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Brill and co-workers (Bril l  L(1- Krtrsse 19.58, Brill L(1- Bjiirn 1959, 
Brill 1959 a, Brill c t  Krrrsse 1959) denionstrated the passage 
of tissue fluid froin sub-epitheliul blood vessels into clinically 
healthy gingival crevices. The flow of fluid is increased when 
the pernmibility of the capillaries is increased as  in gingivitis, 
after inechanical stimulation of the gingivae and after intrave- 
nous injections of histamine. If bacteria or carbon particles are 
introduced into the crevice they are removed with the fluid (Brill 
1959 b) .  It has  been suggested that the gingival fluid may form 
a n  important part of the defence inechanisin of the gingival 
crevice, due partly to its mechanical rinsing properties and part- 
ly to the presence of anti-bacterinl factors in the fluid (Brill k 
Briinnesttrm 1'360). 

Wrzerhnug (1955) using huin:in and dog niaterial found that 
solutions of different dyes did not penetrate into gingival crev- 
ices or pockets froin deposits placed round the tooth and the 
gingival border. He suggested that a flow of fluid in the opposite 
direction prevented the dyes froin diffusing into the pockets. 

It seeins possible, froin the results of the investigations cited 
above, that the gingival fluid may form a protective seal in the 
crevicu1:ir region and hinder the penetration of any substance 



272 .JAN E ( ; l < l , l < b l ~ ( ~  

into the crevice and further into the sub-epithelial tissues. On 
the other hand, diffusion of wr ious  subst2inces into the gingival 
crevice should not be considered iinpossible. This probleni w a s  
studied in the present investigation. The substance used was 
his t aiii ine which is I< now n t o :iff e c t 1) 1 ood ca pi 1 1 a r ie s , c au s i n g :in 

increase of the perineability of the c:ipillary \volls (Zmeiftrcli 
1954).  

The present study was undert:ilten to determine whether top- 
ical application of liistaiuine has any effect on 

(1  ) the amount of gingival fluid and 
(2 )  the :iccumul:ition of carbon particles in gingival cnpil- 

1 a rie s. 
An increase in the perme:ibility of these cnpi1l:wies and :in 

increased flow of gingival fluid would iiiem that the histaiiiine 
had affected the blood vessels after having penetrated into the 
sub-epithelial tissues froin the deposits outside the crevice. 

AI.ATEIiIAIA AS11 1IETHOI)S 

1. Effect of topical application of histamine on the amount of gingival fluid 

Two groups of persons were studied, viz., one experiinental 
group and one control group. The experiiiientnl group contain- 
ed 21 persons, the control group 16 persons. They were nurses 
and patients froin the Dental School, their ages ranging froiii 
11 to 7 0  ye:irs. Some of them had clinically healthy gingivae and 
soiiie of theiu chronically inflailled gingivae. 

Gingival pockets of molnrs, preinolars, canines, and incisors 
of the upper jaw were used for the study. Previous to and im- 
iiiediately after the :ipplicntion of :I 10 iiig/inl histniiiine solu- 
tion in  the experimentnl group and a 0.9 5 saline solution in 
the control group, sainples of fluid were recovered f rom the 
pockets by means of strips of  filter p p e r .  The method used 
was that described by Uril l  (1059 c) . 

The field of operation was carefully dried with absorbant rolls 
and compressed air. A strip of filter paper, 1.5 i i i ~ i i  wide and 
10 niin long, was inserted into the gingival pocket iiiesial to each 
tooth until resistance was felt. The strip was placed alniost par- 
:illel to the long axis of the tooth and as far  approxiiiially :IS 
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the contact point perinitted. It w i s  left in place for three iiiin- 
utes and allowed to absorb the fluid entering the pocket. After 
the strip h:id been reinoved, :I minute drop of the test solution 
w a s  placed on the gingival 1n:irgin where the strip had been 
inserted, using a sni:ill pipette. The solution was :rllo\ved to act 
for one iiiinute. l‘he gingiva was then dried, first with cotton 
and :ifterwnrtls with compressed air, care being tulten to avoid 
blowing into the pocket. A second strip was then inserted at  the 
saiiie place for :I further 3 minutes in order to absorb the result- 
a 11 t flu id. 

