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Summary. Urea and water transport across the toad bladder can be separately activated
by low concentrations of vasopressin or § Br-cAMP. Employing this method of selective
activation, we have determined the reflection coefficient () of urea and other small mole-
cules under circumstances in which the bladder was transporting urea or water. An osmotic
method for the determination of ¢ was used, in which the ability of a given solute to
retard water efflux from the bladder was compared to that of raffinose (c=1.0) or water
(c=0). When urea transport was activated (low concentration of vasopressin), ¢ for urea
and other solutes was low, (Gurea; 0.08-0.39; Gaceramider 0.35; Gernyiene giyeor, 0-60). When water
transport was activated (0.1 mM 8 Br-cAMP) o,,., approached 1.0. oy, also approached
1.0 at high vasopressin concentrations. In a separate series of studies, ¢,,.., was determined
in the presence of 2 x 107> KMnO, in the luminal bathing medium. Under these conditions,
when urea transport is selectively blocked, o, rose from a value of 0.12 to 0.89. Thus,
permanganate appears to “‘close” the urea transport channel. These findings indicate that
the luminal membrane channels for water and solutes differ significantly in their dimensions.
The solute channels, limited in number, have relatively large radii. They carry a small
fraction (approximately 10%) of total water flow. The water transport channels, on the
other hand, have small radii, approximately the size of a water molecule, and exclude
solutes as small as urea.

In the preceding paper (Carvounis ef al., 1979) we have shown that
urea or water transport across the toad bladder could be selectively
activated by low concentrations of vasopressin or 8-Bromo cAMP, re-
spectively. In the present study, we determined the reflection coefficients
(0) of urea and other solutes when urea or water transport were separately
activated. With activation of urea transport, ¢ for urea and other small
solutes was low; with the activation of water transport, 0., approached
1.0. On the basis of these studies, we propose that water and solute
movement across the luminal membrane proceeds through channels
whose size and number differ significantly.
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Materials and Methods

Female Dominican toads (National Reagents, Bridgeport, Conn.) were doubly pithed
and glass bungs were tied into both hemibladders in situ. The bladders were excised,
and washed inside and outside three times with amphibian phosphate Ringer’s (110 mm
Na™, 05mMCa™ ", 4mM K", 106 mM Cl™, Smm phosphate 230 mosmol/kg, pH 7.40).
Methods and materials used for determination of osmotic water flow and permeabilities
of various radioisotopic solutes were identical to those described in the preceding paper
{Carvounis et al., 1979).

Reflection Coefficient

Figure | outlines a method of measuring the reflection coefficient. Consider a situation
in which three identical hemibladders are bathed in 220 mosmol/kg buffered NaCl. The
first hemibladder is filled with water, the second with [00 mosmol/kg raffinose, a large
impermeant solute with a ¢ of 1.0, and the third with 100 mosmol/kg of a solute (s)
whose reflection coefficient (o) is to be measured. Of the three tissues, bladder 1 would
lose water most rapidly, while bladder 2 would have approximately one-half the water
flow of bladder 1, since the impermeant raffinose decreased the osmotic gradient by approxi-
mately one-half. The water flow in bladder 3 would depend critically on ;. If o, were
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Fig. 1. Schematic representation of the osmotic method of determining reflection coefficients.

Water flow is depicted across bladders containing water alone (W); raffinose (R. an imper-

meant molecule larger than the available channels), and a relatively small solute (S), with
a reflection coefficient falling between those of water and raffinose
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1.0, it would retard net water efflux to the same extent as an equiosmolar concentration
of raffinose. If o, were equal to zero, water flow would be the same as in the bladders
containing only water. As shown on the right-hand scale in the figure, intermediate values
for o, would elicit water flows at a rate linearly interpolated between those for o,=0
and o,=1. Thus:
AW, — AW,
AW, W, W
w 13
where AW,,, AW, and AW, are water flows in the tissues containing water, test solute,
and raffinose, respectively.

Two considerations are involved in the measurement of ¢, in the toad bladder. First,
the toad has only 2 hemibladders, so that dividing the tissue into 3 or more segments
would preclude using the well-characterized Bentley technique (Bentley, 1958). Second,
the water flow response of the bladder to vasopressin varied with time. We dealt with
these problems by comparing in paired experiments and in random order the effects of
water vs. raffinose on transport during one test period, and the effects of water vs. test
solute during the other test period, calculating reflection coefficient as

(AWW—AWS)
AW,
S 2
a, (AWW,_M> @

AW,

where AW, is the water flow in the bladders containing water during the period in which
AW, was measured, and 4W;, the value in the same bladder when AW, was measured.
This calculation normalizes for the effects of variation on time and bladder matching
on vasopressin-stimulated water flow.

