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BENEFICIAL EFFECTS OF A PROTEIN RICH DIET ON FLUORIDE 
INDUCED FREE RADICAL TOXICITY IN THE LIVER OF MALE MICE 

NJ Chinoy,a D Mehta, DD Jhala
Ahmedabad, India

SUMMARY: The effects on free radical toxicity in the liver of male mice from their
ingestion of protein enriched and protein deficient diets along with 5, 10, and 20 mg
NaF/kg body wt were investigated. Feeding a protein deficient diet with any of the
three NaF doses for 30 days resulted in a significant decrease in levels of glutathione
and reduced ascorbic acid as well as activities of superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase in the liver. On the other hand, significant
increases in lipid peroxides (LPO), dehydroascorbic acid (DHA), and fluoride levels
were observed. The increase in total ascorbic acid (TAA) levels was less significant.
These changes also occurred in mice fed the standard control protein diet plus the
same doses of NaF. By contrast, when mice were fed a protein enriched diet along
with NaF, none of the liver parameters studied were affected but were essentially the
same as in mice fed the control protein diet without added fluoride. These studies
indicate that dietary protein supplementation has a beneficial effect on liver function
and is conducive to recovery from fluoride toxicity. The results also indicate the
importance of adequate protein in the diet especially in developing countries where
dietary protein deficiency and malnutrition are often present.   
Keywords: Free radical toxicity; Liver enzymes; Mice liver and fluoride; Protein deficient diet; 
Protein enriched diet. 

INTRODUCTION

In biological systems, free radicals are highly reactive species that have an
unpaired electron, e.g., the hydroxyl (·OH) and superoxide anion (·O2

–) radicals,
which can cause cellular damage. On record are various free radical toxicity
manifestations in liver caused by fluoride as reflected in structural alterations,
apoptosis, oxidative stress, etc., that affect liver function.1-9 However, the specific
effects of protein supplemented and protein deficient diets on fluoride induced free
radical toxicity in the liver of male mice have not been adequately explored.
Therefore, the present study was undertaken.

MATERIALS AND METHODS

Animals: Healthy, adult male mice (Mus musculus) of Swiss strain weighing
between 25 and 35 g were obtained from Cadila Pharmaceuticals, Ghodasar,
Ahmedabad, India, under the Animal Maintenance and Registration No. 167/
1999/CPCSEA from the Ministry of Social Justice and Empowerment,
Government of India and the Committee for the Purpose of Control and
Supervision of Experiments on Animals, Chennai, India. The mice were housed in
an air-conditioned animal unit at 26±2ºC with a 10–12 hr of daylight/day. They
were fed standard chow and given drinking water containing 0.6–1.0 ppm F
available ad libitum. 

Exposure: The mice were divided in to twelve groups as shown in the
Experimental Protocol. 

aFor correspondence: Reproductive Endocrinology and Toxicology Unit, Department
of Zoology, School of Sciences, Gujarat University, Ahmedabad-380 009, India. 
E-mail: zooldeptgu@satyam.net.in
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 Sodium fluoride (Loba Chemie, Bombay, 99% purity) was administered to mice
orally using a feeding tube attached to a hypodermic syringe. The NaF was used at
doses of 5, 10, and 20 mg/kg body wt. The dose was based on the oral LD50 value
of fluoride, which is 54.4 mg F/kg body wt in male mice.10 Oral administration
was preferred since water is the main source of fluoride among human populations
in endemic areas.

Diets: The control protein diet, the protein enriched, and the protein deficient
diets (corresponding to the amount of casein present) were prepared according to
the protocol of the National Institute of Occupational Health (NIOH),
Ahmedabad, India. The diets had the following composition:

Data collection: The control and treated groups of animals were weighed on an
animal weighing balance (Ohaus, USA), sacrificed by cervical dislocation after
the respective treatments and the liver was dissected out carefully, blotted free of
blood, and used for the study. 

Experimental Protocol

Group Treatment and dose
(10-15 animals used in each group)

Duration 
(days)

Day of autopsy

I Control protein diet (20% protein) - *

II Protein deficient diet (5% protein) 30 31

III Protein enriched diet (40% protein) 30 31

IV Control protein diet + NaF (5 mg/kg body wt) 30 31

V Protein deficient diet + NaF (5 mg/kg body wt) 30 31

VI Protein enriched diet + NaF (5 mg/kg body wt) 30 31

VII Control protein diet + NaF (10 mg/kg body wt) 30 31

VIII Protein deficient diet + NaF (10 mg/kg body wt) 30 31

IX Protein enriched diet + NaF (10 mg/kg body wt) 30 31

X Control protein diet + NaF (20 mg/kg body wt) 30 31

XI Protein deficient diet + NaF (20 mg/kg body wt) 30 31

XII Protein enriched diet + NaF (20 mg/kg body wt) 30 31
 *Sacrificed with treated groups.

