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Summary. Eleven different secosteroids or steroids (10 -I~ to 10 8 
M) were acutely and reversibly introduced in solutions delivered 
to the lumen of single proximal tubules of the amphibian Nec- 
mrus  kidney while recording basolateral cell membrane poten- 
tial V .... Seven of these molecules (I,25(OH)~D3, 25(OH)D3, 
24,25(OH)2D3, 5,6-trans-25(OH)D3, 19-diol-cholesterol, estradiol 
and testosterone) resulted in changes of Vm (AV,~) occurring in a 
few seconds, the largest AVm being observed with 1,25(OH)2D3, 
+6.5 + 0.75 mV (n = 19); these seven (seco)steroids, but not 
the four inactive sterols (vitamin D~, cholesterol, laD~ and aldo- 
sterone) possess a hydroxyl group on at least one carbon of the 
C~7 to Cz~ lateral chain of the sterol ring. The AV,,, effect was 
present in Na+-free or CI -free media, but it was abolished in 
HCO3 -free media. Depolarization of cell membrane potential by 
addition of glucose, l I raM, in luminal perfusion fluid abolished 
the 1,25(OH),D3-evoked AVm effect, suggesting dependence of 
the latter on the absolute value of membrane potential. Barium, 
a blocking agent of K + conductances, suppressed the 
1,25(OH)~D3-evoked AV,,, effect, even when the proper effects of 
barium of cell membrane potential were canceled by current 
clamp. Pretreatment with quinine, a putative blocker of Ca 2+- 
dependent K* channels also abolished the 1,25(OH)2D~-evoked 
depolarization. Such observations are consistent with the pres- 
ence of Ca2+-dependent K + channels at the apical cell membrane 
of the proximal tubule, these channels being inactivated by 
1,25(OH)zD~ and probably by other (seco)steroids. 
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tubule - membrane potential �9 1,25(OH)2D3 

Introduction 

Steroid hormones traditionally act on target cells by 
binding with specific receptors in the nucleus, 
thereby inducing protein synthesis. This process re- 
quires in general more than 1 hr. More recently, it 
has been shown that some sterols such as estradiol 
[9] exhibit early effects detectable within a few min- 
utes or less (for review, see Ref. 10), in addition to 
their usual mode of action. We have also reported 
that vitamin D metabolites, 1,25(OH)2D3 and 
25(OH)D3 (but not cholesterol), alter cell membrane 
potential of presumptive target cells, e.g. epiphy- 

seal cartilage and renal proximal tubule cells but not 
myocytes, with a time course of the order of sec- 
onds [14, 15]. Since these early responses to ste- 
roids clearly cannot be ascribed to de novo protein 
synthesis, they most likely reflect direct effect(s) on 
the cell membrane, e.g. changes of its ionic conduc- 
tances [14]. This effect is consistent with the view 
that vitamin D metabolites, by virtue of their cho- 
lesterol-like configuration, are rapidly incorporated 
into the membrane leaflet, thus altering its physical 
properties [27]. Since vitamin D metabolite-induced 
(rapid) changes of cell membrane potential may un- 
derlie some yet undefined physiologic action, the 
present work was undertaken to further character- 
ize the ionic mechanisms associated with these 
changes. The experiments were performed in the 
proximal tubule of the amphibian N e c t u r u s  maculo-  
sus,  a preparation extensively investigated in this 
laboratory [1-4, 11-14] and shown to be sensitive 
to vitamin D metabolites [14]. A large number of 
steroids and secosteroids 1 was tested in the present 
study to determine which molecules are effective in 
changing cell membrane potential and to attempt 
structure/function correlations. In addition we ex- 
amined in more detail the ionic dependence of the 
1,25(OH)zD3-evoked depolarization in proximal tu- 
bular cells and the effects of some inhibitors. The 
results indicate that 1,25(OH)zD3 acts by decreasing 
a barium-sensitive, CaZ+-dependent K+-conductive 
pathway. 

