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SUMMARY

The effects of luminal pH on the net absorption of water, Na+ and Cl- from
in vivo loops of ileum and colon of rat have been studied. Using HCO, -containing
solutions, absorption of water, Na* and Cl- takes place at an initial pH of 7.6 in
the ileum, though it is negligible (water and Nat), or reduced (Cl-) at initial pH’s of
6.6 and 5.6. In the colon, absorption takes place between pH’s 5.6 and 7.6 with an
optimum pH of 6.6. At pH 4.2 there is negligible absorption of water and Nat but
significant absorption of Cl-.

There is evidence that absorption of water and electrolytes by the small intestine
of certain species is inhibited by an acidic luminal environment!-3. This phenomenon
has, however, received little attention and the most detailed report! related only to
jejunal absorption. In the present report some effects of luminal pH on net water
and electrolyte absorption by the ileum and colon of the rat are described.

Male Albino rats weighing 250-350 g were fasted for 12 h, but allowed access
to tap water. Under ether anaesthesia, closed loop experiments were performed on
the distal 20-30 cm of ileum or the proximal 5-8 cm of colon, following an initial
rinse with saline and air. 5 ml test solution was introduced into each ileal loop and
3 mlinto each colon loop. The loops were returned to the abdominal cavity for periods
of 30 min (ileum) or 45 min (colon), a temperature of 37° being maintained throughout.
At the end of each study the luminal contents were obtained for analysis and the
length of the segment recorded.

Six different test solutions were used, covering a pH range of 4.2—7.6. The
solutions were all isotonic and contained from 100 mM to 149 mM NaCl. Three
solutions had differing concentrations of HCO4~, viz. 30 mM (pH 7.6), 3 mM (pH 6.6)
and 0.3 mM (pH 5.6), and these solutions were gassed with 95 % O,—5 % CO, prior
to introduction into the loops. Two solutions contained phosphate, viz. 2 mM NaH,PO,
plus 14 mM Na,HPO, (pH 7.6) and 10 mM NaH,PO, plus 7 mM Na,HPO, (pH 6.6).
The remaining solution contained 23 mM Na,HPO, and 18 mM citric acid (pH 4.2).
All solutions contained polyethylene glycol in a concentration of 3 g/l. Initial recovery
experiments showed that polyethylene glycol was a satisfactory volume marker under
these experimental conditions. In six ileal loops the range of polyethylene glycol
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recovery, using a rinsing technique, was 96.8-103.3 %. In six colon loops, the range
was gb.I1-102.1 %.

The initial solutions and samples were analysed for pH using a direct-reading
pH meter, for Na* and K+ by flame photometry and for Cl~ by coulometric titration.
Polyethylene glycol was analysed by the turbidometric method of HyDEN? Ab-
sorption rates of water and solute were calculated from standard formulae. Wilcoxon’s
sum of ranks and signed rank tests were used to calculate the significance of differences
between and within the various groups®.

A summary of the mean absorption rates is found in Table 1. In the ileum,
appreciable absorption of water, Nat and Cl- took place from the HCO4~-buffered
solution at pH 7.6. However, from solutions at pH 6.6 and 5.6, the absorption rates
of water and Na* were not significantly different from zero (P>o.1). Reduction of
luminal pH produced a significant reduction of Cl- absorption (P<Co.01), but the
mean absorption rate was significantly greater than zero at both pH 6.6 and 5.6
(P<0.002). At an initial pH of 7.6 replacement of HCO4~ by phosphate did not
significantly affect the mean absorption rates of Na~ or Cl- (P>o0.1), although the
mean water absorption rate was somewhat greater (P<C0.05). This suggests that the
inhibition of water and Na+ absorption at pH 6.6 and 5.6 is not related to the relative
lack of luminal HCO,~, but is probably related to the change of H* concentration.
In this respect the jejunum behaves differently in that Na* and water absorption is
stimulated by luminal HCO 4~ (refs. 6, 7).

In the colon, maximal absorption rates of water, Nat and Cl- took place from
the solutions of pH 6.6, irrespective of the presence of HCO,~ or phosphate. These
rates were significantly greater than those from solutions of pH 7.6 or 5.6 (P<0.002).
Mean absorption rates of water (P = 0.05), Na* and Cl~ (P<C0.002) from the solution
of pH 5.6 were significantly greater than zero. Water and Nat absorption was however
negligible (P>-0.1) from the solution of pH 4.2, although significant Cl- absorption

TABLE 1
ABSORPTION RATES OF WATER, Nat, CI- aND K+ FROM THE ILEUM AND COLON OF RATS

Mean values - 1 S.E. (number of rats in each group). Negative sign indicates net entry into
the lumen.

Initial Buffer Water Na~ Ci- K+

pH (ul|min per cm) (pequivimin (nequivimin (pequivimin
per cm) per cm) perv cm)

Ileum

7.6 HCO,4~ 0.745 = 0.051 (9) 0.I19 -i- 0.006 (9) 0.152 4 0.012 {9) —0.024 + 0.00I

6.6 HCO,~ 0.021 -+ 0.057 (9) —0.003 + 0.008 (9) 0.075 -+ 0.010 (9) —0.029 -+ 0.002

5.6 HCO,;~ 0.018 4- 0.066 (6) 0.013 4- 0.010 (6) 0.086 + 0.009 (6) —o0.017 4 0.00I

7.6 PO 23~ 1.339 -+ 0.205 (7) 0.107 + 0.035 (7) 0.184 £ 0.023 (7) —o0.022 -+ 0.001

Colon

7.6 HCO,~ 0.888 4+ 0.087 (6) 0.230 =z 0.025 (6) 0.237 4 0.012 (6) —0.025 + 0.003

6.6 HCO,~ 1.664 -+ 0.173 (6) 0.390 + 0.017 (6) 0.486 + 0.022 (6) —0.031 4 0.002

5.6 HCO,~ 0.339 4+ 0.131 (6) 0.130 -~ 0.022 (6) 0.215 -+ 0.033 (6) —0.029 -+ 0.004

6.6 PO B~ 1.130 4- 0.157 (9) 0.299 = 0.030 (9) 0.343 + 0.033 (5) —0.037 - 0.004

4.2 PO

citric acid

0.374 4= 0.156 (9)

0.034 + 0.033 (9)

0.223 £ 0.043 (9)

—0.025 -— 0.002
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occurred (P<C0.002). From all solutions, in the ileum and colon, Cl- absorption was
greater than that of Na+, although this was not significant at pH 7.6 (P>o.1). Entry
rates of K+ into the lumen varied littie with luminal pH. Histological examination
of the mucosa from many of the rats showed no evidence of a direct injurious effect
of low pH, and this is supported by the lack of any demonstrable effect of pH on K+
entry into the lumen.

These observations show that reduction of luminal pH does inhibit the net
absorption of water, Nat and Cl~ from rat ileum and colon. The colon is less sensitive
to acid inhibition than the ileum, and appears to have a lower pH optimum for
absorption. Cl- absorption is less affected by luminal acidification than water and
Na~ absorption. The similar effects of pH on water and Nat absorption support the
concept that Na+ absorption provides the main drive for water movement out of
the lumen®. Cl- absorption in excess of Na* absorption is probably the result of anion
exchange with HCO,~ (ref. g). This exchange mechanism is relatively insensitive to
reduction of luminal pH and can operate in the absence of net movement of Na*
or water.
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