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EDITORIAL
URINARY FLUORIDE: MEASURE OF TOXICITY?

i The question whether urinary fluoride is correlated with fluoride in-
take and whether the level of urinary fluoride can be equated with flu-
oride-induced illness is a matter of importance not only to scientists en-
gaged in fluoride research, but also to government agencies responsible

for establishing standards, as well as to attorneys involved in fluoride

connected litigation, and most especially to clinicians confronted with

the diagnosis of fluoride intoxication. Some authors (1) have proposed

that the degree of intoxication can be judged on the basis of the level of
urinary fluoride. However, more and more evidence is accumulating which

points to the fallacy of such a theory.

In general it is true that urinary fluoride rises in relation to flu-
oride intake. Whether the level of urinary fluoride parallels adverse ef-
fects of fluoride has been examined extensively by Waldbott (this Journal
Oct. 81, p. 148; July 82, p. 109) who pinpointed the fallacies in exten-
sive surveys on fertilizer and aluminum factory workers (2,3)which purport
to "prove" that low urinary fluoride signifies lack of 111 effect.

Many factors account for wide individusl differences among workers ex-
posed to atmospheric fluoride, some of which follow:

1. Growing children retain more fluoride in their bones than adults
and therefore excrete less.

2. Age, the extent of kidney and liver function, and gastric acidity
alter the pattern of fluoride excretion, 1.e. patient's whose kidneys mal-
function retain more fluoride (4).

3. During pregnancy, urinary fluoride is reduced (5).

4, Simultaneous intake of substances which bind fluoride, such as
calcium, aluminum, and other metals, causes increased fluoride elimination
through the gastrointestinal tract and therefore decreases urinary excre-
tion (6).

5. Persons previously exposed to high fluoride intake, on a low fluo-
ride regime prior to sampling, eliminate more fluoride than they take into
their bodies (7,8).

6. From day to day and from hour to hour the variability of consump-
tion of fluoride in food and water and the extent of activity of a fluoride-
emitting factory at the time of sampling, make spot sampling less reliable
than 24-hour urine. The specific gravity (9) and acidity (pH) (10) of urine
and possible contact of urine with metal, glass, or enamel will have to be
considered.

In statistical studies, individuals who are suffering 111 effects may
fail to be identified. To establish the diagnosis careful clinical obser-
vations over prolonged periods of individuals both at the top and at the
bottom of the statistical scale are necessary.

In the July 1984 issue of this Journal, Chandra and Thergaonkar report-
ed new observations on the relationship of fluoride in drinking water to
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208 Editorial

fluoride in urine and the incidence of mottled teeth. They found a signifi-
cantly positive relationship between the fluoride level in drinking water
and urinary fluoride whereas that between the calcium content of drinking
water and urinary fluoride was significantly negative. Comparison of
urinary fluoride with drinking water fluoride and severity of dental flu-
orosis revealed that up to 4 ppm F~ in drinking water, urinary F~ excre-
tion was higher than drinking water F~. As the level of F~ in drinking
water increased, urinary F~ values decreased. The lowest urimary F val-
uve, 0.8 ppm, was detected in a child with very mild dental fluorosis whose
drinking water contained 1.42 ppm F~. On the ocher hand, a child mani-
festing severe dental fluorosis excreted 30.4 ppm F~ in urine while con-
suming 4 ppm F~ in water. From 9 years of age upwards, mean F~ excretion
through urine was always higher than mean drinking water F~. Increasing
severity of dental fluorosis was directly related to increase in urinary
F~ excretion (117% to 150X among fluorotics).

Reddy et al., in this issue (pages 224-227), measured urinary fluo—
ride levels in 24~hour samples over a period of 7-38 days from 16 cases
of established skeletal fluorosis. The level of fluoride in the drinking
water ranged between 3.8 and 11.4 ppm. Minimum urinary fluoride ranged
between 0.5 and 4.48 ppm, maximum between 1.5 and 13 ppm. No correlation
was observed between urinary fluoride, clinical stage of fluorosis, or
neurological sequelae. Reddy stresses the importance of 24~hour sampling
over a prolonged period because urinary fluoride varies widely from day
to day in the same individual. He concludes that high urinary fluoride
is consistent with fluorosis. Low urinary excretion, however, does not
necessarily exclude fluoride-induced illness,

The foregoing studies amplify and confirm Waldbott's repeated find-
ings, namely that fluoride-induced injury cannot be reliably determined
on the basis of the level of urinary fluoride and that spot samples or
single 24-hour samples of urine can be very misleading. In a survey in
his own practice of a selected group of allergic patients, 24-hr. uri-
nary fluoride output was highly inconsistent, both in pre-1967 low-fluo-
ride (0.1 ppm) Detroit and in fluoridated (1 ppm) cities. Twenty-four
hour fluoride excretion ranged up to 5.6 mg. The majority were between
0.0 and 1.0 mg. Following a test dose (6.8 mg NaF), given orally, one
patient eliminated only 3.6% of it in the 24-hour urine, another 99.5%
(11). Some of his patients with severe symptoms eliminated little flu-
oride in urine whereas others, with high urinary excretion, were symp-
tom-free (12). He explains: "Low urinary F levels signify that either
lictle F- is taken into the system, that F~ is being retained in the sys-
tem, or that larger than usual amounts are being excreted through the
bowels, sweat or saliva" (12).
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STIMULATION OF ADENYLATE CYCLASE ACTIVITY BY NaPO3F AND NaF
IN INTACT RAT HEPATOCYTES AND PLASMA MEMBRANE FRACTIONS

by

A.R. Shahed and D.W. Allmann
Indianapolis, Indiana

SUMMARY: The effect of NaP03F (MFP) on cAMP produc-
tion and adenylate cyclase activity in rat hepatocytes
was investigated. MFP (1-10 mM) increased cAMP accumu-
lation in hepatocytes isolated from both fed and fasted
rats. MFP increased adenylate cyclase activity (a) in
plasma membrane fractions and (b) in intact hepatocytes
under conditions where hydrolysis of MFP was negligible.
It is proposed that MFP, as a complex, stimulates adeny-
late cyclase activity and thus increases cAMP accumula-
tion in isolated hepatocytes.

KEY WORDS: NaF; NayP0,F; cAMP; Adenylate cyclase; Hepatocytes
Introduction

In our metabolic studies with liver cells, both NaF and MFP enhanced
glycogenolysis, inhibited glycolysis and altered the activity of several
enzymes involved in these pathways (1-3). Furthermore, both NaF and MFP
increased gluconeogenesis from lactate and dihydroxyacetome (1). Since
NaF has been shown to increase cAMP accumulation in intact hepatocytes
(4,5), it was proposed that NaF increased glycogenolysis and decreased
glycolysis in a cAMP-dependent manner.

MFP is a compound in which F is covalently bound to phosphorus and
is not readily hydrolyzed (see the Discussion section for a description
of MFP hydrolysis). MFP, like other fluorine containing compounds, e.g.
NagSiFg, SnFjy, and NaF etc., is present in concentrations ranging from
0.05 to 650 mM in many products commonly used in dental care. Recent
work (6-8) has shown that up to 50% of the topically applied fluoride
can be ingested. Due to these facts and our continued interest in meta-
bolic effects of fluorine-containing compounds and our above-mentioned
parallel observations with NaF and MFP on carbohydrate metabolism, the
present investigation was undertaken.

The current report describes the effect of MFP on cAMP accumulation,
adenylate cyclase activity, and phosphodiesterase activity {in {solated
rat hepatocytes.

Materials and Methods

Animals and dier. Male Wistar rats (150-174 g) were maintained on
a fluoride deficient diet [IU 500 (10)] and distilled water for at least

From the Indiana University School of Medicine, 635 Barnhill Drive, In-
dianapolis, Indiana 46223
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F Stimulation of Adenylate Cyclase 211

a week before being used for the isoclation of hepatocytes or plasma mem-
brane preparations.

Isolation of plasma membrane fractions. Plasma membrane fractions
were obtained either from whole liver or from isclated rat hepatocytes
that had been pretreated with NaF or MFP, When whole 1liver was the
starting material, the tissue was homogenized in 1 mM NaHCO3 containing
0.5 mM CaClp at pH 7.5 and the plasma membrane fraction was isolated ac-
cording to Neville (11). Vhen plasma membrane preparations were ob-
tained from pretreated rat hepatocytes, the hepatocytes were isolated us-
ing a standard collagenase method and preincubated with NaF or MFP for
10 min as described previously (4). The incubated cell suspension was
centrifuged for 1 min at 100 x g and the cell pellet was homogenized in
1 mM NaHCO3 containing 0.5 =M CaCl, at pH 7.5 followed by centrifugation
for 10 min at 1500 x g. The pellet was washed twice in the same buffer
by resuspending. The plasma membrane fractions were stored in liquid N3
until used for assaying adenylate cyclase activity. Plasma wmembrane
fractions obtained from hepatocytes preincubated with NaF or MFP con-
tained negligible amounts of the fluoride which was added during the
preincubation.

Assay of adenylate cyclase activity. Adenylate cyclase activity
was determined by measuring the amount of cAMP produced as described by
Johnson et al. (12). The reaction was initiated by the addition of a
plasma membrane fraction (0.2-0.4 mg protein) and terminated 10 min lat-
er by the addition of 0.2 ml of 0.3 M HC10; containing JH-cAMP (5000 -
10,000 cpm). The mixture was boiled for 5 min. The samples were centri-
fuged and cAMP was determined using the protein kinase binding assay as
described previously (4).

Phosphodiesterase activity. Phosphodiesterase activity was assayed
in a 30,000 x g (30 min) supernatant of a rat hepatocyte homogenate in a
two step reaction according to Thompson and Appleman (13).

Hydrolysis of MFP. Hepatocyte (50-100 mg) suspensions were incubat-
ed in the presence of various concentrations of MFP for 10 min in 2 ml of
Krebs-Henseliet buffer pH 7.4 gassed with 95X 0,-5% CO2, containing 2.5%
bovine serum albumin and 1 mM theophylline in a shaking water bath at 37°
C, centrifuged (1 min at 100 x g8) and analyzed for free fluoride in the
supernatant using a fluoride specific electrode. The purified sample of
MFP (Ozark-Mahonning Co., Tulsa, OK) used in these experiments contained
less than 4.5 free fluoride.

Results

Hydrolysis of MFP. Data shown in Table 1 clearly indicate that only
2-6% of the added MFP was hydrolyzed to free fluoride by hepatocytes in
10 min under the experimental conditions employed. MFP hydrolysis was
slow and time dependent (data not shown). The percent hydrolysis of MFP
by plasma membrane fractions was insignificant (data not shown).

Effect of MFP on cAMP accumulation in rat hepatocytes. The data pre~
sented in Table 2 illustrate that MFP significantly increased cAMP levels




212 Shahed and Allmann

Table
Hydrolysis of MFP in Isolated Hepatocytes

MFP Added Conc. of F in the Conc. of F 1in the  Net

(uM) madiom (M) medium (M) Hydrolysis
(- Hepatocytes) (+ Hepatocytes) I
] 0.5 0.5 -
100 4.0 10.1 5.6
500 17.5 50.5 6.5
1,000 37.0 83.5% 4.6
5,000 200.0 33.5 2.7
10,000 430.0 610.0 1.8
Conc. of free ¥ Conc. of freea ¥ free (F)
Net Free(F) = in medium plus - {n med{um minus - in the
hepatocytes hepatocytes buffer

Results are representative of several such experiments. MFP

samples used for this experiment dontained less than 4.5% free
¥~. Hepatocytes were incubated for 10 min with indicated MFP
concentrations in Krebs-Henseleit buffer, pH 7.4, 2.5% bovine
serum albumin and 1 s theophylline previously gassed with 51

eoz-’sx 02.

Table 2

EBffect of MFP om cAMP Formation io Hepatocytes
From Fed and Fasted Rats

WP (wM wet wt./10 win.
Fed 24-8r. Fasted

0.0 390 ¢ 30 1200 t 180

1.0 1140 £ 170% 1890 ¢ 350

2.5 1340 £ 225+ 2510 & 200

5.0 1110 ¢ 1408 2940 + 210%

10. 2140 £ 680% 3250 = 280+

*p < 0.05

Results expressed as means t S.E.M. of 5-6 different
hepatocyte preparations. Hepatocytes were i{ncubated
for 10 min. with MFP {n Krebs-Henseleit buffer. pB
7.4, 2.5% bovine serum albumin, and 1 mM theophylline.

in hepatocytes isolated from either fed or fasted rats. Approximately a
3-fold increase in cAMP was observed when 1 mM MFP was present. Based on
the data in Table 1, when 1 mM MFP was present in the incubation system

the free fluoride concentration was about 83 uM. As previously shown (4)
a concentration of 5 mM NaF was required to induce a similar 3-fold in-

crease in hepatocyte cAMP accumulation. Thus the data in Table 2 cannot

be easily explained by the hydrolysis of MFP to free fluoride ions. There-
fore it appears that (a) cAMP accumulation is not the result of hydroly-

sis of MFP to free fluoride, and (b) that MFP appears to be more effec-
tive than NaF in increasing hepatocyte cAMP levels.

Volume 17 No. 4
October 1984



F Stimulation of Adenylate Cyclase 213

Effect of NaF and MFP on adenylate cyclase activitv in & crude plas-
ma membrane preparation. In view of our observations described above, it
was of interest to explore whether MFP, like NaF, would also stimulate
adenylate cyclase activity in a plasma membrane preparation. The results
presented in Table 3 show that MFP like NaF significantly stimulated
adenylate cyclase activity in a crude plasma membrane fraction. The in-
crease in adenylate cyclase activity was in a concentration~dependent man-
ner. A partially purified plasma membrane fraction from whole liver gave
a similar stimulation of adenylate cyclase activity in the presence of
NaF, MFP and glucagon (data not shown). Since both phosphate and pyro-
phosphate could be present as impurities in MFP, their effect on adeny-
late cyclase activity was also studied. Pyrophosphate inhibited adeny-
late cyclase activity as has beén shown by others (14,15), whereas phos-
phate had no effect (data not shown). Thus the increase in cAMP levels
seen with MFP could not be due to pyrophosphate or phosphate contami-
nation. All experiments with hepatocytes contained theophylline to inhi-
bit phosphodiesterase activity. Therefore it is apparent that the MFP
dependent increase in cAMP accumulation is most likely the result of a2
direct stimulation of adenylate cyclase activity.

Table 3

MFP and NaF Adenylate Cyclase Activity in Crude Plasma
Membrane Fractions from Rat Hepatocytes

Adenylate Cyclase Activity*

Concentration MFP BaF Glucagon _
0.0 20 £ 4 20 + 4
1.0 mM 62 * 16%% 54 & Senn
2,5 mM 73 4 20%% 108 + 29%#
5.0 mM 81 ¢+ 18%*% 161 = 23+
10.0 mM 94 ¢ 13%% 148 & 32%%

100.0 nM - 168 = 28%»
*pmoles cAMP/mg protein 10 min., ** p < 0.005

Results expressed as means ¢ S.E.M. of five different
plasma membrane preparastions. Hepatocytes from fed
rats used to prepare crude membrane fractions as
described under Methods. MFP, NaF or glucagon pre-
sent during sssay of adenylate cyclase.

