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Abstract

The effectiveness of chemical drugs has been reduced by the resistance of cancer cells to chemical drugs, such as breast
cancer as one of the most common cancers in women. Hence, it is important to study the development of more effective
drugs with fewer side effects, such as herbs. Thus, the present study aimed to assess the effects of Moringa oleifera (MO)
grown in Iran with anti-cancer properties in the inhibition of apoptosis and proliferation in breast cancer cells. MO extract
was prepared in this study while confirming phenolic compounds, namely quercetin, gallic acid, and folic acid, through
HPLC methods. Afterward, the apoptotic and anti-proliferative impacts of phenolic compounds were evaluated on 4T1
breast cancer cells via MTT, BrdU, Annexin V-FITC/PI staining, and caspases-9 and -3 activity assays. Furthermore,
ELISA was applied to evaluate BAX/Bcl2 ratio. MO extract (0.02, 0.04, and 0.08 g daily for four weeks) was used to treat
the BALB/c mice. The size of tumors was measured. MO reduced the proliferation significantly and induced apoptosis
(P < 0.01). Furthermore, tumor volume in MO-treated mice was decreased. The reduction in tumor volume at 0.02 g dose
was higher than the other two doses (P < 0.001). According to in vitro results, the apoptotic pathway was possibly induced
by activating caspases-9 and -3 and an increase in the Bax/Bcl-2 ratio. Through the in vivo results, and significant reduction
in tumor size, new evidence was added to the possible treatment of breast tumor provoking intrinsic apoptotic paths.
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1 Introduction

Moringa oleifera and Moringa peregrina belong to the
family of Moringaceae. Moringa oleifera L. (MO) is a fast-
growing tree with a natural coagulant (Balogun et al. 2020;
Korsor et al. 2019). It has been historically used to clarify
polluted effluents. According to studies, it has several
medicinal and health values (Kou et al. 2018). Today, there
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are various studies on different therapeutic features of this
plant. It is more amazing that all the parts of Moringa,
including the roots, bark, leaves, seeds, flowers, stems, and
pods, are a source of various nutrients, antioxidants, and
medicines. The plant possesses different bioactive com-
ponents, such as vitamins, flavonoids, isothiocyanates,
phenolic acids, saponins, and tannins (Abdull Razis et al.
2014; Anwar et al. 2007; Kou et al. 2018; Zalpoor et al.
2022a, b). Previous research has indicated the following:
the vitamin C content in Moringa leaves is seven times
more than that in oranges; the protein content is nine times
more than that in yogurt; vitamin A content is 10 times
more than that in carrots; calcium content is 17 times more
than that in milk; iron content is 25 times more than spi-
nach, and potassium content is 15 times more than that
bananas. Antioxidant compounds in Moringa play their
role through hydrogen donation (Gopalakrishnan et al.
2016). One of the components of phenolic compounds is
flavonoids, mostly employed on account of their antioxi-
dant properties. The antioxidant mechanism of these
materials is to prevent the oxygen species ROS formation
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by inhibition of the enzymes making up the radicals,
removing essential elements included in producing free
radicals, and removing and reducing radicals (Cai et al.
2004; Chumark et al. 2008; Gupta et al. 2012; Santos et al.
2012; Sreelatha and Padma 2009). Isothiocyanate com-
pounds are the other compounds of Moringa (Lopez-
Rodriguez et al. 2020). Studies have revealed that Moringa
powder has protective features against gastrointestinal
ulcers. It also has an even stronger effect than omeprazole
as a result of isothiocyanate compounds that are both
immune-regulating and anti-inflammatory. Moringa extract
contains immunosuppressive features as a result of its
macrophages and neutrophils effects and inhibition of
phagocytosis (Baldisserotto et al. 2018). Owing to the
nutritional value, MO is utilized in various illnesses, such
as respiratory distress, hypercholesterolemia, hypertension,
diabetes, anemia, insulin resistance, cancer, and inflam-
mation (Asgari-Kafrani et al. 2020; Atsukwei et al. 2014;
Chen et al. 2012; Gupta et al. 2012; Onah et al. 2017; Peter
et al. 2011; Poussel et al. 2015; Randriamboavonjy et al.
2016). Robust anti-proliferative features of MO are also
established on different kinds of cancer, which is the sec-
ond cause of death and a global challenge in the world (Al-
Asmari et al. 2015). All parts of the M. oleifera tree have
anti-cancer properties, specifically, leaf extracts the main
features of malignancy cells are the uncontrolled prolifer-
ation, invasion, and migration through the extracellular
matrix to other body parts (metastasis and secondary
tumors). Cancer mortality is higher in low- and middle-
income countries rather than in other countries due to
growing pollution, a lack of healthcare facilities, and
expensive anti-cancer drugs (Khor et al. 2018a; b).
Therefore, developing natural anti-cancer drugs is neces-
sary as a strategy to overcome these challenges.

