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ABSTRACT
Daucus carota L. ssp. carota oil extract (DCOE) was shown to possess potent antitumor activity. This study investigates

the chemopreventive and chemotherapeutic effects of DCOE against breast cancer induced by 7,12-Dimethylbenz(a)
anthracene (DMBA) in rats. In the chemopreventive study, animals were pre-treated with DCOE (25 mg/kg; 1 week) fol-
lowed by 14 weeks of treatment post-cancer induction with DMBA. In the chemotherapeutic study, animals were allocat-
ed into control, DCOE (25 mg/kg) and Cisplatin (2.5mg/kg) groups. When tumor size reached a diameter of 14-15 mm,
the animals were divided into three groups each injected by either a vehicle (thrice a week), DCOE (thrice a week) or Cis-
platin (twice a week), for 8 weeks to compare and assess the therapeutic value of DCOE with respect to Cisplatin and the
vehicle. At 24 weeks, the experiment was terminated. DCOE pre-treatment protected against DMBA-induced toxicity and
reduced tumor incidence. While 18% of control died few days post DMBA treatment, 100% survival in DCOE pre-treated
group was observed just before week 8. In the chemotherapeutic experiment, treatment with either DCOE or Cisplatin
caused significant inhibition of tumor growth. Unlike DCOE, Cisplatin caused drastic decrease in body weight with 75%
and 100% death rates at week 6 and 8 respectively. DCOE produced a significant increase in Bax/Bcl2 ratio, Cytochrome
¢ and cleaved caspase 3 proteins. DCOE may be considered a safe chemopreventive and/or chemotherapeutic agent, an
effect that is partly due to the induction of the intrinsic apoptotic pathway.

Keywords: Daucus Carota, Wild carrot, § -2-Himachalen-6-ol, 7,12Dimethylbenz(a)anthracene, Breast cancer, Apopto-
sis

Abbreviations: DCOE, Daucus Carota Qil Extract; DMBA, 7,12-Dimethylbenz(a)anthracene; H&E, Haematoxylin and
Eosin
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1. INTRODUCTION

Cancer, which accounted for almost 10 million
deaths in 2020, is one of the most prevalent diseas-
es [1]. It is a multifactorial disease that targets vari-
ous tissues in the body leading to more than 200
different types of cancers [2]. Among women,
breast cancer is the most common type of cancer
and a major cause of death and in 2020, it was re-
sponsible for about 15.1% of all cancer deaths [3].
Around 83% of all breast cancer patients survive a
minimum of 10 years after their diagnosis [4]. De-
velopment and progression of breast tumor include
a multifaceted sequence of events, that encom-
passes, dysregulation of cellular differentiation,
excessive proliferation, and resistance to apoptosis.
These processes are regulated by different genes,
and lately ion channels have emerged as novel con-
trol mechanisms of primary and secondary tumor-
igenesis [5]. Although the exact causes of breast
cancers are unclear, there are several factors that
increase the risk of breast cancer occurrence such
as fat and alcohol intake, smoking, weight, radia-
tion, family history, genetic risk factors, among
others [6]. Many approaches are used to control
breast cancer depending on the phase and type of
tumor, such as lumpectomy or mastectomy, chemo-
therapy and/or radiation therapy and gene therapy a
designated effective technique, either by inactivat-
ing oncogenes or augmenting tumor Suppressor
genes [7].

Daucus Carota ssp. Carota, commonly known as
“Wild Carrot”, part of the Umbeliferae family is a
tall robust biannual spiny-fruited herb, that is wide-
ly distributed throughout the world [8-9]. Found
and consumed along the Lebanese coast, its essen-
tial oil is used in folk medicine to protect against
diabetes mellitus, gastric ulcer, muscle pain, back
pain, urinary tract infections, cystitis, and prostati-
tis, along with liver enhancing, antilithic, carmina-
tive, antibacterial, anti-inflammatory, antiseptic and
diuretic properties [10-13]. Rich in monoterpenes,
sesquiterpenes, and phenylpropanoids, Daucus
carota L. ssp. carota oil extract (DCOE) was re-
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ported to be cytotoxic against a panel of cancer
cells including colon, breast [14] and acute myeloid
leukaemia cells [15-17]. The pentane diethyl ether
fraction of DCOE was shown to have similar in
vitro anticancer activity, [18-19] which led to the
isolation of its major compound, unique to the Leb-
anese wild carrot, [B-2-himachalen-6-ol (HC),
which is the active compound [14]. The cytotoxic
effect of HC was confirmed against the previously
tested cancer cells [20-21]. DCOE, pentane diethyl
ether fraction and HC showed a protective effect
against DMBA/TPA skin induced carcinogenesis in
murine model [22-24].