Effect of MFP on cAMP phosphodiesterase activity. Another mechanism
that could lead to an increase in the hepatocyte cAMP level could be the

inhibition of phosphodiesterase activity by MFP or NaF. Phosphodiesterase
activity was measured in a high speed supernatant of a rat hepatocyte ho-
mogenate. NaF and MFP did not have any significant effect on phosphodi~
esterase activity (Table 4). As expected, theophylline significantly in-
hibited phosphodiesterase activity. Thus the stimulation of cAMP levels
seen with intact hepatocytes above was not due to an effect of MFP or NaF
on the phosphodiesterase activity.
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Table 4
F Cytoplasmic Phosphodiesterase Activity

pmoles adenosine released/mg protein/min

Concentration NaF MFP Theophylline
0 170 £ 20 170 = 20 170 ¢+ 20
1 oM 220 ¢ 40 160 + 10 100 = 10*
5 mM 340 £ 90 170 £ 10 72 0.1*
* p < 0,05

Results expressed as mean * S.E.M. of four different
preparations. Phosphodiesterase activity measured
in the supernatant of a rat hepatocyte homogenate
as described in Methods.

Effect of NaF and MFP on hepatocyte adenylate cyclase activity. This
experiment was designed to examine whether MFP and NaF would interact
with adenylate cyclase in intact hepatocytes in some manner as to render
the enzyme in an active form. It has been shown that plasma membrane
preparations pretreated with NaF and the subsequent removal of NaF re-
sulted in an {rreversible activaction of adenylate cyclase activity (14).
To examine whether NaF and MFP would also activate adenylate cyclase in
an irreversible manner, in intact cells, hepatocytes were preincubated
with NaF and MFP for 10 min, centrifuged, and the cell pellet was then
washed with buffer and subsequently used to prepare the plasma membrane
fraction (see Methods). During this procedure more than 99% of the
added fluoride was removed and its concentration in the adenylate cyclase
assay was negligible. Adenylate cyclase activity in crude plasma membrané
fractions prepared from hepatocytes pretreated with NaF and MFP was ele-
vated by 5-fold and 16-fold respectively (Table 5). As seen with cAMP
accumulation in intact hepatocytes (Table 2) and reference 4 for NaF data
and the activation of intact hepatocyte adenylate cyclase (Table 5), it
appears that MFP is more effective in stimulating adenylate cyclase acti-
vity and cAMP accumulation in hepatocytes than NaF.

Discussion

The results of this investigation, for the first time to our know-
ledge, clearly demonstrate that MFP, a compound in which F is covalently
bound to phosphorus, stimulates cAMP accumulation in intact hepatocytes
from fed and starved rats (Table 2), It also shows that MFP induced in-
crease in cAMP formation is dependent on the stimulation of adenylate cy-
clase activity (Tables 3,5) and not on an inhibition of cAMP phosphodies-
terase, since the latter i{s not affected by either NaF or MFP (Table 4).
This is the first report to show that MFP stimulated adenylate cyclase ac-
tivity in plasma membrane fractions prepared from {isolated hepatocytes
(Table 3). The data presented in Table 5 show that MFP and NaF increased
adenylate cyclase of rat hepatocytes irreversibly. In this experiment, in-
tact hepatocytes were preincubated with either NaF or MFP, and then cells

Volume 17 No. 4
October 1984



F Stimulation of Adenylate Cyclase 215

Table 5

NaF and MFP Adenylate Cyclase Activity
in Rat Hepatocytes

Preincubation
concentration pmoles cAMP/mg protein/10 min
of Na¥ or MFP Na¥ _ wre
0 mM 3.3 2 0.4 3.3 : 0.4
0.5 mM 8.4 2 0,3 N.D.
2.5 o8 11.8 2 2.1* 15.9 ¢ 3.1+
5.0 s 15.6 = 2.1 29.2 ¢ 11,1
10.0 wM 20.6 = 5.1* 50.7 ¢ 15.1*
®p <0.05

Results expressed as means : S.E.M, of 6-8 different
hepatocyte preparations. Hepatocytes incubated for
10 min. with either NaF or MFP., Plasaa mesbrane
fractions prepared and adenylate cyclase assayed

as described in Methods in absence of added MaF or
MFP. Under these conditions free F~ concentration
in assay negligible.

vere washed to remove NaF and MFP (more than 997 being removed), and a
plasma membrane fraction prepared and assayed for adenylate cyclase acti-
vity. Under these conditions adenylate cyclase activity was stimulated 5
and 16-fold following pretreatment with NaF and MFP respectively (Table 5).
The stimulation of adenylate cyclase activity by MFP appears to be the re-
sult of the whole complex rather than due to the release of fluoride as a
result of hydrolysis of MFP, since under these conditions the concentration
of free F~ during the adenylate cyclase assay was negligible. The data in
Table 1 show only 2-6X hydrolysis of MFP, and the concentration of free
fluoride was estimated to be only 600 uM when 10 mM MFP was used under the
present experimental conditions. Therefore it appears that free fluoride
generated from the hydrolysis of MFP cannot account for adenylate cyclase
activation observed since the Ky for fluoride is 3-5 mM (15). MFP can be
hydrolyzed under acidic conditions (16) e.g. pH less than 3, or wnen low
concentrations (<0.05 mM) of MFP are incubated with different enzyme prep-
arations (17). However it has been shown in this paper (Table 1) and by
Ericsson and Patterson (17) that the percent hydrolysis of MFP is inverse-
ly related to the substrate concentration. That is wheu the concentration
of MFP is greater than 0.05 mM the percent hydrolysis is reduced. Thus it
is possible that under the conditions employed in these experiments with
MFP concentrations of 1-10 mM and a low protein content during preincuba-
tion very little hydrolysis of MFP was observed.

It is concluded that MFP, acting as an intact compound, can stimulate
adenylate cyclase activity in an irreversible manner in intact Thepato-
cytes as well as plasma membrane fractions and thus increase cAMP accumula-
tion in isolated rat hepatocytes.
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EFFECT OF F ON MAJOR SALIVARY GLANDS. THE AMYLASE ACTIVITY, STIMULATED
SALIVARY FLOW RESPONSE AND cAMP LEVELS IN PAROTID GLAND OF RATS
CONSUMING F~ VIA DRINKING WATER

by

1. Boros, Gy. Mozsik®, and P. Keszler
Budapest, Hungary

SUMMARY: This study examined the effect of intakes of
25 or 50 ppm fluoride via drinking water for four weeks
on the amylase activity of the parotid gland, isopro-
terenol-stimulated ( 1 mg/l100 g b.w., i.p. ) salivary
flow and on the amylase activity in saliva fractions. A
significant elevation of the tissue amylase activity was
seen in the F,5 and F5p Broups compared to control. The
volume of saliva collected for 30 min after isoproterenol
injection was higher in the fluoride-treated groups; the
amylase activity was also increased. In the glandular
tissue cAMP level was augmented. It appears that fluo-
ride may affect the parotid function; it may also influ-
ence the salivary amylase activity, presumably by acting
on the adenyl cyclase activity.

KEY WORDS: Fluoride consumption via drinking water; Parotid awylase ac~
tivity; Salivary flow; Amylase activity in saliva; cAMP level parotid

RAauds Introduction

Although fluoride 1is a well known inhibitor of many enzyme systems
in vitro (1) and fluoride stimulates cAMP production in broken cell sys-
tems (2) only little is known about its in vivo effects. The skeletal
and dental changes due to fluoride administration have been extensively
studied (3-9), However little attention has been paid to metabolic
changes occurring in tissues of intact animals consuming fluoride in
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drinking water. Several studies have been performed on the salivary flu-
oride concentrations (10-14), but only few studies are concerned with
the effects of fluoride on the salivary glands which are known to have
high metabolic activity (15-18). Few data are available on the influ-
ence of fluoride on the salivary enzymes (19-21).

The purpose of the present investigation was to study the altera-
tions in the parotid amylase, isoproterenol-stimulated salivary flow and
in the amylase activity of the saliva 4in rats consuming fluoride in
drinking water for four weeks. The authors alse wished to find out
whether or not the intake of fluoride (25 to 50 ppm) in drinking water
could affect parotid cAMP concentrations.

Materials and Methods

Female Wistar rats were used with an average body weight of 75grams.
Animals were fed on standard laboratory chow(LATI, Hungary) with a mean
fluoride concentration of 48+5.2 ppm. They were also given fluoride ina
drinking water with concentrations of 0, 25 or 50 ppm. Both food and
water were provided ad libitum. On the 28th day, after l6~hour starva-
tion period (free access to water) rats were anesthetized with sodium pen-
tobarbital. Eight rats from each group were bled through the femoral vein.
The parotid glands were promptly removed, weighed and homogenized in dis-
tilled water for 2 min. at 0°C, using Ultra-Turrax blendor system. Sam—
ples were centrifugred (3000 rpm, 0°C, 10 min). The amylase activity of
the supernatants were measured by the starch splitting capacity of the en-
zyme and expressed in mg starch split per min per total glandular tissue.
To investigate the effect of isoproterenol ( 1 mg/100 g b.w., i.p.) on
parotid saliva secretion,a direct quantitative method was employed. Rats
wvere placed onto a thermostated (37°C) table and they were intubated. The
parotid duct was prepared and exposed to cannulation. The cut end of the
duct was placed in the end of a calibrated polyethylene capillary tube for
saliva collection. Saliva was collected over a period of 30 min in frac-
tions ten minutes each. The activity of amylase was expressed in mg
starch split per min per pl of ten-minute fraction or mg starch split per
min per ul of saliva secreted during 30 min.

For measuring the cAMP content, parotid tissues from 13 rats in each
group were removed, frozen in liquid Ny and the cAMP content was assayed
using a cAMP Kic (1251. Becton Dickinson, N.Y.). Results were expressed
in pmole per mg glandular protein. The protein content of samples were
determined by the method of Lowry et al. (23).

Results

1. Effect of F treatment on the parotid amylase activity is 1llus-
trated in Figure 1. F -treated rats exhibited substantially higher
amylase activities than controls (C:8600+1460; Fzs: 12,800£110; Fsq:
1540041370 mg starch split/min/total glandular tissue).

2. Isoproterenol-stimulated salivary flow response and amylase se-
cretion of the parotid glands: Using isoproterenol as secretory stimulant
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Figure 1

Effect of F Treatment on the Amylase Activity
of the Parotid Gland

t arc

¢ Tas "o

F consumed via drinking water. C = control (con-
sumed deionized water); Fag = 25 ppm NaF in drink-
ing water; Fsg = 50 ppm F~. Data are means*® S.D.
Significance, XX: p < -.01.

sslivary flow, in groups F5 and F50, was significantly elevated comparea
to control (Fig. 2/A, C: 24.1%9.3; F25: 43.1%20.7; Fs0: 36.8%9.5 ul of
saliva secreted during 30 min.). This was associated with concomitant in-
crease of the amylase activity in saliva collected as well (Fig. 2/B, C:
900£351; Fps5: 1620:1020; Fsp: 15104380 mg starch split/min ul of saliva
secreted during 30 min).

3. cAMP levels in parotid gland: Parotid gland tissue cAMP levels
are shown in Table 1. 1In tissues of the F -treated groups,cAMP levels
were significantly elevated.

Discussion

Some biochemical alterations in the parotid glands of rats treated
with fluoride via drinking water for four weeks were examined. Investi-
gations were performed on an animal model that had been shown to be suit-

able for the study of the in vivo effects of fluoride treatment (22). The
concentrations of fluoride found in the sera of rats receiving F~ in wa-
ter in a concentration of 25 or 50 ppm were in that range, where fluoride
concentrations are generally less than capable of influencing enzymic ac-
tivities in vitro but it was also reported that cells with high meta-
bolic rate are very sensitive to fluoride and a 2-3-fold elevation of cy-
toplasmic fluoride concentration may be toxic (24,25). This especially
helds true for the fluoride sensitive cells, which are not able to lower
intracellular concentration of fluoride (26). Singh (27) published data
about the effect of long-term fluoride intake (10 and 25 ppm F~ via drink-
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Figure 2
Salivary Flow Response of the Amylase Activity in Stimulated
Parotid Gland After Isoproterenol Saliva Fraction
mg starch s
ul A __min
30 min. fr. 1 X
40 4 15004
304
1000-
201
son T
101
c c T ¥y
1 mg/100 g b.w., i.p. Stimulation in 30 min. 3 Py iFgy
rats consuming F~ in drinking water Significance, X: p < 0.0§; XX:
for four weeks. :C (control group p < 0.01
deionized water); :Fag (25 ppm
F); :Fgg (50 ppm F~.
Table 1

Changes in Tissue Levels of cAMP in Parotid Clands
of Rats Consuming Fluoridated Drinking Water for Four Weeks

Treatment cAMP
Control (13) 391:063
{consumed deionized 1
water ) p<0.01

| 8
Fp (13) 684 £075
(consumed 25 ppm Fas t i
NoF in drinking water) p<Q01

e
Fy (13) n6:2156
(corsumed S0ppm F-as
NoF in drinking water)
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ing water) on the enzyme activities of liver and kidney of rats and he
found that the activities of alkaline phosphatase, acid phosphatase and
succinic dehydrogenase were decreased in the F -treated groups. At the
same time Ferguson (28) was not able to show any significant changes in
the activities of acid phosphatase, alkaline phosphatase, GOT, GPT and
LAP in the liver and intestine after a six-week fluoride dosage (10 ppm).
According to the enzyme studies of McClure (21) fluoride in drinking
water was found to have no effect on the activity of salivary aoylase
However, investigations failed to examine the possibility of physiologic-
al effect of fluorides gabsorbed from drinking water and food. In view
of these findings and those of Whitford (29) and Wallace-Durbin (30),
which indicated that salivary glands may concentrate fluoride, we decided
to study the effect of fluoride treatment on the amylase activity of the
rat parotid gland. The observation that the activity of amylase was sig-
nificantly increased in both of the F~ groups prompted us to make further
investigations to ascertain whether any relationship could be found be-
tween the fluoride effect and the salivary gland function and glandular
enzyme activicies.

It 1s well known that the glandular function, secretion and
composition of the saliva are interrelated, but no such s udies have been
performed on fluoride-treated rats. This was the reason why we examined
the effect of a single intraperitoneal injection of isoproterenol on the
salivary flow response of the parotid gland. It was found that the sali-
va secretion in groups F25 and F50 was significantly elevated as compared
to control suggesting that the four-week fluoride treatment could affect
the secretory function of the gland. Similar results have been published
for the submandibular gland by Boros (31).

Previous studies have indicated that the concentration and secretion
of specific salivary components in the parotid gland are depencent on the
stimulation of specific receptors (32) and amylase is the predominating
protein secreted after isoproterenol stimulation. In our study, the sali-
va secreted by control and fluoride-treated glands differed not only in
flow rate but also in the activity of salivary amylase. Fluoride admin-
istraction produced an increase in the amylase activity of parotid saliva
collected for 30 min after isoproterencl stimulation.

Dietary fluoride intake (20 ppm F~) to rats results in an increase
of tissue cAMP concentrations (liver, kidneys and submaxillary gland) by
the end of a four-week period as compared to those of controls kept on a
low fluoride diet (33). These results correlated with those publi-
shed by Allmann (34) in which rats receiving fluoridated water (1 ppm F~)
had a significant elevation in cAMP in liver, tibia, femur, heart, kidneys
and submaxillary gland, especially owing to an increased adenyl cyclase
activity. In a study on rats receiving fluoride, an increased excretion
of urinary cAMP has also been reported (35), although determination of
urinary cyclic AMP masy not be directly related to intracellular cAMP lev-
els, because increased amounts of cAMP detected in urine after fluoride
administration may be of renal origin (36).

