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Effect of dithiothreitol on mucus gel layer
and electrophysiological properties in rat colon

In spite of its physiological roles (1), very dif
ferent values have been reported for the actual
thickness of the adherent mucus gel layer (MGL)
of rat distal colon, ranging from about 16 to 163
pm (1, 10,15,16). For experimental work in vitro,
it is often desirable to eliminate the MGL to allow
exposure of the apical membrane of enterocytes.
Since Weiser’s original suggestion (17) the
sulfhydryl reducing agent, dithiothreitol (DTT),
has often been used as a mucolytic in gastroin
testinal research. However, its lack of effect on
enterocyte electrophysiological properties has
not been clearly documented. The effect of incu
bation with DTT on rat distal colon MGL thick
ness and electrical parameters is here reported.

Male adult Wistar rats, fasted for 20 to 24 h
were employed to obtain either mucosa-submu-
cosa or isolated mucosa preparations, as previ
ously described (13). The former were fastened
with pins as flat sheets on a plate covered by bee
wax, with the MGL facing upwards, to obtain 1-
mm thick slices with two parallel razor blades, as
described for gastric MGL thickness measure
ment (6, 12). Slices were transferred to a small
glass chamber filled with Ringer solution either
with or without previous incubation with 1 mM
DTT for 10 min. MGL thickness was measured
under a light microscope with a calibrated rule.
From 10 to 12 measurements at evenly spaced
distances were performed on each preparation.

Statistical analysis was performed by the
Mann-Whitney U test for MGL thickness data;
by a paired, two sided Student’s t test for DTT
effects on baseline electrophysiological proper
ties, and by Bonferroni’s method for multiple
comparisons for DTT effects on the response to
hypoxia and reoxygenation. Results are reported
as mean ± SEM. A p < 0.05 was considered sig
nificant.

Normal MGL was usually continuous with a
thickness of 115.4 ± 5.5 pm (216 measurements in
20 preparations). The frequency distribution was
skew ranging from 0 to 390 pm; median and mode
being 90.9 pm. The MGL layer of DTT-treated
slices was often discontinuous, amounting to 40.5
± 6.4 pm (101 measurements in 9 preparations;
ranging from 0 to 318 pm, the mode being 0 pm, 

and the median 36.4 pm). The difference between
both groups was significant (t = 8.231; p < 0.01).

In Ussing chamber experiments, baseline
short-circuit current (Isc) and transepithelial
potential difference (PD), were permanently
reduced by DTT, without a consistent effect in
transepithelial resistivity (Rt). Control values
were Isc = 106.0 ± 8.5 pA«cm-2; PD = 12.1 ± 0.9
mV; Rt = 115.4 ± 4.3 Q«cm2. Values after DTT
addition were Isc = 66.2 ± 5.4 pA • cm-2; PD = 8.5
± 0.6 mV; Rt = 130.8 ± 8.1 Q-cm2 (n = 9; p <
0.001 for Isc and PD).

On the other hand, although starting from
lower baseline values, the qualitative Isc respons
es to either total and selective hypoxia and reoxy
genation, or to total hypoxia followed by sequen
tial reoxygenation, were not modified by DTT
(fig. 1) as compared with preparations of either
normal isolated mucosa or isolated mucosa with
mechanical removal of the MGL (13). In no case
did Rt show a significant change, since Isc and PD
were proportionally modified. Quantitatively,
smaller fractional depressions of Isc and PD were
observed for serosal hypoxia after DTT.

Normal mean MGL thickness is within the
range of values reported by other authors (1, 10,
15,16). Different dissection techniques and tissue
preparation methods no doubt play a role in the
wide range of values found in the literature. Fresh
mucosa-submucosa preparations retain the MGL,
are easily mounted and allow ready visualization
of the MGL.

DTT is an effective mucolytic employed in
intestinal research at concentrations in the mil
limolar range (2-5, 8, 11, 14), and its use is com
mended for enterocyte membrane isolation pro
cedures (9). At 1 mM no effect on Isc has been
reported (3), though no values were provided.
Present data show, on the contrary, that the agent
does cause long-lasting depressions of Isc and
PD. Since disulfide and sulfhydryl groups are
ubiquitous and subserve different functions, DTT
could be expected to have other effects besides
the mucolytic one, as when DTT collapses the
gastric pH gradient within 10 min, yet its
mucolytic action takes about 1 h to be noticeable
(2). Agents reacting with S-S groups are also
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Fig. 1. Response of rat distal colon mucosa to hypox
ia and reoxygenation after incubation with dithio-

threitol
a) Isc of isolated mucosa preparations (n = 12) sub
mitted to total, serosal or luminal 5-min hypoxia, b)
Isc of isolated mucosa preparations (n = 9) submit
ted to 5-min total hypoxia followed by sequential
serosal-luminal (sequence 1) or luminal-serosal
(sequence 2) reoxygenation. B, baseline; H, hypox
ia; R, reoxygenation. SR, serosal reoxygenation;
LR, luminal reoxygenation. An asterisk indicates a

significant difference from the respective baseline.

known to modify colonic apical membrane func
tion (7).

In summary, 1) rat distal colon MGL thick
ness may be reliably measured by direct light
microscopy in mucosa-submucosa preparations;
2) DTT markedly reduces MGL thickness; 3)
DTT depresses Isc and PD, but 4) without affect
ing qualitative Isc and PD responses to hypoxia
and reoxygenation. DTT should be used with
care when preservation of normal electrophysio
logical properties of the epithelium is required.
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