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BENEFICIAL EFFECTS OF SOME VITAMINS AND
CALCIUM ON FLUORIDE AND ALUMINIUM TOXICITY
ON GASTROCNEMIUS MUSCLE AND LIVER OF MALE MICE

NJ Chinoy,* MR Memon
Ahmedabad, India

SUMMARY: Treatment of male mice (Mus musculus) with sodium fluoride
(NaF, 10 mg/kg body weight), alone or in combination with aluminium chloride
(AICl3, 200 mg/kg body weight), was investigated for its effects on gastrocne-
mius muscle and liver. Recovery after one-month withdrawal of treatment and
responses to some antidotes, viz calcium, ascorbic acid, and vitamin E ad-
ministered alone or in combination were also studied. NaF alone or in combi-
nation with AICI; caused a significant decrease in protein levels and activity of
succinate dehydrogenase (SDH) in liver and gastrocnemius muscle, thereby
indicating altered protein and oxidative metabolisms in these tissues. Cholin-
esterase activity declined significantly with all the treatments in both tissues,
probably affecting the synaptic transmission due to altered acetylcholine re-
lease or metabolism and altering muscle contraction.

All three treatments caused changes in liver function as shown by a signifi-
cant increase in serum transminases, accumulation of glycogen and inhibition
of phosphorylase activity thereby indicating that carbohydrate metabolism
was affected. Similar changes occurred in muscle tissue. Gastrocnemius
muscle and liver were therefore affected by sodium fluoride, aluminium chlo-
ride and in combination.

Recovery was not significant on withdrawal of NaF + AICl; treatment. How-
ever, all three antidotes brought about significant recovery in the organs stud-
ied. Individually, ascorbic acid was the most beneficial in bringing about pro-
nounced recovery. Thus, intoxication induced by sodium fluoride and aluminium
chloride is transient and reversible.

Keywords: Aluminium chloride, Ascorbic acid antidote, Calcium antidote, Cholinesterase
activity, Fluoride toxicity, Gastrocnemius muscle, Glycogen accumulation, Liver, Male
mice, Oxidative metabolisms, Protein alteration, Phosphorylase inhibition, Serum
transaminases, Sodium fluoride, Toxicity reversal, Vitamin E antidote.

INTRODUCTION

The widespread distribution of fluoride in the environment through
drinking water and food often results in adverse health effects. Reports from
our laboratory have elucidated aterations in the structure and metabolism of
some organs of rats and mice treated with NaF.1> However, the induced ef-
fects were transient and reversible by feeding ascorbic acid, calcium, or vi-
tamin E individually or in combination during the withdrawal period.?>

Aluminium is one of the most abundant metals in the earth’s crust and is
present in air, water, and soil. It occurs naturally only in combination with
oxygen, fluoride, silicate, etc. Nutritionally, it is nonessential, but it is used
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in the treatment of drinking water, in several pharmacologica preparations,
in numerous processed foods, and in the manufacture of cooking utensils.® A
dose of auminium chloride (400 mg/kg body weight) for 15 days and
chronic treatment (200 mg/kg body weight) of male mice for 60 days cause
alterations in their reproductive organs.”® Similar results were reported by
Llobet et al using 200 mg/kg body weight aluminium nitrate on male mice
for 4 weeks.® High concentrations of aluminium chloride are known to cause
serious effects on several body functions® as well as maternal toxicity, em-
bryolethality and resorption® and to inhibit the action on Ca** ATPase in
brain cellsin rats.*! Aluminium lactate also produces developmental toxicity
in mice including poor ossification, skeletal deformities, and cleft palate.*?

The toxicity of aluminium is potentiated by fluoride which promotes its
absorption in the gastrointestina tract and accumulation in bone of male
chickens when both fluoride and aluminium are administered together.'3 The
chronic administration of aluminium fluoride and sodium fluoride in the
drinking water of rats resulted in distinct morphological aterations in the
brain, including effects on neurons and the cerebrovasculature.* Patients
with toxicity from both fluoride and aluminium showed osteoporosis in cor-
tical bone and osteosclerosis in cancellous bone since, together, fluoride and
aluminium stimulated osteoclastic activity and the parathyroids resulting in
bone resorption and skeletal transformation.*®

There is paucity of data on the toxic effects of aluminium chloride and so-
dium fluoride administered in combination on the liver and gastrocnemius
muscle of mice and reversal of toxicity by some antidotes. Hence the present
study was undertaken.

