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In Vivo Intestinal  Absorpt ion  of Sugars  and Electrolytes  ~ 

I t  is comm on ly  accepted  t h a t  ac t ive ly  t r anspo r t ed  
sugars are f i rs t  accumula ted  agains t  a concen t ra t ion  
grad ien t  wi th in  the  epi thel ia l  cell ~-~ and then  t h e y  move  
pass ive ly  towards  the  serosal side. This accumula t ion  
requires  an outer  Na  concen t ra t ion  higher  t h a n  t h a t  
inside the  cell and  i t  has  been  suggested t h a t  th is  asym-  
metr ic  d i s t r ibu t ion  is responsible  for sugar  accumula t ion  4. 
All these  conclusions have  been d rawn  f rom in vi t ro  
exper iments .  

In  order  to  check the  above  conclusions also dur ing  
the  in vivo sugar absorpt ion ,  we have  perfused  the  lumen 
of the  in si tu j e j unum of a surviving ra t  (Wistar  strain) 
w i th  a l~rebs-Hense le i t -b icarbonate  solut ion added  wi th  
a 2 mg/100 ml phenol  red and glucose (5.5 or 13.9 mM)  
or 3-O-methylglucose (1.3 or 5.15 m2W) according to  the  
cases. The l a t t e r  sugar  is no t  me tabo l i zed  b y  the  r a t  5, 6 
and  when  i t  was used, t race a m o u n t  of 14C-labelled 
c o m p o u n d  was also added.  

In  t he  e x p e r i m e n t  in which  glucose was perfused  in the  
lunlen, ~4C-polyethyleneglycole w a s  infused in to  the  
jugular  vein as a marker  to de te rmine  the  serosal  ex t ra-  
cellular space 7, whereas  in the  expe r imen t  in which  
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Relationship between sugars uptake and Na transport across the in 
vivo jejunum of rat. Abscissa: Na transport (p.equiv. g-lh-1). Ordi- 
nate: Glucose (open circles �9 and 3-0-methylglucose (solid circles 
0) intestinal uptake (p~moies g-lh 1). 

3-O-methylglucose (3MG) was perfused  in the  lumen,  
3H-Inulin and a concen t ra t ed  solut ion of th is  sugar 
toge ther  w i th  t race  a m o u n t  of 14C-labelled compound ,  
were infused into the  jugular  vein. The specific ac t iv i ty  
of I~C-3MG presen t  in t he  lumen  was equal  to  t h a t  
infused in to  t he  jugular  vein.  Af te r  30 rain exper iment ,  
the  perfused in tes t ine  was removed,  cut  open along its 
mesenter ic  edge and  the  mucosal  layer  was scraped off 
a t  0 ~ as prev ious ly  s t a t ed  s in order  to  de t e rmine  the  wet  
and dry  weight  and the  in t racel lu lar  concen t ra t ion  of 
sugar  and  r ad ioac t iv i ty  (scinti l lat ion spec t rometer ) .  
Samples  of the  init ial  and final  luminal  f luid and of serum 
were t aken  to  de te rmine  b o t h  sugar  and Na concen t ra t ion  
and the  rad ioac t iv i ty .  The a m o u n t  of fluid absorbed  was 
ca lcula ted  f rom the  pheno l  red concen t ra t ion  a t  t he  end 
of the  expe r imen t .  

The resul ts  so ob ta ined  show t h a t  the re  is a d i rect  
l inear  re la t ionship  be tween  ne t  Na  t r a n s p o r t  t h rough  the  
epi thel ia l  layer  (abscissa) and glucose up take  by  the  
in tes t ina l  mucosa  (Figure). The in te rcep t  value on the  
ord ina te  represen ts  the  a m o u n t  of glucose metabo l i zed  
by  the  in tes t ine  in the  absence  of Na t r anspor t .  

