
THE RELATIVE PROPORTIONS OF SODIUM, 
POTASSIUM AND CALCIUM IN GINGIVAL 
PCtCmr FLUID 
b!l 

A flow of tissue fluid through the epithelium in clinic:tllg 
1ie:rlthy gingival pockets has  heen demonstr:rted in dogs by Brill 
& Krasse (1958) and in m:in by Brill cL‘ B j d r n  (1959). This flow 
of tissue fluid iii:ig be due either to :I simple filtration of tissue 
fluid through epithe1i:il layers or i t  inay be a n  exudation froiii 
underlying inflniiiiii~rlio~i. 

Even in the clinic:illy healthy gingivae an infiltration of round 
cells often occiirs in  the sub-epithelial tissue, and this is taken 
to indicate the presence of chronic infl:iiiiiii~itiori. In extra-cellu- 
1:ir fluid in dniiiaged tissues, reduced sodium and increased 
pot:issiuui concentr:itioiis occur because of :i shift of sodium 
into the cells :ind a shift of 1)otnssiuin out into the extra-cellular 
fluid (Let terer  1959, Fuhrnicrn 1960). Wi th  this obscrvation in  
mind,  it is of interest to study the relationship between Na ant1  
I< in  gingiv:il pocket fluid. \‘:\rious experiments h:we shown that  
the blood p1:isni:i is the originnl source of the fluid (Brill k 
Krnsse  1958, Brill & Rjiirn 1850, Brill 1959 a ) .  If the fluid passes 
through und:iin:Iged connectiye tissue and epithelium, i t  should 
contain the saiiie proportions of sodium and potassium :is plasma 
:ind interstitial fluid (extra-cellular f luid).  On the other hand,  
if i t  passes through d:rmnged tissue, tiecrc:ised sodium/potassiuiii 
ratio should be found according to the observations cited above. 
Thus,  the relation between sodium and potnssiuin ought to indi- 
cate whether the pocket fluid froiii clinically healthy gingivae 
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is to be regarded a s  a siniple filtration product or rather as a n  
iiifl:iiiim:itory exudate. For comparison exudate froiii chronically 
inflamed gingivae may be studied. 

MAI’EI1IA1, A N D  METHODS 

Two groups of persons were studied. The first group consisted 
of 1 7  dental nurses ranging in age from 18 to 23 years with no 
clinical evidence of  gingivitis. Thc second group was coniposcd 
of patients of tlie 1)cnt:il School and contained 11 iiiales :ind 13 
feinales between 17 and 74 years of  age. All of the patients had 
chronic:illy infl:med gingivae, with or without alveolar hone loss. 

The fluid s:iniples were collected from the gingival pockets of 
upper preiiio1:rrs and first iiiolars in the dental nurse group and 
froin upper incisors, canines and preiiio1:trs in the patient gronp. 
The reason w h y  prelnolnrs and iiiolurs were used in the dental 
nurse group w a s  that i t  proved difficult to obtain sufficienl 
amounts of fluid froin the gingival pockets of incisors and cuiii- 
lies in this group. The operation field was carefully dried with 
cotton rolls :ind conipressed air. In order to get sufficient ainounts 
o f  fluid, this was allo\ved to :iccuiiiul:ite in the pocket for :rbout 
15 iiiinutes. It was then collected by nieaiis of n capillary Luhe, 
which w a s  p1:reed in the opening of the gingival pocliel, care 
Ijeing taken Lo avoid d:ini:iging the gingivae. The tube was gently 
iiioved back :ind forth and gentle suction through :i rubber tube 

a s  applied. 
In  the dental nurse group, sniiiples were first collected vi t l i  

the gingivae in :I resting slate. For coinp:irison s:iiiiples werc 

with a blunt instrument, it being known that brief mechanic:il 
stiinulation increases the :imount o f  gingiwl fluid (Br i l l  & Zir(issp, 
1859).  After stiinulation, :idequ:ite miiiples could he taken i i i i -  

inedintely. In  tlie group with chronic infl:iiiiiiintion, the saiiiples 
were taken without stiinulation. I n  most cases sufficient aniounts 
of fluid could be collected iiiiniedi:~tely after prepnration of the 
oper:ition field. 

The fluid was blown out from the capillary tube into 1.5 in1 
oi’ rcdistilled water in :I centrifuge tube. 

I n  order to remove suspended cells the samples were centri- 
fugctl before the molysis. Control experiments, however, showed 

:if  terwnrds collected after iiiec1i:inic:il stiniulntion of tlie gins’ ’Ivae 
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that this procedure did not influence the results and the centri- 
fuging was therefore later abandoned. Instead, the tubes were 
xllowed to stand for 10 minutes before the analysis was carried 
Ollt. 

