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Abstract

Aim of the study was to determine the effect of essential oil of Wedelia chinensis (Osbeck) on lung metastasis
developed by B16F-10 melanoma cell line in C57BL/6 mice. The essential oil extracted by hydro distillation method
was evaluated by GC-MS for its bioactive compounds. Male C57BL/6 mice were injected with B16F-10 melanoma
cells through tail vein and simultaneously treated with the essential oil of Wedelia chinensis (Osbeck). The selected
dose of drug (50 pg of essential oil) showed its cytotoxicity on B16 F-10 melanoma cell line with 65.17% of death
within 24hrs in-vitro. We observed a statistically significant increase in the number of apoptotic cells in essential oil
treated group when compared with the normal and cancer control groups. We have also observed an increased
level of expression of apoptosis inducing molecules such as p53 and caspase-3 in treated group when compared
to cancer group as an indicator of utilization of such molecules for inducing apoptosis. The present investigations
indicate the effect of essential oil of Wedelia chinensis (Osbeck) in suppressing the metastatic potential of B16F-10
cells in lungs as well as tumor directed angiogenesis. It has shown a powerful apoptotic effect by increasing the
levels of p53 and caspase-3 enhancing apoptotic nuclei and thereby it inhibits cancer progress. This drug can be

therefore taken as a key therapeutic agent to treat cancer in future with extensive molecular studies.
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Introduction

Cancer is a disease in which abnormal cells divide without control,
able to invade other tissues (through the blood and lymph systems),
multifactorial in its origin and found to be the second leading cause
of death [1]. Deaths due to lung cancer are on rise and the last decade
survival rate for lung cancer remains low in spite of the advancements
in treatment [2]. Thus, there prevails a growing need for new treatments
to be invented. One of the main reasons for the death in cancer patients
is due to the ability of tumor cells to metastasize [3].

Angiogenesis is a major pathological component of diseases
such as cancer and coronary heart diseases. The normal process of
angiogenesis is turned into tumor directed angiogenesis, where the new
blood vessels formed due to carcinogens feed cancerous tissues, destroy
normal tissue and thereby tumor cells escape into the circulation to
lodge in other organs (metastasis) [4].

The hurdle in curing cancer treatment is partly due to lack of
targeted therapy at apoptosis (programmed cell death), which plays an
essential role in maintaining the tissue homeostasis. Since, the growth
of cancer tissue lies in the balance between mitosis and cell death
(apoptosis), cancer therapy need to consider the induction of apoptosis
in cancer cells as the major target [5].

In the modern era, phytochemical examination of plants having
suitable history of use in traditional treatment for diseases often
resulted in the isolation of new drugs with anti-tumor activity [6].
Monoterpenes are found in a wide variety of plants and is a major
component of their essential oils. Due to the therapeutic efficacy of
monoterpenes in experimental model systems, its clinical evaluation
has begun for use in treating advanced cancer patients [7].

The study plant Wedelia chinensis (Osbeck) is one such medicinal
plant having greater therapeutic value as it is being used traditionally

for treating wound healing, hair loss [8] anti-inflammation, analgesic
and jaundice [9]. The genus Wedelia consist of approximately 65
species and it is distributed in tropical and warm temperature regions
like India, China and Japan [10]. The plant has also scientifically been
proven by various researchers that its leaf extract has anti-inflammatory
[11] and anti-cancer (Prostate) activities [12]. A highly significant
result has been reported by researchers that the carvocrol is very potent
inhibitor of cell growth in A549 cell line (human non-small cell lung
cancer (NSCLC) cell line). Another report states that the compounds
like p-cymene, c-terpinene, b-Caryophyllene, b-bisabolene, carvocrol
methyl ether and thymol are compounds having more or less similar
biological properties as carvocrol in their action. The B16 F-10 cell line
is found to have high potency to metastasize in lung when injected
through tail vein [13].

