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ABSTRACT 

Multi-Drug resistant bacteria (MDRB) carry hospital acquired infections and causes several diseases and become a widespread serious 

problem in tropical and subtropical countries. Therefore, the increasing prevalence of multidrug resistant of microorganisms and the 

recent appearance of strains with reduced susceptibility to antibiotics raises an urgent need to search for new sources of antimicrobial 

agents. Silver nanoparticles are in the range of 1 and 100nm in size. The development of green synthesis of nanoparticles has received 

increasing attention due to ease of preparation, less chemical handling, and eco-friendly. Generally, the silver nanoparticles synthesis is 

done by the physical and chemical methods. The problem with these methods are expensive and have high toxic substances. To 

overcome this, the biological method provides a feasible alternative. The biological systems involved in the bacteria, fungi and plant 

extracts. Silver nanoparticles have unique properties have opened up a new era of diagnosis, prevention and treatment of diseases and 

traumatic injuries. The present study was desired to the isolation and identification of MDRB (S. aureus, E. coli and S. pneumoniae) 

from clinical samples and test its antibacterial resistant/sensitivity pattern against commercially available antibiotics. In addition, leaf 

extract of Glycosmis pentaphylla plant was performed for the green synthesis of silver nanoparticles (AgNPs). The biosynthesized 

AgNPs were characterized by UV-vis spectrophotometer with surface Plasmon resonance at 440nm. The scanning electron microscope 

(SEM), dynamic light scattering (DLS) analysis confirmed the particle size 100nm, and X-ray diffraction (XRD) confirmed the 

crystalline character of AgNPs. Further, Fourier transformed infra-red (FTIR) authorized the presence of functional groups played an 

important reduction role in the synthesis process. The antibacterial activity of AgNPs showed an excellent efficacy against multi-drug 

resistant E. coli (34 ± 0.9), S. aureus (33.6 ± 0.4) and S. pneumoniae (23.3± 0.5) respectively. MIC & MBC results show the E. coli 

isolate a have a better inhibitory effect at a lower concentration of extracts. Based on the results of the present study, suggests plant 

mediated nanoparticles can be used as a good therapeutic agent against human pathogens and also used for the development of bio nano 

based drug in the future. 
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1. INTRODUCTION 

 Infectious diseases (caused by pathogenic bacteria, viruses 

and parasites (e.g., protozoa and helminths) are the most common 

and widespread health risk in human beings. The public health 

burden is determined by the severity of the illness(es) associated 

with pathogens, their infectivity and the population exposed. 

Infectious diseases have been estimated to be the second leading 

cause of death in the world [1]. Infectious diseases (IDs) have 

been in the limelight of the public health sector since the early 

1990s. The peoples from different countries are widely affected by 

respiratory infections, diarrhea, HIV/AIDS, tuberculosis and 

malaria [2,3]. Infectious diseases account for 29 out of the 96 

major causes of human morbidity and mortality listed by the 

World Health Organization and the World Bank [4] and 25% of 

global deaths (over 14 million deaths annually) [5] . According to 

a recent bulletin from the World Health Organization [6,7] 

reported about 225 million cases of malaria, 12–16 million cases 

of tuberculosis and 2.6 million new cases of HIV/AIDS from the 

entire globe. India faces the challenge of a range of infectious 

diseases. According to the Deutsche Lepra-und-Tuberkulosehilfe 

report, every fifth new tuberculosis case in the world lives in the 

Indian subcontinent. Japanese Encephalitis is present in many 

areas of India and has caused serious epidemics in recent years. 

India has been less severely affected by the HIV epidemic than 

many other countries, despite early predictions of disaster, but still 

has almost three million people living with the virus. Bacterial 

resistance is a growing threat because of the widespread misuse of 

broad-spectrum antibiotics. Recently, the scientific community is 

constantly trying to develop new drugs and drug targets for control 

of the disease.  

Antibiotics and Microbial Resistance 

 Salvarsan is the first antimicrobial agent in the world, used 

a remedy for syphilis and synthesized by Ehrlich in 1910. In 1935, 

sulphonamides were developed by Domagk and other researchers. 

These drugs were synthetic compounds and had limitations in 

terms of safety and efficacy. Fleming discovered penicillin in the 

year 1982. He observed that the growth of Staphylococcus aureus 

was inhibited by produce an inhibition zone surrounding a 

contaminated blue mold (a fungus from the Penicillium) in culture 

dishes, leading to the finding that a microorganism would produce 

substance that could inhibit the growth of other microorganisms. 

The antibiotics were named penicillin, and it came into clinical use 

in the 1940s. Penicillin, which is an outstanding agent in terms of 

safety and efficacy, led in the era of antimicrobial chemotherapy 

by saving the lives of many wounded soldiers during World War 
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II. New classes of antimicrobial agents were developed, one after 

another, leading to a golden age of antimicrobial chemotherapy. 

In, 1944, streptomycin, an aminoglycoside antibiotic, was 

obtained from the soil bacterium Streptomyces griseus. Thereafter, 

chloramphenicol, tetracycline, macrolide and glycopeptides (e.g., 

vancomycin) were discovered from soil bacteria. The synthesized 

antimicrobial agent nalidixic acid, a quinolone antimicrobial drug, 

was obtained in 1962. 

 Penicillin was originally effective for Gram positive 

organisms such as S. aureus. Later, to address penicillin- resistant 

S. aureus which produce the penicillin-hydrolysing enzyme 

penicillinase, methicillin was developed. On the other hand, 

attempts to expand the antimicrobial spectrum yielded ampicillin, 

which is also effective for Gram- negative Enterobacteriacease, 

and piperacillin, which is effective even for Pseumomounas 

aeruginosa. 

 Cephems were developed in the 1960s, and came into 

widespread use. Cephems are classified into several generations, 

according to their antimicrobial spectra. First- generations 

cephems are effective only for Gram-positive organisms and 

Escherichia coli, although their antimicrobial activity against 

these organisms is potent. Second-generation cephems have higher 

efficacy for Gram-negative organisms and some drugs of this 

generation are also effective for P. aeruginosa, although the 

antimicrobial activity against Gram-positive organisms is 

generally lower that of the first generations.  

 In modern medicine, antibiotics are the mainstay of our 

defense against bacterial infections. But now bacteria are fighting 

back and developing resistance to antibiotics at an alarming pace. 

