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AMELIORATION OF FLUORIDE TOXICITY IN SOME ACCESSORY
REPRODUCTIVE GLANDS AND SPERMATOZOA OF RAT

N J Chinoy, M V Narayana, Vibhuti Dalal, Mona Rawat and Dhruva Patel
Ahmedabad, India

SUMMARY: Sodium fluoride (NaF) at a dose of 10 mg/kg body weight was adminis-
tered orally to male rats (Rattus notvegicus) daily for 30 and 50 days to evaluate
the effect on the physiology of some sex accessory glands and sperm functions.
The effects of withdrawal upon cessation of NaF ingestion, and of administering
ascorbic acid (AA) and/or calcium (Ca") along with NaF, were also investigated.
The results revealed that the NaF treatment caused a significant elevation in serum
fluoride levels with a simultaneous rise in Ca" levels. This could be attributed to the
formation of a calcium fluoride complex leading to calcium accumulation. The
treatment resulted in structural and metabolic alterations in sperm, leading to low
sperm motility, a low sperm mitochondria! activity index (SMAI), reduced viability
(live:dead ratio), and changes in sperm membrane phospholipids (particularly
phosphatidylinositol, phosphatidylserine and phosphatidylethanolamine, which
would affect hormone receptor interaction and their functions). A significant reduc-
tion in electrolyte levels of sperm also occurred which would also affect their
viability. The protein levels in cauda epididymal sperm suspension, vas deferens,
seminal vesicle and prostate were significantly decreased after NaF administration,
which may be due to altered protein metabolism by interference of fluoride ions. The
changes in epididymal protein profile, with absence of some proteins and induction
of some new ones, were probably a result of the "stress proteins" in NaF-treated
rats affecting the structural and functional integrity of sperm. Glycogen accumula-
tion in vas deferens and a decrease in fructose in seminal vesicles and vas deferens
indicated disturbances in carbohydrate metabolism in these organs. However,
withdrawal of treatment resulted in partial recovery. A significant recovery from
NaF-induced toxic effects occurred following administration of ascorbic acid and/or
calcium, while combined treatment (AA + Ca") for 70 days manifested a synergistic
effect. The transient fluoride-induced effects were reversible.

The results, corroborated by earlier data from our laboratory, show that fluoride
has a definite effect on male reproduction and fertility. Ascorbic acid and calcium
are proposed as therapeutic agents in endemic populations for amelioration of
effects of fluoride.
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Synergistic action; Reversibility.
Introduction

Consumption of fluoride through drinking water is known to cause several ail-
ments, including bone and teeth disorders, among human populations in endemic
areas. Investigations on the role of fluoride on reproductive status in relation to
adverse ill-effects and their amelioration are very limited. We earlier reported that
NaF caused alterations in testicular seminiferous tubules, such as vacuolation and
denudation of spermatogenic epithelium, which disrupted spermatogenesis, reducing
sperm counts and serum testosterone levels. 1 - 6 Changes also in the epididymal
secretory epithelium impaired its metabolic and functional status, inhibited sperm
maturation and motility, and reduced fertility of NaF-treated animals (rats, mice,
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rabbits and guinea pigs). Similar alterations in vas deferens and other sex accessory
organs of fluoride intoxicated animals were also reported) -3,7 ' 12 In vitro fluoride
toxicity in human spermatozoa has also been found.13

Further work indicated that administering ascorbic acid (AA) and calcium (Ca++),
alone and in combination, contributed significantly towards complete recovery of

6,10,11,14reproductive and some other functions from fluoride toxicity. The present
study further explores the effects of fluoride on sperm viability and some sex
accessory organs of rat, as well as the therapeutic effects of AA and Ca' in the
amelioration of fluoride toxicity.

Materials and Methods

Charles Foster strain male rats (Rattus norvegicus) weighing 225-250 g, from
the National Institute of Occupational Health, Ahmedabad, were allowed to acclima-
tise to the new environment of our laboratory for one week, and then were divided
into six groups and subgroups (see protocol below) and caged separately. Group I
(control) were maintained on standard diet and water ad libitum. Group II were fed
sodium fluoride orally (source: Loba Chemie, Bombay, 99% purity) using a hypo-
dermic syringe at 10 mg/kg body weight dose daily for 30 and 50 days before giving
food. The dose of NaF used was based on earlier data. 7,8 Since one complete
spermatogenic cycle requires 48 ± 2 days in rat, the treatment period was 50 days.
In Group III, the treatment was withdrawn after 50 days of NaF feeding, and the
animals were maintained on standard diet and water ad libitum for further periods of
50 and 70 days, in order to evaluate the reversible effects, if any. Groups N, V and
VI were orally administered ascorbic acid (AR Grade, 98% purity) and calcium
(Glaxo India, 99% purity), together with NaF, for 30, 50 and 70 days to study their
ameliorative role in the light of earlier work.

