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sUUltARf,: The ertl.dote sctl.m of boror €ril ale{auo su1-

Dbete h chrotLc fluo!'lne ldtoxicetlo! r'tEs testeil otr 8

;rouDs of donestlc pLgs avet a perlod of 13 rlortha' To

;t*ire; .i pre", ei"!o 7 ns Nai'/ks/d'4 atrd 8 ns B/ksld
ed O.I s of eluElnrn sulPhete was added .s en afltldote'

rLr f..ai"g caused chrontc botre fLuoroslsl Although bo!-

on illd aot l€ad to reductlm io ffuotlne atolege 1n the

6Le1eton, 1t exerted a celteln &toxlcatltr8 etfect due,

to fornailoo of less toxic boroo fluorlne co&ple:ea' fe_

specttng the skeletal systes, dlrect F actlou (lncrease

oi tone-nssa) ls, et least PartlElly' corpenseted by dl-

r€ct bof,or actlon uPon bone (decteEse ta bone ness ltl th

reduced parathytotd actlvtty). Aludt ln sulPhate reduces

! absorpilon sal F reteotlon ln the skeletotr b! 25 to 29At

corcurredt tnhtbttton of calclln absorPtl.tm fron th€ lE_

testlne regults tn Eecondery hyPerparethFoldtss e l de-

crease 1n looe nass,

Accordlng to these €:aperlD€lts r bor@ ot aluelntn

eulphate are iagulteble proptrylacttcally lo hreds chlon-

tcailv e|<oosed to fluorlde beceuse of ttrdtvldual reactton

to fftrorlile ad becauae of the toxlc sctlotr of boron ard

elurdob sulphate uDon bone' Shott-tero a(hlEl8tratlor

of borqr fo! not€ lapLil detorlcetLon ItI fluotoala ceaea

nay be Derolsslble durlag axPosure to fluorlde and eftet

erpo6urre to the Pollutetrt hes been dlscontltrued'

A}Dlf,in; Anttdotes i Boron; EsperLEentel fluot€16: Plgs; Ptophy_

lards; Ske1et41 fluorosts i Sulptate i lherapy.

Introductl-on

Since 1973 the euthors hsve been s€alchlng for ar antldote to reduce ot

p".o""i-itt ioxtc effacts of lnotgealc fluorlde conpounds or to coEPlex ot dla-

piace the fluorLne iorl at lts place of actloo, elthet ln the retebollc Process

;r the sLeletal systen. Itrtttally, antlitrotes $9re tested -such -ea
vttaoltr C' elrnlnun' EAgaediru, caiclua, [olybd€mf,, coPPet, lron, boror (B)

vsnadLun. sel€ntuE. 
'cluienfue, 

cvBteltre mal glycocoltlcold€ on gteen elgae

o orell; fusc4 vei. 
-vecuot 

ts, huDsr erythrocytes and e1blflo rdce'

Secsuae {a all thtee te6ts (1) tron and boron corlPorldilE see@d to be Par"

DeDartEeat gf orthopedlc Surgety' Itedlcal Acsde,ly, Erfurt'bR 5010' Regtenmgs-

]-ti;;;;ld. it""!"t.a .t Ini i3tt' ."nter"nce of the Internetlorel socletv for

tr1uor{ite Reseetch, Nov' 14-17 ' 1983, ew Delht' Indla.
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tlclrlarly effectXve tlrey vere role lnterslvely explored or rabbtts' -F- actton

on teetll and skeletoD ve6 cleerly reduced by coocorretrt adElnlsttetlon of bor-

ex. Iron coDpounds lrere ruled ont beceuse of mf,avorable slde effects (2'3)l

IrI the fllst expetl@at ln the current gerles 48 ilonestlc plgs ltele g1v-

en for 1 year' 0.5 ng and 5 ng Nal/kg bodv-wetght and aatldotes E (0'15 and

3.0 ng as'borax/k8 b;dy-uersh;), eerpentlne (6.75 ns/ks bodv-\retght) ard }ts 0

<2.75'trlg/]!.:z uody-wefehi), F actlon on the Bkeletal systeE r.a€ reduced by 8er-

penttne-ane,paritcularly, by hleh boron dosee, The F cortent lJ} bone esh'

itor".u.., ""!'ttot artectld by the antldotes.- Boron alone csused osteoporoals
(4 and rmpubl-tshed aleta) . A nelt eryertsent' ttlth htgher E end B doses lree 1n-

itlated t; provlde coacluslve enswers, especialfy r.rlth iegard to the lcolated

effect of htgh aloses of boron otr the skeletal syeten.

ltetellaI and'llethdds

I1Ie expelloents were perfotueil olr 68 castrated rnale doDeatlc pl.g8 (nean

lnltlal wel;ht, 59 kg) ovei a perlod of 13 ronths. Tvelve el}ltnals (gloup 1)

sersea as controte. Groups 2 - 8 (8 anLdsls each) lecelveal the followtng

doses of NaF tlus an antldote: Gtoup 2, 7 ng NaF/kg; Group 3: 7,rng l/kg +

4 ng B l+r/kg- as borlc ecld (83303); Group 4: 7 ng F/kg + I llg .3.if/kg:
eroip 5: 4 tg n+tt7Lgt eroup 5: 5 ng B++/k8; Gr-oup 7: 7 ng F/kg + 100 ng

At-sulphate: 
-AI2 

(so4t3 x 18 820; Gloup 8: 7 rng l/kg + 100 ng Al-sulphate + 4

ns B#/ks.

