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( =  14,2%) and  CSF osmolar i ty  b y  31.6 mosm/1 ( =  13%). 
The d e v e l o p m e n t  of osmolar i ty  was ve ry  mild be tween  

day  11 and  13: by  3.2 mosm/1 for CSF  and  by  3.0 mosm/1 
for blood plasma.  The increase on day  15 was only  signif- 
i can t  (p < 0.01): 7.6 mosm/1 for CSF, 8.9 mosm/1 for 
blood plasma.  A fu r the r  s ignif icant  e levat ion  occurred 
be tween  day  15 and 19 of incubat ion.  The osmolar i ty  
increased in CSF  by  17.4 mosm/1 ( =  6.8%) and  b y  23.0 
mosm/1 ( =  8.9%) in blood plasma.  The final  develop- 
men t a l  increase till t he  first  p o s t h a t c h i n g  day  was more  
mode ra t e  and non-s igni f icant :  in CSF b y  6.9 mosm/ t  
( =  2.5%), in blood p lasma b y  2.5 mosm/1 ( =  1.2%). 

The osmola r i ty  of b o t h  these  fluids was ident ical  till 
day  15 of incubat ion.  The difference of 2.9-4.4 mosm/1 
and the  p l a sma /CSF  ra t io  of 1.012-1.017 were no t  signifi- 
cant .  The osmolar i ty  of blood p l a sma  was regular ly  h igher  
t h a n  the  osmolar i ty  of CSF  only  f rom day  17 of incuba-  
tion. On day  17 the  p l a s m a - C S F  difference increased to 
8.6 mosm/1 and  the  p l a s m a / C S F  rat io  to  1.033. The 
m a x i m u m  difference (10.0 mosm/1) and p l a sma /CSF  
rat io (1.037) was reached  on d a y  19 of incubat ion.  The 
values of b o t h  these  pa rame te r s  s l ight ly decreased before 
and  af ter  ha t ch ing  at  the  s t eady  hype rosmola r i t y  of 
blood p lasma  in compar i son  wi th  the  CSF. 

Discussion. The d i rec t  m e a s u r e m e n t s  of p la sma  and 
CSF osmolar i ty  did no t  conf i rm our previous theore t ica l  
p r e s u m p t i o n  on the  hype rosmola r i t y  of CSF, which  was 
calcula ted f rom the  concen t ra t ion  of some ions, glucose 
and  to ta l  p ro te ins  a. 

The deve lopmenta l  increase of the  CSF  and p lasma 
osmolar i ty  was parallel  till day  19 of incubat ion.  The 
increase of p la sma  osmolar i ty  before and af ter  ha t ch ing  
was smaller  t h a n  in the  CSF, which  resul ted in the  anom-  
aly in compar ison  wi th  the  deve lopmen t  before day  

19 of incubat ion.  The d e v e l o p m e n t  of chemical  composi-  
t ion  of the  CSF and  blood p lasma  2, 3, and  especial ly the  
above -men t ioned  fact,  showed t h a t  there  p r o b a b l y  was 
a barr ier  developing af ter  day  15 of incubat ion,  w h i c h  
ensured the  difference be tween  the  concen t ra t ion  of 
osmot ica l ly  act ive  components in the  CSF  and  blood 
p lasma  and  which was responsible  for a d i f fe rent  develop-  
m e n t  of osmolar i ty  in b o t h  fluids, especial ly dur ing  the  
last  clays of incubat ion  and  af ter  ha tch ing .  Consequent ly ,  
the  osmot ic  grad ien t  f rom the  b lood p lasma  into the  CSF 
mus t  be t aken  into account  since day  15 of incuba t ion  
a m o n g  the  factors  inf luencing the  CSF fo rma t ion  and  
regula t ion of the  CSF volume in the  cerebral  ven t r icu la r  
sys t em 5 dur ing  th is  s tage of the  ontogenet ic  deve lopment .  

