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STUDIES ON THE PERMEABILITY 
OF HUMAN ORAL MUCOSA 
11. THE PERMEABILITY OF DRY PALATAL MUCOSA 
TO WATER, SODIUM AND POTASSIUM 

S i  END KAABEH 

The permeability of normal human palatal mucosa after suspended oral secretion was studied 
in 14 young adults by analysing the increase of weight and the sodium and potassium content 
in standardized filter paper discs applied to regions with and without visible glands. Samples 
taken from mucosa without visible glands exhibited a relatively uniform and individually 
constant increase in weight, the variation in which proved to be a linear function of the relative 
humidity of the surrounding air during sampling. Samples taken with direct contact between 
the mucosa and the filter paper regularly contained small amounts of sodium and potassium, 
and small amounts of desquamated epithelium. Corresponding samples taken with a cytological 
filter contained no demonstrable traces of the two electrolytes and showed a strong reduction 
in the number of epithelial cells. The simultaneous samples from the glandular mucosa 
region showed greater variability in weight increase and content of the two electrolytes, 
especially of sodium. The results showed a continuous outward diffusion of water and an 
apparent impermeability to sodium and potassium of the dry palatal epithelium. 

The oral epithelium, like the epidermis, provides a route for the transport 
of solutes to and from the organism. Whereas the permeability of human 
epidermis has been studied systematically for more than fifty years (Tregear, 
1966b), the corresponding properties of the oral niucosa have received only 
minor attention. Interest has mainly been focused on the inward transport, 
owing to the importance of the oral miicosa in the absorption of drugs 
(W'alton, 1944; Gibaldi & Kan,ig, 1965; Beckett & Triggs, 1967). The out- 
ward transport under physiological conditions has been studied in only 
a few investigations. The observations indicate that there is no regular 
permeability to urea in hunian palatal mucosa (Jensen et al., 1964) or to 
amino acids in nonkeratinized periodontal mucosa (Lije & Holm-Pedersen, 
1965; Egelberg, 1966). The permeability of the oral mucosa to water and 
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electrolytes has not previously been studied. Animal experiments have 
demonstrated an inward transport of sotlium and potassium through vital 
excised sublingual mncosa from clogs (Kawarnura, & Tukata, 1960). Simi- 
larly, NaZ4 is readily absorbed from the surface of various mucosal areas 
in rabbits, including the hard palnte (Aoyuma, 1968). 

The latter observations indicate that an out.ward passage of electrolytes 
through oral mucosa without secretory potential is possible. The pnrpose of 
the present investigation has heen to study the permeability of intact hinnan 
oral epithelium to water, sodium and potassium in two similar types of 
mncosae, one with and one apparently without glantlular tissue. 

MATERIALS AND METHODS 

The material comprised 14 healthy adult persons, 8 men and 6 women aged 
22-25 years. All subjects had a natural dentition ant1 healthy oral rnucosar. 
None of them were regular smokers. The experiments were carried out on the 
hard palate, in two regions with an even mucosal surface, one without visible 
gland openings and lying about 10 nim from the gingival horder of the 
second preinolar and the other containing a varying number of gland openings 
and lying abont 10 mm from the second or third molar. In  all cases, both 
the right and left halves of the palate were used for sampling. 

For sampling, standardized 6.3 mm wide discs of 0.15 mrn thick ash-free 
filter paper (Frisenette type 644-25)" were employed, partly alone and 
partly with similar discs of a 0.13 rnni thick porous cellulose ester meml)rane 
(Millipore MF filter, type 11301)** with a pore diameter of 5 p. The discs 
were stored separateIy in closed polyethylene bottles, which served as traris- 
port and weighing containers (Kaabr:r, 1971). The containers were cleaned 
h y  (a) irnrnersion in tleionixed water containing an anionic detergent for 
24 hours at 50" C, (b) washing in three portions of deionized water and three 
portions of freshly made glassdistilled deionized water and (c) drying between 
layers of ash-free filter paper in clean plastic containers for 24 hours at  
70" C. Electrolytes in the discs were removed hy (a) elution in 15 rmnol LiCl 
solution for 48 hours, (b) inmiersion in double-distilled water for 24 hours 
and (c) drying between layers of clean, ash-free filter paper. For manipulation 
of discs and containers, separate sets of clean, chromium-plated steel tweezers 
were employed. The closed polyethylene bottles were stored in closed glass 
containers, the surface of which had been treated against static electricity 

"A. G. Frisenette & Sons, Farum, Denmark. 
**M' illipore ' Carp., Brdford, Mass. U S A .  
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by washing with a 0.1 %, solution of quaternary ammonium haws 
(Kotlalon @)*. 