Alunh n sulphate ' an ageBt knot.a to redsce fluoto€ls-ln grazLflg cettl€

(5), was addlttun;L1y incruaea. the r/3 retlo was rGlsted to-BF2 (oE)z' rrlth

" caf."fat"a "*..es it toto" ove! fluorlne of 100 of,, resP.' 3002'

Festlng norDlng saliPles of blood slrd urlne lrcre taken the 5th' 10th 12th'

a$d 13th n;th oa ltre day of sacilf{ce. onlv snalvses deallog wlth the 3ke1-

etal eyeten sre ptesenteil hete. Bone nlneral- content wes detefldned by 1251

1?hoton absorptloretry otl the clesred &etacerPal bodes 2- and 3 ard the fenur

accordtng to lhe Ca*ron sllal'sorensen @thod (6) tn the bone center' X-!ay

ptrotograf,trs r{ete takel of all 3 bones lJ} tl'o planes' and of-the -lunbar 
ver-

i.lt"i "of,rmt. on the loentgenogla$B of roetecetpals 2 snd 3 end- fenrr' the

cortlcal-1s lndex wae conputedl accordi.ng to Exton-Solth et al' (7) G'19' 1)'

Pleces of boDe ' I.5 - 2 cro
Ilgltre I long, \rhtch served for hlsto-

,. cottrcalArei -cortlcalrndex ::3:i::,T:,:':*H':l:T:'*
(boDe) Eurrace area the rlght lltac crest (EuDer

Accordrns to Exton-sntth et e1. (1e6e) :$T]'1ii::*;ttJ'1.'ff:;"
nm-decatrcifled condltion. Ihe

€ectlon€ wete stalned accordlng to Gol(her and lflth toluldlne-blue. The spon-

sl-osa srd osteolil voluse rele hlstonorphoEetd.cally ileterrdned by the polnt-
:couttds Eethod eccoriltug to chalkey (8). I fu sef,oo' urlne' lllac cte3t

atrd rlb ;sh vas deterrnlned by the l(m €electLva electrode. Ior botoa tleter-

ntuation, bcde sgq)les l{ete ashed l'Il the ptesedc€ of ll.thtur carbonate: all

boloE \das coBvelted to (BF4)_ cornplexe6 adil photonetllcally deteanltreil after

enrl.clnent by extractlon. To d€terELre Parathyloltl functlon' ateaa of 150

ruclei of the parathyrotil cere reasureal hlstororphologlcally pet allLnEt' In-

creesltrg 6l.zee of the Duclel hdtcate a stlftllation of frlrlctlon.
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Resufts

125I photon absorpt tonetry ( I ig.  2a and b) :  In group 2. the ef fe. t  of

tr,rorffi 
(BM) and bone gidth (Bw) at

Fisure 2 a

Results of the l2sl photon absorptlotnetry - netacarPal bone rr

fl bone mrneral
Ll content (BM)

H 
bone width (Bw)

p ,,,u.* 1r"r""1
.  p  0 . 0 5

. . p  0 . 0 1
x  p  0 . 0 5

s  p  0 . 0 1 NaF

content (BM)

bone *1dth (BW)

lndex (BMlBI,l)

Resul ts of  th"  t25I  photon absor l lodetry

Flsure 2 b

Resul ts of  th.  12st-photoo absorPt ionetry,  FeBl t  (a.p.)

ru,f":[,PJ(',"

6n1

r0l

q

I
E

. : :
P
p

P
P

0 . 0 5
0.01 control
0 . 0 5
0 .01  NaF
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el"I neasurhs polnts. Mdttton of 4 [e B/ks -(GrouP :) :: :l: 9f' 
utu ""

; ; ;""". ;- ; ; ;#. '  Doses of 8 Bg B/d (Gro;P 6) elnost euntnated f luortde ac-

;;';; ;i;;;;;;. Boron bv rt-erf (sroups 5 snd 6)-cauaed a decreese on

i""i J""i.r""."i."t 10 all bones' "'*it"i t' controls' Bone wtdth- re'elned

unchanqed $hlch \ras nore evt.rent r"-!ii"p e (8 Bg B). Addrllon of Al-€ulphste

lj"ji'i"iil"1.'-<6'."p ij r.a to ' 'ri'.rri"."t decreaae or Bu.co'iared to Group

2. A11 values wer€ sttll berot tno"E of controls' Group 8-(F + 4 ng B + AI-

:;"fi;.;;;;a no subgtanttal charses conpaled to eroup 7'

Roenlsenologtcal fhdlrgs: Pathologlcsl flndlngs ln l1ne wlth fluoloaLa

*." ;6G;?,--Bone tl€sue densltf varted ln each group'

Cortlcal inalexl Table I shorrs the nesn values frod conputatlon6 deallng

lurd, ffit"io_po.t"rro, and letersl dllecttor! the lvo Eetacarpala

\re!e aLeo measured 1l two p1ane6. c"rpli"a t" controls, the sthfirlEtfatlolr of

ii;' ;-;;il-i;'""n" s L9 e I '"u"'i " slsnlflcent ilecrease h the lndex oo

al1 bones. The acth t"t "tttt"; tn Group i (Al-sulPhate) ' Fluorl de alone

?.""i"2i'"r". causeil, at l.a't r; li;' *tac'rp're' e- decresee ln the cortl-

"ii 
'r"L*. 

