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	 Fluoride is an ineluctable environmental pollutant and its chronic exposure causes 
nociception and inflammation. Alpha-tocopherol and Selenium (Se) are widely available 
compounds that are safe if taken in moderation and exert a wide range of antioxidant, analgesic 
and anti-inflammatory activities. This study examined the protective activity of dietary 
supplements, alpha-tocopherol (2 mg/kg BW) and Selenium (05 µg/kg BW), by using thermal (Hot 
plate test, Tail-flick test), chemical (writhing test, formalin test) and neuropathic (allodynia test) 
tests in fluoride (20mg/kg BW) induced pain models. In addition, anti-inflammatory activity was 
also assessed with paw oedema assay. The obtained data suggest that hyperalgesia in fluoride 
exposure group was significantly (p<0.05) exhibited in hot plate, tail flick, writhing response, 
formalin and allodynia tests. Moreover, inflammation in fluoride exposure group was also 
significantly (p<0.05) increased in paw oedema tests in comparison with the control group. 
The combined administration of Se and alpha-tocopherol significantly (p<0.05) increased 
response latency in hot plate and tail flick tests, reduced writhing responses in the writhing test, 
increased withdrawal duration in allodynia test, inhibited formalin induced pain response in 
both phases but it was more pronounced in the second phase and attenuated formalin induced 
paw oedema in comparison with independent treatment of Se and alpha-tocopherol against 
NaF suggesting their analgesic and anti-inflammatory activities. These findings conclude the 
synergistic effects of selenium and alpha-tocopherol against fluoride induced nociception and 
inflammation.
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	 Fluoride, exist in the soil, water, animals, 
plants and atmosphere, is known to be noxious for 
human at levels more than 1.5 mg/L in drinking 
water1. The excessive consumption of fluoride 
contributes to physiological dysfunction through 
many pathologies especially induction of oxidizing 
stress. Further, it may cross the blood-brain barrier, 
accumulate in the brain2, and causes neuronal 
changes and damage3,4. The excessive fluoride 
exposure enhances peripheral pain sensitivity such 

as mechanical, thermal, and inflammatory pain5,6. In 
addition, it also induces bone pain7. Pain is a serious 
problem globally8. It affects the quality of life as 
well economically burden to society.  Regrettably, 
the pain relievers available in the market exert a 
wide range of adverse effects9. Hence, searching 
for alternatives such as dietary supplements as 
analgesic agents is essential. Tocopherols, dietary 
supplements, trap the free radical molecules such as 
reactive oxygen species10,11 and causes an increase 
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in reduced glutathione, glutathione peroxidase 
and anti-oxidant vitamins levels and a decrement 
in pain intensity levels in fibromyalgia patients 
following alpha-tocopherol supplementation12. 
Selenium plays an important role in the regulation 
of the nervous system’s physiological functions13. 
It serves as a cofactor of the GPx enzyme involves 
in antioxidative defence mechanisms14. It acts as 
an analgesic in mitigating the peripheral pain15, 

16, 17. Moreover, Se is more effectively prevented 
pain induced by fibromyalgia, oxidative stress 
in mitochondria and apoptosis18. Combined 
administration of Selenium and vitamin E 
exerted protective effects effectively against lipid 
peroxidation capacity in different brain regions of 
the rat such as cerebrum, cerebellum, midbrain 
and brainstem19. Due to the various ameliorative 
effects of alpha-tocopherol and selenium, mainly 
their role in anti-nociception and anti-inflammation 
has turned into global concern and in-depth 
investigation. Thus, in the present study, to explore 
the analgesic and anti-inflammatory effects of 
alpha-tocopherol and selenium individually 
and combinedly on fluoride-induced pain and 
inflammation, we have established mice model 
groups, and a series of diverse methods were 
applied such as Hot plate test, Tail-flick test, 
Writhing response test, Allodynia test, Formalin 
test and Paw oedema test. 

