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ABSTRACT: Objectives: Moringa oleifera has enormous attention as the 'natural
nutrition of the tropics and an essential food commodity. Antioxidants important in
deactivating free radicals having damaging role on biological cells. Polyphenolic
compounds are the most prevalent antioxidants seen in plants. Present study aims to
evaluate the antioxidant and antitumor effect of ethanolic leaf extract of Moringa
oleifera (ELMO) against Ehrlich's ascites carcinoma bearing Swiss albino mice.
Materials and Methods: 500 mg/kg body weight of ELMO was administered once
in a day about 15 days after 24hrs of tumour inoculation. In mice treated with ELMO
we observed decreased body weight, abdominal circumference and tumour volume,
when compared to Ehrlich's ascites carcinoma control mice. We also observed in
mice Treatment with ELMO decreased levels of lipid peroxidation (LPO) and
increased levels of (GSH), and superoxide dismutase (SOD). Results: Mice treated
with 500mg/kg body weight of ELMO have shown a significant decrease in both the
protective and curative group of body weight, tumour volume, and abdominal
circumference compared to the Ehrlich's ascites carcinoma tumour group. The levels
of lipid peroxidation, GSH, and superoxide dismutase also altered. Discussion and
Conclusion: The present study demonstrates that the ethanolic leaves extract of
Moringa oleifera increased the life span of Ehrlich's ascites carcinoma tumour-
bearing mice and decreased lipid peroxidation. These parameters suggest that the
ethanolic leaves extract of Moringa oleifera exhibits potential antioxidant and
antitumor effects.

INTRODUCTION: Free radicals are fundamental

Antioxidants are well known for their role in

to any biochemical process and contain a pivotal
part of life processes. Production of reactive
oxygen species such as hydroxyl radical (OH),
superoxide (02-.), hydrogen peroxide (H,0,), and
singlet oxygen (102) is associated with several
degenerative diseases such as diabetes, cancer,
cardiovascular diseases, Alzheimer's disease, and
inflammation * 2, alteration in the balance between
production of free radicals and the scavenging
activities of antioxidants causes oxidative stress **,
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deactivating free radicals that have damaging roles
in biological cells °. Polyphenolic compounds are
the most prevalent antioxidants seen in plants and
they are mainly categorized into flavonoids,
phenolic acids, stilbenes, and lignans °. Evidences
from epidemiologic studies have revealed that,
consumption of leafy vegetables was associated
with reduced risk of diseases due to their
antioxidant properties.

Moringa oleifera is widely cultivated in Southeast
Asia, mainly in India, Thailand, and the Philippines
’. The compounds of Moringa oleifera, in addition
to their essential medicinal properties, act as
effective antioxidants and inhibitors of bacterial
and fungal growth. Moringa oleifera is rich in
phenolic compounds to inhibit oxidation in food ® °
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considerably. There are 11 phenolic acids are
present in the leaves of Moringa oleifera (gallic
acid, caffeic acid, chlorogenic acid, o-coumaric
acid, p-coumaric acid, ellagic acid, gentisic acid,
sinapic acid and syringic acid) ' ™, flavonoids
(primarily flavonol and glycoside: quercetin,
rhamnetin, campferol, apigenin, and myricetin),
and their derivatives (p-coumaroylquinic acids and
their isomers, feruloylquinic, and caffeoylquinic)
2" The leaves of Moringa oleifera traditionally
have various biological activities, including
hypocholesterolemic agent =3, regulation of thyroid
hormone status ** and antidiabetic *°, gastric ulcers
6 antitumor ', and hypotensive agent
Antioxidant properties of any natural compound
helps to maintain health when continuously taken
in dietary foods, spices, or drugs *°.

Ehrlich's ascites carcinoma originally appeared as
spontaneous breast cancer in female mice and used
as a subcutaneously transplantable tumour in the
mouse system 2°. Ehrlich's ascites carcinoma is an
undifferentiated carcinoma, which is hyper diploid
in nature and it has the characteristics of rapid
proliferation, high transplantation, short life span,
and 100% malignancy with no tumour-specific
transplantation antigen 2. The resemblance of
Ehrlich's ascites carcinoma and human tumours are
more sensitive to chemotherapy can be used as an
efficient model in in-vivo anticancer studies. The
present study shows the antioxidant activity of
ethanolic leaf extracts of Moringa oleifera Lam.
(ELMO) against Ehrlich ascites carcinoma (EAC)
in albino mice.

