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Abstract 

The bioactivity of semiconductor nanocomplexes has been feebly studied in the field of 

pesticide science. In this research, the synthesis of zinc oxide nanoparticles was accomplished through 

new unproblematic green chemistry process, using C. amada aqueous extract the as a reducing and 

capping agent. The UV visible absorbance spectrum of ZnONPs exhibited the absorbance rock band at 

295 nm. Antioxidant potential was assessed using DPPH, ABTS, reducing power, nitric oxide and OH, 

scavenging of inhibition assays. The percentage inhibition of different free radical quenching activity of 

aqueous extract and ZnONPs which was compared to the standard antioxidant vitamin C are increased 

in a dose dependent manner at a maximum concentration 500 µg/ml. The thrombolytic activity of C. 

amada aqueous extract and ZnONPs using clot lysis was 74% and 67% inhibition respectively. 

Heat induced hemolysis activity were observed about 82% inhibition in C. amada extract and 64% 

inhibition in ZnONPs. Hence from the above results may offer new possibilities in the therapy of 

pathological condition related to development of resistance against generation of free radicals. 
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1. Introduction 

Nanotechnology can be defined as the management of atom by atom in combination of 

engineering, chemical and biological approaches. Nanoparticles having a size range of 1-100 nm 

possess versatile and distinct physical and chemical properties attributed to large surface area to volume 

ratio compared to their bulk counterparts. Methods of nanoparticles synthesis play key role in depicting 
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their unique behaviour and once synthesized, characterization is critical to understand and control the 

synthesis of nanoparticles. Metallic oxide nanoparticles, specifically nano-scale zinc oxide (ZnO), have 

gained considerable importance in recent years due to their wide range of applications in various fields 

of science notably in Biotechnology and Pharmacology. Zinc oxide nanoparticles (ZnO NPs) have been 

regarded as biocidal agents/disinfectants because of their safety, lower toxicity and biocompatibility 

towards humans (Rajesh Kumar et al., 2015). 

ZnO NPs have drawn concentration of many researchers for their sole optical and chemical 

behaviours which can be easily tuned by changing the morphology. Within the large family of metal 

oxide nanoparticles, ZnO NPs have been used in variety of applications in the field of electronics, 

communication, sensor, cosmetics, environmental protection, biology and medical industries, food and 

packaging industries, as well as construction and decoration. The increase in surface area of nanoscale 

ZnO compared to bulk has the potential used to treat leukemia and carcinoma to improve the efficiency 

of the material function. Moreover, ZnO NPs have a tremendous potential in biological applications like 

biological sensing, biological labelling, gene delivery and drug delivery (Varghese and Mary George, 

2015). 

Antioxidants play an important role in the functioning of all biological systems. In biological 

systems, free radicals are generated due to interaction of biomolecules with molecular oxygen these free 

radicals are responsible for degradation of biomolecules. Oxidation is also accountable for nutritional 

quality deterioration and discoloration of food (Bouayed and Bohn, 2010). Many kinds of natural and 

synthetic antioxidants have been investigated to inhibit these oxidation reactions to date. The assessment 

of antioxidant activity of nano materials has become one of the important studies in nano science                    

(Patel Chirag et al., 2013). 

 Oxidation reaction in food takes place when chemical compounds present in the food are 

exposed to oxygen in the air, which leads to the loss of nutritional value; creating rancidity and causing 

discolour in food. Natural antioxidants like Vitamin A, Vitamin C, Vitamin E and carotenoids, an 

important natural antioxidants which can accept an unpaired electrons leading to the generation of a 

stable intermediate (Davis et al., 2012). This intermediate remains stable for a long time to interact in a 

controlled fashion, which prevent auto-oxidation and the excess energy of surplus electron is dissipated 

without damage to the tissues. These dietary antioxidants can be able to recycle, which act as an 

indication of their physiological essentiality in quenching free radicals (Srinivasan, 2014). 

Curcuma amada is an important medicinal plant commonly called as Mango ginger belongs to 

the family Zingiberaceae which exhibits significant resistance to both the pathogens. The major 

constituent found in C. amada rhizomes is curcuminoids, penolic compounds, terpenoids and essential 

oil. The mango ginger has the numerous biological activities such as antioxidant, antibacterial, anti-
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inflammatory, antiallergic, antifungal, platelet aggregation inhibition activity and analgesic activity 

(Mohammad et al., 2010; Rosi and Mirkin, 2005). 