Breast cancer is a very aggressive and prevalent cancer.
The mortality rates caused by breast cancer remain are still
high in spite of numerous proven therapeutic drugs and
approaches, such as radiotherapy, hormone therapy, sur-
gery, and chemotherapy. Moreover, the side effects of anti-
cancer drugs are severe in long term (Waks and Winer
2019). Presently, various studies have been performed on
applying natural compounds to treat the tumor cells
effectively. The minimal side effects are the important
issue regarding herbal medicine (Aung et al. 2017; Wang
and Jiang 2012). Recently, there are different plant species
containing almost 74% of the known anti-cancer medicines
and some others under clinical trials for the treatment of
cancer like Curcumin and Lycopene (Craig 1997; Winston
and Beck 1999). According to epidemiological studies,
there is a negative correlation between using cruciferous
vegetables and the risk of breast, lung, and colon cancer
(Cohen et al. 2019). It was shown that M. oleifera leaf and
bark extracts effectively prevent the growth of pancreatic,
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colorectal, and breast cancer cells (Khor et al. 2018).
Moreover, examining the mechanism of new therapeutic
compound effects is valuable to treat the tumor cells
effectively besides former approaches. On the other hand,
using anti-cancer drugs causes severe side effects in long
term. Thus, the present work aimed to assess the effects of
Moringa oleifera grown in Iran with antioxidant and anti-
inflammatory features in the inhibition of apoptosis and
proliferation in breast cancer cells.

2 Materials and Methods
2.1 Chemicals

Bovine serum albumin (BSA), chloroform, methanol,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT), gallic acid, quercetin, caffeic acid, and sev-
eral others had analytical grades (Sigma-Aldrich®, US).
Merck Chemical Supplies (Damstadt, Germany). The dried
stems and leaves of MO were bought from Rooyan Sabz
Company (Bushehr, Iran).

2.2 Preparing the Extracts

Herein, electrical masonry was applied to grind the dried
stems and leaves of Moringa oleifera. By soaking 100 g of
grinded powder into 1000 ml of 99% methanol and soxh-
leting for 24 h (with the sample-solvent ratio of 1:10 w/v),
the organic solvent was eliminated by a rotary evaporator
(Buchi, Switzerland; temp: 50 °C; pressure 175 mbar).
Ultimately, the obtained dried extracts were gathered and
kept at 4 °C.

2.3 Estimating the Phytochemicals in Moringa
Total Extract

HPLC rapid analysis (Agilent 1100, SY-8100 UV/VIS
detector) was utilized to estimate three flavonoids of caf-
feic acid, quercetin, and gallic acid based on the former
standard method (Asgari-Kafrani et al. 2020) as bioactive
markers. To analyze the samples, multi-solvent HPLC was
used armed with Agilent Infinity, Single Pump, and Diode
Array Detector. The mobile phase comprising 50% ace-
tonitrile and 50% HPLC grade methanol was passed at a
flow rate (0.9 ml/min) via Agilent ZORBAX Eclipse Plus-
C18 column (4.6 x 250 mm, 5 pm) at room temperature
and the wavelength of 265 nm (Asgari-Kafrani et al. 2020).
The peak area achieved from the methanolic extract of
Moringa oleifera was compared with the chromatogram
gained from the standard sample and three flavonoids were
recognized and the quantities were obtained (Sanchez-
Machado et al. 2010).
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2.4 Animals

Female BALB/c mice with 20-25 g were prepared from an
animal house at the medical school of Isfahan University of
Medical Sciences (Isfahan, Iran). The mice were treated for
four weeks in standard conditions.

