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            Abstract
          
        

        
          Breast cancer (BC) known as prevalent cancer, and compounds in red ginger (Zingiber officinale var. rubrum) (RG) have potential as anticancer agents. In developing the potential of RG, developing RG nanoparticles (RGN) increases effectiveness and reduces side effects. A study aimed to determine the effectiveness of RGN on MCF-7 cell lines for inhibiting BC and reducing inflammation. RGN was prepared using RG extract, chitosan, Na-TPP, and solvents. RGN was characterized using PSA, TEM, and ZPA. Cytotoxicity of RGN against the MCF-7 cell line was determined using WST-8. ROS levels were measured with flow cytometry. The NF-κB gene expression was analyzed using RT-qPCR. The findings show that the RGN has a diameter of about 773 nm (PSA), 25.1 mV and 0.000194 cm2/Vs Electrophoretic Mobility (ZPA). The TEM results show the shape of RGN in the small ball form of a particle size approximately 79 nm. Among the tested samples for cytotoxicity, 400 μg/mL RGN produced the lowest viability along with the highest inhibition against MCF-7 cells, with 583.40 μg/mL of IC50. The 800 µg/mL RGN concentration can reduce the level of ROS and 200 µg/mL RGN concentration can reduce NF-κB gene expression. RGN was successfully characterized as a nanoemulsion and showed cytotoxic potential, breast cancer growth inhibition, and inflammation in MCF-7 cells. This implies that RGN may be an alternative to cancer anti-breast agents based on in vitro studies.
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      Introduction
      Breast cancer became the majority of cases diagnosed worldwide outpacing lung and prostate cancer cases in 2020.1 Breast cancer caused 685,000 deaths in 2020 worldwide, and is the most prevalent cancer found in women, with a total of 2.26 million cases.2 In 2020, Asia’s age-standardized breast cancer incidence rate (ASIR) was 36.8 per 100,000 women, which is lower than the incidence rates in Africa (40.7) and Caribbean & Latin America (51.9).3 However, the increase in cancer cases in Asia continues to rise, with an annual percentage change in incidence ranging from 0.46% to 2.56%.4 In Indonesia, BC is among the most frequent cancers found in women, accounting for 30.8% of all cases in 2020, which caused 20.4% of deaths due to cancer in the same year.5 This disease is a very significant enemy of society in this country, there is no effective treatment without causing side effects to overcome the increasing cases of BC in the world, especially in Indonesia.

      Breast cancer occurs due to defects of tumor suppressor genes and oncogenes modulated by nuclear factor kappa B (NF-κB) transcription factors (TF).6 NF-κB is a proinflammatory transcription factor normally induced in breast cancer.7 NF-κB has an important part in the formation of normal mammary glands mediated by the NF-κB ligand-receptor activator (RANKL), and its RANKL receptor, using receptor osteoprotegerin (OPG) feed. RANKL stimulates NF-κB, promoting tumorigenesis, cell cycle regulation, and apoptosis in breast cancer.8 On the other hand, exposure to estrogen rays too often can increase the risk of BC through the generation of ROS in large quantities, which will facilitate continued NFκB activity, usually through IκB kinase 1 (IKK1).9 NF-κB can be activated by ROS by various mechanis ms can also be regulated by NF-κB.10 Previous studies have shown that NF-κB overexpression expresses malignant tumor biology in BC and can predict the presence of tumors that may have a poor prognosis.7 Therefore, effective treatments that suppress NF-κB gene expression and do not cause side effects are needed.

      Plants hold great potential as alternative anti-cancer agents due to their efficiency and reduced side effects compared to conventional drugs.11 One promising example is red ginger (Zingiber officinale var rubrum), plant that differs significantly from white ginger in its origin, appearance, and traditional uses. The rhizome of red ginger has a distinctive reddish hue, contrasting with the pale yellow or cream color of white ginger. In Indonesia and Southeast Asia, red ginger has a long history as a medicinal ingredient, commonly used for pain relief, inflammation reduction, and immune enhancement. Compared to white ginger, red ginger contains higher levels of active compounds, including 10-gingerol, 8-gingerol, 6-gingerol, and 6-shogaol, which contribute to its potent anti-inflammatory and anticancer effects.12 Notably, 10-gingerol is known for its strong anti-inflammatory and antioxidant properties, while 6-gingerol exhibits anticancer activity, inducing cell cycle apoptosis and arrest in cancer cells like MCF-7 breast cancer cells. Additionally, red ginger rhizomes are rich in starch (52.9%), essential oils (3.9%), and alcohol-soluble extracts (9.93%), further enhancing their therapeutic potential.

