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THE EFFECT OF INFLAMMATION ON THE 
PERMEABILITY OF HUMAN PALATAL 
EPITHELIUM TO UREA 
1) !I 

Tissue fluid does not readily escape from normal oral epithe- 
lium except a t  the gingival pocket. At this site the periiieabiliiy 
o f  the epithelium to tissue fluid is increased following iiiechanic:il 
stiniu1:iLion (Brill, 1959) and also in the presence of clinically 
detectable inarginnl gingivitis (Brill & Rjiirn, 1959).  The present 
investigation attempts to deterniine whether n siniilar increase 
in permeability to tissue fluid occurs in  the hard p:ilntes of  den- 
lure  wearers, these :ireus frcquently being sites of  inf1aiiini:itory 
change. 
Brill & Bjiirn (1959) used fluorescein sodiuiii as :I tracer in 

their experinients on the gingival pocket. This is soniewhat toxic, 
and it W:IS considered preferable to use urea, :I physiologicnlly 
occurring suhstnnce (Diein 1902). 

MATERIAL AND METHODS 

Selection of subjects 

19 fenides  and 14 inales were selected lor the present study. 
All subjects were edentulous.Their ages ranged from 35 to 78, their 
iiiean age heing 58 ye:irs. 18 suhjects h:1d clinically hexlthy pal:it:il 
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iiiucosa. l h t a  concerning these 18 subjects are  entered in  'l':rblc I. 
1 t5 subjects had clinicnlly observ:rble inflaiiiiiiatory changes in 
the p;il:tte presuiiiably produced by their dentures. These reac- 
tions rnngetl froin slight hypereiiii:~ in :I restricted par t  of tlie 
area, to heavy reddcning of the  whole area, in severe C:ISCS :iccoiii- 
p u i e d  with p:ipilloiiiatosis. Data concerning this groiil) are en- 
tcrcd i i i  Table 11. 

Clinical procedure 

Each subject was given fifty g of urea dissolved in 180 1111 of 
w:t Icr. Two drops of ; i n  :ilcoholic solution of oil o f  pepperiiiint 
were added to disguise the taste. Although urea occurs nnturnlly 
in 1)otly fluids, it was nevertheless thought, that  :I r:iised i irc~t 
level in these fluids would ensiire greater :iiiioiiiits of urea to  

he available for the subsequent annlysis of the fluid that iiiiglit 
pass froii i  the subepithelial sp:ices into the oral cavity. 

Moreover, one pill o f  atropine sulphate 0.5 iiig (Pilulae atropini 
mijores,  1'11. D m .  48) was adiiiinistred to each subject t o  
suppress activity o f  salivary a n d  iiiucous glands. This iiieasiire 
was t a k e n  to prevent the escaping tissue fluid from heing cou- 
t:iiiiin:tlcd 1)y urea cont:tined in the gl:indulnr secretions. 

Two hours later samples of fluid were collected. Before the 
collection of saiiiples, the iiiouth was prepared in tlie following 
iii:inner: the hard :inti soft pal:ite :rnd the :ilveol:ir ridges \verc 
sprayed with tap water, and afterwards carefully dried witti 
cellulose sponges. Any water reiiiaining was dried by blasts ot' 

air. Snlivn pooling in the mouth during the subsequent saiiipling 
~ ) r o c e t u r e  was reiiiovetl by :I saliva ejector. 

Fluid was recovered froi i i  the  hard palate hy iiie:tns of :I circu- 
1:ir piece of unbleached cotton iiiaterinl, thirty-four i i i i i i  in (ii:i- 
meter (Fig. 1) .  To ensure uuiformity of size and for in ,  the pieces 
were cut out by a punching iiiachine. 

Further ,  to be sure that  these patches did not provide :I source 
o f  urea, several patches nol used for sampling were suhjected to 
:I sep:ir:tte mnlysis. They were either ( 1  ) I:tlten by means of 
tweezers directly froin the punching iiiuchine, o r  ( 2 )  touched 
by recently washed and dried fingers, or ( 3 )  washed anti dried 
:tud :ifterw:irds h:tndled hy clean fingers. In  no case w a s  ure :~  
t l ~ l l l o I 1 s t r : l t c d .  
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Fig. 1. (Left)  Cotton p i t c h  u.sed for collecting fluid from the hard palate. 
(Right) Ihscplate used for kccpiiig thr patch in cont,ict with tlic palatal 

mucosa, a s  s h o w n  in  Fig. 2.  

