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Changes in cellular membrane and paracellular conductances
by amphotericin B in the epithelium of the bullfrog cornea
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In the isolated bullfrog cornea, measurements of DC electrical parameters in conjunction with AC impedance and
ultrastructural analyses were used to determine the effects of i0~° M amphofericin B on epithelial cellalar
membrane and paracellular conductances. In NaCl Ringers, amphetericin B elicited a 3.5-fold increase in the
specific apical membrane conductance (G, /C,); where G, and C, are the apical membrane conductance and
capacitance, respectively. The basolateral membrane conductance (G,) and the basolsteral membrane capacitance
(C,) fell by 57% and 50%, respectively. In the paracellular pathway, the tight junctional complex (G;) was
unchanged whereas the Iaieral intercellular space resistance (R,) decreased by 55%. The declines in G, and C,,
were suggestive of cell volume shrinkage because these changes were consistent with a previously described decline
in intracellutar K * content and reduction in exposed basolateral membrane area to current flow. Ultrastructural
analysis validated that amphotericin B cansed cell volume shrinkage because there was: (1) increased folding of the
basolateral membrane and waviness of the basal aspects- of the plasma membrane; (2) dilatation of the lateral
intercellular spaces. This agreement suggests that intracellular activity decreased following exposure to amphoteri-
cin B which resulted in cell velume shrinkage and an impairment of C1~ uptake across the basolateral membrane.

Intreduction

In the isolated bullfrog comea, more than 90% of
the short-circuit current (I} is accounted for by active
transepithelial Cl~ transport from the stromal to the
tear-side bathing solution [1]. Net translocation is a
consequence of uptake through a basolateral mem-
brane Na/Cl symport followed by electrodiffusion
across the apical membrane into the tears. The driving
force for Cl~ uptake is the downhill cell directed Na™
gradient maintained by the activity of the Na*/K™
pump in the basolateral membrane [2]. Electrodiffu-
sion across the apical membrane is partially dependent
on K* recycling between the stromal-side bathing solu-
tion and the cell interior [3).
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The mechanism of net ion translocation across the
basolateral membrane was studied following exposure
to either amphotericin B or nystatin. These quasi-iono-
phores increased cation apical membrane cation per-
meability, which altered intracellular ion composition,
and thereby elicited increases in Na™ /K™ pump activ-
ity as well as rates of net Na* and K* transport [4-13].
However, unexplainedly net Cl~ iransport decreased
[7]. The mechanism accounting for this decline was not
further considered because the use of DC circuit analy-
sis required too many simplifying assumptions whose
validity may be open to question {4,5]. Accordingly,
there are no studies available in which DC circuit
analysis was used to analyze the effects of amphoteri-
cin B on net ion transport in NaCl Ringers. Another
approach is to use AC impedance analysis which has
the atiribute of not requiring any assumptions regard-
ing the selectivity of a modulatory agent in only modify-
ing a single element in the electrical equivalent [14]

We used the measurements of DC electrical param-
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eters in conjunction with AC impedance and ultra-
structural analyses to determine how exposure to am-
photericin B caused a decline in Ci~ secretion. The
results indicate that a decrease in intracellular ionic
activity elicited cell volume shrinkage and impaired net
Cl~ uptake across the basolateral membrane as well as
Cl- efflux across the apical membrane into the tears.

Materials and Methods

The corneas of double pithed bullfrogs (Rana cates-
beiana) were excised and vertically mounted, with sili-
cone vacuum grease, in a maodified Ussing chamber
using a previously described method [15]. In most cases,
the cornea was supported by a hemispherical piece of
nylon mesh. The tear-side of the chamber was open on
top to allow access of a microelectrode. Ag-AgCl clec-
trodes, prepared by dipping silver wire into molten
silver chloride, were used for current sending and for
voltage measurement [14]. The voltage sensing elec-
trodes were positioned as close to the tissue as possible
in order to minimize series soluiion resistance. Each
half-chamber had a volume of 3 ml; the nominal tissue
area was 0.5 cm?.

At room temperaturc, the isolated cornea was
bathed symmetrically with a room air equilibrated
Ringer’s solution, The solution had the following com-
position {in mM): NaCi 111.0, KOH 2.5, CaCl, 1.0,
MgCl, 1.0, and Hepes 1.0 (pH 8.1). The corneas were
exposed to 10 uM amphotericin B on the tear-side.
This concentration was obtained by adding the drug
with a micropipette to the tear-side from a 10{{-fold
more concentrated stock solution (Squibb).