Material and methods

Chemicals
	 NaF and selenium from Loba Chemie, 
Bombay and alpha-tocopherol acetate from Merck 
Company were purchased. The other chemicals 
used in the study were of analytical grade.
	 Swiss albino mice weighed about 30+2 
g were procured from National Infrastructural 
facility for laboratory animals, NIN, Hyderabad, 
India. The animals were maintained in plastic 
cages at room temperature at 25-27oC in hygienic 
conditions with 12 hrs light/dark cycle. The animals 
were provided with water and standard rat chow 
procured form NIN, Hyderabad, India. They were 
divided into 5 groups. Each group consists of five 
animals. (1) Controls group (saline) (2) NaF treated 
group (20mg/ kg BW) (3) Selenium alone-treated 
group (5 µg/ kg BW) (4) Alpha-tocopherol alone 
treated group (2 mg/kg BW). (5) NaF+Se+alpha-

tocopherol (20mg/kg bw+5 µg/ kg bw+2mg/
kg BW) treated group. The doses were given 
daily between 8.00 – 9.00 hours for 15 days. The 
experiments were carried out as per the procedure 
of institutional ethical committee (No: 383/01/a/
CPCSEA). The necessary steps were taken to 
lessen the number of animals used in the study.
Analgesic & Antiinflammatory tests
	 Most prominent methods of nociceptive 
assessments like a hot plate, tail-flick, allodynia, 
formalin, writhing (acetic acid induced) tests & 
anti-inflammatory test such as formalin induced 
paw oedema test were conducted.
Tail flick test
	 The tail-flick test was carried out to test 
the nociceptive response20. The animals were held 
in one hand and the distant part of the tail was kept 
in a beaker containing water maintained at 48+ 
+20C. The time that elapsed between immersion 
and removal of the tail from the water noted as 
reaction time and expressed the results in seconds. 
The tissue damage was avoided by keeping the cut 
off time at 10 seconds.
Hot plate method
	 A modified version of the hot plate method 
was used to test the nociceptive response21. The 
animals were kept on a hot plate maintained at 
50+20C. The time taken for the first hind paw 
withdrawal or licking was noted and expressed 
in seconds. The tissue damage was avoided by 
keeping the cut off time at 15 seconds.   
Acetic acid induced writhing method
	 The writhing method was used to test 
nociceptive response22. Acetic acid (0.8%) solution 
was administered to induce writhing responses. 
After 10 mins of injecting, the writhing responses 
were noted and calculated the inhibitory rate.

Inhibitory rate (%)= (1- number (treatment)/ 
number (model)] ×100%.

Allodynia test
	 The Allodynia test was used to test the 
nociceptive response23. The animals were confined 
beneath an inverted Plexiglas case, placed upon 
a metal floor cooled by the ice-cold water. Each 
animal was exposed to the floor which had 6+20C 
surface temperatures for 20 mins. The withdrawal 
duration was noted and expressed in seconds.
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Formalin test
	 Formalin test was carried out to test 
nociceptive response24. The animals were injected 
intraperitoneally with formalin (2.5%) solution and 
the animals were placed in the beaker and observed 
over next 30 mins. Time spent on biting or licking 
was measured and expressed as the pain score. 
Paw Oedema Test
	 Paw oedema test was used to assess the 
magnitude of oedema25. A 0.05 ml of 1.25% of 
formalin was injected intraperitoneally at the base 
of the right hind paw of the mice, while the other 
hind paw was injected with the equal amounts of 
distilled water served as relevant control. After 
8 hours, the mice were sacrificed by chloroform 
inhalation. The paws were amputated from the 
ankle and weighed. The magnitude of oedema was 
determined by the difference in the weight of test 
paw from that of control of corresponding opposite 
paws. The mean arithmetical magnitude of oedema 
by weight average method was measured. 
Statistical analysis
	 The experimental data were subjected 
to one way ANOVA followed by multiple 
comparisons between the groups by Turkey’s 

studentized range test (HSD). In each test p<0.05 
was considered significant.

Results

Tail flick response
	 Obtained data indicates that the tail-flick 
latency was decreased (17.91%) significantly 
(p<0.05) in sodium fluoride administered group in 
comparison with the control animals whereas, the 
tail-flick latency was brought down to 14.62% in 
NaF+Se treated, 15.73% in NaF+alpha tocopherol 
treated, and 5.54% in NaF+Se+alpha tocopherol 
treated groups, indicates the marked recovery 
and it was more pronounced in NaF+Se+alpha 
tocopherol treated group than the selenium alone 
and alpha-tocopherol alone treated groups against 
NaF (Fig.1).
Hot plate response
	 The results indicate that the hot plate 
latency was decreased (21%) in a significant 
(p<0.05) levels in NaF group in comparison with 
control group whereas, the hot plate latency was 
brought down to 15.27% in NaF+alpha tocopherol 
treated, 17.22% in NaF+Se treated, and 5.27% in 