2.5 Breast Tumor Formation in Mice

Tumor developed by injecting a tumor cell fraction in each
mouse. In addition, a 200 pL suspension of 4T1 cells
(2 x 10% was injected in the area near the breast of
5-week-old female BALB/c mice based on former studies
(Nigjeh et al. 2019). To feed the control group (rn = 3), PBS
was used as the breast tumor control. A breast tumor was
developed in the other groups (six mice in each group)
utilizing 4T1 cells to prepare for injection with MO extract
for 28 days. The clinical abnormalities of animals were
monitored for the beginning of toxicological symptoms
every morning.

2.6 Animal Study Design

The anti-tumor activity and tumor size were estimated by
randomly dividing 24 adult mice with matched tumor size
into four groups (six mice in each group). Group I: Normal
Control (NC) without any treatment, with the injection of
1 ml of distilled water. The test groups received 100 pl
MO extract with various concentrations (0.02, 0.04, and
0.08 g/kg) each day. The animals were treated for four
weeks. To record the tumor size of each group every week
(on days 0, 7, 14, 21, and 28.), a caliper was used. The
tumor volume was determined as V= (L x W x W)/2.

2.7 Cancer Cell Lines and Cell Culture

The National Cell Bank of Pasteur Institute of Iran supplied
the 4T1 breast cancer cell lines (2539-CRL). The cells
were cultured in RPMI-1640 with 100 U/ml penicillin G,
10% fetal bovine serum (FBS), and 100 pg/ml strepto-
mycin, incubated in standard conditions (5% CO, and 95%
air at 37 °C).

2.8 Apoptosis Assay and Cell Viability
2.8.1 Cytotoxicity Assay

To determine the cytotoxicity effect of MO, applying 3-
(4,5-dimethylthiazole-2-yl) -2,5-diphenyltetrazolium bro-
mide (MTT) assay was considered in 4T1 cells. The cells
5 x 10° cells/well) were treated with MO within the range
of concentrations (0, 16, 32, 64, 96, 128, 256, 512, and

1024 pg/ml) for 24 h. Adding MTT to each well (0.5 mg/
ml) was performed at room temperature (37 °C) for 4 h
followed by incubations. MTT solution was then discarded
and substituted with dimethyl sulfoxide (100 pl per well).
The plate was shortly shaken and absorbance was read at
570 nm through Microplate Spectrophotometer (Synergy
H1 Hybrid Multi-Mode; Bio-Tek, Tokyo, Japan).

2.8.2 Bromodeoxyuridine Cell Proliferation Assay

To mature cell proliferation, bromodeoxyuridine (BrdU)
assay kit was used (Cat.6813; Cell Signaling Technology,
Danvers, MA) as previously described (Barez et al. 2020).
Culturing 4T1 cell line in 96-well plates in the 1.5% PBS
medium for 24 h, they were then treated with MO at var-
ious concentrations (0, 16, 32, 64, 96, 128, 256, 512, and
1024 pg/ml) in 24 h. BrdU solution was then added and
incubated for 12 h (10 pL/well). Ultimately, the cells were
incubated with the Fixing/Denaturing Solution. Adding the
secondary antibody and its substrate, an ultimate reaction
was started to produce a yellow color. Finally, the stop
solution (1 M) was added to read the absorbance at 370 nm
with Microplate Spectrophotometer (Synergy H; Hybrid
Multi-Mode; Bio-Tek).

2.8.3 Detecting Cell Death Through Annexin V/PI Staining

To measure the effects of MO on programmed cell death,
Annexin V-FITC/PI kit (Biovision) was utilized as
described previously (Barez et al. 2021). After 24 h, the
cells were plated in 6-well plates and were exposed to MO
extract for 24 h (76.5, 153, and 306 pg/ml). The subse-
quent steps were based on the protocol of the manufacture.
FACS Caliber flow cytometer (BD Bioscience) quantified
with the FlowJo software yielded the results.