Transepithelial voltage, transepithelial conductance
(g,) and for short-circuit current () were measured
as previously described using a voltage / current clamp
amplifier {Biomedizinische Gerate, Germering, Mu-
nich, F.R.G.} [3,6,9,16]. The outputs were monitored
on a 6-channel chart recorder (model Servogor 460,
BBC-Mctrawatt /Goerz, Broomfield, CO). Conven-
tional microelectrodes were pulled on a horizontal
puller {(model PD-2, Narishige, Japan) from 1.2 mm
borosilicate glass (Hilgenberg Glas, Malsfeld, F.R.G.)
and backfifled with filtered 3 M KCl (15 to 50 Mohm).
Membrane voltage, V,., under short-circuit current
conditions, and the relative apical membrane resis-
tance ratio, fR, were obtained with a microelectrode
amplifier (Biomedizinische Gerate, Germering, Mu-
nich, F.R.G.} using a previously described protocol
[3,6,9,16]. The tissue was intermittently short-circuited
during brief periods to measure the [ and the g
otherwise it was left open-circuited for measurements
of the a.c. electrical parameters.

Calibration values for fR, were obtained in a sepa-
rate set of corneas (cf. Fig. 1). These values were
determined over the same time intervals during which
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Fig. 1. Decreases in fractional apical membrane resistance, [Rp,in

NaCl Ringers following exposure to 10~5 M amphotericin B: To

perform AC impedance analysis, these values were determined in 2

separalg se1 of corneas under 1he same conditions as those used to
measure the a.c. electrical parameters.

the a.c. electrical parameters were measured. Valida-
tion critenia for an adequate impalement required that
: (1) the membrane voltage was stable (£2 mV), (2)
fR, was stable (+2%) for at least 3 min and (3) the
microelectrode’s resistance remained stable at a value
that was less than 10 Mohm larger than its solution
value,

Transepithelial impedance was measured over the
range (after correction for aliased points) of 0.2 Hz to
about 8 KHz in three overlapping domains of three
decades using for each a pseudo-random binary cur-
rent (10 x A /om? peak-to-peak) technique [14]. Briefly,
the voltage response of the tissue to the above current
was amplified (model 113, Princeton Apptied Re-
search, Princeton, NJ), anti-alias filtered (Wavetek San
Diego, Inc., San Diego, CA), and digitized (model
DT2801-A, Data Translation, Inc., Marlboro, ME).
The entire sequence of signal generation, data collec-
tion and storage was under the control of an 8 MHz
Deskpro Model 4 personal computer {Compaq Com-
puter Corp., Houston, TX} equipped with an 8087
coprocessor. In order to improve the signal-to-noise
ratio, the data was signal averaged in the time domain
prior 1o transforming it {(via a fast Fourier transform)
to the frequency domain. Collection of a single, three-
decade set of data generally took less than 2 min with
our protocol for signal averages (i.e. 4-100 scans) in
the indicated frequency ranges (i.e. 0.2-80, 2-800,
20-8,000 Hz). From these measurements, 96~100
points approximately equally spaced on a log scale,
were chosen as input for the non-linear least-squares
curve-fitting program. During a cornea’s control pe-



Fig. 2. Distributed equivalent-circuit mwodel jor the corneal epithe-

lium. Conductances: G,, G;, and (G, are apical, basolateral mem-

branes and tight junctional complex, respectively. Resistances: R,

and R, are leteral intercelfular space and solution, respectively.

Capacitances: C, and C,, are apical and basolateral membranes.

respectively. The equivalent for the endothelivm is represented by
Ryand €,

tiod, following stabilization of the [, the tissue's
impedance was measured at three different times and
the means were obtained of the calculated values of
the fitted parameters.

The impedance data were fit to the previously de-
scribed morphologically derived equivalent-circuit
model shown in Fig. 2 using a derivative-free Leven-
berg-Marquardt algorithm [14]. The R-factor was used
as a measure of the quality of the fit. The average
value of the R-factor obtained in most fits was less
than 1% but never exceeded 2%. All computations
were performed on the Compaq personal computer.
The details of this technique have been previously
described [14]. All statistical tests were performed us-
ing Sigmaplet 4.9 (Jandel Scientific Corte Madera, CA)
and are based on a paired Student’s #-test.

