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Abstract

Previous studies have suggested that arsenic crosses the placenta and affects the fetus development. The study
under consideration aims to show comparative ameliorative effect of Moringa oleifera leaf and flower extracts
against sodium arsenate induced fetus toxicity of mice. Pregnant mice (N=44) were kept in lab and divided into
eleven group from (A to K) and were orally administered the doses 6 mg/kg, 12 mg/kg for sodium arsenate,
150 mg/kg and 300 mg/kg for Moringa oleifera leaf extracts (MOLE) and 150 mg/kg and 300 mg/kg for Moringa
oleifera flower extracts (MOFE) comparing with control. The investigation revealed evident reduction in the fetuses
weight, hind limb, fore limb, tail and snout length, crown rump and head circumferences well as malformations
in tail, feet, arms, legs, skin and eyes in the negative control group (only administered with sodium arsenate).
Co-administration of sodium arsenate with MOLE and MOFE ameliorate the reversed effect of sodium arsenate
on the shape, length, body weight and DNA damage of fetus significantly at 95% confidence interval. However,
Moringa oleifera leaf extract showed more significant results in comparison to Moringa oleifera flower extract.
Hence concluded that Moringa oleifera leaf extract ameliorated the embryo toxic effects of sodium arsenate and
can be used against environmental teratogens.

Keywords: Moringa oleifera, comet assay, deformed axis, laproschisis, rump.

Resumo

Estudos anteriores sugeriram que o arsénio atravessa a placenta e afeta o desenvolvimento do feto. O estudo em
consideracdo visa mostrar o efeito melhorador comparativo de extratos de folhas e flores de Moringa oleifera
contra a toxicidade fetal induzida por arseniato de s6dio em camundongos. Camundongos gravidas (N = 44)
foram mantidos em laboratério e divididos em 11 grupos (de A a K) e foram administrados por via oral nas doses
de 6 mg/kg, 12 mg/kg para arseniato de sédio, 150 mg/kg e 300 mg/kg para extratos de folhas de Moringa oleifera
(MOLE) e 150 mg/kg e 300 mg/kg para extratos de flores de Moringa oleifera (MOFE) em comparagao com o controle.
A investigacdo revelou reducdo evidente no peso do feto, membro posterior, membro anterior, comprimento da
cauda e focinho, coroa, nadega e circunferéncia da cabega, bem como malformagdes na cauda, pés, bracos, pernas,
pele e olhos no grupo de controle negativo (apenas administrado com arseniato de sédio). A coadministracdo de
arseniato de sédio com MOLE e MOFE melhora significativamente o efeito reverso do arseniato de sédio na forma,
comprimento, peso corporal e dano ao DNA do feto, com intervalo de confianga de 95%. No entanto, o extrato da
folha da Moringa oleifera apresentou resultados mais significativos em comparacdo ao extrato da flor da Moringa
oleifera. Portanto, concluiu que o extrato da folha de Moringa oleifera melhorou os efeitos téxicos do arseniato de
s6dio para o embrido e pode ser usado contra teratégenos ambientais.

Palavras-chave: Moringa oleifera, ensaio cometa, eixo deformado, laprosquise, alcatra.
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1. Introduction

