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I n f l u e n c e  o f  H e p a r i n  a n d  S e r o t o n i n  
o n  B a s o p h i l  L e u c o c y t e s  o f  R a b b i t  B l o o d  ~ 

B o t h  t he  t issue m a s t  cell a n d  t h e  basoph i l  leucocyte  
hold  m e t a c h r o m a t i c  m u c o p o l y s a c c h a r i d e - c o n t a i n i n g  gra-  
nules.  JOReES et aI. ~ c l a imed  t h a t  t h e  m a s t  cell gra-  
nules c o n t a i n  hepa r in .  TAIJBERT a in 1951 e x t r a c t e d  a 
s u b s t a n c e  w i t h  h.eparin-l ike a c t i v i t y  f rom blood basoph i l s  
of a p a t i e n t  su f fe r ing  f rom chron ic  mye lo id  leukemia .  
PIETTE a n d  PIETTE% us ing  h i s t o c h e m i c a l  m e t h o d s ,  sug- 
gested t h e  p resence  of d i f f e ren t  s tages  of h e p a r i n  syn-  
thes is  in  h u m a n  a n d  r a b b i t  basophi l s .  

S e r o t o n i n  ( 5 - h y d r o x y t r y p t a m i n e )  h a s  also b e e n  de-  
m o n s t r a t e d  in t i ssue  m a s t  cells of r a t s  a n d  mice,  b u t  n o t  in  
m a n  or  r a b b i t  ~. No  r e p o r t  c o n c e r n i n g  t he  presence  of 
s e ro ton in  in  t he  ba soph i l  l eucocyte  ha s  been  pub l i shed .  

I n  t he  p r e s e n t  i nves t iga t ion ,  t h e  inf luence  of sys t emic  
a d m i n i s t r a t i o n  of h e p a r i n  a n d  i ts  a n t a g o n i s t  p r o t a m i n e ,  
as well  as of s e r o t o n i n  a n d  i ts  re leaser  reserpine,  on  r a b b i t  
b lood basoph i l s  ha s  b e e n  s tudied .  

T h e  b lood was d i lu ted  1 : 1 0  w i t h  a mod i f i ed  ~ t o l u i d i n e  
blue d i l u t i ng  f luid * for  d i r ec t  c o u n t i n g  of b a s o p h i l s  a n d  al l  
wh i t e  b lood  cells in  F u c h s - R o s e n t h a l  c o u n t i n g  c h a m b e r s .  

Cont ro l  c o u n t s  were p e r f o r m e d  s imi la r ly ,  o n  t h e  pre-  
v ious  d a y  in r e l a t ion  to in jec t ions  of t h e  s o l v e n t  i n s t ead  of 
the  t e s t - a g e n t  in the  same an imal s .  

R e s u l t s . - H e p a r i n  i n j ec t ion  was fol lowed b y  a signif i-  
c a n t  fall ( P  < 0.02) in the  n u m b e r  of ba soph i l s  w i t h i n  6 h, 
while p r o t a m i n e  s u l p h a t e  d id  n o t  p roduce  a n y  s ign i f i can t  
change  (Fig. 1). 

6 h af te r  a d m i n i s t r a t i o n  of se ro ton in ,  a n  increase  in t h e  
n u m b e r  of c i r cu la t ing  basoph i l s  was  obse rved ,  t h o u g h  
s ta t i s t i ca l ly  non-s igni f ican t .  T h i s  basoph i l i a ,  howeve r ,  
seems to be  p a r t  of a genera l ized  leucocytos is  (Fig. 2). I n  
t h e  o the r  group of 10 r abb i t s ,  24 h a f t e r  s e r o t o n i n  in-  
ject ion,  the  basoph i l  c o u n t  p r o v e d  to  be  s i g n i f i c a n t l y  
h ighe r  t h a n  t h a t  of t h e  m e a n  con t ro l  c o u n t  (0.02 < P 
< 0.05), the  increase in t h e  t o t a l  l eucocy te  c o u n t  was  n o n -  

s ignif icant .  The  basophi l  a n d  t h e  t o t a l  w h i t e  b lood  cell 
c o u n t  t h e n  r e t u r n e d  to the  con t ro l  level  w i t h i n  3 d a y s  

lO0 

8O 

% 

120 
100 
8O 

6O 

Hepadn 

Leucocytes{total) 

