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The discharge of water from hydrated and dehydrating oral mucosa
has been investigated in 10 young adults by analysing the change
in weight in standardized discs of ash-free filter paper and membrane
filter after mucosal contact in a non-ventilated sampling chamber.
The rate of water loss was from hydrated buccal mucosa 6.2—7.4
mg/cm?%hour and from hydrated palatal mucosa 3.0—3.6 mg/cm?/
hour. Dehydration of the mucosae was achieved by creating a vapour
pressure gradient to the ambient external atmosphere after suspension
of the salivary secretion with scopolamine. During the first 60 minutes
the water discharge showed decreasing values, followed by stabiliza-
tion. A regression analysis of the relationship between time and water
loss demonstrated constant values for the regression coefficients but
gradually falling values for the intercept for the regression lines on the
axis for the water loss, indicating a declining permeability to water
due to the decreasing water content in the mucosa during dehydra-
tion. The ratio of water discharge from buccal and palatal mucosa
was a constant 2:1. In the palatal mucosa local variations in water
discharge were observed, probably on account of regional differences
in the hydrostatic pressure. The observations are discussed in relation
to ultrastructural barrier components of stratified squamous epithe-
lium.
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The oral epithelium performs its protective
functions under a highly variable fluid
covering. In an area like the floor of the
mouth, the mucous membrane is almost
constantly bathed in mixed saliva, while
the other parts of the mouth are subject
to varying conditions ranging from
periodic inundation with saliva to strong
dehydration. These extremes are especially
pronounced in the transition zone between
labial epidermis and labial mucosa.
The effect of variations in the saliva
covering on the functions of the mucous
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membranes has not previously been sub-
jected to detailed investigation. Observa-
tions on keratinized gingival mucosa
(Schilli, 1968) and on non-keratinized
buccal mucosa (Kaaber, 1971c) suggest
that the superficial mucosal layers are in
equilibrium with the ambient saliva.
Under changed conditions like prolonged
dehydration, the oral mucosae lose water
at a rate inversely proportional to the
humidity of the ambient external air,
varying with the structure of the epi-
thelium (Kaaber, 1971b, 1971c).



Fig. 1. A: Sampling chamber with a disc of filter paper located on palatal mucosa. B: The same
area after removal of the sampling appliances.

The rate of this oral water loss is not yet
known. whereas there are numerous studies
on the corresponding transport through
the epidermis, cf. for example reviews by
Tregear (1966) and Lamke & Wedin
{1971). The purpose of the present in-
vestigation was thus to study under
standardized external conditions the rate
of water discharge from a keratinized and
a non-keratimized type of oral mucosa
and its variability during prolonged de-
hydration of the mucosal surface.

MATERIAL AND METHODS

The investigations were carried out on 10
persons: 5 men and 5 women aged 22—25
years with clinically normal oral mucosa,
except that one woman had moderate
bilateral leukoedema of the buccal mucosa.
None of the subjects were smokers. Two
non-glandular areas of the cheeks and
hard palate, the topography of which has

been described earlier (Kaaber, 1971b,
1971c), were selected as sampling areas
with non-keratinized and keratinized
mucosa. The water passed from these
areas was collected in discs of ash-free
filter paper (Frisenette 644—25),* with an
underlying disc of porous cellulose ester
membrane (Millipore MF filter, type
11301, pore diameter 5 w).** The discs
were kept in close contact with the mucous
membrane under a transparent plastic disc
with a diameter of 8 mm, stuck to a piece
of transparent tape, with a surrounding
ring of ash-free filter paper (Fig. 1A).
Before “sampling, surface saliva was re-
moved from the mucosa by careful
wiping with sterile gauze. The sampling
area was kept dry by means of cotton rolls
in the buccal vestibule and by a saliva
ejector. Two series of samples were taken:
in series I the samples were taken im-

* A.G. FRISENETTE & SONS, Ebeltoft,
Denmark
** MILLIPORE Corp. Bedford, Mass., U.S.A.
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Table 1. Sampling procedure

