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O R I G I N A L  A R T I C L E

INTRODUCTION

In many countries, the levels of  As in the environment have 
turned out to be one of  concern and many studies have 
recognized various adverse health effects on populations.[1] 
In modern days, exposure to sufficiently high concentrations 
of  inorganic As in natural environments such as in water, 
sediment and soil has proved to be harmful to the organisms.[2,3] 
The main pathways of  exposure to the human beings include 
ingestion of  drinking water and consumption of  foods and 
to a lesser extent, inhalation of  air.[4] Residual damage from 
the exposures to arsenic has been reported to lead to toxic 
consequences in the body and these toxic effects in the patient’s 
body may lead to the development of  secondary cancers.[5,6] 
In view of  the global health problems associated in drinking 
water and its impacts on the society, it is important to prevent 
the bioavailability of  As in humans. 

In order to overcome the sodium arsenite contaminations 
in both rural and urban areas, chemoprotective agents 
need to be developed as a means of  preventing the toxicity 
associated with arsenic contamination. The present study 
has been intended on leaves of  V. amygdalina, which 
has been reported as a potential anticancer extract.[7] V. 
amygdalina plants popularly known as bitter leaves are green 
and have a characteristic odour and bitter taste. In many 
parts of  West Africa, the plant has been domesticated and 
used for treatment of  many diseases.[8,9]

Previous investigations reported that the leave extracts 
of  V. amygdalina and its components possess free radical 
scavenging, immunodulatory, anticancer, and antitumour 
properties.[10,11] Thus, V. amygdalina and its components may 
have the potential to become a good chemopreventive agent 
against the toxicity of  the sodium arsenite. In the present 
work, the chemoprotective potential of  V. amygdalina has 
been investigated against the sodium arsenite-induced 
genotoxicity using the micronuclei test as an end point 
in bone marrow of  Wistar albino rats. In addition, the 
phytochemical components and DPPH radical scavenging 
potentials of  V. amygdalina were assayed.

P H C O G  R E S .

Objectives: Contamination of the environment with arsenic (As) from both human and 
natural sources is known as a global problem. This study investigated the chemoprotective 
potential of Vernonia amygdalina leave extract against sodium arsenite-induced genotoxicity 
and hepatotoxicity. Materials and Methods: Genotoxic effects were evaluated in the 
rat bone marrow using micronuclei. The gamma glutamyl transpeptidase (GGT) and 
alkaline phosphatase (ALP) activities were assayed in rat serum. Results: Pre-treatment 
with extract of V. amygdalina at doses 5 mg/kg and 10 mg/kg significantly decreased 
the frequency of micronucleated polychromatic erythrocytes (PCEs). The GGT and ALP 
activities were elevated more than fourfold, in the liver of rats treated with sodium arsenite, 
while it was reduced almost to half when the sodium arsenit-treated rats were fed fresh  
V. amgdalina leave extracts The phytochemical constituents of V. amygdalina assayed in 
this study may be responsible for high radical scavenging of the DPPH free radical observed.  
Conclusion: The present results indicate that V. amygdalina extract is capable of suppressing 
the chromosomal aberration induced by sodium arsenite in rat. Thus, V. amygdalina may be 
a potent chemoprotective agent against the toxicity of sodium arsenite in rats.
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MATERIALS AND METHODS

Animals
White male albino Wistar rats (weighing 120 ± 2g) 
were obtained from the Central Animal Facility of  the 
Physiology Department, LAUTECH Ogbomosho, 
Nigeria. Experimental protocols were approved by the 
Faculty of  Basic Medical Science LAUTECH, Ogbomoso, 
Animal Ethics Committee. These animals were bred and 
maintained in the Physiology Department Central Animal 
House. Standard pellet diet, obtained from Irorun-Agbe 
Agro Industries, Ogbomoso and water were provided ad 
libitum. They were housed five per cage under controlled 
temperature (25 ± 3°C), humidity (50 ± 10%) and light 
(0600 to 1800 h) conditions.

