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The  defects in the  normoblas t s  a l though a t  t imes  qui te  
considerable  were general ly  of lesser degree and on ly  a 
few of these cells were affected.  However ,  severely a l tered 
re t iculocytes  were f requen t ly  seen. The  mos t  f l a m b o y a n t  
morphologica l  a l terat ions,  however ,  were exh ib i t ed  b y  
rare e ry th rocy tes  (Figure 2) in t he  per ipheral  blood, the  
rest  of the  red cells be ing  comple te ly  free of such defects.  
The  p a uc i t y  of abnorma l  e ry th rocy tes  in t he  per iphera l  
blood would suggest  the i r  rapid  des t ruct ion.  

The  under ly ing  cause of this  process is no t  clear. Marked  
a l te ra t ions  in form of red cells are mos t  c o m m o n l y  ob- 
served in s i tuat ions  where normal  red cells are a l tered by  

Fig. 2. Some morphologically normal erythrocytes {E) and a ropalo- 
cyte (R) with branched and unbranched club-shaped processes 
found in the peripheral blood. × 17,500. 

an abnorma l  p lasma envi ronment ,  e.g. acan thocy tes  and 
echinocytes  s, or  where  mechan ica l  factors  f r agmen t  and 
d is rupt  the  cells as in schis tocyte  formation*,  *. The  ab-  
normal  form in the  present  case is, however ,  t o t a l l y  differ- 
en t  f rom these  and also differs f rom the  smal l  t ubu la r  pro-  
trusions,  described by  BESSIS and BRICKA 10, in cells under-  
going agglut ina t ion .  

The  defect  m a y  lie in t h e  cell  m e m b r a n e  bu t  whe ther  
this is an en t i re ly  intr insic abno rma l i t y  of the  affected 
cells or  whe the r  extr ins ic  factors  are  involved,  canno t  be 
ascer ta ined a t  the  present .  In  keeping wi th  t he  cus tom of 
naming  e ry th rocy te  abnormal i t i es  we would  like to pro-  
pose a n a m e  for th is  p ic turesque  a l t e ra t ion  of e ry th rocy t e  
morphology.  Since the  basic defec t  here  seems to be a 
p roduc t ion  of processes which in u l t r a th in  sections appear  
Club-shaped and  the  greek for c lub is ropalon,  we propose 
t h a t  this  abnorma l i t y  is called ropalocytosis .  

Deta i led  s tudy  of the  leukaemic  and e ry thropoie t ic  cells 
f rom this  case are  in progress and will  be repor ted  later.  
The  purpose of this  commun ica t i on  is to  draw a t t en t ion  to 
this  in t r iguing a l te ra t ion  of e ry th rocy te  form, so t h a t  i t  
m a y  be  fur ther  inves t iga ted  in fu ture  cases of this  rare  
condit ion.  

Zusammen/assung. Bei  leuk~mischer  Ret iku lose  wur-  
den in Ul t rad i innschn i t t en  im E lek t ronenmikroskop  ab- 
no rm deformier te  E ry th rozy t en ,  Re t i cu lozy ten  und  Nor-  
moblas ten  m i t  E i n b u c h t u n g e n  und  Pseudopodien-ar t igen  
Ausst i i lpungen,  die in gew6hnl ichen Auss t r i chpr~para ten  
n ich t  auf t re ten ,  nachgewiesen.  
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E f f e c t s  o f  S o m e  M e m b r a n e - A c t i v e  a n d  O t h e r  C o m p o u n d s  o n  T h r o m b i n - I n d u c e d  P l a t e l e t  A g g r e g a t i o n  