      Nanotechnology research has grown to address the major challenges of conventional cancer therapy, such as drugs that are difficult to dissolve, drugs that have limited stability, systemic toxicity, and tumor targeting that are not yet efficient.13 Nanoparticles have several advantages, such as being biocompatible, non-immunogenic, non-toxic, and biodegradable, so it only minimizes the risk of function loss or unexpected side effects found in conventional therapy.14 In addition, nanoparticles have the possibility for timely delivery of chemotherapy to tumor cells, achieve optimal efficacy, and reduce cytotoxicity in healthy peripheral tissues.15 Red ginger extract formulated in the form of nanoparticles has its advantages, that research on nanoparticles is still little done, especially against cancer cells.

      In this study, red ginger nanoparticles (RGN) which have the potential as an anticancer were conducted on MCF-7 BC cell model through in vitro experiments. (MCF-7) cells is a suitable cell line for research on breast cancer in the world and also research on anticancer drugs.16 MCF-7 cells are responsive to estrogen9 and function as an artificial breast cancer.17 The research was carried out to evaluate the nanoemulsion red ginger extract (RGN) on the MCF-7 cell line to see its potential in inhibiting breast cancer and reducing its inflammation.

    

    

  
    
      Experimental
      Extraction of red ginger – Red Ginger (Zingiber officinale var. rubrum) extract was processed at PT FAST, Depok, Indonesia, according to Good Manufacture Procedure (GMP). The extraction method used is maceration with 70% ethanol and lactose as an excipient.

      Preparation of nanoparticles of red ginger extract – 15 mL of red ginger ethanol extract added to distilled water 100 mL and 60 mL of combined solvent between propylene glycol, 70% ethanol, and 10% DMSO. 40 mL of 1% chitosan is added to the extract solution and mixed with magnetic stirrer at 1500 rpm. 0.4% Na-TPP was added with ratio 1 drop per 3 seconds as much as 20 mL and stirred with magnetic stirrer at 300 rpm. 18 Nanoparticles were confirmed successfully after the formation of turbidity and sediment. The pellet from the process is red ginger extract, while the supernatant is RGN.

      RGN characterization by Particle Size Analyzer (PSA), Zeta Potential Analyzer (ZPA), and Transmission Electron Microscopy (TEM) – RGN particle shape determined using a Beckman Coulter LS 13 320.19 The charge on the particle surface was characterized with HORIBA Scientific SZ-100 by quantifying zeta potential and electrophoretic mobility values.20 The morphology of RGN was observed using TEM Hitachi HT7700. 19

      Cell culture of MCF-7 cell line – The BC MCF-7 cell line (ATCC, HTB-22) was gained from Biomolecular and Biomedical Research Center, PT Aretha Medika Utama, Indonesia. MCF-7 cells were cultivated in MCF-7 cell culture medium basal DMEM High (Biowest, L0103-500) of this corresponds to.21

      Cytotoxic potential of RGN by Water-Soluble Tetrazolium 8 (WST-8) – Cytotoxicity on MCF-7 cells was tested using the Enhanced Cell Counting Kit 8 (WST-8/CCK8) (Elabscience, E-CK-A362) following the guidelines from manufacturer. MCF-7 cells were grown at 1 × 104 cells/well cell density in a 96-well plate, then incubated at 37°C for 24 h with 5% CO2. Absorbance was determined by spectrophotometry (Multiskan GO Thermo Scientific, 51119300) at 450 nm.22 Median Inhibitory Concentration 50 (IC50) was discovered using probit analysis according to.23

      ROS assay – The ROS levels was counted using the Reactive Oxygen Species (ROS) Fluorometric Assay Kit (Elabscience, E-BC-K138-F) in accordance with the guidelines, with subtle modification by flow cytometry (MACSQuant Analyzer 10, Miltenyi, Germany). MCF-7 cells were treated overnight with RGN at 800, 400, and 200 μg/mL concentrations. After that, the medium was discarded and 1 mL of DCFH-DA 10 uM reagent was added to the cell and incubated for 60 min at 37°C. Then, cells were harvested and washed with serum-free medium twice. The results of the research were analyzed using the MACSQuant Analyzer 10 Flow Cytometer.24–26

      Quantification of NF-κBgene expression by RT-qPCR – RNA isolation was conducted using TRI Reagent (Zymo Research, R2050-1-200) and Direct-zol™ RNA Miniprep Plus (Zymo Research, R2073) following the guidelines from manufacturer. The RNA was applied for cDNA synthesis by SensiFAST cDNA Synthesis Kit (Meridian Bioscience, BIO-65054) with a three-stage protocol, namely priming (at 25°C for 5 min), reverse transcription (at 46°C for 20 min), and inactivation of RT (at 95°C for 1 min) based on.4

      
        Table 1. 
				