Chemicals and preparation of test materials
Sodium arsenite was purchased from Sigma UK. All 
other chemicals were of  analytical grade and obtained 
from the BDH laboratory supplies UK. An aqueous 
suspension of  V. amygdalina extract was freshly prepared 
for each treatment using distilled water (0.8%w/v) and 
was administered by the oral route. A solution of  sodium 
arsenite, (2.5mg/kg body weight in normal saline) for each 
treatment was administered by the intraperitoneal route 
(i.p.) according to the experimental protocol [Table 1]. 

Animal treatment protocol
White male albino rats were randomly allocated to groups I 
to IV as shown in Table 1, each group consisting of  five rats. 
Two doses of  V. amgdalina extracts (50mg/kg and 100mg/
kg body weight) were given by gavaging to the rats in I and 
II groups for seven consecutive days as a dietary supplement 
followed by a single dose of  sodium arsenite (2.5mg/kg body 
weight) which were administered intraperitoneally. The rats 
in the negative control (III), were given distilled water and 
the positive control group (IV) were given sodium arsenite 
alone. The animals were sacrificed by cervical dislocation and 
micronuclei assay was performed to determine the number 
of  micronucleated polychromatic erythrocyte (nPCE) in 
bone marrow cells of  rats.

Micronuclei test
Genotoxic effects were evaluated in the rat bone 
marrow using micronuclei test described by[12] with some 
modifications. Bone marrow cells from both femurs were 
flushed and a fine suspension was prepared in a centrifuge 
tube containing foetal bovine serum. The cell suspension 
was centrifuged at 1500 rpm for 10min and the pellet was 
suspended with the residual fluid. A small drop of  the 
suspension was placed over a clean slide and the smear was 
prepared and air dried. The slides were stained with May-
Gruenwald and Giemsa. Slides were mounted using DPX 
mountant, dried (20–30°C), cleaned and properly coded. 
The frequencies of  micronuclei (MN) in polychromatic 
erythrocytes (PCE) were estimated by scoring 1000 PCE 
per animal.

Serum preparation and gamma-glutamyl transferase 
(GGT) and alkaline phosphatase (ALP) assay
Blood was collected by cardiac puncture and samples were 
kept on ice until analysis. Samples were centrifuged at 1200g 
for 15 min to obtain the serum. Then, determination of  
liver damage by measuring the activities of  ALP;[13] and 
GGT[14] were performed. GGT kit of  Randox product 
was used for this study. 1ml of  the working reagent was 
mixed with 0.10ml of  serum. The initial absorbance was 
taken followed by an interval of  one minute for 3minutes 
at 405nm. ALP kit obtained from Agappe diagnostics was 
used in carrying out the experiment; 1000ml of  the working 
reagent was mixed with 20ml of  serum, and allowed to stay 
for 1 min. The absorbance was read at 405nm at an interval 
of  one minute for 3min.

Histology
Liver samples were taken from all the animals and fixed with 
10% formaldehyde in phosphate-buffered saline for 24 h. 
Tissue pieces were washed with distilled water, dehydrated 
in alcohol, and embedded in paraffin. 5μm sections were 
mounted on glass slides previously covered with silane. 
Masson’s trichromic stain was performed in each slide.

Antioxidant assay
The 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was done 
according to the method of[15] with some modifications. 
The working solution was obtained by mixing 50ml of   
V. amgdalina with 3ml of  methanolic DPPH solution 
(0.1mM). The change in absorbance at 515nm was 
measured at 0min, 1min, 5min, and every 5 min until it 
reached 40 min. The antioxidant capacity was calculated 
as shown below:

% scavenging activity = 
(Abscontrol - Abssample)

Abscontrol  × 100

Hence, Abs is the absorbance of  blank or control minus 
absorbance of  tested extract solution.

Table 1: Micronucleated polychromatic 
erythrocyte (nPCEs) count, GGT and ALP 
concentration of rats treated with V. amgdalina 
leave extract and sodium arsenite
Groups n PCE GGT  

Conc. (V/L)
ALP  

Conc, (V/L)
I 14.0 ± 4.97a 13.83 ± 1.03a 6.72 ± 2.54a

II 12.0 ± 4.97a 8.70 ± 1.26a 6.42 ± 3.3a

III 7.5 ± 3.5b 23.16 ± 4.02b 15.58 ± 3.38b

IV 2,0 ± 0.01  6.42 ± 0.03 3.01 ± 0.10
nPCE, nucleated Polychromatic Erythrocyte, conc., concentration
aSignificantly different from negative control, P < 0.05. bSignificantly different from 
sodium arsenite group, P < 0.05. Values represent mean ± S.E.M., n = 3.
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Phytochemical analysis
The following phytochemical analysis was carried out 
on leaves of  V. amygdalina using the procedure of[16] as 
outlined below:

Test for flavonoids
0.5g of  plant sample was suspended in 5ml of  water and 
2.5ml of  methanol was added to it and filtered. 1ml of  
NaOH 10% was added to 1ml of  the filtrate. The presence 
of  a yellow precipitate indicated the presence of  flavonoids.

