
15. 4. 1971 Specialia 451 

nachzuweisen (Figur 1). Aufgrund der unterschiedlichen 
elektrophoretischen Wanderungsgeschwindigkeiten im 
Agargel l~isst sich die Auftrennung yon Insulin, Proinsulin 
und Intermedi'~r erreichen (Figur 2). In Humaninsulin- 
prfiparaten, die nach den oben erwAhnten Verfahren her- 
gestellt werden, konnte aus disk- und immunoelektro- 
phoretischen Untersuchungen (Figur 3) auf das Vorhan- 
densein weiterer, noch nicht beschriebener Komponenten 
mit  antigener Wirkung geschlossen werden. 

Dishussion. Kreuzreaktionen von Insulinantik6rpern 
mi t  Proinsulin, Intermedi~r und Dimer konnten bisher 
nur dutch kompet i t ive  Hemmung nachgewiesen werden. 
Mit einem mit  Rinderinsulin stark prAzipitierenden 
Ziegen-anti-Rinderinsulinserum war es m6glich, die 
Kreuzreaktionen von Rinderproinsulin und IntermediAr 
durch ImmunprAzipitation nachzuweisen. Aus Figur 1 
sind keine visuellen Unterschiede in der StArke der 
Pr~zipitationslinien zwischen den einzelnen Komponen- 
ten zu erkennen. Dutch Anwendung der Immunoelektro- 
phorese im Agargel lassen sich antigene Komponenten in 
InsulinprRparaten analytisch nachweisen. WAhrend bisher 
ausschliesslich diskelektrophoretische Verfahren zur Uber- 
priifung yon Insulinen auf ihren Gehalt an Proinsulin 
und den genannten Komponenten eingesetzt wurden, 
kann die hier beschriebene Methode als spezifischer und 
empfindlicher Nachweis fiir Insulin-verwandte Proteine 
verwendet werden. Die diffusen Pr~zipitationsbSgen der 
proinsulinfreien Humaninsulinpr~parate zeigen eine In- 
sutin-verwandte Komponente mit  geringerer elektropho- 
retischer Mobilit~t. Auch in der Diskelektrophorese liess 
sich diese Komponente nachweisen*. 

Schon STEINER et al# hat ten bei der Isolierung von 
Rinderproinsulin auf die Existenz yon basischen, h6her- 

molekularen Proteinen hingewiesen, die offenbar mit  dem 
Proinsulin verwandt  sind. 

Die zur Zeit gebr~uchlichen Methoden der kombinier- 
ten Gelfiltration und Ionenaustauschchromatographie 
sind zeitaufwendig und mi t  gr6sserem Substanzverlust 
verbunden. Die elektrophoretische Auftrennung im Agar- 
gel bietet eine Alternative zur Gewinnung hochgereinigter 
Insuline, analog dem Prinzip zur Glukagon-Insulin- 
Trennung 10. 

Summary. Bovine insulin, proinsulin, and intermediate 
form were prepared by Sephadex gelfiltration and chro- 
matography on DEAE-cellulose. Using a goat anti-insulin 
serum, the cross-reactions of proinsulin and intermediate 
form could be shown by immuno-precipitation. A method 
is described for the separation of proinsulin from insulin 
in agar gel. New compounds related to proinsulin or 
insulin were found in human insulin preparations by 
means of immunoelectrophoresis. 
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Inhibition by Lanthanum Ions of ADP-Induced Platelet Aggregation 

ADP-induced platelet  aggregation requires extracel- 
lular divalent cations, especially calcium 1,2. The tunction 
of this metal  ion is poorly understood, although several 
mechanisms might  be considered: formation of an active 
CaADP complex 2, Ca-uptake into the cells during 
aggregation, binding of Ca to the membrane, involve- 
ment  in bridges between adjacent  platelets in aggre- 
gates *,s, and participation in an ecto-ATPase system*. 
I t  has been claimed tha t  in muscle v,s and mitochon- 
dria 9"1° the rare earth metal  ions interfere strongly with  
Ca binding and movements.  We therefore investigated 
the effect of lanthanum ions on ADP-induced platelet  
aggregation. 

