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Abstract Gallic acid is known as a potent antioxidant

active compound of the edible and medicinal plant Pelti-

phyllum peltatum. The main objective of this study was to

evaluate the neuroprotective effects of gallic acid against

sodium fluoride induced oxidative stress in rat brain. Gallic

acid (10 and 20 mg/kg) and vitamin C (10 mg/kg) were

intraperitoneally administrated for 1 week prior to sodium

fluoride intoxication. After the treatment period, brain tis-

sues were collected and homogenized, and antioxidant

parameters were measured in the homogenates. The level

of thiobarbituric acid reactive substances in sodium fluo-

ride intoxicated rats (42.04 ± 2.14 nmol MDA eq/g tissue,

p \ 0.01 vs. normal) increased compared to the normal rats

(35.99 ± 1.08 nmol MDA eq/g tissue). Pretreatment with

gallic acid at 20 mg/kg was exhibited significant reduc-

tion in the thiobarbituric acid reactive substances level

(37.06 ± 1.4 nmol MDA eq/g tissue, p [ 0.05 vs. normal).

This increasing in thiobarbituric acid reactive substances

level was accompanied with a decrease in the level of

reduced glutathione (6.74 ± 0.28 lg/mg of protein, p \
0.001 vs. normal), superoxide dismutase (53.24 ± 1.62 U/

mg of protein, p \ 0.001 vs. normal) and catalase (70.73 ±

2.94 lmol/min/mg of protein p \ 0.001 vs. normal)

activities in sodium fluoride intoxicated rat. Gallic acid at

20 mg/kg was significantly modified the level of reduced

glutathione (11.02 ± 0.53 lg/mg of protein, p \ 0.05 vs

normal) and catalase activity (89.22 ± 3.67 lmol/min/mg

of protein, p [ 0.05 vs. normal) in rat brain. However,

gallic acid at 20 mg/kg was significantly more effective in

retrieving superoxide dismutase (124.78 ± 5.7 U/mg of

protein) activity than vitamin C (115.5 ± 4.97 U/mg of

protein).
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Fluoride anions are essential elements in living organisms.

Fluoride can ameliorate dental caries and enamel fluorosis

(He and Chen 2006). Dental caries result in the deminer-

alization of hard tissues (such as enamel, cementum and

dentin) and/or decomposition of organic compounds in

tooth caused by the acids that has been generated by bac-

teria via hydrolysis of food debris. Enamel fluorosis is an

important disease in different areas of the world such as

India, China, and Mexico where the water sources contain

an excess of fluoride (Pendrys 2001). In addition to dental

diseases, neurological disorders (reduced intelligence

quotient levels in children, cognition and memory impair-

ment and reduced learning ability) have also been reported

in fluoride polluted areas (Madhusudhan et al. 2009). We
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previously reported a correlation between fluoride con-

sumption and oxidative stress in the brain of experimental

animals. In brain, fluoride passes the blood brain barrier

and induces neural cells degeneration (Nabavi et al. 2011).

We also observed that fluoride toxicity increased lipid

peroxidation in brain tissues which may explain the

mechanism of action of this toxicity (Nabavi et al. 2012a).

Others have also shown that fluoride intoxication leads to

irregular changes in cellular mechanisms of brain cells

(Bharti and Srivastava 2009).

It is well known that reactive oxygen species (ROS) play

a crucial role in fluoride-induced oxidative stress in neural

tissues (Eraslan et al. 2007). Recent studies have deter-

mined the mitigative action of natural compounds as

antioxidant agents in ROS-induced neurological disorders

(Nabavi et al. 2011). Gallic acid (3, 4, 5-trihydroxybenzoic

acid, Fig. 1) is one of the most important polyphenolic

compounds in plants (Eslami et al. 2010) and is considered

a putative active compound in tannin. Gallic acid and its

derivatives are considered the main polyphenolic com-

pounds in blackberry, raspberry, mango, areca nut, bear-

berry and walnut (Tachibana et al. 2004). Several

biological activities of gallic acid such as antiviral, anti-

fungal, anticancer and antioxidant have been previously

reported (Li et al. 2005). Gallic acid has also been used in

food, cosmetics, and in pharmaceuticals as an antioxidant

(Zhao et al. 2011).

To the best of our knowledge, there is no published

scientific report on the preventive role of gallic acid against

sodium fluoride induced oxidative stress in rat brain. In this

work, we evaluated the protective effects of gallic acid

isolated from Peltiphyllum peltatum in fluoride induced

oxidative stress and determined whether this preventive

effect is modulated via antioxidant mechanisms in the

brain.

Materials and Methods

Bovine serum albumin and the kit for protein measurement

were purchased from ZiestChem Company (Tehran, Iran).

