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In the present study, the possible protective effects of gallic acid isolated from Peltiphyllum peltatum
against sodium fluoride (NaF)-induced hepatotoxicity and oxidative stress were evaluated. Rats were
intoxicated with 600 ppm NaF through drinking water for one week. Gallic acid (10 and 20 mg/kg) and the
positive control, silymarin (10 mg/kg) were administrated for seven days prior to NaF intoxication. 24 h
after the treatment period, superoxide dismutase and catalase activities, lipid peroxidation and reduced
glutathione levels were measured in the liver. Serum biochemical markers including: alanine transami-
nase, aspartate aminotransferase, alkaline phosphatase, lipase and a-amylase activities and triglyceride,
cholesterol, glucose, total bilirubin, direct bilirubin, total protein and albumin levels were determined.
The results demonstrated that pretreatment with gallic acid normalized the sodium fluoride-induced
alterations in serum parameters and oxidative stress in hepatic tissue. Fluoride intoxication resulted in
an increased level of thiobarbituric acid reactive substances (TBARS) (53.05 +2.23 nmol MDA equiv./g
tissue) in the liver homogenates in comparison with control group (25.03 4+ 1.27 nmol MDA equiv./g
tissue). Pretreatment with gallic acid at 20 mg/kg demonstrated significant mitigation in TBARS level
(33.95+2.51 nmol MDA equiv./g tissues). Fluoride intoxication did also suppress the superoxide dismu-
tase and catalase activity of hepatic tissue homogenates by 33.87% and 66.87%, respectively. Treatment
with gallic acid resulted in a dose-dependent mitigation of the fluoride-mediated suppression of antiox-
idant enzymes. In conclusion, gallic acid prevented the NaF-induced abnormalities in the serum and
hepatic biochemical markers.
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damage to different tissues (Nabavi et al., 2012a,b). Depending on
the concentration, duration of exposure and cellular type, fluoride

1. Introduction

Fluorinated compounds are largely used all over the world to
prevent dental caries and osteoporosis (Azarpazhooh and Main,
2008; Heaney, 1994). In the treatment of osteoporosis, fluorinated
compounds such as sodium fluoride (NaF) are also shown to pro-
mote bone formation (Fordyce, 2011). The use of fluorinated water
and mouth rinses is further seen as the most effective strategies for
restriction of dental caries in developing countries (Azarpazhooh
and Main, 2008). The large use of these products can lead some
toxicological risks as fluoride intoxication is associated with severe
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intoxication has also shown to induce direct harmful effects on
cellular functions (Chien et al., 2006).

Our previous studies demonstrated that fluoride-induced oxida-
tive stress and hepatotoxicity are associated with an imbalance
in the oxidant-antioxidant systems of hepatic tissues (Nabavi
et al., 2012c). We also showed that fluoride intoxication can cause
alterations in the serum markers of normal hepatic functions
(Nabavi et al., 2012c). Other studies reported that reactive oxy-
gen species (ROS) have an important role in the initiation and
progression of oxidative stress and hepatic injuries induced by flu-
oride (Shanthakumari et al., 2004). In view of the potential role
of antioxidants in reversing hepatotoxicity, several recent studies
examined the ameliorative effects of natural antioxidants against
experimentally induced oxidative stress (Shanthakumari et al.,
2004).
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Fig. 1. Chemical structure of gallic acid.

Numerous scientific reports demonstrated that polyphenolic
compounds of plant origin display different pharmacological activ-
ities that appear to correlate with their potent antioxidant effects
(Eslami et al., 2010). Gallic acid (3,4,5-tryhydroxybenzoic acid,
Fig. 1) and its derivatives comprise a large group of plant secondary
metabolites and endogenous polyphenols (Lattanzio et al., 2009).
They are usually found as methylated gallic acid derivatives or gal-
loyl conjugates of catechin and other flavonoid compounds (Nabavi
et al., 2012b). Gallnuts, tea, sumac, hazel nut, oak bark and other
fruit and vegetable are rich sources of natural gallic acid derivatives
(Nabavietal.,2012b). Our recent studies on the chemistry and phar-
macology of the edible plant, Peltiphyllum peltatum also revealed
that this plant is packed full of gallic acid and various other antiox-
idants derivatives (Habtemariam, 2008, 2011). To date, numerous
biological and pharmacological activity studies have documented
that gallic acid (Fig. 1) derivatives possess antiviral, antifungal,
anticancer and antioxidant properties (Zhao et al., 2011). Compre-
hensive evidence on the in vivo antioxidant potential of gallic acid
need to be demonstrated. In the present study, we examined the
protective role of gallic acid isolated from P. peltatum against NaF-
induced oxidative stress in rat hepatic tissues. The results of the
current study suggest that gallic acid can protect hepatic tissues
from oxidative damages induced by NaF through modification of
antioxidant enzymes activities, non-enzymatic antioxidant levels
and improvement of hepatic function markers.

