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Table 7 36S·Sulphate uptake by normal and nuoride trcBted 
rabbit cancellous and cortical bone 

-
Normal 

Mean ± S.D. 
F" Treated 

Mean ± S.D. 
, _ 1'". 

1. Iliac croll t region of 
the l>elvic girdle -
cancellous bone 

2. Body of the vertebrae 
- cancellous bone 

3. Head of the femur­
cancellous bone 

4. Femur - ahaft­
cortical hone 

o. Ti bia - shaft -
cortical bone 

6. Humerullilhaft -
cortical bone 

• 

• 

13666.t 153 F'lR(''l66 ± 12289 

14333 ± 3221 

10333 ± 2516 

4333 :t 1528 101)OO:t 950 

8333 ± 2082 

2167 ± 76.1 6:l:l:l ± lOR 1 

Data expressed 8S cpm/mg of dry defatted hone 
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Ff.g. 2 TotalM 8(U uptake in rabbit cancelloul and cortical 
bone. Bar diagram ahowing the enhanced rate oC 
uptake by cancellou. bony regionll compared to cortical bony 
region. of the skeleton of rabbit after ingetation of NaF for 11 

period of6 months. 

• 

56 

Sulphated GlycOIwmino"lycaTln 
The Rlycosaminoj(lycans huve :1 Hulphateci iRomerK viz: 

chondroitin 8ulphtlte A, B & C. The sulphated iRomers WNC 

quantified and it WIlH found that in normal cancelloull bone . 
(iliac crest region of the pelvic girdle) chondroitin lIulphAte A 
and C were present. However. Rfter Ouoride ingcRtion chon ­
droitin sulphate B was detectable and quunt.ifiClble in can · 
cellous bone Crable 8). 

Table 8 Chondroitin tlulphate isomers in canccllouB bone 

hefore and after R monthfl F ingcstion 

• 

Chondroitin Sulphate A 

Chondroitin Sulphate B 

Chondroitin Sulphate C 

Hyaluronic Acid 

Cont.rol 

68 

-

28 

4 

Experimcnta l 
• 

60 

12 

36 

2 

Data expressed 88 % of the total unsaturated disaccharides 

formed by the action of chondroitinllsc 

In cortical bone. unlike cancelloufl bone. chondroi ti n 
8ulphate B WAR allflcnt (Table 9). The CKcurrcnce of chon­
droitin sulphate B (dermotlln lIulphute) in ll11orolled iliac 
crest bone was confirmed hy gel filtrlltion nnd celluloRe 
acetate paper electrophoresis (4). The presence of chondroitin 
8ulphate B in cancellous bone is an observation which h8l'f not 
yet been reported in the literature. Thc preRe nce of chon­
droitin Rulphllte B in the cancellous bone after Ouoride inl(eR · 
tion can be cnnllidered ftK one of the mOllt Riy,nificont 
landmarks in the field of /luol'Ollis retlcarch to date. Chon· 
droitin sulphate B ill normally known to occur in skin, liga­
menta, tendon and cortilage. but is abBent in all calcified 

• 

tissut.'8. The occurrence of chondroit.in sulphate B in flny 
tissue is known to prevent it rrom mineralization. The 
pretlence of chondNJit in lIulphate B in hone after 
fluoride inKCMtion lIuggl'ntll that the cakifieci t.iKKlJe iA likely to 

• 

have undergone ret.roj(rade chllnKeR lellding to cartilllf,c for-
mation. Cartilage however. hUA no potenlillis to mineralize. 



Table 9 Chondroitin sulphate isomers in cortic lI l hone 

lwfor E' and IIftc-r El TTlont hs F ingc-!'Itlon 

------ ---- - ---- --
(:O l1t rol Ex peri ment III 

------_._-------------- -- ----
Chondroitin Su lphute A 

Chondro itin Su lphate B 

Ch() ndroitin S ulph flt e C 

lI yulurfl ni c Ac id 

:m 
:1 

:16 

2 

-- ----------------------- -------------
-, 

Data f~xpreRHedns ,:,; of the (01111 un flat.urfll ed di succhllrides 

formed by the action of chondroitinnse 

Loea liz/l tion or glyc()!!aminoglyca nil In cance llou8 bone 
Serinl p<truffi n sections flf the iliac cr!.' ~; t ref{ ion of the pelvic 

