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SHORT COMMUNICATION

URINARY EXCRETION OF GLYCOSAMINOGLYCANS,
HYDROXYPROLINE AND HYDROXYLYSINE IN RABBITS AFTER
EXCESSIVE INGESTION OF FLUORIDE
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SUMMARY

1. Urinary levels of glycosaminoglycans (GAG) and hydroxyproline from normal
and fluoride treated rabbits were estimated. The hydroxylysine content of serum and
urine of rabbits after excessive ingestion of fluoride was also investigated.

2. There was a progressive decrease in GAG content, reduction in hydroxylysine,
whereas the hydroxyproline content was increased after fluoride ingestion.

3. Enhanced hydroxyproline in urinary excretion is due to collagen breakdown
after fluoride ingestion.

4. The reduction in hydroxylysine content is due to reduced collagen cross-link
formation.

5. The report suggests the possibility of using the urinary levels of GAG or
hydroxyproline or hydroxylysine as an index of fluoride intoxication.

Key words: fluoride intoxication, rabbit, urine, serum, glycosaminoglycans, hydroxy-
proline, hydroxylysine.

INRODUCTION

Fluorosis is endemic in several parts of India where the earth’s crust is highly enriched in fluoride-
containing mineral, polluting potable water and food. Excessive ingestion of sodium fluoride
through potable water and food is known to cause skeletal and dental fluorosis. The manifesta-
tions viz: calcification of ligaments, joint pain, stiffness of the vertebral column, besides dental
discolouration, pitting and chipping of the teeth are associated with the disease. Although dental
fluorosis can be diagnosed from overt symptoms, skeletal fluorosis is diagnosed radiologically at
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advanced stages of the disease. A test for the early detection of the disease does not exist as the
molecular defects of the disease are still unexplored.

Recent studies conducted in our laboratory have provided evidence that in fluoride toxicity,
collagen biosynthesis is significantly reduced (Susheela & Mukherjee, 1981). It has been shown
that the collagen laid down is inadequately cross-linked (Susheela & Sharma, 1981). It is also
known that following excess fluoride ingestion, trabecular bone is dedifferentiated to cartilage
and excessive glycosaminoglycan content is known to occur in both cancellous and cortical bones
(Jha & Susheela, 1982; Susheela & Jha, 1981, 1982). Collagen protein and glycosaminoglycans
are associated in laying down the bone matrix. As changes in collagen and glycosaminoglycan
content of bone have been observed, it was considered meaningful to investigate the status of the
two amino acid residues of collagen protein: hydroxyproline and hydroxylysine in urine. The
report also reveals the status of glycosaminoglycans in urinary excretion.

METHODS

Adult, healthy rabbits were maintained under laboratory conditions, fed normal pelleted diet
(Hindustan Lever, Bombay) and 10 mg NaF/kg body weight through an intragastric tube, at 24 h
for 60 days. The animals were maintained in metabolic cages. The cages were cleaned daily and
the urine samples collected over a period of 24 h (1000 h to 1000 h) on day 15, 30, 45 and 60 were
analysed. Urine samples collected in a similar manner from rabbits which were not administered
with NaF were used as controls.

Estimation of glycosaminoglycan (GAG) in urine

Glycosaminoglycan content of urine was estimated according to the Alcian Blue method of
Gold (1979). The results are expressed as mg GAG/24 h urine.

Estimation of hydroxyproline in urine

Urine samples were hydrolyzed in 6 N HCl at 110°C for 10 h in sealed tubes and neutralized
with KOH. Hydroxyproline from the hydrolysate was estimated by method of Kivirikko,
Laitinen & Prockop (1967).

Estimation of hydroxylysine content in urine and serum

Hydroxylysine content of urine was estimated after the animal had been intoxicated with NaF
for a period of 10 months; 24 h urine sample was collected from normal and sodium fluoride in-
gested rabbits. Following acid hydrolysis, hydroxylysine estimation was carried out by thin layer
chromatography and periodate oxidation according to the method described by Blumenkrantz &
Prockop (1971). Hydroxylysine was also estimated in serum of rabbits intoxicated with sodium
fluoride.

RESULTS AND DISCUSSION

The results obtained for urinary GAG and hydroxyproline contents show that hydroxyproline ex-
cretion is increased while GAG excretion is decreased after fluoride ingestion (Table 1). It is
noteworthy that after fluoride ingestion, the total GAG content was enhanced in human and rab-
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Table 1. Urinary excretion of total hydroxyproline and glycosaminoglycans from normal and fluoride treated

rabbits
Control 15 days 30 days 45 days 60 days
mean  s.d. mean  s.d. mean  s.d. mean  s.d. mean  s.d.
Hydroxyproline (5) 436 1.04 6.70 1.52* 14.11 2.36* 30.5 1.12* 37.6 3.82*

Glycosaminoglycans (5) 26.97 2.41 24.8 1.79f 18.5  2.09* 8.9 1.5* 11.52 1.12*

Data expressed as mg/24 h. Number in parentheses indicates the number of experiments carried
out.* P<0.001, + P<0.01.

bit serum (Jha et al., 1982). This may be due to diminished urinary excretion. However, it is in-
teresting to note that unlike hydroxyproline the hydroxylysine content was reduced both in urine
and serum. The reduction was significant at P<0.05 (Table 2).

An earlier report on collagenolytic activity has shown increased hydroxyproline content in a
variety of rabbit tissues (Susheela & Sharma, 1982). The enhanced hydroxyproline level in urinary
excretion confirms the collagen breakdown due to fluoride intoxication.

Table 2. Hydroxylysine content in urine and serum

Normal Fluoride treated P value
mean s.d. mean s.d.
Urine 57.19* 13.20 20.641 6.40 <0.05
Serum 75.001 6.25 34.06* 3.75 <0.05

Data expressed as ug/100 pul. * Mean of four experiments;
1 mean of seven experiments;  mean of three experiments.

Hydroxylysine is associated with collagen cross-link formation (Bailey & Peach, 1968;
Mechanic & Tanzer, 1970). Studies conducted on collagen cross-link precursors in fluoride toxici-
ty in a variety of rabbit tissues have shown reduced saturated aldehyde content (Susheela & Shar-
ma, 1981). The present observation on hydroxylysine content is consistent with the earlier report
that due to fluoride intoxication, the collagen protein is inadequately cross-linked and the concen-
tration of the amino acid residue in urine and serum is significantly reduced.

This report suggests the possibility of using either urinary levels of amino acid residues specific
to collagen protein viz hydroxyproline and hydroxylysine or glycosaminoglycan levels as an index
of fluoride intoxication.
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