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tecting deterioration but a separate evaluation by the research
team showed that at least 74% of the patients who had been
deemed to have relapsed had an increase of florid symptoms.
Though one-third of the patients in our sample had florid
symptoms when they entered the trial their condition was
stabilized at the time. When switched to placebo 83 % of these
increased the number of florid symptoms (table VII). The
social behaviour of many patients on placebo deteriorated and
put additional strain on their relatives (Stevens, 1973), but in
most cases it was associated with an exacerbation of schizo-
phrenic symptoms. We therefore conclude that fluphenazine
decanoate has a powerful effect in preventing and ameliorat-
ing both schizophrenic symptoms and deterioration of be-
haviour and social functioning.
We have stated that we cannot accept the 8% relapse rate

of our experimental group at face value. Ninety-five per cent.
of our sample had been established on treatment more than
three months and most more than a year, so that patients
who had been negative responders, relapsed or lapsed
from treatment would have been omitted from the sample.
Thus the proportion of chronic schizophrenics who relapsed
and began treatment with fluphenazine decanoate but were
unlikely to remain well-controlled for a year might be expec-
ted to be more than 30%, in contrast to patients well
established on treatment, of whom only 8% relapsed during
nine months in this trial.

It is noteworthy that 89% of patients entering our trial
received just one 25-mg injection of fluphenazine decanoate
monthly. Some centres give much higher doses, but these
findings suggest that low doses are effective in most cases.

This study has not touched on the problems of the chronic
disabilities of these patients. With the greater control of florid
symptoms which treatment provides the management of resi-
dual disability will become an increasing problem, because of
the growing number of chronic patients returning to live in
the community.

We gratefully acknowledge the active co-operation and participa-
tion of Sisters M. Lodge and M. Green and the nursing and
secretarial staff at St. Francis and St. Olave's hospitals who ad-
ministered the medication, recorded detailed observations, and kept

us informed of changes in the patients' clinical status. We are in-
debted to Miss C. Durston and Mrs. J. Codling for helping to
co-ordinate the study and to Drs. D. Bennett, A. Isaacs, and A. J.
Oldham for allowing us to put their patients in the trial. We also
wish to thank E. R. Squibb and Sons, Ltd., who generously pro-
vided supplies of fluphenazine decanoate and placebo.
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Summary

Investigation of 20 patients with skeletal fluorosis showed
that five had clear evidence of secondary hyperparathyroidism.
The hyperactivity of the parathyroid glands in skeletal
fluorosis in the presence of decreased solubility of the bone
mineral (fluoroapatite) strongly suggests that it is a compen-
satory attempt to maintain a normal extraceElular ionized cal-
cium equilibrium. Further study of the parathyroid glands
and of bone lesions in skeletal fluorosis is in progress.
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Introduction

During the past four years we have noticed that patients
with endemic skeletel fluorosis often show radiological bone
changes, such as coarse cystic trabeculation and sub periosteal
phalangeal resorption. These observations, coupled with re-
ports in the literature of resorption cavities in animal experi-
mental fluorosis (De Senar Clens, 1941; Rockert and Sunzel,
1960; Rockert, 1963) suggested to us the possibility of hyper-
activity of the parathyroid glands in patients with skeletal
fluorosis. The present study was therefore undertaken to in-
vestigate the pathogenetic role of the parathyroids in patients
with skeletal fluorosis.

Subjects and Methods

Twenty patients (17 men and 3 women) aged 42 to 68 years
with proved endemic skeletal fluorosis were investigated for
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parathyroid hyperfunction. All belonged to a low socio-
economic class and had lived since birth in an endemic
fluorosis area-namely, the Madheya Khan Ka Purwa in the
district of Rai Bareli, Uttar Pradesh, India. Radiological
changes suggestive of hyperparathyroidism were observed in
only five patients, and subsequent investigations were there-
fore confined to these cases.

Laboratory investigations included plasma calcium, phos-
phorus, and alkaline phosphatase; blood urea; creatinine
clearance, phosphate clearance, tubular reabsorption of phos-
phate, urinary calcium, and urinary fluoride; and chemical
analysis of the bone ash for calcium, phosphorus, and fluoride.
Faecal excretion of fat was estimated in each patient on a six-
day collection. Skeletal and dental radiographs and biopsy
specimens of the iliac crest were studied. The fluoride content
of the bone, drinking water, and urine samples was deter-
mined spectrophotometrically using zirconium dye complex,
as detailed by Megregian (1954).

