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E l e c t r o p h o r e t i c  B e h a v i o u r  of S o m e  H u m a n  B l o o d  

Cell e lec t rophores i s  is a c o n v e n i e n t  m e t h o d  for o b t a i n i n g  
i n f o r m a t i o n  a b o u t  cell surfaces.  T he  e l ec t rophore t i c  
m o b i l i t y  of a m a m m a l i a n  cell is due  to  t h e  presence  of 
f ixed cha rged  (ionogenic) groups  a n d  also of adso rbed  
ions a t  t he  surface.  A t  phys io log ica l  p H  all  ceils so far  
s tud ied  are  n e g a t i v e l y  cha rged  t, ~. The  m a i n  r ea son  for 
th i s  charge  is t he  p resence  of t he  t e r m i n a l  c a r b o x y l  group 
of n - a c e t y l - n e u r a m i n i c  acid,  as d e m o n s t r a t e d  b y  neura -  
m in idase  t r e a t m e n t  3. 

The  m e a s u r e m e n t  of e lec t rophore t i c  mobi l i ty ,  reflect-  
ing t h e  e lect r ica l  s t a t e  of t h a t  a spec t  of t h e  cell in  d i rec t  
c o n t a c t  w i t h  i ts  e n v i r o n m e n t  has  been  used, for  example ,  
to  t r y  to  exp la in  t he  adhes ive  b e h a v i o u r  4 a n d  t he  aggre-  
ga t ion  5 of some cell types .  However ,  whi le  t he  electro-  
phore t i c  m o b i l i t y  of red  cells has  been  shown  to  be  
d i f fe ren t  in  d i f fe ren t  species 6, i t  m u s t  a lways  be  b o r n e  in 
m i n d  t h a t  t he  m o b i l i t y  can  change  in cells in mi tos i s  7 a n d  
in i m m a t u r e  cells a. 

I t  is t he  pu rpose  of t h i s  c o m m u n i c a t i o n  to  r e p o r t  a 
s t u d y  on f resh h u m a n  p e r i p h e r a l  b lood  cells. 

M a t e r i a l s  a n d  methods .  Blood was o b t a i n e d  f rom h e a l t h y  
donors  of d i f fe ren t  b lood  groups  us ing  h e p a r i n  (L iquemine  
Roche) ,  500 U pe r  20 ml  blood,  as t h e  an t i coagu l an t .  All  
g lassware  was si l iconized. 

L y m p h o c y t e s  or g ranu locy te s  were i so la ted  b y  t he  
t e c h n i q u e  of B6YuM s us ing  a F ico l l - I sopaque  dens i t y  
g rad ien t .  Af te r  DextraI1 (T 500 Ph .  F. Chemic,)  sed imen-  
t a t ion ,  t he  c o n t a m i n a t i n g  e r y t h r o c y t e s  were r e m o v e d  b y  
h y p o t o n i c  lysis. P l a t e l e t s  were o b t a i n e d  f rom t h e  leuco- 
cy t e -p l a t e l e t  r i ch  s u p e r n a t e  a f t e r  D e x t r a n  s e d i m e n t a t i o n  
of b lood  a n d  cen t r i f ug i ng  i t  a t  100 g for 12 min .  The  
p l a s m a  p h a s e  was used as a source of p la te le ts .  Con tami -  
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Electrophoretic mobility of various blood cells as a function of the 
bulk pH. O, Platelets; &, Erythrocytes; [], Lymphocytes; V, Gra- 
nuloeytes. 

Cel ls  

n a t i o n  w i t h  o the r  cells is no t  so i m p o r t a n t  in  t he  case of 
p l a t e l e t s  as t h e y  are well  recognized,  b y  t h e i r  sma l l  size, 
in  t he  course of e lec t rophores i s  expe r imen t s .  Red  ceils 
were o b t a i n e d  b y  c e n t r i f u g a t i o n  of b lood  a t  400 g for 
10 min ,  fol lowed b y  wash ing  w i t h  saline.  

E a c h  of t he  cell suspens ions  was w a s h e d  3 t i m e s  w i t h  
sa l ine  before  be ing  suspended  in Michael is  buffer ,  for t h e  
e lec t rophore t i c  m o b i l i t y  m e a s u r e m e n t s .  Suspens ions  of 
leucocytes  were checked  for t h e i r  p u r i t y  a f t e r  May  Grun-  
wald  s t a in ing  of a dr ied  smear ,  f rom 200 to  500 ceils 
be ing  counted .  The  isola ted l y m p h o c y t e s  were of 95 • 3% 
p u r i t y  (6 expe r imen t s )  a n d  t he  g ranu locy te s  95 4 - 4 %  
(5 exper iments ) .  Eos inoph i l s  were p r e s e n t  f rom 2.5 to  
7 .8% a m o n g  t h  e pur i f i ed  g r a n u l o c y t e  f rac t ions .  

