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The prevalence of breast cancer among patients in Indonesia is significant.

Indonesian individuals maintain the belief that cancer cannot be cured alone

by pharmaceuticals and treatment; herbal remedies must be used in conjunction.

Rhodomyrtus tomentosa, also known as Haramonting, is an indigenous

Indonesian medicinal plant renowned for its copious antioxidant properties.

The objective of study was to assess the impact of haramonting on breast

cancer by examining the expression of various biomarker proteins associated

with breast cancer. Haramonting was administered to breast cancer model mice

at different doses over a period of 30 days. Subsequently, blood and breast

samples were obtained for immunohistochemistry and enzyme-linked

immunosorbent assays (ELISA). Authors have discovered that there has been a

notable rise in the proliferation of epithelial cells in the duct lobes, resulting in the

formation of ducts and lobules. Additionally, the researchers discovered that the

breasts exhibited distinct clinical and histological alterations. Haramonting

possesses the capacity to restore the concentrations of malondialdehyde

(MDA) and superoxide dismutase (SOD) to normal levels in the blood serum of

rats afflicted with cancer. The histopathological analysis of the breast tissue

revealed elevated levels of Her2, IL33, EGFR, and MUC1. The authors also

discovered a notable increase in the growth of epithelial cells, with two or

more layers of cells reaching towards the centre of the duct. The size of the

epithelial cells exhibits variability; however, this state ameliorates with the

administration of a dosage of 300mg/kgBW of this botanical specimen. This

study proposes that Haramonting may be effective in treating breast cancer.
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1 Introduction

There were a total of 2.3 million cases of breast cancer diagnosed

worldwide, resulting in 685,000 deaths in 2020 (Arnold et al., 2022).

According to Arnold et al. (2022), a total of 7.8 million women

globally were diagnosed with breast cancer throughout the past

5 years. In Indonesia, there were 65,858 reported instances of breast

cancer, as stated by Yuliastuti et al. (2023) and Gondhowiardjo et al.

(2021). The rationale behind the significance of this research lies in

the fact that in Indonesia, the treatment of breast cancer, including

hormone therapy, surgery, chemotherapy, or radiation therapy,

necessitates the inclusion of complementary treatments using

natural herbs. The use of herbs has been a longstanding practice

since ancient times in Indonesia (Ulaner et al., 2016; Moo et al.,

2018). This study serves as a motivation for researchers to develop

upcoming herbal medications for breast cancer by utilising

indigenous herbal plants from various places in Indonesia. The

Novelty of this research lies in the comprehension of molecular

protein expression following the ingestion of herbal plants.

Haramonting leaves (Rhodomyrtus tomentosa) are antioxidants

in traditional medicine (Situmorang et al., 2022). Haramonting

exhibits potent antioxidant properties and possesses a compact

molecular structure, It has a low level of toxicity (Situmorang

et al., 2021a). Consequently, it holds great potential as a

pharmaceutical agent in the future, owing to its abundance of

secondary metabolite chemicals that can be harnessed for

medication development (Situmorang et al., 2021a). The

oxidative stress in the body can be lowered by using the

antioxidants included in these leaves to bind free radicals (Irianti

et al., 2020). The foliage of this herb is often used in an infusion by

Indonesians. Haramonting, or Rhodomyrtus tomentosa, is a typical

North Sumatran herbal plant rich in medicinal compounds. The

histology of the liver, kidney, diabetic wound, pulmo damages and

cervix cancer have all been shown to improve with the use of this

plant (Ilyas et al., 2020; Ilyas and Situmorang, 2021; Rumahorbo

et al., 2023; Situmorang et al., 2023; Situmorang et al., 2024). A

continuing study has discovered that this plant has inhibited the

growth of breast cancer and decreased the expression of MMP9,

GLUT-1, and IL-1β (Rumahorbo et al., 2023). Rhodomyrtone, a

chemical found in this plant’s leaves, has been shown to stop the

spread of A431 cells by lowering the activity and expression of

MMP-2. This is achieved by inhibiting the ERK1/2, p38, and FAK/

Akt signalling pathways through the activity of NF-κB (Tayeh

et al., 2017).

The proteins Her2, IL33, EGFR, and MUC1 can serve as

biomarkers for breast cancer, so this protein was utilised in the

course of this investigation. All breast cells produce a protein called

human epidermal growth factor receptor type 2 (Her2). In Her2-

positive breast tissue, malignancies can grow more quickly (Iqbal,

2014). An additional copy of the gene for the cancers contains the

Her2 protein of roughly 20% of breast tumors. Breast cancer cells

can increase when Her2 is overexpressed (Gutierrez and Schiff,

2011). A tumor develops when growth becomes unchecked. Her2-

positive breast tumors progress more rapidly, metastasize, and recur

more than other types (Gutierrez and Schiff, 2011).

Interleukin 33 (IL-33), a cytokine produced by injured epithelial,

macrophage, and dendritic cells, is one such substance that can

stimulate helper T type 2 (Th2) immunological responses

(Vasanthakumar and Kallies, 2019). Eosinophils, basophils in

mast-cell macrophages, and Type 2 innate lymphoid cells which

are implicated in allergic inflammation, are activated by IL-33 when

it binds to the suppression of tumorigenicity 2 (ST2) (Furukawa

et al., 2017). It is released from the nucleus due to damage, stress, or

cell death. It has a pro-inflammatory biological effect via the

suppression of tumorigenicity 2 (ST2) receptor membrane form,

predominantly attached to immune cells (Vasanthakumar and

Kallies, 2019). IL-33 serves as a pro-tumorigenic cytokine

supporting carcinogenesis and influencing reduced antitumor

immunity, as demonstrated by the increased expression of

IL33 mRNA and proteins within primary tumors in animal

model of breast cancer (Wasmer and Krebs, 2017).

