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In a previous paper (Ericsson & Malmniis 1962) a review of 
the literature as well :IS quantitative experiments with F1* in 
humans and rabbits denionstrated the limited periiieability of the 
placenta to fluoride ions. Survey autoradiograiiis using the sniiie 
isotope in pregnant iiiice had shown earlier that there was at least 
a considerable retardation of the fluoride transfer to the foetuses 
of these animals (Ericsson & Ullberg  1958, 1959, A p p e l g r e n ,  Erics- 
son & Ullberg 1961). These investigations also showed that the 
fluoride in the placenta was soinetiiiies concentrated to sniall spots 
which coincided with argyrophilic areas in the sections, when 
stained according to von Kossn. Those areas were supposed to be 
the well-known degenerative calcifications formed during the last 
part of pregnancy. 

The aim of the present investigation is to visualize inore thor- 
oughly the iiioiise placental transfer of fluoride ions, :IS FIR, in 
coinprison with the calciuiii transfer, :is Cna‘. 
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Isotopc~s 

Fig was produced by neutron irrndintion o f  LiNO:l, enriched to  
ahout 95 % Li6, in the uraniuni reactor R 1 of Atoiiienergi Coni- 
p:iny, Stockholm. The 2-step renction produces H:j, FIR :ind some 
cont:riiiin:iting activity, Iiininly NaZ4. For retnov:rl of HJ  :ind con- 
tniiiin:iting activity the irr:idiated salt was dissolved in water :inti 
cnlciuni phosphate was precipitated in  the solution. F l S  was taken 
up :i 1 ti1 o s t (1 u:i n t i 1:) tivel y in the precipitate, w ti ich :I 1 so included 
sonie Ha. The precipitate WIS centrifu~e-w:ishe(11 with distilled 
water, transferred to :I iiiicrodistil1:ition app:ir:itus :ind distilled 
with HC104 :it ahout 140", using :I slow air streain. A distillnte o f  
:ibout 4 1111 was taken 111) in 0.5 1111 0.1.5-N N:iOH :ind concentrated 
by evapor:ition to :rholit 0.5 1111. After neutrn1iz:ition to pH 5--8 
the concentrate consisted of  :I carrier-free solution of FIR of phy- 
siologicolly cotiipatible ionic strength :ind low reninining :ictivity 
of Hs, and with no other detect:ihle contnuiinntion. This solution 
w a s  used for intravenous injection. 

CnW12 (spec. act. > 1 C/g (::I) W:IS obt:iined froin O.R.N.L., 
Oak Ridge, Tenn., U.S.A. and was tliluted with s:iline to the 
desired concentr:ition for i.v. injection. 

The widely diverse decay rates (half life of FIX = 110 inin., :ind 
of Cads = 153 (lays) were utilized for the selective autor:idiogr:i- 
phic registr:ition o f  t he  two isotopes (.Apprkyrrn, Ericsson LP U l l -  
hPry 1961). 

Il'hole t rn in i r t l  1:fH n i ~ f o r t r r l i o ~ r t r p h g  

Full teriii pregn:int white inice (I-- 2 d:iys hefore expected 
lxirturition) weighing 30 -40 g were used :IS experiiiient:il nni- 
mals. 

Most of  the  :initn:rls were injected in :I tail vein. The dose given 
w i s  0.25-0.5 nil of the FIR solution and contained 1--5 p C / g  hody 
weight. These :iniin:ils were sacrificed :it 3, 4, 15, or 60 ininutes 
post-inj ection. 

One an in id  w:is given :I peror:il dose of FIR and Cn45 simultnne- 
ously 30 min. hefore heing sacrificed. This inouse hat1 heen fast- 
ing for  two hours hefore the ingestion hg stoilinch syringe of 0.8 
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in1 solution containing ahout 140 pC Fl* and 2 !cC C:145, both p i c -  
tically cnrrier-free. 

After deep ether :innesthesi:i the :iniiii:~ls were rapidly ein- 
bedded in a 0°C solution of carhoxy Inethyl cellulose in water on 
n inicrotoine stage, which was inimersed into a mixture of hexane 
and dry ice (- 75°C).  The whole bodies were thns rapidly frozen 
directly on the stage and re:idy for sectioning. 

The frozen aniinals were sectioned in :I cold-rooin (- 1 0 ° C ) .  
20 ,u sagittal sections, including placental tissues and foetal and 
iiiaternal hard tissues, were taken :iccording to the technique of  
Ullberg (1954). 