        

        
          RNA purity of MCF-7 cells treated with RGN
        
        

      

      
        
          
            	No.
            	Sample
            	Concentration
(ng/μL)
            	Purity
(λ260/ λ280 nm)
          

        
        
          	1
          	I
          	603.36
          	1.997
        

        
          	2
          	II
          	549.68
          	2.089
        

        
          	3
          	III
          	792.08
          	2.022
        

        
          	4
          	IV
          	639.92
          	2.017
        

        
          	5
          	V
          	755.20
          	2.024
        

      

      
        
          *I: negative control; II: DMSO control; III: 200 μg/mL RGN; IV: 400 μg/mL RGN; V: 800 μg/mL RGN.
        

      

      

      The NF-κB gene expression and the constituently demonstrated β-Actin genes were analyzed using real-time qPCR (Table 2). β-Actin as a housekeeping regulatory gene was used as an internal control.26 AriaMx Real-time PCR System used for PCR Amplification (Agilent, G8830A) with the temperature, time, and QRT-PCR cycle settings in Table 3.

      
        Table 2. 
				
        

        
          Primer sequences operated in qRT-PCR
        
        

      

      
        
          
            	Genes
            	 
            	Primer
            	References
          

        
        
          	NF-κB
          	F
          	5’-AAGTCATGACAACATAGGCG-3’
          	NM_199267.2
        

        
          	 
          	R
          	5’-ACACCTCAATGTCTTCTTTCTG-3’
          	 
        

        
          	β-Actin
          	F
          	5’-TCTGGCACCACACCTTCTACAATG-3’
          	NM_001101.5
        

        
          	 
          	R
          	5’-AGCACAGCCTGGATAGCAACG-3’
          	 
        

      

      
        
          *F (Forward primer); R (Reverse primer)
        

      

      

      
        Table 3. 
				
        

        
          Temperature, time, and Cycle RT-qPCR
        
        

      

      
        
          
            	Genes
            	Temperature; Time; Cycle
          

          
            	Predenaturation
            	Denaturation
            	Annealing
            	Pre-elongation
            	Elongation
            	~
          

        
        
          	NF-κB
          	95°C; 5′
          	95°C; 30′′; 40 cycles
          	57°C; 50′′; 40 cycles
          	72°C; 50′′
          	72°C; 5′
          	4°C
        

        
          	β-Actin
          	95°C; 5′
          	95°C; 30′′; 40 cycles
          	58°C; 50′′; 40 cycles
          	72°C; 50′′
          	72°C; 5′
          	4°C
        

      

      

      Statistical analysis – Statistical analysis was performed through SPSS software (version 20.0; SPSS Inc; USA). Data analysis was carried through one-way analysis of variance (ANOVA), followed by Tukey HSD post-hoc test for normally distributed and homogeneous data, while Dunnett’s T3 post-hoc test was performed for normally distributed, but not homogeneous data. Kruskal Wallis statistical analysis with Mann Whitney U test was used if there was data that is distributed non-normally and non-homogeneous. The p value that was specified as the significance value of the data is ≤ 0.05. Data was then visualized as mean ± standard deviation (SD) in histograms created in the GraphPad Prism (version 8.0.244).

    

    

  
    
      Results and Discussion
      Chitosan is used to summarize RGN because it is biodegradable, biocompatible, and potentially useful as a dissolving agent, drug stabilizing agent, and controlled-release drug control.10 Encapsulation of red ginger extract in chitosan was also administered with Na-TPP cross-linking agent. The interaction that occurs between chitosan and Na-TPP will automatically cause the distance between the chitosan chains to stretch so that a protonated amine group -NH3 is formed that will interact with red ginger extract.5 As a carrier of red ginger extract, a mixture of chitosan and sodium tripolyphosphate (Na-TPP) may protect, stabilize, or limit core release.27