Diet Protein 
(%)

Casein 
(%)

Starch powder 
(%)

Salt mixture 
(%)

Vitamin mixture 
(%)

Ground nut oil 
(%)

Control 20 23.53 63.47 4 2 7

Protein deficient 5 5.88 81.12 4 2 7

Protein enriched 40 47.06 39.94 4 2 7
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Biochemical study: The enzyme activities of superoxide dismutase (SOD)
(E.C.1.15.1.1),11 Catalase (CAT) (E.C.1.11.1.6),12 and glutathione peroxidase
(GSH-Px) (E.C.1.11.1.9)13 were assayed in the liver by the methods cited.
Similarly, the levels of lipid peroxide (LPO),14 glutathione (GSH),15 and total,
dehydro and reduced ascorbic acid (TAA, DHA, and RAA)16 were determined
according to the methods cited. The fluoride levels in liver were estimated by an
Orion Ion Analyser Orion, model 920A, and a fluoride ion selective electrode.

Statistics: For all biochemical parameters, a minimum of five or six replicates
were assayed, and the data were subjected to statistical analysis by Student’s t test
and ANOVA.

RESULTS

As seen in Tables 1–3, the enzyme activities of superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GSH-Px), together with levels of
glutathione (GSH) and reduced ascorbic acid (RAA) in the liver, were reduced
significantly in Groups IV, VII, and X (Control protein diet + 5, 10, and 20 mg
NaF/kg body wt) as compared to the control Group I mice without fluoride.

Table 1. Superoxide dismutase (SOD) (units/mg protein) and lipid peroxide (LPO) levels 
(nanomoles of MDA/mg tissue wt/60 min) in liver of Groups I–XII micea

Group Treatment SOD LPO

I Control protein diet (20% protein) .0.57 ± 0.001 117.84 ± 4.96

II Protein deficient diet (5% protein) 0.38 ± 0.010‡ 161.42 ± 1.21‡

III Protein enriched diet (40% protein) 0.57 ± 0.010 118.83 ± 1.42

IV Control protein diet + NaF (5 mg/kg body wt) 0.36 ± 0.100‡ 160.40 ± 1.66‡

V Protein deficient diet + NaF (5 mg/kg body wt) 0.27 ± 0.005§ 182.12 ± 0.98§

VI Protein enriched diet + NaF (5 mg/kg body wt) 0.57 ± 0.004 119.08 ± 0.71

VII Control protein diet + NaF (10 mg/kg body wt) 0.26 ± 0.005§ 185.74 ± 0.67§

VIII Protein deficient diet + NaF (10 mg/kg body wt) 0.20 ± 0.006§ 191.35 ± 1.25§

IX Protein enriched diet + NaF (10 mg/kg body wt) 0.57 ± 0.008 118.62 ± 0.66

X Control protein diet + NaF (20 mg/kg body wt) 0.20 ± 0.004§ 199.28 ± 0.36§

XI Protein deficient diet + NaF (20 mg/kg body wt) 0.16 ± 0.010§ 199.94 ± 0.73§

XII Protein enriched diet + NaF (20 mg/kg body wt) 0.57 ± 0.002 118.78 ± 0.45
aData are expressed as mean ± SE;  *P<0.05; †P<0.02; ‡P<0.01; §P<0.001; No sign = not
significant. 
Comparisons between: Group I with Groups II or III or IV or VII or X individually; Group II
with Groups V or VIII or XI individually; Group III with Groups VI or IX or XII individually.
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RAA was the least sensitive to treatment. A similar significant decrease occurred
in Groups II, V, VIII, and XI (Protein deficient diet alone and with the three NaF
doses). In these groups, SOD, CAT, and GSH appeared to be more sensitive to the
treatment than GSH-Px and RAA.

The concentrations of total and dehydro ascorbic acid (TAA and DHA) as well
as lipid peroxides (LPO) and fluoride were significantly enhanced in the liver of
Groups IV, VII, and X. Similarly, LPO and fluoride were significantly increased in
Groups II, V, VIII, and XI, but DHA and TAA were not significantly affected in
Groups V, VIII, and XI (Tables 1–4). 