Material and methods. Blood was drawn by veni- 
puncture from heal thy volunteers into ci trate (0.11M 
final concentration) or heparin (i0 units/ml blood). 
Platelet-rich plasma (PRP) was prepared by centrifuga- 
tion of the blood at room temperature for 15 min at  
180×g. Platelet  aggregation was measured as the fall 
in optical density (O.D.) in P R P  at  37°C using an E E L  
platelet  aggregation meter, model 169. ADP (sodium 
salt, from Sigma, St. Louis) was made up in 0.15M NaCI 
(400 ~M), kept  frozen and diluted with 0.15M NaC1 to 
desired concentration before use. LaC1, (analytical grade) 
was made up in H,O to a concentration of 132 raM, 
and was diluted to desired concentrations with 0.15M 
NaC1. 

Results and discussion. Unlike ions of the alkaline earth 
and transition group metals n, La*+ did not cause ptatelet 
aggregation when added to either citrate or heparin PRP.  
In both heparin and citrate P R P  platelet aggregation 
by ADP was markedly inhibited by La 8+ in a concen- 
t rat ion dependent manner (Figure). About 4 t imes as 
much La s+ was required to produce a given degree of 
inhibition with citrate as anticoagulant than with 
heparin. This most probably was caused by chelation of 
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L a  s+ b y  c i t ra te .  I r r e s p e c t i v e  of  a n t i c o a g u l a n t  used, t h e  
i n h i b i t i o n  was  a lways  r evea l ed  b y  a r e d u c t i o n  of t h e  
m a x i m a l  c h a n g e  in  op t i ca l  d e n s i t y  (O.D.~ax) a n d  on ly  
in  a few e x p e r i m e n t s  were  . the in i t i a l  ve loc i ty  of t h e  
c h a n g e  in  O.D.  af fec ted .  I t  shou ld  be  n o t e d  t h a t  O,D.~az 
refers  to  m a x i m a l  degree  of p r i m a r y  a n d  n o t  s e c o n d a r y  
agg rega t i on  1.,13, t h e  l a t t e r  p h e n o m e n o n  b e i n g  caused  b y  
re lease  of A D P  f rom t h e  p l a t e l e t s  ~,~4. As seen f r o m  t h e  
F i g u r e  r e d u c t i o n  of t h e  m a g n i t u d e  of  p r i m a r y  aggrega-  
t i o n  b y  L a  3+ b e y o n d  a c e r t a i n  v a l u e  c o m p l e t e l y  abo l i shes  
t h e  re lease  reac t ion .  W h e t h e r  L a  ~- i n h i b i t s  t h e  re lease  
r eac t ion  pe r  se c a n n o t  be  j u d g e d  f rom these  e x p e r i m e n t s ,  
a l t h o u g h  t h e  r e su l t s  are  in  acco rdance  w i t h  t h e  v iew 
t h a t  a ce r t a in  degree  of p Ia t e l e t  a g g r e g a t i o n  is a p re -  
r equ i s i t e  for  re lease  i n d u c t i o n  ~5,1e. P r e l i m i n a r y  r e su l t s  
in  our  l a b o r a t o r y  show t h a t  La  s+ c o m p l e t e l y  i n h i b i t s  t h e  
t h r o m b i n - i n d u c e d  re lease  of s e r o t o n i n  a n d  acid hyd ro l a se s  
f rom w a s h e d  p la te le t s .  I r r e s p e c t i v e  of p l a t e l e t  n u m b e r ,  
t h e  re lease  was  o n l y  i n h i b i t e d  a b o v e  2 m M  La3+; no  
effect  was  o b s e r v e d  be low t h i s  c o n c e n t r a t i o n .  