Thrombin - induced  p la te le t  aggregat ion appears  to p lay  
a cent ra l  role in bo th  thrombosis  and hemostas is  1. Nu-  
merous  agents  h a v e  been repor ted  to  inh ib i t  t he  aggrega-  
t ion of p la te le ts  induced by  thrombin ,  bu t  the  mecha-  
nisms of act ion of mos t  such agents  are unclear.  Recent ly ,  
increasing ev idence  has  accumula ted  to indicate  t h a t  
th rombin- induced  p la te le t  aggregat ion  is med ia ted  
th rough  changes in the  p la te le t  p l a sma  membrane ,  pos- 
s ibly t h rough  changes  in p la te le t  adenosine t r iphos-  
pha tase  (ATPase) * or  acetylchol ines terase  (ACHE)3 act i -  
v i t ies  or  by  a l te ra t ion  of cyclic adenosine monophos-  
p i la te  (cAMP) levels *,s. Accordingly ,  a group of com- 
pounds  were tes ted  to  de te rmine  the i r  effects on th rombin -  
induced  p la te le t  aggregat ion.  This  group included ste-  

roids, ant ibiot ics ,  adrenergic  b locking agents,  an t iace ty l -  
chol ine compounds,  and others,  m a n y  repor ted  to influ- 
ence p lasma  m e m b r a n e  p h e n o m e n a  s,~. Also tes ted  for 
compar ison  were c A M P  and d ibu ty ry l  cAMP. 

All  s tudies were conduc ted  using the  macroscopic  
p la te le t  aggregat ion  tes t  of BRINKHOUS et  al. s, which is 
sensi t ive to smal l  changes in the  degree of aggregat ion 
of platelets .  The tes t  sys tem conta ined  thr ice  washed 
h u m a n  pla te le ts  s m ixed  w i t h  equa l  par t s  of 1.08 m M  
CaCI,, bovine  t h r o m b i n  0.5 uni ts  per  ml, 50 m M  Iris 
(hydroxymethy l )  a m i n o m e t h a n e  buffer  p H T . 4  (Tris 
buffer),  and t es t  agen t  in Tris buffer.  Tes t  agents  were 
incuba ted  a t  25°C for 15 min  wi th  p la te le ts  pr ior  to 
add i t ion  of ca lc ium and th rombin .  Aggrega t ion  was 
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q u a n t i t a t e d  v i sua l ly  a t  25°C over  a 2 m i n  pe r iod  w i t h  
a f ina l  check  b y  p h a s e - c o n t r a s t  m ic roscopy  for  aggrega ted  
a n d  s ingle  p la te le t s .  Tes t  a g e n t s  were  o b t a i n e d  f rom 
S i g m a  Chemica l  Co. or  f rom a p p r o p r i a t e  p h a r m a c e u t i c a l  
f i rms  a n d  were  d e v o i d  of a d d i t i v e s  in  m o s t  cases. E a c h  
t e s t  a g e n t  was  i n v e s t i g a t e d  a t  h i g h  c o n c e n t r a t i o n  ( 1 0 - * M  
or  grea te r )  i n i t i a l l y  and ,  if  i t  d i s p l a y e d  i n h i b i t o r y  ac t i -  
v i t y ,  a t  p rogress ive ly  lower  c o n c e n t r a t i o n s  t o  d e t e r m i n e  
t h e  lowes t  c o n c e n t r a t i o n  p r o d u c i n g  d e t e c t a b l e  i n h i b i t i o n  
of aggrega t ion .  A decrease  of 50% or  more  in t h e  n u m b e r  
of a g g r e g a t e d  p l a t e l e t s  is t e r m e d  i n h i b i t i o n  in t h e  p r e s e n t  
s tudy .  

A n u m b e r  of c o m p o u n d s  h a d  no  effect  on  t h r o m b i n -  
i n d u c e d  p l a t e l e t  agg re ga t i on  e v e n  w h e n  p r e s e n t  in  h i g h  
c o n c e n t r a t i o n  (Tab le  A). Th i s  g roup  inc luded  4 an t i -  
b io t i cs  a n d  isoniazid ,  2 g lucocor t ico ids  a n d  p redn i sone ,  
a n d  5 u n r e l a t e d  c o m p o u n d s .  L a c k  of i n h i b i t o r y  effect  
o n  t h e  p a r t  of pen ic i l l in  a n d  s t r e p t o m y c i n  is of in te res t ,  
s ince  t h e s e  a g e n t s  a re  t h o u g h t  to  p r oduce  c h a n g e s  in 
m e m b r a n e  l ip ids  7. L a c k  of i n h i b i t i o n  b y  c h l o r a m p h e n i c o l  
is n o t  surpr is ing,  s ince  t h i s  a g e n t  i n h i b i t s  p r o t e i n  syn thes i s  
a n d  m i g h t  r equ i re  a d d i t i o n a l  i n c u b a t i o n  t i m e  to  p r oduce  
a n  effect  L 

