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Abstract

:

Globally, among different types of cancers, breast cancer is identified as the chief cause of mortality among females, and it is a challenge to find new effective treatment strategies with minimal side effects and increased efficacy. Plants are an integral part of the traditional indigenous healthcare system and are becoming the concrete source of new drug discovery. Thus, there is a need to obtain a scientific basis for applying traditionally used plants in cancer treatments that may harbour novel phytochemicals. Therefore, this study aims to investigate the antioxidant and anticancer potential of selected plants of ethnobotanical importance. Five plants of ethnobotanical importance were selected and screened to determine their antioxidant potential through various in vitro free radical scavenging assays (such as DPPH, ABTS, hydroxyl, and superoxide radical scavenging), ferric chelation, and total antioxidant potential, and the total phenolic and flavonoid content was estimated for the selected plants. In contrast, the anticancer potential of crude plant extracts was assessed using MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) against different breast cancer (MCF-7, MDA-MB-231, and MDA-MB-435S) and hepatic cancer cell lines (HepG2), and human PBMCs (peripheral blood mononuclear cells) were used for toxicity studies. The MTT results showed that among all of the crude plant extracts (CAN = Etlingera linguiformis, SES = Sesbania grandiflora, LEX = Smilax ovalifolia, DES = Desmodium triflorum, and CA = Chenopodium album), it was CAN and LEX that showed the best cytotoxic potential on exposed breast cancer cell lines in contrast to SES, DES, and CA. In addition, at the selected dosages that were exposed to breast cancer cells, none of the extracts from any of the five plants showed any cytotoxicity against human PBMCs. Thus, the crude extracts can be explored further for chemopreventive and anticancer activity on murine models to understand their underlying mechanism for effective cancer management.
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1. Introduction


Among the various noncommunicable diseases (NCDs), cancer stands second in mortality [1]. Globally, in 2020, about 19.3 million new cases of cancers were diagnosed and 10 million cancer deaths were reported [2], with the expected rise of new cases to 32.2 million by 2040 [3,4], which is a matter of concern affecting humanity worldwide. Among various types of cancer, breast cancer is the most common malignancy spotted globally in females. The apparent factors responsible for the development of breast cancer are hormonal and environmental, strongly related to oxidative stress induced by reactive oxygen species [5]. Conventional therapies, such as chemotherapy, surgery, and radiation therapy, where radiotherapy and chemotherapeutic agents kill cancer cells along with normal cells by inducing ROS, which leads to apoptosis or necrosis of cells, and results in several side effects that make life miserable and thus deteriorate the quality of life of both patients and caregivers [6]. Therefore, alternative medicines offering optimal therapy with minimal adverse effects become the top priority to improve patient quality of life [7]. For thousands of years, plants have been known to cure various diseases due to the presence of phytochemicals [8]. Recently, plant-based products have gained global interest from researchers looking to discover drugs of plant-based origins for use against cancer; a literature survey further summarised the anticancer activity of these phytochemical-rich plants, demonstrating their cytotoxic effect against different cancer cell lines [9,10,11,12,13,14,15,16,17]. Apart from the anticancer activity displayed by plants of medicinal importance, by modulating the signalling cascades correlated with cell cycle regulation and apoptosis, it has also been found that these plants display potent anti-inflammatory, antioxidant, and chemotherapeutic effects [12,13,14,15,16,17,18]. Interestingly these phytochemicals exhibit more cytotoxic effects on cancer cells than on normal cells [6,19] due to their pro-oxidant or antioxidant role depending on their exposure dose and vicinity [6]. Therefore, high performance is essential for plant-based products to act as therapeutic agents against cancer.



In this study, selected five plants of ethnobotanical importance (Etlingera linguiformis, Sesbania grandiflora, Smilax Ovalifolia, Desmodium triflorum, and Chenopodium album), which have been found to grow commonly in the north-eastern part of India, collected specifically from Assam and Meghalaya. North eastern region of India which is also hot spot of biodiversity in flora and fauna and inhabited by different ethnic tribes, plants are integral part of their day today life style and are being used for various medicinal purpose and in culinary activity, such as Etlingera linguiformis (Zingiberaceae) used to cure sore throat, jaundice, leafy vegetables etc. [20], whereas the anticancer activity of the dried flower extract of Etlingera elatior plant belongs to the same genus of family Zingiberaceae and exhibits anticancer activity against breast cancer cell lines [21]. Sesbania grandiflora (Fabaceae), used by locals for the treatment of nasal catarrh and stomatalgia, and used as an antipyretic, etc. [22], also showed anticancer efficacy against different cancer cell lines, such as HepG2, A549, HCT-15, and others [23]. Smilax zylenica, a plant of the genus Smilax (Smilacaceae), has been documented to show antioxidant and anticancer potential, whereas the potent anticancer efficacy of Smilax ovalifolia (Smilacaceae), although used by locals for the treatment of skin problems, urinary complaints, wound healing, tuberculosis, rheumatic arthritis, muscular sprain, jaundice, dysentery, etc. [24,25], is still yet to be explored. Desmodium triflorum (Fabaceae), used in malaria, toothache, kidney problems, gastric ailments, bronchitis, fever, liver complaints, etc., also displays strong antioxidant activity but induces insignificant toxicity against liver cancer cells (HepG2) and human prostate carcinoma cell lines (PC3) [26,27]. Chenopodium album (Chenopodiaceae) is used as an anti-helminthic and an aphrodisiac and is used for constipation, intestinal worms, and skin ailments, among others [28]. Nevertheless, their antioxidant and anticancer efficacies are not well explored against breast cancer. Free radicals, such as superoxide anions (O2•–) and hydroxyl radicals (•OH), and reactive oxygen species, e.g., H2O2 generated during oxidative stress, are found to be a common cause of various diseases, including cancer, which are neutralized by antioxidants [29]. Therefore, free radical scavenging activity assays such as ABTS, DPPH, SO, and OH are widely known methods conducted to evaluate the antioxidant potential of plant extracts, whereas their reducing potential is estimated by using the reduction of ferricyanide complexes into ferrous forms, and antioxidant-rich plants tend to show anticancer activity [27,29]. Therefore, this study aimed to investigate the antioxidant and anticancer potential of hydro-alcoholic leaf extracts of collected plants in following manner:




	
By using cell-free chemical-based methods using various free radical scavenging assays, such as DPPH, superoxide reduction, hydroxyl reduction, ABTS total reducing, and Fe2+ chelation













	
whereas, Anticancer properties of plant extracts (PE) of selected five (CAN = Etlingera linguiformis, SES = Sesbania grandiflora, LEX = Smilax ovalifolia, DES = Desmodium triflorum, and CA = Chenopodium album) plants was investigated by using an MTT assay against breast cancer cell lines (MCF-7, MDA-MB-231, and MDA-MB-435S), and hepatic cancer cell lines (HepG2) in contrast to normal PBMCs.