DCOE has been previously shown to induce apop-
tosis through both intrinsic and extrinsic pathways,
as well as via inhibition of the MAPK and PI3K
pathways. Accordingly, the present study aims to
evaluate the chemopreventive and chemotherapeu-
tic effect of an HC-rich DCOE against 7,12-
Dimethylbenz(a)anthracene  (DMBA)
breast cancer and elucidate the possible mechanism

induced
of action involved.

2. MATERIALS AND METHODS

2.1. Chemicals and reagents

The 7,12-Dimethylbenz(a)anthracene (DMBA),
Dimethyl Sulfoxide (DMSO), protease inhibitors
cocktail and MG132, Benzonase nuclease, Tris-
buffered saline with Tween 20® (TBST), sodium
dodecyl sulfate (SDS), Tris-Base, Triton X-100,
Glycine, Methanol, Bovine serum albumin (BSA)
were purchased from Sigma-Aldrich (St. Louis,
USA). The BioRad protein assay kit, Laemmli
sample buffer and £ -mercaptoethanol, horseradish
peroxidase (HRP)-coupled secondary antibodies,
stacking gel, resolving gel, semi-dry trans-blot tur-
bo transfer system and ECL chemiluminescence kit
were purchased from Bio-Rad (Hercules, CA,
USA). PVDF membranes, (Thermo Fisher Scien-
tific, Rockford, IL, USA). Actin, Bax, Bcl-2, Cyto-
chrome C, and Cleaved Caspase-3 antibodies were
purchased from Abcam (Cambridge, MA, USA)
unless otherwise stated.
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2.2. Plant collection and oil extraction

D. carota L. ssp. carota matured umbels were col-
lected at the post flowering season between July
and August from various coastal regions across
Lebanon. The plant was distinguished according to
the description in the “Handbook of Medicinal
Herbs” [9] and approved by Dr. A. Houri, an expert
in Lebanese plants at the Lebanese American Uni-
versity. Umbels were air dried in the shade,
chopped into small pieces and extracted with 1:1
acetone: methanol upon soaking for 72 h [22]. The
extract was filtered and then evaporated to dryness
under reduced pressure at 40°C. The residual oil
(3.5%) was dried over anhydrous sodium sulfate
and stored in a closed amber bottle at -20°C until
use.

2.3. Gas Chromatography and Mass Spectrome-
try (GC-MS)

DCOE was analysed using GC-MS (QP2010 SE)
fitted with a fused silica HP5-MS 5% phenyl me-
thyl siloxane cap column (30m-0.25mm i.d., film
thickness 0.25) and directly coupled to the MS.
The carrier gas was helium with splitless injection
and the flow rate of 1.2 mL/min was applied. The
temperature program was as follows: 2.0 min at
70°C, from 70°C to 130°C at 8°C/min and hold for
5 min, from 130°C to 180°C at 2°C/min and hold
for 10 min, from 180°C to 220°C at 15°C/min and
hold for 2 min, and then from 220°C to 280°C at
15°C/min and hold for 22 min. The components
were identified by correlating their mass spectra
with the literature (NIST11 and Wiley9). GC peak
areas were used to compute percentage composi-
tion [25].

2.4. Experimental animal

Adult female Sprague Dawley rats (150 - 200 g; 2
months old) were obtained from the animal facility
of the Natural Sciences Department at the Leba-
nese American University. Animals were main-
tained under optimum conditions (temperature 22
+ 2 °C; humidity 50 + 5%; 12 h alternating light/
dark cycle) and supplied with standard laboratory
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chow diet and water. All experimental protocols
complied with the Guide for the Care and Use of
Laboratory Animals (National Research Council
(US) Committee for the Update of the Guide for
the Care and Use of Laboratory Animals, 2011).