Current evidence suggests that after treatment with NaF ( 10 mg
NaF/kg) in rabbits, cAMP concentrations significantly increased in blood
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plasma, liver and kidneys (37) and it was also shown that increased cAMP
levels wvere due to the direct stimulatory effect of fluoride on adenyl cy-
clase.

In the present study the cAMP level of the parotid gland signifi-
cantly increased in groups Fyg and F5g as compared to control. We sup-
pose that the alterations observed were also due to the specific effect
of fluoride exerted on the adenyl cyclase even more because evidence has
been provided that the enzyme adenyl cyclase, prepared from the rat paro-
tid gland, can also be activated by fluoride (38).

The enhancement of the amylase activity in unstimulated, fluoride-
treated rat parotid gland and the increased flow rate and amylase acti-
vity of the saliva after isoproterencl stimulation in the F~ groups sug-
gest that fluoride causes an elevation of intracellular cAMP level pre-
sumably by activating adenyl cyclase, which may in turn phosphorylate the
glandular proteins via cAMP-dependent protein kinase (39), and may also
be involved in the enzyme (amylase) secretion from the exocrine glands
(40,41).

Further studies are required on the effects of fluoride in the sali-
vary glands in order to elucidate the mechanism by which fluoride regulates
the salivary amylase activity and secretion process.
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EFFECT OF F~ EFFLUENT ON SOME METABOLITES AND
MINERALS IN PRY OF CATLA CATLA (HAMILTON)

by

K.S. Pillai*, and U.H. Mane**
Aurangabad City, India

SUMMARY: Fry of Catla catla were exposed to fluoride
effluent dilutions of 1.2, 2.5, 4.3, 7.2, and 13.2ppm
from a fluorine emitting industry situacted at Surat
City in Gujarat State for 96 hours. Accumulation of
fluoride increased with increase in exposure time and
fluoride content in effluent dilutions. Fluoride con-
centrations from 1.2 ppm upwards affected protein,
from 4.3 ppm upwards affected glycogen and iron, and
7.2 ppm upwards affected lipid content in fry at all
durations of exposure. The sodium content was unaf-
fected after exposure to the above effluent dilutions.
Thus, protein content was most affected followed by
glycogen and lipid, and iron content in fry.

KEY WORDS: Fluoride; Metabolites; Catla catla; Effluent; Lipids; Glycogen;
Iron; Protein

Introduction

Though studies have been made on the toxicity of various metallic pol-
lutants, little attention is being paid to toxicity of trace elements to
members of aquatic ecosystems. Among trace elements, fluoride plays a ma-
jor role in deteriorating aquatic ecosystems. Studies on the ecological
significance of exposure of aquatic animals to fluoride are limited (1).
Reports on fluoride toxicity to aquatic invertebrates, namely crabs (2,3),
bivalve molluses (4-6), are available but on aquatic vertebrates, namely
fishes, reports are sporadic. In 1974, Woodwiss and Fretwell estimated
LCsg of 125 ppm F~ for brown trout yearlings (7). Wright (8) estimated
100 ppm F~ (wet weight basis) in the whole body of brown trout exposed to
5 ppm fluoride for 200 hrs. Channa punctatus exposed to 10 ppm F~ exhi-
bited hyperglycemia, increase in cholesterol and sodium, decrease in blood
glucose, hematocrit values and oxygen consumption (9-11).

Considering the effects of fluoride in various ways on fish life, the
present study aims to find out the biochemical changes associated with
treatment of fluoride effluent discharged from the fluorine industry at
City Surat in Gujarat State on the fresh water fish, Catla catla (Hamilton).
Changes in total protein, glycogen, lipid, sodium and iron content along
with the fluoride accumulation in the whole body due to treatment of the
effluent were studied.

From the Department of Biosciences, University of South Gujarat, City
Surat and Department of Zoology, University of Marathwada, City Auranga-
bad, India. Presented at the 13th conference of the International So-
ciety for Fluoride Research, Nov, 14-17, 1983, New Delhi, India.
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Materials and Methods

Fry of Catla catla (2.5 to 4.0 cm in length and 900 to 1200 g in
weight) obtained from Inland Fisheries Station, Ukai (Gujarat State) were
acclimated in 5 aquaria (10 L capacity) for 8 days. Supply of air was con-
stant, the water was changed every alternate day.

The effluent collected from the industry was diluted from 100% ( the
original concentration) to 10% (with interval treatment of 10%) and trans-
ferred into polypropylene containers (4 L capacity). Ten fry were main-
tained in each container. Since more than 75% mortality im 207 effluent
dilution occurred within 24 hrs , the fry were next exposed to 1f, 5.6,
3.2, 1.8 and 1% effluent dilutions (containing 13.2, 7.2, 4.3, 2.5 and 1.2
ppm fluoride, in respective effluent dilution). Twelve polypropylene con-
tainers, containing 1% effluent dilution with 10 fry in each, were main-
tained for 96 hrs. Four containers, with fresh tap water and 10 fry in
each, served as control. After every 24 hrs , living fry exposed to the 1%
effluent dilution were removed from 3 containers, and from 1 control con-
tainer, The experiment was repeated with 1.8, 3.2, 5.6 and 10X effluent
dilutions. Five samples of controls exposed for a different number of
hours to different effluent dilutions were separately analyzed, the mean
became the control value for 24, 48, 72 and 96 hrs. The fry, belonging
to the effluent dilutions and control, were placed in an oven at 80°C and
dried for a constant weight.

Temperature, pH, dissolved oxygen (12) and fluoride content in efflu-
ent were measured using an Orion fluoride electrode. Protein (13), glyco-
gen (14) and 1ipid (15) concentrations were estimated in oven-dried fry.
The fry were ashed at 600°C. in a muffle furnace and fluoride content es-
timated (16). For estimation of sodium (using a2 flame photometer) and
iron (17) the samples were digested in concentrated HZSD‘.

Results are expressed on a dry weight basis. Significance in changes
in metabolites or minerals was compared with the control using the stu-
dent's "t' test. Analysis of variance (two-way with replicates) was used
to find out the significance in changes in the content of fry exposed to
different effluent dilutions. Percent deviation of mineral/metabolite in
fluoride-exposed fry, from control is expressed as:

mineral/metabolite in _  mineral/metabolite in
fluoride exposed fry fry from control group 4 100

mineral/metabolite in fry from control group

Results and Discussion

Temperature, pH and dissolved oxygen in effluent media fluctuated be-
tween 35.8 and 36.8°C, 7.03 and 7.27, and 5.20 and 5.80 ppm, respectively.
Dissolved pH and oxygen of control were 7.21 and 5.67 * 0,51 ppm, respec-
tively. Protein content in fry exposed to various concentrations of ef-
fluent was lower compared to controls. When exposed to 1.8% effluent di-
lutions, at 24, 48, 72 and 96 hrs., protein content in fry was higher
than in those exposed to 1X. On the other hand, protein content declined
at all periods of exposure in fry exposed to 3.2% effluent dilution, in

FLUORIDE
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fry exposed to 5.6% and 10X it decreased considerably at 96 hrs. In fry
exposed to 102 effluent dilution, protein content was higher up to 72 hrs.
than in those exposed to 5.6% dilution. Thus, there was a significant
change in protein content (P<0.0005) in the fry exposed to different ef-
fluent dilutions during different intervals of exposure (Table 1). Two
way ANOVA (with replicates)

Table 1 revealed that protein esti-
Protein Content (mg/g) tn C. catla Pry mated in the fry exposed to
- various effluent dilutions
t
::::- TR Wletion 1) Gen 77) (vertical) at different ex-
Time c 1.0 1.8 3.2 5.6 10.0 posure hours (horizontal)are
Sbrs) Oppm 1.2ppm 2.5 ppm é.3 ppu 9.2 ppm 13.2 pom significantly different at

24 261,64 267.12 247.45 238.91 242.98 270.83 1% probability level. The
108 5.4 1Lt 10,07 12.07 8.  interaction (concentration
a8 269.72 25188 259.37 237.26 28.81 269.24 ©Of fluoride in the effluent
2 s * e 2 : X exposure duration) is sig-
4.72  9.82 11.02 6.70 12.11  7.80 nificant_gt 5% probability
72 278.98 1250.88 258.67 233.78 259.71 272.31 level (Fl = 2.25). A mul-
: * : : t 2 tiple regression equation is
12.53 6.50 11.61  4.89 11.78 19.50 established; whera ¥ is the
96  253.84 239.62 254.60 23).82 224.98 220.55 protein content and X; is
4 b 4 b 3 b 3 b J 3
7.72  1.90 26.18 20.61 16.44 3.12  the fluoride accumulation in
fry. However, the multiple
Mean values ¢ Standard Deviaclon (n-1); C - Control correlation coefficient was
not so high (R=0.52). When
one more variable, the exposure hours (X)) was added, the equations
could be modified. The amount of fluoride in the exposure media (B X;=
22.353), and the exposure hours (8 X;=-0.8094) might have played minor
roles in decreasing the protein content in fry compared to the amount
of fluoride accumulated in the fry (B8 Z=-20.1918). The percentage de-
viation of protein from the control was low in fry exposed to 10% ef-
fluent dilution at 96 hrs (Fig. 1).

The decline in protein was
greater in higher concentra- Figure 1
tions, but it was not direct- gz peviation of Protein in Fry of C. catla

ly related to the fluoride
in the effluent. Fluoride has Exposed to Bfflusat from Coutrol

the capacity to bind plasma
protein and intracellular pro-

teins (18). Several in vitro " .

studies have confirmed that 7T N

fluoride inhibits protein syn- 7 i

thesis in Landshutz ascites(19). " N
»

Reduction in protein content <
due to inhibition of fluoride

on protein synthesis, has been
reported in tissue pieces (in
vitro), namely dental pulp tis-
sues (20), islets of Langerhans
from rats (21) and bone (22).
Inhibition of protein synthesis
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by fluoride has been concluded to result from the inhibition on initia-
tion of new peptide chains and the dissociation of 80g ribosome (23).

The fry exposed to 1.8% effluent dilution showed a higher elevation
of glycogen content than those exposed to 1X at 24, 48, and 96 hrs. Gly-
cogen content declined in fry exposed to 3.2X effluent dilution compared
to those exposed to 1.8% dilution. It decreased more at 96 hrs. The gly-
cogen content was lower in fry exposed to 102 effluent dilutions than in
those exposed to 4.6Z at 48, 72 and 96 hrs. Thus, although the glycogen
content in controls of fry showed fluctuations, in fry exposed to differ-
ent effluent dilutions it decreased significantly (P<0.0l1) and the con-
tent at different hours decreased significantly ( P<0.025) (Table 2). The

Table 2
Glycogen Content (mg/g) in C. catla Fry

Expo- Effluent Dilution (X) (ppm ¥')
sure
Time € 1.0 1.8 3.2 5.6  10.0

(hrs) O ppm 1.2 ppm 2.5 ppm 4.3 ppm 9.2 ppm 13.2 ppm

24 0.62 0.56 0.72 0.51 0.55 0.57
E : s S 2 2
0.05 0.04 0.05 0.09 0.07 0.04

48 0.61 0.59 0.73 0.50 0.51 0.48
b3 2 S 2 t 2
0.05 0.06 0.08 0.04 0.03 0.07

72 0.60 0.61 0.50 0.53 0.51 0.41
3 2 2 2 2 k3

0.04 0.05 0.21 0.0% 0.11 0.04

96 0.60 0.68 0.7 0.40 0.48 0.47

-

2 H $ e E 3 E
0.05 0.07 0.05 0.01 0.01 0.04

Mean values t Standard Devistion (n-3): C - Control

lowest percentage deviation of glycogen content was observed in fry ex-
posed to 10X effluent dilution. In other dilutions (1 and 1.8Z), the per-
centage deviation of glycogen from the control fluctuated in a wide range.
The fluoride level in these two dilutions of effluent might not have been
high enough to induce & change

in glycogen metabolism in the Figure 2
fry (Fig. 2). 3.2% effluent 2 Deviation of Glyco

gen in Fry of C. tl
dilution (containing 4.3 ppm Exposed to Effluent fro:,Cont;blsi—_!

fluoride) or above has shown
inhibition on glycogen syn-
thesis in the fry. A lesser
amount of fluoride accumu-
‘lated in the fry exposed
tc a series of lower dilu-
tions (1.8 and 1%)might have
inhibited ATPase in fry.
Similarly, elevation of gly-
cogen content in fry exposed
to 1.8 and 1X effluent dilu-
tion at the following expo-
sure times (24 hrs. in 1.8%,
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48 hrs in 1 and 1.8%, 72 hrs in 1% and 96 hrs in 1 and 1.8%) might be

due to inhibition of ATPase in fry. Fluoride inhibition on ATPase has

been reported (24~26). If fluoride i{s given rapidly in the growing

cell (in vitro), the ATP level could be lowered (27,28). The reason for
reduction in glycogen in fry exposed to higher dilutions of effluent

could be attributed to fluoride inhibition of enolase (29,30).

Lipid content in fry, exposed to the effluent dilutions, decreased
predominantly in higher concentrations when compared to controls. When
exposed to 5.6% effluent diiution, 1ipid content in fry increased com-
pared to controls. Lipid content was lowest in fry exposed to 10 at
72 hrs. At 24 and 72 hrs the content decreased as the concentration of
effluent increased. At 48 and 96 hrs, the lipid content in fry exposed
to 1,8% effluent dilution was higher than in those exposed to 1X. The
1lipid content in fry exposed to 3.2% effluent dilution declined at 48
and 96 hrs. In controls, it showed comparatively little change (Table
3). A significant decline in lipid was observed in fry exposed to var-
ious exposure hours compared to controls (P<0.05). The percent de-
crease in lipid was low in fry exposed to 10%Z effluent dilution at 96
hrs (Fig. 3). According to Phillips and Hart (31), fluoride has Cthe
capacity to alter 1ipid metabolism. In recent studies, Goodstein (32)
reported a reduction in phospholipids i{n pups given 50 ppm fluoride in
water.

