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Contribution of diffusive pathway in intestinal absorption of glucose in rat under normal  feeding 
condition 

E. M u r a k a m i ,  M. Sai to  and  M. Suda  

Department o/ Biochemistry, School o/ Medicine, Ehime University, Shigenobu, Omen-gun, Ehime 791-02 (Japan), 
12 April 1977 

Summary. L u m i n a l  c o n c e n t r a t i o n  of glucose d e t e r m i n e d  b y  a specific e n z y m a t i c  m e t h o d  was a b o u t  50 mM af te r  mea l  
in  r a t  j e j u n u m .  The  dif fus ive  p a t h w a y  was sugges ted  to  h a v e  an  i m p o r t a n t  role in i n t e s t i n a l  a b s o r p t i o n  of glucose. 

I t  is well  d o c u m e n t e d  t h a t  glucose is ac t ive ly  abso rbed  in 
t he  smal l  i n t e s t ine  b y  a specific, ph lor iz in -sens i t ive  t r a n s -  
p o r t  sys tem.  Recen t ly ,  D e b n a m  and  Lev in  1 showed  t h a t  
a cons iderab le  f r ac t i on  of glucose abso rbed  f rom t h e  
i n t e s t i n a l  l u m e n  was n o t  i n h i b i t e d  b y  ph lor iz in  in  vivo,  
a n d  m i g h t  be  a b s o r b e d  b y  t h e  di f fus ive  p a t h w a y .  The  
ra t io  of ac t ive /pas s ive  a b s o r p t i o n  decreased w i t h  increase  
in t he  l u m i n a l  c o n c e n t r a t i o n  of glucose. Therefore ,  to  
o b t a i n  cor rec t  i n f o r m a t i o n  a b o u t  t he  i n t e s t i n a l  a b s o r p t i o n  
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Fig. 1. Glucose concentration of the intestinal fluid in rats fed from 
9.00 to 15.00 h for 2 weeks. Each point represents the mean value for 
5 rats with the SE. 

4 

3 
A 

c ~  

. 9  .~-- ~_,~ 2 

8 - ~ 1  
2 E  

0 ' ' 
20 40 60 mM 

Concentration of glucose 

Fig. 2. Glucose absorption rate in vivo at various concentrations of 
glucose, e ,  Addition of 0.5 mM phlorizin; O, no addition, A, the 
difference between the rates in the absence and presence of 0.5 mM 
phlorizin. Each point represents the mean value for 5 rats with the 
SE. 