2. Materials and Methods


	(a) 

	
General chemical and cell lines







2,2′-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), potassium persulfate (K2S2O8), 2-deoxy-2-ribose, sodium nitroprusside (SNP), potassium ferricyanide, triton X-100, ethylenediaminetetraacetic acid (EDTA), bovine serum albumin (BSA), sodium pyruvate, thiobarbituric acid (TBA), sodium pyruvate, and L-glutamine were obtained from Sigma-Aldrich, USA. Folin–Ciocalteu reagent, xylenol orange, and N,N-dimethyl-4-nitrosoaniline were obtained from Merck, Mumbai, India. Butylated hydroxyanisole (BHA), nitroblue tetrazolium chloride (NBT), ferrozine trichloroacetic acid (TCA), ascorbic acid, gallic acid, and 1,1-Diphenyl-2-Picrylhydrazyl (DPPH), were purchased from HiMedia Laboratories, Mumbai, India. Cell culture-wares were purchased from Thermo Scientific, USA. Fetal bovine serum (FBS) and antibiotic antimycotic solution were obtained from Thermo Fisher Scientific, Waltham, MA, USA.



	(b) 

	
Plant material collection







Plant samples were collected from the two states, namely Assam (approximately 50–80 km north of Guwahati) and Meghalaya (from Phulbari town), India. Selected plants for the study were identified at the Department of Botany, Guwahati University, Guwahati, Assam (India) and further authenticated at the Botanical Survey of India (BSI), Eastern Regional Centre, Shillong, Meghalaya (India), vide identification No.: BSI/ERC/Tech./2019/03, dated 2 April 2019.



	(c) 

	
Extract preparation







Healthy fresh leaves were collected from the plants and washed, followed by shade-drying. They were then chopped and ground into a powdered form using a grinder, macerated thrice with hydro alcohol (80% Ethanol), and left for seven days at room temperature in the dark. The extracts obtained were filtered through Whatman No.1 filter paper, dried to remove the solvents, and, finally, semi-solid forms of the extracts were stored at −20 °C. The stock solution of dry extract from herbal raw materials obtained from individual plant species at a concentration of 100 mg/mL was used in all of the subsequent studies.



	(d) 

	
Total phenolic and flavonoid content







The total phenolic content (TPC) was measured using the method from Singleton and Rossi (1965) [30] with little modification. In brief, to a mixture of plant extract and FC reagent (diluted 10 times), 0.4 mL of Na2CO3 solution was added, and the mixture was kept for 2 h at 22 °C, with absorbance being recorded at 725 nm. In contrast, total flavonoid content was estimated using the protocol of Zhishen et al. (1999) [31]. Briefly, different concentrations were mixed with NaNO2 (1.5%) for 5 min at 25 °C. Later, NaOH (200 mM) was added, and absorbance was measured at 510 nm.



	(e) 

	
ABTS radical scavenging activity







The ABTS radical scavenging assay was estimated, as described by Arnao et al. (2001) [32]. As per the protocol, ABTS+ radical was pre-generated by mixing (7.4 mM) ABTS stock solution with (2.6 mM) potassium persulfate (final concentration) and incubated in the dark for 12–16 h at room temperature. After stabilization, this working solution was mixed with various concentrations of plant extracts and kept for 2 h. Later, the OD was recorded at 734 nm, and total antioxidant activity was calculated in terms of % scavenging of ABTS+ radicals.


% Of scavenging Activity (SA) = (AC − ATS)/AC × 100










AC = absorbance of the control, ATS = absorbance of the test sample











	(f) 

	
DPPH radical







DPPH free radical scavenging activity was assessed as described by Kitts et al. (2000) and Shahidi et al. (2007) with slight modification [33,34]. Briefly, various concentrations of extract or BHA were added to a 0.135 mM DPPH solution in methanol, maintaining a total volume of 1 mL, which was vortexed, and after 30 min of incubation in dark the absorbance was recorded at 517 nm using a gas spectrophotometer against a blank consisting of methanol, and its DPPH scavenging activity was calculated.



	(g) 

	
Superoxide radical scavenging activity







The superoxide radical scavenging activity was estimated as described by Srinivasan et al. (2007) and Kumara et al. (2012) [35,36]. Briefly, 0.1 mL of NBT solution was added to the alkaline DMSO to which 0.3 mL of plant extract of various concentrations was added, and the OD was recorded at 560 nm against a blank containing DMSO.



	(h) 

	
Hydroxyl radical scavenging activity







Hydroxyl radical scavenging activity was performed as described by Halliwell B and Gutteridge [37,38]. Briefly, various concentrations of plant extract were added to a reaction mixture (containing 20 mM FeCl3, 0.1 mM EDTA, 0.28 mM 2-deoxyribose, 0.2 mM H2O2, and 0.3 mM ascorbic acid). After incubation for 1 h at 37 °C, 1 mL of TCA and 1 mL of TBA were added, and the mixtures were heated for 15 min in a boiling water bath at 80 °C. After cooling down, the OD was recorded at 532 nm against a blank reagent.



	(i) 

	
Ferric chelation inhibitory activity







Ferric chelation inhibitory activity was performed as described by Dinis et al., 1994 [39]. In brief, a mixture containing plant extract or EDTA and 1 mM FeCl2 was prepared, to which 1 mM ferrozine was added, the mixture volume was adjusted to 1 mL with methanol, shaken vigorously, left for 10 min, and the absorbance was then recorded at 562 nm.



	(j) 

	
Total reducing power







Reducing power was assessed as described by Zhu et al. (2011) [40] with slight modification. A volume of 1% potassium ferricyanide was added to an equal volume of 0.2 M potassium buffer (pH 6.6) along with various concentrations of plant extract/ascorbic acid and the mixture was incubated for 20 min at 50 °C. Later 10% TCA was added and the mixture was centrifuged at 3000 rpm for 10 min. A total of 0.5 mL of each MQ water and 0.1% ferric chloride was added to the supernatant and mixed thoroughly, and the absorbance was recorded at 700 nm.



