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Earlier studies by our laboratory have suggested a relationship between an amiloride-sensitive Na+-H + 
exchange process and the physical state of the lipids of rat colonic brush-border membrane vesicles. To 
further assess this possible relationship, a series of experiments were performed to examine the effect of 
dexamethasone administration (100/~g/100 g body wt. per day) subcutaneously for 4 days on Na+-H + 
exchange, lipid composition and lipid fluidity of rat distal colonic brush-border membrane vesicles. The 
results of these studies demonstrate that dexamethasone treatment significantly: (1) increased the Vma x of 
the Na+-H + exchange without altering the K m for sodium of this exchange process, utilizing the 
fluorescent pH-sensitive dye, acridine orange. ZZNa flux experiments also demonstrated an increase in 
amiloride-sensitive proton-stimulated sodium influx across dexamethasone-treated brush-border membrane 
vesicles; (2) increased the lipid fluidity of treated-membrane vesicles compared to their control counterparts, 
as assessed by steady-state fluorescence polarization techniques using three different lipid-soluble fluoro- 
phores; and (3) increased the phospholipid content of treated-membrane vesicles thereby, decreasing the 
cholesterol/phospholipid molar ratio of treated compared to control preparations. This data, therefore, 
demonstrates that dexamethasone administration can modulate amiloride-sensitive Na+-H + exchange in rat 
colonic distal brush-border membrane vesicles. Moreover, it adds support to the contention that a direct 
relationship exists between Na+-H + exchange activity and the physical state of the lipids of rat colonic 
apical plasma membranes. 

* Data supplementary to this article are deposited with, and 
can be obtained from Elsevier Science Publishers BV (Bio- 
medical Division), BBA Data Deposition, P.O. Box 1345, 
1000 BH Amsterdam, The Netherlands. Reference should be 
made to No.: BBA/DD/381/73792/905 (1987) 485. The 
supplementary information includes: Two tables of the com- 
positional analysis of neutral phospholipids as well as the 
total fatty acids of distal colonic brush-border membranes 
of control and dexamethasone-treated rats. 

Correspondence: T.A. Brasitus, University of Chicago 
Hospitals and Clinics, 5841 South Maryland Avenue, Box 
400, Chicago, IL 60637, U.S.A. 

Introduction 

The mammalian large intestine is important in 
the maintenance of normal electrolyte and water 
balance [1]. In vivo, the colon absorbs sodium, 
chloride and water and secretes potassium and 
bicarbonate [1]. While the action of mineralocor- 
ticoids on electrolyte transport in the large in- 
testine has been well established [2-4], until re- 
cently, glucocorticoids were not considered to have 
an effect on colonic sodium absorption. Recent 
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studies, however, have demonstrated that these 
latter steroids are also important in mediating 
cation transport in this organ [5-7]. For example, 
pharmacological doses of dexamethasone a n d / o r  
methylprednisolone have been shown to increase 
the net uptake of sodium and water as well as 
influence the secretion of potassium in the colon 
[5-7]. In these studies, glucocorticoids stimulated 
electrogenic sodium absorption, as increases in 
sodium absorption were accompanied by a rise in 
transmural potential differences [6,7]. 

In the rat colon, although electrogenic sodium 
absorption is present, the predominant sodium 
absorptive process appears to be electroneutral 
sodium transport [7]. Recent studies from our 
laboratory [8-11] and others [12] have, in fact, 
demonstrated the presence of an amiloride-sensi- 
tive, electroneutral N a + - H  + exchange process in 
rat colonic brush-border membrane vesicles. This 
transport system possesses a number of character- 
istics similar to N a + - H  + exchangers previously 
described in other plasma membranes [13,14]. In 
this regard, dexamethasone has been shown to 
modulate N a + - H  + exchange activity in rat kidney 
cortex brush-border membrane vesicles [15,16]. To 
date, similar studies of the effect of dexametha- 
sone on N a + - H  + exchange in the mammalian 
colon have not been undertaken. 

Prior studies from our laboratory have also 
suggested a direct correlation between lipid fluid- 
ity * and the N a + - H  + exchange process in rat 
colonic brush-border membrane vesicles [9-11]. 
Since dexamethasone has previously been shown 
to influence membrane lipid fluidity in rat small 
intestinal and hepatic membranes [17,18], it was of 
interest to examine the effect of this steroid not 
only on Na + H + exchange process but also on the 

* The term 'lipid fluidity' as applied to anisotropic bilayer 
membranes is used to represent the relative motional free- 
dom of the lipid molecules or substituents thereof. A more 
detailed description of the sense in which the term is used is 
given in Ref. 33. Briefly, as evaluated by steady-state fluo- 
rescence polarization of lipid fluorophores, fluidity is as- 
sessed via the parameters of the modified Perrin equation 
described under Experimental Procedures. An increase in 
fluidity corresponds to a decrease in either the correlation 
time, T~, or the hindered anisotropy, roo, of the fluorophore. 
Hence, the term combines the concepts of the 'dynamic' and 
'static' (lipid order) components of fluidity. 

lipid fluidity of rat colonic brush-border mem- 
brane vesicles. 

