
         
            
               
                  Journal Information

                  
                     Publisher: Pharmascope Publication
                     

                     Title: International Journal of Research in Pharmaceutical Sciences
                     

                     ISSN (print): 

                  

               

               
                  Article Information

                  
                     Copyright statement: This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial- ShareAlike 4.0
                        License, which allows others to remix, tweak, and build upon the work non-commercially, as long as the author is credited
                        and the new creations are licensed under the identical terms.
                     

                     Copyright: 2020
                     

                     Volume: 2020, 11 (SPL4)
                     

                     Page: 1573
                     

                     DOI: https://doi.org/10.26452/ijrps.v11iSPL4.4340
                     

                  

               

            

         

         

         
            
               The anti-malignant activity of Macrotyloma uniflorum mediated green synthesized Cu and Zn metal-ligand nano complexes
               
            

         

         
                     
                           Savita Belwal[1]

                     Email: saovita29@gmail.com

                     
                           Sujana Kariveda[1]

                     
                           Saritha Ramagiri[1]

                     
                           Swathi A[1]

                     
                           Shubham Kute[2]

                     
                           Suryam Goud[2]


         
            
                  
               Department of Chemistry, Anurag Group of Institutions, Hyderabad, Telangana, India
               +91-9704080295
               
            

            
                  
               Department of Chemical Engineering, Anurag Group of Institutions, Hyderabad, Telangana, India
               
            

         

         Corresponding Author: Savita Belwal
         

         
            Abstract

            
               
The green biological route has been employed to convert macro-sized zinc and copper metal complexes into nano-sized metal
                  complexes. These bioactive metal complexes were synthesized by template condensation process in the chemistry laboratory.
                  The newly synthesized biologically active complexes were converted into nano range from phytochemical aqueous extract of Macrotyloma uniflorum (horse gram). Biologically converted nano complexes have been characterized by physicochemical as well as spectroscopic techniques
                  such as UV-visible spectrophotometer and FTIR. The reduced Cu and Zn metal nanoparticles were analyzed with SEM for shape
                  and size, which showed most of the nanoparticles, were nearly spherical with nano range size. To estimate the potentiality
                  of newly manufactured copper and zinc nanoparticles in vitro  and in in vivo  studies, i.e. antifungal and antibacterial and anti-cancer activities were performed. The biogenic nanoparticles of Cu and
                  Zn were evaluated for their activity on cancer A-549 cell lines by standard MTT assay for metabolically active mitochondria
                  and cell viability. Further flow cytometric studies showed Cu, and Zn nano complexes had inhibition efficacy of cancer cells
                  compared to normal cells. This study elevates that biosynthesized Cu & Zn nano complexes can be an alternative for the treatment
                  of cancer.
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               Introduction

            Cancer disease is lethal, where cancer cells proliferation is abnormal, uncontrolled or metastatic. Significant advances in
               the treatment of cancer include chemo and biological therapy, enhanced significant improvement in cancer survival over the
               last years  (Kurkjian & Kummar, 2009). In recent years processed food and diet increased the risk of frequent cancers like prostate and others. In several cases,
               the anti-cancer potential is evaluated from various marine organisms, and in-vitro cytotoxic studies were carried in various malignant cell lines. Current research reveals that sea organisms natural extracts
               have been explored with antimicrobial and anti-cancer activity from sponges, tunicates algae and other microorganisms  (Cooper & Yao, 2012; Joel & Bhimba, 2010; Kim, Thomas, & Li, 2011). The metal oxides like Zinc oxide nanoparticles have grabbed many researchers attention in various fields such as communication,
               electronics, sensors, cosmetics, pharmaceutical industries and environmental protection for its application  (Dembitsky, Gloriozova, & Poroikov, 2005). 
            

            A green practice for the synthesis of ZnO nanoparticles from Costus pictus leaf extracts was carried, and FTIR, XRD and SEM analyzed nanoparticles. The anti-cancer activity of ZnO nanoparticles was
               acted upon mice Daltons lymphoma ascites (DLA) cell lines. Various plant parts like leaves, roots, fruits, seeds and stem
               were employed for the biosynthesis of ZnO nanoparticles. Phytochemicals of plant extracts acted upon ZnO complexes as reducing
               and stabilizing agents  (Rajeshkumar, 2016; Xiao, Liu, Chen, & Yang, 2016; Zong, Li, Wang, Ma, & Men, 2014). For the green synthesis of ZnO nano complexes various plant, green material isolates used from Azadirachta indica  (Madan et al., 2016), agathosma betulina  (Thema, Manikandan, Dhlamini, & Maaza, 2015), aloe-vera  (Ali et al., 2016), parthenium hysterophorus  (Fu & Fu, 2015), plectranthus amboinicus  (Ambika & Sundrarajan, 2015), vitex negundo L.  (Sundrarajan, Ambika, & Bharathi, 2015), and Pongamia pinnata. These green synthesized ZnO nanoparticles exhibited high potential antimicrobial and antifungal activity
               at lower concentrations  (Schilling et al., 2010). 
            