	(k) 

	
PBMCs and Cell linesCulture condition







Pre-informed consent was obtained from the volunteers who donated blood for obtaining the peripheral blood mononuclear cells (PBMCs) needed for this experiment. Ethical committee permission was also obtained from the Tezpur University Ethical Committee (TUEC), Tezpur University, Tezpur (Protocol no. DoRD/TUEC/10-14/4361 dated 28.03.2014) for the use of human blood. PBMCs were isolated by density gradient centrifugation and seeded in RPMI-1640 media supplemented with 10% FBS. Whereas cancer cell lines MCF-7 cells were cultured in MEM medium containing 10% foetal bovine serum, and MDA-MB-231 and MDA-MB-435S cells were cultured in Leibovitz-15 (L-15), HepG-2 cells were cultured in DMEM medium containing 10% FBS, 100 U/mL penicillin, and 100 mg/L streptomycin. All cell lines were grown in a stable environment with 5% CO2 at 37 °C.



	(l) 

	
Cell viability using an MTT assay







Cell viability/cell proliferation ability by plant extract was determined using a thiazolyl blue tetrazolium bromide (MTT) assay [41]. All of the cell lines MCF-7, MDA-MB-231, MDA-MB-435S, and HepG2 cells 2 × 103 cells were seeded per well in 96-well plates and allowed to adhere overnight in a CO2 incubator at 37 °C. Cells were then treated with three different concentrations of plant extract (25, 50, and 100 µg/mL), (0.1%) DMSO was taken as a vehicle control and all were incubated for 48 h at 37 °C. To study the effect of plant extract on human peripheral blood mononuclear cells (PBMCs), 2 × 103 cells were seeded per well in a 96-well plate. A similar method was followed for HepG2 cells with a slight modification in the treatment conditions of the plant extracts in response to H2O2 treatment (pre-, post-and co-treatment) to analyze the protective role of plant extracts in response to H2O2-mediated toxicity to HepG2 cells at various time intervals. Before experiment termination, 10 µL of MTT reagent was added to each well and incubated for a further 2 h. Later, the supernatant was aspirated, 200 µL of DMSO was added, and the OD was recorded at 570 nm.



	(m) 

	
Intracellular reactive oxygen species (ROS) measurement







The generation of intracellular ROS was monitored using DCFH-DA [42]. The DCFH-DA passively enters the cell, reacting with ROS to form the highly fluorescent compound dichlorofluorescein (DCF). To estimate intracellular ROS, cells were grown in a 6-well plate at 1 × 105 cells/well and allowed to adhere overnight in a CO2 incubator at 37 °C. Then, cells were treated with three different concentrations of plant extract (25, 50, and 100 µg/mL) and incubated for 48 h at 37 °C. At the end of the respective treatment period, cells were washed twice with PBS, followed by incubation with an equal volume of the assay media (20 mM TrisHCl, 130 mM KCl, 5 mM MgCl2, 20 mM NaH2PO4, 30 mM glucose, and 5 µM DCFDA) at 37 °C for 15 min. The formation of DCF was measured at the excitation wavelength of 488 nm and emission wavelength of 610 nm for 10 min using a microplate reader (Thermo Fisher Scientific, Waltham, MA, USA).



	(n) 

	
Statistical analysis







All of the data were expressed as mean ± SEM, n = 3, from three independent experiments. Statistical analysis was performed using one-way and two-way ANOVA along with Tukey’s multiple comparison tests. Three levels of significant differences were considered, a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05 (PRISM software, Boston, MA, USA). The IC50 values were calculated using CompuSyn software [43].




3. Results


	(a) 

	
Total phenolic and flavonoid content







Phenolic and flavonoids are two major compounds present in plants that possess potent antioxidative and free radical scavenging activities. Phytochemical analysis revealed the presence of total phenolic content as 4.45 ± 0.09, 3.64 ± 0.04, 3.64 ± 0.04, 1.87 ± 0.04, 4.49 ± 0.07, and 19.75 ± 2.79 µg/mL gallic acid equivalent (GAE) per mg for CAN, LEX, SES, DES, and CA, respectively. Further total flavonoid contents in CAN, LEX, SES, DES, and CA were determined and found to be 29.29 ± 0.48, 23.51 ± 1.75, 15.49 ± 0.48, 34.50 ± 2.74, and 23.26 ± 2.31 µg/mL epicatechin equivalent (ECE) per mg of the extract, respectively (Table 1).



	(b) 

	
ABTS radical







The total antioxidant activity of the CAN, LEX, SES, DES, and CA was evaluated using ABTS+ radical. In this assay, ABTS+ radical was generated by mixing ABTS with potassium persulfate overnight. The antioxidant reduces the blue-coloured ABTS+ radical into ABTS, lessening the blue colouring [32]. As shown in (Figure 1a), the extracts had significant antioxidant activities at all doses. The ABTS+ radical scavenging activity of the five crude extracts was relatively significant compared to the standard with the IC50 value for CA, as shown in (Table 2). The relative IC50 values of all five plants were SES > CAN > LEX > DES > CA.



	(c) 

	
DPPH







The DPPH assay is a widely used method for determining antioxidant and free radical scavenging properties. The violet-coloured DPPH is a synthetic, stable radical that accepts an electron or hydrogen from an antioxidant and becomes a stable DPPH-H. The discolouration of the DPPH can be spectrophotometrically measured at 517 nm [33]. The DPPH radical scavenging activity of all five plants has been shown (Figure 1b), indicating that CAN, LEX, SES, DES, and CA scavenge the DPPH radical in a dose-dependent manner. DPPH free radical scavenging activity is excellent in the case of CAN (IC50 ≈ 50.80 µg/mL) (Table 2). Further, relative IC50 values for the five plants were observed as SES > CA > DES > LEX > CAN.



	(d) 

	
Superoxide radical scavenging activity (SO)







In the present study, the alkaline DMSO method evaluates superoxide radical scavenging activity [35,36]. In this method, superoxide radicals were generated by adding sodium hydroxide to air-saturated DMSO, and the generated superoxide reduces nitro-blue tetrazolium (NBT) into formazan dye at room temperature, which can be measured at 560 nm. As shown in (Figure 2a), all five plant extracts showed a significant dose-dependent increase in superoxide radical scavenging activity (a p ≤ 0.001), with relative IC50 values observed in the order of CA > SES > DES > LEX > CAN when compared to the standard compound, ascorbic acid. Relatively higher values of IC50 against superoxide radical scavenging activity were observed for all of the samples except for CAN, which displayed relatively better scavenging activity (IC50 ≈ 69.32 µg/mL) (Table 2).



	(e) 

	
Hydroxyl radical







The hydroxyl radical (•OH) is a major active oxygen species that cause lipid peroxidation and exerts various biological damages. (•OH) radicals were generated by incubating Fe3+-EDTA with ascorbic acid and H2O2 and reacting this mixture with 2-deoxyribose to yield a malondialdehyde (MDA)-like product, which, upon heating, formed a pink-coloured chromogen. Antioxidant substances remove the hydroxyl radicals from the sugar and prevent their action [37,38]. The results of this study indicated that all concentrations of all studied plant extracts showed a significant (a p ≤ 0.001) dose-dependent increase in their free radical scavenging activity. The IC50 values for the hydroxyl radical scavenging activities of all five plant extracts were determined and compared against gallic acid (GA) as a standard (IC50 ≈ 285.3 µg/mL), as shown in (Table 2) and (Figure 2b), and the relative IC50 values were in the order CA > CAN > SES > LEX > DES.