Microe lec t rophores i s .  Elec t rophores i s  m e a s u r e m e n t s  
were  car r ied  ou t  a t  25~ in a cy l indr ica l  cell a p p a r a t u s  
w i t h  p l a t in i zed  p la t inmi1  e lec t rodes  ( R a n k  Bros. ,  Cam-  
bridge) ,  w i t h  t h e  microscope  l inked  to a c losed-circui t  
te levis ion.  Michael is  buf fe r  a t  c o n s t a n t  ionic s t r e n g t h  was 
used in al l  t h e  expe r imen t s .  Fo r  each  pIK va lue  t h e  t i m e  
to t r a v e l  56 ~m (28 in each  d i rec t ion)  was  m e a s u r e d  
for 20-40 ceils. A t  low ( <  5) a n d  a t  h i g h  ( >  8) pH,  all  
t h e  m e a s u r e m e n t s  were  ca r r ied  ou t  as r a p i d l y  as poss ible  
in  order  to  avo id  excessive cell damage .  

R e s u l t s  a n d  d i scuss ion .  The  F igure  shows t he  electro-  
pho re t i c  m o b i l i t y  as a f u n c t i o n  of p H  for p la te le t s ,  red  
cells, l y m p h o c y t e s  a n d  granu locy tes .  E a c h  p o i n t  repre-  
sen ts  t h e  ave rage  e lec t rophore t i c  m o b i l i t y  of 20 to 40 
values.  The  r ange  of t h e  sma l l e s t  a n d  t he  g r ea t e s t  va lues  
of e l ec t rophore t i c  m o b i l i t y  is also s h o w n  on t h e  F i g u r e .  
The re  are  some dif ferences  in  t he  resu l t s  p resen ted ,  w i t h  
r e spec t  to  those  of BANGHAM et  al. 2, who  s tud ied  t he  
e l ec t rophore t i c  m o b i l i t y  of some sheep ceils f r om blood, 
l y m p h  nodes  and  t h e  pe r i t onea l  cav i ty ,  m a i n l y  concern-  
ing t he  e lec t rophore t i c  m o b i l i t y  of l y m p h o c y t e s  and  
p la te le t s .  These  differences,  especial ly  a t  low pH,  i m p l y  
di f ferences  due  to a n i m a l  species or in  t he  source of ceils 
used. 

P l a t e l e t s  h a v e  a v e r y  low pos i t ive  e lec t rophore t i c  
m o b i l i t y  a t  low pH,  h a v i n g  a n  isoelectr ic  p o i n t  a t  p H  3.25. 
L y m p h o c y t e s  do n o t  h a v e  a t r ue  isoelectr ic  poin t ,  a l th -  
ough  a t  p H  2 some cells h a v e  a pos i t ive  mobi l i ty ,  even  
t h o u g h  t h e  m e a n  m o b i l i t y  is zero. Th i s  b e h a v i o u r  is v e r y  
s imi la r  to  t h a t  f ound  b y  o the r s  ~ for pe r iphe ra l  l y m p h o c y -  
tes  f rom a l eukaemic  pa t i en t .  The  cu rve  in t he  F igu re  
for r ed  ceils, showing  a m o b i l i t y  of -1 .1  tzm/sec/v/cm a t  p H  
7.4, is v e r y  close t o t h e  va lue  o f -1 .07  v m / s e c / v / c m  r e p o r t e d  
b y  BANGHAM e t a  1. for sheep 3. F u r t h e r m o r e  no  differences  
in  m o b i l i t y  were seen w i t h  r e s p e c t  to  t he  age, b lood  
groups  or  sex of t h e  donor .  G r a n u l o c y t e s  show zero 
e l ec t rophore t i c  m o b i l i t y  a t  p H  2. The  s ca t t e r  in  t h e  va lues  
for l y m p h o c y t e s  a n d  g ranu locy te s  and  t h e  f ac t  t h a t  some 
of t h e  l y m p h o c y t e s  a t  p H  2 h a v e  a pos i t ive  charge,  
deno te s  t h e  h e t e r o g e n e i t y  in  these  two popu la t ions ,  t h a t  
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is no t  cor re la ted  to t h e i r  morpho logy .  T h a t  is to  say, the  
d i s t r i bu t i on  of e lec t rophore t i c  mobi l i t i es  w i t h i n  such  a 
p o p u l a t i o n  of l y m p h o c y t e s  or g ranu locy tes  does no t  re- 
f lect  t he  fac t  t h a t  large, m e d i u m  and  smal l  l y m p h o c y t e s  
are present ,  ne i t he r  does i t  ref lect  t he  r a t io  of eosinophi ls  : 
basoph i l s  : n eu t r0ph i l s  in  t he  g r anu l ocy t e  popu la t ion .  

