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Regulation of Active Sodium and Potassium Transport
in the Distal Colon of the Rat
Role of the Aldosterone and Glucocorticoid Receptors

Steven G. Tumamian and Henry J. Binder
Department of Internal Medicine, Yale University, NewHaven, Connecticut 06510

Abstract

To determine whether mineralocorticosteroids and glucocorti-
costeroids have specific effects on colonic electrolyte transport,
we compared the effect of aldosterone and RU28362, a gluco-
corticoid receptor-specific agonist that does not bind to the
aldosterone receptor, on unidirectional Na, Cl, and K fluxes
across isolated mucosa of the rat distal colon. Continuous in-
fusion of aldosterone for 7 d produced changes in four specific
transport processes: induction of both active electrogenic,
amiloride-sensitive sodium absorption and active electrogenic
potassium secretion, enhancement of active electroneutral po-
tassium absorption, and inhibition of electroneutral Na-Cl ab-
sorption, the predominant transport process in this epithelium.
In contrast, continuous infusion of RU28362 for 1-11 d pro-
duced a sustained increase in electroneutral Na-Cl absorption.
This glucocorticoid receptor-specific agonist did not induce
electrogenic sodium absorption nor affect either potassium ab-
sorption or secretion. These studies demonstrate that aldoste-
rone (i.e., mineralocorticoid) and glucocorticoid receptors
modulate separate and specific changes in active sodium and
potassium transport. These results suggest that other gluco-
corticoids (e.g., dexamethasone, methylprednisolone) are not
glucocorticoid receptor-specific and that their effects on elec-
trogenic sodium absorption and potassium transport most
likely represent the binding of these agonists to the aldosterone
receptor.

Introduction

Dietary sodium depletion results in significant changes in
electrolyte transport in the distal colon of the rat (1-4). The
primary effect seen in this model of secondary hyperaldoste-
ronism is an induction of active amiloride-sensitive sodium
transport and active electrogenic potassium secretion which
are the changes usually observed in other aldosterone-respon-
sive epithelia (1, 3). However, dietary sodium depletion also
affects electroneutral sodium and potassium absorption in the
rat distal colon: electroneutral Na-Cl absorption is inhibited
and electroneutral potassium absorption is stimulated (3, 5).
Recent studies with continuous infusion of aldosterone have
confirmed that the changes in sodium and chloride transport
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observed in dietary sodium depletion are due to aldosterone
(6); similar studies have not yet been performed for potassium
transport.

Synthetic glucocorticoids (e.g., dexamethasone, methyl-
prednisolone) also produce substantial changes in both sodium
and potassium movement in the mammalian distal colon (1,
3, 4, 7-12). Although both glucocorticoid and aldosterone (i.e.,
mineralocorticoid) receptors have been identified in the cyto-
sol of colonic epithelial cells (13-17), there has been consider-
able controversy whether separate and specific changes in ion
transport are mediated by the activation of these glucocorti-
coid and mineralocorticoid receptors. Experiments with dexa-
methasone and methylprednisolone reveal that many (but not
all) of the changes in electrolyte transport produced by these
glucocorticoids are similar to those observed in dietary sodium
depletion and after aldosterone infusion (1, 3, 7, 18). However,
in the absence of crossover binding of one corticosteroid to the
opposite cystolic receptor, it is not known whether glucocorti-
coids and aldosterone produce distinct and unique changes in
sodium and potassium transport.

