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INTRODUCTION
Cancer is a major cause of death worldwide with breast cancer being the 
most common cancer and a leading cause of death in females in many 
parts of the world. Both conventional and non-conventional treatments 
of cancer are widely used. Non-conventional treatments are attractive 
due to their claim to counteract the problems of conventional treatments, 
such as high cost and serious side effects.
Many natural dietary agents, including vegetables, fruits, herbs, and spices  
have been used in traditional medicines, as non-conventional treatments,  
for thousands of years, but without sufficient scientific proofs. If effective, 
natural agents might lead to the development of natural and novel drugs 
with low or no side effects.
Numerous epidemiological, biological and clinical studies1 indicate a 
strong correlation between dietary factors and lower risk for developing 
cancer. Dietary factors can prevent cancers, and they, on the other hand, 
can induce cancers.
Many dietary agents, such as curcumin (in turmeric) and epigallocatech-
ingallate (in green tea), have been shown2 to cause induction of apoptosis 
and cell cycle arrest in many types of cancer cells without affecting normal 
cells. Cruciferae or Brassicaceae vegetables, such as garden cress (Lep-
idiumEhirta, [Euphorbia hirta]), and their active ingredients have been 
found to stimulate apoptosis in cancer cells5, thereby killing cancer cells 
specifically without harming normal healthy cells.
The leaves of the Euphorbia hirta plant, which are used in folk remedies, 
have many activities including thermogenic, depurative, rubefacient, 
tonic, aphrodisiac, abortive, ophthalmic, diuretic, and contraceptive.7 
They are useful as poultices for sprains and in leprosy, ophthalopathy, 
leucorrhoea, scurvy, seminal weakness, bronchial asthma, cough, and 
hemorrhoids.13 Euphorbia hirta leaves are recommended in the treatment 
of various ailments, but in therapeutic doses because of their known tox-
icity if used in high doses, although there is no scientific evidence.

The healing effects of natural dietary agents are partially due to the  
constituent phytochemicals. Many studies14 demonstrate and describe the 
various therapeutic effects of plant phytochemicals, which include the 
treatment and/or prevention of cancer. The most important phytochemi-
cals (phenolic compounds, terpenoids, alkaloids, and organosulfur com-
pounds) are all found in Euphorbia hirta leavess.
Euphorbia hirta  also contains plant phytosterols and their de-
rivatives, which have been shown15 to possess antioxidant  
potential, anti-inflammatory activity, and to protect against some illnesses 
and cancers. Phenolic compounds, most importantly the flavonoids,  
may protect the human body from oxidative stress that may lead to cancer, 
aging, and cardiovascular diseases.16

The chemopreventive and anti-cancer effects of Cruciferous vegetables 
have also been attributed to the presence of high levels of organosulfur 
compounds,21 which have been shown to exert diverse biological effects, 
including induction of carcinogen detoxification, inhibition of tumor cell 
proliferation, free radical scavenging, induction of cell cycle arrest, and 
induction of apoptosis.
The oil of the Euphorbia hirta leaves is rich in alpha linolenic acid, and 
contains an ideal ratio of ω-3 fatty acids (n-3) and ω-6 fatty acids (n-6).22 
Recent studies22 proved the preventive effect of ω-3 polyunsaturated fatty 
acids, especially alpha linolenic acid, on different types of cancer, includ-
ing breast, in both animals or cell line models, and in the treatment of 
cancer.29

Glucosinolates, a class of thioglycosides, are major secondary metabolites 
of Euphorbia hirta leaves and leaves30 and have been shown to inhibit car-
cinogenesis and have chemopreventive effects against the development 
and proliferation of cancers.6

As presented above, some researchers have shown that certain constitu-
ents of the Euphorbia hirta plant and the alcoholic extracts of its dif-
ferent parts have chemopreventive and anti-cancer effects, but, to our 
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with 25% and half concentrate, while rot was watched mostly after pre-
sentation to raised concentrate  fixations (75%). DNA discontinuity came 
about for both cells, in a period and dosage subordinate way. Both cells, at 
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knowledge, no studies exist on the effects of the aqueous extract of Eu-
phorbia hirta leaves on the viability and growth of cancer cells. There-
fore, the potential of Euphorbia hirta to induce death of human breast 
cancer cells in tissue culture is investigated here in the hope of finding 
a natural treatment.

