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w i t h  a pos i t i ve  c h r o n o t r o p i c  response .  T h e  r e a s o n  for  t h e  
lack  of cons i s t ency  in t h e  ino t rop ic  r e sponses  r e m a i n s  un -  
clear,  b u t  a p p a r e n t l y  is u n r e l a t e d  to  s i m u l t a n e o u s  v a g a l  
s t imu la t i on ,  t h e  pre-  or  p o s t - s t i m u l a t i o n  c o n t r a c t i o n  ra tes ,  
or  to  t h e  size of t h e  m y o c a r d i u m .  N or  is i t  d e p e n d a n t  on  
t h e  s y m p a t h e t i c  i n n e r v a t i o n ,  s ince t h e  p a t t e r n  of re-  
sponses  to  exogenous  a m i n e s  was  s imi la r  to  t h a t  for  n e r v e  
s t i m u l a t i o n .  I t  is p o s s i b l e  t h a t  t h e  v a r i a t i o n  in  force 
r e sponses  is r e l a t e d  t o  fac to rs  such  as t h e  sex of t he  ca t s  
f r o m  w h i c h  t h e  a t r i a  were  t a k e n ,  or  to  v a r i a t i o n s  in  t h e  
level  of some  cr i t ica l  m e t a b o l i c  i n t e r m e d i a t e  or  e n e r g y  
source  w i t h i n  t h e  m y o c a r d i M  t issue.  I t  is clear,  however ,  
t h a t  t h e  e n e r g y  r equ i r ed  for  t h e  inc reased  force of con-  
t r a c t i o n  is m o r e  d i r ec t l y  d e p e n d a n t  u p o n  t h e s e  f ac to r s  
t h a n  t h a t  r e q u i r e d  to  m a i n t a i n  a n  inc reased  r a t e  of 
c o n t r a c t i o n ;  t h e  l a t t e r  o b s e r v a t i o n  is in  c o m p l e t e  agree-  
m e n t  w i t h  t h e  f i nd ings  of WEBB in  h is  e x t e n s i v e  i nves t i ga -  
t i ons  w i t h  i so l a t ed  r a b b i t  a t r i a  1.,18. 

ZusammenJassung. Isol ier te ,  s y m p a t h i s c h  i n n e r v i e r t e  
K a t z e n v o r h 6 f e  w u r d e n  d u r c h  d e n  r e e h t e n  N e r v u s  ac-  
ce le rans  m i t  I m p n l s e n  y o n  1-5  msec  D a u e r  u n d  m i t  e iner  
F r e q u e n z  y o n  0 .5-60  I m p u l s e n / s e c  s t imul ier* .  I n  Mien 
Pr~Lparaten w u r d e  e ine  pos i t i v  c h r o n o t r o p e  W i r k u n g  be-  

o b a c h t e t ,  w~ihrend n u r  in  52% de r  F/ille~'eine i n o t r o p e  
W i r k u n g  n a c h w e i s b a r  war .  ]3ei 26% w a r  die K o n t r a k -  
t ionsst /~rke n i c h t  beeinf luss t ,  w / ih rend  be i  22% eine ne-  
g a t i v  i no t rope  W i r k u n g  fes tges te l l t  wurde ,  tfir de ren  Va-  
r i i e ren  bis  j e t z t  ke ine  E r k l i i r u n g  ge funden  w e r d e n  konn t e .  
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T h e  In f luence  of  Bee  V e n o m  on  the  O s m o t i c  F r a g i l i t y  o f  H u m a n  R e d  B l o o d  Cel l s  

T h e  res i s t ance  of e r y t h r o c y t e s  to  hemolys i s  is c l in ical ly  
m e a s u r e d  b y  t h e  fo l lowing t e s t s :  o smot i c  f rag i l i ty  t e s t ;  
o smot i c  f rag i l i ty  a f t e r  i n c u b a t i o n  of t h e  b lood  a t  37 °C 
for 24 h ;  a u t o h e m o l y s i s  t e s t  a n d  m e c h a n i c a l  f rag i l i ty  t e s t  1. 