Materials and Methods
Collection and authentication of plants

Fresh leaves of Wedelia chinensis (Osbeck) having medicinal value
was collected from Western Ghats of siruvani hills of Coimbatore, India.
The plant material were taxonomically identified and authenticated
by the Botanical Survey of India and the voucher specimen (No.BSI/
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SC/5/23/09-10/TECH.1449) is retained in our laboratory for future
reference.

Extraction of essential oil

Extraction of essential oil from the study plant was done by hydro
distillation method using clevenger-type apparatus for 3 hours [14].
Plant material (leaves) was immersed directly in a round bottom
flask filled with water. This was then brought to boil. Vapours were
condensed on a cold surface using condenser attached to it. Essential
oil gets separated based on difference in density and immiscibility, is
then collected and dried over anhydrous sodium sulphate and stored
in a vial at low temperature until analysis.

GC-MS analysis

GC-MS analysis was performed in Indian Institute of Spices
Research (IISR) - Calicut-Kerala - [PMT/IISR/28(13)09] using
CARBOWAX capillary column and helium as carrier gas to identify
the major compounds present in essential oil [15]. Briefly, 0.2 pl of
essential oil was injected in to the column of 1 ul/min at 250°C and
the oven temperature was programmed as 60°C for 15 minutes, and
then gradually increased to 280°C for 3minutes. The identification was
based on comparison of their mass spectra and retention indices.

Experimental animals

C57BL/6 (20-25 g) of male sex mice (6 animals / group) were
purchased from National Institute of Nutrition (Hyderabad, India).
The animals were housed in ventilated plastic cages and maintained at
12 hour light /12 hour dark cycle with free access to food and water. All
the experiments involving animals were performed according to the
standard protocol and guidelines after getting proper approval from
Institutional Animal Ethical Committee.

In vivo acute drug toxicity study

Overnight-fasted C57BL/6 mice of male sex weighing 20-25 g were
divided into 6 groups of 6 animals each. Each group of animals was
given different doses of drug (essential oil) such as 50,100, 200, 500,
1000 and 2000 pg via i.p. The acute toxicologic effect was observed for
72 hours in terms of mortality [16].

Cell line

The B16F-10 melanoma cell line was purchased from National
Centre for Cell Science (NCCS, Pune, India). The cells were maintained
in RPMI 1640 medium buffered with 2 g/L of HEPES and sodium
bicarbonate, supplemented with dextrose, penicillin, streptomycin and
10% of fetal bovine serum. The cells were maintained in a humidified
atmosphere containing 5% CO, at 37°C. When needed for experiments
(or during routine passaging steps), the cells were harvested with
trypsin: EDTA (0.05: 0.03 [W/V] solution, and then washed in
phosphate buffered saline (PBS, pH 7.4).

In vitro cytotoxicity study by MTT assay

This assay is extensively used for measuring cell survival and
proliferation. It depends on the cell type, cellular metabolism and
incubation time with MTT. This method is based on the capacity of
mitochondrial enzyme succinate dehydrogenase of viable cells to reduce
the yellow soluble tetrazolium salt MTT [3-(4, 5-dimethyl-thiazole-2-
yl)-2, 5-diphenyl tetrazolium bromide] into a purple blue insoluble

formazan precipitate which is quantified spectrophotometrically after
dissolving in DMSO [17]. There is a direct proportionality between
the formazan produced and the number of viable cells. Different
concentrations of essential oil such as 5, 10, 25 and 50pug/ml of media
were treated with the cell line (1x10°) and 20 pl of MTT (5 mg/ml)
reagent. The test tubes were incubated for 4hrs at 37°C. Later 1 ml
of DMSO was added to solubilize the formazan crystals and the
absorbance was taken at 570 nm. The percent specific cytotoxicity was
calculated expressed as percentage of viable cells.

