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Abstract

:

Ficus deltoidea var. deltoidea is used as traditional medicine for diabetes, inflammation, and nociception. However, the antimutagenic potential and cytoprotective effects of this plant remain unknown. In this study, the mutagenic and antimutagenic activities of F. deltoidea aqueous extract (FDD) on both Salmonella typhimurium TA 98 and TA 100 strains were assessed using Salmonella mutagenicity assay (Ames test). Then, the cytoprotective potential of FDD on menadione-induced oxidative stress was determined in a V79 mouse lung fibroblast cell line. The ferric-reducing antioxidant power (FRAP) assay was conducted to evaluate FDD antioxidant capacity. Results showed that FDD (up to 50 mg/mL) did not exhibit a mutagenic effect on either TA 98 or TA 100 strains. Notably, FDD decreased the revertant colony count induced by 2-aminoanthracene in both strains in the presence of metabolic activation (p < 0.05). Additionally, pretreatment of FDD (50 and 100 µg/mL) demonstrated remarkable protection against menadione-induced oxidative stress in V79 cells significantly by decreasing superoxide anion level (p < 0.05). FDD at all concentrations tested (12.5–100 µg/mL) exhibited antioxidant power, suggesting the cytoprotective effect of FDD could be partly attributed to its antioxidant properties. This report highlights that F. deltoidea may provide a chemopreventive effect on mutagenic and oxidative stress inducers.
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1. Introduction


Cancer is a major health burden to society in both developed and developing countries [1]. Cancer was the second major cause of death in Malaysia in 2014 [2]. The causes of some cancers, for instance colorectal cancer, can be hereditary in nature, but most cases are inexplicable [3]. Cancer is often related to mutations caused by mutagens.



Mutagens are chemical or physical agents that can alter the genetic content of an organism. Mutations in germ line cells can be passed to future generations, whereas mutations in somatic cells can lead to various pathological conditions, such as cancer [4]. Mutation can occur as point mutation, large deletion, rearrangement of DNA, chromosome break, or gain or loss of whole chromosomes [5]. Of these mutation types, point mutation is the most common DNA sequence alteration [4,6].



To address the deleterious effect of mutagenicity, scholars aim to identify antimutagens, which are a group of chemicals that can decrease mutation rates [4,7]. Antimutagens can be categorized into the following based on their mechanism of action: antimutagens with antioxidant activity, antimutagens that inhibit the activation of mutagens, antimutagens that act as blocking agents, and antimutagens with multiple modes of action [4]. The search of antimutagens in dietary food and natural products revealed a number of promising antimutagens and provided insights into the benefits of some food over others [4,8]. Some herbs used as folk medicine were scientifically proven to possess antimutagenic properties [4,9,10,11,12]. Some medicinal herbs used in Southeast Asia with proven antimutagenic properties include Clinacanthus nutans, Puerarie mirifica, Puerarie lobata, and Euphorbia hirta [13,14,15].



Reactive oxygen species (ROS) are reactive molecules produced in living cells during normal cell metabolism or obtained from exogenous sources. These species include superoxide anion radicals (·O2−), hydrogen peroxide (H2O2), and hydroxyl radicals (·OH). The main endogenous sources of ROS in organisms are mitochondria, peroxisomes, and lysosomes. The exogenous sources of ROS include xenobiotics, tobacco smoke, organic solvents, and pesticides [16]. Oxidative stress is a state of imbalance caused by an excess amount of ROS or oxidant over that of antioxidant in cells. This type of stress is associated with various diseases, such as cancer, diabetes, neurodegeneration, and aging [16]. Therefore, maintaining redox balance is important for cellular homeostasis.



Cells must have a defense mechanism to effectively counteract oxidative stress. Cellular defense against ROS can be executed through an intracellular antioxidant mechanism and with the help of externally obtained antioxidants [17]. An antioxidant defense system in cells elicits protection against oxidative stress by stimulating the expression of phase I and phase II detoxification enzymes, such as glutathione, glutathione peroxidase, glutathione-S-transferase, superoxide dismutase, and catalase [18]. γ-l-glutamyl-l-cysteinyl-glycine, also known as glutathione (GSH), is one of the most important tripeptides in regulating redox status because of its ability to exist as different redox species. As a redox signaling modulator, GSH effectively scavenges free radicals either directly or indirectly through enzymatic reactions [19].



Ficus deltoidea is a traditional medicinal plant widely distributed in Malaysia, Thailand, and Indonesia. This plant is commonly known as Mas Cotek, Telinga Beruk, or Serapat Angin in Malaysia; as Sempit-Sempit and Agoluran in Sabah, Sarawak, and Kalimantan Islands; and as Tabat Barito in Indonesia. This plant has a wide ethnopharmacology application among Malays. The decoction of F. deltoidea leaves is used to treat diabetes, menstrual cycle disorder, and leucorrhoea, and serves as a tonic to contract uterus and vagina muscles after birth [20,21,22].