88sophlls 

( . . . . .  : mean control counts) 

Pcotamine 6erotenin Reserpine 

Leucocytes(total) 

aosophi/s 
7 " " ~  

" , , 4  t 

I - 1 - -  
8 24h 

Fig. 1.--Effect of intravenous injection of heparin (1.5 mg/kg) and 
protamine (0.8 mg/kg) on basophil and all white cell counts of rabbit 

blood (mean for 10 rabbits). 
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Fig. 2.--Effect of intravenous injection of serotonin (15 mg/kg) and 
reserpine (5 mg/kg) art basophil and total white cell counts in rabbit 

blood (metal for 5 rabbits). 

M e t h o d s . - M a l e  w h i t e  r a b b i t s  of 2000-2500 g b o d y  
w e i g h t  were  caged s e p a r a t e l y  a n d  n o t  used u n t i l  t h e y  h a d  
b e c o m e  a c c u s t o m e d  to  h a n d l i n g ,  H e p a r i n  (Leo, Copen-  
hagen ) :  1-5 mg/kg ,  prolamine  (Roche,  Base l ) :  0-8 mg/kg ,  
serotonin ( N u t r i t i o n a l  B iochemica l  Corp.,  Ohio)  : 15 mg/kg,  
and  reserpine: 5 mg/kg ,  were  i n j ec t ed  s lowly a t  a b o u t  
9 a .m.  in to  ea r  ve ins  of  g roups  of 10, 10, 5, a n d  5 r a b b i t s  
respec t ive ly .  B lood  samples  were o b t a i n e d  i m m e d i a t e l y  
before as well  as 2, 4, 6, a n d  2 4 h  a f t e r  in jec t ion .  In  a n o t h e r  
group of 10 r a b b i t s  ( in jec ted  in  t h e  same  way  w i t h  sero- 
tonin) ,  t h e  c o u n t s  were p e r f o r m e d  e v e r y  m o r n i n g  a t  
9 a .m.  for  4 successive d a y s  before  a n d  3 days  a f t e r  a 
single i n t r a v e n o u s  s e ro ton in  in jec t ion .  
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(Fig. 3). Reserpine ,  on  t h e  o t h e r  h a n d ,  d id  n o t  i nduce  a n y  
change  in t h e  ba soph i l  or  t h e  t o t a l  l eucocy te  c o u n t  
(Fig. 2). 

Discussion.--  Fo l lowing  i n t r a v e n o u s  a d m i n i s t r a t i o n  of 
h ep a r i n  in man,  AtqGELI et at. 8 r e p o r t e d  a n  increase  in t h e  
n u m b e r  of c i r cu la t ing  basoph i l s ,  r e a c h i n g  a peak  in 2 h, 
co inc iden t  wi th  a r ap id  decrease  in t h e  a n t i - c o a g u l a n t  
a c t i v i t y  of the  p lasma .  T h e y  a t t r i b u t e d  t h i s  effect  to  a 
specific r e g u l a t o r y  a c t i o n  where  t h e  basoph i l s  ' f ix '  t he  
c i rcu la t ing  hepar in ,  H o w e v e r ,  EIBER a n d  DANISHEFSKY ° 
r epor ted  t h a t  i n t r a v e n o u s l y  in j ec t ed  r a d i o a c t i v e  h e p a r i n  
is c leared f rom the  b lood  of m a n  w i t h i n  3-7 h. Moreover ,  
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in the  n u m b e r  of m e t a c h r o m a t i c a l l y  g r a n u l a t e d  leucocytes  
fol lowing i n c u b a t i o n  of rabbit blood in vitro w i t h  hepa r in .  
So, i t  seems more  l ikely t h a t  t he  obse rved  changes  in the  
n u m b e r  of c i rcu la t ing  basoph i l s  ( increase,  or decrease  as in 
the  p resen t  expe r imen t )  ref lect  a genera l ized  sys t emic  
r eac t ion  to hepa r in  a d m i n i s t r a t i o n ,  
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Fig. 3.--Effect of intravenous injection of serotonin (15 mg]kg) on 
morning counts of basophil and all white cells in rabbit blood (mean 
for 10 rabbits, standard error of the means indicated by vertical 

lines; . . . .  indicates the mean count of 4 control days). 