MATERIALS AND METHODS

Adult male albino 5- to 6-week-old mice (Mus musculus) weighing be-
tween 25 and 30 g were obtained from Cadila Pharmaceutical Company,
Ghodasar, Ahmedabad, India, and were housed at a temperature of 26 + 2°C
and exposed to a 12-14 hr daylight regimen. They were maintained on stan-
dard chow, and water (0.6-1.0 ppm F~) was given ad libitum. All treatments
were given oraly using a hypodermic syringe and a bent-tip canula. The
animals of the Group IA were provided standard diet and served as untreated
controls. Group 1B animals were administered olive oil (dosage shown in
experimental protocol table) and served as vehicle treated control, while
Groups IC to |E were given ascorbic acid, calcium phosphate and vitamin E
(a-tocopherol) orally and were positive controls. Animals of Group Il were
administered sodium fluoride (Loba Chemie, 99% purity) in 0.2 mL of water
at a dose of 10 mg/kg body weight. Animals of Group |11 were administered
aluminium chloride (SD Fine Chemicals Ltd, Boisar, 401 501, purity 99.5%)
in 0.2 mL of water at a dose of 200 mg/kg body weight. The animals of
Group 1V received a combination of NaF + AlCl3 (same dose asin Groups |1
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and I11). Group V mice were treated asin Group IV for 30 days, and then the
treatment was withdrawn for another month to study any reversibility of the
induced effects. Additionally, during the 30-day withdrawal period, Group
VI mice were administered ascorbic acid (AR Grade 98% purity), Group VI
mice received calcium phosphate (Glaxo India, 99% purity), Group VIII
mice received vitamin E (a-tocopherol) (Roche Products Ltd, Mumbai) and
Group IX animals received a combination of ascorbic acid, calcium and vi-
tamin E. The dosages of NaF and AlICI; were selected on the basis of LDsg
values, which for fluoride in male mice is 54.4 mg/kg body weight,® while
for AICl3 it is 4 g/kg body weight.® The dosages of ascorbic acid, calcium
phosphate and vitamin E were based on earlier work.2*> After respective
treatments, the animals were sacrificed by cervical dislocation. The serum
was obtained by collecting the blood by cardiac puncture, kept at room tem-
perature for 1 hr, and then stored in the refrigerator. The serum was sepa-
rated after 24 hr by centrifugation. The liver and gastrocnemius muscle were
dissected out carefully, blotted free of blood, and weighed on a Roller Smith
Torsion Balance (USA) to the nearest milligram and utilised for the study.

BIOCHEMICAL STUDIES
Protein: Protein concentration in liver and gastrocnemius muscle of control
and al treated Groups of mice were determined by the method of Lowry et
al*” and expressed as mg/100 mg fresh tissue weight.

Succinate dehydrogenase (E.C.1.3.99.1): Succinate dehydrogenase (SDH)
activity was assayed in liver and gastrocnemius muscle of control and al the
treated animals by the method of Beatty et al'® and expressed as ug for-
mazan formed/mg protein/15 minutes.

Glycogen: Glycogen levels were estimated in liver and muscle of control
and all treated animals by the method of Seifter et al.!® The concentration
was expressed as ug/100 mg fresh tissue weight.

Phosphorylase (E.C.2.4.1.1): The activity of phosphorylase was assayed in
liver and gastrocnemius muscle of control and all treated Groups by the
method of Cori et al?® and expressed as pg phosphorus released/mg pro-
tein/15 minutes.

Cholinesterase (ChE) (E.C.3.1.1.7): The activity of cholinesterase in gas-
trocnemius muscle and liver of control and all treated Groups was estimated
by the method of Heurga et al?* and expressed as ChE activity/100 mg fresh
tissue weight.

Serum transaminases (serum glutamic oxaloacetic and glutamic pyruvic
transaminases) (SGOT and SGPT) (E.C.2.6.1.2): Determination of serum
transaminases of control and treated groups was carried out by the method
of Reitman and Frankel?? and expressed as muU/mL.
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EXPERIMENTAL PROTOCOL

Group Treatment and dose Duration Day of No. of
(days) autopsy animals
IA Control, untreated - * 20
B Vehicle treated 30 31st 20
Control, olive oil (0.2 mL/animal/day)
IC Positive control 30 31st 20
Control, Ascorbic acid (15mg/animal/day)

ID Control + Calcium as phosphate 30 31st 20
(25 mg/animal/day)