2. Materials and methods
2.1. Chemicals

Bovine serum albumin and protein measurement kits were
purchased from ZiestChem Company (Tehran, Iran). Experimen-
tal kits for serum biochemical measurement, glacial acetic acid,
5,5-dithiobis(2-nitrobenzoic acid), nitroblue tetrazolium chloride,
heparin, reduced glutathione, potassium dihydrogen phosphate,
NaF, silymarin, sodium dihydrogen phosphate, thiobarbituric acid,
trichloroacetic acid and hydrogen peroxide were purchased from
Sigma-Aldrich Chemical Company (St. Louis, USA). Other chemical
reagents and solvents were of analytical grade.

2.2. Plant materials

P. peltatum Engl. grown for several years around a small stream
bank in our medicinal garden (Hadlow College, Kent, UK) was used
for the experiment. The plant material was collected in July 2009
and voucher specimen (PP2009HAD) was deposited in our Phar-
macognosy Laboratory (School of Science) specimen collections for
future references.

2.3. Gallic acid isolation

The leaves and rhizomes of P. peltatum were extracted sepa-
rately by soaking the plant materials with absolute alcohol for
two weeks (Habtemariam, 2008, 2011). Removal of the solvent
under reduced pressure using rotary evaporator yielded the crude

extract. Fractionation of the extract with solvents of increasing
polarity was carried out as described previously (Habtemariam,
2008, 2011). Solvents of ascending polarity: namely, petroleum
ether, chloroform, ethyl acetate, n-butanol and water were used.
The ethyl acetate fraction which displayed the most antioxidant
activity when assessed by 1,1-diphenyl-2-picryl hydrazyl radical
scavenging activity test was taken for the isolation of gallic acid
and other antioxidant compounds. RediSep Rf C18 Gold Column
(50 g; Presearch, Hampshire, UK) attached to a Teledyne Isco flash
chromatography system was used for large scale isolation of gallic
acid. Briefly, an isocratic solvent system of 10% methanol in water
was maintained for 5min followed by a linear gradient obtained
by raising the composition of methanol to 50% at 15 min. A con-
stant flow rate of 40 ml/min was used throughout the system. The
chromatogram was monitored by observing absorbance at dual
wavelengths: 214 and 254 nm. Gallic acid was eluted within the
first 5min and repurified by using Sephadex LH-20 column as
described previously (Habtemariam, 2008, 2011). Gallic acid iso-
lated from the plant has been checked by HPLC and was of greater
than 99% purity.

2.4. Animals

Experiments were performed on male Wistar rats (8-12-week-
old, 200-250g) which were purchased from Pasteur Institute
(Amol, Iran). Animals were kept at 24 + 2 °C with 12/12 h light/dark
cycle and 60 £ 5% humidity. Animals were fed on a standard labora-
tory pellet diet, water given ad labium and allowed to acclimatize
for two weeks before used for experiments.

2.5. Ethical statement

All experiments were performed according to the instruction
of the Principles of Laboratory Animals Care (NIH Publication No.
85-23, revised 1996) and under the norms of Ethical Committee of
University of Mazandaran (Iran).

2.6. Study protocols

Rats were divided into five groups consisting of 10 animals per
treatment group. Group I served as control group and was fed
on standard diet for 14 days. Group II was given NaF at 600 ppm
through drinking water for one week. Groups III, IV and V were
intoxicated by NaF (600 ppm through drinking water for one week).
These three groups were pretreated daily with gallic acid (10
and 20 mg/kg, intraperitoneally) or silymarin (10 mg/kg, intraperi-
toneally), respectively for a week prior to intoxication. After the last
treatment, animals were anesthetized with ketamine (60 mg/kg)
and xylazine (5 mg/kg). Hepatic tissues were removed and washed
three times with normal saline and kept for tissue homogenate
preparation. Hepatic tissues homogenate was prepared in potas-
sium dihydrogen phosphate buffer (100 mM, pH 7.4) containing
ethylenediaminetetraacetic acid and then centrifuged (16,000 x g,
30 min, 4°C). The supernatant of samples were collected and kept
at —70°C for biochemical testing.