MATERIALS AND METHODS

Cell lines
The human breast cancer cell line MCF-7 (Michigan Cancer Founda-
tion–7) (ATCC, Pune), is an epithelial invasive breast ducal carcinoma 
cell line, which is estrogen and progesterone receptor positive.
Both MCF-7 and MDA MB 231 were cultivated in Dulbecco’s mini-
mal essential medium (DMEM) supplemented with 10% fetal bovine  
serum (FBS) (both GIBCO, Grand Island, NY, USA), 1% l-glutamine, 
1% penicillin, and streptomycin and incubated in 5% CO2 atmosphere, 
at 37°C, and 96% relative humidity.

Preparation of The Aqueous Extract
Euphorbia hirta  leaves were obtained locally and they were powdered 
using an electric grinder. The extract was prepared by dissolving 1 g of 
Euphorbia hirta leaves powder in 99.87 ml of deionized water and adding 
0.14 ml of DMSO, thereby leading to a 0.1% DMSO for the highest used 
concentration of extract (75%). Several dilutions of the extract in serum-
free medium (SFM) were prepared [extract: SFM (vol/vol); 1:3 (25% of 
extract), 1:1 (50%), and 3:1 (75%)], and were stored at −80°C.

Determination of Cells’ Morphology Using Light Microscopy
To determine the effects of  Euphorbia hirta  leaves extract on the 
morphology of the cells, both MCF-7 and MDA MB 231 cells were 
suspended in DMEM containing 10% FBS and then leaved on a cover slip 
placed in a Petridish. After 24 h, the original DMEM was replaced with 
5 ml of SFM containing one of the different concentrations of Euphorbia 
hirta leaves extract (25%, 50%, or 75%), while the control contained only 
0.1% DMSO in SFM. After 48 h, the medium was discarded, and the cells 
were then stained with Coomassie blue. Finally, the cells were observed 
and photographed on an Eclipse E400 light microscope attached to a 
Nikon F-601 camera.

DNA Extraction, Purification And Electrophoresis
Both MCF-7 and MDA MB 231 cells (1.5×105 cell/ml) were suspended 
in DMEM containing 10% FBS, and subsequently cultivated on 6-well 
plates at 5 ml/well. After 24 h, the original DMEM was replaced with 
5 ml of SFM containing a concentration (25%, 50%, or 75%) of Euphorbia 
hirta leaves extract. The control used was as described above. The cells 
were treated in a time-or dose-dependent manner. One group of both 
cells was exposed to 25%, 50%, or 75% extract and incubated for 72 h, 
while another group of both cells was treated only with 50% of extract 
and incubated for 24, 48, or 72 h.
The cells were harvested by adding 1  ml/well of trypsin to separate  
adherent cells and then 3 ml/well of SFM to stop the effect of trypsin and 
harvest the cells. The cells were subsequently centrifuged at 1500 rpm for 
10 min. Each pellet was washed with PBS and then centrifuged, as above, 
and the process was repeated. The resultant pellets were stored at −20°C 
until the time of DNA extraction.
DNA from both types of cells was extracted and purified using a DNA 
extraction kit according to the manufacturer’s protocol. The resultant 
purified DNA was stored at −20°C until DNA electrophoresis.
Isolated DNA samples were subjected to electrophoresis on a 0.8%  
agarose gel for 45 min at 100 volt. The gel was visualized under UV light 
following ethidium bromide staining to determine DNA fragmentation.

