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Treatment of MCF-7 breast cancer cells with 250 � g/
mL of CDD led to the oligomerization of SQSTM/p62
protein (mostly dimer and some trimer formation) 24 h
post treatment; the monomer, though remained the
most abundant species (Fig. 8; lane 3, upper panel). By
48 h, both the dimer and trimer had increased, with the
dimer being still more abundant than the trimer form,
while the monomer amount decreased compared to the
24-h time point (Fig. 8; lane 4 vs lane 3; upper panel).
Treatment with CDD also induced the expression of
cytosolic LC3-I and the membrane-bound LC3-II by 24
h in equal proportions (Fig. 8; lane 2 vs lane 3; middle
panel). This suggested recruitment of soluble LC3–1 to
the developing autophagosomes, a process that contin-
ued for 48 h, as observed by the increase in LC3-II band
compared to LC3-I, signifying continued activation of

autophagy (Fig. 8, lanes 3 and 4; middle panel). Beta-
actin served as the control with no effect of CDD either
on its expression or stability Fig. 8, lanes 1–4; lower
panel), confirming that the results being observed were
due to CDD. These results suggest induction of autoph-
agy in the MCF-7 cells by CDD.

Discussion
This study characterized the cytotoxic potential of an
important medicinal plant of the Arabian Peninsula, C.
droserifolia, growing in Oman. It revealed that the di-
chloromethane fraction of the methanol extract, CDD
(Fig. 1), had effective cytotoxic activity against human
cancer cells (Table 1 & Fig. 1). CDD efficiently killed not
only human breast but also cervical cancer cells in a
dose- and time-dependent manner (Fig. 2). Investigation

Fig. 6 The dichloromethane fraction of Cleome droserifoliamethanolic extract (CDD) induces inversion of inner plasma membrane phospholipids.
FACS analysis of MCF-7 cells stained with Annexin V/propidium iodide after treatment with: a media alone, b media with DMSO, c Boswellia sacra
essential oil, a known apoptosis inducer, d 250 � g/ml CDD for 24 h, or E) 250 � g/ml CDD after pre-treatment with 20 � M Z-VAD-FMK for 2 h.
DMSO Control, MCF-7 cells treated with the same amount of DMSO as the test samples
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of the mechanism of action of CDD revealed that it had
the ability to induce caspase 7, 8, and 9 enzymatic activ-
ity (Fig. 3) and activated cleavage of caspase 7 & PARP
proteins (Fig. 4). Finally, FACS analysis of cells treated
with CDD for Annexin V/PI staining confirmed that
apoptosis could be induced by CDD which was revers-
ible by the classical apoptosis inhibitor, Z-VAD-FMK
(Figs. 6 & 7) in the hormonally-responsive MCF-7 breast
cancer cell line.

These results support the observations made by Ezzat
and colleagues on the C. droserifolia species from Egypt
in two human cancer cell lines: MCF-7 and the colon
carcinoma cell line, HCT116 [43]. Their tests revealed
that both the aqueous and ethanolic extracts of the aerial
parts of C. droserifolia had cytotoxic potential in these
cell types. The aqueous extract was further fractionated
using four organic solvents amongst which the chloro-
form, ethyl acetate, and n-hexane fractions were ob-
served to have the most active cytotoxic potential, while
the n-butanol fraction had weaker cytotoxic activity.
Furthermore, nine compounds (six terpenoids and two
flavanol glycosides) were isolated from the chloroform

and ethyl acetate fractions of which two terpenoids and
both flavonols had cytotoxic potential against the two
cell lines, similar to those observed with the anticancer
drug, Doxorubicin [43]. We only tested fractions of the
methanolic extract for its cytotoxic potential. Further-
more, we have previously reported the isolation of two
known aromatic derivatives, veratrol and 2-methoxy-4-
methylacetophenone, and one novel alkaloid (5-hydroxy-
2-methoxy-1-methy-1H-indole-3-carbaldehyde) from the
dichloromethane fraction [30]; however, their anticancer
cytotoxic potential remains to be tested owing to the in-
sufficient availability of enough pure compounds.

Other than cytotoxicity for cancer cells, CDD also was
able to kill normal human breast cells (Fig. 2). The abil-
ity of CDD to induce killing of normal cells is not sur-
prising given the fact that we tested a crude organic
fraction representing a mixture of compounds, and not a
pure compound. Thus, it is possible that once the active
biomolecules representing the cytotoxic principals have
been isolated and separated from each other, we should
be able to identify molecules that are able to induce
death of only cancer and not normal cells. Even if that is
not possible, our identification of crude fractions with
anticancer potential, especially for breast cancer cells, is
significant since it has been hard to identify natural

Fig. 7 The dichloromethane fraction of Cleome droserifolia
methanolic extract (CDD) induces morphological changes
reminiscent of apoptosis in breast cancer cells. Photomicrographs of
MCF-7 cells treated with a) media alone, b) media with DMSO, c)
Boswellia sacraessential oil, a known apoptosis inducer, d) 250 � g/
ml of CDD for 24 h, or e) 250 � g/ml CDD after pre-treatment with
20 � M Z-VAD-FMK for 2 h. DMSO Control, MCF-7 cells treated with
the same amount of DMSO as the test samples. Magnification: 400X

Fig. 8 The dichloromethane fraction of Cleome droserifolia
methanolic extract (CDD) induces expression of key proteins of
autophagy in breast cancer cells. Western blot analysis of MCF-7
cells treated with 250 � g/ml of CDD for indicated time points. Beta-
actin antibody was used as a loading control. DMSO-treated, DMSO
control having the same amount of DMSO as the test samples
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