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Thi s  inc rease  in  t h e  p o t e n t i a l  for  p l a t e l e t  a g g r e g a t i o n  
a n d  p lug  f o r m a t i o n  in no r m a l ,  h u m a n  P R P  in  r e sponse  
to  b i le  sa l t s  is s im i l a r  to  t h a t  p rev ious ly  r e p o r t e d  for  
low c o n c e n t r a t i o n s  of adenosir~e d i p h o s p h a t e  3 a n d  ca l c ium 
ions ~. 

S ince  P R P  is a lways  c o n t a m i n a t e d  w i t h  v a r i a b l e  
n u m b e r s  of r ed  b lood  cells, e r y t h r o c y t e  c o u n t s  were  done  
o n  a l l  P R P s  a n d  were  f o u n d  to  be  less t h a n  1% of t h e  
p l a t e l e t  coun t .  T h u s  a P R P  c o n t a i n i n g  400,000 p l a t e -  
le t s /~ l  c o n t a i n e d  less t h a n  4000 e ry th rocy t e s .  I f  t h e  
ave r ag e  A D P  c o n t e n t  is a s s u m e d  to  be  4 × 1 0 - e M / 1 0  ix 
r ed  cells 4 a n d  if al l  t h e  c o n t a i n e d  A D P  were  re leased  
i n to  t he  t e s t  s y s t e m  t h e n  t h e  f ina l  c o n c e n t r a t i o n  of 
A D P  ( c o n t r i b u t e d  b y  e r y t h r o c y t e s )  would  be  of t h e  o rder  
of  10-SM.  Th i s  a m o u n t  of  A D P  does n o t  cause  r ap id  
p t a t e l e t  agg rega t i on  a n d  p l u g  f o r m a t i o n  (Table) .  How-  
ever ,  i t  m i g h t  be  a rgued  t h a t  ' low d e n s i t y '  red  cells 

Effect of bile salts ~ on platelet aggregation b 

Substance tested Seconds to produce 
First Snow Large ' Plate- 
parti- storm aggre- let 
eles gates plug' 

Sodium deoxycholate 12 19 23 28 
Sodium taurodeoxycholate 20 25 30 
Sodium taurochenodeoxycholate 25 30 35 
Sodium taurocholate 25 35 50 

(Taurine (8 x lO-SM) 35 ~ ~ ° 
Controls ~ADP (I x 10-SM)a 50 ~ ~ 

[Buffered saline c c c 

Each bile salt was tested at a final concentration of 7.5 × 10-4M. 
b Details of the test system are given in reference ~. In brief, 1 ml 
of PRP was added to a plastic loop. This was followed rapidly by 
0.1 ml of buffered saline solution. The loop was closed and the 
contents mixed for 1 rain by rotating at 12 rpm. Bile salt or control 
solution (0.1 ml) was added, the loop was closed and rotated again. 
A stop watch was started to time the occurrence of the aggregation 
parameters. The PRP was kept in siliconized glass tubes at 20°C 
and all tests were run at this temperature. * The event did not 
occur, a Included as a control to show that ADP which could pos- 
sibly be released from small numbers of erythrocytes cannot account 
for the potent effect of bile salts on platelet aggregation. 

r e m a i n i n g  in P R P  m i g h t  r e p r e s e n t  a se lec t  p o r t i o n  of 
t he  t o t a l  r ed  cell  p o p u l a t i o n  w i t h  v e r y  h igh  A D P  c o n t e n t .  
Fo r  t h i s  r ea son  i t  is n o t  poss ib le  a t  t h i s  t i m e  to  ful ly  
exc lude  t h e  poss ib i l i ty  t h a t  c o m p o n e n t s  re leased  f rom 
red  cells m a y  c o n t r i b u t e  to  p l a t e l e t  agg rega t i on  i n i t i a t e d  
b y  bi le  sal ts .  