Quantitative Determination of Apoptosis And Necrosis Using Flow 
Cytometry
The two major types of cell death, necrosis and apoptosis, produced by 
the effects of the extract on MCF-7 and MDA MB 231 cells were detected 
by the CF488A-Annexin V and Propidium Iodide kit by using flow cy-
tometry and fluorescent microscopy (below).
MCF-7 and MDA MB 231 cells (2×105  cell/ml) were cultivated in 
DMEM containing 10% FBS, at 10 ml per Petri dish. Upon formation of  
a monolayer of cells, 10 ml of a concentration (25%, 50%, or 75%) of  
Euphorbia hirta leaves extract were added. As above, the control was 
SFM containing 0.1% DMSO. After 24 h of incubation, cells were har-
vested by the addition of trypsin, centrifuged for 5 min at 1000x, and 
finally washed with PBS. Cells were stained according to the kit’s pro-
tocol, and were analyzed by a BD FACSC an to ІІ Flow Cytometer, at 
the National Guards Hospital, Jeddah, KSA. The determinations were 
performed in duplicates.

Quantitative Determination Of Apoptosis and Necrosis Using 
Fluorescent Microscopy
MCF-7 (1×105 cell/ml) and MDA MB 231 (1.5×105 cell/ml) cells in DMEM 
containing 10% FBS were added into the wells of 96-well microtiter 
plates, at 100 μl/well. After 24 h, the original medium was replaced with 
100 μl of SFM containing different concentrations (25%, 50% or 75%) 
of Euphorbia hirta  leaves extract, in addition to the usual control, and 
allowed to incubate for 24 h. Cells were then washed with PBS and then 
stained with annexin V and PI according to the instructions of the kit 
used (above). Finally the stained cells were observed and photographed 
under an Eclipse 50i Nikon fluorescent microscope equipped with a DS-
Fil digital camera.

Statistical Analysis
Statistical comparisons of the percentages of living and dead cells were 
performed using the three-way ANOVA test followed by the Dunnett’s 
multiple comparisons test. For the differences in the results, the Pvalue 
was used to determine statistical significance. A difference with a P-value 
<0.05 was considered statistically significant.

RESULTS

The Morphology of the Extract on the Morphology of Cells
Upon the incubation of cells with increasing concentrations of extract, 
for 48 h, apoptotic cells were more frequently seen. The most common 
apoptotic morphological changes observed in both cells included chromatin 
condensation, cytoplasm shrinkage, and loss of normal shape followed 
by breaking up of the nucleus into discrete fragments by budding of the 
cell as a whole to produce membrane-bound apoptotic bodies.
Figure 1A: shows that an MCF-7 cell treated with 0.1% DMSO retains its 
normal angular or polygonal shape. Most cells have intact and large ve-
sicular nuclei with prominent nucleoli. MDA MB 231 cells treated with 
0.1% DMSO show (Figure 2A) a normal spindle shape and intact large 
oval, and vesicular nuclei with two prominent nucleoli. MCF-7 (Figure 1B) 
and MDA MB 231 (Figure 2B) cells treated with 25% extract show loss 
of the normal sheet-like growth and most of the remaining few cells had 
shrunken cytoplasm, condensed chromatin and loss of normal shape.
MCF-7 (Figure 1C) and MDA MB 231 (Figure 2C) cells treated with 50% 
extract showed a significant loss of cell processes and marked changes in 
morphology associated with late stage of apoptosis, such as shrinkage,  
irregular shape, and condensed and fragmented chromatin and cyto-
plasm, to produce apoptotic bodies. A marked and visible increase in the 
number of necrotic cells was observed. Necrotic MCF-7 and MDA MB 
231 cells (Figures 1 and 2D, respectively) appeared after incubation with 
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Figure 1 : Effects of L. E hirta leaves extract on the morphology of MCF-7 cells after 48 h of treatment. The cells were examined under an Eclipse E400 light micro-
scope using a 100×objective lens. (A) Shows an MCF-7 cell treated with 0.1% DMSO only. The cell has normal angular or polygonal shape with intact and large 
vesicular nucleus and prominent nucleolus (arrow). (B) Represents an MCF-7 cell treated with 25% extract that has lost its normal shape and shows a shrunken 
cytoplasm and condensed chromatin (arrow). (C) Represents an MCF-7 cell treated with 50% extract that shows evident signs of apoptosis including cytoplasm 
and chromatin condensation, and fragmentation and formation of apoptotic bodies (lines). (D) Represents an MCF-7 cell treated with 75% extract that show 
signs of necrosis. The cell has more or less a normal polygonal shape with a poorly defined nucleus (arrow), clear vesicles in the cytoplasm (line) and disrupted 
cellmembrane with leaking cell contents (dashed arrows).

