



Anticancer and antibacterial activities of polysaccharides production from radish (Raphanus sativus) and lettuce (Lactuca sativa) seeds in vitro

 

Abstract
The present study was designed for investigate anticancer  and antibacterial  activities of the isolated polysaccharides from  Radish (Raphanus sativus) and lettuce (Lactuca sativa) seeds (RPS and LPS respectively)   against 4 carcinoma cell lines (HCT-116, HEPG2, HELA and MCF7).and 4 bacterial cells (S. aureus, E.coli), B. subtilis and MRSA) in vitro. Radish and lettuce seeds were used for polysaccharides production (RPS and LPS respectively) using hot water extraction, yielded the maximum contents RPS and LPS (16.80 and 14.40 g/100g respectively). Chromatographic analysis of the obtained RPS and LPS revealed the presence of different constituens of monosaccharides. In vitro cytotoxicity test showed both RPS and LPS exhibited anticancer activity against colon (HCT-116),  liver (HEPG2), cervical (HELA) and breast (MCF7)  cancer cells in vitro, indicating anticarcinogenic properties, have direct effect on cancer cells. A marked reduction sffect in IC50 values of RPS and LPS (6.40 to 22.40 μg/ml respectively) was observed against HCT-116, HEPG2, HELA and MCF7. RPS showed higher effective on growth inhibition of HCT-116 and HELLA than that of HEPG2 and MCF7. LPS  exhibited higher cytotoxic activities against HCT-116 and MCF7 cells with IC50 8.80  and 6.80 μg/ml respectively than that of HEPG2 and HELLA  with IC50 18.40 and 22.40 μg/ml. respectivelyAntibacterial activity (ABA) of RPS and LPS against Staphylococcus aureus (S.aureus), Escherichia coli (E.coli), Bacillus subtilis (B.subtilis) and (MRSA) was estimated at different concentrations using agar diffusion method in vitro. Reesult demonstrates the higher killing effects of RPS and LPS against S. aureus, E. coli, B subtilis and MRSA  were observed at 10% concentration within 24 hours. Inhibition zone diameters exhibited different levels of decreases with the RPS and LPS concentration decreases. Loweer concentration of RPS and LPS produced lower inhibitory activity against S.aureus B.subtilis E.coli and MRSA. Results showed higher ABA of RPS and LPS against S. aureus and E.coli than that of B.subtilis and MRSA. Moreover, results indicated both RPS and LPS have ABA against Gram-positive and Gram-negative bacterium at 10% concentration. According to the present results, the obtained RPS and LPS consider an important sources of antibacterial agents for treatment of infectious diseases with minimal inhibitory concentration (MIC). The most findings of the present study are the produced many types of inexpensive polysaccharides, have shown beneficial effects on some cancer types and infectious diseases. Moreover, different percentages of monosaccharides in each PS  responsible for different bioactivities including anticancer activity against different carcinoma cell lines, indicates these seeds could be used as food, food purposes, pharmaceutical and drugs for treatment of different diseases including cancer and infectious diseases. 
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INTRODUCTION
Cancer represents the leading cause of mortality in economically developed nations and ranks as the second most common cause of death in developing countries. This disparity is largely attributable to limited access to early diagnostic facilities, the absence of standardised treatment protocols, and the substantial economic burden associated with cancer therapy in low- and middle-income settings [1,2]. Furthermore, epidemiological evidence indicates that developing countries are experiencing a rising incidence of cancer, in some cases surpassing that observed in developed regions. This trend has been associated with rapid urbanisation and lifestyle transitions, including changes in dietary patterns, increased alcohol consumption, exposure to infectious agents, ionising and non-ionising radiation, hazardous chemicals, and escalating levels of environmental pollution [1,3]. Collectively, these factors contribute significantly to the global cancer burden and highlight the need for improved preventive and therapeutic strategies. Colorectal cancer is among the most prevalent malignancies worldwide, arising primarily from the progressive accumulation of genetic mutations in the epithelial cells of the colon and rectum [4]. It is characterised by high malignancy potential, contributing to substantial morbidity and mortality rates globally [5]. Lung cancer remains the leading cause of cancer-related deaths in both men and women, reflecting its significant public health impact [6]. Among women, cervical and breast cancers are the second most frequent causes of cancer-related mortality, underscoring the critical need for effective screening and early intervention strategies [7]. Liver cancer also poses a major public health challenge, ranking as the sixth most common cancer in developed countries and contributing significantly to cancer-associated mortality [8]. In addition to cancer, numerous infectious diseases affecting humans and animals are caused by pathogenic bacteria, including Salmonella spp., Pseudomonas spp., Escherichia coli, and Staphylococcus aureus, highlighting the ongoing burden of bacterial infections on global health [9].
Bacteria represent major causative agents of damage across several sectors, particularly within the food industry, where contamination can compromise food safety and public health [10]. Pathogenic species such as Staphylococcus aureus, Clostridium perfringens, and Staphylococcus epidermidis are known to produce toxins that induce a range of clinical symptoms in humans and are implicated in various disease conditions [11,12]. Additionally, numerous Gram-negative bacteria have been identified as persistent food contaminants, often exhibiting resistance to conventional antibiotics and posing challenges in controlling infection and ensuring food safety [13,14]. Clinical studies have further demonstrated that S. aureus and Escherichia coli are significant contributors to nosocomial infections, affecting multiple systems including the upper respiratory tract, eyes, ears, skin, and urinary tract across diverse populations [9,15]. The growing prevalence of antibiotic-resistant strains has led to a notable decline in the efficacy of traditional antimicrobial therapies, with several investigations reporting treatment failures and adverse side effects associated with conventional antibiotics [13,16,17]. This emerging resistance highlights the urgent need for alternative therapeutic strategies and the development of novel antimicrobial agents.
Conventional cancer therapies, including chemotherapy and radiotherapy, are associated with high costs and the development of drug resistance, which not only target tumour cells but also damage healthy tissues, resulting in a range of adverse side effects [18]. The limitations of these therapies have prompted extensive research into natural bioactive compounds and plant-derived drugs, which exhibit both antibacterial and anticancer activities while demonstrating reduced toxicity and fewer side effects [12,13,16]. The combination of high treatment costs, drug resistance, and the limited efficacy of conventional chemotherapeutic and antimicrobial agents underscores the urgent need for the development of safer and more effective therapeutic alternatives [17,19].
Bacteria, in particular, require focused research efforts to enable the production of novel, safe antibacterial agents derived from natural compounds capable of overcoming antimicrobial resistance and mitigating the side effects associated with conventional drugs [15,17,20,21]. Historically, plants have played a central role in human culture, being utilised as food and medicine for millennia. Across diverse regions of the world, plants continue to be consumed not only for their nutritional value but also for their wide-ranging health benefits, pharmaceutical applications, and biomedical and biological properties [22,23].