IE Control + Vitamin E (2 mg/animal/day) 30 31st 20

Il Sodium fluoride (NaF) (10 mg/kg body weight) 30 31st 20

1] Aluminium chloride (200 mg/kg body weight) 30 31st 20

v Sodium fluoride + aluminium chloride (dosage 30 31st 20
as in Gr. Il and IIl)

\% NaF and AIClz as in Gr. Il and Il and 30+ 30 61st 20
withdrawal for another 30 days

VI NaF + AICls as in Gr. IV + ascorbic acid (15 30+30 61st 20
mg/animal/day) for another 30 days

Vil NaF + AIClz as in Gr. IV + calcium as phosphate 30 +30  61st 20
(25 mg/animal/day) for another 30 days

VI NaF + AIClz as in Gr. IV + Vitamin E 30+30 61st 20
(2 mg/animal/day) for another 30 days

IX NaF + AICl; as in Gr. IV + AA + Ca (as 30+30 61st 20

phosphate) + Vitamin E for another 30 days

*Sacrificed with treated

RESULTS

Protein levels, activities of SDH, phosphorylase, and cholinesterase were
significantly decreased (P<0.001) in liver and gastrocnemius muscle of the
mice after 30 days of treatment with NaF, AICl;, and NaF + AICl3; (Groups
I, 1l and 1V) (Tables 1, 2, 4, and 5). The SDH activity in muscle was com-
paratively more affected than in liver. On the other hand, a significant
(P<0.001) increase of glycogen occurred in liver and gastrocnemius muscle
aswell asin SGOT and SGPT activities after the three treatments (Tables 3
and 6).

Withdrawal of combined treatment for 30 days (Group V) resulted in in-
significant recovery in protein and glycogen levels and activities of SDH
and phosphorylase in both tissues (Tables 1-4), while significant recovery
was obtained in activities of cholinesterase (liver, P<0.001; muscle P<0.01),
SGPT and SGOT (P<0.01) (Tables 5 and 6). However, al the therapeutic
treatments given alone (Groups VI to VIII) resulted in significant recovery
(P<0.001) in al the parameters studied (Tables 1-6). Out of al the antidotes
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used individually, ascorbic acid treatment (Group VI) was comparatively
more effective than the others. In Group IX (AA + Ca + Vit. E) complete
recovery occurred in all parameters and became comparabl e to the controls.

Table 1. Protein levels (mg/100 mg fresh tissue weight) in liver and
gastrocnemius muscle of control and treated groups of mice

Group Treatment Liver Muscle

1A Control, untreated 26.44 +0.32 26.66 +0.15

1B Control + Olive oil 26.48 £0.51 26.58 £ 0.26

IC Control + Ascorbic acid 26.98 + 0.28 26.64 £0.18

ID Control + Calcium phosphate 26.79 +0.19 26.44 £ 0.50

IE Control + Vitamin E 26.45 £ 0.45 26.66 £0.12

I NaF 18.96 + 0.57" 16.10 £ 0.59"
I AICl3 16.53 +0.38" 11.60 = 0.50"
v NaF + AICl3 17.29 +0.53" 11.92 +0.37"
\% Withdrawal of Group IV 18.29 +0.31"  12.54 +0.28"
Vi Withdrawal of Group IV + Ascorbic acid 26.36+0.75°  25.72 +0.27"
VIl Withdrawal of Group IV + Calcium phosphate  25.93+0.92° 26.03 +0.43"
VIl Withdrawal of Group IV + Vitamin E 25.53+0.75° 25.44+0.64"
IX Withdrawal of Group IV + AA + Calcium 26.24+0.62° 25.72+0.26

phosphate + Vitamin E

Values are Mean + S.E. 'P<0.001. "Nonsignificant.
Group | and Groups II, I, and IV.
Group IV and Groups V, VI, VII, VIII, and IX.

Comparison between:

Table 2. Succinate dehydrogenase activity (ug formazan formed/mg protein)

in liver and gastrocnemius muscle of control and treated groups of mice

Group Treatment Liver Muscle

1A Control, untreated 18.29 + 0.35 20.23+£0.64

B Control + Olive oil 18.73 +0.20 21.00+0.71

IC Control + Ascorbic acid 18.64 £ 0.28 22.82+0.51

ID Control + Calcium phosphate 18.72 £ 0.26 20.54 £ 0.52

IE Control + Vitamin E 18.40£0.24 21.53 £0.38

I NaF 13.59 + 0.47" 14.33 +0.37"
[ AICl3 10.38 +0.31" 6.74 +0.26"
v NaF + AICl3 8.26 + 0.26" 7.29+£0.37
\% Withdrawal of Group IV treatment 8.84 +0.28" 8.23 +0.23"
Vi Withdrawal of Group IV + Ascorbic acid 18.90 £0.27"  20.78 +0.55
VIl Withdrawal of Group IV + Calcium phosphate  17.64 +0.21" 20.04 +0.62"
VIl Withdrawal of Group IV + Vitamin E 17.92£0.14° 19.18 +0.70
IX Withdrawal of Group IV + AA + Calcium 18.94 £ 0.2" 21.26 +0.55