Figure 2 : Effects of E. hirta leaves extract on the morphology of MDA MB 231 cells after 48 h of treatment. The cells were examined under Eclipse an E400 light 
microscope using a 100×objective lens. (A) Represents an MDA MB 231 cell treated with 0.1% DMSO that shows a normal spindle shape and intact large, oval, 
and vesicular nucleus with two prominent nucleoli (arrows). (B) Represents an MDA MB 231 cell treated with 25% extract that lost its normal shape and shows 
a shrunken cytoplasm and condensed chromatin (arrow). (C) Represents an MDA MB 231 cell treated with 50% extract with evident signs of apoptosis (cyto-
plasm and chromatin condensation and fragmentation) and formation of apoptotic bodies (lines). (D) Represents an MDA MB 231 cell treated with 75% extract 
that shows signs of necrosis, including clear nucleus (arrow), clear vesicles in the cytoplasm (lines), and disrupted cell membrane with leakage of cell contents 
(dashed arrow).

Figure 3: Electrophoresis of DNA extracted from MCF-7 MDA-MB-231 cells after treatment with extract of different concentration and incubation time. Lane 
1-: DNA from the cells of control. Lane 2-: DNA treated with 25% extract for 72 h. Lane 3-: DNA treated with 50% extract for 72 h. Lane 4-: DNA treated with 75% 
extract for 72 h. Aim-: 1 KBP DNA marker. Lane 5-: DNA treated with 50% of extract for 24 h. Lane 6 -: DNA treated with 50% of extract for 48 h and Lane 7 -: DNA 
treated with 50% of extract for 72 h.
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Figure 5 : Fluorescent staining of early and late apoptotic cells and necrotic cells of both MCF-7 and MDA MB 231 cells. (A1 and B1) represent MCF-7 and MDA 
MB 231 cells, respectively, treated with 0.1% DMSO only (controls). (A2 and B2) represent MCF-7 and MDA MB 231 cells.

Figure 4 : The extract induced apoptosis and necrosis in both MCF-7 and MDA MB-231 cells after 24 h of incubation. The cells were examined under a Nikon 
Eclipse 50i Nikon microscope using a 20×objective lens. Viable cells do not take any color (Annexin V−/PI−), early apoptotic cells (Annexin V+/PI−) are green, late 
apoptotic cells (Annexin V+/PI+) are green and orange, and necrotic cells (Annexin V−/PI+) are orange. (A1–A4) represent MCF-7 cells and (B1–B4) represent MDA 
MB 231 cells that were treated with extract (control, 25%, 50%, and 75% extract, respectively). (A1–A4 and B1–B4) represent fluorescence images and (A1’–A4’ 
and B1’–B4’) correspond to interference contrast images. Continuous arrows indicate early apoptotic cells, dashed arrows indicate late apoptotic cells, and dotted 
arrows indicate necrotic cells.
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Table 1 : The percentages of the different types of cell death induced by the extract in both MCF-7 and 
MDA MB 231 cells stained with Annexin V/Propidium Iodide as observed by Flow Cytometry

