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            Abstract

            
               
Antioxidant compounds work by preventing or detecting oxidative chain reactions caused by free radicals, stabilizing generated
                  radicals and thus reducing the risk of oxidative damage in the body. They are sometimes called as free radical scavengers.
                  Plants are naturally rich in antioxidants which contains bioactive compounds with high antioxidant activity. The work was
                  carried out to verify whether different types of method shows the same sensitivity and/or capacity to determine the antioxidant
                  activity of two different extract of Sansevieria cylindrica  Bojer ex Hook. Their extracts were analyzed using 4 four different methods (i) DPPH (ii) Hydrogen peroxide (iii) Superoxide
                  (iv) Nitric Oxide scavenging activities. These four methods could quantify the antioxidant capacity.  Antioxidant evaluation
                  methods must be fast, reproducible, require small amounts of the chemical compounds being analyzed, and not be affected by
                  the physical characteristics of the compounds.  The highest antioxidant activity was observed in both the extracts 13.6% (Ethanolic
                  extract) and 13.9% (Chloroform extract) in 20µg/ml concentration of DPPH activity and the lowest antioxidant activity was
                  also observed in ethanolic extract of Nitric oxide radical scavenging activity 68.7% in 100µg/ml concentration. Finally the
                  application of DPPH free radicals are higher than the results of other three methods of free radical activity. 
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               Introduction

            Modern technology makes use of pharmacologically active compounds that are provided by medicinally important plants in  the
               discovery of new therapeutics. According to WHO, about 80% of the world's population relies on medicinal plants for their
               medicinal properties  (Shirwaikar, Verma, & Lobo, 2009). There are many different  bioactive components in plants and herbal dietary supplements that have physiological actions
               in the body that could be used to treat diseases with minimal side effects. Also, these herbal plants can be used by people
               from all ages and sexes.
            

            A major source of bioactive constituents are antioxidants  (Cook & Samman, 1996), polyphenols including tannins, and peptides. These molecules slow or prevent oxidation and protect the body against reactive
               free radicals and metals that are chelating. Phytochemical studies have suggested that the antioxidant abilities of plants
               are due to their phenolic content  (Cai, Luo, Sun, & Corke, 2004; Zheng & Wang, 2001). In recent years, there has been increased interest in finding antioxidant phytochemicals in order to prevent degenerative
               diseases like atherosclerosis, heart attacks, aging, cancer and others  (Mishra, Kumar, Bhargava, Sharma, & Pandey, 2011; Oleszek, 2002). The process of producing free radicals by the organism and removing them by it is in balance; this is referred to as oxidative
               balance. In case of disruption of this balance, reactive oxygen species increase. The condition is known as oxidative stress
               (Wells et al., 2009).
            

            Increasing the amount of free radicals in an environment can deplete the antioxidant defense systems and affect the equilibrium
               status of antioxidant defenses. Free radicals have both a short half life and high reactivity, which can damage cellular components,
               including DNA, proteins, carbohydrates, nucleic acids, and membrane lipids, resulting in cell death and tissue damage  (Huang, Ou, & Prior, 2005).  Therefore, oxidative stress can cause several chronic diseases including cancer, diabetes, Alzheimer’s disease, coronary
               heart diseases, and aging  (Baublis, Lu, Clydesdale, & Decker, 2000).
            

            In humans, some studies have shown  that dietary antioxidants may reduce the risk of these diseases, improve general health,
               and prevent death  (Yu, Scanlin, Wilson, & Schmidt, 2002). In this way, the plant might be used to produce potential antioxidant drugs for the treatment of diseases caused by oxidative
               stress. Foods, cosmetics, and pharmaceutical products now contain natural antioxidants, which are beneficial through their
               abundance and magnitude of activity, and they can adjust imbalances to a great extent  (Djeridane et al., 2006; Wannes et al., 2010).
            

            In the plant kingdom, Sansevieria  cylindrica Bojer ex Hook. is a perennial plant belonging to the Asparagaceae family. It
               is native to the subtropical regions of the African continent and is  cultivated in Egypt for ornamental purposes  (Takawira & Nordal, 2002). It is one of the most recommended plants for improving air quality and capable of capturing 107 types of toxins, including
               air pollution, cigarette smoke (nicotine)  (Cushnie, 2008). It is utilized as a traditional remedy, especially in remote rural areas where herbal forms of medicine are still commonly
               used as medicines since the whole plant is useful for treating cuts, sprains and broken bones, while the roots are useful
               in treating snakebites. The main goal of this study was to determine the antioxidant activity of S. cylindrica Bojer ex Hook.
            