2.7. Biochemical analysis

2.7.1. Protein determination

The protein content of test samples was analyzed according to
the method of Bradford (1976) using bovine serum albumin as a
reference standard.

2.7.2. Determination of lipid peroxidation products
Malonyldialdehyde as an end product of lipid peroxidation was
measured through determination of the level of thiobarbituric acid
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reactive substances (TBARs) in hepatic tissue homogenates follow-
ing the method of Chandrasekara and Shahidi (2011). The reaction
of thiobarbituric acid with malonyldialdehyde and other perox-
idized lipid products, commonly known as “thiobarbituric acid
reactive substances”, generates a red chromophore that can be
measured at 532 nm. All experiments were determined three times
and peroxidation value was expressed as nM MDA equiv./g tissues.

2.7.3. Determination of superoxide dismutase activity

Superoxide dismutase activities of hepatic tissue homogenates
were examined according to the method of Misra and Fridovich
(1972). Sodium carbonate (2ml, 50 mM), nitroblue tetrazolium
(0.8 ml, 25 um) and freshly prepared hydroxylamine hydrochlo-
ride (0.4ml, 0.1 mM) were added to 0.1ml of hepatic tissue
homogenates (1:10, w/v). Superoxide dismutase activity was
measured by measuring absorbance at 560 nm. The activity of
superoxide dismutase is expressed as unit/mg protein.

2.7.4. Determination of catalase activity

The Pari and Latha (2004) method has been used for the deter-
mination of catalase activity. Each unit of catalase was considered
as the amount of enzyme which quenches 1 pmol of hydrogen per-
oxide in 1 min.

2.7.5. Determination of reduced glutathione activity

The levels of tissue glutathione (GSH) was determined by the
method of Ellman (1959) using trichloroacetic acid (5%) to precipi-
tate hepatic tissue proteins and 5,5'-dithiobis(2-nitrobenzoic acid)
(DTNB) for color development. Absorbance of the reaction mixture
was then record at 417 nm. All results were expressed as pg/mg
protein tissue.

2.7.6. Serum biochemical parameters

Alanine transaminase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), triacylglycerol, cholesterol, glucose,
lipase, a-amylase, total bilirubin, direct bilirubin, total protein and
albumin were determined in serum samples using commercially
available kits.

2.8. Statistical analysis

Data are presented as means+S.D. Statistical differences
between group means were analyzed using a one-way analysis of
variance followed by Duncan’s multiple range tests. Results were
considered statistically significant when p <0.05.

3. Results

The levels of TBARs in hepatic tissue homogenates were sum-
marized in Fig. 2. In comparison to untreated control groups, NaF
intoxication increased the levels of TBARs of hepatic tissues by over
2-fold. Pretreatment with gallicacid reduced the hepatic TBARS lev-
elsinadose-dependent manner (Fig. 2). Figs. 3 and 4 show the effect
of NaF treatment on superoxide dismutase and catalase activities of
hepatic tissue homogenates obtained from animals treated in the
presence or absence of gallic acid. The results clearly revealed that
NaF intoxication resulted in impairment of both enzyme activities
when compared to the control group. Pretreatment of rats with
gallic acid (10 and 20 mg/kg) restored in a dose-dependent manner
the activity of the enzymes in hepatic tissues. The levels of reduced
glutathione in rat hepatic tissues of all experimental groups were
summarized in Fig. 5. It is evident that NaF exposure resulted in
the reduction of reduced glutathione levels in hepatic tissues by
about half. Gallic acid pretreatment resulted in an increase in the
levels of reduced glutathione level. For comparison purposes, the
activity of the well known hepatoprotective agent, silymarin, was

tested at the dose of 10 mg/kg. As shown in Figs. 2-5, gallic acid at
the dose of 20 mg/kg was a better hepatoprotective agent when
compared with silymarin results in the measurement of TBARS,
catalase and superoxide dismutase assays while similar response
was obtained in reduced glutathione measurement. In order to gain
further insight into the hepatoprotective activity of gallic acid, the
serum levels of hepatic function markers in all treatment groups
were measured (Table 1). According to these results, one week
intoxication with NaF (600 ppm through drinking water) induced
significant changes in serum hepatic function markers. The overall
trend was that gallic acid and silymarin mitigate these deleteri-
ous changes in a dose-dependent manner (Table 1). Gallic acid at
20 mg/kg significantly restores the serum activities of ALT, AST and
ALP and the levels of triacylglycerol, cholesterol, glucose, lipase, a-
amylase, total bilirubin, direct bilirubin, total protein and albumin
(p>0.05 vs. control).

