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Anaerobic 91ucose stimulation of amino acid transfer in everted small intes- 
tine of the rat 

I t  has been previously  proposed  t ha t  neu t ra l  amino acids are absorbed by  two 
possible p a t h w a y s  across tile epi thel ia l  cell of tile r a t  small  intes t ine 1. Recent ly ,  ad- 
d i t ional  evidence for the use of these two sys tems has been publ ished for alanine 
isomers 2. In  an a t t e m p t  to fur ther  character ize  tile two t r anspor t  systems,  hereaf ter  
(:ailed "me th ion ine"  and "sarcos ine" ,  we inves t iga ted  the response to glucose (>f these 
carriers  t r anspor t ing  I.-, D- and/~-alanine under  var ious  exper imenta l  condit ions a. In 
()rder to ob ta in  a more comple te  pic ture  of thei r  response to glucose, some exper iments  
were carr ied out  under  anaerobic  condit ions.  I repor t  here results  which sh()w an 
unexpec ted  but  clearcut  difference between these two svstems with respect  to glucose 
s t inmlat ion .  

Expe r imen t s  were carr ied out  with IT-era sacs of ra t  ever ted  intes t ine  as de- 
scr ibed previously  1. The (>nix: modif icat ion consisted in the bubbl ing  of a gaseous 
mix tu re  of N.2 CO.2 (95 : 5, v/v) through the nmcosal  solution which was s ta r t ed  45 rain 
before the exper imenta l  per iod and cont inued  dur ing the 3o-min incubat ion  period. 
The ini t ial  x.o ml serosal solut ion was s imilar ly  made  anaerobic  at  the s tar t .  Exper i -  
men ta l  amino acid was present  at  a mucosal  concent ra t ion  of z.o raM. \Vhen present ,  
glucose was 28 mM (mucosal and serosal), compet i t ive  amiuo acids were io  nlM 
(nmcosal). All the  tes ted  substances  were labelled with ~4(-. The results  are expressed 
as mean -~ S.E. The number  of exper iments  per formed for each exper imenta l  con- 
di t ion is 4 or 6. 

W a t e r  t ransfers  have been measured  under  the various exper imenta l  condi t ions 
repor ted  in Fig. I and Table  i.  Glucose has been found to increase very s ignif icant ly 
(P < o.oi)  the water  t ransfer  since the  mean was raised from o.x 7 -k: o.oI 4 m l s a c  
per 3o rain (number  of exper iments  (N) 29) in its absence to o.5e q_~ o.oe(, m l s a e  
per  3o rain (N 35) in i ts presence. Solvent  drag  seen> to be of very  l i t t le  significance 
since, despi te  this  r e la t iveh '  large increase in wate r  t ransfer ,  th iourea  is t ransfer red  
to the  same extent ,  whether  glucose is present  or not. Thiourea  m a y  be considered 
to cross the  in tes t ina l  bar r ie r  173" diffusion only 4 and is, therefore,  a good c(mtr,,1 for 
the tes ted  amino acids which are of s imilar  m(>lecular weight.  

lqg. i shows the absence of any  s t inmla t ion  of t ransfer  in the  cases of thi(>urea 
and fi-alanine. For  ])-alanine, the  slight increase is jus t  significant ( P <  o.o5/. In 
contras t ,  the  t ransfers  of L-alanine and L-methionine are s t inmla ted  by  about  I()O %. 
Thus, the  s i tua t ion  is jus t  the ()pposite of tha t  found in aerobiosis  where L-alanine e 
and I.-naethionine 5 t ransfers  are l>oorly increased t73" glucose, whereas >- and/3-alanine 
ones are s t rongly  s t imulateda,  ". 

The present  results  are at  var iance with those of ~AUNI)ERS AND ISSELI3A(HLR" 
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who found tha t  anaerobiosis abolishes L-alanine active uptake  in rat  intestine, glucose 
being apparent ly  unable to restore a higher level of accumulat ion;  this information 
is not explicitly given, however. The reason for the difference between their results 
and those reported here might  be tha t  thev did not use sacs but  rings and from more 
distal parts  of the intestine than chosen here. Tha t  active t ransport  is likely to ()ccur 
in my  conditions is shown by the fact tha t  tissue concentrat ion of L-alanine in the 
presence of glucose is 2. 4 zh 0.02 mM (N = 4) and tha t  competit ion occurs for the 
transfer. 

