine. 

These con t r ad i c to ry  repor t s  p r o m p t e d  us to  inves t iga te  
t he  inf luence of cycl ic-AMP and  subs tances  k n o w n  to  
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