The experiments were carried out by bathing both hemibladders in a serosal solution
of full strength Ringer’s. One bladder contained 8 ml distilled water (buffered to pH 7.4
with 1 mM Na phosphate) while the paired bladder contained 0.1  raffinose or 0.1 m test
solute. There was a 15 min baseline period in which both sacs were filled with water
and osmotic flow was determined gravimetrically. Blotting of the bladder with Whatman
# 50 blotting paper was carefully carried out; the small amount of water adhering to
the glass bung was also removed. The mucosal solutions were then removed, distilled
water was again placed in the first bladder, and 0.1 M raffinose or test solute (whichever
was not present in the preceding period) was placed in the second biadder. As indicated
above, the order of r or s was randomized. Mechanical stirring was not provided in
the experiments to be reported, since we found that in paired experiments at 1 mU/ml
vasopressin, identical ¢’s were obtained in the presence or absence of stirring. We also
observed that at high concentrations of vasopressin, stirring produced a decrease in o afinose
which progressed with time, suggesting a change in the properties of the epithelium.’

' We did not correct our calculations of waler transport rates in the bladders containing
urea for the weight change attributable to urea efflux, since urea permeability was not
measured in each experiment. Thus, the actual water efflux is in fact slightly less than
the bladder’s weight loss. The discrepancy, however, is extremely small, on the order
of 1%. If we assume a kg, urea of 100x 10”7 cm/sec in the unsiimulated bladders,
and k., urea of 400 x 10~ 7 cm/sec in the presence of 1 and 86 mU/mi vasopressin, then
the bladder weight change would overestimate water loss by only 0.07 and 0.28 mg/min,
respectively, when 100 mM urea was present in the bladders’ luminal bath. In the tissues
containing water or raffinose, water loss and weight change should be essentially identical.
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It eventually became clear that the mean value for the denominator of Eq. (2) was
0.50+0.01, (n=108) consistent with 6,a¢finese = 1.0 and on.c;=0.9, so that the osmotic
effect of the serosal bath was 0.9 x 230=207 or approximately the equivalent of 200 mosmol
raffinose. Because of the consistency of this value, we chose in some experiments to compare
water flows in bladders containing test solute to those containing either water or raffinose
in a single period only, calculating ¢ as:

AW, — AW,

054w,

3)

or {substituting 2AW, for AW, ):

AW, — AW,
AW,

g:y:

(4)

Experimental results were evaluated by the method of paired analysis (Snedecor & Cochran,
1967).

Results
Effect of Vasopressin on 6,

The reflection coefficient of urea was determined in 5 paired experi-
ments in which one hemibladder contained buffered distilled water, and
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Fig. 2. Water flow across paired bladders, containing water vs. urea, or water vs. raffinose,
in the absence of vasopressin, and with 1 and 86 mU/ml vasopressin. See text
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the paired bladder contained 0.1 M urea followed by 0.1 m raffinose,
or raffinose followed by urea. The bladders were bathed in Ringer’s
solution containing no vasopressin, 1 mU/ml, or 86 mU/ml vasopressin.
The order of exposure to vasopressin (or no vasopressin) was randomized,
and extensive washout periods separated periods of vasopressin treat-
ment. The results are shown in Fig. 2. In the absence of vasopressin,
urea retarded water flow as effectively as raffinose; oy, calculated from
Eq. (2) was 1.02+0.23 (sem). Following 1 mU of vasopressin, urea
became almost ineffective in retarding water flow; water flow in the
sac containing urea was 95% of that in the absence of solute, and o,
was 0.05+0.10. Raffinose remained an osmotically effective solute. Fol-
lowing 86 mU/ml vasopressin, urea regained much of its osmotic effect
with a ¢ of 0.87+0.07. The results for 1 and 86 mU/ml were confirmed
in a larger series in which 0., following I mU/ml was 0.26 +0.06 (n =48)
and following 86 mU/ml was 0.79+0.06 (n=15).