Heavy metals like arsenic, copper, cadmium, lead,
zinc, nickel, and chromium are usually found in water
and dangerous to human beings and environment
Jaishankar et al. (2014). Erosion of soil, weathering of
rocks, industrial waste, urban sewage, pesticides, mining
and other ways are common sources of heavy metals
Morais et al. (2012). Arsenic is one of the dangerous heavy
metal and abundantly found in earth crust. It has valency
of (Il) or (V) and found in inorganic and organic forms.
Chile, Argentina, India, Nevada, California, China, Taiwan,
Thailand, Mongolia, Mexico, North Dakota, Nepal and
Central Oklahoma in USA are hotspots of arsenic in world
for surface or groundwater (Abdul et al., 2015; Carlin et al.,
2016). Arsenic is found in oxides or sulphides form of iron,
calcium and sodium salts Singh et al. (2007). At earth, it
is 20th plentiful metal. Inorganic arsenite and arsenates
are dangerous to living things and environment. 10 ppb
is maximum arsenic value according to Brown and Ross
(2002). Drinking water contamination with inorganic
arsenic is globally found to be major health concern.
Shakoor et al. (2015) studied the concentration of as in
rural areas like Chichawatni, Rahim Yar Khan and Vihari of
Punjab in Pakistan. 53% out of 62 water samples showed
the greater arsenic value than the WHO (World Health
Organization) permissible limits 10 pg/L. Arsenic values
are 15 times greater than the WHO described safe limits
in the ground water in different tehsils of district vehari
Shahid et al. (2018). In Pakistan water pollution is major
problem and peoples are affected with arsenic through
contaminated water, pesticides, fruits, vegetables and other
edibles with concentration more than WHO described limits
Bahadar et al. (2014). Inorganic arsenic consumption effects
seriously to human health and causes “arsenicosis” by low
and long-term exposure to arsenic McCarty et al. (2011).
Anemia, vascular disorders, respiratory and neuropathic
disorders occur due to lower chronic arsenic exposure
Trevor et al. (2010).

According to Chen et al. (2009) skin lesion, circulatory
dysfunction, nervous disorders, liver and kidney disorder,
diabetics and death occurs due to 10 to 300 microgram
per liter of As. Bladder cancer risk increased in smoker
when exposed to high doses of arsenic Wang et al. (2013).
Chronic low dose exposure could cause DNA damage and
inflammation Dutta et al. (2015). Tabacova et al. (1994)
in his study concluded that placental levels of arsenic
were greater in arsenic contaminated area and pregnant
females were at risk of oxidative damage. It has been
also found that arsenic crosses the placenta and affected
the fetus development Dietert and Piepenbrink (2006).
Preterm birth, mortality and reduced fetal weight have
been observed Ahmed et al. (2011). DNA damage and
oxidative stress, epigenetic modification, unstable the
genome, induced carcinogenesis by inflammation and
immune modulation. Hepatic damage, dermal, pulmonary,
and pancreatic cancer is linked with exposure to higher
arsenic and it also produces cardiovascular and nervous
disorders Rao et al. (2017). In genotoxicity, genetic material
(DNA and RNA) losses its properties due to destructive
effects of genotoxic substances which may lead to several
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diseases including cancer Ray (2014). Comet assay could
be used for evaluating DNA damage. In detection of DNA
depletion and repairing comet assay is one of the best
tool for prokaryotes and eukaryotes (Andem et al., 2013;
Hansen et al., 2014).

Moringa oleifera Lam., synonym M. ptreygosperma
Gaertn, family Moringaceae is commonly called drumstick,
kelor or horse radish Anwar et al. (2005). It is commonly
found in South Asia, Arabia, Africa, America, Pakistan,
India, and Himalayan regions, islands of Caribbean and
Pacific (Sreelatha and Padma, 2009). In Pakistan, Moringa
concanensis and Moringa oleifera are present and widely
cultured in moderate areas like, Punjab Plains, Sindh,
NWEFP and Balochistan. Antioxidants and nutraceuticals
are present in large amount in leaves, flowers, seeds fruits
and foods of Moringa oleifera Falowo et al. (2018). Moringa
leaves contain protein, potassium, calcium, iron, vitamin,
antioxidants like ascorbic acid, flavonoids, carotenoids,
polyphenols, rutin, glycosides, which could be used as food
in developing countries for nourishment (Siddhuraju and
Becker, 2003; Ndong et al., 2007). Seed and flower have
been used against arsenic induce toxicity in Albino rat by
(Gupta et al., 2005; Chattopadhyay et al., 2011). Despite
of above-mentioned beneficial effects of Moringa, its
application against metallic toxicity, specifically against
arsenic induced embryonic toxicity has not yet been
studied. Higher intake of arsenic in drinking water may
causes chronic embryo toxicity and tissue damage with
genotoxic risk to the population. So, the confirmation of
effectiveness of Moringa oleifera against arsenic induced
embryo toxicity in mice was necessary which showed
the beneficial effects of Moringa oleifera (extracts) against
arsenic induced embryo toxicity during critical time of
development.