111 each suhject l h c  pitch was ciirel’ully :id:ipLed t o  I h e  hard 
p:tlate and the linguiil aspect of the :interior part of the :ilveolar 
ridge. The p:itch was kept  in  this position by iiie:iiis of a plate 
(Fig.  2 )  made of  clear thermopliistic b:isepl:ite material (Fig. 1 ). 
This plate w a s  supported by light finger 1)ressure for fifteen ini- 
nntes, and then reiiioved. The cotton pitch was reiiioved by iiie:ins 

Fig. 2. 1’:itcIi ot’ cotton kept i n  contact with palatal  mucow 1)s Incans of 
:I 11 i ndiv id ual 1)ii s r  111 t i t  e . 

22  -- Acttc otlonl. sctcr1d. 1‘01. 22. 
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of tweezers and transferred to :I stoppcrcd gl:iss vessel, where i t  
reiii:iined until the iiiicro:in:ilysis for urea w:is performed. 

Finally, a blood s:riiiple w a s  taken, atid i ts  ure:i content was 
tleterinined using the method described hy IJrit4nirrn ( 1953).  

Laboratory procedure 

I'riii t *  ip 1 e 01 (111 t i  1 ys i s  

ITre:i is decoiiiposeetl i y  urease into c:irl)oii dioxide and :iiiiino- 
nia. 'The latter reacts with sodiuni phenolate and hypochlorite 
(13erthelot's re:iction) yielding :I blue colour, the abso rhnce  of 
which is iiieasiired in a spectrophotoiiieter :it 625 nni. 

Applying this principle Chtrneg ~t Allnrhnch ( 1962) detcriiiined 
the content o f  urea in biological fluids, and  Brown r t  nl .  (1957) 
the content of ~iniiiiotii~i i n  hutii:in plustii:i and rat  tissues. For 
the  present investigation the inelhods describeti by these :iuthors 
have h e n  inotlified hy one of u s  (V .L . ) .  

7'ct~hnit~rrr 

The patch is  flooded in the g h s s  vessel with 4 in1 of distilled 
witer  : ind sh:iIten at intervals for five iiiinutes. 1 1111 of the fluid 
is  trnnsferi.ed to  each of two test tubes. To tube 1 is added 1 1111 

froiii a urense solution consisting of 150 iiig iire:ise and 1 g EIN" 
in 100 in1 of distilled water, the p H  being 6.5 .  'To lube 2 is  :idtled 
1 in1 of distilled water. 13oth tubes :ire left for twenty iiiiriiiies 
:it roo111 tetnpernture (20"  C ) ,  w1iere:ifter 1 in1 of each of  the 
I'ollowiiis colour developing re:igents :ire :idded to both. 

(1) 2.5 % solution of sodiuiii phetiol:ite p r e p r e d  froiii ~)lieiiol 
2.5 g, sodiuiii hydroxide 1.25 3 :ind distilled water to :I final 
volu1ne o f  100 1111. 

(2)  0.003 % solution of sodiuni nitroprusside. A freshly innde 
1 100 dilution of a 0.5 % slocli solution of this re:igent is  used. 

(3) Sodium c:irhon:tte 0.05 M. 
(4) Sodiutii hypochlorite circtr 0.06 N. 
After mixing, the tubcs :ire allowed to st:ind for thirty iiiinutes 

i i i  darkness and then diluted with 4 1111 of distilled water. Finally 
the optical density (Es)  of tube 1 is 1ne:isuretf in :I spectrophoto- 
meter at  625 i i i i i  using tube 2 a s  i)lank. T h e  :iiiiiiioni:i content 
of the  urease solntion is tleterinined by :idding the re:igents ( 1  ) ,  
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(21, ( 3 ) ,  and ( 4 )  to 1 1111 of the urease solution and 1 in1 distilled 
water, and measuring the optical density (Eu) after thirty minu- 
tes in darkness and dilution with 4 1111 of distilled water. The 
blatik used, is made froiii the reagents (11, (21, (31, and (4) 
diluted with 4 1111 of distilled water after thirty minutes in dark- 
ness. 

Finally the optical density (Es t )  of 1 1111 of :I st:lndard solu- 
tion, containing 2 pg N/m1 as (NH4),S04 (Ainnmniuln sulpliate) , 
is measured after addition of the reagents a s  described above. 

The amount o f  urea-N contained in :in experiiiiental patch is 
calculated froin the formula 

Es - Eu 
Est 

x 8. ___- 

llES I: I’TS 

In  co l i i i~~ns  five of Tables I d I1 are entered the urea-N values 
arising froiii the iiiicroan:ilyses. Table I comprises d:it:i from 
subjects with clinical signs of i~ifln~iiniation; Table I1 coiiiprises 

Table I 
Urea-N passtrge throtcyh an i n f l n m e d  epithrlicrl  bmrrier o/ ihe hard pcr ln tes  
in 15 subjects .  In colrcmn 5 are entered Iirrfr-S levels in f luid absorbed from 

the htrrd pt i lates .  In coliirnn /c (ire entered blood-urea le i ie l s .  

