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Curcumin Reduce Sodium Fluoride-Induced
Oxidative Stress in Rat Brain
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This study reports the ameliorative role of curcumin against sodium fluoride (NaF)
induced oxidative stress in the brain of rats. The rats were divided into control, NaF (20 mg/
kg), NaF+Curcumin (20mg/kg) and Curcumin (20mg/kg) groups respectively and treated at
everyday interval for 60 consecutive days. Oxidative stress markers in the brain were measured
at 60" day. NaF treatment significantly increased LPO content, but decreased the level of GSH
and activities of SOD, GPx, and CAT the brain of rats in comparison to the control rats. Oral
administration of curcumin to fluoride exposed rats significantly reversed the content of lipid
peroxidation, as well as enhanced the level of GSH and SOD, GPx and CAT activities to normal
compared to NaF exposed rats. Thus, curcumin showed the potential to prevent sodium fluoride
induced oxidative damage in the brain of rats and curcumin may be useful agents against

neurodegeneration in the brain.
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Oxygen is vital for the normal function of
eukaryotic animals. Its role in survival is linked to
its high redox potential, which makes it an excellent
oxidizing agent proficient of accepting electrons
easily from reduced substrates. Different tissues
have different oxygen demands depending on
their metabolic desires. The brain is considered to
be most sensitive to oxidative damage due to high
level of tissue oxygen consumption. Fluorosis
disease is the most common neurodegenerative
disease, affecting fluoride exposure area people
in the worldwide '. Fluoride is an essential stress
element and have the ability to generate oxidative
stress in reactive oxygen species (ROS). Dec et
al., > have demonstrated sodium fluoride induced
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oxidative damage and allied cognitive impairments
in brain of rats. In a study, Wang et al.,  has verified
memory impairment and mitochondrial oxidative
damage against fluoride induced neurotoxicity in
animal. The fluoride in variable concentrations
induces free radical toxicity in both animals and
in people living in areas of endemic fluorosis *°.
The excessive intake of fluoride also inhibit the
physiological function of various kinds of enzymes,
leading to disruption in the metabolism of the
organism and overall physiological dysfunction °.
Nabavi et al., " reported that fluorine accumulation
leads to decrease the activity of antioxidative
enzymes and the increase of the intensity of lipid
peroxidation. The antioxidant system mainly
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includes antioxidants like SOD, GPx, and GSH,
play a key role to scavenge the ROS and also
regulate the redox state of cells ®. When oxidative
stress occurs the ROS scavengers such as GSH,
GPx and SOD action was reduced and lipid
peroxidation action was increased.

Curcumin is a flavonoid has a long history
of food as a part of the human diet. It is extracted
from the powdered dry rhizome of Curcuma longa
Linn, a perennial herb commonly cultivated in
tropical regions of India and china. Several studies
have shown that curcumin is more powerful than
vitamin E and C in preventing lipid peroxidation
and superoxide dismutase®'°. Curcumin is a potent
inhibitor of oxidative stress and possesses anti-
carcinogenic, anti-inflammatory, antioxidant and
anti-viral activities ''. In addition to its inherent
ability to attenuate the reactivity of oxygen free
radical species, curcumin has been shown to
enhance the activities of enzymes such as catalase,
GSH, GPx and SOD '2. There is also evidence that
curcumin administration can protect against kidney
and liver injury caused by various factors, including
ethanol and carbon tetrachloride ' '*. Antioxidant
properties of curcumin by benefit of its potential
to reduce oxygen free radicals and inhibit lipid
peroxidation have been accepted in animal studies
7. Previously Nabavi et al.,, '* demonstrated the
acute administration of NaF (at the rate of 600ppm
for one week) induced oxidative stress which was
ameliorated by curcumin in brain of rat. However,
in the present study, we have examined the effects
of administration of curcumin against sodium
fluoride induced oxidative stress with chronic dose
(20 ppm for 60 days) in brain of rat for 60 days.

MATERIALS AND METHODS

Chemicals

Curcumin and sodium fluoride were
purchased from the Sigma Aldrich Company. All
other chemicals used in the experiment were of
analytical grade.
Animals

The albino Wister rats were obtained
from National Institute of Nutrition, Hyderabad,
India. The rats were maintained under standard
laboratory conditions in single rat polypropylene
cages, exposed with 12h light/dark cycle at room
temperature 24+2°C. The laboratory conditions

were maintained as per the guidelines given by
the CPCSEA at Osmania University, Hyderabad,
India. The rats were randomly divided into four
groups. These are Group-I Control: rats received
only tap water. Group-II NaF: rats received
20ppm sodium fluoride through drinking water.
Group-III NaF+Curcumin: rats received 20ppm
sodium fluoride through drinking water along with
Curcumin (20mg/kg bw) through gavage. Group-
IV Curcumin: rats received Curcumin (20mg/kg
bw) through gavage. The experimental period was
60 days. The brain was dissected and stored at -20
°C for biochemical analysis.