In this study, we investigated the mutagenic, antimutagenic, and cytoprotective potentials of F. deltoidea var. deltoidea aqueous extract (FDD). Salmonella/mammalian microsome test (Ames test) was used to determine the mutagenic and antimutagenic properties of FDD. The cytoprotective potential of FDD was also assessed in V79 Chinese hamster lung fibroblasts treated with menadione, a redox cycling agent. This study aims to explore the benefits of FDD and improve our scientific knowledge on the medicinal properties of this popular natural product in Southeast Asia.




2. Results


2.1. Mutagenicity of FDD


FDD was subjected to Salmonella mutagenicity testing (Ames test) using two Salmonella typhimurium strains, namely TA 98 and TA 100. Testing was carried out in two conditions, namely, with and without metabolic activation. Revertant colony count did not significantly increase relative to that of the negative control under both conditions; hence, the result showed that FDD was not mutagenic at all tested concentrations (3.125–50 mg/mL) (Table 1). Considering the absence of mutagenic effect in the Ames test without metabolic activation, we only applied metabolic activation to the lowest (3.125 mg/mL), middle (12.5 mg/mL), and highest (50 mg/mL) concentrations.




2.2. Antimutagenicity of FDD


The antimutagenic effect of FDD was determined in this study (Table 2). In the absence of metabolic activation, 50 mg/mL FDD showed weak inhibition in TA 98 strain, whereas 12.5 and 50 mg/mL FDD showed no antimutagenic effect on TA 100 strain. Interestingly, 50 mg/mL FDD exhibited a strong antimutagenic effect on both strains in the presence of metabolic activation; revertant colony count significantly decreased compared with that of the positive control (p < 0.05). Our data showed that FDD was able to inhibit mutation induced by 2-aminoanthracene in the presence of metabolic activation.




2.3. Cytotoxicity of FDD


In this study, cytotoxicity of FDD in V79 cells was determined before in vitro testing was conducted. Treatments of up to 500 µg/mL FDD for 24 h did not decrease cell viability. Hence, 25–100 µg/mL FDD was selected as the safe concentration range for further testing (Figure 1).




2.4. Cytoprotective Effect of FDD


In this study, the protective effects of FDD against menadione-induced oxidative damage were evaluated. Pre-treatment of FDD (50 and 100 µg/mL) for 24 h significantly decreased intracellular superoxide anion concentration produced by menadione (p < 0.05). Hence, FDD pre-treatment protected against menadione-induced superoxide anion accumulation in V79-4 cells (Figure 2). We examined whether FDD pre-treatment elicited protection against cell death as a later event in oxidative stress. Figure 3 shows that only 100 µg/mL FDD conferred partial protection against cell death induced by menadione. FDD (100 µg/mL pre-treatment group) increased cell viability from 61.7 ± 3.9% in the menadione alone group to 75.8 ± 4.0%. However, the increase in cell viability was not statistically significant (p > 0.05).




2.5. FDD Modulation on GSH Level


In this study, we examined if FDD was able to increase GSH levels, an important component in intracellular antioxidant defense systems to confer cytoprotective effects. Figure 4 shows the GSH levels of different treatment groups of FDD. Our data demonstrated that FDD did not increase GSH levels in menadione-induced cells for all tested concentrations. Hence, the FDD protective mechanism was independent of GSH modulation.




2.6. Ferric-Reducing Antioxidant Power of FDD


In the FRAP assay, antioxidant in the sample is assumed as reducing agent and the reducing power of the antioxidant in a redox linked colorimetric reaction is measured. All ranges of FDD tested contained antioxidant power. The FRAP value of FDD was 9.64 ± 0.08 µg ascorbic acid equivalent/100 µg FDD or 150.67 ± 1.18 µM Fe2+, equivalent/100 µg FDD (Figure 5).





3. Discussion


In this study, Salmonella mutagenicity testing was employed to determine the potential mutagenic effect of FDD. This screening testing was recommended by the scientific community and government agencies for detecting chemically induced mutagenesis [5]. The chemicals tested are classified as mutagenic if they produce more than a twofold increase in the number of revertant colonies over that of the negative control or demonstrated a dose-related increase in revertant colonies. For all concentrations tested (3.125–50 mg/mL), none of the concentrations produced a twofold increase in revertant colony count or yielded a dose-related increase in colony count. Similar results were obtained when metabolic activation was introduced by adding S9 mix. Therefore, FDD was considered as non-mutagenic based on the provided classification [5]. Our data are in line with previous study on F. deltoidea methanolic extract, which showed no mutagenic activity [23]. However, this is just preliminary, and a further battery of tests is needed in terms of genetic toxicity data for public assurance of the safety of the plant used. Safety data of this popular plant is important because prepared decoction of F. deltoidea is commonly consumed in traditional medicine practice.