The results described below demonstrate that 
dexamethasone increased the N a + - H  + exchange 
activity and the lipid fluidity of rat distal colonic 
brush-border membrane vesicles. The increase in 
lipid fluidity was due, at least in part, to a de- 
crease in the cholesterol/phospholipid molar ratio, 
secondary to a higher phospholipid content in 
membranes prepared from dexamethasone-treated 
rats. These findings serve as a basis for the present 
report. 

Experimental procedures 

Materials 
Dexamethasone was obtained from Sigma 

Chemical Company. DL-2-(9-anthroyl)stearic acid 
and DL-12-(9-anthroyl)stearic acid were purchased 
from Molecular Probes (Eugene, OR). 1,6-Di- 
phenyl-l,3,5-hexatriene was obtained from Al- 
drich Chemical Company (Milwaukee, WI). Fatty 
acid methyl esters, GLC columns and lipid stan- 
dards were all purchased from Applied Science 
Corp. (State College, PA) and /o r  Supelco (Be- 
llefonte, PA). All other chemicals were obtained 
from either Fisher Chemical Company (Fairlawn, 
N J) or Sigma Chemical Company (St. Louis, MO), 
unless otherwise indicated. 

Animals and steroid admin&tration 
Male Sprague-Dawley rats (250-300 g) were 

fed Purina rat chow pellets ad libitum. The experi- 
mental and control groups received daily subcuta- 
neous (s.c.) injections (100/~g/100 g body weight) 
of dexamethasone in 0.9% saline or diluent, re- 
spectively, for 4 days. The final injection was 
given to rats 2 h before killing on the fourth day. 

Preparation of colonic brush-border membrane 
vesicles 

Rats were fasted 18 h with water ad libitum 
before being killed. The distal halves of the colons 
were excised and epithelial cells, relatively devoid 
of goblet cells, were then obtained using a tech- 
nique which combined chelation of divalent ca- 
tions with mild mechanical dissociation [19]. 
Brush-border membrane vesicles were then pre- 
pared from these cells as described by Brasitus 
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and Keresztes [19]. The purity of the membrane 
suspensions and the degree of contamination with 
intracellular organelles were assessed by ap- 
propriate marker enzymes. The specific activity 
ratios [(purified apical membrane)/  (crude homo- 
genate)] for the brush-border enzyme markers, 
total alkaline phosphatase (p-nitrophenylphos- 
phatase) and cysteine-sensitive alkaline phospha- 
tase, ranged from 15 to 20 in all membrane pre- 
parations. Moreover, the specific activity value for 
these brush-border membrane markers in the ho- 
mogenates and final pellets were not found to be 
significantly different in treated and control pre- 
parations (not shown). The corresponding values 
for succinate dehydrogenase, NADPH-cy to -  
chrome-c reductase and sodium-potassium-depen- 
dent adenosine triphosphatase, marker enzymes 
for mitochondrial, microsomal and basolateral 
membranes, respectively, ranged from 0.50 to 1.50 
in each of these membrane preparations [19]. Pro- 
tein was estimated by the method of Lowry et al. 
[20]. Liposomes were prepared from the extracted 
lipids of each membrane as previously described 
[21]. 

Na +-H + exchange studies 
Fluorescence dye experiments. Amiloride-sensi- 

tive-sodium-stimulated proton efflux was mea- 
sured in colonic brush-border membrane vesicles, 
utilizing the pH-sensitive dye, acridine orange, as 
previously described by our laboratory [8-11] and 
others [22-24]. A Perkin-Elmer 650-40 spectroflu- 
orometer (Perkin Elmer Corp., Norwalk, CT) (ex- 
citation 493 nm, emission 530 nm) equipped with 
a thermostated cuvette, stirring system and adding 
port was used in all experiments. 

The assay solution contained 6 /~M acridine 
orange, 250 mM sucrose, 100 mM N-methyl- 
glucamine gluconate and 10 mM Tris-Hepes, (pH 
7.5). After 2 ml of this buffer reached steady-state 
fluorescence (approx. 90 s), 50 /~1 of colonic 
brush-border membrane vesicles (100-150/~g pro- 
tein), preloaded with 250 mM N-methylglucamine 
gluconate and 10 mM Tris-Hepes (pH 6.0) were 
added. As previously reported [22-24], there was a 
30-40% quenching in acridine orange fluorescence 
signal which reached equilibrium within 2 min. 
Sufficient amounts of sodium gluconate solution 
were then added with constant stirring to achieve 

a final concentration of 5-50 mM in the assay 
medium. The addition of sodium resulted in a 
collapse of the outwardly directed H + gradient 
and a reappearance of acridine orange fluores- 
cence [22]. The increase in fluorescence was linear 
for at least 2 s and the initial rate of acridine 
orange fluorescence reappearance was measured 
as the initial slope. After 300 s the pH gradient 
was dissipated with 150 mM potassium gluconate 
and 10 tzg nigericin as described [10]. The small 
fluorescence quenching still remaining after 
nigericin addition was due to binding of the dye to 
the membranes [11]. Appropriate corrections were 
made for this binding as described by Burnham et 
al. [25]. All the experiments were performed at 
26 ° C. Care was exercised to maintain a constant 
temperature and pH which are known to influence 
the reproducibility of these results [22]. 