EffeC'Z Of Vasopres*gin ON Oacetamide and Uethylene glycol

The reflection coefficients of several small solutes are shown in Fig. 3,
in the absence of vasopressin, and following 1 and 86 mU/ml of hormone.
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Fig. 3. Reflection coefficients of urea, acetamide (n=8), and ethylene glycol (n=10) in
the absence of vasopressin, and with 1 and 86 mU/ml vasopressin. Molecular radii are
shown. Bars are+ 1 Sem
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These experiments, like the preceding ones, were done in random order.
The data for urea are those cobtained in the preceding section (Fig. 2).
Acetamide and ethylene glycol showed the same pattern as urea- a signifi-
cant decrease from baseline values, and a significant rise from 1 to
86 mU/ml vasepressin. The values of g at 1 mU/ml are a function of
the molecular radu of the selutes, as indicated in the figure.

Effect of 0.1 mM §-Br ¢cAMP on o

wred

As shown in the preceding paper (Carvounis efal., 1979), 0.1 mm
8-Br cAMP activates water flow, but has virtually no effect on urea
transport. One would predict that if the water pathway were exclusively
activated, 7., would approach 1.0. This was the case as shown in
Fig. 4 and Table 1 When compared to raffinose, urea was almost identi-
cal as an osmotic agent ; when compared to water, urea showed a substan-
tial osmotic effect. oy, was 0.86+0.09 (urea rs. raffinose, Eq. (4)), and
0.93+0.09 (urea vs. water, Eq. (3)). These values were not statistically
different from 1.0. To be certain that 0.1 mm 8-Bromo ¢cAMP maintained
its selective effect on water flow under the conditions of the osmotic
experiments, the permeability of the bladders to '*C urea was simul-
taneously determined in each of the series described above. There was
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Fig 4. Water flow across paired bladders, containing water vs. urea, or urea vs. raffinose,
i the presence of 0.1 mm 8-Br cAMP, a selective activator of water flow. Urea is as effzctive
an osmotic agent as raffinose
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Table 1. Effect of 8-Br cAMP on o,

8-Br Solute (8)* Oyrea Solute (6) Curea

cAMP

(rom) None Urea Raffinose  Urea
AW (ul/min) AW (ui/min)

0 38+04 4.1+0.6 2.9+0.3 32+03

0.1 24.0+49 13.4+2.6° 0.93+0.09 i43+1.2 15.5+0.8 0.86 +0.09
Kypans urea (x 107 cm/sec) Kkyans urea (x 107 cm/sec)

0 54 £22 77 +37 86 +25 90 +23

0.1 112 +38 128 +59 159 +£36 142 +35°

® Number of paired experiments.
b Significantly different from paired value.

a small (1.8-fold) increase in the mean k..., urea compared to the baseline
values following 8-Br cAMP (Table 1, lower half). This represented a
relatively insignificant increase in urea permeability when compared to
the 22-fold increase in ki, urea following 1 mU vasopressin (Table 1,
Carvounis et al., 1979). Thus, the relative specificity of the activation
of water flow by 8-Br cAMP was preserved in these experiments.

Effect of KMnO, on ¢,,,

KMnO, selectively inhibits vasopressin-stimulated urea transport
(Franki, Einhorn & Hays, 1975). We determined the effect of KMnO,
ONl Oy, Using the following protocol: o, following 1 mU/ml of
vasopressin was first determined in the usual fashion, comparing a hemi-
bladder containing 0.1 M urea with one containing water. The vasopressin
effect was then reversed by washing the bladder in hormone-free Ringer’s
solution and the experiment repeated with 2x10™° M KMnO, in the
serosal bathing medium of both bladders, in the presence of a new
dose of 1 mU/ml vasopressin. This experimental design eliminated any
effect of KMnO, on water per se, since the agent was present in both
baths, KMnO, produced a consistent and significant increase in o,.,,
in addition to reducing the effect of vasopressin on k... urea. In seven
paired experiments, o,., rose from a value of 0.1240.25 in the control
period to 0.89+0.13 in the presence of KMnO,. The difference was
significant by pair analysis (P <0.02).

To be certain that the rise in o,., was not simply the result of
washing out hormone and repeating the first period, a series of 6 experi-
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ments was carried out in which the first period was repeated after wash-
out, without adding KMnOy,. ¢,., was 0.41 in the first period and
0.47 in the second; 4=0.06+0.22, not significant. Thus, a time-depen-
dent rise in o,,., is ruled out.

