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Summary. Addition of cyclic AMP and theophylline
to the intestinal mucosa of the winter flounder,
Pseudopleuronectes americanus decreased short-cir-
cuit current and net Na and Cl absorption and
increased total conductance and the serosa-to-mu-
cosa unidirectional Cl flux (JS!). The last two changes
were independent of the original rate of NaCl ab-
sorption and persisted even when net absorption of
Na and Cl had been abolished by ouabain. Voltage-
clamp experiments revealed that the increment in JS!
produced by cyclic AMP is PD-insensitive and there-
fore not due to an increase in the Cl conductance of
the paracellular shunt. Cyclic AMP appears, there-
fore, both to inhibit net NaCl absorption and to
increase the Cl permeability and total conductance of
the intestinal epithelial cells; its failure to stimulate
secretion (in contrast to its action on mammalian
intestine) may be related to the absence of crypts in
flounder intestinal epithelium.

We recently described structural and ion transport
properties of the intestine of a marine teleost, the
winter flounder [7]. This preparation differs from
mammalian small intestine in at least two significant
ways: it contains no crypts or other multicellular
gland-like structures; and, when bathed on both sides
with the same HCO,-buffered Ringer solution, it
generates a serosa-negative electric potential differ-
ence (PD) and, under short-circuit condition, absorbs
almost 3 times as much Cl as Na. Despite this
disparity, Cl transport is dependent upon Na in the
bathing medium and is inhibited by ouabain, suggest-
ing that the Cl absorptive process in flounder in-
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testine is the same at the cellular level as that in
rabbit gallbladder [8], i.e., that its driving force is the
Na gradient and that direct coupling between Na and
Cl fluxes occurs in the brush border membrane. Both
the transepithelial PD and the predominance under
short-circuit condition of the net Cl flux over the net
Na flux can be explained by permselective and re-
sistive properties of the paracellular shunt, ie, a
junctional complex which is highly cation-selective
and which offers less resistance to Na diffusion than
does the lateral intercellular channel. Thus, under
short-circuit condition, most of the Na pumped from
cell to lateral space may diffuse across the junctional
complex back to the luminal solution. Two essential
features of this model have recently been verified:
coupling between Na and Cl influxes across the brush
border has been demonstrated by measuring initial
rates of uptake [10] and a Na-dependent intracel-
Iular accumulation of Cl above electrochemical
equilibrium has been demonstrated with Cl-sensitive
microelectrodes [5].

In mammalian small intestine, net absorption of
water and electrolytes disappears and net secretion
develops upon addition of cyclic 3,5-AMP (cAMP)
or an agent which increases its cellular concentration
[6]. Studies with rabbit ileum suggest two separable
effects of the nucleotide: (i) inhibition of coupled
NaCl uptake across the brush border membrane [15]
and (i) stimulation of active anion secretion in the
crypts of Lieberkuhn [6]. Since flounder intestine is
devoid of crypts and since it possesses a coupled
NaCl uptake process, we felt it would be of interest
to examine the effects of cAMP on ion transport in
this epithelium.

Materials and Methods

Methods for obtaining fish, stripping and mounting of intestine,
and for measurements of PD, short-circunit current (), conduc-
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tance (G,), unidirectional mucosa-to-serosa {(J,) and serosa-to-

ms.

mucosa (J,,) and net fluxes (J,.,) were previously described [7].

sm.

The Ringer solutions employed were those previously described
[71. All solutions were bubbled with 1 % CO, in O, and main-
tained at 15°. Adaptation of fish to 15 %, seawater was carried out
by progressively diluting seawater at 48-72hr intervals, the se-
quence being 100, 50, 25, and 15 %, Fish were maintained at 15°
during adaptation and were not used before at least 48hr in 15 9
seawater,

Results are expressed as means 1 +SEM. Statistical compa-
risons are by Student’s ¢ test for paired or unpaired variates.

