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					ABSTRACT  

					ARTICLE INFO  

					MRQ 74 and MRQ 76 varieties are local fragrant rice characterized by their pleasant aroma.  

					Keeping given phytochemicals content, these varieties have shown potency as anti-cancer agents  

					for alternative therapies. Thus, this study aimed to elucidate cell apoptosis and cell cycle arrest in  

					human adenocarcinoma colon cancer cells by MRQ 74 and MRQ 76 extract varieties. Methods  

					performed include MTT assay, morphology observation, Annexin V-FITC apoptosis, and cell  

					cycle assays. Data showed that MRQ 74 extract gives the lowest IC50 values at 24 h (0.13 ± 0.02)  

					and 48 h (0.03 ± 0.01). While MRQ 76 extract gives the lowest IC50 value at 72 h (0.27 ± 0.01).  

					Cell morphology observation of treated HT-29 cells showed anti-proliferation morphology  

					following incubation with MRQ 74 and MRQ 76 extracts at their respective IC50 value for 72 h.  

					For Annexin V-FITC assay, MRQ 76 of 3P (17.09 ± 5.38) and 3UP (24.91± 0.65) extracts showed  

					the highest percentage of apoptotic cells at 24 h. While MRQ 74 of 3UP (34.06 ± 23.22) and FUP  

					(54.20 ± 0.78) extracts showed the highest percentage of apoptotic cells at 48 h. In cell cycle  

					analysis, each treatment had significantly increased percentages of the S phase from 24 h to 48 h,  

					revealing that cell cycle arrest was induced at the S phase. In conclusion, this is the first report on  

					the potency of MRQ 74 and MRQ 76 extracts as anti-proliferative agents by inducing apoptosis  

					and cell cycle arrest of colon cancer cells.  
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					The focus on fragrant rice stems from its unique biochemical profile,  

					encompassing a diverse array of bioactive compounds that may  

					Introduction  

					Colon cancer, a significant subset of colorectal cancer,  

					presents a formidable global health challenge, showing marked  

					variations in incidence, mortality, and underlying risk factors across  

					different populations and geographical regions 1. It is a prevalent  

					malignancy and a major cause of cancer-related deaths globally,  

					characterized by genomic instability, epigenetic anomalies, and gene  

					expression problems 1,2. The global burden of colorectal cancer is  

					predicted to rise further due to population expansion and aging, as well  

					as lifestyle and behavioural changes 3,4. Disparities in healthcare  

					resources, screening efforts, and access to modern treatments impair  

					differences in colon cancer outcomes, with mortality rates rising in  

					under-resourced areas, highlighting the urgent need for targeted  

					interventions and resources 5,6. Fragrant rice, distinguished by its  

					aromatic compounds, presents a compelling avenue for exploration in  

					the realm of cancer therapeutics, particularly concerning colon cancer.  

					The exploration of natural compounds derived from dietary sources has  

					gained considerable momentum in cancer research, driven by the desire  

					to identify effective, less toxic, and readily accessible therapeutic  

					interventions 7.  

					synergistically modulate cellular pathways implicated in colon cancer  

					pathogenesis 8. These bioactive compounds may influence crucial  

					cellular processes such as cell cycle regulation, apoptosis induction,  

					antioxidant defence, and the modulation of inflammatory responses 9-11  

					.

					The investigation into fragrant rice's anticancer potential necessitates a  

					comprehensive understanding of its phytochemical composition, which  

					7

					could exhibit distinct mechanisms of action against cancer cells . A  

					decade ago, the Malaysian Agricultural Research and Development  

					Institute declared two new varieties of fragrant rice namely, MRQ 74  

					12  

					and MRQ 76  

					.

					However, these varieties are facing abrupt low  

					production among farmers and are under-appreciated among local  

					consumers due to a lack of health-benefits knowledge contrasted to the  

					imported fragrant rice varieties such as Jasmine and Basmati. Previous,  

					researchers had found that the MRQ 74 rice variety had shown potency  

					as an anti-proliferative agent towards HT-29 cell lines through  

					cytotoxicity assay 13. Therefore, researchers hypothesized that fragrant  

					rice of MRQ 74 and MRQ 76 extracts could exert anticancer activities  

					through cell cytotoxicity, cell apoptosis, and induction of cell cycle  

					arrest in colon cancer cells.  

