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50,3 i 5,7 rag, das sind 5,3% (Tabel]e). Das Verhal ten  
des Blutzuckers  ist in der F igur  graphisch dargestell t .  

Diskussion. Bei s ta t is t ischer  Auswer tung (t-Test) der 
resorbierten Glucosemengen bei den verschiedenen Ge- 
schwindigkei ten f indet  sich ein hochsignif ikanter  Unter -  
schied zwischen den drei  Wer ten  (p < 0,01), vergle icht  
man  hingegen die prozentuel len Werte ,  so ist s tat is t isch 
keine Differenz zu sichern (p > 0,1). Wir  in terpre t ie ren  
die Ergebnisse dahingehend,  dass bei den gew/ihlten 
Perfusionsgeschwindigkei ten ein l imi t ierender  Einfluss 
der Kon tak tze i t  auf die Resorp t ion  nicht  besteht,  Selbst 
bei der hohen Geschwindigkei t  yon 10 ml /min  k o m m t  es 
nicht  zu einem Absinken der Glucoseresorpt ion oder gar 
zu einem Sistieren, sondern gegeniiber der Gruppe mi t  
langsamerer  Perfusion zu einem Anstieg. Dieser Anst ieg 
deute t  darauf  hin, dass der wesentl iche Fak to r  fiir die 
Resorpt ion  das Glucoseangebot  ist, und dass in unserer 
Versuchsanordnung das T r a n s p o r t m a x i m u m  der Darm-  
wand fiir Glucose nicht  t iberschri t ten war. Soweit  
Analogieschliisse yon t ie rexper imente l len  Ergebnissen auf 
Verh~iltnisse beim Menschen zul/issig sind, so s tehen 
unsere Resu l ta te  in E ink lang  mi t  denjenigen yon HOLDS- 
WORTH et al. 10, SLADEN et al. ~ und MODIGLIANI et al. 1~, 
welche mit te ls  Perfusion am Menschen zeigen konnten,  
dass die Menge resorbierter  Glucose v o m  Glucoseangebot  
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Mittelwerte  des Blutzuckerans t ieges  w~ihrend Perfusion eines Diinn- 
darmstf iekes  (jejunum) mi t  0,5 %iger  Glucosel6sung in  verschiedenen 
Gesehwindigkeiten.  

an den Di inndarm abh~ngt.  Unsere Ergebnisse stel len 
hiezu eine Erg&nzung dar, da wir  mi t  Absicht  auch 
unphysiologisch hohe Perfusionsgeschwindigkei ten ge- 
w~ihlt haben.  Sie erklS, ren auch gut  die Frage,  warum es 
bei sogenannten  funkt ionel len Diarrhoen,  welche mi t  
einer Passagebeschleunigung du tch  HypermotilitSot ein- 
hergehen, nicht  zu Nut r i t ionss t6rungen  k o m m t  ta. BAG- 
LIN et al. 14 konnten  an einer Pa t i en tengruppe  mi t  solchen 
Diarrhoen keine Verminderung  der Glucoseresorption 
nachweisen. 

Wenn  nnsere Versuche zeigen, dass auch sehr hohen 
Durchflussgeschwindigkei ten und somit  einer verkt i rz ten 
Kon tak tze i t  im Df inndarm keine die Resorp t ion  l imitie-  
rende Bedeu tung  zukommt,  so m u t e t  dieses Ergebnis  zu- 
n&chst i iberraschend an. Be t rach te t  man  den Vorgang 
der intes t inalen Resorpt ion  jedoch nicht  yon der Seite 
des zu resorbierenden Chymus  sondern yon der Seite der 
Dtinndarlnepithelzel le ,  so erscheint  es doch plausibel,  
dass es fiir die resorbierende Zelle gleichgtilt ig ist, ob sich 
zu resorbierende Stoffe in Ruhe  oder in Bewegung befin- 
den, da ffir den E in t r i t t  eines Molekiils in den ffir die 
Resorpt ion  veran twor t l i chen  chemischen Mechanismus 
nur  Bruchte i le  von Sekunden erforderl ich sind und auch 
ein rasch vorw~Lrts getr iebener  Chymus  im Vergleich zur 
Geschwindigkei t  chemischer  Reak t ionen  noch immer  als 
ruhend angesehen werden kann. E in  Einfluss der Kon tak t -  
zeit w~ire nur  bei ex t rem hohen Passagegeschwindigkei ten 
denkbar,  wie sie im Organismus auch unter  pathologi-  
schen Bedingungen  nicht  auf t re ten.  