Discussion

In the preceding paper (Carvounis et al., 1979) the evidence for inde-
pendent pathways for water and urea transport was reviewed. Not only
can the two transport systems be independently blocked or stimulated
by appropriate agents, but there is now evidence that vasopressin-induced
particle aggregates in the luminal membrane are engaged only in water
transport (Kachadorian et al., 1977; Levine et al., 1979). To this evi-
dence, we have added the observation that water or urea transport can
be independently stimulated by low concentrations of 8-Br cAMP or
vasopressin. '

The ability to activate these transport systems independently has en-
abled us to examine their physical properties, notably the o,,., for each
pathway. We have employed an osmotic method for the determination
of 0yea. The osmotic method was also employed in an earlier study
in the toad bladder by Hays, Harkness and Franki (1970). These studies
were limited to an examination of o,., in the absence of vasopressin
and in the presence of a saturating concentration of hormone, with
complete activation of both urea and water transport. Mechanical stirring
was also provided. Under these conditions baseline ., was lower than
in the present study, possibly because of less fastidious blotting technique.
Gurea fOllowing 86 mU/ml vasopressin was 0.70, within the range of values
obtained for a saturating concentration in the present study. The sharp
fall in 6., following 1 mU/ml vasopressin, and the high value for ¢
under conditions in which water flow alone was activated (8 Br-
cAMP, KMnO,) were not examined in the earlier study.

The osmotic method employed in the present study is based on the
relationship between water flow across the epithelial cell membrane and
the “retarding” effect of a given solute on water flow. The model underly-
ing the interpretation of our findings has been shown in Fig. 1. However,
in considering the pathways for water and solute movement across the
cell membrane, one must evaluate several possibilities. First, water and
solutes might both cross the membrane by a process of simple diffusion,
in which both species “dissolved” in the membrane phase. Under these
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circumstances, vasopressin might act by increasing membrane fluidity
(Pietras & Wright, 1975). There is little support for this model; the change
in membrane fluidity required for the large increase in water flow would
be substantial (Finkelstein, 1976), while the actual change, as determined
by fluorescence polarization, is very small (Masters, Y guerabide & Fanes-
til, 1978). Second, water may traverse small aqueous channels, while
urea and other small solutes diffuse through a nonaqueous phase of
the membrane. Again, there is some evidence against this model. Vaso-
pressin-stimulated urea transport across the toad bladder has the charac-
teristics of cotransport (Levine & Worthington, 1976), consistent with
movement through aqueous channels. In addition, ¢,., for a nonaqueous
pathway would be 1.0, when appropriate corrections are made for the
small difference between weight loss and water (see methods).

From these considerations, an aqueous pathway for water and a
nonaqueous pathway for urea seems unlikely. The reflection coefficients
obtained in these studies, then, represent the effective osmotic presence
exerted by urea and other solutes across at least two types of aqueous
channels: a relatively large one, activated by low concentrations of vaso-
pressin, in which urea and water interact, and a channel whose radius
approximates that of the water molecules, and which excludes urea.

It is important in those osmotic experiments in which 0.1 M concen-
trations of urea and other solutes were present in the luminal bathing
medium to be certain that the integrity of the bladder epithelium was
maintained. Na,SO, Ringer’s plus 0.2 M urea on the outside of the frog
skin will open tight junctions (Ussing, 1963 ; Ussing & Windhager, 1964).
We therefore compared the rate of movement of *#*C urea across sacs
containing 0.1 M unlabeled urea to '*C urea movement across paired
sacs containing buffered distilled water, following 1 mU/ml/vasopressin.
Urea permeability was no higher in the sac containing urea than in
the sac containing water; indeed, it was significantly lower in 14 paired
experiments (132 vs. 164 x 10~ 7 cm/sec, P<0.02) as would be expected
with a saturable transport system for amides (Levine, Franki & Hays,
1973).