2. Materials and Methods

2.1. Mice sampling

Albino Mice, Mus musculus (Temminck, 1845) (N=44) of
7-8 week, with initial body weight of 20-25g was obtained
from animal house of University of Veterinary and Animal
sciences, Lahore. Ethical permission was obtained from the
ethical committee of University of Veterinary and Animal
sciences Lahore, Pakistan via Ref. No.161. Dated 6-2-2020.

The mice were kept under standard conditions i.e.
temperature 25 °C with 12 hours, dark and light cycle and
treated with normal diet (National feed No. 14) which had
Energy: 2700 Kcal/Kg £ 100, Crude Protien: 16.5% £ 1, with
ingredients like cereals and corn. Tap water was given in
plastic bottles to animals as ad-libitum. In Pregnant female
mice, timed mating was induced by placing 1 male and
2 female together and presence of vaginal plug was the
indication of mating. The observation of a plug determined
the gestation day zero Rodriguez et al. (2016).

2.2. Chemicals

All chemicals like TCA, Triton X-100, Low and normal
melting agarose, Tris, Ethidium bromide etc were purchased
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from Merck company, Germany while Sodium arsenate
was obtained from Sigma chemicals, USA.

2.3. Preparation of Moringa oleifera extracts

Plant materials (leaves and flowers) were collected from
the Botanical garden of UVAS, Ravi campus Pattoki. The
method of extraction was given in report of Tabidi et al.
(2018). The plant material was sun dried for 7 days,
grounded into powdered form, and extracted through
soxhlet apparatus with solvent. Extracted solvent air dried,
stored at 4°C and was used with distilled water.

2.4. Qualitative and quantitative analysis of extracts

Qualitative and quantitative analysis of Moringa oleifera
leaf and flower extracts for the presence or absence of
phytochemicals were carried using standard procedures
given in reports of Santhi and Sengottuvel (2016) and
Adawia et al. (2016).

2.5. Administration of sodium arsenate and extracts
(MOFE and MOLE) to animals

Toxicant sodium arsenate to induce embryo toxicity
and test extracts (leaf and flower) of Moringa oleifera as
ameliorant was used with different doses at GD8-GD12.
Pregnant females were divided into groups (A, B, C, D, E,
F, G, H, I,] and K) with 4 pregnant females in each group.
A continuous chronic dose of sodium arsenate at GD-8
to GD-12 was administered orally to the pregnant mice
for induction embryonic abnormalities. Tested extract of
Moringa oleifera leaf and flower was also administered
orally with following doses as given below, 1Thour before
sodium arsenate administration in all experimental groups.
Where, Group A is of control while B and C were sodium
arsenate treated groups (A (0.00), B (6.00, 0.00), C(12.00,
0.00) mg/kg B.W.) Where, groups D to G were sodium
arsenate and M. oleifera flower extract treated groups. (D
(6.00, 150.00), E (6.00, 300.00), F (12.00, 150.00) and G
(12.00, 300.00) mg/kg B.W.) Where, groups H to K were
sodium arsenate and M. oleifera leafextract treated groups.
(H (6.00, 150.00), I (6.00, 300.00), J (12.00, 150.00) and
K (12.00, 300.00) mg/kg B.W.)All animals were observed
daily to count mortality and morbidity. Gross maternal
body weights were measured daily from GDO to GD18.