         

         
               MATERIALS AND METHOD

            
               Collection of Plant Material and Preparation of Plant Extracts
               
            

            A taxonomist from Rapinat Herbarium and Center for Molecular Systematics, St. Joseph's College, Trichy, Tamil Nadu, identified
               the plants collected from Holy Cross College Campus (Autonomous), Nagercoil. India. It was deposited at the Rapinat Herbarium,
               St. Josephs College, Thiruchirappalli, Tamil Nadu, India. Plant materials were then washed separately and dried under shade
               for a few days. To store the dried materials for future use, the materials were ground into coarse powder by grinding machines
               and stored at room temperature. With two solvents, ethanol and chloroform, the sample could be extracted and then evaporated
               to dryness with a rotary evaporator. The resulting residue was then tested for antioxidant activity.
            

            
               Antioxidant Activity
               
            

            Antioxidants protect cells from damage caused by reactive oxygen species. Recent studies have shown that natural antioxidants
               can prevent disease and promote health. Since phytochemicals have such complex structures, different methods can be used to
               evaluate their antioxidant properties  (Singleton, Orthofer, & Lamuela-Raventós, 1999). DPPH  (Serpen, Capuano, Fogliano, & Gökmen, 2007), hydrogen peroxide  (Patel, Patel, Patel, & Patel, 2010), superoxide  (Nishikimi, Rao, & Yagi, 1972)  and nitric oxide  (Cos et al., 1998)  were analysed and compared with standard rutin as antioxidants. In addition to being an antioxidant, rutin is also known
               as vitamin P, which can be found in vegetables, fruits, and herbs such as asparagus. Among its pharmacological actions, as
               being described by Patel et al. 17, rutin has antibacterial, antiprotozoal, antitumor, anti-inflammatory, antiallergic, antiviral, cytoprotective, hypolipidemic,
               antiplatelet, antispasmodic, and antihypertensive activities.
            

            DPPH Radical Scavenging Assay 
            

            For determining antioxidants' ability to scavenge free radicals, the DPPH method is commonly used. DPPH (1,1-diphenyl-2-picrylhydrazyl)
               is a highly stable free radical compound and has the ability to accept electrons or hydrogen radicals. Before measurement,
               the lyophilized fractions were sieved and powdered. In an Eppendorf tube, 10 mg of the powdered sample were added, followed
               by 1.7 mL of the DPPH reagent. At 0, 15, and 25 minutes, the mixture was vortexed for three minutes to increase the surface
               area available for the reaction between the insoluble matter and the DPPH reagent. After centrifugation at 9200 g for 2 minutes,
               the optically clear supernatant was measured with a Shimadzu 3100 UV-vis spectrophotometer at 517 nm. After mixing the insoluble
               matter with DPPH, all measurements were taken after 30 minutes. As a standard, Rutin was used and the results were expressed
               as a percentage. Based on the DPPH scavenging method relative to control, the following equation was used:
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            This test is quick and easy, and provides reliable results. It requires only the use of a UV-Vis spectrophotometer to perform,
               so it has widely been used for screening antioxidant properties.
            

            
               Hydrogen Peroxide Scavenging Activity
                
               
            

            With a little modification, we were able to show that extracts can scavenge hydrogen peroxide. Instead of using phosphate
               buffer saline of pH 7.4, the hydrogen peroxide solution was prepared by adding various concentrations of aqueous and ethanolic
               extracts (100–1000 g/ml) to a hydrogen peroxide solution (2 ml)  (Gülçin, Alici, & Cesur, 2005). Following a 10-minute incubation, the absorbance of hydrogen peroxide at 230 nm was measured against a blank solution containing
               only phosphate buffer. The blank samples for each concentration were taken separately. In the case of the control sample,
               take hydroperoxide solution and see the absorbance at 230 nm. Based on the formula, determine the percentage inhibition activity.
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            where A0 is the absorbance of the control and A1 is the absorbance of extract.
            

            
               Superoxide Radical Scavenging Activity
                
               
            

            By nitroblue tetrazolium reduction, superoxide scavenging was determined. One ml of the nitroblue tetrazolium solution (l
               M NBT in 100 mM phosphate buffer, pH 7.4), one ml of the NADH solution (l M NADH in 100 mM phosphate buffer, pH 7.4), and
               0.1 ml of mixed fractions and ascorbic acid (50 mM phosphate buffer, pH 7.4) are mixed together in the reaction mixture. In
               order to start the reaction, 100 milliliters of PMS solution (60 milliliters of PMS in 100 milliliters of phosphate buffer,
               pH 7.4) were added to the mixture. Incandescent visible light was evenly emitted into the tubes for 15 minutes, and optical
               density was measured before and after illumination at 530 nm. Using absorbance values from control and experimental tubes,
               we evaluated the percentage inhibition of superoxide generation. The ability of each compound to scavenge the superoxide radical
               was calculated with the following formula:
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            where Ao is the absorbance without sample, and Ae is absorbance with sample. 