E x t r a c t s  of f reeze-dr ied  h u m a n  p l a t e l e t s  h a v e  been  
e x a m i n e d  b y  gas - l iqu id  c h r o m a t o g r a p h y  in t h e  l a b o r a t o r y  
of Dr.  D. KOWLESSAR. T h e  p r e l i m i n a r y  f ind ings  i nd i ca t ed  
p e a k s  w i t h  r e t e n t i o n  t i m e s  s imi la r  to  those  o b t a i n e d  w i t h  
s t a n d a r d s  of deoxychol ic ,  c h e n o d e o x y c h o l i c  a n d  chol ic  
acid a n d  in a m o u n t s  g rea t e r  t h a n  could  be  a c c o u n t e d  
for  b y  c o n t a m i n a t i o n  w i t h  p l a sma .  F u r t h e r  s tud ies  will  
be  necessa ry  before  f ina l  i den t i f i c a t i on  of t he se  p e a k s  
can  be  ach ieved .  

T h e  d a t a  in  t h i s  r e p o r t  i n d i c a t e  t h a t  exogenous  bi le  
sa l t s  can  cause  p l a t e l e t  agg rega t i on  a n d  t h a t  b i le  sa l t s  
m a y  be  p r e sen t  w i t h i n  or  o n  p la te le t s .  A n  i n t e n s i v e  
sea rch  for bi le  sa l t s  or  b i le  acids  in p l a t e l e t s  a p p e a r s  
des i rable .  

Zusammen/assung. Nachweis ,  dass  de r  Zusa t z  v o n  Gal-  
l ensgure  die Aggrega t ion  m e n s c h l i c h e r  P1Attchen im 
P l a s m a  in v i t r o  h e r b e i f i i h r e n  k a n n  u n d  class die SAure 
se lbs t  in  den  P l g t t c h e n  v o r h a n d e n  sein di i r f te .  
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Survival of Embryonic  Limb Bud Transplants  in Snapping  Turtles  x 

E m b r y o l o g i s t s  h a v e  s h o w n  t h a t  a l logeneic  a n d  xeno-  
geneic  t i s sue  c a n  be  t r a n s p l a n t e d  successful ly  b e t w e e n  
e c t o t h e r m i c  v e r t e b r a t e  e m b r y o s  9-. T h e  u l t i m a t e  f a t e  of 
such  gra f t s  rece ived  l i t t l e  a t t e n t i o n  u n t i l  t h e  d iscover ies  
of h i s t o c o m p a t i b i l i t y  an t i gens  a n d  i m m u n o l o g i c a l  to ler -  
ance.  D u r i n g  t h e  p a s t  decade  t h e r e  ha s  been  some  c lar i f ica-  
t i o n  of t h e  r e l a t i o n s h i p  b e t w e e n  i m m u n o l o g i c a l  t o l e r a n c e  
a n d  t h e  degree  of gene t ic  d i s p a r i t y  b e t w e e n  a m p h i b i a n  
d o n o r - h o s t  c o m b i n a t i o n s  3-*. O n  t h e  o t h e r  h a n d ,  o t h e r s  
r e p o r t e d  wide  r anges  of r eac t ions ,  f r om to l e rance  to  
r a p i d  r e j ec t i on  ~, r e j ec t i on  of x e n o g r a f t s  in  one  d i rec t ion ,  
t o l e r a n c e  in  t h e  otherS,  g a n d  r e j ec t ion  or  t o l e rance  
d e p e n d i n g  on  g ra f t  dosage  10, ix. 