Antibiotic resistance has become a major public health concern 

and is drawing the interests of health and research professionals all 

around the world. The prime concern is the increase in antibiotic 

resistance and the potential spread of resistance genes to 

pathogenic bacteria. Recently, it has been shown that even short-

term antibiotic administration can lead to stabilization of resistant 

bacterial populations in the human intestine that persist for years 

[8-10]. It is estimated that approximately 10 million tons of 

antibiotics have been released into the biosphere over the last 60 

years [11]. Antibiotics are widely used in human and veterinary 

medicine, and have been essential for ensuring human and animal 

health. The selective pressure of such  intensive use of antibiotics 

has urged bacteria sensitive to antibiotics to become resistant in 

order to survive [12]. The Infectious Disease Society of America 

has considered the following bacteria as especially challenging 

regarding the management: methicillin-resistant Staphylococcus 

aureus (MRSA), Vancomycin-resistant Enterococcus (VRE), 

extended spectrum b-lactamase (ESbL)-producing and 

carbapenemresistant Enterobacteriaceae (CRE), metallo-b-

lactamase (MbL)-producing Pseudomonas aeruginosa, 

Acinetobacter baumannii and A. baumannii [13] respectively. 

 Antimicrobial multi drug resistant (MDR) is now prevalent 

all over the world [14,15] with extreme drug resistance (XDR) and 

pan-drug resistance (PDR) [16] being encountered increasingly 

often, especially among HAI occurring in a large highly 

specialized hospital treating patients. The emergence of 

antimicrobial resistant is largely attributed to the indiscriminate 

and abusive use of an antimicrobial in society and particularly in 

the healthcare setting and by an increasing spread of resistance 

genes between bacteria and of resistant bacteria between people 

and the environment. Even in areas hitherto known for having 

minor resistance problems, 5-10% of hospitalized patients on a 

given day harboured extended-spectrum β-lactamase (ESBL)- 

producing Enterobacteriaceae in their gut flora, as seen in a recent 

French study conducted in ICU [17]. 

 Sometimes these are local and occur as outbreak of 

Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, 

Acinetobacter baumannii, Pseudomonas aeruginosa, or 

Enterococcus faecalis or E. faecium (the latter species being very 

difficult to treat when glycopeptide resistant) in highly specialized 

healthcare settings such as neonatal wards or other ICUs, 

hematological wards, and transplant units. With the 

aforementioned bacteria, major problems evolved in the USA 

where outbreaks occurred in transplant units on the east coast and 

in Israel, Greece, and later Italy. Today smaller or outbreaks with 

multi drug resistant E. coli and K. pneumoniae is seen all over the 

world [18]. 

Mechanism of Antibiotics resistant 

 A vast number of scientific reports indicate that there are 

five general ways for a bacterium to acquire antimicrobial 

resistance: (1) mutation in the target site; (2) enzymatic 

modification or degradation of the antibiotic; active efflux of 

antibiotics from the cell [19] (3); resistance through reduced 

permeability to antibiotics, which restricts their access to target 

sites (4); and (5) acquisition of alternative metabolic pathways 

[20]. Recently, a link between bacterial metabolism and antibiotic 

resistance has also been suggested by several authors[21-24]. The 

elucidation of drug resistance mechanisms is a very active 

research area that bridges several disciplinary boundaries since 

understanding the mechanism(s) by which drug resistance 

develops, may lead to improvements in extending the efficacy of 

current antimicrobials [25]. The mechanisms steering bacterial 

antibiotic resistance can be linked to genetic variability and the 

evolutionary pressure that favors the fittest, where by the 

surviving organisms constitute a bigger threat to human health as 

our defense strategies against them are rendered useless [26]. 

Multidrug Resistant Microbes 

 The first report of an MRSA strain with reduced 

susceptibility to vancomycin reported as vancomycin-intermediate 

S. aureus (VISA) appeared in Japan in 1997. This was followed by 

confirmed VISA cases in the United States. In 1959, the Japanse 

found Shigella species that were resistant to different antibiotics 

like Sulfonamides, Streptomycin, Chloremphenicol and 

Tetracycline. A couple of years back some gram negative bacteria 

(Escherichia coli and Klebsiella pneumoniae) were found to 

produce an enzyme (New Delhi Metalllo E- lactamase NDM-1) 

which confirms resistant to antibiotics including carbapenems.  

Multidurg resistant Staphylococcus aureus Staphylococcus 

aureus is the pathogen causes diseases to humans and animals, is 

the most relevant of the coagulase positive species. An important 

clinical pathogen is responsible for many serious infections among 
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the general population and a leading cause of nosocomial 

infections. The rising prevalence of nosocomial methicillin-

resistant S. aureus (MRSA) and the recent emergence of 

community-acquired MRSA (CA-MRSA) are significant clinical, 

public health, and economic challenges. Antimicrobial resistance 

in S. aureus is naturally susceptible to many classes of 

antimicrobials, but has a great ability to develop multiple 

resistances [27]. Penicillin resistance due to the production of 

plasmid-mediated penicillinase appeared in S. aureus soon after 

the introduction of penicillin and had affected 85% of both 

hospital and community isolates by the late 1970s. In the 1950s 

and early 1960s, hospital outbreaks with strains resistant to 

penicillin, tetracycline, erythromycin and chloramphenicol became 

common, but disappeared after the introduction of methicillin and 

others penicillin resistant to breakdown by staphylococcal 

penicillinase. Gentamicin resistance became common in the 

1970s, and in the 1980s methicillin- and multiple resistances 

emerged throughout the world [28]. Many strains of MRSA 

remain reliably susceptible only to the glycopeptides vancomycin 

and teicoplanin, and vancomycin is the drug of choice for serious 

infection [29,30]. Unfortunately, several types of glycopeptides 

resistance have emerged in MRSA in recent years. Some isolates 

show glycopeptide tolerance, that is, they are inhibited by normal 

concentrations of glycopeptides but are not killed.[31]. Tolerance 

has been associated with treatment failures, but its exact clinical 

significance is unclear. Occasional strains of S. aureus with 

chromosomally encoded low-level resistance to vancomycin have 

appeared in Japan, North America and Europe [32], associated 

with treatment failures and designated glycopeptides-intermediate 

S. aureus. Up to the end of 2004, three isolates of MRSA have 

been reported (from the US) with high-level glycopeptide 

resistance, probably derived from vancomycin-resistant 

enterococci [33]. 

Multi-drug resistant Escherichia coli  

 E. coli is the leading cause of urinary tract infection and 

Gram-negative bacteria, both in the community and in hospitals. It 

is naturally susceptible to ampicillin, but now about 50–60% of 

isolates are resistant worldwide, usually by the production of 

plasmid-encoded TEM-1 h-lactamase [34,35]. Some strains 

produce TEM-2, a similar enzyme that differs from TEM-1 only 

by a single amino acid. Organisms producing TEM-1 or TEM-2 

are resistant to ampicillin but susceptible to newer cephalosporins. 