One of the primary targets of a promising new anticancer drug is

the epidermal growth factor receptor (EGFR) (Masuda et al., 2012).

The EGFR signaling system controls mammalian proliferation, their

existence, and maturation of cells (Masuda et al., 2012). Cancers

induced by overexpression of EGFR, such as breast cancer, can be

treated with EGFR inhibitors because EGFR is present in various

hematopoietic cell types (Thomas andWeihua, 2019). It is estimated

that over 50% of TNBC and IBC cases display high levels of EGFR

(Thomas and Weihua, 2019). Effective limitation of EGFR protein

expression helps limit breast cancer development because of the

relationship between low mutation and high EGFR levels in breast

malignancies (Masuda et al., 2012).

Mucin 1 (MUC1) is a heterodimeric peptide with elevated

expression in roughly 90% of TNBC patients (Ren et al., 2004).

By interacting with many kinases and effectors associated with

transformation, the C-terminal transmembrane component of

MUC1 (MUC1-C) is an oncoprotein (Ren et al., 2004).

Specifically, in the mitochondria and nucleus of cancer cells, high

expression of MUC1-C was found. MUC1’s anti-apoptotic function

in breast cancer cells generally shields cancer cells from death

(Maeda et al., 2018). By interacting with P53 through the

P5336 regulatory domain, MUC1 prevents cancer cells from

committing suicide. Therefore, MUC1 is a promising biomarker

for detecting metastases (Maeda et al., 2018). The objective of this

study was to investigate the molecular signaling via Her2, IL33,

EGFR, and MUC1 expressions after given Rhodomyrtus tomentosa

as a botanical treatment for cancer to the breast via organs and the

bloods. This work aimed also to elucidate the involvement of

Rhodomyrtus tomentosa in the molecular signalling pathways of

several target proteins, with the ultimate goal of facilitating

medication development for cancer treatment.

2 Materials and methods

2.1 Chemical and reagents

The reagents that were utilized for the Enzyme-linked

immunosorbent assay (ELISA) technique were 1) Rat

Her2 ELISA Kit (orb567086), Biorbyt Ltd., Cambridge,

United Kingdom, 2) Rat IL-33 Enzyme-linked immunosorbent

assay (ELISA) Kit (ab236714), Abcam, United States, 3)

Invitrogen Rat EGFR Enzyme-linked immunosorbent assay

(ELISA) Kit (ERA10RB), ThermoFisher Scientific, United States

and 4) Rat Mucin-1, Enzyme-linked immunosorbent assay (ELISA)

Frontiers in Pharmacology frontiersin.org02

Situmorang et al. RETRACTED ON 29 JANUARY 2026 10.3389/fphar.2024.1345645

R
ET

R
A

C
T

ED

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1345645


Kit (MBS7201306) Biorbyt Ltd., Cambridge, United Kingdom. The

antibodies used for Immunohistochemistry were Rabbit polyclonal

antibody to Her2 (orb223020), Rabbit polyclonal antibody to IL33

(orb536632), Rabbit polyclonal antibody to EGFR isoform a variant

(orb308736), Rabbit polyclonal antibody to MUC1(orb315622)

from iorbyt Ltd., Cambridge, United Kingdom. Furthermore, PBS

was used with a buffered solution containing fifty percent glycerol

and one percent bovine albumin (BSA) (Cat. No. BS-0812R).

2.2 Preparation of the
Rhodomyrtus tomentosa

Rhodomyrtus tomentosa used in this study was collected in its

native habitat of Berastagi, North Sumatra Province. The coupon

was discovered and accepted by Dr. Etti Sartina Siregar, M.Si,

Universitas of Sumatera Utara (USU), and is registered as 044/

MEDA/2023 at the Medanense Botanical Herbarium. Rhodomyrtus

tomentosa leaf powder (1.02 kg) was extracted via maceration in

technical ethanol to the point of submersion. The extract solvent was

changed out every 24 h. After obtaining an ethanol extract, it was

evaporated to create a thick ethanol extract. The oil phase,

surfactants, and co-surfactants were optimized for this formula.

Based on the measured particle size and zeta potential, the SNEDDs

formula was selected. Rhodomyrtus tomentosa leaf extract SNEDDs

preparations were then produced using the chosen procedure. The

extract was homogenized with Tween 20 and weighed at 0.5 mg.

PEG 400 was sonicated, and then capryol 90 was sonicated until a

homogenous mixture was achieved.

2.3 Animal handling

Thirty-six females of Rattus norvegicuswere employed in this study.

Rat females are approximately 11–14 weeks old and weigh 180–200 g.

There are six female rats in each cage. Female rats were adjusted to the

experimental surroundings at 25–3°C and 35%–60% humidity over

2 weeks. Female rats were provided unrestricted water, maize, and pellets

and kept under constant lighting conditions for 24 h. The USU FMIPA

Medan Medical Research Ethics Committee approved the study (No.

0908/KEPH-FMIPA/2023).

2.4 Research design

This study used a completely randomized design with an

experimental research form. After the female rats were acclimatized

for 2 weeks, 50 mg/kg BW 7,12-dimethylbenz (α) anthracene (DMBA)

was injected subcutaneously into the mammary gland in all groups

(except the negative control group or B-). After 3 months, a lump

appeared on the rat’s breast, and a biopsywas performed to see if the bow

was a tumor. When the results of the analysis found that the node was a

tumor, the rats were divided into six treatments, namely, group B- were

negative controls (standard), B+ were DMBA-induced rats, B1 were

DMBA-induced rats +0.2 mg/kg BW vitamin C, B2 were rats induced

DMBA + Rhodomyrtus tomentosa leaves 100 mg/kg BW, and B3 were

rats given DMBA + Rhodomyrtus tomentosa leaves 200mg/kg BW.

