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Anticancer potential of Moringa oleifera L. extracts have been well established. However, there are no reports on the 
isolated molecules/fractions from these extracts which are responsible for the anticancer/cytotoxic activity. Thus, in the 
present study, we explored the same. The n-hexane, chloroform, ethyl acetate, methanol extracts of the M. oleifera leaves 
and 15 fractions (F1 to F15) of ethyl acetate extract were evaluated for their in vitro and in vivo anticancer activity using 
Hep-2 cell lines and Dalton’s lymphoma ascites model in mice, respectively. Among the tested samples, the F1 fraction 
showed potential cytotoxic effect in Hep-2 cell lines with a CTC50 value of 12.5 ± 0.5 µg/ml. In vivo studies with the doses  
5 and 10 mg/kg, p.o. demonstrated significant reduction in body weight and increased the mean survival time compared to 
the control group. These results were also comparable to the standard, 5-Fluorouracil, treated animals. We have also 
successfully isolated and characterized the anticancer fraction, F1 from the leaves of M. oleifera L. 

Keywords: Antitumor activity, Benzoil tree, Bioassay guided fractionation, Cancer, Cytotoxicity, Dalton’s lymphoma 
ascites, Drumstick tree, Hep-2 cell lines. 

Cancer is one of the most common life-threatening 
diseases of mankind, causing as many as 7.6 million 
deaths in a year, 64% from the economically 
developing world. Although cancer incidence rates in 
the developing world are half of what has been 
observed in the developed world, the overall cancer 
mortality rates are generally similar1. Even a decade 
ago, India registered a steady increase in the Crude 
Incidence Rate (CIR) of all cancers affecting both 
men and women2. In 2010, India recorded 556400 
national cancer deaths3. In US, cancer remains the 
second most common cause of death with an 
estimated deaths of 585720 in 20144. The drugs 
currently used in the cancer chemotherapy have 
shown adverse effects such as nephrotoxicity, 
cardiotoxicity, peripheral neuropathies, etc4-6. On the 
other hand, natural products have contributed 
immensely in cancer chemotherapy. A diverse 
number of chemical structures have been isolated 
from the natural sources and some have lead to lead 
molecules, viz. Camptothecin, vincristine, vinblastine, 
taxol, podophyllotoxin, combretastatins, etc.7-10. Further, 
modifications on these leads have resulted in therapeutic 

agents including anticancer, such as Topotecan, 
irinotecan, taxotere, etoposide, teniposide, etc.7-12 

Anticancer potentials of Moringa oleifera L. is not 
uncommon in folk medicine. Bose et al., discussed 
the role of this plant extracts in the treatment of 
epithelial ovarian cancer based on the presence  
of isothiocyanates group of phytoconstituents13. 
Earlier workers have reported the chemomodulatory 
effects of the hydroalcoholic extract of drumsticks 
against 7,12-dimethylbenz(a)anthracene induced skin 
papillomagenesis14, and hepatic carcinogenesis in 
mice15. Budda et al., have shown the chemopreventive 
effects of freeze-dried pods against azoxymethane 
induced and dextran sodium sulfate promoted colon 
carcinogenesis in mice16. Sreelatha et al., have reported 
the antiproliferative and proapoptotic potentials of the 
Moringa leaf extracts using human tumor cell line17. 
Gismondi et al., have demonstrated the anticancer 
activity of the leaf fractions of this plant against 
B16F10 melanoma cells18. Although, thiocarbamates 
including niaziminin, isolated from the Moringa 
leaves possess antitumor promoter properties  
against teleocidin-B4 induced Epstein-Barr Virus 
activation in Raji Cells19,20, there is no report on 
anticancer/cytotoxic compounds from these extracts.  

In the present study, we have made an attempt  
to isolate and characterize the fractions responsible 
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for the anticancer activity of the leaves of M. oleifera 
by employing bioassay guided fractionation 
methodology.  
 