Number Sequence of sampling
Series Phase of (contact period in min.)
samples 30 15 10 5 2 1
Without injection of scopolamine 1 5 — 1 1 1 1 1
With injection of scopolamine ITA 5 — 1 1 1 1 {
IIB 6 1 1 1 1 1 1
1ic 5 — 1 1 1 1 1

mediately after cleaning the mucous
membrane; in series II the oral cavity
was dehydrated by suspending the salivary
secretion with a submucous injection of
0.5 ml 0.059% scopolamine nitrate 30
minutes before sampling. A consecutive
sampling scheme with three phases was
employed using decreasing length of
contact period (Table I). The contact
period was in each case regulated with a
stop watch. In both series I and II the
right and left aspects were sampled simul-
taneously with different sizes of disc. For
the palatal mucosa, discs with a diameter
of 6.3 and 7.4 mm were employed, and for
the buccal mucosa discs with a diameter of
4.7 and 6.3 mm. For each subject, 10—16
blind samples were taken to register the
effect of manipulation.

During sampling, the subject kept the
mouth slightly open and breathed through
the nose. The samples were taken at a
temperature of 22 +2°C and a vapour
pressure of 11 + 0.5 mm Hg, equivalent to
a relative air humidity of 50 °%,. The
humidity was continuously adjusted with
an electric evaporator (Klimalux).* Tem-
perature and vapour pressure were checked
at 15-minute intervals with a battery-
operated psychrometer (Ellab type B 19),
coupled to an electric thermometer (Ellab
type TE 3).** The psychrometer was read
* H. Bodtcher-Hansen A/S,

Denmark
** Ellab A/S, Copenhagen, Denmark

Copenhagen,

after an adjustment period of 2 minutes,
and the registrations comprised both the
air mass at the height of the subject’s face
and that in the oral cavity above the top of
the tongue. After the final samples the
surface temperature of the mucous mem-
brane was measured with a thermoprobe,
coupled to the electrical thermometer.
The water content of the discs was
measured by weighing them in closed poly-
ethylene containers before and after con-
tact. Weight determinations were carried
out on a microbalance (Mettler M5) in a
weighing room at 709 relative air
humidity, according to a procedure de-
scribed earlier (Kaaber, 1971a, 1971b).
The statistical analysis of the collected
data was performed with the aid of an
electronic computer using parameters
calculated by conventional methods. An
X2-test was used to investigate whether the
distribution of values in each group was
normal. A significance level of 5 9, was
employed, and parameter values with
significant deviation at a 59, 19 or
0.1 9% level are indicated in the tables by
one, two or three asterisks respectively.

RESULTS

Fig. 2 shows the changes in vapour pres-
sure and temperature in the oral cavity
and ambient air during sampling. While
the oral air temperature showed constant
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values in both series, the oral vapour
pressure fell during the first 15 minutes in
series 1 from 31 mm Hg to 26 mm Hg,
where it remained during the remaining
period (Fig. 2A). This change was equiva-
lent to a fall in relative air humidity from
90 to 76 °,. In series II, the oral vapour
pressure showed falling values for the
first 30 minutes, until stabilization oc-
curred around 22 mm Hg, equivalent to a

A: Changes during sampling in
series I. B: Changes during
sampling in series Il.

fall in the relative air humidity from 90
to 60 % (Fig. 2B). 120 minutes after
scopolamine injection, the vapour pressure
showed a slight but distinct rise to 23 mm
Hg, equivalent to an increase in the air
humidity from 60 to 65 9%,. The mucosal
temperatures were uniform in both series,
with a mean value for the buccal mucosa
of 35.3 4-0.5°C and for the palatal mucosa
of 34.6 4-04°C.