~Irdk were Htllirwd for (;A(; ll>!inl( ruthenilllll red as there arc 
no Hjll'c ific s tuin t! avail a bl e fo r d ermntan glJiphate_ 
Hut henium red pos itive legions in the trabec ulae of the can ­
cellous bone reveal ed the Hi te of GAG acc umulation. The 
s l~ci{ic I'f'g ions where GAC; accu mill ation was observed 
resembled ('urtilnge. The stac king HrranKcrncnl. of t.he chon ­
d rocyte!l WWI simil a r 1o th nt of a fib roeurtilu/-:e. (Fig. :\u, :lb & 

. :\(' ) (7,H) 

T Ilt' (:1',(; IIC 'C \I/lI \illllillll ill Hpl'(' ifi c u 'g i,,"x IIlId the car ­
ltlil~~e f"f1IlIlt. ioll WWl ll"t "h!,(·rvl.' d ill ('"rtil'lIl bOllc . The only 
dell·(·t IIbl ,: ('hu nge ill HI rud IlrC t hilI. cou ld l)c ob~l'rvcd in cor ­
liml hone WHH thul. the d ialllclt!r of the oH teollS a nd the co'r­
I iell l thick ll esH were increased (Table 10). 

Tuble 10 Morphometric dutu 011 cort. icul hone of normal and 
NIl F trcated rabhitH. 

----- --------- -------------
Pnrnm et.erH 

Normnl (.'i) 
Meull t S .D . p value 

,. Tren t.ed (5) 
MCIIIl :t S .D . 

---- -_._-_._------- --------------

Cortical thi('knc!\ii 2 ~ () I O. 12 . ,) < 0.05 
• 
In /.I. m 

-Diameter of oRteon 3.80 .!.. 0.80 < 0.05 
• 
ml"m 

, 
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Fluoride and calcified tis.~ue., 

Fig. 3 (a) Note the darkly stained orca in the t rahecu lae of 
the iliac crest region of the pelvic girdle of the rubbH reven/ing 
the accumulation of GAG after 8 months uf Naf' ingeHtion 
(Huthenium red staining) 300 x . . 

• 

Fig. 3 (b) The cells in the Ruthenium red positive region 
Rhowing stacking arrangement. 750 x. 

Fig. 3 (c) The inter-cellular matrix showing Ruthenium red 
positive material after hyaluronidase di gestion for 00 
minutes . 750 x. 

• 

" 
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~rhe relevance of the observations on the animal model to 
hunlan Ik.eh~tal flu orosi. 

A needle biopsy of the iliac crest region of the pelvic girdle 
from a pa t ient afflicted with fluorosis might not reveal a cor­
t ila.ginous lesion as the biopsy would represent 8 very small 
area of the bone. The only alternative was to extrapolate the 
results obtained on t he GAG content of serum and urine of 

. t he animal model with that of human subjects. . 

• GAG content or serum and urine ot rabbit 
Urine: The studies revealed that although GAG content waR 

inc reased in bone, it was not excreted in high concentrations. 
Serum: The circulating levels of GAG after fluoride ingestion 
were increased significantly (Table 11). 

Table II Fluoride action reflection on the GAG profile of 
urine and serum 

-----------..... ---,---.-------------------..... ------------------

.-
Normal 
r ' ingested 

GAG in Urine (n=5) 
mg GAG/24 hr Urine 

Mean ± S.D. 

26.97 ± 2.41 
8.9 ± 1.5 
p < 0 .001 
45 days 

• 

Sialic acid in bone and lterum 

GAG in Serum (n""l)) 
mg/lOO ml Serum 

Mean ± S.D. 

6.98 ± 1.21 
13.27 ± 1.57 

p< O.OS 
8 months 

It is pertinent to mention that although sialic acid 
(glycoprotein) is minimally 8ltered in bone 8S a result of 
fluoride ingestion, its levels are decreased in serum as a result 
of F- toxicity both in animal and man (Table 128). 

Table 12ft Sialic acid content of serum in the human and 
rabbit before and after fluoride ingestion 

• 

Human (n =9) 
Rabbit (n=5) 

• 

Normal 
Mean ± S.D. 