Materials and Methods 

Plant material and soxhlet extraction—The leaves 
of M. oleifera L. were collected from Coimbatore, 
Tamilnadu, India, and identified and authenticated by 
Dr. GVS Murthy, Joint Director, Botanical Survey  
of India, Coimbatore. A voucher specimen (TIFAC-
01/2009) has been deposited for future reference at 
the Institution herbarium.  The collected leaves  
(100 g) were subjected to successive soxhlet 
extraction using 750 ml each of n-hexane, chloroform, 
ethyl acetate and methanol (50%) for 24 h at  
50-70 °C. The obtained extracts were concentrated 
under reduced pressure using rotary vacuum 
evaporator (Rotavapor® R-210/215, BÜCHI 
Labortechnik, AG). 

Fractionation and standardization of ethyl acetate 

extract and F1—The extract (2 g) was packed into 
the silica gel (20 g) column by wet packing method. 
The column was eluted in a gradient manner using 
varying proportions of dichloromethane, methanol 
and ammonia (Fig. 1). A 20 ml fraction was collected 
in conical flasks and based on their TLC profiles they 
were combined and evaporated in rotary evaporator to 
obtain 15 fractions (F1 to F15).  

Standardization of ethyl acetate extract and F1—
The standardization was done using HPTLC finger 
printing analysis using CAMAG HPTLC analyzer 
(CAMAG, Muttenz, Switzerland). Five microlitre  
of each sample prepared in methanol (1 mg/ml)  
was placed on precoated silica gel TLC plate  
(254F, Merck, Darmstadt, Germany) using CAMAG 
Linomat IV applicator. TLC was developed in 
CAMAG twin trough development chamber using 
chloroform: methanol (9:1) as mobile phase. After 
development, the TLC plate was dried and scanned 
using CAMAG HPTLC Scanner III, integrated with 
WIN CATS software (version 4.06) and the peaks 
were recorded at 366 nm. In addition, these extracts 
were also subjected to qualitative phytochemical 
analysis to determine the presence of various 
categories of phytoconstituents.  

In vitro anticancer activity—Cell lines used in the 
present study were obtained from National Centre for 
Cell Science (NCCS), Pune, India. The Dalton’s 
Lymphoma Ascites (DLA), Vero and Human 
Epidermoid Cancer (Hep-2) cells were maintained in 
RPMI-1640 medium supplemented with 10% FBS, 
glutamine (2 mM), penicillin (100 units/ml) and 
streptomycin (100 µg/ml). The cells were cultured at 
37 °C in a humidified 5% CO2 incubator. 

The in vitro cytotoxicity of all the extracts and 
fractions were estimated against Vero cell cultures as 

 
 

Fig. 1—Extraction and isolation scheme for the leaves of Moringa oleifera L. 
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per the standard procedures described in the below 
mentioned assay for Hep-2 cell lines. The in vitro 
anticancer activity of the extracts and fractions was 
assessed against Hep-2 cell lines21. The monolayer 
culture of Hep-2 cell line was trypsinized and the cell 
count was adjusted to 1.0×105 cells/ml using medium 
containing 10% new born calf serum. The diluted cell 
suspension (0.1 ml) was added to each well of the  
96-well microplates. The test wells were added with 
various concentrations (100 µl) of test samples and 
the control wells received media (100 µl). The plates 
were then incubated at 37 °C for three days in  
5% CO2 atmosphere. Morphological changes were 
recorded daily for both control and treated wells to 
assess the changes such as aggregation, shrinking, 
membrane blebbing, ballooning, etc. After 72 h,  
the cultures were fixed with trichloroacetic acid  
(25 µl, 10% w/v) and stained for 30 min with 
sulforhodamine B (0.4% w/v) dissolved in acetic acid 
(1% v/v). Unbound dye was removed by four washes 
with acetic acid (1% v/v), and protein-bound dye  
was extracted with 10 mM unbuffered Tris base  
[tris (hydroxymethyl)aminomethane] for determination 
of optical density at 540 nm. The percentage cell 
viability (CV) was calculated using the following 
formula: 

 

 
 

The concentration required to kill 50% of the cells 
(CTC50) was calculated from the regression line 
obtained by plotting percentage CV vs. concentration. 
 