4. Discussion

ROS such as hydrogen peroxide, hydroxyl radical and super-
oxide anion play crucial role in initiation and progression of
chemical-induced intoxications and/or oxidative stress (Babior,
1992). Under oxidative stress disease conditions such as cardiovas-
cular, diabetes and neurodegenerative disorders, ROS and reactive
nitrogenous species (RNS) directly participate in the pathogenesis
of these diseases (Mates et al., 1999). Our body is well equipped
with various antioxidant enzyme systems such as superoxide dis-
mutase, catalase and non-enzymatic antioxidants such as reduced
glutathione (Gul et al., 2000). The generation of high levels of ROS
and RNS or any disturbance in the oxidant-antioxidant status can
result in oxidative damage to molecules (DNA, proteins and lipids),
tissues or organs (Chandrasekara and Shahidi, 2011).

Gallic acid (Fig. 1) is a plant polyphenolic compound that
can exist in free or large polymeric forms. Gallic acid is largely
found in different foods such as tea leaves, grapes and gallnuts
(Nabavi et al., 2012b). Different biological activities including anti-
mutagenic, anti-viral and antioxidant activities were reported for
gallic acid (Zhao et al.,, 2011). The hepatoprotective activity of
gallic acid against paracetamol (Rasool et al., 2010) and carbon
tetrachloride-induced toxicity (Tung et al., 2009) has also been
reported previously. It is also well known that gallic acid, as a
natural originated polyphenolic antioxidant agent, possesses scav-
enging effect against ROS and RNS (Stupans et al., 2002). In the
present study, the hepatoprotective activity of gallic acid extracted
from P. peltatum was studied in the model of NaF-induced hepato-
toxicity. We have previously shown that pretreatment of animals
with antioxidants could mitigate the NaF-induced hepatotoxicity,
probably through scavenging of ROS and/or suppressing oxidative
stress (Nabavi et al., 2012c¢). In the present study, the hepatopro-
tective effect of gallic acid against NaF-induced hepatotoxicity is
demonstrated for the first time. It has been suggested by various
authors that the phenolic hydroxyl groups in gallic acid struc-
ture are responsible for its ability to suppress oxidative stress
(Lu et al., 2006). Phenolic compounds can easily lose a proton
through homolytic cleavage of the O—H bond and form stabi-
lized phenoxy radical (Andersson et al., 1996). Phenolic compounds
such as gallic acid have two or more hydroxyl groups moieties
in their chemical structural which can further lead to even a
more stabilized phenoxyl radical (Andersson et al., 1996). Hydroxyl
radicals are therefore essential for proton donating and the antiox-
idant ability of gallic acid (Andersson et al., 1996). In the current
study, intraperitoneal administration of gallic acid prior to NaF
intoxication prevented hepatotoxicity and oxidative stress. Lipid
peroxidation is the primary common marker of oxidative stress
and is generally expressed in tissues as TBARS. TBARs such as
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Fig. 2. Thiobarbituric acid reactive substances (TBARS) levels in rat liver homogenates. Data are mean =+ S.D. values (n=10). p<0.001 versus control group. ®p <0.01 versus
control group. *p <0.001 versus NaF group.
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Fig. 3. Superoxide dismutase activity in rat liver homogenates. Data are mean +S.D. values (n=10). ?p <0.001 versus control group. *p <0.001 versus NaF group.

MDA are end products of polyunsaturated fatty acids oxidation compared with control group. This increased level of lipid per-
and are used as index of lipid peroxidation (Pamplona, 2011). oxidation is known to be mediated by iron ions that generate
The present study revealed that one week of intoxication of rats hydroxyl radical via the Fenton-type reactions (Kokilavani et al.,
by NaF significantly increase TBARS levels in hepatic tissue when 2005). As an endogenous antioxidant defense system, glutathione
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Fig. 4. Catalase activity in rat liver homogenates. Data are mean +S.D. values (n=10). ®p<0.001 control group. *p<0.001 versus NaF group. **p <0.05 versus NaF group.
***p<0.01 versus NaF group.
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Fig. 5. Levels of reduced glutathione in rat liver homogenates. Data are mean +S.D. values (n=10). 3p<0.001 control group. *p <0.001 versus NaF group. **p<0.01 versus

NaF group.