Materials and Methods 

All experiments were performed in the proximal tubule of Nec-  
turus kidney in vivo. The methods for anesthesia, dissection of 
the animals and preparation of the kidney have been described 
elsewhere [1, 2, 11-14]. 

t Secosteroids are steroids in which the ring B is opened; 
they are mostly made up by vitamin D and its metabolites. 
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Table. Composition of perfusing solutions 
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Control Glucose Na-free HCO3-free Low-CI Low-Ca Barium 
(mM) (raM) (mM) (raM) (raM) (raM) (mM) 

Na 95.0 95.0 95.0 95.0 95.0 95.0 
K 3.0 3.0 3.0 3.11 3.0 3.11 3.11 
Mg 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Ca 1.8 1.8 1.8 1.8 1.8 11.6 1.8 
CI 89.6 89.6 89.6 102.6 8.6 87.2 93.2 
HCO3 13.0 13.0 13.0 13.0 13.1/ 13.0 
Hepes 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
TMA 82.0 
Gluconate 93.2 
Choline 13.0 
Glucose 11.0 
Barium 1.0 
Ethanol 0. I% 0.1% 0. I% 0. I% 0. I% 0. I% 0. I% 

pH was adjusted with NaOH to 7.4. 
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Fig. 1. Rapid effects of 11 test molecules on Vm (concentrations 
are indicated in Materials and Methods). Average changes of Vm 
-+ SEM. The number of experiments is given in parentheses. AVm 
statistically different from zero at the 0.05 and 0.01 level is indi- 
cated by * and **, respectively, NS = not significant 

cessity to ensure high perfusion rates and prevent retrograde 
contamination of the nonperfusing barrel. However, contrary to 
rat kidney [6], a large opening of the tubular wall in Necturus 
does not suffice to evacuate the perfusates downstream, because 
it is spontaneously resealed by the abundant surrounding con- 
nective tissue. Continuous collection was necessary to avoid 
tubular distension [12-14]. Using perfusing pipettes having a tip 
diameter of 10 to 15/xm and applying high perfusion rates ( -  1 
/zl/min), we empirically defined the minimal tip diameter of the 
collecting pipette ensuring nondistension of the tubule as 40/xm. 
Under these conditions, no retrograde contamination of the sec- 
ond barrel was noticed in preliminary tests in which a colored 
(methylene blue 1%) versus a plain Ringer's solution were alter- 
natively delivered in the lumen of single tubules. 

In a number of experiments it was necessary to assess the 
effects of a (seco)steroid on Vm when added in either a physio- 
logic solution (A) or in a solution (B) of different composition. 
For such experiments, two double-barreled micropipettes were 
introduced into the lumen of single tubules (in addition to the 
collection pipette). They were filled with (i) solution A, (ii) solu- 
tion B, (iii) solution A plus a (seco)steroid and (iv) solution B 
plus the same (seco)steroid. All solutions contained ethanol, 
0.1%, the usual solvent of (seco)steroids. The composition of all 
perfusates is listed in Table 1. 

LUMINAL MICROPERFUSIONS 

A double-barreled micropipette (tip diameter 10 to 15 b~m) was 
inserted in the lumen of a tubule. One channel was filled with a 
physiologic Ringer's solution (Table 1, control) and the other 
with a similar Ringer's solution supplemented with a secosteroid 
or a steroid (one of the molecules appearing in Fig. 1). All perfus- 
ates were collected downstream by means of a single micropi- 
pette. Rapid changes from control to test perfusing solution and 
vice versa were achieved by two independent gravimetric sys- 
tems, each of them connected to one channel of the micropipette 
[12-14]. In a recent study, several pitfalls of the double-micro- 
perfusion technique have been emphasized in rat kidney [6]. The 
most important methodological aspect of that study was the ne- 