phosphate + Vitamin E

Values are Mean + S.E. 'P<0.001. "Nonsignificant.
Group | and Groups II, I, and IV.
Group IV and Groups V, VI, VII, VIII, and IX.

Comparison between:
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Table 3. Glycogen levels (mg/100 mg fresh tissue weight) in liver and

gastrocnemius muscle of control and treated groups of mice

Group Treatment

No.

Liver

Muscle

IA
1B
IC
ID
IE
Il

[
v
\%

VI

Vil
VIl
IX

Control, untreated
Control + Olive oil

Control + Ascorbic acid
Control + Calcium phosphate
Control + Vitamin E

NaF
AICl3
NaF + AICI;

Withdrawal of Group IV treatment
Withdrawal of Group IV + Ascorbic acid
Withdrawal of Group IV + Calcium

phosphate

Withdrawal of Group IV + Vitamin E
Withdrawal of Group IV + AA +
Calcium phosphate +Vitamin E

1114.30 + 24.38
1106.77 + 14.25
1135.01 + 19.12
1038.52 + 14.05
1053.10 + 21.06
1412.28 + 85.42%
1995.74 + 70.72%
1630.16 + 48.96*
1476.10 + 35.33"
1140.00 + 23.33*
1164.32 + 37.42%

1157.90 + 50.43*
1075.40 + 47.51%

819.27 + 15.05
791.25 + 11.82
802.63 + 12.73
821.33 + 31.33
815.64 + 18.70
1217.05 + 68.53%
1438.92 + 74.36%
1628.11 + 61.94%
1570.23 + 20.55"
918.84 + 30.58*
886.51 + 18.64%

859.75 + 24.22%
903.46 + 37.51%

Values are Mean + S.E. "P<0.02. "Nonsignificant. *P<0.001.
Comparison between:

Group | and Groups II, ll, and IV.
Group IV and Groups V, VI, VII, VIII, and IX.

Table 4. Phosphorylase activity (mg phosphorus released/mg protein/15 min)

in liver and gastrocnemius muscle of control and treated groups of mice

Group Treatment Liver Muscle
No.
1A Control, untreated 9.34 +£0.29 9.01 +£0.13
B Control + Olive oil 9.36 £0.18 8.85+0.13
IC Control + Ascorbic acid 9.55+0.15 9.38£0.21
ID Control + Calcium phosphate 9.21 +0.15 9.35+0.24
IE Control + Vitamin E 9.02+0.13 9.03+0.24
Il NaF 6.12+0.35 3.89+0.16"
1] AICl3 4.88 +0.28" 2.43+0.12
v NaF + AICls 557 +0.22 3.112+0.12"
\% Withdrawal of Group IV treatment 6.21 +0.33" 3.77 £0.417
\Y Withdrawal of Group IV + Ascorbic acid 7.53+0.42" 8.82 +0.18"
VIl Withdrawal of Group IV + Calcium phosphate ~ 8.58 + 0.16" 8.39+0.31
VIIl  Withdrawal of Group IV + Vitamin E 8.95 + 0.24" 8.53 +0.30"
IX Withdrawal of Group IV + AA + Calcium 9.36 £ 0.29" 8.88 + 0.45"
phosphate + Vitamin E
Values are Mean * S.E. "P<0.02. "Nonsignificant.
Comparison between:  Group | and Groups I, lll, and IV.
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Table 5. Cholinesterase activity (ChE/mg protein) in liver
and muscle of control and treated groups of mice