MATERIAL AND METHODS:

Plant Material: The leaves of Moringa oleifera
Lam collected in the month of January 2019 from
Anantapuramu district, Andhra Pradesh, India. The
plant was identified and accession number (134/A)
was confirmed by a taxonomist from SK university
anantapuramu. The leaves were dried under the
shade and powdered with a mechanical grinder and
stored in an air-tight container.

Preparation of the Extract: 150g of Moringa
oleifera leaves powder was soaked in 90% ethanol
and 10% distilled water for 24 hours in a
percolator, after 24 hours it was allowed to
percolate, and the extract was collected in Petri
dishes. The extract was concentrated in a vacuum
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using a rotary flash evaporator (40°C) and there
was a net yield of 23.00 g of the concentrated
extract (17.80 w/w %).

Animals used: Swiss albino mice, weighing 20-
25¢g, male, were procured from the animal house of
the Basaveshwara Medical College and Hospital,
Chitradurga, Karnataka, India. The number of
animals used in the present study was 116 and All
the animals kept in standard polypropylene cages
under standard conditions: temperature (24+10C),
relative humidity (40-45%), and a 12:12 light: dark
cycle. All the animals were fed with standard
rodent diet (Amruth Rat Feed, manufactured and
supplied by Pranav Agro Industries, Pune, India),
and water ad libitum. The animals were allowed to
acclimatize to laboratory conditions 48h before we
start the experiment, and the experimental protocol
was duly approved by the institutional animal
ethical committee (Reg. no.1284/ac/09/CPCSEA).

Transplantation of Tumours: The Ehrlich's
ascites carcinoma cells obtained from the Amala
Cancer Research Institute, Thrissur, and Kerala,
India and were maintained in vivo in male Swiss
albino mice by intraperitoneal (i.p.) transplantation
of 3 x 106 cells per mouse every 10" day. Ascitic
fluid was drawn from Ehrlich ascites carcinoma
tumour-bearing mice around 7 to 8 days of tumour-
bearing cells, and animals received 0.2 ml of
tumour cell suspension containing 3x106 tumour
cells intraperitoneally. Ehrlich ascites carcinoma
cells were collected from male Swiss donor albino
mice of 20-25 g body weight and suspended in
sterile saline (0.9% NaCl, Almotaheda pharma) and
fixed number of viable cells (usually 3x 106
cells/mice) were implanted in the peritoneal cavity
of each recipient mouse ?°. 0.5 ml of Ehrlich ascites
carcinoma was withdrawn by a sterile disposable
syringe, diluted with 4.5 ml of normal saline
(0.9%Nacl), 0.2 ml of diluted EAC was injected
I.p. in each recipient mouse then tumour cells were
allowed to multiply within the peritoneal cavity.

Antioxidant  Activity in  Ehrlich  Ascites
Carcinoma Model: In this study total of 24 male
albino mice were taken, divided into four groups,
each group contains 6 animals (n=6).

Group I: Normal Control (Non-EAC bearing
mice). This group consists of 6 Swiss albino mice;
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all mice received 5.0 ml of normal saline/kg body
weight orally by gastric intubation daily for 15
days.

Group Il: Ehrlich ascites carcinoma Control
(EAC-bearing mice). This group consists of 6
Swiss albino mice induced with Ehrlich ascites
carcinoma. About 3x 106 EAC tumour cells were
injected intraperitoneally into healthy mice. All the
mice received daily 5.0 ml of normal saline/kg
body weight orally by gastric intubation for 15
days.

Group I11: Protective group (ELMO treated-EAC
bearing mice). This group consists of 6 Swiss
albino mice; each animal-treated ELMO (500 mg /
5ml / kg body wt.) was mixed in 5.0ml of a warm
aqueous solution, given orally into gastric
intubation once a day for 4 days and on the 5th day
3x106 Ehrlich ascites carcinoma tumour cells were
injected intraperitoneally. Again ELMO (500, mg /
5ml /kg body wt.) was given orally to each animal
for 11 days.

Group 1V: Curative group (EAC bearing- ELMO
treated mice). This group consists of 6 Swiss
healthy albino male mice were injected about 3x
106 EAC tumour cells intraperitoneally and have
received 5.0 ml of normal saline/kg body weight
orally by gastric intubation daily for 4 days. 5th day
onwards, 5.0 ml warm agueous solution of ELMO
(500 mg /kg body weight) was given orally for 15
days.