            
               Nitric Oxide Radical Scavenging Activity
                
               
            

            In response to sodium nitroprusside dissolved in phosphate buffer saline, the radical nitric oxide is inhibited. Cos et al.,
               1998 evaluated this method: For 0.5ml concentration of extract, 2.0 ml of sodium nitroprusside PBS (0.7425 g/250 ml, pH 7.4)
               was added, and the mixture was incubated for 150 minutes at room temperature. 
            

            Pour 0.5 ml of Griess reagent (1% sulphanilamide, 2% orthophosphoric acid, and 0.1% naphthyl ethylenediamine dihydrochloride)
               into the mixture and let it stand at 25 °C for five minutes. By scavenging NO, oxygen is consumed, which produces a chromophore
               with a light pink-to-deep purple hue at 546 nm. Positive and negative controls were performed in the same manner as the sample,
               except for adding only the solvent to the negative control, and adding rutin to the positive control. Ruthin served as a standard.
               A decrease in absorbance was calculated by the equation below.
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            where A0 is the absorbance of the control (without sample) and A1 is the absorbance of the extract.
            

         

         
               RESULTS AND DISCUSSION 

            Figure  1  and Figure  2  illustrate the antioxidant activity as measured by H2O2, DPPH, SOD and NO. In comparison with standard rutin, the two solvent extracts showed much-reduced scavenging activity. According
               to Mustafa et al. 21, antioxidant properties are significantly associated with the presence of phenolic compounds and flavonoids. Furthermore,
               plants containing gums, tannins, and phenols are known to provide a high level of antioxidants  (Caillet, Côté, Doyon, Sylvain, & Lacroix, 2011).
            

            

            
                  
                  Figure 1

                  Antioxidant Activity of S. cylindrica Bojer ex Hook. extracts – DPPH and SO radical scavenging activity
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                  Figure 2

                  Antioxidant Activity of S. cylindrica Bojer ex Hook. extracts – NO & H2O2 radical scavenging activity
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            Both extracts showed the greatest level of DPPH scavenging activity at concentrations of 20µg/ml: 13.6% in ethanol and 13.9%
               in chloroform. The lowest antioxidant activity was also determined in the ethanolic extract of Nitric oxide radical scavenger
               activity, 68.7% in 100µg/ml concentration. Although the antioxidant potential of the extracts were lower than that of rutin,
               the study showed that both extracts had free radical scavengers and/or inhibitors, which were possibly acting as primary antioxidants
               (Sahreen, Khan, & Khan, 2011).
            

            Among the extracts that inhibit superoxide radical scavenging activity, ethanolic extract exhibits the highest inhibition
               activity of 15% in 20µg/ml concentration, whereas chloroform extract exhibits the lowest inhibition activity of 41.3% in 100µg/ml
               concentration.  A possible explanation could be that the extract contains bioactive compounds such as phenolics and flavonoids
               that can scavenge superoxides and may prevent the oxidation of the major biomolecules  (Sahreen et al., 2011).
            

            With regard to scavenging Nitric oxide radicals, the highest antioxidant activity was detected in chloroform extract with
               inhibition activity of 35.1% in 20µg/ml concentration, whereas the lowest antioxidant activity was detected in ethanol extract
               with inhibition activity of 68.7% in 100µg/ml concentration. Also, the scavenging process helps to interrupt the chain of
               reactions initiated by excessive NO production that harm human health.
            

            When it comes to hydrogen peroxide oxide radical scavenging activity, ethanolic extract had the highest antioxidant activity,
               with an inhibition activity of 32.1% at a 20g/ml concentration, and ethanol extract had the lowest antioxidant activity at
               58.3% at a 100g/ml concentration respectively. Since hydrogen peroxide can give rise to hydroxyl radical inside the cell,
               it may sometimes be toxic to cells, even though it is not very reactive  (Halliwell, 1991). Increased concentration of the fractions resulted in increased percentage scavenging activity. Rutin, used as positive
               controls for comparison, was relatively more effective than S.cylindrica Bojer ex Hook at scavenging for free radicals. Taking into consideration the results of the present study, when comparing
               the antioxidant activity of four different methods, it can be seen the results obtained from the application of DPPH free
               radicals are greater than the results from other free radicals. A possible explanation for this maximum free radical scavenging
               activity is the presence of polyphenolic compounds in sufficient levels  (Meenakumari, Bupesh, & Phukan, 2020).
            

