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observed  for several  minu tes  (Figure 1, B). In  spi te  of t he  
effect  of e ry thro-L-BHGA,  150 pg L-glutamic acid 
appl ied  in t he  same manne r  did no t  produce  any  effect  
on the  PON.  We  could conclude b y  the  microdrop  
appl ica t ion  expe r imen t  t h a t  t he  inhib i t ion  p roduced  b y  
e ry th ro -L-BHGA was due to  t he  hyperpo la r iza t ion  of 
the  P O N  membrane ,  and  no t  due to synap t i c  noises. 

The n e u r o m e m b r a n e  rect i f icat ion was previous ly  
repor ted  9, ~0. In  t he  p resen t  s tudy,  we measured  the  I -V 
curve of the  n e u r o m e m b r a n e  as an indica tor  of m e m b r a n e  
res is tance by  apply ing  a t r i angula r  cur ren t  (hyper-  
polarizing,  depolar iz ing and  hyperpola r iz ing ;  a lmos t  
2 min  a cycle). F igure  2 shows the  change  in t he  I -V 
curve of P O N  m e m b r a n e  caused b y  the  b a t h  appl icat ion 
of e ry thro-L-BHGA.  In  th is  figure, the  I -V curve ob ta ined  
in the  appl ica t ion  of th is  subs tance  a t  3 • 10 -s g /ml  (b) 
was super imposed  on the  I -V curve measured  in t he  
physiological  s ta te  (a); in b o t h  of these  I -V curves,  t he  
init ial  b iopo ten t ia l  level (just before  t he  t r a n s m e m b r a n e  
cu r ren t  applicat ion) was used as the  c o m m o n  s t an d a rd  
point .  In  t he  art if icial ly (by the  t r a n s m e m b r a n e  current)  
hyperpo la r ized  s ta te  of t he  neu romembrane ,  a clear 
decrease of m e m b r a n e  res is tance was  observed in the  
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Fig. 2. Change of the current-voltage relationships (I-V curve) of 
the PON membrane caused by the application of erythro-fl-hydroxy- 
L-glutamic acid (eL-BHGA). A triangular current (hyperpolarizing, 
depolarizing and hyperpolarizing) was applied to the soma to obtain 
the I-V curve. Ordinate: Biopotential shift produced by the trans- 
membrane current (mV). Abscissa: Intensity of the transmembrane 
current (nA). From zero, the current was applied gradually until 
reaching 15 nA in the hyperpolarizing direction (asterisk). Then the 
current was adjusted to the depolarizing direction. After reaching 
about 12 nA in the depolarizing direction (2 asterisks), the current 
was adjusted again to the hyperpolarizing direction, a) I-V curve 
measured in the physiological state, b) I-V curve obtained 3 min 
after the bath application of eL-BHGA at 3 • 10 -5 g/ml. The two 
I-V curves were superimposed, using the initial biopotential level 
(just before current application) as the common standard point. 
Note that the lower membrane resistance and the higher firing level 
were caused by the application of eL-BHGA in comparison with the 
physiological state. 

case of e ry thro-L-BHGA.  In  the  art if icial ly depolar ized 
state,  all e levat ion of f ir ing level was observed under  th is  
substance�9 

SCHLEIFER e t  al, n r epor ted  the  presence  of th reo-  
B H G A  in the  cell wall of a bac ter ium.  OHARA et al. ~2 
also d e m o n s t r a t e d  the  presence  of t h r e o - B H G A  in the  
m a m m a l i a n  brain�9 We assume t h a t  e ry th ro-L-BHGA is 
p robab ly  an inh ib i to ry  t r a n s m i t t e r  of t he  PON, or a 
par t ia l  agonis t  of an u n k n o w n  t r a n s m i t t e r  which is no t  
g lu tamic  acid or aspar t ic  acid. Previous ly  we repor ted  4 
the  inh ib i to ry  effect  of L-homocyste ic  acid and L-homo- 
cys te ine  sulfinic acid on the  PON.  If  e ry th ro -L-BHGA is 
a par t ia l  agonis t  of an inh ib i to ry  t r a n s m i t t e r  of the  PON,  
there  arises the  ques t ion of w h e t h e r  e ry th ro-L-BHGA and  
the  two sul fur-conta ining amino  acids are agonists  of t he  
same inh ib i to ry  t r ansmi t t e r .  