Table L. Variations in weight ratios for two different sizes of discs before and after contact with human
oral mucosa during dehydration

Buccal sample series

Palatal sample series

Dry weight Wet weight Value Dry weight Wet weight  Value

Person  Sex ratio ratio of t ratio ratio of t
x S.Dg x  S.D.y x S.Dy

oJ 4 1.95 0.14 2.06 0.36 1.47 1.25 0.08 1.24 0.18 0.25
KK —_ — 1.98 0.39 0.37 — 1.22 0.20 0.69
N — — 1.82 0.24 2.45% - 141 0.13 3.81***
ON e — 2.06 0.30 1.18 — 1.06 0.21 4. 14%**
CcJ — 1.89 0.40 0.71 — 1.09 0.16 4.43*x*
BB~ L 2 1.95 0.14 2.26 0.60 2.57* 1.25 0.08 1.23 0.29 0.34
KT — —_ 1.78 0.32 2.50* — 1.17 0.19 1.93
JC — — 2.10 0.36 1.86 — 1.36 0.25 2.07*
CN —_ — 1.92 0.34 0.42 -— 1.36 0.18 2.83**
BS — — 1.89 0.24 1.09 — 0.94 0.13 10.33* %%
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Table 1I1. Water discharge from oral mucosa in persons without (series I) and with (series II) suspended
secretions. Values in milligrams per cm® mucosa

Sampling Mean water content of samples (mg/cm?)

Sam-

; period Series Series Series Series ¢
pling . I A B I C Value of t
ared  minutes x S.Dgx x SDg x SDy 3 SDg
30 1.698 0.341 I—I1A IIA—IIB IIB—IIC

15 2.319 0.292
Buccal 10 1.772 0.197
mucosa 5 1.381 0.227
2 0.978 0.165
1 0.741 0.105

1.981 0.412 1.366 0.292 1.176 0.169 3.87*** 7.70*** 3 43%*
1.391 0.162 1.173 0.221 1.066 0.175 9.08*** 49]*** 2 34*x
1.044 0.171 0.891 0.142 0.830 0.109 7.24*** 4.25%** 207
0.723 0.120 0.604 0.081 0.590 0.082 7.91*** 5.03*** (.75
0.528 0.089 0.432 0.087 0.415 0.092 9.38*** 4.86*** (.85

15 1.052 0.129

Palatal 10 0.799 0.155
mucosa 5 0.649 0.098
2 0.403 0.068
1 0.311 0.064

1.084 0.159 I—IIA I-IIB I—IIC
0.990 0.180 0.832 0.157 0.766 0.142 1.56 5.92%%*% 822%%x
0.740 0.168 0.689 0.123 0.673 0.119 1.53 3.35%%  3.85%xx*
0.502 0.119 0.474 0.072 0.466 0.071 1.77 3.63%*%% 3 96%*+

0.331 0.088 0.283 0.061 0.298 0.061 3.74*** 7.66*** (.69***
0.200 0.055 0.190 0.038 0.208 0.044 7.93*** 10.00*%** 7,62***

Table II shows the dry weight ratios of
the different sizes of discs employed and
their wet weight ratios after contact with
the mucous membrane. The wet weight
values for buccal mucosa showed ac-
cordance with the dry weight value in most
of the material with minor differences in
three persons, indicating proportionality

Fig. 3. Water discharge from
oral mucosa during sampling
without (series I) and with
suspended salivary secretion
(series II). A: Mean values for
water content of samples ob-
tained in series I. B: Cor-
responding mean values during
sampling in series II. Values
with a non-linear relation
between water content and
time are connected by broken
lines.
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between water absorption and disc size,
whereas the values for the palatal mucosa
in five persons — 50 9, of the material —
showed significant differences between the
corresponding dry and wet weight ratios.

Table III gives the mean values for the
water discharge from the two mucosal
areas, expressed as the water content per

MEAN WATER CONTENT OF SAMPLE {mg/cm?)
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Table 1V. Regression equation values for the water discharge from oral mucosa in persons without
(series 1) and with (series Il suspended salivary secretion