Body Weight: The body weights of experimental
mice measured both in the treated and control
group at the beginning of the experiment (day 0)
and sequentially on every 5th day during the
treatment period.

Tumour Volume: All the Animals were dissected
and ascitic fluid was collected from the peritoneal
cavity, volume of the fluid was measured by taking
it in a graduated centrifuge tube, and packed cell
volume was determined by centrifuging at 1000
rpm for 5 min,

Estimation of Antioxidant: On the 15th day, body
weights and abdominal circumferences were
recorded in all the control protective and curative
groups, and then the mice were anesthetized and
sacrificed. The ascitic fluid was collected
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immediately in clean dry graduated tubes by
puncturing the abdomen. The volumes of fluid
were noted and blood samples from each mouse
collected from the eyes by Sino-orbital puncture of
mice using micro-capillary tubes #. The blood
samples were withdrawn in clean, dry test tubes
containing ethylene diamine tetra acetic acid
(EDTA) and centrifuged at 3000 rpm for 15
minutes. The supernatant plasma was separated and
stored deep-frozen at -20°C until assayed and the
remnants (the packed RBCs) were stored in a deep
freezer at -20°C until assayed. The mice were
dissected, and liver tissues removed directly,
bloodstains of liver tissues were removed by
smooth blotting using blotting paper and
immediately transferred into a clean pre-weighed
beaker. Then one part of the liver samples
homogenized in 0.9% NaCl (1g of the liver tissue
added to 10ml of 0.9% NaCl i.e., 1:10 W/V) using
Teflon mortar and the homogenates was stored at —
20°C until assayed.

Estimation of Lipid Peroxidation (LPO): The
levels of thiobarbituric acid reactive substances
(TBARYS) in the liver and plasma were measured by
the method of Yoshioka et al. * as a marker for
lipid peroxidation. Blood plasma in the case of
liver: 10% (w/v), i.e. 1 g of liver tissue was
homogenized in 10 ml saline 0.9% NaCl. In a 10
ml centrifuge tube, 0.5 ml of the sample was mixed
with 2.5 ml of Trichloroacetic acid (TCA), and 1
ml of TBA added to the solution, then incubation
was done for 30 minutes in a boiling water bath,
followed by rapid cooling.

The standard solution was prepared by adding
1.9ml of Trichloroacetic acid, and 1ml of TBA.
The blank was prepared by mixing 2 ml of
Trichloroacetic acid with 1 ml of TBA. 4ml of n-
butyl alcohol added to all the tubes, and after
shaking, tubes were centrifuged at 3000 rpm for 10
minutes, the n-butanol layer transferred to the
cuvette and the optical density (OD) measured at
532nm.

Estimation of Reduced GSH: The liver tissue and
plasma Glutathione were determined by the method
of Beutler and Kelly °, virtually all the non-protein
sulfhydryl groups of tissues are in the form of
reduced Glutathione and 0.2 ml of tissue
homogenate was mixed with 1.8 mL of EDTA
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solution, 3.0 ml precipitating reagent (after
precipitating proteins with TCA) was added to this
solution, mixed thoroughly, and kept for 5 min
before centrifugation. 4.0 ml of 0.3-M disodium
hydrogen phosphate solution and 1.0 ml of DTNB
(5, 5-dithiol bis 2-nitro benzoic acid) reagent were
added to 2.0 ml of the filtrate, and the absorbance
read at 412nm.

Assay of Superoxide Dismutase: The activity of
Superoxide dismutase in liver tissue and plasma
was assayed by the method of Minami %, the assay
mixture contained blood (packed RBC’s), and liver
tissue homogenate was 10 % wi/v, 0.9 % NacCl
using Teflon mortar homogenizer, ethanol, and
chloroform (2:1 v/v) for removal of hemoglobin, 20
g. of cacodylic sodium buffer and five ml of
diethylene diamine Penta acetic acid (DPTA) was
dissolved in 2L distilled water. The pH of the
buffer was adjusted to 8.2 by adding Tris hydroxyl
methylene amino methane using a pH meter and
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the volume was completed to 100 ml distilled
water: Then, 0.0801gm of Nitro —blue tetrazolium
dissolved in distilled water and the volume was
adjusted to 100 ml, 16 ml Triton x-100 was added
to 100 ml of distilled water, 0.011 gm Pyrogallol
was dissolved in 10 ml 1 N HCI and being used as
a stock solution .1 ml of the stock solution was
completed to 10 ml with distil water for being used
in the assay. Stopper solution of 16 ml Triton x-
100 was added to 8.2 ml of formic acid and the
volume was completed to 100 ml by distilling
water.

