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RJ NAFTALIN and GD HOLMAN
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Summary

Net absorption and accumulation of D-galactose, §-methyl D-glucose
and low concentrations of 3-O-methyl-D-glucose by sheets of rabbit i1leum
are observed even when Na’ in the mucosal solution 1s replaced by choline
This indicates that active sugar transport can occur 1n the direction opposite
to the brush-border Na® gradient

There 1s considerable disagreement concerning the effects of Na* re-
placement 1n the solution bathing the mucosal surface of the small intestine
on subsequent sugar absorption Perfusion studies in vivo [1] suggest that
replacement of NaCl in the mucosal solution by either 1sotonic KCl or
manmnitol has no effect on glucose absorption by human, dog or rat ileum
With suspensions of chick intestinal epithelial cells, removal of Na® from the
external solution does not prevent active accumulation of D-galactose by
cells which have been preincubated with Na* [2] On the other hand, several
studies do suggest that the presence of a Na'* gradient across the brush-border
from mucosa-cell 1s essential for active sugar accumulation and absorption [3,
4]

Rinaldo et al [5] who re-examined this question recently, measured
transmural flux from mucosal-serosal solution and from serosal-mucosal
solution of 20 mM 3-O-methyl D-glucose across an in vitro preparation of
rabbit ileum and concluded that when Na® 1s unilaterally replaced by choline
in the mucosal solution, no significant active sugar absorption occurs

Since 1t has been shown that the asymmetry of brush-border sugar
transport 1s decreased at higher sugar concentrations [6] and that asymmetry
of the brush-border sugar transport system is a function of sugar affimty for
the brush-border, (Holman, G D and Naftalin, R J , in preparation) 1t was

*Present address of both authors Department of Physiology, Kings Coliege, London, U K
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TABLE Ib

The Na* concentration 1n the mucosal incubation bath was measured following 90 min incubation

[Na 1 was estlmated by flame photometry Tissue [Na 1 was calculated from the HNOQ, extracts From
the mucosal [Na 1, net sm Na' flux was calculated and found to be constant for all sugars tested and
for all [sugar] tested

Initial concentration of Na‘mequiv Concentration of Na* mequiv 1 mucosal
solution following 90 min incubation
Mucosal solutlon Serosal solution n
0 0 16 095+ 0073
0 140 25 344017
Tissue [Na+] mequiv /litre cell water
after 90 min incubation
0 0 16 455+t 04
0 140 26 22 37 +092
140 140 13 44 61 + 2 47

Calculated net S-M Na® flux 5 81 umolecm ™2 +h™!

considered worthwhile examining the effects cf mucosal deprivation of Na*
on the absorption of 3-O-methyl glucose at both high and low concentrations
and on D--galactose and g-methyl-D-glucose (methyl 3-D-glucopyranoside)
transport (both these last sugars have higher affinities for the brush-border
than 3-O-methyl glucose [7])

Table I shows that removal of Na® from the mucosal solution alone
causes a significant reduction 1in m-s flux of 3-O-methyl glucose, at both
2 and 20 mM, 1 mM methyl glucose and 2 mM D-galactose It can also be
seen that ratios of *H/!*C-labelled sugar entering the tissue from the mucosal
and serosal solutions respectively are all reduced by replacement of mucosal
Na' by chpline 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 further
significant decrease 1n Jy, and net flux in all conditions except with 20 mM
3-O-methyl glucose and reductions 1n tissue accumulation and the specific
activity ratio occur 1n all conditions

Additionally, there 1s a further increase in serosal-mucosal fluxes of
14C-labelled sugars 1n all cases shown 1n Table I when Na* 1s 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 Rinaldo et
al [b], are that no changes in Jy , net flux or Jg, of 20 mM 3-O-methyl
glucose are observed when Na® 1s removed from both mucosal and serosal
solutions, compared with fluxes observed when the Na' in the mucosal solu-
tion 1s unilaterally replaced However, significant reductions m Jyg, Jpet,
tissue accumulation and specific activity ratio of *H/!*C-labelled sugars are
observed 1n all conditions shown 1n Table I except with 20 mM 3-O-methy!
glucose It can be seen (Table II) that no measurable effect of serosal Na’ on
20 mM 3-O-methyl glucose transport is observed because the brush-border transport
system 1s partially saturated and furthermore the optimal brush-border
permeability asymmetry towards 3-O-methyl glucose 1s considerably less than
for galactose or $-methyl glucose

The results indicate that, except with 20 mM 3-O-methyl glucose, when
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the normal Na’ gradient 1s reversed, significant net sugar transport against the
direction of the Na® gradient remains.

The evidence for this statement 1s based on two independently measured
variables, net flux and tissue accumulation, of three different non-metabohzed
sugars [8,9,10]

Table II shows the calculated unidirectional permeabilities obtained from
the observed data according to the equations derived previously [9]

The data show, contrary to the predictions of the Na* gradient hypothess,
that the ex1it permeability of 3-O-methyl glucose, §-methyl glucose and
galactose are all increased when intracellular [Na'] 1s lowered, first by replacing
mucosal Na* and increased still further by removing both mucosal and serosal
Na’. The permeability ratio of g-methyl glucose P,, /P,, 1s 24 when the distribu-
tion of Na’ between the tissue water and mucosal solution 1s approximately
10 The Na® gradient hypothesis predicts that in steady-state, the distribution
ratio of sugars, or the permeability ratio P,, /P,,, should not exceed the
distribution ratio of [Na'] (mucosal)/[Na’] (cell) [11] Here 1t 15 observed that
that the brush-border unidirectional permeability ratio to -methyl glucose
exceeds the predicted ratio by at least two orders of magnitude when the [Na*]
in the mucosal solution 1s replaced by choline

We observe 1n Table Ib that alteration of the sugar concentration, or
type does not affect s-m Na’ movement, yet in some cases the unidirectional
permeability ratios of sugars across the brush-border are so high (Table II)
that in order to satisfy the requirements of the Na* gradient hypothesis the
[Na'] 1n the mucosal unstirred layer would have to be higher than 1s, in fact,
present 1n the serosal solution If this were the case, then, according to the
Na' gradient hypothesis, 20 mM 3-O-methy] glucose should be accumulated,
since 20 mM 3-O-methyl glucose 1s not accumulated when Na* 1s unilaterally
removed from the mucosal solution, and since 1t 1s unhkely that the [Na']
in the brush-border region will be very much higher than 1s present within
the cell fluid, 1t can be inferred that latent reversal of the imposed Na' gradient
across the brush-border following unilateral removal of Na from the solution
bathing the mucosal surface 1s an improbable explanation of the results
presented here

It may be concluded from these results that although the presence of
Na" n the mucosal solution accelerates sugar influx across the brush border,
1t 1s not essential for net sugar absorption and accumulation by the small
intestine on the other hand, Na' 1s required to maintain the activity of the
tissue Na* pump The reciprocal rise and fall of sugar entry and exit permea-
bility on activation of the tissue Na'pump by increasing cell Na* 1s consistent
with the view that actively transported sugars cross the brush-border by
convective-diffusion the force generating this convective flow may arise
from osmotic pressure gradients across the lateral-based border These are
formed due to the action of the Na" pump which deposits hypertonic NaCl
n the extra-cellular space [6,12,13,14]
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