The antimutagenic activity of FDD was also screened against known mutagens by using Salmonella TA 98 and TA 100 strains. In the absence of S9 metabolic activation, both concentrations of FDD (12.5 and 50 mg/mL) did not show any antimutagenic activity; however, 50 mg/mL FDD exhibited weak antimutagenic activity on the TA 98 strain. FDD inhibition rate slightly increased with increasing extract concentration. In the presence of S9 metabolic activation, FDD demonstrated a dose-dependent increase in antimutagenic activity. FDD (50 mg/mL) produced strong antimutagenic activity against 2-aminoanthracene in both TA 98 and TA 100 strains. Our results demonstrated that FDD performed poorly in inhibiting direct-acting mutagens in the assay without S9 metabolic activation, but could inhibit mutagenicity induced by S9 dependent (indirect-acting) mutagens in a dose-dependent manner. There are several possible explanations for the obtained result. Firstly, FDD may modulate liver-metabolizing enzymes, and thus prevent the transformation of 2-aminoanthracene to ultimate toxicant or promote the metabolism of 2-aminoanthracene to improve its excretion. Another possible explanation is that FDD may require modification by liver enzymes before producing metabolites with antimutagenic activity [14]. This study is the first to demonstrate the antimutagenic activity of F. deltoidea in the indirect-acting mutagen 2-aminoanthracene. The presented preclinical data provide novel evidence about the potential nutritional value of this popular plant relevant to consumers and improved scientific knowledge on the ethnopharmacology of F. deltoidea.



In this study, the protective effect of F. deltoidea against the potent ROS inducer menadione was investigated. Menadione is a vitamin K analog and is also known as vitamin K3 [24,25]. Menadione is a type of naphthoquinone that contains quinone moiety, which can generate ROS through redox cycling [24]. Menadione was marketed between 1939 and 1941 and used in clinical settings as a treatment for cholemic bleeding caused by biliary tract obstruction or fistula, hypopro-thrombinemia associated with other malabsorption syndromes, and hemorrhagic disease in newborns [25]. Menadione, as well as other chemicals that contain quinone moiety, has been studied in terms of its ROS-producing mechanisms via redox cycling [24]. In cells, the quinone moiety undergoes a reduction in the presence of flavoenzymes to form a semiquinone moiety. In the presence of oxygen molecules, the semiquinone moiety donates an electron to an oxygen molecule, thereby forming a superoxide radical anion (·O2−) and the original quinone. The regenerated quinone may undergo the same futile cycling to produce semiquinone. This process continues until the system becomes anaerobic [24,26]. During redox cycling, large amounts of superoxide radical anions are produced. Accumulation of ROS causes an imbalance in redox status and generates oxidative stress. Free radicals can oxidize cellular macromolecules, such as proteins, DNA, carbohydrates, and lipids, leading to cellular damage [24,27].



Our data demonstrated that 50 and 100 µg/mL FDD pre-treatment decreased superoxide anion levels generated by menadione. FRAP assay demonstrated that both concentrations possessed reducing properties, thereby indicating the antioxidant power of FDD. These data suggest that the ability of FDD to decrease superoxide anions generated by menadione could be partially attributed to the antioxidant properties of this plant. Aside from a direct antioxidant effect, the plant extract may modulate intracellular antioxidant responses, such as enzymatic and non-enzymatic antioxidant mechanisms, to confer protection against oxidative stress. In this study, we measured GSH content of V79 cells treated with menadione. Pre-treatment of FDD did not significantly affect GSH levels in cells. These data suggested that FDD confer protection against oxidative stress independent of GSH modulation. The possibility of FDD to confer protective effects via modulation of enzymatic pathways remains unclear and requires further investigation.




4. Materials and Methods


4.1. Sample Collection and Preparation


F. deltoidea var. deltoidea leaves were obtained from Juaseh Tengah, Negeri Sembilan, Malaysia. The plant samples were taxonomically identified and authenticated by the Herbarium, Faculty of Sciences and Technology, Universiti Kebangsaan Malaysia, with the voucher number UKMB 29781.



The F. deltoidea var. deltoidea leaves (250 g) were cut into small pieces and extracted with distilled water using a Soxhlet apparatus for 16 h. The extract was filtered and freeze dried to remove solvent residue. The extraction yielded 7.45 g of FDD, which accounted for a 2.98% yield. FDD was stored in an air-tight container and stored under chilled conditions (4 °C).




4.2. Salmonella Mutagenicity Assay


The Salmonella mutagenicity assay was performed using a previously described method with slight modifications [28]. Salmonella typhimurium TA 98 strain (frame shift mutation) and TA 100 strain (base pair substitution) were used in the assay. Both Salmonella typhimurium histidine auxotroph strains TA 98 (his 3052, uvrB, pKM101, rfa) and TA 100 (hisG46, uvrB, pKM101, rfa) were obtained from the American Type Culture Collection (ATCC, Manassas, VA, USA). The mutant strains were confirmed for their genotypes of histidine/biotin dependence, rfa marker uvrB gene deletion mutation, and the presence of plasmid pMK101. This assay employed the plate incorporation method with and without exogenous metabolic systems. Test strains from frozen cultures were incubated in Oxoid nutrient broth No. 2 (Oxoid Ltd., Basingstoke, Hants, UK) overnight at 37 °C in a shaking water bath before use.