5,5-dithiobis(2-nitrobenzoic acid), glacial acetic acid,

heparin, nitro blue tetrazolium chloride, potassium

dihydrogen phosphate, reduced glutathione (GSH), sodium

dihydrogen phosphate, sodium fluoride, trichloroacetic

acid, thiobarbituric acid, hydrogen peroxide were pur-

chased from Sigma-Aldrich chemical company (St Louis,

MO, USA). Other chemical reagents were of analytical

grade or better. P. peltatum is grown and maintained in our

medicinal gardens and has been used as a source of gallic

acid. The isolation and identification of gallic acid from

this plant has been described previously (Habtemariam

2008).

Fifty Male Wistar rats (200–250 g) used for present

study were purchased from Pasteur Institute of Iran, Amol,

Mazandaran, Iran and housed at the animal room of the

University of Mazandaran (Babolsar, Iran) and kept in

plastic cages (47 9 34 9 18 cm3) with saw dust (renewed

after every 24 h), under controlled temperature of 20–25�C

and 12/12 h light/dark cycle. Animals were fed with

standard pellet rat diet. Animals were allowed 2 weeks to

acclimatize prior starting the experiments. Experiments

were performed after the approval of the University of

Mazandaran Institutional Animal Care and Use Committee

(Approval number: No.S-2009 UMZ).

Animals were divided into five different groups

(n = 10). The first group was considered as the control

group and only received serum saline (0.9 % NaCl i.p.).

The second group (NaF group) was treated with saline

plus sodium fluoride through drinking water (600 ppm,

1 week). The third and fourth groups received gallic acid at

10 and 20 mg/kg i.p., respectively, for 1 week prior to the

consumption of sodium fluoride at 600 ppm through

drinking water. The fifth group was treated with vitamin C

at 10 mg/kg i.p., during the pretreatment week and then

consumed sodium fluoride at 600 ppm through drinking

water. Experimental procedure schedule are presented in

Fig. 2. Animals were anesthetized with ketamine (60 mg/

kg i.p.) and xylazine (5 mg/kg i.p.) and sacrificed 24 h

after last treatment and the brain of the animals was

removed.

The entire brain was homogenized in potassium dihy-

drogen phosphate buffer containing ethylenediaminete-

traacetic acid and then centrifuged at 16,000 g for 30 min

at 4�C. The upper layer was recovered and used for bio-

chemical analysis.

The protein concentration of the homogenates of the five

groups was evaluated according to the method described by

Bradford (1976).

Lipid peroxidation was examined in terms of thiobar-

bituric acid reactive substances (TBARS) (Ozturk et al.

2010) levels. Tissue homogenates (containing 1 mg pro-

tein) were precipitated with 20 % of trichloroacetic acid

(0.5 mL). After centrifugation at 6,000 g for 10 min at

4�C, 0.67 % of acid (1 mL) was added to the supernatants

of the reaction mixture (0.9 mL) and then heated in boiling

OHO

OH

OHHO

Fig. 1 Chemical structure of

gallic acid
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water (10 min). Finally, the absorbance of reaction mixture

was recorded at 532 nm.

Superoxide dismutase activity was evaluated by the

method of Misra and Fridovich (1972). The reaction mix-

tures contained 1 mL of sodium carbonate (50 mM), 0.4 mL

of nitroblue tetrazolium (25 lm) and 0.2 mL of freshly

prepared hydroxylamine hydrochloride (0.1 mM). 0.1 mL

of clear supernatant of tissue homogenates (1:10 w/v) were

added to the reaction. The reaction was monitored at 560 nm.

Catalase activity was measured by a spectrophotometric

method based on the decomposition of hydrogen peroxide

(H2O2) (Pari and Latha 2004). The brain homogenates were

centrifuged at 6,000g for 30 min at 4�C and the reaction

was started through the addition of H2O2 (30 %). The

catalase activity was recorded at 240 nm. The levels of

GSH were evaluated by the method of Ellman (1959).

Adequate dilutions of homogenates were deproteinized

with trichloroacetic acid (5 % in methanol). After 5 min of

centrifugation at 10,000 g at 4�C, the upper layer was

recovered and 5, 5-dithiobis (2-nitrobenzoic acid solution

(Ellman’s reagent) was added to the reaction. The absor-

bance of the reaction mixture was recorded at 417 nm.

The values are presented as means ± SD. Differences

between group means were estimated using one-way

analysis of the variance followed by Duncan’s multiple

range tests. Results were considered statistically significant

when p \ 0.05.