After their removal, the strips were moistened with a 0.2 7;) 
ninhytlrin solution and were :illowed to dry. Since iiinhydrin 
reacts with the u-:iiiiino acids in the fluid to give :I blue colour, 
the areas of the strips which had taken up tissue fluid were 
stained blue. The lengths of the coloured p r t s  of the strips were 
ineasured to :in accuracy of half a iiiilliiiieter :ind thus represent 
the ninount of gingival fluid. Any differences recorded before 
and after the drug  :ipplic:ition were believed to have been :I re- 
sult of the latter. 

2. Effect of topical application of histamine on the accumulation of carbon 
particles in gingival capillaries 

Two young dogs with clinically healthy gingivae were used. 
l‘he dogs were given intravenous injections of India ink (I’eliltan 
l’erltusche, Giinter \V:tgner). I t  is known that carbon particles 
circulating in the blood streain have ;I in:trlted tendency to ad- 
here to the endothelial lining of capill:rries which have aii in- 
creased perineability (Krzsnetzoziisky l$X29, %meifrich 1954).  This 
lends to the :~ccuiiiulation of carbon in such capillaries. 

The dogs were anesthetized by intravenous injection of Me- 
humal-Sodiuni G %. A 10 mg/ml solution of histainine was 
applied to the iii:irgin:d and :rttachetl gingivae of molars, pre- 
inolnrs, and canine of the right side of the lower jaw. The left 
side of the lower jaw was used a s  :I control. Iinniedintely after 
the histninine had been applied, the intravenous injection of 
India ink was started. The ink had been diluted with an equal 
aiiiount of 0.9 5; saline and centrifuged several times to reiiiove 
iiiost of the large particles from the suspension. 40 ml of the 
suspension were given to the dog weighing 1 0  kg and 60 1111 to 
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the dog weighing 12 kg. Corresponding amounts  of blood had 
been withdrawn previously. The ink w a s  given slowly during 
15-20 minutes. l’he histainine w a s  re-:ipplied twice during this 
period. ‘ b e  dogo were then sncrificed with :in overdose of hie- 
buiiial. Their jaws were reinoved :ind fixed in 10 % forin:ilin 
for 24 hours. Pieces of gingivae were then c:trefully taken from 
the fixed j;iws and exanlined in the inicroscope using incident 
light. The pieces of  gingivae were first studied froin the ”tooth 
aspect” in order to observe the cnpill:iries under the crcvicular 
epithelium. Lnter, thick frozen kmccal-lingual sections \\..ere r u t  
froin these specinlens :ind observed under  the inicroscope in  :in 

u ns t:i ined state , 

RESr1,’rs 

1. Effect of topical applicztiou of histstnine on the amount of gingival fluid 

The  effect of topical application of :i 10 ing/inl solution of 
histamine is seen in Table 1. A total of 202 healthy and patho- 
logical gingival i)ocket\ froni 21 persons were investigated. ‘I’hcre 
was a 1iie:in increase by :I factor of 2.7 in  the :iinounts of fluid 
recovered after, when compared to the :iniounts recovered he- 
fore, the histainine application. A statistical :in:tlysis showed the 
difference to be highly significant ( t  = 4.00 and I-’ < 0.001). 

The effect of 0.9 % saline is  given in Table 2. In the control 
group o f  l(i persons there  IS :in increase in 10, :I decrease in 
4 and  no change in 2. The iiieiin values showed :in increase by 
:I factor of 1.1 which w a s  statistically prob:ible ( t  = 2.93 and 
0.01 < I’ < 0.02) .  

The effect of histaiuine w:is coinpired with that  of saline by 
means of variance analysis between the two series of differ- 
ences. I t  w a s  then found that the difference in  effect is signifi- 
c:int ( t  = 3.46 and 0.001 < 1’ < 0.002). 

