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Summary 

Net absorpt:on and accumulation of  D-galactose, H-methyl D-glucose 
and low concentratmns of 3-O-methyl-D-glucose by sheets of  rabbit ileum 
are observed even when Na ÷ m the mucosal solut:on :s replaced by chohne 
This mdmates that  active sugar transport  can occur m the dlrectmn opposite 
to the brush-border Na ÷ gradmnt 

There is cons:derable disagreement concerning the effects of Na ÷ re- 
placement m the solution bathing the mucosal surface of  the small mtestme 
on subsequent sugar absorption Perfuslon studms m VlVO [1 ] suggest that  
replacement of  NaC1 m the mucosal solutmn by e~ther lsotomc KCI or 
manmtol  has no effect  on glucose absorptmn by human, dog or rat ileum 
With suspensions of chink mtestmal eplthehal cells, removal of  Na ÷ from the 
external solut:on does not  prevent active accumulatmn of D-galactose by 
cells whmh have been premcubated with Na ÷ [2] On the other  hand, several 
stud:es do suggest that  the presence of a Na ÷ gradmnt across the brush-border 
f rom mucosa-cell :s essential for act:ve sugar accumulatmn and absorption [3, 
41 

Rmaldo et al [5] who re-examined th~s question recently,  measured 
transmural flux from mucosal-serosal solution and from serosal-mucosal 
solutmn of 20 mM 3-O-methyl D-glucose across an m v:tro preparatmn of 
rabbit ileum and concluded that  when Na ÷ is umlaterally replaced by chohne 
m the mucosal solut:on, no slgmfmant act:ve sugar absorption occurs 

Since :t has been shown that  the asymmetry  of  brush-border sugar 
transport  :s decreased at higher sugar concentrat ions [6] and that  asymmetry  
of the brush-border sugar transport  system is a functmn of  sugar affinity for  
the brush-border, (Holman, G D and Naftahn, R J ,  m preparat:on) :t was 

*Present address of both authors Department of Physzology, Kings Collei~e, London, U K 
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T A B L E  Ib  

T h e  N a  + c o n c e n t r a t i o n  xn t h e  m u c o s a l  i n c u b a t i o n  b a t h  w a s  m e a s u r e d  f o n o w m g  9 0  m m  i n c u b a t i o n  
[ N a  +] w a s  e s t i m a t e d  b y  f l a m e  p h o t o m e t r y  T i s s u e  [ N a  +] w a s  c a l c u l a t e d  f r o m  t h e  H N O  a e x t r a c t s  F r o m  
t h e  m u e o s a l  [ N a  +] , n e t  s - m  N a  + f l u x  w a s  c a l c u l a t e d  a n d  f o u n d  to  b e  c o n s t a n t  f o r  all  s u g a r s  t e s t e d  a n d  
f o r  al l  [ s u g a r ]  t e s t e d  

I n i t i a l  c o n c e n t r a t i o n  o f  N a + m e q u l v  

M u c o s a l  s o l u t i o n  S e r o s a l  s o l u t m n  n 

0 0 
0 1 4 0  

0 0 
0 1 4 0  

1 4 0  1 4 0  

C o n c e n t r a t i o n  o f  N a  + m e q m v  m m u c o s a l  
s o l u t m n  f o l l o w i n g  9 0  m l n  m c u b a t m n  

16  0 9 5 - +  0 0 7 3  
25  3 4 4  -+ 0 17  

T t s s u e  [ N a  +] m e q u l v  / l l t re  ce l l  w a t e r  
a f t e r  9 0  m l n  i n c u b a t i o n  

16  4 5 5 - + 0 4  
26  22  37  -+ 0 9 2  
13  4 4  61 + 2 47  

C a l c u l a t e d  n e t  S-M N a  + f l u x  5 81 # t m o l . c m  - 2  - h  -1  

considered worthwhile exammmg the effects of mucosal deprivation of  Na* 
on the absorption of  3-O-methyl glucose at both  high and low concentrat ions 
and on D--galactose and H-methyl-D-glucose (methyl/3-D-glucopyranoslde) 
t ransport  (both these last sugars have higher afhmtms for the brush-border 
than 3-O-methyl glucose [7]) 

Table I shows that  removal of Na + from the mucosal solutmn alone 
causes a slgmhcant reduct ion m m-s flux of  3-O-methyl glucose, at bo th  
2 and 20 mM, 1 mM methyl  glucose and 2 mM D-galactose It can also be 
seen that  ratios of  3H/14C-labelled sugar entering the tissue from the mucosal 
and serosal solutions respectively are all reduced by replacement of mucosal 
Na ÷ by chDhne Except  in the case of 20 mM 3-O-methyl glucose removal of 
mucosal Na ÷ increases the serosal-mucosal sugar fluxes 

