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Introduction 

Globally many techniques are well developed and 

documented for the research in every stream as 

engineering, sciences, medicine, pharmaceutical and 

synthesis of metal nanoparticles. Some of the techniques 

like nanotechnology, biotechnology and biosynthesis of 

nanoparticles should be developed in the environmentally 

friendly technique in the material synthesis [1]. During 

recent years, AgNPs have been growing fast due to the 

unique characteristics and importance in antibacterial, 

biological, catalytic, chemical, electronic, electrochemical, 

optical and photo-magnetic properties [2]. The silver and 

gold NPs attracted researchers because of their unique 

applications in field like agriculture, drug delivery systems, 

food sectors, biomedical field, textile units and water 

treatment [3,4]. 

 The use of micro-organisms as antimicrobial, 

antifungal agent and as a catalyst for synthesis of 

nanoparticles and nanometals were explored. Sastry and 

Co-workers studied about the use of plant materials and 

microbes as nanofactories [5-7]. Synthesis of 

nanoparticles obtained by chemical and physical methods 

are environment friendly. This also includes design 

development by renewable high energy efficient 

nanomaterials. The biological method developed for 

synthesis of AgNPs are very important in the field of 

nanotechnology evolving synthesis of nanoparticles as 

nanomaterials [8,9]. 

 The nanomaterials production from different plant 

parts are used in wide range antimicrobial activities. 

Various plants parts like leaves, fruits and seeds have used 

for the reduction of zinc, copper, gold, platinum, silver and 

titanium NPs in many shapes and sizes, and they are well 

documented. For synthesis of NPs of controlled size and 

shapes, various methods have been used. The synthesis of 

AgNPs using bacteria, fungi, cyanobacteria and 

biomolecules of various plant materials have been 

reported [10-12]. Recently different parts of the plant 

fruits had been studied as resuming and capping extracts 

like bark, fruit, callus, fruit peels and root [13]. 

 In this present work an attempt was made to 

biosynthesize AgNPs by silver nitrate reduction process 

using extracts of leaves and stem of Carissa carandas 

(CC) and Nerium indicum (NI) plant. These plants are 

used as medicines, ayurvedic ointments as condiments and 

to enhance flavoring in cooking and preparation of ice-

creams, desserts, spicy candies, chocolate, tea, hot cocoa 

and liquors etc. In medicinal field, it is used to treat 

diarrhea, colds and other problems of digestive system. 

CC and NI leaves extract is environment friendly, non-

toxic and reduce blood glucose, inflammation, lipid levels 
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and raise serum insulin levels and act as reducing and 

capping agent for bio-reduction of silver nitrate. 

Additionally, the antibacterial activity of these 

biosynthesized AgNPs was examined. The AgNPs 

maintain the effective role of antimicrobial activity. These 

all things depend upon the unique properties of 

nanoparticles. Many nanoparticles used for treatment of 

the various types of diseases and it require more detailed 

investigation in the field of toxicity [14-16].  

Material and methods 

All chemicals used were of analytical grade reagents. 

AgNO3, deionized water and sodium chloride. Fresh, 

healthy leaves of Carissa carandas (CC) and Nerium 

indicum (NI) were collected from horticulture department, 

SHUATS, Allahabad, India. The collected leaves and stem 

of CC and NN as shown in Fig. 1(a)(b). 3 grams of stored 

fine leaves powder was mixed with 100 ml of deionized 

water separately in two 500 ml conical flasks with the help 

of glass-rod, and boiled for 10 min at 100oC. It was cooled 

and filtered by Whatman filter paper No.1. 80 ml of this 

aqueous extract was collected and stored in refrigerator at 

4oC for further studies as shown in Fig. 1(c)(d). 

   

Fig. 1. Image of Carissa carandas leaves (A) and Extract (C), Nerium 

indicum leaves (B) and Extract (D). 