In vivo studies 

Animals—Adult Swiss albino mice of either  
sex were used for acute oral toxicity and in vivo 

anticancer studies. Prior approval of the Institutional 
Animal Ethics Committee (Approval no. JSSCP/ 
IAEC/M.Pharm/Phytopharm/08/2009-2010) was obtained 
for conducting this study. The animals were housed in 
polypropylene cages in a controlled environment 
(Temperature 23±2 °C and 12 h L:D cycle) with 
standard laboratory diet (M/s. Amruth Labs Private 
Ltd., Bangalore) and water ad libitum in the animal 
house of the institute. 

Acute oral toxicity of F1—Acute oral toxicity of 
F1 was carried out as per the OECD guideline for 
testing of the chemicals22. A limit test at a dose of 
2000 mg/kg, p.o., was carried out using 3 female mice 
per step. After extract administration, all the animals 

were observed for clinical signs and mortality at 0, 
0.5, 1, 2 and 4 h, and thereafter daily for a period of 
14 days. During the study period, weekly body  
weight of all the animals was recorded. At the end of 
the study, all the survived animals were culled by 
deep ether anaesthesia and subjected to gross 
necropsy analysis. 

In vivo anticancer activity—Based on the results of 
in vitro studies, the F1 was chosen for the in vivo 
studies. The anticancer activity was assessed using 
DLA model in mice23. Thirty male mice were divided 
into 5 groups of 6 each. All the animals were injected 
intraperitoneally with 1×106 DLA cells. Group-1 and 
Group-2 animals received vehicle (0.2% w/v Tween-
80, 10 ml/kg, p.o.) and served as a normal and test 
control, respectively. Group-3 animals received  
5-fluorouracil (10 mg/kg, p.o.). Group 4 and Group 5 
animals received F1 at a dose of 5 and 10 mg/kg, p.o., 
respectively. The dose levels of F1 were selected 
based on the in vitro results and also by considering 
the acute oral toxicity results. The treatment was 
started 24 h after tumor inoculation and continued for 
a period of 10 days. During the study period, all the 
animals were observed for clinical signs and 
mortality. The body weights of all the animals were 
recorded every 3 days once during the study period. 
The percentage increase in mean survival time 
(%MST) was calculated using the following formula:  

 

 
 

T= Mean survival time of treated group; C= Mean 
survival time of control group. 

Statistical analysis—The data were represented as 
mean ± SD and analyzed by one-way ANOVA 
followed by Dunnett’s multiple comparison tests 
using Prism software (version 4). P values ≤0.05 were 
considered significant. 
 

Results  
Extraction and fractionation—The yield of  

n-hexane, chloroform, ethyl acetate, methanol extracts 
of Moringa oleifera leaves and ethyl acetate fractions 
are given in Fig. 1. Among the extracts, methanol 
extract was obtained at highest yield (2.10 % w/w) 
and among the fractions; F1 with an yield of 5.25% 
w/w. 

Standardization of ethyl acetate extract and F1—
The HPTLC standardization of ethyl acetate extract 
and F1 showed 13 and 5 well resolved peaks, 
respectively (Fig. 2). The qualitative phytochemical 
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results revealed the presence of steroids, flavonoids 
and phenolic compounds in ethyl acetate extracts, 
whereas, the F1 showed the presence of steroids and 
phenolic compounds. 