Finally, B4 were rats given DMBA + Rhodomyrtus tomentosa leaves

300mg/kg BW. Rhodomyrtus tomentosa was administered orally for

30 days. After 30 days, a ketamine injectionwas given for dissection, then

mammary glands and blood were taken for immunohistochemical

analysis and ELISA, respectively.

2.5 Measurement of malondialdehyde
(MDA), Neutrophil Gelatinase-Associated
Lipocalin (NGAL), and superoxide
dismutase (SOD)

MDA: Blood is taken from the heart were placed in the same

reagent in 50 mL wells. Each well received 50 mL of biotin-labeled

diagnostic ab working solutions. After being covered, the plate was

placed in the incubator at 37°C for 45 min. After incubation, wash

buffer (350 mL total) was added to each well. A delay of a few

minutes was given to the buffer. Each well had the solution drained

out and then dried with absorbent paper. After three washing, each

well received 100 mL of HRP conjugated working solution. The re-

covering dish was left to incubate for 30 minutes at 37°C. Substrate

reagents totaling 90 mL were added to each well after incubation.

Then, after 15 min in an incubator set to 37°C, a fresh cover plate was

placed on top of everything. After the last incubation, each well

received 50 cc of stop solution, and the vessel was encased to keep

the light out. Optical density was measured at 450 nmwith an ELISA

reader to quantify OD (Ilyas et al., 2020; Simanullang et al., 2022a)

NGAL: Blood is taken from the heart were spun up for 5 minutes

at 4,230 rpm. The extra fluid was discarded, and the specimen was

split between three 0.5 cc cups. The samples were frozen at −200°C

until examination. The readings were taken with a commercially

available NGAL. The optical density (OD) was measured using an

ELISA reader whose wavelength was 450 nm (Sen et al., 2015).

SOD: After being drawn from the heart for 30 min, blood from the

subjects was set aside at room temperature. The materials should be

centrifuged for 35 min at 1,600 rpm. Centrifuge the sample, and then

transfer the supernatant (200 mL) to an Eppendorf tube. Themodel and

reagents were prepared according to the manufacturer’s guidelines.

Eppendorf tubes were used to pipette the standard solution into the

microplate wells. To serve as controls, rat blood serum and 0.1 mL of

buffer were added to the microplate’s empty wells. The cover was an

identical microplate warmed to 37°C for 90min. After transferring the

contents of the microplate wells to tissue paper to absorb any remaining

liquid, the lids were taken out, and each well received 0.1 mL of SOD

antibody. The plate was closed and treated at 37°C for an hour. After

treatment, add 0.1 mL of secondary antibody to each plate. For 30 min at

37°C, keep the microplate covered and in the incubator. Each well was

flooded with TMB after five wash buffer rinses. Microplates must be

coated and incubated at 38°C for 35min to turn blue. The specimen’s

level was identified by measuring the optical density at 450 nm using an

ELISA after adding as low as 0.1 mL of tetramethyl benzidine (TMB)

stop solution (Simanullang et al., 2022a).

2.6 Enzyme-linked immunosorbent
assay (ELISA)

To prevent clotting, the blood is collected in a tube containing an

anticoagulant such as EDTA or citrate. The vials were incubated at
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ambient temperature for a duration of 10–20 min prior to being

centrifuged at a speed of 2000–3,000 revolutions per minute for

20 min. Subsequently, ten-well microplates were employed to create

the standards. Dispense 100 ul of normal diluent into well 1 and

50 ul into well 2. Wells 3 and 4 each hold 50 μL of liquid, which is

taken from the combined liquid in wells 1 and 2. Similarly, wells

5 and 6 augment the solution volume by an extra 50 ul compared to

the previous well, and this pattern continues until wells 9 and 10,

which add another 50 ul to the volume of the preceding wells.

Subsequently, the mixture is incubated for a duration of 30 min at a

temperature of 37°C, continuing throughout the night. Making the

washing solution involved dissolving 1 mL in 29 mL of distilled

water. Subsequently, once the well has been depleted, proceed to

cleanse it thoroughly by doing five washes with the cleaning solution

prepared in Step 3. The antigen in the sample is made to adhere to

the plate by adding a blocking buffer container plate should be

incubated for 60 min at 37°C or 40°C for 24 hoursEach well was filled

with a ratio of 10 ul of sample and 40 ul of diluent. Drop the piece

directly into the bottom of the well. The next step is to thoroughly

combine the sample and sample diluent. Keep the plate in a warm

incubator for 120 min. To each well, add 100 µM biotinylated

antibody. For 24 h, it should be incubated at 37 °C for 60 min.

The contents of the well should then be drained, and the washing

solution made in Step 3 should be used to clean the well five times.

Into each well, pour 100 ul of ABC solution. Store at 37 °C for

30 min. After that, empty the well and scrub with the washing

solution made in Step 3 five times. Each well was then treated with

90 ul of HRP conjugate and 90 ul of TMB. For 30 min, leave the plate

at 37 °C. We injected 100 ul of stop solution into each well to cause a

blue-to-yellow colour change. Optical density (OD) results should

be determined using an ELISA reader at 450 nm (Simanullang

et al., 2022a).