In vivo anti-cancer study using B16F-10 cell line

The effect of essential oil on suppressing the lung metastasis was
studied using male C57BL/6 mice which were injected through tail
vein with 1x10%/0.1 ml B16F-10 mouse melanoma cells having high
metastasis activity from small inoculums [18]. Animals were divided
into 4 groups of 6 mice in each group. Group 1 normal mice were left as
such without any treatment. Group 2 cancer controls in which cancer
cells were injected to develop cancer in mice and were left without
any treatment. Group 3 vehicle controls injected with cancer cells and
were treated with 0.1ml of 50% of ethanol. Group 4 essential oil treated
group injected with cancer cells and were treated with 0.1ml of 50 pg
of essential oil of Wedelia chinensis (Osbeck) for 21 days after cell line
injection. The brief experimental design is given below,

Experimental design (6 mice/group)
Group 1: Normal mice
Group 2: Cell line alone
Group 3: Cell line + vehicle treated
Group 4: Cell line + essential oil treated
Body weight and lung weight in the experimental animals

The body weight and lung weight were noted on the initial and final
(22") day in all the experimental groups. The values are expressed in
mean of all the six mice in a group.

Tumor nodule count

On the 22" day after scarification their lungs were excised, weighed,
and placed in phosphate-buffered saline (PBS, pH 7.4). The number of
lung tumor nodules on the surface of the lung was counted and the
percentage inhibition of lung tumor nodule formation was calculated
[19].

Haematological changes
Blood was collected from all mice by cardiac puncture after

scarification on 22" day and the blood parameters such as hemoglobin
(Hb) and white blood cells (WBC) were observed in all the groups [20].

Histopathological analysis of lung

Lung tissues (tumor nodules) were dissected out after scarification
of mice, fixed in 10% formaldehyde, dehydrated and embedded in
paraffin wax for histological studies. From the blocks, 4pum sections
were then stained with Hematoxylin and Eosin (H & E), mounted in
DPX and examined under a microscope for histopathological changes
of lung cancer [21].

Study of apoptosis by TUNEL assay

Terminal deoxynucleotidyl transferase-mediated dUTP nick end-
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labeling (TUNEL) was performed with in situ apoptosis detection
kit (Promega Corporation, 2800 Woods Hollow Road, Madison,
USA) following the manufacturer’s instructions [22]. Briefly, the
deparaffinized tissue section in xylene was washed in 100% ethanol for
5 minutes. Then the samples were rehydrated by sequentially graded
ethanol washes (100%, 95%, 85%, 70%, and 50%) for 3 minutes each
at room temperature. Again washed the samples, by immersing the
slides in 0.85% NaCl and in PBS for 5 minutes. Fixed the tissue sections
by immersing the slides in 4% methanol free formaldehyde solution
in PBS for 15 minutes at room temperature and washed in PBS for 5
minutes. Added 100 pl of the 20 ug/ml proteinase K to each slide to
cover the tissue section and incubated for 8-10 minutes. Proteinase
K helps permeabilize tissues and cells to the staining reagents in
subsequent steps. After washing with PBS fixed the tissue sections by
immersing the slides in 4% methanol-free formaldehyde solution in
PBS for 5 minutes at room temperature and again washed with PBS.
Then the sections were incubated in equilibration buffer for 10 minutes
and added 100 ul of rTdT reaction mix (Equilibration buffer 98 ul
+ biotinylated Nucleotide mix 1ul + rTdT 1pl) for all slides. Finally,
after the incubation, 100 pl of Streptavidin HRP solution (1:500 in
PBS) was added 100 pl to each slide and incubated for 30 minutes.
Then added 100pl of DAB solution to each slide and kept until a light
brown background was developed. After mounting the slides with DPX
the stained cells were examined at 40x magnification by using a light
microscope (Olympus BH-2). Cell death was quantitated by counting
200 cells in five to seven separate fields of view per slide and noting the
percentage of apoptotic cells based on morphological appearance.