! Ratio
Sampling Buccal mucosa Palatal mucosa buccal/palatal
series X S EMi X S.E.M.g mucosa
Regression line 1 0.821 0.027 0.301 0.015 2.7
constant (a) HA 0.534 0.028 0.242  0.022 2.2
IB+-C 0.419 0.017 0.207 0.008 2.0
Regression 1 0.996 0.056 0.499  0.030 2.0
coefficient (b) 1A 0.933 0.057 0.458 0.080 2.0
HB-+C 0.883  0.120 0.483  0.025 1.8
cm® sample area. In both areas a fall DISCUSSION

occurred in  corresponding values as
sampling progressed from series [ to
series Il. except in the last phase (1IC).
In series I the water discharge from both
mucosal areas was a distinctly linear
function of time, apart from the 1-minute
values, Fig. 3A. A similar relation was also
apparent in the first phase of series II.
whilst in the following phases, B and
HC. it was manifested only in the 2- and
S5-minute values for the buccal mucosa and
in the 2-. 5- and 10-minute values for the
palatal mucosa Fig. 3B. The other values
deviated clearly from linearity with their
lower level.

Table IV gives the regression equation
values for those values in Fig. 3A and 3B
which showed a linear relation between
water uptake and time. In both series [ and
I{ the regression coefficient b was a uni-
form value. twice as high in the buccal
mucosa as in the palatal mucosa. The
intercept of the regression line on the
y-axis, the regression line constant a, was
in both buccal and palatal mucosa
systematically lower in series Il than in
series 1. The ratio between the values of
the two areas ranged in tke single phases
between 1.8 and 2.7.

The influence of physical factors on the
discharge of water from the oral mucosa

The distinct demarcation between the
covered and the exposed part of the palatal
mucosa in Fig. 1B and the direct correla-
tion between the dry weight of the different
sizes of discs employed and their wet
weight after contact with buccal mucosa in
Table Il were two clear indications that
the water content of the samples derived
from the covered mucosa and was in
consequence an expression of the water
loss from this area. The sampling appliance
thus constituted a non-ventilated chamber
filled with absorbent material. This prin-
ciple has been employed with various
modifications in a number of studies of
water and fluid transport through epi-
dermis, for example by Randall & Mec-
Clure (1949), Buettner (1953, 1959), Mon-
ash & Blank (1958), Ohara & Ono (1963),
Wilson & Moncrief (1965), and Shahidul-
lah, Raffle & Frainbell (1967). An im-
portant drawback with this technique in
epidermal studies is the uncontrollable rise
in vapour pressure in the chamber during
absorption and its lowering effect on the
rate of discharge from the skin (Lamke
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1970). In the present material a similar
lowering effect was observed towards the
end of the phases IIB and IIC in contrast
to the linear relation between time and
water loss in the preceding phase IIA and
series I, Fig. 3A—B. This deviation from
linearity coincided with a reduced content
of water in the samples compared with the
preceding corresponding samples in Table
111, which reflected a lower water content
in the tissue and a lowering of the vapour
pressure on the mucosal surface. Thus the
rise in vapour pressure in the sampling
chamber due to the outward flow of
water would reduce the vapour pressure
gradient in the chamber and tend to
decrease the loss of water from the mucosa.
This mechanism might explain the lower-
ing of the water content in the latter
samples in the phases IIB and IIC.
Accordingly, the increased water content
of the samples in series I and phase IIA
reflected a higher water content of the
mucosa, which at the beginning of sam-
pling in series I must be considered to have
been hydrated and in equilibrium with
saliva and the vapour-saturated oral air,
cf. Fig. 2. This condition indicated the
presence of a uniformly high vapour
pressure over the mucous membrane in
the sampling chamber. The continuous
water discharge from the mucosa and its
linear course during these phases demon-
strated its independency of the high vapour
pressure and indicated the presence of
another pressure gradient, sustained by
a positive hydrostatic pressure in the two
mucosal areas. This factor and its im-
portance for the oral water discharge has
previously been demonstrated indirectly
on the dehydrated palatal mucosa, Fig. 4
in Kaaber (1971b). The present observa-
tions indicated a major difference between
water loss from non-sweating epidermis
and oral mucosa, since the main driving

