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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  example  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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Intraeellular water content of the jejunum epithelial cells, mobility of aeetamide (o~) and glucose transport activities across the intestinal 
wall (Sprague-Dawley Albino male rats) 

Incubation fluid Intracellular e0 Glucose trans- Fluid trans- 
water content ptmoles g-1 h-1 epithelial transport epithelial 
ml g--1 Atm-X lzmole s g-1 h-1 transport 

ml g-1 h-1 

Basic perfusion fluid 5.56 =1= 0.15 (9) 721 4- 55 (14) 280 4- 51 (14) 6.64 4- 1.16 (14) 
Phlorhizin added 10-4M 4.50 =t= 0.17 (8) 634 =J= 57 (5) --14 + 12 (5) 4.22 ± 0.75 {5} 
Tris C1 substituted isosmotically for NaCI 4.60 4- 0.14 (12) 354 4- 34 (9) 75 4- 17 (9) 2.51 4- 0.48 (9) 

Mean values 4- S.E. referred to 1 g of dry tissue and 1 h are reported. The numbers of experiments are in parentheses. 

Tris C1 s u b s t i t u t i o n  for  NaC1 in t h e  b a t h i n g  f lu id  was 
pa ra l l e led  b y  a s ign i f i can t  s h r i n k a g e  of t h e  ep i the l i a l  cells. 

Th i s  o b s e r v a t i o n  suggests  t h e  h y p o t h e s i s  t h a t  ce l lu lar  
swel l ing u n d e r  n o r m a l  pe r fus ing  cond i t i ons  m a y  resu l t  
in  a m e c h a n i c a l  increase  of t h e  cel lu lar  surface  and ,  
there fore ,  of pass ive  f low across  t h e  cell  m e m b r a n e s .  No 
glucose a c c u m u l a t i o n  a n d  swel l ing  are  d e t e c t a b l e  b y  
pe r fus ing  a t  a lower  s o d i u m  c o n c e n t r a t i o n ,  a n d  t h e  per-  
m e a b i l i t y  of t h e  e p i t h e l i u m  decreases.  

I n  o rde r  to  check  t h i s  hypo thes i s ,  e x p e r i m e n t s  a f t e r  
p h l o r h i z i n  po i son ing  h a v e  been  pe r fo rmed .  

All  t h e  e x p e r i m e n t s  were  ca r r i ed  o u t  b e t w e e n  N o v e m b e r  
a n d  Apri l .  S p r a g u e - D a w l e y  Alb ino  ma le  ra ts ,  i n i t i a l ly  
we igh ing  a b o u t  250 g, s e m i s t a r v e d  ove r  a 15-day-per iod  
(f inal  p e r c e n t  w e i g h t  decrease  1 5 - 2 5 % )  were  used  is, 13. 

A t r a c t  of s m a l l  i n t e s t i n e  15 c m  long  was  r e m o v e d  
f rom t h e  a n i m a l  a t  a b o u t  10 c m  f r o m  t h e  py lorus ,  u n d e r  
b a r b i t u r i c  narcos is .  E a c h  t r a c t  was  eve r t ed  acco rd ing  to  
t h e  WILSON a n d  WlSEMAN t e c h n i q u e  1., a n d  pe r fused  a t  
28 °C as in  p r ev ious  e x p e r i m e n t s  n.  T h e  bas ic  pe r fus ion  
f lu id  was  K r e b s - H e n s e l e i t  b i c a r b o n a t e  so lu t ion  a d d e d  
w i t h  a c e t a m i d e  10 m M  a n d  glucose 13.89 m M .  

A t  t h e  end  of t h e  e x p e r i m e n t ,  t he  e m p t i e d  i n t e s t i n e  
was  d r i ed  a t  100 °C ove rn igh t .  T h e  t r a n s e p i t h e l i a t  m o b i l i t y  
coeff ic ients  ca l cu l a t ed  b y  d i s r ega r d i ng  t h e  d r a g  ef fec t  11 
a n d  t h e  n e t  g lucose  t r a n s p o r t  p e r  g d r y  w e i g h t  ( f rom 
m u c o s a  to  serosa)  were  a t  f i r s t  c a l cu l a t ed  for  a l l  t h e  10 
or  20 m i n  per iods  a n d  t h e n  t h e  m e a n  va lues  b e t w e e n  
a l l  t h e  s ingle  d a t a  b e l o n g i n g  to  1 e x p e r i m e n t  (1 h) were  
o b t a i n e d .  O n l y  t he se  m e a n  va lues  c o n s t i t u t e  t h e  pool  of 
d a t a  for  s t a t i s t i c a l  t r e a t m e n t  in  t h e  Tab le .  

I n  a n o t h e r  se t  of e x p e r i m e n t s  we t r i e d  to  d e t e r m i n e  
t h e  w a t e r  c o n t e n t  of  t h e  m ueos a l  ep i the l i a l  cells. I n  t h i s  
case  p o l y e t h y l e n g l y c o l  14C ( P E G )  was  a d d e d  to  t h e  bas ic  
so lu t ion  a t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t  b o t h  to  t h e  
serosa l  a n d  mucosa l  f luids.  T h e  s u b s e q u e n t  p r o c e d u r e  
was  t h e  s a m e  as  in  a p r e v i o u s  p a p e r  n .  

