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ABSTRACT: In addition to causing dental and skeletal fluorosis, exposure to high
levels of the fluoride ion (F) can alter glucose homeostasis and lead to insulin
resistance (IR). Tamarind can act as an antidiabetic agent and the present study was
planned to investigate (i) the effect of F on IR and (ii) the protective effect of tamarind
(Tamarindus indica) fruit extract (TFE) supplementation on F-induced glucose
intolerance and IR. For this purpose, Wistar National Institute of Nutrition (NIN) rats
(n=18) were taken and randomly distributed into three groups: group I (control) were
treated with normal water, group II (F) were treated with 100 ppm F water, and group
III (F+TFE) were treated with 100 ppm F water + TFE (200 mg/kg body weight). After 6
months, an oral glucose tolerance test (OGTT) and the insulin profile were studied.
The results of the study revealed that the homeostasis model assessment for insulin
resistance (HOMA-IR) was unaffected by F but in the F+TFE treated group it was
significantly decreased. A significant increase in the plasma glucose levels was
observed in the F group at 30, 60, and 120 min (p<0.05, p<0.001, p<0.05, respectively),
compared to both the control and the F+TFE groups. The plasma insulin levels were
significantly higher (p<0.05) in the F group compared to the control group at 30 and
60 min during the OGTT. In the F+TFE group, with tamarind supplementation, the
plasma insulin levels were (i) significantly lower (p<0.05) than in the F group, and (ii)
were significantly higher (p<0.05) than in the control group at 30 min but not at 60
min. In the F group, the area under the curve (AUC) for glucose and insulin was
significantly higher (p<0.05) as compared to the controls, while the F+TFE treatment
restored the AUC for glucose and insulin to the control levels. The ratio of AUC
glucose to AUC insulin was significantly lower (p<0.05) in both the F-treated and the
F+TFE-treated rats compared to the control. In conclusion, the TFE supplementation
ameliorated glucose intolerance and insulin resistance induced by F treatment in
rats.
Keywords: Fluoride; Glucose intolerance; HOMA-IR; Insulin resistance; Tamarind fruit extract.

INTRODUCTION

In India, the groundwater or drinking water sources of 23 of the 36 states and
union territories are contaminated with the fluoride ion (F) in varying
concentrations. Of these, 17 states have F beyond the threshold level of 1.0 ppm in
drinking water.1 The excessive consumption of F not only causes varying degrees
of irreversible damage in teeth and bones2-7 but also has various metabolic and
biochemical effects including altered glycolysis, decreased insulin secretion,
hyperglycemia, and the development of insulin resistance (IR).8-10 An increased F
load has been shown to induce changes in insulin and glucose levels in normal
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experimental animals.11,12 Patients with impaired glucose tolerance had
significantly higher fasting serum immunoreactive insulin, higher fasting serum F,
and a significantly lower fasting glucose to insulin ratio than that in patients with
normal glucose tolerance or control subjects.13 In earlier studies it was concluded
that tamarind (Tamarindus indica) can act as an anti-diabetic agent in experimental
animals14,15and can also ameliorate F-induced toxic effects by enhancing the
excretion of urinary F.16,17 Whether tamarind acts as an anti-diabetic agent or not
in F-induced insulin resistance has not been studied so far. Therefore, in the
present study it was planned to examine whether or not tamarind fruit extract
(TFE) decreases F-induced insulin resistance. 

MATERIALS AND METHODS

 Preparation of tamarind pulp extract: The Tamarindus indica (tamarind) plant
material was identified and authenticated by the Department of Botany, University
College of Science, Osmania University, India (voucher No. 0238) where the
voucher reference specimens were deposited. The TFE was prepared as described
in earlier studies.18

Animals and treatment: Eighteen, one-month-old male Wistar National Institute
of Nutrition (NIN) rats weighing 77.1±12.65 g (mean±SD) were obtained from the
National Centre for Laboratory Animal Sciences of the National Institute of
Nutrition, Hyderabad, India, were randomly distributed into 3 groups of 6 animals
each, and were fed according to the feeding schedules given in Table 1. 

All the animals were housed individually in stainless steel cages in a temperature
and humidity controlled room with a 12 hr light and dark cycle. The animal care
and experimental protocols were followed as given in the guidelines approved by
the Institutional Animal Ethics Committee (No.P9F/IAEC/2014/II/ALK/WNIN-
46M).