force for transepidermal water loss seems
to be the vapour pressure gradient between
the stratum corneum surface and the
ambient air (Grice, Sattar & Baker 1972).
Other epidermal studies have demon-
strated the influence of a high water
content in stratum corneum on the rate of
the transepidermal water loss (Spruit &
Malten, 1969), which explains the initially
high level of the water discharge from
hydrated epidermis (Peiss, Randall &
Hertzmann, 1956). The significantly higher
water content of the samples from the
hydrated buccal mucosa in series I com-
pared with series HA in Table III thereby
indicated a maximal value for water
discharge from the mucosa. For a 60-
minute period and with a confidence level
of 959, the values in Table IV cor-
responded to a discharge of 6.2—7.4 mg
water per ¢m? hydrated buccal mucosa.
The similar values for the hydrated
palatal mucosa were 3.0—3.6 mg water
per cm? and hour. The exposure of the
unprotected mucosal surface to a high
vapour pressure gradient created the
requisite conditions for a continuous water
discharge from the mucosa and a de-
hydration of it. The consistent level
of the b-values in Table IV demon-
strated a rate-limiting effect from struc-
tural factors on the water loss, while the
changing g-values indicated a declining
permeability of the mucosal areas to
water during the period. The principal
effect from the dehydration was a gradually
decreasing water content in the surface
layers of the mucosa. These changes were
reflected in the reduction of the a-values
in Table IV, which were most pronounced
during the first 30 minutes in phase ITA.
Compared with the values in series I the
reduction was 35 9, and 20 9% in buccal
and palatal mucosa respectively, whilst the
reduction in relation to phase IIA in the
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following phases 11B—I1C was 22 %, and
159, for these areas respectively. The
values in Table 111 showed that the water
discharge from both mucosal areas was
not essentially altered between phases 1IB
and lIC, i.e. after 120 minutes’ dehydra-
tion. The tendency to further reduction in
Table 111 found in the 10- and 15-minute
values from the buccal mucosa in phase
IIC might be ascribed to another factor,
the weak increase in the vapour pressure
of the oral air about 100 minutes after the
injection of scopolamine, cf. Fig. 2. This
increase was most likely due to the cessa-
tion of the effect of scopolamine, as the
duration of the period coincided with
earlier observations on the blocking effect
of the same dosage (Ostlund & Akesson,
1939; Pohto & Ahtee, 1966). Furthermore,
the range of the a-values in Table IV
demonstrated the amount of passively
held water in the surface layers of the
mucosa. The values indicated that about
0.40 mg water was retained per cm?
hydrated buccal mucosa and about 0.10
mg water per cm? hydrated palatal mucosa,
constituting a considerable reservoir of
solutes in relation to the total oral area.

Regional variations in the water loss
from oral mucosa

The values in Table 1V indicated a per-
meability to water which was twice as great
in buccal as in palatal mucosa. The higher
permeability of non-keratinized buccal
mucosa agreed closely with earlier quali-
tative observations (Kaaber, 1971b, 1971¢).
Compared to the earliest 30-minute values
at a relative ambient air humidity of 50 95,
see Table 1V in Kaaber (1971c), the
present values in Table IIT represented a
10 ©4 higher level, probably on account of
the more gentle drying of the mucous
membrane prior to sampling. Besides the

regional variation, the palatal material
showed distinct local differences in water
discharge. The reason for these differences
in Table II was probably regional varia-
tions in the hydrostatic pressure in the
hard palate, due either to a heterogeneous
vascularization of the glandular tissue in
the vicinity of the sampling area or to the
absence in the palate of a collateral
circulation owing to its being supplied
from the terminal palatine artery. The
distinctly lower water discharge from the
anterior horizontal part of the palate
compared with the present sampling area
(Kaaber, unpublished data) seemingly
favoured this latter interpretation, al-
though the influence from regional differ-
ences in keratinization of the palatal
mucosa could not be neglected.