Fig. 1. Effect of alpha-tocopherol and selenium treatment on tail-flick latency in mice exposed to NaF. Data 
represent from 5 mice (mean+SE). * indicates significant (p<0.05) differences compared to the control and # 

indicates significant (p<0.05) differences compared to NaF group
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Fig. 2. Effect of alpha-tocopherol and selenium treatment on hot plate latency in mice exposed to NaF. Data 
represent from 5 mice (mean+SE). * indicates significant (p<0.05) differences compared to the control and # 

indicates significant (p<0.05) differences compared to NaF group

Fig. 3. Effect of alpha-tocopherol and selenium treatment on withdrawal duration in mice exposed to NaF. Data 
represent from 5 mice (mean+SE). * indicates significant (p<0.05) differences compared to the control and # 

indicates significant (p<0.05) differences compared to NaF group

NaF+Se+alpha tocopherol treated groups, indicates 
a notable reduction in fluoride intoxication. 
However, the recovery was more significant in 

NaF+Se+alpha tocopherol treated group than the 
selenium alone and alpha-tocopherol alone treated 
groups against NaF (Fig.2).
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Fig. 4. Effect of alpha-tocopherol and selenium treatment on writhing responses in mice exposed to NaF. Data 
represent from 5 mice (mean+SE). * indicates significant (p<0.05) differences compared to the control and # 

indicates significant (p<0.05) differences compared to NaF group

Fig. 5. Effect of alpha-tocopherol and selenium treatment on pain score in mice exposed to NaF. Data represent 
from 5 mice (mean+SE). * indicates significant (p<0.05) differences compared to the control and # indicates 

significant (p<0.05) differences compared to NaF group
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Allodynia test
	 The results indicate that the hind paw 
cumulative withdrawal duration was decreased 
(12.17%) significantly (p<0.05) in sodium 
fluoride administered group in comparison 
with the control animals whereas, the hind paw 
cumulative withdrawal duration was brought down 
to 5.50% in NaF+alpha tocopherol treated, 7.30% 
in NaF+Se treated, and 1.10% in NaF+Se+alpha 
tocopherol treated groups. However, the recovery 
was more significant in NaF+Se+alpha tocopherol 
treated group than the selenium alone as well as 
á- tocopherol alone administered groups against 
NaF (Fig-3).
Writhing response
	 The results indicate that the writhing 
response of mice was significantly (p<0.05) 
increased (41.30%) in sodium fluoride group in 
comparison with control animals whereas, the 
number of writhers were significantly (p<0.05) 
brought down to 18.56% in NaF+alpha tocopherol 
treated, 11.30% in NaF+Se treated and to 5.98% 
in NaF+Se+alpha tocopherol treated groups as 
compared to NaF treated group suggests marked 

recovery in the fluoride intoxication. However, the 
recovery was more pronounced in NaF+Se+alpha 
tocopherol treated group than the selenium alone 
and alpha-tocopherol alone treated groups against 
NaF (Fig.4).
Pain score
	 The results indicate that the pain score 
of animals was significantly (p<0.05) increased 
(39.58%) in sodium fluoride group in comparison 
with control animals whereas, the pain score was 
brought down to 29.16% in NaF+alpha tocopherol 
treated, 33.33% in NaF+Se treated, and 12.5% 
in NaF+Se+alpha tocopherol treated groups, 
reveals significant inhibition of fluoride toxicity. 
However, the recovery was more in NaF+Se+alpha 
tocopherol treated group than the selenium alone 
and alpha-tocopherol alone treated groups against 
NaF (Fig.5).
Paw oedema test
	 The results indicate that the weight of 
the hind paw was significantly (p<0.05) increased 
(29.33%) in sodium fluoride treated group in 
comparison with control animals whereas, the 
weight of the hind paw was brought down to 

Fig. 6. Effect of alpha-tocopherol and selenium treatment on paw oedema in mice exposed to NaF. Data represent 
from 5 mice (mean+SE). * indicates significant (p<0.05) differences compared to the control and # indicates 

significant (p<0.05) differences compared to NaF group
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21.02% in NaF+alpha tocopherol treated, 20.66% 
in NaF+Se treated, and 5.62% in NaF+Se+alpha 
tocopherol treated groups suggests a significant 
recovery in the weight of the hind paw. However, 
the recovery was more in NaF+Se+alpha tocopherol 
treated group than the selenium alone as well as 
á-tocopherol alone administered groups against 
NaF (Fig-6). The obtained results in all the above 
tests show the synergistic effect of selenium and 
alpha-tocopherol in the mitigation of fluoride-
induced nociception and inflammation. 