The  osmot i c  f rag i l i ty  c u r v e  o b t a i n e d  f rom these  t e s t s  
is s igmoida l  a n d  s y m m e t r i c  a n d  dep ic t s  t h e  h e t e r o g e n i t y  
of t h e  o smot i c  b e h a v i o n r  of t h e  red  b lood  cell (RBC) 
p o p u l a t i o n s L  T h e  f r e q u e n c y  d i s t r i b u t i o n  c u r v e  of t he  
R B C  p o p u l a t i o n  is a f u n c t i o n  of t h e  c o n c e n t r a t i o n  of t h e  
h y p o t o n i c  NaC1 so lu t ion .  

The  in f luence  of bee  v e n o m  o n  t he  o smot i c  f rag i l i ty  of 
R B C  has  n o t  y e t  b e e n  s tud ied .  Th i s  m a y  be  a t t r i b u t a b l e  
to  t h e  absence  of a s u i t a b l e  m e t h o d  of i n d i v i d u a l  b u t  
s i m u l t a n e o u s  m e a s u r e m e n t  of t h e  2 factors ,  i.e. t h e  
c o n c e n t r a t i o n  of t h e  h y p o t o n i c  NaC1 so lu t ion  a n d  t h e  
t i m e  pe r iod  of t h e  p re sence  of t h e  v e n o m ,  w h i c h  g o v e r n  
t h e  osmot ic  b e h a v i o u r  of t h e  r ed  b lood  cells. 

T h e  i n d i v i d u a l  b u t  s i m u l t a n e o u s  m e a s u r e m e n t  of these  
2 f ac to r s  h a s  now been  r e n d e r e d  poss ib le  b y  a new  m e t h o d  
us ing  t h e  f r ag i l i g raph  ~-4. T h e  l a t t e r  a u t o m a t i c a l l y  records  
t h e  degree  of hemolys i s  as a f u n c t i o n  of t ime,  i.e. of 
dec reas ing  sa l t  c o n c e n t r a t i o n  in  t h e  lZBC suspens ion .  

The  c h a n g i n g  hemolys i s  p a t t e r n ,  t o g e t h e r  w i t h  t h e  t i m e  
pe r iod  r eco rded  on  t h e  f r ag i l ig ram p e r m i t  t h e  es tab l i sh -  
m e n t  of t h e  s a l t  c o n c e n t r a t i o n  a t  a n y  p o i n t  b y  t h e  a id  of 
a n  e s t ab l i shed  c u r v e  s . 

F o u r  m e n  a n d  2 women ,  24-25  y e a r s  of age, w ho  were  
c l in ical ly  h e a l t h y  a n d  h a d  a n e g a t i v e  f ami ly  a n a m n e s i s  of 
h e m o l y t i c  diseases  were  s tud ied .  T h e i r  blood,  d r a w n  b y  
f inger  p u n c t u r e ,  was  co l lec ted  in  cap i l l a ry  t u b e s  of  a t y p e  
used  for  m i c r o h e m a t o c r i t .  

N o r m a l  f r ag i l ig rams  were  o b t a i n e d  b y  a m e t h o d  b a s e d  
o n  g r a d u a l  hemolys i s  in  h y p o t o n i c  NaC1 so lu t ions  2-~. 
0.075 m l  of a 1 :10  d i l u t i on  of b l o o d  in  i so ton ic  bu f f e red  
NaC1 so lu t ion  were  i n t r o d u c e d  i n t o  a c o n t a i n e r  cell  w i t h  
wMls of d ia lyz ing  m e m b r a n e .  T h e  cell  was  t h e n  p l aced  
i n t o  a t e s t - t u b e  w i t h  d is t i l led  w a t e r  a n d  t h i s  a g a i n  i n to  
t h e  f rag i l igraph ,  a n  i n s t r u m e n t  s imi la r  to  a co lo r ime te r  
w i t h  a r eco rde r  b e t w e e n  a source  of l i gh t  a n d  a p h o t o -  

