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adrenergic nerves. 6-OH-DA itself does not give rise 
to any formaldehyde-induced fluorescence xs. 

The autoradiographs (Figures 2 and 4) showed, after 
incubation of intact irides in 10-SM 8H-6-OH-DA, an 
accumulation of grains in a pat tern very closely resembling 
the morphology and distribution of the adrenergic nerves 
as demonstrated histochemically (Figures 3 and 5). 
Denervated irides did not  disclose this accumulation but 
just a diffuse distribution of grains in a number similar 
to tha t  observed between the accumulations of grains 
in the intact  irides. I t  was not  possible to demonstrate 
any accumulations of grains after incubation in 10-SM 
stt-6-OH-DA probably due to the low specific act ivi ty  
of the 8H-6-OH-DA used. Occasionally, accumulations 
of grains were observed in structures possibly representing 
mast cells. 

Discussion. The results presented show that  6-OH-DA 
can be taken up and accumulated in adrenergic nerves. 
The evidence comes from the observations that  after 
incubation in 3H-6-OH-DA the accumulation of grains 
have a distribution practically identical with tha t  of the 
adrenergic nerves as revealed by fluorescence histo- 
chemistry. Furthermore,  this accumulation can be pre- 
vented by sympathetic  denervation. The grains observed 
spread diffusely in between the network represents the 
extraneuronal uptake of 6-OH-DA. At least part  of the 
extraneuronal uptake might, however, also be localized 
in mast  cells. 6-OH-DA in all probabili ty uses the very 
efficient axonal 'membrane pump'  for its inward trans- 
port  and accumulation in the adrenergic neuron, since 
blockade of this uptake-accumulation mechanism either 
by desipramine or by incubation the tissue at  0 °C strongly 
reduces 6-OH-DA uptake la and prevents degenera- 
tion 7,13,x8. This property of 6-OH-DA certainly explains 
the fact tha t  it produces a selective destruction of the 

adrenergic nerves e,s. Although it has been shown that  
6-OH-DA can be taken up in the amine-storage granules 
intraneuronally, this does not seem to be a prerequisite 
for inducing degeneration 13, is, 1, 

Zusammen]assung. Die Regenbogenhaut der Maus 
wurde in einer physiologischen Pufferl6sung mit  radio- 
akt ivem 6-Hydroxydopamin (SH-6-OH-DA) inkubiert. 
Mit Hitfe autoradiographischer und fluoreszenz-histo- 
chemischer Untersuchungen konnte gezeigt werden, dass 
3H-6-OH-DA in die adrenergischen Nervenfasern der 
Regenbogenhaut aufgenommen und gespeichert wird. 
Dieser Befund bringt die direkte ErklArung der dutch 
6-Hydroxydopamin induzierten Degeneration der adre- 
nergen Fasern. 

A. LJUNGDAHL, T. HOKFEL'F, 
G. JoNssoN and CIr. SACHS so 

Department o] Histology, Karolinska Intitutet, 
S-I0401 Stockholm (Sweden), 28 August 1970. 

T. BENNETT, G. BURNSTOCK, J. L. S. COBB and T. MALMFORS, 
Br. J. Pharmac. 38, 802 (1970). 
J. B. FURNESS, G. R. CAMPBELL, S. M. GILLARD, T. MALMFORS, 
J. L. S. COBB and G. BUENSTOCl~, J. Pharmac. exp. Ther. 174, 
111 (1970). 
Acknowledgments. The authors are greatly indebted to F. Hoff- 
mann-La Roche and Co., Basel, for supply of SH-6-OH-DA'HBr 
and to Dr. H. COBRODI, AB HAssle, G6teborg, for 6-OH-DA'HCI. 
The investigation was supported by research grants from the  
Swedish Medical Research Council No. B71-14X-2887-02A and 
No. B71-14X-2295-04, Ollie and Elof Ericssons Stiftelse and 
Magnus Bergvalls Stiftelse. 