Analysis of Na, I< and Ca was performed by flniiie photonietry 
in :in Eppendorf flnine photometer. Because of the difficulties 
in measuring the sn id l  aniounts of fluid obtained from the 
pockets, only the relative proportions of the ions could be delcr- 
iuined. The ratios :ire calculated froiii values in m.Eq/litre. The 
sodiuiii concentration in the dilutions analysed ranged froill 8 - - 
220 ni.Eq/litre; the potassium and calcium from 0.25--10 :ind 
0.2 --1.5 m.Eq/li tre respectively. 

I<ESCI.TS 

The relative proportions of  Na/K, Na/C:i and K/Cn in gingisal 
pocket fluid hefore and after mech:inical stiniulation of the gin- 
$we are shown in Table 1. 

Table 1 
H e l o f i v e  proport ions of sodium, potrrssiiim trnd rtilriuni in y i n y i i x r l  I J O C l i C t  

/Iriid f rom clinictcliy heul fhy  yinyi i i~re before ctnd after r n e c h ~ i i ~ i ~ c c I  
s f in, t i  [ t i t  1 on.  

The ratios calculated from \slurs in iiy.Eq,/litre 

Subject 

1 . . . . . . . . .  
2 . . . . . . . . . .  
:I . . . . . . . . . .  
4 . . . . . . . . .  
5 . . . . . . . . .  
f i  . . . . . . . .  
7 . . . . . . . . .  
:I . . . . . . .  
9 . . . . . . . .  

10 . . . . . . . .  
11 . . . . . . . . . .  
12 . . . . . . . . .  
1 :I . . . . . . . . . .  
1.2 . . . . . . . . . .  
15 . . . . . . . . . .  
16 . . . . . . . . . .  
I i  . . . . . . . . . .  

Mean . . . . . . .  

IM’ore stimulation 

ti.4 
5.2 
5 .:i 
:i.5 
2 6  
2.3 
4.x 
2.r; 
3.3 
8.8 
0.6 
2 .X 
1.2 
! I N  
I .7 
%!I 
2.4 

.t 2.4 

1 : < 2  
13.8 
10.0 
16.2 
5.2 
7 .fi 
(i .8 
8.4 
8.0 

1L.f) 
i .I 
9.7 
9.1 

23.? 
6.5 
6.7 
- 

10.6 

t- 5.2 

2.8 
2.r; 
1.9 
4 .fi 
2.0 
3.L 
1.4 
:I :I 
2.4 
1 7  

1 2 5  
3.  L 
7.4 
2 I ;  
3.2 
15 __  

After s t  imulnt ion I 

K d K  

6.3 
(i.3 
4.2 
2 5  
0.8 
3.5 
2.:: 
4.7 
.I .5 
8.1, 
1 . 1  
2.!1 
2 3  
,rl.(l 

3.f) 
4 .7 
2.:;  

N:1/C:c 

1!).1 
21.3 
21.1 
16.7 
5.7 

12.1 

20.9 
l i . 0  
I !J.$ 
8.3 

1 f i  .4 
1:t.r) 
!):I :I 
12.7 

: M I  

. -  

._ 

JUCa 
___ 

3.0 
3.5 
5. I 
Ii.3 
7.3 
:!.:I 

4 :I 
3.7 
2. I- 

.- 

- -  
I . /  

‘I .T 
1 .fi 
,4.2 
0s;  
... 



1 . . . . . . . . . .  
2 . . . . . . . . . .  
3 . . . . . . . . . .  
.I . . . . . . . . . .  
5 . . . . . . . . . .  
1; . . . . . . . . . .  

Cliiiically hcnlt Iiy gingiva, hcforc stiiiiukition 
Clinic:illy h e d t  liy gingiva, aftcr stiniulatioii 
C1irr)iiirnlly i i if lamctl gingiva . . . . . . . . . . . . . .  

i . . . . . . . . . .  
s . . . . . . . . . .  
!) . . . . . . . . . .  

I 0  . . . . . . . . . .  
' 1  . . . . . . . . . .  
12 . . . .  
1:s . . . . . . . . . .  
I I  . . . . . . . . . .  
I .5 . . . . . . . . . .  
1 (i . . . . . . . . . .  
I7 . . . . . . . . . .  
IS  . . . . . . . . . .  
! D  . . . . . . . . . .  
!O . . . . . . . . . .  
!1 . . . . . . . . . .  
12 . . . . . . . . .  
33 . . . . . . . . . .  
31 . . . . . . . . . .  