      Morphology and particle size distribution are the most important parameters for characterizing ice nanoparticles.27 To observe the size and morphology of RGNs, they were analyzed using PSA, ZPA, and TEM. The size of the RGN is determined by the particle size results using a size analyzer. The results obtained show that RGNs are characterized as nanoparticles because they have a less than 1000 nm diameter, which is 773 nm. The characterization results obtained by us show that the RGN that has been made in size corresponds to the nanoparticle criteria, as the nanoparticles size varies in the range of 10 to 1000 nm, with at least one dimension below 100 nm.28 Particle size, one of the most fundamental characteristics of nanoparticles, is important for nanoparticle transport.29 The characterization output shows that the size of the RGN varies based on the method used. PSA identified the largest size to be about 773 nm, while TEM identified the smallest size to be about 79 nm. Nanoparticle samples from red ginger extract were analyzed using TEM to analyze the nanoparticles shape and size. The RGN visualization is shown in Fig. 1. The TEM results showed small spherical nanoparticles with an average particle size of about 79 nm, smaller than the PSA test results. This can increase the absorption of the active ingredients from the extract into the cells being tested.

      
        
        

        Fig. 1. 
				
        

        
          The Morphology of RGN Using TEMAnalysis.
        
        

        

      

      The anticancer effectiveness of nanoparticles depends on their size; Generally, the smaller the size of the nanoparticles, the more effective they are at suppressing the growth of cancer cells.30 Large nanoparticles can exert targeting abilities in passive blood through the effects of increased permeability and retention (EPR) and willingness to accumulate near tumor blood vessels.29 In addition, TEM also highlighted that RGN has a round shape (Fig. 1). The transport and diffusion of nanoparticles will be significantly affected by the shape of the particles. It has been shown that due to its intrinsic symmetry, spherical particles move easily but non-spherical ones fall with the flow.31

      Zeta potential (ZP) is one of the important properties that can significantly affect the efficacy of nanomedicine32 because the short-term and long-term stability of nanoparticles can only be predicted based on their values.33 The stability and surface charge of colloidal nanoparticles were analyzed by zeta potential analysis (ZP).34 The ZP RGN value was obtained as 25.1 mV. This shows that the RGN evaluated is quite stable. In addition, the value of RGN electrophoresis mobility was also obtained, which was 0.000194 cm2/Vs. Zeta potential analysis is operated to identify the stability and surface charge of colloidal nanoparticles.35 However, other variables, such as particle size, dispersion, and shape, can also impact the stability of nanoparticles in addition to zeta potential.44,36 The ZP RGN value was obtained as 25.1 mV. However, according to37, the stability level of ZP nanoparticles with values of >+25 mV or <−25 mV is often very high. ZP values range from 20 to 40 mV, improving system stability and reducing the likelihood of aggregate formation or increased particle size.46 This suggests that the RGN evaluated is likely to be very stable. The electrophoresis mobility value of RGN was also obtained, which was 0.000194 cm2/Vs. Electrophoresis mobility controls how fast particles move when subjected to an electric field.39 Very small values indicate that RGNs move very slowly in response to electric fields.

      This study investigated the potential cytotoxicity of RGN in MCF-7 cancer cell lines using various concentrations (Fig. 2). Research conducted by40 regarding the potential anticancer activity of a combination of ginger oleoresin, curcumin, and solid lipid nanoparticles, the cytotoxicity of the combination against several types of cancer cells has been routinely confirmed, including MCF-7 cells. This study successfully showed that RGN has cytotoxic potential against MCF-7 cells. The addition of cytotoxicity as the concentration of RGN increases shows that dose is the main determining factor in influencing cytotoxicity. The cytotoxic effect of RGN on the MCF-7 cell line was observed after 24 h. Fig. 2 shows the results of the RGN evaluation on the viability and inhibition of MCF-7 cell lines. The output showed that all RGN concentrations were detected to promote significant inhibition of MCF-7 compared to negative controls. The concentration of RGN that causes the lowest viability and the highest inhibition in MCF-7 cells is 400 μg/mL (group III). The higher the RGN applied, the fewer MCF-7 cells survive and the more MCF-7 cells die. The IC50 RGN obtained in this WST-8 test is 583.40 μg/mL. These data show that at this concentration, RGN reduces the viability of MCF-7 cells by 50%. Previous studies have shown cytotoxic effects of ginger-derived compounds on BC cells.41–42 Previous research mentions the effect of 6-gingerol on breast cancer cell lines MDA-MB-231 and MCF-7 found concentration dependent cell proliferation inhibition by 6-gingerol, making it potentially useful as an antitumor agent.42

      
        
        

        Fig. 2. 
				
        

        
          Effect of RGN on viability (A) and inhibition (B) of MCF-7 cells.
          *Data were obtained from three repetitions. Signs (a, b, c, d, e) (a, ab, c, d, de, e) indicates significant differences based on Tukey's HSD test. I: negative control; II: DMSO control; III: 400 µg/mL; IV: 200 µg/mL; V: 100 µg/mL; VI: 50 µg/mL; VII: 25 µg/mL; VIII: 12.50 µg/mL: IX: 6.25 µg/mL.