2.6. Fetuses samples collection

Pregnant females were anaesthetized at GD18 using
ether presented on a cotton ball and fetuses were obtained
surgically. Fetuses were weighed and photographed in
situ for morphological studies. Litters were observed
through count, deceased, normal and abnormal fetus.
Extra embryonic surroundings were cleared and formalin
10% was used to fix fetuses for 48hrs, after this kept in
70% alcohol Carson and Hladik (1997). Fetuses with more
morphological defects (caraniofacial, trunk, limbs, tail and
axis) were selected, recorded and tabulated. Verniercalliper
was used for morphometric studies (Head circumference,
nasal length, tail length, crown rump length, fore and
hind limbs length).
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Comet assay was used to check the DNA damage
according to report of Andem et al. (2013). Briefly, 1%
normal melting agarose (NMA 3 gm + 3 mL PBS) was used
to precoat the slides. Embryonic tissues were chopped
in 2 mL of lysis solution with ice. Homogenized solution
was filtered, centrifuged at 3000 rpm for 20 minutes.
Supernatants were transferred into new Eppendorf tube
and pellets were discarded. Phosphate buffer saline (PBS)
1% was added and centrifuged for 5-7 min. at 3000 rpm.
10 to 20 pL of pellet was mixed with 80 to 100 puL of
LMA (Low melting agarose) and spread on the precoated
slides. Covered these slides with cover slips and placed
on ice slab for 10 minutes, then placed upright in lysis
buffer for two hour. Prepared Slides were completely
dipped in alkaline buffer solution for 20 minutes. Slides
were electrophoresed for 30 minutes and removed from
electrophoresis apparatus. Samples stained with 1X
Ethidium bromide. Comet score were obtained by the
method of Cigerci et al. (2015). 150 nuclei per slide was
visually observed and counted at magnification of 400X
using a fluorescent microscope (Olympus, Japan) and
scored from 0-4 where 0 used stands for undamaged and
4 for maximum damage.

2.7. Statistical analysis

Statistical analysis SAS (version 9.1) software was used.
ANOVA (Analysis of variance) was used to compare the
means in all groups. P<0.05 was considered significant
and 5% was considered significance level for all analysis.

3. Results

Phytochemoical analyses of Moringa oleifera revealed
that alkaloids, flavonoids, steroids, Phenols were rich
than saponins and tanins. Currative potential of Moringa
oleifera was due to huge amount of phytoconstituents
like alkaloids, steroids, phenols and flavonoids as shown
in Table 1.

Table 1. Phytochemical analysis of Moringa oleifera with methanol.

Phytochemicals and Test ;f;‘;ist l;l)(()tv;l:::
Mayers Test for Alkolides ++ +
H,SO0, test for Flavonoids ++ +
Liebermann Burchard test for Steroids + +
Salkowski test for Terpenoids + +
Ferric Chloride test for Phenols +++ +
Frothing test Saponins ++ -
Ferric Chloride test for Tanins + +
Nitroprusside test for Glycosides + +
Ninhydrin test for Protein + +
Molisch test for Carbohydrates ++ +

+++ = higher concentration; ++ = moderate; + = low concentrations;
- = absent.
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Phenols, alkaloids, tannins, saponins and flavonoids
were found in higher concentrations in Moringa oleifera
leaf extract then the Moringa oleifera flower extract while
saponins were absent in Moringa oleifera flower extract
(Table 1).

3.1. Gross fetus analysis

Four females were used for each group. After fetuses
recovery at GD18, gross fetus analysis was done in terms
of total number of fetuses obtained, normal, abnormal
and resorbed fetuses (Figure 1). Significant results were
obtained from all experimental groups as compared to
control while Moringa oliefera leaf extract treated groups
showed significant results against sodium arsenate treated
groups B and C as shown in Figure 1.

3.2. Morphometric studies

Morphometric analysis showed that fetuses weight,
hind limb, fore limb, tail and snout length, crown rump
and head circumference decreased significantly (P<0.05)
in sodium arsenate treated groups B and C (Table 2) as

compared to control group. While Moringa oleifera leaf
extract treatment at a dose of 300 mg/kg B.W. showed
significant amelioration against sodium arsenate induced
morphometric abnormalities than the Moringa oleifera
flower extract.