of glucose d u r i n g  n o r m a l  d iges t ion,  i t  seems to be  impor -  
t a n t  to  k n o w  the  l u m i n a l  c o n c e n t r a t i o n  of glucose in vivo,  
w i t h  special  reference to  food in take .  I n  a lmos t  all  works  
r epo r t ed  2,3, t he  l u m i n a l  c o n c e n t r a t i o n  of glucose was 
measu red  as r educ ing  sugar ,  wh ich  con t a in s  no t  on ly  
glucose b u t  also mal tose ,  i somal tose  a n d  o the r  r educ ing  
subs tances .  I n  the  p r e sen t  s tudy ,  we m e a s u r e d  t he  lumi-  
na l  c o n c e n t r a t i o n  of glucose b y  a specific e n z y m a t i c  
m e t h o d  in r a t  j e j u n u m ,  a n d  on  the  basis  of s t u d y  on  
d e p e n d e n c y  of t he  a b s o r p t i o n  ra t e  of glucose on t h e  
l umina l  c o n c e n t r a t i o n  of glucose, c o n t r i b u t i o n s  of t h e  
diffusive a n d  t he  ac t ive  p a t h w a y s  in t he  i n t e s t i n a l  ab-  
so rp t ion  of glucose in v ivo  were e s t ima ted .  
Methods. Male W i s t a r  r a t s  (200-300 g) were k e p t  u n d e r  
c o n v e n t i o n a l  l i gh t ing  cond i t ions  w i th  a d a r k  n igh t ,  a n d  
fed on  t he  l a b o r a t o r y  chow c o n t a i n i n g  52% s t a r c h  
(Or ien ta l  Y e a s t  Co., Tokyo)  f rom 9.00 to 15.00 h e v e r y  
d a y  for  2 weeks. To d e t e r m i n e  t he  l u m i n a l  c o n c e n t r a t i o n  
of glucose, i g roup  of r a t s  was  d e c a p i t a t e d  a t  specific 
t imes  of d a y  d u r i n g  t he  ensu ing  24 h. U p p e r  ha l f  of t he  
smal l  i n t e s t ine  was r ap id ly  r emoved ,  a n d  t he  c o n t e n t s  of 
t he  s e g m e n t  were col lected a n d  spun  in  a re f r ige ra ted  
cen t r i fuge  a t  8000 •  for 20 min.  The  re su l t ing  supe rna -  
r a n t  was  used for d e t e r m i n a t i o n  of glucose b y  t he  specific 
e n z y m a t i c  m e t h o d  us ing  h e x o k i n a s e  a n d  glucose-6-phos-  
p h a t e  d e h y d r o g e n a s e  ~. I n  p r e l i m i n a r y  expe r imen t s ,  we 
cer t i f ied  t h a t  ma l tose  a n d  i somal tose  h a d  no  effect  on  t he  
glucose assay,  a n d  t he  a m o u n t  of glucose added  to  t h e  
s u p e r n a t a n t  was  comple t e ly  recovered,  showing  t h a t  a 
t r ue  c o n c e n t r a t i o n  of glucose in t he  i n t e s t i n a l  f luid could 
be e s t i m a t e d  b y  th i s  me thod .  I n  order  to  s t u d y  t he  glu-  
cose a b s o r p t i o n  in vivo,  a n o t h e r  g roup  of t he  r a t s  was  
a n a e s t h e t i z e d  (i.v. i n j ec t ion  of 4 m g  sod ium p e n t o b a r b i t a l  
pe r  100 g b.wt) ,  l apa ro tomized ,  a n d  20 ml  of Krebs -  
R i n g e r  b i c a r b o n a t e  t e s t  so lu t ion  (pH 7.4) c o n t a i n i n g  
va r ious  c o n c e n t r a t i o n s  of glucose was c i r cu la ted  t h r o u g h  
t he  l u m e n  of u p p e r  ha l f  of t h e  smal l  i n t e s t ine  for 15 m i n  
a t  37 ~ These  tes t s  were p e r f o r m e d  f rom 12.00 to 15.00 h. 
To e x a m i n e  t he  glucose a b s o r p t i o n  b y  t h e  di f fus ive  p a t h -  
way,  0.5 m M  ph lo r i z in  was added  to  t he  t e s t  solut ion.  
O t h e r  p rocedures  were essen t i a l ly  t he  same as r epo r t ed  
b y  F u r u y a  and  Yugar i  5. The  glucose a b s o r p t i o n  ra t e  was  
ca lcu la ted  f rom the  decrease  in glucose c o n c e n t r a t i o n  in 
t he  t e s t  solut ion,  w i t h  cor rec t ion  of t he  vo lume  change  of 
t he  t e s t  so lu t ion  d u r i n g  c i r cu la t ing  period.  
Results and discussion. As s h o w n  in f igure  1, t h e  l u m i n a l  
c o n c e n t r a t i o n  of glucose c h a n g e d  g rea t ly  before  and  a f t e r  
meal .  The  glucose c o n c e n t r a t i o n  was less t h a n  2 m M  
i m m e d i a t e l y  before  t he  s t a r t  of t h e  feeding t ime,  increased  
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sharply  af ter  meal,  reached the  m a x i m u m  level of about  
50 mM around the  end of the  feeding t ime,  and thereaf te r  
decreased gradually.  As expected,  the glucose concentra-  
t ion es t imated  by  the  specific enzymat ic  me thod  was 
much  lower than  the  free reducing sugar concentra t ion,  
about  110 mM, repor ted  by  Cole 2, who examined  only 
dur ing the  feeding t ime.  The difference m a y  be due to 
maltose,  isomaltose and other  reducing substances in the 
in tes t ina l  fluid. 
F igure  2 shows the  glucose absorpt ion rate  in v ivo  dur ing 
the  feeding t ime  a t  var ious  luminal  concent ra t ions  of 
glucose ei ther  in the  presence or absence of 0.5 mM 
phlorizin.  The glucose absorpt ion rate  in the  presence of 
phlorizin (phlorizin-insensit ive component)  increased 
p ropor t iona ly  wi th  increase in the  glucose concent ra t ion  
in the  lumen.  The  difference be tween the  rates in the  
absence and presence of phlorizin (phlorizin-sensit ive 
component)  was saturable,  and the  ha l f -maximal  concen- 
t r a t ion  of glucose was about  10 mM; The rate  of the  
phlorizin-sensi t ive absorpt ion was larger t han  t h a t  of the  
phlorizin-insensi t ive absorpt ion  up to the  glucose concen- 
t r a t ion  of abou t  35 mM, bu t  above this concentra t ion,  
the  reverse is the  case. These results are in good agree- 
men t  wi th  those r epor t ed  by  D e b n a m  and Levin  1, and 
could best  be explained by  supposing tha t  the  phlorizin-  

