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Effect of S o d i u m  on Pass ive  Permeabi l i ty  of Non-E lec t ro ly t e s  T h r o u g h  the Intest inal  Wall ~ 

W e  w a n t e d  to  inves t iga te  whether ,  bes ides  t he  well- 
known specific effect  of sodium on the  in tes t ina l  t r anspo r t  
of sugars and  aminoac ids  2-7, there  is ano the r  unspecific 
effect  on the  res is tance of the  in tes t ina l  barr ier  to the  
passage of hydrosolubles ,  non-metabol izab les  and pas- 
sively diffusing subs tances  such as th iourea  and  acetamide.  

Sprague-Dawley  albino male  rats,  s emis t a rved  over  a 
per iod of 15 days,  were  used 8, 9. E v e r t e d  je junal  sacs were 
incuba ted  for 1 h (1/2 h of p re incuba t ion  and 1/2 h of 
exper iment )  a t  28 ~ in a Krebs -Hense le i t  solut ion added  
wi th  glucose 13.9 m M  and equi l ibrated wi th  a gas mix tu re  
of 95% O 2 and  5% CO=. This  is regarded as a basic  per- 
fusion tluid. 40 ml  of th is  basic perfus ion solut ion added,  
according to the  exper iments ,  wi th  ace tamide  (tool. wt.  
59.07) or th iourea  (mol. wt.  76.12) a t  a concen t ra t ion  of 
10 or 20 raM, were used as a mucosal  perfusion fluid. 

Two mill i l i tres of t he  same solution, added  w i t h  t race  
a m o u n t  of ~4C labelled compound  and of t r i t i a t ed  inulin, 
were in t roduced  in to  t he  ever ted  sac; th is  is regarded  as 
a serosal perfus ion fluid. 

The ~C and aH radioact iv i t ies  were measured  b y  mean  
of a l iquid scint i l la t ion spec t romete r  and the  serosal 
glucose concen t ra t ion  by  an enzymat i c  m e t h o d  10. F r o m  
these measurements ,  the  t r anspo r t ed  glucose (gmoles/g 
of d ry  weight /h) ,  the  t r ansmura l  serosa-mucosa fluxes (s 
(mmoles/g d ry  weight /h)  of the  labelled subs tances  and  
the i r  con temporaneous  mean  concen t ra t ion  grad ien t  (AC), 
were calculated.  

Knowing  the  flux (h) and supposing a cons t an t  volume 
of the  sys tem spaces, co ( tha t  is the  mobi l i ty  of the  solute) 
was calculated according to  the  equat ion:  

s = co RT AC.  

However ,  the  spaces of the  sys tem are not  cons t an t  
because of the  c o n t e m p o r a r y  fluid flux f rom the  mucosal  
to the  serosal side, so t h a t  a drag effect  mus t  be t aken  
into account.  In  order  to evaluate  app rox ima t e l y  a 
max ima l  theore t ica l  drag effect  we have  assumed a 
reflection coefficient  (~) equal  to zero, so t h a t  the  above 
equat ion  becomes : 

n + v ( 1  ~) ? -: co RT AC 

where  ~ is a m e a n  of t he  concen t ra t ion  of the  solute in 
the  2 c o m p a r t m e n t s  n,  ~2. 

Besides contro l  expe r imen t s  wi th  the  previously  de- 
scribed incuba t ing  fluids, o ther  expe r imen t s  were per- 
formed on the  same group of animals  in which the  sodium 

chlor ide of t he  incuba t ing  m e d i u m  was  subs t i t u t ed  wi th  
choline-HC1 or t r is-HCl (the only  sod ium presen t  in the  
incuba t ing  fluid is t h a t  due to the  b i ca rbona te  which  is 
25 mM).  In  order  to  evalua te  t he  metabol ic  ac t iv i ty  of 
the  in tes t ina l  sac in the  d i f ferent  perfus ion fluids (i.e. 
sod ium chloride replaced wi th  choline or tris) we carried 
out  ano the r  set  of expe r imen t s  by  using a polarographic  
m e t h o d  to  de te rmine  the  oxygen  consumpt ion  and an  
enzymat i c  me t h o d  to  de te rmine  the  lactic acid produc-  
t ion  ~a, ~4. 