2.7 Immunohistochemistry

The breast tissue was immersed in Xylol I and II for a

duration of 10 min, after which the specimen was immersed

in absolute alcohol I, II, III, 95% alcohol, 80% alcohol, and 70%

alcohol successively for 5 min each. For each immersion, there

were two rinses after this. Immerse each item in deionized water

for a duration of 2 min. The preparations were soaked in a

solution containing citric acid at a concentration of 0.01 M and a

pH of 6.0. To prevent the tissue from becoming dry, it was

advisable to microwave it for 10 min until it reached a boiling

point. Immerse the container in the solution and subsequently

allow it to reach ambient temperature. After the drug has cooled

down, extract it and cleanse it with PBS (pH 7.4) for a duration of

3 minutes, repeated three times. A 3% solution of hydrogen

peroxide (H2O2) was carefully applied onto a glass slide to

inhibit peroxidase activity within the cells. Three consecutive

flushes with PBS lasting 3 minutes each were followed by 15 min

of immersion in a 30% H2O2 solution at room temperature.

Block at 37°C for half an hour after washing the absorbent paper

with PBS and adding 5% normal serum (with secondary

antibodies of the same or similar species). Using porous

paper, drain any additional water from the space around the

tissue before adding the primary antibody dilution. If there is no

negative control for PBS, enter it here. Slides were stored in a

moist container overnight at 4 °C after incubation with diluted

primary antibodies (Her2, IL33, EGFR, and MUC1). The correct

antibody dilution was determined after optimisation of the

previous dilution. After three 2-min washes in PBS, the slides

were dried on absorbent paper before being re-incubated for

30 minutes at 37°C with HRP-conjugated secondary antibodies.

Tissue sections were examined under a microscope after being

washed for 3 minutes, repeated four times, dried with absorbent

paper, and then infiltrated with DAB substrate. Brown or fawn

hues provide a good clue. Careful monitoring is necessary to

prevent the colour from becoming too intense. If a reaction

occurs, stop it by pouring water over the mixture. Hematoxylin

staining is carried out by soaking the specimen briefly in Harris

hematoxylin solution (for about half a minute), rinsing it with

water, then dipping it in a 1% alcohol + HCL solution, and then

washing again with water (optional). Dip into a solution of 70%,

80%, 90%, 95%, absolute alcohol I and II, and xylol I and II, then

wash with water. Then it was dried in a fume cupboard for

2 minutes in each solution. A microscope is used to examine the

slide, which is protected by a cover slip (Situmorang et al., 2021b;

Simanullang et al., 2022b).

2.8 Statistical analysis of data

The test phase entails establishing a hypothesis, computing test

statistics, making decisions, and drawing conclusions before the data

is shown with the mean and standard deviation and analyzed using

ANOVA with Duncan’s advanced test. The Kruskal–Wallis test was

used to see if there is a difference of statistical significance among the

groups specified by the variable that is independent and dependent.

3 Results

3.1 Analysis of malondialdehyde (MDA),
Neutrophil Gelatinase-Associated Lipocalin
(NGAL), and superoxide dismutase
(SOD) levels

Analysis of 7,12-dimethylbenz (α) anthracene (DMBA)-induced

rat blood serum is depicted in Figure 1. There was a highly

significant (p = 0.030) between the two groups and it shown in

Figure 1A, regarding SOD levels. The B+ group also differed

significantly from the vitamin C (B0) group and the B3 (300 mg/

KgBW) group (p = 0.045; 0.040). The correlation between B1 and

B2 was not statistically significant (p > 0.05). Figure 1B displays a

statistically significant (p = 0.020) difference in MDA levels between

the negative and positive controls. The B+ group also differed

significantly from the vitamin C (B0) group and the B3 (300 mg/

KgBW) group (p = 0.035; 0.040). Groups B1 and B2 did not differ

significantly from group B+ (p > 0.05). Figure 1C shows that the

control group’s NGAL levels are significantly more than the positive

control group (p = 0.002). The B+ group also differed inconsiderably

from the vitamin C (B0) group and the Rhodomyrtus tomentosa or

B3 (300 mg/KgBW) group (p = 0.005; 0.03). Groups B1 and B2 did

not differ significantly from group B+ (p > 0.05).
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3.2 Analysis of histological appearance of
breast tissue after 7,12-Dimethylbenz[a]
anthracene (DMBA) induction

The histology ofHematoxylin-eosin-stained breast tissue is shown in

Figure 2. There was a highly significant (p = 0.020) between the two

groups depicted in Figure 2A, which examines mammary gland

vascularization. The B+ group also differed significantly from the

vitamin C (B0) group and the B3 (300 mg/KgBW) group (p = 0.040;

0.030). The correlation between B1 and B2 was insignificant (p > 0.05).

Figure 2B displays a statistically significant (p = 0.040) difference in

interlobular duct diameter between the C- group (no treatment) and the

positive control group (treatment). The B+ group also differed

significantly from the vitamin C (B0) group and the B3 (300mg/

KgBW) group (p = 0.030; 0.040). Groups B1 and B2 did not differ

significantly from group B+ (p > 0.05). Figure 2C displays a statistically

significant (p = 0.045) difference in intralobular duct diameter between

the C- group (no treatment) and the treatment group. The

200mg/kgBW and 300 mg/KgBW Rhodomyrtus tomentosa groups

showed significantly different results from the vitamin C (B0) group

(p = 0.030; 0.040; 0.040). The B1 and B+ groups did not differ

significantly (p > 0.05). Group B+ mammary glands showed

histopathological evidence of the development of aberrant cells and

ducts. In addition, some alterations offer many cells undergoing aberrant

FIGURE 1

Effect of Haramonting (Rhodomyrtus tomentosa) on SOD, MDA and NGAL levels. (A) SOD Level, (B) MDA levels, (C) NGAL levels. B-: Untreated

groups, B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW Haramonting, B2: rats induced by

DMBA + 200 mg/kgBW Haramonting, B3: rats induced by DMBA + 300 mg/kgBW Haramonting (nsp >0.05, #p < 0.05 vs. B-, ##p < 0.01 vs. B-, *p <

0.05 vs. B+, **p < 0.01 vs. B+).