4/1 11/1 
4/1 l G / 1  

10/1 18/1 

\T1*a I 1  . . . . . . .  

Estla-cellul:ir fluidplasrn:i, in  terstitial fluid) 2X/1 
Intra-ccllul:ir fluit1 . . . . . . . . . . . . . . . . . . . . . . . . .  I 1/50 

5 tantl:1rtl 
Icviat ioii 

2x/1 
o . X / i  

8.  L 
1 .:I 
2.7 

10.3 
!).6 
2.6 
8.7 
1 .7 
5.1 

18.3 
5.S 

17.1 
9.7 
(i.3 

22.9 
5.2 

2!).1 
10.1; 
i.6 

10.2 
!).7 

122) 
7. 1 

12.1 

Na/C:1 

18.3 

2.9 
:Lo 
l.L 

2 .o 

2.6 
1.5 
3.3 
1.2 
2.5 

7 2 

1 .o 
2.1 

I I 
1 / 1  
4/1 
2/1 
1 /1  

40:1 

* *  The values used 1i:ive Iwcn calculated from values given by C o 11 w ii y (19.57) 
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A comparison between the rounded nie:in values froin Tables 
1 and 2 is shown in Table 3. In this table, the relativc propor- 
tions of sodium, pt:issium :ind calciuni in  extra-cellular and in 
intra-cellulnr fluid have been included. 

From Tables 1 and 3 it is clearly seen that the relative propor- 
tions of Nn/K :ire practically identical in s:iiuples froin clinically 
liea I thy poc I< e t s before and :if t er s t i 1 n 11 1 :i ti on. A coin 1) ar  i so n 1) e- 
tween these values : i n t i  the corresponding ratio for extra-cellular 
fluid shows that the Na/K ratio is considerably lower i n  gingival 
1)ockct fluid. This indicates a higher concentration of potassium 
and/or a lower concentration of sodiuni. The ratio is, however, 
still far above that found i n  inlrn-cellulnr fluid. 

From Tables 2 and 3 it can be seen that the Na/K ratio in fluid 
froiii chronically inflniiied gingivae is more than two times that 
in fluid from clinically healthy gingivae, but still much lower 
than the ratio in extra-cellular fluid. Becquse of the sinall 
amounts of suspension used for analysis, calcium could not be 
deterniined in all cases. In  addition, in  some cases the calciuni 
concentration was at  the lower limit of the capacity of the flaiiie 
photometer and thus the ratios Na/Ca and K/Cn are not fully 
reliablc. In these quotients, however, the saiiie tendency is found 
a s  with the Na/K ratio, i.e. that llie values for the chronically 
inflanied gingivae when compared with those from the clinic- 
ally healthy gingivae tend towards the extra-ccllular fluid ratios. 

In  gingival pocket fluid froiii both clinically healthy and chro- 
nically inflanied gingivae the Na/K ratio was considerably lower 
than is found in  extra-cellular fluid. Since the blood plasma 
is the original source of the fluid, the difference in  Na/K ratio 
between plasma and gingival pocket fluid is of interest. The high 
proportion of potassium in gingival pocket fluid could depend on 
soiiie error in experimental technique and this question must 
therefore be considered first. 

Great nuinhers of leultocytes and epithelial cells can occur in 
the gingival pocket fluid (Shnrry & K r m s e ,  1960) and, when the 
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flaiiie photoiiietry is performed, these cells could be burnt in 
the fluuie and thus give rise to the higher proportion of potas- 
sium. Against this expla,?i:ition the fullowing facts must  be 
weighed: - 

1 .  In control experiments with fairly heavy suspensions of blood 
leukocytes or sali\:iry sediment the Na/K ratios did not differ 
when the cells were left suspentled or when they were re- 
moved by centrifugation. 

2. Centrifuging the test winples did not c1i:ingc the Na/K ratio. 

3. Fluid from stiiiiul:ited pockets coiihins far fewer cells than 
that froin unstiinuluted pockets (I:'yelbcrg, 1902), but the 
Na/K ratio is pr:ictically the same. 

I t  can thus be :iss~iiiied that the increased proportion of potas- 
\itmi does not depend on burning of cells. 

Another exp1:in:ition is that intr:i-cellul:ir potassiuiii has  been 
relcusetl froni the cells when they were suspended in re-distilled 
water. However, this would have given a higher proportion of 
pot as siu iii in f 1 u id f r on1 u n s t iiii u 1 ate d 1) oclc e t s where the nu iii her 
of cells is much greater than in the stiinulntetl ones. This did 
not prove to be the case. 

