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O u a b a i n  Act ion  on S o d i u m ,  Chlor ide  and Flu id  T r a n s p o r t  in Rabbi t  J e j u n u m  and I l e u m  

The role of ouaba in  sensi t ive N a - K - A T P a s e  in sod ium 
abso rp t ion  is well es tabl ished.  More recen t ly  ano the r  
ATPase  sys tem,  also invo lved  in Na  ac t ive  t r anspor t ,  
has  been  found;  t he  l a t t e r  is no t  o u a b a i n  sensi t ive  ~-4. 
E x p e r i m e n t s  have  been  pe r fo rmed  in Order t o  de t e rmine  
t h e  e x t e n t  of r abb i t  j e j u n u m  and  i leum sens i t iv i ty  to  
ouabain .  

Materials and methods. The expe r imen t s  were carr ied 
ou t  w i th  o rd ina ry  r abb i t s  fed a s t a n d a r d  d ie t  and  weigh- 
ing  app rox ima te ly  2-3 kg. The animals  were  killed by  a 
neck  b low.and  15-20 cm segmen t  of j e j u n u m  was quickly  
excised 90 cm f rom pylorus  and  an analogous  segment  of 
d is ta l  i leum was  cut  20 cm f rom ileocecal valve.  The tissue, 
r insed clean of luminal  con t en t  was p u t  in to  37 ~ Krebs-  
Hense le i t  b i ca rbona te  solution.  The compos i t ion  of t he  
per fus ion  fluid was:  NaC1 118.45 m M ,  NaHCO 3 25 m M ,  
KC1 4.75 m M ,  CaC12 2.53 m M ,  KH2PO i 1.19 m M ,  
MgSO 4 1.19 m M ,  glucose 12.9 m M ,  p H  7.4. The fluid 
was  ae ra ted  wi th  95% O , - 5 %  COs. The expe r imen t s  were 
pe r fo rmed  in w in te r  and  spr ing  a t  a t e m p e r a t u r e  of 34~ 
in an a i r - the rmos ta t .  F lu id  evapora t ion  was reduced  to  
m i n i m u m  by  large mois ten ing  surfaces.  

In  order  to  measure  t he  unid i rec t ional  Na  and  C1 
influxes (mucosa-serosa),  2 je junal  and  ileal ad j acen t  
segments  were cu t  a long the  mesenter ic  border  and  p u t  
be tween  2 lucite half  chamber s  of t he  same vo lume (7 ml) ; 
t he  a p p a r e n t  surface of the  exposed  in tes t ina l  mucosa  was 
2 cm ~. The spon taneous  t ransep i the l ia l  po ten t ia I  was 
con t inuous ly  shor tc i rcu i ted  by  an electronic device ~. At  
t he  beginning  of each exper iment ,  t he  mucosal  m e d i u m  
was labelled w i t h  Na  ~ or CP 6 (about  0.5 ~Ci/ml) and  
unlabel led Krebs -Hense le i t  b i ca rbona te  solut ion was 
used in t h e  opposi te  side. Small  samples  were t aken  at  
15 rain in te rva l  f rom the  ini t ia l ly unlabel led side. A 40 min  
equi l ibra t ion  period,  necessary  to  ob ta in  s t eady  fluxes, 
was followed by  6 15 min  per iods ;  a f ter  3 contro l  per iods  
ouaba in  10 -* M or 5 • 10-* M was added  to  the  serosal 
fluid. 

In  order  to  measure  t he  vo lumet r ic  ne t  t r a n s p o r t  each 
expe r imen t  was  pe r fo rmed  as follows: 4 je juna l  and 4 
ileal ad j acen t  t r ac t s  of t he  same animal,  each abou t  8 c m  
long, were  ever ted  wi th  t he  aid of a po ly thene  s t ick and  a 
subsequen t ly  fas tened  a t  one end to  ob ta in  eve r t ed  sacs:  
a t  t he  opposi te  end a smal l  t ube  was l igated,  t h ro u g h  
which  serosal fluid was sampled.  At  the  beginning of the  
exper iment ,  1 ml  Krebs -Hense le i t  b ica rbona te  solut ion 
was in t roduced  in t he  serosal side;  t race  a m o u n t  of 
l~C-polyethylenglycol (1 ~tCi/ml) was also in t roduced  in 

order  to  evalua te  fluid t r anspor t .  One je juna l  and  ileal 
sac were each filled up wi th  labelled Krebs -Hense le i t  
solut ion only  and  used as a control .  A second pa i r  
con ta ined  ouabain  10 -4 M and a t h i rd  one ouaba in  
5 • 10 -4 M.  The last  couple was t e s t ed  w i t h  D N P  5 • 10 -* 
M added  b o t h  to  the  serosal and  mucosal  side. The ever ted  
sacs were t h e n  p u t  in to  a beaker  and  incuba ted  a t  34~ in 
Krebs -Hense le i t  b i ca rbona te  solut ion gassed wi th  95% 
03-5 % CO~. At  the  end  of a 40 min equi l ibra t ion  period,  a 
50 ~tl sample  was t aken  f rom the  serosal fluid, and  followed 
by  an ident ical  sample  a f te r  a 60 rain expe r imen ta l  
per iod in order  to  eva lua te  the  d i lu t ion of the  labelled 
subs tance  dur ing  the  60 min  period.  E a c h  sac was  t h e n  
cut  open and dr ied  overn igh t  a t  100~ to  ob ta in  the  d ry  
weight .  F r o m  the  d ry  weight  and  the  mark e r  di lut ion,  
t he  fluid t r a n s p o r t e d  to the  serosal side could be calculated,  
referred  to 1 g d ry  t issue weight .  