Cell type Concentration
MCF-7 MDA MB 231

Control 25% 50% 75% Control 25% 50% 75%

% living cells
P

89.45 91.4
0.81

92
0.69

89.9
1

93.2
92.5
0.75

92.9
0.95

93.8
0.82

% all dead cells
P

10.55
8.7

0.83
8.1
0.7

10.2
1

6.75
8.8

0.71
7.15
0.94

8.15
0.83

% early apoptotic cells
P

2.95
3.1
1

1.1
0.7

2.3
0.97

1.4
2.5

0.97
0.8

0.47
1.4

0.38

% late apoptotic cells
P

 0.9
1.35
0.9

1.05
1

1.95
0.51

1.85
2.2

0.74
1.5

0.74
2.6

0.48

% necrotic cells
P

6.7
4.25
0.21

5.95
0.85

5.9
0.83

3.5
4.1

8.89
4.85
0.5

4.15
0.86

Table 2 : The percentages of both apoptotic (late and early) and necrotic cells induced by the extract in 
both MCF-7 and MDA MB 231 cells stained with annexin V/propidium iodide as observed by flow cytometry

Cell type Concentration
MCF-7 MDA MB 231

Control 25% 50% 75% Control 25% 50% 75%

% apoptotic cells 0.9 1.35 1.05 1.95 1.85 2.2 1.5 2.6

% necrotic cells 6.7 4.25 5.95 5.9 3.5 4.1 4.85 4.15

P 0.445 0.917 0.508 0.381 0.728 0.621 0.186 0.177

75% extract and showed clear cytoplasmic vacuoles, disrupted mem-
brane and leakage of cellular contents.

Chromosomal DNA Fragmentation
DNA fragmentation is a hallmark feature of apoptosis. Both MCF-7  
(Figure 3A) and MDA MB 231 (Figure 3B) cells treated with extract in a 
time-or dose-dependant manner induced a smear pattern of DNA frag-
mentation with both high molecular weight DNA and smaller DNA frag-
ments compared with the used DNA ladder that extends from 20 kbp to 
75 bp. The control for each cell type, treated with 0.1% DMSO for 72 h, 
showed clear bands of intact DNA and the smear pattern of damaged 
DNA.

Determination of Apoptosis and Necrosis Using Cytometry
Using the three-way ANOVA followed by factorial design, flow cytometry 
revealed (Table 1) no significant differences between the percentages of 
living, dead, early and late apoptotic, and necrotic cells for MCF-7 and 
MDA MB 231 cells treated with 25%, 50%, or 75% extract compared with 
the respective (untreated) controls. The majority (~90%) of detached  
cells remained unstained, with intact membrane, and no phospha-
tidylserine translocation suggesting that they were living cells. Flow  
cytometry also revealed (Table 2) no significant differences between the 
percentages of both apoptotic (late and early) and necrotic cells for each 
extract concentration used for the two cell lines.

Determination of Apoptosis and Necrosis Using Fluorescence 
Microscopy
Annexin V is a protein that is conjugated to a green florescent dye to  
detect apoptosis. Propidium iodide (PI) is a red fluorescent dye that 
stains DNA of both necrotic and late apoptotic cells with damaged  
membranes.
Fluorescence microscopy was used to provide qualitative identification 
of both apoptotic and necrotic deaths of both MCF-7 and MDA MB 231 

cells treated for 24 h with different concentrations (25%, 50% or 75%) of 
extract (Figure 4). Both MCF-7 and MDA MB 231 cells that were treated  
with 0.1% DMSO (Figures 4 and 5A1; and Figures 4 and 5B1, respec-
tively) were viable and negative to annexin V and PI. A few of both cell 
types treated with 25% of extract were positive to annexin V and PI,  
indicating the presence of early and late apoptotic cells (Figure 4A2 and B2). 
A high number of both cells treated with 50% of extract (Figure 4A3 and  
B3; and Figure 5A2 and B2) were positive to annexin V and PI, indicating 
the presence of early and late apoptotic cells with few necrotic cells. The 
effect of 50% of extract was weaker on MDA MB 231 compared with 
MCF-7 cells (Figure 4A3 and B3, respectively), but the living MDA MB  
231 cells had abnormal morphology. The effect of 75% of extract (Figure 4A4 
and B4) was stronger on both cells, with no living cells and only a few 
dead cells were observed, and most of these cells were early or late apop-
totic cells and necrotic cells.

