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B i n d i n g  of  R i n g h a l s  V e n o m  D i r e c t  H e m o l y t i c  
F a c t o r  to  E r y t h r o c y t e s  a n d  O s m o t i c  G h o s t s  o f  

V a r i o u s  A n i m a l  S p e c i e s  

Prev ious  inves t iga t ions  ~,2 d e m o n s t r a t e d  t h a t  lysis of 
washed  e r y t h r o c y t e s  b y  cobra  venoms  is p roduced  b y  the  
synergis t ic  ac t ion  of two  v e n o m  c o m p o n e n t s  : a basic pro- 
te in  which  is mode ra t e ly  hemoly t ic  by  itself and  there fore  
n a m e d  'd i rec t  lyt ic  fac tor '  (DLF),  and  the  v e n o m  phos-  
phol ipase  A (phospha t ide -acy l  hydrolase  EC 3.1.1.4) 
wh ich  is non -hemoly t i c  when  appl ied  alone. The  D L F  
enables  t he  v e n o m  phospho l ipase  to  spli t  the  red cell 
m e m b r a n e  phosphol ip ids ,  t he  process  resul t ing  in en- 
hanced  hemolysis .  A similar  synergis t ic  ac t ion  has been  
d e m o n s t r a t e d  on p la te le t s  ~ and  mitochondr ia~.  F u r t h e r -  
more,  evidence has  been  p rov ided  for the  concep t  t h a t  t he  
di f ference in sens i t iv i ty  of washed  red cells f rom var ious  
an ima l  species  to  b o t h  the  lytic and  the  phospho l ip id  
sp l i t t ing  ac t ions  of R ingha l s  v e n o m  is p r imar i ly  a reflec- 
t ion of the i r  suscept ib i l i ty  to  the  act ion of D L F  ~. 

These  obse rva t ions  p r o m p t e d  the  ques t ion  as to  w h e t h e r  
e r y t h r o c y t e s  of var ious  an imal  species b ind  DLF,  and  if 
so, w h e t h e r  t he  b ind ing  is cor re la ted  w i t h  t he  pa r t i cu la r  
red  cell sens i t iv i ty .  Guinea-pig,  h u m a n ,  and  sheep  red 
cells were  chosen  as showing,  in th is  sequence,  decreas ing  
suscep t ib i l i ty  to d i rec t  hemolys is  by  Ringhals  venom.  The 
D L F  f rac t ion  was  label led wi th  I ~ :  accord ing  to  the  
m e t h o d  of TALMAYE et  al. ~, and  rad ioac t iv i ty  d e t e r m i n e d  
in a wel l - type  sc int i l la t ion counter .  The I TM ac t iv i ty  of 
the  label led D L F  var ied  b e t w e e n  1-3 m p c  per  #g prote in .  
P ro t e in  concen t r a t ion  in the  D L F  solut ions was  de ter -  
mined  accord ing  to the  m e t h o d  of LOWRY et  al.~. Other  
t echnica l  deta i ls  have  been  given elsewhere ~. 

As seen in F igure  1, b ind ing  of the  I~aLtabelled I ) L F  
varies  w i th  the  t y p e  of e ry th rocy te .  In  con t r a s t  to  sheep 
e ry th rocy te s ,  b ind ing  of D L F  by  guinea-pig  and  h u m a n  
e r y t h r o c y t e s  increases dur ing  incuba t ion  and  is accom- 
pan ied  by  progressive hemolysis .  

W h e n  D L F - c o a t e d  e ry th rocy t e s  were repea ted ly  
washed  wi th  saline and f inal ly hemolysed  by  25 vol of 
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dist i l led water ,  a b o u t  90% of t he  t o t a l  r ad ioac t i v i t y  was 
found associa ted  wi th  the  s ed imen ted  red cell ghos ts  of 
each  of the  t h ree  t y p e s  s tud ied ,  showing  t h a t  D L F  is 
bound  to t he  e r y t h r o c y t e  m e m b r a n e .  