2:Na flux experiments. Brush-border membrane 
vesicles were prepared as described above and the 
final pellet was resuspended and washed twice 
according to the method of Freiberg et al. [15]. All 
preparations were initially washed in 300 mM 
mannitol, 5 mM Tris-Hepes (pH 7.5). In studies 
where the pH of the intracellular medium was 7.5, 
a second washing with 144 mM KC1, 5 mM Mes, 
13 mM Tris, 13 mM Hepes (pH 7.5) was used and 
the final pellet brought up in the same buffer. In 
experiments where the pH of the intravesicular 
medium was pH 5.5, the second washing solution 
containing 150 mM KC1, 25 mM Mes, 4.6 mM 
Tris (pH 5.5). 

Uptake of Z2Na was measured at 26°C by a 
Millipore filter technique as described by Murer et 
al. [26]. The incubation medium contained 144 
mM KC1, 5 mM Mes, 13 mM Hepes, 13 mM Tris, 
1 mM NaC1 (pH 7.5), +1 mM amiloride. The 
experiment was started by the addition of 160/L1 
of the incubation media containing 1-2 /~Ci of 
22Na tO 40 ~1 of the membrane suspension. After 
designated periods of time (1 min and 180 min), 
the reaction was terminated by the addition of 5 
ml of ice-cold stop solution containing 150 mM 
LiC1, 16 mM Hepes, 10 mM Tris (pH 7.5). The 
diluted sample was immediately filtered through a 
0.45 /xm Millipore filter (HAWP), and the filter 
was washed three times with 5 ml of cold stopping 
solution. Filters were dissolved in scintillation 
fluid, and the radioactivity was measured in a 
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Beckman LS-6800 scintillation counter [9]. Each 
experiment was performed in triplicate on three 
separate preparations. 

Fluorescence polarization studies 
Three different fluorophores were used: 1,6-di- 

phenyl-l,3,5-hexatriene (DPH), DL-2-(9-anthroyl) 
stearic acid (2-AS), and DL-12-(9-anthroyl)stearic 
acid (12-AS). Steady-state fluorescence polariza- 
tion studies were performed with a Perkin-Elmer 
650-40 spectrofluorometer adapted for fluores- 
cence polarization. The methods used to load the 
membranes and liposomes and the quantification 
of the polarization of fluorescence have been de- 
scribed [21,27,28]. The content of each fluoro- 
phore in the membranes and liposomes was de- 
termined fluorometrically as described by Cogan 
and Schachter [29]. Final molar ratios of p robe /  
lipid ranged from 0.002 to 0.003 and the ani- 
sotropy differences observed in these studies could 
not be ascribed to differences in probe concentra- 
tions in the membranes a n d / o r  liposomes. Cor- 
rection for light scattering was also routinely made 
as previously described [21,27,28]. 

The results were obtained according to mod- 
ified Perrin relationship [30,31]: 

r = r~ +(r 0 - r~)[L/(~  + Tf)l 

where r is the fluorescence anisotropy; r 0 is the 
maximal limiting anisotropy taken as 0.365 for 
DPH [32] and 0.285 for the anthroyloxy probes 
[33]; r~ is the limiting hindered anisotropy; T~ is 
the correlation time; and Tf is the mean lifetime 
of the excited-state. The lifetime, Tf, was esti- 
mated by phase fluorimetry at 30 MHz [34,35] in 
an SLM 4800 subnanosecond polarization spec- 
trophotometer (SLM-Aminco, Urbana, IL) as de- 
scribed [36,37]. Values of r~ for DPH were calcu- 
lated from r values as previously described by 
Van Blitterswijk et al. [38]. The 'static component '  
of membrane fluidity was assessed by an order 
parameter, S, where S = (r~/ro) 1/2, as described 
previously [30,31,38]. 

Lipid composition studies 
Total lipids from colonic brush-border mem- 

branes were extracted by the method of Folch et 
al. [39]. Cholesterol [40] and phospholipids [41] 

were measured as previously described. The neu- 
tral and phospholipid compositions of the extracts 
were further analyzed by thin-layer chromatogra- 
phy as described by Katz et al. [42] and Schwarz 
et al. [43], respectively. Fatty acids of the total 
lipid extracts were derivatized and the fatty acid 
methyl esters analyzed on a Hewlett-Packard 
5790A gas-liquid chromatography equipped with a 
flame ionization detector as previously described 
by Gartner and Vahouny [44], using authentic 
fatty acid methyl ester standards to identify reten- 
tion times. 