Se ro ton in  in j ec t ion  caused  a n  increase  in t he  n u m b e r  of 
c i rcu la t ing  basoph i l s  in r a b b i t  blood,  s ign i f i can t  on ly  a f t e r  
24 h, b u t  i t  d id  n o t  p roduce  a specific, quick,  a n d  h i g h l y  
s ign i f ican t  ba soph i l i a  c o m p a r a b l e  to  t h a t  occur r ing  w i t h i n  
4 h as a response  to  h i s t a m i n e  a d m i n i s t r a t i o n  in t he  r ab -  
b i t  n .  W h e r e a s  in  t h e  r a b b i t ,  h i s t a m i n e  is a h igh ly  p o t e n t  
e d e m a - p r o d u c i n g  factor ,  a c t ing  b y  a n  increase  of cap i l l a ry  
pe rmeab i l i ty ,  s e ro ton in  p roduces  b u t  a negl igible  increase  
in t issue w a t e r  in  t h i s  species 1.. Th i s  d i f ference m a y  ex- 
p la in  t he  n o n - c o n f o r m i t y  b e t w e e n  t he  ac t ions  of t he  two  
agen t s  on  the  b lood  basoph i l s  in t h e  r a b b i t .  

U n d e r  t h e  cond i t ions  of t he  p r e s e n t  e x p e r i m e n t ,  n e i t h e r  
p r o t a m i n e  no r  reserp ine  seems to  i nduce  a m e a s u r a b l e  
change  in the  n u m b e r  of c i r cu la t ing  basoph i l s  of r abb i t .  

A.-\V. A. BOSEILA 13 

Connective Tissue Research Laboratory, Institute o/ 
Medical Anatomy, Copenhagen (Denmark), May 8, 7959. 

Rdsumd 

Chez le lapin,  l ' i n j ec t i on  i n t r a v e i n e u s e  d ' h 6 p a r i n e  a 6t6 
suivie d ' u n e  d i m i n u t i o n  s ign i f ica t ive  du  h o m b r e  des baso-  
phi les  du sang  au  cours  de 6 h. L a  s6 ro ton ine  a p r o d u i t  
p e n d a n t  ce t e m p s  une  a u g m e n t a t i o n  du  h o m b r e  t o t a l  des  
leucocytes,  e t  au  b o u t  de 24 h, une  a u g m e n t a t i o n  sp6ci- 
f ique du  n o m b r e  des basophi tes .  

Les  basophi les  n ' o n t  pas  chang6  de n o m b r e  apr~s  Fin- 
jec t ion  de p r o t a m i n e  ou de r~serpine.  

Studies on a Possible Method of Separation 
of :/-Casein by High-Speed Centrifup, ation 

and its Identification by Agar Electrophoresis 

B y  h igh-speed  cen t r i fuga t ion ,  va r ious  po r t i ons  of casein 
s epa ra t e  out ,  acco rd ing  to t h e i r  c o n t e n t s  in  t h e  m i l k  and  
t h e  app l ied  cen t r i fuga l  force. I~EYNDRICKX a n d  VLEE- 
SCHAU~,VER 1'2 s u b j e c t e d  milk,  a n d  i ts  sera  o b t a i n e d  by 
cen t r i fuga t ion ,  to  m o v i n g  b o u n d a r y  e tec t rophores is .  F r o m  
t h e  resu l t s  of i n v e s t i g a t i o n  on  cen t r i fuged  a n d  non-  
cen t r i fuged  milk,  t h e  a u t h o r s  conc luded  t h a t  t h r ee  caseins 
occur  in  milk,  a n d  iden t i f i ed  t h e  c~- a n d  f l -components .  
T h e y  m a d e  no reference  to 7-casein,  b u t  m e n t i o n e d  t h a t  
t h e  c o m p o n e n t  w h i c h  se t t l ed  d o w n  fas t e r  a n d  showed  a 
decrease  f rom 9.3 to  3-6% in t h e  mi lk  s e r u m  was also of a 
case in  cha rac t e r .  