A r e c e n t  a r t i c le  f rom ou r  l a b o r a t o r y  r e p o r t e d  t h e  f a t e  
of e m b r y o n i c  t r a n s p l a n t s  in  t w o  xenogene ic  t u r t l e  com-  
b i n a t i o n s .  T h e  r e j ec t i on  of Amyda ferox p a r t s  ( p i g m e n t  
a n d  c a r a p a c e  r u d i m e n t s )  b y  Chelydra serpe~tina, occur red  
a few m o n t h s  a f t e r  h a t c h i n g .  However ,  p a r t i a l  or  com- 
p le t e  a c c e p t a n c e  for  up  to  4 years  of Chysemys picta 

p a r t s  b y  Chelydra serpentina was found  in  al l  cases t~. 
T h e  s tud ies  in  t h e  p r e s e n t  r epo r t  i nvo lve  l i m b  b u d  t r a n s -  
p l an t s ,  whose  v i a b i l i t y  or d e s t r u c t i o n  c a n  be  assessed 
more  a c c u r a t e l y  t h a n  t h a t  of less consp icuous  e m b r y o n i c  
r u d i m e n t s .  These  s tud ies  were des igned  to  i n v e s t i g a t e  t h e  
fa te  of  a l logeneic  a n d  xenogene ic  e m b r y o n i c  t r a n s p l a n t s  
in  t h e  s n a p p i n g  tu r t l e ,  Chelydra serpentina. 

Materials and methods. Stocks  of  s n a p p i n g  tu r t l e s ,  
Chelydra serpentina, a n d  p a i n t e d  tu r t l e s ,  Chrysemys picta, 
w i t h  fer t i le  eggs were o b t a i n e d  in ea r ly  J u n e  f rom t h e  
L e m b e r g e r  C o m p a n y  in  Oshkosh ,  Wiscons in ,  USA,  a n d  
f rom the  Oak  O r c h a r d  C o n s e r v a t i o n  Area  in c e n t r a l  
New York ,  USA.  T h e y  were  fed wh i t e f i sh  once  a week  
a n d  were m a i n t a i n e d  in  a large t a n k  c o n t a i n i n g  3 -4  
inches  of w a t e r  a t  a b o u t  20 °C u n t i l  t h e  p r o c u r e m e n t  of 
t h e i r  eggs. 

T h e  m e t h o d s  of p r o c u r e m e n t  of t u r t l e  eggs, t h e  genera l  
o p e r a t i v e  procedures ,  a n d  t h e  p o s t - o p e r a t i v e  care  used 
in  t h i s  w o r k  were  those  desc r ibed  in a p r ev ious  r e p o r t  as. 
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Operative procedure. L i m b  b u d  t r a n s p l a n t a t i o n  was  
p e r f o r m e d  on  e m b r y o s  b e t w e e n  s tages  12 a n d  13. These  
s tages  were  a t t a i n e d  b y  30 or  35 days  i n c u b a t i o n  a t  
20°C or  a b o u t  9 d a y s  a t  30°C la. Some  eggs were  o p e n e d  
s h o r t l y  a f t e r  p r o c u r e m e n t .  O t h e r s  were  o p e n e d  i m m e -  
d i a t e l y  p r io r  to  ope ra t ion .  B o t h  20 °C a n d  30 °C c o n s t a n t  
t e m p e r a t u r e  boxes  were used in  o rde r  to  r e t a r d  or  speed 
u p  d e v e l o p m e n t  so t h a t  t h e  e m b r y o s  to  be  used  would  
r e a c h  t h e  p r o p e r  s t age  for  o p e r a t i o n  a t  t h e  s a m e  t ime .  

