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ABSTRACT

Reactive oxygen species (ROS) are involved in a wide spectrum of diseases including chronic inflammation and
cancer. In the present study, the 70 % methanolic extract of Gmelina arborea (GA) stem bark was tested for its
antioxidant activitiesin both in vitro and in vivo models. The GA extract was shown to possess antioxidant activities
as it scavenged superoxide radical and inhibited lipid peroxidation. The extract also showed reducing property as
evidenced by ferric reducing power assay. The sodium fluoride (600 ppnvday for 14 days) induced oxidative stress
model was used for evaluating the in vivo antioxidant potential of the plant extract. The sodium fluoride intoxication
resulted in the impairment of antioxidant defense system of blood and liver as evidenced by the reduced levels of
superoxide dismutase, glutathione peroxidase and glutathione. The lipid peroxidation in the liver tissue was
elevated indicating the free radical mediated membrane damage. The treatment with plant extract could reduce lipid
peroxidation and enhance antioxidant defense systemin a significant manner.
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INTRODUCTION

A free radical is defined as any chemical spetias¢ontains unpaired electrons. These unpairetrefes produces
a highly reactive free radical which react withatgd oxygen in our biological system and produeestive oxygen
species (ROS) and reactive nitrosative species JRM®h is commonly termed as oxidative stress ritrdsative

stress [1].It is well known that reactive oxygeresies (ROS), such as superoxide aniogpr{Ohydroxyl radicals
(OH), singlet oxygen'Q.) and hydrogen peroxide §8,), play a major role in the development of oxidatstress
that can lead to many illnesses including cardiovks diseases, diabetes, inflammation, degeneraliseases,
cancer, anemia and ischemia [2].

In humans, there is a complex endogenous defessensylesigned to protect tissues from ROS/RNOScettigell

injury. Special enzymes such as superoxide disrautadalase and glutathione peroxidase (includieg tofactors
selenium, zinc, manganese, and iron), sulfhydrgligrdonors (i.e., glutathione) and vitamins (iMétamins E, C,
andg carotene) form a network of functionally overlapgpidefense mechanisms [3]. Since endogenous aidtiax
defenses are inadequate to prevent damage compldiet derived anti-oxidants are important in ntaiming

health [4]. Thus, pharmacologists and biologists sgarching for scavengers, especially naturaltpwing anti-
oxidants which can inhibit oxidative damage by n®eahROS.

Medicinal plants are considered to be an imporsantce of antioxidant compounds and the therapéeatiefit of
many medicinal plants is often attributed to ttegitioxidant properties [5{zmelina arborea, family Verbenaceae is
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having tremendous therapeutic potential and is kntowhave been used in traditional Indian medickstudy on
the composition of secondary metabolites and aiotamt activity of G. arborea showed its richness in phenolic
compounds and natural antioxidant substances tlagt gn important role in pharmacology [6]. Therefothe
present study aims to evaluate finevitro antioxidant activity and ameliorative effectinrvivosodium fluoride
(NaF) induced oxidative stress of the 70% metharetiract ofG. arborea stem bark.

EXPERIMENTAL SECTION

1.1. Chemicals and reagents

2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ) was obtath from Sigma-Aldrich.Nitrobluetetrazolium salt and
thiobarbituric acid were purchased from Himedia drabories. All the other reagents and chemicalsl weere of
analytical grade.

1.2. Animals

Female Sprague Dawley rats (200 - 220 g) were pgedh from the Small Animal Breeding Station, Kerala
Veterinary and Animal Sciences University, Mannuth§erala, India. The animals were maintained under
standardized environmental conditions (tempera@e: 36C, relative humidity: 60 - 70% and 12 hrs of dagkt
cycle) with free access to standard rat feed (lnptodia) and waterd libitum. All animal experiments were
conducted during the present study got prior pesimisfrom Institutional Animal Ethical Committee cafollowed

the internationally accepted laboratory animal arseé care guide lines and rules of IAEC.