Sun~plirig technique 

Before sampling, salivary secretion was suspended by subniucosal injection 
of 0.5 ml 0.05 yo scopolamine nitrate solution in the oral vestibule. After 
30 minutcs, the palate was dried with cotton rolls and a saliva ejector. The 
mucous mcnibrane was then cleansed with a water spray and dried gently 
with clcan gauze and ash-free filter paper. The four sampling areas were 
covered with pieces of seniitransparerit surgical tape (Rlenderni @)**, to 
the contact surface of which was attached a disc of 0.01 m m  thick transparent 
plastic (Styroflex)*** with a diameter of 7.5 mm. The area under the plastic 
disc was used for sampling, and the transparency of the covering permitted 
repeated sampling from the same area. The sampling area was protected from 
saliva contamination by a ring of filter paper 2 m m  wide stuck to the tape 
(Fig. 1 A  and 1B). Sampling from the right half of the palate was made by 
direct contact between the filter paper disc and the mucous membrane, 
whilst in the left half a disc of membrane material was interposed between 
the miicosa and the iilter paper. A contact period of 30 mimites for each 
sairiple was used, five samples on filter paper being taken from each of the 
four sites. Where membrane filters were used the same filter served through- 
out the period. During the entire sampling period the mouth was kept open. 
All sampling was effected at room temperature (21 3" C ) ,  the relative 
hinriidity being registered with a hygrometer. The transfer of the discs frorn 
the miicosa to the weighing bottle lasted 10-15 seconds. For each subject, 
8-10 discs of filter paper and 2-3 of membrane filter were used as controls. 

G'ravcni(~tric technique 

Before and after mucosal contact, the disc was weighed in the closed poly- 
ethylene container, using a microbdlance (Mettler M5) with a reading accuracy 
of 2 micrograms. Preweighing was carried out for 60 minutes before actual 
weighing wa5 performed, and only containers antistatic after surface treat- 
nierit with 0.5 % Rodalon solution were used. The two weighing5 were 
carried out 30-45 minutes before and after the contact of the disc with 
the mucous membrane. After the difference in weight had been found, 

* Ferrosan A/S, Copenhagen, Denmark. 
** Minnesote Mining & Mfg. Co., St. Paul 6, Minn. U.S.A. 

***  Norddeutsche Seekabelwerke AG, Oldenburg, W. Germany. 
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Fig. 1A. Location of the sanipling sites on the hard palate. 

Fig. 1B. Sampling chamber with a disc of filter paper located on a glandular area of palatal 
mucosa. 
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this %slue was corrected for loss of water from the disc during transfer from 
the miicosa to the bottle. Correction was obtained from theoretical evapora- 
tion values, on the basis of temperature, relative hnmidity arid the length of 
the transfer period (Kanbrr, 1971). 

Eiicl.rtie ph.otorrLetric technique 

After the second weight determination, 600 microlitres 15 mmol LiCl solution 
were added to the weighing bottle. After at least 20 hours’ elution of the disc, 
the content of sodium and potassium was determined with a flanie photometer 
(IL model 143), using lithium chloride as internal standard (Boling, 1964). 
The photometer was adjusted to a standard containing 10 nimol Na arid 
K/l, diluted 1200 ,  and the reading range increased from 10 to 41). 