The following 2 tables  show t h a t  a decrease in sodium 
concen t ra t ion  of the  perfusion fluid no t  only reduces the  
net  act ive t r a n s p o r t  of glucose f rom the  mucosal  to the  
serosal side, bu t  also seems to reduce the  passive mobi l i ty  
of molecules such as ace tamide  and  thiourea.  

I t  mus t  be po in ted  out  here t h a t  in the  semis ta rved  
r a t  in tes t ine  the  basic oxygen  c o n s u m p t i o n  does no t  va ry  
t h roughou t  the  expe r imen ta l  period% Fur the rmore ,  in 
t he  absence of sod ium chloride in t he  perfus ion fluid, 
the  basic oxygen  consumpt ion  and  the  lactic acid pro-  
duc t ion  are not  subs tan t i a l ly  modif ied.  Therefore  ne i ther  
basic me tabo l i sm nor  p H  modif ica t ion  can explain the  
lowering of the  pass ive  pe rmeab i l i t y  of the  in tes t inal  
barrier.  As far as the  decrease of pe rmeab i l i ty  of the  pas-  
sively diffusing subs tances  is concerned,  a possible expla-  
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Table  I 

Per fus ion  f luid No. of 
experiments 

Net  glucose co of ace tanf ide  co o{ a c e t a m i d e  
t r a n s p o r t  (mInoles g-1 h-1 Atm-1)  (minoles g-1 h 1 Atln-1) 
(bunoles g 1 h - l )  in the  absence  in  the  presence 

of d r a g  f low of a m a x i m a l  theore t i ca l  
d r a g  f low 

Krebs and Henseleit added 8 
with glucose 13.9 mM and acetamide 10 or 20 mM 

Same fluid NaC1 substituted 6 
with Tris-HC1 

Same fluid NaC1 substituted 6 
with Choline-HC1 

210.8 ~_ 40.8 0.80 -~2 0.06 0.86 -E 0.06 

113.1 ~ 31.4 0.58 :J- 0.06 0.60 • 0.06 

113.3 ~- 34.3 0.60 :k 0.04 0.61 ~ 0.03 

Aee tamide ,  tool. wt .  59.07; s e m i s t a r v e d  ra t s ,  ave r age  p e r c e n t  we igh t  decrease  25.7 J :  1 .1%.  
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Table II 
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Perfusion fluid No. of 
experiments 

Net glucose 
transport 
(~moles g-I h li 

co of thiourea 
(mmoles g-1 h-I Arm-l) 
in the absence 
of drag flow 

o of thiourea 
(mmoles g-1 h-1 Atm-1) 
in the presence 
of a maximal theoretical 
drag flow 

Krebs and Henseleit added 9 
with glucose 13.9 mM and thiourea 10 or 20 mM 

Same fluid NaC1 substituted with Tris-HC1 6 

Same fluid NaC1 substituted with Choline-HC1 8 

276.9 n~ 37.4 

164.8 4- 45,1 

149.2 4- 34.6 

0.56 4- 0.03 

0.42 q- 0.05 

0.42 4- 0.02 

0.61 ~ 0.04 

0.43 zt_ 0.05 

0.44 -t_ 0.02 

Thiourea, tool. wt. 76.12; senfistarved rats, average percent weight decrease 24.2-/-2.0%. 