Experimental Protocol
Group Treatment

and dose
Duration
(days)

Day of
autopsy

Number of
animals used

I Control, untreated Sacrificed along
with treated

10

II A, B Sodium fluoride (NaF)
(10 mg/kg body wt./rat/day)

30, 50 31, 51 20

III A, B NaF withdrawal from
day 51

50, 70 51, 71 20

IV A,B,C NaF (as in Group II)
+ Ascorbic Acid (AA)

30, 50, 70 31, 51, 71 30

(50 mg/animal/day)
V A, B, C NaF(as in Group II)

+ Calcium (Ca+-)
(62.5 mg/animal/day)

30, 50, 70 31, 51, 71 30

VI A, B, C NaF + AA + Ca++
(dose same as in Gps IV & V)

30, 50 70 31, 51, 71 30

The control and treated animals were then sacrificed by cervical dislocation.
Blood was collected by cardiac puncture for fluoride estimation. The vas deferens,
seminal vesicle, prostate and cauda epididymis were dissected out carefully and
blotted free of blood. The cauda epididymis was teased gently in normal saline,
filtered through a strainer and centrifuged at 1500 rpm twice to obtain the spermato-
zoa. The following parameters, for control and treated groups, were studied:
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Serum fluoride concentrations (ppm) were determined with an Ion Selective Fluoride
Electrode (Orion Model 701A as per the Orion Instruction Manual).

Sperm motility percentages were determined by the method of Prasad et al l5 (vas
deferens and cauda epididymal sperm suspension was prepared in normal saline).

Sperm viability (ratio of live:dead spermatozoa) was determined from the cauda
epididymal spermatozoa suspension, using 1% trypan blue (supravital stain), following the
method of Talbot and Chacon.18

Sperm mitochondrial activity index (SMAI) was evaluated by the method of Gopala
Krishnan et a1,17 using nitroblue tetrazolium (NBT) salt. This test estimates the percent of
spermatozoa having a full complement of mitochondria, which contain respiratory
enzymes essential for providing energy for sperm motility.

Sperm plasma membrane phospholipids were extracted from the cauda epididymis
using lipid solubilizing and protein denaturing solvents (methanol followed by chloroform)
then separated using two-dimensional thin layer chromatography (TLC) by the method of
Horrocks and Sun,18 followed by quantitative estimation (percent phospholipids) by the
procedure of Bartlett19 using Amino Naphthol Sulphonic Acid (ANSA) colouring reagent
(the blue colour was read at 820 nm on a Systronics UV VIS Spectrophotometer 118).

Sperm Sodium (Nal, Potassium (K±) and Calcium (Ca""") levels (ppm) in cauda
epididymal sperm suspension were determined using the Systronics Flame Photometer,
Digital Unit Type 125, by the method of Dean.29

Cauda epididymal sperm proteins were separated by sodium dodecyl sulphate poly-
acrylamide disc gel electrophoresis (SDS-PAGE) by the original method of Laemmli z1
(a discontinuous buffer system, Tris-HCI in the gel and tris-glycine in the buffer compart-
ments - proteins separated on a 10% polyacrylamide gel). The gels were scanned on a
Beckman DU-40 Spectrophotometer.

Total protein levels in cauda epididymis sperm suspension, vas deferens, seminal
vesicle and prostate (expressed as mg/100 mg fresh tissue weight) were determined by the
method of Gomall et a1.22

Glutathione concentrations (g moles/100 ml sperm suspension) in sperm suspensions
were estimated by the modified procedure of Grunert and Phillips. 23 Glutathione reacts
with sodium nitroprusside in alkaline medium to give a red coloured complex, the
intensity of which was measured with a Spectronic 20 Bausch and Lomb colorimeter at
520 nm within 1 minute.