Summary.  Loops of ra t ' s  small  intest ine have  been 
perfused wi th  5% glucose solution at  different  flow rates.  
The absorpt ion of glucose has been invest igated.  The  
results showed that ,  wi th  increasing flow rates, absorp- 
t ion ra te  of glucose is also increased. Therefore  contac t  
t ime  seems to be no l imi t ing factor  in intest inal  absorp- 
tion. 
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Effect  of  G e n e r a t i o n  of M u r a l  P l a t e l e t  T h r o m b i  on  

Selective remova l  of vascular  endothe l ium in anaesthet -  
ized rabbi ts  or monkeys  is followed by  adhesion of blood 
pla te le ts  to the  subendothel ia l  surface t, 3. Wi th in  10 rain, 
numerous  platelets  accumula te  on adher ing pla te le ts  to 
form mura l  p la te le t  t h rombi  (Figure 1). Af ter  1 h or so, 
the  th rombi  have  disappeared again 3, thus  indicat ing tha t  
t h rombi  are carried away as whi te  bodies by  the  blood 
s t ream. A similar  dynamic  process has  been direct ly  
observed wi th  the l ight  microscope in t r aumat i zed  vessels 
of the  mesente ry  4, the  cerebral  cor tex  ~ and the  rabbi t  ear 
chamber  6. 

The  present  s tudy  was under taken  to inves t igate  the  
e f f e c t  of mura l  pla te le t  t h rombus  format ion  and disap- 
pearance  on different  parameters  of the  circulat ing blood 
such as p la te le t  count,  p la te le t  volume,  release of p la te le t  

C i r c u l a t i n g  B l o o d  in  R a b b i t  A o r t a  

factor  3-like act ivi ty ,  hematocr i t  and hemoglobin.  Blood 
was collected before and after  passage of the  thrombogenic  
subendothel ia l  surface. 

Materials and methods. Seven rabbi ts  (weisser Kunath)  
of ei ther  sex weighing 3.0-4.5 kg were pre t rea ted  wi th  
10 mg i.p. d iazepam and anaesthet ized wi th  30 mg/kg  
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Fig. 1. Micrograph of a 0.8 ~xm thick epon section of rabbit aorta which had been denuded of endothelium 10 min  prior to perfusioa 
with fixative. A large and two small platelet thrombi adhere to the internal elastic lamina. • 800. 

p e n t o b a r b i t a l .  A c a r o t i d  a r t e r y  a n d  t h e  le f t  f e m o r a l  a r t e r y  
we re  c a n n u l a t e d  w i t h  s i l a s t i c  | t u b i n g  L B l o o d  w a s  a l l o w e d  
to  f low f r o m  t h e s e  c a n n u l a s  as  a j e t  a n d  w a s  co l l e c t ed  a t  
i n t e r v a l s  as  fo l lows.  T h e  f i r s t  1 - 2  m l  we re  d i s c a r d e d  i n t o  a 
g r a d u a t e d  t u b e  (to h a v e  a n  e s t i m a t e  of  t o t a l  b l o o d  loss) ,  
t h e  f o l l o w i n g  1/2-1 m l  we re  co l l e c t ed  i n t o  a s m a l l  p l a s t i c  
d i s h  for  p l a t e l e t  c o u n t s  ; a n  a d d i t i o n a l  co l l e c t i on  w a s  m a d e  
i n t o  N a - c i t r a t e  ( 1% f i n a l  c o n c e n t r a t i o n )  a p p r o x i m a t e l y  
10 m i n  b e f o r e  a n d  10 m i n  a f t e r  r e m o v a l  of  t h e  e n d o t h e l i u m  
for  t h e  o t h e r  d e t e r m i n a t i o n s .  P l a t e l e t  c o u n t  a n d  p l a t e l e t  
v o l u m e  d i s t r i b u t i o n  w e r e  m e a s u r e d  w i t h  a C o u l t e r  C o u n t e r  
M o d e l  B as  p r e v i o u s l y  d e s c r i b e d  s, p l a t e l e t  f a c t o r  3- l ike 
a c t i v i t y  a c c o r d i n g  t o  t h e  m e t h o d  of MACKENZIE e t  al. 9. 