Plants have long been recognised for their therapeutic and medicinal properties, serving as natural agents for the prevention and management of various diseases [24]. Epidemiological studies have demonstrated that specific phytochemicals derived from plants offer promising avenues for cancer chemoprevention, owing to their bioactive constituents [25,26]. Different parts of plants—leaves, roots, stems, seeds, and flowers—have been extensively utilised both by local populations and the pharmaceutical industry for the development of therapeutic agents and the synthesis of drugs applied in the treatment of numerous diseases [27,28].
A growing body of research has highlighted the advantages of plant-derived compounds in cancer and microbial therapeutics, primarily due to their lower cost and reduced side-effect profiles compared with conventional synthetic drugs [29,30]. Phytochemicals present in plant-derived materials have been employed in preventive strategies aimed at reducing cancer risk and inhibiting or delaying tumour development [22,29,30,31]. Several clinically significant anticancer drugs, such as vinblastine, vincristine, and colchicine, are themselves derived from plant sources and are widely utilised in current medical practice. More recently, natural compounds including terpenoids, phenolics, flavonoids, and lignans have been isolated from plants; these bioactive molecules exhibit potent antioxidant activities and play a crucial role in both cancer prevention and therapy [2,33].
Recent research has increasingly focused on naturally occurring bioactive compounds with the capacity to inhibit and control various infectious bacterial diseases [9,12,13]. There is a growing emphasis on the development of cost-effective antimicrobial agents derived from natural sources, which offer therapeutic efficacy with minimal side effects [33,34]. Experimental studies have demonstrated that numerous natural products serve as a rich reservoir for anticancer agents, exhibiting significant chemotherapeutic potential across diverse bioassay systems and animal models [26,35]. The continued search for novel antimicrobial agents from natural sources is imperative due to the escalating prevalence of antibiotic-resistant human pathogens, which often render conventional treatments ineffective, particularly in developing countries [14,20,34,36,37]. The antibacterial activity of these natural products is attributed to various chemical constituents recognised as active antimicrobial agents [12,20,38]. Many antimicrobial drugs currently in clinical trials or available on the market are derived from natural sources [37,39]. These compounds have demonstrated a wide range of pharmacological applications, including antispasmodic and antidiuretic properties, and are effectively used in the treatment of bacterial infections affecting the respiratory, urinary, gastrointestinal, and abdominal systems [39,40].
Considering the ongoing demand for effective anticancer and antibacterial agents, natural products and medicinal plants represent a potentially inexhaustible source of therapeutic compounds [12,20,41]. Contemporary research increasingly focuses on the identification and development of novel anticancer and antibacterial drugs derived from bioactive constituents of plants [28,42,43]. A substantial body of evidence indicates that certain plant materials possess chemopreventive and anticancer properties, making them promising candidates for both preventive and therapeutic applications [12,26].
Further studies have demonstrated that specific phytochemicals extracted from plants, including saponins, polysaccharides, anthraquinones, and dihydroxyanthraquinones, exhibit direct antimicrobial activity [44,45]. Plant extracts have thus been widely employed for multiple medicinal purposes, encompassing anticancer [46], antibacterial [12], antimicrobial [47], antidiuretic [39], and antidiabetic [48] applications. Plant seeds, in particular, constitute a critical source of proteins, lipids, carbohydrates, and other bioactive phytochemicals with significant nutritional and therapeutic value. Historically, seeds have been an integral part of human culture, consumed by ancient populations as both food and medicine [22]. Contemporary studies further substantiate that seeds and their bioactive constituents contribute to human health, exert physiological effects, and demonstrate anticancer potential [3,4,49].
Plant seed extracts are rich in bioactive compounds, serving as a valuable source of chemical constituents such as polysaccharides, tannins, phenolics, flavonoids, saponins, triterpenoids, and alkaloids, many of which exhibit notable antibacterial properties [9,47,50]. Among these constituents, carbohydrates constitute the largest class of natural biopolymers, widely utilised in both food and pharmaceutical industries. In addition, various plant-derived compounds—including polysaccharides, alkaloids, saponins, triterpenes, glycosides, polyphenols, and flavonoids—have demonstrated significant anticancer and antibacterial activities in both in vitro and in vivo studies [42,51,52]. Natural products have long been recognised as important sources of potential chemotherapeutic agents, with numerous anticancer and antibacterial drugs originally derived from plants exhibiting anti-inflammatory and antimicrobial effects [3,53]. In particular, polysaccharides extracted from plant seeds have been shown to possess antimicrobial, antifungal, antioxidant, and antitumor activities [33,54,55]. Their broad spectrum of biological functions has made polysaccharides a predominant class of carbohydrates used in pharmaceutical formulations and drug development [9,56].
Polysaccharides are biological compounds of plant origin represent natural biopolymers consisting of a large number of monosaccharide [9,26]. Various degree of polymerization have variety of branched or linear structures play an important role for their biological activities used for pharmaceutical and in medicine as its nutritional and medicinal properties [57,58,59]. Polysaccharides isolated from plant seeds are water soluble, non-toxic and biodegradable that consequently suitable for different pharmaceutical and biomedical uses play an important roles in physiological and pathological conditions [44,58,60]. Polysaccharides isolated from plant origin have been shown to prevent tumor growth in rats [61,62].Polysaccharides consumption in certain amounts results in treated and protection against colon cancer[26,58]. Polysaccharides, through their diverse constituents, exhibit indirect antimicrobial activity by stimulating phagocytic leukocytes, thereby enhancing the host immune response [47,56]. Several studies have highlighted that natural antimicrobial agents, particularly those derived from fruits and vegetables, are associated with a lower incidence of adverse reactions compared to synthetic pharmaceuticals, in addition to being more cost-effective [15,19,50]. Recent research has also demonstrated that dietary intake of certain polysaccharides can improve biochemical parameters and reduce the risk of various diseases [46,48]. Furthermore, different types of natural polysaccharides have been reported to possess hypoglycemic [36], hypolipidemic [53], and anticancer properties [61,63]. Polysaccharides therefore display a wide spectrum of bioactivities, including therapeutic [9,44,64], antiviral [65], antibacterial [12,56], and antifungal effects [47]. Radish (Raphanus sativus) and lettuce (Lactuca sativa) are widely consumed as food and used in traditional medicine across many regions of the world. The present study focuses on the isolation and purification of polysaccharides from the seeds of radish (RPS) and lettuce (LPS) using a water extraction method. The primary objective was to characterise the monosaccharide composition of each polysaccharide preparation. Additionally, the study evaluated the in vitro anticancer and antibacterial potential of the extracted polysaccharides against human carcinoma cell lines, including HCT-116, HEPG2, HELLA, and MCF7, as well as bacterial strains such as Staphylococcus aureus, Escherichia coli, Bacillus subtilis, and methicillin-resistant Staphylococcus aureus (MRSA). The findings of this study may contribute to the development of novel anticancer and antibacterial agents and the formulation of functional foods with therapeutic potential.