The a m o u n t  of D L F  a t t a c h e d  to ghos t s  ob ta ined  by  
osmot ic  hemolys is  (Figure 2) is no t  t i m e - d e p e n d e n t  and  
is m u c h  higher  t h a n  t h a t  a t t a c h e d  to the  co r respond ing  
e ry th rocy tes .  P resumably ,  new b i n d i n g  si tes are un-  
covered  by  the  osmot ic  hemolysis .  B ind ing  of D L F  by  
the  th ree  types  of osmot ic  ghosts  was  found,  wi th in  t he  
range t e s t ed  (50 up to  400 t~g I ) L F  per  ml),  to increase  
l inearly wi th  i ts  concen t ra t ion  in the  suspension.  Figure  3 
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Fig. 2. Bindifig of 1)LI: by osmotic ghosts. Experimental conditions 
as in Figure 1, except for using, instead of 0.5 ml packed cells, the 
corresponding anmnnt of red cell osnlotie ghosts. Ghosts were pre- 
pared by hemolysis of erythroeytes with 25 vol of distilled water and 

sedimentation at 14,000 g. 
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Fig. 3. Effect of repeated washing on the amount of DLF bound to 
human crythrocytes and osmotic ghosts. Incubation systems as in 
Figure 1 and Figure 2. After 15 rain incubation, erythrocytes or 
ghosts were sedimented and repeatedly washed with 15 nil of Tris- 
buffered saline. H al activity was determined on the sediments follow- 
ing each washing. Each value was corrected for the amount of I lax 
activity found it: control test tubes containing no cells and washed 

ill tile same way. 

Fig. 1. Binding of DLF by red blood cells of various species. Incuba- 
tion system: 100/~g of l:a:-labelled DLF and 0.5 ml packed erythro- 
eytes, brought to a final volume of 2 ml with Tris-buffered saline of 
pH 7.2, were incubated at 37°C. The amount of DLF bound by the 
erythroeytes was calculated from the 11~1 activity of 0.5 ml aliquots 
removed from the incubation system before and after sedimentation 
of the ceils at 800 g. The activities of the cell-free aliquots were sub- 
tracted from those of the celt containing aliquots, previously cor- 
rected for hematocrit. All determinations were run in four parallel 
samples. Numbers indicate rag% hemoglobin in the suspending 
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shows  t h a t ,  a f t e r  r e p e a t e d  sa l ine  washings ,  t h e  b u l k  of t he  
b o u n d  D L F  r e m a i n s  a t t a c h e d  to  b o t h  h u m a n  red  cells a n d  
osmot ic  ghosts .  S imi la r  resu l t s  were  o b t a i n e d  for t h e  
gu inea-p ig  a n d  sheep red  cells a n d  ghosts .  

Ca lcu la t ion  of t he  a m o u n t s  of D L F  b o u n d  a t  t h e  end  of 
2 h i n c u b a t i o n  gave  1.2 • 10 - ° / , g  D L F  pe r  100 #3 for t he  
r e s i s t a n t  sheep  red  cells (surface a rea  67 p27) a n d  4 .3 -10  -3 
pg  D L F  pe r  1 0 0 / :  for t h e  more  sens i t ive  h u m a n  red  cells 
(surface a rea  163 p~ ?) (da t a  on  gu inea -p ig  r ed  cell sur face  
a rea  were n o t  avai lab le) .  I n  c o n t r a d i s t i n c t i o n ,  t h e  a m o u n t  
of D L F  b o u n d  to  t h e  g h o s t  surface,  16 .6 .  10 -9 pg  D L F  
pe r  100 p2 for  sheep  a n d  10.5 • 10 -9 p g  D L F  pe r  100 pa 
for h u m a n ,  bea r s  no  r e l a t i o n s h i p  to  t h e  t y p e  of red  cell 
sens i t iv i ty .  

