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Summary

The dimethyloxazolidine dione distribution in the extracellular compart-
ments of the frog gastric mucosa was analyzed by washout kinetics. The
volumes of the two extracellular compartments, serosal and mucosal, were esti-
mated by inulin washout as 0.435 + 0.019 and 0.176 + 0.018 ul/ul tissue water,
respectively. In the serosal extracellular space, significant dimethyloxazolidine
dione accumulations of 2.63 + 0.25, 2.28 + 0.16, and 1.86 + 0.08 times that of
the bathing media were found for bathing solutions with pH values of 6.9, 7.4,
and 7.9 respectively. A high pH of the serosal extracellular fluid by itself could
not account for the high values of dimethyloxazolidine dione accumulation. A
difference in the total dimethyloxazolidine dione accumulation requires: (a)
the existence of differences in the pH values and also the existence of a differ-
ence in the diffusion coefficient of the two forms of dimethyloxazolidine
dione; or (b), a binding of one of the two forms, i.e., binding of dimethyloxa-
zolidine dione form by fixed charges.

Introduction

The frog gastric mucosa includes the continuous cell layer that covers the
surface, the pits and the tubules. In the tubules are found the microvilli project-
ing into the lumen of the gastric gland [1] and the vesicotubules in the apical
part of the oxyntic cell cytoplasm [2]. At the serosal side, there are muscularis
mucosae, part of the submucosa [3] and the intercellular spaces between the
interdigitated lateral cell membranes [4].

It has been proposed that the H* concentration in these complex extracellu-
lar compartments facing the serosal and mucosal surfaces differs from those of
the bathing solutions. In the serosal extracellular space, the pH can increase due
to a substantial reduction in the CO, concentration [5] and to an accumulation
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of HCO; which occurs during H* secretion [6]. Conversely, at the mucosal side,
the pH is expected to be lower immediately outside the cells than at the
bathing solution. This should be so since it is well established that primary
secretion accumulates in the extracellular compartment before it reaches the
less acid mucosal bathing solution.

It seems from these considerations that, the existence of differences in pH,
between the extracellualr compartments and the bathing media, can produce in
the serosal and mucosal extracellular compartmenst different ratios of the
ionized to the un-ionized forms of a weak acid placed in the bathing solutions.
Parenthetically, in this situation, attempts to measure intracellular pH with a
weak acid are invalidated [7] [e.g., 5,5-dimethyloxazolidine-2,4-dione vide
infral.

On the other hand, it seems possible to use the kinetics of the distribution of
a weak acid to measure its activity in the extracellular compartments of the
frog gastric mucosa, specially at the serosal surface, where we previously pro-
posed the existence of a compartment with diffusion properties different to
those of an aqueous solution [8].

For this purpose, washout kinetics of dimethyloxazolidine dione were used
in order to estimate its distribution in the extracellular compartments of the
frog gastric mucosa. The extracellular compartment volumes were estimated by
inulin washout.

Methods

Frogs (Rana pipiens) used in these experiments were pithed, their stomachs
removed and opened along the small curvature and the mucosa stripped by
blunt dissection.

Composition of the solutions

Three groups of experiments were performed using solutions with pH values
of 6.9, 7.4, and 7.9. The solutions used in the experiments were basically those
previously described. The 7.4 pH buffered solution has the following composi-
tion [9] in mM: NaCl, 86.6/KCl, 3.2/CaCl,, 1.8/KH,PO,, 0.8/MgS0O,, 0.8/
NaHCO,;, 17.8/glucose 22.0. The NaHCO; concentration of this solution was
changed to 5.8 and 57.5 mM to prepare the 6.9 and 7.9 pH buffered solutions,
respectively. In both cases, the NaCl was changed to keep the Na* concentra-
tion constant. The osmolality of the solutions was between 218 and 225
mosM/kg water. All the solutions were bubbled with 95 : 5%, O,/CO,. The
NaHCO0,/5% CO, buffer can be used within the range of 6.0 to 8.0. The desired
pH of the solution can be adjusted by changing the concentration of NaHCO,
in equilibrium with the gas phase containing 5% CO, [10]. The pH of all the
solutions used to load and wash the mucosa was always checked before and
after use. Histamine diphosphate was added to a final concentration of 10™ M.

