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Ginger essential oil Induces Apoptosis of MDA-MB-231 Human Breast Cancer Cells through oxidation
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Novelty statement It is well known that ginger has anti-tumor effects. Previous experiments used various extracts of ginger as research objects. Some studies used ginger essential oil as an anti-inflammatory drug, but did not use ginger essential oil for anti-breast cancer research. According to the characteristics of multi-target and interaction of traditional Chinese medicine ingredients, we selected ginger essential oil as the experimental object to study its effect on breast cancer tumor cells and lay a foundation for future research

Abstract

Ginger is a traditional Chinese medicine plant used in medicine and food, various components of ginger have anti-tumor effect. However, there are few reports on the effect of ginger essential oil (GEO) on breast cancer. The purpose of this study is to investigate the effect of GEO on the growth of MDA-MB-231 breast cancer cells in vitro and its possible mechanism. In this study, GEO was extracted and analyzed by MTT method, the apoptosis of MDA-MB-231 cells was detected by hoechst33258 staining method, flow cytometry, PCR detection of apoptotic protein expression and the oxidative stress indexes MDA, LPO, CAT were detected by enzyme-linked immunosorbent assay (ELISA). The results showed that GEO reduced cell viability in a concentration-dependent manner.  GEO can induce apoptosis in MDA-MB-231 cells. In addition, the results of ELISA analysis showed that high concentration of ginger essential oil can increased the peroxide level in cells. Therefore, these findings suggest that ginger essential oil has the potential to induce MDA-MB-231 human breast cancer cells and related to oxidation. 
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INTRODUCTION
Breast cancer is one of the most common malignant tumors in women. According to the latest statistics in 2018, about 9.57 million people died of cancer worldwide, of which about 627,000 died from breast cancer(Bray, Ferlay et al. 2018). However, the current prevention and treatment methods are not enough to effectively reduce the incidence of disease and improve the survival rate of patients. 
Ginger (Zingiber officinale Roscoe) belongs to the fresh rhizome of ginger, a perennial herb of the ginger family. It is a traditional Chinese medicine that is used for both food and drug(J 2002). Recent studies have found that ginger plays an anti-tumor role in various types of malignant tumors. For example, 6-zingerol, the main active ingredient of ginger and 6-zingerol can induce apoptosis of gastric cancer tumor cells with different mechanisms(Ishiguro, Ando et al. 2007). Ginger extract could inhibite the growth and induce apoptosis  of prostate cancer cells in vitro and in vivo(Brahmbhatt, Gundala et al. 2013). Ginger volatile oil has strong cytotoxic activity on cervical cancer cells, and also has the role of preventing(Santos, Avanço et al. 2016) and treating gastrointestinal tumors(Prasad and Tyagi 2015). The main postgraduate of this paper is the pro-apoptotic effect of ginger volatile oil on breast cancer cells. The molecular mechanism that promotes apoptosis of breast cancer cells is preliminary studied, which provides experimental basis and theoretical basis for the extraction of active ingredients and the development of new drugs.

METHODOLOGY
Reagents

Human breast cancer cells lines MDA-MB-231 were purchased from Fuheng biotechnology company (Wuhan, China). Fresh ginger was purchased from the Jiushan Township, Xingguo County (Longitude: 115.4814397800 Latitude: 26.1422252100). L15 medium, 0.25% EDTA-trypsin, phosphate buffer, MTT (thiazole blue), hoechest33258 solution and dimethyl sulfoxide (DMSO) were purchased from Solarbio biotechnology company (Beijing, China), Fetal bovine serum was purchased from Serana Company（Germany）, FITC Annexin V Apoptosis Detection Kit (556547) was obtained from BD Biosciences (San Jose, CA). Commercial kits for MDA, LPO, CAT activities were purchased from HePeng Biological Technology Company (Shanghai, China).

Apparatus
To growth the cells, CO2 incubator with a model C150 (Germany Binde Co., Ltd.), Thermo 3001 multifunctional full-wavelength microplate reader (Thermo Scientific), FACSVerse flow cytometer (BD Medical Devices Co., Ltd. ), BS124S electronic analytical balance (Sartorius, Germany); 3-18K high-speed refrigerated centrifuge (Sigma Company, USA), HHS electric thermostatic water bath (Shanghai Boxun Industry Co., Ltd.), Leica laser scanning confocal microscope (Shanghai Leica Microsystem Trading Co., Ltd.), ELX800 microplate reader (BioTek, USA), LightCycler® 96 real-time quantitative polymerase chain reaction (PCR) instrument (Roche, USA).

