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Amino acid absorption in the mammalian colon 

Although electrolytes are actively absorbed and secreted by  the mammalian 
large intestine 1-3, active transport  of both amino acids and monosaccharides has not 
been demonstrated in the colon 4-~. The absence of active amino acid transport  in 
the colon does not exclude colonic absorption. Therefore, this s tudy was directed to 
ascertain whether movement  of amino acids across colonic mucosa does occur, and, 
if so, by what mechanism. 

Experiments were performed utilizing several parameters to s tudy absorption 
in adult male Sprague-Dawley rats and adult male New Zealand rabbits. 

I n  vivo experiments: 2 ml of a IO mM L-alanine solution were introduced into 
a cleansed colon of an anaesthesized rat  and after 30 min the colon was removed, 
drained and weighed. L-Alanine absorption was determined after correction of water 
absorption by  measurement of polyethylene glycol and expressed as/zmoles per 30 min 
per g wet tissue weight. 

I n  vitro experiments: L-Alanine transport  in the rat  was studied using standard 
methods of everted gut sacs v and rings 8. In the studies utilizing everted gut sacs, 
i ml of a Krebs-bicarbonate buffer was placed inside the sac which was then placed 
in 5 ml of buffer solution containing O.Ol-25 mM L-alanine and approx. 0. 3/zC L- 
[14C]alanine. In certain experiments the serosal fluid contained buffer only, and in 
other studies the serosal media had the same concentration of L-alanine as the mucosal 
solution. The flasks were gassed with O2-CO 2 (95:5, v/v) and incubated at 37 ° for 
30 rain. Detailed studies of L-alanine accumulation were performed utilizing intestinal 
rings s. Everted segments of colon were sliced and three rings weighing approx. 30 mg 
each were placed in 2 ml of buffer solution containing L-Ez4C]alanine. The tissue was 
incubated at 37 ° after gassing with O2-CO2 (95:5, v/v). The rings were weighed and 
placed in boiling water for 1o min. Radioactivity of both the incubation media and 
the water solution was determined. Extracellular space was determined with [14C]- 
inulin and was corrected for in all calculations. The colonic tissue was heated at 1IO ° 
overnight and dry tissue weight was obtained. Accumulation of L-alanine was ex- 
pressed by  comparing the concentration of L-alanine in the intracellular fluid com- 
pared to that  in the incubation media. In studies of potential inhibition, equal 
numbers of control rings were used simultaneously, and the results are expressed as 
a percent of control values. In studies with increasing substrate concentration, results 
are expressed as L-alanine accumulation in intracellular fluid per g wet tissue weight. 

Studies of glycine influx were performed in large intestinal mucosa from rabbits 
utilizing the method and apparatus described by SCHULTZ et al. 9. Glycine influx was 
determined after a I2o-sec incubation; preliminary studies demonstrated that  influx 
was linear for at least 24 ° sec. Influx of 5 mM glycine was determined in the presence 
and absence of Na +, 30 mM L-leucine and 30 mM L-proline. Glycine influx was also 
measured at several concentrations between 7 and 280 mM. 

Evidence of active transport  could not be demonstrated either by  the everted 
gut sac method or by the ring method. Following incubation of everted sacs whose 
mucosal and serosal fluid contained equal concentrations of L-alanine, the ratio of 
mucosal to serosal concentration of L-alanine was always less than I. L-Alanine concen- 
trations in these experiments were o.oi, 1, IO, and 25 mM. 
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In ring experiments with incubation periods of 1-6o mill at L-alanine concen- 
trations of o.oi, IO, 25 or IOO mM, an accumulation of L-alanine in the intracellular 
fluid greater than that  in the incubation media was never observed. Under the con- 
ditions of these studies accumulation against a concentration gradient was not demon- 
strated. 

However, in everted gut sac experiments in which L-alanine was placed only 
in the mucosal media, the amino acid appeared in the serosal fluid. 1.71 ~z 0.68 #moles 
L-alanine per g wet tissue weight were transported to the serosal fluid in nine sacs 
from three rats. 

In in vivo studies in which IO mM L-alanine was placed in situ in the colon 
for 30 min, 9.13 + 1.48 pmoles of L-alanine per g wet tissue weight disappeared from 
the lumen of the colon after correction for fluid movement.  

Detailed studies of L-alanine transport  were performed with segments of colonic 
mucosa. Accumulation occurred rapidly approaching maximal values within 5 min. 
Therefore, i-min incubation periods were used in subsequent studies. No evidence of 
saturation was observed. There were increased amounts of L-alanine in the tissue 
water with increasing concentrations of L-alanine in the incubation media (Fig. I). 
Decrease in accumulation could not be demonstrated by  methods which normally 
inhibit active amino acid transport  in the small intestine (Table I). Incubation in 
the presence of other neutral amino acids, IO mM L-methionine, IO mM L-leucine, 
io  mM L-phenylalanine and IO mM glycine also did not inhibit the uptake of I mM 
L-alanine. 

T A B L E  I 

ACCUMULATION OF 10 mM L-ALANINE BY RAT COLON RINGS 

Rat  colon rings were prepared as described in text .  The incubation period was i min at  37 ° in 
an O2-CO 2 (95 : 5, v/v) a tmosphere  except as noted. The differences observed between experiments  
and paired control studies were not  significant. 

Environment Addition % Acaumulation 
of control 

N~ at  37 ° 
O2-COz (95:5, v/v) at  25 ° 
O2-CO2 (95:5, v/v) at  37 ° 
O2-CO2 (95:5, v/v) a t  37 ° 
O~-CO2 (95:5, v/v) at  37 ° 

+ 3 %  
+i9% 

o.I mM 2,4-dinitrophenol -- 8 % 
o. I mM ouabain + 11 ~O 
5 mM ethacrynic acid o 

The conclusions of the results of the glycine influx experiments are similar to 
the L-alanine studies. No inhibition of the influx of 5 mM glycine was observed by 
removal of sodium from the incubation media or by the addition of either 30 mM 
L-leucine or 30 mM L-proline. Increasing glycine concentrations from 7 to 280 mM 
in Na+-free media resulted in a linear increase of glycine influx (Fig. 2). 