Test for tannins
7.5ml of  water was added to plant extract (1g) and heated in 
a water bath. It was then filtered upon cooling. Few drops 
of  iron III chloride (FeCl3) 0.5% were added to 2ml of  the 
filtrate. The appearance of  a green or dark-blue precipitate 
indicated the presence of  tannins.

Test for alkaloids
2g of  plant sample was heated in a test tube containing 
25ml of  HCl (1%) for 15 min in a boiling water bath. 
The suspension was then filtered and 5 drops of  Meyer’s 
reagent (potassium tetra iodomecurate) were added into 
the filtrate (1ml). The formation of  a precipitate indicated 
the presence of  alkaloids.

Test for saponins
0.5g of  plant extract was introduced into a test tube 
containing 7.5ml of  distilled water and the mixture heated 
for 5 min in a boiling water bath. The solution was then 
filtered and cooled to room temperature. Five millilitres 
of  the filtrate was introduced into a test tube and agitated 
for 10s. The formation of  persistent foam indicated the 
presence of  saponins.

Test for triterpenes and steroids 
0.5g of  plant sample was dissolved in chloroform (3ml) and 
a few drops of  acetic anhydride and concentrated H2SO4 
were added. A purple coloration indicated the presence 
of  triterpenes while bluish-green coloration indicated the 
presence of  steroids. The formation of  two layers upon 
addition of  H2SO4 is characteristic of  the presence of  both 
triterpenes and steroids.

Test for coumarins
One milligram of  moistened sample was placed in a test 
tube and the test tube was covered with a filter paper 
moistened with 10% NaOH solution. After exposition 
of  the paper to UV light for a few minutes, yellow green 
fluorescence was indicative of  the presence of  coumarins

Test for cardiac glycosides
One milligram of  plant sample was suspended in 5ml of  
glacial acetic acid containing one drop of  ferric chloride 
solution. Then 1ml of  concentrated sulphuric acid was 

added gradually along the wall of  the test tube. The 
formation of  a brown ring at the interface indicated the 
presence of  a deoxysugar, characteristics of  cardenolides.

Statistical analysis
The data were analysed using statistical software (Jandel 
Sigmastat, for windows version 2.03). The results are 
expressed as mean ± SEM for each group. The statistical 
significance was determined by one-way analysis of  
variance (ANOVA), followed by the Tukey test. The level 
of  statistical significance was set at p <0.05 and <0.01.

RESULTS

Effects of V. amygdalina leave extract on the sodium 
arsenite induced micronuclei
The protective effects of  V. amygdalina leave extract on 
bone marrow micronuclei after seven days pre-treatment 
are shown in Tables 1. Sodium arsenite at a dose of  2mg/kg 
induced significant MN over the negative control [Table 1]. 
Pre-treatment with 50mg/kg V. amygdalina leave extract 
significantly reduced sodium arsenite induced MN in bone 
marrow by 70%, compared with the frequency of  MN 
induced in the bone marrow of  rat treated with sodium 
arsenite alone. Similarly, pre-treatment with 100mg/kg 
V. amygdalina leave extract significantly reduced sodium 
arsenite induced MN in bone marrow by 74%, compared 
with the frequency of  MN induced in the bone marrow 
of  sodium arsenite alone

Scavenging effects of the V. amgdalina on DPPH 
radical
The DPPH radical scavenging activity of  V. amygdalina 
extract (IC50 value of  4.0 ± 0.1mg/ml) is comparable to 
the IC50 value gallic acid (3.8 ± 0.2mg/ml), which is a 
well-known antioxidant [Table 2]. Scavenging of  DPPH 
radical was found to rise with increasing concentration of  
the extracts [Table 2].

