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The effect of p-chloromercuribenzoic acid (pCMB), either alone or in the pres-
ence of 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB), on the 1 mM galactose ab-
sorption by in vivo perfused rat intestine has been studied. At 0.25 mM concen­
traron, pCMB inhibits galactose absorption in about 32 % but it does not modify
the absorption of this sugar when the transport is blocked by 0.5 mM phlorizin, or
that of the non-transportable monosaccharide derivative 2-deoxy-D-glucose. This
shows that only the active transport component of galactose absorption is inhibited.
A 2 min preexposure period is required for the inhibition to appear. The inhibition
was not reversed by washing with saline solution even when it contained 0.5 mM
dithioerythritol, 10 mM cysteine or 5 and 10 mM EDTA. The simultaneous ex-
posure to 0.25 pCMB and 0.25 mM DTNB inhibits the total galactose entry in about
50 %, an effect higher than the one exerted by each reagent separately and cióse to
the one obtained with 0.5 mM phlorizin. Our results, in vivo, confirm the im-
portance of the thiol groups in the cotransport of Na+ and sugar. As DTNB is an
SH-reagent of lesser liposolubility than pCMB, the existence of two populations of
sulfhydryl groups related to sugar transport which differ in their location within
the brushborder membrane and in accessibility from the intestinal lumen, is sug-
gested.
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Sugar active transport by the intestine
implies the cotransport of Na+ and sugar
across the enterocyte luminal membrane.
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The membrane protein responsible for
this cotransport has been widely studied.
In the case of rabbit intestine it seems to
be constituted by an about 75 KDa poly-
peptide, which associates itself to form
in sita an about 290 KDa homotetramer
(14, 23) and whose aminoacid sequence
has been established (6). Some sulfhydryl 
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reagents disturb the cotransport in intes­
tinal brush border membrane vesicles (2,
8, 9, 22) which suggests that the native
State of these groups in the sodium-de-
pendent cotransporter is essential for the
translocation function. As the accessibility
and reactivity of the thiol groups in the
vesicle preparations may differ from those
with intact epithelium, it seemed interest-
ing to find out what would happen in
closer physiological conditions.

Various heavy metáis, which react with
-SH groups, have been seen to inhibit su-
gar transport in vivo (12, 16, 17, 19) and
in vitro (10, 11). The 5,5’-dithiobis-(2-ni-
trobenzoic acid) (DTNB)*,  an SH-reagent
which inhibits sugar transport in brush
border membrane vesicles (2, 9) has also
been observed to inhibit galactose trans­
port in vivo (5).

In the present paper the effect of the
sulfhydryl reagent p-chloromercuriben-
zoic acid (pCMB) alone or jointly with
DTNB, on sugar absorption by in vivo
perfused rat intestine is studied.

Materials and Methods

Intestinal absorption by the jejunum of
white Wistar rats (180-225 g), fasted for 24
h, has been measured according to the in
vivo luminal perfusión technique of Ponz
et al. (15). A proximal jejunum segment of
about 20 cm was perfused in situ without
recirculation (single pass), at 5.6 ml/min
rate (peristaltic pump), with NaCl 0.9 %
solution buffered with Tris-CIH (7.4 pH)
to which sugar or reagents under study
were added.

In each animal, the sugar absorption in
control and in different experimental con­
ditions was measured. Three successive
absorption periods of two minute dura-
tion were used for each condition. Be- 

* Abbreviations: 2-D-g!c, 2-deoxy-D-glucose;
DTE, dithioeiythritol; DTNB, 5,5*-dithiobis-(2-ni-
trobenzoíc acid); pCMB, p-chloromercuribenzoic
acid.

tween the successive periods, washings of
the jejunal segment with saline solution
for 2 min were performed, and the resid­
ual content was emptied by pumping air
for 2 min. In most of the experiments with
pCMB, the reactive was previously per­
fused and exposed to the mucosa for 5
min. After emptying by pumping air, the
sugar absorption was measured also in the
presence of pCMB.

The absorbed sugar, determined by
measuring radioactivity is expressed in
umol • cm-1 • min-1. The sugars D-[l-
4C]-galactose (59.6 mCi/mmol) and 2-[l-

14C]-deoxy-D-glucose (58.0 mCi/mmol)
were purchased from Radiochemical Du-
pont (Dreieich, Germany). Other prod-
ucts were D-galactose, L-cysteine
(Merck), dithioerythritol (Aldrich Chem-
ie), 2-deoxy-D-glucose and pCMB (Sig-
ma).

Oxygen consumption measurements in
everted intestinal rings (3) have been made
according to Warburg’s direct method
(24). . .

Statistical analysis was carried out using
the Student’s t-test for paired valúes in in
vivo experiments. In oxygen consumption
experiments Student’s t-test for unpaired
valúes was applied. A probability < 0.05
was accepted as significant.