One  g roup  of t e s t  a g e n t s  i n h i b i t e d  agg rega t ion  on ly  
a t  r e l a t i v e l y  h i g h  c o n c e n t r a t i o n s  (Tab le  B). I n c l u d e d  
were  c A M P  a n d  d i b u t y r y l  cAMP,  a g e n t s  t h o u g h t  to  ac t  
on ly  a f t e r  e n t e r i n g  t h e  p l a t e l e t ;  a t r o p i n e  a n d  t u b o c u r a -  
r ine,  b o t h  a n t i a c e t y l c h o l i n e  c o m p o u n d s ;  p rop rano lo l ,  a 
f l -blocker;  a m y t a l ,  colchicine,  a n d  m o r p h i n e ,  a l l  ana lges ic  
a g e n t s  t o  v a r y i n g  degrees ;  a n d  d i p h e n y l h y d a n t o i n ,  a 
c o m p o u n d  t h o u g h t  t o  in f luence  m e m b r a n e  p e r m e a b i l i t y .  

Effects of test agents on thrombin-induced aggregation of washed 
human platelets 

A. No inhibition of aggregation (test agents at final concentration 
of 10-4M or greater) 

Chloramphenicol PeniciUin-G 
Cortisone Phenacetin 
Diamox Prednisone 
Digitoxin Streptomycin 
Hydrocortisone Tetracycline 
Isoniazid Thiouracil 
Nicotinic acid 

B. Inhibition of aggregation (test agents at final concentration 
of 10-4M or greater) 

Amytal Diphenylhydantoin 
Atropine Morphine 
Cyclic AMP Propranolol 
Colehieine Tuboeurarine 
Dibutyryl cyclic AMP 

C. Inhibition of aggregation (test agents at final concentration of 
less than 10-*M) 

Final concentration 
of test agent (M) 

Chloroquin 2 × 10 -5 
Cortieosterone 1,3 × 10 -5 
Dichloroisoproterenol 2 x 10 -5 
Dipyridamole 2 × 10 -s 
Estradiol 1.3 X 10 -5 
Glucagon 1 × 1 0  - 6  

Testosterone 1 X 1 0  - 5  

Tetraethylammonium 6 × 10 -5 

Of p e r h a p s  g r ea t e r  i n t e r e s t  was  a 3rd  g roup  of t e s t  
agen t s  w h i c h  i n h i b i t e d  agg rega t ion  a t  c o n c e n t r a t i o n s  of 
less t h a n  1 0 - * M  (Tab le  C). Th i s  g roup  i nc luded  t h e  min -  
e ra l  co r t i co id  co r t i cos t e rone  as  wel l  as  a n  e s t rogen  a n d  
a n  a n d r o g e n ;  t e t r a e t h y l a m m o n i u m ,  a n  a n t i a c e t y l c h o l i n e  
a g e n t ;  d ich to ro i sopro te reno l ,  a f l -blocker;  a n d  ch lo roqu in ,  
a n  a n t i m a l a r i a l  s o m e t i m e s  used  t o  t r e a t  ca rd i ac  a r r h y t h -  
mias .  Also i nc luded  were  t h e  2 agen t s  ac t ive  a t  lowes t  
c o n c e n t r a t i o n ,  d ipy r idamole ,  a va sod i l a t o r  w h i c h  i n h i b i t s  
nuc leo t ide  b r e a k d o w n ,  a n d  glucagon,  a h o r m o n e  r e p o r t e d  
to  p r o d u c e  inc reased  i n t r ace l l u l a r  levels  of cAMP.  

A g e n t s  w h i c h  i n h i b i t e d  t h r o m b i n - i n d u c e d  p l a t e l e t  ag-  
g rega t ion  fell i n to  t h e  fo l lowing 3 m a j o r  g roups :  1. s te ro id  
m e m b r a n e  s tab i l izers ,  2. agen t s  in f luenc ing  m e m b r a n e  
e lec t r ica l  p r o p e r t i e s  or  p e r m e a b i l i t y  or  bo th ,  a n d  3. agen t s  
r e p o r t e d  to  p r o d u c e  e l e v a t e d  i n t r a c e l l u l a r  c A M P  levels.  
All  3 g r o u p s  m a y  e v e n t u a l l y  p r o v e  to  be  m o r e  closely 
r e l a t ed  t h a n  a p p e a r s  to  b e  t h e  case a t  f i r s t  glance,  s ince 
al l  i n f luence  p l a s m a  m e m b r a n e  p h e n o m e n a .  