2.5. Breast Cancer induction

Breast cancer was chemically-induced with an 80
mg/kgbody weight dose of DMBA instilled intra-
gastrically [26].

2.6. Chemopreventive and chemotherapeutic
studies

While all animals (n = 35) were subjected to breast
cancer induction, seven animals were pre-treated
with DCOE (25 mg/kg; dissolved in 50% DMSO
and 50% saline) a week prior to cancer induction,
and treatment continued twice weekly for a period
of 14 weeks (chemoprevention). The remaining 28
animals were further allocated to various groups
upon the development of a tumor with a diameter
of approximately 14-15 mm: Control group (no
treatment; vehicle; IP thrice a week), DCOE group
(25 mg/kg body weight; IP; thrice a week for 8
weeks), and Cisplatin group (2.5 mg/kg body
weight; IP; twice a week for 8§ weeks). Tumor inci-
dence was monitored by palpation over the study
period, whilst body weight was measured monthly
and mammary tumors were measured every 14
days. Animals were observed day-to-day, and all
the necessitous data were recorded. All experi-
mental groups were terminated by the 24" week
post DMBA treatment and all animals were sacri-
ficed by cervical dislocation after an overnight fast.
At the time of necropsy, tumors were removed and
measured in all dimensions with a Vernier calliper
to confirm measures taken whilst in vivo. Isolated
tumors were rinsed in physiological saline, dried
and weighed. Experimental design is shown in fig-
ure 1.
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Figure 1. Experimental design showing animal allo-
cation and treatment. Chemopreventive (n=7) animals
were given DCOE a week prior to DMBA and contin-
ued for 14 weeks after DMBA. The remaining ani-
mals (n=28) given DMBA, were split according to
tumor appearance of approximately 15 mm and
moved to DCOE or cisplatin treated groups.

2.7. Histopathology

Breast tumors were fixed at the time of necropsy in
10% neutral formalin and then embedded in paraf-
fin. Sections from paraffin-embedded blocks were
taken and stained with Haematoxylin and Eosin
(H&E). Slides were examined under light micro-
scope (Zeiss, St. Louis, MO, USA) by a board-
certified pathologist. Tumor samples were analysed
for the presence of invasive carcinoma, inflamma-
tion or tumoral necrosis.

2.8. Protein extraction and western blot analysis

Breast tumor samples (200 mg) were cut into small
pieces on ice and homogenized in 500 pL of radio-
immunoprecipitation assay buffer (RIPA buffer; 50
mM of Tris-Cl, 1% Triton-X, 1% SDS, 1 mM diso-
dium EDTA, 500 mM NaCl; pH = 7.4) containing
protease inhibitors cocktail and MG132 (proteasome
inhibitor), followed by Benzonase nuclease diges-
tion for 15 min (Hoffman, 1990). The homogenate
was then transferred into a new eppendorf tube and
an equal volume of 2x Laemmli sample buffer and
3% (v/v) of [ -mercaptoethanol were added to the
sample and heated at 100 °C for 10 min. The protein
content of samples was determined using the Bio-
Rad protein assay. Equal protein concentrations of
each sample were then subjected to SDS-PAGE (5%
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stacking gel, 10% separating gel and running buffer:
0.3% Tris Base, 1.4% glycine, 20% SDS, pH = 8.3)
at 70 V for 30 min and then at 90 V for 2 h. Post
run, proteins were then transferred to a PVDF mem-
brane with a semi-dry trans-blot turbo transfer sys-
tem and using a transfer buffer (25 mM Tris base,
0.2M glycine, 20% methanol, pH 8.5) at 25V for 30
min. Blocking buffer (TBS containing, 0.1% Tween
-20 and 5% BSA) was then used to block the mem-
branes for 45 minutes. Primary rabbit monoclonal
antibodies to Bax, Bcl-2, Cytochrome ¢ and active
Caspase-3 (cleaved caspase) proteins, and rabbit
polyclonal antibodies to actin were used to probe the
membranes for 2h. Afterwards, membranes were
washed three times with TBS-Tween buffer (TBST)
for 10 min each and then treated with horseradish
peroxidase (HRP)-coupled secondary antibodies in
blocking buffer for 1h. After washing with TBST
for half an hour, proteins were detected using the
ECL chemiluminescence kit and analysed with the
image lab Software (Bio-Rad, Chemidoc Imaging
Instrument, USA). [27-28]