RESULTS: Antitumor activity of ELMO against
EAC tumour-bearing mice was assessed by the
parameters such as body weight, abdominal
circumference, and tumour volume and the results
are shown in Fig. 1. The tumour volume and body
weight were significantly (p < 0.01) increased in
EAC control animals when compared with normal
control animals.
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Different groups of male Swiss albino mice treated with ELMO
FIG. 1: BODYWEIGHT, ABDOMINAL CIRCUMFERENCE, AND TUMOUR VOLUME OF DIFFERENT GROUPS
OF EAC-BEARING MICE. Administration of ELMO at the dose of 500 mg/kg body wt. significantly (p < 0.05) decreased
body weight, abdominal circumference, and tumour volume.

TABLE 1: ANTIOXIDANT EFFECT OF MORINGA OLEIFERA ON BLOOD AND LIVER TISSUE IN EAC-
BEARING MICE

Group TBARS (mM/L) GSH (mg/ dl) SOD (ug/ ml)
Plasma Liver Plasma Liver Plasma Liver
Normal control 19.84 + 1.89 166.84 +5.28 2.73+0.22 10.72+0.71  7.45+042  3.81+0.29
EAC control 33.84 + 1.67 190.33 +3.15 1.02+0.22° 849+0.54 256+030 1.23+0.08
Protective 2427+380°  170.99+579 2.68+0.07  9.82+0.28 466+028 355+0.51
Curative 30.08 +2.65* 173.83+6.63° 249+089  9.62+026  479+0.84 3.13+0.09

Data was expressed as Mean + S.E.M. (n = 6) animals in each group, *p<0.01, **p<0.001, ***p<0.0001 vs EAC control and
Normal control.

Antitumor Effect of ELMO on TBARS Levels:
ROS formed in cancer tissues results in lipid
peroxidation and subsequently to increase in
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Malondialdehyde (MDA) level. Fig. 2 depicts the
levels of TBARS in the plasma and liver tissue of
experimental animals. In the present study, the
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levels of Malondialdehyde were significantly (p <
0.01) increased in Ehrlich's ascites carcinoma
control animals compared to normal control
animals. After treatment with ELMO at 500 mg/kg
body weight the protective and control groups
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showed significantly (p < 0.001) reduced
Malondialdehyde levels compared to Ehrlich's
ascites carcinoma control animals, and results are
expressed as mmol/L.
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FIG. 2: PLASMA AND LIVER THIOBARBITURIC ACID REACTIVE SUBSTANCES (TBARS) OF NORMAL AND

DIFFERENT GROUPS OF EAC-BEARING MICE

Antitumor Effect of ELMO on GSH Levels: Fig.
3 depicts the levels of glutathione in the plasma and
liver tissue of experimental animals. In the present
study the levels of glutathione was significantly (p
< 0.01) reduced in Ehrlich's ascites carcinoma

animals. After treatment with ELMO at 500 mg/kg
body weight of the protective and control groups
showed significantly (p < 0.0001) increased levels
of glutathione compared to Ehrlich's ascites
carcinoma control animals, and the results were

control animals compared to normal control expressed as mg/dl.
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FIG. 3: GLUTATHIONE (GSH) IN PLASMA AND LIVER
EAC-BEARING MICE

Antitumor Effect of ELMO on SOD Levels: Fig.
4 depicts the levels of Superoxide dismutase in the
plasma and liver tissue of experimental animals. In
the present study, the levels of SOD were
significantly (p < 0.01) reduced in Ehrlich's ascites
carcinoma control animals compared to normal
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TISSUE OF NORMAL AND DIFFERENT GROUPS OF

control animals. After treatment with ELMO at 500
mg/kg body weight the protective and control
group both showed significantly (p < 0.0001)
increased Superoxide dismutase levels compared to
Ehrlich's ascites carcinoma control animals and the
results were expressed as mg/dl.
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FIG. 4: SUPEROXIDE DISMUTASE (SOD) IN PLASMA AND LIVER TISSUE OF NORMAL AND DIFFERENT