FIGURE 2

Histological analysis of DMBA-induced breast tissue and after Haramonting (Rhodomyrtus tomentosa) administration. (A) Vascularization of the

mammary glands, (B) Interlobular duct diameter, (C) Intralobular duct diameter. B-: Untreated groups, B+: rats induced by DMBA, B0: rats induced by

DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW Haramonting, B2: rats induced by DMBA + 200 mg/kgBW Haramonting, B3: rats induced

by DMBA + 300 mg/kgBW Haramonting (nsp >0.05, #p < 0.05 vs. B-, ##p < 0.01 vs. B-, *p < 0.05 vs. B+).
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mitosis and two or more layers of epithelium extending into the ductal

lumen, with epithelium of varying sizes. As shown in Figure 3, ductal

carcinoma in themammary gland ducts hasmigrated to the stroma, and

there is ductal carcinoma in situ (CIS) in one vent.

3.3 Analysis of Her2 expression in serum and
histology of breast tissue after 7,12-
Dimethylbenz[a]anthracene
(DMBA) induction

Her2 levels weremeasured in the serumof induced rats and found to

be highest in the group that received the most minimal DMBA dosage;

100 mg/kg BW. Her2 scores were discovered to be the lowest in the B-,

followed by B0 (p = 0.002) and B3 (p = 0.004). No significant variations

were comparing B+ and B1 (p > 0.05), in contraty between B2 and B3

(Figure 4A). Comparison of breast tissue histology between B+, B-, and

B0 groups revealed statistically significant differences. Results from

administering 100mg/kgBw or 200 mg/kgBw are statistically

indistinguishable. As can be observed in Figure 5 and Table 1, the

number of blood vessels generated in these tumors of the rat mammary

gland increases proportionally with tumor size.

3.4 Analysis of IL-33 expression in serum and
histology of breast tissue after 7,12-
Dimethylbenz[a]anthracene
(DMBA) induction

Analysis of DMBA-induced rat serum indicated that IL-33 was

most abundant in rats given 100 and 200 mg/kg BW of DMBA. The

untreated group (B-) had the lowest IL-33 levels, followed by the B0

(Vitamin C) group and then the B3 (300 mg/kg BW) group (p =

0.040; 0.040; 0.030). Figure 4B shows significant variations between

B+ and B- and between B0 and B3, but no significant variations were

compared between B1, B2, and B+ (p > 0.05). Statistical analysis of

breast tissue histology regarding IL-33 expression revealed a

significant difference between the B+ and B- and B0 groups. The

results of administering high concentrations, namely, 200 and

300 mg/kg BW, are comparable or not statistically significant

(Figure 6; Table 2). IL-33 expression was most influential in

group B+ and lowest in groups B- and B3, as determined by

ELISA analysis of blood serum.

3.5 Analysis of EGFR expression in serum and
histology of breast tissue after 7,12-
Dimethylbenz[a]anthracene
(DMBA) induction

Serum EGFR levels in the 100 mg/kgBW and 200 mg/kgBW

DMBA-induced rat groups were compared with those in the

DMBA-induced rats group. EGFR levels were observed to be

lowest in the untreated (B-) group, the B0 (Vitamin C) group,

and the B3 (300 mg/kg BW) group, respectively (p = 0.002, 0.002,

and 0.040). Figure 4C shows statistically significant differences

between the B+ and B-, B0, and B3 groups but not between the

B1 and B2 groups and the B+ group (p > 0.05). Post-hoc tests on

breast tissue histology for EGFR expression showed significant

differences between the B+ and B- and B0-positive groups.

100 and 200 mg/kg Bw were not significantly different from B+

(Figure 7; Table 3). The maximum levels of EGFR expression were

FIGURE 3

Effect of Haramonting (Rhodomyrtus tomentosa) on histology of DMBA-induced breast tissue. B-: Untreated groups, B+: rats induced by DMBA, B0:

rats induced by DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW Haramonting, B2: rats induced by DMBA + 200 mg/kgBW Haramonting,

B3: rats induced by DMBA + 300 mg/kgBWHaramonting. The letter description: (A)Duct, (B) Intralobular ducts, (C) Interlobular ducts, (D) Acinus (×400).
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found in groups B+, B1, and B2, while the lowest levels were found in

group B-, followed by B3 (the highest dose).

3.6 Analysis of MUC1 expression in serum
and histology of breast tissue after 7,12-
Dimethylbenz[a]anthracene
(DMBA) induction

Serum MUC1 levels were highest in the DMBA-induced rat

group, followed by the 100 mg/kg BW dosage group, in an analysis

of rats exposed to the chemical. With respective p-values of 0.002,

0.002, 0.030, and 0.030, the untreated group (B-) had the lowest

MUC1 levels, followed by group B0 (Vitamin C), group B2, and

group B3. No significant variations in the B1 and B+ (p > 0.05;

Figure 4D). Breast tissue histology for MUC1 expression was

compared using a Kruskal–Wallis analysis and a Mann-Whitney

test, both of which revealed a significant difference between the B+

and B- and B0 groups (not substantial B- vs. B0). Compared to B+

(Figure 8; Table 4), the haramonting dosage was insignificant when

administered at any dose. Groups B+, B1, B2, and B3, showed the

highest EGFR expression, whereas groups B- and B0 (as a control)

showed the lowest.