Tlie sensitivity of the instrument was tested on samples of 300 and 600 
riariolitres of double distilled water, containing 1, 2, 5 and 10 mmol Na 
arid K/l. The quantities were transferred to filter paper discs with a micro- 
syringe (Hamilton type 7001), whose reading accuracy and variation in 
yield had been previously ascertained (Kuuber, 1971). The tests were carried 
out three times with at least 14 days’ interval using 8 samples of each solution 
and a similar number of controls of double distilled water. Solutions con- 
taining 30 rianograms sodium and more exhibited only a moderate dis- 
crepancy (<5 yo). Readings of the potassium content were significant and 
without error at 25 nanograms arid above. The reading variation proved to 
be of the same magnitude for both electrolytes, the standard error being 
1/2 iniit (= 1/8 of an ordinary scale unit of the instrument) (Fig. 2). 

Lyto logica 1 rnet hod 

The transfer of cytological material to the sampling media during their 
rriucosal contact was investigated in three separate series each consisting of 
four samples with and four samples without use of membrane filter. One side 
of each disc was niarlted with ink. After the first weighing and subsequent 
mucosal contact, the disc was placed in the weighing bottle with the contact 
side up. After the second weighing, the container was opened, the disc care- 
fully removed, and its cytological material fixed to the surface with a thin 
layer af albumin-glycerine. After air drying, the disc was stained with 
haematoxylin-eosin. Filter paper discs were mounted in cedarwood oil or 
Eukitt*, while discs of membrane material were cleared after mounting in 
immersion oil under cover-slips. The surface of the filter paper was examined 

* 0. Kindler AG, Freiburg, W. Germany. 

4 



668 SVEND KAABER 

f 

photometer 
unit I I 4 I 

7 -  

6 .  

5 .  

4 .  

3. 

2 .  

1 .  nanogrorn. 

50  100 150 200  250  300 

0 M s o n  ? I 5 . t .  Me-" 1 I. 1. 

Fig. 2. The reading sensitivity of an IL-143 flame photometer to microquantities of sodium 
and potassium. The drawn line represents the theoretical reading level of the instrurncnt. 

at 250 times magnification with reflected light and dark field illumiiiation 
in a Reichert-Zetopan microscope equipped with an opaque illuminator. 
The membrane filters were examined at the same magnification with trans- 
mitted light. For each disc, all nucleated cells were registered, using double 
counts. A discrepancy of more than 5 yo elicited a recount. 

Statistical met hod.7 

The statistical analysis employed parameters calculated by conventional 
methods (SOKAI. & ROHLF, 1969). Parameter values with a significant 
deviation at a 5 76, a 1 yo or a 0.1 yo level are indicated in the following 
tables with 1, 2 and 3 asterisks respectively. Differences in variances were 
tested with Snedecor's F-test, and differences between mean values with 
Student's t-test, or writh the Wilcoxon test for mipaired data. An electronic 
computer was used for all calculations. 

RESULTS 

The weight increase after sampling is recorded in Table 1. Compared with 
the corresponding controls. the filter paper discs showed a strong increase 
in weight, the mean valucs of which were significantly higher in samples 
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Table 1. 
Mean weight increase o f  sampling materials after contact with palatal mucosa with 

suspended secretion (values in micrograms) 

Filter paper discs Membrane filter discs 

Mucosal Samples Samples Controls Samples Controls 
type 

Without N 70 70 111 N 14 37 
visible range 234-417 260-396 O A O  range 9 4  0-55 
glands X 320.19 332.48 2.06* 12.70 x 45.44 15.40 

S.E. 38.27 31.82 10.33 S.E. 21.84 12.4.6 

N 50 50 111 N 10 37 

.- ~. ~- - 

without filter with filter t 
- -___ -~ ~- ._ ~ - 

- _ _ _ _  ~ - 

With range 260-651 262-710 0 4 0  range 22-111 0-55 
visible X 412.10 384.50 1.60 12.70 x 54.71 15.40 
glands S.E. 93.92 77.67 10.33 S.E. 25.68 12.46 

- - 

___. ~- 

t 7.39*** 5.05*** t 1.03 
. - -  - 

Table 11. 
Mean weight Lncrease zn jclterpaper diws ayter contact uuth palotal mutosa with suspended 

VarLatLon uccordcng to sex and samplmg procedure 
secretion (values cn miciogramc) 

~ - - - ~~~ _ .  