In view of the above therapeutic property of the rhizome, an attempt has been made to 

synthesize ZnO NPs using C. amada in an eco-friendly manner and examine its antioxidant as well as 

other biological activity. Antioxidant activity of ZnO NPs was assessed by free radical scavenging assay 

with nanoparticle concentration. In vitro anti-haemolysis assay was also performed to evaluate the 

biocompatibility of these ZnO NPs to ensure their potential application in biomedical field. 

2. MATERIALS AND METHODS 

2.1 Materials 

Zinc acetate [(CH3.COO)2Zn·2H2O], methanol were purchased from Merk, India.                            

2,2–diphenyl–1–picrylhydrazyl hydrate (DPPH), ABTS were purchased from Sigma–Aldrich. All the 

chemicals and reagents were used as received without further purification. 

2.2 Collection and authentication of plant material 

 The rhizomes of C. amada were collected from Coimbatore district, Tamil Nadu during the 

month of August, 2015. The plant was identified and authenticated by Dr. C. Murugan, Botanical 

Survey of India, Coimbatore - 641 003, (No. BSI/SRC/5/23/2017./Tech753).  

2.3 Preparation of hot water extraction 

The collected rhizome sample was washed, shade dried and powdered. The dried powder was 

taken water extracted. The resultant rhizome extract were concentrated to dryness and used for further 

studies.  

2.4 Green synthesis of ZnO NPs 

5 g of hot water extract was dissolved in 50 ml of distilled water. From that 20 ml of extract was 

taken and heated at 50ºC for 10 min and 50 ml of 91 mM of zinc acetate solution (1 g of zinc acetate 

was dissolved in 50 ml of distilled water) was added drop wise to it under stirring. The reaction mixture 

became white and cream coloured precipitate of zinc hydroxide was formed. The content was left for 30 

min for complete reduction to zinc hydroxide. Then the precipitate was collected by centrifugation at 

16,000 rpm for 10 min at 4ºC (Gnanasangeetha and Thambavani, 2013). 

2.5 Characterization of ZnO NPs using UV–Visible spectroscopy 

For UV–Visible spectroscopy, the resultant nanopowder from each of the reactions was re-

suspended in equal amount of sterile de-ionized water and spectrum scans were performed using             

UV–Vis Spectrophotometer UV-2202 from PG Lab Analytical Instruments Pvt. Ltd., in the wavelength 

range of 200–700 nm. The absorption values were re-plotted using OriginPro8 (Gupta et al., 2015). 
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2.6 FT-IR spectroscopy 

Fourier transform infrared (FT-IR) spectroscopy helps to establish the identity of various 

phytochemical constituent caught up in the reduction and stabilization of the nanoparticles. FT-IR 

spectrum for dried and powdered ZnO NPs was obtained using Perkin Elmer FT-IR Spectrophotometer 

Frontier using the technique of Attenuated Total Reflectance (ATR) in the range of 4000–500 cm1. 

2.7 In vitro free radicals scavenging ability of ZnO NPs and C. amada aqueous extract 

The in vitro free radical scavenging activity was done by using the following methods: DPPH 

(Hatano et al., 2005), ABTS+ (Bartosz and Bartosz, 1999), Reducing power activity (Oyaizu, 1986), 

Nitric Oxide (Green et al., 1982) and Hydroxyl radical scavenging assay (Rajeshwar et al., 2005). 

2.8 In vitro thrombolytic and antihaemolytic activity of ZnO NPs and C. amada aqueous extract 

ZnO NPs and C. amada aqueous extract were subjected to study the various biological activities 

like in vitro thrombolytic activity was done by using Hussain et al., (2014) and antihemolytic activity by 

Saradha et al., (2013). 

3. RESULTS AND DISSCUSION 

The field of nanotechnology is one of the most active research areas in modern materials 

science. There have been impressive developments in the field of nanotechnology in the recent past 

years, with numerous methodologies developed to synthesize nanoparticles of particular shape and size 

depending on specific requirements. New applications of nanoparticles and nanomaterials are increasing 

rapidly.  