Histology
The photomicrography of  the liver reveals that the 
treatment of  rats with sodium arsenite produced altered 
normal architecture of  the parenchyma [Figure 1a]; group 
treatment with sodium arsenite plus V. amygdalina reduced 
the necrotic areas [Figures 1c and 1d] in comparison with 
negative control group [Figure 1b].

Phytochemical constituents of crude extracts of  
V. amygdalina
The test for the secondary metabolite showed the 
presence of  flavonoids and saponin. Tripeternes and 
cardiac glycosides were also present in appreciable trace 
while tannins and alkaloids were present in low quantity. 
Coumarin is absent [Table 3].
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DISCUSSION

The genotoxicity of  arsenic is well known as it induces 
chromosomal damage in different test systems.[17,18] The 
present results confirmed the genotoxic potential of  
sodium arsenite as evident from the significant induction 
of  MN in rat bone marrow. Pre-and co-treatment with  
V. amygdalina at doses of  50 and 100mg/kg, b.w. for 7 days 
significantly reduced the sodium arsenite induced MN 
frequencies in rat bone marrow.

GGT and ALP are found in many tissues, the most notable 
one being the liver, and has significance in medicine as 
a diagnostic marker. GGT plays a key role in drug and 

xenobiotic detoxification. Oxidative injury and lipid 
peroxidation can be monitored by measuring liver or blood 
GGT and ALP concentration.[19] Consequently, the effect 
of  pre-treatment of  V. amgdalina on concentration of  
ALP and GGT was evaluated in this study. Similarly, with 
the same treatment V. amygdalina significantly reduced the 
concentration of  ALP and GGT medium in serum of  the 
rat. The increase of  ALP and GGT concentration with 
sodium arsenite group (positive control) was marginal over 
the saline treated groups (negative control). However, with 
the co-treatment of  sodium arsenite with V. amygdalina 
the concentration of  the enzymes was decreased. The 
effects of  V. amgdalina leave extract discussed until here are 
important mediators to have beneficial response to prevent 
liver fibrosis induced by sodium arsenite administration 
and may have an impact in the prevention of  diseases.[20] 
As the V. amgdalina treated group avoided the liver fibrosis 
the main markers of  cholestatic damage, GGT and ALP 
were normal at the end of  the treatment. This study shows 
the beneficial response to the treatment with V. amgdalina 
leave extract in the experimental model of  rat liver fibrosis 
induced by administration of  sodium arsenite.

An antioxidant dietary supplement can reduce the level of  
DNA oxidative damage and protect normal cells against 
the adverse side-effects of some carcinogens.[21] In this 
study V. amygdalina leave extract exhibited strong radical 
scavenging property and previous reports demonstrated that 
V. amygdalina extract scavenges hydroxyl radicals and exhibit 
chain breaking antioxidant activity against metal ion induced 
lipid peroxidation.[22] Furthermore, it has been determined 
that the antioxidant effect of  plant products is mainly due 
to radicals scavenging activity of  phenolic compounds such 
as flavonoids, polyphenols, tannins, and phenolic terpenes.[23] 

In this study, some of  these phytochemicals were found 
to be essential components of  V. amygdalina leave extract. 
The antioxidant activity of  phenolic compounds is mainly 
due to their redox properties, which can play an important 

Figure 1: Representative of liver sections obtained from rats treated 
with sodium arsenite alone (a), distilled water alone (b), V. amgdalina 
(50 mg/ml) plus sodium arsenite-treated rats (c) and V. amgdalina (100 
mg/ml) plus sodium arsenite-treated rats (d)

a b

c d

Table 2: Scavenging effects of the V. amgdalina on DPPH radical
Sample % Inhibition at concentration (µg/ml)

500.0 250.0 125.0 62.5 31.3 15.6 7.8 3.9 IC50

V. amgdalina 
extract 93.3 ± 42 93.1 ± 311 92.6 ± 30 92.6±25 91.0 ± 20 91.3 ± 30 90.2 ± 32 89.1 ± 16 4.0 ± 01

Gallic acid 95.5 ± 30 95.8 ± 36 94.5 ± 4.0 94.7±46 93.1 ± 4.2 92.0 ± 3.9 91.5 ± 3.0 90.0 ± 1.8 3.8 ± 0.2
Values represent mean ± S.E.M., n = 3