Preparation of ginger essential oil

500g of fresh ginger was pulverized, placed in a 5000ml round bottom flask, added with 3000ml of distilled water, and extracted by boiling in a heating mantle under reflux for 6h. The extracted essential oil was extracted with n-hexane and dried over anhydrous sodium sulfate(Zhong-zhi, Yang et al. 2010), stored at 4°C.

Cell culture

MDA-MB-231 cell lines were cultured in L15 medium. L15 was supplemented with 10% heat inactivated fetal bovine serum (FBS) and 1% penicillin/streptomycin. The cell was cultured at 37 °C in CO 2 -free incubator.

Cell morphology test

Cells were plated at 2×105 cells per well in a 6-well plate . The cells were incubated at 37 ° C for 24 hours, then removed the medium and a new medium with different concentrations of GEO was added. After 12 and 24-hours culture, placed it under an inverted microscope, observed the morphology of cells and took pictures.

Cell viability analysis

Cell viability was determined by MTT assay. Cells were plated at 1×104 cells per well in a 96-well plate and incubated for 24 h at 37 °C for adhesion, then the medium was removed and the new media with GEO at the different concentrations was added. After 24 to72 hours, 20 µL MTT solution (5 mg/mL) was added to each well. Cells were again incubated for 4 h at 37 °C in a CO2-free incubator. The medium and MTT solution were removed and added 150 µL of DMSO solvent. Cells were agitated on an orbital shaker at 75 rpm for 15 min, then absorbance at 490 nm was measured by Multifunctional microplate reader.

Wound healing migration assay

The cells were seeded into 6-well plate at 5×105 cells/ml and cultured in L15 with 10% FBS to near confluence of the cell monolayer. The monolayers were carefully wounded by a pipette tip and any cellular debris present was removed by washing with PBS. The wounded monolayers were then incubated in L15 (containing different concentrations GEO without FBS). Photographs of the wound areas were taken after 12 and 24 hours.

Hoechest33258 Test

MDA-MB-231 cells were seeded in a 24-well plate at a density of 4×104 cells/ml. After the cells were covered with 50% of the bottom of the plate, ginger essential oils of different concentrations were added. After the culture for 48 hours, the medium was discarded and washed once with PBS. Allow to air dry at room temperature. Add 1 ml of Hoechst33258 solution each well, and stained at 37 ° C in the dark for 20 min. Discarded the staining solution and washed it twice with PBS for 5 min each time. Then observed it and took a picture by Leica laser scanning confocal microscope. 

Annexin V/PI Staining

Cells were plated at 2×105 cells per well in a 6-well plate and allowed to adhere for 24 h. Removed the medium and fresh media with the different concentrations of GEO was added. After 48-hour treatment, cells were colleced and centrifuged. Staining was performed according to the manufacturer’s instructions (BD Biosciences). Briefly, cells were pelleted down and washed twice with cold PBS before being resuspended in 1×binding buffer at 1×106 cells/mL. 5μL FITC annexin V and PI were added to each sample. Samples were gently vortexed then incubated for 15 min in the dark before 400 µL 1× binding buffer was added to each tube. Samples were analyzed with a BD Accuri Flow Cytometer.

Reverse Transcription-Polymerase Chain Reaction (RT-PCR)

Total RNA was extracted from MDA-MB-231 cells by the RNA Extraction Kit (Beijing TransGen Biotech  Co. Ltd., China) and transcribed into cDNA using cDNA Transferring Kit from TransGen. Tip Green qPCR SuperMix (TransGen, China) was used for real-time PCR detection system. For PCR amplification, primer sequences were listed in Table 1. A standard curve was used to calculate the expression level of each RNA relative to GAPDH.

Detection of LPO, CAT, MDA levels

After MDA-MB-231 cells were treated with GEO for 24 h, the cells were collected, and the levels of LPO, CAT, and MDA were detected by enzyme-linked immunosorbent assay, strictly follow the instructions of the assay kit.

Statistical analysis

All experiments were performed in triplicate. Data are presented as mean ± SD. One-way analysis of variance (Only Way Anova) was used for comparison between groups. P <0.05 was considered statistically significant for the difference.