Mutations in TEM-1 and TEM-2 have resulted in new dextended-

spectrumT h-lactamases (ESBLs) that can break down newer 

cephalosporins and thus render E. coli resistant to them. These 

ESBLs are named TEM-3, TEM-4, etc., and more than 100 of 

them have been reported [36,37]. They are often plasmid-borne 

and associated with other resistances such as amino glycoside 

resistance. ESBL-producers may also mutate to chromosomal 

quinolone resistance. Multiple drug resistance in E. coli is now 

increasingly common in both community and hospital isolates 

[38]. 

Multi-drug resistant Streptococcus pneumoniae 

 Streptococcus pneumoniae is a clinically important 

bacterial pathogen that causes significant morbidity and mortality 

worldwide. This bacterium infects the upper respiratory tract in 

approximately 50% young children under the age of 2 years [39]. 

S. pneumoniae is a leading cause of bacterial meningitis, sepsis, 

pneumonia and otitis media in young children and elderly peoples 

[40,41]. Antimicrobial resistant S. pneumoniae become 

widespread in many parts of the world during the 1980s [42]. In 

the United States, however, resistant first become manifest during 

the early part of the decade of the 1990s. Antibiotic resistance to 

nosocomial Gram-positive bacteria has been increasing at an 

alarming rate, especially in developing countries [43]. This 

resistance may be low-level. Penicillin-resistant strains are usually 

multiplied resistant to other antibiotics. The most common 

patterns being resistance to penicillin and tetracycline or to 

penicillin, tetracycline, and chloramphenicol. There is 

considerable variation in the prevalence of resistance in different 

regions and at different times.  

Control of Multi-drug resistant bacteria’s  

 In recent years, drug-resistant to human pathogenic bacteria 

have been frequently reported [14]. The rise of drug resistance 

enterotoxigenic pathogenic bacteria such as Staphylococcus 

aureus, Escherichia coli and Streptococcus pneumoniae demand 

for the development of new antimicrobial agents/drugs with a 

novel mode of action, targeting either the cell membrane or 

intracellular targets [44]. Increasing the bacterial resistance is 

prompting a resurgence in the research on the antimicrobial role of 

herbs against antibiotics resistant strains [45,46]. In turn, has led to 

a search for antimicrobials derived from a variety of natural 

sources. Natural antimicrobials can be obtained from different 

sources, including plants, animals, bacteria, algae and fungi. 

Several studies related to plant antimicrobial have demonstrated 

the efficacy of plant-derived compounds in food applications, as 

well as factors influencing this effectiveness [47-50]. However, 

there has been limited research related to the structure, function 

relationships of these compounds.  

Medicinal plants  

 Medicinal plants are the primary sources of chemical 

substances with potential therapeutic effects. Now-a-days many 

compounds have been characterized by different plants, which are 

in use for the treatment of many diseases. Naturally occurring 

compounds from the plant, fungi and microbes have been yet used 

in a pharmaceutical preparation. There are about three hundred 

species were used in 7800 medicinal drug-manufacturing units in 

India, which consume 2000 tons of herbs annually [51,52]. Plant 

based natural constituents can be derived from any part of the 

plant (like bark, leaves, flowers, roots, fruits, seeds, etc.) [53]. A 

vast number of medicinal plants have been documented as 

valuable resources of natural antimicrobial compounds [54,55]. 

Biological property of study plant 

 Glycosmis pentaphylla plant is chosen for this study; It 

belongs to Rutacease family. It is commonly known as 

Vananimbuka in Sanskrit and Paanal in Malayalam. In India, 

Ayurvedic and other traditional medical practitioners have used                    
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G. pentaphylla for the treatment of various ailments like cough, 

rheumatism, anemia, arthritis, jaundice and facial inflammation 

[56-58]. The traditional healers in (Gazipur district) of Bangladesh 

utilize G. pentaphylla for prevention of all forms of cancer [59]. 

Hepatoprotective, anti-cancer, anti-inflammatory, anti-bacterial, 

antioxidant and anti-arthritic activities of glycosmis have been 

reported previously by many researchers [60-68]. 

Nanotechnology  

 Nanotechnology is an important field of modern research 

dealing with synthesis, strategy and manipulation of particle’s 

structure ranging from approximately 1 to 100 nm in size. Within 

the size range all the properties (chemical, physical and biological) 

changes in fundamental ways of both individual atoms/molecules 

and their corresponding bulk. Nanotechnology is a rapidly 

growing field for the purpose of manufacturing new materials 

have emerged up as novel antimicrobial agents owing to their high 

surface area to volume ratio and the unique chemical complexities. 

Among the most promising nanomaterials with antibacterial 

properties, metallic nanoparticles became the most interesting tool 

[69, 70]. Silver nanoparticles have become the focus of extensive 

research due to its excellent antimicrobial efficacy against multi-

drug resistant bacteria, viruses and other eukaryotic 

microorganisms [71]. Previous studies stated that AgNPs are 

capable of performing active antibacterial property against 

Staphylococcus aureus, Escherichia coli, Vibrio cholera, 

Pseudomonas aeruginosa and Salmonella typhi [72-74]. In 

medical treatment, silver nitrate is combined with sulphonamide to 

form silver sulfadiazine cream, which was used as a broad –

spectrum antibacterial agent and used for the treatment of burns. It 

is also highly effective against bacteria such as E. coli, S. aureus, 

Klebsiella sp., Pseudomonas sp and Streptococcus pneumoniae 

[75]. Nanoparticles can be synthesized using various approaches 

including chemical physical, and biological methods. Silver 

nanoparticles synthesized by chemical methods are toxic to a 

different level of cells and lead to non-eco-friendly by-products 

that may disturb the normal cells. AgNPs were found to exert high 

acute toxic effects on various cultured cells. Only AgNPs 

exposure, exhibited significant cytotoxicity at higher doses and 

induced abnormal cellular morphology, displaying cellular 

shrinkage and acquisition of an irregular shape [76]. So, an ever 

increasing need for environmentally friendly, non-toxic protocols 

for nanoparticles synthesis leads to the developing interest in 

biological approaches that are free from the use of toxic chemicals 

as by-products. Recently different biologicals properties for 

nanoparticles from bacteria [77-80] fungi [81-83] and plants [84-

87] have been reported. Due to the growing needs of eco-friendly 

nanoparticles, green methods are used for the synthesis of several 

metal nanoparticles. But recently, plant extract mediated 

nanoparticles fabrication proved as an advantageous way to other 

methods. Plant extracts mediated synthesis of nanoparticles is 

gaining importance due to its simplicity and eco-friendliness [88]. 

Need for Green synthesis 

 Biosynthesis of nanoparticles are a kind of bottom up 

approach, where the main reaction occurred as 

reduction/oxidation. The need for biosynthesis of nanoparticles 

rose as the physical and chemical process were costly. Often, the 

chemical synthesis method leads to the presence of some of the 

toxic chemical absorbed on the surface that may have adverse 

effect in the medical applications [89]. This is not an issue when it 

comes to biosynthesized nanoparticles via. green synthesis route 

[90]. So, in the search of nanoparticles synthesis, scientist used 

microbial enzymes and plant extracts (phytochemicals).Green 

synthesis provides advancement over chemical and physical 

methods as it is cost effective, environment friendly, easily scaled 

up for large scale synthesis and in this method there is no need to 

use high pressure, energy, temperature and toxic chemicals. 