Summary. We found a spon taneous ly  fir ing neurone,  
inh ib i ted  by  f l -hydroxy(erythro)-L-glutamic  acid, ident i -  
fied in t he  subesophageal  ganglia  of an African g ian t  
snail (A chatina/ulica F~russac),  a l though  th is  neurone is 
no t  sensi t ive to  L-glutamic acid. We suggest  t h a t  /5- 
hydroxy(e ry th ro) -L-g lu tamic  acid m a y  be a p u t a t i ve  
inh ib i tory  synap t ic  t r a n s m i t t e r  of t he  ident i f ied molluscan 
neurone. 
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Use  of a T i s sue  Culture M e d i u m  for in vitro Studies  on the Ion Transpor t  Capacity  of 
A m p h i b i a n  Epithel ia  

In  mos t  s tudies  on the  physiological  role of the  t rans -  of the  t r a n s p o r t  capaci t ies  of isolated epithelial  mere-  
por t  of ions across isolated epithel ial  membranes ,  s imple branes  is an a lmos t  c o n s t a n t  f inding, so t h a t  one can 
e lect rolyte  solut ions have  been used to  inClfl~te t h e  argue t h a t  suc h expe r imen t s  are carried ou t  in dying pre-  
prepara t ions ,  to  keep the  concen t ra t ion  o f  the  pr incipal  para t ions .  T h i s  : a r ~ e n t  is especial ly val id when  appl ied 
'physiological '  ions such as Na~, K+, Ca++ a n d , ~ i - ,  t he  t o  m a m m a l i a n  t i ~ ,  such as t he  small  intest ine,  where  
to ta l  o smolah ty  and  p H  wi th in  t h e  range of v21ues for the  ra te  of decay  ~ a y  be ve ry  h igh  f rom the  moun t ing  of 
t he  extracel lu lar  fluids of the  species under  Study.  In  t he  e x p e r i m e n t a l s e t - u p  1. A l though  amph ib ian  t i s s u e s a r e  
some cases, especial ly when  m a m m a l i a n  t issues a r e  
used, a n u t r i e n t  subs tance  such as glucose is added  to  t he  
basic e lect rolyte  solution.  These so-called Ringer  
solut ions have  p roved  sa t i s fac tory  for mos t  physiological  
exper iments ,  p rov ided  t h a t  t h e y  are carr ied ou t  wi th in  a 
shor t  t ime  of t he  isolat ion of tke  tissue. However ,  a decay  

m u c h  less rap id ly  af fec ted  b y  the  isolat ion procedures  and  
keep the i r  t r a n s p o r t  proper t ies  reasonably  well, a t  least  for 
a few hours ,  we decided to  see w h e t h e r  the  use of a more  

t S. G. Scavvrz and R. ZALtrSXY, J. gen. Physiol. 47, 567 (1964). 
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complex  m e d i u m  oI the  t ype  used in cell and  organ 
cul ture  m i g h t  improve  t h e  condi t ion  of 'physiological '  
p repara t ions ,  a t  least  to  the  e x t e n t  of al lowing the i r  use 
for longer  expe r imen ta l  periods.  