Of t h e  s t e ro ids  t e s t ed ,  on ly  t hose  w i t h  l i t t l e  or  n o  an t i -  
i n f l a m m a t o r y  effect  i n h i b i t e d  t h r o m b i n - i n d u c e d  p l a t e l e t  
aggrega t ion .  T h e  a n t i - i n f l a m m a t o r y  s teroids ,  co r t i sone  
a n d  hyd roco r t i sone ,  as well  as p r e d n i s o n e  were  w i t h o u t  
i n h i b i t o r y  effect .  The  s te ro ids  w h i c h  i n h i b i t e d  agg rega t i on  
were e f fec t ive  a t  low c o n c e n t r a t i o n ;  h i g h  levels  of these  
c o m p o u n d s  h a v e  been  r e p o r t e d  to  lyse cells e. 

T h e  g r o u p  of i n h i b i t o r s  of agg rega t i on  wh ich  in f luence  
m e m b r a n e  e lec t r ica l  p rope r t i e s  is a d ive r se  one. I n c l u d e d  
are  a n t i a c e t y l c h o l i n e  agents ,  analgesics ,  a n  a n i t c o n v u l -  
san t ,  a n  a n t i a r r h y t h m i c ,  a n d  a vasod i l a to r .  T h e  prec ise  
m e c h a n i s m  of a c t i o n  of e ach  a g e n t  on  p l a t e l e t s  is n o t  
known,  b u t  o u r  f ind ings  coupled  w i t h  those  of 
o the r s  x - 8 , , - n  s t r o n g l y  sugges t  t h a t  a l t e r a t i o n  of p l a s m a  
m e m b r a n e  e lec t r ica l  or  p e r m e a b i l i t y  p h e n o m e n a  or  b o t h  
are  essen t ia l  t o  i n d u c t i o n  of p l a t e l e t  agg rega t i on  b y  
t h r o m b i n .  A C h E  a c t i v i t y  s r e c e n t l y  ha s  b e e n  sugges ted  
to  p l ay  a role in  p l a t e l e t  aggrega t ion .  Severa l  worker s  
h a v e  r e l a t ed  c h a n g e  in p l a t e l e t  sur face  cha rge  to  aggrega-  
t ion  i nduced  b y  t h r o m b i n  *, 1~. 

P l a t e l e t  a g g r e g a t i o n  h a s  been  assoc ia ted  w i t h  de-  
c reased  levels  of  cAMP,  whi le  i n h i b i t i o n  of agg rega t ion  
h a s  b e e n  a s soc ia t ed  w i t h  e l e v a t e d  c A M P  levels  4,~. T h e  
p r e s e n t  s t u d y  r e p o r t s  t h e  i n h i b i t i o n  of agg rega t ion  
p r o d u c e d  b y  f l -blockers  in  a t e s t  s y s t e m  des igned  to  
d e t e c t  sma l l  c h a n g e s  in t h e  degree  of agg rega t ion  of 
w a s h e d  p la te le t s ,  f l-blockers genera l ly  p roduce  increased  
levels  of i n t r ace l l u l a r  cAMP*.  F u r t h e r ,  g lucagon,  a hor -  
m o n e  r epo r t ed  to  e l eva t e  c A M P  levels in c e r t a i n  t is-  
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sues  ls-15 ha s  been  f o u n d  to  i n h i b i t  aggrega t ion .  Insu l in ,  
also t es ted ,  i n h i b i t e d  agg r ega t i on  on ly  a t  h i g h  concen-  
t r a t i o n  (40-80 U/ml) .  

