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Abstract
Background: Breast cancer is the most common female cancer that, despite recent progress, its existing therapies do not have sufficient efficiency, and scientists are trying to find complementary therapies. Medicinal plants, such as pomegranate (Punica granatum
L.), attract a great deal of attention in this regard.
Objectives: The present study aimed to assess the anticancer effects of pomegranate peel alcoholic extract (PPE) in the mouse cellular model (4T1) of breast cancer and investigate the related molecular mechanism of antiproliferative effects of the extract through
the evaluation of the expression level of apoptosis genes (ie, BAX and BCL2).
Methods: For the accomplishment of the study objectives, after the preparation of PPE, an evaluation of cellular cytotoxicity was
carried out using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. According to the MTT assay, the cells
were treated for 24 h with selective doses of the extract. Then, ribonucleic acid extraction, complementary deoxyribonucleic acid
synthesis, and gene expression analysis of BAX and BCL2 using real-time polymerase chain reaction were performed in this study.
Results: The results showed that PPE reduced cancer cell viability in a dose- and time-dependent manner. The molecular analysis
indicated that observed cell death could be due to an increase in the BAX/BCL2 ratio.
Conclusions: Overall, PPE can be proposed as a potential complementary therapy for breast cancer. However, further studies on
animal models and clinical trials are needed to verify the clinical usage of such complementary drugs.
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1. Background
Cancer is the second leading cause of nonaccidental
deaths worldwide, affecting millions of individuals each
year (1). Breast cancer is one of the most malignant cancers that can spread to different body parts, such as bones,
lungs, brain, and liver. This cancer is the most common female cancer and the second leading cause of death among
women (2).
The inhibition of breast cancer is one of the essential
clinical goals; however, most drugs available for the treatment of breast cancer are not very effective due to their
single-purpose nature, high toxicity, very high cost, and especially uncertainty about the recurrence of a cancerous
mass and the lack of inhibition of metastasis and cell invasion. For more effective treatment of patients with breast
cancer, it is necessary to pay attention to drugs that can target several purposes (3).

The range of use of medicinal plants and their applications is very vast, from simple diseases to complex diseases,
such as autoimmune disorders and cancers (4). Plants effectively inhibit free radicals by containing natural antioxidants, such as anthocyanins, flavonoids, and polyphenols,
thereby playing an important role in the prevention and
treatment of various cancers (5). In the last half-century,
extensive studies have shown that many fruits, vegetables,
and spices can interfere with several cancer-related signaling pathways (6).
Research is currently underway on factors derived
from natural sources that have a therapeutic effect on
breast cancer and limited or no side effects and toxicity
(7). Currently, some compounds derived from plant extracts are used for the treatment of breast cancer. One
of the most successful herbal medicines approved by the
United States Food and Drug Administration, which is used
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to treat metastatic breast cancer, is paclitaxel, derived from
the bark extract of Taxus brevifolia in the Pacific region (8).
Gingerol, which is derived from the ginger rhizome, has
been shown to have an inhibitory effect on breast cancer
cell metastasis MDA-MB-231 (9).
The therapeutic effects of extracts of all parts of the
fruit of pomegranate (Punica granatum L.), a plant native
to the Middle East, concerning a variety of chronic diseases (e.g., cardiovascular disorders, diabetes, and cancer), have been reported from human clinical trials (10-13).
Pomegranate peel, as a major part of the fruit, has therapeutic properties and is an important source of bioactive
compounds, such as phenolics, flavonoids, ellagitannins,
and proanthocyanidin compounds (13).
2. Objectives
This study aimed to investigate and compare the antioxidant and anticancer effects of pomegranate peel extract in a mouse model of breast cancer and study the
molecular mechanisms related to the antiproliferative and
apoptotic effects of the extract by evaluating BAX-BCL2 gene
expression.
3. Methods
3.1. Preparation of Pomegranate Peel Alcoholic Extract
For the preparation of pomegranate peel alcoholic extract (PPE), a dried plant sample was ground. Then 20 g of
the ground sample was stirred with 200 mL of 98% ethanol
for 24 h at room temperature. Then, the solution was filtered by filter paper, and the obtained solution was transferred to a rotary for concentrating and removing the solvent at 70°C (14).
3.2. Cell Line and Chemical Materials
The mouse cellular model (4T1) of breast cancer was
obtained from Birjand University of Medical Sciences,
South Khorasan Province, Iran. This cell line contains
adhesive and metastatic epithelial cells derived from a
spontaneous tumor in BALB/c mice and is used as a model
similar to stage IV human metastatic breast cancer cells.
This cell line is HER2- and estrogen receptor/progesterone
receptor- or triple-negative, with the highest metastasis
potential (15, 16). Roswell Park Memorial Institute (RPMI)
1640 culture medium, fetal bovine serum (FBS), penicillin/streptomycin, trypsin/ethylenediaminetetraacetic
acid solution, dimethyl sulfoxide, and phosphate-buffered
saline were obtained from Gibco BRL, Grand Island,
NY, USA. Additionally, 3-(4, 5-dimethylthiazol-2-yl)-2, 5diphenyltetrazolium bromide (MTT) powder was obtained
from Sigma-Aldrich, M2128-1G, USA.
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3.3. Cell Culture and Treatment
The cells were cultured in RPMI 1640 medium containing 10% FBS, 100 units/mL penicillin, and 100 µg/mL streptomycin in a 25 cc flask in an incubator at 37°C and humidified air containing 5% CO2 . After the cells had grown to
cover 70% of the flask surface, cell passage was performed
(17). The cultured and synchronized cells were treated with
various concentrations of PPE (ie, 5, 10, 20, 40, 80, 160, 320,
640, and 1,280 µg/mL) for 24, 48, and 72 h, followed by sampling at each time interval.
3.4. Cell Viability Assay
For the evaluation of the cytotoxic effect of
pomegranate extract on cancer cells and the determination of its effective concentration (ie, the 50% inhibitory
concentration [IC50]: inducing 50% of cell death), the
MTT assay was used according to a previous study (17).
After determining the absorbance of the solution at 570
nm using the ELISA reader (BioTek, Epoch, USA), the percentage of living cells was calculated using the following
formula. The IC50 was measured using the dose- and
time-dependent curves.