Resolution of this question has been long hampered by the
failure to appreciate, until recently, that most "pure" synthetic
glucocorticoids (i.e., dexamethasone, methylprednisolone)
also bind to the aldosterone receptor at doses that have been
frequently employed in these experiments. The recent synthe-
sis by Roussel UCLAF, a French pharmaceutical company, of
a family of "ultrapure" glucocorticoids has provided an oppor-
tunity to delineate this problem in better detail (19). 1 1B, 1713-
Dihydroxy-6-methyl- 1 7a-( 1-propynyl) androsta- 1,4,6-triene-
3-one (RU 28362)' is such an ultrapure synthetic glucocorti-
coid, and has high affinity only for the glucocorticoid (not the
aldosterone) receptor. In recent studies with this and related
synthetic ultrapure glucocorticoids in adrenalectomized rats,
Bastl (20) has concluded that these glucocorticoid receptor-
specific agonists regulate basal sodium transport which in the
rat distal colon is predominantly electroneutral sodium ab-
sorption. Since higher doses of dexamethasone, but not of the
glucocorticoid receptor-specific agonist, induced amiloride-
sensitive, electrogenic sodium absorption, Bastl (20) specu-
lated that, whenever glucocorticoids appear to stimulate elec-
trogenic sodium absorption, it may be due to crossover bind-
ing of the glucocorticoid (i.e., dexamethasone, but not RU
28362) to the aldosterone receptor. Bastl based these conclu-
sions on in vivo luminal perfusion studies that were performed

1. Abbreviations used in this paper: G, conductance; I,,, short-circuit
current Jmscl, mucosal-to-serosal chloride movement; JmsNa, mucosal-
to-serosal sodium movement; Jnetc', net chloride absorption; JnftNa, net
sodium absorption; JsmC', serosal-to-mucosal chloride movement;
JsmNa, serosal-to-mucosal sodium movement; PD, potential difference;
RU28362, 11#, 17#%dihydroxy-6-methyl-17a-(1-propynyl) androsta-
1,4,6-triene-3-one.
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soon after adrenalectomy. Thus, these experiments were lim-
ited by an inability to assess directly the effect of ultrapure
glucocorticoids on active sodium and potassium transport
processes, and by the possible confounding issue of endoge-
nous steroid release after anesthesia and surgery (21). This
previous study did not address the question of the mechanism
by which glucocorticoids affect electrolyte transport in the
colon of animals with intact adrenal glands. As a result, these
present studies were designed to evaluate and compare the
effect of continuous infusion of aldosterone and RU28362 for
1-1I1 d on unidirectional and net sodium, chloride, and potas-
sium fluxes that were performed across isolated distal colonic
mucosa of nonadrenalectomized rats under voltage-clamp
conditions. These results establish that aldosterone and gluco-
corticoid receptors mediate specific and distinct effects on ac-
tive electrogenic and electroneutral sodium absorption as well
as on active potassium absorptive and secretory processes.

Methods

Nonfasting Sprague-Dawley rats weighing between 250 and 300 g were
used in all experiments. All animals received a standard diet (Prolab
3000 Formula, Agway, Syracuse, NY). The aldosterone and RU28362
animals received aldosterone or RU28362, respectively, via subcuta-
neously implanted minipumps (Alza Corp., Palo Alto, CA) that were
filled with a concentration calculated to deliver the specific steroid at
the rate of 70 ,gg per 100 g body wt per day. This dose of aldosterone
was selected because in other studies it produced plasma aldosterone
levels similar to those observed in dietary sodium depletion (22).

The colon was removed during anesthesia, placed on a glass pi-
pette, and stripped of its serosa and part of the muscularis. Two pieces,
each measuring 2.3 cm in length, were obtained from each colon
beginning immediately cephalad to the lymph node located at the
pelvic brim. The mucosa was mounted in Lucite chambers with inter-
nal surface area of 1.13 cm2 and bathed in Ringer's solution that
contained (in millimolar): Na 140, K 5.2, Ca 1.2, Mg 1.2, Cl 119.8,
HCO325, HPO45.2, glucose 10 mM(pH 7.4). Short-circuit current

(I,,), potential difference (PD), and conductance (G) were determined
as previously described (3). Unidirectional 22Na, 36C1, and 42K fluxes
were performed under voltage-clamp conditions, as described in prior
studies (3), and net fluxes were calculated by pairing tissues on the basis
of Gthat were within 10%.