I t  can be t e n t a t i v e l y  assumed t h a t  the  a m o u n t  of 
metabo l ized  glucose does no t  va ry  apprec iab ly  along wi th  
the  increase of Na  t r a n s p o r t ;  as a m a t t e r  of fact,  in t he  
in v i t ro  e x p e r i m e n t  the  to ta l  lactic acid p roduc t ion  i s  
cons t an t  even if Na t r a n s p o r t  i n c r e a s e s t  Therefore,  the  
in vivo t ransep i the l ia l  glucose t r a n s p o r t  m a y  be ca lcula ted  
b y  sub t rac t ing  the  in t e rcep t  value f rom the  mucosal  
glucose uptake .  
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Sugars concentrations, sugars and sodium transport across the in vivo jejunum of rat 

Perfusing solution Final lumen Final cell Final serum Sugar 
concentration concentration concentration transepithelial, tr anspor t 
(mM) (mM) (mM) (p~moles g lh-1) 

Na 
transepithelial transport 
(p.equiv. g-lh-1) 

I(rebs-Henseleit 2.68 i 0.21 2.95 -6 1.00 " 8.47 i 0.59 122 i 15 1536 :~- 172 
bicarbonate 4- glucose 5.5 mM (II) 

Krebs-Henseleit 7.55 ~- 0.72 3.68 -t- 0.84 11.53 ~: 1.09 261 i 51 1618 i 262 
bicarbonate 4- glucose 14 mM (7) 

Krebs-Henseleit 1.14 -k 0.01 0.51 4- 0.03 1.08 ~- 0.09 12 • 1 652 ~ 66 
bicarbonate 4- 3-0-methylglueose 
1.3 mM (4) 

Krebs-Henseleit 4.72 4- 0.05 2.70 • 0.22 4.75 =~ 0.26 70 • 5 1358 i 106 
bicarbonate 4- 
3-O-methylglucose 5.15 mM (6) 

Transport values are referred to 1 g dry weight of intestinal wall. Values ~: S.E.M. and number of experiments in parentheses are reported. 
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The s t ra igh t  line of t he  re la t ionship  be tween  3-MG and  
Na t r a n s p o r t  s ta r t s  close to  the  origin of the  coord ina tes  
(Figure 1). This  agrees wi th  the  wel l -known fact  t h a t  
3-MG is a non-metabo l i zed  sugar and  means  t h a t  its 
up take  cor responds  to  the  t r a n s p o r t e d  a m o u n t  across the  
in tes t ina l  wall. 

As far as the  in t racel lu lar  sugar concen t ra t ion  is con- 
cerned (Table), we can see t h a t  i t  is a lways  lower t h a n  
t h a t  of the  lumen  and  the  serum. 

If we assume t h a t  the  non-absorb ing  cells of the  in- 
t es t ina l  epi thel ia l  layer  are no t  the  mos t  p a r t  of the  
epi thel ia l  cells and  t h a t  the  intracel lular  concen t ra t ion  
in these  cells of non-metabo l i zab le  sugars  (3MG) is no t  
too m u c h  lower t h a n  the  blood concent ra t ion ,  a sugar  
concen t ra t ion  lower t h a n  t h a t  of the  serosal space also 
in the  absorb ing  cells, mus t  be admi t t ed .  

This  fact  seems to  d e m o n s t r a t e  t h a t  in the  in vivo 
e x p e r i m e n t  sugars en te r  the  cell downhi l l  and  t h a t  t h e y  
are p u m p e d  out  towards  the  subepi the l ia l  serosal space 
by  an act ive mechanism.  The appa ren t  absence of an 
in t racel lu lar  sugar accumula t ion  was pos tu la t ed  by  o ther  
au thors  2. Therefore,  Na  a s y m m e t r y  be tween  the  two sides 
of the  b rush  border  in vivo could be respons ib le  of an 
enhanced  en t rance  of sugars b u t  no t  of the i r  uphi l l  ac- 
cumula t ion .  

The drag  effect  of ne t  wa te r  f lux on sugars a t  the  level 
of the  serosa facing membrane ,  as suggested by  CRANE 4, 
can be p r e sumab ly  d is regarded because of the  low pas- 
sive pe rmeab i l i t y  of sugars 10. 