A d d i t i o n  of Ca 2+ (up to  5 m M )  to  h e p a r i n  P R P  h a d  
no  effect  o n  t h e  i n h i b i t i o n  of agg r ega t i on  p r o d u c e d  b y  
L a  8+ (up to  3 m M ) .  T h i s  was  expec ted ,  s ince  L a  s+ a n d  
o t h e r  r a r e  e a r t h  m e t a l  ions  a re  r e g a r d e d  17 to  h a v e  fa r  
g r e a t e r  a f f i n i t y  for  an ion ic  b i n d i n g  s i tes  t h a n  Ca 2+. T h e  
a f f in i ty  c o n s t a n t  for  Y(ATP)2  3- is a b o u t  10 ~ t i m e s  xs t h a t  
for  C a A T P - .  W e  h a v e  n o t  b e e n  ab le  to  f ind  a n y  i n f o r m a -  
t i on  in  t h e  l i t e r a t u r e  as  to  a f f in i ty  c o n s t a n t s  of  com-  
p lexes  b e t w e e n  a d e n o s i n e  p h o s p h a t e s  a n d  r a r e  e a r t h  
m e t a l s  b u t  t h a t  of Y a n d  A T P .  T h e  g rea t  s i m i l a r i t y  
b e t w e e n  phys i ca l  a n d  c h e m i c a l  p rope r t i e s  of Ya+ a n d  
L a  ~+, however ,  r ende r s  i t  h i g h l y  p r o b a b l e  t h a t  t h e  
a f f i n i t y  c o n s t a n t  for  L a ( A D P ) ~ -  is m u c h  g r ea t e r  t h a n  
t h a t  for  C a A D P  a n d  M g A D P .  T h e  c o n c e n t r a t i o n  of L a  ~+ 
used  in our  e x p e r i m e n t s  was  300 t i m e s  or  more  t h a t  of 
A D P  used, a n d  of t h e  s ame  order  of m a g n i t u d e  as t h e  
Ca c o n c e n t r a t i o n  in  p l a s m a .  E v e n  if we a s s u m e  t h a t  as 
l i t t l e  as  10% of t h e  L a  ~+ a d d e d  to  P R P  r e m a i n  f ree ly  
ionized,  30 t i m e s  more  free L a  a+ t h a n  A D P  *- shou ld  b e  
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Effect of addition of LaCI~ in increasing concentration on ADP- 
induced platelet aggregation. To 0.9 ml citrate PRP was added 
0.i ml of 0.15M NaC1 or LaCI~ in 0.15M NaC1 followed by 0.1 ml 
ADP solution. Final concentration in mM of LaC13 were: A, 0.0; 
B, 2.4; C, 4.8; D, 7.2; E, 9,6; F, 12.0 and G, 0.0. The samples were 
aggregated in the direction from A through G. Final ADP con- 
centration: 1.2 ~M. 

p r e s e n t  a t  t h e  lowes t  c o n c e n t r a t i o n  of L a  s+ used in  
h e p a r i n  P R P .  W i t h  t h i s  c o n c e n t r a t i o n  r a t i o  a l m o s t  al l  
t h e  A D P  shou ld  be  in t h e  L a ( A D P ) ~ -  form,  a n d  increase  
in  L a  8+ a b o v e  300 ~ M  s h o u l d  c o n s e q u e n t l y  n o t  in f luence  
t h e  c o n c e n t r a t i o n  of La (ADP)~- .  Howeve r ,  i n h i b i t i o n  of 
a g g r e g a t i o n  c o n t i n u e d  to  inc rease  as  t h e  L a  3+ concen-  
t r a t i o n  was  ra i sed  a b o v e  300 tzM. Thus ,  t h e  i n h i b i t i o n  
d id  n o t  cor re la te  w i t h  t he  f o r m a t i o n  of La (ADP)~- ,  no r  
w i t h  d i s a p p e a r a n c e  of C a A D P  or  a n y  o t h e r  d i v a l e n t  
m e t a l - A D P  complexes  in  P R P .  I n  h e p a r i n  P R P  a d d i t i o n  
of 0.3 m M  L a  3+ gave  on ly  1 5 - 2 0 %  inh ib i t i on ,  i n d i c a t i n g  
t h a t  C a A D P  is n o t  a r e q u i r e m e n t  for  aggrega t ion .  Th i s  
is in  acco rdance  w i t h  t h e  f i nd ings  ~ t h a t  t h e  a m o u n t  of 
Ca r equ i r ed  for  m a x i m a l  agg rega t i on  was  150 t i m e s  t h a t  
necessa ry  to  c o n v e r t  99 .9% of A D P  t o  t h e  C a A D P  form.  
Therefore ,  Ca a p p e a r s  to  se rve  o t h e r  f u n c t i o n s  in  A D P -  
i nduced  p l a t e l e t  agg rega t ion  t h a n  m e r e l y  p r o v i d i n g  
C a A D P ;  our  e x p e r i m e n t s  i ndeed  show t h a t  t h e  v e r y  
u n u s u a l  complex ,  La (ADP)~- ,  is ab le  t o  i nduce  aggre-  
ga t ion .  