DISCUSSION
When cells become old or damaged, they die by apoptosis, necrosis or 
a combination of the two and are replaced with new cells. On the other 
hand, cancer cells are immortal since they are resistant to apoptosis. 
Chemotherapy kills cancer cells through apoptosis and/or necrosis.
The induction of apoptosis and necrosis in MCF-7 and MDA MB 231 
cells by the aqueous extract of Euphorbia hirta leaves was monitored by 
analysis of morphological changes in the cells using light microscopy, 
DNA fragmentation assay, and florescent stains (Annex-V and VI) using 
flow cytometry and fluorescent microscopy. Results demonstrated the 
occurrence of both types of cell death in MCF-7 and MDA MB 231 cells 
following addition of the extract to the culture medium. Apoptosis was 
induced when cells were treated with 25% and 50% extract, but necrosis 
was observed mainly after the cells were exposed to elevated concentra-
tions (75%) of extract.
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Detecting apoptosis and/or necrosis by flow cytometry and fluorescent  
microscopy after staining with fluorescent dyes, both MCF-7 and  
MDA MB 231 cells treated with different concentrations of Euphorbia 
hirta leaves extract (25%, 50%, or 75%) for 24 h exhibited both apoptotic 
and necrotic changes.
Flow cytometry showed that the number of dead MCF-7 cells was not  
significantly different from that found for MDA MB 231 cells. The apop-
totic and necrotic cells were observed in both types of cells treated with 
different concentrations of  Euphorbia hirta  leaves extract. There were 
no significant changes in the percentages of different types of dead cells 
(early and late apoptosis and necrosis) for both MCF-7 and MDA MB 
231 treated with different concentrations of extract, compared with the 
control cells.
Under fluorescent microscopy, after 24 h of extract exposure, both types 
of control cells (0.1% DMSO) were viable and did not undergo apoptosis 
or necrosis. Apoptotic cells decreased and necrotic cells increased with 
exposure to increasing concentrations of Euphorbia hirta leaves extract. 
Early and late apoptotic cells were detected at 25% extract concentration, 
and early and late apoptotic cells and necrotic cells were observed at 50%  
concentration. MCF-7 cells were more affected by the extract than  
MDA MB 231 at 25% and 50%. For both cell types, a fewer number of 
cells were observed after treatment with 75% concentration due to the 
strong effect of this concentration, and most remaining cells were apoptotic 
or necrotic cells.
Similar results were reported in a study,40 using flow cytometry, of HT-29 
colorectal cells treated with allylisothiocyanate, an isothiocyanate found 
in Cruciferous vegetables, for 24 h, which showed no signs of apoptosis, 
where the percentage of both apoptotic and necrotic cells in untreated con-
trol cells was significantly higher than the cells treated with allylisothio-
cyanate. Allylisothiocyanate increased the percentage of apoptotic cells in 
a concentration-dependent manner (after 24 h) in both prostate PC-3 and 
LNCaP cells in comparison with control treated with DMSO.41 A signifi-
cant increase in the percentage of apoptosis was observed in the prostate 
cancer cells (Capan-2) that were treated for 24 h with BITC in comparison 
with control. Flow cytometry and fluorescent microscopy of human brain 
cancer SHG-44 cell line treated with the water extract of Chinese medi-
cine “PingliuKeli” (which is composed of nine plants) for 24 h, after being 
stained with annexin V and PI, showed both apoptotic and necrotic cells 
that increased with increasing concentrations of extract.42 Fluorescent mi-
croscopy indicated43 that the methanol extract of adenocalymma alliaceum 
flowers induce time-dependent apoptosis in both MCF-7 and MDA MB-
231 breast cancer cells treated for 6 and 12 h, with less prominent necrosis.