	(f) 

	
Ferric chelation (FC)







Transition metals such as iron induce lipid peroxidation through the Fenton reaction and accelerate lipid peroxidation by converting lipid hydroperoxides into peroxyl and alkoxyl radicals, which later initiate a chain reaction. Therefore, metal chelating activity is significant in maintaining healthy cellular status [39]. The results of this study present data which demonstrate the ion chelation activity of CAN, LEX, SES, DES, and CA, with the relative IC50 values CAN > DES > SES > LEX > CA. EDTA is used as a standard with an IC50 ≈ 3.586 µg/mL. All of the extracts showed relatively sound chelating effects and CA exhibited the minimum IC50 ≈ 105.55 µg/mL (Table 2 and Figure 3).



	(g) 

	
Total reducing power







The reducing potential of substances from Fe3+ to Fe2+ (total reducing power) is a significant indicator of antioxidant activity, exerting antioxidant activity by preventing free radical chain initiation by donating hydrogen atoms, decomposing peroxides, and scavenging free radicals [40]. Here, we found that the reducing potential for CAN, LEX, SES, DES, and CA was dose-dependent, with ascorbic acid taken as standard, as shown in (Figure 4). The corresponding IC50 values were found to be 467.83 ± 0.8.75, 887.66 ± 10.26, 951.00 ± 1.00, 889.01 ± 6.55, 15.68 ± 0.971 and 28.118 ± 0.281 µg/mL for CAN, LEX, SES, DES, and CA, respectively, as shown in (Table 2).



	(h) 

	
Cell viability by MTT







All of the crude extracts (CAN, LEX, SES, DES, and CA) showed anticancer activity with IC50 values below 300 µg/mL against all of the studied breast cancer cell types (MCF-7, MDA-MB-231, and MDA-MB-435S). However, all CAN (MCF-7 ≈ 117.62 ± 2.54, MDA-MB 231 ≈ 109.21 ± 3.51, and MDA-MB-435S ≈ 126.82 ± 2.35 µg/mL) and LEX (MCF-7 ≈ 104.81 ± 7.54, MDA-MB 231 ≈ 132 ± 2.46, and MDA-MB-435S ≈ 218.20 ± 3.45 µg/mL) showed low IC50 against the exposed breast cancer cell line in contrast to SES, DES, and CA. There were some exceptions observed for SES, which exhibited a relatively high IC50 value against MDA-MB-435S (≈869.59 ± 4.52 µg/mL) (Table 3). Further, a time-point study (Figure 5) of the crude extract (CAN, LEX, SES, DES, and CA) revealed a significant (a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05) dose-dependent decrease in % cell viability at 48 h compared to the control.



	(i) 

	
Effect of plant extract on human Peripheral blood mononuclear cells (PBMCs)







Cells were exposed to different concentrations of each extract (25, 50, and 100 µg/mL), as shown in (Figure 6). The exposure of human lymphocytes to CAN extract exhibited excellent cell viability, even for higher concentrations (250 µg/mL) at all time points (12, 18, and 36 h). It is worth mentioning that the CAN extract was found to enhance the PBMC proliferation significantly (a p ≤ 0.001), and the cell viability was found to be greater (128.63 ± 3.56, 138.88 ± 3.9, and 184.21 ± 14.64%) than that of the control with increasing concentrations at all time points of 12, 18 and 36 h of exposure, respectively (Table 4). Similarly, LEX also exhibited no cellular toxicity against PBMCs, even at higher doses (a p ≤ 0.001) at all time points of 12, 18, and 36 h (130.88 ± 3.27%, 131.14 ± 4.31%, and 128.27 ± 1.31%, respectively) when compared to control. Similar results were also found in the case of DES, SES, and CA, as stated in (Table 4). Thus, the results indicated that plant extracts did not confer any toxicity to normal PBMCs (a p ≤ 0.001) at all time points of 12, 18, and 36 h when compared to the control, indicating that plant extracts do not confer any toxicity to normal healthy PBMCs.



	(j) 

	
Protective role of plants extracts against H2O2-induced cellular toxicity







In order to analyze the protective role of the plant extracts at various time points of exposure to H2O2, H2O2-mediated toxicity in HepG2 cell lines was measured using an MTT assay at three time points (pre-, post-, and co-treatment) (Table 5, Figure 7). The time-point study revealed that among the various plant extracts, CAN showed a protective role with significantly (x p ≤ 0.001, y p ≤ 0.01, and z p ≤ 0.05) increased cell viability at all concentrations (25, 50, and 100 µg/mL) in pretreated (84.91 ± 3.71, 83.52 ± 4.84, and 97.26 ± 1.84, respectively) and co-treated (80.60 ± 2.54, 78.81 ± 5.04, and 93.37 ± 5.10) groups in a dose-dependent manner compared to H2O2-alone treatment (positive control) (values are pre- 67.07 ± 2.78 and co- 71.08 ± 3.79). However, for post-treated, there was no significant increased cell viability observed in contrast to a positive control (61.37 ± 6.00), thereby indicating the protective function of the plant extracts against H2O2-mediated cytotoxicity in only pre- and co-treated groups. In contrast to the negative control, however, it continued to show a significant (a p ≤ 0.001 and b p ≤ 0.01) decrease in cell viability. Further, other plant extracts (LEX, SES, DES, and CA) also followed a similar pattern, where, in general, cell viability was found to increase significantly (x p ≤ 0.001, y p ≤ 0.01, and z p ≤ 0.05) in the pre- and co-treated groups when compared to the positive control. In contrast, the post-treated group at the various concentrations did not show significant increases in cell viability compared to the positive control. Further % cell viability tends to decrease significantly (a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05) when compared to the negative control (Table 5, Figure 7).