Group Treatment Liver Muscle
1A Control, untreated 4.71+0.17 7.62 +£0.09
1B Control + Olive oil 448 +0.13 7.39 £0.13
IC Control + Ascorbic acid 4.73+0.17 7.61+0.05
ID Control + Calcium phosphate 491+0.14 7.48 + 0.04
IE Control + Vitamin E 450+0.11 7.57 £0.08
I NaF 3.17+0.14"  6.44+0.11"
Il AlCl3 2.54+0.09" 6.48 £0.06'
v NaF + AICl3 1.93+0.07" 5.33+0.11"
\% Withdrawal of Group IV treatment 3.25+0.18" 6.28 +0.11
Vi Withdrawal of Group IV + Ascorbic acid 478 +0.05" 7.40+0.11"
VIl Withdrawal of Group IV + Calcium phosphate 4710077  7.44+0.127
VIl Withdrawal of Group IV + Vitamin E 4.59 £0.04"  7.40+0.09"
IX Withdrawal of Group IV + AA + 4,96 £0.03"  7.65+0.14"
Calcium phosphate + Vitamin E
Values are Mean + S.E. "P<0.01. TP<0.001.
Comparison between:  Group | and Groups I, lll, and IV.
Group IV and Groups V, VI, VII, VIII, and IX.
Table 6. SGPT and SGOT activities (mU/mL) in
serum of control and treated groups of mice
Group Treatment SGPT SGOT
IA Control, untreated 16.8+1.78 27.2+1.90
B Control + Olive oil 154 +1.88 29.2+1.12
IC Control + Ascorbic acid 16.0£1.33 26.0+1.14
ID Control + Calcium phosphate 15.8+0.9 22.8+4.3
IE Control + Vitamin E 15.2+1.87 252+25
I NaF 27.9 £ 1.40" 38.2+1.6"
1] AICl3 38.2+2.23" 44.6 + 2,05
v NaF + AICl; 48.0 £ 2.38" 49.0 £4.8"
\% Withdrawal of Group IV treatment 35.6 +2.98" 35.6 £ 2.29"
Y/ Withdrawal of Group IV + Ascorbic acid 20.6 +3.217 24.4 £3.17
VIl Withdrawal of Group IV + Calcium phosphate ~ 22.8 + 2.8" 28.6 £2.29"
VIl Withdrawal of Group IV + Vitamin E 24.4 218" 24.0 £ 1.747

IX Withdrawal of Group IV + AA + Calcium phos-  16.2 + 1.98" 23.4 £3.3"
phate + Vitamin E

Values are Mean + S.E. "P<0.01. T P<0.001.
Comparison between:  Group | and Groups I, lll, and IV.
Group IV and Groups V, VI, VII, VIII, and IX.
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Table IA. Liver and muscle protein

Source of Variation SS Df MS F—Cal F-Tab
Liver (protein)

Between Groups 2104.497 12 175.3747 58.2064 1.835815
Within Groups 352.5187 117 3.012981

muscle (protein)

Between Groups 4995.586 12 416.2988 252.2905 1.835815
Within Groups 193.0591 117 1.650078

SS-Sum of squares; df—degree of freedom; MS—Mean of squares;
F—Cal = Fisher calculated; F—Tab = Fisher tabulated.

Table 2A. Liver and muscle SDH

Source of Variation SS Df MS F—Cal F-Tab
SDH (liver)

Between Groups 1869.952 12 155.8293 188.3336 1.835815
Within Groups 96.80709 117 0.827411

SDH (muscle)

Between Groups 4213.766 12 351.1472 140.5669 1.835815
Within Groups 292.2751 117 2.498078

SS-Sum of squares; df—degree of freedom; MS—Mean of squares;
F—Cal = Fisher calculated; F-Tab = Fisher tabulated.

Table 3A. Liver and muscle glycogen

Source of Variation SS Df MS F—Cal F-Tab
Glycogen (liver)

Between Groups 10183929 12 848660.7 42.29988 1.835815
Within Groups 2347366 117 20062.96

Glycogen (muscle)

Between Groups 11909885 12 992490.4 63.07917 1.835815
Within Groups 1840883 117 15734.04

SS-Sum of squares; df—degree of freedom; MS—Mean of squares;
F—Cal = Fisher calculated; F—Tab = Fisher tabulated.
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Table 4A. Liver and muscle phosphorylase

Source of Variation SS Df MS F—Cal F-Tab
Phosphorylase (liver)

Between Groups 344.9303 12 28.74419 44.83084 1.835815
Within Groups 75.01689 117 0.64117

Phosphorylase (muscle)

Between Groups 894.0393 12 74.50328 149.4714 1.835815
Within Groups 58.31806 117 0.498445

SS-Sum of squares; df—degree of freedom; MS—Mean of squares;
F—Cal = Fisher calculated; F—Tab = Fisher tabulated.