RESULTS
Extraction of ginger essential oil

The essential oil of ginger (GEO) was obtained by steam distillation method. It is a brown-yellow, savory oily liquid. In this method, the ratio of oil obtained from fresh ginger rhizomes is about 0.165%.

Effect of GEO on morphological changes of MDA-MB-231 cells

MDA-MB-231 cells in the control group present the typical morphological characteristics of breast cancer MDA-MB-231 cells as shown in Figure 1. The cells are long spindle-shaped, with clear edges and smooth surfaces. As MDA-MB-231 cells were treated with GEO at different concentrations for 24 hours, the number of cells decreased slightly, and the cell morphology changed significantly. Some cells became smaller, rounded, or even broken and with the concentration increased, the more obvious this cellular phenomenon. This result indicates that GEO can change the morphology of breast cancer cell MDA-MB-231, and the degree of change is positively correlated with the concentration.

Effect of GEO on Proliferation of MDA-MB-231 Cells 

As shown in Figure 2, when the treatment time is constant, the viability of MDA-MB-231 cells decreases as the concentration of GEO increases, which is most obvious when the treatment concentration was 250 mg/L. When the concentration of GEO is constant, the viability of MDA-MB-231 cells decreased with the extension of treatment time. These results suggested that GEO can inhibit the proliferation of MDA-MB-231 cells, and the degree of inhibition is positively correlated with treatment time and GEO concentration.

Wound healing migration test results

As shown in Figure 3, the effects of different concentrations of GEO on the repair of scratches in MDA-MB-231 cells. The initial scratch width is: 617.5um, 764.5um, 740.5um, 635um; after 12 hours of treatment with different concentrations of GEO, the scratch width is: 517.5um, 763.5um, 764um, 635um; after 24 hours, the scratch width is : 364.5um, 694um, 737.5um, 611.5um. From the above data, it can be seen that MDA-MB-231 cells treated with 0 mg/L concentration of GEO have the best healing ability. When cells are treated with 50-250 mg/L concentration of GEO, the cell healing ability is not good. After the treatment of MDA-MB-231 cells with GEO for 12 hours, the migration of MDA-MB-231 cells decreased with increasing GEO concentration; after treatment with GEO at 200 and 250 mg / L concentrations for 24 hours, some cells floated and died. These results indicate that GEO inhibits the migration of breast cancer MDA-MB-231 cells.

Hoechst staining analysis results
Hoechst 33258 is a fluorescent dye. When cells undergo apoptosis, they will appear extremely bright blue light under a fluorescence microscope, or it can be seen that apoptotic bodies or nuclear translocations occur, while normal cells appear uniform blue, the outline of the cell is clear, and the nucleus is very full. As shown in figure 4, compared with the control group, the apoptotic cells in the GEO group stained with Hoechst33258 showed brighter fluorescence and the morphology of the nuclei was incomplete. These results can confirm that GEO can induce apoptosis in MDA-MB-231 cells.

Annexin V/PI Staining analysis results
In order to assess the mechanism of cell death induced by GEO in MDA-MB-231 cells, the apoptosis assay was conducted using flow cytometric analysis. The results of apoptosis obtained by flow cytometry are shown in figure 5. Here, the data are shown in scatter plot, which characterizes the fluorescence generated by FITC and PI staining. After 48 hours of treatment, more than 95% of the cells in the control group survived, and the rates of early and late apoptosis were 1.63% and 2.78%. The MDA-MB-231 cells treated with GEO at 50, 100 and 200 mg/L concentrations showed a significant increase in the early and late apoptosis ratios, as shown in figure 5, the upper right quadrant ratio of 7.32%, 57.9% and 62.9%, and the lower right quadrant ratio of 4.02 %, 21.5% and 15%. These indicate that GEO has a pro-apoptotic effect on MDA-MB-231 cells.

Regulation of mRNA expression of Bax or Bcl-2 by GEO

To elucidate the mechanism of GEO on MDA-MB-231 cells, the levels of certain pro-apoptotic and anti-apoptotic molecules were tested using RT-PCR method. It was found that their expression levels changed after treatment with GEO, as shown in Figure 6. As the GEO concentration increased, the ratio of Bcl-2/Bax levels decreased significantly (P <0.05). The results show that GEO can promote the apoptosis of MDA-MB-231 by regulating Bcl-2/Bax-related pathways.