Results

Effects of cAMP on Na and Cl Fluxes, I, and G,

In order to insure a high intracellular concentration
of cAMP, theophylline (5umol/ml) and cAMP
(2 umol/ml) were added together to the serosal bath-
ing medium. Results for both normal and 1579
seawater-adapted fish and for both high (20 mm) and
low (5mm) HCO;-Ringer solutions are shown in
Table 1. Consistent with prior observations [1, 18],
adaptation to 15 %, seawater resulted in a reduction
of I, and J 1. A decrease in the mean value for J3
also occurred but was not statistically significant.

In high HCO,-Ringer, theophylline and cAMP
produced a gradual (15-20 min) decrease in the ab-
solute value of the I_. Subsequent Na and CI flux
measurements revealed decreases in the means for
both J and JN2, the former change being larger
than the latter and the ratio of the two remaining
unchanged. These changes were observed with tissues

Table 1. Effects of cAMP on Na and Cl fluxes, I, and conductance (G,)
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from both normal and 15 %, seawater-adapted fish.
Based on an analysis of pooled data for both groups
of fish, the changes in L and ,J<, are highly signifi-

oY net

cant (P <0.001 for both) but the change in JMN is not

o net

(0.05<P<0.1). Small changes in J are difficult to

o net
ascertain from measurements of large unidirectional

Na fluxes. If, however, ,J22 is assumed equal to the

sum of the I, and JC [71, then a significant dimi-

0" net

nution in JN? becomes apparent (ic, cAMP and

o net
theophylline produced a greater change in ,J<, than
in I, P<0.02).

Cyclic AMP and theophylline also decreased the
mean values for I, J& and Jhd in low HCO,-
Ringer, but, since the control fluxes were low, none of
these changes were statistically significant.

Under all conditions, cAMP and theophylline
significantly increased both JS! and total conduc-
tance. The decreases in ,J< were not in fact as-
sociated with decreases in JS (which actually in-

o net
o ms

creased slightly) but with increases in JS.. The in-

oY sm*

crease in ,JS was approximately the same in magni-
tude under all conditions shown in Table 1 and
therefore was not a function of the pre-existing net Cl
flux. The increase in ,JS! was also not associated with
any change in J3? indicating that cAMP does not
produce a general increase in the ionic conductances
of the paracellular pathway.

In order to exclude the possibility that the above

changes were due to an action of theophylline other

! The subscripted prefix “o” refers to the short-circuited state.

0J7§Sa OJSIlea OJIIPLT OJSC": o‘]ncelt ISC Gt
A) High HCO,-Ringer 20 mm HCO;, 1% CO,, pH 8.2)
1) Normal fish (5)
Control 159+087 13.8+1.13 2.17+0.46 9.58+0.76 3.06+0.68 6524032 —3.571+041 25.5+2.58
+cAMP 14.4+0.88 13.2+1.02 1.284+0.78 9.74+0.61 6.432+0.63  3.32°+0.77 —1.16°4+054 2844202
2) 15% seawater-adapted fish (4)
Control 1354119 1254092  104+090 696+069  330+£077  3.66+089 —151+015 215%021
+cAMP 10.3+1.93 9.53+1.77 0.82+0.85 8.19+1.58 8082 +1.62 0.11>+0.85 —0.162+042 244*+0.35
3) Pooled results (9)
Control 149+40.79 13.240.74 1.67+0.48 8.15+0.70 3.17+048 5.25+0.64 —2.61+0.44 23.7+1.54
+cAMP 126°+1.16 11.5+1.10 1.08 +£0.54 9.051+0.77 716°+079 18974078 —0.71°4+034 266*+128
B) Low HCO, Ringer (5mm HCO;, 1 % CO,, pH 7.6); normal fish (7)
Control 12.1+0.79 10.7+0.71 1.35+0.59 499 +0.63 297+0.32 202+065 —143+0.16 18.4+1.01
+cAMP 11.9+0.72 11.8+1.25 0.06 +0.85 9154087 7.72°+044 1444070 —099+0.07 22.12+0.78

All experiments were conducted at 15°C. Values are means + 1.SE for (n) experiments. Fluxes and I, are in peq/hr cm? and G, is in
mmbhos/cm?2. Cyclic AMP (2 pmol/ml) was added to the serosal medium together with theophylline (5 pmol/ml).

