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Abstract

Objective: The present study determines the potent cytotoxic and antitumor properties of methanolic extract of
Moringa oleifera leaves. Material and Method: The leaves were collected from in and around Tiruchengode of
Nammakal district of Tamilnadu. The collected leaves were shade dried and powdered and the Methanolic
extract was extracted using the soxhlet apparatus. /n-vitro cytotoxicity study was done by Tryphan Blue Dye
Exclusion method and MTT (3-(4, 5-dimethyl thiazolyl-2)-2, 5- diphenyltetrazolium bromide) assay. In short-term
cytotoxicity study by Tryphan Blue Dye Exclusion method the IC, value against EAC cell lines was found to be
163.91 pg/ml. In Long-term cytotoxicity study by MTT assay the IC, value against Normal Mouse Embryonic
Fibroblast (NIH 3T3) was found to be 260.85 pg/ml for Human Cervical Cancer cells (HeLA) was 182.41 pg/ml
for Human Laryngeal Epithelial Carcinoma (HeP-2) was 195.93. pg/ml and for Human Liver Cancer cells
(HepG2) was 168.61 pg/ml. The MST of the control group was 17.33 & 1.53 days, whereas it was 43.67 + 1.15,
23.67+1.53 and 33.33 & 1.53 days for the groups treated with MMO (200 and 400mg/kg) and 5-FU respectively
(0.001 & 0.001). The increase in lifespan of Tumour-bearing mice treated with MMO and 5-FU was found to be
36.75,92.78 and 152.84 respectively. Result: Haematological parameters of a tumour bearing mice on the day
14 were showed significant changes when compared to normal mice. The total WBC count, protein and PCV
were found to increase with a reduction in the hemoglobin content of RBC. At the same time interval, MMO
(200 and 400mg/kg) treatment could change these parameters near normal. Maximum alternation occurred in the
MMO treatment at the dose of (400mg/kg). There was the significant reduction in the Tumour volume of mice
treated with MMO (200 and 400 mg/kg/p.o.). The Tumour volume of control animals was 2. 92 + 0.12 ml where
it was 2.55+0.11 ml and 1.82 + 0.04 ml for the groups treated with MMO (200 and 400mg/kg/p.o) respectively
(P<0.01 & 0.005). Conclusion: The present study provides clear evidence, that the extract of Moringa olifera
shows effective cytotoxicity against Ehrlich ascites carcinoma (EAC) cells in Swiss albino mice. A further
study about the active principles and mechanism of action of the Methanolic extract of Moringa oleifera at the
molecular level was needed.
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Introduction

Development of science and technology lead to
the systematic understanding of functional attributes of
living organisms at macro and micro levels. This evolving
knowledge of molecular biochemical changes lead to
the evolution of the variety of medicines and traveled
far off from natural cure and used unnatural products by
neglecting the traditional healing mechanisms. But in
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recent years increasing realization is observed that though
traditional healing mechanisms do not have systematic
molecular mechanisms they were able to cure dreadful
diseases like cancer. However, Indian traditional medicine
is based on various systems include Ayurveda, Unani,
Siddha, Yoga, and Naturopathy.

It has also been observed that more than 80%
(3.5 to 4 billion) of the people in the developing world
rely on traditional medicine for their primary health
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care needs, where about 85% of traditional medicine
involves the use of plant extracts (WHO). Due to
the presence of active constituents such as alkaloids,
flavonoids, and glycosides, known as phytochemicals
and forms the basis of their healing property which is
also known as phytopharmacology. The main objective of
phytopharmacology is to isolate the active phytochemicals
to analyze as well as characterize their pharmacological
activity from the isolated compounds.

In the present world among the variety of diseases,
cancer and its complications become one of the most
common cause of death among the people. Among the
treatments in the present world chemotherapy remains as
an effective choice for the treatment of cancer but remain
to be ineffective in many cases due to the severe toxicity
which includes reduced immunity, suppression of bone
marrow and alopecia. Gradually increasing attention on
the herbal remedy for cancer therapy shows that herbal
drugs provide some benefit over allopathic medicine
including low toxicity. Among the different plant species
Moringa species reported to have a potent anticancer
activity [1-2] Moringa oleifera is an herbal drug, which
is used by tribes and native medical practitioners from
time immemorial to treat different kinds of diseases such
as arthritis, heart disease, cancer and gastric ulcer [3-4].
However, a cytotoxicological study on animal model for
this plant during cancer treatment is limited and needs
extensive research Hence the present work was conducted
to identify their role in cytotoxicology during cancer
treatment using animal model.

Materials and Methods

Ehrlich Ascites Carcinoma Cell (Mouse Tumor)

Ehrlich ascites carcinoma (EAC) cells have been
used throughout the study. The cells were obtained from
the courtesy of Amala Cancer Research Center, Thrissur,
Kerala, and India. EAC cells were maintained by weekly
intraperitoneal inoculation of 2 x 10 cells/mouse.