All the  r ad ioac t iv i ty  readings  were pe r fo rmed  wi th  a 
Tri-Carb l iquid scint i l la t ion spec t rome te r  Packa rd  (mod. 
3003). 

Results and discussion. Table  I shows t h a t  o u a b a i n  
s ignif icant ly  inhib i t s  sod ium influxes b o t h  in j e j u n u m and  
ileum, while i t  does no t  inf luence chloride influxes.  
I t  is w o r t h  no t ing  t h a t  chloride i n f l uxesa re  no t  d e p e n d e n t  
on ouabain  in b o t h  in tes t ina l  t racts ,  a l though  t h e y  are 
bo th  par t i a l ly  metabol ica l ly  d e p e n d e n t  processes~. 
F u r t h e r m o r e  the  ileal segments  are more  sensi t ive  to  t he  
drug  t h a n  the  je junal  ones, since the  max i ma l  inh ib i t ion  
is reached wi th  onaba in  10 -4 M while the  je juna l  segments  
show the  max i ma l  inh ib i t ion  wi th  a drug  concen t ra t ion  of 
5 • 10 -~ M. Therefore  ouaba in  seems to  show a lower 
ac t iv i ty  in j e j u n u m t h a n  in i leumL 
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Experiments not reportedin ttiis paper show that ouabain 5 • 10-~M 
does not enhance the ileal Na influx inhibition and also does not 
modify the C1 influx. Moreover ouabain 10 4 M affects jejunal Na 
influx to a less significant extent than 5 • 10 -4 M. 

Table I. Na and C1 influxes (N m-s) in jejunum with ouabain 5 • 10-4M and in ileum with ouabain 10-4M in the serosal fluid and percen- 
tage variations a in the 3 periods following the addition of the glycoside ":~ 

Jejunum Ileum 

Na C1 Na C1 

(~m-s) (%) (2fro-s) (%) (~m-s) (%) (~m-s) (%) 

Control 1 5.34 4- 0.58 4.25 4- 0.43 . 6.62 4- 0.65 5.62 ~ 0.29 
Periods 2 5.88 -t- 0.50 4.90 -4- 0.50 7.08 4- 0.92 5.74 -b 0.22 

Quabain 3 4.69 4- 0.39 -18.7 • 4.7 4.64 4- 0.58 -0.7 :L 3.5 6.47 4- 0.96 - 6.7 4- 6.5 5.66 4- 0.50 -0.4 4- 6.8 
Periods 4 4.88 4- 0.44 -16.9 4- 2.7 4.54 4- 0.48 -0.5 4- 1.4 5.61 ~ 0.74 -18.5 4- 5.0 5.44 4- 0.36 -5.6 4- 4.8 

5 4.62 -t- 0.44 -21,6 4- 2.6 (15) 4.53 4- 0.48 -1.8 ! 2.5 (9) 5.03 4- 0.68 -28.2 4- 2.6 (7) 5.82 4- 0.82 5.2 4- 6.1 (9) 

Mean values of the fluxes are referred as [zEq cm -s • h -1. Number of experiments in parentheses. ~ Calculated by the formula (~f2-2fl/2fl) 
• 100, where ~1 is the second control value and ~2 is each experimental value after ouabain addition. Mean 4- SEM. 
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Table II. Net fluid transport (Av) in jejunum and ileum. Effect of various poisoning 

2XPERIENTIA 29/10 

Jejunum Ileum 

AV (mlg-~h -1) (zlV2-AV~/AV1) x 100 AV(mlg-lh -1) (A V~-AV~MV1) x 100 
Mean 4- SEM Mean 4- SEM Mean 4- SEM Mean 4- SEM 

Control 0.629 ~ 0.151 (14) 0.800 4. 0.146 (15) 

Ouabain 10-4M 0.267 4. 0.087 (9) -54.2 4- 6.0 0.099 4- 0.024 (10) -82.8 4- 5.1 

Ouabain 5 x 10-4M 0.331 ~ 0.111 (8) -53.3 4- 9.5 0.089 4- 0.046 (11) -92.3 4- 2.0 

DNP 5 x 10-~M 0.016 4- 0.014 (7) -95.5 4- 4.5 0.039 -t- 0,014 (7) -88.0 4- 9.1 

Transport values are referred to 1 g dry weight. Number of experiments in parantheses. A V I represent the control value; AV~ represents the 
experimental value after drug addition. 