	(k) 

	
Protective role of plants extracts against H2O2-induced Intracellular ROS level







Further, the protective mechanisms of the plant extracts were analysed using the scavenging of ROS estimated by DCFDA, where intracellular ROS were generated by treating the cells with H2O2 in HepG2 cells (positive control). The level was evaluated using a DCFH-DA fluorescent probe, which was further compared with HepG2 cells treated with H2O2 and various doses of plant extract (25, 50, and 100 µg/mL). The results showed that the DCF fluorescence intensity in H2O2-treated HepG2 cells significantly (a p ≤ 0.001) increased 5.65 ± 1.00 fold compared to the control for the one exposed to CAN. In contrast, the fluorescence intensity was significantly (x p ≤ 0.001) reduced in HepG2 cells along with H2O2 in a dose-dependent manner (4.30 ± 1.46, 3.91 ± 1.16, and 3.21 ± 1.68) in contrast to those that received H2O2 only (5.65 ± 1.00), a similar trend was observed in HepG2 cells treated with H2O2 along with LEX (5.05 ± 0.58, 4.54 ± 1.58, and 3.77 ± 0.23), SES (5.28 ± 0.31, 4.95 ± 0.44, and 4.11 ± 0.96), DES (4.85 ± 0.05, 4.75 ± 0.11, and 2.16 ± 1.21), and CA (5.42 ± 0.18, 4.62 ± 0.77, and 4.41 ± 0.53) in a dose-dependent manner compared to those exposed to H2O2 (Table 6, Figure 8).




4. Discussion


Plants have been known since the beginning of human civilization, serving as a rich source of medicinal assets [44]. Around 35,000–70,000 plant species have reportedly been used so far as medicines [45], around 14–28% of the 250,000 plant species that are thought to exist globally [46]. Such medicinal plant species are enriched with various bioactive compounds offering anticancer, antibacterial, antioxidant, and anti-inflammatory activities [47]. Further exhaustive screening of plant extracts is required to confirm the presence of bioactive compounds for their biological activities and therapeutic potential against various diseases, including cancers [36,48]. Breast cancer has been the leading cause of death, where chemotherapy is the most appropriate therapy after surgery. However, chemotherapy offers a significant drawback in the non-specific killing of normal cells and cancer cells [36,49,50]. An increase in the use of herbal formulation for the treatment of cancer over synthetic drugs has been witnessed due to the harbor of various noble functions that originated from the natural source., These properties are found to correlate with the presence of specific phytochemicals in plants, such as their antioxidant potential, anti-inflammatory properties, and antiproliferative activities. Most importantly, these are known to have cytotoxic potential against cancer cells butremain nontoxic to a normal cell. Isolation of such active compounds may not only fulfil the need to serve as a drug, but has led to the development of anticancer compounds, such as vincristine, vinblastine, and paclitaxel, which can be used for the treatment of dreadful diseases [36]. Abnormally high concentrations of free radical generation are found to be responsible for various diseases, such as parasitic infections, inflammation, lung damage, reperfusion injury, cardiovascular disorders, ageing, atherosclerosis, and neoplastic diseases, including cancer [51]. Furthermore, antioxidants are compounds that neutralize interactions with free radicals, thus preventing the damage induced by reactive oxygen species [51]. This study aimed to screen the potential of the selected plants based on their antioxidative and radical scavenging properties, which have played a key role in minimizing diseases, such as cancer, as estimated through various assays, such as total antioxidant activity, DPPH radical scavenging activity, superoxide scavenging activity, hydroxyl radical scavenging, Fe2+ chelating assay, and total reducing potential. All of the crude plant extracts of CAN, LEX, SES, DES, and CA, display significantly high free radical scavenging activities, superoxide scavenging activities, hydroxyl radical scavenging activities, reducing power, antioxidant, and Fe2+ chelating effects in a dose-dependent manner. Among these, in general, CAN and LEX display comparatively low IC50 and high free radical scavenging activities (Table 2. Figure 2, Figure 3, Figure 4 and Figure 5). Thus, plant extracts exhibiting lesser IC50 values showed higher antioxidant potential [47,52], whereas high IC50 values reflect low antioxidant potential [53]. Various free radical scavenging methods are used to measure the potential antioxidant source in treating oxidative stress-mediated diseases [54]. Additionally, free radical scavenging indirectly measures phytochemicals (flavonols, catechin, and anthocyanins), whose function strengthens the redox potential, thereby neutralizing the free radical, decomposing hydrogen peroxides, or quenching singlet oxygen [55]. High phenolic content is often correlated with strong antioxidant capacity, as reported by Ghasemzadeh and Jaafar in 2013, where Pandanus amaryllifolius Roxb. extracts exhibited high total phenolics and flavonoid content and showed high free radical scavenging and anticancer activity [56]. In our study, plant extracts (CAN and LEX) showed a lower phenolic content (Table 1) with more potent free radical scavenging activity (Figure 2, Figure 3, Figure 4 and Figure 5). This additional antioxidant activity might be due to other bioactive compounds screened during the preliminary investigation (Supplementary Materials, Table S1). Similar results were obtained in a study suggesting phenolic content is not the only factor for their antioxidant activity [53]. Further MTT assays were conducted on HepG2 and breast cancer cell lines, including MCF-7, MDA-MB-435S, and MDA-MB-231, to document the anticancer efficacy of selected plant extracts (CAN, LEX, SES, DES, and CA). The results showed a dose-dependent decrease in cell viability in studied breast cancer cell lines compared to the control, among which CAN and LEX exhibited profoundly decreased cell viability compared to the rest of the extract (Figure 5). Similar results were observed in the leaf extract of Simarouba glauca, with a high antioxidant capacity found to inhibit cancer activity against the T-24 bladder cancer cell line. A methanolic extract of Euphorbia tirucalli was found to show anticancer activity against the MiaPaCa-2 pancreatic cancer cell line, and Tinospora cordifolia and Withania sominifera showed anticancer activity against breast cancer cell lines MCF-7 and MDA-MB231 [57,58,59].



On the other hand, the cytotoxic effects of studied plant extracts (CAN, LEX, SES, DES, and CA) on normal human cells (PBMCs) exhibited cell proliferation. Among these, CAN and LEX showed a marked increase in cell viability as the dose increased with different time frames, except DES, which showed increased cell proliferation only at 12 h, and a decrease in cell viability at 18 and 36 h compared to the control was observed (Figure 6). Similar results were observed in a study where crude plant extracts showed a protective effect on PBMCs [60]. Further, to understand toxic or cytoprotective effects against the studied compounds, HepG2 was considered a good tool because a steady-state antioxidant resistance level is higher in HepG2 cells than in other hepatic cells [55]. Therefore, HepG2 cells exposed to crude plant extract (CAN, LEX, SES, DES, and CA) showed decreased cell viability compared to the negative and vehicle control, whereas positive control, pre-, and co-treated HepG2 cells continued to proliferate against H2O2 in all of the studied plant extracts in a dose-dependent manner compared to post-treated cells exposed to H2O2 (Figure 7), thus showing a protective effect against assaulted HepG2 cells. Similar results have been observed in a study where Ocimum gratissimum L. extract showed a protective effect on HepG2 cells when exposed to H2O2 [61]. Hydrogen peroxide (H2O2) is considered the leading intermediary for oxidative stress-mediated cytotoxicity. This reactive oxygen species (ROS) scavenging activity of plant extract to positive control resulted in a dose-dependent decrease in ROS levels (Figure 8). Similarly, the in vitro antioxidant potential of Theobroma cacao, where a methanolic extract of various parts, such as leaf, husk, bark, unfermented and fermented shell, root, pith, and cherelle exhibited anticancer activity on breast cancer MCF-7 cell lines. However, normal cells remain unaffected [62], and Euphorbia tirucalli in [54]. The exhibited anticancer activity of a plant extract having anticancer potential may be due to the presence of various bioactive compounds, such as epicatechin, rutin, gallic acid, kaempferol [51], myricetin, and catechin [58]. Such studies decipher the hidden anticancer potential of plants of ethnobotanical importance to screen the bioactive compounds that can be used for therapeutic implications in the field of cancer biology. Such observed antioxidant potential of plants can be later used for the treatment of various diseases, including chemotherapeutic implications.