ELECTRICAL MEASUREMENTS 

A conventional Ling-Gerard microelectrode filled with KCI, 1 M, 
was inserted into the cell of a tubule, previously impaled with 
one (two) double-barreled (perfusing) plus a single (collection) 
micropipette and luminally perfused with the control Ringer's 
solution; once a stable Vm was achieved the perfusion fluid was 
shifted to a test solution. The tip resistance of our microelec- 
trodes was 25 to 40 M12. The reference 1 M KCI agar electrode 
and the measuring microelectrode were connected to ground and 
input of a WPI electrometer (Model 750, New Haven, Conn.). 
Vm and AVm refer to cell membrane potential and to its rapid and 
reversible change during exposure to a (seco)steroid, respec- 
tively. 
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S T E R O I D S  

Each of the solutions listed in Table 1 was used as such or sup- 
plemented with a (seco)steroid. Two groups of sterols may be 
dist inguished.  The first is made up of the molecules containing 
the lateral chain of vi tamin D; in addition to the metabolites 
1,25(OH)2D3, 25(OH)D3, 24,25(OH):D> vitamin D3, 19-diol-cho- 
lesterol and cholesterol ,  the synthet ic  compounds  I~D~ and 5,6- 
trans-25(OH)D3 were also used.  The second group comprises  
two sex steroids (estradiol and testosterone) and one mineralo- 
corticoid (aldosterone).  

Vitamin D~ and its derivatives have the disadvantage of ad- 
hering to glassware and plastic pipes. To assess  the importance 
of vi tamin D metaboli te losses,  their respect ive concentrat ions 
were measured  at the outlet of  the micropipette,  in vitro, by 
using Shepard ' s  [24] or  Preece ' s  [23] techniques.  We found that 
1,25(OH)2D3 concentra t ion at the tip of  the micropipette was in 
the 10 -m M range, i rrespective of its nominal  concentrat ion in 
bulk solution (10 9 to 10 7 M). Using 24,25(OH)2D3, 25(OH)D~ 
and vitamin D~, the concentrat ion at the delivery site was in the 
t() ~ M range. Concent ra t ions  of laDs,  5-6-trans-25(OH)D3, 
19-d]ol-cholesterol and cholesterol  have not been assayed  at the 
delivery site. The 5,6-trans-25(OH)D3 concentrat ion in bulk solu- 
tion was 10 ~ M. Concentra t ions  of I~D~, cholesterol and 19 
diol-cholesterol in bulk solution, were 10 ~0 to 10 ~ M, but these 
compounds  were ineffective, irrespective of nominal  concentra-  
tion. Tes tos te rone  yielded a peak effect at 10 -8 m. Estradiot was 
fully active at 10 -m M, but  no increment  was observed at 10 8 M. 
Nominal  concentra t ion of  a ldosterone was 10 7 M. In short,  our 
a t tempts  to establish dose- response  curves  were inconclusive.  

The results  are expressed  as mean  + SE. The unpaired t-test 
was used for compar i son  of two sets  of  data or to evaluate the 
significance of a change of  membrane  potential. 

Results 

E F F E C T S  OF V A R I O U S  T E S T  M O L E C U L E S  ON Vm 

Luminal microperfusion experiments were carried 
out to assess the effects of several secosteroids and 
steroids on Vm. Luminal microperfusions lasted 5 to 
20 min, the test molecule being intermittently added 
to the perfusate (20 to 100 sec), then removed. The 
results are schematically depicted in Fig. 1. Seven 
molecules, including two sex steroids resulted in Vm 
depolarization (they will be referred to hereafter as 
active molecules), the most potent being 
1,25(OH)zD3. Four other molecules, lc~D3, vitamin 
D3, cholesterol and aldosterone did not alter V,,. In 
some experiments, the first or two first applications 
of an active compound were ineffective, suggesting 
that these tubules became progressively responsive. 
This transition was more carefully analyzed with 
two compounds, 1,25(OH)2D3 and 25(OH)D3. The 
initial application of 1,25(OH)2D3 failed to alter Vm 
in 10 tubules in which cell membrane potential was 
on the average -65.8 -+- 2.0 mV; depolarization was 
obtained in 19 tubules (including the 10 initially non- 

