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All tissues contain interstitial fluid which is, a t  least partly, 
an  ultrafiltrate of blood. The oldest description of an interstitial 
fluid in dentine known to us is that given by Kijlliker in his 
textbook of anatoiiiy (1852) .  Active interest in the interstitial 
fluid of dentine began when Sprcter 11. Krcudenstein (1955) de- 
veloped the first practicable methods for its isolation arid starled 
his pioneer studies on its composition. 

The observations of Heikinhcirno ( 1963) on the rnovements of 
dentine interstitial fluid (DIF)  under pressure prompted u s  to 
try to isolate DIF by centrifugal force. The purpose of this paper 
is to describe the method and soiiie results of the analysis of the 
fluid so isolated. 

Pigs' teeth, which have been used previously in studies of DIF 
(Spre te r  11. Krezrdenstein Stiiben, 1956), were chosen as  test 
objects. The teeth were obtained from a slaughterhouse, where 
they were extracted froin adult pigs just  after death. The bifur- 
cation area of the tooth was removed beneath the crown, the root 
cut off, and the pulp excavated. The odontoblast layer and the 
remnants of the pulp were removed with ii water-cooled drill a t  
low revolutions and low pressure. The enamel and ceiiient were 
not removed. 
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turate buffer, pH 8.65, ,p = 0.1 25, 110 V potential, and stained 
with a 1 per cent solution of Alcian blue in 25 per cent acetic 
acid (Ndintii, 1963). Prior to electrophoresis some samples of 
AMPS were incubated with desoxyribonuclease (Calbiocheni, Los 
Angeles) in order to remove any contaminating desoxyribonu- 
cleic acid ( 3  hours, tris-buffer pH 7.2, + 37" C ) .  

Electrophoresis of proteins was curried out for 3 hours in the 
same conditions and the strips were stained with 0.005 per cent 
nigrosin in 20 per cent acetic acid or with 0.3 per cent liss:iniine 
green in 15 per cent acetic acid. Glycoproteins were denionstrated 
with periodic acid-Schiff staining by the tnethod of '4 ronson 
(1961) as niodified by F r c y  (196.2). 

Electrophoresis o f  proteins in starch gel was perforined with 
a discontinuous buffer system (Po11lili, 1957), 200 V, and 6 hours, 
and the gels were st:riiied with 0.2.5 per cent Aiiiido Black 10 1 
(90 per cent inethanol, 1 0  per cent acetic acid). 

The cellulose acetate strips were ex:iiiiined with a Ikcliiiian 
Model B spectrophotoineter with :in :ittachnient for densitonietry 
constructed in our laboratory. 

lsoltrtioir of DIF 

About 0.01 1111 of DTF per gin of prepared tooth w a s  obtained. 
Usually the colour of the fluid WIS pink : i d  its liaenioglobin 
content was approximately 0 . 1 7  g per 100 1111. Since the haeino- 
globin content of swine blood w a s  approxiinately 18.8 g per 
100 nil, the DIF contained ahout 1.2 nil of blood per 100 1111. 

Results of  the cheinical analyses are giyen in Table 1. 

I'he electrophoret ic  cincilysrs 

Figure 1 A shows the electrophoretic pattern o f  DIF proteins 
on cellulose acetate. The relative concentrntion of albumin was 
36 per cent in 1)IF arid that o f  the globulins 64 per cent. In the 
serum these values were 54 and 46 per cent, respectively. Both 
nigrosin and lissaiiiine green staining gave the same relative con- 
centrations for albuiiiin and globulins. However, both qualitative 
and quantitative differences were found in the glycoprotein pnt- 
terns revealed by periodic acid Schiff staining (Fig. 1 H 1. 
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In si:irch gel electrophoresis :ilso the protein pattern of DIF 
sceiiied t o  tliffer f i w i i i  that of  swine seruni. The presiiiii:~I~le hap- 
toglobin fr:ictions") of' 1)IF were re1:itively .;tronger and soiiie ot' 

t l i c ,  1r:ictions mhich were yisihle in the seriiiii protein \ ) ; i t  trrii 
could not he detected in DIF. 'l'hey were not identified furlhci~ 
(F ig .  2 ) .  

LJ\ing A1ci;in blue staining we found two poyitiwly shining 
fraction\ in  cellulose acetate electrol)horesis, which inovrd to  the 
anode :tlie:id of  the protein fractions Kriloncn r , t  ol. ,  l!%4 1 .  

\VVhen Ahll'S o f  DIF were isolated using hydrolysis with pro- 
ttw l y I ic enzy ine s :I nd precipitation with ce ty 1 p y ritli niu i i i  cli I (  )- 
ride, three Alcian blue-positive fructioiis were found on cellulose 
acetate. The inobilities of the L ~ v o  fastest fractions corresponded 
to those of chondroitin sulphale and  hyaluronic acid, respecti\ e-  
ly (F ig .  3 ) .  'l'o reniove the desoxyribonacleic acid, mhich : i I \ o  

) ( tr'ictioiis  C 1 3 :iceording t o  Scopes' iioineiicl.itui.e, Scopes, 1M:i I 



INTERSTITIAL FLUID I N  SWINE IjENTINK 415 

stains with basic dyes, soiiie samples were hydrolysed with des- 
id not change the electropho- 
n blue-positive fractions were 
is  of swine serum. 

I3 

ON P 
” 11. Krenrlenstein (1%55) iso- 
d tooth in a special apparatus 
wed out from the openings o f  
i s  certain drawbacks, such a s  

SERUM I , is by heat. Therefore, Spre ter  
developed a n  elution method 
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iii\.olving the use of physiologic:rl saline. I n  this :ipplication of 

elution for the isol:ition of :in interstitial f luid there ;ire :also 
w\er:il possible soiirces of error. 'I'lze voluiiie o f  the f lu id  01)- 
t:tined by elution tnust 1)c c:rlcul:itetl from tl ic  wlui i ie  of thc 
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dentine canals or from the content of free water in the dentine 
(Spre ter  11. Kreritlenstcin & Stizben, 1056), which iiialces voluiiie 
determinations laborious and also in:rccurnte. I t  is :rlso obvious 
that during the rather long elution period soiiie iiiaterial dis- 
solves froiii the solid dentine in the eluate. The high concentra- 
tions of electrolytes in the eluate of dentine inny be considered 
a s  evidence of this. Thus the sodium content of dentine eluate has 
been reported to exceed 800 iiiEq/l ( iiiore than 7 0 0  nig/lOO 1111, 

Spreter. 11. Kreiidensfein, 1963).  According to Spcctriim (1956) 
the sodiuiii concentration of swine serum has the range of 140 
---160 iiiEq/I. 

In the isolation iiiethod presented in which centrifugal force 
is einployed, the absolute volunie of the fluid obtained can be 
measured directly. It is obvious that dl the fluid in the inter- 
stitial spaces is not isolated by these ineans. However, the saiii- 
ples iiiay be regarded a s  representative of the aver:ige couipo- 
sition of DIF. The conturniliation of the isolated fluid by sub- 
stances eluted froiii solid dentine structures cau be avoided, at 
least :IS far  :IS electrolytes are concerned. The sotliuin concen- 
tration was 149.6 mEq/l in DIF and 1.55.0 iiiEq/l in the seruiii 
of the saiiie aniiiial. 

O u r  values for the proteins of the DIF differ froiii those of 
Spreter u. Krt~ridenstein (19*59), who reported values of 0.125 g /  
100 in1  for total proteins and 20-30 iiig/lOO nil for non-protein 
nitrogen. The total nitrogen content of I)IF isolated hg our iiieth- 
od was 246.4 iiig/lOO 1111. From this wilue are subtracted the 
amount of non-protein nitrogen (28.7 uig/lOO nil) and the cal- 
culated niiiount of protein aiid haeiiioglobin nitrogen in the con- 
taminating blood (38.7 iiig/lOO nil) .  We then obtain :r total pro- 
tein content of 1 . 1 0  g/100 nil. As judged froiii the high hy- 
droxyproline content, part of the protein inust he soluble collagen 
or hydroxyproline-contaiIiing peptides. The amount of protein 
corresponding to the hydroxyproline content (13.69 uig/lOO 1111) 

is 0.10 g/100 in1 when c:ilculated a s  collagen, using :I factor 
of 7 . 3 .  

Direct iiiensureiiient of the protein content of interstitial f l u -  
ids has  been inaccurate because of difficulties in isolation. The 
values reported vary from less than 1 per cent to 2-3 per cent, 
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wcortling to isolation method and  tissue (Lrrndis, 1946; P i f f s ,  
1963 ) . 

‘I’herc> :ire distinct qualit:itive differences between 1)IF :ind w- 
iwiit. T h e  former contains quite large iitiioitiits of  sub’it:inc*e\ 
\vliicli are withoiit doubt derived from connective ti\sue, e.g. th r  
li?.tirohy~)roliiie-Coiit;iining iuaterial. Moreover, its relati \e c:rrho- 
1iytlr:ile content ( :iccording t o  hexos;iinine aixilysis ) is iiiiicli 
higher t h a n  that of serum. Only  :I siii:rll fraction o f  the c:irbo- 
hytirate material consists of acid inuropolysarchal.ides (T:it)I(~ 1 1 .  

O n  the basis o f  the  qu;ilit:ilive differences between the electro- 
phoretic glycoproteiii patterns of  DIF and seruiii (Fig. 1 1 3 )  \vc 
can :is\iiiiie tha t  the hulk o f  the I’AS-l)ositive, tiexos;imiiie-cc,n- 
taiiiing inaterial in DIE’ i s  not derived from serum. In the DIP 
aliitost all PAS-positiLe proteins move like /j-glohulins, hut in tlic 
seruiii  :ill the coiiveiitional glycoprotein fractions can be wen, 

the  n,-globuliri lxinti being the strongest. This  carho1iydr;iIe 111:i-  

terial, which does not originate from the serum, olrviously con- 
\ i \ ts  o f  the glycoproteins and neutr:rl heterol)olys:icch:\rides 01 
connective tissue (e.g. I1 i . sc .h~~ r t  riZ., 1X58). 

’Hie st:irch gel protein electro~~herogr:~iii (Fig.  2 )  lilicwi\e 
s h o w  5 differences I-,et\nreen DIF and seriiiii. For exaiiiple, \ l ie 
h i n d s  :titer. albuiiiiri in the serum pherograin (u,-glohulin?) :irv 

1:tcking and  soiiie o f  the lxinds in the haptoglobin region : i w  

stronger in DIF. (One  must  takc into account that  the DIF con- 
tained :I small :iinount o f  tiaetiioglohin, which may soinewh:it 
confuse the picture.) Frickc ( 1!)62), using i inii i i inoelertro~~lio- 
resi4,  found that some of t h e  coui1)onents o f  seruiii proteins coiiltl 
not be tietiionstr:iteti in the interstitial spaces of  v;iriou\ con- 
nective tissues. This  is consistent with the observations of Htijnril, 
S Brtlnczrik ( 1 9 A O ) ,  who studied the  s tarch gel elrctrophorctic 
])atterns of interstitinl fluids iso1:ited froiii p;irenchyin~ <I t ou\  01.-  

gan4. These differences hetween the protein pat terns  of intcr- 
stiti:il fluids and seruiii have been interpreted by :issiiniiiig soitie 

kind of special harrier systeiii between the v: ular anrl  e\tr:1- 
vascu1:rr \paces (Pnpyenhei incr ,  1953; Kcjnel ;  c t  Hcdntrrik, 1960; 
Rtrzin d;. I)eZciiintry, 1961 ), or hy differences in the affiiiilitss of 
Ihe c*oniporients o f  connectivc tissue for different serum protein\ 
( l.“ic.kc, 1982) . 

Our  re4ults confirm the view tha t  the  interstitial fluid cannot 
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be considered to be :I inere ultrafiltrnte of blood. I3esides serum 
proteins the interstitial fluid isolated from dentine contains ina- 
terials which are char:icteristic of the tiniorphous ground sub- 
stance of connective tissue (e.g. Gihirrn, 1959 ; Rrrzin c t  I)elnunn!l, 
1961).  I t  is known that the colloidal state of ground subsl:i~ice 
varies from sol to gel. Obviously IIIF should not be classified a s  

a distinct kind of tissue fluid, but has to be regarded a s  the sol- 
uble ground substance of dentine. 

s t w m  riy 

A niethod is reported for isolation of the intcrstititil fluid of 
dentine by centrifugal force, :ind data froi i i  cheinic:il and elec- 
trophoretic studies on its coinposition are presented. I n  :iddition 
to components derived froin blood, the isolated fluid consists of 
soluble protein and c:irbohydr:ite in:iteri:)l which oh\ziously origi- 
nate from connective tissue. 
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It Ba u bl ri 

BTUDES SUR L'ISOLEMENT ET LA COMPOSITION DU FLUIDE INTEH- 
STITIEI, DE LA DENTINE DU POHC 

Les auteurs rendent compte d'une 1n6thode destin6e 5 isoler 
le fluide interstitiel de la dentine par la force centrifuge, et prC- 
sentent les renseignements fournis par des Ctudes chiiniques et 
dectrophordtiques sur sa composition. Outre des 6ldments dCrivks 
du sang, le fluide isolk consistait en protkine soluble et en hy- 
drates de carhone provenant iiianifesteiiient du tissu conjonctif. 
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