Statistical differences from control values: * P <0.02; ® P <0.001.
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Table 2. Na and Cl fluxes in the presence of ouabain and cAMP

oJms a‘]sm aJnet
Na 9.62+0.40 9.11 £0.46 0.52+0.54
Cl 10.50 £0.63 10.30+0.54 0.2240.57

Fluxes are in peq/hrem?. Values shown are for 18 experiments, 8
with tissues bathed in low HCO;-Ringer and 10 in high HCO,-
Ringer. Results for the two groups did not differ significantly and
therefore were pooled (,J2° and ,JS, for high HCO,-Ringer alone

o net 6“net

were —0.04+0.90 and —0.29 +0.98, respectively). G, for all tissues
was 21.2 + 0.74 mmhos/cm?. Ouabain (0.5 pmol/m!) was added to
the serosal medium 30-40 min after tissues were mounted in vitro.
Thirty min later, ;AAMP (2.5 pmol/ml) and theophylline (5 umol/mi)
were added to the serosal reservoir. Flux measurements were
begun 1 hr thereafter.

than inhibition of cAMP phosphodiesterase, we de-
termined JS and I in the presence of a higher
concentration of cAMP alone (7.5mMm; 2 experi-
ments) and also in the presence of dibutyryl cAMP
(0.25 mmM; 3 experiments). The changes observed (data
not shown) were similar to those described in Table
1. In the remainder of this paper, therefore, we at-
tribute to cAMP alone effects produced by adding
both cAMP and theophylline.

Effect of cAMP on Cl Fluxes in the Presence
of Ouabain

The increase in ,JS! produced by cAMP could repre-
sent an increase in a passive flux or stimulation of
active secretion. Although ¢cAMP did not produce
net Cl secretion, it could nonetheless have stimulated
an active secretion which was more than offset by a
normally present active absorption. In order to exa-
mine this possibility, we determined the effect of
cAMP on Na and Cl fluxes in tissues treated with
ouabain (0.5 mm), which inhibits active Cl absorption
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in flounder intestine [7]. In ouabain-treated tissues,
cAMP did not alter PD (which remained at zero) nor
stimulate a net flux of CI (Table 2). Cyclic AMP did,
however, increase ,JS in ouabain-treated as well as in
control tissues (Table 3). Ouabain itself caused a
marked increase in ,JS., the reason for which is
uncertain®, but the combination of ouabain and
cAMP produced a significantly greater increase in
Job than did either agent alone. Thus cAMP can
increase ,J$ even when all active Na and Cl trans-
port has been abolished, implying an effect of the
nucleotide on passive Cl permeability. Cyclic AMP
also increased G, in ouabain-treated tissues (Table 3),

as it does in normal tissues (Table 1).

Variation of JS: with PD in cAMP-Treated
and Control Tissues
In principle the cAMP-induced increase in ,JS, could
have resulted from an increase in the Cl permeability
of an epithelial cell membrane (brush border or baso-
lateral) or from an increase in the Cl conductance of
the paracellular pathway. In order to distinguish
between these two possibilities, we examined JS as a
function of imposed transmural voltage. A PD-in-
sensitive component of JS! would almost certainly be
transcellular in origin.

Each tissue was clamped at 0 mV (short-circuited)
and also at either +10 or —15mV (mucosal refer-
ence), the clamping order being randomized. To re-

> Alarge, nonspecific increase in passive permeability is unlikely

since unidirectional Na fluxes were not increased. Elimination of
intracellular electronegativity would increase transcellular dif-
fusion of *Cl (see Eq. (8) in our preceding paper [7]), but this
alone is unlikely to account for the full increase in ol since, under

normal conditions, transcellular Cl diffusion appears to be small

[71.