        
        

        

      

      High ROS levels, as highlighted in this study, indicate their important role in triggering the cancer process. ROS is known as an agent that can cause DNA damage and is a mutagenic initiator that can trigger tumor formation.43,7 The ROS level of MCF-7 cells was determined by flow cytometry. The spots showed the population of cells being analyzed, and the crest showed ROS-positive cells. Positive control, negative control, DMSO control, and treatment with 200, 400, and 800 μg/mL RGN showed positive ROS levels of 90.50%, 81.42%, 78.04%, 39.55%, 37.86%, and 26.58%, respectively (Fig. 3). MCF-7 cells treated with 800 μg/mL RGN showed a significant decrease compared to negative controls (Fig. 4). Research by44 showed that chronic oxidative stress was shown to increase the proliferation and potential of MCF-7 breast cancer cell tumor formation. In addition, there are many chemotherapy drugs identified to promote cytotoxicity by increasing ROS levels. This study showed that treatment with RGN at certain concentrations had a significant impact on the ROS levels of MCF-7 cells (Fig. 4). ROS levels can be accurately measured using flow cytometry techniques, and the results illustrate the proportion of ROS-positive cells (Fig. 3). This suggests that treatment with RGN leads to a decrease in ROS levels in MCF-7 cells and is in line with research45 which states that more of the antioxidant phytochemicals present can induce the protective effects of red ginger. Because elevated levels of intracellular ROS have been associated with early events involved in cancer initiation and progression, these findings suggest that RGN may have potential healing benefits in breast cancer cells by initiating oxidative stress.

      
        
        

        Fig. 3. 
				
        

        
          Representation of dot blots on different concentrations of RGN on MCF-7 cells against ROS level by flow cytometry. A: TBHP cells (positive control) 90.50%, B: negative control 81.42%, DMSO control: 78.04%, D: 200 µg/mL RGN: 39,55%, E: 400 µg/mL RGN: 37.86%, F: 800 µg/mL RGN: 26.58%.
        
        

        

      

      
        
        

        Fig. 4. 
				
        

        
          Effect of RGN treatment on ROS levels in MCF-7 breast cancer cells.
          *Data obtained from three repetitions. Signs (a, b, c) shows significant differences based on Tukey’s HSD test I: negative control; II: DMSO control; III: 200 µg/mL RGN; IV: 400 µg/mL RGN; V: 800 µg/mL RGN.

        
        

        

      

      ROS can trigger inflammation through several mechanisms, which consist of the activation of the NF-κB signaling pathway. NF-κB regulates the expression of genes that play a role in the inflammatory response and cancer development.7,34 The qRT-PCR results showed that RGN could reduce the expression of the NF-κB gene. 200 and 400 μg/mL RGN showed that the NF-κB gene expression decreased significantly, compared to the negative control. Fig. 3 shows the RGN treatment effect on the NF-κB gene expression. The findings of this study suggest that RGN can reduce the NF-κB gene expression in MCF-7 cells (Fig. 5). This is in line with previous research on red ginger and its anti-cancer properties. Red ginger or certain components in red ginger have properties that can affect the proliferation and development of cancer cells. Research by6 stated that red ginger extract showed anticancer activity by inhibiting NF-κB activation. According to,46 6-shogaol, which is also contained in red ginger, may reduce NF-κB transcriptional activity which can inhibit the breast cancer cells invasion.

      
        
        

        Fig. 5. 
				
        

        
          Effect of RGN treatment on NF-κB gene expression in MCF-7 breast cancer cells.
          *Data were obtained from three repetitions. Signs (a, ab, b) represents significant differences based on Tukey’s HSD test I: negative control; II: DMSO control; III: 200 µg/mL RGN; IV: 400 µg/mL RGN; V: 800 µg/mL RGN.

        
        

        

      

      In conclusion, RGN was successfully characterized through PSA, ZPA, and TEM. RGN can inhibit and reduce the inflammation of breast cancer cells by enhancing the cytotoxic effect and decreasing the level of ROS and NF-κB-mediated inflammation. The results obtained from this study have potential implications for the development of breast cancer therapeutic agents. Future studies should be testing RGN on other cancer cell lines and conducting in vivo studies will help confirm its therapeutic potential and safety profile, bringing it closer to clinical application for breast cancer treatment.
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