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Abstract

Ocimum sanctum (OS) is a traditionally used medicinal herb, which shows anti-oxidant, anti-
carcinogenic, radio-protective and free radical scavenging properties. So far no detailed studies
have been reported on its effects on human cancers. Thus, we analyzed its effects on human breast
cancer utilizing /n vitro and /n vivo methodologies. Aqueous extracts were prepared from the
mature leaves of Ocimum sanctum cultivated devoid of pesticides. Tumor progression and
angiogenesis related processes like chemotaxis, proliferation, apoptosis, 3-dimensional growth and
morphogenesis, angiogenesis, and tumor growth were studied in the presence or absence of the
extract and in some experiments a comparison was made with purified commercially available
eugenol, apigenin and ursolic acid. Aqueous OS leaf extract inhibits proliferation, migration,
anchorage independent growth, three dimensional growth and morphogenesis, and induction of
COX-2 protein in breast cancer cells. A comparative analysis with eugenol, apigenin and ursolic
acid showed that the inhibitory effects on chemotaxis and three dimensional morphogenesis of
breast cancer cells were specific to OS extract. In addition, OS extracts also reduced tumor size
and neoangiogenesis in a MCF10 DCIS.com xenograft model of human DCIS. This is the first
detailed report showing that OS leaf extract may be of value as a breast cancer preventive and
therapeutic agent and might be considered as additional additive in the arsenal of components
aiming at combating breast cancer progression and metastasis.
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Introduction

Ocimum sanctum (OS) also known as holy basil or tulsi, is one of the most popular herbs
used in European and Asian countries for the treatment of various ailments since ancient
times. It is associated with chemopreventive, anticarcinogenic, free radical scavenging,
radioprotective and numerous others pharmacological uses (1). The aqueous leaf extract and
seed oil showed anti-proliferative and chemopreventive activity on Hela cells (2). Oral
supplementation of seed oil against 20-methylchloranthrene (MCA)-induced fibrosarcoma
tumors and against 7,12-dimethylbenz(a) anthracene (DMBA) induced papillomagenesis in
Swiss albino mice reduced the cumulative tumor incidence and tumor volume (2, 3). OS
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significantly reduced the incidence of benzo(a)pyrene induced neoplasia of stomach and 3’-
methyl-4-dimethylaminoazobenzene induced hepatomas in rats (4). Topical treatment of OS
leaf extract in DMBA-induced papillomagenesis significantly reduced the tumor incidence,
average number of papillas per mouse, and the cumulative number of papillomas in mice
(5). Incidence of papillomas and squamous cell carcinomas were significantly reduced when
OS in the form of fresh leaf paste, aqueous and ethanolic extract was topically applied or the
extracts were orally administered to buccal pouch mucosa of hamsters exposed to 0.5%
DMBA. The aqueous extract showed a more profound effect than the other two forms (6).
Ethanolic leaf extract also had significant modulatory influence on carcinogen metabolizing
enzymes (cytochrome P450, cytochrome b5 and aryl hydrocarbon hydroxylase, glutathione-
s-transferase) and glutathione levels in mice (7).

A number of active constituents are thought to be responsible for the medicinal action of
OS. The leaves contain 0.7% volatile oils comprising ~ 70% eugenol and 20% methy!I
eugenol (8). Eugenol (4-allyl-1-hydroxy-2-methoxybenzene) is also present in other
aromatic plants like clove, cinnamon and nutmeg (9). In a recent study eugenol, isolated
from the cortex of Eugenol caryophyllata (clove) inhibited the activity and gene expression
of inducible cyclooxygenase (COX-2) in lypopolysacharide (LPS) activated mouse
macrophage cells (10). COX-2 catalyzes the conversion of arachidonic acid to
prostaglandins (11) and is an early response gene when stimulated by serum, tumor
promoters, mitogens, endotoxin, cytokines, and hormones (12). It is considered an important
therapeutic target in breast cancer progression, angiogenesis and metastasis (13-15). Studies
have shown that selective COX-2 inhibitors reduce the human breast cancer risk (16). Kelm
et al demonstrated inhibition of COX-1 and COX-2 levels by eugenol and six other phenolic
compounds extracted from the leaves and stems of OS (17), one of these compounds is
Apigenin (17). Apigenin (4’ ,5,7,-trihydroxyflavone) has low toxicity, is nonmutagenic and
is widely distributed in many fruits and vegetables including parsley, onions, oranges, tea,
camomile and wheat sprouts (18) and has recently been shown to possess antitumor
properties (19-22). It has also been shown to inhibit the activity of aromatase (estrogen
synthase) (23, 24), which is a cytochrome P450 hemoprotein-containing enzyme complex
that plays key role in the conversion of C1g androgens to Cqg estrogens (25). Aromatase
activity has been demonstrated in breast tissue /n vitro, and its expression is highest in or
near breast tumor sites and is an important therapeutic target for hormone refractory breast
cancer (26).