Mechanism study of nanoparticles 

 The mechanisms of antimicrobial or toxicity of silver 

nanoparticles are still in the investigation and a well debated topic. 

The positive charge on the Ag ions is suggested vital for 

antimicrobial activities. In order for silver to have any 

antimicrobial properties, it must be in its ionized form. In its 

ionized form, silver is inert, but on coming in contact with 

moisture it releases silver ions [91]. Ag ions are able to form 

complexes with nucleic acids and preferentially interact with the 

nucleosides rather than with the phosphate groups of nucleic acids. 

Thus, all forms of silver or silver-containing compounds with 

observed antimicrobial properties are in one way or other sources 

of silver ions (Ag+; these silver ions may be incorporated into the 

substance and released slowly with time as with silver 

sulfadiazine, or the silver ions can come from ionizing the surface 

of a solid piece of silver as with silver nanoparticles [92-93]. 

There is some literature showing the electrostatic attraction 

between positively charged nanoparticles and negatively charged 

bacterial cells [94] and they are suggested to be a most suitable 

bactericidal agent [95,96]. These nanoparticles have been shown 

to accumulate inside the membrane and can subsequently 

penetrate into the cells causing damage to the cell wall or cell 

membranes. It is thought that silver atoms bind to thiol groups 

(ASH) of enzymes forming stable SAAg bonds with thiol 

containing compounds and then it causes the deactivation of 

enzymes in the cell membranes that involve in transmembrane 

energy generation and ion transport. It was proposed that Ag (I) 

ion enters the cell and intercalates between the purine and 

pyrimidine base pairs disrupting the hydrogen bonding between 

the two anti-parallel strands and denaturing the DNA molecule. 

Bacterial cell lysis could be one of the reason for its antibacterial 

property. Nanoparticles modulated phosphor tyrosine profile of 

bacterial peptide that in turn affects signal transduction and 

inhibited the growth of micro-organisms. Antibacterial effect is 

dose-dependent and is independent of the acquisition of resistance 

by bacteria against antibiotics. E. coli cells treated with silver 

nanoparticles found to be accumulated in the bacterial membrane 

which results in the increase in permeability and death of cell. 

Gram-positive bacteria are less susceptible Ag+ than Gram –

negative bacteria. This is due; the Gram positive bacterial cell wall 

made up of peptidoglycan molecules and has more peptidoglycan 

than gram-negative bacteria. As the cell wall of Gram positive is 

thicker, as peptidoglycan is negatively charged and silver ions are 

positively charged; more silver may get stuck by peptidoglycan in 
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gram-positive bacteria than in gram-negative bacteria. The 

decreased liability of gram-positive bacteria can also simply be 

explained by the fact that the cell wall of gram-positive bacteria is 

thicker than that of Gram negative bacteria [97]. Other 

mechanisms involving the interaction of silver molecules with 

biological macromolecules such as enzymes and DNA through an 

electron-release mechanism [98], or free radical production [97], 

respectively. The inhibition of cell wall synthesis as well as 

protein synthesis shown to be induced by silver nanoparticles has 

been suggested by some literatures with the proteomic data having 

evidence of accumulation of envelope protein precursor or 

destabilization of the outer membrane, which finally leads to ATP 

is leaking [99]. Nano silver is a much more effective and a fast-

acting fungicidal against a broad spectrum of common fungi, 

including genera such as Aspergillus, Candida and Sacharomyces 

[100]. The multi-resistant pathogens due to antigenic shifts and/or 

drifts are ineffectively managed with current medications. This 

resistance to medication by pathogens has become a severe 

problem in public health; therefore, there is a strong requirement 

to develop new bactericides and virucides. Silver is having a long 

history of use as an antiseptic and disinfectant and is able to 

interact with disulphide bonds of the glycoprotein/ protein 

contents of microorganism such as viruses, bacteria and fungi. 

Both silver nanoparticles and silver ions can change the three 

dimensional structure of proteins by interfering with disulphide 

bonds and block the functional operations of the microorganisms 

[101,102]. The advancement of this route (green synthesis) over 

chemical and physical method, it is cost effective, environment 

friendly, easily scaled up for large scale synthesis and there is no 

need to use high energy, pressure, temperature and toxic chemicals 

[103,104]. The use of environmentally benign materials like 

bacteria, fungi, plant extracts and enzymes for the syntheses of 

silver nanoparticles offers numerous benefits of eco-friendly and 

compatibility for pharmaceutical and other biomedical 

applications as they do not use toxic chemicals for the synthesis 

protocol. These disadvantages insisted the use of novel and well-

refined methods that opened doors to explore being and green 

routes for synthesizing nanoparticles. 

Application of silver nanoparticles  

 Silver nanoparticles have been used most widely in the 

health industry, food storage, textile coatings and a number of 

environmental applications. In spite of decades of its use, it is 

important to note that the evidence of toxicity of silver is still not 

clear. Products prepared with silver nanoparticles have been 

approved by a range of accredited bodies, including the US FDA, 

US EPA, Korea’s testing, SIAA of Japan and research institute 

[105]. The antimicrobial properties of silver nanoparticles have 

also been exploited both in the medicine and at home. Silver 

sulfadiazine cream use sometimes to prevent infection at the burn 

site and at least one appliance company has incorporated silver 

into their washing machines. Currently silver is used in the 

expanding field of nanotechnology and appears in many consumer 

products that include baby pacifiers, acne creams, and computer’s 

keyboard, clothing that protects from emitting body odor in 

addition to deodorizing sprays. 

 It is well-known fact that silver nanoparticles and their 

composites show greater catalytic activities in the area of dye 

reduction and their removal [106-107] studied the catalytic 

activity of these nanoparticles on the reduction of phenosafranine 

dye. The application of silver nanoparticles as an antimicrobial 

agent was also investigated by growing E. coli on agar plates and 

in liquid LB medium, both supplemented with silver nanoparticles 

[108]. Silver nanoparticles were applied to investigate membrane 

transport in living microbial cells (P. aeruginosa) in real times 

[109]. The triangular silver nanoparticles fabricated by nanosphere 

lithography indeed function as sensitive and selective nanoscales 

affinity biosensors.  