Immunodetection of p53 and Caspase - 3 expressions in lung
tissue

The level of expression of p53 and caspase 3 was checked by
immunohistochemistry using immunofluorescence [23]. Briefly, frozen
tissue sections (16 pm) of tumor sample and normal were fixed with
acetone for 20 minutes followed by permeabilization with 0.5% (v/v)
Triton x 100 in PBS for 10 minutes at room temperature. After blocking
with 5% horse serum in PBS for 1 hour, the sections were incubated with
primary antibody [mouse monoclonal antibodies to p53 and caspase 3
(Santa Cruz Biotechnology, USA] for 1 hour and then incubated with

FITC conjugated secondary antibody for 1hour at room temperature.
To reduce auto fluorescence, the sections were treated with CuSO4
(10mM) in ammonium acetate buffer (50mM CH3COONH4, pH 5.5)
for 30 minutes. The sections were counterstained with DAPI - (4’, 6 -
diamidino - 2 - phenylindole) for 5 minutes and mounted in vector
shield (Vector laboratories). The normal and tumor sections treated as
above, but without primary antibody, served as negative control. After
mounting the slides, the section were viewed for immunofluorescence
under a confocal laser scanning immunofluorescence microscopy
(CLSM) using a Zeiss LSM 510 META confocal microscope. Image
analysis was done using LSM510 META software (Carl Zeiss) and
images were assembled using adobe Photoshop 7.0.

Study of tumor directed angiogenesis by the assay of new
capillary vessel formation

C57BL/6 mice were divided into three groups and each group
contains six mice. In brief, BI6F-10 cells (1 x 10°) were injected
intradermally on the shaven ventral skin of each mouse [24]. Drug (50
ug/dose) was given through IP for 10 days after cell line injection in
which group 1 receives no treatment left as mice injected with cancer
cells alone, group 2 was injected with cancer cells and receives vehicle 0.1
ml of 50% ethanol and group 3 the drug treatment group was injected
with cancer cells and receives 0.1ml of 50 pg of essential oil of Wedelia
chinensis (Osbeck) and mice were sacrificed on the eleventh day. The
skin from the ventral side was dissected out, washed with phosphate
buffered saline and the number of tumor directed capillaries was
counted using a dissection microscope. The percentage of inhibition of
capillaries formation was also calculated using the formula as follows,

% inhibition = Tumor directed capillaries of cancer control -
Tumor directed capillaries of treated mice / Tumor capillaries of cancer
control x 100.

Statistical analysis

Data was statistically analyzed using one - way ANOVA as primary
test followed by Dunnett’s test one way ANOVA, using Graph pad
InStat3.0 software. All the results were expressed as mean + S.D of 6
animals in each group and considered significant when P < 0.05.

Pe:l; S Retention Time | Initial Time | Final Time Area Area% Height Height% ::g:]lt Name of the compound
1 3.077 3.008 3.142 2262359 7.29 766572 15.49 2.95
2 5.863 5.808 5.917 74913 0.24 27661 0.56 2.70 B-myrcene
3 6.273 6.208 6.317 193397 0.62 71627 1.45 2.70 a-terpinene
4 8.304 8.192 8.358 1416392 4.57 396503 8.01 3.57 y- terpinene
5 9.063 8.942 9.108 2709933 8.73 682275 13.78 3.97 Ortho-lymene
6 18.756 18.633 18.783 1837973 5.92 487288 9.84 3.77 a-bergamotene
7 18.959 18.783 19.025 4600145 14.83 703940 14.22 6.53 T-Caryophyllene
8 21.097 20.950 21.158 1765457 5.69 364894 7.37 4.83 a-humulene
9 23.067 23.008 23.133 124813 0.40 38341 0.77 3.25 -
10 31.209 31.067 31.275 1421838 4.58 257366 5.20 5.52 Aromadendrene
1 33.017 32.950 33.092 147489 0.48 31423 0.63 4.69 3-decynex
12 37.775 37.708 37.850 178970 0.58 43393 0.88 412 Thymol
13 38.668 38.492 38.867 1429387 46.07 107896 21.80 13.24 Carvocrol

Table 1: GC - MS peak report for the essential oil of Wedelia chinensis (Osbeck).
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Figure 1a: Results of GC analysis of essential oil of Wedelia chinensis (Osbeck).
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Figure 1b: Results of GC-MS analysis of essential oil of Wedelia chinensis (Osbeck).
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Results
Phytochemicals identified in essential oil by GC-MS analysis

Table 1 and Figures 1a and 1b shows the GC and GC-MS analysis
of the essential oil of Wedelia chinensis (Osbeck) we found that the oil
contains 11 compounds namely -myrcene, a-terpinene, y-terpinene,
Ortho-lymene, a-bergamotene, Trans Caryophyllene, a-humulene,
Aromadendrene, 3-decynex, Thymol and Carvocrol. Out of these
compounds Carvocrol and Trans - Caryophyllene were found to be the
major compounds with 96% similarity with Wiley and NBS library.