Influence of Coronary Dilators on the Uptake of Serotonin by Human Platelets and Adrenaline by 
Chromaffine Granules 

Many drugs with different chemical structures have 
been used in the t reatment  of angina pectoris. Whereas 
their  therapeutic value appears to be l imited 1, there is 
no doubt about the ability of some of these compounds 
to interfere with adrenergic mechanisms 2, especially with 
the transport  of catecholamines through subcellular and 
cellular membranes 3-s. Since the membrane of human 
blood platelets shares certain properties with the axo- 
plasma membrane of the adrenergic neuron, e.g., the 
active transport  of biogenic amines ~, this model was 
chosen to investigate the effect of the 4 coronary dilators 
(see formula) prenylamine (Segontin®), oxyfedrine (Ilda- 
men@}, verapamil  (Isoptin®) and carbochromenum (In- 
tensain®) on the uptake of serotonin by human platelets. 
For  comparison, the influence of these compounds on 
the uptake of adrenaline by chromaffine granules was 
examined. 

Materials and methods. 1. Uptake of SH-serotonin by 
human platelets. Blood was obtained from healthy donors 
by venous puncture with a plastic-syringe containing 
1 ml 3.8% sodium citrate per 10 ml blood. Platelet-rich 
plasma was prepared as described by ZIEVE et al. s. 
Samples of 0.2 ml platelet-rich plasma containing about 
4-6 ×10 T platelets were incubated at  37°C with 0.1 ml 
(1 txC) of 3H-serotonin (8.6 C/mM; Radiochem. Ceutre, 
Amersham) and 0.7 ml Krebs-Ringer-bicarbonate buffer 
(without Ca++ and Mg ++) pH 7.4. The drugs were dissolved 

in buffer. Control samples were prepared by addition of 
8H-serotonin to the platelets at  4 °C immediately before 
centrifugation. After incubation, the platelets were 
sedimented at  1200×g for 20 min and supernatants 
decanted. The sediments were lysed in 1 ml 0.01 n HC1 at 
37°C with shaking. Radioact ivi ty  was determined as 
previously described 3. 

2. Uptake of 14C-adrenaline by chromaffine granules. 
Granules from bovine adrenal medulla were prepared 
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by  h igh  speed cent r i fuga t ion  of homogena tes  ~. Incuba t ion  
of the  isolated granules  was carr ied ou t  as descr ibed by  
CARLSSON et  al. 1° a t  37°C for 15 min  in glycylglycine  
buffer  p H  7.3 conta in ing  0 .0025M A T P  and MgC12 and 
0.1 btC 14C-adrenaline ( 2 0 m C / m M ;  New Engl .  Nucl.  
Corp.) w i thou t  shaking.  

Results. 1. Ef fec t  on up take  of 3H-serotonin by  p la te-  
lets. H u m a n  pla te le ts  concent ra ted  the  label led serotonin  

agains t  a g rad ien t  zz, 1~. The  t i m e  curve  of up take  ob ta ined  
under  our  expe r imen ta l  condi t ions  is shown in F igure  I.  
A s t eady  s ta te  d i s t r ibu t ion  was reached  af te r  40 mill .  
P r eny l amine  and oxyfedr ine  inhib i ted  the  up take  signifi- 
can t ly  in concent ra t ions  of 10-e and 10-5 M resp. especial ly  
dur ing  the  ini t ia l  5-10 rain when  a near ly  l inear  up t ake  
occurred.  Similar  results  were ob ta ined  wi th  ve rapami l  
(5 × 10 -5 M) and  c a r b o c h r o m e n u m  (10-4M). 
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Fig. 1. Time curve of serotonin uptake by human platelets. Inhibi- 
tion of serotonin uptake by 10-SM prenylamine (0--0) and 10-SM 
oxyfedrine (&--A). For details see text. 
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Fig. 2. Concentration-response curves of inhibition of serotonin 
uptake by human platelets in the presence of various coronary 
dilators. Prenylamine (O--O), oxyfedrine (A--A), verapamil ( O --O ), 
carbochromenum (11--11). 

Therefore,  dose effect  curves  were es tabl ished a f te r  
incuba t ion  for 5 rain a t  37 °C in t he  presence of increas ing 
concen t ra t ions  of t he  drugs.  As depic ted  in F igure  2, 
p r eny lamine  and ve rapami l  were the  mos t  ac t ive  inhibi-  
tors  of serotonin uptake,  whereas  oxyfedr ine  and carbo- 
c h r o m e n u m  were abou t  2 t imes  less potent ,  if one com- 
pares  the  concent ra t ions  causing a 50% inhib i t ion  of 
up take .  