e lectr ic  cell, D ia lyz ing  t h r o u g h  t h e  m e m b r a n e  re su l t ed  
in  a c o n t i n u o u s  r e d u c t i o n  in  t h e  sa l t  c o n c e n t r a t i o n  of t h e  
m e d i u m  s u r r o u n d i n g  t h e  e r y t h r o c y t e s .  The  degree  of 
hemolys i s  measu red ,  on  t h e  bas is  of t h e  inc reas ing  t r a n s -  
p a r e n c y  of t h e  e r y t h r o c y t e s  suspens ion  in t he  course  of 
hemolys i s .  T h e  record  of t h e  inc reas ing  l igh t  t r a n s m i s s i o n  
in  r e l a t i on  to  t i m e  y ie lded  t h e  f r ag i l ig ram or  i t s  de r iva t ive .  
T h e  sa l t  c o n c e n t r a t i o n s  a t  d i f fe ren t  p o i n t s  of t h e  cumula -  
t i ve  c u r v e  were  fo t ind w i t h  t he  a id  of a p r ev ious ly  e s t ab -  
l i shed  curve .  

T h e  in f luence  of t h e  v e n o m  was  s tud ied  b y  d i l u t i ng  1 
v o l u m e  of b lood  in  9 v o l u m e s  of i so ton ic  bu f f e r ed  NaC1 
so lu t ion  w h i c h  c o n t a i n e d  2 y of bee  v e n o m / m l .  Af t e r  20-30 
sec, 0.075 m l  of t h e  suspens ion  were  i n t r o d u c e d  i n to  the  
c o n t a i n e r  cell for  record ing .  

I n  t h e  f rag i l igrams,  t h e  degree  of hemolys i s  (o rd ina te -  
%)  was  r eco rded  as a f u n c t i o n  of t i m e  (abscissa  - min)  
d u r i n g  w h i c h  t h e  v e n o m  was p r e s e n t  in  t h e  R B C  suspen-  
sion. T h e  t i m e  va lues  were  t r a n s f e r r e d  to  c o n c e n t r a t i o n  
va lues  b y  t he  e s t ab l i shed  cu rve  ~. 

T h e  f rag i l ig rams  of t h e  con t ro l  t e s t s  a n d  t h e  f rag i l i ty  
va lues  are  s u m m a r i z e d  in F igu re  I a n d  T a b l e  I. All  t i m e  
(concen t ra t ion )  - hemolys i s  cu rves  h a d  a s igmoida l  pa t -  
t e r n  a n d  t h e  d e r i v a t i v e  cu rves  were  u n i m o d a l  as t y p i c a l  
of a c o n t i n u o u s  d i s t r i b u t i o n  of a h e t e r o g e n e o u s  popu la -  
t ion .  T h e  f rag i l i ty  va lues  were  w i t h i n  t h e  r a n g e  of  n o r m a l  
b lood.  H e m o l y s i s  b e g a n  a t  0.41 4- 0 .04% NaC1 a n d  was 
c o m p l e t e d  a t  0.28 4- 0 .04% NaC1. 
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Table L Osmotic fragility of erythrocytes from normal blood 
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Minimum resistance Maximum resistance 

Min S,D. Range NaCI% S.D. Range Min S.D. Range NaCI% S.D. Range 

3.08 0.23 2.75-3.25 0.41 0.04 0.40-0.44 5.46 0.31 5.00-6.00 0.28 0.04 0.20-0.30 

S.D., standard deviation. 

Table II. Osmotic fragility of erythroeytes in the presence of bee venom 

Minimum resistance Maximum resistance I 

Min S.D. Range NaCI% S.D. Range Min S.D. Range NaCI% S.D. Range 

0.46 0.41 0.13-1.50 0.79 0A0 0.58-0.88 1.39 0.58 1.00-2.50 0.59 0.10 0.46-0.58 

Maximum resistance II 

Min S.D. Range NaCI% S.D. Range 

2.93 0.43 2.75-3.75 0,43 0,03 0,36-0.45 

S.D., standard deviation. 