Synthesis of silver nanoparticles 

10mL each of above prepared extract solution of CC and 

NI leaves were mixed drop wise with 90mL of freshly 

prepared 103mM AgNO3 solution. The flasks were stirred 

vigorously with the help of magnetic stirrer, till the silver 

nitrate solution mixed with extract. Change of colour from 

light yellow to dark brown indicates the formation of 

AgNPs as shown in Fig. 2(a)(b). After formation, the 

solutions were washed with deionized water and 

centrifuged at 1000 rpm for 30 min and the final product 

of CC and NI leaves was collected for further 

characterization [17]. 

  

 
Fig. 2. Image of Carissa carandas (A) and Nerium indicum (B) 

nanoparticle, these nanoparticles showed peaks in UV-Vis spectroscopy 

analysis graph (C). 

Characterization techniques 

The synthesized AgNPs were characterized by different 

techniques. The Ultra Violet absorption spectra were 

recorded UV–Visible spectroscopy (Global instruments, 

UV-5100) (32-34), identification of functional groups by 

FTIR (Model JASCO FT-IR-5300, Perkin-Elmer) (37), 

TEM analysis (Model EM-410 LS, Philips, Holland), 

Surface morphology was carried out with SEM-EDX 

(JSM 6510LV, Perkin Elmer). 

Bacterial culture organism and maintenance 

The bacterial strains cultured in nutrient broth medium to 

develop bacterial growth in microbiological lab. The 

Gram-positive bacteria such as Bacillus cereus, 

Staphylococcus aureus and gram-negative bacteria 

Escherichia coli, Klebsiella pneumonia and Pseudomonas 

aeruginosa had been obtained from culture bank of 

microbiology department, SHUATS. 

 The fungal strains viz, Aspergillus niger and Candida 

albicans were used for antifungal activity [18,19]. These 

fungal strains were collected from Department of 

Microbiology and Fermentation Technology, SHUATS, 

Allahabad, India. These fungal strains were grown and 

maintained on the potato dextrose agar slants at 27℃ ± 

0.5℃. Fluconazole was used as standard, and was 

dissolved (1 mg/mL) in DMSO solvent. The NPs were 

evaluated for the antifungal activity against the selected 

fungal strains by agar and the overtures to adopt according 

to [20,21]. 

 The AgNPs synthesized from leaf extracts of Carissa 

carandas and Nerium indicum were tested for anti- cancer 

activity on breast adenocarcinoma (MCF-7) cell in different 

concentrations. The anticancer screening was done by 

Sulforhodamine B (SRB) calorimetric assay according to 

procedure of Skehan et al., (1990) and Vanicha & 

kirtitikara (2006) research papers [22-24]. The anti-Cancer 
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activity was done at Tata Memorial Centre, Advanced 

Centre for Treatment, Research and Education in Cancer 

(ACTREC). Percent growth calculated on the plate-by-

plate basis for these test wells about control wells. 

Percentage growing on the reserve was intended as: 

[Ti / C] x 100 %. 

Results and discussion 

The AgNPs obtained from CC and NI leaves aqueous 

extract shows the reduction of ionic strength of silver ions 

in both samples by visual observations. The samples 

turned from yellow to dark brown and greenish to dark 

brown in 2 h. The synthesized nanoparticles were more 

stable due to rate of silver ions conversion to AgNPs. The 

color change was confirmed by the formation of AgNPs 

due to the colloidal solution contains biomolecules in the 

extract. The absorption spectrum depends on the shape 

and size of nanoparticles. 

 The color change samples solution was observed by 

UV-Vis spectroscopy. In Fig. 2(c), the metallic AgNPs 

showed the well-defined strong absorption peak at 440 nm 

for CC and NI leaves extract. The formation of absorption 

peaks was observed in intensity energy order state. The 

band intensity indicates the small size, spherical shaped 

NPs.  