Apposition autoradiograiiis were iiiade hy pressing the sections 
against Structurix (Gevnert) X-ray filin. In order to avoid che- 
inical fogging of the emulsion, the :iutoradiogrnphic exposure, 
which lasted over night, was carried out in the cold (-- 10°C). 

The sections of the aninial that was given both FIR and Cads 
were first exposed to one emulsion for 3 hours for the registration 
of FIE. After a n  intervd of about 24 hours, during which tinie 
F18 decay is practically complete, the s:iiiie sections were apposed 
for 3 weeks on :I second eniulsion to obtain the Ca49 autoradio- 
grains. A 5 hour control exposure of sonie sections was niatle on 
the second day in order to ascertain that  the low C:ijs closc did not 
visihly interfere with the registration of Fl8. 

After exposure the sections were renioved froni the emulsion 
which was developed with ordinary technique. The sections were 
freeze-dried a t  - 10°C before being stained and iiiourited in 
Eupnrat (Platters & Gnrnett Ltd, Manchester, England). The auto- 
radiographic technique was largely the s:iine :IS h:is earlier hcen 
described hy 11ZZherg ( 1 $158) . 

DetaJcd FIN + Cod5 fiilforndiogrriphg of plrtrenttr t i i i t l  foeliises 

Four full term pregnant white Inice ( 1--2 days hefore expected 
parturition) were used : i s  experiment:tl :iniiiiaIs. The radioiso- 
topes were administered in :I tail vein. 

The FlS dose was 10-15 ,uC/g hody weight :ind the Cn45 dose 
0.05 p C / g  body weight. 

Thirty ~ninutes  after the iiijection the whole uterine parcel was 
renioved under ether :in:resthesi:i : i n d  mounted with cnrhoxy 



5'26 TNGI'E ETIICSSON A N D  LAIIS HhMMARSTRiiM 

iiiethyl cellulose on a microtome stage. Then :dl of it was frozen 
by immersion for sollie minutes into a mixture of hexane and 
Cog-ice (- 75°C).  

5 p serial sections were taken of the placentae and the foetal 
tissues in n refrigerated rooin (- 10°C). The sectioning was m:de 
according to the technique of tlllbrrg (loc. cit.), Scotch tape No. 
688 being used a s  R backing for the sections. 

After drying for one hour at - 10°C every second section was 
iiiounted on Ilford G 5 nuclear eiiiulsion plate (5 ,u eiiiulsion thick- 
ness), 

A n  acetone solution of urea alkyd, to  whicli was added a hardener (8 4- 
I + 0.3 parts) ,  was  used as  a n  adhesive for  th i s  mounting. The hardener 
was composed o f  equal parts of ethylene glycol and  absolute alcohol, t o  
which was added 1 % colic. hydrochloric acid. After addition of t h e  hardener, 
the  urea alkyd solution can be kept for  about 24 hours  a t  room temperature.  

The emulsion plates were dipped in this adhesive arid placed vertically in  
order to let surplus solution run off. After some miuutes, a dry  sticky 
surface was  obtained to  which the  section :idhered well. The urea alkyd 
layer was  found to  have a uniform thickness of 0.6 p wlieri measured in the  
interference microscope. 

After three hours' exposure, t he  tape backing consisting of polyvinyl 
chloride was  removed f rom its adhesive by  pressing a sponge soaked in 
acetone against thc  tape for 5 minutes. T h e  tape adhesive was then removed 
hy immersion in xylene for 1% hours, aftcr whicli the  xylene was  replocetl 
hy alcohol and  the  preparation taken through a n  alcohol series (100 %, 
96 %, and 70  7%). With the  sections attached the plates were then  developed 
for 5 minutes (Gevaert 230) :uid fixed (Gevacrt 305 A ) .  

The sections were finally stained either with haeiiiatoxylin- 
eosin, or according to the van Gieson method, :ind the sections and 
plates iiiounted in Canada h:tlsani. 

After about 24 hours, when the F1H content had disintegrated, 
the remaining sections were applied to G 5 eiiiulsions according 
to exactly the saiiie technique but with 8 weeks' exposure time in 
order to produce the Cad5 pictures. Developing, staining and 
iiiounting of eiiiulsion plates :ind sections, respectively, were per- 
formed in the saiiie way. 