'l'hus, it is most proba1)le that :I high proportion of potassium 
really occurs in gingival pocket fluid. This shows that intra- 
celluhr pot:issiuni is added to and/or sodium withdrawn from the 
extra-celIul:ir fluid on its way out into the gingival pocket. A s  
an increased potassium concentrtttion is found in exudate 
Menkin 1956) and in extra-cellulnr fluid of d:iiiinged tissues 
( Fii h n n  an 1 0 60 ) these oh serva t io n s su g ge s t that the gingiva I 
pocket fluid, even f r o m  clinically healthy gingivae is derived 
froni tissues with altered iiietabolisiii. This would mean that the 
gingival pocket fluid cannot be regarded as :i simple filtration 
product but rather as an  inflaii1tii:rtory exudate. This conclusion 
is supported by the frequent presence of round cell infiltr' A t' ion 
in subepithelial tissues in clinically healthy gingivae. 

It should be mentioned that a sodiuin potassium shift may also 
occur when the fluid passes the degenerating and shedding cells 
which are found in superficial layers of pocket epithelium 
(Waerharrg 1952, McHugh 1961). These cells could thus act as 
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:I ineiiibrane which influences the composition of the fluid a s  it 
passes through. The relative iniportance of degenerating epithe- 
lial cells for the Na/K ratio can be discussed on the basis of 
the results obtained from stiiiiulated and unstiiiiulated gingivae. 
I n  both series the Na/K and K/Ca ratios were practically the 
mine. Stiiiiulated pockets produced :I larger amount of fluid per 
unit of tiiiie and tlie potassiuin ratio ought to have been dccreas- 
ed if the sodium potassium shift depended on the degenerating 
superficial cells. Thus, the fluid froin stimulated pockets does 
not differ froin that of unstiiiiuhted pockets with regard to Na/K 
ratio in spite of its increased voluiiie. This would mean that 
.;tiniul:ition alters the sodium potassium shift as well as  it 
increases the exudation. 

l‘lie Nn/K ratio in fluid froin chronically inflained gingivae 
was soiiiewhat higher than that f roiii clinically healthy gingivae 
but still lower than in extra-cel1ul:rr fluid. The Na/Ca and K/Cu 
values also tend towards the extra-cellular fluid ratios (see 
Table 3 ) .  This iiiight be due to the increased vascu1:iris:ition and 
ulceration of the pocket epitheliuni which occur in i n f h i e d  
gingivae. These changes lead to :in increased exud:ition, probably 
from a great number of superficial blood vessels with increased 
pernie:ibility. Hence, the fluid does not pass tlie same amount 
of tissue as in henlthy gingivae and thus the better agreenient 
with the plasma values can easily be understood. This theory 
is supported by the obserwtion that two persons having an  
extreiiiely large flow of gingival pocket fluid showed very high 
Na/K and Na/C:i ratios and low K/Ca ratio (Table 2, subjects 15 
and 1 7 ) .  

I t  is difficult to say whether or not the increased proportion 
of  potassium is of :my importance for the host-microbial rela- 
tionship in the gingival pocket. However, it is of great interest 
to note that Plef fer  ( 1  904) claiined that potassium salts couTd 
produce positive tactic responses in spiriIla, since it is well ltnown 
that vibrio-like organisms and spirochetes occur in great nuiii- 
bers especially in  tlie gingival pocket. Wi th  regard to the anti- 
microbial effect of the gingival pocket fluid the following facts 
must be considered. A great number of polyiiiorphonuclear leu- 
ltocytes are regularly found in the gingival pocket (Shnrr!] dc- 
Zirnsse 1960). The pocket fluid contains different serum protein 
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coiiipoiients including g:iiniii:iglobuliiis (Z>,tJ.!Z c t  Uronnestciiii, 
1060).  By the sitiiult:ineous presence of leukoc3tes :ind gaiii1n:i- 
globulin\ (opwnins) i t  is possiblr th:it p1i:igocytosis could occur 
in the gingival Itocliet. If this is the case, the presence of GI++- 
ion\ could he of iniportance, since it has heen shown that  nioti- 
lity and peptitlase activity of the l"'1yinorpIioiiucle~ir leukocytes 
is increased 1)y this ion (S i t ter  1!)5(i 1. \I'heilier the ch:ingetl 
Na/K r:i tio h a s  :my influence on the potential pliagocylotic acti- 
T ity no infori1i:ition could he obt:iinetl f r o i n  the 1ikr:iture. The 
d y nu I 11 ic h ( ) s 1- I i i  icrol.)i:il re1 :i t io n s h i  1) i n the g i n g iv:i 1 poche t i s 
1)rob;ibIy cleterniined hy :I wries of factors, one of \I liich might 
be the ion relation\. To throw ligh1 on this probleiii furtlier 
in\  cstigations are necessary. 

s I' JI a1 A 1 iY 

The  relative proportions of  sodiuin, potassium a n t 1  c:ilciuni 
were studied in gingin1 pocket fluid. 