responsive) displaying an average Vm of -73.8 -+ 
2.1 mV, the difference between these two values 
being statistically significant (P < 0.02). The corre- 
sponding Vm values when 25(OH)D3 was used in- 
stead of 1,25(OH)zD3 were -56.9 -+ 1.3 mV (n = 7) 
and -71.8 + 1.9 mV (n = 14), including the seven 
initial ones) again statistically different from one an- 
other at the 0.001 level. The partial depolarization 
of some tubules at the beginning of perfusion sug- 
gests that perhaps their initial potassium permeabil- 
ity was lower than that of the responding cells. For 
the sake of homogeneity, the lower initial Vm'S as- 
sociated with lack of response to the test substances 
have not been included in the statistical analysis. 

In other experiments in which repetitive appli- 
cation of the test-substance was pursued beyond 20 
rain, the AVm response reversed from de- to hyper- 
polarization, suggesting sudden appearance of a dif- 
ferent membrane process. This delayed effect was 
not investigated further. 

IONIC D E P E N D E N C E  

OF THE 1 , 2 5 ( O H ) 2 D 3 - E V O K E D  A C U T E  V,, C H A N G E  

To get some insight on the ionic mechanisms in- 
volved in the Vm depolarization, 1,25(OH)2D3, 10 10 
M, was added in solutions of altered ionic composi- 
tion. Using Na-free solutions (choline or tetra- 
methylammonium were the substitutes), 
1,25(OHhD3 brought about +6.5 -+ 2.3 mV depo- 
larization (n = 8), comparable to that obtained with 
the physiologic Ringer's solution. Similarly, gluco- 
nate for C1- substitution did not significantly affect 
the magnitude of the 1,25(OH)2D3-induced depolar- 
ization: +6.0 -+ 1.5 mV (n = 8). We conclude that 
secosteroid-evoked V,,, changes do not involve 
Na +- or C1--dependent processes, carrying current 
across the membrane. 

By contrast, removal of HCO3 from luminal 
perfusion fluids completely abolished the AVm effect 
of 1,25(OH)2D3: AVm was -0.1 -+ 0.! mV, n = 9 
(not significantly different from zero). This observa- 
tion indicates that bicarbonate is directly (change of 
HCO3 conductance) or indirectly (i.e., by permis- 
sive action on unspecified membrane components) 
involved in the generation of secosteroid-induced 
change of Vm. 

P O T E N T I A L  D E P E N D E N C E  OF 

1,25(OH)zD3-EVOKED ACUTE CHANGES OF Vm 

To evaluate thedependence of such Vm changes on 
the absolute value of cell membrane potential, 
1,25(OH)2D3 was shortly added to a physiologic 
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Fig. 2. Effects of  1,25(OH),_D> 10 m M on V,,, in the presence of 
a glucose- induced depolarization. Addition of  the metabolite in a 
glucose-free perfusate resulted in 2~V,,, depolarization, but this 
effect was reversibly abolished during exposure  to a solution 
containing glucose.  I I mm 

Ringer's solution, then to a similar perfusate sup- 
plemented with glucose, 11 raM. High concentra- 
tions of glucose are known to depolarize Vm, by 
activating carrier-mediated rheogenic Na+-glucose 
entry in the cell [13]. As shown in Fig. 2, addition of 
1,25(OH)2D3 to a physiologic Ringer's solution de- 
polarized Vm in a reversible fashion. In five such 
experiments performed in single tubules, Vm was 
-67.2 -+ 2.8 mV when the lumen was exposed to a 
physiologic Ringer's solution, -54.8 -+ 2.6 mV, n 
= 5 after addition of glucose, 11 mM. Application of 
the metabolite during glucose exposure failed to af- 
fect Vm. Recovery to a glucose-free perfusate re- 
stored cell membrane potential and the depolarizing 
effect of 1,25(OH)2D3. 

