
650 Specialia EXPERIENTIA 27/6 

part icles.  Similar ly ,  p repara t ions  w i thou t  i ron gave  low 
yields of par t ic les  hav ing  no de tec tab le  peroxidase  
ac t iv i ty .  Ca ta ly t ica l ly  ac t ive  par t ic les  re ta ined  the i r  
a c t i v i t y  af ter  hea t ing  in boil ing water ,  which  is geologi- 
cal ly  reasonable.  Coincidental ly,  t he  peroxidases  are  
a m o n g  t h e  mos t  s table  of a l l  enzymes  9. This  d a t a  is 
summar ized  in t he  Table .  W e  could no t  d e m o n s t r a t e  
enhanced  iron ca ta ly t i c  a c t i v i t y  due  to  its presence in 
the  microspheres.  

I ron  (III)  readi ly  forms complexes  wi th  chela t ing  
amine l igands 10. The  glycine-iron complex  in our  s ta r t ing  
solut ion appears  to  be  crucial  to  par t ic le  fo rma t ion  as 
well  as to t he  ca t a ly t i c  effect iveness  of t he  product .  
However ,  the  ana ly t ica l  d a t a  indicate  t h a t  on ly  a smal l  
por t ion  of the  iron m a y  be present  in th is  form. Oxides  
and sulfides would  account  for t he  bulk  of the  iron. 

GRANICK 11 has  proposed a mode l  of a p r i m i t i v e  photo-  
syn the t ic  un i t  consis t ing of oxides  and sulfides of iron. 
According to  his model ,  organic  compounds  could fo rm 
on the  surfaces where hydrogen  and  h y d r o x y l  ions were 
util ized. We  observed  a s ignif icant  drop in pH,  up to 
2.5 units,  a f te r  we i r rad ia ted  our  par t ic le  suspension in 
wa te r  for 1 h w i t h  t he  U V  pen  lamp.  This  change was 
revers ible  in several  hours  in t he  presence of t he  part icles ,  
b u t  no t  so if t he  par t ic les  were  r emoved  by  f i l t ra t ion.  
Boi l ing the  supe rna t an t  did no t  a l ter  the  p H ;  thus  dis- 
solved, H2S, for example ,  could no t  be responsible.  I f  
a large a m o u n t  of h y d r o x y l  ions were consumed a t  the  
surface, t hen  the  p H  would  decrease as in our  sys tem.  

In  order  to  fu r the r  explore  t he  s imilar i t ies  be tween  a 
p r imi t ive  pho tosyn the t i c  sys tem and our  microspheres,  
we i r radia ted  the  par t ic le  suspension and then  al lowed 
to  s tand  for several  hours  unt i l  the  p H  re tu rned  to its 
fo rmer  value.  On fur ther  i r radiat ion,  the  p H  decreased 
once aga in :  a procedure  t h a t  could be  repea ted  several  
t imes.  I t  is in teres t ing to  note  t h a t  a s imple  solut ion of 
ferrous a m m o n i u m  sulfate  will  also show a decrease of 
p H  on i r radiat ion,  b u t  this  effect  is no t  reversible.  

The  behav io r  of our  par t ic les  suggests t h a t  we m a y  
have  found a mode l  s imilar  to the  one proposed by  GRA- 

NICK 11. I n  our  microspheres,  t he  i ron associates w i th  t he  
organic  complexes  produced and shows s t rong  ca t a ly t i c  
a c t i v i t y  as proposed by  CALVIN 1. In  suppor t  of th is  
scheme, we found t h a t  par t ic les  isolated af ter  only  30 rain 
of i r radia t ion  are  v e r y  small .  P re l imina ry  resul ts  indicate  
t h a t  succinic acid, a po rphyr in  precursor  is can  pa r t i a l ly  
replace glycine in t he  fo rmat ion  of t he  microspheres  1~. 

