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T h e  e f fec t  o f  s u g a r s  and a m i n o  ac ids  on  m u c o s a l  N a  + and K + c o n c e n t r a t i o n s  

in rabb i t  i l e u m  

}tIROWN AND PARSONS 1 have r epor t ed  tha t  incuba t ion  of eve r t ed  sacs of ra t  
j e j unum for 30 rain in ti le presence of var ious  sugars  m a r k e d l y  affects t i le K ~ conten t  
of mucosal  layers  of this  tissue. Their  resul ts  ind ica te  tha t  tile mucosal  K ~ conten t  
is highest  when tile sacs were i ncuba ted  in the  presence of 27. 5 mM D-glucose and 
lowest when t hey  were incuba ted  in the presence of ac t ive ly  t r a n s p o r t e d  sugars tha t  
e i ther  are not  metabo l ized  (3-O-methyl-D-glucose) or are poor ly  metabol ized  (1)- 
galactose) ,  i n t e r m e d i a t e  values were observed  when the t issue was incuba ted  in the  
absence of subs t r a t e  or in the  presence of L-sorbose, a sugar tha t  is not  subject  to 
act ive t r anspo r t  b y  this  p repara t ion .  Al though these au thors  did  not  repor t  the  effects 
~)f these sugars  on mucosal  Na ~ conten t ,  it  is p robab ly  safe to assulne tha t  a decrease 
in nmcosal K ~ conten t  was accompan ied  b y  an increase in Na~ con ten t  and tha t  
the i r  resul ts  reflect the  ab i l i ty  of je junal  t issue to lnainta in  normal  in t race l lu la r  Na~ 
and K I concen t ra t ions  under  var ious  metabol ic  condi t ions .  

in  recent  years  in  vitro segments  of r abb i t  ileum have been employed  in tile 
s t u d y  of in tes t ina l  t r anspor t  of var ious  non-metabo l ized  sugars and  amino acids and 
many  of these s tudies  were carr ied out  in the  absence of added  glucose or o ther  
subs t ra tes .  Fur ther ,  evidence has been presented  tha t  the  ra te  of net t r ansmura l  
t r anspor t  of sugars  and  amino acids across small  in tes t ine  may  be dependeut ,  at least  
in par t ,  upon the difference between the in t raepi the l ia l  Na ~ concent ra t ion  and the 
Nav concent ra t ion  in ti le solut ion ba th ing  the mucosal  surface of tile t issue ",a. In 
the  l ight of this  evidence,  aud  the f indings of ]3h:O\VN AND PARSONS, it seemed im- 
p o r t a n t  to eva lua te  the  effect of w~rious sugars  and  amino acids on ti le mtrace l lu la r  
Na ~ and K e concen t ra t ions  of nmcosal  s t r ips  of r abb i t  ilemn. Tile condi t ions  of this  
inves t iga t ion  were designed s(, tha t  the  resul ts  would be d i rec t ly  comparab le  with 
those  of 13I~OWX AXD PARSONS. 

Mucosal s t r ips  of r abb i t  ileum, which consist  of t i le epi thel ia l  cell layer, tile 
under ly ing  lamina  p ropr i a  and a por t ion  of t i le lnUscularis mucosa were p repared  as 
descr ibed in de ta i l  p rev ious ly  4. The t issues were incuba ted  for 3 ° rain at 37.5 ~ in an 
incuba t ion  medium tha t  con ta ined  I4o mM NaC1, lO mM KHCOa, 1.2 mM K, ,HPO 4, 
o.2 mM KHePO4, 1.2 mM Ca(21e, 1.2 mM MgCI~ and  2o mM of ti le organic solutes  
l is ted in Table  1. St i r r ing and oxygena t ion  were accompl ished  by7 cont inuous  bubbl ing  
with a pre-warmed,  lmmidif icd  ()e and  C(),, gas mix ture  (95:5, v/v). Tile pH of the 
incubat ion  medium was between 7.o and 7.2. Af te r  30 rain the  t issues were removed,  
b lo t t ed  and ex t r ac t ed  in 15 mM LiSO,  solut ion for 48 h at  4". The Na ~ and K 
con ten t s  of the  tissue were de te rmined  using an internal  s t anda rd  flame pho tome te r  
( In s t rumen ta t ion  Labora to ry ,  model  143 ) . In some of the exper iments ,  the  ext ra-  
cellular space, eva lua ted  using [all inu l in  (New Eng land  Nuclear  Corp.), and the d ry  
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weight to wet weight ratio of the mucosal strips were determined as described previ- 
ous!y 4. In 33 experiments, the Jail!inulin space averaged o.33 ± o.oi cma/g wet 
weight and the dry weight averaged o.25 ~ o.oi g/g wet weight (all errors are ex- 
pressed as S.E.). These values did not depend upon the particular organic solute in- 
cluded in the medium and were employed for the calculation of the intracellular water 
content of the mucosal strips. Intracellular concentrations of Na + and K +- were calcu- 
lated after correction for the contents of the inulin space assuming that the concen- 
trations of Na + and K + in this space are equal to those in the incubation medium. 