Statistical methods 
Values were expressed as means _+ S.E. Paired 

or unpaired t-tests were used for all statistical 
analysis. A P value < 0.05 was considered signifi- 
cant. 

Results 

Effect of dexamethasone treatment on Na + H + 
exchange 

Using an acridine orange fluorescence tech- 
nique, sodium-stimulated proton efflux was mea- 
sured in colonic brush-border membrane vesicles 
prepared from control and dexamethasone-treated 
rats. Kinetic studies using various concentrations 
of sodium demonstrated saturation kinetics in both 
control and treated preparations. This exchange 
process was inhibited by approx. 85% by amiloride 
(1 mM) (not shown). As assessed by alterations in 
the initial slope of fluorescence, dexamethasone 
treatment significantly increased sodium-stimu- 
lated proton efflux at all concentrations of sodium 
tested (5.0-50 mM) (not shown). The values for 
Vma ~ (expressed in arbitrary fluorescence units) 
and K m for sodium were then obtained from 
Hofstee plots [45] (Fig. 1), and this data is pre- 
sented in Table I. Dexamethasone treatment sig- 
nificantly increased the Vm~ of this process (ap- 
prox. 30%). Dexamethasone treatment, however, 
did not significantly alter the appearance affinity 
(K  m) for sodium of this exchange process (Table 
I). 

In agreement with the acnclme orange stumes 
noted above, amiloride-sensitive, pH-stimulated 
sodium influx using Z2Na at 1 min was signifi- 
cantly higher in the dexamethasone-treated rat 
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fig. 1. Amiloride-sensitive sodium-stimulated proton efflux was 
measured in rat colonic brush-border membrane vesicles, using 
the pH-sensitive fluorescent dye, acridine orange, as described 
under Experimental Procedures. Representative Hofstee plots 
of six separate experiments, using colonic membranes prepared 
from control (A) and dexamethasone-treated (B) animals, are 

shown. 

colonic brush-border membrane vesicles (1.70 _+ 
0.08 n m o l / m g  protein, N =  3) than in control 
membrane vesicles (1.37 _+ 0.04, N = 3) (P  < 0.05). 
Accumulations of Na + after 180 min of incuba- 
tion, at a time when both Na + and H + gradients 
were dissipated, were, however, similar in the 
vesicles of both groups (control, 0.86 +_ 0.10; de- 
xamethasone-treated, 0.66 +0.12 n m o l / m g  pro- 
tein) (P  > 0.05). As previously discussed [46], the 
latter finding indicates that the average intravesic- 
ular volumes of vesicles isolated from control and 
treated animals were comparable, suggesting that 
the difference in the rates of uptake seen using 
acridine orange and 2:Na techniques (see above) 

were not due to alterations in vesicle size. Since 
similar aliquots of membrane protein were used in 
the transport experiments, this also rules out 
changes in vesicular number as being responsible 
for the N a + - H  + exchange differences seen in the 
present studies between control and treated-pre- 
parations. 

Fluorescence polarization studies 
As shown in Table II and Table III, the lipid 

fluidity of colonic brush-border membranes of 
rats treated with dexamethasone for 4 days was 
significantly higher than control membranes, as 
assessed by steady-state fluorescence polarization 
techniques using all three fluorophores. As previ- 
ously discussed [37], these fluorophores differ in a 
number of their characteristics. In biological and 
artificial membranes, the structural organization 
of the lipid bilayer appears to limit the extent of 
rotation of DPH; therefore, r~ values for this 
probe are high and largely determine r [38]. 2-AS 
and 12-AS yield relatively low values of r~ in 
bilayer membranes, and their r values reflect 
mainly T~, i.e., speed of rotation [32,47]. 

In the present studies, both the 'static' and 
'dynamic' component of membrane fluidity, as 
assessed by r~ and 'S '  values of DPH (Table II) 
and r values of 2-AS and 12-AS (Table III), 
respectively, were found to be increased in the 
membranes prepared from dexamethasone-treated 
rats. Differences in fluidity were also detected in 
liposomes of colonic membranes prepared from 
dexamethasone-treated rats compared to controls 
using DPH (Table II). 