The following exper imen t s  were des igned to compare ,  
by  t h e  classical Ussing t echn ique  S, t he  basic t r a n s p o r t  
p roper t ies  of amph ib i an  epithel ial  m e m b r a n e s  incuba ted  
in t issue cul ture  med ium or in a Ringer  solution.  Suitable 
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Fig. 1. Plot of mean values of SCC versus time in 2 groups of frog 
skin preparations. Open circles, skins bathed by NaC1 Ringer; 
closed circles, skins where MEM was introduced in the half chamber 
bathing the cerium (at arrow 1). Arrow 2, antidiuretie hormone in 
both groups. Means and SE. are represented. 11 experiments in 
each group. 
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Fig. 2. The same as Figure 1, for groups of preparations of isolated 
frog skin epithelium. 12 experiments ii1 each group. 
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Fig. 3. The same as Figure 1, for groups of preparations of toad 
bladder. Arrow 2, antidiuretie hormone in the preparations incubated 
in Ringer. Arrow 3, antidiuretic hormone in the preparations in- 
cubated in MEM. 12 experiments in each group. 

media  for amph ib i an  cell and organ cul ture are now well 
documented3 ,  4, and  the  m e d i u m  used in th is  s tudy ,  
hereaf te r  referred  to  as MEM, con ta ined :  50% MEM 
(minimal  essent ial  medium,  Eagle), 10% foetal  bovine  
serum, 4 0 %  disti l led water ,  15 m M  H E P E S  (zwit ter-  
ionic buffer),  15 m M  NaC1, 100 un i t s /ml  penicil l in and  
100 ~xg/ml s t r e p t o m y c i n  sulphate .  The sodium chloride 
was added  so t h a t  the  t o t a l  sodium concen t ra t ion  and  the  
osmola l i ty  (220-225 mOsm) were the  same as in t he  NaC1 
Ringer  solution,  which  had  the  following compos i t ion :  
114 m M  NaC1, 2.5 m M  KC1 v 2.5 m M  CaC1 v 5 m M  glu~ 
cose and 1 m M  Tris. The p H  of b o t h  solutions was ad-  
jus ted  to  7.5 by  adding  a small  a m o u n t  of N a O H  (to 
MEM) or HC1 (to R i n g e r ) . .  CO2-Iree air was bubb led  
th rough  the  ch amb e r s  to  s t i r  and aera te  the  solutions.  A 
drop  of polyolic an t i foam (Scientific I n s t rumen t s ,  ref. 820) 
was added  to  t he  ha l f - chambers  conta in ing  MEM, to  avoid 
the  excessive fo rma t ion  of foam, and  p re l iminary  experi-  
men t s  showed t h a t  th is  had  no effect  on the  pa rame te r s  
measured.  

Three d i f ferent  p repa ra t ions  were used : whole frog skin 
and separa ted  frog skin ep i the l ium f rom Rana ridibunda, 
and  toad  b ladder  f rom Bu]o bu/o. After  double  p i th ing  
of the  animals,  pieces of frog abdomina l  skin or t o a d  
hemi-b ladders  were  rap id ly  dissected and  m o u n t e d  as 
descr ibed below. The separa ted  frog skin ep i the l ium was 
ob ta ined  by  a t echn ique  f irs t  descr ibed by  ACEVES and 
ERLIJ 5 and  modif ied  by  I~AJERISON et  al. 6, using the  
combined  act ion of collagenase (40 U/ml) and hydros t a t i c  
pressure  (4-6 cm H~O). Once this  s tage was comple ted  
the  same protocol  was used in all the  exper iments .  The 
prepara t ions  were m o u n t e d  in USSlNG-type chambers ,  
wi th  an exposed  area of 3.1 cm 2 and  vo lume of 4 ml on 
each side. Ringer  was  used for an equi l ibra t ion  per iod of 
30-60 min.  F resh  Ringer  solut ion was t h e n  placed on 
bo th  sides of t he  p repa ra t ions  r a n d o m l y  chosen as 
controls.  For  expe r imen ta l  prepara t ions ,  MEM was 
in t roduced  to b a t h e  tile ce r ium face of skin and  the  
serosal side of b ladder  and fresh Ringer  was p laced  in the  
opposi te  half  chamber .  Shor t  c i rcu i t -cur ren t  (SCC}, 
which  is a func t ion  of the  act ive sodium t r a n s p o r t  across 
these tissues, was au tomat i ca l ly  in jec ted  and  recorded by  
means  of a vol tage  c lamp device and mul t i channe l  
recorder.  The open circui t  vol tage (OCV) was regular ly  
checked,  excep t  dur ing  the  n igh t  period.  All the  p repa ra -  
t ions  were left  ove rn igh t  under  shor t  circuit  condi t ions ,  
and  the  n e x t  morn ing  the  incuba t ing  solut ions were 
renewed.  Ant id iu re t i c  ho rmone  (Pitressin,  Parke-Davis ,  
100 mU/ml)  was  added  to the  in ternal  b a t h i n g  m e d i u m  
20-24 h af ter  the  p repa ra t ions  were set  up. 