In the 22Na and 36C] studies there was a 1 5-min equilibration pe-
riod, whereas in the 42K experiments this period was 55 min. Positive
values represent net absorption, and negative ones, net secretion. The
results are presented as the mean of two 15-min periods; 10MMamilo-
ride or 1.0 mMouabain was added to the mucosa or serosal bathing
solution, respectively. After a 12-min equilibrium period, two addi-
tional 1 5-min flux periods were determined.

Aldosterone, amiloride, and ouabain were purchased from Sigma-
Aldrich Co., St. Louis, MO; 42K and 36CI were purchased from New
England Nuclear, Boston, MA; and 22Na was purchased from Amer-
sham Corp., Arlington Heights, IL. RU28362 was kindly provided by
Roussel UCLAF, Romainville, France.

Results

Sodium and chloride transport. Table I presents the results of
unidirectional and net sodium and chloride fluxes in both the
control group and the 1-d and 74 steroid-infused groups. In
the control group, net sodium absorption was equal to net
chloride absorption and was significantly greater than the I4C.
Since the diuretic amiloride affects sodium absorption in nor-
mal and hyperaldosterone rats differently, the effect of 10 JM
amiloride on ion transport was also determined. Fig. 1 presents
the results of 10 giM amiloride on JnaNa and I4, in the several
experimental groups. As previously presented, amiloride did
not alter net Na absorption (Fig. 1 A), net Cl absorption (data
not shown), or I4C (Fig. 1 B). These results are similar to those
previously reported in the distal colon of normal rats (23) and
are consistent with electroneutral Na-Cl absorption as the pre-
dominant sodium absorptive process in this epithelium.

The 4-d steroid-infused group comprised animals that re-
ceived infusion of either aldosterone or an equivalent amount

Table I. Unidirectional and Net Sodium and Chloride Fluxes in Control, J-d Steroid-infused and 7-d Steroid-infused Groups

Sodium fluxes Chloride fluxes

n J.m JamJ.n J.n Jam Jn G

peq/h Wcm' Aeqlh * cm' Peq/h * cm' mS/cm

A. Control 6 9.7±0.7 4.9±0.7 4.9±0.5 12.9±0.4 8.4±0.7 4.5±0.7 0.9±0.2 8.0±0.8

B. J-d steroid infusion
Aldosterone 5 12.9±0.3 3.2±0.7 9.6±0.7 17.5±0.2 8.9±0.8 8.5±0.9 2.8±0.6 7.1±0.6
P* <0.02 NS <0.001 <0.001 NS <0.01 <0.02 NS
RU28362 6 15.2±1.1 3.7±0.3 11.5±1.0 19.9±1.6 8.7±0.7 11.2±1.6 0.6±0.1* 7.7±0.8
P* <0.005 NS <0.001 <0.005 NS <0.005 NS NS

C. 7-d steroid infusion
Aldosterone 5 11.5±0.3 4.8±0.8 6.7±0.7 9.5±0.5 8.3±1.2 1.2±1.2 6.8±1.2 9.3±1 .0
P* NS NS NS <0.001 NS <0.05 <0.001 NS
RU28362 7 16.8±0.5t 4.7±0.5t 12.1±0.8* 26.7±1.5t 13.4+1. § 13.3±1.4§ 0.7±0.2§ 5.6±0.7
P* <0.001 NS <0.001 <0.001 <0.005 <0.001 NS <0.05

Values are mean±SE. All animals were fed regular diet. The aldosterone and the RU28362 animals received continuous infusion of either al-
dosterone or RU28362, respectively, at 70 Mtg/100 g body wt per day for either 1 or 7 d. Unidirectional Na and Cl fluxes were determined with
22Na and 36C1 under short circuit conditions. n, number of tissue pairs. * Compared with control group. t P < 0.005 compared with aldoste-
rone group. § P < 0.05 compared with aldosterone group.
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Figure 1. Effect of 10 ,gM amiloride on (A) JneNa and (B) I,, in nor-

mal, 1- and 7-d aldosterone and RU 28362-infused groups. The
number of tissue pairs studied is provided in the legend to Table I.