Experiments to measure dimethyloxazolidine dione and inulin washout

The mucosae were loaded for 90 min in buffered solutions labelled simul-
taneously with [*Hlinulin and 5.5-['*C]dimethyloxazolidine-2,4-dione. After
blotting, each mucosa was then mounted as a flat sheet between two symmetri-
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cal chambers. The volume of each chamber was 4 ml. The exposed area of the
preparation was 1.13 cm?. Both chambers were filled with buffered, unlabelled
solution of the same pH used to load the mucosa. The solutions in the cham-
bers were totally replaced at times 5, 10, 15, 20, 25, 30, 40, 50, 60, 90, and
120 min. Finally, the mucosa was weighed and extracted during 48 h at 40°C
in 10 ml of the same buffered solution. Dry weight was obtained after extrac-
tion.

’H and '“C activities were counted in samples of: (a) 0.01 ml of the loading
(labelled) solution plus 1 ml of the unlabelled solution; (b) 1 ml of each of the
washing solutions; (¢) 1 ml of the tissue extract. In order to prevent quenching
differences due to protein content, 0.1 ml of an extract of fresh mucosa in 1 ml
of unlabelled buffered solution was added to each of the samples (a) and (b).
All samples were counted with 10 ml Instagel. Total water content was
obtained from the wet and dry weights and found to be 0.85 of the wet weight,
confirming previous results [11].

Results

Fig. 1 shows the results of the dimethyloxazolidine dione washout from 10
mucosae with the 6.9 pH solution on both sides. The ordinates present the
quotient of the activity in the tissue water remaining in the tissue divided by
the activity in loading solution. The activity remaining in the tissue was
obtained by adding the activities recovered in the solutions placed in the cham-
bers after the corresponding time and divided by the tissue water volume. Each
point is the mean * standard error. All values (a total of 110, i.e., 10 mucosae
times 11 determinations) were fitted by a 2-exponential curve. (Equation given
in the figure). Similar experiments were performed with 7.4 pH solution on
both sides, and 7.9 pH solution on both sides in two groups of 10 experiments
each. Washout curves were treated similarly to that presented in Fig. 1 and the
results are given in Figs. 2 and 3. The 2-exponential model was chosen because
in a 3-exponential model previously used [12], the third compartment repre-
sented less than 0.005 of the total activity in the mucosa.
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Fig. 1. Efflux of dimethyloxazolidine dione from mucosae at pH 6.9. The In’s mean +SE of the activities
remaining in the tissue are presented as function of the washout time, Values are fitted by 2 exponential
curves when the activity of the extract (less than 1% of the initial activity in the tissue) is discarded. The
equation of the curve is also shown in the figure.
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Fig. 2. Efflux of dimethyloxazolidine dione from mucosae at pH 7.4. The In’s mean +SE of the activities
remaining in the tissue are presented as function of the washout time. Values are fitted by 2 exponential
curves when the activity of the extract (less than 1% of the initial activity in the tissue) is discarded. The
equation of the curve is also shown in the figure.

Fig.3. Efflux of dimethyloxazolidine dione from mucosae at pH 7.9. The In’s mean +SE of the activities
remaining in the tissue are presented as function of the washout time. Values are fitted by 2 exponential
curves when the activity of the extract (less than 1% of the initial activity in the tissue) is discarded. The
equation of the curve is also shown in the figure.