Briefly, FDD was reconstituted in sterilized normal saline to prepare a series of concentrations (3.125, 6.25, 12.5, 25, and 50 mg/mL). Different concentrations of FDD were added to 2 mL of top agar, supplemented with 0.5 mM l-histidine and 0.5 mM d-biotin. These mixtures were added with 100 µL of bacterial culture and poured onto a plate containing minimum agar. The plates were then incubated for 48 h, and his+ revertant colonies were counted after the incubation period. The influence of metabolic activation was tested by adding 500 µL of S9 mixture (Moltox, Boone, NC, USA). Sterilized normal saline was used as negative control to determine spontaneous reversion activity. For testing in the absence of metabolic activation, 2-nitrofluorene and sodium azide were used as positive control for TA 98 and TA 100 strains, respectively. For testing in the presence of metabolic activation, 2-aminoanthracene was used as positive control for both strains. The extract was classified as mutagenic if it produced more than a twofold increase in the number of revertant colonies compared with that of the negative control, or demonstrated a dose-related increase in revertant colonies.




4.3. Antimutagenicity Assay


This assay is based on the plate incorporation method, similar to Salmonella mutagenicity assay as described in Section 4.2. Briefly, 100 μL of FDD (12.5 and 50 mg/mL) was added to 2 mL of top agar supplemented with 0.5 mM l-histidine and 0.5 mM d-biotin. The mixture was then mixed with 100 µL of mutagen and 100 µL of bacterial culture (TA 98 and TA 100 strains) and poured onto minimum agar. For testing in the absence of metabolic activation, 2-nitrofluorene and sodium azide were used as mutagens for TA 98 and TA 100 strains, respectively. For testing in the presence of metabolic activation, 2-aminoanthracene was used as a mutagen for both strains. The plates were then incubated at 37 °C for 48 h, and his+ revertant colonies were counted after incubation. Percentage of inhibition was calculated based on the following Equation (1)


   Inhibition   rate     ( % )   = 100   -   [   (   T M   )     ×   100 %   ]   



(1)




where T is the number of revertants per plate in the presence of both the mutagen and FDD, and M is the number of revertants per plate in the presence of the mutagen alone. The percentage of inhibition was classified as follows: higher than 60%, strong; 60% to 41%, moderate; 40% to 21%, weak; and < 20%, negligible [29].




4.4. Cell Culture


V79 Chinese hamster lung fibroblasts were purchased from ATCC (Rockville, MD USA). The cells were maintained under physiological conditions (37 °C, 5% CO2) in Dulbecco’s Modified Eagle’s Medium (Gibco, Grand Island, NY, USA) supplemented with 10% fetal bovine serum (PAA Laboratories, Morningside, Queensland, Australia) and 100 U/mL penicillin–streptomycin (PAA Laboratories, Morningside, Queensland, Australia). Prior to all testing in Subsections 2.8 to 2.11, the cells were seeded at a density of 1 × 104/cm2 and incubated overnight to facilitate attachment. The cells were given treatment as described in each subsection.




4.5. MTT Assay


The viability of V79 cells was determined by using 3-4,5-dimethylthiazol-Z-yl-2,5-diphenyltetrazolium bromide (MTT) assay, as previously described [30]. Briefly, V79 cells were seeded in a 96-well plate and treated with 62.5–500 µg/mL FDD for 24 h to determine the effect of FDD on the viability of V79 cells. On the other hand, to determine the cytoprotective effect of FDD, V79 cells were seeded and treated with FDD (25–100 µg/mL) for 24 h prior to induction with 26 µM menadione for another 24 h. At the end of the treatment period, 20 µL of the MTT solution (5 mg/mL) was added to each well and incubated for 4 h before the medium was discarded. Subsequently, 200 µL of DMSO was added to dissolve the formazan crystals. The plates were shaken for 5 min to dissolve crystals formed, and absorbance was measured at 570 nm by using a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA). Cell viability was calculated relative to the vehicle control group.




4.6. Superoxide Anion Assessment


Superoxide anion assessment was performed as described previously [31]. Briefly, V79-4 cells were seeded and treated with FDD (25–100 µg/mL) for 24 h. The cells were then treated with 26 µM menadione for 3 h to induce oxidative stress. After the treatment period, the cells were harvested through trypsinization, washed with chilled PBS, and suspended in pre-warmed serum-free medium at a concentration of 2 × 105 cell/mL. The cells were then added to 1 μL of 10 mM hydroethidine (HE) and incubated in the dark (37 °C, 30 min). The cells were then centrifuged at 2500 rpm for 5 min to obtain cell pellets. The pellets were washed with chilled PBS, suspended in 500 µL of chilled PBS, and analyzed with a FASCantoII flow cytometer (BD Biosciences, San Jose, CA, USA).