Figures  1-3 show mean  values of SCC taken  a t  2 h 
in terva ls  f rom t h e  con t inuous  records  of the  cont ro l  and  
exper imenta l  groups  of prepara t ions .  Maximal  values  
ob ta ined  af ter  s t imula t ion  wi th  an t id iure t ic  h o r m o n e  
are also p lo t ted .  On the  average,  these  graphs  show t h a t  
the  mean  values of SCC of t he  p repa ra t ions  i ncuba ted  in 
MEM t en d ed  to  increase in t ime,  a t  least  for a per iod  of 
5-8 h, while in all t he  contro l  groups a de te r io ra t ion  of 
t he  SCC was not iceable  e i ther  f rom the  s t a r t  of t he  
expe r imen t s  or af ter  a 2-3 h init ial  per iod of slow increase.  
Looking in to  more  deta i l  a t  the  evolut ion of the  SCC and  

2 H. H. USSING and K. ZERAHAN, Aeta physiol, scand. 23, 110 
(1951). 

3 M. A. MONNICKElgDAM and M. BALLS, Experientia 29, 1 (1973). 
4 ~{. BALLS, D. BROWN and N. FLEMINO, Meth. Celi Biol. 13, in 

press (1975). 
5 j .  ACEVES and D. ERLIJ, J. Physiol., Lend. 212, 195 (1971). 
s R, M. RAJERISON, M. MONTEOUT, S. JARDS and F. MOREL, 

Pfliigers Archiv. ges. Physiol. 332, 302 (1972). 



1420 Specialia EXPERIENTIA 31/12 

OCV of t he  p r e p a r a t i o n s  i n c u b a t e d  in MEM, we could see 
t h a t  t h e  i n t r o d u c t i o n  of th i s  so lu t ion  Was followed b y  a 
g r a d u a l  increase  of t he  SCC and  OCV values  (preceeded, 
in frog skin and  i so la ted  ep i the l ium,  b y  a sharp ,  t r a n s i e n t  
fall  shown  in F igures  1 a n d  2). I n  t he  e x p e r i m e n t s  w i t h  
whole  frog skin, t he  u p w a r d s  t r e n d  of t he  SCC c o n t i n u e d  
for t he  n e x t  10-12 h, a f t e r  wh ich  a p l a t eau  was k e p t  a t  a 
level  of 16-17 ~A/cm 2, w h i c h  was 3-4  t imes  h igher  t h a n  
t he  con t ro l  p r e p a r a t i o n s  a t  t he  same t ime ,  a n d  twice  as 
t h e  in i t ia l  va lues  o b t a i n e d  w i t h  t h i s  s t ruc tu re .  Open  
c i rcui t  vo l tages  increased  f rom 28 -4- 2 m V  a t  t he  ou t se t  
of t h e  e x p e r i m e n t s  to  57 =b 3 m V  a t  20 h (in con t ro l  
p repa ra t ions ,  OCV a t  20 h was  13 • 3 mV).  

I n  t he  g roup  of i so la ted  ep i the l i um of frog skin incu-  
b a t e d  in MEM, t h e  SCC also increased  s tead i ly  d u r i n g  
t he  f i rs t  8 h, r each ing  a m e a n  va lue  of 12 ~xA/cm 2, wh ich  
is more  t h a n  twice  t h e  v a l u e  o b t a i n e d  in t h e  con t ro l  
g roup  a t  t he  same t ime  (Figure  2). Af te r  t h i s  pe r iod  t h e  
SCC t e n d e d  to  decay,  b u t  t he  m e a n  va lue  a t  20 h was  
st i l l  8.6 [xA/cm ~, in c o n t r a s t  w i t h  t h e  a lmos t  comple te  
de t e r io ra t ion  of t he  con t ro l  p repa ra t ions .  