					*Corresponding author. E mail: mohdadzim@unisza.edu.my  

					Tel: +609 6688522  

					Materials and Methods  

					Sample Collection of MRQ 74 and MRQ 76 Varieties  

					Citation: Ridzwan N, Rohin MAK, Hadi NA, Bakar MFA, Saad N, and  

					Ishak R. MRQ 74 & MRQ 76 Rice Extracts Induce Apoptosis and Cell  

					Cycle Arrest in Colon Cancer Cells. Trop J Nat Prod Res. 2025; 9(8):  

					3860 – 3870 https://doi.org/10.26538/tjnpr/v9i8.47  

					Rice varieties of MRQ 74 and MRQ 76 were acquired from the Paddy  

					and Rice Research Center, Malaysian Agricultural Research and  

					Development Institute (MARDI), Seberang Perai, Pulau Pinang  

					(5.5404° N, 100.4695° E) on 23 May 2022 and 23 August 2022,  

					respectively (Figure 1). The authentication rice varieties had been  

					provided by the official letter from MARDI with reference number  

					MDI/PR/PA/001/002 for fresh polished and non-polished samples and  

					Official Journal of Natural Product Research Group, Faculty of  

					Pharmacy, University of Benin, Benin City, Nigeria  
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					3-month aged polished and non-polished samples. The undesirable  

					physical residue was eliminated, and the procured samples were kept in  

					a zip-lock plastic bag to prevent any leakage and cross-contamination.  

					Figure 1: Rice cultivars of MRQ 74 and MRQ 76 samples used in the study; a) 74 FP, b) 74 FUP, c) 76 FP, d) 76 FUP, e) 74 3P, f) 74  

					3UP, g) 76 3P, (h) 76 3UP.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  

					Extraction Procedure of MRQ 74 and MRQ 76 Varieties  

					MTT Cell Proliferation Assay  

					In this investigation, each rice sample was extracted using ground rice  

					grains 14. Then, 50 g of eight rice samples were soaked in a 1:10 w/v  

					aqueous solution (deionized water) at 25°C for 24 hours. The selected  

					extraction time, temperature, and sample-to-solvent extraction ratio  

					were the most effective as it gives the highest concentrations of  

					phenolics and flavonoid extracts in plant extracts and produced an  

					antioxidant-rich extract that remained stable in freezer storage for  

					several months 15. Subsequently, each extract underwent vacuum  

					filtration Favorit® (Thermo Fisher, USA) utilizing nylon filter paper  

					0.45 µm and was concentrated in a Rotary Evaporator ®215 (Buchi,  

					Switzerland) at 50°C. The concentrated extracts were left in a 40°C  

					drying oven (Memmert, Germany) for complete solvent evaporation.  

					Then, the crude extracts were kept in -20°C freezer until employed in  

					the following analysis.  

					The cells were extracted, counted with a haemocytometer, and diluted  

					in supplemented RPMI-medium (Gibco, Invitrogen, USA). Cell  

					suspensions of 100 µL were seeded in triplicates into 96-well cultured  

					plates (SPL Life Sciences, Korea) with an optimum density of 1 x 105  

					cells/cm2 for HT-29 cells. After 24 hours of seeding, cells were treated  

					with DMSO (control), 5-fluorouracil (5-FU) (1-100 µM), and extracts  

					(1-100 µg/ml). Throughout the studies, the final DMSO concentration  

					in each well for all treatment groups ranged between 0.1% and 0.11%.  

					After 24-, 48-, and 72-hours treatment, the MTT cell proliferation  

					experiment was performed by adding 20 μL of MTT stock solution (5  

					mg/mL) (Fisher Scientific, USA) into each well and re-incubating for  

					another 4 hours. The MTT-containing media was removed, and 100 μL  

					of DMSO was added to dissolve formazan crystals in each well. A  

					microplate reader (TECAN, INFINITE M200, Switzerland) was used  

					to detect absorbance at 570 nm with a reference wavelength of 630 nm.  

					A nonlinear regression analysis of the corresponding dose-response  

					curve was used to calculate the 50% inhibitory concentration (IC50).  

					Preparation of MRQ 74 and MRQ 76 Extracts  

					A total of 50 mg/mL was prepared as a stock solution of MRQ 74 and  

					MRQ 76 extracts by dissolving 50 mg of extract in 1 mL of dimethyl  

					sulfoxide (DMSO) (Fisher Scientific, USA). The stock solutions were  

					further diluted in RPMI-1640 (Gibco, Invitrogen, USA) media with 1%  

					penicillin/streptomycin (Gibco, Invitrogen, USA) and 10% fetal bovine  

					serum (FBS) (Gibco, Invitrogen, USA) to obtain a final concentration  

					of 10 mg/mL to be used for further test. Then, each of the stock solutions  

					was maintained at 4⁰C all over the evaluation.  

					Cell Morphology Observation of Apoptosis Cells  

					The apoptotic effect of MRQ 74 and MRQ 76 extracts on HT-29 cells  

					was determined by using inverted microscope-BX51 (Olympus, Tokyo,  

					Japan) 16. In brief, HT-29 cells were seeded into 96-well cultured plate  

					(SPL Life Sciences, Korea) at a density of 1 x 105 cells/well and then  

					treated with DMSO (control), 5FU, and each of the extracts at their  

					respective IC50 value for 72 hours. Following this, apoptotic cell death  

					was seen, and photos were acquired using an inverted microscope-  

					BX51 (Olympus, Tokyo, Japan; magnification ×400; fitted with Nikon  

					camera, Nikon Corporation, Tokyo, Japan).  