Corneas were dissected and placed in NaCl Ringers
and incubated for 14 min with 10> M amphotericin B
(i.e. the time shown in Table 1 that was required to
elicit maximal stimulation of the I.). The whole
corneas were fixed in 2. 5% glutaraldehyde in 0.1 M
phosphate buffer (pH 7.4) at rcom temperature. After
1 h, the central part of the corneas was cut into small
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pieces and immersed in the same fresh fixative for an
additional 2 h. After rinsing, the samples were post-
fixed in % buffered osmium tetroxide for 1 h, dehy-
drated in alcohol and embedded in £por 812, Ultra-
thin uranyl acetate and lead citrate contrasted sections
were then observed in a Philips EM 300 electron
microscope. All micrographs were photographed with a
magnification of 4400 X and then enlarged to 6600 X .
Computer aided morphometry was performed to deter-
mine surface area of n cells far profiles showing a
defined midsection of nucleus and a specific corneal
epithelial thickness.

Freeze-fracture studies were performed on glu-
taraldehyde-fixed samples. They were cryoprotected in
25% glycerol in buffer for 2 h, mounted between two
copper discs and rapidly frozen in solid-liquid nitrogen.
Platinum-carbon replicas of non-etched fractured spec-
imens were produced in a cryvofract CF 250 freeze-frac-
ure apparatus (Reichert-Jung Cambridge Instruments)
equipped with electron beam guns and 2 quartz thick-
ness film monitor at a stage temperature of —150°C
and a vacuum of at least 107 torr. Cleaned replicas

were then observed in a Philips EM 300 electron
microscope.

Results

To identify any changes in epithelial morphology
that accompany a 14 min exposure to amphotericin B,
¢lectron micrographs and freeze-fracture replicas were
obtained. The micrograph of a control shown in Fig.
3A indicates that it is not possible to identify any
intercelluiar separations. Although the control micro-
graph shows areas of direct contact through desmo-
somes, there are no recognizable intercellular spaces:
the neighboring cells make close tortuous contacts with
one another making it impossible to estimate the di-
mensions of the intercellular spaces.

In the amphotericin B-treated cornea (cf. Fig, 3B),
there are distinct changes in the cellular morphology
and the widths of the lateral intercellular spaces. The
basolateral membranes are wavy and convoluted and
the lateral intercellular spaces are clearly evident. The
separation is so pronounced that the desmosomes have
disappeared. Computer aided morphometry indicated
a 26% decrease in exposed membrane surface area
from the controls. All of these changes are consistent
with cell shrinkage. The dilatation elicited by ampho-
tericin B is further documented by the change shown in
the freeze fracture replicas provided in Fig. 4.

The individual control and stimulated values of the
I and the g, after a 14 min expusure are provided in
Table 1. The F, and g, increased by 100% and 25%,
respectively. As previously described, at later times
there were secondary changes in g, resulting from a
decrease in paracellular resistance [5]. Accompanying
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Fig. 3, {A) Electron micragraph of corneal epithelium: The intercel-
lular spaces of superficial (a) and basal {b) epithelial layers are
narrow (arrows). [n places, tightly packed plasma membrane inter-
digitations are seen (large circled areas) separated by more or less
sinvous unconvoluted intercellular spaces: small circled areas are
desmosomes; 5 = stroma, Magnification: 6600 x; calibration bar =5
pm. (B) Electron microgaph following 14-min expasure 1o 1075 M
amphotericin B: The intercellular spaces of superficial, inermediate
(a} and basal {b} epithelial cell layers are wide maostly in the posterior
part of the epithelium. Anteriorly, only spotty desmosomes (circled
areas}) maintain the neighboring plasma membranes apposed
{arrows); s = stroma (magnification: 56002, bar = 5 pm).
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Fig. 4. {A) Freeze-fracture electron micrograph of corneal epithelium: exoplasmic leaftet {E) of basal plasma membranes of basal epithelial cells

separaled with narvow sinuous interceltular spaces (between arrows) (125005 bar =1 wm). {B) Freeze-fracture electron micrograph following

amphotericin B exposure: protoplasmic leaflet (P) of basal plasma membranes of basal epithelial cells separated with very large interceliular
spaces in places (asterisks and between arrews) (magnification: 24000 : bar = 1 um),
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TABLE 1