2.9. Statistical analysis

Values of the different tested parameters within each
group are presented as mean = SEM. Data were ana-
lysed with GraphPad prism version 8. Statistical
comparison between groups was assessed using one-
way analysis of variance (ANOVA) with Bonferroni
post hoc test and significant difference was consid-
ered when p-value < 0.05.

3. RESULTS

3.1. DCOE Chemical composition

The composition of DCOE was assessed using GC/
MS analysis. Data presented in Table 1 shows that
the major compound identified in the oil is B-2-
Himachalen-6-ol (33.73%). Other major identified
compounds include methyl linoleate (8.26%), 2-
butanone (5.95%), elemicin (4.93%), B-himachalene
(4.63%), n-hexadecanoic acid (3.72%), humulene
(3.27%), oalongipinene (3.22%), himachala-1,4-
diene (3.09%) and - bisabolene (3.01%).
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Table 1. Main components of Daucus carota L. ssp. Caro- Only 52.2% of remaining control animals (12 out of 23)

ta.> 0.2% developed breast tumor (figure 1).
Retention time (min) Compound Percentage
14.590 a—Longipinene 3.37 :
16,608 MotiyRsoengecnl 075 3.3. Chemopreventive effect of DCOE
16.789 Isacaryophyllene 1.11 Pre-treatment of animals with DCOE extended animals’
18.728 Himachala-2,4-diene 0.39 . R
19.101 a—Himachalene 1.89 survival till week 8 post-DMBA treatment (first 2
19.369 Humulene 3.42 . . . .
20371 Veratraldehyde 0.48 weeks in control) after which 1 animal (14% vs 18% in
ks e o control) died (figure 2.A). Animal body mass were sim-
21.644 B —Himachalene 4.78 ilar in both control and DCOE treated groups (figure
22.086 i —Bisabolene 317 ] o ]
22.874 y —Dehydro-ar-himachalene 0.37 2.B). While the first tumor incidence started in the con-
23.769 —Bisabol 0.33 .
24 143 =t 508 trol group at week 10, the DCOE group had its first and
25.799 Caryophyllene epoxide 1.22 :
37279 Finsilens égioxids 1 el only tumor at week 14 (figure 2.C). The 1/7 rats which
28.570 Caryophyllene oxide 1.75 showed tumor-like protrusion, revealed a different tex-
29.538 B —2-Himachalen-6-o0l 33.73 . .
29.630 a—Bisabolol 0.87 ture post-mortem. As it ruptured it showed to have a
30911 Asarone 1.47 . A . .
31.617 (+)-Dihydrocarveol 0.33 very thin membrane, releasing blackish-filled fluid, ex-
33.206 1-Naphthalenepropanol 0.35 : : : :
33.881 Heptadecangic Acid 0.38 plained to be the result of necrotic tissue, as shown in
34,104 Trimethoxyamphetamine 0.38 4 1 1
35785 Etinyl iso-atlocholate 039 supplementary results. Prior to burst, it was weighed to
37.002 Artemisia ketone 0.42 be 1.2 g vs. the average 13 g recorded from the control
37.712 Isocaryophyllene 0.68 . . .
40.636 Patchouli alcohol 3.87 group, which showed a very large polymorphic solid
44487 n-Hexadecanoic acid 3.79 .
47.281 (-)-Bomy! isovalerate 0.71 structure. The pre-treatment sample showed partial cyst-
52.934 Carvyl angelate 1.83 . . . . .
55.073 Mc?}?;q M 8.42 ic degeneration with the formation of a cyst lined by
56.783 a—Copaen-11-ol 0.97 L : : :
57.400 20-Methylpregn-5-en-3beta 0.36 tumor cells. The remaining areas in this specimen
58.794 Verbenyl angelate 0.52 showed tubular and solid architecture with large areas
60.951 Decursin 0.91