I n  t he  case of t he  t o a d  b ladders ,  t h e  v e r y  low in i t ia l  
va lues  of t he  SCC increased  v e r y  qu ick ly  a f t e r  t he  in t ro -  
duc t i on  of MEM, t he  m e a n  va lue  r each ing  a peak  of 
15 ~A/cm ~ a t  4 h of i ncuba t i on .  F r o m  th i s  t i m e  on, t he re  
was  a d o w n w a r d s  t r e n d  of t he  SCC, w h i c h  t e n d e d  slowly 
t o w a r d s  a p la teau- I ike  region a t  8 -9  tzA/cm ~. T he  vo l tage  
va lues  were in i t i a l ly  v e r y  low (3 mV),  r is ing to  10 m V  a t  
2-4  h a n d  keep ing  th i s  va lue  for t he  r e m a i n i n g  period.  

Stimulation by antidiuretic hormone. The  difference 
be tween  t he  con t ro l  and  e x p e r i m e n t a l  groups  was also 
m a n i f e s t e d  in  t h e  i n t e n s i t y  of t he  response  to  an t id iu re t i c  
ho rmone .  I n  fact ,  p r e p a r a t i o n s  i n c u b a t e d  in M E M  
reac t ed  to  t he  add i t i on  of th i s  h o r m o n e  w i t h  an  increase  
in t he  SCC wh ich  was of t h e  order  of 20 [xA/cm ~ for whole  
frog skin, 10 p.A/cm a for  t h e  i so la ted  ep i the l i um a n d  
9 [xA/cm 2 for t o a d  b ladder .  I n  compar i son  t he  increase of 
t he  SCC in con t ro l  g roups  was t r a n s i t o r y  and  w i t h  a m e a n  
p e a k  va lue  of 7 ~A/cm 2 for whole  frog skin, and  was 
negl igible  for frog skin ep i the l i um a n d  t o a d  b ladder .  The  
degree of response  to  a n t i d i u r e t i c  h o r m o n e  in t he  exper i -  
m e n t a l  g roups  m a y  also be  c o m p a r e d  w i t h  t h e  resu l t s  ob-  
t a i n e d  in a p rev ious  work  w i t h  p r e p a r a t i o n s  i n c u b a t e d  
in R i n g e r  where  t h e  h o r m o n e  was used  a t  an  ea r ly  s tage  

(4-6 h). The  increase  of t he  SCC was  of t h e  order  of 
15 [~A/cm e for whole  frog sk in  a n d  12 ~xA/cm ~ for t he  
s e p a r a t e d  e p i t h e l i u m  7 a n d  9 ~xA/cm 2 for t o a d  b l adde r  
(unpub l i shed  results) .  

I n  s u m m a r y ,  cons ider ing  t h a t  t h e  SCC of frog skin and  
t o a d  b l adde r  is a func t ion  of t he  ne t  sod ium f lux 2, 8, these  
resu l t s  show t h a t  t he re  is a de f in i t e  i m p r o v e m e n t  in t he  
sod ium t r a n s p o r t  c a p a c i t y  of these  s t r u c t u r e s  w h e n  MEM 
is used.  Th i s  i m p r o v e m e n t  is p a t e n t  e i the r  in  t h e  f i rs t  
phase  of t h e  expe r imen t s ,  w h e n  t h e  increase  in the  SCC 
in t he  p r e p a r a t i o n s  i n c u b a t e d  in M E M  c o n t r a s t s  w i th  t he  
t e n d e n c y  to  decay  of t h e  con t ro l  ones,  a n d  in t h e  long- 
t e r m  m a i n t e n a n c e  of t he  e lect r ica l  p a r a m e t e r s  a n d  t h e  
c a p a c i t y  to  r eac t  to  a physio logica l  s t imulus .  Morphologi-  
cal  s tud ies  should  he lp  to  e luc ida te  t h e  effects of MEM 
in conse rv ing  t he  t r a n s p o r t  capac i t i es  of these  isola ted 
t issues.  