Table 5A. Muscle and liver cholinesterase

Source of Variation SS Df MS F-Cal F-Tab
Cholinesterase muscle

Between Groups 83.29345 12 6.941121 123.8767 1.835815
Within Groups 6.5558 117 0.056032

Cholinesterase liver

Between Groups 122.5758 12 10.21465 59.86231 1.835815
Within Groups 19.96438 117 0.170636

SS-Sum of squares; df—degree of freedom; MS—Mean of squares;
F—Cal = Fisher calculated; F-Tab = Fisher tabulated.

Table 6A. Serum Transaminases

Source of Variation SS Df MS F—Cal F-Tab
SGPT

Between Groups 6877.815 12 573.1513 19.0757 1.943619
Within Groups 1562.4 52 30.04615

SGOT

Between Groups 4669.815 12 389.1513 10.08164 1.943619
Within Groups 2007.2 52 38.6

SS-Sum of squares; df—degree of freedom; MS—Mean of squares;
F—Cal = Fisher calculated; F—Tab = Fisher tabulated.
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DISCUSSION

The treatments of Groups Il to IV caused a significant decline of protein
levels (P<0.001) in liver and gastrocnemius muscle of mae mice, which
might be due to changes in protein synthesis and/or metabolism. Earlier re-
portst782325 on individual NaF and AICl; treatments in rats, mice, and
guinea pigs corroborate results of our present study. Aluminium accumula-
tion is known to occur in liver of aluminium-treated rats.?® Thusit is likely
that the tissue burden of aluminium might have caused disturbances in pro-
tein metabolism.

The activity of succinic dehydrogenase, an oxidative enzyme involved in
the Krebs cycle, was significantly decreased in liver and gastrocnemius
muscle after treatments in Groups Il — IV, corroborating earlier find-
ings.12232427 This decrease would affect the conversion of succinate to fu-
marate and might cause a block in the Krebs cycle. Other tricarboxylic acid
(TCA) cycle enzymes like isocitrate dehydrogenase and aconitase are aso
known to be affected by NaF treatment.?®

The activity of cholinesterase was decreased by NaF, AICl; and their
combined treatments (Groups Il - IV). Fluoride ions aone or when com-
plexed with aluminium are known to cause an inhibitory effect on this en-
zymein vitro?®® and in vivo in rats and guinea pig.3! Our results corroborate
these findings by others.

The elevation in serum transaminase activities by all the three treatments
may be correlated with the hepatic cellular alterations and liver damage.®
Fluoride and aluminium aone cause a similar increase in these serum trans-
aminases. 33

All the treatments in Groups Il - 1V for 30 days caused a significant en-
hancement in the levels of glycogen in liver and gastrocnemius muscle
which was accompanied by a significant decrease in the activity of phospho-
rylase. This accumulation of glycogen probably resulted from its decreased
utilization, thereby affecting functions of both muscle and liver and lead to
hypoglycemia. These results corroborate earlier data on muscle, liver, vas
deferens, and uterust?>783 in rats and mice.

NaF and AICl; treatment alone or in combination caused significant ef-
fects not only on protein and oxidative metabolisms but also on carbohy-
drate metabolism in liver and gastrocnemius muscle as well as cholinester-
ase activity in muscle, which correlated with structural aterations in these
organs.32%

The mechanism of action of combined NaF + AIClI; toxicity has not been
established clearly. But it is known that high levels of fluoride in water leach
greater amounts of aluminium from low-quality aluminium utensils.®” In ex-
periments with rats, F has been shown to increase Al absorption and cause
dental fluorosis and renal damage by the combined toxicosis of F~ and Al.3
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Withdrawal of treatment was not conducive for significant recovery in all
the parameters. However, the toxicity was aimost completely reversed in
both liver and muscle after treatments with therapeutic agents (Groups V1-
IX). On the whole, ascorbic acid treatment alone (Group V1) or in combina-
tion with calcium and vitamin E (Group I1X) resulted in better recovery than
with calcium or vitamin E aone (Groups VII and VIII). Similar findings
have been reported earlier from our laboratory>?#?” and by Colomina et al®
who administered aluminium hydroxide along with ascorbic acid to mice
and did not observe any maternal or developmental toxicity, thereby indi-
cating abeneficia effect of ascorbic acid.