Some of the sections were siinilarlg applied to G 5 plates and 
exposed for 5 hours on the second day in order to ascertain that 
the low Ca45 dose was not ahle to cause any contnmination of the 
F18 picture. 
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Results 

At three and four minutes after the injection the maternal hard 
tissues already showed a strong uptake of Fie, The concentration 
of Fie in the maternal blood was still high and the placentae 
showed about the same concentration as  the blood. No uptake WAS 

visible in the foetuses (Fig. 1 ) .  Fifteen iiiinutes after the injec- 
tion most of the radioactivity was concentrated in the maternal 
hard tissues (Fig. 2 ) .  The maternal blood had a very low con- 

Fig. 1. F I R  tiistrihution in pregnant mouse 1 minute\ after intravenous 
inject inn. 

Fig. 2. FIR distributinn in pregnant mouse 1 5  min. after intravenous injection. 
FIR uptake in placental spots and foetal mineralized tissues barely 

discernible. 

46 - A d a  odont.  scand. V o l .  22.  
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centr:itioii and so 1i:itl the pl:iceiit:ir., except for sonic s inn l l  spots 
of high :ictivity. I n  the l'oetuseh, :I very f: i i i i t  picturc coultl I ) r  seen 
indiwting : i i i  u1)t:iltc o f  1718 in the 1i;irct tissues. 

Thirty :ind sixty iiiinutes :iftcr the  injection the n1:iternaI soft 
tissues ant1 the 1)locent:ie showed :I still lower r:idionctivity witli 
the exception of the spots mentioned :il)ove (Figs. 3, 4 ) .  The foetal 
hard tissues showed :I stronger uptake coiiip:iretl t o  the picture 
:ifter fifteen iuinutcs, hut q t i l l  very we:ik c o i n l ~ ~ w l  to thc 1 i i : i -  

t ern:il SIC e I c t c ) I I .  



The distribution of F1H and Ca45 30 min. after perornl ingestion 
is cleiiionstrnted in Figs. 5 and 6. It  :ippe:irs that :in exposure and 
p1iotogr:iphic treatment of the einulsions th:it brings out the F1* 
uptake of  the Ii1:itern:il skeleton :it lenst :is strongly :is that of 
h:ircllg s h o w s  tiny F 1 *  uptiiltc hy the foetal skeletons, while the 
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Figs. 7 antl 8.  FIN ( le f t )  iind Gal!, (r ight)  uptnkc in  closely adjacent sections 
through full-term niouw p1accnt;r. T h e  concentr;rtion o f  lmtli isotopes l o  the 

siiinc structures i s  evident.  I’hotoglaphs of btained 5 / t  scctions w i t h  
adhering ernulsioiis, about 65 X.  

Ca45 uptake in the latter is clearly visible. Nevertheless, the in- 
testinal picture ir1dic:ites :I more c*oitiplete :ihsorptiori of F1H th:m 
of  Ca45. 

The de ta i 1 ed :I u t ()r ad i ogra 111 s of  t ti e pl a c en t n e :I 11 d foetuses 
thirty ininutes after the injection showed that  the sillall :ireas of  
concentrated Flfkictivity were not to he found in  all plncentne. 
However, they were visible in ninny, antl on consecutive sections 
one  could 1oc:ite the FIH- and C:iAs-uptnlte to thc s:iiiie tissue struc- 
ture  in  the p1:icent:ie : ind i i i o s t  often ;idjac.ent to  the trophoblust 
layers (Figs. 7, 8 ) .  

No other foet:il tissues than the bones and the teeth showed any  
Fl*-upt:ike, and nothing indicated any prnplacenta l  transfer o f  
fluoride. The uptnlte by calcifying foetal tissues showed :I siini1:ir 
picture :is wis found earlier in rat sucklings (Kricsson, llllbrrg 
& A p p e l y r e n  1960). 
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Material and methods 

F1H was produced :tnd purified in the satiie way a s  described 
above, except that no concentration by evnporution of the distillate 
was perforined. 

C,:iWl:! (spec. act. : h u t  500 mc/g C a )  was obtained frotn the 
sniiie source :IS given :ibove and was diluted with saline before 
iiiixing with the F1H-solution for injection or ingestion. 

Full-term pregnant white inice, fasting since about 18 hours, 
were used for the experinients. Four mice were each given :in 
intravenous injection of 0.3 in1 of the isotope niixture containing 
about 7 ,uC FIX and about 60 C n l a .  Eight mice were given each 
0.6 in1 of the s:me isotope mixture, diluted with water 1+1,  by 
stoiiiach syringe. 