Observations and Results

A summary of the laboratory investigations is given in table I.

TABLE I-Laboratory Investigations* in Patients Studied

Plasma Crea- Phos- Tubu- Urine Urine
tine phate lar Re- Cal- Fluor- FaecaCase Cal- Phos- Alk. Clear- Clear- absorp- cium ide

No. cium phorus Phos- ance ance tion of (mg/ (PFp-m-/at
(mg/100 (mg/100 phatase (ml/min/1-73 m') phos- Day) Day) g/Day)

Ml) Ml) K.A. phate
units

1 9-2 4-3 80 126 20 75 65 4-8 1-8
2 11-2 3-0 60 140 36 64 85 4-8 3-2
3 9-5 3-6 34 135 27 75 60 3-4 3-8
4 10-8 3-5 48 122 32 70 50 3 0 2-7
5 9 7 4-5 26 126 25 82 65 3-2 4-5

* Urinary amino-acid chromatograms showed normal "glycine" patterns. Blood urea
ranged from 18 to 28 mg/100 ml. Calcium was corrected for specific gravity of the
plasma.

Radiological Changes.-Diagnostic radiological features
were observed in each patient and included osteosclerosis,
particularly of the spine pelvis and thorax irregularly out-
lined osteophytes; periosteal bone formation; irregular exos-
toses; and calcification of ligaments, interosseous mem-
brane, and muscular attachments. Appearances characteristic
of hyperparathyroidism where present in all the patients.
These included (1) subperiosteal resorption in the phalanges,
(2) erosions or loss of the lamina dura, and (3) coarse and
cystic trabeculations, metaphyseal erosions, and thinning of
the cortex particularly in the pelvis knees and hands (figs.
1 and 2).
Bone Histology.-Undecalcified and decalcified sections of

the bone obtained from the iliac crest by open biopsy were
studied histologically in all cases (fig. 3). The compact bone
showed poorly formed haversian systems and disordered
lamellar orientation of the bone. Irregular deposits of osteoid
tissue were seen among the bone trabeculae, which were thick
at places and contained an excess of calcium. Osteoclastic
resorption and irregular erosions in the edges of the bone
trabeculae were observed in all five cases. An increase in the
periosteocytic surface resorption area was seen in all the
specimens and strongly suggested the parathyroid overactivity
(table II).

Fluoride in Drinking Water.-Twenty samples of water were
analysed from four wells located at different places in the en-
demic area and showed a fluoride concentration of 10-3-
13 5 p.p.m. The mean intake of fluoride from water alone by
each patient was-'25 mg/day, and when it is realized that the
same water had been used for processing and cooking the
food the intake becomes still larger.

FIG. 1-Case 2. Radiograph showing increased density, coarse trabeculae,
and'cortical erosions of the phalanges, especially of the fifth finger. Crippling
fluorosis with tertiary hyperparathyroidism. High plasmacalcium (11 mg/100
ml). Parathyroid adenoma found on exploration of the neck.

MIG. 2-Case 2. Radiograph taken eight weeks after removal of parathyroid
adenoma showing healing of cortical erosions in the phalanges. Forearm
shows calcification of the interosseous membrane as a diagnostic feature of
skeetal fluorosis.

TABLE II-Quantitative Histology of Iliac Bone Specimens

Case Bone Surface Osteoid Surface Total Bone Sur- Periosteocvsic
No. 7 with Osteoid with a Calcifica- face with Re- Surface Resorp-

(%) tion Front (%) sorption Lacunae tion Area ('ms)

1 26 92 5 23-8 82*5
2 30 88-0 18-4 77 0
3 25 82-3 16-5 68-7
4 23 89-0 14-3 65-8
5 23*5 95 0 16-2 74-2

Normal 16 80 4-8 55'0
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which suggest that the patient was in the course of develop,
ing tertiary hyperparathyroidism in the sense described by
Davis et al. (1968). Subsequendy parathyroid hyperplasia was
discovered at operation and the right upper parathyroid gland,
which showed an adenoma weighing 3'8 g, was removed (fig.
4). Presumably this was a possible case of tertiary hyper-
parathyroidism in which the adenoma arose after long-stand-
ing hyperplasia as a result of excessive fluoride intake.

