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ABSTRACT: Aim of this study was to observe the effect of fluoride (F) in Wistar rats in a
dose and time-dependent manner. Male rats (n=36) were taken and were randomly
divided into six groups (group I: control, group II: 5 mg/L F, group III: 10 mg/L F, group
IV: 15 mg/L F, group V: 50 mg/L F, and group VI: 100 mg/L F). Animals were examined at
3-time points of 30, 60, and 90 days for F toxicity changes. The results indicated that the
F induced dose and time-dependent diet intake, body weight gain, food efficiency ratio,
dental fluorosis, F level in urinary, serum, bone and teeth, and histopathological
changes in the tissues of liver and kidney. The significant increase in exposure of F
through water in groups V and VI as compared to other groups has shown alterations in
their food efficiency ratio, body weight gain, and the significant increase in the urinary,
serum, teeth, bone, liver and kidney F levels. Histopathology of the kidney revealed few
dilated tubules in the kidney of animals of group VI as compared to animals of all other
groups. Whereas histopathology of the liver showed microvacuolation in groups V and
VI compared to groups I, II, and IV. However, there were no significant differences
between the organ weight ratios among all the groups. In conclusion, the dose-
dependent effect of F starts at 100, 50, and 15mg/L from first, second, and third months,
respectively.However, there were no significant differences in 5 and 10 mg/L F groups
after 3 months. 
Keywords: Biochemical; Dose and time dependent effects; Fluoride; Fluorosis; Focal fibrosis;
Histopathological; Microvacuolation; Nutritional.

INTRODUCTION

It is well established that an over exposure of fluoride (F) through fluoridated
drinking water, industrial F pollution and any other F containing sources causes
serious fluorosis disease not only in humans1-3but also in the domesticated animals.4-
6 Fluorosis is worldwide health problem and endemic in more than twenty five
countries. Excess accumulation of F in teeth, bones and soft organs causes mild to
severe pathological changes in them which are generally referred as dental, skeletal
and non-skeletal fluorosis, respectively. The risk of developing fluorosis in an
individual is minimal if exposed to 0.05-0.07 mg F/kg bodyweight by daily oral
ingestion.7, 8The F doses of 16-64 mg/kg was found to be fatal in adults whereas, 3-
16 mg/kg was harmful in neonates.9

The earlier studies revealed that the excess ingestion of F impairs nutritional
status10-12 like stunting.10, 13The effect of F on body weight gain (BWG) is still a
controversial. In F-fed animals, reduced food intake and BWG have been observed in
rats, rabbits, hens, and calves.14-17 Other investigations, however, found no
difference in BWG in F-fed mice.18,19 This inconsistency could be attributable to the
different species employed, the dose of F, and the length of the study. Fluoride
exposure causes oxidative stress, which can lead to a reduction in growth and food
utilization efficiency.20 There are few investigations on the food efficiency ratio
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(FER), which is an important indicator of the food converted into BWG.21,
22Exposure to F resulted in the increased concentration of F in the blood serum and
urine, 23-25accumulation of F in the tissues and organs23and histopathological
changes in the kidney and liver.26

Although there are studies in the literature on the nutritional status, F in urine and
serum, and histopathological changes in the diverse organs in an F dose dependent
manner, but a single comprehensive study on effect of different doses of F and
different exposure periods on various nutritional, biochemical and histopathological
parameters has not been studied so far.Therefore, the present study was undertaken to
observe the nutritional, biochemical, and histopathological effects or changes in
relation to dose and time dependent in F exposed rats.

MATERIALS AND METHODS

Experimental animals: One month old thirty six male Wistar rats weighing
104.95±7.901 g (mean±SD) were obtained from the National Centre for Laboratory
Animal Sciences, National Institute of Nutrition, Hyderabad, India, and were
randomly distributed into 6 groups of 6 animals each and their weight was not
significantly different among the groups. The feeding schedule is given in Table 1. 

 

All the animals were individually kept in stainless steel cages in a temperature and
humidity-controlled environment with a 12-hour light/dark cycle. The Institutional
Animal Ethics Committee (P9F/I-IAEC/NIN/2016/1/VAK/WNIN-38M) approved
the animal care and experimental protocols, which were followed.