-~ 
Analysis of variance 

~~ .____ 

Samples Samples Sum Mean Degrees 
without with of of of E’ Mucosal Sex 

type filter filter Source squares squares freedom 

N 40 
Males x 330.55 
(N:8) S.E. 37.69 

Without __ 

visible N 30 
glands Females x 306.40 

N:6) S.E. 34.80 
~~ 

40 Filter 7254 7254 1 6.17* 
334.47 Sex 5172 5172 1 4.4OC 
29.52 Inter- 

action 3162 3162 1 2.69 
Error 159886 1175 136 - 

329.53 Total 175476 - 139 - 

-~ 

30 ~ ~- - 

34.90 
~ ~ _ _ _ _ _ _ ~ ~ -  

N 30 30 Filter 19803 19803 1 3.08 
Males x 384.37 372.93 Sex 12996 12996 1 2.02 

action 4845 4845 1 0.75 
Error 616727 6424 96 - 

Females x 427.30 387.45 Total 654372 -- 99 - 
(N:4) S.E. 74.35 88.43 

Bi th  (N:6) S.E. 102.23 75.57 Inter- 

v d l e  ~ __ ~ ~ ~ -~ 

N 20 20 _ _ _ ~ ~  _ _ _ -  glands 
~ 

~~ . ~~~ ~ ~ ~ ~ 
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Table 111. 
Relation between weight change level and relative humidity of air during sampling from 

palatal mucosa without visible glands 
~- ~ ._ __. ~ 

Relative humidity Number Weight changes Value 
in "/, (mean values) of series in micrograms of t 

N 29 
30-35 4 2  X 364.02 

S.E. 33.33 

d ?  ~- 
- 

3.1784* *( *) __  _ _ _ _ _ _ _ _  ~~~ . ~~ 

_ _ _ _ _ _  - 
N 20 

40 4 -  X 336.50 
S.E. 26.18 

- 3.1544* *( *) -~ ~- 

____- - N 70 
45-50 8 6  X 317.51 

S.E. 23.06 
- - - - 4.7106*** 

N 20 
55-60 - 4 X 207.55 

S.E. 31.41 

- 

- .  - - -~ 

from the glandular mucosa, P<O.OOl. The menihrane discs exhibited a 
more moderate but still significant weight increase without local variation. 
The weight increase in filter paper discs according to sex and sampling 
technique is shown in Table 11. Samples from females and samples taken 
without a membrane filter from the non-glandular mucosa showed a smaller 
weight increase than the corresponding male samples and those taken with 
filter. This difference was almost significant, P <0.05. The individual variation 
for the non-glandular mucosa is shown in Fig. 3. The mean values for the 
male and female series were between 270 and 410 micrograms with standard 
deviation values of 10-30 micrograms. Table 111 shows the relation between 
the weight change levels in this mucosal area and the relative humidity 
of the air during the sampling period. The mean values demonstrated a 
significant decrease with an increase in humidity. The two parameters ex- 
hibited a distinct linear connection (Fig. 4). 

The relation between the weight increase in the samples and their electrolyte 
content is shown in Table IV. Samples from the glandular areas exhibited an 
increasing weight level conipared to the nun-glandular areas, the difference 
being most pronounced for electrolyte-containing samples from the glandular 
inucosa. 
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Fig. 3. Mean weight changes (+/-: 1 S.E.) in filter paper discs after contact with non-glandular 
palatal mucosa (upper row), and in corresponding controls (lower row). 

A: Samples taken without use of membrane filter. 
B: Samples taken with use of membrane filter. 
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Fig. 4. Mean weight changes of samples from non-glandular palatal mucosa related to the 
relative humidity of the air during sampling. 
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Fig. 5. Variations in electrolyte content during consecutive sampling from the same area of 
palatal mucosa. 

Left row: Samples taken without use of membrane filter. 
Right row: Samples taken with use of membrane filter. 
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Table IV. 
Relation between weight increase and electrolyte content of samples from palatal mucosa 

with suTpended secretion 

Samples without content Samples with content 
Mucosal of electrolyte of electrolyte Value 
type (values in micrograms) (values in micrograms) o f t  

- - 
N X S.E. N X S.E. 