Subject Age Sex LJrea concentration Urea-N content trf 
cotton patch in ,ug in blood i n  iiig % 

1 
2 
3 
4 
6 
6 
7 
8 
9 

11 
12 
13 
14 
15  

i n  

40 
(i 7 
46 
5 4 
74 
72 
70 
42 
74 
61 
66 
6 7 
47 
7 3 
74 

8 
(s 

100 
I 5 2  

92 
122 
115 
112 
152 
1 on 
108 
111 
148 
126 

$16 
111 
13fi 

- 2  
1 
a 
2 
2 
3 
3 
3 
5 
5 
6 
6 
9 
17 
1 7  



148 
100 

I i :I Q 
11 il R 

- 2  
- a  

111 47 8 116 - 1  
IV 7 0 8 

v I fi5 Q 
\'I I i5 d 112 

\'I I I 5.5 Q 
I S  52 Q 
x 78 Q 
SI 4 9 Q 

XI1 :I i 8 
XI11 5X (3 119 1 

XIV 52 Q 
40  Q 
3.5 Q 

S V I I  3!) Q 
Si'III  ,),) Q 113 

144 -- 1 
V 49 172 -- 1 

- 1  
0 

11; 0 
112 0 
I ox 0 
98 0 

103 1 

114 1 
118 1 
132 :I 
132 4 

12  

d ' 
X5 

S\' 
S V I  

- _  

t1:it:i from subjects in whoiii these signs were :ibseiit. The figures 
in both tables :ire :irr:inged nccording to the  mount of urea-N 
tleiiioiistrated in each sample o f  fluid. 

\\'hen the two sets of  data are  coinpared, a difference is noted. 
'I'his is hroiight out  inore cle:rrly i n  Fig. 3. I t  appe:irs thiit t he  
urea-N v:ilues from subjects with healthy pal:ital iiiucosa :ire 
grouped rather closely around zero with :i single extreme positive 
v:ilue. The values o f  ure:i-N froiii  subjects with inflamed 1):tlalaI 
Iiiucosa :ire spread over a larger in te rwl  but they show a clear 
tendency to be higher than those of the former group. 

The sig1iific:tnce of this difference was evaluated in  :I distri- 
bution-free iiiedian test, in which the two sets of data were coin- 
hined. The nuiiiber of observations that were above, and the 
iiuiiiber that were below the median of the coinbined data  were 
iletcrinined. The resulting 2 X 2 contingency tablc was then suh- 
jecled to :I ,$ honiogericity test, eniploying Y:ites' correction. l'tiis 



Assessment of Permeability of the Palatal Epithelium 

0 subjects with heolthy epithelium (18) 

subjects with inflamed epithelium ( I S )  

pg of permeated urea-N 

Fig. 3. 1)iagrammatic presentation of tl:ita from columns 5 i n  Tables I C 11, 
sliowirig the permeability of tire palatal cpithclium in  33 ctlciitulous s u b  
jects ; viz. 18 subjects with clinically Iicalthy p:il;itnl mueosa and 15  subjects 

with inf1:iined palatal mueoba. 

test produced a P value of less than 0.001. l‘hus, aiiiple signi- 
ficance was demonstrated concerning the difference between the 
original two sets of urea-N values from Tables I & 11. Had a one- 
sided test been used, this significance would have been even 
greater. 

n I sc l’ SSI 0s 

Urea-N escaped f r o m  the palatal epithelium of all  subjects 
with inflammatory changes, except for subject 1 (Table I ) .  This 
finding suggests that, when clinically observable inflamiiintion 
is present, the epithelial iiienibrane is rendered perlueable to the 
extent that tissue fluid escapes into the oral cavity. 

However, the tracer substance was also collected from the 
palatal epithelium of about one third of the subjects cl:issifietl 
as having healthy iiiucous 1iieinbr:mes. This iiiay mean that overt 
stages of inflnniniation are preceded by subclinical stages in 
which epithelial pernieability is increased; or, the activity of the 
iiiucous glands is not suppressed sufficiently by atropine to pre- 
vent contamination ; or, both may occur siniultnneously. 