Rdsumd. La pression osmot ique  du p l a sma  sanguin  e t  
du fluide c6%brospinal  (CSF) a 6t6 mesur6e chez les 
emb ry o n s  de poule t  ent re  le 11e jour  d ' i ncuba t ion  et  
l '6closion, e t  chez les poussins  d ' u n  jour.  La  pression 
osmot ique  augmen te  de 248,1 g 283,5 mosm/1 dans  le 
p l a sma  sanguin et  de 245,0 ~ 276,9 mosm/1 dans  le CSF. 
Dbs le 11 e jour  du d6ve loppement  le p la sma  sanguin  
est  hype rosmot ique  par  r ap p o r t  au CSF, ce qui p rouve  
l '~ tabl i ssement  d ' une  barri~re osmot ique  en t re  le p la sma  
sanguin  e t  le CSF.  
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Interac t ion  B e t w e e n  S u g a r s  and A m i n o  Ac ids  in 

In te rac t ion  be tween  sugars and amino amds at  in tes t ina l  
level has  received m u c h  a t t en t ion  in recen t  years.  
CIWDAN~S et  al. ~ showed t h a t  glucose and glycine 
absorp t ion  by  ra t  in tes t ine  in vivo exh ib i t  a mu t u a l  
inhibi t ion,  b u t  B~NOHA~a et  a lp  did no t  f ind any  effect  
on amino acid absorp t ion  when  glucose was present .  More 
recent ly ,  COOKE a repor ted  in te rac t ion  be tween  these 
subs t ra tes  in man,  and  BOLUFER et al. 4 have  referred to 
the  effect  of leucine, glycine and  arginine on glucose and 
galactose absorp t ion  by  ra t  intest ine,  a lways on in vivo 
exper iments .  In  the  p resen t  paper ,  the  mu tua l  in te rac t ion  

Intes t ina l  A b s o r p t i o n  by Rat ,  in v ivo  

be tween  glucose, galactose and leucine absorp t ion  by  
the  r a t  small  in tes t ine  is s tud ied  in vivo. 

Methods. "Wistar ra t s  of e i ther  sex of 150-200 g body  
weight  were used. The animals  were s t a rved  for 24 h 

1 L. C~Vn)ANES, J. LARRALDE and J. BELLO, Revta esp. Fisiol. 20, 
11 (1964). 

2 j.  [~. BINGtIAM, H. NEWEY and D. H. SMMTH, Bioehim. biophys. 
Aeta 730, 281 (1966). 

a G. C. COOKE, J. Physiol., Lond. 217, 61 {1971). 
4 j.  ]30LUFER, J. LARRALDE and F. PONZ, Revta esp. Fisiol. 30, l l l  

(]974). 

L-leucine absorption by small intestine of rat in vivo at various initial concentrations 

Absorption (btmol leueine/cm intestine) 
L-leucine 
(mM) 1st 2nd 3rd 4th 5th 

18 (4) 0.21 4- 0.02 0.20 4- 0.02 0.22 4-4- 0.01 0.21 4- 0.01 0.20 4- 0.01 
4 ~ (4) 0.80 4- 0.01 0.78 4- 0.12 0.78 4- 0.14 0.84 4- 0.10 0.81 4- 0.11 

20~ (5) 2.91 i 0.13 2.83 4- 0.08 2.87 4- 0.08 2.78 4- 0.12 2.80 • 0.09 

1 (6) 0.07 4- 0.00 O.07 4- 0.01 0.07 4- 0.0I 0.07 4- 0.O0 0.08 4- 0.01 
4 (4) 0.43 4- 0.05 0.41 4- 0.04 0.40 4- 0.04 0.41 4- 0.06 0.42 • 0.05 

20 (6) 1.55 4- 0.10 1.50 4- 0.08 1.53 4- 0.09 1.57 • 0.12 1.51 4- 0.07 

The solution was recycled by peristaltic pumping or left in the intestinal loop. Each absorption period was of 5 rain. Number of animals is 
given in brackets. The data are the mean • SE. ~With peristaltic pumping of 10 ml of solution with the appropriate added substrate through 
a closed circuit at a 13.54 ml/min rate. 
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before  t he  e x p e r i m e n t  a n d  a n a e s t h e t i z e d  w i t h  12 .5% 
u r e t h a n e .  The  SOLS a n d  PONZ 5 t e c h n i q u e  w i t h  or w i t h o u t  
a pe r i s t a l t i c  p u m p  to c i rcu la te  t he  so lu t ion  t h r o u g h  t he  
i n t e s t i ne  was  used. I n  per fus ion  expe r imen t s ,  a volume 
of 10 ml  so lu t ion  was p u m p e d  a t  13.54 m l / m i n  r a t e  in  a 
closed c i rcu i t  t h r o u g h  a s e g m e n t  of smal l  i n t e s t i ne  for  
5 m i n  and  t h e  cor rec t ions  for  w a t e r  a b s o r p t i o n  were  made .  
Sugars  a n d  a m i n o  acids were dissolved in a 0 .9% NaC1 
solut ion,  m a k i n g  cor rec t ions  for c o n s t a n t  osmolar i ty .  
The  i n t e s t i n a l  loop was r insed  w i t h  sal ine before  and  
a f t e r  e ach  a b s o r p t i o n  period.  5 succesive per iods  of 5 ra in  
a b s o r p t i o n  were car r ied  ou t  on  each  an imal .  D-(1-~4C) 
galactose,  D-(1-~4C) glucose and  L-(1-14C) leucine read ings  
were t a k e n  in  a l iquid sc in t i l l a t ion  coun t e r  (a t o luene /  
e t h a n o l  sc in t i l l a t ion  m i x t u r e  was used). Resu l t s  are 
expressed  as ~moles of s u b s t r a t e  a b s o r b e d  pe r  c e n t i m e t e r  
of i n t e s t i ne  in 5 rain.  