- _ _ . ~ _ _ _  -~~ ~~ ~ __ . - - 

Mucosa without 
visible glands 88 320.76 46.68 52 321.11 24.96 0.99 

- -_ _._ ___ -~ 

Mucosa with 
visible glands 29 343.16 31.21 71 406.06 87.06 4.03*** 

Value of t 2.09* 6.29*** 

A 
Weight 
increase in 
micrograms 

800 - 

700 - 

600 - 

500 - 

400 - 

200 

100 

1 2  
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Fig. 6. Weight changes in filter paper discs and their content of nucleated epithelial cells 
after consecutive sampling from non-glandular palatal mucosa. 

A: Sampling taken without use of membrane filter. 
B: Sampling taken with use of membrane filter. 
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Fig. 7. Nucleated epithelial cells on the surface of a filter paper disc after sampling from 
non-glandular palatal mucosa without use of a membrane filter. Haematoxylin-Eosin, x 250. 

The variation in the content of sodium and potassium in the material is 
apparent from Table V and Fig. 5. In samples from the non-glandular area 
small amounts of sodium and potassium were regularly found, whereas 
demonstrable traces of the two electrolytes were only rarely found in the filter 
paper when a membrane filter was used. The filters themselves contained 
demonstrahle traces of sodium and potassium in only relatively few cases 
(Table VA) .  A corresponding reduction in the niirnber of samples with 
appreciable amounts of electrolytes was observed in the material from the 
glandular miicosa (Table V B). The electrolyte content of these samples 
showed a strong quantitative variation, especially in the case of sodium 
(Fig. 5). The membrane filters regularly showed a varying content of electro- 
lytes with a similar strong variation in sodium content (Table V B). The 
relation between the weight level and the number of nucleated epithelial 
cells in samples from the mucosa without visible glands is shown in Fig. 6. 
In samples obtained without use of a membrane filter, varying numbers of 
cells, mainly at the periphery, were observed (Fig. 7). The use of membrane 
filters caused a strong reduction in the number of cells present in tlie filter 
paper, without corresponding changes in the weight level. The mernbrane 
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Table V A .  
Electrolyte content of sampling materials after contact with palatal mucosa with suspended 

secretion 
Mucosa without visible glandular structures 

____.___ ___ 
Samples Samples Electrolyte content in 
withoii t with nanograms 

Sam- Number electrolyte electrolyte 
Electro- pling of content content 575 5150 5150 
lyte material samples N 94 N %  N % N % N %  

FP-MF 70 39 55.7 31 44.3 29 93.6 2 6.4 - - 
Sodium FP+MF 70 69 98.6 1 1.4 1 100.0 - - - -- 

MF 14 10 71.4 4 28.6 4 100.0 '- - - - 

FP--MF 70 25 35.7 45 64.3 43 95.6 2 4.4 - - 
FP-tMF 70 66 94.3 4 5.7 4 100.0 - - - - 

MF 14 11 78.5 3 21.5 3 100.0 - - - - 

Potas- 
sium 

(FP: filter paper MF: memhrane filter) 

Table V B .  
Electrolyte content of sampling materials after contact with palatal mucosa with suspended 

secretion 
Mucosa with visible glandular structures 

- 
Samples Samples Electrolyte content in 
without with nanograms 

Sam- Number electrolyte electrolyte 
Electro- pling of content content 575 5150 5150 
lyte material samples N % N % N yo N Yo N % 

FP-MF 50 8 16.0 42 84.0 17 40.5 12 28.6 13 30.9 
Sodium FP-FMF 50 22 44.0 28 56.0 17 60.7 3 10.7 8 28.6 

MF 10 4 40.0 6 60.0 2 33.3 3 33.3 3 33.3 

FP-MF 50 7 14.0 43 86.0 25 58.2 13 30.2 5 11.6 
FP+MF 50 26 52.0 24 48.0 18 75.0 4 16.7 2 8.3 

Potas- 
sium 

MF 10 7 70.0 3 30.0 3 100.0 - - - - 
~- -~ 

(FP: filter paper MF: membrane filter) 
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filters contained only sporadic epithelial cells of hoth ortho- and paralceratotic 

type. 