2.8.4 Measuring the Bax and Bcl-2 Levels with ELISA Kits

To determine Bax and Bcl-2 protein levels, ELISA Kkits
(Zellbio GmbH, Germany) were employed following the
manufacturer’s protocol as a duplicate in untreated and
treated cells. The cells were plated (5 x 10° cells/well) in
6-well plates and were subjected to MO extract (76.5, 153,
and 306 pg/ml) for 24 h and lysed based on the ELISA kit
instruction for extracting total proteins. Afterward, the
primary antibodies from each kit were added to the
extraction for binding to Bax and Bcl-2 protein, and these
interactions were detected by Horseradish peroxidase
(HRP)-conjugated secondary antibody. Ultimately, the
absorbance was measured at 450 nm via a microplate
reader. To calculate Bax and Bcl-2 protein levels, the
standard curve was used.

52, €\ Springer



656

Iranian Journal of Science (2023) 47:653-662

2.9 Statistical Analysis

To process and analyze all the data, GraphPad Prism was
applied. The results stated as the mean = SD were the
average of independent triplicate experiments (three
replications). By use of a statistical nonparametric one-way
analysis of variance (ANOVA) test after the Tukey Post-
hoc test, data were compared. The statistical significance
was set at P value < 0.05.

3 Results

3.1 HPLC Quality Control of Moringa oleifera
Extract Through Bioactive Markers

The existence of Flavonoids in the Moringa oleifera
methanolic extract was confirmed through the preliminary
phytochemical study. To perform flavonoid analysis, the
HPLC method was utilized. Phenolic compounds, such as
gallic acid, quercetin, and caffeic acid, were identified in
MO extract through the HPLC technique (Table 1).

Figure 1 depicts the chromatogram of the methanolic
extract. The retention times of the standards were com-
pared with methanolic extract and three phenolic com-
pounds were recognized (Fig. 1).

According to the analysis of chromatograms, methanolic
extract possessed the highest caffeic acid level
(2.2 £ 0.71 mg/100 g) with a retention time of 3.61 min
and the highest amount of quercetin was obtained
(3.08 &+ 0.36 mg/100 g) with a retention time of 3.78 min.
Ultimately, the retention time of 3.59 min was obtained for
Gallic acid (2.1 £ 0.88 mg/100 g).

4 Anti-proliferative Effects of MO Extract
(Stems and Leaves)

The effect of MO extract on reducing cell viability and
proliferation was determined by treating 4T1 cells with
MO extract at various concentrations (0, 16, 32, 64, 96,
128, 256, 512, and 1024 pg/ml) for 24 h. Proliferation and
viability were then measured with MTT and BrdU assays.

Table 1 The polyphenolic compounds recognized by HPLC tech-
nique and their quantities in Moringa oleifera extract

Polyphenolic compounds Phenolic compounds (mg/100 g)

Quercetin 3.08 + 0.36
Caffeic acid 2.2 £0.71
Gallic acid 2.1 £ 0.88
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According to Fig. 2a, cell viability was decreased signifi-
cantly in MO-treated cells compared with the control cell
lines in a dose-dependent manner. ICs, of MO extract was
achieved at 153 pg/ml. According to the BrdU method, the
proliferation rate was reduced significantly, initiating at
64 pg/ml (P < 0.05) compared with untreated cells
(Fig. 2b). Afterward, the apoptotic effects of MO extract
were assessed utilizing flow cytometry. Based on the flow
cytometry results, MO extracts incremented Annexin-
FITC/PI-positive cells at various MO extract concentra-
tions (76.5, 153, and 306 pg/ml) compared with the control
group (Fig. 2¢). The cells were treated with MO extract in
IC50 dosage or 153 pg/ml and also in additional lower
(76.5 pg/ml) and higher dosage (306 pg/ml).

Apoptotic cells were increased significantly at 306 pg/
ml (P < 0.01) and 153 (P < 0.05) concentrations of MO
extract in treated-4T1. According to our results, MO
extract has a great potent apoptotic and anti-proliferative
effect in 4T1 cells in breast tumor cells.

4.1 MO Extract Apoptosis Induced by Activation
of Caspases-3 and -9 and Upregulated Bax/
Bcl-2 Ratio

We clarified the molecular mechanism of the apoptotic
effect of MO extract by evaluating caspase-3 and caspase-9
activity. The cells were treated with MO extract in IC50
dosage or 153 pg/ml and also in additional lower (76.5 png/
ml) and higher dosage (306 pg/ml) (Fig. 3a, b).