Such observations are consistent with, but they 
do not unequivocally prove voltage dependence of 
the 1,25(OH)2D3-evoked V~ depolarization. 

E F F E C T S  OF B A R I U M  

Barium selectively blocks the partial conductance 
to potassium in several epithelia, including the api- 
cal [16, 19] and basolateral cell membrane [5, 22] of 
renal tubules. To assess whether the 1,25(OH)2D3- 
evoked depolarization is mediated via a change (de- 
crease) of K § conductance, the metabolite was 
briefly added to a physiologic Ringer's solution, 
then to a similar solution supplemented with BaCI2, 
1 mM. A representative experiment is shown in Fig. 
3A and the composite data in Fig. 3B. It is seen that 
the 1,25(OH)2D3-induced Vm depolarization under 
control conditions (2~Vm = +4.5 + 0.5 mV) is abol- 
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Fig. 3. A. Effects of  barium on the 1,25(OH)2D, AV,,-evoked 
depolarization. Addition of  Ba -'+, l mM, to the perfusate resulted 
in - 9  mV depolarization and abol ishment  of  the specific effecl of  
1,25(OH)2D3 on V,,, (third release of the melabolite in luminal 
perfusate).  Restor ing Vm to its control level by current  clamp 
(stippled area) during perfusion with a Ba>-supp lemented  solu- 
tion failed to re-establish the metaboli te- induced AV,,, effect 
(fourth application of  the metabolite). Inset: A double-barreled 
microelectrode was inserted in a proximal tubular  cell. One of its 
barrels recorded V,,,, the second barrel was used to inject a con- 
stant amount  of  current  ( - 1 0  '~ A) in order to bring V,,, to its 
control value; current  intensity was not varied thereafter.  Al- 
though only one double-barreled luminal perfusion micropipette 
is represented in this drawing, two such pipettes were used to 
alternatively deliver four different solutions.  B. Schematic  repre- 
sentat ion of the effects of  1,25(OH)zD 3, 10 m M, on V,,,, under  
control condit ions and during application of  BaCI> I raM. Paired 
measuremen t s  in single tubules  

ished (or even sometimes reversed) after addition of 
BaC12 to the perfusate (AVm = - 2 . 1 - +  1.4 mV; 
paired measurements in five single tubules). The 
suppression of the ZXVm response in barium-treated 
conditions could be ascribed either to voltage de- 
pendence of the AVm effect (2Win was abolished 
when the membrane was depolarized by glucose, 
see above) and/or to barium blockage of a potas- 
sium-conductive pathway, presumably inactivated 
by 1,25(OH)2D3. To distinguish between these two 
alternatives, the barium-induced depolarization was 
offset by current clamp (current was injected by a 
second intracellular microelectrode filled with KCI 
0.1 M) to reset Vm at the recording site to its pre- 
barium level, and 1,25(OH)zD3 was added again in 
the perfusate (Fig. 3A). In three such experiments, 
1,25(OH)2D3 failed to depolarize the membrane, 
whether Vm was depolarized by barium or restored 
to its control value by current injection. It is in- 
ferred that the 1,25(OH)2D3-evoked Vm depolariza- 
tion is mainly achieved by blockage of a barium- 
sensitive K+-conductive pathway. 

