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I n  vitro Lysis of Erythrocytes and Chromaffine Granules by Prenylamine 

Preny lamine  (Segontin®) releases ca techolamines  f rom 
chromaff ine  medul la ry  granules  as well as f rom sympa-  
the t ic  ne rve  vesicles z-4. The  i.v. in jec t ion  of t he  drug 
(5 mg/kg) in ra t s  produced s t rong hemoglob inur ia  5,6. 
Thus,  p reny lamine  is obvious ly  able also to  release hemo-  
globin f rom erythrocytes .  

The  present  pape r  gives ev idence  for a c o m m o n  
mechan i sm under ly ing  bo th  the  release of amines  f rom 
chromaff ine  granules  and of hemoglobin  f rom ery thro-  
cytes. 

Material and methods. Granules  f rom bovine  adrenal  
medul la  were prepared by  high speed cent r i fuga t ion  of 
homogenates  as previous ly  descr ibedL Incuba t ion  of the  
isolated granules  (1 ml  granule suspension conta in ing  
2.5-3 mg protein in samples of 5 ml) was carried ou t  a t  
37 °C by shaking in an isotonic med ium conta in ing  0 . 3 M  
sucrose and 10-3M Mg ++. Tris-buffer was added to ob ta in  
p H  7.2. DL-prenylamine lac ta te  (Farbwerke  Hoechst)  was 
dissolved in the  buffered sucrose. 

De te rmina t ion  of to ta l  ca techolamines  S in the  granules 
was per formed af ter  sed imenta t ion  (15,000 g, 20 min) and 
ex t rac t ion  wi th  0 .4N HC10,.  

E lec t ron  micrographs  f rom granules  were obta ined  af ter  
f ixat ion wi th  g lu ta ra ldehyde  and post - f ixat ion wi th  1% 
OsO~. For  detai ls  see 0 

H u m a n  and ra t  e ry th rocy tes  washed 3 t imes  wi th  
sal ine-sodium ace ta te  buffer  p H  7.5 (0.81% NaC1, 0.198% 
sodium acetate)  were suspended in t he  same buffer  to 
give a f inal  concen t ra t ion  of 5%. P reny lamine  was added  
in increasing a m o u n t s .  Af te r  30 rain incuba t ion  a t  37 °C 
wi th  shaking, the  suspensions were centr i fuged (1150 g). 
The  released hemoglobin  was es t ima ted  in the  super-  
n a t a n t  zo 

In  o ther  exper iments  the  e ry th rocy tes  were  suspended 
in hypo ton ic  sal ine-sodium phospha te  buffer  (pH 7) 
according to SEE:MAN and WE;INSTEIN 11 in order  to ob ta in  
a 50% hemolysis  af ter  5 rain s tanding  a t  room tempera -  
ture.  P reny lamine  in increasing amount s  was previous ly  
added. 

Lower ing  by  p reny lamine  of surface tension (aqua 
bidest.) was measured a t  37 °C by  means  of an interracial  
t ens iometer  according to L~ COMTE DU I~OOY (Fa. Krtiss, 
Modell K 8600). 

Results. (1) As can be seen f rom Figure  1A, surface 
tension was lowered marked ly  by  prenylamine  at  con- 
ccntra t ions  be tween 10 -* and IO-SM. In  the  same range 

of concent ra t ions  a m p h e t a m i n e  which provides  one sec- 
t ion  of the  p r eny l amine  molecule  was w i thou t  any  effect. 

F igure  1B shows t h a t  comple te  hemolys is  of r a t  and 
h u m a n  e ry th rocy tes  occurred on incuba t ion  wi th  prenyl -  
amine  a t  f inal  concent ra t ions  of 2-3 × 10-4M. S o m e w h a t  
lower concen t ra t ions  (6 × 10 -~ to  10-*NI) caused to t a l  
dep le t ion  of ca techolamines  f rom isolated chromaff ine  
granules. The  release was near ly  t he  same a t  22 ° and  37 °C 
(Figure 1B). 