Removal of Na ÷ from both  mucosal and serosal solution causes a furthel 
slgnlfmant decrease m Jms and net flux m all conditions except  with 20 mM 
3-O-methyl glucose and reductions in tissue accumulation and the specific 
activity ratio occur in all conditions 

Additionally, there is a fur ther  increase m serosal-mucosal fluxes of 
14C-labelled sugars in all cases shown in Table I when Na ÷ is removed from 
both serosal and mucosal solutions, compared with the effect  of  unilateral 
removal of  Na ÷ from the mucosal solution 

The similarities between these results and those reported by Rmaldo et 
al [ 5],  are that  no changes m Jms, net flux or Jsm of 20 mM 3-O-methyl 
glucose are observed when Na ÷ is removed from both  mucosal and serosal 
solutions, compared with fluxes observed when the Na ÷ m the mucosal solu- 
tion is unilaterally replaced However, significant reductions m Jms, Jnet, 
tissue accumulatmn and specffm actlwty ratio of 3H/14C-labelled sugars are 
observed m all condltmns shown in Table I except  with 20 mM 3-O-methyl 
glucose It can be seen (Table II) that  no measurable effect  of  serosal Na ÷ on 
20 mM 3-O-methyl glucose t~ansport is observed because the brush-border transport  
system is partially saturated and fur thermore  the optimal brush-border 
permeablhty asymmetry  towards 3-O-methyl glucose ~s considerably less than 
for galactose or ~3-methyl glucose 

The results indicate that,  except  with 20 mM 3-O-methyl glucose, when 
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the normal Na ÷ gradmnt is reversed, slgmfmant net sugar t ransport  against the 
direction of the Na ÷ gradmnt remains. 

The evidence for this s tatement  is based on two independently measured 
variables, net  flux and tissue accumulation, of  three dxfferent non-metabohzed 
sugars [8,9,10] 

Table II shows the calculated umdlrectlonal  permeablhtms obtamed f rom 
the observed data according to the equations derived previously [9] 

The data show, contrary to the predmtlons of the Na ÷ gradmnt hypothesis, 
that the exit permeablhty  of  3-O-methyl glucose,/~-methyl glucose and 
galactose are all increased when mtracellular [Na ÷ ] is lowered, first by replacing 
mucosal Na ÷ and increased stdl fur ther  by removmg both  mucosal and serosal 
Na +. The permeablhty  ratio of ~-methyl glucose PI2/P2~ is 24 when the distribu- 
t ion of Na ÷ between the tissue water and mucosal solution is approximately 
10 The Na ÷ gradmnt hypothesis predicts that  m steady-state, the distribution 
ratm of  sugars, or the permeablhty  ratm P12/P2~, should not  exceed the 
d ls tnbutmn ratm of  [Na ÷] (mucosal)/[Na +] (cell) [11] Here it is observed that 
that  the brush-border umdlrectlonal  permeablhty ratm to ~-methyl glucose 
exceeds the predicted ratm by at least two orders of magnitude when the [Na + ] 
m the mucosal solutmn is replaced by chohne 

We observe m Table Ib that  al teratmn of the sugar concentra tmn,  or 
type  does not  affect  s-m Na ÷ movement ,  ye t  m some cases the umdlrectmnal  
permeabili ty ratms of sugars across the brush-border are so high (Table II) 
that  m order to satisfy the requirements of  the Na ÷ gradmnt hypothesis the 
[Na + ] m the mucosal unstlrred layer would have to be higher than is, m fact, 
present m the serosal solutmn If this were the case, then, according to the 
Na ÷ gradmnt hypothesis, 20 mM 3-O-methyl glucose should be accumulated,  
since 20 mM 3-O-methyl glucose is not  accumulated when Na + is unilaterally 
removed f rom the mucosal solutmn, and smce it is unhkely that  the [Na ÷ ] 
m the brush-border regmn will be very much higher than is present within 
the cell fluid, it can be referred that  latent reversal of  the imposed Na ÷ gradmnt 
across the brush-border following unilateral removal of  Na + from the solutmn 
bathing the mucosal surface is an improbable explanatmn of the results 
presented here 

It may be concluded from these results that  although the presence of  
Na + m the mucosal solutmn accelerates sugar influx across the brush border,  
it is not  essentml for net sugar absorptmn and accumulatmn by the small 
intestine on the other  hand, Na ÷ is reqmred to maintain the activity of  the 
tissue Na + pump The reciprocal rise and fall of  sugar entry and exit permea- 
bility on actlvatmn of the tissue Na+pump by mcreasmg cell Na ÷ is consistent 
with the view that  actively transported sugars cross the brush-border by 
convect~ve-dfffusmn the force generating this convective flow may arise 
from osmotm pressure gradients across the lateral-based border  These are 
formed due to the actmn of  the Na + pump whmh deposits hyper tonm NaC1 
m the extra-cellular space [6,12,13,14] 

The authors wish to thank the M R C for fmancml assistance 
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