Table 3. Effect of cAMP on ,J& and G, in the presence and absence of ouabain

0¥ sm

— Quabain + Ouabain

n DJS(V:V{ Gt n OJs(r:; Gt
—cAMP 8 4,740.55 27.44+1.66 9 11.6 iO:ES 23.14+1.46
+cAMP 6 10.34+0.62 3244192 9 14.6 +1.06 27.341.88
P 5 <0.005 NS 8 <0.02 <0.05

Values are means +sEMfor n experiments in high HCO,-Ringer. Units for _JS

and G, are pEg/hrem? and

oY sm

mmbhos/cm?, respectively. Probabilities (P) are for paired differences in n experiments, unpaired experiments

having been excluded. Ouabain (0.5 pmol/ml) and/or cAMP (2umol/ml), together with theophylline (5 umol/ml)

>

were added to the serosal reservoir shortly after mounting tissues. Radioisotope (**Cl) was added about 30 min
later and flux measurements were begun 30 min after that. Although cAMP appeared to increase J5 more in
the absence than in the presence of ouabain, this difference was not statistically significant.
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Fig. 1. Variation of JS with PD in cAMP-treated (upper line and
curve) and control intestine. u=(F/RT)x ¥,.. Results are means
+1se. Number of experiments at each PD for cAMP-treated
(listed first) and control tissues (listed second) were as follows : PD
=0 (29, 27); +10mV (14, 13); and —15mV (15, 14). Each solid,
least squares regression line predicts the relation between X and Y
axes for diffusion across a single membrane. The dashed lines are
those predicted for diffusion across two membranes in series. See
text for further details

duce the effect of tissue variability, fluxes measured at
+10 and —15mV were normalized against fluxes
measured in the same tissues at 0 mV, as previously
described [7]. In Fig. 1, JS! is plotted against —u/(1
—¢"), where u=(F/RT)x ¥Pms. Data are shown for
both cAMP-treated and control tissues.®> Simple io-
nic diffusion across a single homogenous membrane
would vary linearly with the above function [17] and
a positive y-intercept would suggest a PD-insensitive
component of the total flux. The least squares re-
gression line for these points provides a close fit of
the data and intercepts the y axis at 2.74 peq/hr cm?,
which is significantly greater than zero (P <01).* The
calculated diffusional flux at 0 mV is 4.42. In contrast,
the y-intercept and slope of the regression line for

3 The voltage-flux data for controls are those presented in our

preceding paper [7].
4 The significance of the Y-intercept was determined by testing
the null hypothesis that the regression line passes through Y=0

[191].
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contro] tissues are —0.70 and 3.54, respectively. Com-
parison suggests that cAMP induced a PD-insen-
sitive Cl flux without significantly altering the pre-
existing diffusional flux.

For reasons previously presented [7], diffusion
across the paracellular pathway is better described by
an equation for diffusion across two membranes in
series than by one for diffusion across a single mem-
brane. Equation (8) from our prior paper [7] is the
basis for the curvilinear relation in Fig. 1, which was
determined as described in the appendix to that
paper. When calculated in this way, a y-intercept of
3.76 and a diffusional flux at OmV of 3.38 are ob-
tained for cAMP-treated tissues. The corresponding
values for control tissues are 0.14 and 2.73.

Large clamping currents (<320pA/cm?) have
been shown to alter tissue conductance in gallbladder
due to electro-osmotically-induced structural changes
in the paracellular pathway [3]. Since such alte-
rations, if they also developed in flounder intestine,
would influence the voltage-flux relationship, we
compared the conductances of the cAMP-treated tis-
sues measured at each clamping voltage. The currents
passed at +10, §, and —15mV were 252 +11, 25+3,
and —3244+10pA/cm?, respectively; conductances at
these three PDs were 23.24+0.82, 23.04+0.57, and 23.9
+0.75 mmhos/em?, respectively. Although the latter
two conductances differ significantly (P <0.005), a
4 % change is too small to detectably alter JS,. We
previously reported similar results for the control
tissues [7].