In vitro anticancer activity—In the in vitro 
cytotoxicity studies with the Vero cell lines all the 
extracts and fractions showed a CTC50 > 300 µg/ml.  
A concentration range of 4-250 µg/ml was, therefore, 
employed for in vitro anticancer studies against  
Hep2 cell lines. Among the extracts, the ethyl acetate 
extract showed considerable anticancer activity 
against Hep-2 cell lines and, therefore, selected  
for further fractionation. Among the fractions, the F1 
showed a potent anticancer activity, whereas the other 
fractions obtained showed mild to moderate activity 
(Table 1, Fig. 3). 

Acute oral toxicity of F1—In the acute oral toxicity 
study, mice treated with F1 (2000 mg/kg, p.o.) 
showed no abnormal clinical signs and mortality. All 
the animals gained 4-8 g of body weight during the 
study period and the gross necropsy carried out on 
these animals reveal no gross lesions. Based on these 
results the acute oral toxicity of F1 was, therefore, 
classified as GHS category 5 (LD50 >2000 mg/kg).  

In vivo anticancer activity—The F1 in the in the  
in vivo anticancer studies showed a dose dependent 
activity against DLA induced peritoneal ascites in 
mice. The F1, dosed at 5 and 10 mg/kg, p.o., in mice, 
showed a significant (P <0.05) lesser body weight  

 
 

Fig. 2—HPTLC finger printing of ethyl acetate extract and F1. 
 

Table 1—In vitro anticancer activity of extracts and fractions  
of Moringa Oleifera L. in Hep-2 cell lines. Values are  

mean ± SD, n=3. 
Name of the sample IC50 (µg/ml) 

n- Hexane extract 180.6 ± 10.8 

Chloroform extract 190.2 ± 15.8 

Methanol (50%) extract 170.1 ± 19.8 

Ethyl acetate extract 40.2 ± 1.8 

Fraction 1 12.5 ± 0.5 

Fraction 2 74.5 ± 5.4 

Fraction 3 39.4 ± 2.3 

Fraction 4 100.1 ± 1.9 

Fraction 5 64.3 ± 1.4 

Fraction 6 73.2 ± 1.8 

Fraction 7 71.4 ± 1.7 

Fraction 8 79.4 ± 3.6 

Fraction 9 111.2 ± 5.1 

Fraction 10 121.4 ± 7.1 

Fraction 11 81.2 ± 3.8 

Fraction 12 91.3 ± 5.8 

Fraction 13 130.5 ±7.1 

Fraction 14 88.3 ± 3.8 

Fraction 15 71.3 ± 2.8 
 

 
 
Fig. 3—Morphological changes of Hep-2 cells. (A) Normal cells 
showing the normal morphological features; (B and C) Treated 
with ethyl acetate extract (31.25 µg/ ml) and F1 (7.8 µg/ ml), 
respectively, showing the loss of monolayer. 
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and a significant increase in the mean survival time 
when compared to the vehicle treated control mice 
(Table 2, Fig. 4). These results were also comparable 
to the standard, 5-Fluorouracil treated animals. 
 

Discussion 
Bioassay guided fractionation played an important 

role in the isolation of active compounds/fractions 
from natural products24-29. In the present study, we 
have also employed bioassay guided fractionation to 
isolate the anticancer compounds/fractions from the 
leaves. Although no anticancer compounds could be 
isolated from the leaves, we could  successfully 
isolate and characterize a potent anticancer fraction, 
F1. The F1 has demonstrated promising anticancer 
activities in both in vitro and in vivo studies and its 
activity is comparable to the standard 5-fluorouracil 
(Tables 1 & 2, Figs. 3 & 4). The qualitative 
phytochemical study results revealed the presence of 
steroids and phenolic compounds in F1. Many natural 
compounds belonging to this class have been reported 
to possess cytotoxic and anticancer potentials30-33. The 
cytotoxic and anticancer potentials of F1 is, therefore, 

may be attributed to the presence of this class of 
compounds.  
 

Conclusion 

In the present work, we have successfully isolated 
and characterized the fraction, F1, present in the 
leaves of M. oleifera L. possibly responsible for its 
anticancer activity and tested its cytotoxic/anticancer 
potential.  
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