sensit ive componen t  and the  phlorizin-insensi t ive one 
represent  the  absorpt ion v ia  the  ac t ive  t ranspor t  sys tem 
and the  diffusive pa thway ,  respect ively.  
I t  has been repor ted  t h a t  the  digest ive and absorpt ive  
funct ions of the  small  intest ine exhibi t  circadian var ia-  
tions, synchronizing wi th  the  feeding-fast ing cycle 5-9; In  
pre l iminary  exper iments ,  the  glucose absorpt ion ra te  
dur ing the nonfeeding t ime (24.00-3.00 h) was found to 
be lower than  t h a t  dur ing the  feeding t ime shown in 
figure 2 ei ther  when phlorizin was present  or absent,  bu t  
the  rat io of ac t ive /pass ive  absorpt ion did not  change a t  
each concent ra t ion  of glucose. All these results s t rongly 
suggest t ha t  glucose is absorbed main ly  via  the ac t ive  
t ranspor t  sys tem during the  nonfeeding t ime when the  
luminal  concent ra t ion  is low, bu t  a larger f ract ion of 
glucose is absorbed by  the  diffusive p a t h w a y  during the  
feeding t ime because of h igh  luminal  concent ra t ion  of 
glucose. 
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8 M. Saito, E. Murakami and M. Suda, Biochim. biophys. Acta 421, 
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9 N. R. Stevenson and ~. S. Fierstein, Am. J. Physiol. 230, 731 
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Experimental  hydrocephalus fol lowing mechanical  increment of intraventricular pulse pressure 1 

C. Di Rocco, V. E. Pettorossi2, M. Caldarelli ,  R. Mancinelli2 and F. Velardi  

lstituti di Fisiologia Umana e di Neurochirurgia, Universitd~ Cattolica S. Cuore, via della Pineta Sacchetti, 644, 
1-00168 Roma (Italy), 25 March 1977 

Summary. Exper imen ta l  hydrocephalus  has been induced in lambs by art if icial  increase of the  ampl i tude  of in t ra-  
vent r icu lar  cerebrospinal  fluid (CSF) oscillations related to arterial  pulsations,  w i thou t  concomi tan t  changes of the  
mean  CSF-pressure.  The characteris t ics  of this hydrocephalus  demons t ra te  t h a t  the in t raven t r i cu la r  CSF-pulsa t ions  
can p lay  a role in the  genesis of vent r icular  di latat ion.  Such a me thod  m a y  be used to  produce an original model  of 
hydrocephalus  independen t  of changes of CSF-ci rcula t ion  or absorption.  

Cerebrospinal  fluid (CSF)-pulsat ions have  been recognized 
for m a n y  years  3, Their  origin has been related to the  
ar ter ial  pulse waves  *-9 or to the  venous pulse waves  10, ~, 
or to a combina t ion  of bo th  12,13. Beringe suggested t h a t  
CSF-pulsat ions ,  as well as CSF-circulat ion,  depend en- 
t i re ly  on the  pumping  effect  due to t h e  choroid plexus 
systol ic  expansion.  As the  choroid plexus fills wi th  blood, 
a local CSF-pressure  wave  is generated.  This wave  is 
no rma l ly  absorbed in pa r t  by  the vent r icular  wall, in 
pa r t  by  pumping  C S F  ou t  f rom the ven t r icu la r  sys tem 
and by  compressing veins  in the  subarachnoid spaces. 
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Fig. 1. Schematic drawing of the experimental electronic and hydrau- 
l•c arrangement for producing and recording intraventricular CSF- 
pulses. 

Bering 7 also s ta ted  tha t  this  local force generated by  the  
choroid plexus accounts  for the vent r icular  d i la ta t ion  in 
a blocked ventricle,  independen t ly  of the  back pressure 
due to the  arres t  of CSF-flow. Expe r imen t s  by  Wilson 
and Ber tan  i4 suppor ted  Bering 's  thesis on the  pa tho-  
genetic effect p layed by  undamped  pulse waves.  In  fact,  
the  combina t ion  of in t racis ternal  inject ion of l ampblack  
and of occlusion of the  anter ior  choroidal  a r te ry  of one 
side in dogs, caused the  en la rgement  of the  vent r ic le  
wi th  in tac t  vascular  supply  and had no effect on the  
cont ra la tera l  one. Milhorat  15 found tha t  hydrocephalus  
invar iab ly  occurred in p lexectomized  monkeys  in which 
vent r icular  obst ruct ions  of var ious  types  were performed,  
except  in case of ex tens ive  p l exec tomy  scars. On this 
basis, he concluded tha t  the  choroid plexus is not  essential  
in generat ing a pulsat i le  mechanism for expanding  the  
ventr ic le  in the  hydrocephalus .  I n  dogs in which one 
foramen of Monro was plugged while the  o ther  one was 
pervious,  Sybayan  and al. 16 showed t h a t  the  mean CSF-  
pressure was always higher  in the  blocked and di la ted 
ventricle,  so t h a t  the  rise in the  mean  pressure could be 
considered 'a  necessary factor  responsible for ventr ic le  
en largement ' .  
The  aim of this  repor t  is to br ing forward new experi-  
men ta l  da ta  suggesting the  impor tance  of abnormal ly  
high in t raven t r i cu la r  CSF-pulsa t ions  in the  deve lopment  
of hydrocephalus ,  even when the  mean  CSF-pressure  