					Cell Maintaining and Harvesting  

					Human colorectal adenocarcinoma cell line, HT-29 (ATCC® HTB-  

					38TM) was used as cells in this study. Cell line was obtained from  

					passage 3 (P3) at Universiti Putra Malaysia - MAKNA Cancer Research  

					Centre (CANRES), Serdang, Selangor Darul Ehsan, Malaysia. The HT-  

					29 cell lines were grown and kept at a temperature of 37⁰C in an  

					incubator humidified with 5% carbon dioxide in RPMI-1640 (Gibco,  

					Invitrogen, USA) supplemented with 10% FBS (Gibco, Invitrogen,  

					USA), 1% of penicillin/streptomycin (Gibco, Invitrogen, USA) and at  

					95% relative humidity. The media was changed twice a week to  

					replenish the nutrients needed for the cells.  

					Annexin V/PI Double-Staining Assay  

					The cell apoptosis experiment was carried out at 24- and 48-hour  

					intervals using the Annexin V/FITC Apoptosis Detection Kit (BD  

					Pharmingen TM, 556547, New York) according to the manufacturer's  

					instructions. HT-29 cells were seeded at 1 x 106 cells/well in 6-well  

					cultured plates (SPL Life Sciences, Korea) and incubated overnight. At  

					24 hours after seeding, the cells were treated with DMSO (control), 5-  

					FU, and each extract (1 mg/ml). After 24 and 48 hours, the cells were  
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					rinsed with cold phosphate buffer saline (PBS) 1X (Gibco, Invitrogen,  

					USA) once and detached by enzymatic trypsinisation with Trypsin  

					0.25% (Gibco, Invitrogen, USA). The collected cells were centrifuged  

					at 300 xg for 5 minutes (3X), and the resulting pellet was resuspended  

					in 1x Binding Buffer. A total of 5 µL of FITC-Annexin V and 5 µL of  

					PI were added to 100 µL of 105 cell suspension. After gently vortexed,  

					the cell suspension was incubated at room temperature (26°C) for 15  

					minutes in the dark. After incubation, 400 µL of 1x Binding Buffer was  

					added. Cell apoptosis was assessed using a CytoFLEX flow-cytometer  

					(Beckman Coulter, USA) within 60 minutes. BD FACSDivaTM  

					software was used for data acquisition and Flowjo 10.10 (BD  

					Biosciences, USA) was used for flow cytometric data analysis. The cell  

					cycle assay was done in triplicate measurements.  

					Package for the Social Sciences (SPSS) version 20.0 software (IBM  

					Corp. Armonk, NY, US). The baseline values were adjusted using the  

					Independent T-test, Paired T-test, and/or One-way ANOVA test as  

					variables. All tests were two-sided, and p-value <0.05 indicates  

					statistical significance.  

					Results and Discussion  

					For in-vitro assays, MTT assay is the basis variety of including  

					quantitative cell viability and cell proliferation 13. The decreased vitality  

					of cancer cells is usually attributable to the toxicity of a specific  

					treatment which can cause cell death and/or interfere with cell growth.  

					Hence, IC50 values were investigated as a cytotoxic indicator. This is  

					due to the concentration of a drug or plant extract samples resulting in  

					50% suppression of tumour cells by in-vitro study in laboratory 17  

					.

					Cell Cycle Analysis  

					Table 1 shows IC50 values of MRQ 74 and MRQ 76 variety extracts  

					towards HT-29 cell lines by time-dependent on 24, 48, and 72 h (Figure  

					1). However, only 74 3P, 76 FUP, and 76 3UP samples did not display  

					IC50 values at 24 h, hypothesized that suppression proliferation of  

					tumour cells by these extracts at 1 mg/mL did not achieve by 50%, it  

					might need more concentration of extracts. Corresponding to the  

					National Cancer Institute standards, crude extracts acquiring an IC50  

					value less than 20 µg/mL have the potential to be cytotoxic against  

					The Cell Cycle test Kit, Red Fluorescence (Elabscience, E-CK-A351,  

					China) was used by the manufacturer's instructions to perform the cell  

					cycle test at 24- and 48-hour intervals. HT-29 cells were planted in 6-  

					well plates at a density of 5 x 105 cells/well. At 24 hours after seeding,  

					the cells were treated with DMSO (control), 5-FU, and each extract (1  

					mg/ml). After 24 and 48 hours, the cells were rinsed with cold PBS 1X  

					(Gibco, Invitrogen, USA) once and detached by enzymatic  

					trypsinisation with Trypsin 0.25% 1X (Gibco, Invitrogen, USA). The  

					collected cells were centrifuged at 300 xg for 5 minutes (repeated  

					twice), and the cell pellet was resuspended, fixed in 70% cold ethanol  

					(analytical grade), and kept at -20 °C freezer. After 24 hours, the fixed  

					cells were centrifuged at 300 xg for 5 minutes (2X) and incubated with  

					100 µL RNase A reagent in a 37°C water bath for 30 minutes. The cells  

					were stained with 400 µL PI reagent, and the cell cycle was assessed  

					using a CytoFLEX flow-cytometer (Beckman Coulter, USA) within 60  

					minutes. BD FACSDivaTM software was used for data acquisition and  

					Flowjo 10.10 (BD Biosciences, USA) was used for flow cytometric data  

					analysis. The cell cycle assay was done in triplicate measurements.  

					tested cancer cells 18  

					.