MATERIALS AND METHODS
Materials
Plant seed samples  
Radish (Raphanus sativus) and lettuce (Lactuca sativa) seeds were procured from local markets in Cairo, Egypt. The seeds were thoroughly washed with tap water followed by distilled water and subsequently dried in an oven at 50 °C for 24 hours. The dried seeds were ground into a fine powder using a food grinder (mincer), passed through a 16-mesh sieve to ensure uniform particle size, packed in airtight bags, and stored at room temperature until further use. Polysaccharides were extracted from the powdered seeds using a hot water extraction method in a water bath at 80 °C for 18 hours [66] and subsequently homogenised at 100 °C with a homogenizer (Mechanika Precyzyjna Warszawa, model MPW-309, Poland). The resulting extracts were collected using a refrigerated centrifuge (Sigma 2K). Qualitative and quantitative analyses of the monosaccharide composition of each soluble polysaccharide (PS) preparation were performed [67]. Standard monosaccharides, including glucose, galactose, fructose, arabinose, mannose, rhamnose, fucose, xylose, maltose, trehalose, and raffinose, were obtained from Sigma Chemical Company, USA, and used for comparative analyses.
Cancer cell lines
Colon (HCT-116), liver (HEPG2), breast (MCF7), and cervical (HELLA) carcinoma cell lines were obtained from the National Cancer Institute, Cairo University, Egypt, and employed for the cytotoxicity assays. All cell lines were maintained under standard culture conditions at 37 °C. Prior to treatment with the polysaccharides (PS), cells were seeded onto 96-well plates and incubated for 24 hours to allow sufficient adhesion and attachment to the plate surfaces.
Bacterial cells
Four bacterial strains—Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), Bacillus subtilis (B. subtilis), and methicillin-resistant Staphylococcus aureus (MRSA)—were used as standard test organisms. All bacterial strains were obtained from the Faculty of Agriculture, Ain Shams University, Cairo, Egypt. Stock cultures were initially grown on nutrient agar plates and subsequently maintained on nutrient agar slants at 4 °C until further use.

Chemicals standards 
   Monosaccharides such as glucose (Glu.), galactose (Gal.), fructose (Fr.), arabinose (Arab.), mannose (Man.), rhamnose (Rha.), fucose (Fuc.), xylose (Xyl.), maltose (Mal.), trehalose (Tre.) and raffinose (Raff.) and all other chemicals used in the present study were purchased from Sigma Chemical Company (Sigma-Aldrich), Steinheim, Germany. 
 