R o u t i n e  s ter i le  t e c h n i q u e  was  used  t h r o u g h o u t  t h e  
opera t ions .  W i t h  t h e  a id  of  a d i s sec t ion  microscope ,  t h e  
v i t e l l ine  a n d  a m n i o t i c  m e m b r a n e s  were  cu t  w i t h  a glass  
need le  to  a t t a i n  access  to  t h e  e m b r y o  itself .  A s h a r p e r  
glass  need le  was  t h e n  used  to  cu t  off t h e  l i m b  as  p rox i -  
m a l l y  as poss ible .  T h e  h o s t ' s  l i m b  was  r e m o v e d  in t h i s  
m a n n e r  a n d  was  d i sca rded .  A d o n o r  l i m b  b u d  was  cu t  
off in  t h e  s a m e  m a n n e r  a n d  was  ca r r i ed  o v e r  to  t h e  h o s t  
in  a d rop  of f lu id  yo lk  b e t w e e n  t h e  p o i n t s  of a pa i r  of 
f ine forceps.  The  t r a n s p l a n t  was  p u s h e d  in to  a n  o r t h o t o p i c  
pos i t i on  on  t he  hos t  e m b r y o  w i t h  a b l u n t  glass needle .  
A sma l l  piece of t a n t a l u m  foil  was  p laced  on  t h e  t r a n s -  
p l a n t  w i t h  f ine forceps  to  ho ld  t h e  g ra f t ed  l i m b  in p lace  
as  i t  healed.  Su l fad iaz ine  p o w d e r  was  sp r ink l ed  over  t h e  
open  a rea  of t h e  egg as a p r e c a u t i o n  a g a i n s t  infec t ion .  
B leed ing  usua l ly  s t o p p e d  in  15-20 min .  T he  eggs were  
k e p t  in  a covered ,  d r y  s ter i le  bowl  ove rn igh t .  T h e  
fol lowing d a y  t h e  t a n t a l u m  foil  was  r e m o v e d  w i t h  f ine 
forceps.  T h e  eggs were  p u t  in  s e p a r a t e d  f inger  bowls  
c o n t a i n i n g  a few ml  of w a t e r  sp r ink l ed  w i t h  su l fad iaz ine  
powder .  T h e  bowls  were sea led  in p l a s t i c  bags  (Baggies)  
a n d  k e p t  in  a r o o m  a t  a p p r o x i m a t e l y  25 °C. T h e  a n i m a l s  
h a t c h e d  in  ea r ly  S e p t e m b e r  a f t e r  9 to  10 weeks  of incu-  
ba t i on .  

O p e r a t i o n s  were  p e r f o r m e d  o n  fo re l imbs  in  some  cases  
a n d  o n  h i n d l i m b s  in o thers .  H o s t  e m b r y o s  were  a l w a y s  
s n a p p i n g  tu r t l es .  Donor s  were  s ibl ings,  non - s i b l i ngs  a n d  
p a i n t e d  tu r t l e s .  

Results. Growth and development o[ limb bud transplants. 
E m b r y o n i c  l i m b  t r a n s p l a n t a t i o n  o p e r a t i o n s  r e su l t ed  in  
v a r y i n g  degrees  of t e c h n i c a l  success. Those  cons ide red  
m o s t  successful  were a n i m a l s  t h a t  m a i n t a i n e d  f u n c t i o n a l  
a n d  morpho log i ca l l y  n o r m a l  t r a n s p l a n t s  a t  h a t c h i n g .  
These  l i m b  g ra f t s  deve loped  a t  a b o u t  t h e  s ame  r a t e  as 
t h e  n o r m a l  l i m b s  of t h e  hos t .  Al lograf t s  a t t a i n e d  t h e  
size a n d  morpho log i ca l  de t a i l  of n o r m a l  hos t  l imbs .  
X e n o g r a f t s  also grew n o r m a l l y  b u t  a t t a i n e d  t h e  size 
a n d  morpho log ica l  d i s t i n c t i o n  of t h e  d o n o r  species, t h e  
p a i n t e d  tu r t l e .  

O t h e r s  m a i n t a i n e d  l i m b  t r a n s p l a n t s  t h a t  were  some-  
w h a t  a t y p i c a l  in  b o t h  fo rm a n d  func t ion .  Some  g ra f t s  
were  s i m p l y  u n d i f f e r e n t i a t e d  masses  of cells possess ing  
on ly  t h e  p i g m e n t a t i o n  cha rac t e r i s t i c s  of t h e  d o n o r  species.  
Th i s  was  u n d o u b t e d l y  due  to  t e c h n i c a l  t r a u m a .  T h e  g ra f t s  
t h a t  were  u n d i f f e r e n t i a t e d  were  n o t  i nc luded  in t h e  d a t a  
s ince  t h e  s t a t e  of such  t r a n s p l a n t s  was  d i f f icu l t  t o  assess. 