FIG. 3-Case 2. Histological picture of iliac crest biopsy specimen showing
irregular osteoclastic resorption of the bone trabeculae and increased perio-
steocytic osteolysis suggestive of hyperparathyroidism. (x 292.)

Discussion

All the five patients were men aged 42 to 60 years and had
symptoms that had ranged in duration from 5 to 11 years.
Clinical findings were similar to those reported by us previ-
ously (Teoiia et al., 1969) and included mottled discoloura-
tion of the teeth, skeletal pains, restricted and painful joint
movements, backache, stiffness and nrgidity of the spine, and
an inability to close the fists. One patient (case 2) had genera-
lized forward flexion, fixed chest with miinimal expansion,
grossly limited movements of the spine, and flexion deformi-
ties at the hips and knees suggesting crippling fluorosis.
The laboratory investigations (table I) showed extremely

high plasma alkaline phosphatase, increased phosphate clear-
ance, and decreased tubular reabsorption of phosphate sug-
gestive of parathyroid hyperfunction. Each patient showed an
increased urinary excretion of fluoride and a low urinary
calcium. Chemical analysis of the iliac bone showed an excess
of calcium and fluoride (table III).

TABLE iii-Bone Composition (Ileum) per IOOg Dry Fat-free Bone Ash*

Case Calcium Phosphorus Fluoride
No. (g) (g) (mg)

1 13-2 5-3 585
2 12-0 5-0 420
3 13-2 5 0 475
4 11*8 5-2 378
5 12-5 4-8 265

* Figures obtained from a person from a non-fluorotic area were calcium 10-8 g,
phosphorus 4 9 g, and fluoride 30 mg.

Skeletal radiographs showed typical changes of both fluor-
osis and hyperparathyroidism and included a generalized
increase of bone density, calcification of interosseous mem-
brane, and subperiosteal resorption of the phalanges (figs. 1
and 2) and coarse cystic trabeculations. Dental x-ray films
showed resorption of the alveolar bone around the roots of the
teeth with erosion or loss of lamina dura in all five cases.
The histological bone changes suggestive of hyperparathy-

roidism osteoclastic erosion of the bone trabeculae and in-
creased periosteocytic surface resorption area, were observed
in each patient (table II, fig. 3). Radiographically and his-
tologically the patients showed features of a combination of
fluorosis and hyperparathyroidism. All the patients had ade-
quate calcium and vitamin D in the diet and none showed
renal disease or intestinal malabsorption (table I).

It is of note that in case 2 (table I) suspiciously high plasma
calcium and low plasma phosphorus levels were recorded,

FIG. 4-Case 2. Parathyroid adenoma composed of masses of chief celb.
Oxyphil cells were uncommon and the other three glands showed secondary
hyperplasia. (x 70.)

Reports in the literature on parathyroid hyperfunction in
human skeletal fluorosis are sparse. Nichols et al. (1965) re-
ported on a patient with multiple myelomatosis treated with
fluoride who subsequently developed radiological evidence of
fluorosis and a metabolic pattern indistinguishable from that
seen in patients with hyperparathyroidism. Bernstein and
Cohen (1967) confirmed parathyroid hyperplasia at operation
in three patients with osteoporosis who had received fluoride
for six months to a year. Teotia et al. (1971) reported radio-
logical changes suggestive of hyperparathyroidism secondary
to fluorosis in an 11-year-old patient with endemic skeletal
fluorosis.

In a thorough experimental study Faccini and Care (1965)
observed overactivity of the parathyroid glands in a fluorotic
sheep; this they demonstrated by an electron-microscopical
study of the parathyroid glands and a concomitant immuno-
assay of the amount of circulating parathyroid hormone,
which was found to be as much as five times higher than rest-
ing and control levels. The serum calcium remained within
normal limits.
The mechanisms leading to the hyperfunction of the para-

thyroid glands in skeletal fluorosis are not clear. The experi-
mental evidence that fluoride containing bone from other
species can resist resorption was provided by Havivi and
Guggenheim (1966), who found that fluoride bone from mice
had a reduced '5Ca release compared with control bone when
the animals were given injection of parathyroid extract for two-
weeks. Berry and TriUlwoid (1963) and Proffit and Ackerman
(1964) reported that when the fluoride toxicity is not severe
enough to cause a generalized cellular depression then a

compensatory mechanism which is mediated through the
parathyroids probably develops to overcome the physico-
chemical properties of bone apatite crystals.