5. Conclusions


From the results, among the selected plants, Etlingera linguiformis and Smilax ovalifolia showed comparatively potent antioxidant and free radical scavenging potential along with iron chelation and reducing power. They also showed high anticancer potential with nominal toxicity to the normal cells (PBMCs) compared to the other selected plants. The in vitro assays indicated that both plant extracts have significant sources of natural antioxidants, which might be helpful in the protection from oxidative stress generation. Nevertheless, the components accountable for the antioxidative activity are still blurred. Therefore, further study is required to establish the underlying mechanism of the above activity and determine the anticancer potential of plants of ethnobotanical importance, and their safety, before clinical use.
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Figure 1. Antioxidative and free radical scavenging activity of CAN, LEX, SES, DES, and CA for (a) ABTS, and (b) DPPH were evaluated using in vitro cell-free chemical-based reactions. Values are expressed as mean ± SEM; n = 3; values were significant (a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05) when compared to the control. BHA was taken as a positive control for both ABTS and DPPH radical activity. 
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Figure 2. The antioxidative and free radical scavenging activity of CAN, LEX, SES, DES, and CA against (a) superoxide and (b) hydroxyl radicals were evaluated using in vitro cell-free chemical-based reactions. Values were expressed as mean ± SEM; n = 3; values are significant a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05 when compared to the control. Ascorbic acid and gallic acid were used as a positive control for both superoxide and hydroxyl radical activity. 
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Figure 3. The Fe2+ chelation inhibitory activities of CAN, LEX, SES, DES, and CA were evaluated using in vitro cell-free chemical-based reactions. Values are expressed as mean ± SEM; n = 3; values were significant a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05 when compared to the control. EDTA was used as a positive control. 
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Figure 4. Fe3+ reducing ability of CAN, LEX, SES, DES, and CA: The reductive ability of CAN, LEX, SES, DES, CA, and ascorbic acid was evaluated using in vitro cell-free chemical-based reactions. Values are expressed as mean ± SEM; n = 3; values are significant when a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05 compared to the control. Ascorbic acid was taken as the positive control. 
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Figure 5. The effect of cell viability of CAN, LEX, SES, DES, and CA in HepG2 cells and breast cancer cell lines (MCF-7, MDA-MB-231, and MDA-MB-435S) at 48 h, measured using an MTT-based method. Values are expressed as mean ± SEM; n = 3; values are significant when a p ≤ 0.0001, b p ≤ 0.001, c p ≤ 0.01 and d p ≤ 0.05 compared to the control. 
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Figure 6. The effect on cell viability of CAN, LEX, SES, DES, and CA in PBMC cells at 12, 18, and 36 h, measured using an MTT-based method. Values are expressed as mean ± SEM; n = 3; values were significant when a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05 compared to the control. 
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Figure 7. The effect on cell viability of CAN, LEX, DES, SES, and CA in HepG2 cells, measured at 48 h using an MTT-based method. Values are expressed as the mean ± SEM; n = 3; All of the values were compared with both negative (0.1% DMSO) and positive (0.2% H2O2) controls. Values are significant (a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05) for the negative control. 






Figure 7. The effect on cell viability of CAN, LEX, DES, SES, and CA in HepG2 cells, measured at 48 h using an MTT-based method. Values are expressed as the mean ± SEM; n = 3; All of the values were compared with both negative (0.1% DMSO) and positive (0.2% H2O2) controls. Values are significant (a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05) for the negative control.
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Figure 8. The effect of reactive oxygen species (ROS) on CAN, LEX, DES, SES, and CA in HepG2 cells at 48 h, measured using a fluorometric-based method. The relative fluorescence unit is calculated as a fold change relative to the negative control and is expressed as the mean ± SD, n = 3. All of the values were compared to both negative (0.1% DMSO) and positive (0.2% H2O2) controls. Values were significant (a p ≤ 0.001) for the negative control and (x p ≤ 0.001) for the positive control. 
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Table 1. Total phenolic and flavonoid contents.






Table 1. Total phenolic and flavonoid contents.





	Plants
	TPC (mg GAE/gm)
	TFC (mg ECE/gm)





	CAN
	4.45 ± 0.09
	29.29 ± 0.48



	LEX
	3.64 ± 0.04
	23.51 ± 1.75



	SES
	1.87 ± 0.04
	15.49 ± 0.48



	DES
	4.49 ± 0.07
	34.50 ± 2.74



	CA
	19.75 ± 2.79
	23.26 ± 2.31
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Table 2. Antioxidative and free radical scavenging activity of CAN, LEX, DES, SES, and CA: DPPH, superoxide, hydroxyl radical scavenging activity, Fe3+ reducing activities, Fe2+ chelation inhibitory activity, and ABTS were evaluated using in vitro cell-free chemical-based reactions. Abbreviations: BHA: butylated hydroxy anisole; AA: ascorbic acid; GA: gallic acid; and EDTA: Ethylene diamine tetra acetic acid is represented in the parentheses for the corresponding standard (STD).






Table 2. Antioxidative and free radical scavenging activity of CAN, LEX, DES, SES, and CA: DPPH, superoxide, hydroxyl radical scavenging activity, Fe3+ reducing activities, Fe2+ chelation inhibitory activity, and ABTS were evaluated using in vitro cell-free chemical-based reactions. Abbreviations: BHA: butylated hydroxy anisole; AA: ascorbic acid; GA: gallic acid; and EDTA: Ethylene diamine tetra acetic acid is represented in the parentheses for the corresponding standard (STD).