The influence of structural factors on the
water permeability in oral mucosa

The regional variation in the present
material demonstrated clearly the effect
of various structural factors on the water
balance in the two different types of oral
mucosa. Although the material did not
include histological data, earlier cyto-
logical observations from the same region
in a corresponding material (Kaaber,
1971b, 1971¢) indicated the presence of a
predominant parakeratotic cell surface
layer in the palatal sampling area and a
non-keratinized surface in the buccal
sampling area. The structural differences
between palatal and buccal mucosa have
recently been thoroughly reviewed (Silver-
man, 1971; Alvares & Meyer, 1971; Chen
& Meyer, 1971). According to these
surveys, the general ultrastructural features
of keratinized and non-keratinized oral
epithelia are well described, while special
data, e.g. regarding age-dependent varia-
tion and quantitative differences are not
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yet available for human mucosa. These
gaps and the lack of data from correlated
physiological and histological studies
complicate an understanding of the func-
tional and structural interrelationship, for
which reason the following discussion has
to be restricted to a mention of structural
observations which are coincident with the
present results.

The falling g-values in Table IV demon-
strated a regional difference in the water-
binding capacity of the mucosa which was
approximately only half as great in the
palatal as in the buccal area. Structural
correlates to this observation are the dense
packing of tonofilaments (Meyer & Ger-
son, 1964; Silverman, 1971) and the narrow
intercellular spaces (Thilander & Bloom,
1968; Silverman, 1971) in palatal surface
cell layers compared to corresponding
buccal cell layers. Quantitative data on
the dry mass content in these layers are
not yet available for human mucosa,
but analyses of rat mucosa have demon-
strated a ratio of 3:1 between palatal and
buccal epithelium (Barrington & Meyer,
1969). This ratio may be comparable to
the present ratio of about 2:1 in Table IV
considering the differences between the
orthokeratinized rodent and the pre-
sumably parakeratinized human palatal
epithelium. Similar studies on human
ortho- and parakeratinized palatal epi-
thelium would therefore be of interest to
elucidate their water-binding properties.

The constant level of the b-values in
Table 1V indicated a consistent rate-limit-
ing effect in the mucosal membrane on wa-
ter transport. The regional differences thus
demonstrated the presence of structural
barriers other than those controlling the
water-binding properties of the two muco-
sal areas. Studies of biological transport
phenomena have demonstrated two main
pathways for water, a transcellular and an

intercellular one. The transcellular route,
which is of importance in ensuring the
osmotic balance between the cell and its
environment, has mainly been studied on
red blood corpuscles, cf. Stein (1967).
The intercellular pathway, which is of
importance for the active transport of
water and solutes, has been demonstrated
in water-transporting epithelia such as
that of the gall bladder (Tormey &
Diamond, 1966; Kaye et al., 1966) and the
kidney (Schmidt-Nielsen & Davies, 1968).
According to ultrastructural investigations
by Farquhar & Palade (1964, 1965) this
pathway also seems to exist in stratified
squamous epithelia like that of the frog
skin. The pathways for water in the
highly differentiated human oral epithelia
are still unknown. Comparative electron
microscopic studies on keratinizing and
non-keratinized oral epithelium have,
however, demonstrated structural differ-
ences in keratinizing palatal epithelium
consistent with its lower permeability to
water. These differences are present partly
as aggregations of dense lamellated ma-
terial deposited in the superficial inter-
cellular spaces of the granular layer
(Frithiof & Wersdll, 1965) and partly as
an increasing thickness of the plasma
membrane of the superficial cell layers
(Frithiof, 1970). The supposed contribution
of the palatal membrane-coated »micro-
granules» in the prickle cell layer to the
thickening of the inner leaflet of the
plasma membrane and to the formation
of intercellular electron-dense material
(Silverman, 1970) points to a central role
for these granules in the barrier properties
of this epithelium. This point of view can
be supported by the structural similarity
of the intercellular material to synthetic
phospholipid preparations (Frithiof &
Wersdll, 1965) in view of the known role
of phospholipid-protein layers as semi-
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permeable membranes with water barrier
properties in human epidermis (Crounse,
1965).

The main result of the present investiga-
tion has been the demonstration of two
barrier systems which restrict the water
loss from human oral mucosa, one
controlling the amount of passively held
water in the surface layers of the mucosa,
the other regulating the discharge rate.
The regional differences and the com-
plexity of the factors which may affect the
oral water balance clearly demonstrate the
need of detailed studies of the relation

between structure and function in this
area.
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