. of tumoral necrosis. As for the control, the sample pre-
3.2. Induction of breast cancer

A gavage introduction of 80 mg DMBA/kg body weight
resulted in tumor appearance within 10-14 weeks. Data
have shown that 18% (5 out of 28) of the control group
died within the first 2 weeks post DMBA treatment.

sented tubules lined by malignant cells, featuring
marked nuclear atypia, hyperchromatic nuclei, a high
nuclearcytoplasmic ratio, and pleomorphism with large
areas of tumoral necrosis (figure 3).
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Figure 2. Chemopreventive effect of DCOE. Animals were pre-treated with DCOE one week before cancer induction with DMBA.

Treatment with DCOE (25 mg/kg) was continued for 14 weeks. A) Percentage animal survival post DMBA administration. B) Mean
body mass. C) Percentage tumor incidence. Data are mean + SEM (n = 28 control; n =7 DCOE).
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Figure 3. Histological analysis of mammary tumors induced by DMBA isolated at week 14. (A) Control (solid tumors)
and (B) One-week pre-treated with DCOE (25 mg/kg) and then treatment continued for 14 weeks’ post DMBA (cystic
tumor). Slides were stained with H&E and observed under the microscope.
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Figure 4. Chemotherapeutic effect of DCOE. Animals were treated with DCOE or Cisplatin for 8 weeks after tumor size
reached roughly 15mm after cancer induction with DMBA. A) Percentage of animal survival during DCOE or Cisplatin
Administration B) Mean body mass. C) Tumor volume. D) Tumor mass of control vs. DCOE group at the end of the ex-
periment. Data are mean £ SEM (n=4 control; n=4 DCOE; n = 4 Cisplatin). * denotes p<0.05, *** denotes P <.001 and
**%% P <0001 versus Control group, as measured by two-way ANOVA.
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Figure 5. Rat mammary tumor images. Tumor size (mm) (A) DMBA group (n = 4) and (B)
DCOE treated group (n =4).
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3.4. Therapeutic effect of DCOE

Experimental animals were subjected to either DCOE or Cisplatin treatment (8 weeks) whenever the tumors
reached a size of around 15 mm in diameter. Both control and DCOE treated animals showed 100% survival till
the end of the treatment period; however, animals treated with Cisplatin started showing mortality at week 6
with 100% death recorded at week 8 (figure 4.A). DCOE treatment did not affect body weight, unlike cisplatin
which showed a drastic decrease in body weight (22.9%) after four weeks of treatment (figure 4.B). The tumour
volume of the control group, increased considerably at week 4 compared to that of the DCOE and Cisplatin
treated groups (figure 4.C). At the end of the treatment period, the tumor mass of control was about 4 folds larg-
er than that of DCOE group (figure 4.D and 5). Control and treated tumors were both classified as ductal carci-
noma, with tubular and some solid architecture. The cells exhibited malignant features with marked nuclear
atypia, hyperchromatic nuclei, high nuclear-cytoplasmic ratio, and pleomorphism. Tumoral necrosis was present
in the three controls as a sign of the high turn-over of cells. Two of the DCOE treated samples showed severe
chronic inflammation surrounding carcinomatous nests (figure 6).

A)

Figure 6. Histological analysis of mammary tumors induced by 7,12-dimethylbenz(a)anthracene (DMBA)
treatment in rats removed after 8 weeks. (A) Control (solid tumors) and (B) DCOE (25 mg/kg) treated for 8
weeks starting at the size of approximately 15mm in diameter (solid tumors). Slides were stained with H&E
and observed under the microscope.
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Figure 7. Western blot analysis of apoptosis related proteins in Tumors of SD rats treated with DCOE. (A) Ef-
fect of p-2-himachalen-6-ol on the levels of Bax, Bcl-2, Cleaved Caspase-3 and Cytochrome C. g-Actin levels
were used as an internal protein loading control. Rats with tumors the size of 15 mm were treated with DCOE
(25 mg/kg) crude oil three times a week and compared with control rats given one dose of 80mg/kg DMBA. (B)
Densitometer intensity data of the proteins of each blot are presented as mean SEM from three independent ex-
periments. ** P <01, *** P <001 and **** P <.0001 versus Control group, as measured by one-way ANOVA.