3.1 Synthesis of ZnO NPs by green synthesis process (from C. amada aqueous extract) 

Using green synthesis, reduction of metal salts into metal nanoparticles is always accompanied 

by the color change of reaction medium. In the present study, the colorless zinc acetate solution is 

changed after drop wise addition of C. amada extract at zero h. After 2 hrs a pale which precipitate was 

obtained indicates the formation of ZnO NPs which was dried it in hot air oven. 
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Zinc acetate soluction                      Zinc acetate +C.amada after 2hours  

(0 sec incubation)     

Fig. 1: Synthesis of ZnO NPs  

3.2 Characterization of ZnO NPs 

3.2.1 UV–visible spectroscopy 

Zno Nps was intensive absorption in the uv/vis 2202+ Double Beam Spectrophotometer are 

wavelength in the range of about 200–700 nm. In this research a biosynthesis method was employed for 

preliminary evaluation of the reducing potential of C. amada extract. Since biological synthesis of metal 

and metal oxide Nps are focusing on controlled compare polydispersea number of plant were screened 

for the study. The absorption peak was obtained at 290-350 nm wavelengths and there are other peaks 

also obtained at 220 nm and 250 nm corresponding to the characteristic band of Zno Nps (Figure 2).                       

 

 

Fig. 2: UV-VIS spectrum Synthesis of ZnO NPs, 
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According to Prasad et al. (2006) similar results were reported that synthesis of nanoparticles 

(Ag, Au, ZnO, Fe etc.) using aqueous extracts of various plant parts. Arulmozhi  et al. (2018) reported a 

green approach for the synthesis of zinc oxide nanoparticles (ZnO NPs) using aqueous extract of 

Atalantia monophylla by measuring absorbance at its characteristics value of to be at 352 and 410 nm 

respectively. In S. grandiflora synthesis of ZnO NPs exhibited UV-visible absorption peaks at 235 nm 

which was reported by Prema et al. (2017). 

3.2.2 FT-IR spectroscopy 

FTIR gives a consciousness on the juddering and rotational modes of the intention of a 

molecule, and hence a regular technique for identification and characterization of the substance. Figure 3 

shows the FTIR spectrum of ZnO NPs synthesized by the natural method. Potential bio molecules 

which are dependable for the reduction of ZnO and capping agent of compact ZnO NPs through 

different bond vibrations peaks stated at bounded wave numbers were well-known                                 

(Awwad et al., 2012).  

 

Fig. 3: FTIR spectrum analysis of ZnO NPs 

Figure 3 showed the FTIR spectra of ZnO NPs taken in the range (400-4000 cm_1). The FTIR 

broad peak at 3454 peak represented O-H group stretching of O-H, H-bonded single bridge. The peaks 

at 3340.6 and 3258.2 correspond to H bonded OH stretch and N=H stretch. The 1377 peak results from 

aromatic amines and the two peaks at 1040 and 1026.8 result from C=N stretch of aliphatic amines. The 

943 and 617 peaks correspond to alkanes and supposedly, C=H bend in alkynes, respectively found. 

3.3 In vitro free radical scavenging activity of ZnO NPs and C. amada aqueous extract 

3.3.1 DPPH radical scavenging assay 

DPPH is considered as a lipophilic radical which accepts the electron from the antioxidant 

compound, converting its colour from purple to yellow is detected at 517nm. This purple disappears 

when an antioxidant is present in the medium. Thus, antioxidants molecules can quench DPPH free 

radicals and convert them to colorless product (Miladi et al., 2008).   
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Fig. 4: DPPH radical scavenging activity 

The result of DPPH free radical scavenging activity of C. amada aqueous extract and ZnO NPs 

was shown in Figure 4. The percentage inhibition of aqueous extract, ZnO NPs and standard ascorbic 

acid was found to 62.6%, 74.5% and 94 % at a maximum concentration 500 µg/mL respectively with 

its IC50 value of was found to be 300μg/mL and 330μg/mL compared to reference ascorbic acid 

200μg/mL respectively. Hence from the above results, it is clearly indicates that ZnO NPs showed 

maximum inhibition when compared to that of aqueous extract of C. amada which shows ZnO NPs 

have powerful free radical scavenging activity against DPPH radical in a concentration dependent 

manner. The similar results was reported by Rajeshwari Sahu et al. (2014) in C. longa exhibited the 

highest antioxidant activity at 200µg/ml than non conventional species C. caesia 249 µg/ml and             

C. amada exhibits 389 µg/ml at 200µg/ml of the crude extracts demonstrated . Shahid et al. (2015) 

reported that a methanolic rhizome extracts of E. coccinea 1370 µg/ml respectively. 