					Under similar conditions, an IC50 value of 5-FU after 24 h, 48 h, and 72  

					hours on treated HT-29 was 12.5 ± 0.01 µM, 25.0 ± 0.01 µM and 30.34  

					± 0.01 µM (Table 1). A 5-FU known as 5-fluorouracil, a commercial  

					medicine used in treated colon cancer cells, is more efficient in stopping  

					the proliferation of treated cancer cells at low concentrations than the  

					MRQ 74 and MRQ 76 extracts 19.  

					The outcomes demonstrated that 5-FU is more effective in suppressing  

					the colon cancer cells by 50%, however, each of MRQ 74 and MRQ76  

					extracts also showed its strength to suppress the growth of colon cancer  

					cells by 50% in a dose-dependent manner (0 – 1 mg/mL). The  

					cytotoxicity effect of these extracts may be implied by the bioactive  

					compounds’ action. Previously, researchers had screened bioactive  

					compounds present in MRQ 74 and MRQ 76 extracts are docosanedioic  

					acid, tetrasosanedioic acid, oleamide, and prosopinine that had  

					displayed as anti-cancer agents 20.  

					Data Analysis  

					All of the data were examined using descriptive and inferential  

					statistical methods. The sample data was analysed descriptively using  

					means, standard deviations (SDs), and standard error means (SEM).  

					Statistical analysis was performed using the IBM SPSS Statistical  

					Table 1: Inhibitory concentration (IC50) values of MRQ 74 and MRQ 76 variety extracts (1 mg/mL) towards HT-29 cell lines.  

					IC50 values (mg/ml)  

					of MRQ 74 extracts  

					IC50 values (mg/ml)  

					of MRQ 76 extracts  

					Time  

					5FU  

					F-statistics  

					(df)  

					p-value  

					dependent  

					(µM)  

					FUP  

					0.70 ±  

					0.03  

					FP  

					3UP  

					0.13 ±  

					0.02  

					3P  

					-

					FUP  

					-

					FP  

					3UP  

					3P  

					0.43 ±  

					0.05  

					0.35 ±  

					0.09  

					0.36 ±  

					0.05  

					12.5 ±  

					0.01  

					24 hours  

					48 hours  

					72 hours  

					-

					13.43 (7)  

					8.88 (7)  

					0.65  

					0.71  

					0.64  

					0.82 ±  

					0.01  

					0.65 ±  

					0.02  

					0.03 ±  

					0.01  

					0.67 ±  

					0.01  

					0.87 ±  

					0.04  

					0.71 ±  

					0.03  

					0.46 ±  

					0.01  

					0.39 ±  

					0.02  

					25.0 ±  

					0.01  

					0.92 ±  

					0.07  

					0.91 ±  

					0.03  

					0.43 ±  

					0.02  

					0.51 ±  

					0.09  

					0.92 ±  

					0.02  

					0.71 ±  

					0.04  

					0.67 ±  

					0.02  

					0.27 ±  

					0.01  

					30.34 ±  

					0.01  

					10.78 (7)  

					Data represent the mean ± SD of three independent experiments.  

					One-Way ANOVA test; no significant difference of p <0.05.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  

					Also, pigmented rice contains beneficial substances such as  

					proanthocyanidin, peonidin-3-glucoside, γ-tocotrienol, cyanidin-3-  

					glucoside, anthocyanins, cinnamic acid, and γ-oryzanol, which have  

					been shown to decrease breast cancer growth significantly21. However,  

					the various compounds and their anti-cancer effects may be diverse  

					among different rice varieties.  

					Apoptosis, or cell death, is an active process that is accompanied by a  

					variety of physiological events, including cell turnover and chemical-  

					induced cell death22,23. Cell death is a tolerant, passive kind of cell death  

					portrayed by cell enlargement, membrane rupture, organelle collapse,  

					and the loss of cell contents, which frequently results in an  

					inflammatory reaction in the body. Previously, Schweichel and her  

					group had classified cell death founded on morphology and the method  

					of cell death: type I cell death or apoptosis; type II cell death or  

					autophagy; and type III cell death or necrosis. 22  

					.

					In this study, the HT-29 cells treated with IC50 values of MRQ 74 and  

					MRQ 76 extracts were incubated for 72 h and the morphological  

					changes observed were compared with the untreated cells (Figure 2).  

					Untreated HT-29 cells at 72 h appeared healthy as round and intact with  

					growth of up to 90% cell confluence, reflecting the normal growth  
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					pattern (Figure 2 (j)). While Figures 2 (c) and (d) observed cells became  

					condensed, shrank in size and some of the cells underwent partial  

					detachment from the surface and there was a decline in the cell volume  

					due to rounding off the cells (Type 1). Then, Figures 2 (a) (b) (f) and  

					(g) observed there was an abundance of autophagic vacuoles in the  

					cytoplasm (blebbing) with some small cytoplasmic packages (also  

					called apoptotic bodies) and some of the organelles became too compact  

					and appeared very condensed (Type II). Figures 2 (e) and (h) displayed  

					lobulated cells characterized by shrinkage, fragmentation of the cell  

					membrane, a lot of debris formation, formation of apoptotic bodies, and  

					dead cells in a crescent shape (cell dissolution in situ) (Type III).  