 Silver nanoparticles synthesized through green methods 

have been reported to have biomedical applications as well as in 

controlling the pathogenic microbes. The toxicity was evaluated 

using changes in cell morphology, cell viability, metabolic 

activity, and oxidative stress. These nanoparticles produced ATP 

content of the cell causing damage to mitochondria and increased 

production of reactive oxygen species (ROS) in a dose-dependent 

manner. DNA damage, as measured by single cell gel 

electrophoresis (SCGE) and cytokinesis blocked micronucleus 

assay (CBMN), was also dose-dependent and more prominent in 

the cancer cells [110]. 

Toxicity of silver nanoparticles  

 The unique physical and chemical properties of silver 

nanoparticles make them excellent candidate for a number of day-

to-day activities, and also the antimicrobial and anti-inflammatory 

properties candidate for many purposes in the medical field. 

However, there are studies and reports suggest that nanosilver can 

allegedly cause adverse effects on humans as well as the 

environment. It is estimated that tonnes of silver in the 

environment are majorly due to free silver in the aqueous phase. 

The adverse effects of these free silver ions on humans and all 

living being include permanent bluish-gray discoloration of the 

skin or the eyes and expose to soluble silver compounds may 

produce toxic effect like liver and kidney damage; eye, skin, 

respiratory, and intestinal tract irritation; and untoward changes in 

blood cells [111]. Since the beginning of the twenty-first century, 

nanosilver has been gaining popularity and is now being used in 

almost every field, most importantly the medical field. However, 

there have been reports of how nanosilver cannot discriminate 

between different strains of bacteria and can hence destroy 

microbes beneficial to the ecology [112] There are only very few 

studies conducted to assess the toxicity of nanosilver. In one 

study, in vitro toxicity assay of silver nanoparticles in rat liver 

cells, show that even low- level exposure to silver nanoparticles 

also proved to be toxic to in vitro mouse germ line stem cells as 

they impaired mitochondrial function and caused leakage through 

the cell membranes. Nanosilver aggregates are said to be more 

cytotoxic than asbestos [113]. There is evidence that shows that 

silver ions cause in the permeability of the cell membrane to 

potassium and sodium ions at concentrations that do not even limit 
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sodium, potassium, ATP, or mitochondrial activity [114]. 

Nanosilver is also known to show severe toxic effects on the male 

reproductive system. Research shows that nanosilver can cross the 

blood-testes barrier and be deposited in the testes where they 

adversely affect the sperm cells [115]. Even commercially 

available silver-based dressings have been proved to have 

cytotoxic effects on various experimental models [116]. In vivo 

studies on the oral toxicity of nanosilver on rats have indicated 

that the target organ in mouse for the nanosilver was the liver. It 

was also found from histopathological studies that there was a 

higher incidence of bile duct hyperplasia, with or without necrosis, 

fibrosis, and pigmentation in the study animals [117]. Studies have 

also suggested that there is release of silver when the nanoparticles 

are stored over a period of time. Hence, it has to be said that aged 

nanosilver is more toxic than new nanosilver [118]. Nanosilver 

with its antimicrobial activity can hinder the growth of many 

friendly bacteria in the soil. By showing toxic effects on 

denitrifying bacteria, silver can disrupt the denitrification process, 

which involves the conversion of nitrates into nitrogen gas which 

is essential for the plants. Loss of environmental denitrification 

through reduction of plant productivity can lead to eutrophication 

of rivers, lakes, and marine ecosystems and destroy the ecosystem. 

Nanosilver also has toxic effects on aquatic animals because silver 

ions can interact with the gills of fish and inhibit basolateral Na+ 

K+ -ATPase activity, which can in turn inhibit osmoregulation in 

the fish [119]. To understand the toxic potential nanosilver has on 

the freshwater environment, the Daphnia magna 48-h 

immobilization test was conducted, and the results showed that the 

silver nanoparticles have to be classified under category acute 1‟ 

as per the Globally Harmonized System of Classification and 

Labelling of Chemicals, suggesting that the release of nanosilver 

into the environment has to be carefully considered [120]. Though 

these studies tend to recommend that nanosilver can induce 

toxicity to living beings, it has to be understood that the studies on 

nanosilver toxicity were done under in vitro conditions which are 

radically different from in vivo conditions and at quite high 

concentractions of nanosilver particles. 

Silver nanoparticles for Multi Drug Resistant Bacteria  

 Silver nanoparticles are used as effective antimicrobial 

agents. They have bactericidal potential against MDR organisms. 

Asghari et al. [121] synthesised silver nanoparticles by developing 

one-step protocol and evaluated their antimicrobial activity against 

Gram-positive and gram negative bacteria, including MDR strains 

such as MRSA colloidal silver nanoparticles were found to 

possess significant bactericidal potential against MRSA and 

Gram-positive and Gram-negative bacteria. According to Panacek 

et al. [122], silver nanoparticles can be used as effective broad-

spectrum antibacterial agents for Gram-negative and Gram-

positive bacteria including antibiotics resistant bacteria. Gram-

negative bacteria include members of the genera Acinetobacter, 

Escherichia, Pseudomonas, Salmonella and Vibrio. Gram-positive 

bacteria include Bacillus, Clostridium, Enterococcus, Listeria, 

Staphylococcus and Streptococcus. Antibiotics resistant bacteria 

include methicillin and vancomycin-resistant Staphylococcus 

aureus (MRSA and VRSA) and Enterococcus faecium, by 

preventing biofilm formation, which act as efficient barriers 

against antimicrobial agents and the host immune system to 

protect the bacterial colony. In a study of the antimicrobial activity 

of silver nanoparticles against MRSA and non MRSA, minimal 

inhibitory concentration (MIC) and minimal bactericidal 

concentration were evaluated in LB broth using nanoparticles of 

100nm [123]. They observed the dose –dependent bactericidal 

activity of silver nanoparticles against MRSA and non- MRSA 

and found that both MRSA and non-MRSA were inhibited at 

concentrations over 1/E35 mg ml) 1 when the innoculums was 105 

–CFU ml). Silver nanoparticles for the treatment for dental caries 

were used by Ayala-Nunez et al.[124], because S. mutans are a 

causal organism of dental caries, they studied the antibacterial 

effect of silver nanoparticles of three different sizes and reported 

MIC. They confirmed that silver nanoparticles have strong 

bactericidal potential against Streptomyces. Espinosa-Cristobal et 

al.[125] reported the synthesis of silver nanoparticles by aqueous 

Ag + reduction with S. aureus. These silver nanoparticles were 

evaluated for their antimicrobial potential against methicillin 

resistant S. aureus, methicillin-resistant S. epidermidis (MRSE) S. 

pyogenes, S. typhi and K. pneumoniae. They reported the most 

bactericidal potential against methicillin- resistant S. aureus 

followed by methicillin resistant  S. epidermidis and S. phyogenes, 

but only moderate activity was observed against S. typhi and K. 

pneumoniae. The authors further reported effective antimicrobial 

activity of silver nanoparticles against the drug-resistant bacteria 

MRSA and MRSE, which showed maximum activity against 

MRSA, followed by MRSE. Nanda and Saravanan, Humberto et 

al.   [126-127] reported that silver nanoparticles in the size range 

of 5-10 nm showed both bacteriostatic and bactericidal effects 

against S. aureus, methicillin-sensitive  S. aureus (MSSA) and 

MRSA.  Colloidal silver nanoparticles having a of size 20-45 nm 

were synthesized using sol-gel method, their antibacterial activity 

with MIC against E. coli, S. aureus, C. albicans, B. subtilis, S. 

typhimurium, P. aeruginosa and K. pneumoniae by the broth 

microdilution method was determined and MIC was found to be 2-

4lg ml [128]. 