            ZnO nanoparticles were synthesized by several conventional processes like chemical precipitation, hydrothermal synthesis,
               electrochemical and photochemical reduction techniques, thermal decomposition and spray pyrolysis. An alternate eco-friendly
               process for ZnO biosynthesis is microbes, algae and enzymes are non-hazardous and cost-effective  (He, Liu, Mustapha, & Lin, 2011; Prabakar & Kim, 2010; Salam, Sivaraj, & Venckatesh, 2014). Anti-malignancy of the ZnO nanoparticles were evaluated using the standard trypan blue dye inclusion method  (Anbuvannan, Ramesh, Viruthagiri, Shanmugam, & Kannadasan, 2015). Current research applies these particles in agriculture, optical and in the diagnosis of medical disorders  (Prabakar et al., 2010; Ramesh, Anbuvannan, & Viruthagiri, 2015).
            

            The potential power of nanotechnology possesses various features of innovative devices for molecular and cellular biology,
               food and agricultural systems, food security, novel compounds for pathogen detection. Treatment of diseases by drug delivery
               methods and guard of the condition are examples of integration of nanotechnology to the sciences, agriculture, food and engineering
               (Weiss, Takhistov, & McClements, 2006). For the use of cancer treatment, efficient carrier properties had been improved. To treat cancer cell lines, the nanoparticles
               are being employed through active as well as passive processes. In passive route, the leaky vasculature found in cancerous
               tissue which gives access the nanoparticles to permeate inside the cell line and destroy the cancerous cells  (Danhier, Feron, & Préat, 2010). 
            

            At the same time, the passive course utilizes the enhanced permeability and get absorbed by the cell lines and display its
               protection outcome. Metal nanoparticles are being synthesized and modified based on their size and shape and are distributed
               for the development in the nanomaterial field. The silver, gold, iron, zinc and Pt metallic nanoparticles have revealed interesting
               features in biomedical applications  (Elbarbary & El-Sawy, 2017). 
            

            Zinc oxide is a unique material which exhibits piezoelectric, semiconducting, and pyroelectric properties and has various
               applications in transparent electronics, spin electronics, piezoelectric devices, chemical sensors, ultraviolet (UV) light
               matters, personal care products, coating and paints  (Ahamed et al., 2012). Zinc oxide particles can be developed through various techniques such as chemical precipitation, sol-gel, thermal decomposition,
               spray pyrolysis and hydrothermal synthesis electrochemical, biological and photochemical reduction techniques  (Frattini, Pellegri, Nicastro, & Sanctis, 2005). Natural synthesis provides the route towards several metallic nanoparticles like plants, their extracts and natural polysaccharides.
               These are eco-friendlier and also provide a controlled synthesis with well-defined size and shape; bacteria, enzymes and leaf
               extracts also play a vital role in the biological synthesis of zinc oxide nanoparticles  (Vanathi et al., 2014). 
            

            Due to the incapability in differentiation between the normal cell and cancer-causing cells primary available cancer treatments
               like antimetabolites, alkylating agents and other various cancer therapies can have various side effects, can lead to toxicity
               (Rasmussen, Martinez, Louka, & Wingett, 2010). The application of nanomaterials in cancer treatment has been found as an important means for the discovery of recent cancer
               drugs  (Vinardell & Mitjans, 2015). Due to its Nano ranged property nanoparticles are also considered as structured recent medicines which provide an increase
               in the drug efficacy and sustained release of material drug acts as the proper treatment of cancer disease  (Kumar, Roopan, Prabhakarn, Khanna, & Chakroborty, 2012). 
            

            Nanoparticle preparation and applications had been directed by the unique properties of nanoparticles which gave tremendous
               progress in the research activities  (Vaseghi, Nematollahzadeh, & Tavakoli, 2018). Copper nanoparticles (Cu-NPLs) have essential applications in multiple fields such as catalysis  (Issaabadi, Nasrollahzadeh, & Sajadi, 2017), in the treatment of water  (Ismail et al., 2019), information storage and solar cells. For the manufacturing of low-cost electronic components by ink-jet printing Cu-NPLs
               compared to the bulk, Cu is used as a substitute for conductive ink  (Abhinav, Rao, Karthik, & Singh, 2015). Besides, copper plays a vital role in the advancement in the electronic circuit due to its admirable electrical conductivity
               and relatively low costs. Due to their antibacterial properties, Cu-NPLs are also used as disinfectants. Nevertheless, these
               are potentially applied in the pharmaceutical, health care and environmental health. 
            