Table 3
Lipid Content (mg/g) in C. catla Fry

Expo- Efflvent Dilution (X) (ppm ¥")
sure

Time c 1.0 1.8 3.2 5.6 10.0

24 282.67 302.21 285.83 277.03 251.69 224.9%0
2 E 2 2 £ S
24.54 23,10 18.38 17.07 10.46 30.56

48 276.94 250.43 265.03 238,80 240.44 218.44
2 t 4 2 £

b 4
14.78 9.56 29.74 48.57 9.75  26.59

12 291.42 284.98 265.69 262.03 226.63 205.13
2 E S S 2 % 3
11.99  30.30 24.21 37.%9 21.73 29.60

96 282.43 270.13 284.95 213.97 210.01 210.45
E 3 + t z S 3
9.99 43.30 21.94 15.26 11.30 26.19

Mean velues & Standard Deviation (n-3); C - Comtrol

Whereas the fluoride content in fry exposed to effluent dilutions in-
creased more than controls at all exposure hours, the increase was less
in fry exposed to 1X effluent dilution. It gradually increased with the
increase in effluent concentration and period of exposure (Table 4). 1In
controls, the fluoride content in fry ranged between 84.35 &+ 6.98 and
89.52 *+ 13.25 ug/g which was less than in the treated fry. Those exposed
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Figure 3 to effluent dilutions accumu-
< lated significant amounts of
% Deviation of Lipid in Fry of C. catla fluoride (P<0.05). Thus flu-

Exposed to Effluent from Control oride accumulation in fry dif-
. fered in effluent dilutfons at
.f EFFLUENT  CONCENTRATION /v various exposure hours. ANOVA

also stated that both exposure
duration and exposure media
significantly affect accumula-
tion of fluoride in fry. The
percentage deviation of fluo-
ride in fry from the control
group was maximum at 96 hrs.
The lowest percentage devia-
tion of fluoride was observed
in fry exposed to 1% effluent
dilution. Thus, as the con-
centration of fluoride in the
exposure media rose and the

duration of exposure in- Table &
creased fluoride in fry ac- ¥ Content (mg/g in C. catla Pry
cumulated (Fig. 4). Expo~ Effluent Dilution () (ppm ¥ )
sure
Fish and other aquatic Time c 1.0 1.8 3.2 5.6 10.0
vertebrates accumulate flu- (hre) O pps 1.2 ppm 2.5 ppm 4.3 ppw 9.2 ppm 13.2 ppm

oride from the environment 24 85.33  95.32 127,94 159.55 196.66 382.14&
primarily in the skeleton. * : : 2 : 3
The mechanism of incorpora= 8.61 14.85 13.20 12.00 13.20 18.83
tion of fluoride ion in the 48 85.09 97.77 133.64 165.16 254.54 4&96.36
fish skeleton is the same ¢ . * t : *
as in other vertebrates(3). 6.82 3.65 24,05 9.15 15.68 17.15
Fluoride's strong affinity 72 84.35 93.31 136.41 199.10 317,00 629.96
+ s 2 : . +
for the hydroxyl lattice 6.98 6.3 15.17  9.68 14.79 23.99

sites of apatite largely
accounts For. ibs dtasrel 96 09;52 99;57 162;77 226.99 389,22 766.67

3 4 b b 3 2
seeking property. Thus, it 13.25  4.12  8.87  9.94 25.4k 55.08
is likely that the greater
amount of fluoride ingested  Mean values : Standard Deviation (n=3); C - Control

in fry C. catla goes to the hydroxyl apatite, the major component in bone

Figure 4 {(33). Bone tissue undergoing
s active mineralization accumu-
X Deviation of F in Fry of C. catla lates fluoride at a faster rate
Exposed to Effluent from Control (34).

i - e At all effluent dilutions,

I, O T ). S % sodium content in fry decreased
/2 WAWA Y at 24, 48 and 72 hrs compared

% to controls., In fry, exposed
1.8% effluent dilution, the so-
dium content was higher at 24
hrs than in fry exposed to the
remaining effluent dilutions as
well as in controls. At 96 hrs

FLUORIDE
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with 1 to 5.6% effluent dilutions, sodium content in fry was high com-
pared to controls (Table 5) (Fig. 5). Similarly Quissell and Sutti (35)
reported that intracellular (in vitro) sodium content is less sensitive
to fluoride,

Table 5
Na Content (mg/g) in C. catla Fry

Expo- Effluent Dilution (%) (ppm F )

sure

Time ¢ 1.0 1.8 3.2 5.6 10.0
hrs) O 1.2 2.5 4.3 9.2 13.2
26 69.50 69.20 73.40 68.80  69.20  69.50

+ + + + +

2
3.40 2.46 7.69 1.73 4.01 2.56

48 71.10 70.33 70.70 70.30 69.77 65.40
: 2 2 2 2 2

2.35  2.05 2.69 18.20 3.00 4.92

72 72.40 67.00 70.30 71.00 67.80 70.07
2 ] 2 4 2 4

4.57 1.10 3.02 4.02 3.79 1.55

96 68.00 68.43 68.17 69.36 70.80 57.80
E 2 2 2 2 2
4.80 4.03 16.11 4.18 3.57 2.08

Mean values + Standard Deviation (n-3); C - Control

Iron content decreased in

fry exposed to all efflu- SREe S

ent dilutions (except 1.8%Z) Z Deviation in Sodium in Fry of C. catla
.at all exposure hours Exposed to Effluent from Control

(Table 6); the decrease

was greater in fry belong- f EFFUENT  CONCENTRATON % /oL

ing to 5.6% effluent dilu- ¥ = ' 1 2 56 ® . %
tion. The decrease in %
iron content in fry ex- ; :
posed to various effluent & %
dilutions at different ex- x® ‘a

posure hours was signifi-
cant at 0.05% probability
level. The lowest per-
centage deviation of iron
content from the control
was reached in fry ex-
posed to 10% effluent dilu-
tion. The percentage deviation or iron was comparatively low in fry ex-
posed to 3.2 and 5.6% effluent dilution. Fry exposed to lower dilutions
(1 and 1.8%) showed considerable fluctuaticn in iron content (Fig. 6).
Adverse effects of fluoride on iron metabolism have been reported in
rabbits. Fluoroti{c rabbits exhibited hypochronic anemia (36). Concomi-
tant presence of {ron enhanced fluoride absorption in rats (37).

Volume 17 No. 4
October 1984



gffect of F Effluent on Catla catla 231

Table 6
Fe Content (mg/g) in C. catla Pry
Expo- Effluent Dilution (%) (ppm F )

sure
Tine c 1.0 1.8 3.2
hrs

S.
( ) Oppm 1.2 ppm 2.5 ppm 4.3 ppm 9.
24 4.80 4.61 3.91 3.75 3.73 3.90

6 10.0
2 ppm 13.2 ppm

s 2 2 2 2 ]
0.69 0.54 0.57 0.66 0.83 0.94

48 5.50 5.17 5.60 4.56 4.20 2.82
2 2 : 4 2 2 2
0.71 0.39 1.05 0.60 0.55 1.02

72 5.50 4.57 5.84 3.96 3.62 3.73
t 2 E % 2 E
0.80 0.61 0.96 1.07 0.56 0.98

96 4.91 4.87 5.50 3.89 3.43 2.72

+ + - -

0.97 0.82 0.56 0.98  0.50 0.8
Mean values * Standard Deviation (N-3); C - Control

Figure 6

7 Deviation of Iron in Fry of C. catla
Exposed to Effluent from Control

f EFFLUENT  CONCENTRATION *7,/voL

!“ ! » n % " G

Summary

Protein metabolism was more affected, followed by glycogen and lipid,
and iron, when the fry of C. catla were exposed to effluent dilutions
from the fluorine industry situated at Surat in Gujarat State (India).
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DISFIGURING DENTAL FLUOROSIS IN AUCKLAND, NEW ZEALAND
by

John Colquhoun*
Auckland, New Zealand

SUMMARY: A survey of dental fluorosis in Auckland,
New Zealand is reported. In the fluoridated (one
part per million) area, 24.9% of children aged 7 tr
12 years had dental fluorosis, and 3.6Z had the ad-
vanced form of the condition (discolored or picted
enamel). In the nonfluoridated urban area (0.2 ppm
groundwater) only 4.9% of children the same age had
the very mild form. The incidence was lowest—2.92
—on an off-shore island, where the residents drink
rainwater. Only cases which unquestionably answer-
ed the description of dental fluorosis=— symmetric-
ally arranged diffuse white opacities, clearly visi-
ble wicth the teeth undried — were recorded. In the
larger fluoridated area, which has a greater range
of income levels than the low-income nonfluoridated
area, there was an inverse relationship between the
advanced (discolored or pitted) condition and the
socio-economic status of the suburbs where the child-
ren lived. In the Auckland district, the incidence
of both dental fluorosis and dental decay indicates
that child dental health is now better in the non-
fluoridated area.

KEY WORDS: Dental fluorosis; Auckland, New Zealand
Introduction

Early in 1983, the author's attention was called to the existence
of disfiguring dental defects, of the type described as dental fluoro-
sis (1,2), in several children in school dental clinics in the Auckland
Health District. The district's water supply had been fluoridated since
1966 to a level of lpart per million.

The author personally verified the observations made by two dental
operators serving in the district, who had examined 458 children aged 7
to 12 years. He found that over 25% of them exhibited variable degrees
of diffuse white opaqueness (or "mottling"). The opaque areas followed
the surface growth lines of the enamel (or "perikymata"), being more or
less linear in arrangement when extensively present, and transverse to
the long axis of a tooth. Symmetry (bilateral) was also present. That
is, occurrence in a tooth on one side of a dental arch was similar to
its occurrence in the corresponding tooth on the other side. The more

severe cases exhibited discoloration, or even pitting, of the opaque
enamel.

*Principal Dental Officer, Auckland, New Zealand, retired January 1984.
Address: 216 Atkinson Road, Titirangi, Auckland 7. New Zealand.
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He then examined the 390 school children of the same age in the non-
fluoridated part of urban Auckland, which uses groundwater with a natural
fluoride content of 0.2 ppm (3). He found that only 5% of them had the
mildest form of the same condition.

His suggestion that a more extensive survey be made was met with dis-
favor. The Head Office of the Department of Health pointed out that sur-
veys had already been carried out in Hastings (fluoridated since 1953)and
elsevhere. These had not been published, but public statements had been
made that there was no evidence of an increase in enamel opacities. Due
to his imminent retirement, the author had insufficient time to complete
a thoroughly detailed study in the way he would have wished. However, he
proceeded with this fuller survey, with the help of some school dental
clinic staff.

Material and Methods

To rule out the possibility that the population of 458 school child-
ren initially investigated was not representative of the fluoridated parr
of Auckland, the author made further observations of school children of
the same age in six additional dental clinics chosen at random. A total
of 1955 such children were examined in the suburban fluoridated area that
included varying soclo-economic levels (4).

A survey of an additional 342 children of the same age living on an
off-shore island, which depends on nonfluoridated rainwater, brought the
total number seen in the nonfluoridated area to 732. All such mainland
and most i{sland children, in the nonfluoridated ares, were personally ex-
amined by the author.

Only cases of bilateral diffuse enamel opacities, clearly visible
with the teeth undried, were recorded. Children with such mottling who
wvere known to have grown up in areas different in fluoridation status
from those where they were examined were excluded from the survey. The
proportion of children at each clinic who were not 1ife-long residents
of the suburb was not ascertained. There is no reason to suppose, how-
ever, that proportions differed between areas. Age and equal sex distri-
butions were the same in each area. Ethnic composition of the areas was
similar, except for the usual higher proportion of Maori and Pacific Is-
land people in the lower socio-economic areas. As no sex, race or ethnic
relationship was apparent, these categories were not separated. Only
erupted permanent teeth were considered, and all these were examined.
Initial screenings were by the asuthor or specially instructed dental
clinic staff. Cases found were classified by the author.

Classification of Bilateral Diffuse Opacities: The level of severi-

ty assigned to each case was the one which corresponded to the two most
severely affected teeth. Each pair of homologous teeth was classified
into one of three such categories, as follows:

FLUORIDE
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Table 2

Summary of the Prevalence of Dental Fluorosis
in Auckland School Children in 1983

Percent of children with den- Percent of fluorosis
Fluoridation status No. of tal fluorosis: cases involving:
and soclo-economic child- All cate- Categories Fluorosed 2-4 6~10 Over 10
level of area ren gories 2 and 3 incisors teeth teeth teeth
Fluoridated (1 ppm)
High 659 26.4 5.0 12.7 40.4 44,7 149
Middle 676 22.6 3.8 8.1 56.9 28.1 15.0
_Low 620 27.7 1.8 7.9 52.9 32.6 14.5
Total 1955 24.9 3.6 9.6 50.0 35.2 14.8
Nonfluoridated
(ground) Low 390 4.9 0.0 0.5 94.7 5.3 0.0
(rain) Low 342 2.9 0.6 1.5 50.0 20.0 20.0
Total 732 4.0 0.3 1.0 82.8 10.3 6.9
Category 1. Any of the following, without discoloration or pitting:
(a) small patches, up to 2 mm in diameter, mostly on cusp tips
or incisal edges (Fig. 1, and lower teeth, Fig. 2)
(b) larger patches, in the same position, or extending along
marginal ridges and crown surfaces (Fig. 3,4)
(c) continuous or broken horizontal lines on crown surfaces
(Fig. 5,6) (these usually occur with some discoloration
or pitting)
Tsble 3 Category 2. Any of the above, with some yel-
_ p2 low or brown discolored patches
F Toothpaste Consumption also present (Figs. 7,8)
in New Zealand*
= Category 3. Any of the above, with some pit-
Year F Toothpaste ting (Figs. 9-12)
%X Total Sales
The results are presented in Table 1 and
1970-71 6 summarized in Table 2.
1972-73 15-17 F
Fluoride Toothpaste Use: Information on
1974-75 37-43 sales of fluoride toothpaste in New Zealand
1976-77 51-56 from 1970 through 1980 is given in Table 3.
1978~79 69-73 Results
1980 76

There is a highly significant difference

*Source: Demtifrice Prod. Mgr. (P<0.001 by Chi square test) between the in-

Lever Bros. Personal Communi-

cidence of dental fluorosis in the fluori-

cation to F.A.C. Wright.
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238 Colquhoun

dated and nonfluoridated areas: fluoridated 24.9%; nonfluoridated ground—
water 4.9%y nonfluoridated rainwater 2.9% (Tables 1,2).

In all areas, the most commonly affected teeth were the first per-
manent molars (90X of all cases in the fluoridated area and 83% 1in the
nonfluoridated) followed by incisors (39% and 24%), premolars (262 and
7%), canines (16X and 3%Z) and second permanent molars (10X and 172). In
the younger age groups, of course, only the first permanent molars and
incisors were erupted.

In the fluoridated area, 50% of all cases 1{involved only 2 or 4
teeth, and 152 involved more than 10 teeth. In the nonfluoridated area
83% of the cases involved only 2 or 4 teeth, and 7% (two fluoride tablet
takers) involved more than 10 teeth.

There were no significant differences between incidences of dental
fluorosis in the various age groups.

Within the fluoridated area, the over-all incidence of dental fluo-
rosis was not significantly correlated with soclo-economic level, though
it was somewhat higher (0.10>P>0.05) in the low socio-economic area. How-
ever, the incidence of advanced (categories 2 and 3) dental fluorosis
was inversely correlated with socio-economic level, and the differences
are significant (P<0.05).

Fluoride Toothpaste Use: Table 3 shows that a marked increase in
the use of fluoride toothpaste has occurred in New Zealand since 1970.
However, there is no trend toward a greater severity of dental fluoro-
sis among younger children, thereby indicating that fluoride in the wa-
ter supply is the controlling factor.

Disfigurement: Two objective measures are: (a) presence of advanced
(category 2 or 3) dental fluorosis, and (b) involvement of front(incisor)
teeth. By either criterion there is a very significant difference in
the incidence of disfiguring cases between the high and low income sub-
urbs of the fluoridated area (P<0.0l) and between the fluoridated and
nonfluoridated areas (P<0.001).