Ursolic acid (3p-hydroxy-urs-12-en-28-oic-acid), a pentacyclic triterpenoid, is another
compound exhibiting clinical value that has been isolated from OS leaves and also from
berries, leaves, flowers and fruits of Rosemarinus officinalis, Eriobotrya japonica, Calluna
vulgaris and Eugenia jumbolana (27). Ursolic acid has been shown to suppress nuclear
factor-xB (NF-xB), which regulates the expression of a number of genes whose products are
involved in tumorigenesis (28,29). Thus, agents that can suppress NF-xB activation have the
potential to suppress carcinogenesis and have therapeutic potential (29, 30).

Based on the above and lack of any reported scientific data on the role of OS on human
cancers, we questioned whether OS extract has an effect on breast cancer. In the current
study, we have analyzed the role of OS on tumor growth, angiogenesis and metastasis
related properties. A comparative analysis was also performed between eugenol, apigenin
and ursolic acid, which are commercially available, on tumor cell migration and 3-
dimensional tube formation. As total OS leaf extract was found to be more effective than its
separated constituents in these studies, it was used in remainder experiments.
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Material and Methods

Preparation of OS Extract

Seeds of Ocimum sanctum were purchased from Horizon Herbs, Williams, OR. The plants
were grown devoid of pesticides in the greenhouse at 78°F under a 12 hr photoperiod,
watered daily and fertilized once a week with 20:20:20 (NPK). The matured leaves were
harvested, dried in shade and extracted with water (1gm dry weight /100ml water). The
extract was boiled for 5 min, centrifuged, pH was adjusted to 7.0 and sterilized by filtering
through 0.22pm pore size Steritop filters (Millipore, Bedford, MA). Enough extract was
prepared to last for the duration of all the experiments and stored at —20°C as a 1% solution
(w/v). The activity was rechecked after 6 months and 1 year by performing chemotaxis
assay. Leaf extracts prepared similarly from iceberg lettuce Lactuca sativa (family
Asteraceae) were used as control.

Cell Lines and Culture

Chemotaxis

Human breast cancer cell lines MDA-MB-435 and MDA-MB-231 were a gift from Dr. Eric
W. Thompson (St. Vincent’s Institute of Medical Research and University of Melbourne,
Melbourne, Australia). The cells were maintained in Dulbecco’s Minimal Essential Medium
(Invitrogen Corporation, Carlsbad, CA) containing 10% heat-inactivated fetal calf serum
(FCS), essential and non-essential amino acids, (Invitrogen), vitamins, and antibiotics
(Mediatech Cellgro Inc., Herndon, VA). MCF10AT1 EIII8 cells (referred as EINI8) (31)
were maintained in DMEM-F12 medium (Invitrogen Corporation) supplemented with
0.1pg/mL cholera toxin (Sigma Chemical Co., St. Louis, MO), 10 pg/mL insulin (Sigma),
0.5 pg/mL hydrocortisone (Sigma), 0.02p.g/mL epidermal growth factor (BD Biosciences,
Bedford, MA), 100 IU/mL penicillin and 100g/mL streptomycin (Mediatech), and 10%
horse serum (Invitrogen). MCF10DCIS.com (referred as DCIS.com) cells were a gift from
Dr. F. Miller (32) and were cultured in DMEM/F12 medium supplemented with 10% horse
serum. EINI8 and DCIS.com cells are derived from the human preneoplastic breast cancer
cells MCF10A. Bovine Adrenal Medulla Endothelial Cells (BAMEC) were a gift from Dr.
D. Banerjee (University of Puerto Rico, San Juan, PR) (33) and cultured in medium
consisting of minimal essential medium with Earle’s salts and L-glutamine (EMEM)
(Invitrogen) supplemented with 10% fetal bovine serum (Hyclone, Logan, UT), and
antibiotics (Mediatech). All the cells were maintained in a humidified chamber with 95% air
and 5% CO, at 37°C. The cells were grown to near confluence and detached from the
monolayer with 0.25% trypsin and 2mM EDTA for 2 min at 37°C. The use of cell lines was
approved by the Human Investigation Committee, Wayne State University, Detroit, MI.

This assay was performed as described earlier (34, 35) using a Boyden chamber
(Neuroprobe Inc., Cabin John, MD). In the lower chamber, various chemo-attractants e.g.
Matrigel (BD Biosciences, Bedford, MA) or fibronectin (Sigma), alone or mixed with
various concentrations of OS extract, eugenol, apigenin or ursolic acid (Sigma) were added.
MDA-MB-435, MDA-MB-231 or DCIS.com (5x10%) cells were loaded in the upper
chamber. The two chambers were separated by a polycarbonate filter of 8p. pore size and
incubated in a 37°C tissue culture incubator for 5 hr, after which the filter was removed, the
cells on top of the filter were wiped off and the migrated cells were fixed, stained using
Protocol Hema 3 stain set (Fisher Scientific Company, Pittsburgh, PA), scanned and the cell
density was calculated using NIH Image Version 1.62. Each assay was carried out in
triplicate.

Int J Cancer. Author manuscript; available in PMC 2013 April 02.
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Cell viability and cell death of MDA-MB-231 cells were detected using Annexin V-FITC
Apoptosis detection kit (Oncogene, San Diego, CA). The cells (5x10°) were seeded in 100
mm dishes, serum starved for 24 hr, incubated with the extracts at various concentrations for
48 hr and counted, taking care that none of the floating cells were lost during washes and
suspended at a density of 1x10° cells/ml binding buffer. The cells were first stained with
Annexin V-FITC and later incubated with propidium iodide (PI). The quantification of the
Pl and FITC signals was performed using fluorescence activated cell sorter (FACScalibur
and Cell Quest (Beckton Dickinson, San Jose, CA)) and data were plotted and analyzed
using WinMDI 2.8 software.