61.09 ± 2.72 
61.97 ± 1.89 

Human p < om 

... " IngeRted 
Mean ± S.D. 

45.39 ± 2.68 
42.71 ± 4.78 

Rabbit p < 0.05 
It 
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GAG content in sera of human subj ects with fluorosis 
The studies on t.he GAG content of human sern cleurly 

reveal that the GAG content in circula ti on is in creased in 
lluorosed subjects to lin extent similar to that of the anirn ;d 
model. This is poss ibly oue to formation of t.he cartililginous 
lesions (Table 12b). 

Table 12b GAG content in serum hefore and aft.er flll Orid(, 
• • mgestlOn 

-------------------------------------------------

Human (n =9) 
Habbit (n =,'j ) 

Normal 
Mean + S.D. 

9.45 + 0.53 
6.98 .!: 1.2 J 

Humon p < 0.01 

/ : In gest e d 

Mcan ' S.D . 

12.20 -' lSI 
1:3. 27.!. 1.;"7 

Rabbit p < (l.o:, 

------------_.-------------.------------------

In human subjects the sia lic acid content shows reduction 
in circulating levels after fluoride ingestion. The rat io of 
SA/GAG revea led a 30-50% reduction in human sera in 
excessive f1uoride ingestion. Therefore esti rna ting t.1l is rat io 
could prove a very sensitive prognostic test for fluorosiH. T Ill' 
merits of the test are based un 1, simplicity, 2. sensitivit.y and 
3. high reproducibility for routine an'nlysis (Tahle 12c) (9) . 

Table 12c Iwtioof sia lic acid/GAG 

Human 
Habbit 

Normlll 

6.47 
10.19 

,. In v.('~Il'd 

:3 .7:l 
') ')2 .-) . ..... 

-----------------------------------------------------------------

Dental Fluorosis 
Having indentified certain specific cartiiaginnuR lesions ill 

cancellous bone with high concentrotions of GAG and Drr­
matan sulphate, it. is of int erest to investigate whet her th l' rr 
is any similarity between the lesion of bone and in teeth . Is it 
possible to compare the disease manifestations in the 
skeleton and teeth? 

These avenues are being explored and results will he repor­
ted elsewhere. 
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SUIJheela, A. K. eat . 

• 
? rof. Fejerskov: If we understand you , clearly Dr . S usheela, 
what you are showing is that if people have skeletal fluorosi s 
a , no den tal fluorosis, that sirltply means that they ha ve 
moved into 8 high flu oride area afte r their tooth development 
is completed. However, if you went out in Kenya, selected 
people within the same community, identified children living 
in exactly the same condit ions, used 8 sensitive scoring of 
denta l fluorosis , and correlated that with _you r two 
parameters, then it should be possible to show whether it is 
within the levels which cause skeletal fluorosi s. 
For example, wit h the type of scoring system that we are 
using for dental fluorosis , ' if you identified the level at which 
you got the first significant changes with your SNGAG I'ntio, 
then you would be able to take the converse. Therefore, in 
fu tu re studies one could say that wherever in a population 
there is , say , 30% frequency of individuals exh ibi ting grade 7 
or more fluorosis in the dentition, th is would potent ia lly be 
those who might develop skeletal problems. I think this would 
be (I step further. 

• 

Dr. S usheela: In fact we are still continuing studies 10 de ter-
mine how sensitive the t.est is to demarcate between mild. 
moderate and severe forms of skeletal fluoros is. 1 think this is 
someth ing that needs to be done and 1 do not th ink that we 
have enough information. 

Dr. Chironga : Could you clarify the average age of the 
patients you demonstrated who had died of skeletal fl uorosis. 
How long had they been living in the area and were you a hle 
to carry out any analysis of the bone on these victims. How 
did these patients relate to the rabbit models? 