In Tahle 3 the subjects in the hist:iinine group are  assigned 
to  one of three groups depending on the 1iie:in ainount of gin- 
gival fluid recovered hefore :ipplication. T h e  flow of gingival 
fluid is linown to be increased in gingivitis and it has been 
shown th:it there is :I relationship b e h e e n  the  :iiiiounts of fluid 
and different histological features of iriflomni:ition (Rri2Z 1960).  
The persons in the first group 1i:iviiig :I siii:ill ainount of fluid 
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thus  k i d  1ie:ilthy gingivae while the other groups with gre:iter 
amounts were persons with inflniiied gingivae. It can be seen 
froin 'ruble 3 that  histaniine seeins to have less effect on per- 
sons with healthy, than on persons with inflamed gingivae. 

The concentration of the histuinine solution which W:IS used 
(10 nig/iiil) is ten times the concentration known to  he able to  
produce derin:rl wheal and flare re:ictions after subcutaneous in- 
jections (1 mg/nil) .  This lower concentr:ition w a s  used in pilot 
studies. In 56 pockets froin 10 persons with :in average amount 
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Table 2 .  
Effect of lopictrl crpplicrrtioii r J /  0.9 %, S(rC1 on  the trnioirnt of yinyir)trl f luid 

Nurnhc-r of  
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JIran amouilt per pocket 
1,efol.c 
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of gingival fluid before application of  1.5 there was a niean in- 
crease of 2.0 times. This concentration is therefore sufficient to 
produce ;I capillary response with the method used in these ex- 
periments. The higher concentration, however, was chosen he- 
cause of its greater effect. 
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Fig. 1. Accumu1:rtioir o f  inlc particles i n  t h e  blood vessels inside l h c  
creviculiir epithelium after  topical application of histnmiiie. T h e  vessels a r e  
viewed directly through the crevicular epithelium. Left : - M 2 ,  control side. 
Iliglit : M - ,  experimental  side. a :  gingival margin.  h :  h s e  of t h e  creviculnr 

e p i t he 1 i u m. 

2. Effect of topical application of histamine o n  the accumulation of rarbon 
particles in gingival capillaries 

The results froiii the dog experinients after topical application 
of histnmine combined with intravenous injection of India ink 
showed :I consistent pattern. When the capillaries inside the 
crevicular epitheliuni were studied directly by iiieans of pieces 
of  gingiwe, a11 obvious difference between the control side and 
the experimental side could be seen. U'hile only sniall amounts 
of  ink were observed in the capillaries on the control side, large 
aiiiounts were seen in the corresponding c:ipillnries on the ex- 
periinent:il side. The ink :iccu~iiul:itions were more pronounced 
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Fig. 2. Accumu1;ition of i n k  particles in t h e  b l ( i ( i d  vessels inside t h e  crevicular 
e p i t h c,l iu m ii f t  e r to  1) ica 1 :I 11111 icn t i o  11 o f  11 is t a r n  i ne. Rucca 1 - I  i ngu :i 1 sect i o 11. N ( 1  

ink  is seen in vessels u n d e r  the  nttachetl epithelium. T h e  :irrows :ire pointing 
t o  some o f  t h e  hlooti  vessels contniiiiiig ink .  Thick, uns ta ined  frozen sections, 
incident light. Left : -M2, c o n t i ~ ) l  side. Iliglit: M-, esperiinentol side. :I: 

gingival margin .  21 : Ixise o f  t h e  crevicular epithelium. 

in  capil1:iries under the iiiarginal hulf of  the creviculnr epithe- 
liuin than under the cervical 1i:ilf of this epithelium (Figure 1 ) .  