Food and water intake, bodyweight gain (BWG), and food efficiency ratio (FER):
Food and water intake, bodyweight gain, and FER was assessed according to our
earlier study.21

 

Table 1. Distribution of animals and feeding schedule of different groups 
    

S.No Group N Treatment 
    

1 I 6 Normal diet and water ad libitum 

2 II 6 Fluoride 5 mg/L in drinking water, normal 
diet ad libitum 

3 III 6 Fluoride 10 mg/L in drinking water, normal 
diet ad libitum 

4 IV 6 Fluoride 15 mg/L in drinking water, normal 
diet ad libitum 

5 V 6 Fluoride 50 mg/L in drinking water, normal 
diet ad libitum 

6 VI 6 Fluoride 100 mg/L in drinking water, normal 
diet ad libitum 
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F content in urine, serum, bone, and teeth: An ion-selective electrode (Model EA
940 Orion) was used to assess urinary and serum F levels.27 Teeth and bone F were
estimated as previously mentioned.28

F in tissue: The tissue F levels in liver and kidney in group V and VI were
determined as reported in earlier study.23

Dental fluorosis: Rats were assessed for dental fluorosis at 3rd month. The
determination of dental fluorosis was made clinically over the entire lower incisor
tooth surface according to modified Thylstrup-Fejerskov TF index.29, 30

Organ weight ratio: The brain, kidney, liver, testis, and heart were all collected and
placed individually on pre-marked filter paper after the animals were euthanized by
CO2 inhalation. The wet organ weights were immediately weighed using Sartorius
balance (BL 600, Germany, sensitivity of the balance was 0.001 g). The individual
organ weight was divided by total body weight in grams and multiplied by 100
[(Organ weight/Body weight)×100=%ratio].31

Histopathology: Immediately after removal of the brain, kidney, and liver tissues,
they were placed in 10%formalin solution and processed as per standard method32for
histological examination.

RESULTS

Food and water intake, BWG, and FER: There was a significant decrease in food
intake in animals of the group VI compared to all other groups at 3 month (Figure 1).

Figure 1. Food intake by rats of different groups at 1, 2, and 3 months. *Statistically significant
(p<0.05). a=compared to group I, b=compared to group II, c=compared to group III,
d=compared to group IV, e=compared to group V. Results are expressed as mean±SD; n= 6
rats/group.
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 The water intake in different groups is given in Figure. 2. A significant decrease in
water intake was noticed in group III compared to group I at 3 month. A significant
decrease in water intake was also noticed in animals of the group V and VI compared
to group I, II, III, and IV at 2 and 3 months. 

The BWG and FER in different groups is given in Tables 2 and 3, respectively. 

There was a significant decrease in BWG in the group V and VI compared to
groups I, II, III and IV at 1, 2 and 3 months. A significant decrease in FER was also

Figure 2. Water intake by rats of different groups at 1, 2, and 3 months.*Statistically significant
(p<0.05). a=compared to group I, b=compared to group II, c=compared to group III,
d=compared to group IV, e=compared to group V. Results are expressed as mean±SD; n= 6
rats/group.

Table 2. Body weight gain of ra ts at 1, 2, and 3 months by d ifferent groups 

 
Group Initial weight (g) Body weight gain   

1st month (g) 
Body weight  gain 
2nd month (g) 

Body weight gain 3rd 
month (g) 

     

I 101.27 ± 9.34 115.07 ± 21.40 166.53 ±  29.58 202.40 ± 34.36 

II 103.27 ± 6.98 115.73 ± 27.78 172.68 ±  37.42 202.57 ± 37.78 

III 103.98 ± 6.91 112.18 ± 12.51 157.80 ±  15.52 184.35 ± 23.15 

IV 104.78 ± 6.52 106.22 ± 32.88 149.52 ±  20.38 154.62 ±18.00a*b* 

V 105.38 ±6.85 87.78  ± 21.76 122.15 ±  25.07a*b*c* 132.12 ±19.81a*b*c* 

VI 106.42 ± 8.65 70.75 ± 26.91a*b*c*d* 85.92 ± 27.37 a*b*c*d*e* 111.25 ±13.16a*b*c*d* 

     

*Statistically sign ificant. a=compared to  group I, b=compared to  group II, c=compared to group III, d= 
compared to group IV, e=compared to group V. Results are expressed as mean±SD; n= 6 rats/group. 
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observed in group V and VI compared to group I at 1month. A significant decrease in
FER was observed in group IV and V compared to group I at 3 months.

Urinary F: The urinary F levels in different groups are given in Figure 3. A
significant increase in urinary F levels was observed as increasing of F dose and
duration dependent manner.

Table 3. Food efficiency ratio (FER) of rats at 1, 2 and 3 month in different groups 

Group 1 month 2 month 3 month 

    
I 0.26 ± 0.05 0.35 ± 0.03 0.07 ± 0.03 

II 0.22 ±0.06 0.32 ±0.03 0.05 ± 0.02 

III 0.23 ±0.03 0.29 ±0.04 0.04 ± 0.02 

IV 0.23 ±0.04 0.32 ±0.08 0.01 ± 0.02 a*b* 

V 0.20 ±0.04 a* 0.29 ±0.05 0.02 ±0.03 a* 

VI 0.16 ±0.03 a*b*c*d* 0.28 ±0.08 a* 0.06 ±0.05 d*e* 

    

*Statistically significant. a=compared to group I, b=compared to group II, c=compared to 
group III, d= compared to group IV, e=compared to group V. Results are expressed as 
mean±SD; n= 6 rats/group. 