Fructose concentrations (gg/mg tissue weight) in the seminal vesicle and vas deferens
were estimated by the method of Foreman et a1.24 One ml of 0.1% resorcinol and 3 ml of
30% HC1 were added to 2 ml of homogenate. For the blank 2 ml of perchloric acid was
added instead of homogenate. The tubes were boiled at 80°C for 1 hour, cooled, and
optical density was read at 410 nm on a Bausch and Lomb Spectronic 88 colorimeter.

Glycogen levels in vas deferens (gg/100 mg fresh tissue weight) were estimated by the
method of Seifter et a1.25

Statistics. For all the estimations, a minimum of 8-10 replicates were used and the
data were analysed statistically using Factorial analysis of variance (ANOVA), Newman-
Keuls test, and Student's T test.

Results
Results are presented in Tables 1-9. After NaF treatment, compared to control:
Serum fluoride levels were significantly elevated. (Table 1).
Sperm motility, sperm viability (live:dead ratio), and sperm mitochondrial

activity index (SMAI) were significantly reduced (Table 2).
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Sperm plasma membrane phospholipids - phosphatidylinositol, phosphatidyl-
serine and phosphatidyl ethanolamine levels decreased, but sphingomyelin and phos-
phatidylcholine levels were not affected. (Table 3).

Sperm Ca' levels were significantly enhanced after 50 days (Table 4).

Sperm Na+ levels declined (Table 5).
Sperm K"'" levels were reduced (Table 6).

Total protein levels in cauda epididymis spermatozoa, vas deferens, seminal
vesicle and prostate gland significantly decreased (Table 7).

Cauda epididymal sperm proteins - some were inhibited while some additional
ones were induced (Table 8).

Glutathione levels in cauda epididymis spermatozoa and fructose levels in vas
deferens and seminal vesicle were significantly suppressed, while glycogen concen-
trations significantly increased (Table 9).

On withdrawal of NaF treatment, for the parameters studied for Group III, there
was a trend to recovery, compared to the treated group, after 70 days (Tables 1, 4,
5, and 6), but withdrawal did not improve the protein motility pattern (Table 8).

For all the above parameters, administration of AA or Ca' resulted in signifi-
cant recovery, greater after 70 days, while the combimed treatment (AA + Ca++)
resulted in even better and faster recovery, to almost control levels.

All the above changes were statistically significant (p < 0.001).

Table 1. Serum fluoride levels (ppm) in control and treated groups of rats

Group Treatment Duration 50 days Duration 70 days
Control, untreated 0.58 t 0.04 0.58 ± 0.04

II NaF treatment 3.6 ± 0.11
III NaF withdrawal 1.9 ± 0.08 1.4 ± 0.04
IV NaF + ascorbic acid (AA) 0.98 ± 0.03 0.71 ± 0.03
V NaF + calcium (Ca++) 0.97 ± 0.05 0.70 ± 0.05
VI NaF + AA + Ca ++ 0.75 ± 0.04 0.56 ± 0.03

Values are mean ± SE	 n = 5 in all groups

Table 2. Sperm motility (%) in cauda epididymis and vas deferens, sperm viability, and
sperm mitochondria! activity index (SMAI) in control and treated groups of rats

Tissues Group I Group IIA Group IVA Group VA Group VIA
Sperm motility:
Cauda epididymis 69.67 ± 0.29 11.39 ± 0.49 64.57 t 0.28 55.51 ± 0.51 69.50 ± 0.3
Vas deferens 66.19 ± 1.27 23.88 t 0.47 61.84 ± 0.25 37.37 ± 1.99 64.30 ± 1.8
Sperm viability (%) 73.15:26.85 11.96:88.04 67.00:38.76 61.33:38.67 69.11:30.89

10.05 ± 0.44 ± 0.54 ± 0.8 ± 0.74
SMAI (%) 41.9 ± 1.13 21.2 t 0.77 35.6 ± 1 .19 32.0 ± 1.05 40.1 t 1.03
Values are mean ± S.E.
Group I
Group IIA
Group IVA
Group VA
Group VIA

Untreated control
NaF treated (30 days)
NaF treated as in group II withdrawal on day 31 and AA feeding for another 31 days
NaF treated as in group II withdrawal on day 31 and Ca ++ feeding for another 30 days
NaF treated as in group II withdrawal on day 31 and AA and Ca ++ feeding for another 30 days
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Table 3. Concentrations of phospholipids (%) in cauda epididymis
spermatozoa of control and treated groups of rats.