DISCI!SSION 

Methylated scopolamine nitrate, which was used in the present investigation 
to inhibit salivary secretion, is an atropine derivative with an effect 3.6 times 
as strong as that of atropine sulphate (Nyman, 1943). An intraoral injection 
of 0.25 mg of the former causes after 15-30 minutes a strong blocking of 
all salivary glands lasting 90- 110 minutes (Nyman, 1943; Hultin, 1956; 
dstlund & z&xs.son, 1959). The central reactions to this dose are moderate 
and limited to a weak or moderate tachycardia, frequently accompanied 
by a slight rise in blood pressure (Nyman, 1943; dstlund & Rkesson, 1959; 
Pohto & Ahtee, 1966). Peripheral reactions such as strong vascular dilatation, 
which has been observed after intravenous injection of 5 mg atropine sulphate 
(Webb, Garlington & Sch,wurz, 1956) have not been described. The ad- 
ministration of 0.25 mg scopolamine in the present material caused a pro- 
nounced inhibition of secretion in the larger salivary glands (parotid, sub- 
maxillary and sublingual glands). This effect was also pronounced in the 
palatine gland in 10 subjects, but inadequate in 2 men and 2 women. Samples 
talcen from the glandular mucosa were in these cases excluded from the 
analyses. 

The permeability of palatal epithelium to water. The distinct sample 
weight increase indicated an accumulation of water in the filter paper during 
the contact with the mucosa, as the influence from epithelial cells on this 
increase was only negligible (Fig. 6). Besides acting as a cytological filter, 
the membrane disc protected the mucosal surface against the direct effect 
of the capillary forces in the dry filter paper. A comparison between the two 
sampling methods indicated, however, that this factor was of no importance 
(Table 11). The uniform increase in weight in the individual sample series 
from non-glandular niucosa (Fig. 3) indicated a continuous diffusion of water 
through the epithelium at an individually constant rate. The transmiicosal 
water loss proved to be a straight line function of the relative humidity of the 
air during the experiments (Fig. 4). This observation corresponded to the 
similar connection between epidermal water loss and the ambient humidity 
of the air (Ruettner, 1953, Th,auer h Zollner, 1953; Ziillner & Thauer, 1954; 
Kaufmann, Thauer & Zollner, 1955; Brebrier, McKerslake & Waddell, 
1956; Heerd & Oh.ara, 1961; Bettley & Grim, 1967) and the water diffusion 
through intact epidermal horny layers (Kligman, 1964). The trends towards 
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sexual variation in the water loss (Table 11) could be readily explained by 
the generally higher humidity level during sampling from the females, cf. 
Table 111. The corresponding difference between the two sampling methods 
in the non-glandular area indicated the presence of local rate-limiting factors 
in the mucosa. An important factor determining the rate of transport of 
water through epidermis is the thickness of the stratum corneum (Burch & 
Winsor, 1946; Blank, 1953; Mali ,  1956; Scheuplein, 1965, 1967). The 
significance of this factor seemed, however, to be limited in the palatal 
mucosa. The non-glandular area was in close topographical relation to the 
central glandular parts of the palate. Histologically, this area is characterized 
by a submucosal layer with varying amounts of connective and adipose 
tissue and strands of glandular tissue but a rather uniforni keratinizing 
epithelium (Sicher, 1966). The variation in the material in Table I1 and I11 
might thus be ascribed to other factors, such as differences in the regional 
density of the capillary network and in the local hydrostatic pressure, 
although a similar connection between the rates of transepidermal water 
loss and local vascular changes has not been established (Ohara, Kondo & 
Ogino 1962, Rett1e.v & Grice 1967, Baker& Kligman 1967). The hydrostatic 
pressure in oral tissue does not yet seem to have heen investigated. The 
values in Fig. 4 indicating an outward water transport through the dry 
mucosa even at an ambient humidity of 100 yo thus reflected a positive 
pressure in the palatal region. 