T h e  e n d o t h e l i u m  of a n  i l iac  a r t e r y ,  t h e  a b d o m i n a l  a n d  
t h e  t h o r a c i c  a o r t a  we re  r e m o v e d  b y  m e a n s  of  a b a l l o o n  
c a t h e t e r  1, ~0. I n  c o n t r o l  e x p e r i m e n t s  t h e  b a l l o o n  c a t h e t e r  
w a s  i n t r o d u c e d  i n t o  o n e  f e m o r a l  a r t e r y  b u t  n o t  m o v e d  u p  
i n t o  t h e  a o r t a  ( s h a m  o p e r a t i o n ) .  U p  to  30 m i n  be fo re ,  a n d  
u p  to  1 h a f t e r  d e n u d a t i o n  of  e n d o t h e l i u m  or  s h a m  
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Fig. 2. Platelet counts before and after sham operation 
in 2 control rabbits. Individual counts are expressed ii1 
percent of the average count before sham operation. 
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Fig. 3. Platelet counts before and after selective removal 
of endothelium of rabbit aorta. Platelets were counted 
in blood collected from the carotid and the femoral artery, 
i.e. before and after passage of the thrombogenic subendo- 
thelial surface. Individual counts of 5 rabbits are expressed 
as indicated in Figure 2. 
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opera t ion  in t he  controls ,  b lood  was col lected a t  in t e rva l s  
f rom b o t h  si last ic  cannulas .  Blood loss of a n  a n i m a l  du r ing  
the  e x p e r i m e n t  a m o u n t e d  to up  to 40 ml.  A t  t he  end  of an  
e x p e r i m e n t  t he  r a b b i t s  were sacrif iced b y  in jec t ion  of a n  
overdose  of p e n t o b a r b i t a l .  B o t h  iliac ar ter ies ,  a s egmen t  
of a b d o m i n a l  a o r t a  a n d  a s egm en t  of tho rac ic  a o r t a  were 
dissected,  f ixed in 4 %  fo rmal in  a n d  processed for his tology.  

Results.  I n  con t ro l  e x p e r i m e n t s  t he  p l a t e l e t  coun t s  
r e m a i n e d  v i r t u a l l y  u n c h a n g e d  (Figure 2) desp i te  t he  
cons iderab le  b lood  loss w i t h  a co r re spond ing  decrease  of 
h e m o g l o b i n  a n d  h e m a t o c r i t  of 14 -21%.  P l a t e l e t  vo lume  
d i s t r i b u t i o n  a n d  p la t e l e t  f ac to r  3-like ac t i v i t y  were s imi lar  
before  and  a f te r  s h a m  opera t ion .  