These  two  k i n d s  of e x p e r i m e n t s  were  r e p e a t e d  b y  
rep lac ing  NaC1 in t h e  bas ic  i n c u b a t i o n  f lu id  w i t h  Tris C1 
in a n  i sosmot ic  q u a n t i t y ,  or  b y  a d d i n g  to  t h e  bas ic  
i n c u b a t i o n  f lu id  p h l o r h i z i n  10-4M.  

The  re su l t s  o b t a i n e d  are r e p o r t e d  in t he  Tab le .  The  
p e r m e a b i l i t y  of t h e  ph lo rh i z in -po i soned  ep i the l ium,  where  
glucose t r a n s p o r t  is a b s e n t  and  ce l lu lar  swel l ing is r educed  
to  t h e  s a m e  degree  as  in  t h e  in t e s t ines  pe r fu sed  w i t h  a 
Tris s u b s t i t u t e d  pe r fu s ing  fluid,  is as h i g h  as in  t h e  cases 
of glucose t r a n s p o r t i n g  in tes t ines .  

There fo re  t h e  conc lus ion  can  be  d r a w n  t h a t  p r e s u m a b l y  
t h e  degree  of swel l ing  of t h e  ep i the l i a l  cell is n o t  c r i t ica l  
for  t h e  pass ive  p e r m e a b i l i t y  to  a c e t a m i d e  of t he  i n t e s t i n a l  
bar r ie r .  I f  we t a k e  i n to  c o n s i d e r a t i o n  t h e  in f luence  of 
t h e  so lven t  drag,  t h e  a b o v e  conc lus ion  does  n o t  change .  
The  s u b s t i t u t i o n  of s o d i u m  ion w i t h  Tris ion could  
d i r ec t ly  a f fec t  t h e  p h y s i c o - c h e m i c a l  p rope r t i e s  of cell 
m e m b r a n e  due,  for  ins t ance ,  to  t he  va r i ed  N a : C a  r a t i o  
of t h e  pe r fus ion  m e d i u m .  

Riassunto. L a  pe rmeab i l i tA  a l l ' a c e t a m i d e  de l l ' ep i te l io  
i n t e s t i n a l e  di  d ig iuno  di  r a t t o  n o n  s e m b r a  i n f l u e n z a t a  
da l  g rado  di  r i g o n f i a m e n t o  del le  cel lule epitel ial i .  
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The Visual Response  of the Purple Shore Crab, Hemigrapsus nudus, to Ionizing and Non-Ion iz ing  
Radiations i 

Phys io log ica l  a n d  b e h a v i o r a l  r esponses  to  ion iz ing  
r ad ia t ions ,  a t t r i b u t a b l e  to  r a d i a t i o n  effects  on  t h e  v i sua l  
sys t em,  h a v e  b e e n  k n o w n  for  ove r  70 yea r s  2-4. T h e  
n a t u r e  of t h i s  ac t ion ,  however ,  is n o t  c o m p l e t e l y  u n d e r -  
s tood,  p a r t l y  because  of t h e  d i f f i cu l ty  in  spec i fy ing  t h e  
m e c h a n i s m s  t h r o u g h  w h i c h  h i g h - e n e r g y  q u a n t a  m i g h t  
a c t  to  s t i m u l a t e  t h e  v i sua l  r ecep to r  systemS,% A com-  
p a r a t i v e  s t u d y  of t h e  r e sponse  to  v i s ib l e  a n d  nea r -v i s ib le  
l i gh t  in  t h e  c o m p o u n d  eye, fol lowed b y  s t i m u l a t i o n  u n d e r  
t h e  s a m e  c o n d i t i o n s  w i t h  X - r a y s  a n d  f l - radia t ion,  ha s  
m a d e  poss ib le  some  inferences  c o n c e r n i n g  t h e  r ecep t ion  
of ion iz ing  r ad ia t ions .  

Methods. The  i so la ted  c o m p o u n d  eye of t h e  c r a b  was  
used  for  t h i s  s tudy .  E l e c t r o r e t i n o g r a p h i c  ( E R G )  responses  
were  de t ec t ed  b y  p l a t i n u m  mic roe l ec t rodes  a n d  recorded  
on  a Grass  mode l  7 osc i l log raph  a f t e r  a p p r o p r i a t e  pre-  
ampl i f i ca t ion .  

Visua l  s t imul i  f r om 250 to  700 n m  were  suppl ied  b y  
h igh  i n t e n s i t y  l a m p s  in c o n j u n c t i o n  w i t h  a B a u s c h  a n d  
L o m b  d i f f r ac t ion  g r a t i n g  m o n o c h o m a t o r .  L i g h t  exposures  
were con t ro l l ed  b y  a l ea f - type  c a m e r a  s h u t t e r  a n d  moni -  
to red  b y  a pho toce l l .  X - r a y  exposures  f rom a d iagnos t i c  
u n i t  (70 kVp,  0.54 m m  A1 HVL)  were  con t ro l l ed  w i t h  a 
so l eno id - ac tua t ed ,  lead foca l -p lane  s h u t t e r  a n d  m o n i t o r e d  