 In the Fig. 3(a)(b), the morphology size and shape of 

AgNPs of CC and NI leaves were observed by TEM.The 

TEM image of CC AgNPs showed non-uniform size as 12 

to 15 nm, shapes such as circular, spherical, rod and 

diamond shapes. The NI AgNPs were in the rang from 14 

to 26 nm. These nanoparticles were well dispersed at 

1,00,000 magnification range at HV-200.0Kv. These 

nanoparticles were more stable. 

 
Fig. 3. Image of Carissa carandas and Nerium indicum TEM 

synthesized of AgNPs Leaves. 
 

 Scanning Electron Microscope (SEM) was used to 

understand the surface morphology of AgNPs synthesized 

from CC and NI as shown in Fig. 4(a)(b). The size of the 

synthesized AgNPs of CC is 40 nm and NI as 40 nm by 

SEM analysis at 8000x magnification range. The 

observed nanoparticles were not dispersed effectively 

due to the colloidal solution and the formation of nano-

clusters. The image of SEM showed the circular, rod and 

spherical shape of nanoparticles with a diameter range of  

1 µm of various nanoparticles. In this image AgNPs were 

variations in the particle size, microstructure and clusters 

because of aggregation and evaporation of solvent during 

sample preparation.  

 
Fig. 4. SEM images of Carissa carandas and Nerium indicum AgNPs of 

leaves. 

 The EDX analysis was observed for the AgNPs 

strong peaks of CC and NI leaves extract was recorded. 

The metallic NPs shows typical absorption peaks were 

approximately at 1.8 to 2.9 keV. In the presence of CC 

and NI leaves extract AgNPs showed broad signals and 

other signals were also present such as oxygen, sodium, 

potassium and titanium due to long signal. The EDX 

spectrum revealed strong signals in the Ag region and five 

different areas for two samples and thus confirmed the 

formation of silver nanoparticles. Fig. 5 (a)(b) shows the 

impurities AgNPs of CC and NI leaves obtained by EDX. 

It has been verified that the shape, size, solubility, 

surface area, dispersion factor and chemical composition 

of nanoparticles play an exceptional role in the determining 

their biological activities. 

 
Fig. 5. Image of EDAX spectrum of AgNPs of Carissa carandas and 

Nerium indicum leaves. 
 

 The FT-IR analysis is an important tool which is used 

to identify the functional groups of the metal nanoparticles 

and biomolecules present in the AgNPs of CC and NI 

leaves extract. In this present study, FT-IR analysis 

showed, the identified biomolecules responsible for 

capping and stabilizing silver nanoparticles.  
 

 
Fig. 6. FTIR spectrum of Carissa carandas (A) and Nerium indicum  

(B) of AgNPs. 
 

 Fig. 6(a)(b) shows different peaks at 3846.64 cm-1, 

3741.42 cm-1, 3615.39 cm-1, 2356.24 cm-1, 1694.75 cm-1, 

1523.47 cm-1 and 564.38 cm-1 and NI aqueous extract 

AgNPs showed the two prominent bands at 3355.14 cm-1 

and 1685.28 cm-1. These functional groups play an 

important role in synthesis of AgNPs. The functional 



  

 

  

Fig. 7. Antimicrobial activity of Carissa carandas (A) and Nerium indicum (B) leaves AgNPs effects on different bacterial pathogens. 

 

groups of NPs in 3615.39 cm-1 and 3741.42 cm-1 were 

bands showing OH group biomolecules and 2356.24 cm-1 

showed Si-H silane (stretching), 1694.75 cm-1 showed 

(C=O) at amide present in Ist band. The 1523.47 cm-1 

observed the stretching because of N-H amide group in 

IInd band [38]. 

Antibacterial activity 

The biologically synthesized AgNPs from different parts 

such as leaves of CC and NI plant showed the excellent 

antibacterial activity against selected human pathogens. 

The AgNPs of CC and NI leaves extract are tested with 

control of antibiotic Ciprofloxacin, silver nitrate and 

extracts of plant parts. 100 µl of AgNPs as taken compared 

with control samples of AgNO3, plant extracts and 

Ciprofloxacin drug according to standard procedure, 

suspension solution in four well of petri dish plates. 