In vivo acute drug toxicity and in vitro cytotoxicity

The acute drug toxicity study has shown that even the higher dosage
of 2000 pg did not show any observable toxic effects in C57BL/6 mice.
However, an optimal dose of 50 pug was used for all our in vivo studies
which would be much lower than the IC,  value. As shown in Figure 2,
in vitro cytotoxicity study has shown that the 50 pg of the essential oil of

Wedelia chinensis (Osbeck) exhibited 65.17% of cancer cell (B16 F-10)
death within 24hrs.

Body and lung weight of experimental groups

We have observed a significant difference in the body and lung
weight of mice among the groups as shown in Figure 3. The initial
mean body weight of tumor induced mice was 21.38 + 0.18 and on
the final 22" day it was found to be decreased (19.81 * 0.19) whereas,
in essential oil treated group it was found to be increased on final day
(21.32 £ 0.22) from initial day (20.85 £ 0.21) . The relative lung weight
of the normal mice was found to be (2.31 + 0.02) and it was found to
be increased in the tumor induced group (3.22 + 0.06) whereas, in the
treated group it was found to be significantly decreased (2.65 + 0.03).

Tumor nodule count

Table 2 shows the percentage inhibition of tumor nodule formation
in which a high percentage of inhibition 66.80% was found in the
mice treated with the essential oil of Wedelia chinensis (Osbeck) when
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Figure 2: In vitro cytotoxicity activity of essential oil towards B16F-10 cell line by MTT assay.
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Figure 3: Effect of essential oil of Wedelia chinensis (Osbeck) on body and relative lung weight of experimental groups.
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Relative lung weight

® Essential oil treated

Group Number of tumor nodules / lung % Inhibition of tumor nodules
Group 1: ) R
Group 2: 157.66 R
+2.81
Group 3: 156.66 R
+1.03
Group 4: iigga 66.80

Data are expressed as mean +S.D.
Group 2 Vs Group 4 [a— P <0.01]

Table 2: Effect of essential oil of Wedelia chinensis (Osbeck) in the percentage inhibition of lung tumor nodule formation.

compared with cancer induced group. The number of tumor nodules
found in cancer group is 157.66 * 2.81 and that of in the treated group
is 52.33 £ 4.63.

Hematological parameters

Figure 4a shows the level of WBC on the 22 day. It was found to
be (7325 + 17.60) in the normal mice and (7135 + 17.65) in the essential
oil treated groups. On the other hand WBC was found to be high (7443
+ 25.23) in the tumor control mice. Similarly, on the 22" day, the
hemoglobin level in gram percentage also was found to be increased
(13.65 + 0.12) in the essential oil treated group when compared with

tumor control groups (11.25 + 0.21) as shown in the Figure 4b.
Histopathological changes

The Hematoxylin and Eosin stained sections of lung tissues are
shown in Figure 5. The lung from healthy normal mice shows normal
architecture of lungs with bronchioles, alveoli and interstitium
(Figure 5a). Lungs of tumor control (cancer alone) showed a massive
cell proliferation around the bronchioles and infiltration of metastatic
colonies of melanoma in the interstitium of the lung. Increased fibrosis
reduces alveolar space, which leads to reduction in vital capacity of the
lung. Multiple area of necrosis with infiltration of neutrophils appeared
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Figure 4a: Effect of essential oil of Wedelia chinensis (Osbeck) on total leukocyte count (WBC) and haemoglobin level.
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Figure 4b: Effect of essential oil of Wedelia chinensis (Osbeck) on total leukocyte count (WBC) and haemoglobin level.
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Figure 5: Histopathological analysis of lung tissue. 5a-Normal mice - [Shows normal architecture of lungs with bronchioles, alveoli and interstitium]. 5b-lung of
mice injected with B16F-10 cell line (cancer alone) - [Shows massive abnormal cell growth around the bronchioles and infiltration of melanoma in the interstitium of the
lung, coarse granules of black melanin pigment are seen both inside the macrophages as well as outside them]. 5c-lung of treated group shows significant reduction in
tumor mass and regeneration of alveolar passage with ciliated columnar epithelial cells and reduced metastatic foci in lungs showing luminal epithelial-like morphology
with well differentiated secretory glands are seen and reduction in the coarse granules of black melanin pigment are also seen.