Effect of 16 upM amphotericin-B on d.c. parameters

Run Stage T G, Ry
(pAsem?)  (mS/em?)
1.1 Control -16.7 2.04 0.38
12 Ampho - 206 2.48 0.07
21 Control -123 1.44 Q.48
22 Ampho —-258 2,00 Q.09
31 Control -3.5 185 .53
a2 Ampho =75 1.72 0.04
4.1 Control -12.0 0.73 0.67
42 Ampho -27.2 0.89 0.15
5.1 Cantrol %4 0.57 .33
52 Ampho -20.0 0.79 003
4.l Control ~B5 1.00 .69
6.2 Ampho ~238 116 017
71 Control ~10.8 0.99 078
72 Ampho -162 1.14 017
Control -10 12 0.55
SE. 2 02 0.06
Amgho -20 1.5 010
SE. 3 0.2 0.02
Plpaired) <005 < 0.05 <005

increases in the I, the specific apical membrane con-
ductance (G,/C,) increased 3.5-fold from its control
value (cf. Fig. 5). The time course of these increases
naralleled those of the I, which is consistent with the
nation that the apical membrane is the rate limiting
barrier for net jon transport [4,5,7,14). The apical
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Fig. 5. Time-dependent effects of 10°* M amphotericin B on apical
membrane conductance (n = 7). G, was normalized to €, to obtain
specific upical membrane conductance, The control vulye prior 10
amphotericin B is shown to the left of the break in the abscissa.
Values are shown as means+5.E. Significance (P <0.05) deter-
mined with paired r-test. Asterisk indicated value is significantly
different with respect to control, All the values were significantly
different from the control except for the 0—-2-min pericd.
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Fig. 6. Time-dependent effects of 10~° M amphotericin B on baso-
lateral membrane capacitance (n=7). See legend to Fig. § for
details, All of the changes were significantly different from the
contred period except for the 0-2-min period.

membrane capacitance, C,, is reflective of apical mem-
brane area through the well-known relationship (1 cm?
=1 uF) [14,17]. Therefore, extraction of membrane
capacitance in the fitting procedure and normalizing it
to the membrane conductance allows estimation of the
specific membrane conductance. 1n this study, the con-
trol value of C, was 20+ 0.1 pF/om? (n =7} com-
pared 10 a value of 2.6 + 0.6 ¢ F/em? in the 12-14-min
period following exposure to amphotericin B. This
change was not significant (P> 0.05, paired #-test)
suggesting that amphaotericin B had no effect on apical
membrane area.

The time-dependent effects of amphotericin B on
the basolateral membrane capacitance C,, are shown in
Fig. 6. The much larger value for the basolateral mem-
brane capacitance, C,, is consistent with that previ-
ously reported and was attributed to cell to cell cou-
pling between and across the cell fayers of the epithe-
lium [14]. This coupling effect means that the effective
basolateral membrane area actually constitutes all the
membrane area in the deeper layers rather than just
the basolateral membrane area within a single cell or
layer, It is apparent that €, decreased continuously
and that in the 4-6-min period the decline became
significant with respect to the control value, In the
12~14-min period the value for €, was (66438
prF/cm?) only 50% of the control value {i.e. 133 + 22
pF/em?). This decrease, in conjunction with the
changes seen in the electron micrographs and freeze
fracture replicas (cf, Figs. 3 and 4), suggesis that the
decrease in C,, may reflect cell volume shrinkage which
in turn leads to electrical uncoupling between cells in
the same and other layers.
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Fig. 7. Time-dependent effects of 10~* M amphelericin B on baso-
lateral membrane conductance. See legend to Fig. 5 for details. All
of the changes were significantly different from the control period
except tfor the D-2- and 10-12-min intervals.

The effects on G, shown in Fig. 7 indicate that in
the first two min period, {7, was unaffected by ampho-
tericin B. However, at all the later time periods G,
was significantly less than the control value of 2.2 + 0.4
mS /cm?. The first significant decrease occurred in the
4-6-min period. Neither of the calculated values in the
6-8- and 10-12-min periods were significantly differ-
ent from the value in the 4-6-min period. Note that
{7, declined further in the 12-14 min to a value that
was 43% of its control.