Discussion

	 The present study investigated the 
analgesic and anti-inflammatory properties of alpha-
tocopherol and selenium in fluoride intoxicated 
mice model. The analgesic properties were assessed 
using various tests such as thermal (hot plate, tail 
flick), chemical (formalin test, writhing test) and 
neuropathic (allodynia) tests. Further, the anti-
inflammation properties were also assessed with 
the paw oedema test. The hypothalamus neurons, 
nociceptive receptors and mechanoreceptors 
are involved in analgesia. In earlier studies, it is 
reported that the fluoride was reduced the small 
myelinated fibres26. NaF mimics the effect of PGE2 
on catecholamine release from adrenal chromaffin 
cells27. The inhibitor of Na+ K+ ATPase also alters 
the catecholamine release28. The fluoride has 
shown influence on 5-HT metabolism in rabbits29. 
The turnover rate of serotonin is decreased in the 
hypothalamus of the rat after NaF exposure30. The 
depletion in central serotonin content can result in 
sleep disturbances, lowered pain tolerance31, and 
the depletion of serotonin also reduces neuronal 
responses to stimuli on nociceptive terminals 
influencing the prostaglandins which sensitize all 
nociceptors. Altered serotonin level influences 
the pain threshold. The above studies indicate that 
fluoride can modulate pain reception. 
	 Tail flick latency is a spinal reflex that 
measures the time taken to the mice to flick its tail 
away from the source32. Usage of tail flick test is 
necessary as the effective pain bring in this test 
is mostly related to the pain relief in humans33. 
The tail-flick test is a sharp spine mediated reflex 
to harmful thermal stimuli,33 which induces pain 
through spinal reflexes arbitrated by µ2, ä2, 
ê1opioid receptors34. In the present study, NaF 

treatment resulted in hyperalgesia condition 
and which is in an accordance with the earlier 
studies reported that fluoride modulates the pain 
reception resulting hyperalgesic conditions through 
altering the catecholamine levels26,27, and this 
hyperalgesia condition was significantly mitigated 
by combined administration of selenium and alpha-
tocopherol than the Se as well as á-tocopherol 
alone administered groups (Fig-1). The tolerance 
capacity of the mice indicates the prevention of 
pain progression in the spine probably due to 
the ameliorative action of selenium and alpha-
tocopherol.
	 Hot plate test is generally used to assess 
centrally acting analgesic agents 35, 36. In the present 
study, NaF decreased the latencies of hot plate test 
suggesting the hyperalgesic conditions and which 
were reversed in NaF+Se, NaF+alpha tocopherol 
and NaF+Se+alpha tocopherol administered groups. 
But, the combined administration showed more 
significant reversal than individual administration 
of alpha-tocopherol and Selenium (Fig.2). The 
results are corroborated with earlier reports that 
showing the diminished response of spinal neurons 
to heat therefore, inversed latency against heat was 
observed37. An increase in sensitivity to threshold 
levels of heat pain may also suggest a lesion in 
unmyelinated afferents. In a study, it is suggested 
that the reduction or degeneration of myelinated 
fibres, large A-type neurons and unmyelinated ‘C’ 
fibres result in the decrease of hot plate latencies21. 
In another study, it is reported that the neuro 
histological and signal fibre studies on neural nerve 
during skeletal fluorosis show reduction in small 
myelinated fibres due to axonal degeneration and 
secondary demyelination26. 
	 The allodynia test was conducted to 
evaluate the neuropathic pain. The test consists 
of two distinct stages. Early stage occurs in 
few hours after dosage administration and later 
stage occurs after few days38. The serotonergic 
system mediates the pain responses at central and 
peripheral sites. Furthermore, adenosinergic and 
opioidergic systems represent essential pathways 
involved in analgesia39. The results showed 
decreased duration to allodynia test in mice treated 
with NaF indicating increased pain sensitivity 
may be due to the modulation of serotonergic, 
adenosinergic and opioidergic systems whereas, 
it was significantly reverted with the treatment of 
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Se and alpha-tocopherol alone and combinedly 
along with NaF. But, the result was more significant 
in NaF+Se+alpha-tocopherol treated animals 
suggest the restored functioning of serotonergic, 
adenosinergic and opioidergic systems (Fig.3). The 
results are in line with earlier studies indicating 
that touch invoked allodynia is mediated via A 
fibres40 and also altering spinal glycinergic and 
GABAergin systems41. These may result in induced 
changes in dorsal horn along with nociceptive C 
fibres. 
	 Various chemical agents are generally used 
as nociceptive stimuli to evaluate antinociceptive 
drugs42. In the current investigation, acetic acid 
is used in the writhing test. The nociception 
induced by acetic acid possibly due to the release 
of tumour necrosis factor-á, interleukin-1â and 
interleukin-8 by the macrophages and mast 
cells43. Pain is classified into visceral and somatic 
types. The visceral type of pain is linked with 
various substances i.e. histamine, ach, kinin and 
prostaglandins44, 45. In earlier studies, it is reported 
that NaF exposure is characterized by painful 
symptoms of gastrointestinal, muscle-skeletal, 
respiratory and other visceral systems46. The NaF 
alters the PGE2 and catecholamine secretions 
which are essential mediators of sympathetic 
system functions that implying the NaF influence 
on visceral pain through the sympathetic system27. 
The majority of the visceral symptoms may be 
due to the toxicity of fluoride on various target 
organs47, 48. The writhing responses of mice after 
NaF treatment in this study confirm the aforesaid 
inferences. In the present study, mice with writhing 
responses serve as a model for visceral pain. The 
NaF exposure resulted in maximum writhing 
response suggesting the presence of visceral pain, 
whereas the writhing responses were decreased 
significantly in NaF+alpha tocopherol, NaF+Se 
and NaF+Se+alpha tocopherol administered 
groups whereas, a marked decrease was noted 
in NaF+Se+á-tocopherol group (Fig.4). The 
antinociceptive effects of tocopherol and selenium 
probably due to the prevention of the synthesis 
of the inflammatory mediators (tumour necrosis 
factor-á, interleukin-1â and interleukin-8).
	 Formalin test is used for quantitative 
assessment of pain and analgesia which has the 
advantage of allowing quantification of toxic pain 
component32. The test involves an evaluation of 