Table 3: Phytochemical constituents of crude extracts of V. amygdalina
Plant extract Flavonoids Tannins Alkaloids Saponins Triterpenes Steroids Coumarins Cardiac glycosides
Vernonia 
amygdalina

+++ + + +++ ++ ++ – ++

+ = Presence of constituent; − = Absence of constituent, +++ detected in high quantity, ++detected in medium quatity,  +detected in trace amount
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role in adsorbing and neutralising free radicals, quenching 
singlet and triplet oxygen, or decomposing peroxides.[24] 
Therefore, the reduction in the toxicities and clastogenicity 
exhibited in this study might be due to counteracting effect 
of  antioxidant components of  V. amygdalina on reactive 
species generated by sodium arsenite in rat. This further 
suggests that V. amygdalina has a potent anticlastogenic effect 
against sodium arsenite induced genotoxicity. The present 
report suggests the antigenotoxic effect of  V. amygdalina and 
the suppression of  genotoxicity may be either due to the free 
radical scavenging mechanisms or different DNA reparative 
processes against sodium arsenite. Further investigations are 
needed to reveal the exact mechanistic basis of  this type of  
chemoprotective effect exhibited by V. amygdalina. Additional 
work in terms of  different genotoxic end-points with specific 
fractions and components of  V. amygdalina is in progress to 
strengthen the chemoprotective potential of  V. amygdalina 
against the toxicity induced by different clastogens.

ACKNOWLEDGEMENTS

We acknowledge the technical expertise rendered by  
Mr. Olayode, Department of  Anatomy LAUTECH in the present 
investigation. This research was supported by Biochemistry Dept. 
LAUTECH; grant number BCHGT/2012/1.

REFERENCES

1. Raihan SZ, Chowdhury AK, Rabbani GH, Marni F, Ali MS, 
Nahar L, et al. Effect of Aqueous Extracts of Black and Green 
Teas in Arsenic-induced Toxicity in Rabbits. Phytother Res 
2009;23:1603-8.

2. Jiangang B, Hansheng L. Research advances in arsenic trioxide 
oncostatic. Chin Pharm Aff 2008;22:1105-7.

3. Davey JC, Nomikos AP, Wungjiranirun M, Sherman JR, Ingram 
L, Batki C, et al. Arsenic as an Endocrine Receptor: Arsenic 
Disrupts Retinoic Acid Receptor and Thyroid Hormone Receptor- 
mediated Gene Regulation and Thyroid Hormone- mediated 
Amphibian Tai l metamorphosis. Environ Health Perspect 
2008;116:165-72.

4. Dilda PJ, Hogg PJ. Arsenical-based cancer drugs. Cancer Treat 
Rev 2008;33:542-64.

5. Benbrahim-Tallaa W. Inorganic arsenic and human prostate 
cancer Environ Health Perspect 2008;116:158-64.

6. Golechha M, Chaudhry U, Bhatia J, Saluja D, Arya DS. 
Naringin protects against kainic acid-induced status epilepticus 
in rats: Evidence for an anti- oxidant, anti-inflammatory and 
neuroprotective intervention. Biol Pharm Bull 2011;34:360-5.

7. Arhoghro EM, Ekpo KE, Anosike EO, Ibeh GO. Effect of 
Aqueous Extract of Bitter Leaf (Vernonia Amygdalina Del) on 
Carbon Tetrachloride (CCl4) Induced Liver Damage in Albino 
Wistar Rats. Eur J Sci Res 2009;26:115-23.

8. Adetutu A, Morgan WA, Corcoran O. Ethnopharmacological 
survey and in vitro evaluation of wound-healing plants used in 
South-western Nigeria. J Ethnopharmacol 2011;137:50-6.

9. Ademola IO, Eloff JN. Anthelminthic activity of acetone extract and 
fractions of Vernonia amygdalina against Haemonchus contortus 

eggs and larvae. Trop Anim Health Prod 2011;43:521-7.
10. Gresham LJ, Ross J, Izevbigie EB. Vernonia amygdalina: 

Anticancer activity, authentication and adulteration detection. Int 
J Environ Res Public Health 2008;5:342-8.