Dietary and water intake, body weight, and urinary F: The dietary and water
intakes, the body weights, and the urinary F were assessed according to the
protocols used in an earlier study conducted at our Institute.19

 Oral glucose tolerance test (OGTT): OGTT was assessed in the rats at 6 months
according to the method reported in earlier studies.20 Blood samples were
collected from orbital sinus flux at 0, 30, 60, and 120 min and plasma was

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

Group No. of animals Details of feeding 

 
Control (C) 

 
6 

 
Control pellet diet  
+ normal water (ad libitum) 

Fluoride (F) 6 Control pellet diet  
+ 100 ppm F water (ad libitum) 

Fluoride (F) 
+tamarind fruit 
extract (TFE)            

6 
 

Control pellet diet  
+ 100 ppm F water  
+ 200 mg TFE/kg bodyweight  
(ad libitum) 
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separated by centrifugation at 3000 rpm for determining glucose and insulin
concentrations.

Estimation of glucose and insulin in plasma: Plasma glucose was measured by
the glucose oxidase-peroxidase (GOD-POD) method with a kit (Biosystems
Diagnostics Pvt Ltd, Tamil Nadu, India) and plasma insulin by a RIA kit (BRIT-
DAE, Mumbai, India).

Homeostasis model assessment for insulin resistance (HOMA-IR): Insulin
resistance was assessed by the homeostasis model assessment (HOMA–IR) as
described earlier for rats21,22 using the equation:

 To assess the animal’s insulin response to a challenge of glucose, the area under
the curve (AUC) for glucose and insulin during the OGTT was computed. The
AUC for glucose and insulin during OGTT at 0, 30, 60, and 120 min were
calculated according to the formulae:

AUC glucose:AUC insulin ratio: The AUC glucose:AUC insulin ratio was
calculated from the values of the AUC for glucose and insulin obtained.

RESULTS

 Diet intake, water intake, and body weight: The dietary intake, the water intake,
and the body weights of the rats at 2, 4, and 6 months of all the groups are depicted
in Tables 2A, 2B and 2C, respectively.

                                       Fasting plasma glucose (mg/dL)  ×  Fasting plasma insulin (µU/mL)
              HOMA-IR  = 
                                                                                           2,430

           AUC for glucose (mmol/L/hr) =   0.25 × plasma glucose at 0 min (mmol/L) 
                                                            + 0.5 × plasma glucose at 30 min (mmol/L) 
                                                            + 0.75 × plasma glucose at 60 min (mmol/L) 
                                                            + 0.5 × plasma glucose at 120 min (mmol/L)

              AUC for insulin (µU/mL/hr) =   0.25 × plasma insulin at 0 min (µU/mL) 
                                                           + 0.5 × plasma insulin at 30 min (µU/mL) 
                                                           + 0.75 × plasma insulin at 60 min (µU/mL) 
                                                           + 0.5 × plasma insulin at 120 min (µU/mL).

Table 2A. The dietary in take (g) in the different groups at 2, 4, and 6 months.  
(Results are expressed as mean±SD; n= 6 rats/group;  

TFE=Tamarind fruit extract) 

Group Die tary intake (g) 

 2 months 4 months 6 months 

Control  (C)  20.542±0.573 17.276±2.12  
20.083±1.854 

Fluoride (F)  11.470±0.154a* 13.051±0.418a* 17.280±2.675 a* 

F+TFE 
 

17.160±1.88a*,b* 

 
15.933±1.44a*,b* 

 
19.206±1.224a* 

 

            a: compared to contro l group: *p<0.05; b: compared to F group: *p<0.05. 
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Table 2B. The water intake (mL) in the different groups at 2 , 4, and 6 months.  
(Results are expressed as mean±SD; n= 6 rats/group;  

TFE=Tamarind fruit extract) 

Group Water  intake (mL) 

 2 months 4 months 6 months 

Control  (C)  42.613±3.53 44.496±3.08 43.330±4.798 

Fluoride (F)  21.521±1.94a* 26.613±1.52a* 30.426±0.248a* 

F+TFE 22.430±1.00a* 26.423±1.93a* 29.806±2.397a* 

            a: compared to contro l group: *p<0.05. 