3.5. Western Blot

The effect of DCOE on pro- and anti-apoptotic pro-
teins was also investigated (figure 7). Data revealed a
significant increase in Bax, Cytochrome C and
cleaved caspase-3 protein expression with DCOE
treatment. However, DCOE caused a significant de-
crease in Bcl2 protein expression. Calculation of the
Bax/Bcl2 ratio showed a 14-fold increase upon
DCOE treatment.

4. DISCUSSION

7,12-dimethylbenz(a)anthracene (DMBA), a polycy-
clic aromatic hydrocarbon (PAH) produces free radi-
cals and oxygenated metabolites, subsequently form-
ing oxidative stress, creating damaging effects by
originating lipid peroxidation [29]. If PAH com-
pounds are not bio-transformed into hydrophilic me-
tabolites, which can be completely excreted, they can
attack several tissues including breast [30]. Plentiful
studies have proven that experimental mammary tu-
mors in Sprague Dawley rats can be induced by

DMBA oral administration [26, 31]. Previous studies
have shown 100% tumor incidence via gavage intro-
duction of 80 mg DMBA per kg body weight in Spra-
gue Dawley rats [26, 32-33]. However, in the present
study, only 52.2% of animals developed breast tu-
mors 14 weeks post-treatment with a similar dose of
DMBA. In another study, the use of a 400 mg/kg
dose of DMBA caused a comparable percentage
(40%) of breast tumors by week 14 [34]. Further-
more, another report showed that a 20 mg/kg dose of
DMBA resulted in 85% tumor incidence by week 11
[35]. Unfortunately, no data is yet available to ex-
plain such large discrepancy in tumor incidence
among various studies. Potential reasons could be
attributed to difference in age of animals, body
weight, environmental conditions, and strain of ani-
mal.

Earlier studies in our laboratory have shown that the
Daucus carota pentane-based fraction arrests the cell
cycle and increases apoptosis in MDA-MB231 breast
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cancer cells [36]. The pentane-based fraction also
showed an in vitro anti-proliferative and apoptotic
effects on Human colon adenocarcinoma (HT-29)
cells by inhibiting the MAPK and PI3K pathways
[25]. The DCOE wasalsotested in vitro on Acute
Myeloid leukaemia (AML) cells and found to induce
apoptosis in ML1, ML2 and U937 cells [17]. The
preventative effects of DCOE have been studied in a
DMBA-induced squamous cell carcinoma mice mod-
el, at which DCOE was introduced intraperitoneally,
topically, or gavagly. Intraperitoneal and topical
treatment exhibited significant reduction in tumor
size and incidence [22]. B-2-Himachalen-6-ol, the
major compound in DCOE, was also investigated in a
similar animal model. Intraperitoneal and topical
treatment caused a significant reduction in yield, inci-
dence and volume of the papilloma. The p-2-
himachalen-6-ol treated groups showed a threefold
increase in survival in reference to cisplatin treated
group. Results also showed pro and anti- apoptotic
markers to reinforce apoptosis, as well as a signifi-
cant surge in p53 protein [21]. Himachalen-6-ol treat-
ment (topical; IP) of animals bearing tumors induced
by a topical administration of DMBA/TPA caused a
significant reduction in papilloma yield and volume.
The significant tumor shrinkage was partially at-
tributed to an apoptotic response to the inhibition of
the MAPK/ERK and PI3K/AKT pathways [37].