(2) E lec t ron  micrographs  of granules  i ncuba ted  wi th  
p reny lamine  a t  these concen t ra t ions  d e m o n s t r a t e  t h a t  
the  granules  were swollen and thei r  m e m b r a n e s  severe ly  
damaged  (Figures 2A and B). 

A m p h e t a m i n e  and m e t h a m p h e t a m i n e ,  even  a t  concen-  
t ra t ions  of 2-4 × 10-3M produced a release of catechoI-  
amines  of no t  more than  50%. This  effect was ob ta ined  
only  when the  sucrose med ium conta ined  sodium phos- 
pha te  (0 .3M sucrose + 66 m M  sodium phospha te  buffer,  
pH  6.8; 4 :1  v/v) .  Unde r  these condi t ions  no damage  of 
the  granule  membranes  could be de tec ted  by  electron 
microscopy.  

(3) On the  o ther  hand,  p reny lamine  p ro tec ted  ery thro-  
cytes  against  hemolysis  induced by  hypoton ic  saline. 
S tabi l iza t ion  was max ima l  a t  concent ra t ions  of 2 to 
3 × 10-4M (Figure 3), i.e. a t  concent ra t ions  which caused 
comple te  hemolysis  of e ry th rocy tes  suspended in isotonic 
saIine (cf. F igure  1B). 

Discussion. Preny lamine  m a y  be defined chemical ly  as 
a N-d ipheny lp ropy l - subs t i tu t ed  de r iva t ive  of amphe t a -  
mine  (see Formula) .  Therefore  the  drug  should behave  
pharmacologica l ly  as an  indi rec t -ac t ing  sympa thomime t i c  
amine  because of the  a m p h e t a m i n e  mo ie ty  of the  molecule  
and  exer t  adrenergic  actionsn,6; on the  o ther  hand,  the  
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Fig. 1. (A) Lowering by prenylamine of surface tension. (Aqua bidest. 
at 37"C = 70.4 dyn/cm). (B) Release by prenylamine of eatechol- 
amines from isolated ehromaffine granules (bovine adrenal medulla} 
and of hemoglobin from human ( o - -  • ) and rat (,aL ,ak) erythro- 
cytes. Concentration-response curves, 
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Fig. 2. (A) Electron micrograph of ehromaffine granules suspended 
in 0.3M sucrose (controls). (B) After incubation with prenylamine 
(2.4 × 10-* M, 30 rain, 37 °C). (A) and (B) with the same magnification 
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( × 50,000). In (B) granules are swollen and contain only small islets 
of electron dense material (1). Their membranes are severely dam- 
aged (2). 
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Fig. 3. Protection by prenylamine of human erythrocytes against 
hypotonic hemolysis (50%). (For details see 'Methods'). 

d i p h e n y l p r o p y l  m o i e t y  m a y  e n a b l e  p r e n y l a m i n e  to  exe r t  
r a t h e r  unspecif ic ,  e.g. spa smo ly t i c  5'e, local  a n a e s t h e t i c  1~ 
a n d  quinidine- l ike13 effects.  I n  t he  u r ine  of m a n  a n d  r a t  
a m p h e t a m i n e  could  be  d e m o n s t r a t e d  as  a m e t a b o l i t e  of 
p r e n y l a m i n e  14. 

T h e  lysis  of e r y t h r o c y t e s  a n d  c h r o m a f f i n e  g ranu le s  
caused  b y  p r e n y l a m i n e  as s h o w n  in t h e  p r e s e n t  p a p e r  was  
obv ious ly  due  to  t h e  d i p h e n y l p r o p y l  m o i e t y  of t he  mole-  
cule wh ich  p rov ides  t he  d r u g  w i t h  h i g h  l ipophi l ic  a n d  
sur face  a c t i v e  p roper t i e s .  The  slope of t h e  dose- response  
c u r v e s  for  b o t h  t h e  h e m o l y t i c  a n d  g r anu lo ly t i c  a c t i o n  was  
v e r y  s teep,  c o r r e s p o n d i n g  to  a n e a r l y  'a l l  or  n o t h i n g  
effect ' ,  due  to d i s r u p t i o n  of t h e  m e m b r a n e s .  Th i s  m a y  
exp la in  w h y  p r e n y l a m i n e  re leased f rom ch romaf f i n e  
g ranu les  no t  on ly  c a t e c h o l a m i n e s  b u t  also A T P  - a n  