No slsnlflcant sntldote actlon ltaE aPParent'

T'b1e 1

Retult. of cottlcel Indtc4 Accordlns to

E*@-Snlth et 61. (7)

Group leDr sp' and l'tei6cllpal bone IT snd
' 

iaierat rn r rrr gp' ma raterer ro z

I  40.68i3.97

2 39.60+2,90

3 41,0112.35

4 35 -69!5.72

5 35.9614.5r ' � r

6 30.03!5.58 r*

7 34.6oxl '12 **o

8 40.56!6.20
r  D<0.05 i  * *p<0.01  to  c ; t to l  s toup i
op.O.Or to l|ar eroup
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lsble 2

It13to@4l|@ttlc Sesults of the

lLlac clest Bdle (Tlber Cotae)

1 21.814'0 2,9t1 '2 6

2 23,2i,4.O 10.011.6 *t 3

3 20.6!3.8 7.8!1 '5 4

4 Zr.9r2.O 6.511.3 x 4

5 22 '4!2,3 2.3!2 '2 4

6 15.2t3.7 *r  1.711.7 4

7 \ '1.1!3.9 3 '5!0 '8 s 3

a !9.3!4.2 4 '2!L '3 E 4

**p<0.01 to control gtoqi 8P<0'05i

s?<0.01 to NaF SEouP

34,01!4.19

21.4! t3. f i  . *

30.40i5.09

25.a5!3,47.+

30.3815.03

27 .9614.95 *

2E.51!3.15 * t

30,4315.38

,. *##i*#hi#*f ;"H:i:':3**1",' ?:1'::;ffi'::1ffi'*:::lL:l :H"
rcso"Dtton lncreased sushtlv' wh";';;;';; ;dded' -o6teold 

"::-.t1*u

;:";;i:T";-;;;;"',-1, -i:::llili"ii::li;.:lX"*,::#:.t*"*'fr -'
::ffi"#;if i1"'ii.ii$"i'.#'i*"";.i"' ii*. .t the co'trot srouP' rhe
osteorit eean€ were €r-Ellar t' tn'"l'olii* ;;;;;1 Fou-e' .f *n:Tt f'-

tsble 2, addljllEtratlon of NaF *"=ti'n"?-"ta-"tt;otd- alrd borc ta56' Ad-

dlttonal B teduced sponslo€s,"," rii iii.ilileieora qu$trry onlv sltBhtlv'

.m:*::;"r::i:l*t"iiU:-"t;**41\lrt"**#r1+li#';,::-
tlon: lt even reduced sponglosa vc
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Ffuorlde det€ruttatton: The fluorlile aqrls velue3 rose' es shottu la

191

r+. 3;lo-;if6G;-E-?ft couEse i'f ttte Efi-n nre serls lever tos€ dbout
rt-foia aue to-Na}'by ttseu (eroup 2). ltlth cotrqrrrert eahL!1stlatlor of,
boroa and fluor:iil,e, F vsl8es nere stgEtfl.cdtty higher (up to 402) d'et€cteble
tn gloupE 3 and 4 orily durtug rn 'trths 5 snd I0. flhetr Al'-su!.Phate lB e(blnla-
terea "i eo sntl.dote l8roups 7 ead 8), tlE fluorlde serld 1evel droPPe't Dark-

edly, F concentratloa5 ln urltre (Fti. 4) varfed uldely Ltr the bdtvtduel
grorrps of &loals wtth the f5ii6a.ng ireoals: llhea I was aihlalstereal' F e:r-.

it"t_loo .o"" ted to ftfte€n-fold, rfrereaa excretlon tn €6ch group alDott iloub:

led fron the 5th to the 12th.ionth. Ihe cotstsrtly iacteaafug ercretlotr 1rr
tha borotr entldote gtoups (5 ed 6) compared to traF group 2' regei! floE 3 to

71t - not statlcaliy sigDatrcmt. By ;ddttton of alrrrildr'[ solphete (gtouP

7), urlnery fluorlile ilecreased ln6lg!1fl.caot1y. Co[verslc'! of the F concen_

tTAtlon to the crestitrlde e:cretloi l.|1 urtae.(Table 3) shoss the 8de trend.
F cofltert tu pelvlc lgg ash (ftg,s) was. on e everage ' 252 above rtb con-
tent. Fluorlile aahlal-lettatlcm dutlng 13 Dodtbs Lddluceil a rl6e o? to ted tlca
trorra1 valles, F values ttr bsre'of borotr stldote StouPE 3 aod 4 4re tl! tle
sme oider of Bsgtrttude although sltghtly htghet. A1-sulphate ailotulBtEatlm
(groups 7 Erd 8) leail to a htghly stSolftcant 25-30t decteaae 1D tr' cort€dt
fir ash. Tte ash cont€nt (Table 4) i'as reducerl lq all erou?s coDpared to cdn-

ltsule 4
r- C@t6t tn Url,ne lrlttna &lerlcnt

----60nlrol
- rihf

art(oE 3
rl@dde Content ln Seru Durhe lreqlt4st

n!rrl
,L'r
I

v
ltl

, - -+ t {otr  2,8
-  -  - B
_ 2 r B

---==4Tl^l
ra at

trola and to NaI group 2i ieductloo Faa [ost narked ld boroa groupr 5 atr(l 6
aad fu Al-sulptete grotpe 7 aarl 8 (Tsble 4). Bor@ cotrtedt la bone fg.led to
hclease tc aDy of the groq6. Tlle nerlad fall h actlvtty of the parathyEotil
116& (Table 5) ftr boron groups 5 rlld 6 rE htghly=G;IEfaT-6ifrhe--F-
creaae ld ectivlty ltr the tso Al+ullhet€ groups 7 and 8 statlsticalt"y stg:,
olficet. Ilo hypersctlvlty td Na! group 2 res observed (Tsble 5).