The lower in t racel tular  sugar concen t ra t ion  in in vivo 
expe r imen t  could be due to  t he  fact  t h a t  t he  sugar ex- 
t rus ion  into t he  serosal space is h igher  in th is  condi t ion  
t h a n  in the  in v i t ro  one. As a m a t t e r  of fac t  the  t rans -  
epi thel ia l  glucose t r a n s p o r t  in the  isolated in tes t ine  a t  t he  
o p t i m u m  t e m p e r a t u r e  of 28 ~ is only  a f rac t ion n of t h a t  
found in vivo. Also the  Na  p u m p  is no t iceab ly  lower n 
in v i t ro  in compar i son  wi th  t he  in vivo condi t ion.  

Riassunto. Nel l ' in tes t ino  tenue  di ratto in vivo 6 s ta to  
osservato  c h e l a  concent raz ione  intracel lulare  di  glucosio 
o di  3-O-metilglucosio, du ran te  l ' a s so rb imen to  di quest i  
zuccheri,  6 sempre  minore  che nel siero. Cib lascia presu- 
mere  che esista una  p o m p a  per  l ' es t rus ione  degli zuccheri  
a livello della m e m b r a n a  serosale delle cellule assorbent i  
intest inal i .  
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Heart  T i s sue  Catecho lamines  in the Grey R a t u s  n o r v e g i c u s  1 

Albino ra ts  s u b m i t t e d  to  long t e r m  exercise were 
repor ted  to  develop h e a r t  h y p e r t r o p h y  if the  exercise was 
repea ted  dai ly  2-5. No such h y p e r t r o p h y  could be de tec ted  
in t he  i n t e r m i t t e n t  phys ica l  t raining6,  v. The ' a th le t ic '  
an imals  were r epor ted  to  have  b r adyca rd i a  s, increased 
cardiac t issue ace ty lchol ine  con ten t  9, and  a decreased 
hea r t  t issue ca techo lamine  concen t r a t ionL  These ele- 
m e n t s  were ob ta ined  by  exercizing the  albino l abora to ry  
ra t s  in art if icial  condi t ions  such as runn ing  on a th read-  
mill,  in a ro t a t i ng  cage or by  swimming .  

To our knowledge,  no s tudies  have  been  per fo rmed  
deal ing wi th  the  hea r t  s y m p a t h e t i c  n e u r o t r a n s m i t t e r  
con ten t  of the  wild grey Ratus norvegicus. I t  was felt  to be 
in te res t ing  to examine  the  effects  of exercise and  ac t iv i ty  
resul t ing f rom a no rma l  psychological  m o t i v a t i o n  such as 
would  occur in the  wild grey rats,  and to  compare  these  
results  w i th  the  same species of animals  l iving in confined 
condi t ions .  

Materials and methods. Wild  young male  and  female 
grey Ratus norvegicus weighing ap p ro x i ma t e l y  50 g were 
caught  in t raps .  They  were housed  in l abora to ry  cages, 
fed wi th  s t an d a rd  food and  received wa te r  ad l ib i tum.  
They  l ived in colonies and  were s u b m i t t e d  to 10 h of l ight  
and 14 h of darkness  a day. All sensory  and  emot iona l  
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Table I. Values of body weight, heart weight, and heart: body weight 
ratio in wild and lab Ratus norvegicus 

Wild Lab F ratio 

No. of animals 15 17 

Body weight (g) 276 :~ 22 292 q- 21 0.28 

Heart weight (mg) 988 ~ 158 914 -4- 58 0.56 
Heart: body weight 
ratio • 100 3.498 3.260 4.47 

Table II. Heart weight, tissue cateeholamines and proteins in wild 
and lab Ratus norvegicus 

Wild Lab F ratio 

No. of animals 10 16 
Catecholamines ([zg/g) 0.498 • 0.031 0.709 ~ 0.039 14.55 
Total heart 
cateeholamines ([zg) 0.452 ~= 0.033 0.639 -4- 0.044 9.02 
Heart proteins (rag/g) 73 • 0.02 72 -4- 0.01 0.002 
Heart weight (mg) 911 -t- 77 914 ~_ 57 0.0009 

Values are means ~ S.E.M Values are means ~ S.E.M, 