The open and hatched bars represent the mean of two 1 5-min flux
periods before and after, respectively, the addition of 10 ,uM amilo-
ride to the mucosal bathing solution. The probability values shown
in the figure compare the pre- and post-amiloride results. The sym-

bols indicate comparison with their respective control group: (a) P
<0.005 compared with the control group; (b) P < 0.02 compared
with the control group; (c) P < 0.05 compared with the control group.

of RU 28362. A significant increase in net sodium and net
chloride absorption, as a result of a stimulation of mucosal to
serosal fluxes, was observed in both -d steroid-infused groups

(Table I B). There was no significant change in JtmNa orJsmCl in

either of the two experimental groups compared with the con-

trol group, and conductances were similar in the experimental
and the control groups. The Is, in the l-d aldosterone-infused
group was significantly increased compared with the control
group (2.8±0.6 vs. 0.9±0.2 peq/h cm2). In contrast, the 4SC in
the l-d RU 28362-infused group was identical to that of the
control group. The addition of 10 kLM amiloride to the l-d
aldosterone group resulted in a parallel reduction of both JmsNa
and JnetNa and Is, (Fig. 1). In addition, the amiloride-insensitive
component of JnetNa in the l-d aldosterone group was signifi-
cantly greater than that in the control group (7.2±0.9 vs.

4.9±0.4 geq/h cm2; P < 0.05). In contrast, 10 ,gM amiloride
had no effect on any parameter of ion transport in the RU
28362 group.

Table I B also presents the results of ion transport in those
animals that had received a 7-d infusion of either aldosterone
or RU28362. Although net sodium absorption in the aldoste-
rone group was slightly but not significantly increased com-

pared with the control group, the I,, in the aldosterone group,

as has been previously reported (3), was substantially and sig-
nificantly increased to 6.8±0.9 geq/h * cm2 compared with the
control group. In contrast, net chloride absorption in the 7-d

aldosterone-infused group was significantly reduced compared
with the control group as a result of a decrease in Jmscl. Also, 10
,jiM amiloride produced substantial changes in ion transport in
the 7-d aldosterone group; amiloride reduced JnetNa to zero and
inhibited I,, (Fig. 1).2

Infusion of RU 28362 for 7 d resulted in significantly
higher rates of net sodium and chloride absorption (12.1±0.8
and 13.3±1.4 iieq/h cm2, respectively) compared with the
control group. This stimulation was predominantly the result
of substantial enhancement of both JmsNa and JmsCI. IC was
similar in the 7-d RU 28362 and the control groups. The G
was, however, significantly lower in the RU 28362 group
(5.6±0.7 mS/cm2) than that of the control group (8.0±0.8
mS/cm2). Finally, amiloride had no effect on unidirectional or
net Na absorption or I,, in the 7-d RU 28362 group. As a
result, the amiloride-insensitive component of JnetNa was sig-
nificantly greater in the RU 28362 group (11.7±0.7
meq/h . cm2) than in both the aldosterone and the control
groups. These results demonstrate that the long term effects of
aldosterone and RU28362 on sodium and chloride transport
in the rat distal colon differ both qualitatively and quantita-
tively.

The effect of RU28362 on sodium and chloride transport
with time is illustrated in Fig. 2. Infusion of RU28362 for 1, 3,
7, and 11 d resulted in substantial stimulation of both JnetNa
and JnetCI compared with the control group; however, the rate
of net sodium and chloride absorption observed after 3, 7, and
11 d of RU 28362 infusion was not significantly greater than
that observed after 1 d of steroid infusion. These results indi-
cate that stimulation of electroneutral Na-Cl absorption by
RU28362 is rapid and is not time dependent.

Potassium transport. Table II provides the results of unidi-
rectional and net potassium fluxes in control, 7-d aldosterone-
infused, and 7-d RU 28362-infused groups. In the control
group net potassium absorption was 0.41±0.8 geq/h cm2)
which is similar to that previously reported by this laboratory
(3, 5). Aldosterone infused for 7 d resulted in induction of
active potassium secretion (-0.49±0.08 jueq/h . cm2) as a re-
sult of a significant increase in JsmK. This effect of long-term
aldosterone infusion on potassium transport in the distal colon
of the rat is similar to that previously reported for prolonged
dietary Na depletion (5). In contrast, a 7-d infusion of RU
28362 had no effect on unidirectional or net potassium fluxes
and indicates that this glucocorticoid receptor-specific agonist
did not alter potassium transport in the distal colon of the rat.