These studies confirm earlier investigations that  active transport  of neutral 
amino acids does not occur in the mammalian colon 4, 5. This investigation does demon- 
strate that  L-alanine crosses the everted colonic mucosa, disappears from the lumen 
of the large intestine, and enters the colonic mucosa but not against a concentration 
gradient. 
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The absorption of amino acids and other nonelectrolytes from the large intestine 
has been disputed and poorly substantiated. Although no evidence of active transport 
of amino acids exists in the mammalian colon, active transport, i.e. movement against 
a concentration gradient, frequently is not measured during most in vivo studies in 
which luminal concentrations are usually much greater than plasma levels. Under 
these conditions there is conflicting evidence whether absorption of any nonelectrolyte 
occurs 1°-16. Although L-alanine will not move against a concentration gradient, it can 
be transferred across rat colonic mucosa down a concentration gradient. 
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Fig. I. Increased  a c c u m u l a t i o n  of L-alanine in t h e  r a t  colon accompan ied  increase  of ini t ia l  concen-  
t r a t ions  of L-alanine in i ncuba t ion  media .  

Fig. 2. Mucosal  inf lux of glycine in t h e  rabb i t  colon as a func t ion  of glycine concen t ra t ion  in 
t h e  mucosa l  solut ion.  

Detailed examination of amino acid accumulation failed to reveal evidence of 
either active transport or facilitated diffusion in the rat colon. In the ring experiments 
an accumulation of L-alanine of less than I was always observed. Accumulation could 
not be inhibited by maneuvers that  interfere with active transport: an anaerobic 
environment, low temperature, addition of 2,4-dinitrophenol, ouabain or ethacrynic 
acid. A nonsaturable system was observed. Increased accumulation paralleled in- 
creased initial substrate concentrations (Fig. I). Facilitated diffusion is characterized 
by a saturated system, a high Qlo and evidence of competitive inhibition. Accumu- 
lation was similar at both 25 ° or 37 °. Other neutral amino acids, L-methionine, 
L-leucine, L-phenylalanine and glycine, which usually competitively inhibit L-alanine 
transport in the small intestine, did not alter L-alanine movement to any significant 
extent in the large intestine. The studies of the influx of glycine into the colonic 
mucosa of the rabbit produced similar results. No evidence of a carrier mediated 
system was observed. 

As early as 1913 SHORT AND BYWATERS 17 demonstrated after the introduction 
of amino acids but  not peptones into the human rectum that  there was increased 
urinary nitrogen excretion which was believed evidence of intestinal absorption. 
25 years later the disappearance of casein acid hydrolysates was observed in Thiry 
loops of dog colon 16. More recent studies failed to demonstrate the movement of several 
amino acids, including L-tyrosine 4, L-monoiodotyrosine 18, L-alanine s, L-histidine s, 
L-glutamic acid s, glycine 5 and ~-aminoisobutyric acid 19, against a chemical gradient. 
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CHRISTENSEN et al. 19 d e m o n s t r a t e d  t h a t  b o t h  L - a m i n o i s o b u t y r i c  ac id  and  cyc lo leuc ine  

are  sec re ted  in to  t h e  co lon  b u t  t h a t  m a i n t e n a n c e  of a p l a s m a - l u m e n  g r a d i e n t  d id  
n o t  occur lL  BAILLIEN AND SCHOFFENIELS 5 o b s e r v e d  m i n i m a l  p e r m e a b i l i t y  across  t h e  

colon of t h e  Greek  to r to i se  of L-a lanine  a l t h o u g h  a c t i v e  t r a n s p o r t  was  n o t  found.  
HOLDSWORTH AND WILSON 2° o b s e r v e d  a c c u m u l a t i o n  of g lyc ine  b y  t h e  c e c u m  of neo-  

n a t a l  ch ickens ,  however ,  t h e  cecal  e p i t h e l i u m  of these  ch icks  resembles  t he  smal l  

i n t e s t i n e  h i s to log ica l ly  a n d  u l t r a s t r u c t u r a l l y .  Older  chicks,  whose  c e c u m  h a v e  c h a n g e d  

h is to logica l ly ,  no  longer  are  ab le  to  a c c u m u l a t e  g lycine .  

Th is  i n v e s t i g a t i o n  conf i rms the  absence  of an  a c t i v e  t r a n s p o r t  s y s t e m  for a m i n o  

acids  in t he  large  in tes t ine .  H o w e v e r ,  some  t r ans fe r  does  occur  a n d  i ts  m e c h a n i s m  is 

a n o n s a t u r a b l e ,  n o n - e n e r g y - d e p e n d e n t  process,  m o s t  l ike ly  diffusion.  

T h e  a u t h o r  is i n d e b t e d  to  Mrs. J a c q u e l i n e  G r i m s h a w  for  e x p e r t  t e chn ica l  assis- 

t a n c e  a n d  to  Dr .  P e t e r  F, Cur ran ,  in whose  l a b o r a t o r y  some  of these  e x p e r i m e n t s  

were  pe r fo rmed .  These  s tud ies  were  s u p p o r t e d  in p a r t  b y  a Genera l  R e s e a r c h  S u p p o r t  

G r a n t  ( F R  5367) and  a Resea rch  G r a n t  (AM 12080) f r o m  t h e  U.S.  Pub l i c  H e a l t h  

Service .  
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