In t)uccal-lingu;il sections of  the s:iiiie gingivnl piece5 no ink 
could, :IS :I rule, be observed i n  the blood vessels inside the 
crevicular epithelium on the control side. I n  the sections froin 
the experimental side, however, ink had :iccuinul:~ted in  the cor- 
responding vessels. In  spite of  the fact that histaiiiine had been 
:ipplied 1101 only on the iiuirgin:il but a l s o  on the attnchetl gin- 
givae, no  ink w:is observed i n  the blood vessels under the attach- 
ed gingivae (Figure 2 ) .  
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Application for one iiiinute of sinall qu:iiitities of histaiiiine 
to the gingival margin produced :I highly significant incre:i\e in 
the flow of gingival fluid. Since it 1x1s been shown that  iiiec1i:ini- 
cnl stiinulntion of the crevicu1:ir epitheliuin increases this flow 
(Bril l  & Krrrsse 1!)39), it is  p ible that  the irritation caused 1)y 
inserting the p:tper strips into the crevice w:is responsible for 
this increase. Using the saiiie iiiethod, but suht i tu t ing  0.9 5c 
saline for histmiine,  there x i s  :I sni:ill increa4e in the flow of 
fluid indicating that the paper strips had caused slight irrita- 
tion. l h e  difference registered between the effect of histaiiiine 
and  saline, however, was st:itisticolly significnnt. Most of the 
increased flow of gingival fluid can thus  be attributed to the 
effect of to  pic it 1 1 y :I I) p I ied his t aiiii lie. 

After the histaliline application, the gingivae were carefully 
dried with cotton and afterwards with coinpressed air .  It is 1)os- 
sible that sonie 1iist:imine was forced into the pockets, although 
great care was tiilten during the drying. Any possibility for thi4 
to occur wts e1iiiiiii:ited in control experiinents where the 1x1- 
tients were allowed to  rinse before the drying w a s  carried out. 
In 28 pockets f rom 4 persons there was :I iiiean increase of 2.4 
times in  the aiiiount of gingiwl fluid after histamine applica- 
tion. This result is siiiii1:ir lo that  registered in the  iiiniii ex- 
periinent. 

The effect of topical :ipplication of 1iist:iiiiine on the gingival 
capillaries was also de1iionstr:ited in the dog experiments. The 
increase in 1)eriiie:ibility leading to :iccuriiulation of ink particles 
on the c:tpillary walls was found in the cnpi1l:iries inside the 
crevicular epitheliuin only. Accuinu1:itions could he seen beneath 
the entire length of the crevicular epitheliuni although they 
were heavier in  the rii:trgin:tl resion. Under the epithelium of 
the attached gingivae no ink could be observed, deliionstrating 
that  the 1iist:iiiiine had  penetrated into the connective tissue 
solely through the creviculnr epithelium. The epithelium of the 
at  t : d i ed  gin givne did not a 11 1) ear to be per ni e able to  hi  5 t a iiii lie 
niolecules under the  conditions of these esperiinents. This is in  
agreeinent with the results obtained by Trrknttr ct? Knzrmmurrr 
(1962) using iso1:tted sublingunl dog iuucosa. 



280 JAN EGELHP.IIG 

The findings in the present investig:ition, thus, suggest that 
histnniine, which has :i low 1nolecul:ir weight (31. 147.: 1 1  1 ) c:in 
penetrate into the gingival crevice through the creviculnr epi- 
theliuin ant1 into the connective tissue. The oozing outwirds of 
tissue fluid does not seein to render diffusion in the opposite 
direction i inpssible .  This is in contradiction to the observations 
o f  Wnerhrrirg ( 1955) who used dyes with iiioleculnr weights 
ranging froin 240 to  374. The discrep:incy between the results 
of these two experiments inight, in part, be explained by the 
difference in size of iiiolecules, by differences in concentr:ition 
and physical state of  the solutions and by v:iri:ition in methods. 

Further  studies itre needed to clarify the problein of  diffusion 
in the crevicular region. It is suggested that larger molecules 
conip:ir:ihle to  bacterial enzymes iind toxins could be used and 
inight give inforin:itioii concerning the possibility for such s u b  
stances to p i s s  into the gingivnl tissue. 