         

         
               Conclusion

            Traditionally, S. cylindrica  Bojer ex Hook. is used as a treatment for various diseases. Extracts from the leaves of this plant had antioxidant potential
               which may be useful for nutritional and medicinal functions. This plant may serve as an effective free radical inhibitor or
               scavenger which is useful in pharmaceutical products. Thus, the plant appears to be a promising material for further studies
               leading to the ability to develop a relatively inexpensive and efficient way of developing drugs and discovery. 
            

         

         
               Acknowledgement

            The authors would like to express their special thanks to the Department Of Botany, Holy Cross College (Autonomous), Nagercoil,
               Tamil Nadu, which provided laboratory facilities for this study.
            

            
               Funding Support
               
            

            The authors declare that they have no funding support for this study.

            
               Conflict of Interest
               
            

            The authors declare that they have no conflict of interest.

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Shirwaikar, A., Verma, R. & Lobo, R.,   (2009). Phytotherapy-Safety aspects..
                     

                  

                  
                     
                        2 
                              

                     

                     Cook, N. C. & Samman, S.,   (1996). Flavonoids—Chemistry, metabolism, cardioprotective effects, and dietary sources. The Journal of Nutritional Biochemistry, 7(2), 66–76.
                     

                  

                  
                     
                        3 
                              

                     

                     Cai, Yizhong, Luo, Qiong, Sun, Mei & Corke, Harold,   (2004). Antioxidant activity and phenolic compounds of 112 traditional Chinese medicinal plants associated with anticancer.
                        Life Sciences, 74(17), 2157–2184.
                     

                  

                  
                     
                        4 
                              

                     

                     Zheng, Wei & Wang, Shiow Y.,   (2001). Antioxidant Activity and Phenolic Compounds in Selected Herbs. Journal of Agricultural and Food Chemistry, 49(11), 5165–5170.
                     

                  

                  
                     
                        5 
                              

                     

                     Mishra, A, Kumar, S, Bhargava, A, Sharma, B & Pandey, A K,   (2011). Studies on in vitro antioxidant and antistaphylococcal activities of some important medicinal plants. Cellular and Molecular Biology (Noisy-Le-Grand, France), 57(1), 16–25.
                     

                  

                  
                     
                        6 
                              

                     

                     Oleszek, W,   (2002). Dietary phytochemicals and human health. Phytochemistry Reviews, 1(2), 163–166.
                     

                  

                  
                     
                        7 
                              

                     

                     Wells, Peter G., McCallum, Gordon P., Chen, Connie S., Henderson, Jeffrey T., Lee, Crystal J. J., Perstin, Julia, Preston,
                        Thomas J., Wiley, Michael J. & Wong, Andrea W.,   (2009). Oxidative Stress in Developmental Origins of Disease: Teratogenesis, Neurodevelopmental Deficits, and Cancer. Toxicological Sciences, 108(1), 4–18.
                     

                  

                  
                     
                        8 
                              

                     

                     Huang, Dejian, Ou, Boxin & Prior, Ronald L.,   (2005). The Chemistry behind Antioxidant Capacity Assays. Journal of Agricultural and Food Chemistry, 53(6), 1841–1856.
                     

                  

                  
                     
                        9 
                              

                     

                     Baublis, Alan J., Lu, Changrun, Clydesdale, Fergus M. & Decker, Eric A.,   (2000). Potential of Wheat-Based Breakfast Cereals as a Source of Dietary Antioxidants. Journal of the American College of Nutrition, 19(sup3), 308S–311S.
                     

                  

                  
                     
                        10 
                              

                     

                     Yu, L., Scanlin, L., Wilson, J. & Schmidt, G.,   (2002). Rosemary Extracts as Inhibitors of Lipid Oxidation and Color Change in Cooked Turkey Products During Refrigerated
                        Storage. Journal of Food Science, 67(2), 582–585.
                     

                  

                  
                     
                        11 
                              

                     

                     Djeridane, A., Yousfi, M., Nadjemi, B., D. Boutassouna, Stocker, P. & Vidal, N.,   (2006). Antioxidant activity of some algerian medicinal plants extracts containing phenolic compounds. Food Chemistry, 97(4), 654–660.
                     

