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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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Maximal increment (~.Eq/min) 

Dog zl F Na + K + C1- 
ml/min 

Composition of increment (mEq/1) 

HCO a- Na + K + C1- HCOa- 

A1 0.05 7.13 0.18 3.97 
Gr 0.04 5.82 0.30 6.18 
Co 0.07 11.48 0.32 3.11 
No 0.05 5.45 0.32 5.35 
No 0.26 39.38 1.21 21.26 
Ve 0.08 17.04 0.66 10.54 
Gu 0.16 29.33 1.09 15.72 
Le 0.16 26.16 1.16 14.34 
Pi 0.10 16.12 0.30 10.08 

Averages 0.10 17.6 0.6 10.1 

0.52 143 3.6 79 10 
2.34 146 7.5 155 59 
2.76 164 4.5 44 39 
5.55 109 6.4 107 111 

16.46 151 4.7 82 63 
8.86 213 8.3 132 111 
9.52 183 6.8 98 60 

14.92 164 7.3 90 93 
5.46 161 3.0 101 55 

7.4 159:3 5.8 98.6 66.5 

o 
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Representative study of the vasopressin effect on bile flow in the 
unanesthetized dog. Note the increase in the erythritol ciearance 
associated with the eholeresis. 

f rom 0.33 to 0.39 m l /min  and was  in accordance wi th  the  
values in the  dog pub l i shed  by  othersa,  H. Fol lowing 
vasopress in  inject ion,  the  clearances increased to 0.43 
and 0.47 ml /min .  Al though  these  a l te ra t ions  were roughly  
p ropor t iona l  to those  in bile flow, the  bile to  p lasma  con- 
cen t ra t ion  ra t io  for erythritol-14C t ended  to  decrease.  

.Discussion. The bi l iary clearance of metabol ica l ly  inert ,  
h ighly diffusable  solutes such as urea, creat inine,  mann i t o l  
and  e ry th r i to l  has  been  shown to  be l inear ly  corre la ted  
wi th  t aurochola te  excre t ion  in the  dog. This re la t ionship  
forms the  basis for a s sessment  of 'canal icular  bile f low'  by  
clearance measurementsl~,I2.  However ,  the  pos i t ive  
in te rcep t  for mann i to l  clearance,  when  p lo t t ed  agains t  
bile acid excre t ion  n,  the  suppress ion  of a f rac t ion of 
hepa tocy t i c  bile by inhibi tors  of sodium t r a n s p o r t  14 and 
the  t y p e  of choleresis fol lowing hydroeor t i sone  3 all in- 
d icate  t h a t  mechan i sms  i n d e p e n d e n t  of ac t ive  bile salt  
t r a n s p o r t  m a y  p lay  a ro l e  in 'canal icular  bile flow'.  

Such a mechan i sm m a y  have  been  ac t iva ted  by  vaso- 
pressin.  Certainly,  t he  observed increase in the '  e ry th r i to l  
c learance s t rongly  suggests  t h a t  vasopress in  acts  a t  the  
hepa tocy te .  Al though  this  effect  was no t  examined  at  
differ ing levels of bile acid ou tpu t ,  f rom the  re la t ive lack 
of change  in t au rocho la te  excre t ion  dur ing  vasopress in  
choleresis it  m a y  be inferred t h a t  th is  ho rmone  appears  
to ac t  t h rough  a mechan i sm i n d e p e n d e n t  of bile acid 
t ransfer .  

In con t ras t  to the  hydrocor t i sone  choleresis, which 
roughly results in the net addition of plasma water to bile, 
the electrolyte composition of the vasopressin-induced 
increment was characterized by a high bicarbonate con- 
centration. 

Thus, the calculated I-ICOa content was considerably 
higher (average 67 mE@l) than that following hydro- 
cortisone (average 40 mE@l). The correspondence of this 
increment with the bicarbonate and chloride rich fluid 
'obligated' by secretin suggests that vasopressin may have 
a s imilar  effect.  Since the  secre t in- induced choleresis, 
however,  does no t  affect  the  clearance of iner t  s o l u t e s n  - 
in keeping wi th  the  inference t h a t  it  acts  on the  duc tu la r  
and ducta l  level - the  vasopress in  choleresis m a y  re- 
p resen t  the  resul t  of a dual  ac t ion of this  hormone .  In  
th is  view, vasopress in  migh t  have  a p r i m a r y  effect  in 
inf luencing the  hepatocel lu lar  sodium t r a n s p o r t  med ia t ed  
by  the  Na+-K+-ac t iva ted  adenosine  t r iphospa tase .  A 
second effect  resul t ing in the  net  add i t ion  of an alkaline 
fluid migh t  be exer ted  on the  epi thel ia  of the  bi l iary duct  
sys tem.  W h e t h e r  th is  is due to  a d i rect  ac t ion of vaso- 
pressin, or w h e t h e r  i t  could be induced by  a secondary  
release of endogenous  secretin,  canno t  be discerned.  
Clearly, fu r the r  work, including an analysis  of t he  po- 
ten t ia l  e f f e c t s  of the  well known  vasopress in- induced 
changes  in hepa t ic  hemodynamics ,  will be required to 
subs t an t i a t e  th is  hypothes i s .  

Zusammen/ass~tng. In  S tudien  an 8 cholecys tek tomier -  
ten, mit ether THOMAs-Kaniile versehenen, nicht-an- 
aesthesierten l-lunden konnte nach i.v. Injektion yon 
0,5 1~ pro kg K6rpergewicht Lysin-8-Vasopressin eine ]Er- 
h6hung des Gallenflusses um durchschnittlich 55% be- 
obachtet werden. Da die biliiire Clearance yon 14C-Ery- 
thritol - ein Mass des canalicul&ren Gallenflusses - gleich- 
zeitig anstieg, die Cholerese aber als Zusatz einer HCOa- 
und C1- reichen Fli issigkeit  imponier te ,  scheint  es wahr-  
scheinlich, dass  Vasopress in  hepatocyt~ire und ductul~ire 
Mechanismen  der  Gal lenbi ldung beeinflusst .  
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