The levels of caspase-3 were incremented (4.4 £ 0.37-
fold; P < 0.05, 7.1 £ 0.34 -fold; and 8.7 £ 0.6 -fold
P < 0.01, respectively) in the existence of MO extract
compared to the untreated cells. In presence of the three
dosages of MO extract, the levels of caspase-9, respec-
tively, were 2.1 + 0.30-fold; P > 0.05, 5.1 + 0.4-fold;
P < 0.05, and 6.91 £ 0.3; P < 0.01.

We further proved the MO-induced apoptosis in 4T1
cells by measuring Bax (pro-apoptotic) and Bcl2 (anti-
apoptotic) protein levels in several concentrations of MO
(76.5, 153, and 306 pg/ml) through the ELIZA technique.
According to our data, MO extract increments Bax and
decrements Bcl-2 protein expression in a dose-dependent
manner (Fig. 3c, d).

We found a considerable increment Bax (P < 0.05 at
153 pg/ml and P < 0.01 at 306 pg/ml) and a decrease in
Bcl-2 (P < 0.05 at 153 and 306 pg/ml) protein in cells
treated with MO compared with the control group. Thus, an
apoptotic state was indicated in the breast cancer cell line.
In total, the data revealed that MO extract improved
intrinsic apoptosis path through activating caspase-3 and
caspase-9 and increasing Bax/Bcl-2 protein ratio.
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Fig. 1 The chromatogram 3
gained by high performance )
liquid chromatography (HPLC)
of Moringa oleifera extract
(comparing the inhibition time
in the chromatogram attained
from MO extract and
chromatogram gained from
standard samples, to identify
three phenolic compounds)

1=gallic acid
2-caffeic acid

3-quercetin
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Fig. 2 MO extract had cytotoxic outcomes in breast cancer cells. 4T1
cells were treated with MO extract and then their viability was
assessed with a MTT assay, b the anti-proliferation effect measured
by BrdU kit and ¢ apoptotic cell percentage was assessed using

FL1H

Annexin-FITC/PI analysis. These analyses were triplicated in three
separate experiments (n = 9). Results were presented as mean £+ SD
and P < 0.05 (*), P < 0.01 (**) considered as statistically significant
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Fig. 3 MO extract enhanced activation of caspases-3, 9 and Bax, Bcl-
2 in breast cancer cells. FT1 cells were treated with MO, and then,
apoptotic effect was assessed with evaluating (a, b) the caspase 3 and
9 activities. Activities were assessed in the extracted total protein of
each sample by the specific fluorometric assay kit and (¢, d) also

4.2 Effects of MO Extract on Breast Tumor Size

The induction of apoptotic pathway with MO extract in
breast tumor cells in vivo was determined through a
xenograft model utilizing 4T1 cells in BALB/c mice. In
this research, normal mice were treated with 0.02, 0.04,
and 0.08 g of MO extract. No mortality or toxicity symp-
toms were found in any groups (results not presented). At
0.02 g MO-treated mice, the highest anti-tumor activity
was found to be 90% smaller than that of the untreated
control group following the 4-week treatment (P < 0.001;
Fig. 4).

5 Discussion
The highest mortality in the world is related to cancer

(Ribeiro and Nardocci 2013). Recently, there has been
significant progress in cancer therapies, namely
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measurement of Bax and Bcl-2 protein levels were done using
fluorometric assay kit and absorbance read by ELIZA reader. These
analyses were triplicated in three separate experiments (n =9).
Results were presented as mean £+ SD and P < 0.05 (*) and P < 0.01
(**) considered as statistically significant

monoclonal antibodies or CAR-T cell therapy (Mohan
et al. 2021). Meanwhile, chemical drugs cause numerous
problems, such as non-economic way, side effects recur-
rence of tumor, and clinical disadvantage for other non-
cancerous tissue (Chari 2008; van Rijt and Sadler 2009).
Therefore, traditional drug treatment is still regarded and
necessary in the cancer therapy field. Natural plants have
low toxicity and are normally utilized as complementary
drugs along with chemical drugs (Gordaliza 2007; Song
et al. 2014; Sun et al. 2020). Among the most important
traditional plants is Moringa oleifera (MO), for which
former studies have indicated a great potential therapeutic
feature against different diseases, particularly anti-cancer
activities (Bose 2007; Jung 2014; Pangastuti et al. 2016;
Tiloke et al. 2018). Moringa oleifera contains several anti-
inflammatories, antioxidants, and anti-cancer compounds
(Purwal et al. 2010). Mainly, such features are related to
the phytochemicals of Moringa. According to literature,
natural anti-cancer compounds normally interfere with the
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Fig. 4 MO extract reduced tumor breast cancer size in animal model
at lower dosage. Normal Control (NC) without any treatment, with
the injection of 1 ml of distilled water. The test groups received
100 pl MO extract with various concentrations (0.02, 0.04, and
0.08 g) each day. Tumor measurement was done in 4 weeks. The