            Cancer is one of the leading causes of death worldwide and is characterized by the rapid increase of abnormal cells. In cancer
               treatment Surgery, radiotherapy and chemotherapy methods are used. Nano range material structures ranging from 1 to 100 nanometers
               (nm) in size, compared to the large biological molecules (enzymes, receptors, etc.). Nanoparticles exhibit interaction with
               biomolecules, hence used in cancer diagnosis and treatment  (Seigneuric et al., 2010). CuO is used as a superconductor because of its bandgap of 1.7 eV  (Rahnama & Gharagozlou, 2012; Tadjarodi & Roshani, 2014) due to this it would exhibit adverse medical effects  (Siddique, Kumar, & Karmakar, 2013). Various microorganisms and plant extracts are used for green synthesis of CuO nanoparticles are advantageous over physical
               and chemical processes  (Abdel-Halim, El-Rafie, & Al-Deyab, 2011) black bean extracted CuO nanoparticles exhibit potent anti-cancer activity on HeLa cell lines  (Dzomba, Togarepi, & Mupa, 2013). 
            

         

         
               Materials and Methods

            Template condensation process has been applied to synthesize a new series of Metal (II) macrocyclic complexes of benzil dihydrazone
               with pyridine 3,4-dicarboxylic(ML1), pyridine 2,4-dicarboxylic acid (ML2) and pyridine 2,3-dicarboxylic (ML3  and ML4) in the presence of metal chloride  by standard or literature method  to prepare compounds of the category [Cu(C41H32N4Cl)]Cl2  and [Zn(C41H32N4Cl)]Cl2 (Figure  1).
            

            
               Synthesis of Zn and Ti Metal nanoparticles through biological route
               
            

            For the preparation of nanoparticles of Zn and Co complexes, mature seeds of black coated horse gram (Macrotyloma uniflorum) were collected, and they were used in the preparation. After germination of seeds were washed with KMnO4 solution and soaked in distilled water for about 12hours. The germinated seeds of horse gram as shown in Figure  2a, Figure  2b and Figure  2c are grounded in acetone to eliminate lipid content and filtered through double-layer Whatman filter paper. The mixture was
               dried in overnight at 35˚C. The dry mixture was further grounded to get the powdered form. The powder is then mixed with buffer
               solution and stirred with NaCl and finally incubated for 24 hours at 37˚C. The incubated mixture was spined at 10000- 12000
               rpm for 8-10 minutes below 4˚C to collect the supernatant, which contains enzyme protease. 3-4 ml of the collected enzyme is
               added to the 40 ml solution of 0.01- 0.02 M of metal solution stirred and kept at room temperature for about 2-3 days. Change
               of colour of solution suggests the conversion of the metal complex into nanoparticles. The metal nanoparticle samples of Zn
               and Cu are tested for drug activity against A549 lung cancer cell lines. 
            

         

         
               Results and Discussion

            For the characterization of newly synthesized nano-metallic complexes of Zn & Cu, various techniques have been applied - such
               as UV-visible spectroscopy  (UV1800S, Shimadzu, Japan), FTIR (Alpha-T, Bruker), XRD (X'Pert PRO XRD PW 3040 system) and SEM (Scanning electron microscopy). 
            

            
                  
                  Table 1

                  Cytotoxicity Properties of Copper against A549 Cell Line
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                  Table 2

                  Cytotoxicity Properties of Zinc against A549 Cell Line
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                  Figure 1

                  Chemical preparation of Metal complexes
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                  Figure 2

                  Various stages of Germinating seeds of macrotyloma uniflorum

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/b2635937-5e92-4c2b-8402-84b9952cdfb9/image/b59a1bdc-b64c-40da-9ecc-5785a593b7d6-upicture2.png]

            

            
                  
                  Figure 3

                  SEM images of Zinc metal nano complexes
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                  Figure 4

                  Flow cytometric images of Copper complexes at different concentrations
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                  Figure 5

                  Flow cytometric images of Zinc complexes at different concentrations
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                  Figure 6

                  Cytotoxic Effect of Cu complex the on A549 Cell Line
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                  Figure 7

                  Cytotoxic Effect of Zn complex the on A549 Cell Line
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               UV Spectra
               
            

            A band due to the >C=N chromophore in the spectrum of the ligand at 365 nm shifts to a higher wavelength in the complexes.
               This indicates the coordination of the azomethine nitrogen to a metal atom. Such a shift inn- π * transition band is due to the donation of lone pair of electrons by the nitrogen of the ligand to the central metal atom indicating
               the delocalization of the electronic charge within the chelate ring and thus stabilizing of the resulting complexes. 
            