In Groups III, VI, IX, and XII fed a protein enriched diet alone and with the
three doses of NaF, no changes were observed in any of the parameters studied in
comparison to the Group I control (Tables 1-4).

DISCUSSION

In an earlier study17 the toxic effects of fluoride on the reproductive organs of
male mice were enhanced when NaF was administered with a protein deficient
diet, whereas feeding a protein enriched diet had a beneficial influence in reducing
fluoride induced toxicity in testis, cauda epididymis, and vas deferens of mice. 

Table 2. Glutathione (GSH) (µg/100 mg fresh tissue wt), catalase (CAT) (units/min/mg 
protein) and glutathione peroxidase (GSH-Px) (nanomoles of NADPH oxidized/min/mg 

protein) activity in liver of Groups I–XII micea

Group Treatment GSH CAT GSH-PX

I Control protein diet (20% protein) 82.17 ± 0.68 60.70 ± 0.46 11.07 ± 0.25

II Protein deficient diet (5% protein) 61.38 ± 1.07§ 47.63 ± 0.51‡ 08.22 ± 0.50§

III Protein enriched diet (40% protein) 82.51 ± 0.19 60.63 ± 0.49 11.05 ± 0.26

IV Control protein diet + NaF (5 mg/kg body wt) 56.97 ± 0.88§ 45.65 ± 0.63‡ 08.45 ± 0.33§

V Protein deficient diet + NaF (5 mg/kg body wt) 53.89 ± 0.95‡ 38.96 ± 0.42§ 07.74 ± 0.35

VI Protein enriched diet + NaF (5 mg/kg body wt) 81.95 ± 0.56 60.45 ± 0.44 11.08 ± 0.21

VII Control protein diet + NaF (10 mg/kg body wt) 47.43 ± 1.25§ 31.72 ± 0.52§ 07.60 ± 0.10§

VIII Protein deficient diet + NaF (10 mg/kg body wt) 41.14 ± 1.32§ 25.75 ± 0.62‡ 06.90 ± 0.25*

IX Protein enriched diet + NaF (10 mg/kg body wt) 81.84 ± 0.82 60.36 ± 0.29 11.04 ± 0.26

X Control protein diet + NaF (20 mg/kg body wt) 31.33 ± 1.01§ 25.11 ± 0.43§ 06.89 ± 0.27§

XI Protein deficient diet + NaF (20 mg/kg body wt) 28.03 ± 0.75§ 20.31 ± 0.54§ 06.43 ± 0.17§

XII Protein enriched diet + NaF (20 mg/kg body wt) 81.87 ± 0.54 60.43 ± 0.23 10.96 ± 0.24
aData are expressed as mean ± SE;  *P<0.05; †P<0.02; ‡P<0.01; §P<0.001; No sign = not
significant.
Comparisons between: Group I with Groups II or III or IV or VII or X individually; Group II with
Groups V or VIII or XI individually; Group III with Groups VI or IX or XII individually.
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The present data confirmed the occurrence of oxidative stress in the liver of mice
fed a protein deficient diet with NaF resulting in structural and functional
alterations in liver.2-9 Similar results occur from NaF in the ovary18 and the
testis19 of mice and in sperm suspensions of rats.20 Moreover, NaF treatment
caused a significant decrease in phosphatidylethanolamine, phosphatidylserine,
phosphatidylinositol, and glutathione in testis and cauda epididymis of adult male
albino rats.21 However, vitamin C and calcium were able to restore normalcy.
These results indicate changes in cell membrane structure caused by fluoride. Sun
et al.22 also reported increased levels of lipid peroxides in liver, kidney, and testis
together with a decrease in GSH-Px and SOD activities in fluorotic mice. The
accumulation of free radicals and peroxides causing cell damage have also been
found in people living in areas of endemic fluorosis.23 In agreement with these
findings, epidemiological studies of patients with dental and skeletal fluorosis in
fluoride endemic regions of China also revealed an inhibition of GSH-Px and
SOD activities in blood with increased lipid peroxide levels in serum.24 

In monkeys with experimentally produced fluorosis, administration of a low
protein diet caused accelerated development of bone fragility and a higher
incidence of rarefaction.27 Earlier studies25,26 revealed that the amino acids
glycine and/or glutamine were beneficial in promoting recovery from fluoride
induced toxicity. 

