














Table 9 Chondroitin sulphate isomers in cortical bone

hefore and after 8 months F ingestion

Fed LA S ol e . e e 1SS

Control Kxperimental

("hondrottin Sulphate A nR 62
(Chondroitin Sulphate B -
Chondroitin Sulphate C 39 36
Hyaluronic Acid 3 2

\
Data expressed as o of the total unsaturated disaccharides

formed by the action of chondroitinase

localization of glycosaminoglycans in cancellous bone

Serial paraffin sections of the iliac crest region of the pelvic
mirdle were stained for GAG using ruthenium red as there are
no  specific stains  avatlable for dermatan sulphate.
Ruthenium red positive lesions in the trabeculae of the can-
cellous bone revealed the site of GAG accumulation, The
specific regions where GAG accumulation was observed
resembled cartilage. The stacking arrangement of the chon-

trocytes was sirmilar to that of a fibrocartilage. (Iig. 3a, 3b &
“3¢) (7,8).

The GAG accumulation i specilic regions and the car-
tlage formation was not observed in cortical bone The only
detectable change o structure that could be observed in cor-
tical bone was that the diameter of the osteons and the cor-
tical thickness were increased ('Table 10).

Table 10 Morphometric data on cortical bone of normal and
Nal treated rabbits,

Normal{Hh) F
Meun_* S.1)

Treated (5H)
Mean + 5.1,

Parameters p value

Cortical thickness 1.39 ¢+ (.08 2.00 1 Q.12 < .05

in 4 m
“Diameter of osteon  3.80 + (.80 5.80 & 0.40 < 0.05
In & Im

Fluoride and calcified tissues

Fig. 3 (a) Note the darkly stained area in the trabeculae of
the iliac crest region of the pelvic girdle of the rabbit revealing

the accumulation of GAG after 8 months of NalF ingestion
(Ruthenium red staining) 300 x. .
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Fig. 3 (b) The cells in the Ruthenium red positive region
showing stacking arrangement, 750 x.
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¥ig. 3 (c¢) The inter-cellular matrix showing Ruthenium red
positive material after hyaluronidase digestion for 60
minutes. 750 x.
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%’E‘he relevance of the observations on the animal model to
Ruman skeletal fluorosis
A needle biopsy of the iliac crest region of the pelvic girdle
from a patient afflicted with fluorosis might not reveal a car-
tilaginous lesion as the biopsy would represent a very small
area of the bone. The only alternative was to extrapolate the
results obtained on the GAG content of serum and urine of
- the animal model with that of human subjects. |

AG content of serum and urine of rabbit

Urine: ‘The studies revealed that although GAG content was
inereased in bone, it was not excreted in high concentrations,
Serum: The circulating levels of GAG after fluoride ingestion
were increased significantly (Table 11).

Table 11 Fluoride action reflection on the GAG profile of
urine and serum

GAG in Urine (n=5) GAG in Serum (n=H)
mg GAG/24 hr Urine mg/100 ml Serum
Mean * S.D. Mean + S.D.
Normal 26.97* 241 6.98 + 1.21
F ingested 8.9 + 1.5 13.27 + 1.567
p< 0.001 p< 0.06
45 days 8 months

Sialic acid in bone and serum

It is pertinent to mention that although sialic acid
(glycoprotein) is minimally altered in bone as a result of
fluoride ingestion, its levels are decreased in serum as a result
of F toxicity both in animal and man (Table 12&).

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

Normal F Ingested
Mean = S.D. Mean = S.D.

Human (n=9) 61.09 + 2.72 45.39 + 2.68
Rabbit (n=5) 61.97 £ 1.89 42.71 = 4.718
Human p < 0.01 Rabbit p < 0.05

GAG content in sera of human subjects with fluorosis

The studies on the GAG content of human sera clearly
reveal that the GAG content in circulation is increased In
fluorosed subjects to an extent similar to that of the animal

model. This is possibly due to formation of the cartilaginous
lesions (Table 12b).

Table 12b GAGQG content in serum before and after fluoride
ingestion

. — e " -

Normal b Inpested
Mean * S.DD. Mean + S.1).

12.20 £ 1.5
13.27 + 1.57
Rabbit p<< 0.05

Human (n=9) 9.45 * (.53
Rabbit (n=5) 6.98 +1.21
Human p < 0.01

M T 1 e i - " - i ES sany ] &

In human subjects the sialic acid content shows reduction
in circulating levels after fluoride ingestion. The ratio of
SA/GAG revealed a 30-50% reduction in human sera in
excessive fluoride ingestion. Therefore estimating this ratio
could prove a very sensitive prognostic test for fluorosis. The
merits of the test are based on 1. simplicity, 2. sensitivily and

3. high reproducibility for routine analysis (Table 12¢) (9).