Methods
Preparation and determination of the purified polysaccharides (PS)
Radish (Raphanus sativus) and lettuce (Lactuca sativa) seeds were processed in accordance with the protocols outlined by the Association of Official Analytical Chemists [68]. The seeds were dried separately, ground into fine powders, passed through a 16-mesh sieve, packed in well-sealed polyethylene bags, and stored at room temperature until further use. For extraction, 100 g of each seed powder was soaked separately in 500 mL of distilled water and stirred for 4 hours using a mechanical magnetic stirrer. Polysaccharides were then extracted using a hot water extraction method by boiling for 18 hours, after which the solutions were cooled to room temperature [66,69]. Following cooling, the solutions were filtered to remove insoluble material and centrifuged. Five volumes of 98% (v/v) ethanol were added to the supernatants to precipitate the crude polysaccharides. The resulting precipitates were collected by centrifugation, washed successively with ethanol, and dried at 60 °C to yield crude polysaccharides. Protein contaminants were removed by dissolving the crude polysaccharides in water and applying the trichloroacetic acid (TCA) method [70].
Three volumes of 98% ethanol (EtOH) were added to the filtrates, and the resulting precipitates were recovered by centrifugation. The precipitates were then dissolved in water and dialysed against distilled water for 72 hours at 4 °C to remove low-molecular-weight impurities [14,62]. The polysaccharides (PS) isolated from the two plant seed samples were partially purified separately and dried in a hot air oven [61,71]. The obtained polysaccharides from radish (RPS) and lettuce (LPS) seeds were weighed and subsequently freeze-dried for storage and further use. Prior to experimentation, RPS and LPS samples were dissolved individually in deionized water containing 1% sodium hydroxide and thoroughly mixed using a vortex. Fresh solutions of RPS and LPS were prepared to generate a series of five-fold dilutions at varying concentrations in distilled water, which were then incorporated into agar media for subsequent antimicrobial assays.
Identification of monosaccharide (MS)
   Monosaccharide content of each PS sample was identified and measured using paper chromatography [9,44]. Monosaccharides such as glucose (Glu.), galactose (Gal.), fructose (Fr.), arabinose (Arab.), mannose (Man.), rhamnose (Rha.), fucose (Fuc.), xylose (Xyl.), maltose (Mal.), trehalose (Tre.) and raffinose (Raff.) were used as standard controls.
Preparation of PS stock solutions
   Each RPS and LPS samples were weighted and diluted with DEMSO according to the solubility of polysaccharides powder. 100µ from each stock solution was diluted serially via 5-fold dilution (from 10-1 to 10 -5) in ependorf, 50µ was taken from each dilution of samples.
Anticancer activity 
 Both seeds polysaccharides (RPS and LPS) obtained used in the present study were investigated in vitro towards the HCT-116, HEPG2, MCF7 and HELLA carcinoma cells [72]. Different concentrations (0, 12.5, 25, 50 and 100 mg/ml) of PS were added to culture wells. The experiment was repeated three times for each PS sample and for each cell line separately.
Antibacterial activity 
   The inhibitory effects of each polysaccharides (RPS and LPS) obtained separately were carried out on four strains of bacteria. The bacterial strains used in the present study were S.aureus, E.coli, B.subtilis and MRSA. The bacterial strains were activated before the antibacterial test. After removal from the refrigerator, strains were incubated overnight in nutrient broth and then streaked on nutrient agar plate and kept for 24 hours at 37 ⁰C [67,73]. 
Cytotoxicity 
   Cytotoxic activity tests of the RPS and LPS samples obtained were assessed against the HCT-116, HEPG2, MCF-7 and HELLA as the human tumor cell lines [72,74 ]. IC50 was calculated by analysis between surviving fraction and polysaccharides (RPS and LPS)  samples concentration [72]. 
Bottom of Form
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Bacterial strains, including Escherichia coli (E. coli), Staphylococcus aureus (S. aureus), Bacillus subtilis (B. subtilis), and methicillin-resistant Staphylococcus aureus (MRSA), were incubated at 37 °C for 24–48 hours. Each strain was sub-cultured and streaked onto nutrient agar plates, and the antibacterial activity (ABA) of the polysaccharide samples (RPS and LPS) was evaluated using the agar-well diffusion method [73,75].
For the assay, 0.1 mL of each bacterial culture was introduced into sterile Petri dishes containing cooled and solidified nutrient agar. Three wells were created in the agar at appropriate spacing. The dried, purified polysaccharides (RPS and LPS) were dissolved separately in 1% dimethyl sulfoxide (DMSO) to prepare stock solutions at 200 μg/mL. The wells were then filled with varying concentrations of RPS and LPS (100, 50, 25, and 12.5 mg/mL) and incubated at 37 °C for 24 hours. During incubation, the polysaccharide solutions diffused into the agar, forming circular zones of inhibition around the wells. The diameters of these clear zones, indicative of antibacterial activity, were measured in millimetres (mm). The antibacterial activity of RPS and LPS was determined as the mean value from triplicate analyses for each bacterial strain.
Determination of minimum inhibitory concentration (MIC) 
   Agar diffusion test was used for determination of MIC [73,75]. Muller hinton agar medium was used and a clear circular zone of growth inhibition (mm) was measured [76]. Minimum inhibitory concentration (MIC) of RPS and LPS  against the four selected bacterial strains was determined.
RESULTS AND DISSCUTION
Polysaccharides (RPS and LPS) 
   Polysaccharides (RPS and LPS) were used to estimate the anticancer and antibacterial activities against five cancer cell line (HCT-116, HEPG2, MCF7 and HELLA) and four bacterial strains (S.aureus, E.coli, B.subtilis and MRSA). RPS and LPS obtained revealed the presence of various percentages of polysaccharides (RPS and LPS) as shown in Table (1). 

Table 1. Polysaccharides (PS) produced from radish and lettuce seeds and monosaccharide constituents.