 In this chapter, we designed rapid biosynthesis & 

characterization of AgNPs using  G. pentaphylla leaf extract and 

tests its antibacterial activity against the clinically isolated multi-

drug resistant bacteria such as S. aureus,    E. coli and S. 

pneumoniae. 

 

2. EXPERIMENTAL SECTION 

Culture media and chemicals 

 All the microbiological media and chemicals were obtained 

from HI-media laboratories, India, Merck Ltd., SRL Pvt, Ltd., 

Mumbai. Ultrapure Milli Q water was used throughout the study.  

Clinical sample collection  

 The clinical samples were collected from 500 patients (pus, 

blood, wound, urine and sputum) of Salem and Namakkal 

Districts, Tamil Nadu, India. The collected samples were placed in 



Bionanomedicine for antimicrobial therapy - a case study from Glycosmis pentaphylla plant mediated silver nanoparticles for 

control of multidrug resistant bacteria 

Page | 529  

Amies transport media with charcoal (Hi Media, Mumbai, India). 

Swabs were transported on ice to microbiology diagnostic 

laboratory within four hours of collection. The clinical data and 

microbial status were recorded. 

Isolation and identification of multi-drug resistant bacteria 

(MDRB) 

 All the collected samples were inoculated on Nutrient agar 

plate and incubated at 37 ºC for 18-24 h. After incubation, based 

on colony morphology the representative colonies were picked 

and sub-cultured in different selective media such as Blood agar, 

Mannitol salt agar, Macconkey agar and EMB agar. After 

obtaining pure colonies, recording as haemolysis on blood agar 

media isolated all organisms were identified by staining steps. 

Further specimen was done biochemically in a systematic way 

following the standard methods (catalase, oxidase test, IMViC, 

triple sugar iron, urease and nitrate reduction test) [129]. The 

isolation and identification of multi drug resistant bacteria 

(MDRB) were confirmed as per the recommended guidelines 

(CLSI, 2012). Reference strains S. aureus MTCC 96, E. coli 

ATCC 25922 and S. pneumoniae ATCC 41619 were used as 

positive control. Strains were routinely maintained at -4ºC for 

glycerol stock.  

Ethical consideration 

 The study was approved by the institutional human ethics 

committee (reference number PU/IEC/HR/2014/008 and approval 

letter dated 31/06/2014), Periyar University, Salem, Tamilnadu, 

India.  

Antibiotics susceptibility/resistant test 

 The standard Kirby-Bauer disk diffusion method was used 

to determine the antimicrobial susceptibility profiles of the isolates 

[130]. Bacterial inoculum was arranged by suspending the freshly 

grown bacteria in 4-5 ml sterile nutrient broth and the turbidity 

was adjusted to that of a 0.5 McFarland standard. The 

antimicrobial susceptibility testing of isolates was performed using 

Mueller- Hinton medium against methicillin (30 mg), penicillin 

(10 mg), ampicillin (10 mg), amoxicillin clanonic acid (30 mg), 

vancomycin (30 mg), erythromycin (15 mg), gentamicin (10 mg), 

streptomycin (10 mg), tetracycline (30 mg), and ciprofloxacin (10 

mg) respectively.  A sterile disc used as a negative control and the 

plates were incubated at 37 ºC for 18-24 hours. The zones of 

inhibition were measured and compared with the National 

Committee for Clinical Laboratory Standards[131-132] guidelines.  

Plant sample collection  

 The healthy and young leaves of Glycosmis pentaphylla 

(Figure 1) was collected from Kalrayan hills, (Latitude 11º14’46 -

12 º 53’30’, 77 º 32’52’-78053’05’ longitude) Salem District, 

Tamil Nadu, India. The taxonomic identification of plant was done 

by the Botanical Survey of India (Southern Cycle), Coimbatore, 

Tamilnadu, India (Ref. no. BSI/SRC/5/23/2016/Tech-402) and the 

voucher specimen was deposited in the research laboratory for 

future reference. 

 
Figure 1. Glycosmis pentaphylla plant. 

Preparation of leaf extract  

 The leaves were washed with tap water and shade dried for 

7-10 days. Dry leaves were ground in a grinder to make a fine 

powder. 10 g of the powder was dissolved in 100 ml of deionizer 

water and boiling for 20 min at 60°C. Then it was filtrated through 

Whatman filter paper No. 1. The filtrate was collected, freeze-

dried and stored at 4°C until use. 

Synthesis of Ag NPs  

 Synthesis of AgNPs from the dried powder of leaves of G. 

pentaphylla was done according to the modified method of Wayne 

[133]. Silver nanoparticles (Ag NPs) were synthesized by 

dissolving 10-3 M of silver nitrate salt (AgNO3) in 100ml of de-

ionized water and this solution was placed in a250 ml reaction 

vessel. A total of the 100 mg freeze-dried plant leaf extract was 

added to the AgNO3 solution at room temperature for the bio-

reduction process. After the addition of leaf extract, the pH value 

of the solution was immediately adjusted to 10.0 pH (using a 7.7 

M solution of NaOH). The reaction vessel was shaken at a rotation 

rate of 150 rpm in the dark condition at 30°C for 48 h. the solution 

comprising Ag NPs was collected and centrifuged at 3000 rpm for 

10 min for the removal of excess extract compounds.  

Characterization of Ag NPs 

UV–Vis spectroscopy 

 To detect the biosynthesized Ag NPs, the samples were 

analyzed for UV-Vis spectroscopic studies (Shimadu UV/vis 1800 

spectrophotometer) at room temperature and operated at a 

resolution of 1 nm between 190 and 1100 nm range [134]. 

Fourier transform infrared spectroscopy 

 AgNPs were analyzed by Fourier transform IR 

spectroscopy with a Perkin Elmer Spectrum RX I Fourier 

transform IR system with a frequency ranging from 500 to 4000  

cm-1  and a resolution of 4 cm-1. The KBr pellet method was used 

to prepare the samples [135]. 