Results and discussion. T he  n o r m a l  va lues  of i n t e s t i n a l  
a b s o r p t i o n  for L-leucine w i t h  or w i t h o u t  pe r i s t a l t i c  
p u m p i n g  are expressed  in t h e  Table .  T he  r a t e  of leucine 
a b s o r p t i o n  was  h ighe r  w h e n  t h e  so lu t ion  was c o n t i n u a l l y  
c i rcu la t ing  in t h e  s y s t e m  t h a n  w h e n  the re  was no  p u m p -  
ing, p r o b a b l y  because  t h e  s u b s t r a t e  c o n c e n t r a t i o n  in t he  
i n t e s t i n a l  loop r e m a i n e d  h ighe r  t h r o u g h o u t  t h e  a b s o r p t i o n  
per iod  on perfuss ion.  W i t h  smal ler  in i t ia l  c o n c e n t r a t i o n s  
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Fig. 1. Effect of 20 mM L-leucine on the intestinal absorption of 
D-glucose ( - - )  and D-galactose ( . . . .  ) at 1 mM initial concentra- 
tion. Each period lasted 5 rain. In the 2nd and 4th periods the amino 
acid was present. Results in [zmol of sugar absorbed per em intestine/ 
5 rain. The points are the average of experiments with 6 (glucose} or 
5 (galactose) animals. Their 2[: SE is indicated. 
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Fig. 2. Effect of 20 mM D-galactose on the intestinal absorption of 
L-leucine at 20 mM ( ), 4 m M (  . . . .  ) or 1 mM (-.-.-.-) initial 
concentrations. The sugar was present in the 2nd and 4th periods. 
Other conditions as in Figure 1. 

of leucine,  g rea te r  d i f ferences  be tween  b o t h  e x p e r i m e n t a l  
cond i t ions  were found.  

The  effect  of 20 m M  leucine on  t he  i n t e s t i na l  a b s o r p t i o n  
of 1 m M  glucose or ga lac tose  is g iven  in F igure  1. I n  t h e  
2nd a n d  4 th  periods,  w h e n  t he  amino  acid was p resen t ,  
a n  i n h i b i t i o n  of 33% for glucose a n d  of 28% for ga lac tose  
a b s o r p t i o n  was  observed .  This  i n h i b i t i o n  was revers ib le  
since in t he  3rd a n d  5 th  per iods  w h e n  t he  leucine was  
o m i t t e d  f rom the  so lu t ions ;  t h e  n o r m a l  va lues  of sugar  
a b s o r p t i o n  were res tored .  The  effect  of  20 m M  galac tose  
on  t h e  i n t e s t i n a l  a b s o r p t i o n  of 1, 4 or 20 m M  leucine was  
also t es ted .  The  sugar  was  p r e s e n t  d u r i n g  t he  2nd  a n d  
4 th  periods.  W h e n  t h e  so lu t ion  did  n o t  c i rcu la te  t h r o u g h  
t he  in tes t ine ,  on ly  a s l igh t  i n h i b i t i o n  of s c a n t  s igni f icance  
was observed .  However ,  on  closed c i rcui t  pe r fus ion  
(Figure 2), w i t h  h ighe r  con t ro l  va lues  of leucine absorp -  
t ion,  a clear  i n h i b i t i o n  was shown b y  t he  presence  of 
galactose.  Th i s  effect  d i s appea red  on  chang ing  t h e  solu- 
t ion  to one w i t h o u t  galactose,  as i t  occur red  in t he  3rd 
and  5 th  periods,  w h e n  t he  va lues  of leucine a b s o r p t i o n  
were aga in  normal .  The  pe r cen t  differences b e t w e e n  t h e  
1st a n d  2 n d  per iods  w i t h o u t  or w i t h  galactose  were 
a p p r o x i m a t e l y  17%, 23% a n d  25% a t  20,4 a n d  1 m M  
leucine in i t i a l  c o n c e n t r a t i o n  respect ive ly .  