The values obtained for exponents A; and A; and for the coefficients A and B
in the three groups of experiments are presented in Table I. The difference
between A\, and A, is highly significant (P < 0.001) in the three cases. The half
time of the rapid phase (In 2/\) of the dimethyloxazolidine dione (M, = 129)
washout, calculated from column 2, are 3.29 + 0.02, 3.12 + 0.01, and 3.67
0.02 for solutions with pH values of 6.9, 7.4, and 7.9, respectively. These
values are close to the 3.56 + 0.12 min previously reported for the extracellular
Cl™ (equiv. wt. = 36) efflux [9]. This agreement in the time of washout, even
considering the difference in weight, suggests that the rapid phase of dimethyl-
oxazolidine dione washout reptresents mainly the extracellular clearance. The
slow phase of the washout may consequently represent the contribution of the

TABLE 1

WASHOUT OF [l14CIDIMETHYLOXAZOLIDINE DIONE AS FUNCTION OF THE SOLUTIONS’ pH,
DESCRIBED BY TWO EXPONENTIAL CURVES IN WHICH A;, A, TIMES ¢t ARE THE e EXPONENTS
AND A AND B ARE THE COEFFICIENTS

@) (2) Ay min~1 (3) A min~1 A (5)B

pH of the epm/ul tissue water

solutions cpm/ul loading solution

6.9 —0.211 £ 0.001 —0.046 * 0.001 1.146(1.153--1.139) 0.812(0.852—_9.774)
7.4 —0.222 + 0.001 —0.056 + 0.008 1.140(1.166—1.114) 0.368(0.433—0.313)

7.9 —0.189 + 0.001 —0.053 + 0.002 0.887(0.893—0.881) 0.399(0.447—0.356)
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pooled cell compartment. Accordingly, in the treatment of these values, the
following three-compartment-series model is proposed: compartment 1 is
formed by the solutions bathing both serosal and mucosal surfaces (8 ml
changed 11 times during 120 min). Compartment 2 is formed by the serosal
and mucosal extracellular spaces. These two compartments, even though inde-
pendent, were added together in this treatment (dimethyloxazolidine dione,)
(DMQ,). Compartment 3 is the cellular compartment.

The dimethyloxazolidine dione activity in the cellular compartment (DMO;)
at ¢t = 0 was estimated using an equation from the appendix by A.F. Huxley in
a paper by A.K. Solomon [13], and using the values reported in Table I for
}\1, kg, A and B.

A B\ —2p)?
A-2A2+B-2A2

DMO, =

The values obtained from these calculations are presented in the second
column of Table II.

The activities of dimethyloxazolidine dione recovered across each surface by
the total dimethyloxazolidine dione recovered from the cellular compartment
are given in columns 3 and 4 of Table II. From the values of A,, it is evident
that after 30 min more than 99.7% of the dimethyloxazolidine dione, has been
washed out. After that time the dimethyloxazolidine dione efflux comes
mainly from the cellular compartment. The last 2 columns of Table II present
the products obtained by multiplying column 2 by columns 3 and 4 respec-
tively.

Columns 2 and 3 of Table III shows the activities of the mucosa,compart-
ment 3, recovered through each surface. Once these 2 values were obtained, the
contributions from compartment 3 shown in the last 2 columns of Table II
were subtracted from them to obtain the initial activity (¢ = 0) of the two
extracellular compartments: DMO$™%*! and DMOT"°°s2, The units are the
dimethyloxazolidine dione activity in each compartment per ul tissue water
divided by the activity per ul loading solution,

However, it is necessary to estimate the water volume of these extracellular
compartments to evaluate the real accumulation of dimethyloxazolidine dione

TABLE 11
WASHOUT OF DIMETHYLOXAZOLIDINE DIONE FROM THE CELLULAR COMPARTMENT

@) (2) 3) “) (5) 6)

pH of the DMO3 pMo§%a  DMOTRSY  pmoFTOsEl  pmojrucosal
solutions total total
cpm/ul tissue water DMOs%_go DMOg% -90 cpm/ul tissue water
cpm/ul solution cpm/ul solutions
6.9 0.480 + 0.023 0.847 + 0.014 0.153 + 0.014 0.407 + 0.021 0.073 + 0.008
7.4 0.208 + 0.029 0.865 + 0.010 0.135 + 0.010 0.180 + 0.025 0.028 + 0.004

7.9 0.202 + 0.022 0.812+0.011 0.188 0.011 0.164 + 0.018 0.038 + 0.005
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with respect to the specific activity of the loading solution.