Rdsumd. L ' i r r ad ia t ion  U V  d ' une  solut ion de sulfo- 
cyana te  d ' a m m o n i n m ,  glycine et  fer dans l ' eau  de mer  
art if iciel le  a p rodu i t  des microsph~res semblables  g des 
cellules dou6es d ' ac t iv i t6  ca t a ly t ique  l~ rox idas ique .  La  
glycine a augment~  l ' ac t iv i t6  ca t a ly t ique  du fer, c o m m e  
cela  pu r r a i t  s '~tre p rodui t  au cours de l ' evo lu t ion  dans  
la premiere  6tape de ce t te  r6act ion de ca ta lyse  par  le fer. 
On a observ6 des rafts semblables  avec un module 
6Mment pho tosyn th6 t ique  pr imit i f .  
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Intracel lu lar  R e c o r d i n g  of  Electrical  Act iv i ty  in S m o o t h  Musc le  of the C o m m o n  Bile Duct  1 

Knowledge  concerning the  mo t i l i t y  of t he  bi le  duc t  
is st i l l  qu i te  f r agmen ta ry  and  there  has  been no publ ica-  
t ion of in t racel lu lar  measu remen t s  of the  m e m b r a n e  
potent ia l ,  the  mos t  sensi t ive indica tor  of the  electr ical  
processes combined  wi th  exc i ta t ion  of smoo th  muscle  
cells. W e  therefore  included the  c o m m o n  bi le  duc t  of 
the  guinea-pig in a p r o g r a m m e  of c o m p a r a t i v e  s tudies  on 
d i f ferent  t ypes  of spon taneous ly  ac t ive  smoo th  muscle  
prepara t ions  ( taenia coli  s, s tomach  s, por ta l  ve in* and 
ure ter  5 oi t he  guinea-pig).  

Materials and methods. A length  of 10-15 m m  of t he  
c o m m o n  bile duc t  was r emoved  f rom the  junc t ion  of the  
cyst ic  and hepa t i c  duc ts  up  to  a p p r o x i m a t e l y  2 m m  
before i ts  passage in to  t h e  duodenum,  and  t h e  l u m e n  
was i m m e d i a t e l y  cleared f rom the  bile. One end of the  
prepara t ion  was pul led over  a perspex cone and f ixed 
wi th  a thread,  v e r y  s imilar  to the  t echn ique  used for 
measurements  in the  por ta l  vein*. The  size of t he  cone 
was selected in order  t h a t  t he  t issue was jus t  suff ic ient ly  
s t re tched to  p r even t  m o v e m e n t s  in th is  area, and,  there-  
fore, long- term intracel lular  recordings wi th  glass micro-  
electrodes could be performed.  The  greater  pa r t  of t he  
prepara t ion  was kep t  under  normal  tension condit ions,  

s t re tched to  i ts  a p p r o x i m a t e  l eng th  in situ. The  free end 
was connec ted  to  a t r ansducer  for recording the  tens ion  
deve lopment .  The  p repara t ion  was kep t  in an  organ b a t h  
a t  35°C, perfused wi th  Krebs  solut ion ae ra ted  wi th  
95% O, and 5% CO,. Technica l  detai ls  are  g iven  more  
ful ly  in preceding papers  2, *. The  descr ibed par t ia l  f ixa t ion  
of t he  bi le  duc t  p repa ra t ion  does n o t  d i s turb  t h e  no rma l  
spontaneous  ac t iv i ty ,  as could be  shown by  expe r imen t s  
where the  electr ical  a c t i v i t y  was recorded wi th  ex t ra -  
cel lular  electrodes w i thou t  any  special  f ixa t ion  (will be 
publ ished separately) .  
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Results and discussion. During the normal adaptation 
t ime of about 30 min, all preparations developed sponta- 
neous activity, which shows many similarities to that  
of the isolated taenia coli. The upper part  of Figure 1 
gives an example of the pat tern of activity which was 
particularly evident at  the beginning of the experiments. 
There is weak continuous activity combined with spike 
discharges of a frequency of 50-60]min which show, 
because of their regularity, that  smooth muscle of the 
bile duct has a clear 'second-rhythm' (SR), though the 

potential oscillations of the SR, which trigger the spikes, 
are relatively small in amplitude. The fact that  in the 
tension record small waves can be detected running 
synchronized with the spike discharges of the impaled 
cell shows that  the smooth muscle cells in the bile duct  
are also strictly coupled and consequently act as a func- 
tional unit.  