					The apoptosis induction by MRQ 74 and MRQ 76 extracts on HT-29  

					cells was further confirmed with the Annexin V-FITC staining method.  

					Annexin V-FITC is mainly an established technique for the  

					identification and quantification of apoptotic cells 24  

					.

					Figure 2: Growth inhibition of HT-29 cells lines by MRQ 74 and MRQ 76 variety extracts; a) 74 3P, b) 74 3UP, c) 76 3P, d) 76 3UP,  

					e) 74 FP, f) 74 FUP, g) 76 FP, h) 76 FUP i) 5FU, j) untreated. Cell morphology of HT-29 cells was examined after being treated with  

					IC50 values at 72 h. The 3photographs were taken at 10x magnification with an inverted microscope (Nikon, Japan).  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  

					In the present study, the highest percentage of apoptotic cells at 24 h  

					was showed by 76 3P (17.09 ± 5.38%) and 76 3UP (24.91± 0.65%)  

					extracts (p<0.05) (Figure 3; Table 2), while 74 3UP (34.06 ± 23.22%)  

					and 74 FUP (54.20 ± 0.78%) extracts showed the highest percentage at  

					48 h (Figure 4; Table 2). For necrosis cells, 76 FP (9.42 ± 1.02%) and  

					74 3UP (8.16 ± 0.88%) extracts displayed the most potent effects at 24  

					h, while 76 3P (21.20 ± 5.58%) and 74 3UP (7.23 ± 0.70%) at 48 h  

					(Figure 3 and 4; Table 2). These results observed that the MRQ 76  

					extracts exert a significant apoptotic effect at 24 h, whereas MRQ 74  

					extracts show a stronger effect at 48 h (Figure 2).  

					division, and growth, and can be characterized by distinct phases of  

					G0/G1, S, and G2 for cell progression and maintaining genomic integrity  

					25. The cell cycle phase division of each treatment cell of MRQ 74 and  

					MRQ 76 extracts at 24 h and 48 h can be observed in Figure 5 and  

					Figure 6. Based on Table 3, the data showed that the percentages of S  

					phase cells raised significantly from 8.45 ± 0.07% to 16.10 ± 0.42% and  

					10.25 ± 0.07% to 17.60 ± 3.25% from 24 h to 48 h treatment of 74 3P  

					and 76 3P extracts, respectively. On the other hand, almost all extract  

					treatments significantly had increased percentages of the S phase from  

					24 h to 48 h, hypothesized that the cell cycle arrest induced at the S  

					phase was associated with other phases for the study (Figure 3).  

					Following this, a flow cytometry assay was conducted to determine how  

					MRQ 74 and MRQ 76 extracts affected the cell cycle of HT-29 cells.  

					The cell cycle is a fundamental process in biology, ensuring proper cell  

					Table 2: The percentage of HT-29 cells treated with MRQ 74 and MRQ 76 variety extracts (1 mg/mL) at 24h and 48h in cell apoptosis  

					stages.  

					Treatment groups  

					Cell apoptosis stages (%)  

					Early apoptosis Late apoptosis  

					24-hours  

					0.27 ± 0.35  

					F-statistics  

					(df)  

					p-value  

					Viable cells  

					Necrosis/Dead  

					Control (DMSO)  

					5-FU  

					90.60 ± 0.28  

					78.00 ± 15.20  

					88.60 ± 7.78  

					82.30 ± 0.78  

					80.40 ± 11.81  

					72.70 ± 0.35  

					89.10 ± 1.77  

					9.05 ± 0.23  

					17.80 ± 10.47  

					6.07 ± 1.19  

					7.62 ± 0.57  

					14.20 ± 5.38  

					23.00 ± 0.65  

					8.44 ± 1.10  

					0.09 ± 0.01  

					0.38 ± 0.08  

					3.61 ± 8.90  

					8.16 ± 0.88  

					2.53 ± 18.15  

					2.38 ± 0.25  

					0.52 ± 0.49  

					113.09 (3)  

					19.95 (3)  

					85.67 (3)  

					511.69 (3)  

					16.25 (3)  

					170.58 (3)  

					248.72 (3)  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					3.89 ± 4.60  

					1.68 ± 0.08  

					1.95 ± 0.74  

					2.89 ± 0.98  

					1.91 ± 0.55  

					1.94 ± 1.10  

					74 3P  

					74 3UP  

					76 3P  

					76 3UP  

					74 FP  
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					74 FUP  

					76 FP  

					85.10 ± 3.04  

					85.90 ± 1.20  

					85.90 ± 1.06  

					7.71 ± 0.14  

					3.27 ± 0.25  

					4.86 ± 0.40  

					1.83 ± 0.42  

					1.37 ± 0.06  

					1.95 ± 0.01  

					5.39 ± 3.30  

					9.42 ± 1.02  

					7.31 ± 0.69  

					672.99 (3)  