I N V O L V E M E N T  OF C A L C I U M  

Calcium is a potential messenger of vitamin D me- 
tabolite action [26]. In addition, Ca>-dependent K + 
conductances have been identified in several tis- 
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Fig. 4. Schematic representation of the changes of V,,, (AV,n) 
induced by luminal application of 1,25(OH)2D3, 10 'm M, under 
control conditions and after addition of quinine, 0.5 raM. Paired 
measurements in single tubules 

sues, including epithelia [20]. To ascertain whether 
the barium-sensitive K + conductance of the apical 
proximal cell membrane, subject to reversible inhi- 
bition by 1,25(OH)2D3, is calcium-dependent, the 
following experiment was designed: 1,25(OH)2D3 
was shortly added to a physiologic Ringer's solu- 
tion, then to a similar solution supplemented with 
quinine (0.5 raM), a putative inhibitor of calcium- 
dependent K+-conductive channels [7, 8]. In eight 
such experiments, quinine produced V~ depolariza- 
tion (+5.1 + 0.7 mV), smaller than that obtained 
with glucose or barium; however, the 1,25(OH)2D3- 
elicited AVm effect was significantly decreased in 
the presence of quinine (AV,,, = +1.5 + 0.7 mV, n 
= 8, P < 0.001). The results are schematically de- 
picted in Fig. 4. These observations strongly sug- 
gest that 1,25(OH)2D3 depolarizes Vm decreasing a 
barium-sensitive, Ca2+-dependent K + conductance. 

To further characterize the role of calcium, the 
effects of !,25(OH)zD3 on cell membrane potential 
were assessed during alternate perfusion of the lu- 
men with solutions of physiologic (1.8 raM) or low- 
ered (0.6 mM) Ca 2+ concentration. The depolarizing 
effect of the metabolite was +8.7-+ 1.I mV at 
physiologic Ca 2+, -1 .7  -+ 1.6 mV, (n = 6) at the 
low Ca > concentration (Fig. 5), the difference be- 
tween these values being statistically significant (P 
< 0.001). Such observations support the notion that 
intraluminal (and, possibly through it, intracellular) 
calcium concentration contributes to the production 
and controls the magnitude of the Vm depolarization 
induced by 1,25(OH)zD3. 

Discussion 

This study establishes that a class of biologically 
active molecules, i.e. vitamin D derivatives and sex 
steroids, elicit a rapid and reversible change of cell 
membrane potential when added in luminal perfu- 
sion fluid at physiologic concentrations. The AVm 
response seems to be present only above a thresh- 
old Vm value (possibly different from one steroid to 
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Fig. 5. Schematic representation of the effects of 1,25(OH)~D> 
10 m M, on V,,, during alternate perfusion of the lumen with a 
solution containing physiologic (1.8 raM) or lowered (0.6 mM) 
Ca > concentration. Paired measurements in single tubules 

another), suggesting potential-dependence of the 
AVm effect, a conclusion also supported by the glu- 
cose experiments. We demonstrate in addition that 
the 1,25(OH)2D3-evoked V,, depolarization is due to 
decrease of a potassium-conductive pathway: not 
only this maneuver is associated with decrease of 
overall membrane conductance [14], but the de- 
polarizing effect of the metabolite is abolished by 
pretreatment with barium, a blocker of K § conduc- 
tances. Finally, the inhibitory action of quinine on 
the 1,25(OH)2D3-evoked depolarization suggests 
that the K+-conductive pathway, inactivated by the 
metabolite, is calcium dependent. 

