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Abstract

Introduction: Breast cancer is one of the major public health challenges, and the search
for natural-origin assistive therapies has become increasingly important. The study aimed
to assess the therapeutic effects of the essential oil of Echinophora cinerea (EC-EO) in
the treatment of breast cancer using a cell line and a rat model with a 7,12-dimethylbenz
[a]anthracene (DMBA)-induced tumor.

Methods: A hybrid essential oil (70% leaves and 30% stems) of the collected plant was
extracted, and its phytochemical compounds and antioxidant potential were evaluated.
Cell toxicity on the MCF-7 hormone-dependent cell line was examined. In the in vivo
phase, rats with induced tumors received oral gavage doses of 50 and 100 mg/kg EC-EO
for 6 weeks. Tumor parameters, histological changes, and blood indicators were
compared with those of the control groups.

Results: The essential oil is rich in terpenoids, with predominant Alpha-phellandrene and
p-Cymene compounds. The extract exhibited strong antioxidant activity and dose-
dependent cell toxicity against MCF-7 cancer cells. In the animal model, the high-dose-
treated group showed a significant decrease in tumor weight (55.6% inhibition) and tumor
survival rate (50%) compared with the negative control group (p < 0.001). Also,
significant improvements in hematological parameters and a reduction in tissue lesions
(decreased cell density, necrosis, and invasion) were observed.

Conclusion: The essential oil of Echinophora cinerea, with its rich phytochemical
content, exhibits significant anti-tumor and therapeutic effects that depend on the dose.
This compound can be considered a natural auxiliary therapeutic agent in the control of
breast cancer.

Keywords: Breast cancer, Essential oil, Animal model, 7,12-Dimethylbenz[a]
anthracene, Antitumor
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Introduction

Breast cancer remains one of the most common
malignancies in the world, and current
treatment challenges justify the need for the
discovery and development of new drugs [1].
Despite extensive advances in standard
treatments such as surgery, chemotherapy, and
radiotherapy, these methods always face
limitations due to severe side effects and
limited efficacy in advanced stages of the
disease [2]. Therefore, the use of natural
products, especially compounds extracted from
medicinal plants as alternative or adjuvant
treatments, has attracted researchers' attention
[3]. Essential oils, which are volatile and
concentrated secondary metabolites from
different parts of the plant, are very valuable
due to their antioxidant, anti-inflammatory, and
anti-cancer properties [4]. Meanwhile, the
perennial plant Echinophora cinerea, a member
of the Apiaceae family native to parts of the
Middle East, has high therapeutic potential [5].
Past studies have shown that this plant has
antimicrobial and protective effects due to its
production of bioactive compounds such as
terpenoids [6]. Despite reports of the cytotoxic
effects of monoterpenes present in the leaves
and stems of this plant against certain cell lines,
its therapeutic activity specifically in vivo
against breast cancer still requires precise
scientific investigation [7,8]. To accurately
evaluate these effects, animal models are
necessary as a link between in vitro studies and
clinical trials [9]. The breast cancer model
induced by the substance 7,12-
Dimethylbenz[a]anthracene (DMBA) in rats is
one of the most reliable experimental models
that properly simulates the process of hormone-
dependent tumor formation and progression in
humans [10]. Therefore, using this model
provides a suitable platform for evaluating
therapeutic interventions [11]. This study, by
combining phytochemistry, pharmacology, and
oncology, investigates the anticancer effects of
the essential oils from the leaves and stems of
Echinophora cinerea in an induced rat breast
cancer model, and will ultimately pave the way
for further preclinical and clinical studies.

Materials and Methods
This experimental study was conducted on
female Sprague-Dawley rats. Fifty rats received
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a single dose of 7,12-Dimethylbenz
[a]anthracene (DMBA, 20 mg/kg) via oral
gavage, while ten served as a healthy control
group (HC). After 10-12 weeks, forty rats
developed palpable tumors. They were
randomly divided into four groups (n = 10):
negative control (NC), low-dose Echinophora
cinerea essential oil (LDE, 50 mg/kg), high-
dose essential oil (HDE, 100 mg/kg), and
positive control (Tamoxifen, 5 mg/kg). Plant
aerial parts (70% leaves and 30% stems) were

collected from the Zagros Mountains,
authenticated, and subjected to
hydrodistillation using a Clevenger-type

apparatus for 4 hours. The essential oil (EC-
EO) was analyzed using Shimadzu GC-MS to
identify active components. Cell viability was
assessed in MCF-7 cell lines using the MTT
assay at 24, 48, and 72 hours. Treatments were
administered daily via oral gavage for 6 weeks.
Body weight and tumor volume were measured
weekly. At the end of the period, blood and
tissue samples were collected under anesthesia

for biochemical, hematological, and
histopathological evaluations, with one-way
ANOVA and Tukey's test.