Groups Phosphatidyl-
inositol

Phosphatidyl-
serine

Sphingomyelin Phosphatidyl-
choline

Phosphatidyl
ethanolamine

I 5.36 ± 0.42 11.57 ± 0.57 22.36 ± 1.28 34.91 ± 0.54 25.88 ± 0.37
II 2,78 ± 0.17 8.09 ± 0.04 21.41 ± 0.27 34.92 ± 0.48 18.70 ± 0.25
IVA 4.96 ± 0.13 10.12 ± 0.25 21.06±0.26 35.18 ± 0.34 23.84 ± 0.50
VA 3.83 ± 0.12 9,21 ± 0.17 21.32 ± 0.26 34.95 ± 0.34 20.15 ± 0.26
VIA 5.91 ± 0.06 12.32 ± 0.21 21.19 ± 0.27 35.19 ± 0.04 24.94± 0.29
Values are mean ± S.E.
Group I	 Untreated control
Group IIA NaF treated (30 days)
Group IVA NaF treated as in group II withdrawal on day 31 and AA feeding for another 31 days
Group VA NaF treated as in group II withdrawal on day 31 and Ce + feeding for another 30 days
Group IVA NaF treated as in group II withdrawal on day 31 and AA and Ca ++ feeding for another 30 days

Table 4. Sperm Ca++ (ppm) levels in control and treated groups of rats
Duration	 Control	 NaF treatment NaF withdrawal NaF +AA	 NaF + C,a++ NaF +AA + Ca++
(days)	 (Group I)	 (Group II)	 (Group III)	 (Group IV)	 (Group V)	 (Group VI) 

50	 131±2.9	 168 ±1.28	 160 ± 2.01	 138 ± 1.91
70	 131±2.0	 140 ± 1.89	 130 ± 1.87

Values are mean ± S.E.

141 ± 3.6 139 ± 2.76
133 ± 2.8 136 ± 2.54

Table 5. Sperm sodium (Na +) (ppm) levels in control and treated groups of rats 
Duration	 Control	 NaF treatment NaF withdrawal NaF +AA	 NaF + Ca++ NaF +AA+ ca++
(days)	 (Group I)	 (Group II)	 (Group III)	 (Group IV)	 (Group V)	 (Group VI)

50	 112±3.4	 103±2.01
70	 112 ± 3.0

Values are Mean ± S.E.

106±1.91 104±1.77 103± 2.1 107 ± 1.89
110 ± 1.87 110 ± 2.7 114 ± 2.02 112 ± 1.23

Table 6. Showing potassium (K+) (ppm) in control and treated groups of rat 
Duration	 Control	 NaF treatment NaF withdrawal NaF +AA 	 NaF +Ca++ NaF +AA+ ca++
(days)	 (Group I)	 (Group II)	 (Group III)	 (Group IV)	 (Group V)	 (Group VI) 

50	 124±4.1	 95 ± 1.81	 106 ± 1.28	 114±2.9	 108 ± 1.54	 107 ± 3.2
70	 124 ± 4.1	 119±1.67	 126±3.1	 121 ±2.20	 126±3.8 

Values are mean ± S.E.

Table 7. Protein concentration (rricy100 mg tissue weight) in the cauda epididymis spermatozoa,
vas deferens, seminal vesicle, and prostate of control and treated groups of rats

Tissues Group I Group IIA Group IVA Group VA Group VIA
Cauda epididymis

spermatozoa 43.15 ± 0.19 34.39 ± 0.76 38.09 ± 1.73 37.34 ± 1.01 42.98 ± 0.71
Vas deferens 13.92 ± 0.63 8.17 ± 0.77 12.41 ± 0.56 10.29 ± 0.58 12.71 ± 0.64
Seminal vesicle 23.73 ± 0.4 8.63 ± 0.34 18.67 ± 0.39 16.63 ± 0.13 22.15 ± 0.52
Prostate 28.79 ± 0.44 14.26 ± 0.97 20.27 ± 0.73 17.26 ± 0.76 23.65 ± 0.77
Values are mean ± S.E.
Group I	 Untreated control
GrouplIA NaF treated (30 days)
Group IVA NaF treated as in group II withdrawal on day 31 and AA feeding for another 31 days
Group VA NaF treated as in group II withdrawal on day 31 and Ca++ feeding for another 30 days
Group IVA NaF treated as in group II withdrawal on day 31 and AA and Ca++ feeding for another 30 days
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Table 8. Cauda epididymal protein molecular weights (K. daltons)
scanned on Beckman DU-40 Spectrophotometer