I t  has  been  shown 3 t h a t  for d i f fe ren t  ceils the  r e l a t i on  
be tween  t he  e lec t rophore t i c  m o b i l i t y  a n d  the  sialic acid 
re leased is b y  no  m e a n s  cons t an t .  I n  fact,  granUlocytes  
h a v i n g  more  sialic acid per  ~zm 2 of surface, h a v e  less 
charge  t h a n  o the r  ceils 3. These  d a t a  a n d  t he  curves  
r epo r t ed  here  sugges t  t h e  p resence  of o the r  ionogenic  
groups,  t h a t  in  t he  case of p la t e l e t s  a n d  of some l ym pho-  
cytes  become  ca t ionic  a t  low pH,  such  as amino  groups.  

Riassunto. Viene  r i p o r t a t o  uno  s tud io  sui g rupp i  car ich i  
al la  superf ic ie  di a l cune  cellule del sangue,  u s a n d o  la 
t ecn ica  della microe te t t rofores i .  Dif ferenze  in mobi l i t~  elet-  
t rofore t ica ,  in funz ione  de1 pH,  per  p ias t r ine ,  er i t roci t i ,  
l in foc i t i  e g ranu loc i t i  sono p re sen t a t e .  
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Effect of V a s o p r e s s i n  on H e p a t o c y t i c  and Ducta l  Bi le  F o r m a t i o n  in the Dog  

Accord ing  to the  c u r r e n t  view 1, t he  secre t ion of bile b y  
the  h e p a t o c y t e s  is p r imar i l y  d e p e n d e n t  upon  bile sa l t  
excret ion.  This  ' cana l i cu la r  bi le '  m a y  s u b s e q u e n t l y  be 
modi f ied  in bi le  duc tu les  and  duc ts  b y  t he  ne t  add i t i on  of 
wa te r  and  electrolytes .  The  l a t t e r  m e c h a n i s m  is exem- 
pl if ied b y  t he  effects of t he  ga s t r o i n t e s t i na l  h o r m o n e  
secre t in  2. 

A v a r i e t y  of o the r  h o r m o n e s  h a v e  been  shown to affect  
hepa t i c  func t ion  and  in p a r t i c u l a r  bi le  fo rmat ion .  E x c e p t  
for hydroco r t i sone  3, t h e i r  m e c h a n i s m  of ac t ion  is as ye t  
i l l-defined. F u r t h e r m o r e ,  d i spa ra t e  resul t s  h a v e  been  
r epo r t ed  fol lowing a d m i n i s t r a t i o n  of t he  p i t u i t a r y  hor-  
mone  vasopress in  4,a. They  m a y  reflect  differences in 
m e t h o d s  of bi le  collection, t h e  in te r fe rence  of a n e s t h e t i c  
drugs  and  the  lack of rep lac ing  the  i n t e r r u p t e d  enter0-  
hepa t i c  c i rcu la t ion  w i t h  con t inuous  infus ions  of bi le  salts.  

To resolve "these difficult ies,  t he  p re sen t  s tudies  were 
u n d e r t a k e n  in t he  n o n - a n a e s t h e t i z e d  dog. T he  resul t s  
c lear ly d e m o n s t r a t e  a cholere t ic  effect  of vasopress in  in 
t he  dose r ange  employed.  

Material and methods. T he  e x p e r i m e n t s  were pe r fo rmed  
in 8 adu l t  u n a n a e s t h e t i z e d  female  dogs (body we igh t  
15-25 kg) a t  leas t  1 m o n t h  p rev ious ly  cho lecys tec tomized  
and  equ ipped  w i t h  a THOMAS 6 duodena l  cannula .  Pr io r  to  
each  s tudy,  t he  an ima l s  were fas ted  for 16 h. The  c o m m o n  
bile duc t  was ca the t e r i zed  u n d e r  d i rec t  v is ion w i t h  a 
u re te ra l  c a t h e t e r  (No. 6, f rench  size) and  q u a n t i t a t i v e  
col lect ion of t he  b i l i a ry  o u t p u t  was  o b t a i n e d  b y  g r a v i t y  
dra inage.  To c o m p e n s a t e  for  t he  i n t e r r u p t e d  en tero-  
hepa t i c  c i rcu la t ion  of bi le  salts,  a con t inuous  i.v. in fus ion  
of pure  sod ium t a u r o c h o l a t e  7 ( a p p r o x i m a t e l y  12 txEq pe r  
rain) was a d m i n i s t e r e d  b y  way  of a p o l y e t h y l e n e  c a t h e t e r  
t h r o u g h o u t  t he  s tudy.  Suppress ion  of endogenous  secre t in  
release was ach ieved  b y  i.v. i n j ec t ion  of the  an t icho l inerg ic  
p ipenzo la t e  m e t h y l b r o m i d e  s. Th i s  p rocedure  was shown  
p rev ious ly  to r e s u l t  in  a r e l a t ive  s t e a d y  s t a t e  of bi le  
f o r m a t i o n  2. Fo l lowing  a con t ro l  per iod  oi a t  leas t  60 rain,  
lys ine-8-vasopress in  9 was g iven  as slow single i.v. injec- 
t ions  (dur ing  10 rain) in  a dose of 0.5 U / k g  b o d y  weight .  

