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ABSTRACT

Cancer death cases have increased yearly, and there are estimated to be 21.6 million
cancer cases in 2030. Studies of herbal compounds for cancer treatment alternatives
are essential because cancer treatment is relatively expensive and has adverse effects.
Phyllanthus niruri (Pn) and Catharanthus roseus (Cr) are plants that are known as
herbal medicines. Combining the two plants is expected to prevent and enhance the
immune system in breast cancer cases. This study aims to analyze the anti-cancer
and immunomodulatory effects of P. niruri and C. roseus extract (PCE) in
modulating macrophage polarization in breast cancer mice. Experimental animals
are divided into six groups and there is healthy control (normal mice), cancer
(DMBA-induced mice), cancer mice with cisplatin administration, cancer mice with
PCE administration with three different doses, including dose 1 (500 mg/kg Pn + 15
mg/kg Cr), dose 2 (1000 mg/kg Pn + 75 mg/kg Cr), and dose 3 (2000 mg/kg Pn +
375 mg/kg Cr). The mice were injected with DMBA once a week for six weeks to
induce cancer in mice. The breast cancer mice model was administered with PCE
orally for 14 days. The expression of CD11b+IL-10+ and CD11b+IFN-y+
demonstrated macrophage polarization. The results showed that breast cancer
induction using DMBA increased the level of IL-10 and decreased the level of IFN-
y significantly compared to the normal group (p < 0.05). In specific doses,
administration of PCE could reduce IL-10 levels and increase the level of IFN-y
significantly (p < 0.05). PCE can modulate the polarization of macrophages by
suppressing the M2-like macrophage and increasing the M1-like macrophage. The
ability of PCE to modulate macrophage polarization indicates that the combination
of P. niruri and C. roseus has activity as an anti-cancer.
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Introduction

According to reports, the number of deaths
caused by cancer is increasing. There were about
19.3 million cancer cases in 2020, with a global
mortality rate of around 10 million [1], and its
prevalence was predicted to reach up to 21.6 mil-
lion cases in 2030 [2]. Breast cancer is a condition
caused by uncontrolled cell growth in breast tissue
that is the most frequent malignancy in Indonesia,
with 65,858 cases reported [1]. Immune cells help
fight breast cancer by discovering and eliminating
cancer cells. Macrophages are immune cells that
play an essential role in fighting breast cancer by
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secreting several cytokines and activating the
complement system that can trigger inflammation.
Macrophages develop into two main groups with
different immune defense and surveillance func-
tions. The two main groups are classically acti-
vated macrophages (M1-like macrophages) and
alternatively activated macrophages (M2-like
macrophages) [3].

M1-like macrophages are tumor-suppressing
cells interacting in the tumor microenvironment to
inhibit tumor cell proliferation. Cytokines such as
IFN-y, GM-CSF, TNF-a, and IL-1 act as
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activators of the M1-like macrophage phenotype
during the onset and maintenance of inflammation
[4]. IFN-y is a pleiotropic cytokine that is an anti-
viral, anti-tumor, and immunomodulator. IFN-y in
inflammatory conditions triggers the activation of
the innate immune response and stimulates the
elimination of pathogens. IFN-y plays a role in the
innate immune response by activating macrophage
polarization to an M1 proinflammatory phenotype
[5]. IFN-y is produced in the tumor microenviron-
ment by cytotoxic immune cells and synergizes
with toll-like receptors (TLR) to induce the tumor-
icidal activity of macrophages and increase the
production of NO and proinflammatory cytokines.
IFN-y was known to increase the number of M1-
like macrophages and reduce tumor growth [6].
M1-like macrophages secrete molecules such as
TNF-a, IL-6, and IL-12 [4], while M2-type mac-
rophages secrete molecules such as IL-10 and
TGF-f [3]. M2-like macrophages are dominated
by tumor-associated macrophages (TAM). TAM
is associated with cancer cell proliferation, metas-
tasis, and latency by releasing cytokines, chemo-
kines, and growth factors. In the microtumor envi-
ronment, TAM secretes cytokines such as IL-10,
TGF-b, and several inflammatory mediators such
as PGE2 and MMP-7, which can inhibit the anti-
gen-presenting process so that T cells lose their
ability to identify and kill tumor cells [7]. IL-10 is
an anti-inflammatory cytokine that plays a role in
supporting the proliferation and metastasis of tu-
mor cells. Several studies have shown that IL-10
concentrations in breast cancer patients are higher
than in healthy individuals and are associated with
poor clinical conditions [8]. M2-like macrophages
are known to help the cancer cells in metastasis,
angiogenesis, and proliferation, but M1-like mac-
rophages are associated with higher survival. They
can be considered potential indicators for im-
proved therapeutic outcomes in various malignan-
cies, including breast cancer [3].