					534.77 (3)  

					770.49 (3)  

					0.01*  

					0.01*  

					0.01*  

					76 FUP  

					48-hours  

					Control (DMSO)  

					5-FU  

					90.20 ± 12.23  

					56.50 ± 28.28  

					76.80 ± 1.98  

					58.80 ± 24.60  

					48.90 ± 1.63  

					69.10 ± 2.55  

					65.90 ± 15.06  

					45.40 ± 1.20  

					74.60 ± 2.19  

					70.80 ± 9.05  

					9.38 ± 20.78  

					32.60 ± 25.26  

					18.30 ± 4.38  

					33.00 ± 23.22  

					15.90 ± 2.90  

					29.40 ± 4.53  

					32.90 ± 14.14  

					53.60 ± 0.78  

					23.70 ± 3.46  

					26.80 ± 9.55  

					0.32 ± 0.32  

					10.40 ± 7.03  

					1.08 ± 1.65  

					1.06 ± 0.73  

					14.00 ± 4.31  

					0.91 ± 0.71  

					1.03 ± 14.14  

					0.60 ± 0.38  

					1.17 ± 0.60  

					1.88 ± 0.36  

					0.08 ± 8.92  

					0.49 ± 3.99  

					3.79 ± 4.74  

					7.23 ± 0.70  

					21.20 ± 5.58  

					0.57 ± 1.28  

					0.19 ± 0.53  

					0.46 ± 0.01  

					0.51 ± 0.66  

					0.56 ± 0.14  

					13.43 (3)  

					5.36 (3)  

					0.02*  

					0.07  

					74 3P  

					191.37 (3)  

					8.43 (3)  

					0.01*  

					0.03*  

					0.01*  

					0.01*  

					0.05*  

					0.01*  

					0.01*  

					0.01*  

					74 3UP  

					76 3P  

					30.26 (3)  

					294.93 (3)  

					7.07 (3)  

					76 3UP  

					74 FP  

					74 FUP  

					76 FP  

					293.42 (3)  

					568.87 (3)  

					42.71 (3)  

					76 FUP  

					Data represent the mean ± SD of three independent experiments.  

					*One-Way ANOVA test showed a significant difference, p <0.05.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  

					Table 3: The percentage of HT-29 cells treated with MRQ 74 and MRQ 76 variety extracts (1 mg/mL) at 24h and 48h in each phase of  

					the cell cycle.  

					Treatment groups  

					Cell cycle phase (%)  

					S

					F-statistics (df)  

					p-value  

					G1  

					G2  

					24-hours  

					Control (DMSO)  

					5-FU  

					72.75 ± 0.92 abc  

					78.50 ± 1.56 abc  

					81.05 ± 0.07 abc  

					78.45 ± 1.49 abc  

					80.45 ± 1.06 abc  

					64.80 ± 0.71 abc  

					67.70 ± 1.55 abc  

					63.40 ± 0.57 abc  

					69.95 ± 0.92 abc  

					57.35 ± 8.13 abc  

					16.80 ± 0.14 abc  

					16.80 ± 0.85 abc  

					8.45 ± 0.07 abc  

					12.55 ± 0.35 ab  

					10.25 ± 0.07 ab  

					21.95 ±0.35 abc  

					20.50 ± 0.57 abc  

					22.40 ± 0.57 abc  

					17.40 ± 0.42 abc  

					26.90 ± 4.67 ab  

					9.75 ± 0.78 abc  

					3.80 ± 0.71 abc  

					10.25 ± 0.07 abc  

					8.45 ± 1.20 ac  

					8.90 ± 1.13 ac  

					12.40 ± 0.14 abc  

					11.15 ± 1.06 abc  

					13.40 ± 0.28 abc  

					12.05 ± 0.35 abc  

					8.75 ± 0.50 ac  

					486.33 (2)  

					262.25 (2)  

					685.77 (2)  

					245.28 (2)  

					416.98 (2)  

					724.51 (2)  

					142.64 (2)  

					591.94 (2)  

					534.13 (2)  

					415.05 (2)  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					74 3P  

					74 3UP  

					76 3P  

					76 3UP  

					74 FP  

					74 FUP  

					76 FP  

					76 FUP  

					48-hours  

					Control (DMSO)  