The intravenously injected uniiii:ils were sacrificed 15 or 60 
iiiin., respectively, after the injection, while the surviv:iI tiiiie fol- 
lowing peroral ingestion was 1 hour for 4 :iniin:ils and 4 hours 
for the other 4. 

Under trichlorethylene :~n:~esthesi:~ the :initi~:il w:is opened and 
blood was drawn from the heart with :I hepnrinized syringe. Three 
foetuses and three p1:icentne were taken froin each mouse. Froni 
the aniiiials that  had obtained peroral doses the stoinachs and 
intestines with their contents were :ilso removed. 

Every s imple mas placed in :I weighed plastic counting tube 
fitting into the well of a scinti1l:ition crystal. After weighing, water 
was added to the same level in all tubes in order to give a stand- 
ardized geometry, and the sninples were counted on the saiiie day 
and again after 2 days. It had been ascertained in :idvunce that  
iiiixing with biological nialerinl (iiiinceinent and calciuiii phos- 
phate) did not influence the scintillation counts ineasurably. 

The second count (C#)  was deducted frotii the first one 
(Ca"+FlH), and the resulting FlH-counts were recolcu1:ited to :I 

standard t h e .  The FIR-  and Ca+s-contents of the various speci- 
mens could thus be calculated a s  percentages of the given doses 
per grain or per total organ. 



Results 

The results :ire given in T:il)Ie 1 ; i n d  in the iii:iin illustrated in 
Fig. 9. 

I t  is seen that the foetuses toolc u p  :I several tiiiies grcutcr per- 
centage of the CaJj-doses t h : i n  of the siiiiu1l;~neously ;idiiiinisteretl 
FIR-doses, in spite of the iiiuch greiiter percent:ige of the C:iJ‘-dose 
found in  the digestive tract after perornl ingestion. The rise of 
the foet:il (Mj-content is :ilso ~i iuch  steeper during the esperi- 
inent:d period than the correspoiidingig rise of F1s--content. I n  spite 
of the presence o f  the rapidly ~iiineralizing :ind C:i1‘,-:iccuiiiiil~iting 

skeletons of the foetuses iliere is signific;intly less F I R  per gr:iiii 
foetus tlxin per gram placenta in ; i l l  :iiii~iials sacrificed after 15 
and 60 minutes while this ratio is  reversed after 4 hours. 
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L) ISC IJ SSION 

Siini1:rrly :IS c1eiiionstr:ited by I:’ric-.ssorz LII- ~ l f r r l i r i n t r s  (loc. cit.) 
for  the huiiian and the rabbit, HrrriidtZn 6 r r l .  (1964) reported 
very low foetal plasnia FWevels  in sheep following injection o f  
the tracer into the ewe. These :iu thors also re1)orted the appear- 
ance in the 1natern:il blood of FIR  iiijected into tlie foetal circula- 
tion. It iiiight be thought that the low F1H-content of the foetul 
blood compared to the inuteriid blood could be due to :in ex- 
treiiiely rapid clearance of the foetal plasma, especi:illy during the 
mineralization period of the foetal skeleton. However, our auto- 
radiograins and quantitutivc data deinonstrute that this cannot 
be the case since the foetal skeletal upt:ike of F1H is iiiuch lower 
than that of the maternal skeleton and much lower than the cor- 
responding uptake of C;$. 

The slow diffusion through the pI:icentne is li:il)le, especiully, 
to cut the passage of any tr:msition:il fluoride wave in the I IM-  

ternal blood, such a s  that si1nul:ited by the iiijection of radioactive 
fluorine in 1iuin:in mid-pregnmcy, and in the late pregnancy of 
iiiice :IS showed by this investigation. Following :in injection most 
of the p1:Icent:il fluorine content is evidently tr:rnsported to the 
iii:iteriial hard tissues nnd kidneys by the inaternnl blood stream. 

It is conceivable that the slow p1:icent:il transfer of fluorine, 
when coiiibined with the great 1ioineost:itic capacity for fluorine 
of the nianinialian body (Curlson cLS trl.  1960 :i, b) ,  should result 
in the low fluoride contents of the bones :ind teeth of newborn 
that have repeatedly been found. One of the clinical conse- 
quences of tlie low fluoride content of the deciduous teeth calci- 
fied in utero has  long been known, viz. the rare occurrence of 
fluorotic iiiottling of these teeth. Another consequence seeins to 
he the low protection of these teeth against caries by fluoride 
ingested by the mother, ;IS reported in aniinal studies (Riit tner & 
Jliihler, 1958) as well :IS froiii :I study in a fluoridation area 
(Carlos d? ul., 1962). A consequence of this is, in turn, that  there 
is little or no rationale in the fluoride ingestion often recoiii- 
mended to pregnant women for the protection of tlie expected 
child’s teeth. 