In order to ascertain that the fluidity dif- 
ferences observed in the present studies were not 
secondary to differences in lifetimes of the excited 
state of the fluorophores, the mean lifetimes of the 
excited-state of DPH, 2-AS and 12-AS were de- 

TABLE 1 

EFFECT OF DEXAMETHASONE ON KINETIC PARAMETERS OF AMILORIDE-SENSITIVE SODIUM-STIMULATED 
PROTON EFFLUX OF RAT DISTAL COLONIC BRUSH-BORDER MEMBRANES 

Parameters N Control Dexamethasone Mean 4- S.E. of P 
(mean) (mean) differences 

K m 6 25.1 27.3 2.9_+ 1.6 > 0.05 
Vm~ , (fluorescence 

uni t s / s  per mg protein) 6 2045 2633 587 _+ 82 < 0.001 
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TABLE II 

EFFECT OF DEXAMETHASONE ON THE FLUIDITY OF RAT DISTAL COLONIC BRUSH-BORDER MEMBRANES AND 
THEIR LIPOSOMES USING DPH AT 25 ° C  

Preparations Fluidity N Control Dexamethasone Mean -+ S.E. P 

parameters (mean) (mean) differences 

Intact membranes r 11 0.245 0.238 0.007 ± 0.002 < 0.05 

r~ 11 0.227 0.218 0.009 ± 0.003 < 0.05 

S 11 0.792 0.771 0.016 ± 0.005 < 0.05 

Liposomes r 6 0.227 0.200 0.027 ± 0.008 < 0.05 

r~ 6 0.202 0.166 0.036 -+ 0.011 < 0.05 
S 6 0.744 0.672 0.072 ± 0.023 < 0.05 

term±ned in all preparations. There were no sig- 
nificant differences observed in the lifetimes of 
these fluorophores in preparations prepared from 
control and dexamethasone-treated rats (data not 
shown). 

TABLE IIl  

EFFECT OF DEXAMETHASONE ON THE FLUIDITY OF 

RAT DISTAL COLONIC BRUSH-BORDER MEMBRANES 

USING 2-AS AND 12-AS 

Values are means-+ S.E. of 6-8  separate preparations. 

Probe Preparations r at 25 ° C 

2-AS control 0.168 -+ 0.003 

dexamethasone 0.149 -+ 0.009 * 

12-AS control 0.110 ± 0.003 

dexamethasone 0.094 ± 0.008 * 

• P < 0.05 or less compared to controls. 

Lipid composition studies 
Prior studies in model bilayers and natural 

membranes have correlated a high lipid fluidity 
with lower molar ratios of choles tero l /  
phospholipids and sphingomyelin/phosphatidyl- 
choline [33,48-50]. More unsaturated or shorter 
fatty acyl chains in phospholipids have also been 
associated with a higher membrane lipid fluidity 
[48]. It was, therefore, of interest to examine these 
parameters in control and treated-rats (Table IV). 
Membranes prepared from dexamethasone-treated 
animals were found to possess a higher phos- 
pholipid content (Table IV) and a lower molar 
ratio of cholesterol/phospholipid than mem- 
branes of control animals (Table IV). The other 
parameters including the saturation indices and 
the sphingomyelin/phosphatidylcholine molar 
ratios were not significantly different in these 
membranes (Table IV). No significant differences 

TABLE IV 

COMPOSITIONAL ANALYSIS OF LIPID EXTRACTS OF BRUSH-BORDER MEMBRANES OF RAT DISTAL COL. 

ONOCYTES FROM CONTROL AND DEXAMETHASONE-TREATED RATS 

Values are mean-+ S.E. of 4-5  separate preparations. 

Parameter Control Dexamethasone 

Cholesterol/phospholipid (mol /mol )  c 
Sphingomyelin/PC (mol /mol )  c 

Saturation index a 
Double-bond index b 

Cholesterol/protein (w/w)  
Phospholipid/protein (w/w)  

0.92+0.08 0.71 +0.07 * 
0.39 -+ 0.08 0.47 -+ 0.05 

0.36 -+ 0.02 0.37 ± 0.04 
1.21 -+ 0.04 1.20 -+ 0.07 
0.15 -+ 0.02 0.15 -+ 0.02 
0.26 -+ 0.03 0.36 -+ 0.02 * 

~' Number of saturated acyl chains divided by sum of each unsaturated chain multiplied by the number of double bonds. 

b Sum of each unsaturated chain multiplied by the number of double bonds/100.  

Calculated from raw data. 



were observed in relative percentages of individual 
lipid species, as analyzed by TLC, in membranes 
of control and treated-animals (not shown) *. Ad- 
ditionally, compositional analysis of total fatty 
acids by GLC revealed no significant differences 
in treated-membranes compared to their control 
counterparts (not shown) * 

Discussion 

In agreement with prior studies in rat kidney 
[15,16], the present studies demonstrate for the 
first time that dexamethasone administration in- 
creased the N a t - H  ÷ exchange activity of rat dis- 
tal colonic brush-border membrane vesicles. Con- 
comitant with this increase in N a ÷ - H  + exchange, 
the lipid fluidity of these membranes was also 
increased. Dexamethasone increased both the 'dy- 
namic' as well as the 'static' components of mem- 
brane lipid fluidity. The increase in lipid fluidity 
of these treated membranes appeared to be due, at 
least partially, to an increased phospholipid con- 
tent, resulting in a decreased cholesterol/  
phospholipid molar ratio. 