It
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Discu€slon

The 13-nonth ilulatlon of athlnlstration of 7 ng r /kg/d to yoing plgs !e-

sulted 1n nl1d skeletal fluoiosts. lracro€coptcally soE€ exostoses and hyPer_

ostoses were observed. ApPosltlon rlngs ln the subPerlosteal reglon nere ap_

Tab ie 3

I content tn Urlrle Calculated to Creatlnine Content
ftr Itrlne (ng I' /mo1 greattnlne)

Group 5th llonth n loth Month n 12th ltonth D 13th uonth n

r  0.14910.062 12 0.216!0.042 11 0.109!0.019 10 0.13710.043 12

2 1.57810.659,r , r  I  2.114i0.897'r*  6 2,470!1.562 7 1.472!0.309 8

3 2,254!0,725 I  2.272!a.49. !  I  2.01410.499 A l '745!0.529 1

4 2,46810.507tcx I  2.33011.079 I3.959!2.719 7 1.80710.291x 8

5  0 . 1 1 2 1 0 . 0 3 8  8  0 . 2 1 2 1 0 . 0 4 5  I 0 . 1 4 9 t 0 . 0 3 1  7  0 . 1 5 3 1 0 ' 0 4 5  1

6  0 . 1 2 4 1 0 . 0 3 8  I  0 . 2 1 U 0 . 0 4 7  I 0 . 1 7 8 1 0 . 0 6 3  8  0 ' 1 9 5 1 0 . 0 8 9  8

1  1 . 6 5 0 ! 0 . 4 7 6  8  1 . 1 1 5 1 0 . 5 2 6 x  8  ! . 5 2 7 ! 0 . 5 2 7  7  1 . 3 6 8 1 0 ' 9 6 0  I

a  2 . 2 L 7 ! L . O A 4  8  1 , O 4 3 1 0 . 2 6 1 x  8 1 . 7 1 1 1 0 ' 5 7 1  1  r . 3 7 6 ! 0 . 4 5 6  8

**p<0.01 to codtro l  g loup;  xp<0.05;  xxp<0.01 to NaF group

Flsule 5

Fluoltde conteot tn lde Ash of l11ac Cest dd Rlb

Iitio" <,".t

Hno
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parent on the hurerus cioss-sectlon (9,10). f25-phslon. aleoiPtlone try shor-

ed an lncrease ln lnlneral content and ione wtdttr, tthlch ls also typlcal of hu_

oan lddustrial fluorosts (11). l{orphoetrlcatty obtalned coltlcal tndtceg

a...."""a "t.. lhe nedu11ary cenal ls enlarged by tncreaeed endosteal lesorp_

tton. Badtography revealed no lel1abte fluoioslE slgrs at the femur ' the lurn-

bar vertebrai colum and the rnetacarpal€. Hlgtologically the lncrease Ln €ur-

face osteold anil osteoid se€n thlckness at the tllac crest ttlth a sltght ln-

creese ln trebecula thlckness elrat of reeorptlon, ls typlcal of beglnnlng fluo-

losts (10, 12-15). At a dosage of o,5 1Jiellkgld' the ? 1eve1 ln aerutr' nane-

xt P<oOl to t|t tloFgro+

\ "

I

W
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Boron A0tldote to Fluorosla?

Lf 575 ,.9l1 1s elmEt three tlnes that recormeodeil by sore fot oat€ol,oroals
tit.r.py itO-l8). rluortde valres 1n l1lac crest bone esh reacheil 0.972,a lev-

e1 eqtivalent ln hrnsn6 to stage IIf ftuorosis, accoldlng to Roholf, (10' 13t

L4, 79, 2O).

Iahle 4

Ast! cdt6t ln I to Drled Bone

&oup Ililc Cr€sll n BlbZ n

L2 53.4a4.0 12

6 52.0!2.5 6

8 50.313.3 8

8 50.6!5.1 7

8 4E.5!5 '6 8

7 46.0!6.1 *  '7

7 47.0+5.5 *  7

7 47.7!4.6 *  7

rD<0.05 to contrc1 Siroup

lgrsthyrotit k.Fty, a*t"g. e""" ot
150 Patathylold Nuclel Per Antnal

crow uo2 r

r  $.65!1.79 t2

2 18.47!L.23 5

3 r9.50x2.57 8

, 4 18,47!2.60 8

5 13.23!1.08 r ' r  8

5 L5.97!!.44 r.t I

1 2r.05!1.56 +* 7

a 21.7212.08 ** 7
*p<0.01 to c@trol arolp

I  28.313,6

2 2a.7!3.8

3 27,3!2.9

4 21.6!3.6

5 26.7!3.9

5 26. t !2.X

7 26.2!2.2

8 29.813.4

Boron glvetr In tno dlffe&at ilosages es afl etldote yteld€d the follol'tng

resuliB ln ltt "l"t tal systed. At bone segEs' photoo-ebsorpti(metrlcally'

hl'stologicel.ly altt chenlcally (ash content) | fluoriile actlon wss. cancelled ot

allewtaied by concurrent arhtslstratton of boron' es?ectully st hlgh 'losage

(group 6). 
-El€veted 

F 1evel i[ serrrn' Essoclatea ld both boton grouPs 5 eod 6t

witft 
'coa"taotfy 

lncreased I exctetion ln urhe, poLlted to$er'Is -the- 
entldote

actlcm of boron. Tte fotnatlon of F-B coqleres' nhlch ar€ Pleferably e:rcte-

ted through the kt&ey 6nd are less natkedly storeil tn bone (21), theoretlcal-

1v deht exelaln t}rls phenoEnor. iri 1on131 
-, tEF2 (ou)2]-,IBF3oE]- and [3F4]-

;. ti. "d1;" invo'lved: the flrst rhre; fotu ralf,lv rapldlv but are tese

siatie tha'the tou$h. ! aaalyses of ltlac crest sdd rib esheB, holvever'