Summary. The  sod ium t r a n s p o r t  c a p a c i t y  across frog 
skin  and  t o a d  b l a d d e r  in  v i t ro  is e n h a n c e d  w h e n  a 
t i ssue  cu l tu re  m e d i u m  is used to  m o u n t  the  p repa ra t ions ,  
i n s t ead  of t h e  classic R inge r  solut ion.  The  response  to 
a n t i d i u r e t i c  h o r m o n e  used 24 h a f t e r  i so la t ing  t h e  t issues 
is also h ighe r  in  p r e p a r a t i o n s  i n c u b a t e d  in t he  same 
cu l tu re  med ium.  
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A Study of Micro-Circulation in Web of Frog (Xenopus laevis Daudin) by Using Laser 
Doppler Microscope 

A m e t h o d  ha s  been  descr ibed  to measu re  flow profi les 
in  microscopic  t r a n s p a r e n t  t u b e s  b y  t he  app l i ca t i on  of a 
laser  t e c h n i q u e  (Laser  Dopp le r  microscope1-*).  The  
m e t h o d  yields f r equency  d i s t r i b u t i o n s  of flow veloci t ies  
a t  va r ious  d i s t ances  f r o m  t h e  cen t re  of t h e  tube ,  An  
example  of such  a m e a s u r e m e n t  on  biological  ob jec t  is 
r epo r t ed  here.  The  ve loc i ty  profi le  dev ia te s  s l igh t ly  f rom 
a N e w t o n i a n  parabo l ic  profile.  

A frog (Xenopus leavis Daudin)  lay  anes t he t i z ed  ill a 
sha l low luc i t  t r a y  c o n t a i n i n g  a 0 .1% u r e t h a n e  solut ion.  
A h i n d  l imb  was h u n g  u p  in t h e  air  a n d  sus t a ined  w i t h  
m e t a l  p ins  on  a ho lde r  p l a t e  s t a n d i n g  pe r pend i cu l a r l y  to  
t h e  passage  of t h e  l igh t  beams .  T he  ho lde r  p l a t e  h a d  a 
smal l  w i n d o w  t h r o u g h  w h i c h  t h e  2 laser  b e a m s  were  
b r o u g h t  in to  t h e  web.  B o t h  t he  t r a y  a n d  t he  ho lder  were 
p laced  on  a m a n i p u l a t o r  w h i c h  was m o v a b l e  b y  t he  scale 
of 5 ixm over  a wide r a n g e  (Figure  1). T he  g rea t e r  p a r t  of 
t he  web a n d  h i n d  l imb  sus ta ined ,  e x c e p t  t h e  po r t i on  of 
o b s e r v a t i o n  (i.e. t h e  pass ing  a rea  of t h e  beams) ,  was  

covered  w i t h  a piece of we t  gauge  in o rder  to  p r e v e n t  the  
f rog f rom d r y i n g  up.  A l t h o u g h  t he  b r e a t h i n g  v ia  t he  lung 
of t h e  frog was n o t  m a i n t a i n e d  ar t i f ic ia l ly ,  i t  las ted  
throughout the experiments for 3 h under the above 
condi t ions .  

Measu red  resul t s  of t h e  b lood  f low ve loc i ty  in a venu le  
h a v i n g  a d i a m e t e r  of 70 ~.m are  s h o w n  in F igure  2, where  
t h e  o rd ina t e  a n d  abscissa  ind ica te  t h e  flow ve loc i ty  of the  
b lood  a n d  t h e  a p p e a r i n g  n u m b e r  of each  veloci ty,  
respect ively .  The  p e a k  f low ve loc i ty  decreased  g radua l ly  
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