Special Observations: The two children with advanced dental fluo-
rosis in the nontluoriaated area, and the only ones in that area with
more than 10 teeth involved, had been given fluoride tablets, at the re-
commended dose regimen, since birth (one intermittently and the other
regularly).

In the nonfluoridated, 0.2 ppm, natural fluoride area, the most ad-
vanced case, a l0-year-old Maori boy, displayed faint horizontal white
lines on his upper central incisors. From an early age, he had drunk
tea regularly, and his family was fond of fishing and seafoods.

In the high income fluoridated area, at least two of the children
with advanced cases had been ingesting fluoride tablets, on the recom-
mendation of the family dentist, despite living in a fluoridated area.

Volume 17 No. 4.
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Some of the children with fluorosis reported the use and swallowing of
fluoride toothpaste since an early age.

Discussion

Classification and Terminology: The three-category system of clas-
sification used in this study is similar to that of Smith et al., which
has been described as most suitable for screening purposes (5). The au-
thor did not use the Federation Dentaire Internationale (FDI) index
which has been used in other recent New Zealand studies, primarily be-
cause it would have been too time-consuming and complicated for the time
available, It i{s based on descriptive rather than etiological criteria.
and is designed for recording all kinds of enamel defects, not just den-
tal fluorosis (6).

Other classification systems (7-9) do not adequately distinguish
opacities associated with fluorosis from those due (o other causes.
Judging from preliminary reports of its use in New Zealand (10-12), the
new FDI index is also not discriminatory enough.

There are many kinds of enamel defects. One involves mottling or
opacities, which in turn may be of two kinds: (a) the nonfluoride "idio-
pathic" type (variously described as "demarcated", "discrete", "circum-
scribed" or "localized") and (b) the fluoride or "fluorosis" type (de-
scribed as "diffuse", "lustreless" or "generalized"). The nonfluoride
kind is distributed randomly over tooth surfaces, whereas dental fluo-
rosis tends to be bilateral in distribution, following the perikymata.
It is thus obviously developmental in origin (1,2).

There has been considerable confusion over terminology, which has
obscured the problem of dental fluorosis. For example, the term "fluo-
rotic-type defect" has been used for cases subjectively assessed by a
single examiner as "cosmetically poor" (11), In reality, the term
is meaningless, since it has been claimed that "fluorotic~type defects
can be produced by factors other than fluoride" (11). The term "dental
fluorosis" is apparently being avoided (9-)2).

Much euphemistic and misleading phraseology — for example ‘"very
mild"”, "mild" and "moderate" to describe obviously disfiguring mottling
(1)~ seems to have facilitated the erroneous claim that dental fluo-
rosis is "detectable only by close expert examination" (14). The fact
that all categories of dental fluorosis reported in the present study
were, on some occasions, pointed out to the school dental operators by
the children's parents themselves, firmly disputes this claim.

Other New Zealand Studies: The 1957 Commission of Inquiry, which
originally established acceptance of water fluoridation in New Zealand,
predicted that barely detectable mottling "may be expected in 6 to 10Z
of children when the fluoride content of water is 1 ppm" (14). Reports
of other recent New Zealand studies (10-12) confirm incidences well in
excess of those predicted, and significantly higher in fluoridated areas
than in nonfluoridated ones. Little information i{s available from these
reports about objectively measured levels of severity. Auckland's cli-

FLUORIDE



CATEGORIES OF DENTAL FLUOROSIS
(Reproductions of color photographs by Jan Caris)

R

Fig. 1: boy, age 7 (perm. molar I) Fig. 2: boy, age 10
Above: Category la (small patches on tooth tips or edges)

Fig. 3: boy, age 7 Fig. 4: boy, age 7
Above: Category lb (larger patches on tooth tips or edges)

Fig. 5: boy, age 7 Fig. 6: girl, age 9
Above: Category lc (continuous or broken horizontal lines on teeth)

(Arrows in Figs. 1-6 above indicate areas of representative
fluorotic opacities,)



Pig. 7: girl, age 9 Fig. B8: boy, age 8
Above: Category 2 (yellow or brown coloration present)

Fig. 11: girl, age 9 Pig. 12: boy, age 8
Above: Category 3 (as in Category 1 or 2 but with pitting)

(Arrows in Figs. 9-12 indicate regions of noticeable pitting.)
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mate is subtropical, warmer than centers farther south, and this could
affect fluorosis incidence and severity.

In 1970 it was reported that, on the basis of Dean's classification,
7.6% of children {n Hastings, after 16 years of fluoridation, showed
evidence of "questionable or very mild" dental fluorosis (15). But in
1982 according to the FDI index, diffuse mottling was 372 among nine-
year-olds (10). The methods of measurement can hardly alone explain the
great difference in incidence of such opacities in the same fluoridated
community.

Other Countries: Increased levels of dental fluorosis have been re-
ported from other countries (16-18). In an "optimal" fluoride (1.06ppm)
community, Kewanee, Illinois, 2.4X of the children had definitely un-
sightly fluorosis, for which no cause, other than the fluoride in the wa-
ter, could be found (13). This town had been surveyed by Dean more than
three decades earlier. The authors state: "Unlike the present study,
Dean did not diagnose any children in Kewanee as having either moderate
or severe fluorosis" (13). These American researchers apparently did
not experience the difficulty which those in New Zealand seem to have in
diagnosing dental fluorosis, by its characteristic appearance.

Other Possible Causes: Attempts to link diffuse opacities in teeth
with factors other than fluoride have not been particularly successful.
Childhood fever, nutritional deficiencies, local injury, local infection,
long-term {llness, and genetic characteristics have been mentioned (10,
(19-21), Critics who claim that the disfiguring tooth defects are uncom—
mon (19) have failed to explain why school dental clinic staff and the
author found so many “"uncommon" cases in the fluoridated area, but not
in the nonfluoridated one. Wilson and Cleaton-Jones (1978) were not
able to show any correlation between enamel mottling and infectious ex-
anthemata (22).

It has been claimed that "over 90 different factors" may be respon-
sible for enamel defects (20). The original text referred to all kinds
of enamel defects, including "enamel hypoplasia and intrinsic discolour-
ation of the teeth", but in the report of the Victorian Conmittee of In-
quiry, it is inaccurately stated that these factors are implicated in
"similar enamel mottling" to dental fluorosis (21). Danish researchers
have commented: "Although these factors should be taken into consider-
ation when ascertaining the etiology of enamel defects in individuals,
only 'excess fluoride' has been shown to be capable of inducing general-
ized enamel changes on a population scale as demonstrated by numerous
studies” (16).

Balance of Risk versus Benefit: In the present study the caries
experience of the Auckland children with dental fluorosis was not re-
corded. It did nor, however, seem to be different from the average for
the clinical-patient group to which they belonged.

In other studies, the author has shown that the dental decay treat-
ment experience of Auckland children i{s related to the socio-economic
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levels of the suburbs where they live (23,24). The prevalence of de-
cayed, missing and filled teeth of 12 to 13-year-old children is now
lower in the nonfluoridated part of the Auckland Health District than
in the fluoridated part of the same economic level (4,25)., The percent-
age of caries-free children is higher in the nonfluoridated areas, when
the socio-economic variable is taken into account (24). This important
variable has been overlooked in earlier research claiming to show the
effectiveness of fluoridation.

The greater prevalence of advanced forms of dental fluorosis found
here in association with higher socic-economic levels in the fluoridated
area contrasts with a relatively lower incidence of dental caries in
these groups (24). Moreover, current dental health statistics indicate
that declines in caries rates are now occurring in nonfluoridated commu-
nities to about the same extent as in fluoridated ones (17, 24-30). Thus
earlier predictions of the dental benefits of fluorfdation appear to be
considerably exaggerated, and the possible damage, especially from dental
fluorosis, greatly underestimated.
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URINARY FLUORIDE EXCRETION IN SKELETAL FLUOROSIS
by

D. Raja Reddy, N.V. Rammohan Rao
J.M.K. Murthy, and N. Geetanjali
Hyderabad, India

SUMMARY: Urinary fluoride levels were estimated by
24-hour sampling over a period ranging between 7 and
38 days in 16 subjects of established skeletal fluo-
rosis. The fluoride content of the well or village
water, which the subjects were consuming, ranged be-
tween 3.8 and 11.4 ppm, Fluoride levels in urine
which fluctuated widely from day to day, ranged
from 0.5 to 4.48 ppm, minimum, and from 1.5 to
13 ppm, maximum.

No definite correlation was observed between
urinary fluoride levels, clinical stage and neurol-
ogical sequlae. The significance of these findings
is discussed.

KEY WORDS: Urinary fluoride; Daily F excretion; Skeletal fluorosis

Introduction

Urinary fluoride excretion varies widely from one individual ro an~
other. It is reduced in growing children and in pregnant women(1l)as well
as by simultaneous intake of substances which bind fluoride, such as cal-
cium, aluminum and other metals (2). In persons previously exposed to
high fluoride intake, whose fluoride consumption is low prior to sampling,
more fluoride is eliminated than taken into their bodies (3,4). Other fac~
tors that play a role in urinary fluoride excretion are specific gravity
(5) and pH of the urine (6), as well as the fluoride content of food and
water. These factors render spot sampling and 24-hr. sampling unreliable,

All previous studies of urinary fluoride excretion in skeletal and
nonskeletal fluorosis have been carried out using either spot or 24-hour
urinary sampling. For this reason, the present study was designed to
evaluate serial excretion of urinary fluoride, of established cases of
skeletal fluorosis, in an endemic area over a prolonged period of time.

Materials and Methods

Sixteen subjects of established skeletal fluorosis with or without
neurological complications, randomly selected from endemic areas in And-
hra Pradesh, India were subjected to a thorough clinical check-up. All

From the Department of Neurosurgery, Osmania Medical College, Hyderabad,
India. Presented at the 13th conference of the International Society for
Fluoride Research, Nov. 14-17, 1984, New Delhi, India
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subjects were evaluated radiologically and were classified into three
grades (7). Blood urea nitrogen and serum creatinine clearance were de-
termined in all subjects. The fluoride content of well or village water
which the subjects were consuming was also measured. Each subject was
advised to collect the 24-hour urine in the plastic container provided.

A special buffered preservative was added to the urine to prevent bacte-
rial growth which might affect fluoride estimarion. None of the subjects
was taking drugs which could alter urinary pH or bind fluoride. Other var-
iables were unchanged during the period of study. Urine and well water
samples were analyzed for fluoride content by the fluoride electrode meth-
od (8).

Results

The study group comprised two females and fourteen males, whose ages
ranged between 25 and 65 years. All had resided most of their lives in
endemic villages and had consumed water containing high levels of fluoride.
Radiologically, all cases were classified as having grade III skeletal
fluorosis. Twelve of the sixteen subjects had neurological sequlae,eight
had radiculomyelopathy, and four had only radiculopathy. Creatinine
clearance was normal in all the subjects.

Table 1

24-Bour Urinary Fluoride Excretion by Sixteen
Subjects with Grade IIT Skeletal Fluorosis

Neuro~ ¥ in
logical Days Drink- F~ {s 24-Hr Urine (ppm)

Cane Condi- astud- 1ing Vart-

No. Sex Age tioo#* ied  water Min., Max. Mean ance SD
1 N 50 N 12 S.4 0.5 3.1 1.5 0.55 0.74
2 M 48 N 22 11.4 0.8 3.5 2.22 0.62 n,79
3 M 55 R 38 1.4 1.3 6.0 3.5¢ 1.17 1.00
. M 53 N 24 9.8 1.0 1.6 1.32 0.04 0.21
5 M 38 RN 12 3.8 1.3 2.1 1.62 0.08 0.28
6 F 40 R 26 5.7 0.8 1.5 1.10 0.05 0.23
7 N 38 R 22 6.2 1.1 4.5 2.42 0.3 0.60
8 M 45 N 7 7.5 2.5 L 3.4, 0.24 0.49
9 M 55 ReM 28 7.0 0.9 130 5.42 2.00 3.16
10 M &5 M 12 7.5 1.8 3.6 2.76 0.33 0.58
11 X 25 R 12 4,7 1.2 10.0 4.26 4.9 2.22
12 X 38 RN 10 3.8 1.4 6.5 3.05 2.81 1.68
13 L} 50 RN 7 5.2 L0 5.0 1.7 2.17 1.&7
14 | 35 n 8 8.5 1.8 5.6 4.15 2.02 1.42
15 M 55 R+M il 4.8 3.2 8.3 4.69 1.8 1.35
16 ¥ 45 RN 44 8.0 4.5 10.0 6.10 2.49 1.58

® N = Normsl; M = Myelopathy; R = Radiculopathy

* Composed of 95X ethyl alcohol (960 ml), 37X formaldehyde (680 ml) and
1472 ml distilled water; citric acid (0.5 N) solution to reach 5.15 pH
and a few crystals of thymol.
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The fluoride content of the well or village water ranged between 3.8
and 11.4 ppm. The duration of the study of urinary samples ranged between
7 and 38 days, values of which are given in the table. Urinary fluoride
levels, which fluctuated widely from day to day, ranged from a minimum of
0.5 - 4.48 ppm to a maximum of 1.5 - 13 ppm. No definite correlation was
found between urinary fluoride levels, clinical stage, and neurological
sequlae.

Discussion

This study clearly shows that neither spot nor 24~hour urinary sam—
pling for fluoride excretion is a reliable index and that the variation
between samples is explained by individual differences. Because urinary
fluoride varies widely from day to day in the same individual, any study
of urinary fluoride excretion in fluorosis using single spot or single 24-
hour sampling is fallacious (9).

Similarly, in view of wide fluctuations in urinary fluoride from one
individual to another, statistical analysis utilizing individual wvalues
is unreliable. This conclusion is further supported by the fact that the
ninimum and maximum urinary fluoride values were 0.5 to 4.5 ppm and 1.5
to 13.0 ppm, respectively. When the drinking water fluoride ranged be-
tween 3.8 to 11.4 ppm, the lowest minimum and maximum urinary fluoride
levels were within the normal range of urinary fluoride in normal indivi-
duals consuming water containing 0.4 ppm fluoride (10). Thus, there is
some, but no consistent, correlation of urinary fluoride excretion with
fluoride intake. High urinary fluoride is consistent with fluorosis but
low urinary excretion does not necessarily exclude fluoride-induced 111~
ness.
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STUDIES OF THE RELATIVE FLUORIDE CONTENT OF NORMAL AND
PATHOLOGICALLY MINERALIZED HUMAN TISSUES

by

S.M. Mohamedally
London, England

SUMMARY: On the basis of specimens from 298 post-
mortem cadavers, fluoride levels in normal and pathol-
ogically mineralized tissues were correlated statis-
tically.

In normal arterial specimens, taken from aorta,
renal and basilar artery, although fluoride levels
were slightly increased in relation to age, the to-
tal fluoride concentration did not exceed 40 ppm in
the aorta, 2.5 ppm in the renal and 0.8 ppm in the
basilar artery. By contrast, in pathologically cal-
cified arteries, the fluoride content was up to 700
ppm in the aorta, 12.5 ppm in the renal artery and
5.8 ppm in pathological arteries, which shows a
similar pattern to that in normal bomne, although
later in onsect.

These results suggest that fluoride accumula-
tion in pathologically calcified tissues occurs by
the same non-specific process as that in bone, as
demonstrated by the linear characteristics of the
correlation between values.