Previous in vitro studies of potassium transport in the rat
distal colon have established that dietary sodium depletion not
only induces active potassium secretion but also stimulates
active K absorption (1, 5, 24). This stimulation of active K
absorption can be demonstrated when the K secretory process
in inhibited by one or more experimental maneuvers (e.g.,
removal of Na from the serosal bathing solution, or the addi-
tion of either ouabain or bumetanide to the serosal bathing
solution [24]). To determine whether aldosterone or RU
28362 also induced active K absorption unidirectional 42K

2. These results are virtually identical to previous studies of Na and Cl
transport in both dietary Na-depleted animals and those that had re-
ceived continuous infusion of aldosterone (3, 6) and have been inter-
preted to indicate that aldosterone both induces amiloride-sensitive
electrogenic Na absorption and inhibits electroneutral Na-Cl absorp-
tion.
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Figure 2. Net Na and Cl transport in control group and the experi-
mental groups infused with RU28362 for 1, 3, 7, and 11 d. The
number of tissue pairs studied in each group was 6, 6, 6, 7, and 5, re-
spectively.

fluxes were performed in the presence of 1 mMouabain in the
serosal bathing media. Fig. 3 demonstrates that 1 mMouabain
did not alter Jn,,K in the control group (0.05 < P < 0.10)
although there was a small but statistical significant decrease in
JsmK. In contrast, in the 7-d aldosterone group, serosal ouabain
not only inhibited net K secretion but resulted in a substantial
increase of the rate of net K absorption (1.16±0.14
Aeq/h * cm2). njK in the aldosterone animals after the addition
of serosal ouabain was greater than that observed in the control
group (0.52±0.06 Aeq/h * cm2). In contrast, K transport in the
RU28362 group after ouabain addition was identical to that
observed in the control group. In the 1-d aldosterone group,
both active potassium secretion (-0.72±0.06 ueq/h * cm2) and,
in the presence of serosal ouabain, active K absorption
(0.88±0.12 Aeq/h * cm2) were observed. The rates of these two
potassium transport processes were not significantly different
than that in the 7-d aldosterone group.

Discussion

Present concepts of the regulation of electrolyte transport by
corticosteroids have evolved substantially over recent years
(1). It is now well accepted that aldosterone stimulates active
amiloride-sensitive sodium absorption and active potassium
secretion in the distal colon of rat and rabbit (3-5). Glucocor-

W Ringer m + Ouabain

Figure 3. Net potassium transport in control, 1- and 7-d aldosterone-
infused and 7-d RU28362-infused groups. The number of tissue
pairs is provided in the legend to Table II. Open and hatched bars
represent the mean of two 15-min flux periods before and after, re-
spectively, the addition of 1 mMouabain to the serosal bathing solu-
tion. The probability values shown in the figure compare the pre-
and post-ouabain results. The symbols indicate comparison with
their respective control groups: (a) P < 0.025 compared with the
control group; (b) P < 0.001 compared with the control group; (c)
NS (not significant) compared with the control group.

ticosteroids have similar, but not identical effects on electro-
lyte transport in the mammalian colon (1, 7-12), and consid-
erable uncertainty exists regarding the exact role of aldoste-
rone and glucocorticoids in the regulation of colonic ion
transport. The demonstration that both specific mineralocor-
ticoid and glucocorticoid cytosolic receptors are present in the
rat and rabbit colon is consistent with the interpretation that
each cytosolic steroid receptor mediates specific ion transport
processes (13-16). However, to date no study has convincingly
demonstrated which corticosteroid receptor is specifically re-
sponsible for each of the several previously identified cortico-
steroid-induced changes in sodium and potassium transport.