in between and within lobules. Entire alveolar region of lungs were
occupied by multiple lobes of tubular neoplastic cells. Coarse granules
of black melanin pigments were observed in the cells/tissue. The field
focused shows necrosed and congested alveoli with dense acute and
chronic inflammatory cells (Figure 5b). Simultaneous administration
of essential oil of Wedelia chinensis (Osbeck) (Figure 5¢) at 50 ug
showed significant reduction in tumor mass and regeneration of
alveolar passage with ciliated columnar epithelial cells. Lungs showing

luminal epithelial like morphology with well differentiated secretory
glands.

Level of apoptosis by TUNEL assay

We have observed an increase in the number of apoptotic cells
with mean apoptotic nuclei of 27.83 £ 1.16 in treated mice which is
significantly higher when compared with that of in the normal mice
5.33 + 1.51 and cancer control 13 +1.26 respectively. The data is shown
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Figure 6: Levels of apoptosis by TUNEL assay.
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color stained positive apoptotic nuclei].

Figure 7: Level of apoptosis by TUNEL assay. 7a-Normal lung section showing the minimal number of apoptotic cells which exist in normal growth cycle. 7b-Lung
section of mice injected with B16F-10 cell line (cancer alone) showing a moderated number of apoptotic cells due to enhanced proliferation. 7¢- Lung section of treated
mice with the essential oil Wedelia chinensis (Osbeck). Shows enhanced apoptotic cells when compared with cancer alone case. [Arrow indicates the dark brown

in Figure 6 and the apoptotic nuclei staining are shown in Figures 7a-
7c.

Immunoflouresence for p53 and Caspase 3 expressions

Examination of the expression of p53 and caspase 3 was performed
using confocal microscope. Lower expression of p53 and caspase 3
were found in the neoplastic epithelial cells of all the sections of cancer
group when compared with the normal lung tissue. Expressions of
p53 and caspase 3 in the essential oil treated group were found to
be increased when compared with the cancer control. Not much
immunofluorescence was observed in the normal mice for both p53
and caspase 3 proteins as shown in Figures 8a-8c and Figures 9a-9c.

Level of tumor directed capillary vessel formation

Table 3 shows the level of capillary vessel formation in C57BL/6
mice upon induction with B16 F-10 cell line. The result shows that the
essential of Wedelia chinensis (Osbeck) exhibit a significant and high
percentage of inhibition in formation of tumor directed new blood
vessels accounting for 19.32%.

Discussion

In the unexplored nature there are thousands of complex molecules
synthesized by plants of both higher and lower orders that are not
known to biochemists. In general, Phytochemicals are naturally
occurring, biologically active chemical compounds with disease-
preventive property particularly for some forms of cancers and heart

diseases. Recent research interest on medicinal plants has opened an
opportunity to study the effectiveness of medicinal plants on treating
dreadful cancer at molecular level.

The essential oil of Wedelia chinensis (Osbeck) contains 10
compounds, in which Carvocrol (CH,0,) and t-Caryophyllene
(C,H,,) were found to be the major compounds belong to the
monoterpene family [25]. Carvocrol has been reported strongly for its
antibacterial [26], anti-inflammatory [27] and anti-oxidant activities
[28]. A recent study carried out using carvocrol has reported that it
has the ability to stimulate apoptosis in prostate cancer cells. On the
other hand, researches have reported the possible synergistic effect of
carvocrol with other monoterpenes, sesquiterpenes like caryophyllene.
All these studies have proven with scientific evidence that the terpenes
or a mixture of terpenes are the potential inducers of apoptosis in
cancer cells [29].