Control NaF

50
days

NaF
withdrawal

70
days

NaF + AA

30
days

NaF + AA

70
days

NaF + Ca++ NaF + Ca++ NaF +AA NaF +AA
+ca++	 +Ca++

30	 70	 30	 70
days	 days	 days	 days

264 263 - 258 263 258 271 269 264
250 - 247 250 256 246 255 252 243
- - - - 247 241 - - -
- - 115 - 123 - 125 121 -
- - 90.9 94.8 89.7 - 75.9 79 -
- 68.5 - 60.5 68 - - 61 -
- 57 - - - - - - -
- 53 54.6 - - - - 53 -

46.6 - - 47 - 47.9 49.6 47 49.6
40 42 - 40 - 40 - - 42.3
30.8 32 36 33 37.5 - 39.5 38 33.6
25 29 - 28.5 27.5 29 24.5 27 28.0
21 23 22.5 - 24 23 - 22.7 22.8
- - 19.9 18.5 21.7 19.9 - - -
16.5 17 15.9 - - 17 16.2 14.8 16.8
- 15 - - - 15 - - -
13.7 14 12 - 13.7 13 - - 11.5
11.6 12.6 - - 10.8 - - - -
9.5 10 9.8 8.0 8.1 8.8 9.9 - 9.3
7.7 - 7.5 - - - 7.5 7.0 7.0
6.9 - - - - - 6.4 - -
5.7 5.7 - 5.9 - - 5.5 5.5 5.5
5.6 5.0 - - - - - - -
4.6 - - - - - - - 4.7
4.1 - - - - - - - -

NaF = Sodium Fluoride	 AA = Ascorbic Acid 	 Ca++ = Calcium

Table 9. Levels of glutathione (GSH) in cauda epididymis spermatozoa, fructose concentra-
tions (pg/mg fresh tissue weight) in the vas deferens and seminal vesicle and glycogen
(pg/100 mg fresh tissue weight) in vas deferens of control and treated groups of rats.

Parameters Group I Group II Group IVA Group VA Group VIA
Glutathione 36.78 ± 0.43 8.85 ± 0.66 19.43 ± 1.08 14.79 ± 1.00 28.04 ± 0.85
Fructose

Vas deferens 13.1 ±0.27 7.42 ± 0.37 12.57 ± 0.27 12.12 ± 0.33 13.01 ±0.11
Seminal vesicle 13.32 ± 0.41 7.59 ± 0.14 11.06 ± 0.17 10.90 ± 0.17 13.12 ± 0.03

Glycogen
Vas deferens 1144 ± 30.59 1998 ± 12.43 991 ± 28.58 941 ± 17.31 1062 ± 32.59

Values are mean ± S.E.

Group I	 Untreated control
Group IIA NaF treated (30 days)
Group IVA NaF treated as in group II withdrawal on day 31 and AA feeding for another 31 days
Group VA NaF treated as in group II withdrawal on day 31 and Ca++ feeding for another 30 days
Group VIA NaF treated as in group II withdrawal on day 31 and AA and Ca++ feeding for another 30 days
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Discussion
In this study, serum fluoride levels of rats were enhanced significantly after 50

days NaF treatment. Active sequestration of fluoride at the beginning and reduced
elimination are known to occur in mice on prolonged NaF ingestion, due to struc-
tural kidney damage and altered function.26

Schoff and Lardy 27 have demonstrated the effects of fluoride (30 mM) and
caffeine on the metabolism and motility of ejaculated bull sperm in vitro. Similarly,
human spermatozoa lost their motility in vitro in the presence of 250 mM NaF
within 20 minutes incubation. 13 In the present study too, the motility of cauda epidi-
dymal and vas deferens spermatozoa was decreased significantly in NaF-treated rats.
Similar results were reported earlier in NaF-treated mice, rats, rabbits and guinea
pigs under different experimental conditions.1, 6-8,10-12

The present study also revealed a significant decrease in the sperm mitochondria'
activity index (SMAI), indicating a decline in mitochondrial enzymes in NaF-treated
animals, especially succinate dehydrogenase which is an oxidative enzyme involved
in the Krebs cycle. Earlier studies support these results. 12 Hence it is likely that
sperm mitochondrial structure and metabolism are affected by NaF. Further studies
in this direction are under way.