Var ious  h y p o t h e s e s  h a v e  been  proposed  to exp la in  t h e  
m u t u a l  i n t e r ac t i ons  b e t w e e n  sugars  a n d  amino  acids in  
i n t e s t i n a l  abso rp t ion .  As some researchers  8,6 fai led t o  
o b t a i n  a n y  effect  of ga lac tose  on a m i n o  acid u p t a k e  b y  t h e  
r a t  in vivo,  t h e y  specu la ted  t h a t  t he  i nh ib i t i on  exe r t ed  b y  
galac tose  on  in v i t ro  e x p e r i m e n t s  m i g h t  poss ib ly  be  due  
to c o m p e t i t i o n  for a c o m m o n  source of energy,  poss ib ly  
ATP .  However ,  a m u t u a l  i n t e r ac t i on  be tween  leucine 
and  galac tose  in v ivo  w i t h  sho r t  a b s o r p t i o n  per iods  (5 
min)  h a s  been  p r o v e d  in  a p rev ious  ~ a n d  in t he  p r e s e n t  
papers .  Thus ,  t he  possible  c o m p e t i t i o n  for ene rgy  is n o t  in 
l ine w i t h  these  f indings,  s ince in v ivo  t h e  blood suppl ied  
enough  glucose to  p rov ide  energy.  

MUNCK 7 obse rved  t h a t  t he  i n h i b i t o r y  effect  of ga lac tose  
on  i n t e s t i n a l  amino  acid t r a n s p o r t  b y  r a t  i n t e s t i ne  in 
v i t ro  resu l t s  f rom a ga lac tose - induced  s t i m u l a t i o n  of 
amino  acid eff lux across t h e  m e m b r a n e  of t he  ep i the l ia l  
cell, p e r h a p s  as resu l t  of t he  ga lac tose- induced  increase  
in t issue sod ium concen t ra t ionS ,  9 and  decrease  in po tas -  
s i um c o n c e n t r a t i o n  1~ T h o u g h  these  changes  h a v e  n o t  
been  de t ec t ed  in t he  in t r ace l lu l a r  sod ium c o n c e n t r a t i o n  9 
th i s  could be  because  on ly  a v e r y  l imi ted  a rea  of t h e  b r u s h  
b o r d e r  region is a f fec ted  8. 

S t i m u l a t i o n  of l euc ine  eff lux across t h e  serosal  face of 
t he  ep i the l ia l  cells caused  b y  t he  presence  of galactose ,  
shou ld  n o t  i n h i b i t  b u t  ac tua l ly  f ac i l i t a t e  t he  a m i n o  acid 
a b s o r p t i o n  i n  vivo,  whereas  t h i s  does n o t  in f ac t  occur.  
However ,  s t i m u l a t i o n  of leucine eff lux across t he  b r u s h  
b o r d e r  m e m b r a n e  would  be  more  in accordance  w i t h  t h e  
resul ts .  

ALVARADO 11 exp la ined  th i s  i n t e r ac t i on  w i t h  h i s  hypo-  
thes is  of a po ly func t i ona l  carrier ,  d e p e n d e n t  on  sodium,  
c o m m o n  to  the  i n t e s t i n a l  t r a n s p o r t  of sugars  a n d  a m i n o  

5 A. SoLs and F. PoNz, Revta esp. Fisiol. 3, 207 (1947). 
s j. K. BINGHAM, H. NEWEY and D. H. SMYTH, Bioehim. biophys. 

Acta 120, 314 (1966). 
7 B. G. MUNCK, Biochim. biophys. Acta 200, 639 (1972). 
8 G. SEMI~NZA, Biochim. biophys. Acta 241, 637 (1971). 
9 W. KOOeMA~ and S. G. SCHULTZ, Biochim. biophys. Acta 173, 

338 (1969). 
i0 M. M. DROWN and D. S. PARSONS, Biochim. biopbys. Acta 59, 

249 (1962). 
11 F. ALVARADO, Science 151, 1010 (1966). 