            Further, two bands at 260 nm and 305 nm are due to π- π * transitions, these are assigned to the benzenoid ring and (>C=N) band of the azomethine group respectively. 
            

            The K band π- π * showed a redshift due to the overlap of the central metal d-orbital with the p-orbital of the donor atom, which causes an
               increase in conjugation and the B-band undergoes a hypsochromic shift in the complexes.
            

            
               FTIR Spectra
               
            

            The infrared spectra of complexes were recorded, and essential features are summarized as follows:

            The IR spectra of the ligands show medium intensity bands in region 3250-3100cm-1 due to νNH mode. These bands disappear in the spectra of metal complexes showing the deprotonation of the group. The IR spectra of
               metal complexes show two sharp bands around 3450 and 3350 cm-l due to νasym and νsym NH2 vibrations. The band due to >C=N of free azomethine group in the ligands get shifted to the lower wavenumber (Δν= 15−20 cm-l) in the complexes indicating coordination through azomethine nitrogen. 
            

            
               Scanning electron microscope
               
            

            The nanoparticles of Zinc benzil di hydrazone Pyridine 2,3-dicarboxylic acid are scanned by the scanning electron microscopy,
               SEM (FEI Quanta 200 Hv model). Figure  3a and Figure  3b show the SEM images of Zn nanoparticles. The results show that the particles are converted to micro and nano-size range
               between 84-142nm. A scanning electron microscope (SEM) is a type of electron microscope that produces images of a sample by scanning it with a focused beam of electrons. The
               electrons interact with atoms in the sample, producing various signals, contains information of sample’ surface topography,
               and composition is shown in figures. 
            

            
               Anti Cancer Activity Of Zn & Cu Metal Nano Complexes
               
            

            
               Maintenance of Cell Line
               
            

            The cell lines were purchased from NCCS, Pune. The cells were maintained in DMEM supplemented with 10 % FBS and the antibiotics
               penicillin/streptomycin (0.5 mL-1), in an atmosphere of 5% CO2 /95% air at 37˚C. For the MTT assay, the cells were plated in 96 well plates at 5.0 X 10 3 cells were per well in culture
               medium and incubated overnight at 37˚C. 
            

            
               Cell Viability
               
            

            The MTT Assay evaluated cell viability with three independent triplicate experiments of six concentrations of compounds (5,
               10, 25, 50, 75 and 100 µg). After 24 hrs of incubation, each treatment was withdrawn, and MTT solution (0.5 mg / mL-1) was added to each well and plates were incubated at 37˚C for 3 hrs. At the end of incubation time, sediments are formed
               as a result of the reduction of the MTT salt to chromophore formazan crystals by the cells with metabolically active mitochondria.
               The optical density of solubilized crystals in DMSO was measured at 560 nm on a microplate reader.
            

            
               
                  Calculation of 
                  
               
                  %
                  
                Viable Cells
               
            

            From all samples, the absorbance readings from test samples must be divided by those of the control and multiplied by 100
               to give percentage cell viability or proliferation the formula is given below. Cell viability would be designated by the greater
               absorbance values than the control, while lower values would suggest cell death or inhibition of proliferation. 
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            Figure  6 and Figure  7 represents the cytometric effect of Cu and Zn metal nano complexes on A549 cancer cell lines, respectively.
            

            Table  1  and Table  2 illustrate various concentrations of Cu and Zn nanoparticles and their activity on A549 cell lines and viability.
            

            Figure  4 and Figure  5 demonstrate the inhibitory activities on cancer cell lines of test samples (Cu and Zn metal nanoparticles) at various concentrations
               through flow cytometric images, and the findings are compared with the control sample. 
            

         

         
               Conclusion

            The present study concluded that the phytochemical constituents present in the Macrotyloma uniflorum seed extract play a vital role in the biogenic formation of Zn & Cu metal-ligand nano complexes & also for anti-malignant
               activity. The biological route for Synthesizing nanoparticles offers a clean, non-toxic and environment-friendly method. The
               successful formation of Zn & Cu nanoparticles was confirmed by UV, FTIR & SEM results. The biosynthesized Zn & Cu nanoparticles
               exhibited a strong level of anti-malignant activity against A549 cell lines. Biogenic Zn & Cu nanoparticles were found to
               protect against cancer, suggesting that they may be used as effective anti-cancer agents for commercial biomedical application
               on in vivo studies and clinical trials.
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