4.7. Reduced Glutathione Quantification


The GSH level was measured as described previously [31]. Briefly, V79-4 cells were seeded and pre-treated with FDD (25–100 µg/mL) for 24 h. The cells were then treated with 26 µM menadione for 3 h to induce oxidative stress. The treated cells were collected by trypsinization and subjected to centrifugation (5 min, 2500 rpm) to collect cell pellets. The pellets were washed with PBS twice and added with 100 µL of cold lysis buffer (50 mM K2HPO4; 1 mM EDTA, pH 6.5; 0.1% v/v Triton X-100). The cells were incubated in ice for 15 min with gentle vortex every 5 min to facilitate lysis. The mixtures were centrifuged (10,000 rpm, 15 min, 4 °C), and supernatant was collected as protein lysate. Glutathione (GSH) standard curve was constructed using reduced GSH solution ranging from 1.25 mM to 0.125 µM. Briefly, 50 µL of the lysate or GSH standard solution was transferred into 96-well plates. Subsequently, 40 μL of the reaction buffer (0.1 M Na2HPO4, 1 mM EDTA, pH 8) and 10 µL of 4 mg/mL dithiobis (2-bitrobenzoic acid) (DTNB) were added into wells containing the sample and the standard. The plates were incubated for 15 min at 37 °C before the OD was read under 415 nm. Free thiol concentration was calculated based on the GSH standard and expressed as a nmol GSH/mg protein.




4.8. Ferric-reducing Antioxidant Power (FRAP) Assay


Ferric-reducing antioxidant power (FRAP) assay was performed using previously described methods with slight modification [32,33]. The assay was conducted in a microtiter plate format. FRAP reagent was prepared by mixing 300 mM acetate buffer (pH 3.6), 20 mM ferric (III) chloride, and 10 mM Tri(2-pyridyl)-s-triazine (TPTZ) in a ratio of 10:1:1 (v:v). FRAP reagent was prepared freshly and incubated at 37 °C for 15 min prior to use. Various concentrations of FDD (25–100 µg/mL), ascorbic acid (12.5–50 µg/mL), and ferric (II) sulfate (100–1000 µM) solution were prepared. Subsequently, 50 µL of each solution was loaded into a 96-well plate. Ascorbic acid and ferric (II) sulfate were used as standard in this assay. Each well was then added with 175 µL of FRAP reagent and incubated in the dark (room temperature, 5 min). Absorbance was read at 590 nm wavelength by using a microplate reader (Bio-Rad Laboratories, Hercules, CA, USA). The FRAP value of FDD was expressed as ascorbic acid equivalent (µg/mL).




4.9. Statistical Analysis


All experiments were conducted in triplicate, and the results were expressed as mean ± standard error mean for all experimental groups. Data were subjected to statistical comparison using one-way ANOVA (SPSS version 22, IBM Corp., Armonk, NY, USA). Values at p < 0.05 were considered significant.





5. Conclusions


FDD demonstrated no mutagenic activity on Salmonella TA 98 and TA 100 strains with and without metabolic activation. However, it demonstrated strong inhibition on 2-aminoanthracene-induced mutagenic activity under metabolic activation. Additionally, FDD conferred a cytoprotective effect against menadione-induced oxidative stress independent of GSH modulation. The antimutagenic and cytoprotective, as well as its antioxidant benefits, provide additional value to the claimed therapeutic properties of this traditional herbal plant.







Author Contributions


Conceptualization, N.F.R., F.W.I., K.M.C. and N.M.; methodology, S.A. and L.M.L.; software, S.A. and L.M.L.; validation, T.C.O., E.L.S., S.A. and L.M.L.; formal analysis, S.A. and L.M.L.; investigation, S.A. and L.M.L.; resources, T.C.O., E.L.S., S.A. and L.M.L.; data curation, S.A. and L.M.L.; writing—original draft preparation, S.A. and L.M.L.; writing—review and editing, T.C.O., N.F.R., F.W.I., K.M.C., N.M., S.A. and L.M.L.; visualization, S.A. and L.M.L.; supervision, N.F.R., F.W.I., K.M.C. and N.M.; project administration, S.A. and L.M.L.; funding acquisition, N.F.R., F.W.I., K.M.C. and N.M. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Ministry of Higher Education under the Fundamental Research Grant Scheme (FRGS/1/2013/SKK01/UKM/02/3 and FRGS/1/2011/SKK/UKM/02/22) and Universiti Kebangsaan Malaysia (DIP-2012-024).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


We thank the Center of Research and Instrument Management (CRIM), UKM for providing microplate reader and flow cytometer facilities.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




Sample Availability


Samples of the compounds are not available from the authors.