The correspondence was considered between the
changes in the ultrastructure and the equivalents of the
paracellular pathways: G, and R,,. Except for the 6-8-
min period, none of the changes in G; were significant
with respect to the control period (cf. Fig. 8). This lack
of a consistent effect on G;, which is the rate-limiting
barrier in the paracellular pathway, is in general agree-
ment with very subtle acute changes in the shunt
conductance in Cl-free Ringers [4,5]. However, the
time-dependent effects on R, shown in Fig. 9 indicate
that it uniformly and continuously declined. In the
12-14-min interval, R, was only 55% of the control
value (i.e. 254 + 28 to 139 + 15 ohm ¢cm?). Except for
the initial 2-4-min period, all the later values for R,
were significantly different from its control period
value. These decreases in R, are consistent with the
widening of the lateral intercellular spaces observed in
the micrographs and with the decreases in G, and C,,
This dilatation effect is suggestive of cell volume
shrinkage which causes infolding of exposed membrane
and thus reduces membrane accessibility to current
flow.
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Fig. &. Time-dependent effects of 10~% M amphotericin B on tight
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As shown previously, the quality of the fits of the
measured to the predicted impedances were signifi-
cantly improved with the inclusion of series elements
that are thought to be representative, in terms of the
model shown in Fig. 2, of: (1} the solution resistance,
R,; {2} the endothelium, R, and C, [14]. Under control
conditions, R, was 76+ 5 ohm cm? It declined to
70 + 5 ohm cm? in the 12-14-min period following the
addition of amphotericin B, Even though amphotericin
B decreased R, by only 6 ohm cm?® (i.e. 8%), this
decline was consistent in all experiments and was
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Fig. 9. Time-dependent effects of 10-3 M amphotericin B on lateral
intercellutar space resistance. See legend to Fig. 5 for details. All of
the changes were significant except the 0=2-min interval.
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therefore significant (P < 0.05} using a paired 1-test.
With regards to R,, amphotericin B significantly de-
creased R, from 27 = 2 ohm cm? to 18 + 2 ohm cm? in
the 12-14-min period. Amphotericin B had no signifi-
cant effect on C, which varied somewhat randomly
between 3.9 + 0.6 and 3.2 + 0.9 pF/cm?,

Discussion

We used measurements of d.c. electrical parame-
ters, in conjunction with alternating current {(a.c.)
impedance and ultrastructural analyses, to identify the
mechanism of a reduction in active Cl™ transport fol-
lowing cxposure to amphotericin B. The values ex-
tracted from the distributed model to analvze the
impedance response arc consistent with those previ-
ously obtained using d.c. circuit analysis in Cl-free
Ringers {4,5,7]. However, with our approach, it was
possible for the first time to resolve changes in specific
cellular membrane conductance from those in the
paracellular pathway and thercby determine the effects
of amphotericin B on apparent cell volume. In revers.
ing the direction of net ion transport from secretion to
absorption, amphotericin B caused shrinkage which
suggests that the [ateral intercellular spaces may pro-
vide the osmotic compartment for fluid accumulation.

There was a 3.5-fold increase in the specific apical
membrane conductance (G,/C,). This change elicited
apparent intracellular increases in Na™ activity and a
measured reciprocal decline in K* because the apical
membrane permeability is rate limiting for Na* ab-
sorption iowards the stroma and K* secretion into the
tears [5,7]. The magnitude of the increase in Na®
activity is unknown because there are no measure-
ments of the effect of amphotericin B on intracellular
Na™ activity. Even though this chanpe is not known,
Ma™* must have increased to a level that was lower than
the activity of the bathing solution (i.e. 86 mM)} be-
cause Na* absorption persisted. Therefore, the Na*
increase was less than 72 mM because this is the value
for the difference between its control level (i.e. 14 mM)
and that of the bathing solution. On the other hand,
the magnitude of the decrease in intracellular K+
activity is known becauvse it decreased by 94 mM from
106 to 12 mM [2,5,6]. Therefore, the total loss of
cationic activity was at least 22 mM. Since the basolat-
eral membrane has an appreciable K* permselectivity,
the large decline in intracellular K* activity explains
why G, declined [3-6],

A meaningful interpretation of the change in baso-
lateral membrane capacitance (C,) is only possible
after a consideration of the effects of amphotericin B
on ultrastructure. In the control, the basal aspect of
the basal cell layer exhibits very sinuous intercellular
clefts which are rather regular in width and the basal
plasmia membrancs are flat, After amphotericin B

treatment, large intercellular clefts appear and the
basal plasma membranes are wavy. These changes cou-
pled with increased basolateral membrane folding and
the dilatation of the lateral intercellular spaces cast
some doubt on the relevance of normalizing the baso-
lateral membrane conductance 1o its capacitance so as
to calculate a value for the specific basolateral mem-
brane conductance (G, /C,). Were this done, it would
overestimate a decline in basolateral membrane per-
meability because C,, is reflective of effective basolat-
eral membrane area provided the cells had remained
electrically coupled through gap junctions. Therefore,
the effect of amphotericin B was not considered on
specific basolateral membrane conductance.