4 Discussion

Dimethylbenz[a]anthracene (DMBA) raised Malondialdehyde

(MDA) and Neutrophil Gelatinase-Associated Lipocalin (NGAL)

levels and lowered SOD levels in rats (Figure 1). Due to their

abnormal metabolism, cancer cells produce excess reactive

oxygen species (ROS), necessitating a robust and active

antioxidant system to protect healthy cells from death (Liou and

Storz, 2010). The body produces the enzyme superoxide dismutase

(SOD) to neutralize harmful superoxide free radicals-the production

of which is characterized by excessive MDA resulting from an

increase in free radicals (Nita and Grzybowski, 2016). The

quantity of malondialdehyde in the blood of cancer patients is

widely used as an indicator of oxidative stress and antioxidant

status. Multiple forms of cancer have been linked to neutrophil

FIGURE 4

Effect of Haramonting (Rhodomyrtus tomentosa) on several cancer biomarkers in blood serum of DMBA-induced rats. (A)Her2, (B) IL-33, (C) EGFR,

(D) MUC1. B-: Untreated groups, B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW

Haramonting, B2: rats induced by DMBA + 200 mg/kgBW Haramonting, B3: rats induced by DMBA + 300 mg/kgBW Haramonting (nsp >0.05, #p <

0.05 vs. B-, ##p < 0.01 vs. B-, *p < 0.05 vs. B+, **p < 0.01 vs. B+).
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gelatinase-associated lipocalin (NGAL) (Sen et al., 2015). The NGAL

complex may be involved in its oncogenic effects. The transcript and

protein levels of NGAL are studied in a diverse spectrum of

malignancies (Candido et al., 2014). NGAL levels were

consistently higher in solid tumours compared to relatively

normal tissue (Candido et al., 2014). NGAL expression is lower

in all metastatic tumours compared to primary tumours (Sen et al.,

2015). Antioxidants in plants, such as Rhodomyrtus tomentosa, are

needed to maintain a healthy balance, reduce oxidative stress, and

improve immunological function. Antioxidants are effective against

autooxidation by interfering with the spread of free radicals (Vo and

Ngo, 2019). Rhodomyrtone’s active ingredients consist of

rhodomyrtial A and B, contributing to reducing MMP-2/

9 activity, thereby preventing cell metastasis and acting as an

anticancer (Wunnoo et al., 2021; Simanullang et al., 2022a).

Breasts undergo different clinical and histopathological changes

because hormone levels fluctuate according to the phase of the

estrous cycle. Oestrogen and progesterone are mitogens of the

mammary epithelium and induce the proliferation of the

intralobular duct epithelium as well as the development of ducts

and lobules (Arendt and Kuperwasser, 2015).

The authors concur that this research employs the proteins Her2,

EGFR,MUC1, and IL-33.HER2 is a constituent of the human epidermal

growth factor receptor (EGFR) family (Gutierrez and Schiff, 2011). It

FIGURE 5

Expression of Her2 on breast histological changes after administration of Rhodomyrtus tomentosa in DMBA-induced rats. B-: Untreated groups, B+:

rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW Haramonting, B2: rats induced by DMBA +

200 mg/kgBW Haramonting, B3: rats induced by DMBA + 300 mg/kgBW Haramonting.

TABLE 1 The Her2 expression in breast tissue after administration of Haramonting (Rhodomyrtus tomentosa).

Groups Mean ± SD The comparison between two groups (p-value by Mann- whitney test)

Groups B- B+ B0 B1 B2 B3

B- 7.11 ± 1.11 B- 0.0010 0.200 0.0010 0.0010 0.200

B+ 23.05 ± 5.15 B+ 0.010 0.200 0.050 0.010

B0 11.21 ± 3.14 B0 0.020 0.020 0.200

B1 20.12 ± 5.05 B1 0.200 0.020

B2 18.23 ± 5.21 B2 0.020

B3 10.14 ± 2.18 B3

Note: B-: untreated groups, B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA +100 mg/kgBW, haramonting, B2: rats induced by DMBA

+200 mg/kgBW, haramonting, B33: rats induced by DMBA +300 mg/kgBW, haramonting.
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triggers the activation of signalling pathways that stimulate cell

proliferation and survival by forming pairs with other members of

the EGFR family (Zakaria et al., 2019). The overexpression of MUC1 in

breast cancer is a result of elevated gene dosage and transcription levels,

along with the absence of post-transcriptional regulation (Jing et al.,

2019). IL-33 exhibits a dual function as both a cytokine that promotes

tumour growth and a cytokine that inhibits tumour growth (Zhang et al.,

2022). Her2 expression is elevated in both serum and breast tissue after

DMBA induction (Gutierrez and Schiff, 2011). Vitamin C has

demonstrated potential in randomised, controlled clinical studies.

High-dose Vitamin C treatment has the potential to become an

effective strategy in cancer management, which is why it is employed

as a comparator (Mussa et al., 2022). Overexpression of HER2 receptors

in breast tissue can cause abnormal cell proliferation. Tumors

overproduce Her in roughly 15%–20% of breast cancer survivors,

and this excess HER2 in tumor cells promotes cancer progression

(Krishnamurti and Silverman, 2014). Tumors that overproduce Her2

(HER2-positive) tend to develop more rapidly and to metastasis (spread

to other parts of the body) than tumors that do not (Gutierrez and Schiff,

2011). Haramonting’s antioxidants reduce Her2 expression by

neutralising free radicals and preventing their harmful effects. This

promotes the presence of a greater number of healthy cells that are

resistant to cancer throughout By giving oxaliplatin to SW480/Res cells,

the IC50 value goes down by a lot, and this is true whether

Her2 inhibition is used alone or with other treatments (Ding et al.,

2014). When Her2 inhibitors were added to the LS174T cell line, they

worked better together, but only when oxaliplatin was used at a

concentration of 20M or higher (Pirpour Tazehkand et al., 2018).