References


	



Van Cutsem, E.; Borràs, J.M.; Castells, A.; Ciardiello, F.; Ducreux, M.; Haq, A.; Schmoll, H.-J.; Tabernero, J. Improving outcomes in colorectal cancer: Where do we go from here? Eur. J. Cancer 2013, 49, 2476–2485. [Google Scholar] [CrossRef]

	



World Health Organization. Noncommunicable Diseases Country Profile 2014. 2014. Available online: http://apps.who.int/iris/bitstream/10665/128038/1/9789241507509_eng.pdf?ua=1 (accessed on 20 January 2021).

	



Hagland, H.R.; Søreide, K. Cellular metabolism in colorectal carcinogenesis: Influence of lifestyle, gut microbiome and metabolic pathways. Cancer Lett. 2015, 356, 273–280. [Google Scholar] [CrossRef]

	



Słoczyńska, K.; Powroźnik, B.; Pękala, E.; Waszkielewicz, A.M. Antimutagenic compounds and their possible mechanisms of action. J. Appl. Genet. 2014, 55, 273–285. [Google Scholar] [CrossRef] [PubMed]

	



Mortelmans, K.; Zeiger, E. The Ames Salmonella/microsome mutagenicity assay. Mutat. Res. 2000, 455, 29–60. [Google Scholar] [CrossRef]

	



Castiglia, D.; Zambruno, G. Mutation Mechanisms. Dermatol. Clin. 2010, 28, 17–22. [Google Scholar] [CrossRef] [PubMed]

	



Gautam, S.; Saxena, S.; Kumar, S. Fruits and Vegetables as Dietary Sources of Antimutagens. J. Food Chem. Nanotechnol. 2016, 2, 97–114. [Google Scholar] [CrossRef]

	



Akram, M.; Riaz, M.; Wadood, A.W.C.; Hazrat, A.; Mukhtiar, M.; Ahmad Zakki, S.; Daniyal, M.; Shariati, M.A.; Said Khan, F.; Zainab, R. Medicinal plants with anti-mutagenic potential. Biotechnol. Biotechnol. Equip. 2020, 34, 309–318. [Google Scholar] [CrossRef]

	



Chatti, I.B.; Boubaker, J.; Skandrani, I.; Bhouri, W.; Ghedira, K.; Chekir Ghedira, L. Antioxidant and antigenotoxic activities in Acacia salicina extracts and its protective role against DNA strand scission induced by hydroxyl radical. Food Chem. Toxicol. Int. J. Publ. Br. Ind. Biol. Res. Assoc. 2011, 49, 1753–1758. [Google Scholar] [CrossRef]

	



Del-Toro-Sánchez, C.L.; Bautista-Bautista, N.; Blasco-Cabal, J.L.; Gonzalez-Ávila, M.; Gutiérrez-Lomelí, M.; Arriaga-Alba, M. Antimutagenicity of Methanolic Extracts from Anemopsis californica in Relation to Their Antioxidant Activity. Evid. Based Complement. Altern. Med. 2014, 2014, 273878. [Google Scholar] [CrossRef]

	



Ghazali, A.R.; Abdullah, R.; Ramli, N.; Rajab, N.F.; Ahmad-Kamal, M.S.; Yahya, N.A. Mutagenic and antimutagenic activities of mitragyna speciosa korth extract using Ames test. J. Med. Plants Res. 2011, 5, 1345–1348. [Google Scholar]

	



Bouguellid, G.; Russo, C.; Lavorgna, M.; Piscitelli, C.; Ayouni, K.; Wilson, E.; Kim, H.K.; Verpoorte, R.; Choi, Y.H.; Kilani-Atmani, D.; et al. Antimutagenic, antigenotoxic and antiproliferative activities of Fraxinus angustifolia Vahl. leaves and stem bark extracts and their phytochemical composition. PLoS ONE 2020, 15, e0230690. [Google Scholar] [CrossRef]

	



Cherdshewasart, W.; Sutjit, W.; Pulcharoen, K.; Chulasiri, M. The mutagenic and antimutagenic effects of the traditional phytoestrogen-rich herbs, Pueraria mirifica and Pueraria lobata. Braz. J. Med. Biol. Res. 2009, 42, 816–823. [Google Scholar] [CrossRef] [PubMed]

	



Loh, D.S.Y.; Er, H.M.; Chen, Y.S. Mutagenic and antimutagenic activities of aqueous and methanol extracts of Euphorbia hirta. J. Ethnopharmacol. 2009, 126, 406–414. [Google Scholar] [CrossRef]

	



Rathnasamy, S.; Mohamed, K.B.; Sulaiman, S.F.; Akinboro, A. Evaluation of cytotoxic, mutagenic and antimutagenic potential of leaf extracts of three medicinal plants using Allium cepa chromosome assay. Int. Curr. Pharm. J. 2013, 2, 131–140. [Google Scholar] [CrossRef]

	