Human Tumour Cell Lines

Human Cervical Cancer cell line (HeLA), Human
Laryngeal Epithelial Carcinoma cell line (HeP-2), Human
Liver Cancer cell line (HepG2) were the three human
carcinoma cell lines used in the present study. The cell
lines were obtained from Cancer Research Institute,
Adayar, Chennai, India.

Methods

Coarsely powdered plant material was extracted
with 80 % methanol at room temperature for 72 hrs.
The phytochemical constituents present in the sample
were identified by the phytochemical tests based on the
references of [5-8]. The percentage of cytotoxicity was
determined by MTT assay method [9] and the IC, value
was calculated [10].

For studying the anticancer activity, the following
parameters like Median survival time (MST),
Hematological parameters and the Solid tumor volume
were determined [11-12]. MST was calculated by using

the following formula
% Increase in lifespan = T-C/C x 100

Where T- Average survival time of the test animals
C- Average survival time of the control animals.

Results

The phytochemical analysis of the leaf extract showed
the presence of alkaloids, carbohydrates, steroids, proteins,
saponins, fixed oil and fat, tannins, phenolic compounds,
flavonoids, glycosides.

In the in vitro cytotoxicity studies, the IC,  value against
EAC cell lines was found to be 163.91ug/ml whereas the
Normal Mouse Embryonic Fibroblast, (NIH 3T3), Human
Liver Cancer cell lines (HepG2), Cervical Cancer cell lines
(HeLA) and Human Laryngeal Epithelial Carcinoma cell
lines (HeP-2) showed 260.85,182.41, 168.61, and 195.93
respectively (Table 1).

In the in vivo antitumor studies the MST of the control
group showed 17.33 £+ 1.53 days, when compared with
the groups treated with MMO (200 and 400mg/kg) was
23.67+1.53, 33.33+1.53days. The increase in lifespan of
Tumor-bearing mice treated with MMO and 5-FU was
found to be 35.08, 91.83 and 167.94 (Table 2).

In the haematological analysis, in treated MMO
200 and MMO 400, the parameters like WBC, HTTP,
TP, and MID showed increased values whereas the
other parameters like HB, RBC, Lym and Gran showed
decreased values when compared with the control
(Table 3).

The analysis of MMO on solid tumor volume showed
the significant reduction in the Tumour volume of mice
treated with MMO 200 and 400. The Tumour volume

Table 1. In Vitro Cytotoxicity Studies On Human Cancer
Cell Lines

Cell lines used IC,, (ng/ml)
NIH 3T3 260.85 + 6.08
HeLA 18241 £1.85
HepG2 168.61 +3.99
HeP2 195.93 +2.84
EAC 163.91 £4.03

Table 2. Effect of MMO on Mean Survival Time and
Increase in Life Span of EAC Tumour Bearing Mice

Design of treatment MST Increase in life
(in days) span T/C %

Tumour Control 17.33£1.53 -

(1% sodium CMC) (Iml/kg/p.o)

5-FU (200mg/kg/i.p) 43.67€1.15 152.84 15.95

MMO 200 23.67£1.53  36.75 4.84

MMO 400 33.33+41.53  92.78  7.98

n = 6; Data were expressed as mean = SEM; *P<0.001 when com-
pared with Tumour Control; P<0.001 when compared with 5-
Fluorouracil;The data were analyzed by using one way (ANOVA) fol-
lowed by Tukey Kramer multiple comparison test.
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Table 3. Effect of MMO on Haematological Parameters of EAC Tumour Bearing Mice

Design of treatment Hb RBC WBC

HCT TP Lym MID Gran

Normal 1.35+13.84 796+1.57 598+1.51

Tumour Control (1%

17.19+£2.04

551+1.12 61.25+249 1590+2.65 2547+1.88

Sodium CMC) (1ml/ 1.71£7.81 5.18+1.72 7.88+0.99 31.69+195 1433+2.10 18.03+1.41 6571244 17.59+1.90
kg/p.o)

MMO 200 22241197 578+1.81 6.67+084 1996+2.10 11.97+1.52 4751+191 23.13+3.02 23.92+2.48
MMO 400 2.06+13.84 734+1.06 500+0.58 1827158 6.79+1.11 54.82+1.72 21.45+2.51 2228+2.01

n, 5; Data were expressed as mean £+ SEM; *P<0.001; *P<0.01; °P<0.05 when compared with Normal; ‘P<0.001; °P<0.05 when compared with
Tumour Control; The data were analyzed by using one way (ANOVA) followed by Tukey Kramer multiple comparison test.