Concerning subject 1 (Table I )  the negative value for perme- 
ability in spite of palatal inf1:iiiiniation iiiay be correct, or niay 
he due to an  accidental error occurring when the diagnosis of 
inflaiiimation was made. 
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33 edentulous 1ium:tn subjects were tested for permeability of 
the epithelial iiienibrane covering the hard palate. 18 subjects 
had clinically healthy palatal Iiiucosa, while 15 subjects showed 
signs of inflai1ini:itory changes. Ure:r adininistered perorally was 
used a s  a tracer substance. By means of circular patches of cotton 
inaterial (Fig. 1 ) saiiiples of tissue fluid containing urea could 
be recovered from the hard palates (Fig. 2)  of all but one of the 
subjects with inflanimation. Urea could also be recovered from 
ahout one third of the p l a t e s  classified :IS healthy. These obser- 
vations suggest that palatal epithelium is rendered perineable in 
the presence of inflaiiimation, and that clinically observable in- 
flainni:ition inay he preceded by subclinical chanses, which :ire 
also accoiiip:mied 1)y :i break-down of the epithelial barrier. 

H Bs u A1 ri 

PASSAGE DE L’AZOTE URfilQUE A TllAVERS LA MEMBRANE EPITHI? 
LIAIX DE LA MUQUEUSE PALATINE CHEZ L’HOMME 

La perniCabilitC du rev&tenient CpithClial de la voQte palatine 
a P t C  6tudiCe sur 38 personnes. Chez 18 personnes, la iiiuqueuse 
palatine apparaissait saine B 1’ex:iuien clinique, tnndis que chez 
15 personnes, on trouvait des signes cliniques d’altkrations inflam- 
1n:itoires. La substance t ropn te  eiiiployke Ptait I’urke adniinistrde 
p:ir voie huccale. A l’aide de pastilles de toile (fig. 1) niises :IU 

contact de la  muqueuse (fig. 2 ) ,  il a C t C  possible, a une exception 
prks, de recueillir un liquide tissulaire contenant de I’urCe chez 
toutes les personnes presentant une inflaniination. I1 Ctait aussi 
possible de recueillir de I’urke chez environ un  tiers des personnes 
doiit l a  niuqueuse p:il:rtine s’Ptait prksentke coinnie saine h l’exa- 
inen clinique. Les rCsultats de cette Ctude seinblent niontrer que 
le revGteriient Cl)ithClial de la ~iiuqueuse palatine est en gdnCral 
perinPable quand il est possible de constater des signes cliniques 
d’inflaiiiiiiation, et que, de plus, avant qu’il soit possible de faire 
le diagnostic clinique de I’inflaniination, il peut s’&tre produit 
dans In inuqueuse des nltCra2ions subcliniques rendnnt Cgale- 
ineii t 1;i rnuqueuse perniCable. 
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z u SAMhI EN FA ss C’NG 

DIE DURCHLASSIGKEIT DER EPITHELMEMBRAN DER MENSCH- 
LICHEN GAUMENSCHLEIMHAUT 

An 33 Personen wiirde die I>urchlassiglteit der El)itheliiieiii- 
bran des harten Gauniens untersuclit. \‘on diescri liatten 18 Per- 
sonen eine ltliniscli gesunde Gauiiienschleiiii1i:iut; 15 Personen 
wiesen hingegen klinische Zeichen entziindlicher \Teriinderungen 
:ill f . A1 s N:i c hwei s su b s t :I 11 z I<  I iii pe ro  r :il fie ge bene r Ha rn  s t of f zu r 
Ariwentliing. Uiiter Zu1iilfen:ihiiie von 1,einenoblaten (Fig. 1 ), die 
init der Schleiinhaul in Kontaltt gebr:icht wurtleri (Fig. 2 ) ,  war 
es iiiiiglich, bei allen Personen - ausser einer ~ - m i t  entziind- 
licher Schleiiiihaut Harnstoff enthaltende Gewebsfliissiglceit :in- 
zusaninieln. Dieser Stoff koniite ebe1if:ills bei eineiii Drittel der 
Personen init ltlinisch gesunder Sclileiinhuut :ingesuiriiiielt wer- 
den. 

Die Ergebnisse der Untersuchungen scheinen zu zeigen, tluss 
die :i I 1  ge iiieinli i t i  

d 11 r ch 1 ii s si g is t , we 11 n 1; I i ni sch e Z e ic hcn e in e r En t zu ndu n g vo r- 
lie gen , u n d f e 1-11 er , d:i s s an tl er Gn ii in en sc h 1 ei iii  ti a u t s u b It I in i sche 
\‘eranderungen einlreten Itiinnen, bevor diese sich ltlinisch n:ich- 
weisen lassen, und dnss die El’it1ieliiieiiibr:in auch in solchen 
Fiillen ciurchliissig ist. 

Epi t helbelt I eidu n g de r h u  nien sch leim h :iu 1 
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