Successful ly  t r a n s p l a n t e d  l i m b s  c o n t i n u e d  to  deve lop  
a f t e r  h a t c h i n g  of t h e  r e c i p i e n t  tu r t l es .  

Incidence o/ transplant rejection. C o n t i n u e d  obse rva -  
t i ons  of g r a f t ed  a n i m a l s  r evea l ed  t h e  fo l lowing inc idence  
of t r a n s p l a n t  r e j ec t ion :  

S ib l ing  a l lograf t s .  T h e r e  were  n o  i n s t a n c e s  of r e j ec t i on  
of s ib l ing  l i m b  a l logra f t s  u p  to  one  y e a r  a f t e r  h a t c h i n g .  
I n  t h e  second  a n d  t h i r d  yea r s  5 i n s t a n c e s  of r e j ec t i on  
were  obse rved .  One  a n i m a l  is n o w  5 yea r s  o ld  a n d  s t i l l  
m a i n t a i n s  a h e a l t h y  s ib l ing  l i m b  a l tograf t .  

Non- s ib l i ng  a l lograf ts .  T h e r e  were  no  r e j ec t ions  of l i m b  
a l lograf t s  u p  to  6 m o n t h s  a f t e r  h a t c h i n g .  I n  t h e  fo l lowing 
6 m o n t h  per iod,  r e j ec t ion  was  i n i t i a t e d  in  2 a l lograf ts .  
Two more  l i m b s  u n d e r w e n t  r e j ec t ion  in a n i m a l s  ove r  one 
yea r  of age. 

Xenogra f f s .  I n  1 l i m b  x e n o g r a f t  r e j ec t ion  s t a r t e d  before  
t h e  h o s t  was  3 m o n t h s  old,  in  2 b e t w e e n  6-12  m o n t h s  
a n d  in 2 b e t w e e n  1-2  years .  Two x e n o g r a f t s  s u r v i v e d  
in to  t h e  2-3  y e a r  in t e rva l ,  w i t h  no  ev idence  of incom-  
pa t ib i l i t y .  See F igure  1 for s u m m a r y  of resu l t s  g a t h e r e d  
t h u s  far. 

The rejection process. E a c h  of t h e  a b o v e  i n s t ances  of 
r e j ec t ion  i n v o l v e d  a ch ron ic  r e s o r p t i o n  process  w h i c h  
l a s t ed  for  seve ra l  m o n t h s .  I n c o m p a t i b i l i t y  was  ev idenced  
b y  s lough ing  of ep idermis ,  c h a n g e  of p i g m e n t a t i o n  a n d  
loss of claws,  fo l lowed b y  a g r a d u a l  loss of  musc le  t o n e  
a n d  b o n e  s t r u c t u r e  (Figure  2). T h e r e  was  no  w o u n d  a t  
a n y  t i m e  d u r i n g  t h e  r e j ec t ion  process.  A l t h o u g h  on ly  a 
f laccid,  func t ion less  s t u m p  r e m a i n e d ,  i t  is imposs ib l e  to  
s t a t e  w i t h  c e r t a i n t y  t h a t  t h e  t r a n s p l a n t  was  c o m p l e t e l y  
re jec ted .  I t  m u s t  b e  p o i n t e d  o u t  t h a t  t h e  g r a f t - h o s t  
j u n c t i o n  is o b l i t e r a t e d  as  t h e  t r a n s p l a n t  ' t akes"  so t h a t  
t h e  l imi t s  of t h e  g r a f t  are  no  longer  ev iden t .  I n  ch ron ic  
r e j ec t ion  processes,  r e m n a n t s  of t r a n s p l a n t s  o f t en  r e m a i n  
indef in i te ly .  Thus ,  we can  on ly  s t a t e  t h a t  t h e r e  is gross 
ev idence  of t i s sue  i n c o m p a t i b i l i t y  in such  a l logra f t s  a n d  
x e n o g r a f t s  a t  va r ious  t i m e s  a f t e r  h a t c h i n g .  