3.3.2 ABTS+ radical scavenging assay 

The result of ABTS free radical scavenging activity of C. amada aqueous extract and ZnO NPs 

was shown in Figure 5. The percentage inhibition of aqueous extract, ZnO NPs and standard ascorbic 

acid was found to be 69%, 72% and 90% with its low IC50 value 300μg/mL, 330μg/mL and 240µg/ml 

respectively at a maximum concentration. 
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Fig. 5: ABTS+ radical scavenging activity 

Hence from the above results, it is clearly indicates that ZnO NPs showed maximum inhibition 

when compared to that of aqueous extract of C. amada. C. amada and A. nigra showed highest activity 

in all the solvents reported by Thokchom et al. (2017). Prema et al. (2014) reported that the ABTS 

scavenging activities of ethanol extract of C. amada rhizome extract showed 84% of 

inhibition respectively. Srividya et al. (2012) found that the radical scavenging abilities of                     

C. aromatica having 64% of inhibition. Bera et al. (2015) establish that the radical scavenging abilities 

of maceration extraction from C. amada were found to be 86 % inhibition. 

3.3.3 Reducing power assay 

In the reducing power assay, the presence of antioxidants in the samples would result in the 

reduction of Fe3+ to Fe2+ by donation of an electron. Increasing absorbance at 700 nm indicates an 

increase in reductive ability (Re et al., 1999).  

 

 

                                        Fig. 6 Reducing power assay 
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The reducing power assay of the C. amada aqueous extract and ZnO NPs was shown in              

Figure 6. The activity was found to be 295μg/mL and 280μg/mL compared with the reference standard 

280μg/mL at 500 µg/ml concentration. Reducing power assay of C. amada aqueous extract and               

ZnO NPs were found to be increased in a concentration dependant manner. Padmanabhan et al. (2012) 

reported that Z. officinale has maximum reducing power absorbance of 0.119. The reducing ability of     

ethanolic extract of C. rotundus rhizome showed 259 mg/ml concentration. Devi et al. (2015) 

documented that reducing power ability of the rhizome extracts of C. caesia was found to be 0.180 

absorbance. 

Generally, the reducing powers of rhizomes are associated with their hydrogen-donating ability 

Devaki et al.(2016). Hence our result indicates that C. amada has higher reducing power than the 

above-mentioned rhizomes except ZnO NPs. Therefore, the C. amada rhizomes extracts possesses good 

amounts of reducing properties, which might react with free radicals and thereby exert antioxidant 

activity. 

3.3.4 Nitric Oxide Scavenging Activity  

In the pathological conditions, nitric oxide reacts with superoxide anion and form potentially 

cytotoxic molecules, peroxynitrite. Nitric oxide inhibitors have been shown to have helpful effects on 

some aspects of inflammation and tissue damage seen in inflammatory diseases (Mehandzhiyski et al 

,.2013). 

 

Fig. 7 Nitric oxide radical scavenging activity 

The nitric oxide radical scavenging activity of C. amada and ZnO NPs was shown in Figure 7. 

At concentration 500 µg/ml, C. amada and ZnO NPs compare to that of standard ascorbic acid 

exhibited 79%, 72% and 80% inhibition respectively and the IC50 value was found to be and 300µg/ml, 

350 µg/ml and 290µg/ml. Tamata et al. (2016) showed that ethyl acetate extract C. amada exhibited 

remarkable nitric oxide radical scavenging activity at a concentration of 5.97 µg/ml. Ali et al. (2018) 

reported by the methanol extract of K. galanga rhizome with IC50 38.16 respectively.                       

Tamta et al. (2016) documented that organic extract of C. amada exhibited 70% nitric oxide radical 
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inhibition. Aqueous extract of E. uniflora showed the percentage inhibition is about 72% reported by 

Ngonda et al., (2013). 