Dr. Susheela: The patients I showed you were specimens from 
our museum who had died primarily of skeleta l fluoros is at 
the age of 65 to 75. They may have been crippled, bedridden, 
etc ., they were chronic cases of fluorosis. As these specimens 
were preserved specifically for the museum, they are not 
Ruit.ab le fo r biochemiea l studies a.s they have been exposed to 
Sf) mnny chemical procC8se!l in order to preserve the m. Such 
t i88 ue is not comparable to fresh biopsy materi a l or to the 
living condition, so we hove never attempted to carry out any 
au topsy . 
We have done severa l surveys throughout the rural parts of 
the coun try especially in the endemic area of Punjab where 
the children have been surveyed and the incidence of infa n t 
skeleta l and dental fluorosis has been recorded . It ranges from 
30·70% for children affected by either skeletal fluorosis, 
denta l fluorosis or both . We still believe that fluoride induces 
calcification of the blood vessels. We know t.hat there is 
placental transfer of fluoride to the growing foetus and high 
fluoride accumulated in the growing bones which alRO 
influences them . 1 suspect that this fluoride has some effect 

• 
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on the calcifi ca t.i on of the blood vesse ls alt hough I hnve no 
evidence to support this. We feel tha t a grcat deal of infant 
mortalit.y, s till birth and neo-natal death may be du(' to 
calcification of blood vesse ls of the growi ng foetu ~ . Thi s is 
sornel hing whi ch needs to be explored . 

Dr. Chintu: Most of the work you have shown W [l S 0011(' Oil 

bones, how about the teet h ? How sim il ur ~~ t he CIl IH ' ('IIU li S 

bone to teeth? 

Dr. Sushee la: We have 11 01 ye t done a com plete hioche lll i('n i 
analysi s 0 " t re th us yet. \\le have ollly done 11 few s tud i('s to 
reveal (; A(; and a nil lysed a few ot her ('o llsl i I uents . We sl i II do 
not know the biochellli(,11 1 cha rA c teri stics of the l!'plll othe r 
tha ll that a lready published . 

Prof. Fejerskov: It would be nice to fol low up on this iell' II, 
beca use Dr . Sw;heela wi!.h he r bone Htuclies hns cnnw tf, 
exactly the same hypot.hesis as we on our work on teel h. We 
have s ggested in olJr recent s tudi('s thotfluoride docs !lot 
on ly affec t dental enomel bec8ulle now we know it al ~o affl'c·ts 
dentine and at high levelH we can recogn ise it clini cli ll y in 
bone . So if we seek Il common fa 'c lor whe re flu [) ride cou ld n('(. 
it is of interest. to !lote where bone, dentine and cemen t um 
will have b ioc he mical s imilarities. The enamel is ciiffe rl'nt, it 
is an ectodermal tissue. Neverthe less we still get B d t' lnycd or 
hy pominera lisation of enamel tiss ue too. S hould we ~ (,pk n 
m ore basic leve l, e .g. a t the interph llse between protein nnd 
crystal, to com e to t he fin a l answer? This is quite fn ~cillllting 
and 1 agree that wc are go in g to need to look fo r a joint I'ITl'd 
on biom ineralisation . 

the Dr. Ka pila: With regard 10 de layed m a turIltion in 
skeleton, since the epiphyseal bo'ne is cancellous , could Y"U 
elaborate on this factor? 

Dr. S ushce la: Our ini t inl results had showll thut ili llc nes l 
has these cartilaginolls bone lesions . We Ihe n took Il s('rilll 
look at all cllllrellous horw ill l he whole flkeleton . W(, fO ll nd to 
our surpriRe that Ihill cnrtil uv, inou f; lesion WflfI mninl .v (' Ofl ' 

fined to the ili oc crellt. median spi ne und ver teb ral body . 
However, we could not find any lesions in t he epiphyseal 
growth plates, even after 20-24 mont.hs of f1 uo ride ex posll re. 
This means that therc ill a more complex medwnism involvcd 
than simple cartilllge formation . whi ch I 11 m unable to 
ex p lain Ilt the momcnt. 

Dr. OmuRe: ·l would like to thank Dr. Susheeln fo r a rnos 
e who ive fund s for research debate __ ~ _ ...... _....,.-'-,-..c.....:._ _ 

basic research or a ied rescarch . 
onst ra 1(' 10(' mlcal rescllrch 

t'b-:'e-'co-:',--n-e-'S--a-I-') I;';')~l i"'-c ~a i-b''=l e~d7i r=-=e':":c:':trl y-7t o----p-o-=-=siii b le d i [l g n O~ t ic m Clh<,(l;'. 
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