1.3. Plant collection and extraction

The stem bark of the pla@melina arborea was collected from the Ayurvedic garden, Amala @ariResearch
Centre, Thrissur, Kerala. Stem bark was dried at 8% °C for 7 days, powdered and extracted withb FOethanol
in a soxhlet apparatus. The extract was evapotatdd/ness to remove the traces of the solvent

1.4.1n vitro antioxidant studies

1.4.1. Superoxide radical scavenging assay

The superoxide radical scavenging ability of theamt was determined according to the McCord arndolich [7]
method based on the ability of the drug to inhikiuction of nitrobluetetrazolium (NBT) by superdgiradicals
which are generated during photo oxidation of figagf. Different concentrations of the extract waakled to the
reaction mixture containing 200 of 0.0015% KCN in 0.1 M EDTA, 109l of 1.5 mM NBT and the total volume
was adjusted to 295d with 67 mM K-Na phosphate buffer (pH 7.8). Thaegon mixture without the addition of
the extract was served as control. The initial diimace of the reaction mixture was taken at 560mmediately
after the addition of 5@l of 0.12 mM riboflavin. The tubes were then unifdy illuminated for 15 min with an
incandescent lamp. The absorbance of the finatimawas taken at 560 nm. Percentage inhibition eedsulated
after comparing the absorbance of the extract gt of the control using the formula described dhd
concentration of the extract to scavenge 50% ofjireerated superoxide anion f0vas also calculated.

... (Absorbance of control - Absorbance of test )
% Inhibition= X100
Absorbance of control

1.4.2. Inhibition of lipid peroxidation

The evaluation of the lipid peroxidation inhibitopotential of the extract was determined by addiiféerent
concentrations of the extract to the reaction systentained 10 of 25% (w/v) rat liver homogenate in 0.1 M
Tris-HCI buffer (pH 7.0), 10@ of 0.06 mM ascorbic acid, 100 of 0.16 mMFeSQNH,),S0;.6H,0, 100ul of 30
mMKCI and the volume was adjusted to 50@vith 0.2 M Tris-HCI buffer (pH 7.0). The reactiomas incubated at
37C for 1 hr and the TBARS reacting substance wassaored according to Ohkawa [8]. In short, to 10@f the
reaction 200ul of 8.1% SDS, 1.5 ml of 20% acetic acid (pH 3.5gd.5 ml of 0.8% TBA was added and the
volume was made up to 4 ml by the addition of 4D@listilled water. The reaction mixture was incldghiat 95C
for 1hr in boiling water bath. After the incubatiperiod, the reaction mixture was cooled undentafer and 1 ml
of distilled water was added to make up the volumé& ml. To this, 5 ml of pyridine:butanol (15:1)s added,
mixed by vortexing and centrifuged at 3000 rpmX0rmin. The absorbance of the clear supernataniweasured
at 532 nm. The percentage inhibition of lipid pedation was calculated based on the above formditlae 1G,
was also determined.
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1.4.3. Ferric reducing antioxidant power assay (FRR)

The evaluation of the GA extract on the effectimnef ferric ion (F&) reduction to ferrous (B8 form was based
on the method of Pulido [9]. The FRAP reagent doeth2.5 ml 10 mM 2,4,6-Tris (2-pyridyl)-s-triazif€PTZ) in
40 mMHCI, 2.5 ml of 20 mM FeGl 6H,0 and 25 ml of 300 mM acetate buffer (pH 3.6) riésglin the formation
of F€* - TPTZ complex. Different concentrations of theragt was incubated with 90@ of freshly prepared
FRAP reagent at 3¢ for 20 min and the absorbance was determine@&nf. Based on the reducing ability of
the extract, the P& - TPTZ complex will get reduced to its ferrousrfo(F€") resulting in the formation of blue
color and therefore the absorbance at 595 nm ettljr proportional to the reducing power of theragt. The
percentage increase in the reduction of ferric(feel") to ferrous ion (F€) was calculated using the formula and
the half maximal effective concentration (f5Gvas also determined.

(Absorbance of test - Absorbance of control)
% Increase= X100
Absorbance of test

1.5.1n vivo antioxidant activity against NaF induced oxidativestress

Thirty female Sprague Dawley rats were divided ifite groups consisting of six animals in each.@réuNormal
— Untreated; Group II: Control — NaF alone (600 pp@roup lll: Standard —Vitamin C (10 mg/kg b.wb,) + NaF
(600 ppm); Group IV: GALC — GA extract low conceatton (250 mg/kgb.wt.,i.0.) + NaF (600 ppm); Grodp
GAHC - GA extract high concentration (500 mg/kgb,Wwb.) + NaF (600 ppm). The animals in group IM,and V
were pretreated for seven days with respective daggs. All the animals except in group | receiiéad (600
mg/l) through drinking water for seven days. Thagdtreatment was continued for another seven daysy avith
the administration of NaF. The next day, all theveds were sacrificed by ether anesthesia.

The blood was collected by heart puncture into hegad tubes, hemolysate was prepared and usedhéor
estimation of superoxide dismutase (SOD) [7] amtiiced glutathione (GSH) [10]. The Liver was cokeltwashed
and 25% homogenate was prepared in 0.1M Tris bufiet 7) which was used for the estimation of lipid
peroxidation (LPO) [8]. The supernatant of the hgemate was collected after centrifugation at 10,Q00 for 60
min and used for the estimation of superoxide diss®i (SOD) [7], glutathione peroxidase (GPx) [11d &SH
[10].