In  b o t h  in tes t ina l  t r ac t s  ne t  fluid t r a n s p o r t  is comple te ly  
inh ib i ted  by  D N P  5 • 10 -~ M while ouabain  causes a 
similar  decrease in the  ileum. In  je junum,  on tile cont rary ,  
only a 50% inhib i t ion  in ne t  fluid t r ans fe r  is reached  
(Table II).  I t  seems therefore  t h a t  ne t  fluid t r a n s p o r t  in 
r abb i t  j e j u n u m  is a t  least  pa r t l y  d e p e n d e n t  on a N a - K  
ATPase  sys t em which  is insens i t ive  to  the  drug.  

Moreover  the  resul ts  r epo r t ed 'on  chloride fluxes suggest  
t h a t  t he  chloride act ive  t r a n s p o r t  process  is, in b o t h  
in tes t ina l  t rac ts ,  d e p e n d e n t  on ano the r  ATPase  sys t em 
which  is also no t  ouaba in  sensit ive.  

Riassunto. I~ s ta to  s tud ia to  l ' e f fe t to  della ouaba ina  sul 
t r a spor to  di  Na, C1 e fluido in digiuno e ileo isolato d f  
coniglio. Mentre  in e n t r a m b i  i t r a t t i  in tes t inal i  il flusso 

mucosa-serosa  di Na ~ inibi to  dal  glicoside, il flusso nello 
stesso senso di C1, di cui ~ s t a t a  d i m o s t r a t a  una  c o m p o n e n t e  
a t t iva ,  non viene modif icato .  Poich~ inol t re  il t r a spo r to  di  
fluido viene inibi to dalla ouaba ina  in misura  d iversa  ill 
digiuno e in ileo, si suggerisce la p resenza  di s i s temi  
ATPasic i  non  ouabaino-sensibi l i  accan to  alla N a - K  
ATPas i  sensibi le  alia ouaba ina  che s i  a m m e t t e  essere 
responsabi le  del t r a spo r to  di Na. 
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Ionic M e c h a n i s m s  Underly ing  the Depolar izat ion of L-Glutamate  on Rat and 
H u m a n  Spinal Neurones  in T i s sue  Culture 

Biochemical  and  electrophysiological  s tudies  have  pro-  
v ided  m u c h  evidence t h a t  g lu t ama te  m a y  func t ion  as 
exc i t a to ry  t r a n s m i t t e r  in t he  m a m m a l i a n  spinal  cord (for 
ref. see 1,3). G lu t ama te  which  is p resen t  in h igh  concent ra -  
t ions  in t he  dorsal  roots  8,~ has been  found  to  be t a k e n  up  
by  a h igh  aff in i ty  t r a n s p o r t  sys t em into  synap tosomes  and  
slices of ra t  spinal  cord 5. Autorad iograph ic  s tudies  on ra t  
and  h u m a n  spinai  cord cul tures  have  d e m o n s t r a t e d  t h a t  
L-aH-glutamic acid is t a k e n  up in neurones  as well  as in 
glial cells 6. l~urthermore,  i t  has  been  shown t h a t  micro-  
e lec t rophore t ica l ly  admin i s t e r ed  g lu t ama te  caused  a 
depolar iza t ion  of spinal  mo toneurones  of the  ca t  1,L There  
is, however ,  l i t t le  evidence re la t ing  to  t he  ionic mecha-  
n isms t h a t  are responsible  for th is  depolar izat ion.  In  t he  
p resen t  inves t iga t ion  we have  used  the  t echn ique  of t issue 
cul ture  t o  s t u d y  ionic mechan i sms  under ly ing  the  depo-  
larizing act ion of g lu t ama te  on ra t  and h u m a n  spinal  
neurones.  

E x p l a n t s  f rom spinal  cord of h u m a n  fe tuses  (8-18 
weeks in utero) and  of newborn  and  fetal  r a t s  (18 days  in 
utero) were grown on col lagen-coated  coversl ips for 11-40 
days  in v i t ro  in t he  Max imov  assembly  (for detai ls  seeS). 

In t race l lu lar  recordings  were made  wi th  glass micro-  
e lectrodes (tip d iamete r  < i ~xm) filled wi th  3 M KC1, 
2 M K-c i t r a t e  or 1 M K-ace t a t e  b y  the  m e t h o d  descr ibed 
by  TASAKI et  al. g. The microelec t rodes  were  in t roduced  
b y  mic romanipu la to r s  f rom above  in to  the  cultures,  

which  were placed in a perfus ion c h a m b e r  lo m o u n t e d  on a 
reverse microscope.  For  more  deta i led  descr ip t ion  see 11,12. 

The record ing  electrode was  connec ted  t h ro u g h  an  
Ag-AgC1 wire to  a ca thode  follower and  po ten t ia l s  were  
d isp layed  on an oscilloscope and  on a rect i l inear  ink  
recorder.  The t e m p e r a t u r e  of t he  per fus ion  solut ion was  
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