Cell Proliferation

MDA-MB-231 cells (2x103) were seeded in triplicates onto 24 well culture dishes. After 24
hr, fresh medium containing various concentrations of the aqueous extract was added. In one
set of experiments, fresh medium supplemented with OS extract was added every third day,
whereas in another set of experiments OS was not replenished in the medium. Cell
proliferation was determined by the mitochondrial-dependent reduction of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) (Sigma) to formazan over a
period of 10 days. Briefly, the medium was removed and the cells were incubated at 37°C
with MTT (0.5mg/mL) for 4 hr. The medium was aspirated and the cells were solubilized in
0.04N HCI in isopropanol. The optical density (OD) was measured at 570 and 630 nm.

Three-Dimensional Growth and Morphogenesis Assay

Induction of

Angiogenesi

Formation of tubular network by EI118 cells or BAMEC was performed as described (34,
35). Matrigel (200pl) was added to each chamber of a pre-chilled eight chamber slide and
gelled by 15 min incubation at 37°C. After which, 5x10* E1118 or BAMEC cells were plated
onto the gel in 200 .l of the medium. In some chambers Ocimum leaf extract or apigenin,
eugenol or ursolic acid was added. After 2, 3 or 7 days, tubular structures were observed
under phase contrast microscope and photographed. Co-cultures of BAMEC and EI118 cells
(5x10* each) were performed to analyze in vitro angiogenesis and interactions between
epithelial and endothelial cells.

COX-2 Expression and Western Blot Analysis

MDA-MB-231 (5x10°) cells were seeded in 60 mm petri dishes. After 24 hr of serum
starvation, the cells were incubated with 25nM TPA alone or in combination with different
concentrations of the OS extract or the components. After 4 hr, the cells were trypsinized,
lysed and equivalent number of cells (1x10°) were subjected to SDS-PAGE and Western
blot analysis with a 1:1000 dilution of anti COX-2 mouse monoclonal antibody (Cayman
Chemical Co., Ann Arbor, MI). Blots were also immunoreacted with a 1:5000 dilution of
anti-tubulin mouse polyclonal antibody (Santa Cruz Biotechnology Inc., Santa Cruz, CA) to
normalize for variation in protein loading. Following washes the blots were reacted with
secondary antibody mix containing 1:5000 dilutions of IR Dye 680 or IR Dye 800
conjugated anti-mouse antibody (Molecular Probes, Eugene, OR) and scanned by Odyssey
infra red imaging system (LI-COR Biosciences, Lincoln, NE) to locate the COX-2 and
tubulin proteins.

s Assay

MDA-MB-231 (1x10° cells) suspended in 400 pl of Matrigel were injected subcutaneously
in the dorsolateral region near shoulder of nude mice (34, 35). To determine the effects of
0S, in parallel experiments, 0.1% (w/v) OS leaf extract was included in cell Matrigel
suspensions prior to injections into the animals. After one week, the Matrigel plugs along
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with overlaying skin were removed, fixed in 10% buffered formalin, embedded in paraffin,
and sectioned longitudinally, using the skin as the reference point. Sections were stained
immuno-histochemically with markers for neoangiogenesis (CD34; Cell Sciences, Canton,
MA), cell proliferation (PCNA; Dako, Carpinteria, CA) and apoptosis (TUNEL assay;
Promega, Madison, WI).

Tumor Growth in Nude Mice

2x106 DCIS.com cells were injected into NCR nu/nu mice obtained from Taconic,
Germantown, NY, in the mammary fat pad region subcutaneously on both sides (32) in two
groups of 6 mice each, respectively. Three days after the injections, one group received
water supplemented with 1% OS extract, whereas the remaining group received regular
drinking water. Tumor volumes were measured twice a week. The xenografts were
harvested at 3 weeks. The tumors were weighed, fixed with 10% buffered formalin and
processed for immunohistochemical staining using anti CD34, vascular endothelial growth
factor (VEGF; Santa Cruz), COX-2, matrix-metalloprotease-9 (MMP9; Oncogene,
Cambridge, MA) and proliferating cell nuclear antigen (PCNA) antibodies as described. The
animal experiments were performed according to the guidelines provided by Animal
Investigation Committee, Wayne State University.

Immunohistochemical Analysis

Four wm tissue sections were deparafinized, rehydrated and microwaved on high for 5 min
twice in 1mM sodium citrate buffer, pH 6.0. The sections were washed three times in PBS
and blocked with Super Block (Skytek Laboratories, Logan, UT) for 10 min. Sequential
sections were incubated with primary antibodies against CD34, COX-2, PCNA, VEGF and
MMP-9 at 4°C at the suitable dilution. The sections were washed 3 times for 10 min each in
PBS and linked with the appropriate host avidin biotinylated horseradish peroxidase tagged
secondary antibodies (Vector Laboratories, Burlingame, CA). Color development was
obtained with 3”-3-diaminobenzidine and counterstaining was performed with
hematoxylin. Visualization and documentation were accomplished with an OLYMPUS
BX40 microscope supporting a Sony DXC-979MD 3CCCD video camera and stored with
the M5+ microcomputer imaging device (Imaging Research Inc., Brock University, St
Catherine, ONT, Canada).