Cancer treatment is relatively expensive and
has side effects that make some people use herbal
plants for alternative therapies. Exploration of
herbal plants to treat cancer continues to develop
to get the best herbal medicine and minimize the
side effects of chemotherapy. Indonesians have
used many herbal plants to treat diseases, includ-
ing Phyllanthus niruri and Catharanthus roseus.
P. niruri and C. roseus have several secondary
metabolites that act as anti-cancer with se-veral
mechanisms, such as inducing M1 macro-phage

polarization. P. niruri, used as an ingredient in
herbal medicine from Indonesia, is known to have
the ability to treat several diseases [9]. P. niruri
contains bioactive compounds such as alkaloids,
anthocyanins, chlorogenic acids, coumarins, fla-
vonoids, lignin, phenolic acids, saponins, tannins,
and terpenoids that have the biological activity to
treat disease [10]. The compounds in C. roseus
widely known for treating cancer are vinblastine
and vincristine. Vinblastine and vincristine inhibit
mitosis by stopping cell division and causing cells
to undergo apoptosis [11]. Therefore, the current
study evaluated the potential of P. niruri and C.
roseus combination extract on macrophage polar-
ization in breast cancer mice models.

Material and Methods
Plant Material and Extraction

Simplicia of P. niruri and C. roseus leaves
with specimen numbers 074/454/102.7-A/2021
and 074/455/102.7-A/2021 were collected and de-
termined from UPT. Laboratorium Herbal Materia
Medica, Batu, Indonesia. Simplicia was dissolved
in aquadest at a 1 : 10 ratio (simplicial : solvent,
w/v). The sample was mixed with a magnetic stir-
rer for 24 hours and then filtered with Whatman
filter paper. Extraction was done with freeze-dry
at -20°C to get extract in powder form.

Induction of Breast Cancer Model

The experimental animals used were 6-7
weeks old female Balb/C mice from the Pharmacy
Laboratory, Faculty of Pharmacy, Gadjah Mada
University (n = 24). Mice acclimatized for a week
before the experiment in a free-pathogen environ-
ment in the Animal Physiology Laboratory, Biol-
ogy Department, Brawijaya University. DMBA
(7,12-Dimethylbenz(a)anthracene) was injected
into mouse breasts subcutaneously to make the
breast cancer model. The dose of DMBA given is
1.5 mg/g BW and dissolved in 0.1 ml of corn oil.
The injection was given once every week for six
weeks. Breast cancer was detected after one week
through a morphological transformation in mice
by palpation methods. All experimental animal
procedures in this study were approved by Brawi-
jaya University Ethics Committee No. 125-
KEP-UB-2021.

Treatment
P. niruri (Pn) and C. roseus (Cr) extracts were
weighed according to the dose and dissolved in
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distilled water. The combination of P. niruri and
C. roseus (PCE) was given to mice orally for two
weeks. There are three dose combinations given to
breast cancer model mice; there are dose 1 (500
mg/kg Pn+15 mg/kg Cr), dose 2 (1000 mg/kg
Pn+75 mg/kg Cr), and dose 3 (2000 mg/kg
Pn+375 mg/kg Cr). The dose of cisplatin given to
mice was 5 mg/kg BW and dissolved in PBS. Cis-
platin was injected into mice intraperitoneally
once every two days for two weeks. The dosage
was determined based on previous studies, which
showed that 75 mg/kg body weight of C. roseus
given to mice with breast cancer models showed
no toxicity to the body [12]. The P. niruri extract
at 5000 mg/kg body weight also showed no side
effects or organ damage [13].

Antibody Staining and Flow Cytometry Analysis

The spleen was isolated and homogenized
with PBS to analyze cytokine-secreting macro-
phage profile. Homogenate was centrifuged at
2500 rpm and 10°C for 10 minutes. The pellet was
resuspended in PBS for antibody staining. 50 pl of
the sample was added to the microtube and added
with PBS. Extracellular antibodies used to stain
the cells are FITC-conjugated rat anti-mouse
CD11b. The sample was added with Cytofix and
incubated in an ice box for 20 minutes. Washperm
was added to the sample and incubated in an ice
box for 20 minutes. Samples were centrifuged at
2500 rpm, 10°C for 5 minutes. Intracellular anti-
bodies (PE-anti-mouse IFN-y and PE/Cy7-anti-
mouse IL.-10) were added to the pellet and incu-
bated on an icebox for 20 minutes. The sample
was added with 400 pl of PBS then transferred to
flow cytometry cuvette for analysis by flow cy-
tometry.
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Figure 1.