Table 1

Effect of gallic acid on serum biochemical parameters in sodium fluoride induced hepatotoxicity in rat.

Biochemical parameters Normal untreated NaF treated control

NaF and gallic acid NaF and gallic acid NaF and silymarin

control (10 mg/kg i.p.) (20 mg/kg i.p.) (10 mg/kg i.p.)
ALP (U/L) 189.0 + 10.1 665.0 + 12.6™" 463.5 + 63" 266.3 +11.3° 3450 + 18
AST (U/L) 232.8 £ 8.9 488.4 + 105" 378.8 £ 9.2 270.5 + 9.2° 303.0 + 7.8"
ALT (U/L) 92+ 1.0 385+ 117 36.1+16" 15.1 £ 1.0° 315+ 14"
Triacylglycerol (mg/dL) 142.8 £ 13.7 2753 +£ 165" 2432 + 105" 168.8 + 11.4° 2232 +11.9™
Total bilirubin (mg/dL) 25+03 8.5+08"" 7.1 +£05"" 3.7+02 5.8 + 055"
Direct bilirubin (mg/dL) 1.1+ 0.1 424027 1.9+ 0.2" 14403 2.0+02"
Total protein (g/dL) 12.0 £ 0.2 71+037 104 + 04" 12.7 £ 0.2° 10.1 £ 0.3"
Albumin (g/dL) 6.6 £0.2 22403 6.1 £02 7.1 +£03" 43402
Glucose (mg/dL) 46.5 + 1.9 90.1 £ 257 583 + 2.0 39.0 + 1.5 65.6 + 2.0°
Lipase (U/L) 1315+ 0.9 106.8 + 5.7 126.7 £ 5.3 147.7 + 4.8 123.6 + 6.8
a-Amylase (U/L) 3132.8 £ 534 1914.8 + 17.6™" 2658.8 + 86.2" 3132.6 +42.2° 2301.0 + 65.0""
Cholesterol (mg/dL) 64.0 + 3.7 159.1 + 747" 1293 +1.277 86.0 + 7.0° 103.5 + 5.5

Values are mean £ SE (n=10). Data for normal animals are considered as base-line data; there was no significant base-line difference between the groups.

" p>0.05 versus normal.

" p<0.05 versus normal.
" p<0.01 versus normal.
""" p<0.001 versus normal.

plays a crucial role through its catalytic role in disulfide exchange
reactions (Nabavi et al., 2012c). Under oxidative stress condi-
tions, glutathione is oxidized to make disulphide link to form
oxidized glutathione. After fluoride intoxication, significant deple-
tion of the reduced glutathione level was evidenced in rat liver,
corroborating the state of oxidative stress (Ghosh et al., 2011). Pre-
treatment with gallic acid prevented the NaF-induced depletion of
glutathione. In addition to the thiol based antioxidants, the cellular
antioxidant defense system also comprised with enzymatic antiox-
idants such as superoxide dismutase and catalase. NaF intoxication
caused ROS/RNS accumulation in hepatic tissue that could lead to
a decrease in superoxide dismutase activity. Fluoride intoxication
also decreased catalase activity probably through reducing the level
of nicotinamide adenine dinucleotide phosphate required for cata-
lase activation process (Kirkman and Gaetani, 1984). Furthermore,
fluoride-induced hepatic damage is likely to disturb tissue trans-
port function and membrane permeability that results in enzymes
leakage (e.g., ALT, AST and ALP) from hepatic cells. This process is
usually associated with the alteration of many other serum param-
eters such as bilirubin, albumin, glucose and cholesterol levels
(Tung et al., 2009). Our observation of significant release of alka-
line phosphatase, AST, alanine transaminase as well as change in
other serum parameter was indicative of severe NaF-induced dam-
age to hepatic tissue membranes (Tung et al., 2009). These classical
hepatotoxicity markers together with the depletion of enzymatic

antioxidant activity after one week fluoride intoxication (600 ppm)
through drinking water were in agreement with the induction of
oxidative stress-induced hepatotoxicity. Intraperitoneal adminis-
tration of gallic acid (10 and 20 mg/kg) prior to fluoride intoxication
normalized the serum parameters and NaF-induced alteration of
enzymatic antioxidant defenses, level of reduced glutathione as
well as lipid peroxidation in hepatic tissue.