15. 10. 1975 Specialia 1173 

acids. This v iew has  recent ly  been  sus ta ined  x2-~4. An 
inh ib i to ry  al losteric effect,  due  to  b ind ing  of t he  sugar  
suff ic ient ly  close to  the  amino ac id-binding site or vice- 
versa, was suggested.  Given the  charac ter i s t ics  of t he  
expe r imen ta l  t echn ique  used in the  research  descr ibed 
here, i t  is impossible  to decide f rom the  resul ts  which  of 
t he  va ry ing  in t e rp re t a t ions  offered to expla in  th is  phe-  
nomenon  i~ the  mos t  acceptable ,  even t h o u g h  the  mu t u a l  
in te rac t ion  be tween  galactose and leucine in vivo is ve ry  
clearly conf i rmed.  

Summary. The inh ib i to ry  act ion of L-leucine on the  in- 
tes t inal  absorp t ion  of D-glucose and  o-galactose ,  as well 
as t he  inh ib i to ry  act ion of D-galactose on the  absorp t ion  
of L-leucine at various concentrations by  r a t  small  
in tes t ine  has  been  studied.  The fu r the r  effect  was more  

clearly ev idenced when  the  m e d i u m  was  pe r funded  
t h ro u g h  the  in tes t ine  in a closed circuit  s y s t em using a 
per is ta l t ic  pump .  
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T h e  E f f e c t s  of  J a u n d i c e d  P l a s m a  a n d  H y p e r c h o l e s t e r o l a e m i c  P l a s m a  o n  V a s c u l a r  

S e n s i t i v i t y  to  I n j e c t e d  N o r a d r e n a l i n e  

Altera t ions  in renal  perfus ion have  been  shown in a 
va r i e ty  of liver diseases 1,2. We  have  inves t iga ted  the  
poss ib i l i ty  t h a t  th is  m a y  be due to a p o t e n t i a t e d  pressor  
response to  c i rculat ing noradrena l ine  (NA). 

Isola ted  perfused  k idneys  and segments  of r ab b i t  
femoral  a r t e ry  were r emoved  f rom an anaes the t i zed  animal  
and perfused  at  cons t an t  flow in a wa rmed  organ ba th .  
The p repa ra t ions  wer  first  per fused  wi th  a physiological  
saline solut ion conta in ing  NaC1 118.0, KC1 4.69, NaH2PO 4 
1.33, NaHCO 3 25.0, glucose 5.56, CaC12 2.52 and  MgCI~ 
1.05 raM~1 and  the  perfus ion pressure  was mon i to red  
p rox imal  to  the  prepara t ion .  As the  flow was c o n s t a n t  
(4-5 ml/min) ,  any  change  in res is tance  of the  sys t em was 
ref lected in a change  in perfus ion pressure.  

The ar ter ia l  cons t r i c to r  responses  to  NA were de ter -  
mined  by  graded  in ject ion of NA in w a r m e d  saline as a 
bolus in to  the  pe r fusa te  jus t  p rox imal  to the  p repa ra t ion .  
These responses  were ob ta ined  before, du r ing  and  af ter  
perfus ion of the  p repa ra t ion  wi th  the  expe r imen ta l  
p lasma.  

Figure  1 shows a 10g dose/ response  p lo t  for a typ ica l  
expe r imen t  when  jaund iced  baboon  p lasma  was  used. I t  
can be seen t h a t  the  jaundiced  p lasma  caused the  dose/  
response curve to shi f t  to  the  left of the  ini t ial  curve  

1 M. C. KEw, Gut 73, 748 (1972). 
2 3/[. C. KEW, C. LIMBRINK, R. R. VARMA a n d  S. SHERLOCK, G u t  73, 

421 (1972). 
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Fig. 1. Kidney log dose/responses jaundiced plasma. Kidney re- 
sponses in mm Hg (y axis) plotted against the doses of injected NA 
(x axis). The closed circles show the responses to NA obtained when 
Krebs was initially perfused. The open circles show those obtained 
when the jaundiced plasma was perfused, and the open triangles 
show those when Krebs was re-perfused. It can be seen that jaundiced 
plasma shifts the curve to the left and that the washout returns the 
et!rve towards normal. 
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Fig. 2. Artery log dose/responses - lipid plasma. This graph shows 
the artery responses in mm Hg (y axis) plotted against the doses of 
injected NA (x axis). The closed circles show the responses obtained 
to NA when Krebs was initially perfused. The open circles show 
those obtained when the hypercholesterolaemic plasma was perfused, 
and the open triangles show those when Krebs was re-perfused. It 
can be seen that the plasma shifted the curve to the left and the 
washout moves back towards normal. 