The  p re sen t  r epo r t  p rov ides  a d d i t i o n a l  i n f o r m a t i o n  as to 
t h e  n a t u r e  of t h e  case in  f r ac t ion  t h a t  se t t les  down  on 
h igh - speed  c e n t r i f u g a t i o n  a t  low t e m p e r a t u r e .  Us ing  a 
su i t ab l e  c o n c e n t r a t i o n  of t h e  s e d i m e n t ,  i t  has  been  possible  
to  d e m o n s t r a t e  b y  aga r  e tec t rophores i s  ~ t h e  p resence  of a 
d i s t i nc t  b a n d  of y-casein,  a n d  also t h r ee  b a n d s  of casein 
f ract ions ,  in  a mixed  so lu t ion  of t h e  s e d i m e n t  a n d  of the  
caseins  p r e c i p i t a t e d  f rom the  c lear  serum.  

Method.--Mitk was d ia tysed  in t h e  cold in ce l lophane  
bags  for  72 h a g a i n s t  ve rona l  buf fe r  a t  p H  8.6 a n d  ionic 
s t r e n g t h  of 0.1. An  a l iquo t  of 20 ml  of d ia lysed  mi lk  was 
cen t r i fuged  a t  10,000 r .p .m,  in t h e  cold (2°C) for 30 min.  
This  s e p a r a t e d  t h e  fa t  o u t  as a solid mass  a t  t h e  t o p  
l eav ing  a c lear  se rum,  a n d  a c o m p a c t  s e d i m e n t  a t  the  
b o t t o m .  

Treatment o/the sediment: Afte r  r e m o v a l  of t h e  l aye r  of 
fat ,  t h e  c lear  s e r u m  was d e c a n t e d  off comple te ly .  The  
s e d i m e n t  was  w a s h e d  twice  w i t h  a so lu t ion  of N/50 ace ta te  
buf fe r  of p H  6.0 an d  t h e n  w i t h  cold e ther .  The  s e d i m e n t  
was  f ina l ly  d i sso lved  in 1.0 ml  of KCl -bo ra t e  buffer  
so lu t ion  of p H  10.0 (Solu t ion  1). 

Treatment o] the serum: T h e  casein f r ac t ions  in  t h e  clear 
s e rum were p r e c i p i t a t e d  a t  p H  4-6 w i t h  d i lu te  acet ic  acid 
an d  cent r i fuged .  The  p r ec i p i t a t e  f rom 5.0 ml  of c lear  se rum 
was washed  w i th  cold e t h e r  a n d  dissolved in 2.0 ml  of KC1- 
b o r a t e  buffer  so lu t ion  (So lu t ion  2). 

Solution 3 is a m i x t u r e  of equa l  vo lumes  of so lu t ion  I 
a n d  So lu t ion  2 and ,  therefore ,  c o n t a i n e d  all  t h e  casein 
f rac t ions  p r e s en t  in milk.  T h e  c o n c e n t r a t i o n  of t h e  casein 
f r ac t ion  t h a t  s e p a r a t e d  as a s e d i m e n t  on  een t r i f u g a t i o n  
was a t  a h i g h e r  level  in so lu t ion  3 as c o m p a r e d  to t h a t  
p r e s en t  in  t h e  or ig inal  milk.  

T h e  so lu t ions  were  s u b j e c t e d  to a g a r  e lec t rophores i s  for 
6 h a t  250 vo l t s  a n d  a c u r r e n t  s t r e n g t h  of 8 mA.  The 
e lec t rophore t i c  d i a g r a m s  are s h o w n  below in the  following 
Figures.  

Discussion.-Figure 1 shows a d i s t i nc t  b a n d  due  to the  
case in  f r ac t ion  p r e s e n t  in t h e  s ed imen t .  I n  F igure  2, the  
s ame  b a n d  is seen aga ins t  two' d i s t i nc t  b a n d s  due  to  the  
case in  c o m p o n e n t s  p r e s en t  in  the  c lear  serum.  The  single 
b a n d  a t  t h e  t o p  h a v i n g  t h e  lowest  mob i l i t y  is p r e s u m a b l y  
due  to y-casein,  whi le  t h e  two lower b a n d s  p r o b a b l y  cor- 
r e s p o n d  to fl- a n d  ~-caseins in  t h e  o rde r  of increasing 
mobi l i ty .  

F igu re  3 dep ic t s  t h e  t h r e e  b a n d s  due  to  ~-, fl-, an d  y- 
caseins  in the  mixed  solut ion,  t h e  b a n d  of 7-casein  being 
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