cancer cell apoptosis and proliferation pathways (Al-
Asmari et al. 2015; Sreelatha et al. 2011). Researchers have
shown an interest in investigating the anti-cancer activity
of the Moringa extract through in vitro studies (Bhat-
tacharya et al. 2018; Gopalakrishnan et al. 2016). Our study
presents the first model for determining the anti-cancer
features of the extracts of Moringa stems and leaves
gathered from different regions of Iran. We determined the
anti-cancer characteristics of MO extracts in vitro and
in vivo on the 4T1 breast cancer cell line and BALB/c
mice. First, we assessed the cell death effects of a mix of
MO extract from stems and leaves on 4T1 breast cancer
cell line by MTT assay. Based on our results, cell death
was promoted by treating 4T1 cells with MO extract
(Fig. 2a). Also, in this study, the proliferative effect of
stems and leaves MO extract was determined by BrdU
assay for the first time. The study presented a significantly
reduced cell proliferation and viability in 4T1 cells. Fur-
thermore, according to the flow cytometry results, apop-
tosis was induced greatly through MO extract (at 153 pg/
ml) in the 4T1 breast cancer cell line (Fig. 2c). These data
revealed great anti-proliferative and apoptotic impacts of
whole MO extract (combined stems and leaves) on the
cells. Based on our findings, combined stems and leaf MO
extract could reduce cell viability and induce apoptosis at
153 pg/ml in 4T1 cells in compare with non-treated 4T1
cells (Fig. 2a) in other similar studies such as Alsamari
et al. also represented the apoptotic effects and toxicity of
leaves and bark MO extracts separately. They recognized
various compounds in MO extract with anti-cancer fea-
tures, such as D-allose, isopropyl isothiocyanate, eugenol,
and hexadecanoic acid ethyl ester. All phytochemicals
possess a definite structure with long-chain hydrocarbons,
an aromatic ring, and sugar moiety. Alsamari et al. found a
considerable reduction in cell survival, a significant

highest anti-tumor activity was observed at 0.02 g MO-treated mice
in compare to non-treated control group. Results were presented as
mean £ SD and P < 0.05 (*) and P < 0.001 (***) considered as
statistically significant