V iability of cells (%)
M ean absorbance of treatment group
× 100
=
(M ean absorbance of control group)
3.5. Extraction of RNA and Real-Time PCR
Total ribonucleic acid (RNA) was extracted from the
cells using RNX Plus Kit (SinaClon, Iran). The quantitative analysis of the extracted RNA was performed using
a NanoDrop (BioTek, Epoch, USA) in the absorbance ratios of 260/280 and 260/230 nm. Agarose gel (2%) electrophoresis was used to evaluate the quality and integrity
of the extracted RNA. Complementary deoxyribonucleic
acid synthesis was performed via Pars Genome kit (Iran).
The primers used in this study (Table 1) were designed
using the National Center for Biotechnology Information
website and online OligoAnalyzer software. Real-time polymerase chain reaction (PCR) was carried out using the ABI
Step One™ Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) with SYBR Green Kit as 10 min at 95°C (40
cycles of 15 sec at 95°C and 30 sec at 60°C, followed by a
melting curve analysis step [15 sec at 95°C, 60 sec at 60°C,
and 15 sec at 95°C]) (17). Glyceraldehyde 3-phosphate dehydrogenase was used to normalize the relative expression.
3.6. Statistical Analysis
Tests for each sample were performed in triplicate, and
the results were shown as mean ± standard deviation. The
data were analyzed using the Student’s t-test in GraphPad
Prism software (version 7.0.). A P-value of less than 0.05 was
Gene Cell Tissue. 2022; 9(3):e117831.
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Table 1. Primer Sequences for Studied Genes
Gene

Forward Primer (5’ →3’)

Reverse Primer (5’ →3’)

BCL2

GGTTGTCGCCCTTTTCTA

CGGAGGAAGTCCAATGTC

BAX

GATGTGATGCCTCTGCGAAG

CATGCTGATGTCTCTGGAATCT

GGTCGGAGTCAACGGA

CCAGCATCGCCCCACTT

GAPDH

Abbreviation: GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

considered statistically significant. Statistically significant
data were marked with an asterisk (*).

4. Results
4.1. Cytotoxicity Effect of PPE on 4T1 Cells
The results showed that different concentrations of
PPE (range: 0-1280 µg/mL-1 ) could inhibit the proliferation
of 4T1 cells at 24, 48, and 72 h and significantly reduce their
viability in a concentration- and time-dependent manner
(Figure 1). According to Figure 1, IC50 values (ie, the minimum concentration of PPE leading to the death of 50% of
cancer cells) at 24, 48, and 72 h were 984.4, 632.1, and 477.7
µg/mL-1 , respectively.

4.2. Expression of BAX Pro-apoptotic Gene in 4T1
The treatment of 4T1 cancer cells with selective PPE
concentrations (IC50 concentration: 984.4 and a higher
concentration: 1280 µg/mL-1 ) for 24 h could significantly
increase the expression of the BAX pro-apoptotic gene in
a treatment concentration-dependent manner (Figure 2).
The pro-apoptotic Bax protein triggers the caspase cascade
and ultimately promotes the programmed death of cancer
cells (apoptosis) by inducing the release of cytochrome C
from the mitochondrial membrane (18).

4.3. Expression of Anti-apoptotic BCL2 Gene
The treatment of 4T1 cancer cells with selective PPE
concentrations (IC50 concentration: 984.4 and a higher
concentration: 1280 µg/mL-1 ) for 24 h could significantly
reduce the expression of the BCL2 anti-apoptotic gene in
a treatment concentration-dependent manner (Figure 3).
The anti-apoptotic protein Bcl2 inhibits apoptosis by inhibiting the release of cytochrome C from the mitochondrial membrane. In general, an increase in the BAX/BCL2
ratio is one of the important indicators of apoptotic induction (18).
Gene Cell Tissue. 2022; 9(3):e117831.