1.6. Statistical analysis

The values were expressed as mean + SD of 3 indeperxperiments (foin vitro studies) or 6 animals per
group(forin vivo studies). All groups were analyzed for one way ANOWy Dunnett’s test using Graph Pad Instat
3 software. The values with<f.05were considered significant.

RESULTS AND DISCUSSION

Oxidative stress induced by imbalance between mtimtuof reactive oxygen species (ROS) and antemis have
been associated with pathogenic processes includirginogenesis and inflammation [12, 13]. Radstavenging
activity is very important owing to the deleteriowde of free radicals in biological systems andegally proceeds
through hydrogen atom transfer or donation of etet [14]. The GA extract was found to have gdoditro
antioxidant activity as evidenced by the superoxildical scavenging, inhibition of lipid peroxidati and ferric
reducing activity.

Superoxide anion is an oxygen-centered radical séflective reactivity. This species is producecabhyumber of
enzyme systems in auto-oxidation reactions and dy-emzymatic electron transfers that univalentigue
molecular oxygen [15]. The extract showed significactivity in scavenging the superoxide radicaseagated by
the photo reduction of riboflavin (Figure 1A). Tkencentration of the extract required to scavengf Bf the
superoxide anion (l§) was found to be 184.16 pg/ml. The superoxideceddf not scavenged will give rise to
more toxic hydroxyl radicals, singlet oxygen anditogen peroxide which can damage macromoleculdsediody
[16] mainly lipids and consequently resulting irpidi peroxidation. The addition of Feions with a
reductant(ascorbate) could significantly inducddlipperoxidation in rat liver homogenate as reveatsdthe
increased level of TBARS that is MDA in the contiobes. The addition of the extract was effectiveeiducing the
level of MDA formation thus revealing its inhibitppotential on free radical mediated lipid peroxida. The GA
extract exhibited an I§gof 266.93 pg/ml (Figure 1B). The reducing poweragds often used to evaluate the ability
of the antioxidant to donate an electron [17].Dgrthe assay, the GA extract was able to reduéét@éts ferrous
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form (F€" in a concentration dependent manner and thg € the extract was found to be 34.17 pg/ml (Fégur
1C).
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Figure 1:In vitro antioxidant potential of G. arboreastem bark. A) Superoxide radical scavenging actiwt B) Inhibition of lipid
peroxidation; C) Ferric reducing activity. Values ae expressed as mean + SD for 3 experiments

In vivo free radical scavenging ability of the extract vaéso evaluated using NaF induced oxidative stnesdel.
Over production of free radicals by fluoride camlune lipid peroxidation, mediated by the reducetioaitant
enzyme activity [18]. Similar to this NaF adminaton during the current study has resulted inréduction of
antioxidant defense system of blood and liver. Dieod antioxidant enzyme SOD has a significant cédn
(24.43+3.05 U/g Hb) after fluoride intoxication wheompared to the normal animals (33.12+3.21 U/y. Hhe
GALC and GAHC treated groups could enhance the rapzgctivity to a level of 26.56+3.16 and 31.23+30/4

Hb, respectively (Figure 2A). Similar result wassetved for the blood GSH level. The augmented lef&bSH
content during NaF administration (8.93+0.79 nmotf) was enhanced by the treatment with vitamin C
(13.4240.97 nmol/g Hb), GALC (11.32+0.8 nmol/g His)}d GAHC (12.86+0.86 nmol/g Hb) in a significantrmar
(p<0.01), when compared to the normal GSH level (141461 nmol/g Hb) (Figure 2B).
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Figure 2:Effect of GA extract on blood antioxidantstatus of rats treated with NaF. A) Superoxide dismtase activity; B)
Glutathione.Values are expressed as mean + SD foia@imals; *P<0.01, when compared to Normal® P <0.01, when compared to
Control; ™non significant
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Figure 3:Effect of GA extract on liver antioxidant status and lipid peroxidation of rats treated withNaF. A) Superoxide dismutase; B)
Glutathione peroxidase; C) Glutathione; D) Lipid pgoxidation. Values are expressed as mean + SD fora@imals; “P<0.01, when
compared to Normal;” P <0.01, when compared to Control*non significant