The  ba l loon  c a t h e t e r  lesion re su l t ed  in  v i r t u a l l y  com- 
p le te  d e n u d a t i o n  of e n d o t h e l i u m  of iliac a r t e r y  a n d  a b d o m -  
inal  a o r t a  in all  5 r a b b i t s  of th i s  s tudy ,  as revea led  b y  
l igh t  mic roscopy  of h is to logical  sect ions.  D e n u d a t i o n  of 
e n d o t h e l i u m  of t h e  thorac ic  a o r t a  was  par t ia l .  I n  4 ou t  
of 5 r a b b i t s  no d r a m a t i c  or cons i s t en t  p l a t e l e t  consump-  
t i on  was m e a s u r a b l e  in  t h e  b lood  which  passed  over  t he  
t h r o m b o g e n i c  lesion ( femoral  ar tery) ,  ne i t he r  in abso lu te  
t e r m s  nor  as c o m p a r e d  to  b lood before  i t  passed  over  t he  
lesion (carot id  a r te ry)  (Figure 3). However ,  t he  p la t e l e t  
c o u n t  appea red  more  v a r i a b l e  t h a n  in controls .  I n  i a n i m a l  
t he  p la t e l e t  c o u n t  decl ined in b lood f rom b o t h  ca ro t id  and  
femora l  a r te ry .  I n  th i s  and  t he  o the r  an imals ,  no  change  in 
p l a t e l e t  v o l u m e  d i s t r i b u t i o n  a n d  p la t e l e t  f ac to r  3-like 
a c t i v i t y  in t he  p la t e l e t -poor  p l a s m a  was measured .  
H e m o g l o b i n  and  h e m a t o c r i t  decreased b y  12-22~ . 

Discussion.  These  f ind ings  e s t ab l i sh  t h a t  in  large 
ar te r ies  acu te  f o r m a t i o n  of m u r a l  p l a t e l e t  t h rombi ,  wh ich  
is fol lowed b y  embo l i za t i on  of wh i t e  bodies,  does no t  
cause  m e a s u r a b l e  a l t e r a t i on  of p la t e l e t  count ,  p l a t e l e t  
vo lume  or release of p l a t e l e t  f ac to r  3-like ac t iv i ty .  A t  
leas t  two cons idera t ions  m a y  help to exp la in  th i s  p r imar i l y  
u n e x p e c t e d  f inding,  n a m e l y :  a) P la t e l e t s  consumed  or lost  
b y  b leed ing  m a y  r ap id ly  be  replaced  b y  new p la te le t s  or 
b y  p la te le t s  f rom a s torage  site. T he  c o n s t a n t  level  of 
p l a t e l e t  coun t s  in  con t ro l  an ima l s  (Figure 2), desp i te  
cons iderab le  hemodi lu t ion ,  suppor t s  th i s  view. b) The  
e s t i m a t e d  n u m b e r  of p la t e l e t s  i nvo lved  a t  t he  t h r o m b o -  
genic surface  is sma l i  in  compar i son  w i t h  those  p r e s en t  in  

the  b lood which  c i rcula tes  t h r o u g h  t he  r a b b i t  ao r t a  in a 
g iven  per iod  of t ime.  This  second p o i n t  deserves  more  
de ta i l ed  discussion.  

The  t h r o m b o g e n i c  surface of r a b b i t  aor t~  a m o u n t e d  to  
a p p r o x i m a t e l y  25 cm ~ a s suming  4 m m  average  i nne r  
d i a m e t e r  and  20 cm l e n g t h  of denuded  aor ta .  P rev ious  
inves t iga t ions  h a v e  shown t h a t  t he  subendo the l i a l  surface 
is covered  w i th  a p la te le t  ca rpe t  wh ich  on  t he  ave rage  
consis ts  of 5 p la t e l e t  layers  a f te r  10 rain.  I n  add i t i on  m u r a l  
p l a t e l e t  t h r o m b i  wh ich  m a y  on t he  ave rage  p r o t r u d e  
25 ,~m in to  t he  vessel  lumen,  fo rm a t  20% of t h e  surface 3. 
Assuming  f u r t h e r m o r e  t h a t  a p la t e l e t  covers  a surface  of 
5 ~zm ~ and  is 1 ~m th ick ,  t he  t o t a l  n u m b e r  of p la te le t s  
adhe r ing  to t he  vessel  wal l  w i t h i n  10 ra in  a m o u n t s  to  
4.5 • p la te le ts .  I n  a n a e s t h e t i z e d  r a b b i t s  t he  p la te le t  
c o n c e n t r a t i o n  a p p r o x i m a t e s  4.5 • 108 p l a t e l e t s /ml  blood, 
and  t he  ave rage  b lood f low ve loc i ty  a m o u n t s  to  50 m l / m i n  3. 
Thus  t he  lowering of p la t e l e t  c o n c e n t r a t i o n  caused  b y  t he  
t h r o m b o g e n i c  surface is a r o u n d  2 % .  This  f igure lies 
w i t h i n  t he  possible  e r ror  of t he  coun t ing  procedure .  On 
t he  o the r  h a n d ,  t he  m e t h o d  used to assess p la t e l e t  f ac to r  
3-like ac t i v i t y  is ve ry  sens i t ive  s. H a d  all p la te le t s  a d h e r i n g  
to t he  d e n u d e d  vessel  wal l  re leased a m a j o r  p a r t  of t h e i r  
p la te le t  f ac to r  3-like ac t iv i ty ,  t h i s  shou ld  h a v e  been  de- 
t ec ted  in t he  p la t e l e t -poor  p lasma.  The  fac t  t h a t  no mea-  
surab le  a m o u n t s  of p l a t e l e t  f ac to r  3-like ac t i v i t y  were 
p re sen t  ind ica tes  t h a t  m o s t  of t he  p l a t e l e t  f ac to r  3-like 
a c t i v i t y  p r e sen t  was  no t  re leased f rom the  granules  a n d  
m e m b r a n e  s torage  si tes of t he  a d h e r i n g  pla te le ts .  