Table III. The relative values (%) of the RBC population obtained 
by the osmotic fragility test in the presence of bee venom 

More fragile population Less fragile population 

% S.D. Range % S.D. Range 

28.0 9.5 20.0-37.5 73.6 23.4 62.5-82.0 

S.D;, standard deviation, 
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Fig. 1. The fragiligrams (left) and the derivatives (right) from normal 
blood, 

~ 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 3rain 0 3rain 

Fig. 2. The fragiligrams (left) and the derivatives (right) of erythro- 
cytes in the presence of bee venom. 

t h a t  of t h e  less f ragi le  popu la t i on ,  a t  0.43 4- 0 .03% NaC1. 
These  va lues  i n d i c a t e d  a n  inc reased  f rag i l i ty  of t h e  R B C  
in t h e  p resence  of bee  v e n o m  as c o m p a r e d  w i t h  n o r m a l  
b lood.  T h e  r e l a t i ve  va lues  of t h e  2 R B C  p o p u l a t i o n s  
o b t a i n e d  b y  d i r e c t  p l a n i m e t r a t i o n  a re  s u m m a r i z e d  in  
T a b l e  I I I .  T h e  more  fragi le  p o p u l a t i o n  r e p r e s e n t s  
28.01 :[: 9 .56% a n d  t h e  more  r e s i s t a n t  are  73.63 4- 2 .34% 
of t he  R B C  popu la t i on .  

T h e  f r ag i l ig rams  o b t a i n e d  in  th i s  s t u d y  are  of a new 
p a t t e r n  showing  2 s e p a r a t e  p o p u l a t i o n s  of t h e  R B C  of 
inc reased  f ragi l i ty .  T h e  r e l a t i ve  va lues  o b t a i n e d  for  t h e  2 
p o p u l a t i o n s  b y  d i r ec t  p l a n i m e t r a t i o n  of t h e  d e r i v a t i v e  
cu rves  a re  s imi la r  to  t h e  va lues  for ' o ld '  a n d  ' y o u n g '  
e r y t h r o c y t e s  o b t a i n e d  in e l ec t ron  microscope  s tud ies  5. 
H e n c e  i t  m a y  be  t h a t  t h e  d iv i s ion  of t h e  R B C  in to  2 
p o p u l a t i o n s  is d u e  to  t h e  2 k n o w n  fac to r s  a c t i n g  in t h e  
h e m o l y t i c  m e c h a n i s m  of bee  v e n o m  ",7 or  t h e  age d i s t r ibu -  
t i on  of t he  R B C  popu la t i on .  However ,  t i le  f rag i l ig rams 
were so v e r y  t y p i c a l  a n d  r ep roduc ib le  as to  sugges t  a n  
a u x i l i a r y  t e s t  to  p rove  v e n o m  a c t i v i t y  in  blood.  

Rdsumd. Le  v e n i n  des  abei l les  a u g m e n t e  la  r6 f rac t ion  
o s m o t i q u e  des  g lobules  rouges  du  s ang  h u m a i n .  I1 d iv ise  
la  p o p u l a t i o n  cel lulaire  en  2 g roupes  de  r6 f rac t ion  osmo-  
t ique .  Ces 2 g roupes  s e m b l e n t  r ep r6sen te r  les globules  
rouges  ~,jeunes, e t  ~,vieux~. L a  cou rbe  o b t e n u e  p e u t  se rv i r  
de t e s t  s p & i f i q u e  r6v61ant  l ' a c t i on  du v e n i n  des abei l les  
su r  le sang.  
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The  f rag i l ig rams  of t h e  t r e a t m e n t  t e s t s  a n d  t he  f rag i l i ty  
va lues  are  s u m m a r i z e d  in F igu re  2 a n d  Tab le  I I .  T h e  
c u m u l a t i v e  cu rves  a n d  t h e i r  d e r i v a t i v e s  were  al l  b imoda l ,  
i n d i c a t i n g  2 e r y t h r o c y t e  popu la t i ons .  M i n i m u m  res i s t ance  
was  a t  0.79 ± 0 .1% NaC1. T h e  m a x i m u m  res i s t ance  of 
t h e  more  fragi le  p o p u l a t i o n  was  a t  0.59 :E 0 .1% NaC1 a n d  

s D. Dmcos, Y. MARIKOVSKY and K. PERK, Harefuah 62, 7, 1 
(1962), 
P. L. BEARD, A. Rev. Ent. 8, 1 (1963). 

7 S. GITTER, A. Dig VRIES and S. KOCH~,VA, Israel reed. J. t8, 1-2, 
10 (1959). 