3.3. Morphological studies

All the experimental groups showed significant
variation in morphological features with control group
except group I (SA6 + MOLE 300 + 6 mg/kg B.W) treated
with Moringa oliefera leaf extract which reduced the toxic
effects of sodium arsenate as compared to Moringa oliefera
flower extract treatment. Sodium arsenate at dose of 6 mg/
kg B.W (group B) and 12 mg/kg B.W (groups C) showed
abnormalities like hemorrhages, macroglossia, kinky tail,
deformed body, cryptothalmia, low set arm, laprocrisis,
club feet, omphocoel, micromelia, neck fissure, synotia,
anotia, elongated snout, disstorted axis, anopthalmia and
resorbed ovaries. Similarly, other groups excluding control
(A) showed anomalies like macrotia, anotia, skin lesion,
and open eyelids as shown in Figure 2.

Gross fetus analysis

u Total fetus obtained
25

= Normal fetus obtained

KkBbEL

= Abnormal fetus obtained

" b 22
32 32 339

1

Liki

Figure 1. Gross fetus analysis of fetuses recovered at GD18.

Table 2. Morphomatric analysis fetuses recovered at GD18 from sodium arsenate and Moringaoliefera leaf and flower extract treated

groups at gestation day 8-12 in mice.

Treatment Groups Doses (mg/kg/B.w) Maternal IBW (Mean * SD) Maternal FBW (Mean * SD)
Control (A) - 25+0.81 44 £115°
Sodium arsenate(B) 6 23.2+0.95 30.5+1.29¢
Sodium arsenate(C) 12 25+0.81 30+0.81¢
SA+MOFE (D) 6+150 23.2+0.95 33.2+0.50°
SA+MOFE (E) 6+300 23.2+0.95 30.7 +0.95¢
SA+MOFE (F) 12+150 24.7£0.95 35.5+0.57¢
SA+MOFE (G) 12+300 23+0.81 35.7+0.95¢
SA+MOLE (H) 6+150 24.2£0.50 38.2+£0.95¢
SA+MOLE (I) 6+300 23.2+0.95 42.2 £0.50°
SA+MOLE (J) 12+150 24.7+0.95 39.2 +0.50¢
SA+MOLE (K) 12+300 235%1.29 40.5 +0.57¢

Values bearing the same letters are insignificant and vice versa (P<0.05). Where, SA = Sodium arsenate, MOFE = Moringa oleifera flower extract;

and MOLE = Moringa oleifera leaf extract.
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A(Control)7X

B(SA 6mg)ox

C3(SA 12mg)i15X Di(sA 6mg+MF150mg)15X E(SA6mg+MF300mg)9 X

F(sA 12mg+«MFI50mg)5 X G(SA 12mg+MF300mg)15X H(SA6mg+ML150mg)9 X

HSAemg+mL300mg)7 X J(SA 12mg+mML150mg)9X  K(SA 12mgs+ ML 300mg)9 X

Figure 2. Morphological features of mice fetuses recovered at GD18 administered with different doses of sodium arsenate and Moringa
leaf and flower extracts given above. H = Head; Ey = Eye; FL = Fore Limb; HL = Hind Limb; S = Snout; T = Tail; DA = Distorted Axis; DF
= Deformed; He = Hemorrhage; KT = Kinky Tail; NF = Neck Fissure; OE = Open Eyelid; Mm = Micromelia; SI = Skin Lesion; CF = Club
Feet; mg = Macroglossia; Ls = Laproschisis; Mc = Macrotia; Es = Enlarge Snout; Cr = Cryptothalmia; An = Anopthalmia; Sy = Synotia;
An = Anotia; OM = Omphocoel; R = Resorbed Ovary; LSA = Low Set Arm; Ec = Exencephaly.

3.4. Comet assay as compared to control group (27.50 + 1.29) except in

The results of comet assay (Table 3) showed dose ~ Moringa oleifera leaf extract (Group I) which showed
dependent response in all groups. Statistically significant  similarity (28.50 + 1.29) with control while sodium arsenate
difference (P<0.05) for all treatment groups was observed  treated groups at dose of 6 mg/kg B.W. and 12 mg/kg B.W.
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Table 3. Genotoxic effects of sodium arsenate on mice embryo and ameliorative effect of Moringaoliefera extracts (leaf and flower).