The in-vivo drug toxicity study has shown that the essential oil
even in its higher dosage of 2000pg is not lethal to C57BL/6 mice. The
essential oil of Wedelia chinensis (Osbeck) was found to be very effective
in killing B16F-10 cell line in a dose dependent manner as observed in
the in-vitro cytotoxicity assay (MTT Assay) with 65.17% of cancer cell
death within 24hrs for 50 pg. Hence, this is the first positive outcome
of our study that the essential oil of our study plant has good ability to
kill cancer cells.

Among all the cancers known, lung cancer is the one which is
characterized by rapid metastasis and frequent resistant to current
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ps3 MERGE

Figure 8: Immunodetection of p53 expression. Intensity of green fluorescence indicates the expression level of p53 at 100x. 8a-Normal mice lung with normal
expression of p53. 8b — Cancer mice lung with lower expression of p53. 8c - Treated mice lung showing enhanced expression of p53 compared to cancer control.
[Magnification — 100x] FITC, DAPI, MERGE [FITC+DAPI].

Caspase 3 MERGE

Figure 9: Immunodetection of Caspase 3 expression. Intensity of green fluorescence indicates the expression level of caspase 3 at 100x. 9a-Normal mice lung
with normal expression of caspase 3. 9b — Cancer mice lung with lower expression of caspase 3. 9c— Lung histology of treated mice showing enhanced expression
of caspase 3 compared to cancer control.
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Group Number of tumor directed capillaries /cm? |% of inhibition
Group :1 2148+0.39 -

Group:2 51294137 0.88

Group: 3 17.33a + 1.63 19.32

Data are expressed as mean +S.D.
Group 1 Vs Group 3 [a: P <0.01]

Table 3: Effect of essential oil Wedelia chinensis (Osbeck) on tumor directed
capillary vessel formation.

chemotherapy regimens and radiotherapy. An earlier report states that
the Carvocrol in combination with Thymol will exert an excellent anti-
tumor activity [30]. The present study showed a significant inhibition
on tumor nodule formation in the essential oil treated mice which may
be because of the major compounds present in the essential oil such as
Carvocrol and other compounds. The other indicators of cancer such
as decrease in body weight, increase in relative lung weight, increase in
WBC and decrease in Hb count were also observed in our study in lung
metastasis too and where found to be reversed in essential oil treated
group. The histopathologic report also has shown a curative activity for
essential oil treatment.

Angiogenesis, the recruitment of new blood vessels, is an essential
component of the metastatic pathway. These newly formed blood
vessels provide the gateway through which the tumor cells exit the
primary tumor site and enter the circulation [31]. Angiogenesis has been
implicated in affecting outcomes in human cancer. Angiogenic factors
are found within tumors as well as in such body fluids as serum, urine,
and ocular fluids [32]. The major limitations of conventional cancer
therapies are that they are often limited in use, by causing regression
of tumors that have undergone distant or widespread metastasis. One
of the potential advantages of anti-angiogenic therapy is that, at least
in experimental animals, anti-angiogenic agents can cause regression
of metastatic lesions and also prevent their dissemination [33]. It is of
interest that some plant based agents including taxol, tamoxifen, and
adriamycin which are already in clinical use as anti-tumor agents are
being found to have anti-angiogenic activity [34]. Researchers have
reported that most metastases are ultimately to the lung, liver or bone
[35]. Therefore, novel agents preventing both the cancer onset and
metastatic spreading are urgently required for their treatment. For
the past few years, researchers are focusing on Phytochemicals i.e.,
bioactive compounds isolated from plants, due to their low toxicity
and their enormous chemotherapeutic/chemo preventive actions [36].
Our study on essential oil of Wedelia chinensis (Osbeck) has shown a
significant reduction in the formation of tumor directed new blood
vessels and hence may be considered as one of the anti-angiogenic
agent after further studies at molecular level.