Recovery due to ascorbic acid ingestion could have resulted from its pow-
erful reducing action in severa oxido-reduction reactions and as a supple-
mentary source of energy by activating several enzymes and metabolic pro-
cesses.® Similarly, calcium may play arole in recovery of NaF and AlCI»-
induced toxicity since it is aso known to activate many enzymes and is rec-
ognized, along with ascorbic acid, as a potent inhibitor of phosphodiesterase
(PDE).*® Hence the levels of c-:AMP would increase, which could result in
growth and differentiation of cells.* Vitamin E is aso known for its possi-
ble therapeutic role especialy in oxidation-related events and is one of the
most potent biological antioxidants.®

The present study demonstrates therapeutic effects of ascorbic acid, cal-
cium, and vitamin E administered alone or in combination to reverse sodium
fluoride and aluminium chloride toxicity. Clearly, these results have a very
significant bearing on the amelioration of human suffering in individuals
exposed to combined fluoride and aluminium toxicity.

ACKNOWLEDGEMENTS

This work was carried out under a grant to the Department of Zoology
from the New Delhi University Grants Commission programme of Depart-
mental Special Assistance (DSA). The award of a Project Assistant Fellow-
ship to the junior author is gratefully acknowledged.

REFERENCES

1 Chinoy NJ, Joseph R, Sequeira E, Narayana MV . Effects of sodium fluoride
on the muscle and liver of albino rats. Indian J Environ Toxicol 1991;1:129-34.

2 Chinoy NJ, Sharma M, Mathews. Beneficia effects of ascorbic acid and cal-
cium on reversal of fluoride toxicity in male rats. Fluoride 1993;26:45-56.

3 Chinoy NJ, Reddy VVPC, Mathews M. Beneficial effects of ascorbic acid and
calcium on reproductive functions of fluoride treated pre-pubertal male rats.
Fluoride 1994;27:67-75.

4 Patel D, Chinoy NJ. Synergistic action of ascorbic acid and calcium in mitiga-
tion of fluoride induced toxicity in uterus of mice. Indian J Environ Toxicol
1997;7:16-9.

Fluoride 34 (1) 2001



32

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Chinoy, Memon

Chinoy NJ, Sharma A. Amelioration of fluoride toxicity by vitamin Eand D in
reproductive functions of male mice. Fluoride 1998;31:203-16.

World Health Organization (Geneva). Environment Health Criteria 194: Alu-
minium. Printed in Finland 97/PL1/11539-Vammala-5000: WHO; 1997. p. 1-
282.

Chinoy NJ, Bhattacharya S. Effects of single dose of aluminium chloride on
some reproductive organs and fertility in male mice. Indian J Environ Toxicol
1996;6:10-3.

Chinoy NJ, Bhattacharya S. Effects of chronic administration of auminium
chloride on reproductive functions of testis and some accessory sex organs of
male mice. Indian Environ Toxicol 1997;7:12-5.

Llobet M, Colomina MT, Sirvent JJ, Domingo JL, Corbella J. Reproductive
toxicology of aluminiumin male mice. Fundam Appl Toxicol 1995;25:45-51.
Benett RW, Persaud TVN, Moore KL. Experimental studies on the effects of
auminium on pregnancy and fetal development. Anat Anz 1975;138:365-78.
Jagannatha Rao KS. Effects of aluminium (Al) on the brain cells of rat. Bio-
chem Int 1992;28:51-6.

ColominaMT, Gomez M, Domingo JL, Llobet IM, Corbella J. Concurrent in-
gestion of lactate and aluminum can result in development toxicity in mice.
Res Commun Chem Pathol Pharmacol 1992;77:95-106.

Da GY, Gai OH, Zhou LY, Wel ZD, Zhang H. Experimental study of com-
bined effect with fluoride and aluminium. Proceedings of the XXth Confer-
ence of the International Society for Fluoride Research; 1994; Beijing, China.
Abstract No. 0-12, p. 42.

Varner JA, Jensen KF, Horvathal, Isaacson RL. Chronic administration of
auminium fluoride or sodium fluoride to rats in drinking water: Alterationsin
neuronal and cerebrovascular integrity. Brain Res 1998;784-98.

Chen XG, Zhou S, Jiao J, Ding YH, Zho ZQ. Skeletal changes with toxicity
from fluoride and aluminium. Fluoride 1997;30:85-8.

Pillal KS, Mathai AT, Deshmukh PB. Effect of subacute dosage of fluoride on
mice. Toxicol Letters 1988;44:21-9.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement with
Folin phenol reagent. J Biochem 1951;193:265-75.

Beatty CH, Basinger GM, Dully CC, Bocek RM. Comparison of red and white
voluntary skeletal muscle of several species of primates. J Histochem Cyto-
chem 1966;14:590-600.