METHODS

Biochemical analysis
Lipid peroxidation (LPO)

Malondialdehyde is an end-product
of lipid peroxidation during oxidative stress
and is frequently used as an indicator of lipid
peroxidation. The amount of brain MDA was
measured using the thiobarbituric acid (TBA)
assay according to the method described by Garcia
et al., . The absorbance of the pink coloured
trimethine condensation product was measured
at 533 nm using a spectrophotometer. The results
were expressed as nano mole MDA/gm weight of
tissue.

Superoxide dismutase (SOD)

Superoxide dismutase (SOD) activity in
the brain was assayed by monitoring its capability
to scavenge superoxide radicals generated by
auto-oxidation of pyrogallol in the alkalinemedium
as per previously described method '. The
increased absorbance was read at 420 nm using
a spectrophotometer. The enzyme activity was
expressed as Units/mg protein.

Catalase activity (CAT)

The activity of catalase was measured
according to previously described method by Aebi,
7. Wherein the breakdown of H,O, is measured
with little modifications. The optical density was
measured at 240 nm. The enzyme activity was
expressed as pmoles /min/mg protein.
Glutathione (GSH)

The activity of GSH was determined
by the using method of Ellman, '*. 1.0 ml of
supernatant was treated with 0.5 ml of Ellman
reagent and 0.3 ml of phosphate buffer (0.2 M,
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pH 8.0). The absorbance was read at 412 nm. The
enzyme activity was expressed as pg/mg protein.
GP,

The activity of GPx was assessed by the
method of Rotruck et al., °. At the end of reaction,
1 ml of DTNB reagent was added to 3 ml of
supernatant and the color developed was measured
at 412 nm. The activity was expressed as U/mg
protein.

Statistical analyses

Data presented as Mean + S.E.M.
Statistical comparisons between groups were
performed by the use of one-way analysis of
variance (ANOVA). Differences were considered
as significant (P<0.05).

RESULTS

Biochemical findings

The values of the LPO content and SOD,
CAT, GSH and GPx activities are shown in figures
1, 2, 3, 4 and 5 respectively. Sodium fluoride
exposure significantly increased the brain MDA
levels (p<0.05) and also decreased the SOD, CAT,
GSH and GPx activities (p<0.05) when compared
with control. The treatments of curcumin has
shown protective effect via decreasing significantly
(p<0.05) the elevated LPO content to the level of
normal and also significantly (p<0.05) increased

the reduced antioxidant enzyme activities (SOD,
CAT, GSH and GPx) when compared with
sodium fluoride exposure to that of normal level.
The curcumin alone treatment has no significant
different values from that of control.

DISCUSSION

The present study, showed the therapeutic
potential of curcumin for its neuroprotective action
against NaF induced oxidative stress in rat brain.
In our studies, the brain damage was produced
through administration of NaF in drinking water of
rats. The severity of oxidative damage to the brain
was estimated by measuring LPO, SOD, CAT, GSH
and GPx activities. The results of the study revealed
the neuroprotective effect of curcumin against the
NaF induced oxidative stress as compared with
negative control group (NaF).

Many neurodegenerative diseases involve
the accumulation of protein aggregates, oxidative
damage, and inflammation. Oxidative stress is
one of the popular concepts in neurodegeneration.
Oxidative stress is a biochemical process that
results in formation of reactive oxygen species
in electron transport chain in mitochondria .
The Oxidative stress disturbs the microvascular
epithelium cells leading to form the 2-amylod
plaque in epithelial cells then form the amyloid
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Fig. 1. Effect of curcumin on lipid peroxidation content in sodium fluoride-intoxicated rat. Values are represented
as mean=S.E.M (n=6). "P<0.05 Significant differences respect to control group and “P<0.05 Significant differences

respect to NaF treated group
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precursor protein molecules, can alters cerebro
vascular integrity caused to the deprivation of
oxygen, toxic metabolites accumulation leads to the
neurodegeneration 2'. The fluorosis is a one of the
neurodegenerative disease resulted with excessive
exposure of fluoride in drinking water. Chronic
contact to fluoride alters the membrane lipids,
reduction of cholinergic receptors in animal studies
22 Sodium fluoride induced oxidative stress is
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associated to inflicting damage to membrane lipid,
proteins and antioxidative enzyme defence system
2. Thus, sodium fluoride might be implicated in the
functional decline of mitochondria that may lead
to ROS generation.