Recently a series of compounds has been synthesized by
the French pharmaceutical company, Roussel UCLAF, which
are well suited to identify the specific role of the two corticoste-
roid receptors (19). Binding studies with glucocorticoid recep-
tor-specific agonists, designated RU 26988 and RU 28362,
have demonstrated these agonists bind with high affinity to the
glucocorticoid receptor, do not displace the binding of radio-
labeled aldosterone from the aldosterone receptor, and are

Table II. Unidirectional and Net Potassium Fluxes in Control, 7-d Aldosterone-infused, and 7-d RU28362-infused Groups

n J., J., Jo,, I,, G

yeq/h* cm' mS/cm2

Control 6 0.83±0.07 0.42±0.04 0.41±0.08 1.1±0.2 8.0±0.7
Aldosterone 8 0.81±0.06 1.30±0.10 -0.49±0.08 5.0±0.3 13.1±1.2
P* NS <0.001 <0.001 NS NS
RU28362 7 0.97±0.12 0.61±0.08 0.36±0.08 0.9±0.2 7.9±0.9
P* NS NS NS NS NS

Values are mean±SE. Unidirectional potassium fluxes were determined with 42K. Positive values represent net absorption, and negative ones,
net secretion. See the legend to Table I for additional details. * Compared with control group.
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not displaced from the glucocorticoid receptor by aldosterone
(16, 19). These compounds, therefore, permit investigation of
the specific role of the glucocorticoid receptor in mediating
changes in colonic ion transport.

Although four studies of colonic epithelial function have
been reported to date with these agonists (16, 18, 20, 25), none
have identified the active electrolyte transport changes that
occur when glucocorticoids are administered to nonadrenal-
ectomized animals. In studies of colonic electrolyte movement
in adrenalectomized rats in vivo, Bastl (20) has suggested that
the glucocorticoid receptor regulated basal electroneutral so-
dium absorption. The major limitations of this study are that
in vivo studies are not ideal to establish the presence of active
potassium secretion and that these synthetic glucocorticoid
receptor-specific agonists were administered as pulses during
the initial 26-h period after general anesthesia for surgical adre-
nalectomy. Halevy et al. (25) reported that RU28362 infused
into rats for 24 h increased amiloride-insensitive Isc which may
represent either active chloride secretion or amiloride-resis-
tant, electrogenic sodium transport. The former has been
shown to be stimulated by dexamethasone and methylpredni-
solone in rat distal colon (26) and rat ileum (27), respectively,
and the latter was recently described in the rabbit cecum (28).
Unfortunately, neither ion flux measurements nor ion replace-
ment studies were performed to establish the basis for this
increase in Isc. Electrophysiologic studies compared the effects
of RU 28362, dexamethasone, and secondary hyperaldoste-
ronism in the rat distal colon and concluded that the two
steroid receptors mediate changes in sodium and potassium
transport that differ both qualitatively and quantitatively and
that dexamethasone activates both types of receptors (18).
Two limitations of this study were the absence of isotopic
sodium and potassium flux measurements and the use of very
large amounts of corticosteroids (approximately 10 times the
estimated Kmof the glucorticoid receptor and the amount used
in the other studies [20, 25] and in the present study).

Continuous infusion of aldosterone via implanted Alzet
osmotic minipumps produce identical changes in sodium and
chloride transport as dietary sodium depletion (6 and Table I).
Long-term 7-d infusion of aldosterone resulted in both stimu-
lation of electrogenic amiloride-sensitive sodium absorption
and inhibition of electroneutral Na-Cl absorption which is the
primary sodium transport system in normal animals. These
studies further demonstrate that infusion of aldosterone pro-
duced identical changes in potassium transport compared to
those that are observed in dietary sodium depleted animals:
both 1- and 7-d infusion of aldosterone resulted in active po-
tassium secretion (Table II). Whenaldosterone-stimulated po-
tassium secretion was inhibited by the addition of 1 mMsero-
sal ouabain, electroneutral potassium absorption was also en-
hanced (Fig. 3). The rate of the potassium absorptive process
in the presence of ouabain in the aldosterone-infused animals
was significantly greater than that observed in the control ani-
mals and, therefore, indicates that aldosterone not only in-
duced active potassium secretion but also stimulated active
electroneutral'potassium absorption.