5. Conclusion

We conclude that intraperitoneal administration of gallic acid
isolated from P. peltatum before NaF exposure mitigates the hep-
atotoxicity and the instauration of oxidative stress in rat hepatic
tissues. The results of the present study revealed that P. peltatum
and other herbal sources of gallic acid can be used for the protection
of hepatic tissues against fluoride-induced oxidative stress. Future
studies should be directed on the mechanism of hepatoprotective
action of gallic acid.

Conflict of interest

The authors have declared that there is no conflict of interest.



S.F. Nabavi et al. / Industrial Crops and Products 44 (2013) 50-55 55

Acknowledgements

This study was partly supported by the research grant of Uni-
versity of Greenwich (UK) and National Elite’s Foundation of Iran
(Iran) for this study. We also dedicate this paper Mrs. Seyed Maryam
Nabavi and to memory of Mr. Seyed Ali Asghar Nabavi.

References

Andersson, C.M., Hallberg, A., Hogberg, T., 1996. Advances in the development of
pharmaceutical antioxidants. In: Testa, B., Meyer, V.A. (Eds.), Advances in Drug
Research, vol. 28. Academic Press, London, pp. 65-180.

Azarpazhooh, A., Main, P.A., 2008. Fluoride varnish in the prevention of dental
caries in children and adolescents: a systematic review. ]. Can. Dent. Assoc. 74,
73-79.

Babior, B.M., 1992. The respiratory burst oxidase. Adv. Enzymol. Relat. Areas Mol.
Biol. 65, 49-65.

Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem. 72, 248-254.

Chandrasekara, N., Shahidi, F., 2011. Antioxidative potential of cashew phenolics in
food and biological model systems as affected by roasting. Food Chem. 129 (4),
1388-1396.

Chien, C.H., Otsuki, S., Chowdhury, S.A., Kobayashi, M., Takahashi, K., Kanda, Y., Kunii,
S., Sakagami, H., Kanegae, H., 2006. Enhancement of cytotoxic activity of sodium
fluoride against human periodontal ligament fibroblasts by water pressure. In
Vivo 20, 849-856.

Ellman, G.L, 1959. Tissue sulphydryl group. Arch. Biochem. Biophys. 82,
70-77.

Eslami, A.C,, Pasanphan, W., Wagner, B.A., Buettner, G.R., 2010. Free radicals pro-
duced by the oxidation of gallic acid: an electron paramagnetic resonance study.
Chem. Cent. ]. 4, 15.

Fordyce, F.M., 2011. Fluoride: human health risks. Encyclopedia of Environmental
Health, 5, pp. 776-785.

Ghosh, M., Manna, P., Sil, P.C., 2011. Protective role of a coumarin-derived Schiff base
scaffold against tertiary butyl hydroperoxide (TBHP)-induced oxidative impair-
ment and cell death via MAPKs, NF-kB and mitochondria-dependent pathways.
Free Radic. Res. 45 (5), 620-637.

Gul, M., Kutay, F.Z., Temocin, S., Hanninen, O., 2000. Cellular and clinical implication
of glutathione. Indian J. Exp. Biol. 38, 625-634.

Habtemariam, S., 2008. Activity-guided isolation and identification of antioxidant
components from ethanolic extract of Peltiphyllum peltatum (Torr.) Engl. Nat.
Prod. Commun. 3 (8), 1321-1324.

Habtemariam, S., 2011. Methyl-3-O-methyl gallate and gallic acid from the leaves of
Peltiphyllum peltatum: isolation and comparative antioxidant, prooxidant, and
cytotoxic effects in neuronal cells. J. Med. Food 14 (11), 1412-1418.

Heaney, R.P., 1994. Fluoride and osteoporosis. Ann. Intern. Med. 120 (8), 689-690.

Kirkman, M.N., Gaetani, G.F., 1984. Catalase: a tetrameric enzyme with four tightly
bound molecules of NADPH. Proc. Natl. Acad. Sci. U.S.A. 81, 4343-4347.

Kokilavani, V., Devi, M.A., Sivarajan, K., Panneerselvam, C., 2005. Combined efficacies
of DL-lipoic acid and meso-2,3-dimercaptosuccinic acid against arsenic induced
toxicity in antioxidant systems of rats. Toxicol. Lett. 160, 1-7.