2. Ef fec t  on up t ake  of l*C-adrenaline by  granules.  The  
accumula t ion  of z~C-adrenaline by  the  granules  was rap id  
dur ing  the  first  15 rain of incuba t ion  and  the  inh ib i to ry  
effect  of  the  drugs  on ×4C-adrenaline up take  could  be 
well  observed under  these  condit ions.  For  a 50% inhibi -  
t ion,  concent ra t ions  of 0.2 up to 1 0 × 1 0 - S M  of the  
compounds  tes ted  were necessary (Table). P r e n y l a m i n e  
was the  mos t  p o t e n t  drug  fol lowed by  oxyfedr ine ,  vera-  
pamil ,  and ca rbochromenum.  

Discussio**. Preny lamine  is chemica l ly  a de r iva t i ve  of 
amphe tamine ,  oxyfedr ine  a de r iva t ive  of  norephedr ine .  
Bo th  a m p h e t a m i n e  and norephedr ine  are  able  to  inh ib i t  
the  up t ake  of noradrena l ine  a t  cel lular  and subcel lular  
membranes  zs. Verapami l  and c a r b o c h r o m e n u m  show 
l i t t le  ( - C H ~ - C H 2 - N H - )  or  no s imi la r i ty  w i th  compounds  
known to  possess s y m p a t h o m i m e t i c  ac t iv i ty .  F r o m  the  
lack of free phenol ic  h y d r o x y  groups,  h igh  l ipid solubi l i ty  
and surface ac t iv i ty ,  i.e., a h igh a f f in i ty  of these  drugs  
to  va r ious  kinds of m e m b r a n e s  should be  assumed.  Such 
compounds  are  known to  lower surface tens ion  eff ic ient ly  
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and dose-dependent ly  by  accumula t ion  a t  the  wa te r / a i r  
in terface  5, It. In  h igh  concentra t ions ,  p r eny lamine  des t roys  
t he  m e m b r a n e s  of e ry throcytes ,  chromaff ine  granules,  
m a s t  cells, and  p robab ly  also of p la te le ts  - which  resul ts  
in the  release of hemoglobin ,  ca techolamines ,  h is tamine ,  
and serotonin,  respec t ive ly  x4-xT. In  low concentrat ions ,  
the  drugs produce  a m e m b r a n e  's tabi l is ing '  effect is. 
E lec t ron  micrographs  showed swell ing of the  membranes  
of mas t  cells and  chromaff ine  granules.  This  effect  was 
t empe ra tu r e - i ndependen t  and therefore  should be b rough t  
abou t  by  a non-energy- requ i r ing  mechan i sm of ac t ion  1,, is. 

Consequent ly ,  inh ib i t ion  of up take  of serotonin and  
adrenal ine  or swell ing of serotonin s tor ing granules of 

Concentration causing 50% inhibition of 14C-adrenaline uptake by 
isolated chromaffine granules (cattle) 

blood p la te le ts  and chromaff ine  granules  can be assumed 
to  be t he  resul t  of a nonspecific,  mere ly  phys icochemica l  
in te rac t ion  of t he  drugs inves t iga ted  wi th  subcel lular  
and cel lular  membranes .  

Zusammen/assung. In  einer unspezifischen,  phys ika-  
l isch-chemischen Wi rkung  von vier  oberfl~ichenaktiven 
Coronard i la ta toren  auf  die Membranen  yon mensch-  
lichen T h r o m b o z y t e n  und isolierten chromaf f inen  Gra-  
nula  wird die Ursache  fiir die H e m m u n g  der  A u f n a h m e  
yon  Serotonin bzw. Adrena l in  erbl ickt .  
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x lO-SM 

Prenylamine (Segontin ®) 0.2 
Oxyfedrine (Ildamen ®) 1 
Verapamil (Isoptin ®) 4 
Carbochromenum (Intensain ®) 10 

Glycylglycine pH 7.3, ATP and MgC12 0.0025M, 37°C 15 min. 
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M e s o t h e l z e l l v e r i i n d e r u n g e n  n a c h  der  i n t r a p e r i t o n e a l e n  In jekt ion  v o n  d e n a t u r i e r t e m  P h y t o h a e m a g -  
g lu t in in  ~ 