CONCLUSION
Aqueous extract of E. hirta was equally, and even more in some 
experi¬ments found effective against MCF-7 cells compared to MDA 
MB 231 cells. In general, the highest (75%) dose of extract was cytotoxic 
for both MCF-7 and MDA MB 231 cells in most assays.
It is recommended that further work be done using the lowest concen-
tration of the extract on MCF-7 and other types of breast cancers and 
for longer incubation periods. This might help reduce or eliminate the 
toxic and damaging effects of the high concentrations of the extract on 
the healthy cells while, at the same time, possibly getting better effects on 
the cancer cells due to the extended period of incubation. Another area 
of further research is to work on the active ingredients of the extract with 
different types of cancer.
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Under light microscopy, the normal angular and spindle shapes of MCF-
7 and MDA MB 231 cells, respectively, treated with 0.1% DMSO, were 
observed, but they were lost after treatment with the extract. The number 
of dead cells by apoptosis and necrosis increased with increasing concen-
trations of extract.
Apoptotic cells with their unique morphology, including cell shrinkage, 
chromatin condensation and finally nuclear and cytoplasm conden-
sation and fragmentation and formation of apoptotic bodies, were 
observed after 48  h of exposure to the different concentrations of the 
extract. At 75% concentration, the majority of cells die and cells with 
apoptotic and necrotic morphology were observed. This is in contrast to 
the 25% and 50% concentrations, where apoptosis was the main type of 
cell death observed.
It is interesting to note that MCF-7 cells are one of the breast cancers 
that are known to be resistant to currently used chemotherapeutics due 
to deletion in the CASP-3 gene that leads to an inherited deficiency of 
caspase-3. Caspase-3 is commonly activated by numerous death signals 
and cleaves a variety of important cellular proteins. It is responsible for 
DNA fragmentation and some of the distinct morphological features of 
apoptotic cells such as shrinkage and budding.32

The results of light microscopy to determine cell morphology proved  
that apoptotic changes were independent of caspase-3, which is lacking  
in MCF-7 cells. From these results one can suggest that apoptosis  
induced by  Euphorbia hirta  leaves extract does not correlate with the 
activation of caspase-3 but may activate different apoptotic pathways and 
other effector caspases such as caspase-6 or -7.35

Therefore, there must be other chemical agents in the extract 
that induce apoptosis and exert the hallmark features of apopto-
sis independent of the activation of caspase 3. Another researcher34  
described typical apoptotic morphological changes in MCF-7 cells treated 
with the chemical compound pyrrolo-1, 5-benzoxazepine (PBOX-6) in 
a dose-and time-dependent manner. MCF-7 cells also exhibited apop-
totic morphological changes when treated with chloroform extract 
of Gmelinaasiatica.35 MDA MB 231 exposed to staurosporine for 8 h was 
described by Johansson et al.36 to show typical signs of apoptosis as dem-
onstrated by using light microscopy and electron microscopy.
A typical DNA ladder pattern was not evident in either MCF-7 or 
MDA MB 231 cells treated with  Euphorbia hirta  leaves extract in a 
time-or dose-dependent manner. This may indicate that the cells die 
by apoptosis and/or necrosis, where DNA damage is not a unique 
feature of apoptosis but can also occur in necrosis.37 DNA extracted 
from apoptotic cells often show a ladder pattern and the presence of a 
smear pattern may indicate that the apoptotic cells enter into late apop-
tosis (secondary necrosis) because of the absence of phagocytosis to  
remove cell remnants.38 Or that some cell lines, such as MCF-7, can 
undergo apoptosis without showing DNA fragmentation due to lack of 
caspase-3 which is responsible for this feature.32 Another explanation 
may be that the long incubation time of DNA led to lyses of a substan-
tial part of the cell population. The smear pattern was also observed 
in the controls for both cell types that were treated with 0.1% DMSO 
for 72 h, which confirms the previous explanation. The DNAs isolated 
from the controls of both cell types exhibited one clear band (for each 
cell types) that pointed to the presence of living cells with intact DNA 
strand.
DNA fragmentation was induced21 in four human breast cancer cell lines 
(MDA-MB-231, MDA-MB-468, MCF-7, and T47D cells) after treatment 
with sulforaphane, an isothiocyanate found in Cruciferous vegetables, 
for 96 h. DNA fragmentation was also detected in Jurkat cells exposed 
to BITC at different concentrations for 20 h, but not detected at a high 
concentration.39
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