The evaluation of treated spermatozoa stained with Trypan blue showed a large
number dead, probably due to loss of membrane integrity. The effect of fluoride on
membrane permeability might be another major factor in the loss of sperm motility.

Phospholipids, one of the major components of the lipid bilayer of plasma
membrane, play an important role in maintaining membrane integrity and its semi-
permeable nature. This study showed a significant decrease in phosphatidylinositol,
phosphatidylserine and phosphatidylethanolamine levels due to NaF treatment, while
the other two phospholipids, phosphatidylcholine and sphingomyelin, were not
affected. Similar results have been obtained in NaF-treated testis and epididymis of
rats and guinea pigs. 12,28 To the best of our knowledge these are the first reports of
this kind. Phosphatidylinositol is involved in hormone receptor function at the
plasma membrane,29 so is likely to be a factor in the changes in sperm metabolism
after NaF treatment. Detailed studies are needed on hormone receptor action in
target tissues in fluoride treated animals.

The NaF-induced enhancement in sperm calcium levels could be due to the
affinity of fluoride to form Ca++ complexes, and to the Ca++ influx caused by direct
action of fluoride. Thus, it is possible that fluoride induces Ca ++ accumulation and
thereby suppresses sperm motility. The optimal concentration of Ca ++ ions play an
important role in various cellular functions, including sperm motility through the
Cam-cahnodulin complex at optimal concentrations. High calcium levels affect
sperm function via its interaction with c-AMP.31

The reduction in sperm electrolyte levels (Na+ and K+) after NaF treatment might
be due to suppression of Na+ and water reabsorption in rat epididymis influenced by
adrenal hypofunction. 32 Susheela and Das 33 have reported adrenal hypofunction in
patients afflicted with fluorosis as well as in fluorotic rabbits. It is well known that
the Na+ and K+ levels of cauda epididymis are androgen-dependent. 34,35 Sodium is
actively transported out of the epididymal lumen and the circulating androgens
maintain the active transport system. 35 It is further known that Na-K-ATPase, an
androgen-sensitive enzyme, maintains the Na+ levels and Nat dependent water
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reabsorption in epididymis. 34 Hence the changes in the present study, as well as
alterations in cauda epididymal and sperm ATPase activity reported in other
studies. 6, 9 Fluoride has earlier been reported to cause K + efflux from intact cells,13
as in the present study. These alterations suggest either a change in circulating
androgens in rats 6 or insensitivity of androgen target organs to the hormone.

Fluoride inhibits biosynthesis of protein in vitro and in vivo. Such inhibition is
mainly due to impairment of peptide chain initiation. 36 Fluoride treatment caused a
significant decrease in total protein levels in cauda epididymal spermatozoa, vas
deferens, seminal vesicle and prostate, a finding in line with our earlier studies on
mice, rats and rabbits. 1 4,7-1°

The disappearance of some cauda epididymal proteins in NaF-treated rats might
be due to inhibition of protein synthesis. 37 The present study shows that proteins of
molecular weights 4.6 KD and 4.1 KD seem to be very sensitive to NaF treatment.
Such alterations in sperm protein caused by NaF could contribute to reduction of
sperm motility and consequent low fertilizability, while a decline in protein in
seminal vesicle and prostate would affect their secretions. The induction of new
(probably "stress") proteins might be related to increase in DNA and RNA contents
after NaF treatment. 28, 38 This might in turn be the result of an increase in the
transcriptional rate thus inducing new proteins. These induced proteins (53 KD to
68 I(D) might also be the result of induction of new DNA polymerases, as the
molecular weights of induced proteins fall in the range of 30 KD-300 KD which are
the same for DNA polymerases (Table 8). These polymerases probably ultimately
increase the transcriptional rate for specific "stress proteins". Shashi 38 hypothesized
that DNA polymerases were increased in ovary and uterus of NaF-treated rabbits
but did not present any evidence. To the best of our knowledge, our reported data
are the first of their kind. A decrease in epididymal sperm protein suggests that
epididymal changes led to altered synthesis of specific proteins,39 which are
important as sperm antigens and for sperm viability.40