Table 12¢ Ratio of sialic acid/GAG

Normal ' Ingested
Human 6.47 3.98
Rabbit 10.19 3.22

Dental Fluorosis

Having indentified certain specific cartilaginous lesions in
cancellous bone with high concentrations of GAG and Der-
matan sulphate, it is of interest to investigate whether there
is any similarity between the lesion of bone and in teeth. Is i
possible to compare the disease manifestations in the
skeleton and teeth?

These avenues are being explored and results will be repor-
ted elsewhere.
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'x"ro‘lr Fejerskov: If we understand you _clearly Dr. Susheela,
what you are showing is that if people have skeletal fluorosis
afd no dental fluorosis, that simply means_that they have
moved into a high fluoride area after 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 conditions, used a sensitive scoring of
dental fluorosis, and correlated that with vyour two
parameters, then it should be possible to show whether it is
within the levels which cause skeletal fluorosis.

For example, with 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 SA/GAG ratio,
then you would be able to take the converse. Therefore, in
future studies one could say that wherever in a population
there is, say, 30% frequency of individuals exhibiting grade 7
or more fluorosis in the dentition, this would potentially be
those who might develop skeletal problems. I think this would
he a step further,

Dr, Susheela: In fact we are still continuing studies to deter-
mine how sensitive the test is to demarcate between mild,
moderate and severe forms of skeletal fluoresis. I think this is
something that needs to be done and I do not think that we

have enough information.

Dr. Chironga: Could you clarify the average age of the
patients you demonstrated who had died of skeletal fluorosis.
How long had they been living in the area and were you able
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 skeletal fluorosis 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
suitable for biochemieal studies as they have been exposed to
so many chemical processes in order to preserve them. Such
tissue is not comparable to fresh biopsy material or to the
living condition, so we have never attempted to carry out any
autopsy.

We have done several surveys throughout the rural parts of
the country especially in the endemic area of Punjab where
the children have been surveyed and the incidence of infant
skeletal and dental fluorosis has been recorded. It ranges from
30-70% for children affected by either skeletal fluorosis,
dental fluorosis or both. We still believe that fluoride induces
calcification of the blood vessels. We know that there is
placental transfer of fluoride to the growing foetus and high
fluoride accumulated in the growing bones which also
influences them. I suspect that this fluoride has some effect

on the calcification of the blood vessels although I have no
evidence to support this, We feel that a great deal of infant
mortality, still birth and neo-natal death may be due to
calcification of blood vessels of the growing foetus. This is
something which needs to be explored.

Dr. Chintu: Most of the work you have shown was done on
bones, how about the teeth? How similar is the cancellous
bone to teeth?

Dr. Susheela: We have not yet done a complete biochemical
analysis of teeth as yet. We have only done a few studies to
reveal GAG and analysed a few other constituents. We still do
not know the biochemical characteristics of the teeth other
than that already published.

Prof. Fejerskov: It would be nice to follow up on this iden,
because Dr. Susheela with her bone studies haz come to
exactly the same hypothesis as we on our work on teeth. We
have suggested in our recent studies that fluoride does not
only affect dental enamel because now we know it also affects
dentine and at high levels we can recognise it clinically in
bone. So if we seek a common factor where fluoride could act,
1t 18 of interest to note where bone, dentine and cementum
will have biochemical similarities. The enamel is different, it
1s an ectodermal tissue. Nevertheless we still get a delaved or
hypomineralisation of enamel tissue too. Should we seek a
more basic level, e.g. at the interphase between protein and
crystal, to come to the final answer? This is quite fascinating
and I agree that we are going to need to look for a joint effect
on biomineralisation.

Dr. Kapila: With regard to delaved maturation in the
skeleton, since the epiphyseal bone is cancellous, could yvou
elaborate on this factor?

Dr. Susheela: Our initial results had shown that iliac crest
has these cartilaginous bone lesions. We then took a serial
look at all cancellous bone in the whole skeleton. We found to
our surprise that this cartilaginous lesion was mainly con-
fined to the iliac crest, median spine and vertebral body.
However, we could not find any lesions in the epiphyseal
growth plates, even after 20-24 months of fluoride exposure.
This means that there is a more complex mechanism involved
than simple cartilage formation, which I am unable to
explain at the moment,

Dr. Omuse: I would like to thank Dr. Susheela for a_most
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etween fundin& basic research or applied research. Dr.

brilliant paper. We who _give funds for research debate

Susheela has demonstrated how basic biochemical research
becomes applicable directly to possible diagnostic methods,
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