X-ray diffraction study 

 The solid state dispersions of AgNPs were characterized 

with X-ray powder diffraction. Deflection patterns were obtained 

using an XPERT-PRO diffractometer (PANalytical Ltd., the 

Netherlands) with a radius of 240 nm. The Cu Ka radiation (Ka 

1.54060 A°) was Ni-filtered. A system of diverging and receiving 
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slits of 1 and 0.1 mm, respectively, was used. The pattern was 

collected with 40 KV of tube voltage and 30 mA of tube current 

and scanned over the 2h range of 10-90.  

Scanning electron microscopy 

 The particle size and microstructure of AgNPs were studied 

by high-resolution scanning electron microscopy (SEM Nikon, 

Japan) [135]. In brief, AgNPs were suspended in de-ionized water 

at a concentration of 1 mg/mL and then sonicated using a 

sonicator bath until the sample forms a homogenous suspension. 

For size measurement, the sonicated stock solution of AgNPs (1 

mg/mL) was diluted up to 20 times. Then, one drop of sonicated 

aqueous solution was taken on a glass plate and dried it. Then, the 

sample was coated, and the images were taken. SEM was used to 

describe the size and shape of AgNPs. 

EDX study 

 EDX system determines the elemental composition and 

check the presence of silver particles of a sample. The particle 

solution was diluted 100-fold with water, and a drop of 10µl 

diluted solution was placed on a carbon stub and air-dried. The 

EDX spectrum was found an acceleration voltage of 20 kV and 

collected for 19s. Mapping was completed using pseudo-colors to 

represent the two-dimensional spatial distribution of energy 

emissions of the chemical elements present in the sample.  The 

analysis was done using JEOL JSM 6360 equipped with an EDX 

(energy dispersive X-ray) analyzer [136]. 

Dynamic light scattering (DLS) and zeta potential 

 DLS analysis of sample was done by the method of Dash et 

al. [135] with slight modifications. The attention of the Ag NPs 

was 100µg/mL sonicated for 2 min, and dynamic particle sizes 

were measured by suspending two drops of an aqueous suspension 

of NPs in 10 mL of Millipore water. The NPs had completely 

dispersed in water, they were analyzed with a DLS analyzer. The 

experimentations were repeated several times to obtain the 

average size of the NPs. The zeta potential of the AgNPs was 

measured by a Zetasizer-Nano ZS (Malvern, Malvern Hills, U.K.). 

Ag NPs suspension (1 mg/mL) was prepared in Milli-Q water and 

the suspension was used for the experiment purpose [134]. 

Antibacterial activity of green synthesized AgNPs 

 The agar-well diffusion method was used to determine the 

antibacterial activities of AgNPs. For this purpose, one better 

resistant strain of each bacterial species (S. aureus, E. coli and S. 

pneumoniae) were used as the test microorganisms. The bacterial 

isolates were suspended and activated (10-5, 10-6 CFU/mL) twice 

in Nutrient Broth (Merck, Germany) after incubation at 37°C and 

25 °C for 24 h, respectively. The antimicrobial activity of plant-

mediated AgNPs was evaluated against MDRB using agar well 

diffusion method [136]. The different concentrations of green 

synthesized AgNPs solution (25, 50 and 75 mg/ml) were poured 

into the corresponding well using a micropipette. As a control, 

used 75 mg/ml of  G. pentaphylla crude plant extract solution was 

poured to in control well. The plates were incubated at 37oC for 

24h and the zone of inhibition was measured. 

MIC and MBC determination 

 MIC and MBC of the samples were determined by a 

microdilution method, using Luria broth (Hi-media, India) and 

inoculums of 2.5×105 CFU/ mL. In brief, 10 µl (2.5×105 

CFU/mL) of each bacterial strain was added individually to 1 ml 

of nutrient broth (NB). Different concentrations of test particles 

were added to the test tubes containing the test strains. After 24 h 

of incubation, the MIC values were obtained by checking the 

turbidity of the bacterial growth. The minimum bactericidal 

concentration (MBC) values of the particles were determined 

according to the method of Sintubin et al [134] The MBC values 

were determined by sub-culturing the MIC dilutions onto the 

sterile Muller Hinton agar plates and incubated at 37°C for 24h, 

and the result was observed. 

 

3. RESULTS SECTION 

Isolation and identification of bacteria 

 Out of 500 clinical samples, 136 bacterial isolates were 

identified as MDR Bacteria based on their colony morphology and 

microscopic observations (Table 1).  S. aureus colonies on Baird 

Parker agar medium were black and shiny with narrow white 

margins and surrounded by a clear zone extending into the opaque 

medium. These colonies were found to be Gram positive cocci in 

clusters. E. coli colonies on eosin methylene blue were green 

metallic sheen in reflected light with blue–black certirea, E. coli 

colonies show a characteristic green metallic sheen, indicates that 

the lactose fermentation they were Gram negative short rods. The 

presumptive S. aureus and E. coli was confirmed with biochemical 

reactions. S. aureus was found as positive for coagulase, catalase, 

methylene red, Voges-proskauer and hemolysis tests and negative 

for oxidase and indole tests. They also produce acid from glucose, 

lactose and sucrose. The presumptive E. coli was confirmed as 

positive for catalase test, indol production, methyl red test, 

pathogenicity test and production of acid from glucose, manitol, 

lactose and sucrose while they were negative for Voges-proskauer 

reaction, urease production and citrate utilization [137]. The S. 

pneumoniae colonies and characteristically produce a clear zone 

of alpha haemolysis. 

Table 1. Characterization of multi-drug resistant bacteria. 

No Characterization S. aureus E. coli S. pneumoniae 

1. Morphological character 

Colony colour Golden yellow color, bluish-green 

color 

Dark blue-black 

colony 

Green and moist colony 

2. Microscopic characters 

Gram staining Gram-positive (Cocci, grape like 

arrangement) 

Gram -negative (Rod 

shape) 

Gram-positive dipole 

Cocci shape 

Motility Non-motile Non-motile Non-motile 

Spore staining Non pore forming Non spore forming Non spore forming 
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Table 2. Identification of multi drug resistant bacteria by biochemical reaction. 

1. Biochemical test E. coli            S. pneumoniae  S. aureus E. coli S. pneumoniae 

Catalase + + - 

Coagulase  + + - 

Hemolysis α hemolysis No-hemolysis β-hemolysis 

Methyl red + + - 

Indole + + - 

Oxidase + - - 

Voges, P test - - - 

2. Sugar fermentation test    

Urease test  - - - 

Citrate utilization - + - 

Lactose - + + 

Manitol + - - 

Sucrose - + - 

+ = positive, - = negative 

 

The isolated bacteria were further identified based on the 

biochemical tests and the results were presented in Table 2. 