The  pe r  c e n t  i n h i b i t i o n  of agg rega t i on  d id  n o t  v a r y  
s ign i f i can t ly  w i t h  t h e  A D P  c o n c e n t r a t i o n  (0.3-1.5 tzM) 
a t  c o n s t a n t  levels  of L a  3+. T h i s  cou ld  i nd i ca t e  t h a t  L a  ~- 
a c t e d  d i r ec t l y  o n  t h e  p l a t e l e t  m e m b r a n e .  I f  t h i s  occu r red  
in  a r eve r s ib le  m a n n e r ,  t h e  i n h i b i t i o n  shou ld  be  depen-  
d e n t  on  t h e  c o n c e n t r a t i o n  r a t i o  of L a  ~+ to  p la te le t s .  
H o w e v e r  v a r y i n g  t h e  p l a t e l e t  c o n c e n t r a t i o n  b y  d i lu t ion  
of P R P  w i t h  au to logous  p l a s m a  a t  d i f f e ren t  L a  3+ a n d  
A D P  c o n c e n t r a t i o n s  h a d  no  ef fec t  on  t h e  pe r  c e n t  
i nh ib i t i on .  Th i s  r a t h e r  i nd i ca t e s  t h a t  La  3+ i r r eve r s ib ly  
des t roys  t h e  agg regab i l i t y  of t h e  cells in  a w a y  t h a t  a t  
a g iven  level  of Lu  3+ a c e r t a i n  p e r c e n t a g e  of t h e  p l a t e l e t s  
b e c a m e  funct ionless .  

T h e  ef fec t  of L a  3+ was  i m m e d i a t e ,  no  p r e i n c u b a t i o n  
was  requ i red .  A t  L a  3+ c o n c e n t r a t i o n s  a b o v e  3 m M  
h e p a r i n - P R P  b e c a m e  inc reas ing ly  t u r b i d  as t h e  m e t a l  
c o n c e n t r a t i o n  was  ra ised,  sugges t ing  p r o t e i n  p rec ip i t a -  
t ion .  However ,  mas s ive  i n h i b i t i o n  of p l a t e l e t  a g g r e g a t i o n  
was  p r e s e n t  be low 3 raM,  a n d  these  L a  ~+ c o n c e n t r a t i o n s  
d id  n o t  a l t e r  t h e  O.D. of P R P  or  p l a sma .  C i t r a t e  P R P  
d id  n o t  b e c o m e  t u r b i d  w i t h  L a  8+ c o n c e n t r a t i o n s  up  to  
12 m M ,  n o r  d i d  i t  c lot .  

I n  s u m m a r y ,  p l a t e l e t  a g g r e g a t i o n  b y  A D P  i s  i n h i b i t e d  
b y  L a  ~+, b u t  n o t  in  a w a y  t h a t  sugges ts  1. i n t e r f e r ence  
w i t h  b i n d i n g  of Ca t+ to  t h e  p l a t e l e t  m e m b r a n e ,  2. i n t e r -  
ference  w i t h  Ca 2+ t r a n s p o r t  across  t h e  p l a t e l e t  m e m b r a n e ,  
3. f o r m a t i o n  of L a ( A D P ) ~ -  or  4. r e m o v a l  of C a A D P .  Th i s  
l ends  s u p p o r t  to  t h e  v i ew  t h a t  Ca does n o t  p a r t i c i p a t e  in  
agg rega t i on  b y  u p t a k e  i n to  or  b i n d i n g  o n t o  t h e  cells, 
no r  b y  f o r m a t i o n  of C a A D P  as t h e  a c t i v e  a g g r e g a t i n g  
agen t .  L a  a+ m i g h t  i n h i b i t  b y  in t e r f e rence  w i t h  a p l a s m a  
f a c t o r  neces sa ry  for  aggrega t ion ,  a n d  t h e  m e c h a n i s m  
could  as  wel l  b e  t h r o u g h  i n t e r f e r ence  w i t h  b i n d i n g  of 
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Ca to  such  a cofactor .  However ,  t he  s t rong ,  c o n c e n t r a -  
t i o n - d e p e n d e n t  i n h i b i t i o n  b y  L a  s+ of re lease  r e a c t i o n  in  
w a s h e d  cells m a k e s  i t  more  l ike ly  t h a t  L a  3+ does ac t  on  
t he  cell, p e r h a p s  in t race l lu la r ly .  Qu i t e  r ecen t l y  O'BRIEN 1~ 
also h a s  s h o w n  L a  a+ i n d u c e d  i n h i b i t i o n  of p l a t e l e t  
aggrega t ion .  