ac t ion  s h a r e d  b y  rese rp ine  *,3 which ,  i n t e re s t ing ly ,  also 
p r o v e d  to  be  a h e m o l y t i c  a g e n t  n l ike p r e n y l a m i n e  in our  
e x p e r i m e n t s .  

T h e  a c t i o n  of p r e n y l a m i n e  on  m e m b r a n e s  was  s imi la r  
to  t h a t  e x e r t e d  b y  d e t e r g e n t s  l ike saponin .  S a p o n i n  
re leased c a t e c h o l a m i n e s  f rom m e d u l l a r y  g ranu les  5 a n d  
h e m o g l o b i n  f rom erythrocytes15.  However ,  in  c o n t r a s t  to  
saponin ,  w h i c h  is a ' specif ic '  h e m o l y t i c  a g e n t  14, p reny l -  
a m i n e  - l ike  reserpine ,  c h l o r p r o m a z i n e  a n d  o t h e r  'un .  
specif ic '  h e m o l y t i c s  ~s - p r o t e c t e d  e r y t h r o c y t e s  a g a i n s t  
hemolys i s  i n d u ced  b y  h y p o t o n i c  sa l ine  as s h o w n  in t h e  
p r e s e n t  paper .  I n  th i s  con t ex t ,  i t  is of i n t e r e s t  t h a t  
p r e n y l a m i n e  as well  as r ese rp ine  in low c o n c e n t r a t i o n s  
(10-5 to  10-s M) were  able  to  i n h i b i t  t h e  s p o n t a n e o u s  release 
of c a t e c h o l a m i n e s  f rom i so la ted  g ranu le s  of s y m p a t h e t i c  
ne rves  ~ a n d  gangl ia  IT. I n  t h e  s a m e  r a n g e  of c o n c e n t r a t i o n s  
these  d r u g s  i n h i b i t e d  t h e  ' A T P - M g + + - d e p e n d e n t  u p t a k e '  
of c a t e c h o l a m i n e s  in to  c h r o m a f f i n e  g ranu les  1s,19. 
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An unspecific ( t empera ture - independent )  mechan ism 
seems to under ly  these ' m e m b r a n e  effects '  exer ted  by  
p reny lamine  and o ther  surface ac t ive  drugs. 

In  low concent ra t ions  they  will exer t  a p ro tec t ive  act ion 
on the  particles,  i.e. an inhibi t ion of the  spontaneous  
release of ca techolamines  f rom isolated granules and of 
hemoglobin  f rom ery throcytes .  The  reason could be an 
en la rgemen t  of the  surface a rea /vo lume  ra t io  as shown by 
SEEMAN 15 for e ry th rocy tes  which were incuba ted  with  
prochlorperazine,  and as demons t ra t ed  in the  present  
paper  by F igure  2B for chromaff ine  granules which were 
swollen af ter  incuba t ion  wi th  prenylamine.  This enlarge- 
men t  is possibly also responsible for the  inhibi t ion of the  
ATP-Mg++-dependent  up take  mechanism localized in the  
membranes  of the  granules.  

W i t h  high concent ra t ions  of the  corresponding drugs 
the  surface a rea /vo lume  rat io  of the  part icles is obviously  
enlarged to such an ex t en t  t ha t  d isrupt ion of the  mem-  
branes and comple te  release of the  conten ts  will result .  