Table 3. Total, dehydro and reduced ascorbic acid (TAA, DHA and RAA) (mg/g fresh tissue 
wt) levels in liver of Groups I-XII micea

Group Treatment TAA DHA RAA

I Control protein diet (20% protein) 2.15 ± 0.43 1.33 ± 0.16 0.82 ± 0.24

II Protein deficient diet (5% protein) 1.92 ± 0.19* 1.65 ± 0.34* 0.27 ± 0.03‡

III Protein enriched diet (40% protein) 2.16 ± 0.08 1.34 ± 0.24 0.82 ± 0.12

IV Control protein diet + NaF (5 mg/kg body wt) 2.32 ± 0.09* 1.76 ± 0.23* 0.56 ± 0.02*

V Protein deficient diet + NaF (5 mg/kg body wt) 1.89 ± 0.14 1.69 ± 0.46 0.20 ± 0.03‡

VI Protein enriched diet + NaF (5 mg/kg body wt) 2.15 ± 0.18 1.33 ± 0.24 0.82 ± 0.18

VII Control protein diet + NaF (10 mg/kg body wt) 2.53 ± 0.32* 1.96 ± 0.19* 0.57 ± 0.13*

VIII Protein deficient diet + NaF (10 mg/kg body wt) 1.89 ± 0.15 1.77 ± 0.36 0.12 ± 0.01‡

IX Protein enriched diet + NaF (10 mg/kg body wt) 2.12 ± 0.25 1.32 ± 0.25 0.80 ± 0.05

X Control protein diet + NaF (20 mg/kg body wt) 2.61 ± 0.41‡ 2.02 ± 0.36‡ 0.59 ± 0.15*

XI Protein deficient diet + NaF (20 mg/kg body wt) 1.84 ± 0.34 1.79 ± 0.34 0.05 ± 0.01‡

XII Protein enriched diet + NaF (20 mg/kg body wt) 2.03 ± 0.26 1.30 ± 0.46 0.73 ± 0.21
aData are expressed as mean ± SE;  *P<0.05; †P<0.02; ‡P<0.01; §P<0.001; No sign = not significant.
Comparisons between: Group I with Groups II or III or IV or VII or X individually; Group II with Groups V or 
VIII or XI individually; Group III with Groups VI or IX or XII individually.
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Furthermore, protein supplementation was beneficial in overcoming the toxic
effects of fluoride on testicular steroidogenesis, protein synthesis, carbohydrate
metabolism, energy production, and oxidative metabolism in the various
reproductive organs of male mice.17 The results of the present study corroborate
and are almost identical with those obtained for testis in an earlier paper,28 and
they indicate that the experimental conditions used cause similar changes in
different organs of mice, but the severity of effects depends on the sensitivity of
the organ per se. The results also suggest that protein supplemented diets might
substantially mitigate certain fluoride induced health hazards in populations living
in endemic areas.

Table 4. Fluoride levels (ppm) in liver of Groups I-XII mice.a

Group Treatment Fluoride

I Control protein diet (20% protein) 0.0061 ± 0.0005

II Protein deficient diet (5% protein) 0.0061 ± 0.0005

III Protein enriched diet (40% protein) 0.0060 ± 0.0005

IV Control protein diet + NaF (5 mg/kg body wt) 0.0200 ± 0.0007§

V Protein deficient diet + NaF (5 mg/kg body wt) 0.0210 ± 0.0007§

VI Protein enriched diet + NaF (5 mg/kg body wt) 0.0060 ± 0.0005

VII Control protein diet + NaF (10 mg/kg body wt) 0.0320 ± 0.0008§

VIII Protein deficient diet + NaF (10 mg/kg body wt) 0.0320 ± 0.0008§

IX Protein enriched diet + NaF (10 mg/kg body wt) 0.0080 ± 0.0004

X Control protein diet + NaF (20 mg/kg body wt) 0.0440 ± 0.0005§

XI Protein deficient diet + NaF (20 mg/kg body wt) 0.0520 ± 0.0007§

XII Protein enriched diet + NaF (20 mg/kg body wt) 0.0080 ± 0.0003
aData are expressed as mean ± SE;  *P<0.05; †P<0.02; ‡P<0.01; §P<0.001; No sign = 
not significant.
Comparisons between: Group I with Groups II or III or IV or VII or X individually; Group II 
with Groups V or VIII or XI individually; Group III with Groups VI or IX or XII individually.
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This work was presented at the XXIIIrd Conference of the International Society
for Fluoride Research, Szczecin, Poland, June 11–14, 2000. 
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