TUNEL Assay

TdT mediated dUTP Nick End Labeling (TUNEL) assay was performed to visualize the
fragmented DNA directly by fluorescence microscopy in paraffin embedded sections using
DeadEnd Fluorometric TUNEL system (Promega, Madison, WI1). Briefly, the paraffin
sections were deparafinized, and permeabilized with proteinase K. Fluorescein 12-dUTP
was then catalytically incorporated into the 3’-hydroxyl ends, which are exposed in
fragmented DNA of the apoptotic cells using the enzyme terminal deoxynucleotidyl
transferase (TdT). The sections were then labeled using the apoptosis detection system,
fluorescein and analyzed by fluorescence microscopy.

Statistical Analysis

Microsoft Excel software was used for calculating statistical significance by two sample t
test: using unequal variance. P values of < .05 were considered statistically significant.

Int J Cancer. Author manuscript; available in PMC 2013 April 02.
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Inhibition of Chemotaxis by Ocimum Extract

MDA-MB-231 and -435 cells migrate strongly towards 50p.g/ml Matrigel. No migration
was seen in DCIS.com cells towards 100pg/ml fibronectin or 50 and 100 g/ml Matrigel.
However, when 100pg/ml Matrigel was supplemented with 100pg/ml fibronectin, the cells
showed migration after an overnight incubation (not shown). There was a dose dependent
decrease in migration of MDA-MB-231 (Fig. 1A) as well as MDA-MB-435 (Fig. 1B) cells
towards Matrigel in the presence of OS extract, with a significant inhibition of ~ 60-75% at
0.2 and 0.1% (w/v) in MDA-MB-231 cells and 90-98% in MDA-MB-435 cells. An
inhibition of approximately 38% in MDA-MB-231 cells was observed in the presence of
0.05% OS. At lower concentrations of OS extract (0.01, and 0.02% w/v) the inhibition was
not statistically significant in both the cell lines. Migration of MDA-MB-231 cells towards
fibronectin was not as pronounced as towards Matrigel, but it was inhibited even with low
concentrations of OS extract (Fig. 1A). The experiment was repeated three times and
representative data are shown. OS extract also inhibited the migration of DCIS.com cells
towards Fibronectin supplemented Matrigel by about 60% (not shown). In order to
determine the specificity of inhibition by OS leaf extract, extract of iceberg lettuce (Lactuca
sativa) leaves was tested on MDA-MB-231 cells migration towards 50pg/ml Matrigel.
However, no inhibition in migration was observed (Fig. 1C).

To test whether chemotaxis inhibition was due to the known components present in the OS
leaf extract, we used 62.5 and 125 uM eugenol, 4.5 or 9 uM apigenin and 2.5 or 5 pM
ursolic acid alone or in various combinations in chemotaxis studies (Fig. LD&E). None of
these components suppressed migration.

Effect of Ocimum Extract on Viability and Apoptosis in Breast Cancer Cells

To rule out the possibility that inhibition in cell migration was due to cytotoxic effects, we
analyzed the viability, necrosis and apoptosis of MDA-MB-231 cells treated with OS extract
by flow cytometric analysis (Fig. 21) using Pl and Annexin V FITC staining. The untreated
control cells showed 96.8% viable cells that were negative for FITC as well as PI (Fig. 21A).
At a concentration of 0.5% (w/v), 80.2% cells were viable and 16.9 % cells stained with PI
indicating cell death. Only 2.4% cell in this group stained with Pl as well as FITC indicating
apoptosis (Fig. 21B). Because no differences in cell numbers were observed in lower
concentrations, we have chosen 0.5 and 0.002% (w/v) concentrations to prepare density plot.
The results indicate that OS does not induce apoptosis or necrosis at lower concentrations
ranging from 0.1 to 0.005% (w/v), but at a very high concentration of 0.5%, it causes cell
death in 16% cells because of toxicity and in 3% due to apoptosis.

Inhibition of Cell Proliferation

After having established that OS extracts do not affect cell viability, we questioned if it
affects cell proliferation. Fig. 211 indicates a significant dose dependent decrease in cell
proliferation in the continuous presence of Ocimum extract. There was a complete inhibition
of cell proliferation at 0.1 and 0.2% OS (w/v), cell number stayed constant over the 10 day
period, though the cells were viable. A slight increase in cell numbers was seen in 0.05 and
0.01% (w/v) with increasing time, the total number reaching approximately 10 and 40%
respectively of the control values by day 10. In the absence of fresh OS extract, however, the
cell numbers reached the values equivalent to controls with a delay that was dose dependent
(Fig. 2111).