CAT, MDA, LPO content analysis results

As shown in Figure 7, compared with the control group, the MDA activity and the LPO level of GEO group increased,  the CAT content first decreased and then increased with the concentration increased. With the increase of GEO concentration, MDA activity showed a significant difference compared with the control group (P<0.05). At 200mg/L and 250mg/L concentrations of GEO, there are also significant differences in LPO levels, indicating that intracellular antioxidant enzyme activity is reduced, the ability to remove peroxides is reduced, and a large amount of lipid peroxides accumulates. These results indicate that GEO may inhibit the proliferation of MDA-MB-231 by regulating the peroxidation-related targets.

DISCUSSION

Natural phytochemicals are widely known for their benefit to human health and minimal side effects. Ginger is one of the traditionally known medicinal plants. Ginger extract is known to inhibit the proliferation of cancer cells, such as SiHa (human cervical cancer cells)(Ai 2016), A549 (human lung cancer cells)(Wang 2017), SGC-7901 (human gastric cancer cells)(Xu, Wang et al. 2017), KYSE-510 (human esophageal squamous cell carcinoma)(Wang, Zhang et al. 2009), SMMC-7721 (human liver cancer cells)(Ying, Xifan et al. 2014) has also been reported, and anti-inflammatory effects have also been reported(Funk, Frye et al. 2016, Akinyemi and Adeniyi 2018). Ginger essential oil has a cytotoxic effect on HeLa (human cervical cancer) B16 cells (murine B16 melanoma cells)(Wang, Qian et al. 2018), and the IC50 value of HeLa is 129.9 g/mL. 

In our study, the anti-cancer potential of ginger essential oil against human breast cancer cell line MDA-MB-231 was evaluated. The essential oil of ginger (GEO) obtained by Steam distillation method fresh ginger. MTT assay was used to assess the cytotoxic/antiproliferative effects of GEO in MDA-MB-231 cell line. The results are presented in Figure 2. The MTT assay commonly use to assess the cytotoxicity, introduced into the cells and reduced mitochondria dependent reaction to yield a blue color formazan product(Mosmann 1983) that indicates mitochondrial integrity, MTT assay as a measurement of cell viability(Maioli, Torricelli et al. 2009). Our results clearly showed the ability of MDA-MB-231cells to reduce MTT to the formazan derivative after exposure of GEO that indicates cytotoxic/antiproliferative activity. Our results showed that GEO with the increasing concentrations could decrease the viability of MDA-MB-231 cells  and different concentrations of ginger essential oil can affect the morphology of cells (Figure 1) after 24 h of treatment,  it can also reduce the migration capacity of MDA-MB-231 cells (Figure 3) . This is in good agreement with recent findings by Hyun Sook Lee et al.(Lee, Seo et al. 2008) who reported that the reatment of MDA-MB-231 cells with increasing concentrations of [6]-gingerol led to a concentration-dependent decrease in cell migration and motility. And Fuzer AM et al. (Fuzer, Martin et al. 2019) who reported that [10]-gingerol was able to inhibit cell adhesion, migration, invasion and to induce apoptosis more effectively in MDA-MB-231 cells.

To evaluate the role of GEO in the cell death (anticancer/cytotoxic potential), the apoptosis assay was conducted using flow cytometric analysis and hoechest33258 staining test. Both results showed that after treatment with ginger essential oil, the number of MDA-MB-231 cells increased in apoptosis, as shown in Figures 4 and 5. It is known that programmed cell death in eukaryotes is apoptosis, which is regulated by several transcription factors. Previous study found that the ratio of the expression of the two proteins, Bax / Bcl-2, is a key factor in determining the strength of apoptosis inhibition. Subsequently, PCR experiments were performed to determine the expression levels of the apoptotic proteins Bax and Bcl-2, which has identified as apoptosis-related factors. Studies by Ting Liang et al. showed that 6-shogaol, an active ingredient in ginger, can induce Ovarian Cancer Cell apoptosis by regulating Bax and Bcl-2 apoptotic proteins(Liang, He et al. 2019) and the results in our study also suggested that ginger essential oil may promote the apoptosis of MDA-MB-231 cells by down-regulating the ratio of Bcl-2/Bax proteins (Figure 6).