The basic membrane potential  was found at  - -50 to 
--65 mV, which means that, in connection with the 
limitations of the method (tip potentials of the electrodes), 
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Fig. 1. Spontaneous electrical and mechani- 
cal activity of the isolated common bile duct 
of the guinea-pig. Time indicated in min 
after the beginning of the experiment; part b) 
recorded at lower speed. Membrane potential 
measured intracellularly, calibrated in mV, 
tension development in ponds. 
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M~ Fig. 2. Variability of spike potentials shown 

by 5 consecutive spikes, measured in a smooth 
muscle cell of the bile duct, recorded at high 
speed. The marked zero value gives only an 

-60 approximation of the real position of the 
zero line because of the tip potential of the 
electrode. Same experiment as Figure 1. 
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Fig. 3. Spontaneous activity of the bile duct, with marked fluctuations ill the mlnute-rhythm (MR). Augmentation of the activity 
after application of cholecystokinin. 
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even  higher  po ten t ia l  values  m a y  exist .  The  spike am-  
pl i tude,  measured  f rom the  upper  peak  va lue  to t he  peak  
va lue  of t he  pos t -hyperpolar iza t ion ,  reached va lues  of 
up to  75 mV. As demons t ra t ed  in t he  exam ple  g iven  in 
F igure  2, the  spike potent ia l s  show a s imilar  va r i ab i l i ty  
in size and shape as do those  in o ther  smooth  muscle  
prepara t ions  ~,4, and  the  half  du ra t ion  (dura t ion  of t h e  
spike a t  hal f  height)  of  t he  largest  and sharpes t  spikes 
lies a t  8-12 msec, s imi lar  to  taenia  coli% 

The lower par t  of F igure  1 gives an  example  of ano the r  
pa t t e rn  where the  a c t i v i t y  is m o d u l a t e d  b y  a slower 
' m i n u t e - r h y t h m '  (MR). This  M R  was regular ly  p resen t  
in the  isolated bile duct ,  e i ther  f rom the  beginning of the  
experiment or, as in the  example  of F igure  1, deve loping  
dur ing the  f irs t  1 or  2 h. The  M R  is combined  wi th  
f luc tua t ions  in t he  basic m e m b r a n e  po ten t ia l  which lead 
to an inhibi t ion of spike discharges in the  phase  of high 
polar iza t ion  and s t imula te  spike discharges in the  phase  
of depolar izat ion.  Dur ing  the  h ighes t  a c t i v i t y  in t he  M R  
cycle,  t he  spike f requency  is increased ove r  t he  preferred 
f requency  of the  SR  - th is  again  is s imi lar  to  taen ia  coli. 
The  period dura t ion  of 0.5 rain of the  M R  in the  bi le  
duc t  is more  s imilar  to  t h a t  of t h e  por t a l  v e i n  t h a n  to  
t h a t  of  t aen ia  coli,  where,  under  normal  condit ions,  i t  
is 1-3 rain. B u t  shorter  per iod dura t ions  also occur  in 
taenia  dur ing phases of depressed ac t i v i t y  7. 

Fol lowing the  classif icat ion of  smoo th  muscle  r h y t h m s  
recent ly  descr ibed s, the  smoo th  muscle  of t he  bi le  duc t  
is charac ter ized  by  a spontaneous  ac t i v i t y  de te rmined  by  
the  S R  and the  MR, bo th  of which  are  the  more  general  
r h y t h m s  of t he  in tes t ina l  smoo th  muscle  sys tem.  A 
pronounced  'basic  organ specific r h y t h m '  (BOR) is no t  
usual ly  found in the  bile duct.  F luc tua t ions  wi th  a 
f requency  of 20-25/min,  which were occasional ly  seen, 
h a v e  to  be in te rpre ted  as an  i r rad ia t ion  of t he  segmenta -  

t ion r h y t h m  (BOR) of the  duodenum to  t he  bile duct .  
This  a s sumpt ion  is suppor ted  by  the  fac t  t h a t  these  
f luc tua t ions  are  pa r t i cu la r ly  observed  when  t h e  prepara-  
t ion  of  t he  c o m m o n  bi le  duc t  is ex t ended  in t he  d is ta l  
d i rec t ion  into  t he  b i l ia ry  duodenal  junct ion .  