Results

GC-MS analysis of EC-EO revealed major
compounds including a-phellandrene (18.50%)
and p-cymene (12.99%). The MTT assay
showed that EC-EO reduced MCF-7 cell
viability in a dose- and time-dependent manner,
with an IC50 of 98.45 ug/mL at 48 hours. In the
animal model, DMBA induced severe tumor
growth (100% incidence in the NC group with
a mean tumor weight of 4.82 + 0.51 g).
Treatment with LDE and HDE significantly
decreased tumor weight to 2.95+ 0.38 g (38.8%
inhibition) and 2.14 + 029 g (55.6%
inhibition), respectively (p < 0.001).
Histopathological examination (H&E staining)
showed a dose-dependent reduction in cellular
density, nuclear pleomorphism, and necrosis in
EO-treated groups compared with aggressive
tumors in the NC group. Furthermore, HDE
completely normalized tumor-induced
hematological alterations, including decreased
red blood cell (RBC) and hemoglobin (HDb)
levels, restoring them to levels comparable to
those in the healthy and Tamoxifen groups (p <
0.05).
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Figure 1: Histopathological examination of breast tumor tissue (H&E staining, 10x magnification). Image
to the right: high-dose treatment group (HDE), indicating reduced cell density and relative preservation
of ductal structures. Middle image: low-dose treatment group (LDE), indicating a relative decrease in
necrosis. Left image: negative control group (NC), indicating severe hypercellularity and large areas of
necrosis (pink tissues).

Table 1: Comprehensive Effects of Echinophora cinerea Essential OQil (EC-EO) and Treatments

Parameter / Healthy Negative LDE (50 mg/kg HDE (100 Tamoxifen
Metric Control (HC) Control (NC) EC-EOQO) mg/kg EC-EQ) (5 mg/kg)
Palpable 0% 100% 70% 50% 30%
Tumors (%)
Mean Tumor - 4.82+0.51 2.95+0.38 2.14+£0.29 1.24+0.19
Weight (g)
Tumor - - 38.8% 55.6% 74.3%
Inhibition (%)
Tumor Volume - 345+0.32 2.12+0.25 1.58 +£0.21 0.89+0.15
(cm?)
WBC (x 10%/uL) 10.50+0.41 2.80 £ 0.87 12.80 + 0.87 10.85 +0.73 10.62+0.49
RBC (x 10°/uL) 8.15 +0.67* 542 +0.81° 7.10 £ 0.54ab 8.05+£0.39 7.92 £0.63%
Hb (g/dL) 14.10£1.222 9.45+1.33b 11.20+0.98% 13.95+ 0.45° 13.35+0.71%
Platelets(x103/p | 410.33£29.542 | 550.00+41.23> | 475.67+£18.92e® | 445.33+22.15¢ | 460.67+27.8
L) 4e
Histopathologic | Normal breast | Severe Moderate Significant Minimal
al Findings tissue hypercellularity, | improvement, improvement, tumor
severe nuclear | smaller necrosis | reduced cell | presence,
pleomorphism, foci density, ductal | normal
wide necrosis structures architecture,
preserved NO NEcrosis

Note: Values are expressed as mean + SD (n = 10). Different superscript letters within a row indicate significant differences

between groups (p < 0.05).

Discussion

In the animal model, the high-dose essential oil
(HDE) achieved a 55.6 percent reduction in
tumor weight and a 50 percent reduction in
tumor incidence, trailing tamoxifen at 74.3
percent [14]. These results match findings by
Rojas-Armas et al. (2020) using Cymbopogon
citratus [14]. Histopathology confirmed dose-
dependent drops in hypercellularity, nuclear
pleomorphism, necrosis, and tissue invasion.
These improvements align  with  the
antiangiogenic and antiproliferative actions of
plant terpenoids, including regulation of
vascular endothelial growth factor [11, 15].
Blood tests provided clear systemic proof. The
DMBA group suffered from severe anemia and
thrombocytosis. HDE treatment fully restored

red blood cells, hemoglobin, hematocrit, and
platelets to healthy baseline levels. This mirrors
antioxidant recovery seen with Annona
muricata essential oil [15].

This work investigated the antitumor activity of
Echinophora cinerea extract (EC-EO) against
rat breast cancer and MCF-7 cells.
Phytochemical screening revealed a dominant
profile of terpenoids (85.63 mg/g) and
phenolics (45.12 mg/g). Gas chromatography
identified alpha-phellandrene (18.50 percent)
and p-cymene (12.99 percent) as major
constituents, consistent with prior reports [10].
These specific monoterpenes drive strong anti-
proliferative and pro-apoptotic effects [12, 11].
The strong antioxidant capacity, as indicated by
an ABTS IC50 of 32.15 ug/mL, mitigates
oxidative stress that drives carcinogenesis [13].
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In vitro tests on MCF-7 cells showed time- and
dose-dependent cytotoxicity with an IC50 of
98.45 ug/mL at 48 hours. While weaker than
tamoxifen (12.33 ug/mL), natural pleiotropic
extracts offer competitive advantages through
cell membrane disruption and apoptosis [14,
11]. Excellent animal tolerability and steady
weight gain position EC-EO as a strong
candidate for complementary therapy.
Volatility and poor solubility remain hurdles,
though nanotechnology offers clear solutions
[16, 17]. Study strengths span a combined
phytochemical, in vitro, and in vivo design.
Limitations include the absence of deep
mechanistic assays for specific apoptotic
pathways or long-term toxicity data, meaning
that pathways such as VEGF inhibition remain
theoretical based on past literature.