fa{led to shov ary edtidote ectton ;f bofon. rtr keeplag wtth the hlghe! F vsl-

ue6 la seErn' F vel8es j.n bone l|ete s118btly hlghet thEI those fu F group 2'

loron aralysie dr.d Dot Plove thet boron-was sto;ed itr bone' thls contrailic-

li"" rt *ir.r".a by so;lysls of bototr action on boae ll boroo Itotrps 5 and 5

{h{ch sho;d ck-arly teilucetl d.rerel v61ues h ferotr €dd retacarpals' A 8lI[-

llAt effect wae ab;to by the decr€ase ln coltlcal' tudtce6 ltr the loetrtg9no-

gtsm ed' htstoloCcalli, by oeteoporosls t lth dl'ntulshed bone forEAtlor' ea-

iectally-{a etoop-6 (g ii rJ. r"toi causes osteoPorosls by lts lm€dlate actlon
_oo 

bone-cta6o1teE. ltis dfuect boton actton on bone (decress€ ltr bone ness)

.t".i", .t ka;t parttslly, the illrect F_ectton oo bone. sidce fluorlde stor_

:ge ta bcne le oot- affected by it, !o 8enufue antldlote actlotr-of,boron by for-

dtfoo of 8-I cc@lex in b6e ts tnvolved. fhe ralsed F 1eve1s ln sefil[' the

sltghtly raised tr coot".t to bone ed tll€ hcres6ed T excre tlon,ln-urhe sugf-

g"-E-.-..":rrp..".a r absolPtl@ fton the lntestlne' peEhaps as (B-T) coqlex'

ileatr et al. (22) gtoverl by acut€ fluollale ltrtoxLcatloo tn rabbtts (50 n8 F

t:!:eld|�, et tacreeeei r dtge;tive utlltzatton coeffLclent ltLth ltrcreated I ex-

"t"tf"" f" utltre eil lDc;aseil fluotliie storage llr b.'Ee, by the uBe of fho-

rlde b.laces. TIle decree6e 1o perathFold ectlvlty ln the tlto boron groupa
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(5 and 5) .oay be the key to boron action. An increase In parathyr:old activ-
tty due to a relatlvely hlgh NaI dose (15,4 ng/kgld) could nol be proved by
deteihlnatlon of the average area of nuclet, though a secondar_y hnerparathy-
rotdisn wss aq!ua11y found tn antrnal expertnents lnvolvlos 200 ppn (23, 24)
and ln South Indla ln huDan endenlc fluorosts (25-27), In the lasl-lEntloned
cases Dalnutrttion, calclurl) and vitamin D deflciencies assoclated wllh a hish
F tntake (up to 65 ng F/d) are sone of the causes involved. Secondary hyper-
parathyroidlsn itr rabbits, acutely and subacutely intorlcaled by 60 oi 40 Dg
F/kg, is caused by inhlbltlon of calclurn ab.sorption fron the lntestlne (22).
Nevertheless, the toxlc effect of fluorine seems to be allevlated by concur-
rent adninlstratlon of boron (28), as shol.,n ln the literalure ad by our for-
rner studies due to varying toxlclty of NaF and BF complexes, The oral LD50
for potassiurd fluoroborate 1n r.ats 1s 2,000-3,000 ne/kC accordlnC to Hodge and
Sntth (29);  for  NaF, the authors found sn LD50 of  250 mglks in rats (30),  for
fluoroborates toxlclty was ten-fold. lolrer. mth the ion-sensltlve electrode,
fluorides as (BFa)- conplexes can be detennlned only after destructlon of
thts comple* (total fluorides). In the rabbi! experlnent, after feedlng bor-
on artd fluorlne. lonlzed fluorlde content and total fluoride content colocld-
ed; (BF4)- conple*es 17ere not belng forned but rarher the stages IBI(oH)j]-to
I BF30H] -. ntsht be assuned.

The followln8 ftndtngs fron earuer expertEents as ve11 as the results of
part 1I confttned that BF complexes reduced the toxlc effect of fluortde. The
gro\tth-retardlng effect of NaF on green alga Chlolef1a fusca var, vacuolata
is Ealked1y reduced by sodluo borate. The glycolysis rate of huEan elythro-
cytesr which ls reduced by NaF, is raised agaln by borate additton (l), but
nornal values were trot attalded, In the rabblt e)rperlDent (2) the reductlon
ln serun lron and lodlfle leve1 by NaF 1s prevented by concurrent adninlstra-
tlon of boron; the sane behavtor was observed rrlth cholinesterase but boron
addltlon falled to lnduce nonual values. In our ftrsr experlEent with year-
llng dorneEtlc ptgs durta8 12 Eonths, lowered serN tron level and chollnester-
ase actlvlty as \reu as lDciease ln the glucoee-6-phosphatase aclivtty caused
by 5 ne NaF/kg/d ! , 'ere restored to nornal  by 0.35 mg B/kg/d,