Zusammen[assung.  In  der  Oberfli tchenaktivit i~t des 
Prenylamins ,  bedingt  du tch  den l ipophilen Diphenylpro-  

pylante i l  des Molekiils, wird die Ursache daft ir  erbl ickt ,  
dass hohe Konzen t r a t i onen  zur F re i se tzung  yon Brenz-  
ca tech inaminen  aus chromaff inen  Granu la  sowie von  
Hi tmoglobin  aus E r y t h r o e y t e n  ftihren. E lek t ronenmik ro -  
skopische Aufnahmen  zeigten schwere Membransch~tdi- 
gungen der  mi t  P r eny l amin  inkubier ten  Granula.  Prenyl -  
amin  h e m m t e  bzw. ve rh inde r t e  die H~molyse  der  in 
hypotoni~¢her  Salzl6sung suspendier ten  E r y t h r o z y t e n .  
Ein  gemeinsamer  Mechanismus,  der  sowohl die granulo ly-  
t ische und hAmolyt ische als auch die p ro tek t ive  Wi rkung  
auf  Granula-  und E r y t h r o z y t e n m e m b r a n  erkl~.ren k6nnte ,  
wird diskut ier t .  
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~ x n d e r u n g e n  d e s  G l y k o g e n g e h a l t e s  in  d e r  N i e r e  v o n  

Im  Laufe  einer e ingehenden his tologisch-his tochemi-  
schen Studie  der  Genese der  Nierensch~iden, wie sie durch  
therapeut i sche  Chela tb i ldner  hervorgerufen  werden,  ergab 
sich ein Befund,  der  in der  bisherigen L i t e ra tu r  x-9 noch 
n ich t  beschr ieben wurde  und wegen der  Aktual i tAt  der  
P rob l ema t ik  kurz  mi tge te i l t  werden so i l  

16-20 Wochen  al te  Ra t t enmAnnchen  des Hei l igenberg-  
S t ammes  von 230-300 g Gewicht  erhiel ten tiiglich i.p. 8, 4 

R a t t e n  n a c h  I n j e k t i o n e n  v o n  Na2  [ C a - ~ D T A ]  

oder  2 mmol  Na:[Ca-A, DTA] /kg  injiziert ,  die Kontrol l -  
t iere i iquimolare  NaC1-L6sung. Jeweils  24 h nach der 
le tz ten In jek t ion  wurden  je 5 Versuchs- und Kontrol l -  
t iere get6tet ,  aus e iner  Niere eine Querscheibe herausge-  
t rennt ,  in Rossmanscher  L6sung f ixier t  to, mi t te l s  Tet ra-  
hydrofuran  entw~tssert, in Parap tas t  e ingebe t te t  und 7 / ,  
dick geschni t ten.  An histologisch gefArbten Schni t t en  
lassen sich die gleichen GewebsverAnderungen feststellen, 
die auch yon anderen Untersuchern  beschrieben und als 
hydropische Degenera t ion  bezeichnet  wurden.  Ausserdem 
wurde  die P J S - F ~ r b u n g  nach MCMANUS angewand t  a°. 
Die SpezifitAt der  Glykogendars te l lung  ergab sich durch  
die Dias tasebehandlung yon Paral le lschni t ten,  die 1 h bei 
37°C einer l p rozen t igen  phospha tgepuf fe r ten  (pH 6,8) 
Diastase-(Merck)-L6sung ausgesetzt  waren, wAhrend sich 
die Vergleichsserie entsprechend in Phospha tpuf fe r  be- 
land 10. 

Zahl und H6he  der  NaCl- In jek t ionen  verursachen  keine 
augenfAltige Beeinflussung des Wohlbef indens  der  Kon-  
trollt iere.  In  den Sammelrohrep i the l ien  der  Niere lassen 
sich immer  (wie auch bei unbehande l ten  Tieren) verein-  
zelte kleine Glykogengranula  nachweisen (Figur  la).  

a b 

Fig. 1. (a) Kontrolle: 8 ×4 mmol NaC1]kg/d. PJS-F~rbung-Wei- 
gert: --> Glykogen in Sammelrohren. × 500. (b) Versuch: 4 × 4 mmol 
Chelat/kg/d. Sonst wie (a). 
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