Since liver is the detoxification system of the yoi is the organ which is affected mainly by Nidduced free
radical damage. The antioxidant defense systenivef tissue is altered by the fluoride toxicity. &'lsuperoxide
enzyme activity in liver was reduced from 0.2344010/mg protein to 0.137£0.03 U/mg protein duringFNa
administration in the control group. There wasgai§icant increase in the enzyme activity of thenstard (g0.01),
GALC (p<0.05) and GAHC (g0.01) treated groups (Figure 3A). Another antioride&nzyme glutathione
peroxidase activity (9.43+1.31 U/mg protein) wasoakeduced in the liver tissue after NaF admirtistna
(4.02+0.84 U/mg protein). A significant €p.01) enhancement of the enzyme activity was oleseduring the
treatment with GA extract (Figure 3B). The GSH @mtin the liver tissue (6.32+0.12 nmol/mg proteigs also
reduced in the control group (3.37+£0.45 nmol/mgtgirg. The vitamin C treated standard group (5.33&0
nmol/mg protein) and GAHC group (5.21+1.02 nmol/pgtein) could significantly (0.01) restore this GSH
level (Figure 3C).
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During the study, the fluoride intoxication inducadsignificant (g0.01) increase in hepatic lipid peroxidation
(0.45940.03 nmol MDA/mg protein), when comparedhitie untreated normal group (0.173+0.01 nmol MDg/m
protein). The increased liver lipid peroxidatiorridg fluoride intoxication is observed in numberstfidies [19-21].
The treatment with GA extract showed a significanttection of lipid peroxidation §9.01) with GALC and
GAHC groups showing only 0.362+0.02 and 0.272+081bl MDA/mg protein, respectively (Figure 3D).

CONCLUSION

These results indicate the antioxidant potentialtted plantG. arborea stem bark. Therefore, the observed
amelioration of sodium fluoride induced oxidativanthge by the extract can be attributed to its fembcal
scavenging ability. Further studies are requiredrder to isolate the active phytochemical compowhiath imparts
the antioxidant potential to the plant.

Acknowledgement
The authors are thankful to UGC, Government ofdrfdr the financial support as research grant (I2e19/2006
(SA-).

REFERENCES

[1] PG Winyard; LA Arundell; DR Blakekree Radic.Res. Commun.,1989 5(4-5), 227-235.

[2] Y Cai; Q Luo; M Sun; H Corkel.ife ci.,2004 74(17), 2157-2184.

[3] DK Heyland; R Dhaliwal; U Suchner; MM Bergéntensive Care Med.,2005 31(3), 327-337.

[4] B Halliwell. Annu. Rev. Nutr.,1996 16, 33-50.

[5] P Hasani; N Yasa; S Vosough-Ghanbari; A Mohamiingal; G Dehghan; M AbdollahiActa Pharm., 2007,
57(1), 123-129.

[6] KCC N'gaman; JA Mamyrbékova-Békro; YA Békrd.Applied Biosci.,2011, 39, 2926-2934.

[7] IM McCord; | FridovichJ. Biol. Chem.,1969 244(22), 6049-6055.

[8] H Ohkawa; N Ohishi; K YagiAnal. Biochem., 1979 95(2), 351-358.

[9] R Pulido; L Bravo; F Saura-Calixtd. Agric. Food Chem.,200Q 48(8), 3396-3402.

[10] MS Moron; JW Depierre; B MannerviBiochim. Biophys. Acta,1979 582(1), 67-78.

[11] DG Hafeman; RA Sunde; WG HoekstdaNutr.,1974 104(5), 580-587.

[12] AN Kong; R Yu; V Hebbar; C Chen; E Owuor; R Hv Ee; S MandlekaMutat. Res.,2001, 481, 231-241.
[13] E Naik; VM Dixit. J. Exp. Med.,2011, 208(3), 417-420.

[14] E Niki; N Noguchi.lUBMB Life,200Q 50(4-5), 323-329.

[15] I Gulcin; HA Alici; M Cesur.Chem. Pharm. Bull.,2005 53(3), 281-285.

[16] IS Young; JV Woodsidel. Clin. Pathol.,2001, 54(3), 176-186.

[17] A Yildirim; A Mavi; M Oktay; AA Kara; OF AlgurV Bilaloglu. J. Agric. Food Chem.,200Q 48(10), 5030-
5034.

[18] R Rzeuski; D Chlubek; Z Macholgluoride, 1998 31(1), 43-45.

[19] WM Abdel-WahabJ.Basic Appl. Zool.,2013 66(5), 263-270.

[20] | Blaszczyk; E Birkner; S KasperczyBiol. Trace Elem. Res.,2011, 139(3), 325-331.

[21] SM Nabavi; SF Nabavi; S Eslami; AH Moghadddfood Chem.,2012 132(2), 931-935.

172