Antibiotics resistant pattern of MDRB 

 Out of 136 isolates, 121 showing multi drug resistance 

bacterial strains were confirmed using commercial antibiotics like 

penicillin (96, 90 & 87 %), methicillin (92, 86 & 85%),  ampicillin 

(91, 87 & 80%), amoxicillin clanonic acid (82,80 & 80%) and  

erythromycin (74,70 & 71%) respectively (Figure 2). In hospital 

related microbial pathogens, the existence of drug-resistant 

microbes has been increasing very speedily, against many 

commonly used antibiotic groups, aminoglycosides, macrolides, 

fluoroquinolones and others, chloramphenicol and tetracycline 

[138]. The present investigation, S. aureus, S. pneumoniae and E. 

coli of clinical origin was found to be multi-drug resistant and the 

resistant character of these bacteria compared to standard 

antibiotics. Emergence of antibiotics resistance can develop from 

the selection of intrinsic resistance microbes or it can develop 

from environmental factors.  

 The mechanisms of acquired resistance fall into one of 

the five different categories of antibiotics resistant reported by 

CLSI [139]. In hospital associated microbial pathogen, the 

existence of drug resistance microbes has been increasing very 

rapidly. 

 This situation generally develops by the misuse of 

standard antibiotics or selection of intrinsic resistant pathogen and 

subsequently transferring this chapter to other microbes via 

conjugation, transformation or transduction. Moreover, depending 

on the environment, microbes can also acquire resistance in 

response to particular antibiotics during nosocomial infections. So 

it is very important to measure the response of a particular 

microbial pathogen to particular antibiotics in clinical isolates 

[140]. 

Synthesis of Ag NPs 

 After the bio-reduction process, the appearance of a 

darkish-brown color in reaction flasks indicate the AgNPs 

formation. The color strength improved as a function of time due 

to the reduction of Ag+. The decrease of silver ions was visibly 

evident from the color changes associated with them (Figure 3a). 

After the addition of the biomass to the solution of silver nitrate, 

the solution changed from colorless to darkish brown. The dried 

biomass was found to play a crucial role in the synthesis of 

AgNPs. It is well known that color changes of solutions are due to 

excitation of surface Plasmon vibrations with the AgNPs [141]. 

 
Figure 2. Antibiotics resistant pattern of multi drug resistant bacteria. 

 

 
Figure 3. (a). Biosynthesis of nanoparticles from G. pentaphylla, (A) G. 

pentaphylla leaf extract, (B) AgNO3, (C) G. pentaphylla mediated 

AgNO3. (b). UV-Vis spectrum of AgNPs from G.  pentaphylla. 

 

Characterization of nanoparticles 

UV–vis spectroscopy 

 The UV-vis spectroscopic absorption spectra of the 

AgNPs showed the characteristic surface plasmon of AgNPs. Ag 

NPs had a narrow band with a maximum at 415 nm. The 

absorption spectrum of triangular Ag NPs showed a maximum 

peak between 420 and 450 nm with a blue or red shift when 

particle size diminished or increased, respectively (Figure 3b) 

[142,143]. 
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Fourier transform infrared spectroscopy 

 FTIR measurements of the sample were carried out to 

identify the possible biomolecule responsible for the stabilization 

of the G. pentaphylla extract and newly synthesized AgNPs. FTIR 

results predict the molecular configuration of different functional 

groups present in the G. pentaphylla leaves extract. FTIR 

absorption spectra can provide the information about the 

functional groups involved in the bio reduction and to identify the 

bio molecules localized on the surface. The spectrum shows peaks 

centered at 3395, 2201, 1573, 1397, 1124, 832,761cm-1 in the 

region of 400-4000 cm-1 (Figure 4). The FTIR spectra revealed 

the different functional groups like aliphatic amines, aromatic 

amines, alkanes, alkynes, amides and nitriles with respective 

stretches in synthesized AgNPs, which give rise to the well-known 

signatures in the infrared region of the electromagnetic spectrum.  

 
Figure 4. FTIR spectrum of G .pentaphylla AgNPs. 

 

 The absorption peak (at 1631 cm -1) was close to the 

reported native proteins. Jana et al [144] suggested that proteins 

were interaction with biosynthesized nanoparticles and also their 

secondary structure was not affected reaction with Ag+ ions or 

after binding with Ag nanoparticles [145]. The band was observed 

at 1588 cm -1 due to the presence of aromatic ring and show at 

1452 cm -1 1383 cm-1, and 1349 cm-1 due to skeletal vibration of 

the organic substances. These IR spectroscopic studies confirmed 

that a carbonyl group of amino acid residue and exhibit a strong 

binding ability with metal suggested the development of a layer 

covering metal nanoparticles and acted as a capping agent to 

prevent agglomeration and providing stability in the medium 

[146]. These results confirmed the presence of possible proteins 

acted as reducing and stabilizing agents. 

Scanning electron microscopy 

 The size, shape and morphology of green synthesized 

AgNPs were further considered in SEM analysis. SEM image 

showed individual AgNP. The SEM morphology of AgNPs shows 

the spherical shape, triangular geometry with a mean size of 30 

nm (Figure 5). The morphology of synthesized AgNPs by the 

methods was the predominately triangular structure with well-

defined morphology. The average diameter of synthesized silver 

nanoparticles is found to be in the range of 17-29nm. It clearly 

shows the SEM image of silver nanoparticles synthesized from G. 

penytaphylla extract.  

X-ray diffraction study 

 The X-ray diffraction pattern of the AgNPs green 

synthesized AgNPs shows active and narrow diffraction peaks 

indicate that the product has well crystalline (Figure 6). 

 
Figure 5. SEM image of G. pentaphylla leaves extract. 

  

 
Figure 6. XRD analysis of G. pentaphylla mediated AgNPs. 

 

The XRD peaks at 37.84◦, 44.06◦, 64.42◦ and 77.74◦ can be 

indexed to the (1 1 1), (2 0 0), (2 2 0) and (3 1 1) Bragg’s 

reflections of cubic structure of metallic silver respectively 

(JCPDS card no. 04-0784). The broadening of Bragg’s peaks 

indicates the formation of nanoparticles. Nearly monodispersed 

AgNPs with controllable size and uniform shape can be easily 

obtained in the simple aqueous reduction method. The average 

crystalline size of the synthesized AgNPs is approximately 22nm, 

calculated using Debye scherer’s formula that is significantly 

related to SEM results. 

EDX study 

 EDX analysis of AgNPs showed the elemental 

constituents of silver (72.39%), chloride (16.32%) and oxygen 

(11.28%), respectively (Figure 7).  

 

 
Figure 7. EDX spectrum from G. pentaphylla AgNPs. 

 

The carbon (C) single came from the adsorbed 

components of the leaf extract as well as the coating material of 

the instrument. The signals of O and Cl may be due to adsorption 

of plant element over Ag NPs. Sodium signal may be produced 

from the sodium hydroxide used for pH adjustment during 
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synthesis of AgNPs. