
THE MECHANISM OF THE MONOFLUOKOPHOS- 
PHATE ACTION ON HYDROXY APATITE 
AND DENTAL ENAMEL 

Fischer, M i r h l P r  dl- Wirst in 19.54 reported t h a t  1re:itnient o f  
powdered dental  en:iinel with 2 per cent N : I ~ I W , ~ F  solution :it pH 
values f ro i i i  0 . 7  t o  2.0 iii:iiiitaiiied :I Ibure :rp:itite s t ructurc  o f  
the enninel in contr:ist to  tre:itinent with solutions of  I<F :ind 
N:lrSiFo, which under correspondiiig circuii~st:inces :rlso g: ix rise 
to the  forin:ition o f  (::IF.. I n  :I previous report by tlie present 
:ruthor (1 961 :I 1 t he  ohserv:ition was iiiatle that  t he  pH gradients 
of l h e  en:iiilel upt:ike o f  1718 froiii N:i,lY).#l~ :ind N:iFlH, respec- 
tively, were sigiiific:intly different. 'I'hese t1:it:i i1idic:ite t l i : i l  t he  
fluorine iipt:rlie in tlent:lI enaiiiel f i ~ ) i i i  N:i#O&' h i s  :inother i i i c -  

chatiisiii than t h e  corresponding upt:iIte froin siiiiple fluorides. 
The reaction between siinple fluoiides :ind hydroxy :ip:itite de- 

pends in the first  r:rnlc on the concentr:ition o f  F- and OH ions 
in tlie solution and consists 1):irtly in : i n  esc1i:inge o f  OH- :ig:iinst 
F- in t he  :ip:itite, p i r t l y  :rnd wpt~i :~ l ly  :it higher fluorirle con- 
centr:\tions i n  :I c1isintegr:ition o f  the :ip:itite s t ruc tu re  with 
forii1:ition of (::IF,! :ind 1iber:ition of phosphate (,IlcCrrnn 1952).  
1 h e  corresponding reaction with powdered tlentul en:iiiiel seeiiis 
to he inore coiiil)lic:ited, inter nlici involving the foriiiotion of  (::IF? 
through e x c h a n ~ e  with carbonate ions :ind MgFz through reaction 
with hIg coiiipounds in t he  cn:iiiicl (McCrrnn 6 llrrllr~ck 1955) .  

7 .  





Uptake by c-alcium phosphate. and powdered dental enamel of 1;'' and 1'" 
from solutions of doubly lahelietl nodium monofluorul~husphat~ 

A 

I n  plastic Lube\ fitting into the  well crystal o f  the scintill:ition 
detector triplicate 100 iiig portions were weighed L I ~  o f  powdered 
eii:iiiiel (sieve fraction 40- 100 1 ,  synthetic hydroxy :ip:itite :ind 
:inhydrous dic:ilciuni p1iosph:ite (C:iHIW4), respectively. I n t o  
e:ich tube 2 1111 300-inM N:I~PO:~F were pipettcd. After shaking of 
the tuhes in ;in upright position for 1.5 tninutes they were cen- 
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trifuged for  :I iiiinutes, t he  supcrii:i[:iiit w:is suclioiictl o f f  :i i it l  i ts  
pH deteriiiitietl. 

The powders were washed in the  l u b e s  with 3x4 1111 distilled 
water, after which the tictiyity of the 1)owders w i s  :iti:ilyzetl radio- 
iiictric:illy in  the well crysl~il .  

l‘he first ;in:ilysis g:ivc the sui i i  of  the :innihil:ition r:idi:itioii 
o f  lhc  F1H positrons :ind thc 1~rciiisstr:ihlung of  the 1’:jZ negalrons. 
A repeated analysis ;it 1e:ist 24 hours later, when the FIX :itoilis 
had disintegrated, gave the I’ 2 radiation sep;ir;itely. The  F1H : i t i d  

1’22 radiutions coil Id then he rec;i I c 11 1 :it ed to :I sc I c‘c ted st:i lid ;i rtl 
tiiiie. ,. 1 est series with the s;iitie solids were :ilso perforiiieti with 
the doubly labelled 300- i i iM N:irI’O3F, huffered to pH 4.5 with 
100-inM acetate huffer, and with both solutions diluted to 50-ii iM 
NaZI’03F concentration. 



The rc~sulls :11)1)ear froiii Fig. 1 .  Tlic u1)l:ilce o f  FiH aiitl l’lf :is 

1wrcent:ige of the activities o f  the solutions was o f  the  s:iiiie order 
froin the 30O-inM solutions, while the I>:!? uptake doiiiinated froi l l  

the  50-niM solutions. Hydroxy apatite showed the greatest uptake 
of both isotopes, while dic:ilciuiii phosphate took up  little inore 
t h i n  the enniiiel powder in spite o f  its siiialler particle size. The 
pH gradient o f  the uptd ie  of both 1’-2 :ind Fl* was fairly sinall 
and in soiiie o f  the tests was absent. 

Sinre  the ratio (FI~-upt:ikc) : (1’. ~-iipI:ilte) was iiiurh c l o w r  to  
unity for 300- inM solution than for 30-inhl solution, the concen- 
tration difference rnight be thought to he the c:iuse. For this  
reason the tests with powdered enaincl and hydroxy :ipatite were 
repeated in two series, one with ;I ti00-inM Na+J’O:$ solution, the 
other with the s;iiiie solution h f f e r e d  to pH 4.5 with 100-inM 
:Icet:ltc buffer. 
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Comparative tests on the uptakp by synthetic hydroxy apatite and pow- 
dered dental enamel of Ps2 from labelled orthophosphate solutions and FIX 
from labelled sodium fluoride or sodium monofluorophosphate solutions 

A .  S i m u l t a n e o u s  u p t a k e  b y  I i y t l ~ . o s y  : i p ; i l i t c  o f  f r o 1 1 1  

I ii 1) r I 1 c’ t l  s o tl i u 111 (. I u o I. i tl  I‘ 

I :I I) e I I c t l  0 I. t I1 0 1’ I1 0 s 1’ 11 :I t cs I1 u f f c I. :I I 1  tl  I‘ ’ H 1‘ I. 0 I l l  

I n t o  each 01 three 1)l;istic counting tuhes werc1 weighed u p  
100 iiig o f  the  saiiie synthetic hytlrosy ;il);itite :is w;is used in the 
previous series. Into ench tuhe w: is  pipetted 3 1111 o f  ;I solution of 
50-iiihl I’-~-l:ibellcd l)hosphate l)uffer pH 7, ;it the s;iiiie tiiiic 
5O-tiihI ;IS reg:irtls F~~-l: ihellctl  NnF. Al‘tc:r shaking in :in ul)rigliI 
position for 15 tiiinutes the tulles were centrifuged for  3 miiiutes. 
The supernat:int was suclionetl off : i t i d  its pH w l u e  deterinined. 
Each powder was ceIitrifuge-w:ished with 3 x4 1111 distilled water 
:rnd its iickivity :in:ilyzed iiiiiiiediaiely :inti after 24 hours. 

‘Hie s;iiiie experiiiient w i s  carried oiil with :I solution wlierc 
the  I ’ ;~~-l: ihelled p1iosph:ite buffer had the pH value 5.0 hiit the  
S;I tile ~ o ~ i t e ~ i t  o f  F’”- l : i~~e l l~d N:iF. 
1~esrrll .s  

T h e  results iippear f ro in  Fig. 3, where t he  corresponding results 
with doubly 1:ibelled 50-iiihI N:irl’O:lF solution froi i i  Fig. 1 h : i w  

:ilso heen entered. O n e  finds th:it the upt:ike of Pi? :inti FIN frotti 
the coiiibiiied orl1iol~liosl)h;ile and fluoride solu Lion was :iboul the 
s:iiiie in contriisl to t he  ul)talce o f  these isotopes frotii  the doubly 
labelled N:iaI’O;# solution. ‘I’he pH gradient in the range 5.5-8 
was in  both cases greiitest for the FIH uptolce. 

I < .  Cr 1) t ii I< c 1) y 1) o w  d c I. c t l  c I I  :I JII c 1 :I 11 d 11 y ti r o j ;I 1) :I t i t c o I 
1’ I 1 f I’  o 111 1 :I 1) c 1 I c t l  o I. t h o 1) 11 o 5 1) I1 ;I t e,  w i t 11 o I. \\ i t 1 1  o u t t I1 c’ 

1) I. cs 5 e 11 c c o f f I u o P i d cs o I. ni o 11 o f I u o I. o 11 11 o s 11 11 ii t e i o 11 s 

Into ench o f  0 counting tuhes were weighed up 100 iiig eiiatiiel 
powder, sieve fraction 4O-LlOO. To three of these tubes was added 
2 iiil of  :I neutral  solution of  P.32 :is orthopl ios~l iute ,  practicnlly 
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'I'hc rcsulls :ilil)c:ir I r o i i i  Fig. 1. I t  is seen tllal llic N:iF-cont:iin- 
itig solutions 1i:ive given sotilewhat higher final pH values and :I 
soiiiewhnt lower 1'" u1)t:ilie thun the control solution, while the ad- 
dition o f  N:izl'OsF h:is given either the saiiie or cle:trly lower final 
pH w l u e s  Lhnn the control solution :ind :I strongly reduced 1'J2 
uptulie in the powders. 

'I'his can lwssihly be interpreted a s  :I result of :I coiupctition 
between IWsF ions :ind orthopliospliute ions for thc free positions 
in the :ip:itite structure. 

OH-APATITE E N A M E L  
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I< es11 I f s 
r l  1 lie results :ippi>:ir fro i i i  Fig. 5. 0 1 1  :I 1)erceiit;rge 1)asis tl ic 1’:’‘ 

uptalte is  iiiuch lower tli:in in t he  previous espcriiiient with car- 
rier-free solution, which should he :I iioriii:il coiiseqiieiic~e of the  
coinpetition 1)etwccii r:idio:ictiw :rnd inactive phosphate groups 
for the  exchange positions iii the :ip:itite structure.  In this test 
sodiuiii f luoride hiis incre;ised the  1’:;2 upt:rlie i n  hoth solids, while 
i i ionof luoro~~l ios~~l i : i te  h:is cle:rrly reduced this up1:ike. 

J u s t  :IS in the previous experiiiient the Inst-iiientionetl e f f c ~ l  
11i:iy he interpreted as :I coiiipetitive influence on t h e  orthol)hos- 
p h a l e  upt:ilie in the  ;ip:ititc slruclurc.  

1). 1: 1) I :I k 11 J‘ 1) o \v t i  c I. I’ tl e 1 1  :I 111 c. 1 
1‘ 1 8 f I. o 111 I :I 1) e I I c 11 h’ :I I;, \v i I 11 o I’ \v i t 1 1  o u t I 1 1  c‘ 1) I. e s c. II c c 

o f I’ 0 :$ I‘ i o I I  s o I. o I’ t 11 o 1) 11 o s 1) 11 :I t r i o 11 s 

:I 11 tl 1 1  y t l  I. o s )’ :I 1) :I t i t I’ o i‘ 

I n t o  each o f  12 counting tubes W:IS weighed u p  100 iiig en:iiiiel 

powder, sieve fraction 40-100. ‘1’0 e:ich of 3 of  these tuhes ~ Y I S  

:idtJeti 2 iu l  of ; in F1H-l:it)elled 50- i i iM N:iF solution; to  3 tnbes WIS 
added each 2 1111 of the  saiiie solution, huffereti to pH 7.0 w i th  
50-ii iM veroniil buf l e r ;  to  e:di  of  3 tubes was added 2 1111 of  the 
saiiie N:iF solution, being :i1 the s:iiiie t ime  50-niM Na21’0:$; l o  

t h e  last  3 tubes WIS :idded c x h  2 1111 o f  the  N:IF solution, siiiiul- 
t:ineouslg cwntaining 50-ii iM 1hosph:ite 1)iiffer pH 7.0. 

The tuties were stoppered, sh:ilteii i n  :in upright  posilion for  
15 ininutes and centrifuged for 3 iiiinules. T h e  sii1)erii:it:int W;IS 
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enaiiiel through the influence o f  tiionofluorophosp1i:ite solu Lion\. 
It also agrees with the observation that the pH grLidient o f  the 
fluorine uptalte in dental enntiiel is much lower for i i i onof luoro-  
phosphate solutions than for e.g. sodiuiii fluoride solutions: the  
proton extrusion should he counteracted hy :I low pH value :iI t he  
s:itiie tittle :IS this enhances the exchange in other ways. 

If the IQF uptake takes place essentially according to thc 
:issuined ~nechanisin in hydroxy :ipntite and dental en:iinel it is 
possible th:it this :ilso occurs to some extent in the skeleton after 
1) er  ~ r : i  1 ingestion o f  in on ( )f I 11 or oph o sph:\ t (1. \V h i 1 e i t 11 :I s 1) re vi o i t  s- 
ly been shown (Eric.sson c(I. collrrh. 1961 ) that  the P0,F ion tiiust 

he split in the body to n great extent, the low :icute toxicity o f  
this ion conipired to that  of the F ion (Shorrric. c(I. colltrh. 19.50) 
appears on the other 1i:ind difficult t o  cspl:iin i f  not through : I  

certain ret:ird:ition o f  this p1iysiologic:il hydrolysis (Er i r s son  LC 
roftctb., loc. ci t . ) .  Unhytlrolysecl I’O.jF ionc would then he :ible t o  
react with the skeletal apatite. 

The  preferential forin:ition ot‘ the st:ihle fluor:ip:itite iiiight c’s- 

plain why clinical tests have given the good results : i s  reg:itds 
caries inhibition that  were referred to in  the introduction i n  spilc 
of the fact that  less fluorine is taken up by the dent:il cn:itiiel 

f rom NaJ‘O:# than frotii the often :ipplicd coinpounds SnF? a t i t 1  

NaF (Ericsson 1961 a ) .  If  st:ible fluoride cotiipounds are  forinctl 
:ilso in the skeleton this should ~~ in cot~it~in:ition with the lomet. 
acute toxicity of i i ionofluorophos~~h~ite - ~ -  forin :I clear indic:ilioti 
for therapeutic tri:ils with Na.J’O::F :is well :is with N a F  i n  c a w s  

o f  osteoporosis, e.g. Paget’s disease. 

s I’ M 1LI A 1i 1 

Tests with FIB-  and/or l’~~-lahelled N:I~PO:~F, N:iF m t l  ortho- 
phosphate solutions in contact with powdered dental en:riiiel or 
synthetic h y d r o x y ay a t i t e i nd ic:i t e d , :i 111 o n  g other thin g s, t 11 ;I I 
PO:# ions and orthophosphate ions can cotiipete for cert:iin 1)osi- 
tions in the apatite lattice, probably 1 ’ 0 4  groups. 

In :I corresponding exchange coinpetition between PO:$ ant1 
F ions the latter ;ire preferentially taken up by the :ip:itite. 

Other tests detiionstrnted that  protons are liberated fro111 Iiy- 
tlroxy apntite hy the action o f  I%:$ ions. 

29 - drtic odont .  s c imd .  1‘01. ? I .  



‘Hie theory is therefore pu t  forw:ird that  the reaction hetween 
IQ3F ions :itid hydroxy :ip:itite or t1ent:rl en:iiiiel is priiii:irily :in 
exc.h:inge with P O 4  groups o f  the  cryst:iI s t ructure  :iccotnp:inied 
by :in intr:icryst:illine tr:insposition :iccortling to the scheine 
1’0,F‘- + OH1‘ + PO,%- + Fl- + H I + ,  with expulsion o f  the  

This  would cxpl:iin the I)twiously reported forination of‘ pure 
t’luor:ip:itite on tre:ititicnt of  d c ~ n l : i l  en:iniel with N;i~I’O:~F solu- 
tions. 

proton. 