Doses groups Fetuses weight Hindlimb  Forelimb Tail length Snoutlength Crown rump . Head
circumference
mg/kg/B.W (mg) (mm) (mm) (mm) (mm) length (mm) (mm)

(A) Control 1330.12 £16.03* 1013 £0.46* 9.26 +0.44* 13.49+0.19° 4.48+0.20° 15.38 £ 0.16° 21.52 +0.81°
(B)SA 6 mg 530.64 +16.67¢ 558 £0.15" 4.45+0.17¢ 6.54+036'" 3.40+0.19° 8.01 £0.11 13.07 £ 0.08"
(C)SA 12 mg 494.08 + 54.56" 5.51+0.13" 4.44+0.14¢ 6.47+0.25 3371015 7.98 £ 0.07 13.06 £ 0.09"
(D) SA+MOFE 540.79 £27.23¢  5.81+0.08¢ 541+0.34¢ 6.80+0.55" 3.52+0.17% 8.43 £0.14" 15.49 + 0.10°
6 mg+150 mg

(E) SA+MOFE 933.58 £27.86¢ 8.66£0.49¢ 7.39+0.49¢ 11.86+0.81¢ 3.67+0.10¢ 1318 £+0.28<  20.25+0.34°
6 mg+300 mg

(F) SA+MOFE 70750 £2.54¢  570+0.10g" 5.05+0.15" 7.35%0.188 3.45+0.05¢ 8.90 £ 0.10¢ 13.93 £ 0.20¢
12 mg+150 mg

(G)SA+MOFE 773.48 £20.81¢  725+0.26° 6.57+0.28¢ 9.66+0.31¢ 3.57 £0.16%¢ 12.51+0.28¢  19.30+0.70¢
12 mg+150 mg

(H)SA+MOLE 609.00 + 1.01° 5.88+0.11" 506+0.16" 778+0.19" 3.41+0.03¢ 9.73 £0.25f 15.93 £ 0.39¢
6 mg+150 mg

(I) SA+MOLE 132843 +17.75°  9.69+0.23* 8.17+0.43" 13.03+0.57> 4.46+0.49* 1526 £ 0.46*  20.42 +0.54"
6 mg+300 mg

(J) SA+ MOLE 718.90 £ 11.12¢  9.29+0.237 551+0.16° 8.09+0.03¢ 3.65%0.20¢ 1028 £0.34°  16.44+0.78¢
12 mg+150 mg

(K)SA+MOLE 1287.67 +20.60* 9.12+0.67¢ 8.14+0.25" 11.84+0.73° 4.19%0.17° 1450 £1.07° 2037 £1.34°
12 mg+300 mg

Values bearing the same letters are insignificant and vice versa (P<0.05). Where, SA = Sodium arsenate; MOFE = Moringa oleifera flower extract;

and MOLE = Moringa oleifera leaf extract.

showed greatest DNA damage as 66.25 + 2.21 and 85.00
+2.94 respectively (Table 3).

4. Discussion

This study was focused to explore the effectiveness of
Moringa oleifera leaf and flower extracts against sodium
arsenate induced embryo toxicity during critical time of
development. Arsenic is causing embryonic abnormalities
and nervous disorders during neurolation Robinson et al.
(2011). Mutagenic, carcinogenic, and teratogenic effects
were observed when exposed to high level of arsenic
Shi et al. (2004). From all the teratogens, arsenic is
the most common teratogen, this teratogenicity was
confirmed by Hill et al. (2008). Arsenic exposure causes
the DNA damage and oxidation of DNA. These DNA strand
breakage were due to ROS (Reactive Oxidative Species)
induced by arsenic Shi et al. (2004). Phytochemicals had
ability to combat with free radicals and phenolics are one
of these compounds which have antioxidative property
Wangensteen et al. (2004 ). Moringa oliefera is a rich source
of antioxidants in its leaf, flowers and seed (Morton, 1991;
Sreelatha and Padma, 2009). Moringa bioactive compounds
like polyphenolics can act against teratogens which are
generating ROS (respiratory oxidative species) like arsenic
which induces oxidative stress and DNA damage in mice
Sikder et al. (2013). Antioxidating mechanism of Moringa
oleifera bioactive compounds was used to check the effective
potential of Moringa oleifera extracts against heavy metals
induced embryotoxicity.