The  a b o v e  d a t a  would  f i t  w i t h  t he  h y p o t h e s i s  t h a t  t h e  
red  cell s e n s i t i v i t y  to  t h e  d i r e c t  lyr ic  ac t ion  of c o b r a  
v e n o m  is a f u n c t i o n  of i t s  c a p a c i t y  to  b i n d  D L F .  I t  was  
d e m o n s t r a t e d  in  a p r e v i o u s  s t u d y  * t h a t  D L F  enab le s  
phospho l ipa se  A to  sp l i t  p h o s p h o l i p i d s  in  t h e  osmot ic  
ghos t s  f r o m  sens i t ive  r ed  cells b u t  n o t  in  t h o s e  f rom t h e  
r e s i s t a n t  ones.  Since t h e  a m o u n t  of D L F  b o u n d  pe r  u n i t  
sur face  a r ea  to  t h e  l a t t e r  exceeds  t h a t  to  t h e  former ,  t h e  
degree  of s e n s i t i v i t y  of o smot i c  g h o s t  p h o s p h o l i p i d s  to  
D L F  m u s t  b e  d e t e r m i n e d  b y  a p a r t i c u l a r  m e m b r a n e  
s t r u c t u r e ,  poss ib ly  de r iv ing  f r o m  d i f f e ren t  phos pho l i p id  
compos i t i on ,  s t r e n g t h  of phos pho l i p i d  b i n d i n g  w i t h i n  t h e  
m e m b r a n e ,  a n d  f a t t y  ac id  p a t t e r n  s - n .  

Rdsumd. Le t a u x  du  f a c t e u r  l y t i que  (DLF)  p r o v e n a n t  
du  v e n i n  d u  s e r p e n t  R ingha l s ,  li6 a u x  6 r y t h r o c y t e s  de  
d i f f6 ren tes  esp~ces an imales ,  co r r e spond  ~ leur  sens ib i l i t6  

Fac t ion  du  v e n i n .  Ce t te  co r r e spondence  n ' e s t  p lus  va l a -  
b le  p o u r  les m e m b r a n e s  6 r y t h r o c y t a i r e s  o b t e n u e s  p a r  
h6molyse  osmot ique .  L a  capac i t6  de ces m e m b r a n e s  de  
l ier D L F  es t  sup~r ieure  g celle des 6 r y t h r o c y t e s  i n t ac t s .  L a  
e in6 t ique  de l ia ison du  D L F  a u x  m e m b r a n e s  es t  d i f f6 ren te  
de  celle a u x  6 r y t h r o c y t e s  i n t ac t s .  
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Einfluss  von  P s y c h o p h a r m a k a  auf die 
n ichtveresterten  Fettsi iuren i m  B l u t p l a s m a  

Die B e s t i m m u n g  de r  n i c h t v e r e s t e r t e n  Fe t t sAuren  
(NFS)  im D l u t p l a s m a  g i b t  e inen  E i n b l i c k  in die D y n a m i k  
des  Fe t t s to f fwechse l s .  I h r e  K o n z e n t r a t i o n  is t  abh~ingig 
v o m  E r n A h r u n g s z u s t a n d ,  y o n  den  ene rge t i s chen  Bedi i r f -  
nissen,  y o n  n e r v 6 s e n  u n d  h o r m o n a l e n  Einf l f i ssen  u n d  
n i c h t  zu l e t z t  y o n  de r  ve r f f igba ren  Glucosemenge .  Insu l in ,  
o ra l  w i r k s a m e  A n t i d i a b e t i k a  u n d  Sa l i cy la t  v e r b e s s e r n  die 
G l u c o s e v e r w e r t u n g  u n d  b e w i r k e n  eine A b n a h m e  de r  N F S  
i m  s t r 6 m e n d e n  B l u r  x,*. V o n  b l u t z u c k e r s t e i g e r n d e n  Sub-  
s t a n z e n  m i t  h e m m e n d e m  Ein f luss  au f  die Glucose-Ut i l i sa -  
t i on  is t  dagegen  zu e rwar t en ,  dass  sie e ine Z u n a h m e  de r  
N F S  i m  P l a s m a  v e r u r s a c h e n .  Zu dieser  G r u p p e  geh6 ren  
a u c h  Ch lo rp romaz in ,  C h l o r p r o t h i x e n  u n d  einige a n d e r e  
P s y c h o p h a r m a k a  3,4. I n  V e r s u c h e n  a n  R a t t e n  u n d  Schwei-  
n e n  h a b e n  wi t  n a c h  V e r a b r e i c h u n g  y o n  C h l o r p r o m a z i n  
t a t s ~ c h l i c h  e inen  b e d e u t e n d e n  Ans t i eg  de r  z i rku l i e r enden  
N F S  fes tges te l l t  l&  Diese  B e o b a c h t u n g  w u r d e  bes t / t t ig t .  
So l and  z .B.  HOLLISTER 6, dass  C h l o r p r o m a z i n  a u c h  b e i m  
Menschen  eine be t r i i ch t l i che  Z u n a h m e  de r  N F S  im Plas -  
m a  ve ru r s ach t ,  t3ber  d e n  M e e h a n i s m u s  dieser  W i r k u n g  
is t  frei l ich wenig  b e k a n n t .  N a c h s t e h e n d  wird  f iber den  
Einf luss  fo lgender  S u b s t a n z e n  au f  die K o n z e n t r a t i o n  
der  N F S  i m  B l u t p l a s m a  y o n  R a t t e n  b e r i c h t e t :  P r o m a -  
z inphospha t ,  C h l o r p r o m a z i n  • HCI, Ch lo rp romaz insu l f -  
ox id  • He1, T r i f l u p r o m a z i n  • HC1, C h l o r p r o t h i x e n  • HC1, 
Ch lo rp ro th ixensu l fox id .HC1,  P r o t h i p e n d y l . H C l  H y d r a t ,  
Haloper idol ,  I m i p r a m i n  • HCI, A m i t r i p t y l i n  • HC1, Chlor-  
d iazepox id  • HC1, A t h y l t r y p t a m i n a c e t a t  (D, L-e-/~thyl-  
t r y p t a m i n a c e t a t ,  E t r y p t a m i n ) ,  , T r a d o n - L ,  (2-Di/ i thyl-  
amino-4-oxo-5-pheny l -oxazo l in )  u n d  P i p r a d o l  • HC1. 