Results

Sugar transport inhibition by pCMB. —
Results show that 0.25 mM pCMB inhib­
its absorption of 1 mM D-galactose in
about 31.8 % (fig. 1), without signifi-
cantly modifying the diffusional passive
component obtained by blocking the ac­
tive transport with 0.5 mM phlorizin. The
passive absorption of the non-transport­
able sugar 2-deoxy-D-glucose is not al-
tered either by the reagent. Then, the in­
hibition of galactose absorption by pCMB
exclusively affects the active transport
component, which would be reduced in
about 54 %.
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I IControl
551* 0.26 mM pCMB

Fig. 1. Effect ofpCMB on the absorption of 1 mM
D-galactose (A) and 1 mM 2-deoxy-D-glucose (2-

D-glc)(B)
Active transport valúes are obtained by differ-
ence between total and passive (+0.5 mM phlo-
rizin) absorption. Befare the absorption periods in
the presence of the reagent, a previous 5 min per­
fusión with 0.25 mM pCMB was carried out.
100 % relative absorption of galactose was 0.0368
pmol • cm-1 • min-1. Vertical bars denote standard
error of the mean (SEM) of the number of sepár­
ate determinations given on the top of the his-
tograms. * 0.01 < p s= 0.05, »» p s£ 0.01. NS:

non significant differences.

I___ I Control

Fig. 2. Inflttence of the preexposure time on the
inhibition of 1 mM galactose absorption by 0.25

mM pCMB.
After a pCMB perfusión during the indicated ti­
mes, the sugar absorption (2 min) was measured,
also in the presence of the reagent. Statistical sig-

nificance and symbols as in figure 1.

Fig. 3. No reversión of the pCMB inhibition on
galactose absorption by washing even in the pres­

ence of DTE, EDTA or Cys.
After measuring galactose (G) absorption with-

out and with 0.25 mM pCMB, a 5 min washing
period with physiological solution (PS) or PS plus
DTE, EDTA, or Cys was performed. Finally, the
sugar absorption in the absence of pCMB was in

each case obtained. Symbols as in figure 1.

The absorption inhibitions produced by
0.1 mM (30 %), 0.25 mM (32 %) or 0.5
mM (34 %) pCMB were not significantly
different.

For the inhibition to appear, a previous
period of mucosa exposure to pCMB is
required. As fig. 2 shows, 2 min of preex-
posure to the reagent in the absence of su­
gar are sufficient, and the inhibition does
not significantly increase with greater
preexposure periods of up to 20 min.
Most experiments, therefore, were carried
out after a 5 min preexposure.

Reversibility of the effect ofpCMB.—
In order to verify the possible reversibility
of the effect of pCMB, the intestinal seg-
ment in which galactose absorption had
been determinea both in absence and
presence of the reagent, was washed with
saline solution alone or containing 0.5
mM dithioerythritol (DTE), 5 and 10 mM
EDTA or 10 mM cysteine. Subsequently
galactose absorption was measured in the
absence of pCMB. Rcsults (fig. 3) show
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^TjpCMB aa first reactive
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Fig. 4. Additive inhibitory effect of pCMB and
DTNB on galactose intestinal absorption in vivo.
After measuring galactose absorption in control
conditions and in the prescnce of pCMB or
DTNB (Ist reactive, 5 min preexposition) the ab­
sorption in the presence of both reagents was de-
termined (5 min preexposure with pCMB +

DTNB). Symbols as stated in figure 1.

sugar absorption have been carried out.
After measuring the total entry of 1 mM

galactose in control conditions and in the
presence of one of the reagents (pCMB or
DTNB), the mucosa was also preexposed
to the other reagent (DTNB or pCMB)
during 5 min, and finally sugar absorption
was determined in the simultaneous pres­
ence of pCMB and DTNB.

Results (fig. 4) show that the inhibition
observed in the presence of both com-
pounds, independently of the inhibitor
used in the first place, is greater than the
exerted by either of them when they were

Íierfused separately. Thus it increases
rom about 30 % when only one reagent

is used to about 50 % in the presence of
both, an inhibition which is equivalent to
that exerted by 0.5 mM phlorizin.

Discussion

that in no case the inhibitory effect from
pCMB was reversed.

Oxygen consumption by the tissue. — In
order to determine if the action of the re­
agent might inelude alterations on the cel-
lular oxidative metabolism, the oxygen
consumption of everted jejunum rings has
been evaluated. Oxygen consumption in
the presence of 10 mM glucose is not sig-
nificantly modified when the incubation
médium contains 0.25 mM pCMB (data
not shown).