Aalnlnlstratlon of boron concurrmtly \rith NaI aerosol inhalatlon 1n Sy-
rlan golden h€msters lnduced a decrease ln cholloesteraEe and caused trans-
anlnases !o lncr€ase (31) . Elsatx et al (32) also fowrd that heDostasla dls-
orders {n the rabbit, caused by 40 rng F/kg/d, n'ere hhlbtted by 15,4 ng 3/kgl
d. The saxne tean, tesrlng l1ver honogenates ln vltro, observed a correction
of lncreased oxygen coosunption caused by NaF (33). In acqte F lntoxicatlon
of rabblts (60 rg F/ksld), adninisrration of boron-after dlsc@tinuatlon of
fluorlde adnlntstratior--accelerates I excretlon (detoxicatlotr) (34). Ne8-
ative calclun and phosphorus balances, due to hlgh F doses leading to hyPo-
calcerola and secondary hyperparathyroidisn, are corrected by corcurrent borm
doses: F storage ln the skeleton ls unalteled or increased (22'28,35). AE
early as 1955, Basek (36) found that 3 g of borlc acld/100 kg of body weight,
adDlnlster:ed to fattened bulls, fatled to prevent dental fluorosts. On the
other hard, the prevalllng oplnlon tn the literature ls that alunlnun salts
reduce fluorlne ret€ntlon 1n bone. For grazlng callle.Griinder (5) leported
a reduced absolptlon quota of 30 - 402 due to var:lous A1-conPounds: the bore
fluorlne content ltas reduced by about 202. In Poultry' F absorPtiod due to
Al-sulphate was stgntftcantly reduced (F contert tu tntestlne tncreased bv
637.) (37). In hllnans, I absorptton \'ae reduced by 302 due to hlgh I doses of
aluntnun hvdroxtde srj'n bv 57.6fl lrlth lol' I doses (38) .
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Concluston

Boron acts as an antldote ln tr ftitoxlcatlon, probably due to fotuatlon
of 1es6 toxLc boron-fluortde cooplexesi F content ln bone, horevet, ts sl.tght-
1y lncteased \tr1th a concurrent lnclease ln F serun leve1 and la urlnary F 

-ex-

cretlon. Boron by 1lse1f, ln the doses used, leads to osteopoloals as€ocla-
ted lrlth reductlon ln parathylold actlvlty. the boron effect, decrease 1n
bon€ mass also,at Least partlally, cancels the F effect on bone, trsnely, ln-
crease ln bone nasa.

Boron prophylsxts ls not recomended, I! Eay even be ttanSerous, slnce
strong lndtvtdual dtfferences were observed 1n chronlc f1uorl& lntoxlcattoa
of huaDs caused by lildustry or by htgh I content 1n drtDktng ltater, and Elnce
only a celtaln propoltlon of exposed persons are affected by fl-uorosts (39-41).
Accordlng to Blsatr et al (22) boron ts only suttable for short-tetd use to
attaln rapld detoxlcatlon (culatlve) after dlscontlnuaoce of expo8ure to fluo-
rtde. The sltuatlon ls sLotlar $hen aluolnun sulphate 1€ lnvo1ved. By reduc-
lng I absorption frod the lntestLne aad F storage ln the sl€1eton' lt leads to
secondary hyperparathyroldlEm due to deterloratlon 1n calclun absorptlon. The
rechanlsr0 of boron eDal A1-sulphare acti.on on the developnedt of chronlc fluo-
losls allffets. Al-sulphate reduces F sbsorptlon; boron acts d{lectly on bone
and forDs leae toxlc boron fluorlde co@lexes,
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1n our experlnerts, I storage tn bone l,'as reduced 25-29% bf N-sulfste.
A dlstlnct pathologlcal ch€dge 1a bone nas apparent: bone nsss decteaaed ln
conparlson to the control group, lncreased palathyrold sctlvlty ln hoth A1_
-sulfate groups ntght provlde an explaratlon. A1-suuate 1n the lntestlne
leads to preclpltatlon of calclun aDd phoEphoru€. The reEulttrg calclun de-
ficlency f,ay then trlgger secondary hyperparathyroldfun aad/or phosphorue de-
flcledcy of 1<-hydrorJlase ln the kldneys. cornbtnattoos of Al-€ulfate and
borate falled to y1eld any addlttoral lnfoEdatlon.

I .

2 .

ReferetrceB

Kochoann, w, ,  Bech,  R. ,  Gnmenal-d '  A. '  Doresle '  E. ,  Kraner,  w. ,  [ent-
sche1, H, ,  Wiedner,  W.,  Bt thn,  H. '  Schlandt '  D. '  Franke,  J. ,  Runge,
Ir., and Brox, u.D.a Ergebntsse experloenteller Untersuchuagen an ver-
schledenen blologlschen Testobjekten lllt anoriSaolscher fluotlded tmd
organlscheo Fluorverbln&&gen 1mter Einriltkutg nehrerel Cegeflnlttel.
wissenschaft l .  Hef te d,  Pedagog. Ins! .  Kdthenr 2.283-302'  1973.
Baer,  H.?. ,  Bech,  R. ,  Franke,  J. ,  Grunewald,  A, ,  Kochnann, W.,  Uel-
son, I., Runge, Il., and !,lledner, ll.: Ergebnlsee tlerexPelLlEnteller
Untersuchungen an Kanlnchen nlt Nattluofluorld unter Elaelrkung von
Gegennl t te ln.  z.  gea.  Eyg.  23rI4-2O, 1977.
Gnmeiratd, A., Kochnann, W,, Bech, E., and lflednerr u.W.: lJntersuch-
lmaer uber das Verhalten voo Natrl@fluorld 1D wanfilftelorgan-
lsEus unter ElnfluB von Bor und Eleen. z. ges, Hyg. 24 t526-528,\974 -
Seffner, W,, and Tuebener, W.: Anttdotee ln Experlnental Fluolo8l€
oD Plgs:  Morphologlcal  Studles,  I luortde,  16:33-37,  1983'

:J

FLUORIDE



!96

1 1 .