Rl%L’AIfi: 

I,E MS?,(:ANISME U’ACTION DI’  MONOFLUOROPHOSPHATE SUR L’HYD. 
RO XY APATITE ET L‘EMAIL DENTAIRE PULV$XISl?. 

I)es solutions de Nn21’O:jF, d e  N:IF et tl’ortliol)hosph:ite, mar- 
cp1i.s de FIR et/ou tle 1’32, ont $ti. :igiti.es :ivec tle I’i.niail dent:iire 
pit Ivi.risP ou de 1’IiydroxS:ii)fitite. On :I trouvi., entre autres choses, 
qiie les ions 1’0::F et 1’ortiioi)hospli:ite peuvent concourir pour 
cert:iines positions tl;ins I:i ii1:iille d’:ip:ititc, prot):ihleitienl les posi- 
tions de 1 ’ 0 4 .  

I)’autt*cs espCriences ont tli.niontri. clue des protons sont lihi.t*Cs 
t le  I’iiydroxyapalite p i r  I’influeiice des ions I’O:jF. 

I,:i th6orie est done pr6senti.e que In ri.:irtion entre  les ions 
1’QiF e t  I’iiytlroxy:ip:itiLe oit I’6tii:iil (1ent:iire est preiniitretiient 
u n  6ch:inge :ivcc tles ions 1 ’ 0 4  de  I:i st ructure  crist:illine, :iccoiii- 

1i:igtiC par une tr:insposition intr:icrist:illine ( p i  fornie de I:i 

t’li1or:ip:itite et di.g:ige des protons suiv:int Ic sc.h6iii:i l’03Fz- + 
()HI- - 1’0,:i- + F1- + H1 1 .  

z ” s .A h1M I.:N I‘ A S  s I N G 

DIll WLHKUNGSWEISE DES MONOF1,UOHPHOSI’HATES AUF HYDROX- 
YLAPATIT UND ZAHNSCHMELZ 

~ J n t e r s n r l i i t n ~ e i i  tnit Liisungen von N:i~PO:{F, N:iF untl Ortho- 
phosl)h:it, niit F’H und/oder Pi? genierkt, die niit pulverisiertcni 
Z:i h n sch I nel z otler sy n t lie t i wli e ti1 H y tl  roxy l ap:i t i t gecr liii t t el t w ii r- 
den,  g:ilicn t i .  :I. zit erltennen, d:iss 1’0:~F-lonen uncl Orthoplios- 
1ih:itionen niit eimi ndern u in gewisse St el 1 UII gen i 111 A1i:iI i t  gi t ter, 
wriiiiitlich I’O1-l’ositioiicii, 1:onkitrrierc~ii Itiinnc~n. 



Andere l'este zeigten, d:iss Protonen durch  die Einwirkung voii 
IW:jF-lonen v o t i ~  Hydroxyl:iptit freigetiincht werden kii~tnen. 

Die Theorie ist daher  korgelegt, ( k i s s  die Reaktion zwischen 
I'O:~F-Ionen uiid Hydroxyl:ip:itit oder Z:ihnschiiielz zuerst  ein 
A u s t:iu sch I iii t IW,-Gru ppen d er I< r i s t :i I I s t r u I< t u r  is  t, u nd d:i ss 
tlieser Aust:iusch d u t ~ c ~ l i  eine ititr:ilcristalline C'tiilagerunji be- 
gleitet ist, wohei geiiiiiss deiii Schetii:i I'O,F*- + OH1- + PO,"- + 
Fl- -I- HI + Fluor:il):itit gthiltlet und Protoiten :iusgestor;seii wer- 
tlen. 
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