Accumulated evidence [9-11,15,16,46,51-53] 
supports the existence of regulatory mechanism(s) 
for N a t - H  ÷ exchange in several epithelia. For 
example, N a t - H  + exchange activity in rat and /o r  
rabbit renal brush-border membrane vesicles has 
been shown to be modulated by such in vivo 
perturbations as: (1) hypo- and hyperthyroidism 
[46], (2) glucocorticoid administration [15,16,52] 
and (3) metabolic acidosis [52,53]. Studies in rat 
renal brush-border membrane vesicles have also 
demonstrated the presence of a nontransporting 
H + modifier site in its Na+-H + exchanger [51]. In 
this regard, recent studies in our laboratory, using 
benzyl alcohol [9] and S-adenosyl-L-methionine- 
mediated transmethylation of phospholipids 
and /o r  proteins [10] to fluidize colonic brush- 
border membrane vesicles, have suggested a paral- 
lel relationship between membrane vesicular fluid- 
ity and N a t - H  + exchange activity in these mem- 
branes. Increases in fluidity were associated with 
increases in the Vm~ x without influencing the ap- 
parent affinity ( K m )  for sodium of this process 

* See footnote on p. 485. 
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[9,10]. Similarly, a decrease in colonic brush-border 
membrane lipid fluidity in estradiol-treated rats 
was associated with a decrease in Vma ~ of N a t - H  + 
exchange without influencing the K m for sodium 
of this process [11]. The present findings, there- 
fore, further support the contention that mem- 
brane fluidity may also play a role in modulation 
of the N a t - H  ÷ exchange process in these mem- 
branes. 

Previous studies in a number of different cell 
types have shown that mineralocorticoids and glu- 
cocorticoids can influence the plasma membrane 
lipid composition of these cells [54-57]. In the 
present studies, dexamethasone administration 
produced an increased total phospholipid content 
in rat distal colonic brush-border membrane 
vesicles resulting in a decreased cholesterol/ 
phospholipid molar ratio. In this regard, prior 
studies have shown that corticosteroid administra- 
tion resulted in an increase in total phospholipid 
content of rat and rabbit lung surfactants [57-59]. 
In the latter studies, increases in phosphati- 
dylcholine content in lung surfactant lipids ap- 
peared to be due to increases in the specific activ- 
ity of choline-phosphate cytidyltransferase. In the 
present studies, this enzymatic activity was not 
examined since the relative percentage of phos- 
phatidylcholine was not increased in dexametha- 
sone-treated membranes. Further studies will, 
therefore, be required to elucidate the mechanisms 
involved in the production of the lipid alterations 
of rat colonic brush-border membranes (noted in 
animals). Regardless of the mechanism(s) involved 
in the latter membrane phenomenon, however, the 
present observations, taken together with our pre- 
vious studies [9-11], suggest that dexamethasone 
administration increased membrane lipid fluidity 
which, in turn, may result in an increase in 
N a t - H  + exchange activity. 

It should be noted, however, that the present 
studies do not rule out other possibilities. 
Dexamethasone could directly influence the 
N a t - H  + exchanger, increase the number of 
exchangers per unit membrane area, or alter the 
initial rate of the exchanger process by influencing 
sodium and /o r  proton permeability of these mem- 
brane vesicles. Alternatively, dexamethasone may 
also influence N a + - H  + exchange in colonic 
brush-border membranes by altering the sensitiv- 
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ity of  a possible nontranspor t ing H + modifier site. 
The existence of such a modifier site, however, has 
not  yet been established in the N a + - H  + exchanger 
of colonic apical membranes.  

Prior studies by Freiberg et al. [15] in rat renal 
proximal tubule brush-border  membranes  have 
demonstrated that the glucocorticoid dexametha-  
sone, but not  the mineralocorticoid aldosterone, 
increased amiloride-sensitive N a + - H  + exchange 
whereas, N a  + uptake, independent  of  amiloride, 
was not changed. Moreover,  dexamethasone was 
found to decrease Na  + gradient-dependent  phos- 
phate uptake and not  affect N a  + gradient-depen- 
dent glucose uptake [15], a further indication of 
the specificity of glucocorticoid action. 