KEY WORDS: F levels in aorta; F in renal arteries; F in basilar ar-

teries

Presented at the 13th conference of the International Scciety for Fluoride
Research, Nov. 14-17, 1983, New Delhi, India., Dr. S.M. Mohamedally, 27 Wood-
side Cardens, Tottenham, London N17 6UY, England.
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Introduction

Previously, Mohamedally and Wix (1) have shown a connection between
bone mineralization and the rate of osteoid turnover in human subjects
and that bone fluoride levels increase steadily with advancing age.

Haythorn and Taylor (2) reported that excess calcium is related to
increasing age in mineralized tissues. Since calcium is almost always
associated with fluoride in the mineralization process, the present study
was undertaken to correlate, statistically, the fluoride levels in normal
and pathologically mineralized tissues.

Methods

Post-mortem bone, aorta, renal and basilar artery material from 298
cadavers was obtained from London and Watford Medical Institutioms. Flu-
oride was eatimated in ash samples by means of the ion-specific electrode
methoa MAFF (3). An extract of the ashed sample in perchloric acid 0.2M
is added to Citrate Buffer pH 8.3. The final pH is adjusted to 5.410.2
in order to release fluoride ion from metal complexes. Fluoride activi-
ty is measured in millivolt membrane potential and is related to fluoride
concentration by a standard curve on 3-cycle log graph paper. The appa-
ratus used was a Corning EEL electrode pH meter, model 12 fitted with a
fluoride ion-selective electrode. The results were plotted as ppm versus
age of deceased donor in years and examined statistically.

Results
The distribution of fluoride in human post-mortem materials from

cases of accidental death in young healthy adults is shown in Table 1.
Whereas fluoride aceumulation in normal soft tissue is minimal, uptake by

Table 1
F Levels in P.P.M. (Ash Weight)

Tissues Average F Tissues Average F
Levels Levels
Prostate 0.3 Heart 3.0
Testis 0.3 Kidney 3.4
Pancreas 0.4 Spleen 3.5
Thyroid 0.6 Lung 4.2
Tongue 0.7 Aorta 30.0
Brain 0.7 Finger bone 200.0
Stomach 2.4 (smnll)
Yo 2.9 Femur 2160.5
Skull bone  3054.5
(parietal)

FLUORIDE
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Figure 1 Figure 2
Normal Appearance of Descending Pathological Appearance of
Aorta at Aucopsy Calcified Aorta

Slight intimal lipid accumulation but Thrombus near the origin of the

no obvious calcification evident. F~ mesenteric. F~ level in calcified

level 30 ppm. region of aortic wall 600 ppm.
Both cases above 50 years old.

pathologically calcified tissues appears to be significant as illustrated
in the case of the aortic samples (Fig. 1 and 2). A fluoride level in the
pathological artery of 600 ppm is 20 times greater than that in correspond-
ing normal tissue. Fluoride levels of autopsy materials from normal and
diseased aortas, as well as from renal and basilar arteries, as a function
of age, are presented in Figs. 3, 4, and 5. In addition, the age-depen-
dent increase in fluoride was related to the presence of pathological le-
sions. In the pathological aorta, levels of fluoride increase rapidly.
Levels ranging between 200-700 ppm have been found in test material. The
slope is 20 times the slope found in normal aortas and extrapolation to
the abscissa shows that (if the process is linear), changes begin to take
place at about 22 years of age, In renal and basilar artery, the fluoride
content {llustrates the same phenomenon but at reduced levels of fluoride.
However, in the case of the renal artery, extrapolation of the data for
pathological tissues gives the age of onset approximately 11 years earlier
than the basilar artery or aortic mineralization.

In the present study, 150 iliac bone samples were analyzed for fluo-
ride levels (Fig. 6). Statistical assessments were made, the correlation
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Figure 3

F~ Levels in Samples of Aorta
as Function of Age
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F~ levels in normal samples (marked N):
Correlation coefficient (R) = 0.774;
Slope = 0.401. Compared with patholog~
ical material (marked P): Correlation
Coefficient (R) = 0.923; Slope = 8.671.

Figure 5

F Levels in Basilar Artery Samples
as Punction of Age

Normal tissues (N) gives a correlation
coefficient of 0.773 with a slope of
0.080. Pathological tissue (P) gives
correlation coefficient (R) = 0.962
and slope = 0.095.
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Figure 4

F- Levels in Renal Artery Samples
as Function of Age
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F levels in normal samples (N)
give values of the correlation
coefficient R = 0.787; Slope
0.22, compared with pathological
material (P): correlation coef-
ficient (R) = 0.972; Slope
0.149.

Figure 6

Bone F~ Levels as
Function of Age
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The above data show a quasi-linear
increase of F content. Some of
the data are the same.
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coefficient (R) between the fluoride levels and different age groups was
found to be 0.935 and a slope (S) of 28.15. It can be argued that the
fluoride content is either a measure of mineralization which is secondary
to the pathological changes in the arteries, or that rthese pathological
changes are a consequence of fluoride intake.

The latter possibility is excluded by the demonstration of separate
categories of aortic fluoride levels in relation to bone fluoride levels
in the same individual depending on whether arterial disease was present
or absent (Fig. 7).

Conclusion

Our study agrees with the conclusion of Haythorn and Taylor (2) that
the_calcium content of aortic tissue rises linearly with age, since cal-
cium and fluoride are combined in the apatite molecule.

The data are consistent with a view that fluoride uptake is a feature
of calcififed tissue and 1s not a special property of teeth and bone. Flu~

Figure 7

Correlation Between Aortic F and
Bone F~ Levels
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40C

Aorta - Fluoride

g
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600 1200 1800 2400 37010
Bone Fluoride

oride uptake probably occurs by an exchange process summarized in Fig. 8.
The age-dependent increase in bone fluoride levels indicates that fluoride
uptake by calcified tissue {83 more rapid than its release which may sug-
gest that fluoride-containing zones of calcification are less susceptible
to demineralizing processes, A similar argument may be applied to the ac-
cumulacion of fluoride in calcified soft tissue such as the aorta, renal
and basilar artery which could be a factor leading to the irreversibility
of the lesions affecting the arteries; they may be made resistant to de-
mineralizacion. Therefore, patients with arterial disease may benefit
from a restricted intake of fluoride or from treatment with a specific
fluoride chelator if such a compound is available.
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Figure 8

Diagrammatic Summary of F Exchange
with Bone and Soft Tissue
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IMPACT OF FLUORIDE EMISSIONS ON CHLOROPHYLL CONTENT OF
SHRUBS IN VICINITY OF A 'SURAT FLUORINE INDUSTRY

by

K.S. Pillai
Surat, India

SUMMARY: The impact of fluoride emissions from a
fluorine industry situated at Surat, CGujarat State,
on chlorophyll content of 4 species of shrubs, name-
ly Prosopis juliflora, Acacia nilotica, Calotropis
procera and Zizyphus nummularia was studied. Chlo~-
rophyll-b was more affected than chlorophyll-a in
polluted plants. In C. procera the percent de-
crease in chlorophylls was higher than that in the
other species under study. The results are discussed
in the light of fluoride effect on leaves.

KEY WORDS: Fluoride, air pollution; Chlorophyll-a; Chlorophyll-b; Prosopis
juliflora; Acacia nilotica; Calotropis procera; Zizyphus numwlaria; Surat,
India

Introduction

Since plants are much more sensitive to fluoride pollution than are
man, animals or materials, extensive loss to agriculture and deteriora-
tion in natural ecosystems results. Therefore, studies of the effect of
pollution on vegetation provide an important basis for measures in pol-
lution control (1). The effect of fluoride on germination of seeds (2),
growth of plants (3) and yield from plants (4,5), as well as the fact
that plants can accumulate substantial amounts of fluoride causing ne-
crosis in leaves (6-9) has been recorded.

Four species of shrubs, namely Prosopis juliflora, Acacia nilotica,
Calotropis procera and Zizyphus nummularia growing in the vicinity of
the fluoride industry,city of Surat, Gujarat State, India, were selec-
ted in the present report to determine the impact of fluoride emissions
on chlorophyll-a and chlorophyll-b.

Materials and Methods

During 1978-1979, young, healthy leaves from 6 plants of P. fuli-
flora, A. nilotica, C. procera and Z. nummularia, growing in the wvici-
nity of the fluoride industry and on the nonpolluted South Gujarat Uni-
versity Campus about 12 kms distant from the industry (collected month-
ly October 1978 - September 1979) were brought to the South Gujarat Uni-
versity Laboratory. Polluted and nonpolluted leaves were separated and
leaves were pooled species-wise. Three samples for each group were pro-
cessed and analyzed for chlorophyll-a and chlorophyll-b content accord-
ing to Holden (10) as described by Gordon et al. (11). The amount of
chlorophylls is expressed as mg/g fresh weight with total chlorophyll

From the Department of Bioscience, South Gujarat, University, Surat, India.
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being expressed as chlorophyll-a + chlorophyll-b. Percentage deviation
in chlorophyll in polluted plants from nonpolluted plants 1s expressed
as Chlorophyll in polluted plants -

Chlorophyll in nonpolluted plants 4 jq0
Chlorophyll in nonpolluted plants

The student's 't' test was employed to find the significance of the
decrease in chlorophyll in the polluted plants.

Results

In P, juliflora, fluctuation in chlorophyll-a and -b was not con-
siderable during October-April. On the other hand, chlorophyll-a and
-b from both polluted and nonpolluted plants increased up to July then
declined in September (Table 1). Chlorophyll-a was significantly re-
duced in August and chlorophyll-b in June, July and August, in polluted
plants (P<0.05). The lowest percent deviation of chlorophyll-a in pol-
luted plants from nonpolluted ones occurred in August (-40.232). They
did not deviate in December, whereas chlorophyll-b of polluted plants
deviated -57.362 in August and -2.53%Z in May.

Table 1

Monthly Fluctuation of Chlorophyll-a, Chlorophyll-b and
Total Chlorophyll (wg/g) in P. juliflora

Species 1978 1979
Oct. . b r. May June Jul .__Se

Chloro- NP 0.62 0.57 0.48 0.56 0.53 0.59 0.49 0.64 0.85 1.13 0.87 D0.54
phyll-a t S t 2 S & - E 3 : 3 E 3 t3
0.04 0.05 0,03 0.04 0.07 0.04 0.07 0.08 0.17 0.05 0.05 0.07

P 0.56 0.49 0.48 0.51 0.46 0.53 0.43 0.61 0.66 1.05 0.52 0.43
2

3 b 3 % E S ] 3 S 2 2 s
0.03 0.06 0.02 0.03 0.03 0.04 0.04 0.04 0.04 0.03 0.07 0.01

Chloro- NP 0.71 0.65 0.72 0.64 0.69 0.69 0.65 0.79 0.92 1.54 1.29 0.61
phyll-b S % S S S 3 E3 3 3 S 2 %
0.07 0.06 0.02 0.07 0.01 0.09 0.02 0.08 0.01 0.03 0.25 0.09
P 0.62 0.51 0.60 0.55 0.58 0.57 0.50 0.77 0.77 1.43 0.55 0.46
2 3 1 E S " 4 b 2 2 2 2 E
0.05 0.07 0.19 0,04 0.19 0.04 0.14 0.25 0.03 0.03 0.07 0.01

Total NP 1.33 1.22 1.28 1.20 1.23 1.28 1.25 1.451.77 2.68 2.16 1.14

Chloro~ 3 2 S 3 2 E 3 E 3 E 3 s 2 E 3
phyll 0.11 0.11 0.08 0.11 0.08 0.13 0.23 0.08 0.77 0.06 0.26 0.17
P 1.18 1.00 1.09 1.05 1.04 1.11 0.71 1.38 1.43 2.48 1.04 0.90
S E 3 2 2 3

b 2 b3 E 2 2 z
0.08 0.13 0.18 0.07 0.17 0.08 0.09 0.23 0.06 0.06 0.14 0.02

¥F - Nompolluted; P - Polluted

The two chlorophylls of A. nilotica did not vary considerably un-
til May. Chlorophyll-a was highest in polluted plants in October and
in nonpolluted in July. On the other hand, it was lowest in nonpol-
luted plants in October and in polluted plants in September. Chloro-
phyll-b was highest in polluted plants in October and in nonpolluted in

FLUORIDE
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July. It was lowest in September, whereas in nonpolluted plants it was
lowest in January (Table 2). Chlorophyll-a was significantly reduced
in August and September, chlorophyll-b in September in polluted plants
(P<0.,05). The percent deviations of chlorophyll-a and chlorephyll-b
were low in September (-54.26 and -56.80%, respectively). The highest
deviation of chlorophyll-b was in February (-10.32%).

Table 2

Monthly Fluctuation of Chlorophyll-a, Chlorophyll<db and
Total Chlorophyll (mg/g) in A. nilotica

Species 1978 1979

Oct. Nov. . Feb. Ma T. Ma 3 J 4
Chloro- NP 0.81 0.96 1.00 0.95 0.91 0.98 0.89 0,96 1.20 1.23 1.02 0.9
phyll-a : 3 * 3 *

: t : t 2 s z
0.03 0.03 0.03 0.06 0.03 0.05 0.04 0.03 0.03 0.2@ 0.04 0.01

P 0.93 0.73 0.77 0.77 0.87 0.79 0.84 0,67 0.77 0.83 0.89 0.43
t 4 * 2 2 z z 3 : t E : 2
0.16 0.20 '0.28 0.14 0.02 0,14 0.01 0.24 0.28 0.16 0.02 0.009

Chloro- NP 1.53 1.6 1.22 1.01 1.26 1,05 1.24 1.11 1.45 2.12 1.40 1.25
phyll-b t 3 z E 3 4 2 : 2 2 z 2
0.10 0.15 0.16 0.27 0.03 0.28 0.03 0.21 0.19 0.70 0.03 0.11
P 1,33 0,89 0.98 0.86 1.13 0.91 1l.11 0.82 0.96 -1.21 1.17 0.54
t

2 z £ : t 2 b H t 2 2
0.38 0.46 0.4%9 0.05 0.29 0.02 0.29 0.40 0.50 0.38 0.30 0.16

Total NP 2.34 2.11 2,22 1.87 2.18 2.03 2.11 2.07 2.64 3.35 2.42 2.19
b 4

chloro~ 2 3 2 4 3 b 4 S : 2 b 3 2
phyll 0.08 0.13 0.14 0.07 0.04 0.24 0.04 0.19 0.16 0.82 0.05 0.04
P 2,26 1.62 1.74 1.63 2.00 1.71 1.95 1.49 1,72 2.04 2.06 0.97

b t 2 S : 2 3 :

3 + 3 2
0.53 0.71 0.76 0.15 0.31 0.16 0.31 0.63 0.75 0.50 0.31 0.17
NP - Mompolluted; P - Polluted

In C. procera, chlorophyll-a and -b varied little during May and
June (% deviations -4.08 and -5.36 in May, -10.34 and =-8.11 4in June
respectively). Chlorophyll-a, in nonpolluted plants, was highest in
July and, in polluted plants, in May. Chlorophyll-b was highest in Au-
gust in both polluted and nonpolluted plants (Table 3). Chlorophyll-a's
decrease in polluted plants was significant in all months, except May
and June. The decrease in chlorophyll-b was significant except in May,
June and August (P<0.05). The percent deviation of chlorophyll-a was low
in August (~50.9%); of chlorophyll-b, in January (-61.9%Z).