Discussion
Effects of cAMP on Net Na and Cl Fluxes

Determination of initial rates of Na and Cl uptake
across the brush border of flounder intestine indicate
the presence there of an obligatory cotransport of
NaCl with approximately 1:1 stoichiometry [10].
Similar observations have been made with rabbit
ileum [15] and gallbladder [8]. Nonetheless, flounder
intestine exhibits a serosa-negative PD and, under
short-circuit condition, transports almost three times
as much Cl as Na. To explain this paradox we
proposed that an electrically-neutral transcellular
NaCl transport process is transformed into an elec-
trogenic transepithelial process by the permselective
and resistive properties of the paracellular pathway,
ie., the open-circuit PD can be attributed largely to
salt diffusion across a cation-selective “tight” junc-
tion and, under short-circuit condition, most of the
Na transported into the lateral space from the cells
recycles back to the mucosal solution.
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Addition of cAMP reduced the transepithelial
PD, I, J%, and, to a lesser extent, J22 (although the
last change was not in itself statistically significant, its
validity is supported by the related observation that
the change of JS, significantly exceeded the change
in I.). These changes are consistent with an in-
hibitory effect of cAMP on NaCl cotransport across
the brush border, an effect of cAMP which has
already been demonstrated to occur in rabbit ileum
[15] and gallbladder [8]. In flounder intestine, direct
measurements of Na and Cl influxes have demon-
strated inhibition of coupled influx by furosemide,
which also inhibits I, and J, [10]. Cyclic AMP did
not significantly reduce total Cl influx, but it reduced
by two-thirds the furosemide-inhibitable portion,
which is synonymous with the Na-coupled portion.
Thus, in flounder intestine, as in rabbit ileum and
gallbladder, cAMP appears to inhibit NaCl cotrans-
port across the brush border. Cyclic AMP may also
increase the Na-independent Cl permeability of the
brush border membrane, although more influx
measurements are needed to be confident of this. This
particular permeability change would also be con-
sistent with the effect of cAMP on JS.

It is of interest that ¢cAMP diminished NaCl
absorption in flounder intestine but did not stimulate
its secretion. The same result has been obtained with
rabbit gallbladder [8], and the responses of both
these tissues to ¢cAMP contrast to those of rabbit
ileum and colon, in both of which net secretion
develops [6, 9]. Flounder intestine [7] and rabbit
gallbladder [11] are devoid of crypts, whereas, in
mammalian small intestine and colon, crypts are
prominent and they contain cells which differ mor-
phologically from the remaining epithelial cells [21].
These correlations suggest that active secretion in
mammalian intestine originates in crypts. This con-
clusion is supported by the observation that selective
destruction of villus cells by osmotic shock does not
appreciably diminish cholera toxin-induced secretion
[16] and also by the observation that cholera toxin-
induced net secretion does not develop unless the
toxin has been left in the lumen long enough to
increase adenylate cyclase activity in crypt cells [4].
Briefer exposure to toxin, although it increases villus
cell cyclase and abolishes net absorption, does not
produce net secretion. It will be interesting to relate
the presence or absence of active secretion with mor-
phological features in intestinal preparations from
other animal species.

Effect of cAMP on Passive Cl Permeability

Two features of the present data, namely the cAMP-
induced increases in JS! and G,, require explanation.

07 s
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Since these effects were observed even when ,JS, was