Int J Cancer. Author manuscript; available in PMC 2013 April 02.
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Inhibition of Three-Dimensional Growth by Ocimum Extract

When seeded as monotypic cultures on Matrigel, EINI8 cells organize into tubular network
(Fig. 31A). BAMEC on the other hand, do not form very well organized tubes on Matrigel,
instead they organize into actively dividing aggregates (Fig. 31B). When BAMEC and EI118
cells are co-cultured on Matrigel, the cells organize into branching structures indicative of /n
vitro angiogenesis (Fig. 31C) (36). In the presence of OS extract, there was a disrupted tube
formation in EI118 cells and the interconnecting network was lacking (Fig. 31A"), and
BAMEC did not form aggregates (Fig. 31B”). The co-cultures did not form tubes, but
aggregates were seen (Fig. 31C”). We also did not see many floating cells, which indicates
that the OS extract did not inhibit cell-cell interaction, it may be homotypic or heterotypic
interaction, but inhibited the morphogenesis of cells into interconnected tube like structures.

To analyze if various components could also inhibit tubular network formation, we seeded
EI118 cells in the presence of eugenol (125, 250 and 625 M), apigenin (4.5, 9 and 18 pM)
and ursolic acid (2.5, 5 and 10 M) and their corresponding vehicles KOH and ethanol. The
tubes were observed after 7 days. The highest tested concentrations (625 M eugenol, 18
KM apigenin and 10 M ursolic acid) have been depicted in Fig. 3I1. No reagent other than
the total leaf extract inhibited tube formation of EINI8 cells.

Inhibition of COX-2 Induction by Ocimum Extract

Since studies have shown that eugenol is present in appreciable quantities in OS extracts and
it inhibits the induction of COX-1 and COX-2 (17), we questioned whether OS extract could
also inhibit COX-2 expression. Our results indicate an appreciable increase in the levels of
COX-2 by treating the MDA-MB-231 cells with 25nm TPA, which was abolished in the
presence of 0.05 or 0.1% wi/v OS extract as well as by 62.5 uM eugenol, 2.5.1M apigenin or
2.5uM ursolic acid. The vehicle DMSO did not induce COX-2 (Fig. 4). Higher
concentrations of components (5 LM each of apigenin and ursolic acid, 125 M eugenol)
were toxic to the cells in the presence of TPA.

Inhibition of Angiogenesis by Ocimum Extract

The formation of blood vessels in the Matrigel plugs was analyzed by staining the sections
with anti CD34 monoclonal antibody. Our results show that the plugs formed by MDA-
MB-231 cells are more dense, and show the presence of blood vessels throughout the plug
(Figs. 5IB&C), whereas in the presence of OS extract, the plugs showed a reduced cell
number per microscopic field (Fig. 51D compared with B) and the blood vessels were
restricted to the periphery (Figs 5IE&F) of the plug.

To check if the reduced number of cells and blood vessels in OS treated plugs could be due
to either an induction of apoptosis or an inhibition in cell proliferation, we stained some
sections with anti PCNA antibodies and performed TUNEL assay on some sections. There
was a significant decrease in the levels of PCNA (Fig. 5I1A&B) in the treated sections.
However, using TUNEL assay, the yellow green stain indicating fragmented DNA was
observed only in the mouse stromal cells in the OS treated plugs (Fig. 511D compared to
511C), indicating induction of apoptosis in the stroma by OS extract. Only 1-2 cells in the
whole field showed apoptotic nuclei in the untreated control section (Fig. 511C).

Inhibition of Tumor Growth and Angiogenesis by Ocimum Extract

The anti-tumorigenic potential of the extract was tested using the DCIS xenograft mouse
model. Although tumorigenic efficiency was not affected by OS extracts, but the tumor
growth rate slowed after the first 14 days when the tumors reached a volume of
150mm3(Fig. 61) in mice that were orally supplemented with OS extract. The average tumor

Int J Cancer. Author manuscript; available in PMC 2013 April 02.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Nangia-Makker et al.

Page 8

weight of DCIS.com xenografts on day 21 was 662 + 89 mg in control group and 252 +
31mg in the OS fed group.

The reduction in tumor size was accompanied by many changes in protein distribution (Fig.
611). Treatment with OS resulted a reduction in the number of neo-vessels (reduced
angiogenesis indicated by CD34 staining) (A, A”). A redistribution of VEGF from epithelial
and stromal to only epithelial compartment was also observed in the treated xenografts (B,B
'&C,C"). A reduced expression of COX-2 (D,D”), MMP-9 (E,E”) and PCNA (F,F") was
also observed in OS treated xenografts.

Discussion

The use of dietary components such as traditionally used spices and herbs having protective
and/or preventive effects on cancer progression is an important emerging field of research. It
is generally assumed that the use of these food supplements is safe and efficacious, given
that they have been used for human consumption for centuries. However, understanding
their mechanisms of action as a cancer preventive and therapeutic modality is one of the
main challenges for modern science.