Seifter S, Dayton S, Novic B, Muntwyler E. The estimation of glycogen with
anthrone reagent. Arch Biochem Biophys 1950;25:191-200.

Cori CT, Cori GP, Green A. Crystalline muscle phosphorylase kinetics. J Biol
Chem 1943;151:39-55.

De La Huerga J, Yesinick BS, Popper H. Colorimetric method for the deter-
mination of serum cholinesterase. Am J Clin Pathol 1952;22:1126-33.

Reitman S, Frankel S. A colorimetric method for the determination of serum
glutamic oxaloacetic and glutamic pyruvic transaminases. Am J Clin Pathol
1957;28:56.

Chinoy NJ. Effects of fluoride on physiology of animals and human beings.
Indian J Environ Toxicol 1991;1:17-32.

Fluoride 34 (1) 2001



24

25

26

27

28

29

30

31

32

33

35

36

37

38

39

40

Beneficial antidotes for fluoride and aluminium toxicity in mice 33

Chinoy NJ. Effects of fluoride on some organs of rat and their reversal. Proc
Zool Soc (Calcutta) 1991;44:11-5.

Chinoy NJ, Patel BC, Patel D, Sharma AK. Fluoride toxicity in the testis and
cauda epididymis of guinea pig and reversal by ascorbate. Med Sci Res 1997,
25:97-100.

Vander Voet GB, Brandsma AE, Heijink E, DeWoff FA. Accumulation of
auminium in rat liver: Association with constituents of the cytosol. Pharmacol
Toxicol 1992;173-6.

Chinoy NJ. Fluoride toxicity in female mice and its reversal. In: Saxena AK,
Ramamurthi R, Sriram, Reddy G, Saxena VL, editors. Recent Advances in
Life Sciences. Kanpur, UP, India. Indian Society of Life Sciences, Manu Pub-
lications; 1992. p. 39-50.

Dousset JC, Rioufol C, Philibert C, Bourbon P. Effects of inhaled HF on cho-
lesterol, carbohydrate and tricarboxylic acid metabolism in guinea pigs. Fluo-
ride 1987,20:137-41.

Cimasoni G. Inhibition of cholinesterases by fluoride in vitro. J Biochem
1996;99:133.

Jaganatha Rao KS. Effects of aluminium salts on synaptosomal enzymes —in
vitro kinetic study. Biochem Int 1990;22:725-34.

Dahl AR, Hobbs CH, Marshall TC. The inhibition of rat and guinea pig cho-
linesterase by anionic hydrolysis products of methylphosphonic difluoride.
Fluoride 1987;20:47.

Kaur K, Koul ML, Koul RI. Histological changes in liver following sodium
fluoride ingestion. Fluoride 1981;14:119-23.

Fora SJS, Dhawan M, Tandon SK. Effects of combined exposure to alumin-
ium and ethanol on auminium body burden and some neuronal, hepatic and
haematopoietic biochemical variables in the rat. Human Exp Toxicol 1991;10:
45-8.

Chinoy NJ, Mathews Michagel, Barot VV. Toxic effects of sodium fluoride in-
gestion in mice. Indian J of Environ Toxicol 1993;3:31-4.

Chinoy NJ, Patel D. Améliorative role of amino acids on fluoride induced al-
terations in uterine carbohydrate metabolism in mice. Fluoride 1996;29:217-26.
Kaul RD, Susheela AK. Evidence of muscle fibre degeneration in rabbits
treated with sodium fluoride. Fluoride 1974;17:177-81.

Jagannatha Rao KS, Radhakrishnamurty R. Aluminium leaching from utensils
during cooking and storage. Environ Etiol 1990;8:146-8.

ColominaMT, Gomez M, Domingo JL, Llobet JM, Corbella J. Lack of mater-
nal and developmenta toxicity in mice given high doses of auminium hy-
droxide and ascorbic acid during gestation. Pharmacol Toxicol 1994;74.
236-9.

Chinoy NJ. Ascorbic acid turnover in animal and human tissues. J Anim Mor-
phol Physiol. 1978;Silver Jubilee V olume:68-85.

Pasternak CA. In: An Introduction to Human Biochemistry. New York, To-
ronto: Oxford University Press, 1979. p. 199-219.

Published by the International Society for Fluoride Research

Editorial Office: 727 Brighton Road, Ocean View, Dunedin 9051, New Zealand

Fluoride 34 (1) 2001