					5-FU  

					64.25 ± 1.62 abc  

					77.45 ± 1.34 abc  

					73.55 ± 1.90 abc  

					69.20 ± 7.50 abc  

					72.10 ± 4.52 abc  

					61.35 ± 0.21 abc  

					62.85 ± 1.49 abc  

					67.55 ± 9.40 abc  

					68.80 ± 0.42 abc  

					67.55 ± 0.35 abc  

					22.95 ± 0.92 abc  

					18.40 ± 1.27 abc  

					16.10 ± 0.42 abc  

					20.40 ± 5.66 ab  

					17.60 ± 3.25 ab  

					26.15 ± 0.21 abc  

					25.55 ± 1.06 abc  

					21.55 ± 4.87 ab  

					20.60 ± 0.42 abc  

					25.25 ± 0.21 abc  

					11.85 ± 0.64 abc  

					1.80 ± 0.14 abc  

					9.70 ± 1.56 abc  

					1.77 ± 1.25 ac  

					9.45 ± 1.20 ac  

					11.55 ± 0.21 abc  

					11.10 ± 0.42 abc  

					9.75 ± 4.74 ac  

					9.80 ± 0.01 abc  

					4.85 ± 0.64 abc  

					117.44 (2)  

					275.33 (2)  

					118.78 (2)  

					66.03 (2)  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					0.01*  

					74 3P  

					74 3UP  

					76 3P  

					214.17 (2)  

					291.27 (2)  

					121.88 (2)  

					41.55 (2)  

					76 3UP  

					74 FP  

					74 FUP  

					76 FP  

					164.46 (2)  

					1067.59 (2)  

					76 FUP  

					Data represent the mean ± SD of three independent experiments.  

					*One-Way ANOVA test showed a significant difference, p <0.05, Tukey’s test for comparison each group.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  
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					Figure 3: Time-course effects of MRQ 74 and MRQ 76 variety extracts on cell apoptosis in HT-29 cell lines. (a) Cells were treated at 24 h; a) 74 3P, b) 74 3UP, c) 76 3P, d) 76 3UP,  

					e) 74 FP, f) 74 FUP, g) 76 FP, h) 76 FUP, i) 5FU, j) untreated. The annexin V-FITC and PI-stained HT-29 cells were assessed for apoptosis by flow-cytometry. The number of total  

					apoptotic cells is presented as a percentage relative to the total cell numbers.  

					Data are representative of three independent experiments and expressed as means ± SD.  

					*Repeated measures ANOVA, p <0.05 is significant versus untreated control cells.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  
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					Figure 4: Time-course effects of MRQ 74 and MRQ 76 extracts on apoptosis in HT-29 cell lines. (a) Cells were treated with MRQ 74 and MRQ 76 extracts at 48 h; a) 74 3P, b) 74  

					3UP, c) 76 3P, d) 76 3UP, e) 74 FP, f) 74 FUP, g) 76 FP, h) 76 FUP, i) 5FU, j) untreated. The annexin V-FITC and PI-stained HT-29 cells were assessed for apoptosis by flow-  

					cytometry. The number of total apoptotic cells is presented as a percentage relative to the total cell numbers.  

					Data are representative of three independent experiments and expressed as means ± SD.  

					*Repeated measures ANOVA, p <0.05 is significant versus untreated control cells.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  
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					ISSN 2616-0684 (Print)  
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					(a)  

					(b)  

					(e)  

					(d)  

					(i)  

					(f)  

					(g)  

					(h)  

					(j)  

					Figure 5: Flow-cytometry histograms for cell cycle analysis of HT-29 cells. (a) Cells were treated with MRQ 74 and MRQ 76 extracts at 24 h ; a) 74 3P, b) 74 3UP, c) 76 3P, d) 76  

					3UP, e) 74 FP, f) 74 FUP, g) 76 FP, h) 76 FUP, i) 5FU, j) untreated. The PI-stained HT-29 cells were assessed for cell cycle by flow-cytometry.  

					Data are representative of three independent experiments and expressed as means ± SD.  

					*Repeated measures ANOVA, the mean of the GO/GI population of all treatment groups versus untreated control cells is significant at p <0.05.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  
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					(a)  

					(b)  

					(e)  

					(d)  

					(i)  

					(f)  

					(g)  

					(h)  

					(j)  

					Figure 6: Flow-cytometry histograms for cell cycle analysis of HT-29 cells. (a) Cells were treated with MRQ 74 and MRQ 76 extracts at 48 h ; a) 74 3P, b) 74 3UP, c) 76 3P, d) 76  

					3UP, e) 74 FP, f) 74 FUP, g) 76 FP, h) 76 FUP, i) 5FU, j) untreated. The PI-stained HT-29 cells were assessed for cell cycle by flow-cytometry.  

					Data are representative of three independent experiments and expressed as means ± SD.  

					*Repeated measures ANOVA, the mean of the GO/GI population of all treatment groups versus untreated control cells is significant at p <0.05.  

					FUP: fresh unpolished sample, FP: fresh polished sample, 3UP: 3-month aged unpolished sample, 3P: 3-month aged polished sample  
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					Previously, rice bran treatment (100 µg/mL) at 48 hours had raised the  

					machine learning classifiers. Mathematics. 2023;11(24):4937-  

					4977.  

					Chen B, Chakrobortty N, Saha AK, Shang X. Identifying colon  

					cancer stage related genes and their cellular pathways. Front.  

					Genet. 2023;14(1):1-10.  