In coinparison with the original soiirce of the fluid, the Hood 
plasiii:i, a proportional increase of po1:issiuni was found in the 
pocket fluid froin clinicnlly healthy gingiviie. This observution in- 
dicates th:it intra-cellu1:ir potnssiuiu is :idded to the extra-cell ulnr 
I'luitl on its w i y  oul  into the gingiwl 1)Ocliet. A s  :in increased 
pot:issiurn concentration is found in extra-cellular fluid of 
d:iiii:iged tissues these observations suggest that  gingival pocliet 
fluid, even f r o m  clinically henltliy gingivae, is  derived from 
tissues with altered met:ibolisni. This  would inem that  giiigiwl 
1)ocltet fluid cannot be regarded ;IS a siniple filtration product 
but rather :is :in inf1:iiniiintory exudate. 

The iinplicntions of the findings for the host-microbial rela- 
tionship are discussed. 

Iit?S"Mli 

PROPOHTIONS RELATIVES DE SODIUM, POTASSIUM ET CALCIUM DANS 
LE IJQIJIDE DU CUL-DE-SAC GINCIVAL. 

Les proportions reht ives  de sodium, de potassium et de cnl- 
ciuin ont 6te 6tudiCes dnns le liquide des culs-de-sac gingivaux. 

Par coinparaison avec la source originelle du  liquide, le plasina 
snnguin, une augiiienttition des proportions de pot:issiuin n Cti? 
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lrouvbe dnns le liquide des culs-de-sac de geiicives cliniqueinent 
saines. Cette observation indique que le pot:rssiurn intra-cellulaire 
s’njoute a u  liquidc extra-cellulaire pendant sa sortie dans le 
cul-de-sac gingival. Etnnt donnb qu’une augmentation de In con- 
centration du potassium s’observe dans le liquide extra-cellulnire 
de tissus lbsbs, ces observations hissent  h supposer que  le liquidc 
du cul-de-sac gingival, iii&liie en provenance de gencives clinique- 
nient saines, provient de tissus ayaiit u n  ni6tabolisnie altitr6. Cela 
indiquerait que le liquide du cul-tie-sac gingival ne peut 6tre con- 
sidkri. eomiiie le protluit tl’une simple filtr:itiou, inais plutbt coiii- 
me un exsudat inflammatoirc. 

I x s  consbquences de ces rPsu1t:its en ce qui concerne lcs rela- 
tions entre l’organisiiie et les h8tes microbiens font l’objet d’une 
discussion. 

ZLTSA~1~lENFASS~’NG 

D1E RELATIVEN PROPORTIONEN DES NATRIUMS. KALIUMS UND KAL- 
ZIUMS IN DER GEWEBEFLUSSIGKEIT DER ZAHNFLEISCHTASCHE 

1111 Vergleich init dein l31utplasiua, aus  welcheiii urspriinglich 
die Fliissiglteit herstamint, zeigte die Gewehefliissiglteit t k r  2:ilin- 
fleischtasche voni ldinischen gesunden Zahnfleisch eine Zunahnie 
d e s Ka 1 iu in s . 

Diese Observation deutet rlnrnuf, dass intr:icelluliires Kaliuni 
zu der extracellularen Fliissigkeit auf d e n  Wege zur Zuhnfleisch- 
tasche hinzugefugt wird. 

Dn eine erhiihte Kaliumltonzentration in  der extracelluliiren 
Fliissigkeit des schadhaften Gewebes gefunden ist, deuten diese 
Observationen darauf, dass die Gewebeflussiglieit der Zahnfleisch- 
tasche auch voiii ltlinisch gesunden Zahnfleisch von eineni Ge- 
we be 1 iii t ve r an d er t eiii Me t a hol i s inu s I t 0  niiii t. 

Ifieses zeigt, duss die Gingivnlflussigkeit nicht nls ein Filtra- 
tionsprodukt sondern vielmehr :ils ein infla~iimatorisches Exsudat 
betrachtet werden liann. 

Die Bedeutung dieser Observationen fu r  das Yerhaltnis zwi- 
schen deiii Mikrobentrager und der Miltrohe wurden diskutiert. 
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