Figure 3. Urinary fluoride (mg F/24hr) levels in different groups at 1, 2, and 3 months.*Statistically
significant (p<0.05). a=compared to group I, b=compared to group II, c=compared to group III,
d=compared to group IV, e=compared to group V. Results are expressed as mean±SD; n= 6 rats/
group.
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Serum F: There was a significant increase in serum F levels in group II, III, IV, V,
and VI compared to group I at 1, 2 and 3 months (Figure 4). There was a significant
increase in serum F levels in the group V compared to group I, II, and III at 1, 2, and
3 month. There was a significant increase in serum F levels in the group VI compared
to group I, II, III, and IV at 1, 2 and 3 months (Figure 4).

F in bone and teeth: A dose dependent increase in the bone and teeth F levels were
observed in the study. There was a significant increase in the bone and teeth F levels
in the group IV compared to group I. There was a significant increase in bone and
teeth F levels in the group V and VI compared to group I, II, and III (Figure 5).

F in liver and kidney: There was a significant increase in F accumulation in the
liver in the group VI compared to group I and V. An F dose dependent increase in the
accumulation of F in the kidney was observed. However, there is an increase in the F
accumulation in the kidney in the group V and VI compared to group I but not
significant (Table 4). Since there was no significant difference in the tissue F levels in
the liver and kidney in group V compared to group I, hence, the tissue F levels in the
group II, III and IV were not determined. 

Figure 4. Serum fluoride (µg/ml) levels in different groups at 1, 2 and 3 months.*Statistically
significant (p<0.05). a=compared to group I, b=compared to group II, c=compared to group III,
d=compared to group IV, e=compared to group V. Results are expressed as mean±SD; n= 6
rats/group.
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Dental fluorosis: An F dose dependent increase in the severity of dental fluorosis
was observed in the study. The mild dental fluorosis was observed in group V and VI
at 3 month which is shown in Figure 6. Dental fluorosis in rats was characterized
with modified Thylsrup-Fejerskov TF index.29, 30

Figure 5. Bone and teeth fluoride levels in the different groups at 3 months. *Statistically
significant (p<0.05). a=compared to group I, b=compared to group II, c=compared to group III.
Results are expressed as mean±SD; n= 6 rats/group.

Table 4.  Accumulation of fluoride (F) in the liver and kidney tissue 

 
Group Liver F (mg F/g tissue) Kidney F (mg F/g tissue) 

   
I 0.3167±0.04320 

 
2.9960±0.88401 

 
IV ND 2.5800±0.78823 

 
V 0.3100±.03082 

 
3.3400±0.24980 

 
VI 0.7925±0.19805a*b* 

 
3.7300±0.38184 

   
 ND – Not determined. 
*Statistically significant. a=compared to group I, b=compared to group II. Results are 
expressed as mean±SD; n= 6 rats/group 
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Organ weights: There were no significant difference was found among all the
groups in organ weight ratio for brain, kidney, heart, testes, and liver (Figure 7). 

Figure 7. The organ weight ratio of brain, kidney, heart, testes, and liver among different
groups at 3 months.

Figure 6. Dental fluorosis in rats at 3 months in different groups characterized with modified
Thylsrup-Fejerskov TF index.29, 30
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Histopathology: The dose dependent changes due to F were studied in the
histopathology of brain, kidney, and liver. We did not observe any histopathological
changes in the brain among all the groups (Figures 8A–8F). 

  8A

8B

Figures 8A and 8B. Histopathology of brain (H&EX 10) from rat exposed to different F doses for
3 months. 8A: Group I; 8B: Group II.
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8C

8D

Figures 8C and 8D. Histopathology of brain (H&EX 10) from rat exposed to different F
doses for 3 months. 8C: Group III; 8D: Group IV.
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8E

8F

Figures 8E and 8F. Histopathology of brain (H&EX 10) from rat exposed to different F doses
for 3 months. 8E: Group V; 8F: Group VI.
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However, in kidney few focal dilated tubules were observed in group VI compared
to all other groups (Figure 9A–9F).

                   Normal tubules                                      Normal glomerulus 

                          Normal glomeruli                                       Normal tubules

Figures 9A and 9B. Histopathology of kidney (H&EX 10) from rat exposed to different F doses
for 3 months. 9A: Group I; 9B; Group II. 

9A

9B
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Normal glomeruli              Normal tubules

9C

Normal glomeruli                          Normal tubules

9D

Figures 9C and 9D. Histopathology of kidney (H&EX 10) from rat exposed to different F doses
for 3 months. 9C: Group III; 9D; Group IV. 
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    Tubules are dilated

Normal tubules                                        Normal glomeruli

Figures 9E and 9F. Histopathology of kidney (H&EX 10) from rat exposed to different F doses 
for 3 months. 9E: Group V; 9F; Group VI. 