reduced to zero by ouabain, they cannot have been
due to stimulation of active Cl secretion. Further-
more, since ,J)* was not affected and since the in-
crease in JS! was PD-insensitive (see Fig. 1), these
effects of cAMP cannot be attributed to a change in
either the overall conductance or the permselectivity
of the paracellular pathway. Cyclic AMP appears
therefore to increase the Cl permeability of the trans-
cellular. pathway. The extent to which changes in
luminal and contraluminal membrane permeabilities
contribute to the overall transcellular permeability
change remains to be evaluated. Although it may
seem paradoxical that an increase in cellular per-
meability to Cl can give rise to both a PD-insensitive
unidirectional Cl flux and an increase in G,, these
observations are not inconsistent. Consider, for ex-
ample, the following related possibilities: (i) cAMP
increases the Cl-conductance of the mucosal (brush
border) membrane; (ii) as a result, the electrical re-
sistance of the mucosal membrane becomes much
less than that of the serosal (basolateral) membrane
so that imposed changes in transepithelial voltage do
not significantly alter the PD across the mucosal
membrane; and (iii) serosal Cl permeability is largely
nonconductive, ie., due to anion exchange or obli-
gatory coupling to a cation flux. In these circum-
stances, the cAMP-induced increase in unidirectional
transcellular Cl flux would be PD-insensitive and yet
associated with an increase in transcellular conduc-
tance. Whether or not or to what extent these possi-
bilities are realistic is at present unknown, but a
priori they constitute one possible resolution of the
above paradox.

Estimation of the cAM P-Induced Transcellular
Component of JS

If cellular and paracellular routes of transepithelial
Cl permeation were to constitute two parallel and
independent pathways, then the cAMP-induced
transcellular portion of JS! would be approximated
by the y-intercept of the curve shown in Fig. 1, ie,
3.8 ueg/hr cm®. To explain our prior observations on
ion transport across flounder intestine, we modeled
this epithelium as shown in Fig. 2. We treated the
lateral space (L) as a compartment with a long cell
border and with luminal and serosal limiting mem-
branes (the latter membrane could more realistically
be viewed as an integrated resistance over the lateral
space). We also assumed that the cell communicates
with the serosal bathing medium exclusively by way
of the lateral space, ie., across the serosal border of
L. Since more than 98 % of the flounder intestinal
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Fig. 2. Pathways for transepithelial ion transport in flounder
intestine. M and S=mucosal and serosal bathing solutions, C
=cell and L=lateral intercellular space. The lateral space is
treated as a tissue compartment

epithelial cell’s contraluminal surface borders on L
[7], this assumption seems reasonable. Use of this
model enabled us to reconcile NaCl cotransport by
the cells with the predominance of J<, over ,JN2 for
the epithelium as whole, i.e., under short-circuit con-
dition most of the Na pumped from the cell (¢) to L
recycles to the luminal bathing medium across the
“tight” junction. This can only happen, of course, if
the Na permeability of the mucosal border of L
exceeds that of the serosal border of L. The curves
shown in Fig. 1 for both ¢cAMP and control con-
ditions are those obtained with this compartmental
analysis, the assumption being made that the Cl
permeability of the lateral cell border is negligible
relative to that of the paracellular pathway itself (see
reference [7] for details).

In light of the voltage-insensitive nature of the
cAMP-induced increment in JS,, however, the as-
sumption that the cell is Cl impermeable and there-
fore that cellular and paracellular pathways for Cl
diffusion are independent is no longer tenable. We
therefore need a more general equation for JS! which
takes into account a transceliular CI flux from L to
m. It can readily be shown that, in the steady state,

— JSL(JLcm + JLm)
o (']Lcm + JLm + JLS)
where J

Lom 18 the transcellular L —m flux and is equal
to J; . J/ ([, +J.0). We assume that J; . is not altered
by voltage clamping and that cAMP does not alter
the Cl permeabilities of the m and s borders of L. By
applying the constant-field equation to unidirectional
fluxes (setting trams-concentrations to zero)’ and
using the steady-state condition that the sums of
fluxes into and out of L must be equal, it can be

shown that

1

W It I U W 4 W)

JE IS+ WA+ wI

Lcm

Cl__
Jsm-

@

> The relevant equations are given in reference 7 and are
equivalent to those derived in a different way in reference 17.
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where
Wl = CO};C‘ ,uj/(l —e M),

7
u=(F/RT)(¥,~¥) with ¥, =0,
p§'=Cl permeability of m or s boundries of L, C,
=150 mm, J7' is the net Cl flux from C to L, and J,,
is the paracellular component of J$, ie., JS for the
condition JL =0.