	Seeds samples
	PS
(g %)
	Monosaccharides (g %)

	
	
	Glu.
	Gal.
	Fr.
	Arab.
	Man.
	Rha.
	Fuc.
	Xyl.
	Mal.
	Tre.
	Raff.

	Radish (Raphanus sativus)
	16.80
	3.02
	1.98
	2.08
	1.78
	1.84
	1.08
	1.02
	1.04
	0.68
	0.88
	1.40

	Lettuce (Lactuca  sativa)
	14.40
	2.18
	1.90
	2.10
	1.32
	1.56
	0.82
	0.98
	0.80
	0.78
	0.66
	1.30


Mean of three samples.
RPS and LPS obtained from Radish and Lettuce seeds were 16.80 and 14.40 g/100g respectively. Higher RPS was obtained from Radish seed than that of LPS obtained from Chromatographic analysis of the polysaccharides isolated from radish (RPS) and lettuce (LPS) seeds revealed the presence of diverse monosaccharide constituents, including glucose, galactose, fructose, arabinose, mannose, rhamnose, xylose, maltose, trehalose, and raffinose (Table 1). These findings are consistent with those reported in previous studies involving cabbage, sugar beet, and radish [44,46,56,58,61].
Variations were observed not only in the relative levels of monosaccharides between RPS and LPS but also in the specific composition of their monosaccharide profiles [36,38,56]. Similar observations regarding differences in the type and abundance of polysaccharides and their monosaccharide constituents have been reported by other investigators [44,62]. Both RPS and LPS contained higher amounts of glucose, galactose, arabinose, and mannose, predominantly originating from glucans, galactans, galactan–mannans, and arabinan–galactans. Previous studies have also reported that a significant proportion of polysaccharide chains are conjugated with polypeptides, resulting in complex structures such as L-arabino-D-galactan, which contains arabinose, galactose, and fucose, as observed in radish polysaccharides [9,24,36,46,56,61,62].
Analysis of the monosaccharide composition of the polysaccharides obtained from radish (RPS) and lettuce (LPS) seeds revealed that glucose, galactose, mannose, and arabinose were the predominant constituents. Lower levels of rhamnose, fucose, and xylose were detected in both polysaccharides, while maltose and trehalose were present only in trace amounts. These findings are consistent with previous reports, which identified galactose and mannose as the primary monosaccharides in plant-derived polysaccharides using paper chromatography [34,36]. Small amounts of rhamnose, raffinose, and xylose were similarly observed in polysaccharides isolated from radish and lettuce seeds in this study.
The observed differences were not limited to monosaccharide levels but also extended to the overall composition between RPS and LPS, reflecting variability inherent to their respective plant sources. Both polysaccharides exhibited high viscosity when dissolved in water, which, combined with their specific monosaccharide structures, contributes to their biological and physiological functions [17,44,48]. The structural features of these polysaccharides, particularly the presence of galacto-mannan and arabino-galactan, are believed to underpin their effectiveness against cancer and infectious diseases [46,78]. These results are in agreement with previous studies reporting that galacto-mannan and arabino-galactan-containing polysaccharides exert significant therapeutic effects, including anticancer and antimicrobial activities [34,44,61].
Cytotoxicity and anticancer activity of seed PS  
The present study was carried out to screen the obtained two seeds polysaccharides (RPS and LPS) using cytotoxicity test to identify their activity in growth inhibition of 4 different carcinoma cell lines (HCT-116, HEPG2, HELLA and MCF7) in vitro [2,46,51,53,63,66].
 

Data in the present study showed the IC50 (Dose concentration which reduces survival of the exposed cancer cells to 50%) of both seed polysaccharides (RPS and LPS)  samples. The survival  curve of HCT-116, HEPG2, MCF7 and HELLA cells which were exposed to various concentrations (5-50μg/ml) of both seed polysaccharides (RPS and LPS) samples for 48h was illustrated  in Figure (1). 


Results in Figure (2), illustrate the dose response (IC50) of both seed polysaccharides (RPS and LPS)  samples on HCT-116, HEPG2, HELLA and MCF7 cancer cell lines. The present 
results showed the growth inhibitory effect of both seed polysaccharides (RPS and LPS)  samples on HCT-116, HEPG2, HELLA and MCF7 cancer cell lines. Cytotoxic and anticancer effects of both seed polysaccharides (RPS and LPS) samples were observed against the 4 carcinoma cell lines (Figures 1, 2). Both seed polysaccharides (RPS and LPS)  samples reduces the survival fraction to 50%,  means that both seed polysaccharides samples (RPS and LPS), kill 50% of  carcinoma cell lines. Similar results were found by other investigation [14,44,61,63] when examined some plant extracts on carcinoma cell lines in vitro.  This effect might refer to the presence of polysaccharides constituents  have cytotoxicity against 4 different carcinoma cell lines [4,38,58,62] indicated the presence of wide range of the polysaccharide constituents can inhibit the growth of cancer cells. Other studies [51,83] reported the watercress extracts has antiproliferative and antimetastatic potential in cancer cells.  Seeds exhibited cytotoxic activities against HCT-116, HEPG2, HELLA and MCF7  carcinoma cell lines in vitro with higher values of IC50 ranged from , 6.40 to 22.40 μg/ml (Figures 1,2). Radish seed polysaccharides (RPS) sample showed higher effective on growth inhibition of HCT-116 and HELLA than that of HEPG2 and MCF7 cancer cell lines. Similar results were obtained by other investigators used radish seed extracts [17,34,56,62]. Radish seed polysaccharides (RPS and LPS)  showed higher cytotoxic activity against HELLA with IC50 6.40 μg/ml followed by HCT-116 cells with IC50 14.60 μg/ml (Figures 1, 2). These effects are mainly due to the radish seed polysaccharides (RPS) that  contains higher glucomannan has proliferation inhibition effect on cancer cells in vitro. However,these results are in agreement with the finding of other investigators [2,4,46,56] reported the seed extracts exhibit cytotoxic activities against HELLA cancer cells in vitro. Other studies [14,34,56] showed highest cytotoxic and cancer chemoprevention activity of some phytochemical composition of some seeds extract against HELLA cell line. Lettuce seed polysaccharides (LPS)  exhibited higher cytotoxic activities against HCT-116 and MCF7 cells with IC50 8.80  and 6.80 μg/ml respectively, followed by HEPG2 with IC50 18.40 μg/ml and HELLA with IC50 22.40 μg/ml (Figures 2, 3). These effects can be attributed to the polysaccharides bioactive compounds contents fight cancer cells [7,34,38,46,62].  