Turning to the specific findings in this study of reflection coefficients,
we obtained values close to 1.0 for 6yen, Gaceramide> AN Teynyiene glycol 101
the unstimulated bladder. We recognize, of course, that the osmotic
method depends on an accurate determination of water loss from
the bladder sacs, and that water flow in the absence of vasopressin
is low. This accounts for the relatively large standard error in this set
of measurements. However, the consistency of the findings from series
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to series suggests that ¢,,.., is indeed high in the unstimulated bladder.
We would conclude that, in the absence of vasopressin, the luminal
membrane presents few, if any, aqueous channels which are accessible
to urea or other solutes and that urea is as effective an osmotic agent
as raffinose. The urea that does cross the bladder in the unstimulated
state may do so by simple diffusion, although the kinetics of urea trans-
port in the absence of vasopressin have not been thoroughly studied.
In addition, it is not clear to what extent solute transport is transcellular
or paracellular in the unstimulated bladder.

In the presence of 1 mU/ml vasopressin, o for all solutes tested fell
significantly (Figs. 2 and 3). Again, there was variation in the measured
values for ¢, with those for urea ranging from 0.08 to 0.39. Even at
its highest, however, a,,., was significantly below its baseline value, and
below the value obtained with 86 mU/ml vasopressin. The variation in
g for all three solutes was not only the result of experimental error
in measuring the low water flows at 1| mU/ml vasopressin, but probably
of variation in the extent to which narrow water-transporting channels
were activated along with wider solute channels. To the extent that
this took place in a particular experimental series, ¢ would be higher.
We have noted some variation in the response of urea and water transport
to low concentrations of vasopressin over the course of a year, a phenom-
enon that may be seasonal in nature.

The question of whether all small hydrophilic nonelectrolytes move
through the same channel, or whether amides, for example, traverse
a specialized channel, has not been approached in this paper. The {inding
that ¢’s for urea, acetamide, and ethylene glycol at 1 mU/ml vasopressin
fall in an order predicted from their molecular radii is consistent with
a common channel for all 3 solutes. However, an extensive paired series
of experiments, employing many solutes, would be required to substanti-
ate this observation. We can conclude that at 1 mU/ml vasopressin,
the ¢ for solutes is determined at least in part by the dimensions of
a membrane channel (or channels) involved in solute transport. A small
fraction of total water flow takes place through these channels. From
Fig. 1 in the preceding paper (Carvounis et al., 1979), we would estimate
this fraction of flow to be approximately 10%.>

2 1t is of interest in this connection that in one experimental series employing 1 mU/ml
vasopressin, KMnO, reduced water flow by 4 pl/min. This small effect would be masked
by the large water flows (40-50 pl/min) following 86 mU/ml vasopressin. If further studies
confirm this observation, it would be consistent with the 10% of water flow taking place
through the urea channels, and with permanganate blocking transport of both water and
urea through these channels.
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Both urea and water transport are maximally activated at 86 mU/ml
Vasopressin. Gu.,, as well as that for the other solutes, should rise to
a level that reflects the relative proportion of large solute channels and
narrow water channels. This is the case, as shown in Fig. 3.

Direct examination of ¢ for the water channels was made possible
by the use of 0.1 mMm 8 Br-cAMP, a selective activator of water flow,
and of KMnQ,, a selective inhibitor of urea transport. In both instances,
Ourea TOSE to levels close to 1.0. The fact that g, following § Br-cAMP
was slightly below 1.0 is explained by the modest activation of urea
transport by this synthetic nucleotide (Table 1). KMnO, also produces
a Oy, Slightly below 1.0 (0.89), again consistent with the persistence
of some urea transport. KMnQ, exerts its inhibitory effect on urea
transport at a point beyond the generation of cyclic AMP (Franki et al.,
1975) and probably at the luminal membrane itself. It is a potent oxidizing
agent, and may alter urea transport channels by irreversibly changing
their conformation, or by physically blocking the channels. The experi-
ments with 8 Br-cAMP and KMnO, support the view that the channels
engaged in water transport exclude molecules as small as urea, and
have radii in the range of 2.0. A. Rosenberg and Finkelstein (1978)
have shown that gramicidin channels in lipid bilayers have these prop-
erties, and that water molecules traverse these channels in a “single-file”
fashion.
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Fig. 5. Vasopressin-generated channels in luminal membrane. Narrow channel (top) trans-
ports water only: urea channel (bottom) transports solutes and a small fraction of total
water flow
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In summary, our findings provide evidence for at least two popula-
tions of vasopressin-generated channels in the luminal membrane of the
toad bladder epithelial cell (Fig. 5). The first, which transports water
exclusively, has a radius small enough to exclude urea. Morphologically,
it is identified with the aggregated membrane particles seen in freeze-frac-
ture studies of the luminal membrane of amphibian bladder and mamma-
lian collecting duct (Chevalier, Bourguet & Hugon, 1974; Kachadorian,
Wade & DiScala, 1975; Harmanci et al., 1977). The second, which trans-
ports urea (and possibly a large number of small hydrophilic nonelectro-
lytes) has a larger radius, of the order of 3-4 A. This membrane com-
ponent, presumably a membrane protein, has not yet been identified
morphologically: current evidence (Kachadorian ef al.,, 1977) suggests
that it is anatomically distinct from the water-transporting aggregates.