In Z. nummularia, chlorophyll-a was decreased in September in pol-
luted plants, chlorophyll-b in August. Chlorophyll-a, in nonpolluted
plants, was highest in April, chlorophyll-b in August (Table 4). The
decrease in chlorophyll-a, observed in polluted plants, was not signi-
ficant (P>0.05). In October and August, reduction of chlorophyll-b in
polluted plants was significant. The percentage of deviation of chloro-
phyll-a was low in April and of chlorophyll-b in August. The percent-
age deviation of chlorophyll-a was highest in December to March, cthat
in chlorophyll-b, in July.

In all months, total chlorophyll in leaves of species from the pol-
luted area was less than that in the nonpolluted area (Tables 1-4). It
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Table 3

Monthly Fluctuation of Chlorophyll-a, Chlorophyll-b and
Total Chlorophyll (mg/g) in C. procera
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Species 1978 1979
Oct, Nov, Dec, Jan. Feb. Mar. Apr. May June July Aug. Sept.
Chloro- NP 0.51 0.47 0.50 0.47 0.50 0,50 0.46 0.49 0.29 0.61 0.55 0.49
phyll-a 3 S b 3 ] ¢ s E 3 E 2 4 t 3 3
0.01 0.06 0.06 0.02 0.15 0.02 0.05 0.01 0.06 0.006 0.07 0.01
P 0.26 0.27 0.26 0.24 0.26 0.26 0.24 0.47 0.26 0.31 0.27 0.26
* E3 3 2 2 3 ] : ) 3 - 2
0.06 0.03 0.06 0.05 0.02 0.05 0.02 0.02 0.06 0.07 0.05 0.02
Chloro- XP 0.57 0.51 0.56 0.63 0.50 0.66 0.48 0.56 0.37 0.68 0.77 0.50
phyll-b - 3 2 2 % S 3 2 ) 2 2 s
0.08 0.03 0.08 0.13 0.03 0.14 0.03 0.10 0.02 0.10 0.16 0.04
P 0.34 0.27 0.33 0.24 0.27 0.26 0.25 0.53 0.3¢ 0.40 0.69 0.26
2 3 3 2 3 3 3 t 3 s s 3 3
0.02 0.04 0.02 0.07 0.04 0.07 0.04 0.09 0.02 0.02 0.14 0.04
Totsl NP 1.08 0.98 1.06 1.10 0.99 1.17 0.94 1.05 0.66 1.29 1.32 0.99
Chloro- 2 3 b3 s s s E 3 3 s 2 2 b
phyll 0.01 0.10 0.09 0.14 0.04 0.15 0.08 0.10 0.06 0.10 0.23 0.06
P 0.60 0.54 0.59 0.47 0.53 0.52 0.49 0.99 0.60 0.72 0.96 0.51
: + 2 2 % s 2 3 2 : 2 2
0.05 0.07 0.06 0.14 0.06 0.13 0.06 0.10 0.05 0.06 0.12 0.06
N - Nonpolluted; P - Polluted
Table &
Monthly Fluctuation of Chlorophyll-a, Chlorophyll-db and
Total Chlorophyll (mg/g) in Z. numsularia
Species 1978 1979
Oct. Nov. Dec. Jan. Feb. Mar. T. May June July Aug. .
Chloro- NP 0.54 0,44 0.41 0.40 0.40 0.43 0.56 0.52 0.46 0.49 0.51 0.43
phyll-a e b 3 2 s E 3 3 2 S : 3 s S
0.10 0.05 0.02 0.03 0.02 0.02 0.31 0.03 0.02 0.02 0.03 0.04
P 0.46 0.42 0.43 0.42 0.42 0.45 0.45 0.47 0.44 0.45 0.47 0.40
3 z 3 2 2 ) 2 E 3 3 : s s
0.02 0.02 0.03 0.06 0.03 0.04 0.01 0.04 0.04 0.03 0.05 0.007
Chloro- NP 0.57 0.53 0.62 0.56 0.61 0.60 0.58 0.65 0.66 0.61 0.70 0.54
phyll-a . 3 F : 3 2 - s S 3 S S
0.02 0.20 0.19 0.18 0.19 0.19 0.20 0.23 0.20 0.22 0.22 0.21
P 0.43 0.39 0.38 0.38 0.37 0.37 0.34 0.46 0.36 0.55 0.34 0.38
2 s s & £ 3 2 3 E 3 3 3 2 3
0.07 0.06 0.04 0.06 0.04 0.06 0.04 0,07 0.06 0.07 0.006 0.05
Total NP 1.03 0.96 1.03 0.92 1.01 1.03 0.96 0.97 1.12 1.10 1.21 0.%
Chlore- S 2 s E 3 3 2 2 E E 3 2 4 3
phyll 0.20 0.20 0.20 0.17 0.20 0.19 0.20 0.11 0.21 0.23 0.22 0.21
P 0.8 0.81 0.81 0.79 0.79 0.80 0.9 0.93 0.79 0.90 0.78 0.80
< . s 2 4 2 b < 2 2 2 2 S
0.08 0.08 .0.01 0.11 0.07 0,10 0.35 0.09 0.09 0.08 0.04 0.05
NP - Nonpolluted; P = Polluted
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was more pronounced in C. procera and Z. nummularia. The monthly varia-
tion in total chlorophyll in all species from polluted and nonpolluted
areas was almost parallel during October-March. In P. fuliflora, from
the polluted area total chlorophyll fell sharply in April, whereas non-
polluted plants showed no considerable variation. Total chlorophyll
which increased until July in both polluted and nonpolluted plants, in
subsequent months decreased. The lowest percent deviations of total
chlorophyll from nonpolluted plants occurred in August, the highest in
May. The trend of variation in the total chlorophyll in A. nilotica
from the polluted and nonpolluted area was the same during October
through April. 1In polluted plants total chlorophyll fell sharply in
November, May and September. From May to August, the increase in total
chlorophyll was gradual in polluted plants, but 1in nonpolluted plants
it {ncreased sharply in July and decreased during August and September.
The lowest percent deviation 4in total chlorophyll from nonpolluted
plants occurred in September, and the highest in October. In C.procera,
total chlorophyll in polluted plants showed less variation during Octo-
ber to April; 1t increased in May, July, and August, butr decreased in
June and September. Total chlorophyll in nonpolluted and polluted
plants varied little in May and June. The lowest percent deviation of
total chlorophyll from the nonpolluted area occurred in August, the
highest in May. In polluted plants of Z. nummularia, total chlorophyll
gradually decreased from October to February, it increased from Febru-
ary till May and again in July, after a slight decrease in June. In non-
polluted plants, total chlorophyll was highest in June, July and August.
The lowest percent deviation of total chlorophyll of polluted plants of
Z. nummularia, from nonpolluted plants occurred in August, the highest
in May.

Discussion

Earlier studies (12-14) and the present findings reveal that three
important factors explain the difference in fluoride sensitivity of the
plants under study. 1. The location of fluoride (surface or interior),
2. The degree of interchange of fluoride between interior and exterior
of the leaf, and 3. The translocation of fluoride to leaf tips and mar-
gin.

It has been reported that fluoride inhibits chlorophyll synthesis
(12,13,15,16). In the present study, decrease in chlorophyll-b and to-
tal chlorophyll was observed in all polluted species. Chlorophyll-a
was less affected than chlorophyll-b. The percent decrease in total
chlorophyl was significantly higher (P < 0.05) in C. procera than in
P. juliflora, A. nilotica, and Z. nummularia, whereas in the latter
three species, it did not vary significantly. Thus C. procera is more
adversely affected than the other three species.

In an industrially contaminated area the fluoride content of vege-
tation can {ncrease by a factor of 2 to 260,particularly in leaf ctis-
sues (15,16). About 40% of the fluoride associated with plant leaves
is present on the surface. Particulate fluorides, depcsited on Cthe
leaf surface, are toxic to plants (12). The toxicity is related to
the solubility of the fluoride, because inorganic soluble fluorides
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can be absorbed directly through the leaves (13,14).

Deposition of particulate fluorides on the surface of leaves is re-
lated to leaf-morphology. Leaves of P. juliflora and A. nilotica (pin-
nately compound) as well as Z. nummularia (simple) retain less particu-
late fluoride compared to C. procera (short petioled and larger). In C.
procera, particulate fluoride deposited on leaves might have played a ma-
jor role in reducing the chlorophylls, compared to the other three spe-
cies. .

It has been reported that fluoride inhibits chlorephyll synthesis(17-
20), which results in necrosis of leaves, thus affecting the transpiration,
photosynthesis and respiration in plants.
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Correction: In our Abstract of the report on the "Effect of Fluoride on
Collagen Synthesis in the Rat" by B. Uslu (April 1984 issue, p. 139), the
ranges of hydroxyproline and protein levels in the callus are given as pub-
lished in the Results section of that report, but obviously they are re-
versed and should be interchanged and corrected to agree with the values
recorded in Table 2 of the report (Res. Exp. Med., 182:7-12, 1983).

The correct values (in pg/mg) are therefore:

Hydroxyproline Protein
Control rats 34 to 61 176 to 480
Fluoride-treated rats 24 to 49 152 to 435
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REPORT ON THE SECOND FLUORINE SYMPOSIUM IN SZCZECIN
by

Z. Machoy
Szczecin, Poland

The Second National Fluorine Symposium was held in Szczecin on Sep-
tember 26-28, 1983, in the framework of XIX Congress of the Polish Bio-
chemical Society. Eight reports and 38 posters were concerned with the
study on fluorine compounds in the various fields of biochemistry, ana-
lytics, toxicology, nutrition, prophylaxis, and therapy. The program
dealt principally with fluorine metabolism in human beings and animals
with emphasis on toxicity of the element, fluoride prophylaxis and ther-

apy-

The two-day symposium opened with a ceremony entirely devoted to
the scientific achievements of George L. Waldbott, M.D., who had passed
away in July 1982. While a large portrait of Dr. Waldbott was displayed
on a screen, Dr. Z. Machoy (Szczecin), paid tribute to the late physi-
cian's scientific research, his most important publications, and their
significance for world medicine. In Poland the work of Dr. Waldbott is
considered a principal source of data on fluoride as well as protago-
nist of a broad spectrum of studies on fluoride, meriting world-wide in-
terest.

M. Guminska (Cracow), in a report entitled "Effect of Fluorine on Me-
tabolism" discussed the initial fate of the fluoride ion when absorbed in-
to the blood and its effect on health due to excessive accumulation. The
consequences of the antagonism between fluorine and magnesium, particular-
ly in the process of bone mineralization, were especially highlighted.

Z. Machoy (Szczecin), in his communication "On Compounds Alleviating
the Effect of Fluoride Intolerance" discussed chemical factors attenuat-
ing the harmful effects of fluorides which include correct electrolytic
composition in body fluids (Ca, Mg, Fe), the presence of microelements
(Al, Cu, Mo), vitamin C, certain aminoacids (especially cysteine) and, in
animals, boron. The mechanism of action of these substances in the or-
ganism is diversified.

A report by G.L. Waldbott (USA), entitled "The Effects of Fluoride
on the Human Organism," was read by Z. Machoy. In it Dr. Waldbott de-
scribed his investigations of people who had been drinking fluoridated
water or had resided in the environs of factories emitting fluoride. In-
toxication by fluoride is characterized by symptoms of the respiratory,
gastrointestinal and urinary tracts and of the neuromuscular system. The
fluoride ion penetrates membranes of cells and therefore can reach every
organ. Dr. Waldbott concluded that fluoride is one of the most reactive
toxic substances in the human organism.

A. Put (Szczecin), in a presentation entitled "Experimental Evalua-

tion of Calcium Carbonate: Influence on the Course of Sodium Fluoride
Poisoning," assessed the effect of protracted application of flioride on
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selected parameters, biochemical, hematological, morphological and
histochemical changes in bones, teeth and other intrinsic organs in rats.
Calcium carbonate decreased the intensity of alterations induced by NaF
adminiscration.

Two further presentations dealt with prophylaxis with respect to den-
tal carfes. In connection with the use of fluoride for caries prophylax-
is, Z. Janczuk (Szczecin) in a report "Fluoride Prophylaxis of Caries in
Changing Conditions of the Natural Environment of Man," emphasized the ne-
cessity of strict regulation of fluoride dosage.

G. Siebert (Wurzburg), whose subject was "Investigations on Bioavafl-
ability of Fluoride in Man," dealt with the level of dietary fluoride.
Such work requires exact analytical data and measurements of fluoride ab-
sorption from the alimentary tract in the course of digestion, both of
which are important in estimating the quantity of fluoride recommended
for caries prophylaxis.

E. Czerwinski (Cracow), in a communication under the title "Effect
of Fluorine on the Osseocus-Articular System in Man" discussed the effects
of multi-year exposure of bones and joints in man to fluorine compounds.
Selected problems in connection with pathogenesis from the action of flu-
orine compounds on hard tissues were also discussed.

The final report, by A. Zielinski (Szczecin), entitled "Fluoroderiv-
ative Organic Compounds as Components of Blood Substitutes,” concentrated
on the fundamental conditions which should be met by blood-substitutes.
The author also explained his own experiments and achievements 1in the
field of chemistry concerning perfluoro-organic compounds used as blood
substitutes.

The majority of the posters were devoted to saliva, tooth enamel,
and caries prevention. Some were linked with the biochemistry of fluo-
rine (bioenergetics and enzymology) and analytics as well as diverse as-
pects of fluoride toxicology in man and animals.

M. Guminska (Cracow) summed up the reports and posters. The well-or-
ganized discussion, which followed, was frequently controversial. It was
possible, however, to elucidate disputed viewpoints and results and to
outline the direction of future investigations. Regarding stomatology,
whether and in which regions of the country fluoride should be added to
drinking water constitutes a dilemma. In enzymology, the question arose
respecting the possibility of predicting which enzymes might react with
fluoride compounds. In the field of toxicology, the discussion centered
on the necessity of producing a protective diet for inhabitants dwelling
in regions where fluoride levels of the atmosphere soil and water are el-
evated. A small exhibit by foreign firms manufacturing reagents and ion-
selective electrodes accompanied the symposium.

The next fluoride symposium will be held in 1985/86 in Szczecin with
invirted lecturers, including scientists from abroad.
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SODIUM FLUORIDE-INDUCED MORPHOLOGICAL AND NEOPLASTIC TRANSFORMATION,
CHROMOSOME ABERRATIONS, SISTER CHROMATID EXCHANGES AND UNSCHEDULED
DNA SYNTHESIS IN CULTURED SYRIAN HAMSTER EMBRYO CELLS

by

Takeki Tsutsui, Nobuko Suzuki, and Manabu Ohmori
Tokyo, Japan

(Abstracted from Cancer Research, 44:938-941, 1984)

Fluoride, an ubiquitous substance found naturally in food and water
and utilized extensively for industrial purposes, is being widely recom-
mended for prevention of dental caries by various methods, such as fluo-
ridation of communal water supplies; mouth rinsing with fluoride solu-
tions; toothbrushing with fluoride, gels and pastes; and application of
fluoride gels in mouthpieces. Whereas the cytogenetic effect of FF on
mammalian cells in vivo and in vitro is not clear, NaF induced chromo-
some aberrations in cultured human leukocytes, as well as in cultured
ovarian oocytes from mice, ewes, and cows,

Since many chemical carcinogens cause chromosome aberrations and DNA
damage, it was the authors' aim to determine whether NaF could induce neo-
plastic transformation of early-passage SHE (Syrian hamster embryo) cells
which are used widely for the study of in vitro carcinogenesis. The assay
system of Berwald et al. was used which is rapid, quantitative and dis-
tinguishes carcinogens from noncarcinogens with a high degree of accuracy.
Present results indicate that NaF induces morphological and neoplastic
transformation of SHE cells in culture as well as chromosome aberrations,
SCEs (sister chromatid exchanges), and UDS (unscheduled DNA synthesis) in
the same cells.