5. Discussion
Breast cancer is one of the most common cancer
among women worldwide. Despite valuable efforts on
breast cancer therapy, the metastatic form of this cancer
is still a big challenge. In recent decades, researchers try
to develop novel therapeutic methods to solve this problem. Complementary treatment using medicinal plants
that target apoptosis and metastatic pathways is one of the
devised therapeutic methods in this regard. The current
study aimed to assess the antiproliferative effects of PPE
and evaluate its molecular mechanism. To this end, the
MTT method was used to assess PPE cytotoxicity. As previously described in the results section, PPE had a significant
cytotoxic effect on the 4T1 cell line.
The results obtained in this study are consistent with
the results of previously published reports. In a study conducted in 2019 (19), it was shown that PPE in different concentrations significantly reduced the survival of the cervical carcinoma HeLa cells, with IC50 levels of 200, 100,
and 10 µg/mL-1 . In the aforementioned study, biochemical assays indicated that the toxicity effect of PPE might
be due to the presence of polyphenolic compounds. The
suppressed proliferation and induced cancer cell apoptosis by pomegranate peel extract were also reported in thyroid cancer cell lines (20). A study performed by Kolahi
et al. showed that the extract of pomegranate spongy tissue could reduce the survival of colon cancer cells Caco-2.
In the aforementioned study, the anticancer effect was attributed to the presence of flavonoid, tannin, alkaloid, terpenoid, aldehyde, ketone, and vitamin C compounds and
the absence of steroid, saponin, and protein compounds
in pomegranate spongy tissue (21).
Sharifiyan et al. also reported that the treatment
of B16f10 melanoma cells with the ethanolic extract of
pomegranate flowers and isolated ursolic acid showed
significant antiproliferative activity after 48 and 72 h
(22). Moreover, a study conducted on the cytotoxicity of
pomegranate seed extract on the human breast cancer cell
lines MCF-7 and MDA-MB revealed that this extract could
significantly reduce the survival of these cancer cells (23).
After 24, 48, and 72 h of treatment with pomegranate seed
oil, IC50 values in the MCF-7 cell line were 1150, 742, and 731
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Figure 1. Viability (%) of 4T1 cancer cells treated with different concentrations of pomegranate peel alcoholic extract for 24, 48, and 72 h
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Figure 2. Change in BAX gene expression treated with different concentrations of pomegranate peel alcoholic extract for 24 h. The data are presented as relative gene expression (target/internal control) and mean ± standard deviation of triplicate (* P < 0.05; **P < 0.01).
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Figure 3. Change in BCL2 Gene Expression Treated with Different Concentrations of Pomegranate Peel Alcoholic Extract for 24 h. The data are presented as relative gene
expression (target/internal control) and mean ± standard deviation of triplicate (* P < 0.05; ** P < 0.01).

µg/mL-1 , respectively, and in the MDA-MB cell line were 700,
842, and 588 µg/mL-1 , respectively.
In the molecular section, real-time PCR was carried
out to evaluate the alternation of apoptotic gene expression levels. BAX and BCL2 were selected as apoptosis genes
for this study due to their known roles in cancer progression. Numerous studies showed that the modulation of
the BAX/BCL2 ratio could be one of the effective mechanisms of anticancer drugs. The data of the present study
indicated that the treatment of cancer cells with PPE selective doses could increase the BAX/BCL2 ratio and induced
apoptosis.
The results of BAX and BCL2 gene expression obtained
in this study are consistent with the results of previously
published reports. Deng et al., by studying the expression of proteins using the Western blot, showed that the
observed cytotoxic effect of pomegranate peel extract on
prostate cancer cells could be due to inducing apoptosis in these cells by increasing the BAX/BCL2 ratio (24).
Song et al. (25), by the adoption of the aforementioned
method, reported that pomegranate peel extract could induce apoptosis in hepatoma cancer cells by increasing the
expression of Bax and Bcl-2 proteins. Increased apoptosis by pomegranate peel extract can also be due to the
altered expression of other genes involved in this process. For instance, Asmaa et al. showed that the treatGene Cell Tissue. 2022; 9(3):e117831.

ment of chronic myeloid leukemia K562 cells with crude
pomegranate peel extract could increase the expression of
caspase, cytochrome C, P21, and P53 genes (26).
5.1. Conclusions
Overall, the results of this study showed that PPE can induce the death of breast cancer cells due to inducing apoptosis by an increase in the BAX/BCL2 ratio. Since the suppression of apoptosis is one of the main mechanisms of
carcinogenicity and drug resistance, its induction can play
an important role in suppressing the growth and proliferation of cancer cells and reducing drug resistance. Therefore, PPE can be used as a complementary therapy combined with conventional chemotherapy drugs. The use of
such complementary drugs can minimize the undesired
side effects of chemotherapy drugs by reducing the need
for high doses. However, further studies on animal models
and clinical trials are needed to verify the clinical usage of
such complementary drugs.
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