These  s tudies ,  t a k e n  in  l i g h t  of t h e  w o r k  of o thers ,  
sugges t  t h a t  t h r o m b i n  m a y  ac t  b y  p r o d u c i n g  c h a n g e  in  
t he  p l a t e l e t  p l a s m a  m e m b r a n e .  T h r o m b i n  is k n o w n  to  
a l t e r  p l a t e l e t  m e m b r a n e  cha rge  x* as wel l  as the  per -  
m e a b i l i t y  of t h e  m e m b r a n e  to  K+~t  R e c e n t l y  t h r o m b i n  
ha s  b e e n  s h o w n  to  a l t e r  p l a t e l e t  c A M P  levels*, 5 a n d  
p l a t e l e t  A T P a s e  ~ a n d  A C h E  3 ac t iv i t ies .  One  or more  
p r o t e i n s  of t h e  p l a t e l e t  p l a s m a  m e m b r a n e  are  c h a n g e d  
fol lowing exposure  to  t h r o m b i n ~ ,  is O t h e r s  h a v e  re- 
p o r t e d  t h a t  i n t r ace l lu l a r  Ca++ a n d  c A M P  levels  can  be  
in f luenced  b y  A C h E  a n d  A T P a s e  ac t iv i t i e s  of t h e  
ceII19-~x. T h u s  t h r o m b i n  m a y  a l t e r  p l a t e l e t  c A M P  levels  
n o t  on ly  b y  a c t i o n  on  t h e  a d e n y l  cyc t a se -phosphod i -  
es te rase  s y s t e m  w h i c h  does  n o t  a p p e a r  to  be  loca ted  in  
t h e  p l a s m a  m e m b r a n e  b u t  also b y  in f luenc ing  m e m b r a n e  
assoc ia ted  A T P a s e  a n d  A C h E  ac t iv i t ies .  These  f ind ings  
i l l u s t r a t e  t h a t  t h e  ac t ions  of t h r o m b i n  on  t h e  p l a t e l e t  
p l a s m a  m e m b r a n e  are  diverse,  a f ac t  s u p p o r t e d  b y  our  
p r e s e n t  d a t a  w i t h  i n h i b i t o r s  of t h r o m b i n - i n d u c e d  ag- 
g rega t ion  22. 

Zusammenfassung. S u b s t a n z e n ,  welche  die t h r o m b i n -  
i n d u z i e r t e  P l ~ t t c h e n a g g r e g a t i o n  h e m m e n ,  l assen  s ich  in  
dre i  H a u p t g r u p p e n  au f t e i l en :  1. m e m b r a n s t a b i l i s i e r e n d e  
Steroide ,  2. S u b s t a n z e n ,  welche  die  e l e k t r i s c h e n  E igen -  
s c h a f t e n  de r  M e m b r a n  ode r  die P e r m e a b i l i t i i t  ode r  be ide  
beeinf lussen ,  u n d  3. S u b s t a n z e n ,  die e ine E r h 6 h u n g  des  

in t r aze l lu l~ ren  cAMP-Spiege l s  b e w i r k e n  sollen. E i n e  
H y p o t h e s e  f iber die H e m m u n g  de r  P l g t t c h e n a g g r e g a t i o n  
d u r c h  T h r o m b i n  wi rd  vorgesch lagen .  
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O c c u r r e n c e  of Insu l in  in Rat  D u o d e n u m  and its  D e p l e t i o n  w i t h  A l l o x a n  