Various selected human pathogenic strains had been 

reported to possess the different inhibitory zone effect 

towards AgNPs. The four replicates and its diameter was 

measured in mm (millimeter) and tabulated along with 

mean inhibitory zone of antibacterial activity. It was 

observed that silver ions can act as strong antibacterial 

agent. The membrane structure of bacteria changed 

because diffusion of metal ions lead to the enlarged 

membrane permeability of the bacteria [25,26,39].  

Fig. 7(a)(b) photographs taken after 24 hrs. with visible 

zone of inhibition (ZOI), showing the antibacterial activity 

against positive bacteria Bacillus cereus, Salamenella 

aureus and negative bacterial sps such as Escherichia coli, 

Klebsiella pneumonia and Pseudomonas aeruginosa 

bacteria. 

 The AgNPs of Carissa carandas and Nerium  

indicum leaves showed excellent inhibition zone in  

case of positive bacteria Bacillus cereus than Escherichia 

Coli and Salamenella Aureus as well as when compared to 

the other control sample of Ciprofloxacin drug, silver 

nitrate and plant extract also. The Carissa carandas  

and Nerium indicum stem AgNPs were showed in Table 1 

(A & B), good inhibition zone gram positive bacteria 

Bacillus cereus as Carissa carandas and Nerium indicum 

leaves AgNPs than Escherichia Coli and Salamenella 

Aureus. And the Carissa carandas and Nerium indicum 

leaves AgNPs good inhibition zone showed in gram 

negative bacteria’s Sedomonas Aeroginosa was inhibition 

zone than Eeficalic Facilic bacterial and in stem AgNPs 

were showed effective inhibition zone Eeficalic Facilic 

than Sedomonas Aeroginosa opposite of leaves AgNPs of 

CC and NI. Finally, when we compare the AgNPs 

inhibition zone was very effective on all control samples as 

Ciprofloxacin, silver nitrate and extracts at the same 

concentration of all samples [27,28,2,29]. 

Table 1(A). Effect of AgNPs of Carissa carandas leaf extract on 

different antimicrobial, Zone of diameter in mm (mean of four 

replicates). 

Table 1(B). Effect of AgNPs of Nerium indicum leaf extract on different 

antimicrobial, Zone of diameter in mm (mean of four replicates). 

Micro 

organisms 

Nanoparticles 

(N) mm 

AgNO3 (A) mm Standard (S) 

mm 

Extract 

Escherichia  

coli (-) 
14.100 ± 0.100 e 11.167 ± 0.153 18.100 ± 0.100 0 

Klebsiella 

pneumonia (-) 
16.100 ± 0.100 a 15.300 ± 0.200 20.133 ± 0.153 0 

Pseudomonas 

aeruginosa (-) 
15.100 ± 0.100 c 11.900 ± 0.608 17.000 ± 1.300 0 

Bacillus cereus 

(+) 
15.167 ± 0.153 b 13.133 ± 0.153 19.133 ± 0.153 0 

Staphylococcus 

Aureus (+) 
14.133 ± 0.153 d 11.100 ± 0.100 11.567 ± 0.153 0 

Micro 

organisms 

Nanoparticles AgNO3 Standard Extract 

Escherichia 

coli (-) 

16.167 ± 0.153 d 10.133 ± 0.115 17.200 ± 0.265 c 0 

Klebsiella 

Pneumonia (-) 

16.200 ± 0.346 c 14.233 ± 0.153 20.100 ± 0.100 a 0 

Pseudomonas 

Aeruginosa (-) 

15.267 ± 0.252 e 12.533 ± 0.058 18.167 ± 0.208 b 0 

Bacillus 

cereus(+) 

18.200 ± 0.200 a 13.200 ± 0.200 20.100 ± 0.100 a 0 

Staphylococcus 

Aureus (+) 