In the present study we have shown that OS extracts significantly reduced tumor cell
proliferation when the medium was replaced with fresh OS supplemented medium every
third day. The inhibition in cell growth was dose dependent and it was not due to
cytotoxicity or apoptosis as analyzed by Annexin V FITC and propidium iodide staining
after 48 hr of incubation. However, OS extracts induce apoptosis in the stromal cells, which
was detected after 7 days in Matrigel plug assay. Interestingly, the extracts seem to have a
reversible cytostatic effect on growth. When the extracts were not replenished after their
first effect wore off, cells reentered the growth phase after an initial delay period, the length
of which was proportional to the concentration of the extract used. At the highest
concentration used (0.1% w/v), even though the delay was of 7 days, nevertheless cells
entered the growth phase and by 10 days, reached numbers higher than the controls, which
had already reached a peak level by day 7. Inhibition of tumor cell proliferation by OS
extracts has been reported earlier (2), though its reversible cytostatic effects have been
reported for the first time to the best of our knowledge. The inhibition of cell proliferation
was accompanied with a reduced ability of cells to grow in anchorage independent
conditions (not shown). Ocimum also affected the 3-dimensional growth and morphogenesis
of epithelial and endothelial cells on Matrigel as monotypic as well as heterotypic cultures.

Chemotaxis, an in vitro assay to study the directed motility of tumor cells, is another
important phenomenon affected by OS extract. Using this assay we have shown that OS
extracts inhibit the migration of MDA-MB-231, -435 and DCIS.com cells towards Matrigel
and fibronectin in a dose dependent manner, whereas the similarly prepared extract from the
leaves of Lactuca sativa did not inhibit the migration. We used Lactuca as a control, which
consists of 85% water and very few other components. To test whether inhibition of
chemotaxis was due to the presence of some previously known component of the leaf
extract, we used eugenol, apigenin, ursolic acid and their corresponding vehicles ethanol and
KOH at comparable dilutions and compared the results with total extract. The concentrations
of the components were selected based on the viability studies and the amounts present in
Ocimum leaves. Based on available data a 1% solution (w/v) of Ocimum leaves contains
about 29.8 uM eugenol (1) and 3.7 M apigenin (17). Concentration of ursolic acid in
Ocimum leaves could not be found in literature, but when used in the range of at 5-20 oM
on various cell lines it induced apoptosis (37). We used eugenol at 62.5 or 125 M, apigenin
at 4.5 or 9 uM and ursolic acid at 2.5 or 5 uM for chemotaxis studies compared with 5.96
KM eugenol and 0.74 M apigenin present in 0.2% w/v OS extract. No inhibition in
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migration was observed (Fig. 1D) by any of the components in the given concentrations. In
separate experiments, higher concentrations of eugenol (6.25 and 25mM), apigenin (9 and
18 iM) and ursolic acid (10 and 25 M) showed no inhibition in chemotaxis (not shown).
However, when they were used in various combinations, a mixture of 4.5..M apigenin and
2.5 M ursolic acid showed an inhibition of approximately 40% in chemotaxis towards
Matrigel. Similarly morphogenesis of the EI118 cells as 3-dimensional cultures on Matrigel
was not suppressed by eugenol, apigenin or ursolic acid at concentrations as high as 625..M,
18uM and 10pM respectively, whereas 0.1 and 0.05% (w/v) extracts inhibited the
interconnecting tubular network very effectively. Our results indicate that the total leaf
extract of OS is a more potent inhibitor of the MDA-MB-231 cell migration and EIN118
morphogenesis compared to any of the tested components alone or in combination even
though they were used at much higher concentrations than those present in the extract. This
could be due to presence of a component(s) different from these three, or the combined
effect of more than one component. Another reason for the inability of purified components
to inhibit migration and morphogenesis could be the inactivating effect of purification
procedures on the biological activities. Therefore, we studied the induction of COX-2 in
MDA-MB-231 cells. Fig. 4 shows that all components as well as OS extract inhibit the TPA
induced COX-2 in MDA-MB-231 cells, indicating that biological activity of the purified
extracts is not affected by the purification procedures and secondly, COX-2 may be one of
the proteins involved with migration and morphogenesis as reported by (38), but not solely
responsible for these processes.

Since chemotaxis, morphogenesis and cell proliferation are crucial steps of angiogenesis and
our 3-dimensional co-cultures indicate an inhibition of /n vitro angiogenesis by OS extracts,
we performed Matrigel plug assay to study the effect of OS extract on angiogenesis. When
compared with the untreated plug, the OS containing plugs showed fewer cells per
microscopic field and localization of blood vessels only to the periphery of the plug. The
treated plugs also showed highly reduced cell proliferation in these sections compared to
untreated controls. We hypothesize that the OS extract diffuses from the plug and inhibits
the angiogenic and growth factors secreted by tumor and stromal cells. The inhibitory effect
is stronger in the Matrigel end (center) of the plug and forms a gradient towards the
subcutaneous end (periphery), where an interface is formed between the tumor cells in the
plug and the infiltrated mouse stromal cells, restricting the blood vessel formation beyond
this point. Also, we demonstrated apoptosis in the mouse stroma cells using TUNEL assay,
which could be responsible for the failure of angiogenic response from the host stroma in the
OS treated plugs. Using the 3 dimensional co-culture of E1118 and BAMEC cells on
Matrigel, we have shown that lack of angiogenesis may not be due to failure of epithelial
endothelial interactions, but because these cells failed to elongate and morphogenize into
tube like structures.