T h e  py lor ic  a n t r u m ,  d u o d e n u m  a n d  p a n c r e a s  h a v e  
been  re fe r red  to  b y  t h e  col lec t ive  n a m e  of ' t h e  a b d o m i n a l  
endoc r ine  o r g a n '  x. Al l  t h e  endoc r ine  cells of t h i s  reg ion  a re  
be l i eved  to  ar ise  f rom a l i m i t e d  a rea  of the  p r i m i t i v e  fore- 
gut ,  a n d  t h e i r  h o r m o n e s  are w i t h o u t  e x c e p t i o n  conce rned  
w i t h  t he  r egu la t i on  of d iges t ion,  a b s o r p t i o n  a n d  u t i l i za -  
t i on  of foodl-3 .  T h e  h o r m o n e s  of ' t h e  a b d o m i n a l  endo-  
cr ine  o rgan '  are  p o l y p e p t i d e s  such  as gas t r in ,  secret in ,  
c h o l e c y s t o k i n i n - p a n c r e o z y m i n  a n d  en t e r og l ucagon  in t h e  
a n t r o - d u o d e n a l  mucosa ,  a n d  insu l in  a n d  g lucagon  (possi- 
b ly  also gas t r i n  4) in t h e  p a n c r e a t i c  islets.  T h e  chemica l  
s imi l a r i t y  b e t w e e n  severa l  of t h e s e  p o l y p e p t i d e  h o r m o n e s  
(gas t r in  a n d  cho l ecys to k i n i n  s, secre t in ,  g lucagon  a n d  in-  
su l in  s, ~) s u p p o r t s  t h e  c o n c e p t  of a c losely i n t e g r a t e d  hor -  
m o n e - p r o d u c i n g  locus, c o m p r i s i n g  severa l  e n d o c r i n e  
glands ,  w h i c h  c o n c e i v a b l y  a re  deve loped  f rom t he  s a m e  
p r i m o r d i a l  origin.  Moreover ,  t h e  poss ib le  ex i s t ence  of a n  
' e n t e r o i n s u l a r  axis ' ,  w h e r e b y  insu l in - re leas ing  agen t s  
f rom t h e  gu t  con t ro l  t he  insu l in  release,  e m p h a s i z e  t h e  close 
f u n c t i o n a l  coo rd ina t i on  of t h i s  p a r t i c u l a r  region 7-~. 
T h e r e  is also some ev idence  t h a t  endoc r ine  cells of t h i s  
reg ion  m a y  h a v e  a dua l  d i s t r i bu t i on .  Thus ,  g lucagon  or  
g lucagon- l ike  agen t s  (en teroglucagon)  h a v e  b e e n  de-  
m o n s t r a t e d  in t he  i n t e s t i n a l  m u c o s a  ~-12, a n d  gas t r i n -  
s t o r i n g  cells can  be  recognized b o t h  in  t h e  py lo r i c  g l a n d  
a r ea  of t h e  gas t r i c  m u c o s a  13 a n d  in t h e  p a n c r e a t i c  is lets  4. 
W e  dec ided  to  i n v e s t i g a t e  t h e  poss ib i l i t y  t h a t  in su l in  
m i g h t  h a v e  a s im i l a r  d u a l  d i s t r i bu t ion .  

T h e  m u s o s a  was  sc raped  off va r ious  regions  of t h e  bowel  
of f reely fed r a t s  (male  W i s t a r  r a t s  we igh ing  200-300 g; 
m a t e r i a l  f rom 4 -5  r a t s  was  pooled),  r abb i t s ,  ca t s  a n d  dogs. 
Care was  t a k e n  in  d i ssec t ion  a n d  in t he  col lec t ion  of mu-  
cosa  to  avo id  c o n t a m i n a t i o n  w i t h  p a n c r e a t i c  t issue.  The  

m u c o s a  waS h o m o g e n i z e d  in acidi f ied e t h a n o l  (96 vol.  e t h a -  
nol ,  2.4 vol. cone. H2SO 4, 18 vol.  water} in  a c o n c e n t r a t i o n  
of 50 m g  t i ssue  (wet  weight )  pe r  ml.  T h e  h o m o g e n a t e  was  
a l lowed to  s t a n d  o v e r n i g h t  a t  + 4 ° C .  The  h o m o g e n a t e  
was t h e n  neu t r a l i z ed  w i t h  5 N  a m m o n i u m  h y d r o x i d e  a n d  
cen t r i fuged  a t  1500 xg .  T h e  s u p e r n a t a n t  was  d ia lyzed  
o v e r n i g h t  a t  + 4 ° C  aga in s t  2 changes  of a ce t a t e  buf fe r  
(pH 4.5), 0.1 a n d  0 . 0 2 M  respec t ive ly ,  a n d  s u b s e q u e n t l y  
assayed  for  i m m u n o r e a c t i v e  insu l in  ( IRI )  14 A f t e r  f u r t h e r  
d ia lys is  o v e r n i g h t  aga in s t  Ca++-free K r e b s - R i n g e r  b ica r -  
b o n a t e  solut ion,  t h e  insu l in- l ike  a c t i v i t y  (ILA) of t h e  ex- 
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