increment in the apoptotic cells, and a cell cycle arrest in
MDA-MB-231 cell line through Dead Cell and Cell Cycle
Kits in 250 pg/ml concentration (Al-Asmari et al. 2015).
According to our results, it seems that a combined stems
and leaves MO extract can induce apoptosis in lower
dosage on 4T1 cells. However, our study was limited and it
needs more research. In another study, Charoensin estab-
lished the anti-cancer activity of the MO extract among
HepG2 (hepatic malignancy), Caco-2 (colorectal malig-
nancy), and MCF-7 (breast cancer cell line) via MTT
assay. They demonstrated that the methanol MO extract
(250 pg/ml) kills cancer cells (Charoensin 2014). In addi-
tion, MO extract induces cell death in other tumor cells.
Parvathy et al. have shed light on the cytotoxic effects of
Moringa leaf extracts (ICsq: 0.32 pg/ml) on U266B1 cell
line (lymphocyte B malignancy) (Parvathy and Umama-
heshwari 2007; Milugo et al.). Nair et al. have investigated
the HeLa cell line using MTT assay, thereby showing that
MO extract caused dose-dependent cytotoxicity in cervical
cells (ICsq: 70 pg/ml) (Nair and Varalakshmi 2011). These
studies have not indicated the exact molecular cytotoxic
pathways. Killing of tumor cells by most anti-cancer herbal
components has been linked to activation of apoptosis
pathways in cancer cells. Extrinsic and intrinsic are the two
main pathways of apoptosis. In both pathway of apoptosis,
a family of Cys (Cysteine) proteases, named caspases are
activated. caspases performance a role in proteolytic cas-
cade and remove the dying cell. Caspase-9 and -8 are
related to intrinsic and extrinsic, respectively. Under-
standing the molecular events that induce apoptosis in
cancer cells by anti-cancer components provides exact
information for developing more valuable and novel ther-
apies beside of chemotherapy (Fulda and Debatin 2006).
Therefore, we assessed intrinsic apoptosis pathways by
evaluating caspase-3 and -9 activities. We found that
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combined stems and leaf MO extract activates the caspase-
3 and caspase-9 (Fig. 3a, b). The induction of intrinsic
mitochondrial apoptosis was indicated. Mohd Fisall et al.
found that Dichloromethane fraction of Moringa oleifera
leaf methanolic extract selectively inhibits breast cancer
cells (MCF7) by induction of apoptosis via upregulation of
Bax, p53 and caspase 8 expressions (Mohd Fisall et al.
2021). Their study showed that leaf methanolic MO indu-
ces apoptosis via extrinsic pathway. In addition, we eval-
uvated and Bcl-2 and Bax expression to confirm
mitochondrial apoptosis. Activation of caspases is regu-
lated by Bcl-2 family proteins mitochondrial apoptosis. We
observed the up-regulating pro-apoptotic Bax with the
down-regulation of anti-apoptotic Bcl-2 showing an active
mitochondrial apoptosis (Fig. 3c, d). For various cancers,
previous studies stablished that induction of intrinsic
mitochondrial apoptosis is a desirable target for new ther-
apeutic strategies (Fulda and Debatin 2006).

Furthermore, we evaluated the anti-tumor activity of
MO in vivo on mice challenging with 4T1 cells mimicking
human mammary cancer. The tumor size was significantly
reduced by the extract within a 4-week test in a dose-
dependent manner (Fig. 4). The treated mice challenging
with 4T1 cells represented a greatly reduced size of tumor
compared to the control group (non-treated mice). By the
end of the fourth week, the tumors amazingly disappeared
approximately in the treated mice, consistent with former
in vivo studies. Similarly, Jung et al. studied the in vivo
anti-cancer activity of MO extract soluble in cold water on
HepG2 cells. The results of flow cytometry determined the
DNA damage effects and cell cycle arrest on the HepG2
cells (Charoensin 2014). Krishnamurthy et al. accom-
plished the in vitro and in vivo studies to determine the
potent anti-cancer properties of the Moringa extract on
Hep2 human epidermoid cancer cell line. They treated the
cells and Swiss albino mice with Soxhlet extractions in
n-hexane, chloroform, ethyl acetate, and 50% methanol.
Their results implied a potent toxicity effect of MO on
cancer cells and reduced the tumor size within 14 days
(Krishnamurthy et al. 2015). Also, Zunica et al. have
evaluated the anti-cancer effects of moringa seed extract
alone and in combination with chemotherapy in obese
female mice by MDA-MB-231-derived xenograft tumors.
Moringa supplementation improved insulin sensitivity but
did not attenuate tumor growth (alone) in compare to
chemotherapy agents. Seed extract of MO in combination
with chemotherapy agents got worse in tumor progression.
According to their animal study, Seed extract of MO just
reduced angiogenesis, not tumor growth (Zunica et al.
2021). However, in the present study, we observed a
reduction in tumor growth after treating mice with com-
bined stems and leaf MO extract, but its anti-tumor
effectiveness was decreased on breast tumor by increasing

“ @ Springer

the dose of whole extract (As mentioned in Fig. 4). This
may be due to the aggregation of the effective compounds
of the whole stems and leaf MO extract on the tissue or a
side effect in higher concentrations, which requires more
detailed cellular and molecular studies.

6 Conclusion

According to our data, the whole stems and leaf MO
extract reduced the viability and proliferation of breast
malignancy cells and greatly induced intrinsic apoptotic
pathways within 4T1 cells. In addition, this whole MO
extract magnified caspases-9 and -3 activities and enhanced
BAX/Bcl-2 ratio. The in vivo results showed a significant
reduction in tumor size after 28 days. Importantly, we
suggested that attentiveness should be taken about dosage
and side effects of whole moringa extracts for breast cancer
treatment.
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