Glutathione (GSH) is involved in the mechanism of detoxification of various
xenobiotics. Meister and Anderson 41 noticed a primary defence mechanism in cells
by GSH against the effects of toxic chemicals. In the present study, sperm GSH
significantly decreased after 30 days NaF administration, which suggests its rapid
oxidation. The extremely suppressed GSH levels would further aggravate the toxic
effects of NaF. The depleted sperm GSH by NaF treatment strongly suggests that,
like several exogenous compounds, fluoride is largely dependent upon glutathione
for detoxification.42

NaF treatment caused significant accumulation of glycogen in the vas deferens.
In fluorotic rats, glycogen turnover was depressed and levels of glucose-6-phosphate
dehydrogenase were decreased. 43 Other studies have also shown such accumulation
after NaF treatment in vas deferens, liver, skeletal muscle and uterus of mice and
rat as well as in fish liver and MUSCie. 9,14, 44-46

The decline in fructose levels of seminal vesicle and vas deferens after 30 days
NaF exposure further supports our observation on alteration in carbohydrate meta-
bolism of NaF-treated animals. As fructose has a vital role providing energy to the
sperm, rendering them active, it is evident that the decreased fructose level might
be another factor causing reduced sperm motility and metabolism.

The results of the present study, corroborated by earlier data from our labora-
tory, show that fluoride has a definite effect on male reproduction and fertility.
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In the withdrawal group of animals the NaF- induced effects were not restored to
normal after 50 days withdrawal, while a trend of recovery was observed after 70
days. However, in groups of animals treated with AA and/or Ca' along with
NaF, almost complete recovery from fluoride toxicity was obtained, which supports
earlier investigations.6, o, 4,47 The ameliorative action of ascorbic acid might also
be due to elevation of c-AMP levels by inhibition of phosphodiesterase (PDE).31

In the present study, AA ingestion resulted in a significant recovery in all the
parameters studied. AA is known to bind with macromolecules like protein and
nucleic acids by a charge transfer complex formation and influence metabolism of
several organs and cells including reproductive organs and sperms. This also occurs
via formation of ascorbate free radical, monodehydroascorbic acid, which partici-
pates in oxido-reduction reactions and acts as a supplementary source of electron
energy thereby activating several metabolic processes. 42, 48,49 It is, therefore, likely
that AA by its active detoxification and the antioxidant properties helps in over-
coming fluoride toxicity and manifests an ameliorative action.

Calcium is an ideal antidote for fluoride due to its binding to form the insoluble
complex, calcium fluoride, which reduces fluoride absorption. Further, the Ca"-
cahnodulin complex influences various cellular and biological processes, especially
in epididymal and vas deferens smooth muscle contraction as well as activation of
some enzymes in sperm. 3° It has also been shown that the action of calcium and
c-AMP are interdependent on each other and they could control the rate of calcium
transfer across the plasma membrane.3° Thus, Ca' administration brought about a
significant recovery in electrolyte levels as well as protein motility pattern, which
elucidates its beneficial effects against fluoride toxicity. Administration of AA and
Ca' together with NaF resulted in a more complete and faster recovery than the
individual treatments. This synergistic action of AA and Ca' is possibly due to
inhibition of phosphodiesterase (PDE), as they are known inhibitors of this enzyme -
and thereby augmented c-AMP levels occur, which are involved in activation of
several kinases.' 31 The increase in c-AMP might also be due to induction of its
synthesis by new stress proteins (68.5 KD, 57 KD, 53 KD) formed in cauda
epididymis after NaF treatment. It is known through recent promotor mapping
studies that in c-AMP responsive genes, a DNA sequence called c-AMP responsive
element (CRE) is present, which confers c-AMP inducibility on heterologous
promoters.50 Hence it is suggested that the stress proteins might be inducers of
c-AMP synthesis and result in increased phosphorylation which could be correlated
with transcriptional induction of c-AMP-dependent genes. Thus increased c-AMP
levels trigger the hormonal mechanism at cellular level and recovery is better with
combined administration than with AA and Ca' alone.

The data reveal that both ascorbic acid and calcium are promising therapeutic
agents, whose beneficial effects on reversal of fluoride toxicity among human
population in endemic areas need to be further investigated.
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