7 .

17. ruche,  C. ,  Dorn,  D. ,  Eaus*ald,  C. ,  Henning'  E.V. '  Ki tbber l lng '  J . '  Ku-

bosch,  J. '  [c lntosh,  C. '  Unger,  H.D.,  and Scheler ,  F, :  F luortd-SPle-
-ge1 !d Serur bei der Osteoporose-Behandlung nlt NaF. Verh. dt' Ge-

sel lsch.  1an.  ed. '  82:910-912, 1975.
18. Sluys Veet' J.J.' vshKesteren, G., Sacket-tirks ! O,, and tr'113sebaa1-

le: Selun lluorlde Coocentratlolrs 1B OEteoporotlc Patlents Durlng

t{aF Treatneot. Tn: B. cou;qolsl"er, A. DoDath, aad C.A. Baud (Eds.)'

Synpostun cElO IIr lluorlde atrd Bone' eenive, EdlttoE8 lGdectre et
EysLene, 1978, pp. 293-397.

19. Iraal.e, J., aad Aueriianlx' E.:.Ile Bedeutung der Beckedkamp$ktlotr
Dlt hlstoloalscher urd nl.kloanalytlschet Udterauchl8S des gewonnener
Kaochennatef,lals bel der Dla8lost1k der F1uoro6e. Int. Arch. Arbelts-
s.ed.. 29 t85-94, 1972.

20, Eodge, 8.C., and Sntth, F.A.: OccupatloDel Fluorl"de ExpoBule. J. Oc-
cupat. lled., 19 tL2-39, 1977.

21. Largert,E.J.: FluorosLs,' Colurbus ohlo State' Utrlv. Press, 1951
22, ELse|r, J.' Uerad, R.' Dellne' R.' Reggabt' l'1. ' Benau' S., Hetrout'

n,U., Azouz, M.; Khalfat, (., Tabet Aou1, lI., end Neuer, J.: Attlotr
of Boro! Opon lluorosls, AE Experltcntal Study' Iluorlde, 15!75-78'
1 9 8 2 .

23. Facclnl, J.U., arid care, A.D.r Effect of sodfts SluorLde on the Ul-
trastructure of ?arathyrold Glands of the SheeP. Nature, 207:1399-
1401, 1965.

24. Facctdt, J.!1.: Eluorine atrd.Bo[e. Calclf. T1ssue Res,, 3!1-16' 1969.

25. T€lotl.a, S.P., and Teolta' }1,: Bodenlc Skeletal ?1uoros13 t! Chtldren

Volune 18 No. 4
october 1985

Frenke et aI.

griioder, E.D.: Fluortmtsstonsttlrkung auf Rlnder' zb1. Vet. lled, A

19,:229-302, 1972.
Caneron, J.R., and Sorensoa, J,: lieasureD€nt of Bone lllaeral 1n vlvo'

sc lence,  142:230-232'  1963.
Extoo-Snlth, N.A., lt{11ard, P.8., ?ayne' P.R., and t'thee1er, E':}leth-
od for lGasurh; quantlty of Bone. Lancet, 2.f153'L757 ' 1969.

Cha1k1ey, W.tr.: ltethod fo! the Quaatitatlve Uorphologlc Ana1y3tu of

Tlssue. J. Ilat. Cancer l^er. 4147-53, 1943.
Shupe, J.L.: Fluorlne Toxlcosls ard l4dusttv. Arer. Ind. Eyg. A8soc,

J. ,371240-247, !97O.
Roh9ln, K.: Fluorlne fDtoxlcatlon. A Cllnlca1-ltvgtentc Studv. E.K.
l ,er ls  & Co.,  londor;  E.r . '  1937.
Runge,, l t . ,  Tranke'  J. '  Geryk,  8. ,  Eetn,  G. '  Tengler '  F. ,  Paul '  E ' ,

Blsnarck, It., ard Schntdt' C'l{.: Bone Utoeral Analvsts ln ?eraong

irlth Long:-Ttne Fluorlde Esposure. Fluortde' 12.18-27' 1979.
Fraake, i.: ntstologtcal Changes of Euoffr trluorosls, txperlnental

?luorosle 1n Anlnals adl osteoporosls folbwlng sodlun Fluorlde ther_

apy. Iluortde, 5,182-198' 1972.
Franke, J., Rath, f.' Runge' Il., tr'etrgler' I.' Al]et,rlarrn' E.' and l'en-

nart ,  C,r  Industr la l  F luorosls.  f luor lde,  8:61-83,  1975.
Flanke, J., Ruage' 8., ard trelgle!, I.: End€nlc and ladustrlal lluo-

rosls. In: B. Couf,volsler, A. DorEth and c.A. Baud (Ed8.)' synposl-

un CEI@ I1: Fluorlde atrd Sone' G€nEve: Editlone ltedectue et Sygtene'

1978, pp. 129-143.
Shupe, J.1. ,  l l lner ,  U.L. ,  Greenwood, D.A" Earr ts '  L. ! ' ,  af ld Stod-

dard, G.E,: The Effect of Fluorfue on Ilalry Cattlel II. Cuntcal and
Pathologlcal Effects. Iner, J. vet. Res.' 24t964-919' 1963.

tavee, O.n.: New Approach to the Treatnent of Bone Disease ltlth Flu-

or lde.  Ieder.  Proc.  29:U85-1187, 1970.

8 .