Table 2C. Body weights (g) in  the different groups at 2, 4, and 6 months.  
(Results are expressed as mean±SD; n= 6 rats/group;  

TFE=Tamarind fruit extract) 

Group Body weights (g) 

 2 months 4 months 6 months 
    

Control  (C)  189.81±17.374 317.300±23.014 448.166±44.382 

Fluoride (F)  113.360±14.237a* 255.510±12.517 a* 332.833±59.509a* 

F+TFE 136.632±30.560a*,b* 273.166±26.984 a* 
 

388.661±50.29a*,b* 

 

           a: compared to contro l group: *p<0.05; b: compared to F group: *p<0.05. 
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Urinary F: The urinary F levels among all the groups at 2, 4, and 6 months are
given in Table 3.   

Fasting plasma glucose and insulin: The fasting plasma glucose was unaffected
by the F and the F+TFE treatments as compared to the control group (Figure. 1).
The results the HOMA-IR and the AUC glucose: AUC insulin ratio are given in
Table 4. 

   Glucose response during the oral glucose tolerance test (OGTT): The plasma
glucose levels in the F group were significantly higher at 30 (p<0.05), 60
(p<0.001), and 120 min (p<0.05) as compared to the control and F+TFE groups
(Figure 1).

Table 3. Urinary F levels (mg/24 hr) in  the different groups at 2, 4, and 6 months.  
(Results are expressed as mean±SD; n= 6 rats/group;  

TFE=Tamarind fruit extract) 

Group Urinary F levels (mg/24 hr)  

 2 months 4 months 6 months 
    

Control  (C)  0.041± 0.007 0.065 ± 0.014 0.094 ± 0.011 
 

Fluoride (F)  0.645 ± 0.16a* 0.709 ± 0.134a* 0.736 ± 0.104a* 

F+TFE 0.940 ± 0.201a*,b* 

  
1.048 ± 0.258a*,b* 

 
1.017± 0.172a*,b* 

          a: compared to contro l group: *p<0.05; b: compared to F group: *p<0.05. 

Table 4. HOMA-IR and AUC glucose:AUC insulin ratio in  the different groups at 2, 4, and 6 
months. (Results are expressed as mean±SD; n= 6 rats/group; HOMA-IR=homeostasis 

model assessment for insulin  resistance; AUC= area under the curve;  
TFE=Tamarind fruit extract,) 

 
 HOMA-IR AUC glucose:AUC insu lin ra tio 
   

Control  (C)  1 .042±0.316 0.152±0.129 

Fluoride (F)  0 .858±0.178  0.12±0.006a* 
 

F+TFE 0.7068±0.120a* 
 

0.141±0.008a*,b* 

              a: compared to contro l group: *p<0.05; b: compared to F group: *p<0.05. 
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Insulin response during OGTT: In the F group, in comparison to the control
group, there was a significant increase in the plasma insulin levels (p<0.05) at both
30 and 60 min (Table 5). 

 a*, c*

 a†, c†

                         0                         30                        60                      120

                                                         Time (min)

Control
Fluoride
F+TFE

 a*, c*

Figure 1. Plasma glucose response during the oral glucose tolerance test in the different groups
at 6 months. a: compared to the control group: *p<0.05, †p<0.001; c: compared to the F+TFE
group: *p<0.05, †p<0.001. The results are expressed as mean±SD; n= 6 animals/group.
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Table 5. Insulin response during oral glucose tolerance test in  the different groups at 2, 4, 
and 6 months. (Results are expressed as mean±SD; n= 6 rats/group;  

TFE=Tamar ind fruit extract)  
 

Group Insulin (µU/mL) 

 0 (fasting) 30 min 60 min 120 min 

Control (C)  28.17±5.913 42.67±6.121 54.17±5.87 43.00±4.099 

Fluoride (F) 24.17±4.119 
 

87.33±8.238a* 
 

82.00±6.92a*,c* 
 

41.00±6.986 
 
 

F+TFE 22.67±4.227 
 

59.17±5.87a*,b*
 

49.67±7.737 
 

42.83±3.488 
 

a: compared to control group: *p<0.05; b: compared to  F group: *p<0.05; 
c: compared to F+TFE group: *p<0.05. 
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 Ar
In the F+TFE group, compared to the F group, the plasma insulin levels were
significantly lower (p<0.05) at both 30 and 60 min (Table 5). In the F+TFE group,
compared to the control group, the plasma insulin levels were significantly
increased (p<0.05) at 30 min but not at 60 min (Table 5). Interestingly, at all three
time points, 30, 60, and 120 min, during the OGTT, the F+TFE treatment
significantly decreased the plasma glucose levels compared to the F group (Figure
1). 