Our  d a t a  ind ica te  t h a t  acu te  c o n s u m p t i o n  of b lood 
p la te le t s  caused  b y  a vascu la r  lesion of l imi ted  size 
usua l ly  does no t  ref lect  in  m e a s u r a b l e  p a r a m e t e r s  of the  
c i rcu la t ing  blood, even  if m e a s u r e d  i m m e d i a t e l y  a f te r  
passage  of a t h r o m b o g e n i c  surface.  On t he  o the r  hand ,  i t  
has  been  well  e s tab l i shed  t h a t  h u m o r a l  agen ts  which  e i the r  
d i rec t ly  p roduce  i n t r a v a s c u l a r  aggregat ion ,  such  as free 
f a t t y  acids i i  and  adenos ine  d i p h o s p h a t e  is, or which  m a y  

ii G. ZBINDEN, Thromb. Diath. haemorrh. 78, 57 (1967). 
i~ L. JORGI~NSEN, H. C. ROWSEI.-L, T. 17IOVIG, ~.  F. GLYNN and J. F. 

MUSTARD, Lab. Invest. 17, 616 (1967). 
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cause a general ized vascular  lesion followed by  p la te le t  
adhesion and  aggregat ion,  such as endo tox in  13, p roduce  

d r a m a t i c  p la te le t  consumpt ion ,  i.e. severe t h r o m b o c y t o -  
penis .  

Zusammenfassung. Die Innense i t e  yon K a n i n c h e n a o r t e n  
wurde  durch  selekt ive E n d o t h e l e n t f e r n u n g  in vivo in eine 
t h r o m b o g e n e  Oberfl~Lche verwandel t .  Tro tz  Akkumula t ion  

13 E. GAYNOR, C. BOUVlER and T. H. SPAET, Science 170, 986 (i970). 

von m e h r  als 109 P1/it tchen in 10 rain an subendothe l ia len  
S t ruk tu ren  konn te  keine Ver / inderung der  Zahl, Volumen-  
ver te i lung  oder  Fak to r -3 -Fre i se t zung  yon  P l g t t c h e n  im 
t31ut v o r u n d  nach  Passage  dieser  Oberfl~che gemessen 
werden.  

H. 1:{. BAUMGARTNER, L, GRIMM and  G. ZBINDEN 

Department o[ Experimental Medicine, 
F. Ho/fmann-La Roche 60 Co. Ltd., CH-4002 Basel, 
and Institute o/Pathological Anatomy, 
University o/ Zi~rich (Switzerland), 22 December 7972. 