The postulated 1,25(OH)zD3-induced inactiva- 
tion of a potassium conductance resulted in a rather 
small depolarization: that V,,, remained always close 
to the K + equilibrium potential is surprising in view 
of the fact that the apical cell membrane in the prox- 
imal tubule of Necturus is predominantly K+-selec - 
tive [3]. This apparent contradiction may be ac- 
counted for by either of the following mechanisms: 
(i) The "equivalent electromotive force" of the ba- 
solateral membrane contributes to a greater extent 
than that of the apical cell membrane, to the estab- 
lishment of Vm [1]. (ii) If the AVm changes are volt- 
age-dependent, as suggested by the glucose experi- 
ments, increased depolarization would oppose the 
effects of the metabolite. (iii) In addition to 
1,25(OH)2D3-sensitive K + channels, 1,25(OH)2D3- 
insensitive K + channels may be present at the apical 
cell membrane. Whatever the mechanism(s) limit- 
ing the AVm depolarization to about 6.5 mV, the 
sensitivity of this change of membrane potential to 
extracellular Ca 2+ concentration and quinine 
strongly suggest that the underlying mechanisms in- 
volve Ca>-dependent K + channels. It is recalled 
that potassium channels are unmasked at the apical 
membrane of frog skin by decreasing mucosal Ca 2+ 
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concentration or intracellular pH [25]. Since diva- 
lent cations act by shielding negative surface 
charges [17], i.e., calcium removal should have fa- 
cilitated K + permeation, the observation that the 
1,25(OH)zD3 depolarization (inactivation of K § 
channels) is blunted in low-Ca solutions suggests 
the Ca 2+ removal promotes 1,25(OH)2D3-insensitive 
K + pathways antagonizing the effect of the metabo- 
lite. 

The failure of 1,25(OH)2D3 to alter Vm when 
HCO~- is removed from a HEPES-buffered solution 
may be due to intracellular acidification. The com- 
monly observed 1,25(OH)zD3 depolarization can be 
hardly ascribed to an increase of HCO3 conduc- 
tance, even though the bicarbonate equilibrium po- 
tential of about - 12 mV [21] is consistent with this 
hypothesis; an increase of HCO3 conductance 
would increase cell membrane conductance, not de- 
crease it, as observed [14]. In addition a change of a 
partial conductance to HCO~ would not have been 
abolished by barium. More likely, removal of lumi- 
nal bicarbonate from a HEPES-buffered solution re- 
duces the basolateral [4] or apical membrane perme- 
ability to potassium, presumably by decreasing 
intracellular pH (see also Ref. 25). It is known for 
example that acidosis is associated with a fall in 
basolateral K + conductance in the proximal tubule 
of Necturus [18]. 

Another interesting observation is that AV~ 
changes are selective, i.e. only seven out of 11 
tested sterol molecules produced such changes. The 
common structural feature of the seven active (se- 
co)steroids is that (i) the carbon C~7 or one of the 
carbons attached to C17 is hydroxylated and (ii) an 
- - O H  bond ( = O  bond in the case of testosterone) 
is present on the A ring. The four inactive mole- 
cules possess one - -OH (=O) radical on the A ring, 
but no hydroxyl function on the C~7 to C25 carbon 
chain. These observations lend indirect support to 
the views of Willmer [27] who hypothesized that 
polar groups at spatially opposed ends of sterols are 
a prerequisite for their incorporation in bilayers and 
biological membranes. Apparently, hydroxylation 
of one carbon belonging to the C17 to C25 chain is a 
key factor for the appearance AV~ changes, reflect- 
ing changes of cell membrane conductance(s). In 
short, the "act ive" steroids probably alter the lipid 
environment surrounding K + membrane channels at 
the apical membrane of the proximal tubule in some 
relatively specific manner. This may be a general- 
ized property of steroids on membranes, yet the 
effects of each class of steroids on K + and/or, pos- 
sibly, on other channels may differ from one cell 
population to another, depending on the particular 
lipid composition and structural arrangement of 
each membrane. 

It should also be noticed that the observed 

changes in Vm (through changes in K + conductance) 
cannot be considered specific in so far as the hor- 
monal function is considered. No evidence is pre- 
sented supporting steroid-dependent changes of 
transport rates, nor are we aware of rapid effects of 
(seco)steroids on renal function in amphibia. Infor- 
mation on a putative physiologic role of 
1,25(OH)2D3 could be obtained in the future by 
comparing prolonged effects of the metabolite on 
V,, and on transport rates of selected substrates, 
e.g., calcium. Further studies are needed to clarify 
this issue. 
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