	
IC50 (µg/mL)




	
PE

	
DPPH

	
SO

	
HO

	
TR

	
FC

	
ABTS






	
CAN

	
50.80 ± 1.31

	
69.32 ± 2.37

	
713.09 ± 18.32

	
467.83 ± 2.75

	
293.27 ± 7.93

	
48.48 ± 1.46




	
LEX

	
122.12 ± 2.40

	
117.46 ± 5.56

	
551.19 ± 18.74

	
887.00 ± 10.26

	
258.44 ± 7.49

	
42.57 ± 1.09




	
DES

	
67.49 ± 2.07

	
157.15 ± 5.53

	
384.98 ± 13.98

	
899.60 ± 6.55

	
284.77 ± 9.55

	
41.11 ± 1.09




	
SES

	
440.35 ± 3.53

	
157.15 ± 9.35

	
580.86 ± 14.90

	
951.00 ± 1.02

	
258.44 ± 7.49

	
64.62 ± 2.71




	
CA

	
281.18 ± 21.51

	
164.28 ± 2.13

	
1063.97 ± 27.30

	
15.68 ± 0.47

	
105.53 ± 7.11

	
26.28 ± 2.8




	
STD

	
7.62 ± 0.11

(BHA)

	
14.57 ± 0.72

(AA)

	
285.31 ± 4.20

(GA)

	
28.18 ± 0.28

(AA)

	
3.58 ± 0.14

(EDTA)

	
1.55 ± 0.35

(BHA)








SO = Superoxide, HO = Hydroxyl, TR = Total Reducing, FC = Ferric Chelation.
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Table 3. IC50 values for the hydro-alcoholic crude extracts against three breast cancer cell lines.
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PE

	
CAN

	
LEX

	
SES

	
DES

	
CA




	
Cells

	






	
HepG2

	
296.01 ± 1.23

	
657.02 ± 4.69

	
5531.20 ± 7.65

	
1684.68 ± 10.23

	
3151.91 ± 2.41




	
MCF-7

	
117.62 ± 2.54

	
104.81 ± 7.54

	
200.30 ± 6.54

	
231.60 ± 2.14

	
207.12 ± 2.51




	
MDA-MB-231

	
109.21 ± 3.51

	
132.02 ± 2.46

	
487.59 ± 3.45

	
490.35 ± 3.41

	
223.39 ± 2.31




	
MDA-MB-435S

	
126.82 ± 2.35

	
218.20 ± 3.45

	
869.59 ± 4.52

	
262.13 ± 2.52

	
162.23 ± 2.15











[image: Table] 





Table 4. The effect on cell viability of CAN, LEX, DES, SES, and CA in PBMC cells was measured using an MTT-based method. The viability was calculated as % of the control (100%) and expressed as mean ± SD, n = 3.
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Plants

	
CAN

	
LEX




	

	
12 h

	
18 h

	
36 h

	
12 h

	
18 h

	
36 h






	
Control

	
100.00 ± 4.87

	
100.00 ± 4.68

	
100.00 ± 7.08

	
100.03 ± 5.53

	
100.01 ± 10.37

	
100.01 ± 11.44




	
(0.1%)

	
103.38 ± 5.38

	
104.26 ± 3.60

	
93.85 ± 8.09

	
102.77 ± 6.76

	
97.22 ± 2.67

	
98.90 ± 7.39




	
25

	
123.14 ± 2.03 b

	
130.40 ± 8.46 b

	
102.32 ± 10.02

	
103.98 ± 9.98

	
100.94 ± 6.04

	
96.22 ± 4.36




	
50

	
147.92 ± 3.71 a

	
175.49 ± 9.33 a

	
110.82 ± 12.49

	
103.69 ± 5.93

	
106.66 ± 3.03

	
104.34 ± 6.59




	
100

	
168.87 ± 12.50 a

	
196.02 ± 46 a

	
136.52 ± 8.14 c

	
108.64 ± 4.61

	
104.04 ± 6.41

	
105.34 ± 5.53




	
150

	
189.43 ± 10.26 a

	
190.92 ± 8.27

	
122.01 ± 12.64 c

	
116.54 ± 6.97 a

	
109.51 ± 6.47 c

	
109.56 ± 7.25 a




	
200

	
194.41 ± 12.26 a

	
229.29 ± 15.86 a

	
143.54 ± 17.73 a

	
120.66 ± 4.61 a

	
119.23 ± 5.77

	
113.76 ± 6.08




	
250

	
128.63 ± 3.56 b

	
138.88 ± 3.9

	
184.21 ± 14.64 a

	
130.88 ± 3.27 a

	
131.14 ± 4.31 a

	
128.27 ± 1.31 a




	
Plants

	
SES

	
DES




	

	
12 h

	
18 h

	
36 h

	
12 h

	
18 h

	
36 h




	
Control

	
100.03 ± 3.51

	
100.00 ± 3.83

	
100.00 ± 3.05

	
99.96 ± 5.21

	
100.01 ± 14.10

	
99.99 ± 7.08




	
(0.1%)

	
91.15 ± 7.22

	
93.95 ± 3.94

	
102.55 ± 11.51

	
110.02 ± 5.80

	
97.60 ± 14.11

	
71.73 ± 2.98




	
25

	
96.43 ± 4.43

	
95.51 ± 2.92

	
97.21 ± 3.06

	
144.08 ± 3.63

	
108.00 ± 7.81

	
76.98 ± 1.89




	
50

	
102.12 ± 3.66

	
103.86 ± 3.68

	
118.15 ± 3.02

	
154.70 ± 2.16

	
101.69 ± 9.74

	
89.98 ± 9.92




	
100

	
113.82 ± 9.10

	
114.88 ± 3.71

	
139.76 ± 9.39 a

	
164.76 ± 4.62 a

	
91.59 ± 4.00

	
77.36 ± 11.05




	
150

	
118.75 ± 2.68

	
114.66 ± 4.33 a

	
139.58 ± 13.46

	
173.26 ± 6.68 a

	
91.16 ± 5.12

	
55.45 ± 6.42 b




	
200

	
120.99 ± 4.20

	
119.06 ± 3.35

	
128.40 ± 8.64 a

	
177.96 ± 8.38 a

	
97.99 ± 1.64

	
56.47 ± 4.24 b




	
250

	
129.48 ± 12.58

	
130.90 ± 9.51

	
126.68 ± 5.73 a

	
184.81 ± 7.42 a

	
104.73 ± 3.11

	
88.57 ± 4.55 b




	
Plants

	
CA




	

	
12 h

	
18 h

	
36 h

	




	
Control

	
99.97 ± 3.88

	
100.00 ± 5.18

	
100.00 ± 2.82

	




	
(0.1%)