This effect agreement with the evidence reported hypothesis that the percentage of monosaccharides constituent chain associated with growth inhibition of cancer cell [34,44,46,63]. Other invrstigators [28,31,49,61] reported other bioactive compounds extracted in higher amounts of galacyomannan content in lettuce seed polysaccharides ( LPS), have poweful effect on growth inhibition of cancer cells [17,34,46,85], indicated the polysaccharides involving apoptosis, cell cycle arrest and anti-metastatic in vitro. Raval [86,87,88] stated the anti-inflammatory properties of Lactuca sativa and Lepidium sativum seed extracts has been associated with bioactive compound contents to kill HCT-116, HEPG2 and MCF-7 cancer cells in vitro. The present results indicate that lettuce seed olysaccharides (LPS) has inhibitory effect on growth rate of HCT-116, MCF-7 and HEPG2 cells in vitro. Moreover, Shah et al. [89] found anticancer potential of aqueous extracts against carcinoma cell lines in vitro and in vivo. The inhibitory effects of  LPS samples were higher against HEPG2  and HELLA cell lines, as compared with RLS samples. Results revealed that the IC50 values of LPS sample (18.40 and 22.40μg/ml) were higher than that of RPS samples against HEPG2 (18.60 μg/ml)  and HELLA (6. 40 μg/ml) cell line. These finding showed the lettuce seed polysaccharides (LPS)  samples demonstrates growth inhibition of HEPG2 and HELLA  cells. Therefore, LPS  
considered favourable sources of drugs treated cancer as it is effective in treating HEPG2 and HELLA [29]. Both polysaccharides (RPS and LPS) obtained showed lower anticancer activities against HEPG2 cells with IC50 16.80 μg/ml and 18.40μg/ml respectively, These IC50 values are in range with those obtained by other investigators [14,44,46,56,90], reported these values falls within the range of the American National Cancer Institute of criteria which considered the agent is promising when its IC50 was less than 20μg/ml. Radish and lettuce seed polysaccharides (RPS and LPS) considered favourable sources of drugs treats cancer as it is effective in treating HELLA cell line [14,17,30,80]. These findings are similar to our results, where the radish and lettuce seed polysaccharides (RPS and LPS) samples demonstrated growth inhibition of HELLA  and MCF7cells [7,82]. In vitro cytotoxicity test showed that the radish and lettuce seed polysaccharides (RPS and LPS) exhibited anticancer activity against HCT-116 and MCF7 cells [55,86,88,89], they reported some seed extract exhibited higher anticancer activity due to antioxidants properties, suggesting the potential use of radish and lettuce seeds as a natural source for production of anticancer drugs.  The difference of composition and activities of seed polysaccharides may be due to various conditions, in particular the environment, genotype, geographical origin, harvest period, temperature, drying and the method used for extraction [49,87]. Thus, the present results indicated that both seeds polysaccharides (RPS and LPS) samples have anticancer activities against HCT-116, HEPG2, HELLA and MCF7 human cancer cells. The seed polysaccharide (RPS and LPS) samples obtained in the present study reduced the survival fraction to 50% (kills 50% of the cancer cells) where less than 10μg of seed polysaccharide (RPS and LPS) samples, killed 50% of the cancer cells. The growth inhibitory effects of other extracts on some cancerous cells have also been observed by different investigators using human cancer cell lines [2,33,80]. Seal et al. [85] showed the anticancer activities of some plant extracts towards MCF7 and PC3 cancer cells in vitro. Uther studies [83,90,91] found similar results with different plant seed extracts against MCF7. However, the extraction method has effect on polysaccharide (RPS and LPS) samples production, composition as well as anticancer and cytotoxic activities [90,91]. The present results are in well correlation with the previous findings [92] found seed extract posess higher cytotoxicity on human MCF7 cells.  Park et al. [4] stated the composition and biological properties of seed polysaccharide samples depend on their sources constituents of various origins as well as type and proportion constituents of monosaccharides. Bioactive compounds extracted in higher levels by hot water from radish and lettuce seeds (RPS and LPS) have effect on growth inhibition of 4 cancer cells [85,92]. Moreover, radish and lettuce seed polysaccharide (RPS and LPS) samples have been used in treated tumours in medicine indicated to production of suitable new pharmaceutical therapeutic drugs used in low dosses for treatment of different human cancer types. Radish and lettuce seed polysaccharide (RPS and LPS) samples have indicates for production inexpensive natural therapeutic drug used in treatment of cancer diseases and encourage as natural products
Determination of antibacterial activity (ABA)
The present study investigated the antibacterial activity (ABA) of polysaccharide samples isolated from radish (Raphanus sativus, RPS) and lettuce (Lactuca sativa, LPS) seeds against four bacterial strains: Staphylococcus aureus, Escherichia coli, Bacillus subtilis, and methicillin-resistant Staphylococcus aureus (MRSA). The minimal inhibitory concentrations (MICs) of both polysaccharides were also determined [60].
Results indicated that both RPS and LPS exhibited significant antibacterial activity against all four tested strains, as shown in Table 2. Growth inhibition was observed for S. aureus, E. coli, B. subtilis, and MRSA in vitro, confirming the broad-spectrum antibacterial potential of these polysaccharides. The findings are consistent with previous reports demonstrating that plant-derived polysaccharides can inhibit common pathogens, including S. aureus, E. coli, and B. subtilis [9,14,78,93]. S. aureus, a Gram-positive bacterium, is associated with skin infections, whereas E. coli, a Gram-negative bacterium, colonises the gastrointestinal tract and contributes to multiple diseases in humans and animals [9,78,93]. Several studies have also reported that plant polysaccharides can enhance cell viability during viral infections [78,94] and that they represent promising therapeutic agents against microbial infections, cancer, and diabetes [9,15,62,78]. In agreement with these reports, the present results confirmed that RPS and LPS effectively inhibited the growth of all tested bacterial strains, with stronger activity observed against S. aureus and E. coli compared to B. subtilis and MRSA (Table 2). These observations support the potential of radish and lettuce seed polysaccharides as natural antibacterial agents, with the capacity to target both Gram-positive and Gram-negative bacteria.