Als Ver suchs t i e r e  d i e n t e n  a u s g e w a c h s e n e  mAnnl iche  
u n d  weib l iche  W i s t a r - R a t t e n .  Die in  W a s s e r  ge l6s ten  
S u b s t a n z e n  w u r d e n  i n t r a m u s k u l A r  in j i z ie r t  (2 ml /kg) .  
U n m i t t e l b a r  v o r  u n d  2 bzw. 4 h n a c h  de r  I n j e k t i o n  wur -  
d e n  g l u t p r o b e n  aus  e iner  Z u n g e n v e n e  der  n i c h t  n a r k o t i -  
s i e r t en  Tiere  e n t n o m m e n .  Die  B e s t i m m u n g  de r  N F S  in 
0, 2 ode r  0, 5 ml  P l a s m a  erfolgte  m i t  e iner  ko lo r ime t r i s chen  
M e t h o d e L  Die  E rgebn i s se  w u r d e n  s t a t i s t i s ch  b e a r b e i t e t  
( S t u d e n t ' s  t -Test) .  

Tabe l le  I zeigt,  dass  die u n t e r s u c h t e n  P h a r m a k a  m i t  
A u s n a h m e  v 0 n  Ch lo rp ro th ixensu l fox id ,  I m i p r a m i n ,  P i p r a -  
dol  u n d  P h e n o b a r b i t a l  eine s ign i f ikan te  Z u n a h m e  der  
N F S  im P l a s m a  ve ru r s achen .  Zur  n~iheren Charak te r i s i e -  
r u n g  dieser  W i r k u n g  w u r d e n  einige zus~tz l iche  Versuehe  
m i t  C h l o r p r o m a z i n  (und  Ch lo rp ro th ixen )  du rchge f i ih r t .  
Zun~ichst  s te l l te  s ich he raus ,  dass  C h l o r p r o m a z i n  ke ine  
wei te re  V e r m e h r u n g  de r  N F S  im P l a s m a  bewi rk t ,  w e n n  
ihre  K o n z e n t r a t i o n  s chon  zu V e r s u c h s b e g i n n  d u t c h  H u n -  
ger  ode r  V o r b e h a n d l u n g  m i t  Rese rp in  e r h S h t  wa r  (Tabel le  
I I ) .  W e i t e r h i n  wurde  geprfift ,  ob  s ich die W i r k u n g  der  
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