Table 4. Effect of MMO on Solid Tumour Volume of EAC Tumour Bearing Mice

Design of treatment

Solid Tumour Volume (ml)

Sth day 10th day 15th day 20th day 25th day 30th day
Tumour Control (1% Sodium CMC) (Iml/kg/p.o) 0.66+0.03  0.81+0.17 1.33+0.23 1.80£0.09 1.80+0.16 2.92+0.12
MMO 200 0.56+0.03 0.86+0.02 0.88+0.01 1.32+£0.07 1.67+0.05 2.55+0.11
MMO 400 036+0.02 0.66+0.03 0.77+0.02 1.23+£0.03 1.68£0.04 1.82+0.04

n, 6; Data were expressed as mean + SEM; ?P<0.01; ®P<0.005 when compared to that of Tumour Control; The data were analyzed by using one

way (ANOVA) followed by Dunnet’s test.

was 2.92 £ 0.12 ml, 2.55 + 0.11 ml, 1.82 + 0.04 ml for
the control, treated MMO 200 and 400 respectively
(Table 4).

Discussion

Cancer is a disease of misguided cells that have the
high potential of excess proliferation without any apparent
relation to the physiological demand. It is the second
largest cause of death in the world. Of all the available
anticancer drugs during 1940-2002, 40% were natural
products or natural product derived [13]. The greatest
recent impacts of plant-derived drugs were observed
in the area of anticancer research, where compounds
such as taxol, vincristine, vinblastine, and camptothecin
have dramatically improved the effectiveness of
the chemotherapy against some of the dreadful cancers.
Hence, there is great potential for the development of
anticancer drugs from the essential plant kingdom. A large
number of plants possessing anticancer properties have
been documented [14-15. Plants belonging to the genus
Moringa and several of their constituents have shown
potent anticancer properties in many models based on the
studies conducted throughout the world [2, 12, 16-21].
Based on these observations, in the present study, the
MMT was evaluated for its in vitro cytotoxicity and in
vivo antitumor properties.

The criteria for judging the value of any anticancer
drug is the prolongation of lifespan, the disappearance of
leukemic cells from the blood and reduction of solid tumor
volume [22-23]. Transplantable tumor cells such as EAC
are rapidly growing cancer cells with aggressive behavior.
The tumor implantation includes a local inflammatory
reaction, with increased vascular permeability, which
results in an intense ascites fluid accumulation. The ascites
fluid is essential for tumor growth since it constitutes
a direct nutritional source for tumor cells [24-26]. Our
results showed an increase in lifespan accompanied by

areduction in WBC count in MMT treated mice. The plant
extract also inhibits the accumulation of ascites fluid in
the peritoneal cavity of the tumor-bearing animals. This
result clearly demonstrates the antitumor effect of MMT
on EAC tumor cells.

The most common problem encountered in cancer
chemotherapy is myelosuppression and anemia [27-28].
Anemia is found frequently in cancer patients. Similar
results were observed in the present study in animals of
the EAC tumor control group. This is mainly due to the
reduction in RBC or hemoglobin production and this may
occur either due to the iron deficiency or to hemolytic
conditions [29-30]. Treatment with MMT brought
back the hemoglobin content, RBC and WBC counts
closer to normal range. This indicates that the extract has
a protective effect on the hematopoietic system.

In EAC tumor-bearing animals, there was a regular
and rapid increase in ascites fluid volume [24]. MMO
treatment decreases the volume of the solid tumor and
increases the lifespan. Hence it may conclude that MMO
arrests the tumor cell growth, by a direct cytotoxic effect
or by decreasing the nutritional fluid volume. The present
study revealed that the extract was cytotoxic towards EAC
cell lines and it was also found to be potent cytotoxic
against human cancer cell lines.

The cytotoxic effect of the extract was confirmed by
the in vivo cytotoxic assay methods against animal cancer
cell lines and human cancer cell lines. The extract exhibit
an effective cytotoxicity against all the tested cancer cell
lines. At the same time, the IC, for the normal cell lines
were found to be higher while compared to cancer cell
lines, that indicates the extract had a cytotoxic effect
against the cancer cell lines.

A preliminary phytochemical study indicates the
presence of flavonoids, saponins, tannins and phenols in
MMO and these compounds are known to have effective
antitumor properties [31]. The extract of Moringa olifera
is rich in flavonoids and saponins. It was reported that
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flavonoids have been found to possess antimutagenic
and antimalignant effect [32-33]. In addition, they have
a chemopreventive role in cancer through their effects on
signal transduction in cell proliferation and inhibition of
neovascularization [34-35]. Saponins have found to be a
beneficial target on inhibition of tumor angiogenesis via
suppressing its inducer in the epithelial cells of blood
vessels, by adhering the metastasis of tumor cells. They
also exhibit the antitumor effect through cell cycle arrest
and apoptosis [36]. Antitumor and cytotoxic properties
of the extract may be due to these phytochemical
constituents. Thus the present study provides clear
evidence, that the extract of Moringa olifera shows
effective cytotoxicity against Ehrlich ascites carcinoma
(EAC) cells in Swiss albino mice.
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