Neoangiogenesis, the growth of new capillaries in response to pro-angiogenic cytokines
synthesized by tumor cells deprived of oxygen and nutrients plays a crucial role in tumor
growth and metastasis (39, 40). We selected the DCIS.com xenograft model for tumorigenic
studies because these cells develop into human DCIS like xenograft in 3 weeks with
extensive angiogenic response (unpublished data). When OS extracts were fed to nude mice
injected with DCIS.com cells, there was a reduction in tumor weight and volume in the
treated mice. Substitution of drinking water with OS extract did not affect the welfare of the
mice. The extract was not distasteful to the animals, as the water consumption by both the
groups was the same. No side effects of toxicity like dry skin, weight loss, lethargy or any
other abnormal behavior were observed in the treated mice, indicating that OS extract was
well tolerated by mice at this concentration. Immunohistochemical comparison between the
water fed and OS fed DCIS.com xenografts indicates absence of neoangiogenesis in OS fed
xenografts using anti CD34 antibody (Fig. 611A, A”). There was also a redistribution of the
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angiogenesis marker VEGF from stromal and epithelial compartments to the epithelial
compartment alone (Fig. 611 B, B"). VEGF is known to increase vascular permeability and
induce endothelial cell proliferation and migration through high affinity binding to its
receptor at the endothelial cell surface (41). Presence of VEGF in epithelial cells may not be
of consequence to the formation of blood vessels, which were mainly seen in the stromal
areas (Fig. 11E,E"). It was shown that functional interference of VEGF-signaling impaired
angiogenic switch and the association of VEGF to its receptors was shown only in
angiogenic islets and tumors and not in normal or preangiogenic pancreatic islets (42).
Failure to form angiogenesis was accompanied with a reduced expression of COX-2 (Fig.
1611C,C"), which is another protein associated with angiogenesis and shows a significant
correlation with VEGF & HER2/neu (43). COX-2 was expressed in the xenografts in the
peripheral epithelial cells, but was absent from the stroma. The distribution of COX-2
protein was unchanged in the OS treated xenografts, but overall expression was significantly
low (Fig. 61ID,D"). There was also a significant inhibition in PCNA expression indicating a
reduced cell proliferation (Fig. 611F,F"), which could be responsible for slower tumor
growth rate in treated mice. Cell migration is dependent upon local proteolysis of extra-
cellular membrane by MMPs (44). MMPs not only facilitate the migration of the endothelial
cells through ECM, but also that of tumor cells (41, 42, 45). MMP9 was shown to be a
functional component of the angiogenic switch during multistage pancreatic carcinogenesis
in RIP1-Tag?2 transgenic mice and was reported to increase the availability of VEGF (42).
Levels of MMP-9, were drastically reduced in OS treated xenografts (Fig. 11D,D"). To
summarize, the xenografts from the OS fed animals showed a reduced level of angiogenesis,
which could be due to reduced cell proliferation, migration and invasion in the tumor cells
and induction of apoptosis in the stromal cells.

The inhibitory effects of OS could be due to one or multiple components present in the
extracts utilizing various pathways. It has been shown that induction of COX-2 leads to
conversion of arachidonic acid to postaglandin PG2 (11). It was recently shown that
increased secretion of PGE2 from constitutive COX-1 and inducible COX-2 isozymes
present in breast epithelium and stromal cell compartments results in both autocrine and
paracrine actions to increase aromatase expression in the tissues (25, 46). Eugenol inhibits
the induction of COX-2 (10), and apigenin has been shown to inhibit aromatase as well as
COX-2 expression (23, 24). Ursolic acid was reported to inhibit NF-kB activity, which
controls the expression of COX-2 and MMP-9 (47) along with many more proteins (28, 29).
Thus all three recognized components could act synergistically to affect these interrelated
pathways, act independently, or act in combination with other components present in the
extract. However, our data indicate that none of the tested compounds alone or in
combination was as effective as the total extract in inhibiting chemotaxis of MDA-MB-231
cells or 3-dimensional growth and morphogenesis of EINI8 cells. Our results support the
earlier assumptions that the total herbal extracts contain a number of chemical constituents
that interact in a complex way to elicit their pharmacological response.

In summary, our data demonstrate that aqueous extract of Oc/mum leaves inhibits tumor
growth and angiogenesis by affecting tumor cell proliferation, migration, morphogenesis,
stromal apoptosis and induction of COX-2. These data stress the importance of validating
the use of traditional medicinal herbs in combination with the modern medicine in tumor
prevention and therapy. More experiments are in progress to understand the molecular
targets and pathways affected by this herb.
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Figure 1.

Boyden chamber analysis of MDA-MB-231 and —435 human breast cancer cell lines using
Matrigel or Fibronectin as a chemo-attractant. A: OS leaf extract was mixed with 100 g /ml
Fironectin or 50pg/mL Matrigel in serum free medium at concentrations ranging from 0.01—
0.2% (w/v). Note the dose dependent inhibition of migration by leaf extract. B: Chemotaxis
of MDA-MB-435 cells towards 50 g /ml Matrigel in the absence or presence of 0.2—
0.002% OS (w/v). C: Chemotaxis of MDA-MB-231 cells. Control: towards serum free
medium; MG: towards 50p.g/ml Matrigel; OS: towards Matrigel in the presence of 0.1% OS
extract; LS: towards Matrigel in the presence of 0.1% Lactuca extract.