Rhodomyrtus tomentosa contains several acylphloroglucinols,

including rhodomyrtoson A-D, rhodomyrtone, and several additional

polyphenol compounds such as combretol, and methylellagic acid.

Rhodomyrtus tomentosa leaves have a lot of antioxidant power

FIGURE 6

Expression of IL-33 on breast histological changes after administration of Rhodomyrtus tomentosa in DMBA-induced rats. B-: Untreated groups,

B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW Haramonting, B2: rats induced by DMBA +

200 mg/kgBW Haramonting, B3: rats induced by DMBA + 300 mg/kgBW Haramonting.

TABLE 2 The IL-33 expression in breast tissue after administration of Haramonting (Rhodomyrtus tomentosa).

Groups Mean ± SD The comparison between two groups (p-value by Mann- whitney test)

Groups B- B+ B0 B1 B2 B3

B- 11.43 ± 2.80 B- 0.040 0.060 0.040 0.060 0.060

B+ 20.15 ± 3.44 B+ 0.040 0.060 0.040 0.040

B0 13.09 ± 5.14 B0 0.040 0.060 0.060

B1 19.20 ± 4.25 B1 0.040 0.040

B2 12.53 ± 5.19 B2 0.060

B3 11.09 ± 3.21 B3

Note: B-: untreated groups, B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA +100 mg/kgBW, haramonting, B2: rats induced by DMBA

+200 mg/kgBW, haramonting, B33: rats induced by DMBA +300 mg/kgBW, haramonting.
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because they contain phytochemicals like α-tocopherol and 9-hydroxy-

4,7-megastigdien-3-one (Pirpour Tazehkand et al., 2018; Situmorang

et al., 2021a).

DMBA induces increased serum and breast tissue IL-33 expression.

By enlisting a subset of immune cells that canmodify and enforce tumor

shrinkage, IL-33 is showing promise as a potent modulator (Zhang et al.,

2022). When the immune system detects tissue injury, stress, or

infection, it releases IL-33, a cytokine that originates in the

epithelium (Gao et al., 2015). In a malignant immune system, IL-33

can promote or inhibit tumor growth (Gao et al., 2015). The latest study

has revealed that IL-33 can, directly and indirectly, promote antitumor

activity by stimulating immunological effector cells such as TNK, CD8+,

and white blood cell members (Bailly and Vergoten, 2021). Tissue-

specific environmental variables may control the equilibrium of IL-33-

induced immunological reactions, while the relevance of IL-33 in cancer

immunity remains debatable (Zhang et al., 2022). During viral infection,

IL-33 expression increases, and oxidative stress in breast tissue is

involved in IL-33 expression in epithelial cells via the MAPK

signaling pathway (Bailly and Vergoten, 2021). Acylploroglucinols

can be found in haramonting. PMT7, a chemotherapeutic substance,

was discovered to eradicate malignants by blocking phagocytosis. In

contrast, the acyl phloroglucinol derivative can trigger the production of

autophagosomes in follicular cells, which is an exciting connection

(Broadley et al., 2011).

Increased EGFR expression is observed in both blood and breast

tissue after induction with DMBA. Overexpression of EGFR has been

observed in that it is found thatmore than 78%of cases of triple-negative

breast carcinoma (TNBC), thus providing a possible clinical approach. In

breast cancer, response rates to anti-EGFR medicines have been dismal

in clinical studies (Zakaria et al., 2019). Therefore, the signaling

mechanism leading to the development of breast cancer cannot be

effectively blocked by currently available EGFR inhibitors (Thomas and

Weihua, 2019). Effective limitation of EGFR protein expression helps

limit breast cancer development because of the link between weak

mutagenesis and increased EGFR expression in breast carcinoma

(Thomas and Weihua, 2019). Antioxidants, such as the flavonoids

found in haramonting, and antioxidant enzymes like SOD, CAT,

GPX, and TRX, can restore blood levels that have been thrown off

FIGURE 7

Expression of EGFR on breast histological changes after administration of Rhodomyrtus tomentosa in DMBA-induced rats. B-: Untreated groups,

B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW Haramonting, B2: rats induced by DMBA +

200 mg/kgBW Haramonting, B3: rats induced by DMBA + 300 mg/kgBW Haramonting.

TABLE 3 The EGFR expression in breast tissue after administration of Haramonting (Rhodomyrtus tomentosa).

Groups Mean ± SD The comparison between two groups (p-value by Mann- whitney test)

Groups B- B+ B0 B1 B2 B3

B- 6.18 ± 1.09 B- 0.0010 0.060 0.0010 0.0010 0.060

B+ 25.15 ± 6.20 B+ 0.030 0.100 0.060 0.100

B0 11.29 ± 2.16 B0 0.040 0.040 0.040

B1 23.89 ± 3.45 B1 0.060 0.040

B2 20.43 ± 5.26 B2 0.040

B3 10.59 ± 2.81 B3

Note: B-: untreated groups, B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA +100 mg/kgBW, haramonting, B2: rats induced by DMBA

+200 mg/kgBW, haramonting, B33: rats induced by DMBA +300 mg/kgBW, haramonting.
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by the increased burden of ROS caused by DMBA (Gusti et al.,2021) as

the cancer prevention and treatment relating to antioxidant systems. An

intriguing study in this area found that Rhodomyrtus tomentosa

produces glutathione, suggesting that blocking the glutathione and

TRX signaling pathways can cause cancer cells to self-destruct and

reduce their expression of the EGFR (Lin et al., 2020).