Aldosterone infused for 1 d produced a modest (though
significant) stimulation of electroneutral Na-Cl absorption, in
addition to its induction of electrogenic sodium absorption.
Wesuggest that this transient enhancement of electroneutral
Na-Cl absorption is a result of the binding of aldosterone to the

glucocorticoid receptor since RU28362 did not inhibit elec-
troneutral Na-Cl absorption at any time up to 11 d (Fig. 2) and
experiments with both aldosterone (3) and sodium repletion
(29) indicate that inhibition of electroneutral Na-Cl absorption
requires exposure to aldosterone for at least 48-72 h. Wespec-
ulate that the stimulation of electroneutral Na-Cl absorption
by aldosterone at 24 h is secondary to its binding to the gluco-
corticoid receptor3 but that at latter time points its inhibition
which mediated by the aldosterone receptor is dominant over
its enhancement by the glucocorticoid receptor.

The glucocorticoid receptor-specific agonist RU28362 re-
sulted in stimulation of electroneutral Na-Cl absorption which
was observed as early as 24 h after its infusion (Fig. 2). Al-
though aldosterone both induced electrogenic sodium absorp-
tion and inhibited electroneutral Na-Cl absorption, there was
no evidence of either induction of electrogenic sodium trans-
port or inhibition of electroneutral Na-Cl absorption even
after 11 d of infusion of RU28362 (Fig. 2). Studies of potas-
sium transport also did not reveal any effect of RU28362 on
either potassium absorption or potassium secretion (Fig. 3).
These results are in marked contrast to the changes in sodium
and potassium transport produced by aldosterone and indicate
that the two corticosteroid receptors in the distal colon pro-
duce highly specific changes in electrolyte transport. This dis-
tinct separation of the action of RU28362 and aldosterone on
ion transport in this epithelia indicates that RU 28362 is a
specific glucocorticoid receptor agonist and, as a consequence,
implies that the changes in potassium and electrogenic sodium
transport mediated by aldosterone are mediated solely as a
result of aldosterone's binding to the mineralocorticoid recep-
tor. Thus, the mineralocorticoid receptor mediates very spe-
cific changes in sodium and potassium transport in the rat
distal colon while the glucocorticoid receptor mediates other
sodium (but not potassium) transport processes.

The efficacy of corticosteroids in the therapy of inflamma-
tory bowel disease has been recognized for 40 years. Originally,
the usefulness of corticosteroids in these clinical conditions
was assumed solely the result of their anti-inflammatory ef-
fect. Newer understanding of the role of corticosteroids in the
regulation of colonic electrolyte transport has raised the possi-
bility that the antidiarrheal action of these steroids in inflam-
matory bowel disease may also be related to their proabsorp-
tive effect on electrolyte movement (1, 29). The results of this
present study together with the recent demonstration that so-
dium and chloride are actively absorbed throughout the nor-
mal human colon predominantly by electroneutral transport
mechanisms (30-32) may have important therapeutic impli-
cations for inflammatory bowel disease. An ultrapure gluco-
corticoid receptor-specific agonist such as RU28362 may pro-
vide greater efficacy with fewer side effects than the presently
used "glucocorticoids" which manifest significant mineralo-
corticoid agonist activity.

3. Since general anesthesia and abdominal surgery can result in eleva-
tion of plasma corticosterone levels (21), it is possible that the increase
in electroneutral Na-Cl absorption observed after 24 h of aldosterone
infusion is a result of elevated endogenous corticosteroid levels and not
of aldosterone. This possibility is unlikely since in animals subjected to
considerably greater stress than the implantation of a subcutaneous
minipump, plasma corticosterone levels had returned to normal
within 14h(21).
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