Final ly ,  F igure  3 gives an  example  of augmen ted  
ac t i v i t y  of  t h e  bi le  duc t  p roduced  b~g appl ica t ion  of 
cholecystokinin.  A depolar iza t ion  wi th  accelera ted  spike 
discharges leads to an  increase of tens ion  t inder these  
condit ions.  The  effect  of ace ty lchol ine  is v e r y  similar.  

Zusammenlassung. I m  R a h m e n  verg le ichender  Un te r -  
suchungen an verschiedenen T y p e n  spontan  ak t ive r  
g la t t e r  Musku la tu r  wurde  be im isol ier ten Duc tus  chole- 
dochus des Meerschweinchens durch  i n t r a z e l l u l ~ e  Mes- 
sungen des Membranpo ten t i a l s  regelmi~ssig eine mi t te l -  
s tarke  Spontanakt ivi t /~t ,  bes tehend aus sekundenrhy th -  
mischen Oszi l la t ionen m i t  Spikes, modul ie r t  durch  lang- 
samere  F l u k t u a t i o n e n  im  Minu t en -Rhy thmus ,  gefunden.  
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Relationship between Passive Permeabil i ty  to Nonelectrolytes  and Active Transport  Activity in the 
Isolated Intestinal Wall 1 

I t  is well  known t h a t  sod ium concent ra t ion  in t he  
ba th ing  mucosal  f luid s t rongly  affects glucose and amino  
acid t ranspor t  th rough  the  isolated in tes t ina l  barr ier  2-5. 
This  m a y  be  expla ined  by  supposing an  inf luence  of 
sod ium on the  e n t r y  of sugars e and  of  a m i n o  acids in to  
the  epi thel ia l  cells s-~. Ac tua l ly  there  is a decrease in the  
unid i rec t ional  inf lux of L-alanine into  the  in tes t ina l  cells 
in t he  absence of sod ium in the  perfus ing f luid s. Accord ing  
to CRAN~ ~, the  t r anspor ted  subs tance  in te rac t s  w i t h  a 
b inding si te on a carr ier  and this  in te rac t ion  is enhanced 
by  the  b inding of sod ium w i t h  a second site present  on 
the  same carrier.  

In  a recent  paper  10, o u r  a i m  was to  inves t iga te  whether ,  
besides the  above-men t ioned  hypo the t i ca l  specific mecha-  
nism of sodium effect, ano the r  unspecif ic  effect  occurred 
on the  res is tance of the  in tes t ina l  bar r ie r  to  the  passage 
of non-ac t ive ly  t r anspor ted  molecules.  F r o m  the  resul ts  
col lected in t h a t  paper,  there  was some evidence  t h a t  

"by lowering sodium concent ra t ion ,  the  pass ive  f lux  of 
ace tamide  or  th iourea  is decreased.  To  avo id  cr i t ic ism 
of our  indirect  m e t h o d  of  eva lua t ion  of t he  t es t  subs tance  
concent ra t ion  in the  in tes t inal  sac, ano ther  set of experi-  
ments  was per formed using a cont inuous  c i rcu la t ion  of 
the  perfusion f luid t h rough  an open and eve r t ed  in tes t ina l  
t ract .  Such a perfusion m e t h o d  provides  a d i rec t  cont ro l  
of the  inside and the  outs ide  concent ra t ions  of the  sub- 
s tance tes ted th roughou t  the  per iod of the  expe r imen t  11. 

P rev ious  conclusions have  been conf i rmed.  The  t he rma l  
diffusion of smal l  molecules  such as ace tamide  and 
th iou rea  across the  in tes t ina l  barr ier  is reduced toge ther  
w i th  the  ac t ive  t r anspor t  of  D-glucose, when  NaC1 of t he  
incuba t ing  m e d i u m  is rep laced  b y  equiosmolar  quan t i t i e s  
of Tris C1, Choline C1 or LiC1. Some evidence  was also 
p rov ided  t h a t  the  decrease in the  passage of smal l  
molecules  m a y  be pa r t i a l l y  due  to  an  increase in t he  
resis tance offered by  the  brush  border .  Fu r the rmore ,  
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