In the last decade, basic cancer research has produced remarkable
advances in our understanding of cancer biology and cancer genetics.
Among the most important of these advances is the realization that
apoptosis and the genes that control it have a profound effect on
the malignant phenotype. Apoptosis was initially described by its
morphological characteristics, including cell shrinkage, membrane
blebbing, chromatin condensation and nuclear fragmentation. But,
apoptosis and necrosis are two typical types of cell death which has
been recognized earlier as a key feature of normal animal development
[37]. Apoptosis is characterized by several biochemical criteria such as

changes in mitochondrial membrane permeability, caspase signaling
activation, internucleosomal DNA cleavage, and the release of
intermembrane mitochondrial proteins [38] and cause cells death by
activating a suicide programme that may be regulated by interactions
with other cells [39].

Research regarding apoptosis has increased substantially since
the early 1990s [40]. In addition to its importance as a biological
phenomenon, defective apoptotic processes have been implicated in
an extensive variety of diseases including carcinogenesis. In contrast,
necrosis is characterized mostly in negative terms by the absence of
apoptosis parameters, such as caspase activation [41]. Therefore, it has
been suggested that the susceptibility of cancer to chemotherapeutic
agents is dependent on the ability of tumor cells to respond to apoptosis.
Excessive apoptosis causes atrophy, whereas an insufficient amount
results in uncontrolled cell proliferation, such as cancer. TUNEL is
a common method for detecting DNA fragmentation that results
from apoptotic signaling cascades [42]. On the other hand p53 is a
tumor-suppressor protein protects from against cancer by regulating
the cellular response to DNA damage, apoptosis, and oncogene
activation [43]. The p53 gene is mutated in about half of all human
tumors. Usually, p53 protein is present within a cell in minute amounts.
It is very labile, with a half-life sometimes as short as a few minutes and
hence undetectable. But, mutation makes it stable and detectable in
cancer conditions. p53 has many mechanisms of anticancer function,
and plays a role in apoptosis, genomic stability, and inhibition
of angiogenesis [44]. Caspases are a family of inactive pro enzymes that
play a crucial role in cell apoptosis. The role of caspase 3 in apoptosis
is to cleave and activate caspases 6, 7 and 9 in order to break down the
apoptotic cells before removal. After this process, the caspase 3 protein
is cleaved and broken down itself by caspase 8 and 10, as well as any
inactive caspase 9 proteins that have yet to be cleaved themselves. The
sequential cleaving and activation of these proteins is crucial to the
execution stage of preprogrammed cellular death [45].

As an executioner caspase, the caspase-3 zymogen has virtually
no activity until it is cleaved by an initiator caspase after apoptotic
signaling events have occurred. This extrinsic activation then triggers
the hallmark caspase cascade characteristic of the apoptotic pathway, in
which caspase-3 plays a dominant role and the activation, function of
caspases, involved in the delicate caspase-cascade system, are regulated
by various kinds of molecules, such as the inhibitor of apoptosis
protein, Bcl-2 family proteins, calpain and Ca®* [46]. In the present
study, we have observed an increase in number of apoptotic nuclei in
essential oil treated groups which imply that the plant has an apoptosis
inducing capability. Consequently, on the other hand, the level of p53
and caspase — 3 expressions were enhanced in essential oil treated group
than the cancer group. This implies that the increased levels of p53
and caspase-3 expressions might have used up for inducing apoptosis.
From the above results, the study concludes that the essential oil of
Wedelia chinensis (Osbeck) has a significant chemotherapeutic effect
on lung metastasis and its associated activities such as apoptosis and
angiogenesis. The results should be further studied at the molecular
level for detecting the detailed mechanism of the drug in preventing
cancer.

Conclusion

As there is an enormous increase in the population lung cancer
incidence day by day, the alternative therapy in the market is getting its
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glimpse. The cheap herbal drug treatment may highly be reccommended
to the rural and poor people to treat effectively the cancers of various
types as an ideal choice or as combinational therapy.
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