Ray, P.D.; Huang, B.W.; Tsuji, Y. Reactive oxygen species (ROS) homeostasis and redox regulation in cellular signaling. Cell Signal 2012, 24, 981–990. [Google Scholar] [CrossRef] [PubMed]

	



Wang, P.; Peng, X.; Wei, Z.-F.; Wei, F.-Y.; Wang, W.; Ma, W.-D.; Yao, L.-P.; Fu, Y.-J.; Zu, Y.-G. Geraniin exerts cytoprotective effect against cellular oxidative stress by upregulation of Nrf2-mediated antioxidant enzyme expression via PI3K/AKT and ERK1/2 pathway. Biochim. Biophys. Acta Gen. Subj. 2015, 1850, 1751–1761. [Google Scholar] [CrossRef] [PubMed]

	



Han, J.Y.; Cho, S.S.; Yang, J.H.; Kim, K.M.; Jang, C.H.; Park, D.E.; Bang, J.S.; Jung, Y.S.; Ki, S.H. The chalcone compound isosalipurposide (ISPP) exerts a cytoprotective effect against oxidative injury via Nrf2 activation. Toxicol. Appl. Pharmacol. 2015, 287, 77–85. [Google Scholar] [CrossRef] [PubMed]

	



Aquilano, K.; Baldelli, S.; Ciriolo, M.R. Glutathione: New roles in redox signalling for an old antioxidant. Front. Pharmacol. 2014, 5, 196. [Google Scholar] [CrossRef]

	



Bunawan, H.; Amin, N.M.; Bunawan, S.N.; Baharum, S.N.; Mohd Noor, N. Ficus deltoidea Jack: A Review on Its Phytochemical and Pharmacological Importance. Evid. Based. Complement. Alternat. Med. 2014, 2014, 902734. [Google Scholar] [CrossRef]

	



Ibrahim, F.W.; Derased, N.I.; Zainudin, U.R.A.; Rajab, N.F. Mechanism Identification of Ficus Deltoidea Aqueous Extract in Rat Uterine Contractions. J. Sains Kesihat. Malaysia 2018, 16, 75–81. [Google Scholar] [CrossRef]

	



Amiera, Z.U.R.; Nihayah, M.; Wahida, I.F.; Rajab, N.F. Phytochemical characteristic and uterotonic effect of aqueous extract of Ficus deltoidea leaves in rats uterus. Pak. J. Biol. Sci. PJBS 2014, 17, 1046–1051. [Google Scholar] [CrossRef]

	



Farsi, E.; Shafaei, A.; Hor, S.Y.; Ahamed, M.B.K.; Yam, M.F.; Asmawi, M.Z.; Ismail, Z. Genotoxicity and acute and subchronic toxicity studies of a standardized methanolic extract of Ficus deltoidea leaves. Clinics 2013, 68, 865–875. [Google Scholar] [CrossRef]

	



Klotz, L.-O.; Hou, X.; Jacob, C. 1,4-naphthoquinones: From oxidative damage to cellular and inter-cellular signaling. Molecules 2014, 19, 14902–14918. [Google Scholar] [CrossRef]

	



Hassan, G.S. Menadione. Profiles Drug Subst. Excip. Relat. Methodol. 2013, 38, 227–313. [Google Scholar] [CrossRef] [PubMed]

	



Bolton, J.L.; Dunlap, T. Formation and Biological Targets of Quinones: Cytotoxic versus Cytoprotective Effects. Chem. Res. Toxicol. 2017, 30, 13–37. [Google Scholar] [CrossRef] [PubMed]

	



Kehrer, J.P.; Klotz, L.-O. Free radicals and related reactive species as mediators of tissue injury and disease: Implications for Health. Crit. Rev. Toxicol. 2015, 45, 765–798. [Google Scholar] [CrossRef]

	



Maron, D.M.; Ames, B.N. Revised methods for the Salmonella mutagenicity test. Mutat. Res. 1983, 113, 173–215. [Google Scholar] [CrossRef]

	



Phuneerub, P.; Limpanasithikul, W.; Palanuvej, C.; Ruangrungsi, N. In vitro anti-inflammatory, mutagenic and antimutagenic activities of ethanolic extract of Clerodendrum paniculatum root. J. Adv. Pharm. Technol. Res. 2015, 6, 48–52. [Google Scholar] [CrossRef]

	



Siew, E.L.; Farris, A.F.; Rashid, N.; Chan, K.M.; Rajab, N.F. In vitro toxicological assessment of gadolinium (III) chloride in V79-4 fibroblasts. Genes Environ. 2020, 42, 22. [Google Scholar] [CrossRef] [PubMed]

	



Inayat-Hussain, S.H.; Chan, K.M.; Rajab, N.F.; Din, L.B.; Chow, S.C.; Kizilors, A.; Farzaneh, F.; Williams, G.T. Goniothalamin-induced oxidative stress, DNA damage and apoptosis via caspase-2 independent and Bcl-2 independent pathways in Jurkat T-cells. Toxicol. Lett. 2010, 193, 108–114. [Google Scholar] [CrossRef]