Furthermore, the area under curve (AUC) for both glucose and insulin was
higher in the F group compared to the control and F+TFE groups (p<0.05) (Figure
2). 

The ratio of AUC glucose to AUC insulin was significantly lower (p<0.05) in
the F group compared to the control and F+TFE groups (Table 4). 

DISCUSSION

In the present study, in the F group, compared to control group, the significant
decreases (p<0.05) in the dietary and water intake, and in the body weight
corroborates the earlier studies.23-25 However, in the F+TFE group, compared to
the F group, there were significant increases (p<0.05) in the dietary intake at 2 and
4 months and the body weight at 2 and 6 months which indicates that the tamarind
supplementation had a beneficial effect. The enhanced excretion of urinary F in

 a*,c*

     a*,c*

      OGTT (mmol/L/hr)                  Insulin (µU/mL/hr)

Control 
Fluoride
F+TFE
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Figure 2. Area under the curve (AUC) for glucose and insulin during the oral glucose
tolerance test in the different groups at 6 months. a: compared to the control group:
*p<0.05, c: compared to the F+TFE group: *p<0.05. The results are expressed as
mean±SD; n= 6 animals/group. 

ea under the curve (AUC)
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the F+TFE group compared to the F group at 2, 4, and 6 months in the present
study corroborates the earlier studies conducted in our laboratory.16,17 Earlier
studies conducted in human volunteers and in experimental animals revealed that
F ingestion increases the plasma F and decreases the plasma insulin with an
accompanying increase in serum glucose levels.11 According to an earlier study,26

above 5µM of F in plasma disrupts glucose homeostasis. Previous studies reported
that in rats fed with 100 ppm F in their drinking water, the serum F levels
increased to 5–10 µM.27,28 Similarly, in the present study, the administration of
100 ppm F through drinking water to the F groups might have increased the serum
F levels to 5–10 µM and disrupted the glucose metabolism. However, the serum F
levels were not estimated in the present study. 

Earlier studies also indicate that the enzymes in the glycolytic pathway, such as
hexokinase, enolase, and pyruvate kinase, are all subject to F inhibition.29 The
present findings are also similar to the results of earlier studies11,13 In the present
study, the rats in the F-treated group showed impaired glucose metabolism, with a
significant increase, compared to the control group, in the plasma glucose levels at
30, 60, and 120 min during a OGTT. In the F group, there was a delay in the
glucose clearance, as evidenced by the high plasma glucose levels at 120 min
compared to the other groups, even though the plasma insulin levels during the
OGTT were significantly higher in the F group, compared to both the control and
F+TFE groups at 30 and 60 min. However, the rats were not able to maintain
normal glucose levels, thus indicating the condition of insulin resistance in the
experimental animals as reported in earlier studies.8,10-13 The plasma glucose
levels in the F+TFE group at 30, 60, and 120 min were not significantly different
to the values in the control group. The plasma insulin level was increased in the
F+TFE group, compared to the control group, at 30 min but not at 60 min. This
suggests that tamarind has an ameliorative potential in F-induced insulin
resistance in rats. In the present study, tamarind also acts as an anti-diabetic agent
as reported in earlier studies.14,15 The presence of elevated plasma insulin levels
alongside elevated plasma glucose in the F group indicate either the secretion of
bio-inactive insulin or the presence of insulin resistance as observed in earlier
studies.13 The effect of F on insulin sensitivity described in this study could be the
consequence of an interaction between F and the pancreas.30-32

 An increase in AUC for glucose and insulin compared to controls indicates the
presence of insulin resistance in rats.20 In the present study, the AUC for glucose
and insulin were significantly higher (p<0.05) in the F group in comparison to the
control group indicating insulin resistance in the rats. However, in the F+TFE
group the AUC for glucose and insulin were restored to the control levels thus
indicating that the tamarind fruit extract had a protective effect. This protective
role of tamarind in the F-induced glucose intolerance and insulin resistance in rats
may be due to presence of proanthocyanidins, one of the components present in
TFE.34,35
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CONCLUSION

Tamarind fruit extract supplementation ameliorates F-induced glucose
intolerance and insulin resistance in F-intoxicated rats. However, the present study
is at only a preliminary level and more studies are recommended to confirm the
findings. Nonetheless, the present findings significantly add to the existing
knowledge on the amelioration of F-induced toxicosis. 
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