In this regard, prior in vitro studies in the distal 
segment of  the rat large intestine have also shown 
that i.p. administrat ion of  dexamethasone for 3 
days at much higher doses (600/~g/100 g body  wt. 
per day) than used in the present experiments, 
stimulated electrogenic sodium absorpt ion but 
abolished potassium absorpt ion [7]. Whether  the 
latter alterations in transport  can also be detected 
using the present regimen of  dexamethasone 
administrat ion (see Experimental  Procedures) re- 
mains to be determined as does the possible role 
of  fluidity in modulat ing any of  these other col- 
onic transport  processes. In  the present studies, 
however, dexamethasone treatment was not found 
to change the activities of either alkaline phos- 
phatase or cysteine-sensitive alkaline phosphatase  
in distal colonic membrane  preparations.  This is 
of  interest, since previous studies by our  labora- 
tory have shown that both  of these brush-border  
membrane  marker  enzymes can be increased by 
increases in the lipid fluidity of  these colonic 
plasma membrane  [19]. This would indicate that 
the fluidity alterations induced by  dexamethasone 
in the present studies may involve particular 'mi-  
crodomains '  of colonic membrane  lipid. Evidence 
for such microdomains  in membranes  using fluo- 
rescent probes such as D P H  have previously been 
published by our laboratory [60-62] and others 
[63,64]. Taken together, these observations suggest 
that the fluidity alterations seen in these experi- 
ments  after t reatment with dexamethasone may  be 
specific for modulat ion of  the N a + - H  + exchanger 
in rat distal colonic brush-border  membranes.  
Further  experiments will be necessary, however, to 

clarify this issue as well as to determine the mech- 
anism(s) whereby alterations in fluidity modify  
N a + - H  + exchange in these colonic plasma mem- 
brane. 

Acknowledgements 

The authors would like to thank Kimberli  Cole- 
man  and David Rydell  for their excellent technical 
assistance and Evelyn Thorn ton  for her secretarial 
support.  This investigation was supported by PHS 
grant  number  CA 36745 and B R S G  S07 RR05476 
awarded by the Biomedical Research Support  
Gran t  program, Division of  Research Resources, 
N I H .  T.A.B. is the recipient of a Merit Award  
from the N . C . I . / N . I . H .  

References 

1 Binder, H.J. and Rawlins, C.L. (1973) Am. J. Physiol. 225, 
1232-1239 

2 Berger, E.Y., Kanazaki, G. and Steele, J.M. (1960) J. Phys- 
iol. (Lond.) 151, 352-362 

3 Edmonds, C. and Marriott, J.C. (1967) J. Endocrinol. 39, 
517-531 

4 Levitan, R. and Ingelfinger, F.J. (1965) J. Clin. Invest. 44, 
801-808 

5 Charney, A.N., Kinsey, M.D., Myers, L., Ginnella, R.A. 
and Gots, R.E. (1975) J. Clin. Invest. 56, 653-660 

6 Binder, H.J. (1978) Gastroenterology 75, 212-217 
7 Foster, E.S., Zimmerman, T.W., Haylslett, J.P. and Binder, 

H.J. (1983) Am. J. Physiol. 245, G668-G674 
8 Foster, E.S., Dudeja, P.K. and Brasitus, T.A. (1986) Am. J. 

Physiol. 250, G781-G787 
9 Brasitus, T.A., Dudeja, P.K., Worman, H.J. and Foster, 

E.S. (1986) Biochim. Biophys. Acta 855, 16-24 
10 Dudeja, P.K., Foster, E.S. and Brasitus, T.A. (1986) Bio- 

chim. Biophys. Acta 859, 61-68 
11 Dudeja, P.K., Foster, E.S., Dahiya, R. and Brasitus, T.A. 

(1987) Biochim. Biophys. Acta 899, 222-228 
12 Binder, H.J., Stange, G., Murer, H., Stieger, B. and Hauri, 

H.P. (1986) Am. J. Physiol. 251, G382-G390 
13 Knickelbein, R., Aronson, P.S., Atherton, W. and Dobbins. 

J.W. (1983) Am. J. Physiol. 245, G504-G510 
14 Warnock, D.G., Reenstra, W.W. and Yee, V.J. (1982) Am. 

J. Physiol. 242, F733-F739 
15 Freiberg, J.M., Kinsella, J. and Sacktor, B. (1982) Proc. 

Natl. Acad. Sci. USA 79, 4932-4936 
16 Kinsella, J.L., Freiberg, J.M. and Sacktor, B. (1985) Am. J. 

Physiol. 248, F233-F239 
17 Neu, J., Ozaki, C.K. and Angelides, K.J. (1986) Pediatr. 

Res. 20, 79-82 
18 Kapitulnik, J., Weil, E. and Rabinowitz, R. (1986) Bio- 

chem. J. 239, 41-45 



19 Brasitus, T.A. and Keresztes, R.S. (1984) Biochim. Biophys. 
Acta 773, 290-300 

20 Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, 
R.J. (1951) J. Biol. Chem. 193, 265-275 