D: Migration of MDA-MB-231 cells towards Matrigel. SF: serum free medium; MG: 509/
ml Matrigel; Eug: Eugenol; Api: Apigenin; Urs: Ursolic acid. All components and extract
were mixed with MG.

E: Migration of MDA-MB-231 cells towards Matrigel: MG: 50.g/ml Matrigel; OS: 0.2%
OS extract (w/v); Ap/Eu: 4.51M apigenin and 62.5uM eugenol; Ur/Eu: 2.5 uM ursolic acid
and 62.5u.M eugenol; Ap/Ur: 4.5u.M apigenin and 2.5uM ursolic acid; Ap/Eu/Ur: 4.5uM
apigenin, 2.5.M ursolic acid and 62.5.M eugenol; K/E: 0.125 pM KOH and .001%
ethanol; K/E/E: 0.125.M KOH and 0.002% ethanol. All reagents were mixed with 50pg/ml
Matrigel. * £<0.001; *" P< 0.005
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Figure 2.
I: Cell viability and toxicity curve of MDA-MB-231 cells treated with OS extract using

AnnexinV-FITC staining. A: Density plot control; B: Density plot 0.5% OS; C: Density plot
0.002% OS. 11&I1l: Growth curve of MDA-MB-231 cells in the presence of OS extract. To
account for the differences in seeding capacity of various cell lines, the OD at day 2 was
given a value of 100 and % increase was calculated relatively. Note a dose dependent
inhibition in the cell proliferation in the continuous presence of OS extract in 1l and a dose
dependent delay in cell number increase in 111 after only the initial treatment with OS
extracts. Each time point in 1l showed a statistical significance of <1x107°, which is a highly
significant inhibition compared to the untreated control.
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Figure 3.

I: 3-Dimensional growth and capillary tube formation. A,A”: EIN18 cells; B,B": BAMEC;
C,C’: Co-cultures of the two cell lines. A-C: control; A’~C": 0.1% OS extract (40X) II:
Effect of OS extract and components on morphogenesis of EINI8 cells. A: control untreated;
B: 0.05% OS extract; C: 0.1% OS extract; D: 625 .M eugenol, E: 10um ursolic acid; 18m
apigenin, G: 0.01% ethanol; H: 1.25mM KOH
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Figure4.

Western blot analysis of COX-2 induction. 1: Control untreated cells; 2: 25 nM TPA,; 3:
DMSO at 1:200 dilution; 4: 0.05% OS extract; 5: 0.1% OS extract; 6: 62.5 pm eugenol; 7:
2.5um apigenin; 8: 2.5um ursolic acid. 4-8 were mixed with 25nM TPA. Tubulin was used
as loading control.
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Figure5.

I: Effect of OS extract on MDA-MB-231 cell induced angiogenesis: A: Lower magnification
(40X) to show the overall orientation of the plugs. Subcutaneous fat can be seen on one side
(S) and Matrigel (M) on the other side of the section. In-between are the tumor and stromal
cells infiltrated from the host tissue. B: Section from a control plug staining neovessels
(brown) with CD34 antibodies and nuclei (blue) with haematoxylin. The cells are spread
over a large area of the section; blood vessels are distributed uniformly over the entire
cellular area (100X). C: Higher magnification (200X) to show the blood vessels with small
lumen (arrows), some vessels have not yet developed the lumen (arrowhead). D, E &F:
Sections from the plugs formed in the presence of OS extract. Note that fat cells as well as
Matrigel are visible in D indicating that cells fill up a relatively smaller area (compare with
B). The cells towards center of the section did not show any vasculogenesis, the vessels
were only peripheral i.e. closer to the skin (100X). E: 100X showing the vessels (arrow) and
the nonvascular area (arrowhead). F: Restriction of blood vessels at the interface (arrow).
The older vessels (with lumen) can be seen on the subcutaneous side and new vessels (no
lumen) are bordering the interface between angiogenic and non-angiogenic areas. 100X II:
Angiogenesis in MDA-MB-231 plugs. A & C: sections from control plug and B&D:
sections from OS extract treated plugs showing PCNA (A&B 400X) and TUNEL assay
(C&D: 200X). Arrows indicate positive staining in PCNA. Red color indicates intact DNA
with propidium iodide staining (C&D) yellow color indicates fragmented DNA in early
apoptosis (arrow) in the treated section (D).

Int J Cancer. Author manuscript; available in PMC 2013 April 02.



duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

duasnuely Joyiny vd-HIN

Nangia-Makker et al.

Page 19

I —e—control
-=—0SE

Tumor volume mm*

Figure6.
I: Growth of DCIS.com xenografts in nude mice fed with OS extracts: Mice were divided

into two groups. One group was administered OS extract orally and the other one was fed on
water. The mice were injected with 2x10% DCIS.com cells. *P <.05. 11:
Immunohistochemical analysis of the DCIS.com xenografts. A&A”: CD34 (100x) Inset
200x; B&B': Lack of VEGF in the stroma of the OS treated xenografts (arrows) 100x; C&C
": VEGF 200x D&D’: Cox-2 expression restricted to the peripheral cells of the DCIS
(arrows) 40x; inset 200x: E&E’: MMP9 100x; F&F”: PCNA arrows indicate positive
staining 100x. A—F: control; A’—F": OS treated.
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