Concerning the sinall areas in the placentae that showed :I con- 
centrated uptake of FIN, there is now stronger evidence for their 



MOUSE PLACENTAL TRANSFER OF F18 A N D  lCa45 535 

being degenerative calcifications. In the present investigation they 
were not :ipp:irent in all placentae but, when present, they were 
found to coincide with :ireas :ind spots that had t:rken u p  Cnas. 
Similar spots in the placentae con also be observed i n  the auto- 
radiograms of some other bone-seeking trace elenients such ;is I-’JJ 
and Y91 (Vllberg 1964). 

Such areas of calcification :ire prob:ibly responsible for the high 
fluorine content in the human placentn :it the time of delivery that  
has  been reported (Gtrrdner LP 01. 1952, Feltnitin LP Kosc.1 1961, 
Borris 1963). The observation in the present investigation that  
the calciuiii salt deposits :ire adjacent to the trophohlastic layers, 
is in agreement with reports by previous authors (Dernpsey 6 
Wislocki 1944). 

The reports that the child, :it birth, 1x1s :ihout the s:iiiie blood 
fluoride concentration :IS the mother (Held  1852, Borris 1963) 
may appear difficult to reconcile with the data and interpreta- 
tions given above. However, also in :idlilts with widely different 
supply and storage of fluoride the p1asin:i fluoride concentration 
shows but siiiall variations (Armstrong & Singer 1959). 
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The placental transfer of W :IS fluoride ions h:is been visualized 
autoradiographically in inice up to one hour following intravenous 
injection of the isotope. The foetal skeleton is seen to uccumulate 
iiiuch less F I R  than the inaternal skeleton. 

Following the siinultaneous ingestion of F1H+C:i45 :in autorudio- 
graphic technique, which gives roughly siiiiilar uptake-pictures 
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PLACENTAUHERTRITT VON 1‘’” HKI  1)EK MACJS, MI?’ DEM ~rHERTKIT1’ 
VON Cag5 VEKGLICHLN 

I)er 1~l:iceiit~tiiI~ertritt y o n  F I X  :tls Fluoridion is1 liei der hluus 
~tutor:rdiogr:i~iliiscli tl:~rgestclll worden, untl  zw:ir his ZLI eiiier 
Stunde nnch intr:iveniiser Injektioii des Isotopes. M:in sieht cine 
viel griissere F1~-Aufii:ihiiie iin Slielett ties RIutterlicres 211s iiii 
Fii t :ilsliel e t t . 

I)o~iliel-l‘r:icer-~iitor:i~Iiogr:i~~liie wiirde ii:icli glcichzeitiger per- 
or:iler Zufuhr yon F I X  untl gei~iiiss eiiier l‘echiiilt tlurclige- 
fiihrt, die etw:i &is gleiche Schwiirzen ii i i  Skeletlliild des RIutter- 
tieres durch beide Isotopeii liewirkte. I‘ieI stiirkere Ililder voii C:ilj 

als yon F I X  sintl d:il)ei (lurch tlie Fiit:il\l<elellen erLeugt wortlen. 
Die F~~- l~onzen t r :~ t ioncn ,  die in tier reifen R1:iuspl:icenl:r strllen- 

\wise ol‘t gefundeii werden, fielen i i i i  t tleii I ~ o n z c n l r ~ ~ l i o n e i i  voii 

gleichzeitig injizierteiii (;:it5 zus:iiiiiiien iind z w t r  in den  Gewe1)s- 
teileii, wo (1egeiier:itive \’erli:tlltungen ; in1  hiiufigsten :tuftreten. 

1)er 1’l:iceiit:iiiliertrilt gleichzeitig ziigefCllirter FIX und ( h a s  ist 
:iuch cpiit i t : i t iv :in M i i u w n  studiert worden. His ZLI 4 StLmden 
iiach der Zufuhr  ist eiri viel niedriger 1’rozentgeh:ilt der F~H-Dosc 
:ils der C:iAS-L)ose in  den Fiilcn gefuntlen worden, obgleich &is FIX 

viel schiieller ails dein 1)ariii resorbiert worden ist. 
Die Ergebnisse werden CI. :I. voiii Gesichtspunltt eiiiscliliigiger 

ltlinischer Duten disliutiert. 