					Sharma R, Abbasi-Kangevari M, Abd-Rabu R, Abidi H, Abu-  

					Gharbieh E, Acuna JM, Adhikari S, Advani SM, Afzal MS,  

					Meybodi MA. Global, regional, and national burden of colorectal  

					cancer and its risk factors, 1990–2019: a systematic analysis for  

					the Global Burden of Disease Study 2019. Lancet Gastroenterol.  

					Hepatol. 2022;7(7):627-647.  

					Soerjomataram I, Bray F. Planning for tomorrow: global cancer  

					incidence and the role of prevention 2020–2070. Nat. Rev. Clin.  

					Oncol. 2021;18(10):663-672.  

					Abdullah A, Liu Z, Molinari M. From diagnosis to survivorship:  

					The role of social determinants in cancer care. Cancers.  

					2025;17(7):1067-1084.  

					Alshammari AH, Ishii H, Hirotsu T, Hatakeyama H, Morishita  

					M, di Luccio E. Bridging the gap in cervical cancer screening for  

					underserved communities: MCED and the promise of future  

					technologies. Front. Oncol. 2024;14(7):1-10.  

					Devi R, Veliveli VL, Devi SS. Nutritional composition of rice  

					bran and its potentials in the development of nutraceuticals rich  

					products. J. Pharmacog. Phytochem. 2021;10(2):470-473.  

					Asma ST, Acaroz U, Imre K, Morar A, Shah SRA, Hussain SZ,  

					Arslan-Acaroz D, Demirbas H, Hajrulai-Musliu Z, Istanbullugil  

					FR. Natural products/bioactive compounds as a source of  

					anticancer drugs. Cancers. 2022;14(24):1-23.  

					proportion of cells in the S phase (19.99% to 34.31%) and the  

					26  

					percentage of apoptotic cells from 3.2% to 34.7% in HepG2 cells  

					.

					2.  

					3.  

					While, an aqueous black rice extract showed responsive apoptosis up to  

					93.64% and was found to induce cell cycle arrest at the GO/G1 phase  

					on HeLa, T47D, and U2OS cells 15. Nevertheless, Indonesian black rice  

					bran extract proved the highest induction of apoptosis at 75.39 ± 0.43%  

					27  

					and induced the cell cycle arrest at the S phase after 48 h treatment  

					.

					As different rice cultivars could have diverse or variety of compound  

					effects present, this study’s findings may differ from prior against  

					several cancer cells. Additionally, the study demonstrated the time-  

					dependent effect of fragrant rice on HT-29 cell-induced apoptosis and  

					cell cycle arrest.  

					4.  

					5.  

					6.  

					The present study had shown potency towards apoptosis and cell cycle  

					arrest in in-vitro study; however, the results could not replicate the  

					complexity of tumour microenvironment in-vivo study. Hence, research  

					involving animal models is recommended to further validate the  

					findings of this study in the future. Polyphenols in plant products have  

					been linked to poor absorption, which may limit polyphenols' in vivo  

					impact on cancer cells28. Previously, feedings of 10% and 20% rice  

					brans to xenograft model had reduced tumour size with changes of  

					50.1% and 82.6%, respectively 29. Similarly, rice bran γ-oryzanol might  

					inhibit colon tumor and reduce the expression of cyclooxygenase-2, and  

					5-lipoxygenase in cancer pathways using pathogen-free female  

					BALB/c mice 30. These findings proved the capability of rice  

					polyphenols for anti-cancer in vivo studies; however, it implied for  

					combination treatment of polyphenols and other anti-cancer drugs for  

					more effectiveness in the future 28  

					7.  

					8.  

					9.  

					Fadhillah MR, Wibowo H, Bustami A, Sukmawati D, Tedjo A,  

					Khatimah NG, Shimizu I, Arozal W. Investigation of anti-cardiac  

					hypertrophy effects of Andrographis paniculata ethanolic extract  

					by modulating proinflammation and oxidative stress via  

					Nrf2/NF-kB/NLRP3 signaling pathway: In silico and in vitro  

					approaches. J. Appl. Pharm. Sci. 2025;15(6):277-294.  

					Conclusion  

					Overall, MRQ 74 and MRQ 76 extracts had proved their effects on anti-  

					proliferative towards HT-29 cells by IC50 values in a time-dependent  

					manner. This study provides experimental evidence that the fragrant  

					rice variety extracts could induce DNA damage through apoptosis  

					induction leading to cell cycle arrest. The S phase checkpoint of cell  

					cycle arrest is based on the greatly increased percentage of cells during  

					cells-treated with MRQ 74 and MRQ 76 extracts from 24 h to 48 h.  

					Moreover, the increment percentages of early and late apoptotic cells at  

					24 hours and 48 hours treated with MRQ 74 and MRQ 76 extracts imply  

					that the inhibition of cell survival is due to the apoptotic mechanism.  

					The findings of inhibition of colon cancer cell proliferation and its cell  

					cycle arrest provide a deeper knowledge of the mechanism of these  

					plant extracts and also provide the basis for further research on colon  

					cancer.  
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