The calculated intracellular Na ÷ and K + concentrations of nmcosal strips incu- 
bated in the presence of 2o mM mannitol, D-glucose, 3-0-methyl-D-glucose, D- 
galactose, L-alanine and L-lysine are given inTable I. 3-0-Methyl-D-glucosO, c-alaninO 
and L-lysine 5 are actively transported by rabbit ileum but are not subject to significant 
metabolism. Glucose is actively transported and metabolized% and mannitol is neither 
transported nor metabolized4;. As shown in Table I, the intracellular Na + concen- 
trations in the presence of these five solutes do not differ significantly. 1;urther, the 
intracellular K + concentrations following incubation in the presence of alanine, lysine, 
glucose or 3-0-methylglucose do not differ significantly from each other but are sig- 
nificantly lower than that observed after incubation in the presence of mannitol. The 
explanation for this difference is presently unknown. The intracellular Na + and K ~ 
concentrations in the presence of alanine and 3-0-methylglueose are in good agreement 
with previously reported values obtained under somewhat different experimental con- 
(titions 4. 

Galactose is actively transported by intestinal tissue and appears to be poorly 
or incompletely metabolized. Although we have not found an}, data dealing explicitly 
with galactose metabolism by rabbit ileum, evidence has been presented that this 
sugar is phosphorylated by rat jejunum and that the mucosal ATP content of 
galactose-fed rats is lower than that of rats not fed galactose 8. As is shown in Table I, 
there is a significant increase in the intracellular Na + concentration and highly sig- 
nificant decrease in the intracellular K + concentration following 3G-rain incubation 
in the presence of 20 mM galactose. It is of interest that in the experiments reported 
by BROWN ANt)  P A R S O N S ,  the lowest nmcosal K + content was observed after 3G-rain 
incubation in the presence of 27. 5 mM galactose, and was approximately one half 
that observed following incubation in the presence of 27. 5 mM glucose. 

T A B L I £  I 

I N T R A C B L L U L A R  N a  * A X D  K + C O N C E N T R A T I O N S  A F T E R  3 e - r a i n  I N C U B A T I O N  I N  T H E  P R E S E N C E  O F  

V A R I O U S  O R G A N I C  S O L U T E S  

All e r r o r s  a r e  S .E .  

Sohtle Number q[ Intracellular conch. (m3I )  
mucosal strips 

Na + K + 

M a n n i t o l  51 58 ± 2 145 ± 3 
A l a n i n e  20 53 zz 4 131 ~ 2 
L y s i n e  20  58 ± 3 126 i 4 
G l u c o s e  18 56 ± 4 124 -"  4 
3 - O - M e t h y l g l u c o s e  16 59 ± 4 128 ± 4 
G a l a c t o s e  16 7 ° ± 3 1 ° 4  ± 4 
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The data  presented in Table I indicate that ,  in contras t  with rat j e junum,  rabbi t  
ileum is capable of ma in t a in ing  a low intracel lular  Na~ concent ra t ion  and a high 
intracel lular  K = concent ra t ion  in the absence of subst ra te  and in the presence of 
actively t ransported,  non-nle tabol ized sugars and amino acids. Further ,  the presence 
of glucose does not  enhance this abili ty.  Inasmuch as galactose is actively t ranspor ted  
and may  be phosphoryla ted at the expense of ATP, the effect of this sugar on intra-  
cellular Na~ and K ~ concentra t ions  may  be a t t r ibu tab le  to a nmlt iple demand on 
the l imited energy supplies of the tissue. 

These results and those of BRow?< AND PARSONS are consistent  with the reported 
metabol ic  differences between je junal  and ileal tissue. 1,1l vitro rat  j e junum displays 
a high rate of glycolytic ac t iv i ty  and a small Pas teur  effect whereas ileal tissue pos- 
sesses a nmch lower rate of glycolytic ac t iv i ty  and displays a marked Pasteur  effect '%u~ 
Fur ther ,  it appears tha t  glycolysis is the obligatory energy source for ion and water 
t ranspor t  across in vitro rat  j e junum u~,n. On the other hand,  rat u~ and rabbi t  ileuln 1" 
are capable of sus ta in ing t ransmura l  ion and water  t ranspor t  in the absence of added 
subst ra te ;  the requisite energy is apparent ly  derived from endogenous oxidative 
metabol ism.  

The present  results and those of BROWN AN> PaI~SONS suggest tha t  rabbi t  
ileum, and perhaps ileal tissue in general, is preferable to rat j e junum for the in vitro 
s tudy  of the t ranspor t  of non-metabol ized  solutes in the absence of glucose. In ad- 
dition, these invest igat ions  indicate tha t  galactose is a poor choice for the s tudy  of 
the t ranspor t  of non-metabol ized  sugars and  that  3-0-methylglucose is to be preferred 
for this purpose.These conclusions are par t icular ly  salient if, as suggested by numerous  
invest igat ions,  the rate of sugar and amino acid t ranspor t  is influenced by the differ- 
ence between the intracel lular  Na + concent ra t ion  and the Na -~ concent ra t ion  in the 
mucosal medium.  
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