In the present study,25 mg/kg DCOE was selected
for prevention and treatment studies, due to its signif-
icant anti-cancerous effect according to previous re-
ports [23]. Using Dixon’s up and down model, the
LDs, of B-2-himachalen-6-o0l was previously found to
be 6945 mg/kg, [20] which is in excess of 1000-folds
higher than that of cisplatin reported to be 6-12 mg/
kg bw in rodents [38]. Applying the same Dixon’s
model to DCOE in the present study showed that the
LDs, was not attained even after reaching a dose of
10,000 mg/kg.b.w. The latter dose did not show any
signs of abnormal behaviour nor physical changes
over a one-week course. DCOE was also found to
protect against DMBA toxicity by delaying animal
death (6-8 weeks) and significantly reducing tumor
incidence compared with control group. While all
control tumors showed solid architecture, the histo-
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pathological studies of the pre-treated animal tumor
revealed cystic degeneration and necrosis, an effect
that could be attributed to DCOE treatment. DCOE
was also used to treat rats after growing tumors of
roughly 15mm in diameter. DCOE treatment did not
affect body weight, unlike those treated with cispla-
tin, which showed a drastic decrease in body weight
after four weeks of treatment. While the control
group exhibited a drastic significant increase in tu-
mor volume at week 4, the DCOE treated group did
not, indicating that DCOE was controlling tumor
growth. A similar effect on tumor volume was also
observed in the cisplatin treated group, however, cis-
platin was highly toxic as all animals died by week 8
unlike DCOE where 100% animal survival was rec-
orded. The antitumor activity of DCOE is most likely
attributed to HC, which according to GCMS analysis
constituted 33.73% of the oil extract. As former stud-
ies in our laboratory have demonstrated the major
component of DCOE being HC, the compound was
isolated and studied in a range of cancerous cell lines
revealing its prospective to be a multi-mechanistic
chemotherapeutic drug with high potency and safety
[20]. HC has also been shown to be effective against
a chemically induced skin carcinogenesis model, de-
picting safety, with no significant toxicity and effica-
cy with a significant decrease in tumor incidence and
size. Tumor protein has also been studied post-
mortem exhibiting apoptosis [21 & 37]. The anti-
tumor activity of HC has also been observed in
chemically induced colon cancer showing persistent
chemotherapeutic potential and safety. [21]

In order to explore the potential mechanism behind
the antitumor activity of DCOE treatment, apoptotic
markers chiefly Bcl-2 and Bax, which are members
of the Bcl-2 family of proteins, were assessed using
western blot. While Bcl-2 is known to be an anti-
apoptotic protein, Bax is recognized for promoting
apoptosis [39-41]. Western blot analysis on tumor
samples revealed that DCOE caused a significant
increase in the Bax/Bcl-2 expression ratio favouring
apoptotic cell death. This is in accordance with previ-
ous studies conducted on HC [23,37]. In addition,
cytochrome ¢ and cleaved caspase 3 protein expres-
sion showed a pronounced increase in DCOE treated
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animals, hence confirming the activation of the in-
trinsic apoptotic pathway. The caspase family, which
includes caspase 3, has an important role in the regu-
lation and execution of apoptosis, [25] which triggers
the proteolytic cleavage and subsequent activation of
several downstream protein targets leading to the ac-
tivation of apoptosis [42].

Post-mortem, the tumors that were treated with
DCOE after being around 15mm, were pathologically
classified as ductal carcinoma, showing tubular and
some solid architecture. The cells displayed abnormal
cell nuclei, nuclear hyperchromasia; characteristic of
malignancy [43]. Tumors also displayed a high nucle-
ar-cytoplasmic (N/C) ratio, a great indicator of malig-
nancy [44]. Tumors also show nuclear pleomorphism
representing early stages of breast carcinoma [45].
Two of the DCOE treated tumors represented severe
chronic inflammation, which surrounded carcinoma-
tous nests, which may be the result of DNA damage
induction, [46] and a way to the control of tumor
growth of the treated tumors, in comparison to the
controls.

Tumors of the control group showed tumoral necro-
sis, an indicator of high turn-over of cells [46-47].

5. CONCLUSION

In conclusion, the present study supports that DCOE
holds a potentially safer and more effective anti-
tumor adjunct that could help in protecting from and
treating breast cancer. The observed anticancer activ-
ity was shown to be partially attributed to a direct
effect of DCOE on pro- and anti-apoptotic proteins
that have key roles in inducing an intrinsic apoptotic
pathway.
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