Zusammen[assung. L a ~ - I o n e n  ze ig ten  e ine  konzen-  
t r a t i o n s a b h A n g i g e  H e m m u n g  de r  A D F - i n d u z i e r t e n  Ag-  
g r ega t i on  m e n s c h l i c h e r  Blut l01~t tchen.  Diese  H e m m u n g  
i s t  n i c h t  y o n  de r  Zah l  d e r  Zel len ode r  de r  K o n z e n t r a t i o n  

des  A D P  abh / ing ig  u n d  1/isst s ich n i c h t  d u r c h  Z n s a t z  
y o n  Ca~+-Ionen neu t ra l i s i e ren .  
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Effect of N o r m a l  and Irradiated M a r r o w  Grafts  
Irradiat ion 

A t r a n s i t o r y  a c c u m u l a t i o n  of l y m p h o i d - l i k e  cells in  
t h e  b o n e - m a r r o w  a f t e r  a s u b l e t h a l  i r r a d i a t i o n  h a s  b e e n  
r e p o r t e d  b y  severa l  a u t h o r s  1-3. These  pecu l i a r  cells a re  
ca l led  t r a n s i t i o n a l  cells ~,~ or  X-cel l s  4. 

I n  a p rev ious  repor t ,  we h a v e  s h o w n  t h a t  t h e  l y m p h o i d  
o v e r s h o o t  obse rved  in mice  a f t e r  a 500 R i r r a d i a t i o n  s is 
n o t  f o u n d  in  a n i m a l s  exposed  to  a l e t h a l  i r r a d i a t i o n  
fol lowed b y  a n o r m a l  b o n e  m a r r o w  g ra f t  s. Th i s  d i f ference 
can  be  r e l a t e d  e i t h e r  to  t h e  inc rease  in t h e  X - r a y  dose 
or to  t h e  p resence  of t h e  i n j ec t ed  mar row.  I n  o rde r  to  
d i s c r i m i n a t e  b e t w e e n  the se  t w o  possibi l i t ies ,  we dec ided  
to  s t u d y  ~he in f luence  of a b o n e  m a r r o w  g r a f t  in  mice  
r e c o v e r i n g  f r o m  a 500 R i r r ad i a t i on .  

3Iethods. Male  R I I I  mice ,  75 d a y s  old,  were  exposed  
to  a 500 R X - i r r a d i a t i o n  u n d e r  t h e  fo l lowing c o n d i t i o n s :  
S i emens  S t a b i l i v o l t  a p p a r a t u s ,  190 KV, 18 m A ,  0.5 m m  
Cu f i l ter ,  35 c m  F.D. ,  210 R ] m i n .  

T h e  mice  were  d i v i d e d  i n t o  3 groups .  20 h a f t e r  i r r ad i a -  
t ion ,  t h e  mice  of t h e  f i r s t  g r o u p  were  i n j e c t e d  i .v.  w i t h  
a su spens ion  of n o r m a l  isogeneic  b o n e - m a r r o w .  T h e  
second  g roup  was  t r e a t e d  as  t h e  f i rs t ,  e x c e p t  t h a t  t h e  
b o n e - m a r r o w  was  h a r v e s t e d  f r o m  d o n o r s  i r r a d i a t e d  a t  
500 R t h e  d a y  before.  E a c h  mice  r ece ived  5 × 1 0  ~ nu -  
c lea ted  ceils in  0.5 m l  s ter i le  H a n k s  so lu t ion .  No addi -  
t i o n a l  t r e a t m e n t  was  g iven  to  t h e  t h i r d  group.  I n  e a c h  
e x p e r i m e n t a l  group,  4 - 6  a n i m a l s  were ki l led e v e r y  o t h e r  

• d a y  f rom t h e  2nd  to  t h e  20 th  day .  A d d i t i o n a l  mice  were  
sacr i f iced  a t  t h e  2 4 t h  day .  