two different stages of nociceptive sensitivity. 
1st stage occurs within five minutes and the 2nd 
stage occurs in between 15 to 20 minutes after 
the injection49. Analgesic drugs like narcotics 
and morphine, which act centrally, inhibit two 
stages. But, corticosteroids and NSAIDs, which 
act, peripherally inhibit only 2nd stage50. In the 
current investigation, the treatment of selenium and 
tocopherol individually and combinedly against 
NaF decreased pain response in 2nd stage (fig.5), 
which suggest that the analgesic activity of both 
compounds attributable to their peripheral action. 
The combined administration showed marked 
recovery than the individual indicates a synergistic 
effect. Here, it may be concluded that the protective 
effects of Se and alpha-tocopherol are connected 
with the anti-inflammatory effects (a reduction of 
tumour necrosis factor-á levels and nitric oxide) 
involve in the pain sensitization process 51,52.

	 Oedema is an inflammatory response 
that is dependent on the integrity of peripheral 
nociceptors. It is induced by irritant substances and 
modulated by poly Model nociceptor ‘C’ fibres and 
A-delta fibres. The touch and mechanoreceptors 
are mediated by ‘A’-beta and A-delta and C 
mechanoreceptors. Many of unmyelinated fibres 
converge on to the spinal neurons which obtain 
information from A-delta afferents involved in pain 
process53. In the present study, the rate of paw oedema 
was significantly increased in fluoride exposure 
group and which may be due to the formation of 
inflammatory mediators i.e. serotonin, histamines, 
prostaglandins and bradykinins44,45,49,54intensifying 
the polymorphonuclear chemotaxis and the 
inflammatory process whereas, paw oedema 
was significantly decreased may be due to the 
inhibition in the formation of inflammatory 
mediators in Se+NaF, alpha-tocopherol+NaF 
and Se+alpha-tocopherol+NaF treated groups 
(Fig.6). Collectively, the results specify that 
combined administration of selenium and alpha-
tocopherol showed much recovery than individual 
administration indicating a synergistic effect. 

Conclusion

The results of the present study showed increased 
nociceptive sensitivity and inflammation in 
mice after NaF exposure whereas which were 
significantly reverted after selenium and alpha-
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tocopherol administration individually and 
together along with NaF. However, the combined 
administration of Se and alpha-tocopherol 
was shown a more significant reversal of the 
nociceptive sensitivity and inflammation indicating 
a synergistic effect. The increased nociceptive 
sensitivity during NaF exposure might be due 
to significant accumulation of fluoride in the 
important centres of pain pathways of the nervous 
system which might result in sensitization of 
neurons, inhibition of Na+K+ATPase, altered 
catecholamine levels, depleted serotonin levels 
and other endogenous pain modulating substances 
and increased inflammation due to the formation 
of inflammatory mediators. The reversal trend 
observed might be due to lowered fluoride levels 
and reversal of concomitant neuronal changes. 
Further studies are required to have a specific 
mechanism which accounts for the observed 
nociceptive sensitivity and inflammation in 
fluorosis.
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