18.167 ± 0.153 b 14.367 ± 0.153 13.233 ± 0.252 d 0 



  

 

Antifungal activity 

The aqueous AgNPs of Carissa carandas (A) has shown 

antifungal activity on Candida albicans (12.967) > 

Aspergillus niger (12.267). The antifungal activity of 

Nerium indicum (B) aqueous extracts AgNPs showed the 

antifungal activity on Aspergillus niger (12.467) > 

Candida albicans (12.300). Silver NPs exhibit high 

antifungal activity against selected pathogenic fungi at 

very low concentrations of 1 mg/ml from standard drug 

Fluconazole. The AgNPs shown the best results compared 

with standard in Fig. 8(a)(b) and Table 2. The synthesized 

Ag nanoparticles showed the membrane damage in the 

Candida albicans because of destabilizing fungal 

intercellular components [30,31] and thus disrupting the 

membrane potential [32]. 

 

 
Fig. 8. Images of Carissa carandas (A) and Nerium indicum (B) AgNPs 

effect on antifungal strains. 

Table. 2. Antifungal activity zone inhibition of Carissa carandas and 

Nerium indicum leaf aqueous extract AgNPs effect on Aspergillus niger 

and Candida albicans. 

 

Anticancer activity 

The AgNPs of aqueous extract of CC and NI anticancer 

activity results shown in Fig. 9 (VSD & NSD). For MCF-

7 cell line inhibition observed a decreasing trend as 

examined with CC and NI. Among these NPs CC aqueous 

extract AgNPs were more found more effective than NI 

AgNPs. SRB assay shown the minimum inhibitory 

concentration (IC50) of AgNPs on MCF-7 cells was 

obtained the incubation for 24 hours. It displays when the 

concentration of AgNPs increased the cytotoxicity also 

increased which represents the cytotoxicity depend upon 

on the dose against MCF-7 cancer cells [33,34]. AgNPs 

dispersed in deionized water have no notable cytotoxicity 

at lower concentration on MCF-7 cell lines. The results 

represent cytotoxic effects of these synthesized AgNPs 

from Carissa carandas extract on cancer cell line. The 

inhibition power of the AgNPs were more effective due to 

the particles shape, size and surface area that influence the 

cytotoxicity of AgNPs and important in their biological 

phytochemicals efficacy [35,36]. 

 

 

Fig. 9. Activity of Carissa carandas (VSD) and Nerium indicum (NSD) 

AgNPs effects on the anticancer MCF-7 cell line. 

Conclusion 

This work reporting that Carissa carandas and Nerium 

indicum plants both being having medicinal and 

Ayurvedic properties, the leaves extracts were used for the 

synthesis of AgNPs. The nanoparticles produced are eco-

friendly, mono-dispersed, naturally renewable and cost 

effective. These AgNPs were characterized by UV–

Visible spectrophotometry, FTIR, SEM–EDAX and TEM 

analysis. The FTIR spectrum confirmed the functional 

groups present in nanoparticles. The color change 

indicates the AgNPs which is confirmed by UV–visible 

spectroscopy. The synthesized AgNPs were stable and in 

spherical, diamond and circular shapes with 20 nm size by 

SEM and TEM analysis. The microbial and cell culture 

results showed strong antibacterial activity against 

selected human pathogens and significant antifungal 

activity on Aspergillus flavus and Candida albicans. The 

synthesized silver nanoparticles were found to be effective 

even at low concentration against MCF-7 cells. 

Micro 

organisms Standard 

Carissa carandas Nerium indicum 

NPs Extract NPs Extract 

Aspergillus 

niger 

14.500 ± 

0.200 

12.267 ± 0.252 

b 

0 12.467 ± 0.153 

a 

0 

Candida 

albicans 

13.40 ± 

0.100 

12.967 ± 1.242 

a 

0 12.300 ± 0.200 

b 

0 
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