Results and Discussion

Thiobarbituric acid reactive substances (TBARS) levels

in brain homogenates are reported in Fig. 3. Fluoride

intoxication induced a significant increase in TBARS levels

when compared with the control group (p \ 0.01). Gallic acid

in a dose dependent manner and vitamin C administration

decreased the TBARS levels in rat brains exposed to sodium

fluoride (p \ 0.05). Superoxide dismutase activity signifi-

cantly decreased in the brain after fluoride intoxication and

this reduction was mitigated by gallic acid (20 mg/kg) and

vitamin C administration (Fig. 4). Gallic acid at 20 mg/kg

was significantly more effective in retrieving superoxide

dismutase (SOD) activity than vitamin C (p \ 0.05). Treat-

ment of rats with sodium fluoride resulted in a significant

decrease in catalase activity (p \ 0.001) (Fig. 5). Gallic acid

in a dose dependent manner and vitamin C treatment signifi-

cantly reduced the loss in catalase activity after sodium fluo-

ride treatment (p [ 0.05). Fluoride intoxication induced a

significant reduction in GSH levels when compared to the

control group (p \ 0.001). Pretreatment with gallic acid

attenuated the GSH reduction in a dose dependent manner

(Fig. 6).

Fig. 2 Scheme of experimental

plan

Fig. 3 TBARS levels in rat brain homogenates. Data are mean ± SD

values (n = 10). a p \ 0.01 versus control group. b p [ 0.05 versus

control group. c p \ 0.05 versus control group
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Reactive oxygen species (ROS) play a direct role in

pathogenesis of different disease conditions including

inflammation, burn and neurodegenerative diseases

(Madhusudhan et al. 2009). It is well known that fluoride

accumulation in tissues leads to oxidative stress condition

through increasing ROS production and suppressing

endogenous antioxidant enzyme system (Ranjan et al.

2009). Liu et al. (2003) reported that fluoride toxicity

disturbs the cellular function and structure by stimulating

an excessive nitric oxide production, which may lead to

oxidative stress.

We have previously shown that plant derived natural

products can offer protection against sodium fluoride

induced oxidative stress (Nabavi et al. 2011) and that the

antioxidant properties of these compounds may explain their

protective activity (Nabavi et al. 2012a, b). Gallic acid is a

well known natural compound with potent antioxidant

and free radical scavenging abilities (Lu et al. 2006). Its

metabolites are the products of decarboxylation, methyla-

tion and dehydroxylation processes. In nature, these

metabolites are found in two forms, methylated gallic acids

form or galloyl conjugates of catechin. In addition to their

antioxidant effects, there are numerous reports on their other

biological activities such as its anti-cancer and anti-apop-

totic potentials (Dwibedy et al. 1999; Sohi et al. 2003).

In the present study, we showed that gallic acid ame-

liorated sodium fluoride induced oxidative state in the rat

brain. Neuroprotective activities of gallic acid against

6-hydrodopamine auto-oxidation induced apoptosis in

human SH-SY5Y cells (Lu et al. 2006) and amyloid beta

protein (25–35) induced toxicity in cultured rat cortical

neurons (Ban et al. 2008) have been previously reported. In

this study, protective effects of gallic acid treatment against

sodium fluoride-induced oxidative stress in rat brain were

studied. It has been reported that the antioxidant con-

sumption ameliorates sodium fluoride induced neurotox-

icity through scavenging free radicals and suppressing ROS

generation (Nabavi et al. 2011). Antioxidant activity of

gallic acid is dependent on the phenolic hydroxyl groups of

the molecule (Lu et al. 2006).

Antioxidant enzyme activities, TBARS and GSH levels

were normalized with increasing gallic acid doses.

Decrease in lipid peroxidation level caused by gallic acid

was parallel to other studies that reported reductions in

lipid peroxidation in pancreatic tissue of rat intoxicated

with streptozotocin (Punithavathi et al. 2011) or decreased

malondialdehyde levels of the liver, brain and kidney of the

aged mice (Li et al. 2005). Kim (2007) reported that

treatment with gallic acid lead to an increase in GSH levels

and a reduction in oxidized glutathione (GSSG). It is well

known that the GSH/GSSG ratio enhancement by gallic

acid is enhanced with the addition of the hydroxyl groups

(Kim 2007). The presence of a hydroxyl group at para-

position to COOH group may be responsible for the anti-

oxidant activity of gallic acid derivatives and may explain

the protective mechanism against sodium fluoride induced

oxidative stress.

In summary, sodium fluoride caused neurotoxicity

through alterations in oxidant/antioxidant homeostasis.

Gallic acid consumption restored this harmful effect via its

antioxidant action. Therefore, it can be concluded that this

Fig. 4 Superoxide dismutase activity in rat brain homogenates. Data

are mean ± SD values (n = 10). a p \ 0.001 versus control group.

b p \ 0.05 versus control group

Fig. 5 Catalase activity in rat brain homogenates. Data are

mean ± SD values (n = 10). a p \ 0.001 control group. b p [ 0.05

versus control group. c p \ 0.01 versus control group

Fig. 6 Levels of reduced glutathione in rat brain homogenates. Data

are mean ± SD values (n = 10). a p \ 0.001 versus control group.

b p \ 0.05 versus control group
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botanical compound may be a potent antioxidant agent that

can mitigate the neurotoxicity of fluoride by inhibiting the

initiation and/or propagation of the lipid peroxidation.

Future studies are needed to fully characterize the mech-

anisms of neuroprotective action.
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