	
93.36 ± 5.22

	
91.26 ± 2.01

	
97.70 ± 1.38




	
25

	
93.94 ± 5.63

	
96.52 ± 1.50

	
107.34 ± 10.16




	
50

	
95.44 ± 7.27

	
100.09 ± 8.15

	
106.68 ± 3.31




	
100

	
104.84 ± 7.67

	
101.39 ± 1.99

	
108.56 ± 4.16




	
150

	
107.63 ± 6.50

	
105.51 ± 6.01

	
119.04 ± 4.27 c




	
200

	
109.07 ± 3.04

	
113.026 ± 4.83 c

	
127.62 ± 8.31 a




	
250

	
126.26 ± 7.04

	
121.54 ± 8.07

	
141.93 ± 4.62 a








Note: (0.1%) DMSO as vehicle control and (25, 50, 100, 200, and 250 µg/mL) is the concentration of plant extraction. Values were significant when a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05 is compared to control.
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Table 5. The effect on cell viability of CAN, LEX, DES, SES, and CA on H2O2-exposed HepG2 cells, measured using an MTT-based method.
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Plants

	
CAN

	
LEX




	
HepG2

	
Pre

	
Post

	
Co

	
Pre

	
Post

	
Co






	
Control

	
100.01 ± 5.50

	
100.00 ± 4.70

	
100.01 ± 3.53

	
100.02 ± 6.70

	
100.01 ± 3.76

	
100.01 ± 3.64




	
(0.1%)

	
99.98 ± 6.65

	
100.01 ± 5.89

	
99.98 ± 4.44

	
99.98 ± 4.35

	
100.01 ± 5.53

	
99.99 ± 4.08




	
(0.2%) H2O2

	
67.07 ± 2.78 a

	
61.37 ± 6.00 a

	
71.08 ± 3.79 a

	
65.52 ± 3.19 a

	
69.45 ± 5.97 a

	
70.68 ± 3.96 a




	
25

	
84.91 ± 3.71 b

	
64.52 ± 5.49 a

	
80.60 ± 2.54 a

	
80.18 ± 2.37

	
74.33 ± 4.50 a

	
92.53 ± 7.36 a




	
50

	
83.52 ± 4.84 b

	
66.83 ± 3.85 a

	
78.81 ± 5.04 a

	
79.59 ± 2.86 a

	
74.37 ± 4.25 a

	
86.65 ± 1.91 b




	
100

	
97.26 ± 1.84

	
68.75 ± 3.55 a

	
93.37 ± 5.10 a

	
91.66 ± 5.52 b

	
76.06 ± 3.35 a

	
83.90 ± 1.45 a




	
Plants

	
SES

	
DES




	
HepG2

	
Pre

	
Post

	
Co

	
Pre

	
Post

	
Co




	
Control

	
99.98 ± 7.90

	
100.01 ± 3.26

	
100.01 ± 3.76

	
100.00 ± 5.50

	
100.00 ± 4.27

	
100.01 ± 3.53




	
(0.1%)

	
99.98 ± 5.05

	
100.02 ± 5.17

	
100.01 ± 3.73

	
99.98 ± 3.65

	
100.01 ± 5.89

	
99.98 ± 4.44




	
(0.2%) H2O2

	
63.96 ± 3.60 a

	
77.53 ± 5.93 a

	
70.27 ± 4.13 a

	
67.07 ± 2.78 a

	
61.37 ± 6.01 a

	
71.08 ± 3.79 a




	
25

	
77.83 ± 3.14 c

	
83.55 ± 3.14 a

	
88.69 ± 13.37 b

	
83.04 ± 1.5 a

	
66.95 ± 6.03 a

	
86.08 ± 4.33 b




	
50

	
94.20 ± 8.20 a

	
83.24 ± 4.13 a

	
92.98 ± 11.37 c

	
82.34 ± 3.10 c

	
64.82 ± 4.22 c

	
87.96 ± 2.57 a




	
100

	
101.53 ± 1.15 c

	
97.67 ± 3.50 a

	
97.05 ± 6.00 a

	
86.86 ± 2.72

	
68.11 ± 3.16

	
83.53 ± 1.02




	
Plants

	
CA

	




	
HepG2

	
Pre

	
Post

	
Co

	




	
Control

	
100.77 ± 6.92

	
100.01 ± 7.90

	
100.02 ± 13.12

	




	
(0.1%)

	
96.99 ± 4.20

	
97.58 ± 4.41

	
97.33 ± 5.23




	
(0.2%) H2O2

	
63.59 ± 3.15 a

	
77.42 ± 5.92 a

	
60.59 ± 3.71 a




	
25

	
67.81 ± 4.30 a

	
80.14 ± 4.11 a

	
71.90 ± 8.36 b




	
50

	
72.76 ± 4.05 b

	
82.92 ± 3.98 a

	
73.30 ± 4.14




	
100

	
75.73 ± 4.11 c

	
86.50 ± 5.36 a

	
79.70 ± 3.83 a








Note: (0.1%) DMSO as vehicle control and (25, 50, and 100 µg/mL) is the concentration of plant extracts. Values are expressed as mean ± SEM; n = 3; values are significant (a p ≤ 0.001, b p ≤ 0.01, and c p ≤ 0.05) when compared to the control.
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Table 6. The relative fluorescence unit of reactive oxygen species (ROS) for CAN, LEX, DES, SES, and CA in HepG2 cells at 48 h, measured using the fluorometric-based method.
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	Plants (µg/mL)
	CAN
	LEX
	SES
	DES
	CA





	Control
	1.00 ± 0.11
	1.00 ± 0.12
	1.00 ± 0.11
	1.00 ± 0.14
	1.00 ± 0.14



	H2O2 (0.2%)
	5.65 ± 1.00 a
	5.65 ± 1.01 a,x
	5.80 ± 0.43 a,x
	5.80 ± 0.04 a,x
	5.80 ± 0.10 a,x



	25
	4.30 ± 1.46 a,x
	5.05 ± 0.58 a,x
	5.28 ± 0.31 a,x
	4.85 ± 0.05 a,x
	5.42 ± 0.18 a,x



	50
	3.91 ± 1.16 a,x
	4.54 ± 1.58 a,x
	4.95 ± 0.44 a,x
	4.75 ± 0.11 a,x
	4.62 ± 0.77 a,x



	100
	3.21 ± 1.68 a,x
	3.77 ± 0.23 a,x
	4.11 ± 0.96 a,x
	2.16 ± 1.21 a,x
	4.41 ± 0.53 a,x







The relative fluorescence unit is calculated as a fold change relative to the negative control and is expressed as the mean ± SD, n = 3. All of the values were compared to both negative (0.1% DMSO) and positive (0.2% H2O2) controls. Values were significant (a p ≤ 0.001) for the negative control and (x p ≤ 0.001) for the positive control (0.2% H2O2).
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