	



Benzie, I.F.F.; Strain, J.J. The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: The FRAP assay. Anal. Biochem. 1996, 239, 70–76. [Google Scholar] [CrossRef] [PubMed]

	



Hasiah, A.H.; Ghazali, A.R.; Weber, J.F.F.; Velu, S.; Thomas, N.F.; Inayat Hussain, S.H. Cytotoxic and antioxidant effects of methoxylated stilbene analogues on HepG2 hepatoma and Chang liver cells: Implications for structure activity relationship. Hum. Exp. Toxicol. 2011, 30, 138–144. [Google Scholar] [CrossRef] [PubMed]








[image: Molecules 26 03287 g001 550] 





Figure 1. Cytotoxic effect of FDD on V79 cells. V79 cells were treated with various concentrations of FDD (62.5–500 µg/mL FDD) for 24 h. Cell viability was assessed using MTT assay. Each point shown is mean ± SEM of three independent experiments. 
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Figure 2. Intracellular superoxide anion level in different treatment groups. V79 cells were pre-treated with various concentrations of FDD for 24 h prior to exposure to 26 µM menadione for 3 h. The treated cells were stained with hydroethidine and analyzed using a flow cytometer. Data were demonstrated as mean ± SEM for three independent experiments. α Significant difference compared with vehicle control group (p < 0.05). β Significant difference compared with 0 µg/mL FDD + 26 µM menadione group (p < 0.05). 
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Figure 3. Protective effect of FDD against menadione-induced cell death. V79 cells were pre-treated with various concentrations of FDD for 24 h prior to exposure to 26 µM menadione. Cell viability was determined using MTT assay. Data were demonstrated as mean ± SEM for three independent experiments. α Significant difference compared with vehicle control group (p < 0.05). β Significant difference compared with 0 µg/mL FDD + 26 µM menadione group (p < 0.05). 
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Figure 4. Intracellular GSH level in different treatment groups. V79 cells were pre-treated with various concentrations of FDD for 24 h prior to exposure to 26 µM menadione for 3 h. The treated cells were harvested, and glutathione concentration was measured. Data were demonstrated as mean ± SEM for three independent experiments. α Significant difference compared with vehicle control group (p < 0.05). β Significant difference compared with 0 µg/mL FDD + 26 µM menadione group (p < 0.05). 
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Figure 5. Ascorbic acid equivalent value in different concentrations of FDD. FDD antioxidant capacity was measured using FRAP assay. 
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Table 1. Results of mutagenicity testing of FDD on Salmonella typhimurium TA 98 and TA 100 strains with and without metabolic activation.
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S. typhimurium

Strains

	
Concentration

(mg/mL)

	
No. of Revertant Colony (Mean ± SD)




	
Without S9

	
With S9






	
TA 98

	
PC

	
444 ± 12.9 a, α

	
531 ± 19.86 b, α




	
NC

	
14 ± 3.61

	
19 ± 2.65




	
3.125

	
14 ± 1.00

	
16 ± 0.58




	
6.25

	
9 ± 0.58

	
ND




	
12.5

	
10 ± 1.00

	
20 ± 0.00




	
25

	
14 ± 0.58

	
ND




	
50

	
17 ± 2.00

	
19 ± 0.00




	




	
TA 100

	
PC

	
932 ± 32.72 c, α

	
1209 ± 50.06 b, α




	
NC

	
84 ± 14.18

	
83 ± 3.21




	
3.125

	
83 ± 4.93

	
80 ± 6.81




	
6.25

	
63 ± 2.65

	
ND




	
12.5

	
76 ± 3.06

	
78 ± 4.00




	
25

	
63 ± 1.73

	
ND




	
50

	
74 ± 0.58

	
84 ± 1.00








NC—Sterile normal saline; PC—Positive control; ND—Not defined. Data were shown as mean ± SD of three independent experiments. a 2-nitrofluorene; b 2-aminoanthracene; c sodium azide; α Significant difference compared with negative control (p < 0.05).
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Table 2. Result of antimutagenicity testing of FDD on Salmonella typhimurium TA 98 and TA 100 strains with and without metabolic activation.
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Strains

	
Concentration (mg/mL)

	
Percentage Inhibition (%)




	
2-Nitrofluorene

	
2-Aminoanthracene

	
Sodium Azide




	
−S9

	
+S9

	
−S9

	
+S9

	
−S9

	
+S9






	
TA 98

	
12.5

	
11.27 α

	
−

	
−

	
60.25 α

	
−

	
−




	
50

	
28.74 α

	
−

	
−

	
74.75 α

	
−

	
−




	
TA 100

	
12.5

	
−

	
−

	
−

	
17.91 α

	
11.27

	
−




	
50

	
−

	
−

	
−

	
79.73 α

	
13.9

	
−








Data were shown as mean ± SD of three independent experiments. α Significant difference compared with negative control (p < 0.05).
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