Table 2. Activity of polysaccharides (PS) on growth of 4 bacterial strains in agar diffusion method.
	Leave samples
	Antimicrobial activity (AMA)

	
	S. aureus
	E.coli
	B subtilis 
	MRSA

	Radish (Raphanus sativus)
	+ve
	 +ve
	+ve
	+ve

	Lettuce (Lactuca  sativa)
	+ve
	 +ve
	 +ve
	 +ve


Mean of three samples, +ve ABA detect.

The antibacterial activity (ABA) of radish (RPS) and lettuce (LPS) seed polysaccharides was evaluated at different concentrations using the agar diffusion method, and the diameters of inhibition zones were measured in millimetres (Table 3). Both RPS and LPS exhibited stronger antibacterial activity against Staphylococcus aureus and Escherichia coli compared to Bacillus subtilis and MRSA, demonstrating selective efficacy against certain bacterial strains. Specifically, RPS from radish seeds showed the highest activity against S. aureus and E. coli, whereas its inhibitory effect on B. subtilis and MRSA was comparatively lower (Table 3). Similarly, LPS from lettuce seeds demonstrated pronounced activity against S. aureus and E. coli, with reduced efficacy against B. subtilis and MRSA. These results indicate that the antibacterial effects of RPS and LPS vary depending on the bacterial strain tested. The findings are in strong agreement with previous studies reporting that plant-derived polysaccharides exhibit significant antibacterial properties and are effective in the treatment of microbial infections [48,56,78]. Other investigations have also highlighted that the efficacy of polysaccharides depends on factors such as dose, structural composition, and molecular type [9,61]. In the present study, inhibition zones ranging from 12 to 28 mm were observed at a 10% concentration for both RPS and LPS. Notably, RPS produced inhibition zones of 24–28 mm and LPS of 18–22 mm against S. aureus and E. coli, respectively (Table 3), confirming their potent antibacterial activity.
Decreasing of inhibition zones were observed with low concentrations of  both RPS and LPS (10-1, 10-2 and 10-3). Decreases in inhibition zones (14-18mm and 12-16mm) against B.subtilis and MRSA respectively at 10% concentration were observed (Table 3). These results suggest the S. aureus and  E.coli were being inhibited in the presence of both RPS and LPS isolated from radish and lettuce seeds. 

Table 3. Minimum inhibitory concentration (MIC) values of five Leave PS samples.

	Bacterial cells
	Minimum inhibitory concentration (MIC)

	
	Radish (Raphanus sativus)
	Lettuce (Lactuca  sativa)

	
	10%
	10-1
	10-2
	10-3
	10-4
	10-5
	10%
	10-1
	10-2
	10-3
	10-4
	10-5

	S.aureus
	28mm
	6mm
	2 mm
	-
	-
	-
	24 mm
	4 mm
	2 mm
	-
	-
	-

	E.coli
	22mm
	2mm
	1 mm
	-
	-
	-
	18 mm
	2 mm
	1 mm
	-
	-
	-

	B.subtilis
	  18mm
	2mm
	1mm
	-
	-
	-
	14mm
	2mm
	1mm
	-
	-
	-

	MRSA
	16mm
	4mm
	1mm
	-
	-
	-
	12mm
	2mm
	1mm
	-
	-
	-


    Mean values of three samples

Comparable findings have been documented by other investigators employing diverse botanical sources for the extraction and production of polysaccharides [9,14,78,85]. In the present study, relatively lower inhibition zones were observed for LPS against Bacillus subtilis and methicillin-resistant Staphylococcus aureus (MRSA), measuring 14 mm and 12 mm, respectively, as presented in Table 3. Furthermore, no detectable inhibition zones were recorded against the four tested bacterial strains at lower concentrations of either RPS or LPS (10⁻³, 10⁻⁴, and 10⁻⁵).
A concentration-dependent reduction in antibacterial activity was evident, as reflected by the progressive decrease in inhibition zone diameters with decreasing concentrations of RPS and LPS against Staphylococcus aureus, Escherichia coli, Bacillus subtilis, and MRSA (Table 3). These findings indicate that the antimicrobial efficacy of both polysaccharide preparations is strongly influenced by the concentration applied. Specifically, increasing concentrations of RPS and LPS were associated with corresponding increases in inhibition zone diameters, demonstrating a clear dose–response relationship. Such observations are consistent with previous reports [48,56,62,83], which highlighted the therapeutic potential of polysaccharides in the management of various diseases and emphasised the importance of dosage in modulating their biological activity.
Determination of minimum inhibitory concentration (MIC)
   Minimum inhibitory concentration (MIC) of the obtained polysaccharide samples (RPS and LPS) were determined and the results are given in Table (3) and Figure (1).  