Lattanzio, V., Kroon, P.A.,, Quideau, S., Treutter, D., 2009. Plant phenolics-secondary
metabolites with diverse functions. In: Daayf, F., Lattanzio, V. (Eds.), Recent
Advances in Polyphenol Research, vol. 1. Wiley-Blackwell, Oxford, UK,
doi:10.1002/9781444302400.ch1.

Lu, Z., Nie, G., Belton, P.S., Tang, H., Zhao, B., 2006. Structure-activity relationship
analysis of antioxidant ability and neuroprotective effect of gallic acid deriva-
tives. Neurochem. Int. 48, 263-274.

Mates, .M., Gomez, C.P., Nunez, C., 1999. Antioxidant enzymes and human diseases.
Clin. Biochem. 32, 595-603.

Misra, H.P., Fridovich, L., 1972. The role of superoxide anion in the autooxidation
of epinephrine and simple assay for superoxide dismutase. ]. Biol. Chem. 247,
3170-3175.

Nabavi, S.F., Nabavi, S.M., Abolhasani, F., Moghaddam, A.H., Eslami, S., 2012a. Cyto-
protective effects of curcumin on sodium fluoride-induced intoxication in rat
erythrocytes. Bull. Environ. Contam. Toxicol. 88, 486-490.

Nabavi, S.F., Habtemariam, S., Jafari, M., Sureda, A., Nabavi, S.M., 2012b. Protective
role of gallic acid on sodium fluoride induced oxidative stress in rat brain. Bull.
Environ. Contam. Toxicol., doi:10. 1007/s00128-012-0645-4.

Nabavi, S.M., Nabavi, S.F., Eslami, S., Moghaddam, A.H., 2012c. In vivo protective
effects of quercetin against sodium fluoride-induced oxidative stress in the
hepatic tissue. Food Chem. 132, 931-935.

Pamplona, R., 2011. Advanced lipoxidation end-products. Chem. Biol. Interact. 192
(1-2), 14-20.

Pari, L., Latha, M., 2004. Protective role of Scoparia dulcis plant extract on brain
antioxidant status and lipid peroxidation in STZ diabetic male Wistar rats. BMC
Complement. Altern. Med. 4, 4-16.

Rasool, M.K,, Sabina, E.P., Ramya, S.R., Preety, P., Patel, S., Mandal, N., Mishra,
P.P., Samuel, J., 2010. Hepatoprotective and antioxidant effects of gallic acid
in paracetamol-induced liver damage in mice. J. Pharm. Pharmacol. 62 (5),
638-643.

Shanthakumari, D., Srinivasalu, S., Subramanian, S., 2004. Effect of fluoride intox-
ication on lipid peroxidation and antioxidant status in experimental rats.
Toxicology 204, 219-228.

Stupans, I, Kirlich, A., Tuck, K.L., Hayball, P.J., 2002. Comparison of radical scaveng-
ing effect, inhibition of microsomal oxygen free radical generation, and serum
lipoprotein oxidation of several natural antioxidants. J. Agric. Food Chem. 50,
2464-2469.

Tung, Y.T., Wu, J.H., Huang, C.C,, Peng, H.C,, Chen, Y.L, Yang, S.C.,, Chang, S.T., 2009.
Protective effect of Acacia confusa bark extract and its active compound gal-
lic acid against carbon tetrachloride-induced chronic liver injury in rats. Food
Chem. Toxicol. 47, 1385-1392.

Zhao, J., Khan, L.A., Fronczek, F.R., 2011. Gallic acid. Acta Crystallogr. Sect. E: Struct.
Rep. Online 67 (Pt 2), 0316-0317.



	Hepatoprotective effect of gallic acid isolated from Peltiphyllum peltatum against sodium fluoride-induced oxidative stress
	1 Introduction
	2 Materials and methods
	2.1 Chemicals
	2.2 Plant materials
	2.3 Gallic acid isolation
	2.4 Animals
	2.5 Ethical statement
	2.6 Study protocols
	2.7 Biochemical analysis
	2.7.1 Protein determination
	2.7.2 Determination of lipid peroxidation products
	2.7.3 Determination of superoxide dismutase activity
	2.7.4 Determination of catalase activity
	2.7.5 Determination of reduced glutathione activity
	2.7.6 Serum biochemical parameters

	2.8 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Conflict of interest
	Acknowledgements
	References