10 .

L4.

,(,

I

#'(t
t;r

',



Eoloa ,Antldote to Fluoroal.a? 197

Evtdence of Secondart HyperparathFotdur. Ir: Fraae, 8., ?arfltt'
A.It., ead Ilutrcaa' E. (Eds.): Cl1nlca1 Aspects of }l€tabolic Bore Dla-
ease, Esceipta Hedlca, Ansterdan' 79'13, pp. 232-238.
Teotia, S.P.S., and Teotta, M.: Secord,ary f,yperPetethyroldlan ln Pa-
tledts nlth Btrdefrtc 9le1etaMuoro3Ls. B"lt. !ted. J. 1:637_640,
t973.
ltatntr{, S.S., S{dhu, S,, Stngh, P., ad stugb,C.! lte Parathvrold ln
Eroar fluolotl.c SyndloDe, Fluortlte, 14:17-19' 1980.
ELsalr '  J , ,  erad,  R. '  Denlne'  R. '  Reggabt,  U. '  ALsEtr ,  B. '  Betrs l t ,
s., Azzonz, U., and Krelfat' K.! Borod as s Ptevettlve Aatldote ln
Acute !!d subaeute !'luorlde latoxlcatlor ln Rabblta: Its Actlon oa
Fluorlde aa.l CalctrePhosphorus ltutabollsn. Fluortde, 13: 129-138, 1980.
Eodge, 9,D., and Snl.th, F.A.: Bloahed.cal Effects of lrorgalllc Fluo-
"ldes. Itrt Sloons., J.E. (Ed.), Fluorine Chenlstry Vol'. Iv.' Acad.
Presg, N€ri Yort, l,ondoa, 1965.
Frente, J., lollge, f,., leai]ler, !., end Wa[ka, Ch.: BeltrEg zur ex-
pei.luE[tellen R[ocbenitruoroie, Int. Atch, Arbeltsred. 30 t3L-44'197 2.
Itethado, D., 3ech, R,, aad Baer, E.P. Seltreg zua tl€roxperlnentel-
lea Fluorose ilach Itrhslatlon von !{aF-Aerbso1etr. z, gea- E!8. 23r

632-633, 4977.
E16al.r, J., t{etad, B.' Deniae, R.' Reggabl, U.' Berall', M.' AIa-
dr, B., sdd A1t Rechedi, !t.: Effects of tr1uof,lde Intoxlcetlon of
Several ltorths or E€mbsts6ls h nabbits ln the Plesetrae eDd Absence
of a! trltldote (Bo!oa). rluotlde, I2,L36'143, 1979.
Elsatr ,  J . ,  erad,  R. ,  Denbe'  R. '  R€ggabi ,  M.,  Alaolr ,  B. '  Beral l '

l.t., xheuat, K., end A11 Rech€d1' lt.: Bffect of lluorlde atrd en Ao-
ttdose (Borotr) otr Respltetlon of llvet ttssue ta Rabblts ' Fluorld€'
l2tL72-775, 1979.
Elsetr, J., tieted, R., Denlne' R., R€gabbl, U.' RertaLL' s-' Azzottz '
!t., Xhelfat, K., aad Talet Aon1, !1.: BoroD es an Antldote tu Acute
Fluorlde htodcstlor tn labbtts: ItB Actlon on the lluorlde ,aad
Cslctrs-Pbosphoi.us UetibousE. lllxi.tde' 13 : 30-38, 1980.
Elsatr, J., lGr:rd, R., Deuhe, R., Lz]otz,ll., Xhelfat' K.' Eanrour'-
l.l-, Alsitr, B., Bent1t, 3., aod R€gglbt, ll.: Boton. ad Antldote to tr1u-
orl.de Effect or Eodes srd Claws tn Subacute. htoxtcattor of Rsbbtts.
Fluorlde, 14!21-29, 1981.
geseL, A.e., f,arozay, J., Eluchatr, 8., and B1aho, U.: E forschurg der
ItaBnahren lur Elaschrgtrtrsg del trluorose bel lllsatbullelr. Veterlaar-
d Ied. ,  t0:505-514, 1965.
CaLt!, 4., Sulltr"a!, T.lt., ard Uather, tr.B.r Allevlatlon of fluorLde
lttElctty Ln Starttng Tnrk€ys srd Chtcts ntth Alunl'orn. Poultry Sc1.,
57 t49A-5O5, L97A.
Speicer, 8,, tr.fa@!, L,, trorr{s, C,, ard lflatf,ovakl, E.: Effect of
Alurolaun Eydrorlde im lluoritle UetaboltsD. Cl{n. ?harEacol. Ther.
28!525-539, 1980.
Fra{ke, J.: I{1rkmg6tr von E uor auf das Shelettsysaen rbter besoo-
deler 8er{ckstchtlStog aler ltrdustrleftuomse nnd der Natrltn{luorla -

behatrdldag der osteopordse. lGd. DIss. (B), Ealle/S., Itartttr Luther
Utrtversltgt r 1975.
Frarke, J.r A I|ev Corcept of tlre Effect of Fluodde on Bone. Iluotlde,
72tL95-2O4,7979.
Fluorlde EffectB o! VeEetatloa, Anlnala aod Etllosnq, Ed,s. Shupe' U,L.,
?eterson, 8,B., Leone, l{.C., Parag@ Press' Salt Leke Ctty, 1983,
pp.  227-232.

{+*ir*{****

27 .

28.

30.

31.

34.

36.

37.

38.

\ :
'1,
I
l

2
!&

t ,

40.

41.

F'I.UORIDE

s