polysaccharide samples (RPS and LPS) at 10% concentration exhibited the best ABA against S. aureus, E.coli amd B. subtilis. Higher activity of RPS was observed against S. aureus, E.coli and MRSA than that of LPS. Results showed both RPS and LPS have more effective against S.aureus and E.coli, with a higher zone of inhibition (18-28mm) while lower effective against B. subtilis and MRSA were observed (12-18mm) at conc. 100µg. These results are close related to those obtained by other studies [9,45,95]. Numerous investigators have reported that plants containing diverse types of polysaccharides are effective in the management of microbial infections [9,14,78]. In the present study, the minimal inhibitory concentration (MIC) values of radish polysaccharides (RPS) and lettuce polysaccharides (LPS) demonstrated notable antibacterial potency, particularly against Staphylococcus aureus and Escherichia coli. Both RPS and LPS exhibited low MIC values, ranging from 0.50 to 1.0 mg/mL, against these two strains, indicating strong antibacterial activity.
In contrast, higher MIC values were observed against Bacillus subtilis and methicillin-resistant Staphylococcus aureus (MRSA), ranging between 2 and 5 mg/mL. These findings suggest that RPS and LPS possess greater efficacy against S. aureus and E. coli, while demonstrating comparatively lower activity against B. subtilis and MRSA (Table 3 and Figure 1). Nevertheless, both polysaccharide preparations were capable of inhibiting the growth of all tested bacterial strains in vitro. The present results are consistent with earlier reports indicating that plant-derived polysaccharides exhibit significant therapeutic potential in the treatment of microbial infections, as well as other conditions such as diabetes, hyperlipidaemia, and cancer [9,12,46,58,61,96]. Given their observed antibacterial activity and favourable MIC values, radish and lettuce seeds may represent important natural sources of bioactive polysaccharides with potential applications in the management of infectious diseases. The findings of this study therefore support further investigation into the development of plant-based antibacterial agents derived from these commonly consumed species.


CONCLUSION
[bookmark: _GoBack]The present investigation was undertaken to evaluate the in vitro anticancer and antibacterial activities of polysaccharides isolated from radish (Raphanus sativus) and lettuce (Lactuca sativa) seeds, hereafter referred to as RPS and LPS, respectively. The findings demonstrate that both polysaccharide extracts exerted inhibitory effects against a panel of human cancer cell lines, including HCT-116, HepG2, MCF-7, and HeLa, as well as against selected bacterial strains, namely Staphylococcus aureus, Escherichia coli, Bacillus subtilis, and methicillin-resistant Staphylococcus aureus (MRSA). The antibacterial activity assay revealed that the inhibition zone diameters for S. aureus, E. coli, B. subtilis, and MRSA were greatest at the highest tested concentration (10%) of both RPS and LPS. In contrast, no measurable inhibition zones were observed at lower concentrations (10⁻³–10⁻⁵), indicating a marked concentration-dependent response. Overall, the polysaccharides isolated from Raphanus sativus and Lactuca sativa seeds exhibited appreciable inhibitory activity against both malignant cell lines (HCT-116, HepG2, MCF-7, and HeLa) and pathogenic bacterial strains (S. aureus, E. coli, B. subtilis, and MRSA) under in vitro conditions. These findings suggest that RPS and LPS possess biologically active properties with potential therapeutic relevance, warranting further mechanistic and in vivo investigations to substantiate their efficacy and explore their possible applications in biomedical contexts.
The present study provide evidences that the RPS and LPS and their constituents have anticancer and antibacterial effects in vitro. Moreover, the present study establishes that the seed polysaccharides are easily available supplements effective to inhibit cancer and bacterial growth. Thus, RPS and LPS have appreciable as natural anticancer and antibacterial activities as well as improve the general health.Therefore, polysaccharides produced from Radish (Raphanus sativus) and Lettuce (Lactuca  sativa) seeds with their different constituents may be considered alternative nontoxic sources for infectious and cancer therapy. 
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Radish	S.aureus	E.coli	B.subtilis	MRSA	28	22	16	18	Lettuce	S.aureus	E.coli	B.subtilis	MRSA	24	18	12	14	


Radish (µg/ml)	HCT-116	HEPG2	HELA	MCF7	0.81808400000000003	0.36746200000000001	0.92041399999999995	0.24684	Lettuce (µg/ml)	HCT-116	HEPG2	HELA	MCF7	0.85782400000000003	0.388322	0.32464199999999999	0.86421400000000004	


Radish (µg/ml)	HCT-116	HEPG2	HELA	MCF7	0.81808400000000003	0.36746200000000001	0.92041399999999995	0.24684	Lettuce (µg/ml)	HCT-116	HEPG2	HELA	MCF7	0.85782400000000003	0.388322	0.32464199999999999	0.86421400000000004	


Radish (µg/ml)	HCT-116	HEPG2	HELA	MCF7	14.6	16.8	6.4	20.8	Lettuce (µg/ml)	HCT-116	HEPG2	HELA	MCF7	8.8000000000000007	18.399999999999999	22.4	6.6	
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