Deve lopment  of the Q2 

The duc tus  ar ter iosus  of several  animals  and  m a n  
con t rac t s  when  the  PO 3 of the  suppor t ing  m e d i u m  is 
increased.  This  response  cons t i tu tes  a poss ibly  essent ial  
s tep  in the  physiological  duc ta l  closure af ter  b i r th  and 
in i t ia t ion  of b rea th ing  1. The ex t en t  of the  con t rac t ion  3 
and  the  sens i t iv i ty  to the  increase in the  O 3 concen t ra t ion  a 
va ry  among  species. E v e n  wi th in  the  same species, 
var iab i l i ty  in the  response  to  O 3 has been repor ted  3 We 
have  a t t e m p t e d  to analyze th is  p rob lem of differences in 
respons iveness  by  s tudy ing  the  fetal  age dependence  of 
the  reac t iv i ty  to O 3 and  norep inephr ine  (NE) in isolated 
ducta l  r ings of the  guinea-pig.  

The vascular  segments  were isolated f rom newborn  
animals  and  fetuses  o f  d i f ferent  ges ta t ional  age. The 
l a t t e r  was e s t ima ted  f rom the  body  weight ,  the  degree 
of hai r  g rowth  and  the  somat ic  response  to  sensory 
s t imulat ion,  e.g. pinching.  The mothe r s  were l ight ly  
anes the t i zed  wi th  p e n t o b a r b i t a l  sodium, supp lement -  
ed by  inf i l t ra t ion  of l idocaine in to  t he  abdomina l  wall, 
and  the  fetuses  were del ivered by  cesarean operat ion.  
The fe tus  or new born  an imal  was rap id ly  decap i t a t ed ;  
the  ches t  opened ;  the  hear t ,  lungs, and great  vessels 
r emoved  en masse;  and  the  duc tus  quickly dissected.  A 
duc ta l  ring, app rox ima te ly  2 m m  long, was excised and  
m o u n t e d  be tween  two fine wires, to  record i sometr ic  
tens ion  changes  ( S t a t h a m  UC2 load cell t r ansduce r  and  
Grass Model 5 polygraph)  while superfused wi th  Krebs-  
b ica rbona te  solut ion m a i n t a i n e d  a t  37~ in an organ 
bath4,  5. The res t ing  tens ion  was ad jus t ed  to  400 mg by  
vary ing  the  d i s tance  be tween  the  suppor t ing  wires w i th  
a micrometer .  This level was  below the  in si tu wall  t ens ion  
(300 m g / m m  or 600 mg  for a 2 m m  segment)  calcula ted 
using a s impl i f ied Laplace  re la t ionship.  Changes in ten-  
sion were  evoked by  increasing s tepwise the  PO 2 in t he  
per fus ing  m e d i u m  f rom 0 to  28 (the usual fe ta l  level) to  
100 and  f inal ly to 445 m m  Hg, and also b y  adding  N E  
(10 -1~ g/ml) to the  superfusate ,  

Induced Contract ions  in the Ductus  Arter iosus  of the Guinea-Pig  

The graded responses  to changes  in 0 2 increased wi th  
the  ges ta t ional  age (Figure) f rom a ve ry  small  t ens ion  
d e v e l o p m e n t  in the  i m m a t u r e  fetus to a ma rk ed  contrac-  
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Progressive contractile response to increasing 02 concentration 
(mean i S.E.) in the ductus arteriosus of the guinea-pig. Repeated 
tests (3) were performed in 2 duetal segments from animals at different 
stages of development. Numbers in parentheses indicate the weight 
of the fetuses (premature or mature) and the newborn animals. 
Resting tension, at 0 mm Hg PO2, was set in all cases at 0.4 g. 
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Ductal contraction to NE as a function of PO~ and maturation 

Developmental stage Premature Mature Newborn 

P% (mm Hg) 28 100 A 28 100 A 28 100 A 

Change in tension (mg) 45 60 15 75 210 135 60 130 70 

to norepinephrine (10 -1~ g/ml) 55 120 65 105 220 115 75 140 65 

Change in tension of 6 ductal rings in response to NE. Resting tension in all cases was set at 400 rag. Each ring was tested at low (28 mm Hg 
and high (100 mm Hg) P%. A = difference between responses at the two P% levels. 