SrJIhl  AIIY 

The results o f  previous investig:itions (Wtrerluzrig 19.55, Brill 
1959 b )  suggest that  the gingival fluid in:iy forni :I protective 
seal in the crevicu1:ir region thus  hindering the 1)enetr:ition of 
different substances into the gingival crevice. The results of the 
present study, however, suggest that  :I histaiiiine solution c:in 
penetrate into the gingival crevice, through the crevicular epi- 
theliuin and  into the connective tissue. Increased capillary per- 
iiieability could be deiiionstrated in  the blood vessels inside the 
crevicular epitheliuin after topical application of histamine along 
the gingival niargin. Increased peri1ie:ihility was deiiionstrated by 
the increased ninounts of gingival fluid recovered and :rlso by 
the :iccuinulation of India ink in the cnpillnries after intriivenous 
injection of the ink. 

R f i - i t l A l f i  

DIFFUSION DE L’HISTAMINE VERS L’INTERIEUR DU SILLON 
GINGIVO.DENTAIRE ET A TRAVERS L‘EPITHELIUM DU 

CUL-DE-SAC 

Les rksultats d’6tudes fnites pr&cCdeiiiment Wrrerhrrug 1955, 
Brill 1959 b)  seinblent indicjuer que le liquide gingival fornierait 
Line barrikre protectrice dans la  region du sillori gingivo-dentaire, 



entravant ainsi la pirndtration de diverses substances d:ins le sil- 
lon gingivo-dentnire. Les rksultats de In pr6sente 6tude seiiiblent 
cependant indicper qu’une solution d’histamine peut p6nttrer 
dans le sillon gingivo-dentnire, B trnvers 1’6pithC.liuni de ce sillon 
et dans le tissu conjonctif. Une :iugnient:ition de la per1116:ibilitb 
capillaire :I pu &tre iiiise en irvidence dans les v:iissenus szinguins 
B l’intbrieur de 1’6pithdliuiii du cul-de-sac :iprks :ipplication locale 
d’histaiiiine le long du bord gingival. L’augiiientntion de la per- 
inPahilit6 :I dtd iiiise en dridence par I’augiiientation des q u m -  
tit6s de liquide gingival recueilles ainsi clue par l’nccumulation 
d’encre de Chine dnns les cnpillaires p r b s  injection intrn-vei- 
neuse de cette encre. 

ZUSAi\IblENFASSUNC 

DIE DIFFUSION VON HISTAMIN IN DIE ZAHNFLEISCHTASCHE UND 
DURCH DAS EPITHEL DER ZAHNFLEISCHTASCHE 

Das Ergebnis friiheren Untersuchungen ( Wnerhnrrg 1955, Brill 
1959 b)  deuten an, dnss  mgenoiiimen werden ltann, dnss  die 
Cringivalfliissiglceit dnzu beitragt ein schiitzentles Medium (gleich 
einer Verriegelung) in der Zahnfleischtasche zu bilden und &I- 

durch eine Penetration von verschiedenen Substanzen in die 
Zahnfleischtnsche zu verhindern. Das Ergebnis der vorliegenden 
Untersuchung deutet doch an, dass eine Histaniinliisung in die 
Zalinfleischt:\sche, durch d n s  Epithel der Zahnfleischtasche und 
in das Bindegewebe eindringen Itann. Erhiihte I(apil1:irperme:i- 
hilitat in den Rlutgefassen innerhalb des Epithels der Znhn- 
fleischtasche nach einer loltalen Appliltation von Hist:iiiiin ent- 
lang des Gingivnlrandes ltonnte gezeigt werden. Die erhiihte 
Permenhilitat wurde dadurch gezeigt, dass griissere Mengen Gin- 
givalflussigkeit erhalten wurden sowie durch eine Ansaimilung 
von Perltusche in den Knpillaren nach intruveniiser Injektion 
von Perltusche. 
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