Combined action of pCMB and DTNB.
— Equivalent experiments in vivo had
shown that DTNB inhibited D-galactose
transport by reaction to thiol groups (5).
As it is a sulfhydryl reagent of great spec-
ificity and low liposolubility (4, 9, 26) it
might affect -SH groups other than those
which react with pCMB. For this rea-
son experiments to investígate the effect
of the joint action of both reagents on

Results show that, as it happens with
heavy metáis (10, 13, 17-20) and DTNB
(5), pCMB lowers sugar intestinal absorp­
tion in vivo, by inhibiting the active trans­
port component without affecting the pas-
sive entry. This action requires a preex­
posure time of the mucosa to the reagent
and it does not vary with longer preex-
posures of up to 20 min, or with concen-
tration changes between 0.1 mM and 0.5
mM, which suggests that all the -SH
groups affecting the transport accessible to
the reagent, react with 0.1 mM pCMB in
2 min or longer preexposures.

In this work snort preexposure periods
(5 min) and low reagent concentrations
(0.25 mM) have been preferred to min-
imize possible secondary metabolic alter­
ations and reactions with other than thiol
groups (21, 26). As pCMB penetrares into
the cells slowly (25) its action on sugar ac­
tive transport might be thought to be due
to inhibition of the oxidative metabolism,
but in short periods oxygen consumption
by the intestinal rings is not appreciably
modified by the reagent.
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Galactose transport inhibition by
pCMB does not disappear after washing
with saline solution, or when the latter
contains EDTA, cysteine of DTE. This
differs from DTNB inhibition (5) which
reversed itself after washing with 0.5 mM
DTE. This might be explained by the fact
that the DTNB-sensitive -SH groups are
more accessible to DTE on being located
at the extracellular side of the membrane.
In intestinal brush border membrane ves-
icles (9), pCMB effects are partially re­
versed by 5 mM DTE. This high concen-
tration has not been reached in our ex-
periments because 1, 5 or 10 mM concen-
trations of DTE were observed to provoke
by themselves epithelial desquamation and
galactose absorption inhibition.

The inhibition produced by pCMB
(32 %) is of similar magnitude to that re-
ported for DTNB (35 %). Nevertheless
when both reagents act simultaneously,
the inhibition of galactose intestinal ab­
sorption increases up to 50 %, a partially
additive effect which suggests that each
one of them acts on -SH group popula-
tions involved in the cotransporter, not
completely coincident. Similar results
have often been observed both for one
protein (20, 26) and according to the pro-
tein arrangement in the membrane (1, 7-
9) and are explained by differences in the
chemical reactivity of the distinct agents
or by the diverse accessibility of the re­
agents to the thiol groups according to
their location in the membrane «geogra-
phy» (20).

The 50 % inhibition by the combined
presence of the two reagents is of a similar
order to that obtained with 0.5 mM phlo-
rizin which corresponds to the practically
total blocking of the galactose active
transport component. This seems to in­
dícate that in those circumstances all the
thiol groups essential for the process of
the Na+ and sugar cotransport are altered.

Our results in vivo, with intact epi-
thelium, confirm the importance of the
thiol groups in the sugar and Na’’’ cotrans­

port through the luminal membrane of the
rat enterocytes. There seems to exist two

fiopulations of sulfhydryl groups essential
or transport, those that react with

DTNB, which could be located in hydro-
philic regions of the membrane accessible
from the intestinal lumen and those that
react with pCMB, probably located in
more internal hydrofobic regions, which
could be reached by this reactive because
of its greater liposolubility.

Resumen

Se estudia el efecto del ácido paracloromer-
curibenzoico (pCMB) sólo y en presencia del
5,5’-ditiobis(2-nitrobenzoico) (DTNB) sobre
la absorción de galactosa 1 mM en intestino de
rata, con una técnica de perfusión in vivo. El
pCMB 0,25 mM inhibe sobre un 32 % la ab­
sorción total de galactosa, pero no modifica la
absorción de este azúcar cuando se bloquea el
transporte con florricina 0,5 mM, ni la del azú­
car no transportable 2-deoxiglucosa. Ello in­
dica que la inhibición de la absorción de galac­
tosa se ejerce sobre el componente de trans­
porte mediado. Se requiere un período de
preexposición de 2 min para que se manifieste
el efecto inhibidor, que no revierte por lavado
con solución salina, ni siquiera cuando contie­
ne ditioeritritol 0,5 mM, cisterna 10 mM o
EDTA 5 o 10 mM. En presencia simultánea de
pCMB y DTNB 0,25 mM, la absorción de ga­
lactosa se inhibe sobre un 50 %, efecto supe­
rior al obtenido por cada uno de los reactivos
separadamente y similar al correspondiente al
de la florricina 0,5 mM. Estos resultados in
vivo confirman la importancia de los grupos
tiol en el cotransporte intestinal de Na+ y azú­
car. Dada la menor liposolubilidad del DTNB
respecto del pCMB, se sugiere la existencia de
dos poblaciones de grupos sulfhidrilo relacio­
nados con el transporte de azúcares que difie­
ren en su localización en la membrana luminal
y accesibilidad desde la luz intestinal.

Palabras clave: pCMB, DTNB, Cotransporte Na+-
azúcar, Absorción intestinal.
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