6/9

Results of our studies showed hemorrhages,
macroglossia, kinky tail, deformed body, cryptothalmia,
low set arm, laprocrisis, club feet, omphocoel, micromelia,
neck fissure, synotia, elongated snout, distorted axis,
excencephaly, anopthalmia, resorbed ovaries and growth
retardation when sodium arsenate was given orally
to pregnant females. These abnormalities increased
significantly with increase of dose and time which is an
agreement with study of Arshad and Asmatullah (2017)
they found micromelia, anopthalmia, resorbed ovaries
and cryptothalmia when treated pregnant mice with
sodium arsenate. Morphometric data reveals significant
decrease in fetus weight, fore and hind limb, snout and
crown rump length which is compliance with studies of
Hopenhayn et al. (2003). He performed a study in cities
where arsenic in water was in great amount whereas
Arshad and Asmatullah (2017) studied embryo toxic effects
of arsenic and found fetuses weight, size, crown rump and
head circumference reduced significantly. While Moringa
oliefera leaf and flower extracts minimizes the sodium
arsenate induced morphometric and morphological
abnormalities of fetuses which is accordance with study
of Zeng et al. (2019) who observed improved litter size,
birth weight and fetus size and litter survival with Moringa
oleifera leaf . In recent study leaf extract showed better
results as compared to Moringa oleifera flower extract at
a dose of MOLE 300 mg/kg B.W and ameliorated all the
toxic effects of arsenic.

The results of comet assay to check the genotoxicity
(DNA damage) induced by sodium arsenate and
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ameliorative potential of Moringa oleifera flower and
leaf extracts showed that greatest damage was observed
in only sodium arsenate treated groups (C & D). In the
present study arsenic at a dose of 12 mg/kg B.W. showed
significant DNA damage than the dose of 6 mg/kg B.W.
It is due to greater dose concentrations which generated
more ROS (Reactive Oxidative Species) and causes the
DNA damage Kohen and Gati (2000). Phytochemicals can
neutralize this oxidative stress acting as radical savengers
Arouma (2002). In findings that MOIE and MOFE prevents
the DNA damage induced by sodium arsenate (Table 3).
The extracts have free radical scavenging activity which
is an agreement with study of De Bont and Van Larebeke
(2004). These findings are in agreement with studies
of Sinha et al. (2011) and Das et al. (2012). They had
checked the antioxidant efficacy of MOLE. Amelioration
of MOLE at a dose of 300 mg/kg B.W. was found against
sodium arsenate induced genotoxicity. Present study
gives the first validation that how Moringa oleifera can
provide protection with its bioactive compounds against
environmental teratogens like heavy metals specifically
arsenic which induces developmental toxicity like DNA
damage, morphometric and morphological anomalies.

5. Conclusion

Administration of sodium arsenate during organogenesis
of developing mice embryo at doses 6 mg/kg and 12 mg/kg
induced morphological malformations like hemorrhages,
macroglossia, kinky tail, deformed body, cryptothalmia,
low set arm, laprocrisis, club feet, omphocoel, micromelia,
neck fissure, synotia, anotia, elongated snout, disstorted
axis, anopthalmia, resorbed ovaries, macrotia, anotia,
skin lesion, and open eyelids as well as reduction in
the fetuses weight, hind limb, fore limb, tail and snout
length, crown rump and head circumference.. Also, the
treatment of Sodium arsenate increased the DNA damage.
Administration of Sodium arsenate with MOLE and MOFE
ameliorates the reversed effect of sodium arsenate because
of bioactive compounds like phenols, flavonoids, and
alkaloids. These compounds are more concentered in leaves
and that’s why MOLE shows more evident ameliorating
effect in comparison to MOFE. This study presented the
medicinal value of phytoconstituents of the Moringa oleifera
specifically leaf against teratogenic elements as well as
the hazardous effects of sodium arsenate, percolating in
our environment, on the fetus development.
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