21 Brasitus, T.A., Schachter, D. and Mamouneas, T.G. (1979) 
Biochemistry 18, 4136-4144 

22 Ives, H.E., Yee, V.J. and Warnock, D.G. (1983) J. Biol. 
Chem. 258, 9710-9716 

23 Reenstra, W.W., Warnock, D.G., Yee, V.J. and Forte, J.G. 
(1981) J. Biol. Chem. 256, 11664-11666 

24 Lee, H.C. and Forte, J.G. (1978) Biochim. Biophys. Acta 
508, 339-356 

25 Burnham, C., Munzesheimer, C., Rabon, E. and Sachs, G. 
(1982) Biochim. Biophys. Acta 685, 260-272 

26 Murer, H., Hopfer, U. and Kinne, R. (1976) Biochem. J. 
154, 597-604 

27 Brasitus, T.A. and Dudeja, P.K. (1985) J. Biol. Chem. 260, 
12405-12409 

28 Schachter, D. and Shinitzky, M. (1977) J. Clin. Invest. 59, 
536-548 

29 Cogan, U. and Schachter, D. (1981) Biochemistry 20, 
6396-6406 

30 Heyn, M.P. (1979) FEBS Lett. 108, 359-364 
31 Jahnig, F. (1979) Proc. Natl. Acad. Sci. USA 76, 6361-6365 
32 Shinitzky, M. and Barenholz, Y. (1974) J. Biol. Chem. 249, 

2652-2657 
33 Schachter, D., Cogan, U. and Abbot, R.E. (1982) Biochem- 

istry 21, 2146-2150 
34 Spencer, R.D., and Weber, G. (1969) Ann. N.Y. Acad. Sci. 

158, 361-376 
35 Lakowicz, J.R., Prendergast, F.G. and Hogen, D. (1979) 

Biochemistry 18, 508-519 
36 Storch, J. and Schachter, D. (1984) Biochemistry 23, 

1165-1170 
37 Brasitus, T.A. and Dudeja, P.K. (1985) Arch. Biochem. 

Biophys. 240, 483-488 
38 Van Blitterswijk, W., Van Hoeven, R.P. and Van Der Meer, 

B.W. (1981) Biochim. Biophys. Acta 644, 323-332 
39 Folch, J., Lees, M. and Sloane-Stanley, G.A. (1957) J. Biol. 

Chem. 226, 497-509 
40 Zlatkis, A., Jak, B. and Boyle, A.J. (1953) J. Lab. Clin. 

Med. 41, 486-492 
41 Ames, B.N. and Dubin, D.T. (1960) J. Biol. Chem. 235, 

769-775 

493 

42 Katz, S.S., Shippley, G.G. and Small, D.M. (1976) J. Clin. 
Invest. 58, 200-211 

43 Schwarz, S.M., Watkins, J.B., Ling, S.C., Fayer, J.C. and 
Mone, M. (1986) Biochim. Biophys. Acta 860, 411-419 

44 Gartner, S.L. and Vahouny, G.V. (1972) Am. J. Physiol. 
222, 1121-1124 

45 Hofstee, B.M.J. (1959) Nature, Lond. 184, 1296 
46 Kinsella, J. and Sacktor, B. (1985) Proc. Natl. Acad. Sci. 

USA 82, 3606-3610 
47 Vincent, M., DeForesta, B., Gallay, J. and Alfsen, A. (1982~ 

Biochem. Biophys. Res. Commun. 107, 914-921 
48 Shinitzky, M. and Barenholz, Y. (1978) Biochim. Biophys. 

Acta 515, 367-394 
49 Shinitzky, M. and Inbar, M. (1976) Biochim. Biophys. Acta 

433, 133-149 
50 Hubbel, W.L. and McConnell, H.M. (1971) J. Am. Chem. 

Soc. 93, 314-326 
51 Aronson, P.S., Nee, J. and Suhm, M.A. (1982) Nature 299, 

161-163 
52 Kinsella, J. and Sacktor, B. (1983) Fed. Proc. 42, 989 
53 Cohn, D.E., Klahr, S. and Hammerman, M.R. (1983) Am. 

J. Physiol. 245, F217-222 
54 Johnston, D., Matthews, E.R. and Melnykovich, G. (1980) 

Endocrinology 107, 1482-1488 
55 Murray, D.K., Wennhold, A.R. and Nelson, D.H. (1979) 

Endocrinology 105, 774-777 
56 Murray, D.K., Wennhold, A.R. and Nelson, D.H. (1982) 

Endocrinology, 111,452-455 
57 Young, S.L. and Silbajoris, R. (1986) J. Appl. Physiol. 60, 

1665-1672 
58 Rooney, S.A., Gobran, L., Gross, I., Wai-Lee, T.A., 

Nardone, L.L. and Motoyama, E.K. (1976) Biochim. Bio- 
phys. Acta 450, 121-130 

59 Post, M., Barsoumanian, A. and Smith, B.T. (1986) J. Biol. 
Chem. 261, 2179-2184 

60 Brasitus, T.A. and Schachter, D. (1980) Biochemistry 19, 
2763-2769 

61 Brasitus, T.A. (1983) Biochim. Biophys. Acta 728, 20-30 
62 Brasitus, T.A., Dudeja, P.K., Eby, B. and Lau, K. (1986) J. 

Biol. Chem. 261, 16404-16409 
63 Schoeder, F. (1983) Eur. J. Biochem. 132, 509-516 
64 Barrow, D.A. and Lentz, B.R. (1985) Biophys. J. 48, 

221-234 