In order to know whether the apoptosis of non-receptor breast cancer MDA-MB-231 cells is related to oxidative stress, we performed oxidative stress-related indicators MDA, LPO and CAT.CAT is an enzyme based on iron porphyrin, which can catalyze the release of new ecological oxygen by H2O2 to oxidize certain phenols and amines, which will lose the role of active oxygen and protect the body. Therefore, the level of CAT activity can indirectly reflect the strength of the cell's antioxidant capacity. MDA is an oxygen free radical attacking unsaturated fatty acids in the cell membrane, which triggers lipid peroxidation and the resulting lipid peroxide. The content of MDA can reflect the degree of lipid peroxidation in the body and the degree of cell membrane damage Indirectly reflects the level of oxygen free radicals in the body. The long-term maintenance of high levels of free radicals in the body results in a decrease in the activity of the enzyme antioxidant system and damages the body(Liqun, Shuang et al. 2016). LPO is the product of the reaction of oxygen free radicals and polyunsaturated fatty acids. Under normal circumstances, the content of LPO is extremely low, but under pathological conditions, the increasion lipid peroxidation can lead to the increasion of LPO, and the structure and function of cell membranes cause various injuries. This study showed that the level of oxidative stress indicators LPO and MDA of MDA-MB-231 cells increased significantly after 48 h of ginger essential oil intervention, indicating that ginger essential oil may promote apoptosis by effecting the peroxidation.

CONCLUSION
In summary,  our findings demonstrated that ginger essential oil has an inhibitory effect on breast cancer MDA-MB-231 cells, and its mechanism may be to promote the release of cell related oxidative stress indicators MDA, LPO, and down-regulate Bcl-2 and up-regulate Bax genes eppressions，thereby induces apoptosis. These findings collectively suggest  the anti-breast mechanism of ginger essential oil can inhibt the growth of MDA-MB-231 cells and its apoptosis may be related to oxidative pathways. 

Table captions:
	
	Forward (5′→3′)  
	Reverse (3′→5′)

	GAPDH
	ATTCAACGGCACAGTCAAGG
	AGTAGAGGCGGGGAAGACG

	Bcl-2
	GATGACTTCTCTCGTCGCTA
	TACGGAAACACCTTGATATA

	Bax 
	GAACTGGACAATAATATGGA
	TCACTGGTAGAAACACCGAC


Table 1 Oligonucleotides used in quantitative real-time PCR
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Figure captions:
Fig. 1. Effects of GEO at different times and concentrations on the morphology of MDA-MB-231 cells.
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Fig. 2. Effect of GEO on MDA-MB-231 cells viability. MDA-MB-231 cells were incubated with different concentrations of GEO (0-250 mg/L) and the cell viability was measured at different time points，MDA-MB-231 cell viability decreased significantly with increasing GEO concentration and time. Data are expressed as mean ± SEM and analyzed by ANOVA ( Compared with the control group: ∗ P <0.05; ∗∗ P <0.01 )
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Fig. 3. Effect of GEO on healing ability of MDA-MB-23 1 cells．Cells were treated with GEO at different concentrations，and at different time points，the healing ability of the cells were determined．
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Fig. 4. Effect of GEO on apoptosis of MDA-MB-231 cells．Cells were treated with GEO ，the cells were fixed and stained．The images showed representative pictures．
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Fig. 5. Effect of GEO on MDA-MB-231 cells apoptosis. Cells were treated with GEO for 48h．A, control；B, 50 mg/L；C, 100 mg/L；D, 200 mg/L．
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Fig. 6. Effect of different concentrations of GEO on the expression of Bcl-2 and Bax in MDA-MB-231 cells.Data are expressed as mean ± SEM and analyzed by ANOVA ( Compared with the control group: ∗ P <0.05; ∗∗ P <0.01 )
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Fig. 7. Effects of GEO at various concentrations on CAT activity and MDA 、 LPO level in MDA-MB-231 cells. Data are expressed as mean ± SEM and analyzed by ANOVA ( Compared with the control group: ∗ P <0.05; ∗∗ P <0.01 )
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GEO - Ginger essential oil
MDA - Malondialdehyde

CAT - Cyber Assistance Team
LPO - lipid peroxidation
ELISA - Enzyme-Linked ImmunoSorbent Assay
RT-PCR - Reverse transcription polymerase chain reaction

FITC - Fluorescein isothiocyanate 

PI - Propidium iodide
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