As was explained in Methods, inulin spaces were determined in the same
mucosa used for the washout of the dimethyloxazolidine dione. The inulin
spaces correspond to 0.435 + 0.019 and 0.176 *+ 0.018 of the total tissue water
for the serosal and for the mucosal surface respectively. In these calculations,
we consider that inulin specific activity in the extracellular compartments is the
same as that obtained in the loading solution.

Discussion

The difference proposed in the literature between the HCO; and the H' con-
centrations in the serosal and in the mucosal extracellular spaces and the
bathing media are based on indirect observations. The bases for the proposed
lowering of CO, activity in the serosal compartment is the requirement for
exogenous CO, during acid secretion [5,14]. The proposed increment in
concentration at the serosal cell border is also based in the requirement to dis-
sipate the OH™ neutralized by CO, in the cellular compartment [6]. The accu-
mulation of the primary acid secretion at the mucosal surface [15] has not
been directly measured.

The experiments reported in this paper are intended to provide information
on the dimethyloxazolidine dione distribution on these extracellular compart-
ments.

The first difficulty in achieving this purpose is the measurement and identi-
fication of these extracellular compartments. The possibility that the spaces
reached by inulin from each surface could be used for this purpose requires: (a)
that labelled inulin not be bound or adsorbed by the tissue; (b) that the inulin
remain excluded from the cellular fraction; and (c) that the inulin does not
cross the mucosa during the washout.

The possibility that inulin is bound or adsorbed to some tissue fraction
seems unlikely because the measured inulin spaces are independent of the spe-
cific activity (within 2 orders of magnitude) of the labelled inulin used. This
indicates that the presence of the unlabelled inulin has no effect in the tracer
distribution.

Concerning the possibility that inulin penetrates the cellular fraction, Page
[16] has shown, for cat papillary muscle, a rapid entry of inulin to equilibrate
with 24% of the total water in 1 h, followed by a continuous but very slow
increase, suggesting the existence of two spaces to be reached by inulin. McIver
and Macknight [17] have also presented evidence of 2 volumes measured by
inulin diffusion, when the tissue is extracted before or after drying. This effect
of drying was observed in kidney and liver slices from rabbit and guinea pig.
However, no significant difference was found for toad-bladder epithelial cells.
In the frog gastric mucosa no significant (P> 0.30) difference is observed
between the inulin volume of 0.611 + 0.026 of the total water obtained in the
washout experiments reported here, and the 0.560 + 0.045 of the total water
reported in mucosae previously dried [11]. This suggests that the possible exis-
tence of a second inulin compartment may be disregarded in the frog gastric
mucosa.

With respect to the inulin transmucosal flux, the value obtained for the ratio
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of the effective area for diffusion to the thickness of the mucosa (A/Ax) is
0.04 £ 0.06 cm. This value is not significantly different (P> 0.40) from zero
[18]. The values obtained when the mucosa .was simultaneously labelled in
both surfaces were used as a better approach to avoid the possible error due to
small transmucosal flux that may occur.

Dividing the dimethyloxazolidine dione extracellular activity reported in
Table III (cpm per ul tissue water/cpm wul loading solution) by the inulin
volume (ul extracellular volume/ul tissue water) the ratios of the activities in
the extracellular spaces, to that in the loading solution were obtained (cpm per
1l extracellular volume/cpm ul loading solution). These values are presented in
the last two columns of Table III.

The total activity of the dimethyloxazolidine dione should be equal in the
extracellular compartment and in the loading solution when it diffuses freely in
the unionized forms, even in the case of both compartments having different
pH values. In which case, the ratios, ionized to un-ionized forms in the two
compartments, differ according to the compartment’s pH values. If this were
so, it would be impossible to detect the H" or HCO; accumulation.