Crystallographic studies have shown that the apatite cry-
stals in fluorotic bone are of a larger size (Zipkin et al., 1963)
than in normal bone. This improvement in crystal texture is

6319h
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4ccompanied by the diminished solubility and mobility of the
bone salt. The fluoroapatite crystals, therefore, are more stable
and less reactive in surface exchange reactions, since larger
crystals offer less surface area for a given weight of bone. It
may therefore be assumed that these changes increase the
resistance of bone to the actions of the parathyroid hormone
and may cause lowering of the plasma ionized calcium, so
stimulating the compensatory parathyroid activity.
However, it seems unlikely that the reduced resorption of

fluoride bone alone is the factor exciting parathyroid stimula-
tion, particularly in the light of certain animal experiments.
Yates et al. (1964) showed evidence of parathyroid stimula-
tion on a short-term basis using intraperitoneal lavage in rats.
Faccini (1969) performed immunoassay of parathyroid hor-
mone in sheep and demonstrated a significant increase in
circulating hormone levels only a week after starting fluoride
administration. The possibility, therefore, that fluoride might
induce secondary hyperparathyroidism by interfering with the
calcium equilibrium between bone and serum by accelerating
crystal growth or producing a more rapid ion exchange has to
be considered. We also feel that further investigations to
exclude the direct effect of fluoride on the parathyroids are
necessary.

We are most grateful to Professor C. E. Dent, University Col-
lege Hospital Medical School, London, for his advice and helpful
criticism of the manuscript, and to Miss Susan Heels and Mr.
Robert R. Burns, ailso of University College Hospital Medical
School, for their invaluable technical help.

Addendum.-Since preparing this manuscript we have de-
termined serum immunoreactive parathyroid hormone levels
in our patients and found the expected high levels
of 1,250, 2,800, 1,075 1,050, and 1,225 pg/ml respectively (in
the assay used parathyroid hormone was unmeasurable in
normal subjects). Immunoreactive parathyroid hormone levels
correlated positively with the biochemical, radiological, and
histological findings in all five cases.
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Summary

The fibrinolytic system was studied in primary biliary
cirrhosis (16 patients) and large bile duct obstruction
(10 patients, nine of whom had carcinoma). Plasma
fibrinolysis (plasminogen activator activity) was de-
creased and fibrinogen increased in both groups of
patients, particularly in those with large duct obstruction.
These changes were related to the degree of cholestasis.
Plasminogen activator activity was inversely related to
serum triglyceride levels in patients with primary
biliary cirrhosis. Urokinase inhibitors were decreased in
both groups and antiplasmins increased in patients with
large duct obstruction; fibrin/fibrinogen degradation
products were normal in primary biliary cirrhosis and
moderately increased in large duct obstruction. None
of these fibrinolytic indices was related to the degree of
cholestasis. Fibrinolytic activity and fibrinogen returned
almost to normal levels after palliative surgery in the
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three patients with large duct obstruction who were
studied. The decreased plasma fibrinolysis and increased
fibrinogen may be due to altered lipid metabolism in
cholestatic jaundice. In patients undergoing surgery for
large duct obstruction there may be an increased risk of
thrombosis.

Introduction

Little is known about fibrinolysis in cholestatic jaundice.
Ratnoff (1949), Nilehn and Nilsson (1964), and van de Loo and
Schmiesing (1965) found normal fibrinolytic activity in patients
with this condition. Few patients were studied, however, and
the methods used were usually designed to detect normal or
increased rather than decreased fibrinolysis. We therefore
investigated fibrinolysis in two groups of patients: one group
with primary biliary cirrhosis and the other with large bile
duct obstruction.

Patients and Controls

Sixteen patients (aged 35-66 years) with primary biliary cirrhosis
were studied. The diagnosis was based on clinical, immuno-
logical, and histological criteria (Scheuer, 1968; Sherlock, 1968).
There were 10 patients (aged 28-62 years) with obstruction to
large bile ducts; nine had carcinoma of the pancreas or bile
ducts and one a stricture of the common bile duct. The control
group (12 men and nine women, aged 21-62 years) were healthy
medical and laboratory personnel.