11. Patel DK, Kumar R, Prasad SK, Sairam K, Hemalatha S. 
Antidiabetic and in vitro antioxidant potential of Hybanthus 
enneaspermus (Linn) F. Muell in streptozotocin-induced diabetic 
rats. Asian Pac J Trop Biomed 2011;1:316-22.

12. Holland N, Bolognesi C, Kirsch-Volders M, Bonassi S, Zeiger E, 
Knasmueller S, et al. The micronucleus assay in human buccal 
cells as a tool for biomonitoring DNA damage: The HUMN project 
perspective on current status and knowledge gaps. Mutat Res 
2008;659:93-108.

13. Marinari S, Masciandaro G, Ceccanti B, Grego S. Kinetics of 
acid phosphatase in calcium chloride extractable soil organic 
matter. Soil Biol Biochem 2008;40:2076-8.

14. Varela NM, Quiones LA, Orellana M. Study of cytochrome P4502E1 
and its allele variants in liver injury of nondiabetic, nonalcoholic 
steatohepatitis obese women. Biol Res 2008;41:81-92.

15. Dudonné S, Vitrac X, Coutière P, Woillez M, Mérillon JM. 
Comparative study of antioxidant properties and total phenolic 
content of 30 plant extracts of industrial interest using DPPH, 
ABTS, FRAP, SOD, and ORAC assays. J Agric Food Chem 
2009;57:1768-74.

16. Wangchuk P, Keller PA, Pyne SG, Taweechotipatr M, Tonsomboon 
A, Rattanajak R, et al. Evaluation of an ethnopharmacologically 
selected Bhutanese medicinal plants for their major classes 
of Phytochemicals and biological activities. J Ethnopharmacol 
2011;137:730-42.

17. Dahal BM, Fuerhacker M, Mentler A, Karki KB, Shrestha RR, 
Blum WE. Arsenic contamination of soils and agricultural plants 
through irrigation water in Nepal. Environ Pollut 2008;155:157-63.

18. Ramesh B, Karuna R, Sreenivasa SR, Haritha K, Sai DM, 
Bhusana S, et al. Effect of Commiphora mukul gum resin on 
hepatic marker enzymes, lipid peroxidation and antioxidants 
status in pancreas and heart of streptozotocin induced diabetic 
rats. Asian Pac J Trop Biomed 2012;2:895-900.

19. Odunola OA, Kazeem A, Akinwumi B. Interaction and 
enhancement of the toxic effects of sodium arsenite and lead 
acetate in Wister rats. Afr J Biomed Res 2007;10:59–65.

20. Momoh MA, Muhamed AA, Agboke EI, Akpabio, Osonwa UE. 
Immunological effect of aqueous extract of Vernonia amygdalina 
and a known immune booster called immunace and their 
admixtures on HIV/AIDS clients: A comparative study Asian Pac 
J Trop Biomed 2012;2:181-4.

21. Hu J, Gao WY, Ling NS, Liu CX. Antidiarrhoeal and intestinal 
modulatory activities of Wei-Chang-An-Wanextract. J 
Ethnopharmcol 2009;125:450-5.

22. Moorthi C, Krishnan K, Manavalan R, Kathiresan K. Preparation 
and characterization of curcumin piperine dual drug loaded 
nanoparticles. Asian Pac J Trop Biomed 2012;2:841-8.

23. Hu J, Gao WY, Gao Y, Ling NS, Huang LQ, Liu CX. M3 muscarinic 
receptor and Ca2þ influx-mediated muscle on tractions induced 
by croton oil in isolated rabbit jejunum. J Ethnopharmacol 
2010;129:377-80.

24. Ma CY, Gao WY, Gao Y, Man SL, Huang LQ, Liu CX. 
Identification of chemical constituents in extracts and rat plasma 
from Fructus Aurantii by UPLC-PDA-Q-TOF/MS. Phytochem 
Anal 2011;22:112-8.

Cite this article as: Adetutu A, Oyewo EB, Adesokan AA. Protective effects 
of Vernonia amygdalina against sodium arsenite-induced genotoxicity in rat. 
Phcog Res 2013;5:207-11.

Source of Support: Nil, Conflict of Interest: None declared.