In the case of only the un-ionized form of the weak acid being able to dif-
fuse between the two compartments, the pH of 1 compartment can be esti-
mated knowing the pH of the other compartment and the ratio between the 2
total concentrations [7].

Between these two extreme cases, free diffusion and total restriction to the
ionized form of the weak acid, the estimation of a pH values is invalidated,
even when total activities are different in both compartments.

Consequently, an equal total concentration in the two compartments would
not prove that the pH values are the same. On the contrary, a difference in the
total dimethyloxazolidine dione accumulation requires: (a) the existence of
differences in the pH values and also the existence of a difference in the diffu-
sion coefficients of the 2 forms of dimethyloxazolidine dione, and/or (b) a
binding of 1 of the 2 forms, i.e., binding of dimethyloxazolidine dione™ form
by fixed charges.

In the case of the mucosal extracellular space the ratio DMOPU¢°s/DMO*!
is not always different from one (P > 0.05). Since the mucosal extracellular
compartment is more acid than the solution, the possibility of getting higher
total dimethyloxazolidine dione activities than in the solution by effect of pH
is excluded. Consequently pH by itself is unable to explain the experiments in
which the dimethyloxazolidine dione accumulates in this compartment,

In the case of the serosal extracellular compartment, which is more alkaline
than the solution, the ratio DMO™*!/DMO*! is always significantly higher
than one (P < 0.001). Here pH differences may account for this accumulation,
but either one or both of the above possibilities, pH or binding, may prevail.
Independently of which possibility prevails, the fact is that the dimethyloxazo-
lidine dione accumulates in the serosal extracellular compartment.

In short, without excluding the possible effect of pH differences in the
dimethyloxazolidine dione distribution in the extracellular space, the presence
of some binding in this space is required, at least in the cases of accumulation
in the extracellular mucosal surface.



245

References

W -

QW1

12
13

14
15
16
17
18

Sedar, A.W. (1969) J. Cell Biol. 43, 179—184

Lillibridge, C.B. (1968) J. Ultrastruct. Res. 23, 243—259

Sanders, S.S., O’Callaghan, J., Buttler, C.F. and Rehm, W.S. (1972) Am. J. Physiol, 222, 1348—1354
Ito, S. (1967) in Handbook of Physiology. Alimentary Canal. (Am. Physiol. Soc., eds.), Vol. I1, Chap.

41, Sect. 6, pp. 705—741, Washington D.C.

Kidder, G.W. and Montgomery, C.W. (1974) Am. J. Physiol, 227, 300—304

Rehm, W.S. (1967) Fed. Proc. 26, 1303—1313

Waddell, W.J. and Butler, T.C. (1959) J. Clin. Invest. 38, 720—729

Villegas, L. and Sananes, L. (1974) Am, J. Physiol. 226, 1338—1343

Villegas, L. (1965) Am. J. Physiol. 208, 380—384

Dawson, R.M.C. and Elliott, W.H. (1962) in Data for Biochemical Research (Dawson, R.M.C., Elliott,
D.C., Elliott, W H. and Jones, K.M,, eds.), p. 201, Oxford University Press

Villegas, L., Sananes, L. and Michelangeli, F. (1971) Am. J. Physiol. 220, 1282—1288

Villegas, L. (1976) Biophys. J. 16, ba

Solomon, A.K. (1960) in Mineral Metabolism; and Advanved Treatise (Comar, C.L. and Bronner, F,,
eds.), Vol. I, Part A, pp. 119—167, Academic Press, New York

Davies, R.E. (1948) Biochem, J. 42, 609—621

Rehm, W.S,, Buttler, C.F., Spangler, S.G. and Sanders, S.8. (1970) J. Theor. Biol. 27, 443—453
Page, E. (1962) J. Gen. Physiol. 46, 201—213

Mclver, D.J.L. and Macknight, D.C. (1974) J. Physiol. 239, 31—49

Villegas, L. (1963) Biochim. Biophys. Acta 75, 131—134