                  

                  
                     
                        12 
                              

                     

                     Wannes, Wissem Aidi, Mhamdi, Baya, Sriti, Jazia, Jemia, Mariem Ben, Ouchikh, Olfa, Hamdaoui, Ghaith, Kchouk, Mohamed Elyes
                        & Marzouk, Brahim,   (2010). Antioxidant activities of the essential oils and methanol extracts from myrtle (Myrtus communis var. italica L.)
                        leaf, stem and flower. Food and Chemical Toxicology, 48(5), 1362–1370.
                     

                  

                  
                     
                        13 
                              

                     

                     Takawira, R. & Nordal, I.,   (2002). The Genus Sansevieria (Family Dracaenaceae) in Zimbabwe. Acta Horticulturae, 572, 189–198.
                     

                  

                  
                     
                        14 
                              

                     

                     Cushnie, J,   (2008). Techniques and Tips for Every Plant and Season.     Kyle Cathie; illustrated edition, USA. ISBN: ‎ 978-1856267380
                     

                  

                  
                     
                        15 
                              

                     

                     Singleton, Vernon L., Orthofer, Rudolf & Lamuela-Raventós, Rosa M.,   (1999). Analysis of total phenols and other oxidation substrates and antioxidants by means of folin-ciocalteu reagent. Methods in Enzymology, 299, 152–178.
                     

                  

                  
                     
                        16 
                              

                     

                     Serpen, Arda, Capuano, Edoardo, Fogliano, Vincenzo & Gökmen, Vural,   (2007). A New Procedure To Measure the Antioxidant Activity of Insoluble Food Components. Journal of Agricultural and Food Chemistry, 55(19), 7676–7681.
                     

                  

                  
                     
                        17 
                              

                     

                     Patel, Avani, Patel, Amit, Patel, Amit & Patel, N M,   (2010). Determination of Polyphenols and Free Radical Scavenging Activity of Tephrosia purpurea linn Leaves (Leguminosae)
                        Pharmacognosy Research, 2(3), 152–158.
                     

                  

                  
                     
                        18 
                              

                     

                     Nishikimi, Morimitsu, Rao, N. Appaji & Yagi, Kunio,   (1972). The occurrence of superoxide anion in the reaction of reduced phenazine methosulfate and molecular oxygen. Biochemical and Biophysical Research Communications, 46(2), 849–854.
                     

                  

                  
                     
                        19 
                              

                     

                     Cos, Paul, Ying, Li, Calomme, Mario, Hu, Jia P., Cimanga, Kanyanga, Poel, Bart Van, Pieters, Luc, Vlietinck, Arnold J. & Berghe,
                        Dirk Vanden,   (1998). Structure−Activity Relationship and Classification of Flavonoids as Inhibitors of Xanthine Oxidase and Superoxide
                        Scavengers. Journal of Natural Products, 61(1), 71–76.
                     

                  

                  
                     
                        20 
                              

                     

                     Gülçin, İlhami, Alici, Haci Ahmet & Cesur, Mehmet,   (2005). Determination of in Vitro Antioxidant and Radical Scavenging Activities of Propofol. Chemical and Pharmaceutical Bulletin, 53(3), 281–285.
                     

                  

                  
                     
                        21 
                              

                     

                     Mustafa, R. A., Hamid, A. Abdul, Mohamed, S. & Bakar, F. Abu,   (2010). Total Phenolic Compounds, Flavonoids, and Radical Scavenging Activity of 21 Selected Tropical Plants. Journal of Food Science, 75(1), C28–C35.
                     

                  

                  
                     
                        22 
                              

                     

                     Caillet, S., Côté, J., Doyon, G., Sylvain, J.-F. & Lacroix, M.,   (2011). Antioxidant and antiradical properties of cranberry juice and extracts. Food Research International, 44(5), 1408–1413.
                     

                  

                  
                     
                        23 
                              

                     

                     Sahreen, Sumaira, Khan, Muhammad Rashid & Khan, Rahmat Ali,   (2011). Phenolic compounds and antioxidant activities of Rumex hastatus D. Don. leaves. Journal of Medicinal Plants Research, 5(13), 2755–2765.
                     

                  

                  
                     
                        24 
                              

                     

                     Halliwell, Barry,   (1991). Reactive oxygen species in living systems: Source, biochemistry, and role in human disease. The American Journal of Medicine, 91(3), S14–S22.
                     

                  

                  
                     
                        25 
                              

                     

                     Meenakumari, Krishnamoorthy, Bupesh, Giridharan & Phukan, Mayur Mausoom,   (2020). Determination of in vitro antioxidant activity of the leaves extracts of Ehretia pubescens. International Journal of Research in Pharmaceutical Sciences, 11(4), 6262–6267.
                     

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Determination on Antioxidant Activity of 


      
        		
          Content
        


      


    
  