Data analysis

Samples were analyzed using BD CellQuest
ProTM software. Statistical analysis was accom-
plished by SPSS 21.0 software, which included a
normality test, homogeneity test, and one-way
ANOVA parametric analysis. The significance be-
tween treatments was known by performing Dun-
can's Multiple Range test. The p-value of 0.05 was
regarded as significant between the two groups.
All data were shown in mean + standard deviation
(SD).

Results and Discussion

The flow cytometry results show that the rela-
tive amount of IL-10 in breast cancer mice is
0.78%, higher than in normal mice (Figure 1). The
relative amount of IFN-y in normal treatment is
2.16% and decreases to 1,26% in the breast cancer
mice model (Figure 2). According to several stud-
ies, IL-10 levels are higher in cancerous condi-
tions and associated with bad prognosis, whereas
normal tissue samples did not detect IL-10 expres-
sion [14]. This research showed that administra-
tion of DMBA can inhibit M1-like macrophage
polarization by decreasing the level of IFN-y but
increasing the polarization of M2 macrophages by
increasing IL-10 secretion from M2 macrophages.
DMBA (7, 12-Dimethylbenz(c)anthracene) is a
carcinogenic compound from the PAH group used
to make models of breast cancer in experimental
animals. CYP1B1 metabolizes the DMBA com-
pound and produces DMBA-3,4-epoxide, fol-
lowed by a change from mEH to DMBA-3,4-di-
hydro diol, then changes to DMBA-3,4-dihydro-
diol-1,2-epoxide (DMBA-DE) which has immu-
nosuppressive properties [15]. The carcinogenic-
ity of DMBA is known to be due to its mechanisms
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The relative number of IL-10 expressed by M2-macrophage in each mice group. (a) A plot of flowcy-

tometry analysis and (b) Results of statistical analysis. The data are mean value + standard deviation
of four mice in each group with a significant value p < 0.05 (n=24).
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Figure 2. The relative number of IFN-y expressed by M1-macrophage in each mice group. (a) A plot of flowcy-
tometry analysis and (b) Results of statistical analysis. The data are mean value + standard deviation
of four mice in each group with a significant value p < 0.05 (n=24).

involved in DNA damage. Genes that play an es-
sential role in cell growth and survival are dam-
aged, causing mutations and an imbalance be-
tween cellular oxidants and antioxidants, which
play an essential role in breast cancer development
and progression [16].

In tumor conditions, immunocompetent cells
will form a tumor microenvironment and interact
with tumor cells, affecting initiation, growth, and
metastasis in tumors [17]. The tumor microenvi-
ronment is a group of cells that support tumor cells
during the transition to malignancy, and macro-
phages are most commonly found in the tumor mi-
croenvironment among innate and adaptive im-
mune cells [18]. Macrophages play a role in initi-
ating, maintaining, and resolving inflammation.
Inflammation is a defense mechanism of the body
against damaged tissue or invading pathogens.
The activation and deactivation of macrophages
are typically associated with an inflammatory re-
sponse [3]. The activated macrophages are divided
into two main classes; there are M1-type macro-
phages and M2-type macrophages. Classically ac-
tivated M1 macrophages exhibit pro-inflamma-
tory behavior by migrating to inflamed tissues, tar-
geting pathogens with reactive oxygen species
(ROS) production, and having high antigen-ex-
pressing potential. These macrophages can be po-
tent effector cells that kill tumor cells and can re-
cruit cytotoxic T lymphocytes (CTLs) to activate
adaptive immune responses. M1-type macro-
phages are activated by IFN-y and act as an anti-
tumor by producing immunostimulatory cytokines
such as IL-12 and IL-23 [19]. IFN-y plays an es-
sential role in inhibiting the proliferation of cancer
cells by regulating p21 expression through STAT1
activation in tumor cells. Moreover, IFN-y is