Discussion. L i m b  b u d s  c a n  be  successful ly  t r a n s p l a n t e d  
b e t w e e n  t u r t l e  embryos .  T h e  d i f f e r en t i a t i on  a n d  g r o w t h  
p a t t e r n s  of b o t h  a l logeneic  a n d  xenogene ic  t r a n s p l a n t s  
are  n o r m a l  a n d  hos t  a n i m a l s  h a t c h  w i t h  f u n c t i o n a l  l i m b  
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Fig. 1. The chart indicates the number of rejections (shaded) per 
total number of transplants observed during a given age interval. 
a) Sibling allografts; b) non-sibling allografts; c) xenografts (donors 
were painted turtles). 
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Fig. 2. Series of photographs showing the 
resorption of a sibling limb allograft beginning 
15 months after hatching. 

grafts in most instances. The xenografts mainta in  the 
morphological characteristics of the donor species. 

The snapping turt le 's  full capacity to reject skin allo- 
grafts and xenografts is at tained several months after 
hatching xS. Embryonic l imb transplants  usually do not  
show any signs of incompatibil i ty well past the age of 
this immunological maturi ty.  This can be part ly explained 
by the fact tha t  the l imb transplants  were performed in 
embryonic stages, when immunological tolerance is more 
easily and completely established. 

Another factor which may influence graft survival is 
that  l imb transplants  include bone, muscle, connective 
tissue and integument  rudiments. All of these tissue 
types may not  be equally immunogenic or one tissue type 
may enhance the survival of the rest and thereby prolong 
the survival of the total  graft. In  fact, the chronic rejec- 
t ion process itself may be due par t ly  to the graft 's size 
and the factors involved in destruction of a t ransplant  
which includes muscle and bone. 

The variation of the age a t  which onset of l imb rejection 
occurs is very large. The wide range of survival times 
may be explained by the additive effects of many  weak 
histocompatibili ty loci. Chronic rejection of skin allo- 
grafts and xenografts is the rule for snapping turtles 
as well as for many  other ectothermic vertebrates le. 
There is substantial  evidence that  weak t ransplantat ion 
antigens bring on these chronic rejection responses and 
that  the degree of sharing of these antigens results in the 
wide ranges of chronic rejection times iv. The manifesta- 
tions of such histocompatibility relationships in embryonic 
t ransplantat ion is still unknown. 

The relationship between onset of rejection and phylo- 
genetic diversity between host and donor can be seen 
in the fact tha t  3/8 xenografts underwent rejection before 

one year, whereas 2]17 allografts and 0/16 sibling allografts 
underwent rejection during the same period. The implica- 
t ion of this data is tha t  onset of rejection of the l imb 
t ransplant  to some extent  depends on the genetic dispa- 
ri ty between individuals in the donor-host combination. 
In  light of this evidence, the consistent prolonged survival 
of Chrysemys pigment  and carapace rudiments on Che- 
lydra is difficult to explain x2. Perhaps l imb bud trans- 
plants require separate assessment due to l~ossible anti- 
genicity variables such as origin of tissue rudiments and 
dosage. 

Although closer parallels cannot be drawn at the 
present time, it is now evident that  t ransplantat ion 
between embryos, in one rept.ilian species of ectothermic 
animals, does not assure permanent  survival of the 
transplants.  

Rdsumd. Des membres furent transplant6s chez des 
tortues embryonnaires de Chelydra serpentina en com- 
binaisons allog6nique et x~nog6nique. Ces greffes survi- 
vaient  longtemps, mais 6talent usuellement rejett6es de 
faQon chronique. 
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