After DMBA induction, MUC1 protein expression rose in serum

and breast tissue. Unlike typical duct epithelial cells, MUC1 is highly

expressed in breast carcinoma. According to the available evidence,

MUC1 promoter methylation status is linked to MUC1 overexpression,

which is related to a poor prognosis in sufferers of breast carcinoma. The

relationship between MUC1 and CREB3L4 is favorable and suggests it

has utility as a predictor factor and breast carcinoma targets for therapy

(Jing et al., 2019). MUC1 expression is located near the lumen on the

apex edges of typical secretory epithelial tissue. However, muc1 is

surface-expressed across cancer cells because they have lost their

polarity (Kufe, 2009). Rhdomyrtus tomentosa, at its maximum

dosage, has been shown to inhibit MUC1 expression in both blood

serum and breast histology. Apoptosis is triggered by several triggers, one

of which is the intrinsic (mitochondrial) apoptotic pathway, in which

MUC1 participates. The decreased stimulation of the natural apoptotic

pathway mediated by MUC1 expression will impact the transmission of

signals through the membrane to the mitochondria (Situmorang

et al., 2022).

This work demonstrates that Haramonting can effectively preserve

the expression ofmany biomarkers linked to breast cancer, such asHer2,

IL33, EGFR, and MUC1. These indicators also have a function in

controlling the apoptotic process. Activated T lymphocytes and mast

cells secrete proinflammatory and proangiogenic cytokines, such as

interleukin 3 (IL-3) and I nterleukin 33 (IL-33) (Fournié and Poupot,

2018). These cytokines have a vital function in promoting

communication between cells of the innate and adaptive immune

systems, as well as non-immune cells and tissues (Fournié and

Poupot, 2018). Cytokines have a vital role in the development,

FIGURE 8

Expression of MUC1 on breast histological changes after administration of Rhodomyrtus tomentosa in DMBA-induced rats. B-: Untreated groups,

B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA + 100 mg/kgBW Haramonting, B2: rats induced by DMBA +

200 mg/kgBW Haramonting, B3: rats induced by DMBA + 300 mg/kgBW Haramonting.

TABLE 4 The MUC1 expression in breast tissue after administration of Haramonting (Rhodomyrtus tomentosa).

Groups Mean ± SD The comparison between two groups (p-value by Mann- whitney test)

Groups B- B+ B0 B1 B2 B3

B- 7.88 ± 1.95 B- 0.0010 0.060 0.0010 0.0010 0.0010

B+ 25.97 ± 5.13 B+ 0.0010 0.100 0.100 0.100

B0 8.19 ± 1.06 B0 0.0010 0. 0010 0. 0010

B1 25.13 ± 5.16 B1 0.100 0.100

B2 24.01 ± 4.05 B2 0.100

B3 20.20 ± 4.18 B3

Note: B-: untreated groups, B+: rats induced by DMBA, B0: rats induced by DMBA + Vitamin c, B1: rats induced by DMBA +100 mg/kgBW, haramonting, B2: rats induced by DMBA

+200 mg/kgBW, haramonting, B33: rats induced by DMBA +300 mg/kgBW, haramonting.
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advancement, and control of cancer (Fournié and Poupot, 2018). The

utilization of interleukin can be employed to improve immunotherapy,

hence increasing effectiveness and reducing negative side effects (Fournié

and Poupot, 2018). Bax, a member of the Bcl-2 protein family, plays a

critical role in initiating the mitochondrial apoptotic pathway

(Supruniuk and Radziejewska, 2021). In the context of breast cancer,

it was found that MUC1 interacts with Bax, as reported by Supruniuk

and Radziejewska (2021). Haramonting’s antioxidants have the ability to

reduce the expression of MUC1 in the mitochondria, resulting in the

release of cytochrome c and ultimately causing cell death and reducing

oxidative stress in breast cancer cells (Park et al., 2021). The expression of

Her2 is implicated in aberrant Phosphoinositide 3-kinase (PI3K)

pathways and endocrine responsiveness, including AKT and mTOR

(English et al., 2013). Additionally, it engages with the RAS/RAF/MEK/

MAPK pathway, a vital component for the proliferation, metabolism,

and viability of breast cancer cells (English et al., 2013). The findings

indicate that haramonting has the ability to restore tissue affected by

cancer-causing substances by modulating multiple indicators associated

with breast cancer. Additionally, haramonting can impact the expression

and function of different cancer pathways and apoptosis.

5 Conclusion

Blood serum levels of SOD, MDA, and NGAL in rats induced to

DMBA can be normalized with the help of Rhodomyrtus tomentosa.

Overexpression of Her2, IL33, EGFR, and MUC1 was reduced, and

the histopathology of the mammary glands, which had previously

shown heavy proliferation of epithelial cells with two or more layers

of cells extending towards the ductal lumen, with varying epithelial

sizes, improved at a dose of 300 mg/kg BW. The study determined

that Rhodomyrtus tomentosa possesses potential as a herbal remedy

for molecular treatment of breast cancer. Therefore, it is possible to

develop herbal remedies for breast cancer in the future by

establishing a novel theory regarding the involvement of

Rhodomyrtus tomentosa in animal models of cervical cancer.
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