This study corroborates that the
administration of sodium fluoride lead to decrease
in antioxidant enzymes such as superoxide
dismutase, catalase, glutathione peroxidase and

50D

Control

I I *. l
‘ I
0.00 T T T

NaF

NaF+Cwrcumin = Curcumin

Experimental groups

Fig. 2. Effect of curcumin on superoxide dismutase activity in sodium fluoride-intoxicated rat. Values are represented
as mean+S.E.M (n=6). "P<0.05 Significant differences respect to control group and *P<0.05 Significant differences

respect to NaF treated group
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Fig. 3. Effect of curcumin on catalase activity in sodium fluoride-intoxicated rat. Values are represented as
mean+S.E.M (n=6). "P<0.05 Significant differences respect to control group and ""P<0.05 Significant differences

respect to NaF treated group
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glutathione reductase as well as the reduced
glutathione content and increase the LPO levels
resulting in the oxidative stress by producing the
free radicals *. Lipid peroxidation denotes one
of the most frequent reactions resulting from free
radicals attack on biological structures. Earlier
studies have recorded increased LPO levels in
the liver and kidney of fluorotic rats 7. Zhuo et
al., * reported the decrease in catalase activity

through reducing the level of nicotinamide adenine
dinucleotide phosphate that is essential to activate
the enzyme and also decreased the superoxide
dismutase activity in sodium fluoride exposed
rats. NaF affects cell antioxidant defense system
to induce lipid peroxidation and the disruption of
cell membrane polyunsaturated fatty acid .
Natural antioxidants, such as quercetin,
resveratrol, catechin, 2-carotene, vitamins C and E
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Fig. 4. Effect of curcumin on glutathione content in sodium fluoride-intoxicated rat. Values are represented as
mean+S.E.M (n=6). "P<0.05 Significant differences respect to control group and “P<0.05 Significant differences

respect to NaF treated group
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Fig. 5. Effect of curcumin on glutathione peroxidase activity in sodium fluoride-intoxicated rat. Values are represented
as mean=S.E.M (n=6). "P<0.05 Significant differences respect to control group and “P<0.05 Significant differences

respect to NaF treated group



76 KUMAR et al., Biosci., Biotech. Res. Asia, Vol. 15(1), 71-77 (2018)

have gained tremendous attention, owing to their
ability to support the physiological system against
many pathological conditions in several diseases *°.
Curcumin is also one of the effective polyphenol
along with them. Curcumin has multiple desirable
characteristics and great potential for the prevention
of multiple neurological conditions. In previous
antioxidant associated reports demonstrated
curcumin declined lipid peroxidation levels in the
rodent models and it is played a principal role in
cellular redox control *%’. The beneficial effects
of curcumin have been attributed mainly to their
antioxidant capacity, including their direct free
radical scavenger and their metal chelating activity
28 Curcumin is a good antioxidant and it inhibits
lipid peroxidation in liver and kidney homogenates
7.2 Curcumin decreased the lipid peroxidation
through maintaining the activities of antioxidant
enzymes like superoxide dismutase, catalase and
glutathione peroxidase at upper levels. Curcumin
also have ability to scavenging oxygen free radicals
such as superoxide anions, singlet oxygen, NO
and hydroxyl radicals which are important to the
initiation of LPO and causing oxidative damage
30 Furthermore, curcumin presents indirect
antioxidant effects through its capacity to interact
and modulate antioxidant enzyme activities.

The results of the present study are in
good agreement with previous reports and confirm
that NaF administration increased levels of lipid
peroxidation and reduced SOD, CAT activities.
Moreover, we found that GSH content and GPx
activity in brain reduced after sodium fluoride
exposure, indicating an induction of oxidative
stress. Our finding is that curcumin treatment
significantly reduced elevated lipid peroxidation
and improved the decreased SOD, CAT, GSH and
GPx enzyme activities in the brain of rats exposed
with NaF. The present result is the first evidence
of the long term beneficial effect of curcumin on
sodium fluoride induced oxidative stress in the
brain of rats.

CONCLUSION

In conclusion, oral administration of
curcumin counteracted the sodium fluoride-
induced oxidative stress in rats’ brain possibly
by reducing the level of lipid peroxidation and
improving the activities of superoxide dismutase,

catalase, reduced glutathione and GPx enzymatic
antioxidants of the brain. The present study
suggests that curcumin could be a substantially
promising neuro-protective agent against NaF
induced oxidative stress. However, additional
studies are needed to determine the exact protective
mechanism and long-term benefits of curcumin on
neuroprotection.
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