essential in eliminating tumor cells, promoting tu-
mor cell apoptosis, inducing tumoricidal effects,
and inhibiting angiogenesis [20]. IFN-y activates
the JAK-STAT pathway, which triggers the ex-
pression of several genes, increasing immunogen-
icity and stimulating immunity [21]. On the oppo-
site side of macrophage polarization, alternatively,
activated M2 macrophages secrete anti-inflamma-
tory cytokines to induce immune tolerance. M2
macrophages facilitate canonical tissue repair
functions and, in cancer, are regarded as pro-tu-
mor, where they promote tissue remodeling and
repair, stimulate angiogenesis with VEGF, and
promote tissue growth with TGF-f3. IL-4 and IL-
13 activate M2-like macrophages, which play a
role in tumor initiation, proliferation, and metasta-
sis and secrete anti-inflammatory cytokines such
as IL-10 and TGF-B [3]. IL-10 is a cytokine that
acts as an anti-inflammatory and has a role in the
proliferation and metastasis of tumor cells. IL-10
secretion by macrophages inhibits the inflamma-
tory response and causes immune system deregu-
lation, allowing the tumor to escape [22].

IL-10 expression in breast cancer mice mod-
els decreased by up to 0.52% after cisplatin admin-
istration (Figure 1). This result differs from [FN-y
expression, which increases by up to 2.62% (Fig-
ure 2). This study showed that cisplatin injection
significantly decreases anti-inflammatory cyto-
kines and increases pro-inflammatory cytokines in
breast cancer mouse models. The results of this
study are related to previous studies, which have
proved that cisplatin could decrease the level of
IL-10 and increase pro-inflammatory cytokine
[23]. Cisplatin is an anti-tumor agent that has long
been used in cancer therapy. Cisplatin or cis-diam-
minedichloroplatinum (II) is an anti-cancer agent
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known for treating various types of cancer. The in-
teraction between cisplatin and DNA forms DNA
adducts which cause DNA damage and induce
apoptosis in cancer cells [24].

Administration of PCE extract increased IFN-
y activity for macrophage polarization to become
M1 macrophages. IFN-y expression in breast can-
cer model mice increased after PCE doses 1 and 2
administrations to 1.64% and 1.53%, respectively
(Figure 2). IL-10 expression decreased after PCE
doses 1, 2, and 3 administrations to 0.69%, 0.41%,
and 0.59%, respectively. PCE dose 2 was the op-
timal dose for reducing IL-10 expression. The
ability of PCE to reduce IL-10 expression and in-
crease IFN-y expression is due to secondary me-
tabolites in both extracts. P. niruri is a medicinal
plant that can treat several diseases, including
breast cancer [9]. Previous studies have shown
that P. niruri extract increases the activity of the
cytokine IFN-y release by Th1, causing activation
of M1 macrophages and indicating inflammatory
conditions. In addition, previous research also
shows that P. niruri can increase the production of
IFN-y, IL-6, and TNF-a by increasing NO release
[26]. The anti-cancer ability of P. niruri is due to
secondary metabolites such as gallic acid,
caffeoylquinic acid, quercetin, and phyllanthin.
Previous research showed that P. niruri has anti-
cancer activity by inhibiting angiogenesis and re-
ducing the expression of IL.-6, I1-17, and CXCL12.
P. niruri inhibits angiogenesis by suppressing
HIF-1a and VEGF expression [25]. C. roseus is a
plant widely used for breast cancer therapy. Com-
pounds in C. roseus that are known to have anti-
cancer abilities are vincristine and vinblastine.
Vincristine and vinblastine inhibit mitosis cell di-
vision and cause cell death or apoptosis [11]. The
increase in IFN-y in the PCE group could be due
to the secondary metabolites in P. niruri and C.
roseus that have good functions for the body. The
increase in IFN-y in the PCE group could be due
to the secondary metabolites in P. niruri and C.
roseus that have good functions for the body.
Quercetin, one of the compounds found in P. ni-
ruri and C. roseus, has the ability to inhibit cancer
cell growth and trigger apoptosis. [27]. C. roseus
contains alkaloid compounds that play a role in
cancer cell apoptosis through the NF-kB pathway
[28]. Alkaloid compounds in the periwinkle plant
can inhibit the proliferation of cancer cells by
binding to tubulin in the mitotic spindle. In

addition, alkaloids in C. roseus can also induce
apoptosis in cancer cells [29].

Conclusion

DMBA injection can increase IL-10
expression and decrease IFN-y expression in
macrophages. The reduced expression of IL-10
and increased IFN-y after administration of the P.
niruri extract combination indicated that the
combination of P. niruri and C. roseus extracts
could suppress macrophage polarization to M2-
type macrophages which acts as an anti-
inflammatory and  increase = macrophage
polarization to M1-type macrophages which has
pro-inflammatory activity. The study concludes
that P. niruri and C. roseus extracts have anti-
cancer characteristics and can be used as an
alternative for breast cancer treatment.
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