9E

  9F
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 In the liver, microvacuolation in 33-66% was observed in group V compared to
group I, II, III, and IV. Microvacuolation in >90% liver was observed in group VI
compared to group I, II, III, and IV (Figure 10)

                    Normal hepatocytes                     Portal tract

10A

                   Central vein                                Normal hepatocytes

Figures 10A and 10B. Histopathology of livery (H&EX 10) from rat exposed to different F doses 
for 3 months. 10A: Group I; 10B; Group II. 

10B
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                           Portal tract                                                        Normal hepatocytes

Portal vein                                  Normal hepatocytes                  Central vein

10C

10D

Figures 10C and 10D. Histopathology of livery (H&EX 10) from rat exposed to different F doses
for 3 months. 10C: Group III; 10D; Group IV. 
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Microvacuolation in hepatocytes                                                     Portal tract

Figures 10E and 10F. Histopathology of livery (H&EX 10) from rat exposed to different F
doses for 3 months. 10E: Group V; 10F; Group VI. 

Microvacuolation in hepatocytes

10E

10F
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DISCUSSION

The effect of F in Wistar rats was investigated in this study in a dose and time-
dependent manner. The decrease in food intake in the group VI compared to all other
groups at 3 month corroborates with the earlier studies.14-17Dental lesions may
inevitably impair the ability of rats to masticate food prior to swallowing, which
might contribute to a decreased food intake in F treated rats.33 Fluoride
administration reduced body weight increase in rats in a dose and time-dependent
manner, according to a previous study.34The poor food and water consumption may
be a contributing factor for reduced BWG.35Other investigations, however, found no
difference in BWG19 in F-fed animals. This inconsistency may be explained by the
fact that different species were employed; the dose of F and also the research was
conducted over different time durations. The significant decrease in FER in the group
V and VI agrees with the earlier studies.21The reduced FER has been attributed to
reduced food intake, reduced digestibility, and improper utilization of food due to
altered metabolic effects.36The group V and VI showed an effect on FER from the
first month onwards might be due to the highest concentration of F intake. The
significant increase in urinary F levels in groups II, III, IV, V, and VI increased in a
dose-dependent manner from 2 month onwards as reported in earlier studies.23-25

The significant increase in serum F levels in group II, III, IV, V, and VI compared to
group I at 1, 2, and 3 month is in a dose dependent manner as reported in earlier
studies.23-25The increased serum F levels in the present study represents the true F
exposure in the rats, thus leading to the toxic effects of F on different organs.In the
present study, the increase in the severity of dental fluorosis in rats is F dose
dependent manner. Our results agree with the earlier studies where the F dose-
dependent changes in the teeth were observed.37,38 Plasma F concentrations in
humans range from 1 to 10 µmol/l after long-term intake of 1–10 ppm F in drinking
water.39 Fluorotic alterations can be seen in incisors of rodents after drinking water
containing 25–100 ppm fluoride; these doses also enhance the plasma F levels to 3-
10 µmol/l, which are similar to those observed to cause fluorosis in humans.40,41 The
increase in accumulation of F in bone and teeth in the present study is in a dose
dependent manner and is in concurrence with the earlier reports.42,43 In the present
study, the organ weight ratios were not affected as reported in earlier studies.44-46

The histopathological changes in the kidney and liver in the high F groups are in
accordance with the similar studies conducted in rats.26,47,48 In conclusion the dose
dependent effect of F starts at 100, 50, and 15 mg/L from first, second, and third
months, respectively, however there were no significant differences in 5 and 10 mg/L
F groups after 3 months. In the present study, the dose of F concentrations that would
cause F toxicity is 15 mg/L in rats. This toxic dose i.e., 15 mg/L in rats would cause
plasma F levels equivalent to those in humans consuming fluoridated water levels of
3 mg/L. According to ICMR and WHO above the 1.0 or 1.5 mg/L level of fluoride
causes toxicity in human and animals.50 However, earlier study conducted by Turner
et al. (2001)51, suggested a NOAEL of 0.94 mg F/Kg bw/day with a LOAEL at 3.2
mg F/Kg bw/day which correspond to drinking water concentrations for humans of 3
mg F/L and 10 mg F/L respectively.51 Hence, the present study also suggests the
human consumption of 3 mg/L F in drinking water might cause the F toxicity in the
population.
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	ABSTRACT: Aim of this study was to observe the effect of fluoride (F) in Wistar rats in a dose and time-dependent manner. Male rats (n=36) were taken and were randomly divided into six groups (group I: control, group II: 5 mg/L F, group III: ...
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