I n  2 e x p e r i m e n t s  erythr i tol - l~C 10 was a d m i n i s t e r e d  a t  a 
r a t e  of a b o u t  0.04 ~Ci /min  a f te r  a n  in i t ia l  p r i m i n g  dose 
of a p p r o x i m a t e l y  3 [zCi 11,12. An  equ i l ib ra t ion  per iod of a t  
leas t  60 min.  was fol lowed b y  the  con t ro l  and  e x p e r i m e n t a l  
periods.  In  these  s tudies ,  sod ium t a u r o c h o l a t e  was ad-  
min i s t e red  a t  a r a t e  of 24 tzEq/min.  Ca rbon  d ioxide  
c o n t e n t  in bi le  was measu red  w i t h  a Na t e l son  micro-  
gasometer ;  a n d  b i c a r b o n a t e  concen t r a t i ons  were calcu-  
l a ted  a s suming  a Peo2 of 40 m m  Hg. Chlor ide c o n t e n t  was  
assessed w i t h  t he  Cot love t i t r i m e t e r ,  sod ium a n d  potas-  
s ium concen t r a t i ons  w i t h  f l a m e - p h o t o m e t r y .  

Bile acid concen t r a t i ons  were ca lcu la ted  as t he  dif- 
ference be tween  21 [Na + + K+ 1 a n d  2J ECI- q- HCO3-] 2. This  
p rocedure  was shown  to  yie ld  resu l t s  in exce l len t  agree- 
m e n t  w i t h  d i rec t  d e t e r m i n a t i o n  of bi le  sa l ts  us ing  a 
pur i f ied  h y d r o x y s t e r o i d  dehyd rogenase  13. R a d i o a c t i v i t y  
in  p l a s m a  and  bile samples  was measu red  w i t h  a P a c k a r d  
Tr i -Carb  model  3380 l iquid  sc in t i l l a t ion  spec t romete r .  

Results. An increase  in bi le  f low was n o t e d  in all  8 
s tudies  w i t h i n  m i n u t e s  fol lowing t he  s t a r t  of t h e  vaso-  
press in  in jec t ion .  The  i n c r e m e n t  in  flow va r i ed  f rom 10% 
to  190% a n d  was on  the  ave rage  55% in excess of con t ro l  
values.  

A typ ica l  s t u d y  is dep ic ted  in t he  Figure.  D u r i n g  th i s  
choleresis,  in  general ,  t h e  concen t r a t i ons  of Na+  and  K+ 
in bi le  fell s l ight ly ,  whereas  HCO3-  a n d  CI- concen t r a t i ons  
rose. Consequent ly ,  t he  ca lcu la ted  bi le  acid c o n t e n t  de- 
creased in eve ry  ins tance .  

E x c e p t  for t he  o u t p u t  of bi le  salts,  wh ich  r e m a i n e d  
re l a t ive ly  u n c h a n g e d  d u r i n g  t he  vasopress in - induced  
choleresis,  t h e  excre t ion  ra t e  of all  e lec t ro ly tes  increased 
s ign i f i can t ly  in  a g iven  expe r imen t .  The  m e a n  i n c r e m e n t  
a m o u n t e d  to 17.6 ~xEq/min of Na - ,  0.6 ~ E q / m i n  of K, 
10.1 ~ E q / m i n  of CI-  and  7.4 tzEq/min  of HCO a- (Table).  
The  compos i t i on  of th i s  inc rement ,  ca lcu la ted  as t he  r a t io  
of t he  i n c r e m e n t  in  o u t p u t  of each  c o n s t i t u e n t  and  the  
i n c r e m e n t  in flow, was cha rac t e r i zed  b y  a h i g h  b i c a r b o n a t e  
(average 66.5 mEq/1)  a n d  chlor ide  (average 98.6 mEq/1) 
concen t r a t ion ,  s imi la r  to  t h a t  obse rved  fol lowing admin i -  
s t r a t i on  of tile h o r m o n e  secre t in  2. 

The  c learance  of erythrito1-14C was measu red  before  
and  a f te r  a d m i n i s t r a t i o n  of vasopress in  in  2 expe r imen t s .  
The  average  c learance  d u r i n g  t he  con t ro l  phase  r anged  
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