3.3.5 Hydroxyl radical scavenging assay 

Hydroxyl radical scavenging activity of C. amada aqueous extract and ZnO NPs was                

shown in Figure 8.  

 

Fig. 8 Hydroxyl radical scavenging activity 

In this study, the C. amada and ZnO NPs exhibit the hydroxyl radical activity of 75% and 65% 

at 500 μg/ml concentration with IC50 value of 330 and 370 μg/ml when compared with the standard 

ascorbic acid 80% and IC50 value of 270 μg/ml respectively. Hydroxyl radical is an extremely reactive 

free radical formed in biological systems and has been implicated as a highly damaging species in free 

radical pathology (Li et al., 2008). Srividya et al. (2012) reported hydroxyl radical quenching activity of 

C. aromatica chloroform extract with IC50 value 250 µg/ml respectively. Joshi and Chauhan, (2013) 

reported that acetone extract of C. zedoaria showed 82.5% inhibition. Nagulendran et al. (2007) 

reported that ethanol extract of C. rotundus rhizomes showed 59.62% inhibition respectively. 

Therefore, the ability of C. amada rhizome extracts to scavenge hydrogen peroxide was also resolute in 

order to get the idea that whether samples have same pattern of activity as OH radical reducing ability. 

3.4 In vitro thrombolytic activity   

In thrombolytic activity using clot lysis assay method were showed in Table 1. The results 

showed that increasing concentration of the extract with increased percentage of clot lysis activity. The 

C. amada aqueous extract and ZnO NPs at maximum concentration 500 µg/ml showed clot lysis of              

74% and 67% respectively.  
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 Table 1: Thrombolytic activity of C. amada and ZnO NPs  

A similar study conducted by Elumalai et al. (2012) reported 67.5% thrombolysis activity of 

methanolic extract of B. glabra at 400μg/ml respectively. The leaf extract M. denticulata had 

thrombolysis activity of 31.59% showed by Chowdhury et al. (2015) and Sayeed et al. (2014) found 

that lysis abilities of the methanolic extract of P. serratum  showed 59.6% clot lysis.  

3.5 In vitro Anti-haemolytic Activity 

The antihaemolytic activity of C. amada extract and ZnO NPs was tested in the presence of 

toxicant H2O2, where distilled water was taken as a negative control. It was found that when RBC cells 

are treated with extracts showed reduction in the haemolysis. When cells were treated with the extract 

alone, no haemolysis was obtained explaining the non toxic behaviour of the C. amada aqueous extract 

and ZnO NPs on rat RBC. At 500 µg/ml concentration of C. amada aqueous extract and ZnO NPs 

showed the percentage of inhibition is about 82% and 64% respectively.  

 

  S       

No 

  Sample Concentration of the c.amada Roxd and zonps    

100 µL 200  µL 300  µL 400 µL  500  µL 

  % of clot lysis  

   1 .C.amada Roxd 8 21 47 63 74 

   2 

 

 

 ZO NPs of  

Camada Roxd 

6     

 

18 31 57 67 
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Fig. 9: Anti-hemolytic activity of C. amada and ZnO NPs 

Sumathy et al. (2013) correlated a potential antihemolytic activity of P. granatum fruit peel 

flavanoid extract showed 88% inhibition. The methanol extracts of flowers H. angustifolius was found 

to be 65.7% inhibition documented by Nabavi et al. (2012). A similar study conducted by                        

Afsar et al. (2016) reported that 79% inhibition of H2O2 induced hemolysis by A. hydaspica. Hence, we 

can conclude that C. amada and ZnO NPs exhibited protective effect against oxidative stress induced 

erythrocyte damage. 

4. Conclusion 

In conclusion, green synthesized ZnO NPs using C. amada rhizome evaluated their antioxidant 

as well as biological activity. These results may explain some of the medicinal uses of C.amada 

Therefore; this nanoparticle can be applied as a promising antioxidant in biological system. 

This study might lead us to a new insight to the activity of ZnO nanoparticles in biological 

system. The result provides sciatic evidence to support the utilization of C. amada and              

ZnO NPs for the treatment of various ailments. Since the excessive production of reactive oxygen 

species have important role in the pathogenesis of several diseases. 
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