The niean weight increase values in Table 1 and I1 corresponded to a water 
content of 11-13 micrograms per sq. mm filter paper. These values were 
undoubtedly too low to reflect the actual rate of water loss, as the small 
volume of the sampling chamber and the length of the sampling period 
implied a gradual increase of the vapour pressure in the chamber and a 
corresponding decrease in the diffusional rate. Further investigations are 
therefore necessary to establish the true penetrational rate in the palatal area. 

The permeability of palatal epithelium to sodium and potassium. Significant 
amounts of sodium arid potassium were recognized in samples from the 
glandular area only (Table V A and B). In  two cases - persons 5 and 6 
in Fig. 5 - a parallellity was observed in the sodium content of the cor- 
responding samples from the two areas, probably due to a weak secretory 
activity. Otherwise, samples from the non-glandular area contained only 
traces of the two electrolytes, nearly always after sampling with direct contact 
between the mucosa and the filter paper. 

The demonstration of a considerable amount of parakeratotic epithelial 
cells with this procedure accorded with earlier observations on the pre- 
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dominance of this cell type in the keratinized palatal mucosa in young persons 
(Shklar, 1966). The concurrent presence of cells and electrolytes in these 
samples suggested that the occurrence of the two electrolytes was due to 
cellular contamination. This siipposition was confirmed by the use of mern- 
brane filters which could simultarieously reduce the extent of the contamina- 
tion and eliminate the electrolyte content in the filter paper. The membrane 
filters showed a similar correspondence between a small number of cells and 
a paucity or absence of sodium and potassium and no sign of ionbinding 
properties in the material. 

The samples from the glandular mucosa exhibited a distinct relation 
betweeii an increased arid variable weight level and a corresponding electrolyte 
content (Table 111) which further confirmed the importance of secretory 
activity for the electrolyte content of the samples. Such activity could be 
demonstrated, in spite of the scopolamine, during the entire sampling period 
(Fig. 5). It was propably provoked by the unavoidable stimulation of the 
iriucosa during sarnpling, as the secretory activity of the palatine glands is 
strongly affected by mechanical stimuli (Ostlund, 1953; Butcher & Mitchell, 
1967). The clear r e d i d o n  in the number of samples with electrolyte content 
when a membrane filter was used for the glandular miicosa (Table V R) 
was probably clue to the protection afforded by the filter. 

The present investigation showed that the human palatal epithelium, 
in spite of its permeability to water, is apparently impermeable to sodium 
and potassium. These results confirm earlier investigations of the liiinian 
epidrrtnis, which exhibits absorption of sodium and potassium to only a 
very liniited extent (Bettley, 1965, Tregear, 1966a). They conflict, however, 
with the earlier mentioned observations in rabbits, where a distinct penetra- 
tion of the palatal mncosa by Na24 has been demonstrated (Ayoma, 1968). 
'I'he reason for this aberrant reaction is difficult to establish both on account 
of the differences in sensitivity of the methods employed and on account 
of incliictive 1)ermeability changes in the rabbit mucosa due to the systematic 
cleansing with 70 "/o ethanol. A quantitative difference in the permeability 
reaction of the oral mucosa can not be excluded, as the rate of penetration 
of NaZr through the epidermis of the rabbit is 50 times that in man (Tregmr, 
1966a). This difference may, however, be due to the larger number of hair 
follicles in rabbit skin, on account of the differing diffusion constants for 
follicle tissue and the stratum corneum (Scheuplein, 1967). The qualitatively 
different 1)ernieahility of the palatal mucosa to sodium which is indicated 
hy the present animal arid human experiments, is, however, in accordance 
with the reactions of the isolated surviving frog skin in which the outward- 
facing membrane of the transporting cells is passively permeable to sodiiini, 
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while the inwardfacing membrane is impermeable to this electrolyte (Koefoed- 
Johnsen & Ussing, 1958). The heterogenous structure of human epidermis 
has hitherto complicated an analysis of the barrier functions of the stratified 
keratinized epithelium. The present study has demonstrated that the hard 
palatal mucosa on account of its areas with a uniform epithelial structure, is 
suited to more detailed studies of this barrier functioii. 
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