Mass cultures of cells treated with 100 ug NaF/ml for 24 hrs result-
ed in about 50% lethality. As concentrations of NaF increased treatment
caused morphological transformation which was indistinguishable from mor-
phologically altered colonies induced by benzo(a)pyreme and other chemi-
cal carcinogens. Whereas no morphological transformation of SHE cells
was observed in untreated cultures, the frequency of transformation in-
creased with increasing NaF doses. NaF also induced neoplastic transfor-
mation of SHE cells. When NaF treated cells at 120 to 270 doublings of
35 to 50 passages after treatment were injected into newborn hamsters,
one of 2 cultures (I-75 and I1-75) treated with 75 ug NaF/ml and 2 of 2
cultures (1-100 and I1-100) treated with 100 ug NaF/ml formed progressive-
ly growing tumors at the site of injection. The latent period for tumor
appearance was 28 to 39 days.

Histological examination revealed that the tumors formed in vivo were
produced by injection of untreated cells.

Chromosome aberrations, which significantly increased in NaF-treated
cells, were induced at the chromatid level, and the incidence increased
in a dose-dependent manner. NaF . treatment of cells for 24 hrs al-
so caused a dose-dependent increase in SCE frequency, which was elevated
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Table 1

Injection of Cells from NaF-Treated and Untreated
Cultures into Newborn Hamsters

No. of tumor~

Days of obser- bearing animals/
No. of Days in vation after no. of animals
Cells passages culture inoculation tested
I-K 74 320 360 0/8
1-75 74 316 360 0/10
II-75 34 141 28 3/3
I-100 48 199 35 3/8
11-100 36 141 39 8/8

approximately 2-fold by 80 ug NaF/ml. When SHE cells were treated for 4
or 8 hrs with 10 to 40 ug NaF/ml, UDS was not detected.

The mechanisms by which NaF induces transformation of SHE cells are
unknown, It is conceivable that, since NaF induced chromosome aberra-
tions SCEs, and UDS Iin the cells, NaF treatment results in DNA damage
which is involved in the initiation of transformation. Emsley et al.
have proposed that F could play a disruptive role towards DNA through
a N~H...F~...H-N hydrogen bond 1in the base pair of thymidine-adenine
base pafiring.

Whereas UDS i{nduced by NaF in SHE cells was not detected when the
cells were treated for 4 or 8 hrs, significant UDS levels were derected
in the cells treated more than 12 hrs. The delay in response of DNA re-
pair in NaF-treated cells may be explained as follows: (a) the DNA dam-
aging activity of fluoride may be weak or insufficient to induce detect-
able DNA damage during the short treatment time of our conditioms; (b)
inhibition of protein synthesis by fluoride may retard the progression
of DNA repair following DNA damage.

The present studies are directly relevant to the carcinogenic po-
tential of NaF, since they provide evidence that NaF induces morpholog-
ical and neoplasctic transformation of cells in culture. Therefore, NaF
could be potentially dangerous to humans.

KEY WORDS: Syrian hamster embryo cells; Chromosome aberrations; Sister
chromatid exchanges; DNA synthesis; ¥~ effect on cell cul-
tures; Neoplastic transformation

Reprints: Dept. of Pharmacology, Nippon Dental Univ., Tokyo Facility,
1-9-20 Fujimi, Chiyoda-ku, Tokyo 102, Japan
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ACID REACTIVITY OF CARBONATED APATITES WITH
STRONTIUM AND FLUORIDE SUBSTITUTIONS

by

J.D.B. Featherstone, C.P. Shiélds, B. Khademazad,
and M.D. Oldershaw
Rochester, N.Y.

(Abstracted from J. Dent. Res. 62:1049-1053, 1983)

The purpose of the present study was to prepare synthetic carbonar-
ed apatites in the presence of strontium and/or fluoride, to wmeasure
their acid reactivity, and tc relate this to chemical composition and
structure.

Studies on the reactivity of carbonated apatites are directly ap-
licable to our understanding of one part of the caries process. It is
possible that strontium and/or fluoride has a significant effect on the
reactivity of the enamel crystals; hence, on caries susceptibility.

Carbonated apatites, containing approximately 3.0 or 6.5% CO3 were
precipitated in the presence of sodium, strontium, and/or fluoride at
various concentrations. Almost all available strontium and fluoride
was incorporated into the crystals whereas only a portion of the car-
bonate and sodium present was taken up. When incorporated together, Sr
and F~ improved the crystallinity of carbonated apatites and markedly
reduced their acid reactiviry.

Samples with approximately 3% carbonate are considered to be appli-
cable to dental enamel chemistry. Whereas fluoride present in the crys-
tal at these concentrations does not intrinsically reduce acid reactivi-
ty, higher carbonate samples of about 6.5 - which are more relevant
to bone or dentin or to the upper limit of enamel carbonate content -~
did improve crystallinity and did reduce acid reactivity. Although flu-
oride alone failed to measurably reduce the reactivity of low-carbonated
apatites or to improve its crystallinity, the combination of strontium
and fluoride in carbonated apatite crystals reduced reactivity by about
one-half of that in low carbonated apatites.

Structural pruperties of carbonated apatites can be markedly
changed by incorporation, during synthesis, of such trace metals as
strontium and zinc, with fluoride. Unusually low caries levels in some
Ohio and Wisconsin towns are apparently associated with naturally oc-
curring combinations of strontium and fluoride in drinking water. Stron-
tium and/or fluoride may have a significant effect on the reactivity of
enamel crystals; hence, on caries susceptibility.

Acid reactivity of carbonated apatites, as measured by initial
dissolution rates in 0.0l mol/l acetate at pH 4.5, increased markedly
in proportion to carbonate inclusion. This reactivity differential,
compared with that of noncarbonated hydroxyapatite, could be reduced by
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half when strontium and fluoride were incorporated together. Crystal de-
fects appear to determine carbonated-apatite reactivity; they can be

beneficially modified by inclusion of strontium and fluoride in the pre-
sence of carbonate. A direct relationship between acid reactivity as

measured by initial dissolution rate, and decrease in crystallinity as

indicated by (211) half-widths, has been clearly demonstrated.

The effect of strontium and fluoride together, observed here, is
possibly related to substitution of strontium in the triangular posi-
tions of calcium deficiency, and subsequent stabilizaction against acid
attack. This phenomenon may partially explain the observed reduction
in car?ea in areas where drinking water contains 5.10 mg Sr/l and F~ at
1-2 mg/1.

Editor's Note: For a recent report on the role of strontium in reduc-
ing the incidence of dental caries, see Athanassouli, T.M., Papastatho-
poulas, D. S., and Apostolopoulos, A.X.: Dental Caries and Strontium
Concentration in Drinking Water and Surface Enamel. J. Dent. Res., 62:
(9):989-991, 1983.

KEY WORDS: Apatite carbonated; Strontium; Fluoride in apatite.

Reprints: Dept. of Oral Biology, Eastman Dental Center, 625 Elmwood
Ave., Rochester, N.Y. 14620
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PHARMACOKINETICS OF FLUORIDE GELS IN CHILDREN AND ADULTS
by

J. Ekstrand, G. Koch, L.E. Lindgren, and L.G. Petersson
Stockholm, Sweden

(Abstracted from Caries Res., 15:213-220, 1981)

Plasma fluoride (F~) concentration and urinary F excretion were stud-
ied in B children aged 5-16 and 5 adults aged 23-26 all of whom were liv-
ing in an area with 0.2 ppm F~ in water. Three types of gels were tested:
(1) Luride topical acidulated phosphate fluoride gel, orange flavor, 1.237
F~ (Hoyt Laboratories); (2) Gel II topical fluoride, acidulated phosphate,
chocolate flavor, 1,23% F~ (Pacemaker, Portland, OR) and (3) fluor gel 0.17
F~ (LIC Dental, Stockholm).

The amount of F~ gel applied to each child was 3.33 ¢ 0.05 g (mean ¢
SD). The amount of F~ ingested was 31.2 ¢ 6.4 mg. The results show that
topical application of 1.23% F gels may result in plasma F levels high
enough to cause a decrease in urinary concentration ability.
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Most brands have relatively high F~ concentrations, usually ranging
from 0.5 to 1.23%7. 1In some cases of high caries activity, home care pro-
grams involving 1.23% F~ gel applications as often as twice daily over a
period of 1-2 weeks have been reported among both children and adults.

Following topical F treatment, varying quantities of the material are
retained in the oral cavity and swallowed. In this way, F is distributed
throughout the body via the blood circulation and may result in systemic
effects.

During the first 8 hrs. after gel application, the rate of urinary F~
excretion ranged from 123 to 1006 ug/h. The excretion rate fell to 43 =
26 ug/h during the next collection period (12 h) and variation between sub-
jects decreased. F excretion was still elevated during the next 12-hour
period (64 + 38 ug/b). Total urinary F~ output (0-28) ranged between 1283
and 9386 ug. By subtracting this value from the F dose ingested, approx-
imately B5X of the total dose, (26.4 * 4.2 mg F~) was not recovered in the
urine. In other words, F from the ingested gel was almost completely ab-
sorbed. One death has been reported following topical ¥~ treatment.

The high plasma levels noted in the children can be explained by the
high F~ doses ingested per kilogram body weight. For instance, in subject
P.U., who received a dose of 1.8 mg/kg body weight, plasma levels were
over 1400 ng/m (36 uM). These results demonstrate the close relationship,
in all children, between ingested dose per kilogram body weight and re-
sultant plasma F~ levels. ‘In adults, although 50-60%1 of ingested F~ may
be retained in the bone pool, this figure varies due to differences in re-
nal F clearance.

On a fasting stomach almost all of the F~ swallowed with the gel is
absorbed by the gastrointestinal tract. These types of F~ preparation may
result in plasma levels as high as 1443 ng/m, (76 uM) in children.

Side effects, such as nausea, vomiting and gastrointestinal pain have
been reported following F~ gel treatment. GCastrointestinal side effects,
from intake of high doses of F~ are due to formation of hydrogen fluoride
and sodium hydrogen fluoride in the stomach. Studies in rats have shown
a correlation between renal dysfunction and increased serum F~ concentra-
tions caused by polyuric renal insufficiency following NaF injections.

With this background information a certain caution should therefore
be observed regarding use in children of high F concentration gels. It
is also questionable whether there is any significant advantage in ewploy~
ment of high-concentration F~ gels in view of obvious risks of systemic
side effects.

KEY WORDS: Fluoride; F gel; Plasma; Urinary excretion; Toxicity

Reprints: Dept. of Cariology, School of Dentistry, Karolinska Institutet,
Stockholm, '
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FLUORIDE PHARMACOKINETICS DURING ACID-BASE
BALANCE CHANGES IN MAN

by

J. Ekstrand, M. Ehrenebo, G.M. Whitford
and P.0. Jarnberg

(Abstracted from Eur. J. Clin. Pharmacol. 18:189-194, 1980)

Five healthy subjects were each given fluoride 3.0 mg (F) as sodium
fluoride tablets on two occasions - during production of acid urine, in-
duced by giving NH4Cl, and during production of alkaline urine obtained by
giving NaHCO3. Frequent plasma and urine samples were taken uo to 12 h
and were analyzed with a F~ sensitive electrode. Control experiments with-
out F administrations were also performed to permit calculation of net F
concentration in plasma and urine. The urine F excretion was lower during
acid than alkaline diuresis. Pharmacokinetic analysis of the net plasma
F concentrations showed that the apparent plasma half-life of F was longer
when urine was acid (4.3 ¢+ 0.6 H: SD; n = 5) than when it was alkaline
(2.4 ¢+ 0.4 H). This could be explained by changes in the renal clearance
of F, which was always lower with an acid (61.5 * 8.1 ml/win) than an al-
kaline (97.8 ¢ 10.4 ml/min) urine. The apparent extra-renal clearance,
which mainly represents clearance to the bone pool, was also signiricantly
higher during production of alkaline (109.2 * 20.2 ml/min) than of acid
(86.3 ¢+ 21.3 ml/min) urine. It {s suggested, that increased reabsorption
of non-ionic hydrogen fluoride (HF) is responsible for the decreased renal
clearance during acidic conditions.

KEY WORDS: Fluoride; Renal clearance, urinary pH, fluoride kinetics

Reprints: Department of Cariology, Karolinska Institutet, Stockholm,
Sweden
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FLUORIDE IN WATERS, SOILS AND VEGETATION OF
WESTERN BUENOS AIRES PROVINCE

by

R.S. Lavado, N.B. Reinaudi, and J.A. Vaquero
LaPlata, Argentina

(Abstracted from Ciencia del Suelo, 1:9-14, 1983)

The fluoride content of soils, phreatic waters and vegetation of
Carlos Tejedor County were studied by colorimetric and other standard
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Abstract 267

analytical methods. Fluoride levels were related te clay content.
Whereas total fluoride values were low, water-soluble fluoride content
was high; the latter was associated with soil alkalinity and salinity,
and phreatic water depth. Total fluoride was not correlated with avail-
sble phosphorus, lime or organic carbon. On the other hand, soluble
fluoride correlated with organic carbon but not with available phospho-
rus or lime, Vegetation was likewise high in fluoride. The highly
soluble fluoride content of soils, derived from shallow groundwater,
has probably been spread by floods.

Water fluoride ranged between 1,26 and 2.25 ppm, total F in soil
ranged from 19 to 375 ppm, soil soluble F~ ranged from 0.50 to 9.75 ppm,
F~ in plants ranged from 37 to 80 ppm.

KEY WORDS: Soluble and total F ; Alkalinity; Salinity; Groundwater

Reprints: PROSAG (Fac. Agronomia - CONICET). An San Martin 4453 -
1417 Buenos Aires, Argentina
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MUD-BATH THERAPY OF A PATIENT WITH OSTEOARTHRITIS DEFORMANS
EXPOSED TO FLUORINE AND ITS COMPOUNDS

by

L.A. Kozlava, and L.G. Zhukova
Sverdlovsk, USSR

(Abstracted from Voprosy Kurortologii Fizioterapii i Lechebnoi
Fizicheskoi Xultury May-June 1983, pp. 32-34)

The effect of mud application, combined with diet, therapeutic exer-
cises and massage on the course of arthrosis and concomitant toxicochem-
ical hepatitis - detected frequently in metallurgic workers who had been
exposed to the action of fluoride and its compounds - was studied.

The most pronounced therapeutic effect was obtained by means of low-
temperature mud application (38 - 40°C) to the affected joints and the
lumbar region combined with drinking slightly mineralized water containing
organic substances.

KEY WORDS: Industrial fluorosis; Mud-bath therapy

Reprints: Research Institute of Balneology and Physiotherapy, Sverdlovsk,
USSR
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