Nat ives  P h y t o h a e m a g g l u t i n i n  (PHA) induz ie r t  in peri-  
tonealen  Zellen eine P roduk t ion  yon  Hyaluronsi iure ,  die 
m i t  morphologischen Mesothelze l lver~nderungen korre-  
l ier t  ist  (MoHR et  at.~a,b). Dieser Reak t ion  folgt  eine 
Prol i fera t ionswel le  im Mesothe lze l lverband (MOHR et  
al.~c). H i t zedena tu r i e r t e s  P H A  fi ihr t  weder  zu einer  
T rans fo rma t ion  der  L y m p h o z y t e n  in v i t ro  (NOWELLa), 
noch h a t  es einen Einfluss  auf  die pr im~re  I m m u n -  
an t wor t  gemessen an der  Anzahl  der  p laqueb i ldenden  
Zetlen (SPREAFICO und  LERNERa). I n  den lympha t i schen  
Organen  fi ihrt  dena tur ie r tes  P H A  im Gegensa tz  zum 
na t iven  P H A  nicht  zur  Ve rmehrung  undif ferenzier ter  
Zellen (MACHADO et  al. s). Daher  soll te in den vor l iegenden 
Un te r suchungen  die Reak t ion  der  Per i tonealze l len  auf 
die i.p. In j ek t ion  von  h i t zedena tu r i e r t em P H A  e rmi t t e l t  
werden.  

Material und Methode. P h y t o h a e m a g g l u t i n i n  (PHA-P ,  
Difco Labora tor ies ,  Detroi t )  wurde  nach  der  Rehydr ie -  
rung m i t  A q u a  dest. (5 ml  A q u a  dest.  pro  Ampul le  
Trockensubs tanz  P H A - P )  30 min  bei  120 °C au tok lav ie r t .  
Von  dieser L6sung erhie l ten 5 miinnliche,  4 Wochen  al te  
SIV-50 R a t t e n  (S. Ivanovas ,  Med. Versuchst ierzuchten,  
Kisslegg/Allgiiu) m i t  e inem Durchschni t t sgewich t  yon 70 g 
je  1,0 ml  i.p. inj iziert .  3 Kont ro l l t i e re  b l ieben unbehan-  
del t .  48 h nach der  In j ek t ion  wurden  die Tiere  in Ather -  
narkose  dekapi t ie r t ,  da  nach vorausgegangenen  Un te r -  
suchungen m i t  n a t i v e m  P H A  die morphologischen Ver-  
Anderungen zu diesem Ze i tpunk t  a m  st i i rksten sind und 
sich ein hoher  G e h a l t  an  Hyalurons / iure  in der  Per i toneal -  
fl i issigkeit  nachweisen t~isst (MOHR al*a,b). 

I n  der  Peri tonealf l f iss igkei t  wurde  der  Hyalurons~ure-  
gehal t  chemisch  b e s t i m m t  e. Wei te rh in  wurden  Ausstr ich-  
pri~parate der  Peri tonealf l i iss igkei t  herges te l l t  und nach  
Pap p enhe im  gef/irbt. Vom par ie ta len  und d iaphragmalen  

Per i tonea lmeso the l  wurden  nach  der  Methode von  BE- 
NEKE et  al. v H/i .utchenpr~parate  angefer t igt ,  die m i t  
H a e m a t o x y l i n - E o s i n  gef~rbt  wurden.  I n  den Ausstr ich-  
prti.paraten wurden  die Zellen differenziert ,  die H~u t -  
chenpr~para te  wurden  auf  morphologische  Ver~nderungen  
untersucht .  

Ergebnisse. 1. Peri tonealf l i iss igkei t .  Wt~hrend die Peri- 
tonealf l i iss igkei t  yon  Kont ro l l t i e ren  keine neut rophi len  
Granu lozy ten  entht~lt, l and  sich 48 h nach  der  In jek t ion  
yon  dena tu r i e r t em P H A  eine neu t rophi le  Reak t ion  
(Tabelle). Die  Rundze l len  zeigten meis t  e inen brei ten 
basophi len Zytop lasmasaum.  Vereinzel te  Rundzel len  ent-  
h ie l ten  solit/ire Zy top la smavakuo len  oder  phagozyt ie r te  
Kernres te  neu t rophi le r  Granulozyten .  Hyalurons/ iure  
konnte  in der  Peri tonealf l i iss igkei t  chemisch nicht  nach- 
gewiesen werden.  

2. Mesothelzel len.  Un te r  physiologischen Bedingungen  
wird  das  par ie ta le  Pe r i toneum yon e inem einschicht igen 
geschlossenen Mesothelze l lverband mi t  racist n ich t  s icht-  
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