Since, under short-circuit condition, (1
—e W) 1 (at least for cAMP-treated tissues), Eq. (2)
can be rearranged and simplified:

Ja N(aJsi—oJ;Im)(Jc+ CO [pﬁlﬂ?sc}]) 3
Lem = (COPCI_ JCl h ( )

07 sm.

Since (Jo— o) 1s the Y-intercept of the upper
exceeds

curve shown in Fig. 1, it is obvious that J&!,

the Y-intercept since (J,+ CoPMN/(CoP®~ JE must
be greater than 1.0. Reasonable estimates for J,, P&
and P yield a ratio greater than 2.0, suggesting that
JE! is more than twice the Y-intercept®. Thus, follow-
ing addition of cAMP, transcellular Cl permeability
is considerably higher than paracellular Cl permea-
bility. Some of this transcellular flux could represent
exchange diffusion.

Equation (2) can also be used to generate a curve
relating JS to —u(l—e*). This curve closely ap-
proximates the measured fluxes at +10 and —15mV;
its slope would be increased by a voltage-dependent
Job ., providing a less satisfactory fit of the data.

Relation to Effects of cAMP on Other Epithelia

Inhibition by ¢cAMP of NaCl cotransport across the
luminal border of gallbladder [10] and intestine [15]
has been cited above. Cyclic AMP has also been
shown to enhance cell membrane permeabilities to
water and small aqueous solutes in toad bladder, frog
skin, and renal collecting tubule [20]. Of particular
relevance to the present study, Mandel [14] has
shown that ADH and theophylline increase transcel-
lular Cl permeability in frog skin and that this effect is
independent of active Na transport; ie., it persists in
the presence of ouabain. Whether this effect of cAMP
is exerted on the outer, inner, or both border(s) of
the frog skin epithelial cell is not known.
Electrophysiologic studies of rabbit corneal epi-

5 Assume J%=19, which is 6.4, the value calculated in our prior

study [7],multiplied by the ratio of I, for cAMP-treated tissues in
the present study and I, for control tissues in the prior study;
assume also that P¥'=0.0216 and P=0.135, the permeabilities
previously obtained for control tissues [7] reduced by 10 % since
JC for controls in Fig. 1 is 10% lower than the previously

0¥ sm

reported value. The calculated value for J£, is then 8.6 peq/hrem?.
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thelium, which actively secretes Cl when stimulated
by epinephrine, indicate that addition of epinephrine
decreases the resistance of the outer (tear side) cell
membrane and that this resistance change does not
develop when Cl is replaced with SO, [12]. Pre-
sumably this effect of epinephrine is mediated by
cAMP. Thus, in this and probably other secretory
epithelia, CAMP appears to increase apical mem-
brane Cl conductance. Measurements of cell Cl and
cell membrane potentials indicate that Cl efflux ac-
ross the outer corneal membrane is downhill [12]. By
increasing the Cl conductance of this membrane,
therefore, cAMP increases Cl secretion. The relation-
ship on the molecular level between these two effects
of cAMP, i.e., inhibition of NaCl cotransport across
the apical membrane of certain absorptive cells and
enhancement of apical Cl conductance of certain
secretory and possibly also absorptive cells, is as yet
poorly understood. Cyclic AMP is not the only in-
tracellular mediator for such effects since Ca appears
to decrease apical membrane resistance and stimulate
secretion in insect salivary gland [2] and to decrease
NaCl co-transport across the brush border of rabbit
ileum (P.L. Smith and M. Field, unpublished).

Addendum

Recently MacKay and Lahlou [13] reported effects
of theophylline on ion transport across the intestine
of the European flounder, Platichthys Flesus. Their
observations were similar to our own: JS, and I
decreased and JS, increased.

This work was supported by Public Health Service Grants Al-
09029, AM-18704, and AM-21345. We are indebted to Evan
Vosburgh for his able technical assistance.
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