Amphotericin B also had time dependent effects on
the paracellular electrical equivalents and morphology
that are consistent with one another. As was previously
shown, the value for the tight junction conductance
(G,) is 4-fold less than R, and therefore G, is rate-
limiting for ion permeation through this pathway. G;
did not change and this lack of an effect on G is for
the most part consistent with previously measured small
increases in Na™ flux from stroma to tear and mannitol
flux from tear to stroma [4,5]. However, R, ultimately
decreased by 55% which is consistent with the changes
in the micrographs and freeze fracture replicas. The
correspondence between the decrease in R, and the
dilatation of the spaces on the basal and lateral aspects
of cells sirengthens the notion that amphotericin B
elicited a shrinkage in cell volume.

The results of both electrical and ultrastructural
analyses point to an amphotericin B induced decrease
in cell volume. This change stems from a fall in total
intracellular ion activity. As indicated, this loss is caused
by a measured loss in K* which exceeds an anticipated
gain in Na*, The identity of the accompanying anion(s)
for the maintenance of electroneutrality is problematic.
The membrane voltage depolarized to — 15 mV and if
the intracellular Cl™ activity were to rise to its pre-
dicted electrochemical equilibrium value it would have
risen from 22 to 47 mM. However, such a change did
not occur because Cl™ secretion is only partially sup-
pressed by amphotericin B. In any case, C1I~ may not
be the only counterion because the anticipated cation
decrease is at least 22 mM which is equal to the
intracellular C1™ activity under control conditions.

The relationship between changes in apparent ep-
ithelial cell volume and stimulation of net ion transport
is different in absorptive and secretory epithelia . In
absorptive epithelia, stimulation of absorption by expo-
sure to either amphotericin B or through an increase in
Na™ driven solute uptake is associated with dilatation
of the intercellular spaces [18-20]. In contrast, with a
secretory tissue, the corneal epithelium, the spaces
appeared more constricled and collapsed following a
selective stimulation of Cl1~ secretion {21]. In this study,



the increase in dilatation of the lateral intercellular
spaces and the decrease in R, are both consistent with
previous studies showing that amphotericin B caused a
reversal in the direction of net ion transport from
secretion to absorption [7]. This reversal reflected a
large increase in net Na* absorption and induction of
K7 secretion to a level that was smaller than that of
Na* absorption [5]. This change decreased the driving
force established by the Na* chemical gradient for
caupled C1™ uptake across the basolateral membrane
through the Na: Cl symport as well as the negativity of
the electrical driving force for C1™ efflux from the cells
into the tears. All of these effects decreased Cl~
secretion and led to an increase in osmolality of the
intercellular spaces which caused them ta dilate.

Amphotericin B significantly decreased R, by 8%.
Clausen et al. attributed R, to the finite resistance
arising from the unstirred layers between the voltage-
measuring electrodes and the apical and basolateral
membrane surfaces [14]. If this assignment were cor-
rect, it is difficult to accept that amphotericin B could
selectively decrease the resistance of the unstirred fay-
ers. In order for amphotericin B to decrease R, by 6
ohm cm?, the % decrease in the unstirred layer resis-
tance would need ta be much larger than 8% because
its width is only about 10% of the separation between
the two voltage sensing electrodes. Clausen et al. also
had reservations regarding assignment of a precise
correlate for R, in a study with siomach, because R,
appeared to be artifactually large [22]. Their interpre-
tation was that, “‘the tissue must restrict diffusion more
than does an equivalent thickness of free solution.”
Presumably, the small but significant decrease in R, is
associated with the “nonsolution” aspect of R, It
should be noted that the significant change in R, is
associated with the direction of its change {(i.c. a de-
crease) rather than the magnitude of its change since
an independent t-test shows no signifcant change in R,
from its control value.

As previously found, the quality of fits of the data ta
the distributed modet were significantly improved with
the inclusion of elements represented by R, and C,
[14]. Their physiological correlates were tentatively as-
signed to represent the parallel combination for en-
dothelial membranes. The decreases in R, only be-
came significant in the 12-14-min period following
exposure to amphotericin B. Such an effect could mean
a slow increase in endothelial conductance, however,
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the physiological relevance of this finding is not yet
apparent.
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