T h e  h a e m a t o c r i t  a n d  t h e  l eukocy t e  c o u n t s  were  meas -  
ured.  T h e  t o t a l  n u m b e r  of n u c l e a t e d  ceils in  2 f emurs  
was  c o u n t e d  b y  m e a n s  of a n  e lec t ron ic  coun te r .  M a r r o w  
smear s  were  p r e p a r e d  a n d  s t a i n e d  b y  M a y - G r u n w a l d -  
G i e m s a  m e t h o d .  T h e  re su l t s  of t h e  m y e l o g r a m s  were  
expressed  in a b s o l u t e  n u m b e r  of  ceils for  2 femurs .  

Results. T h e  v a r i a t i o n s  of t h e  h a e m a t o c r i t ,  t h e  leuko-  
cy te  c o u n t s  a n d  t h e  t o t a l  n u m b e r  of m a r r o w  n u c l e a t e d  
cells a re  closely s im i l a r  in  ou r  3 e x p e r i m e n t a l  mode l s  
(F igure  1). T h e  h a e m a t o c r i t  is s l i gh t ly  dec reased  b e t w e e n  
t h e  4 t h  a n d  t h e  20 th  days .  T h e  l e u k o c y t e  c o u n t s  show 
a f a s t  d r o p  fo l lowed b y  a v e r y  s low recovery~ t h e  va lues  
f o u n d  a f t e r  24 d a y s  be ing  s t i l l  be low t h e  con t r o l  va lues .  
A f t e r  a fall ,  d u r i n g  t h e  f i r s t  p o s t - i r r a d i a t i o n  days ,  t h e  
t o t a l  n u m b e r  of t h e  m a r r o w  n u c l e a t e d  cells inc reases  
p rog res s ive ly ;  a t  t h e  20 th  day ,  n o r m a l  va lues  a re  r e a c h e d  
aga in .  

The  re su l t s  of t h e  m y e l o g r a m s  are  p l o t t e d  in  F i g u r e  2. 
T h e  m a r r o w  i n j e c t i o n  does no t  in f luence  t h e  r ecove ry  
of t h e  mye lo id  a n d  e r y t h r o i d  series. T he  di f ferences  
conce rn  t h e  l y m p h o i d - l i k e  ceils. T h e y  r e b o u n d  over  t h e  
n o r m a l  level  f rom t h e  10 th  to  t h e  14 th  d a y  in  t h e  n o n -  

on the H a e m o p o i e t i c  R e c o v e r y  After a Suble tha l  

i n j ec t ed  mice.  T h i s  o v e r s h o o t  is also p r e s e n t  in  t h e  ani -  
m a l s  g r a f t ed  w i t h  i r r a d i a t e d  mar row .  No r e b o u n d  can  
be  de t ec t ed  a f t e r  n o r m a l  m a r r o w  in jec t ion .  

Discussion. I n  500 R i r r ad i a t ed  an ima l s ,  we r e p r o d u c e d  
t h e  ' l y m p h o i d '  r e b o u n d  a l r eady  o b s e r v e d  in  p rev ious  
e x p e r i m e n t s  1~ Th i s  o v e r s h o o t  was  n o t  mod i f i ed  b y  t h e  
a d m i n i s t r a t i o n  of m a r r o w  i r r ad i a t ed  24 h p r io r  to  gra f t ing .  
On t h e  c o n t r a r y ,  a f t e r  a n o r m a l  b o n e  m a r r o w  graf t ,  no  
l y m p h o i d  r e b o u n d  could  be  p roduced .  

T w o  m e c h a n i s m s  can  b e  p roposed  to  e x p l a i n  t h e  absence  
of l y m p h o i d  over shoo t ,  One  could  conce ive  t h a t  some  
ce l lu la r  f a c t o r  s im i l a r  to  t h e  cha lone  ex i s t s  in t h e  n o r m a l  
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Fig. I. Haematocrit values, leukocyte counts and bone marrow 
nucleated cell numbers from 2 femurs after a 500 R irradiation ( ), 
a 500 R irradiation combined with a normal marrow graft ( - - - )  
and a 500 R irradiation combined with an irradiated marrow 
graft ( . . . ) .  