The effect of this competi t ion is shown in Table I. One can see that  the increase 
in L-alanine transfer brought  about  by glucose is to a great extent  abolished by 
L-methionine. L-Proline results also confirm the picture previously proposed for amino 
acid absorption. L-Proline is known to use both systems I. I t  is, therefore, not  surprising 
to find some stimulation of anaerobic transfer by glucose and a stronger competit ion 
from L-methionine than from sarcosine, since the par t  of the transfer st imulated by 
glucose is that  going through the methionine carrier. 

The present si tuation is different from that  met  in some instances in the litera- 
ture where there is a st imulation of t ransport  due to anaerobic conditions 7 HL In mY 
observations,  anaerobiosis causes an inhibition of transfer which is par t ly  overcome 
by  glucose. Such a glucose effect is likely to exist in a tissue which is able to sustain 
a high glycolytic act ivi tylh This could well be the case of rat  intestine where a Pasteur  
effect has been reported ~, al though some earlier investigators did not find any ~a. 
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Fig .  I. E f f e c t  of  g l u c o s e  o n  s o l u t e  t r a n s f e r  b y  a n a e r o b i c  s m a l l  i n t e s t i n e  e v e r t e d  s ac s  of t h e  r a t .  
, n o  g l u c o s e ;  N ,  28 m M  m u c o s a l  a n d  s e r o s a l  g l u c o s e .  

T A B L E  I 

E F F E C T  O F  G L U C O S E  ON T H E  A N A E R O B I C  T R A N S F E R ,  B Y  R A T  S M A L L  I N T E S T I N E ,  OF  L - A L A N I N E  A N D  

L - P R O L I N E  I N  T H E  P R E S E N C E  O F  C O M P E T I T O R S  

N - -  n u m b e r  of  e x p e r i m e n t s .  

.4 miJ~o acid Glucose Competitor N Transfer 
(28 m:'~2?) (I0 m3I) (f~moles/sac per 30 m/n)  

L - A l a n i u e  N o n e  
N o n e  
L - M e t h l o n i n e  

L - P r o l i n e  L - M e t h i o n i n e  

÷ 

÷ 
S a r c o s i n e  

2.I  4 ~ 0 .25  
4 .56  ~ 0 .33  
I.O5 ± 0 .03  
1 .76 ± o. I9  

0 .90  - -  0 .07  
1.7o ~ o. I9  
L 4 4  ~ o - I3  
2 .62 -c- 0 . I 5  
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T h a t  g lyco ly t i c  a c t i v i t y  is no t  the  on ly  ene rgy  source  for the  m e t h i o n i n e  sxs t em 

is shown by the  fact  t h a t  L-a lanine  a or  L -me th ion ine  '~ t r ans fe r  is h igher  in aer~d)iosis 

t h a n  in anaerobios is ,  e v e n  in t he  presence  of glucose.  The  i n t e r p r e t a t i o n  which seems 

best  to  fit t he  facts  is, there fore ,  t h a t  t he  m e t h i o n i n e  sys t em is able  to d raw ene rgy  

f rom both  the  aerobic  and  the  anae rob ic  me tabo l i c  p a t h w a y s ;  thus,  it is s l igh t ly  

s t i m u l a t e d  by  glucose  in presence  of o x y g e n  and  s t rong ly  in absence  of oxygen .  Such 

a p a r t i c i p a t i o n  of t he  two  p a t h w a y s  in the  t r ans fe r  of L-alanine by  frog in tes t ine  has  

a l r e a d v  been p r e s e n t e d  I° and  could  be m o r e  genera l  t h a n  suspec ted ,  l ' h e  sarcos ine  

sys t em ob ta ins  its ene rgy  f rom o x i d a t i v e  m e t a b o l i s m  alone,  be ing  s t i m u l a t e d  in 

aerobiosis  bu t  una f f ec t ed  by  glucose  u n d e r  anae rob ic  cond i t i ons  where  the  t rans fe r  

va lues  o b t a i n e d  are  those  of diffusion.  W h e t h e r  the  a m i n o  ac id  t r a n s p o r t  is a p r i m a r y  

()r a s e c o n d a r y  even t ,  t he  p re sen t  o b s e r v a t i o n s  are  of some in te res t ,  espec ia l ly  if the  

same  ca r r i e r  sys t ems  are  o p e r a t i n g  u n d e r  aerobiosis  and  anaerobiosis .  

I wish to t h a n k  the  N a t i o n a l  Resea rch  Counci l  of C a n a d a  for a N A T ( )  Post -  

doc to ra l  l : e l lowship ,  Professor  D. H. S m y t h  for hosp i t a l i t y  in his l abora to r i e s  and  

Drs.  H.  N e w e r  and  P. G. Kohn  for the i r  e n c o u r a g e m e n t s  and  helpful  cr i t ic ism.  
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