This work was presented in part at the 91st Annual Meeting, Association of American
Physicians, San Francisco, May, 1978.
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Metabolism and Digestive Diseases, AM-07089, and by NIAMDD grant AM-03858. Dr.
Levine is an Established Investigator of the American Heart Association.

References

Bentley, P.J. 1958. The effects of neurohypophyseal extracts on water transfer across the
wall of the isolated urinary bladder of the toad Bufo marinus. J. Endocrinol. 17:201

Carvounis, C.P., Franki, N, Levine, S.D., Hays, R.M. 1979. Membrane pathways for
water and solutes in the toad bladder: I. Independent activation of water and urea
transport. J. Membrane Biol. 49:253

Chevalier, J., Bourguet, J., Hugon, J.S. 1974, Membrane associated particles: Distribution
in frog urinary bladder epithelium at rest and after oxytocin treatment. Cell Tissue
Res. 152:129

Finkelstein, A. 1976. Nature of the water permeability increase induced by antidiuretic
hormone (ADH) in toad urinary bladder and related tissues. J. Gen. Physiol. 68:137

Franki, N., Einhorn, R., Hays, R.M. 1975. Selective inhibition of urea transport by oxidizing
agents. Evidence for a site of inhibition beyond the generation of cyclic AMP. J.
Membrane Biol. 25:327

Harmanci, M.C., Kachadorian, W.A ., Valtin, H., DiScala, V. 1978. Antidiuretic hormone-
induced intramembranous alterations in mammalian collecting ducts. Am. J. Physiol.
235:F 440

Hays, R M., Harkness, S.H., Franki, N. 1970. The movement of urea and other small
molecules across the toad bladder. In: Proceedings of the International Colloquy on
Urea and the Kidney. B. Schmidt-Nielsen, editor. p. 149. Excerpta Medica, Amsterdam

Kachadorian, W.A., Levine, S.D., Wade, J.B., DiScala, V.A., Hays, R.M. 1977. Relation-
ship of aggregated inframembranous particles to water permeability in vasopressin-
treated toad urinary bladder. J. Clin. Invest. 59:576

Kachadorian, W.A., Wade, J.B., DiScala, V.A. 1975. Vasopressin: Induced structural
change in toad bladder luminal membrane. Science 190:67



Membrane Reflection Coefficients 281

Levine, S., Franki, N., Hays, R.M. 1973. A saturable, vasopressin-sensitive carrier for
urea and acetamide in the toad bladder epithelial cell. J. Ciin. Invest. 52:2083

Levine, S.D., Kachadorian, W.A., Schlondorff, D. 1979. Effect of hydrazine on vasopressin-
stimulated water flow, particle aggregates and kinase activity in toad bladder. Clin. Res.
27:422 A (abstr.)

Levine, S.D., Worthington, R.E. 1976. Amide transport channels across toad urinary blad-
der. J. Membrane Biol. 26:91

Masters, B.R., Yguerabide, J., Fanestil, D.D. 1978. Microviscosity of mucosal cellular
membranes in toad urinary bladder: Relation to antidiuretic hormone action on water
permeability. J. Membrane Biol. 40:179

Rosenberg, P.A., Finkelstein, A. 1978. Water permeability of gramicidin A-treated lipid
bilayer membranes. J. Gen. Physiol. 72:341

Snedecor, G.W., Cochran, W.G. 1967. Statistical Methods. (6th Ed.) pp. 91-119. Iowa
State University Press, Ames

Ussing, H.H. 1963. Effects of hypertonicity produced by urea on active transport and
passive diffusion through the isolated frog skin. 4cta Physiol. Scand. 59(Suppl. 213):155

Ussing, H.H., Windhager, E. 1964. Nature of shunt path and active sodium transport
path through frog skin epithelium. Acta Physiol. Scand. 61:484