na t ion  is t h a t  sodium choline and  tr is  affect,  d i rec t ly  
unspecif ical ly and in a d i f ferent  way  the  phys ico-chemi-  
cal p roper t ies  of the  cell membrane .  Ano the r  possible 
exp lana t ion  of our d a t a  is t h a t  of an indi rec t  effect  of the  
decreased Na + concen t ra t ion  on the  m e m b r a n e  permeabi -  
l i ty.  We  have  previous ly  d e m o n s t r a t e d  t h a t  glucose t rans -  
por t  depends  on the  int racel lular  concen t ra t ion  of glucose, 
i.e. the  h igher  the  in t racel lu lar  concen t ra t ion  of glucose, 
w i th  a consequen t  swelling of the  cell, the  more  the  glucose 
t r a n s p o r t  15. In  the  absence  of sod ium chloride, t he  in t ra-  
cellular accumula t ion  of glucose is lower as well as the  
swelling of t he  ce l l  Now the  hypo thes i s  m a y  be p u t  for- 
ward t h a t  the  degree of swelling is paral lel  w i th  the  per-  
meab i l i t y  of the  cellular membrane .  

Zusammen/assung .  Der Einf luss  des Na t r i ums  auf die 
pass ive  Pe rmeab i l i t g t  der  J e j u n u m ' S e h l e i m h a u t  der  La- 

b o ra t o r i u ms ra t t e  gegeniiber  wasserl6slichen, n i ch tme ta -  
bol is ierbaren und e lek t roneut ra len  Subs tanzen  (Thio- 
harns toff ,  Azetamid)  wurde  un te rsuch t .  Wird  das Na- 
t r ium des NaC1 in der  Perfusionsfl i issigkeit  durch  Tris- 
oder  Chol in -Ka t ionen  ersetzt ,  so n eh men  sowohl der  
t ransepi the l ia le  Glukose t ranspor t  wie auch die Mobil i tgt  
der  gepri i f ten Subs t anzen  ab. 
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Muscle  Spindle  Innervat ion in the Inter transverse  Caudal  Muscles  of the Rat 

The in t e r t r ansve r se  caudal  muscles  in r a t  are in te res t ing  
physiological ly  because  fi-axon exc i ta t ion  of the  muscle  
spindles  t h e y  con ta in  resul ts  in an unusual ly  in tense  and  
prolonged response  f rom p r i m a r y  endings  1. fl-axons are 
mo to r  to  b o t h  in t ra-  and ext ra- fusa l  muscle  fibres, and  
the i r  conduc t ion  velocit ies are in t e rmed ia te  to  a-(purely 
skele tomotor) ,  and ?-(purely  fus imotor)axons .  

These muscles  are also useful expe r imen ta l ly  since the i r  
con fo rma t ion  pe rmi t s  in t r amuscu la r  s t ruc tures  to be 
s tudied  wi th  re la t ive  ease 2,s. The histological  work 
descr ibed here  was done wi th  the  a im of expla ining 
previous f indings  and  of ex t end ing  the  usefulness of t he  
p repara t ion .  

This p a p e r  has  a p receden t  in the  s tudy  of r a t  lumbrical  
muscles  recen t ly  publ i shed  in th is  journal  by  PORAYKO 
and SMITH 4, who jus t i f iab ly  s ta te  t h a t  there  has been  
re la t ive ly  l i t t le  work  on ra t  muscle  spindles as compared  
wi th  those  of cat.  This  is par t icu lar ly  t r u e  of r a t  fus imotor  
innerva t ion .  

Method, The i n t e r t r a n s v e r s e  muscles  of adu l t  a lbino 
ra ts  were s ta ined  wi th  me thy l ene  blue (BOYD 5), and gold 

chloride (BoYD6), b u t  mos t  of the  work  was done on 
p repara t ions  s ta ined  wi th  silver (Ip and BARKER7). Some 
muscles  were s ta ined  for an t ichol ines terase  act ivi ty,  
using acetyl  th iochol ine  and  b u t y r y l  th iochol ine  as sub- 
s t ra tes  s, and were subsequen t ly  s ta ined wi th  silver (IPg). 
Nerve  branches  to  t he  muscle were s ta ined  wi th  buffered 
osmium te t roxide ,  sect ioned and  the  c o m p o n e n t  axon 
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