Conclusion

Echinophora cinerea essential oil proves
effective against breast cancer in both rat
models and MCF-7 cells. With solid
tolerability, it stands out as a promising natural
candidate for future clinical research.
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Table 1: Chemical components to the mixed essence of Echinophora cinerea

Order | Composition RI | Leaves (%) | Stem (%) | Mix (%)
alpha-Pinene 937 1.04 10.66 3.93
2 beta-Myrcene 991 1.47 2.60 1.81
3 alpha-Phellandrene 1010 16.50 23.17 18.50
4 p-Cymene 1026 7.80 35.25 12.99
5 Beta-Phellandrene 1031 5.87 - 4.11
6 Linalool 1098 11.87 4.21 9.57
7 Verbenol 1145 2.92 0.71 2.26
8 Sabinol 1179 5.77 2.74 4.86
9 "6-Octen-1-o0l, 3,7-dimethyl-, (R)" | 1220 14.02 3.63 10.90
10 Thymol 1287 2.67 0.92 2.14
11 Carvacrol 1299 6.48 3.03 5.44
12 "(1S,2S,3R,5S)-(+)-Pinanediol" 1313 2.89 0.37 2.13
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Table 2: Ecology of MCF-7 ( % ) cells after treatment with EC-EO

Concentration (ug/mL) 24 Hours 48 Hours 72 Hours
5 95.2+2.1 92.1+1.9 90.3+£2.0

10 90.1+1.8 854+1.7 82.6+1.5

50 783 +2.5 65.7+£23 60.2+2.1

100 62.5+2.0 489+ 1.8 451+ 1.6

250 457+1.9 324+1.5 289+14

500 302+1.7 18.6+1.3 154+1.2
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Table 3: Tumor parameters in treatment groups

Group | Residual (palpable) tumors | Average tumor Control Tumor volume
at the end of the period (%) weight (g) (%) (cm?)

NC 100 4.82+£0.51 - 3.45+0.32

LDE 70 2.95+0.38 38.8 2.12+0.25

HDE 50 2.14£0.29 55.6 1.58 £0.21

Tam 30 1.24£0.19 743 0.89+0.15
HC 0 - - -
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Figure 1: Histopathological examination of breast tumor tissue (H&E staining, 10x magnification). Image
to the right: high-dose treatment group (HDE), indicating reduced cell density and relative preservation of
ductal structures. Middle image: low-dose treatment group (LDE), indicating a relative decrease in
necrosis. Left image: negative control group (NC), indicating severe hypercellularity and large areas of

necrosis (pink tissues).
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Table 4: Effect of Echinophora cinerea essential oil on hematological parameters at the end of the test

period

Parameters NC (Healthy | NC (DMBA) |LDE (50 mg/kg| HDE (100 Tam (5 mg/kg

Control) EC-EO) mg/kg EC-EQ)| Tamoxifen)
WBC (x10%/nL) 10.50 £ 0.412 12.80 + 0.87~ 11.95 4+ 0.622 10.85 +0.732 10.62 + 0.492
RBC (x10°/nL) 8.15+0.67° 542 +0.81b 7.10 + 0.542b 8.05+0.392 7.92 £0.632
Hb (g/dL) 14.10 £ 1.22# 9.45+1.33b 11.20+£ 0.98% | 13.95+ 0.45° 13.35+£0.71a¢
PLT (x103/pL) |410.33 £29.54%| 550.00 +41.23%| 475.67 £ 18.922°| 445.33 £22.15¢| 460.67 £ 27.84¢
LYMP (%) 70.25+7.83 | 85.60+6.122 80.45+4.91» | 75.80+5.37% 78.15+4.020
MONO (%) 4.95 + (.76 6.75 £ 0.59% 5.60 + 0.48 4.70+0.332 4.85+ 0412
Hcte (%) 51.20£2.04%d | 42.15+£3.47° | 46.80+3.12%> | 52454+ 1.78« | 50.10 & 4.332«
MCYV (fL) 62.80£2.11* | 66.95+3.02*0 | 64.50+1.95* | 63.10+ 147> 63.45+2.19
MCH (pg) 17.35 £ 0.38 17.65 + 0.922 16.95+0.67¢ 17.25 +0.242 16.85 + (0.53#
MCHC (g/dL) 27.55+£0.51* | 2630+0.68 | 27.10+1.23* | 26.85+0.392 26.65 +0.320
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