GROUPS OF EAC-BEARING MICE

DISCUSSION: The present study in EAC tumour-
bearing mice carried out to evaluate the antitumor
activity and antioxidant status of ethanolic leaf
extract of Moringa oleifera (ELMO). We observed
in Ehrlich’s ascites carcinoma tumour-bearing mice
a rapid increase in ascitic tumour volume, and
ascitic fluid is the direct nutritional source for
tumour cells, and a rapid increase in ascitic fluid
with tumour growth would be a means to meet the
nutritional requirement of tumour cells 2’.

Animals treated with ELMO inhibit the tumour
volume, abdominal circumference, body weight,
and viable tumour cells, and increased the life span
of the tumour-bearing mice. The reliable criteria for
judging the value of any anticancer drug are the
prolongation of the life span of animals %.

It was concluded that ELMO by decreasing the
nutritional fluid volume, arrests the tumour growth
of Ehrlich's ascites carcinoma -bearing mice. Thus,
ELMO has antitumor activity against Ehrlich's
ascites carcinoma bearing mice. In mice bearing
Ehrlich's ascites carcinoma tumour showed rapid
increase in ascitic tumour volume. Ascitic fluid is
the direct nutritional source for tumour cells, and a
rapid increase in ascitic fluid with tumour growth
would be a means to meet the nutritional
requirement of tumour cells %’

Malondialdehyde (MDA) is formed during
oxidative degeneration as a product of free oxygen
radicals 2°, and was accepted as an indicator of lipid
peroxidation *°. Malondialdehyde, the end product
of lipid peroxidation, was reported to be higher in
cancer tissues than in non-diseased organs *'. The
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findings of the present study indicate that, TBARS
levels in the tested cancerous tissues are higher
than those in normal tissues. The results of the
present study are in agreement with the published
data ** % and emphasizes the reduction in free
radical yield and the subsequent decrease in harm
and damage to the cell membrane and a decrease in
Malondialdehyde production.

Glutathione, a potent inhibitor of the neoplastic
process, plays a vital role in the endogenous
antioxidant system. It is found in exceptionally
high concentrations in the liver and is known to
have a crucial function in the protective process.
Excessive production of free radicals results in
oxidative stress, which damages the
macromolecules in in-vivo lipid peroxidation **.

It was also reported that the presence of tumours in
the human body or in experimental animals affects
many functions of the vital organs, especially the
liver, even the tumour site does not interfere
directly with organ function *.

In our study, GSH levels in experimental mice
were significantly lower than the Ehrlich's ascites
carcinoma control mice. Superoxide dismutase
catalyzes the diminution of superoxide into H,O,,
which should eliminate by glutathione Peroxidase
and, or catalase *°. Further, it was reported that, a
decrease in Superoxide dismutase activity in
Ehrlich's ascites carcinoma bearing mice may be
due to the loss of Mn2+-containing Superoxide
dismutase activity in EAC cells, and the loss of
mitochondria, leading to a decrease in total
Superoxide dismutase activity in Liver and plasma,
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similar findings were observed in our present study
in Ehrlich's ascites carcinoma bearing mice. The
administration of ELMO showed a significantly
increased Superoxide dismutase a and was reported
that, plant-derived extracts containing antioxidant
Erinciples showed cytotoxicity toward tumour cells
" and antitumor activity in experimental animals %,
Antitumor activity of these antioxidants is either
through induction of apoptosis *° or by inhibition of
neovascularisation The implication of free
radicals in tumours is well documented **. The free
radical hypothesis supported the fact that the
antioxidant effectively inhibits the tumour, and the
observed properties attributed to the antioxidant
and antitumor principles present in the plant
extract.

CONCLUSION: In conclusion, the present study
demonstrates that the ethanolic leaves extract of
Moringa oleifera (ELMO) increases the life span of
Ehrlich's ascites carcinoma tumour-bearing mice
and decreases the lipid peroxidation and
augmenting the endogenous antioxidant enzymes in
the liver and plasma. These parameters suggest that
the ethanolic leaves extract of Moringa oleifera
(ELMOQO) exhibits potential antioxidant and
antitumor effects.
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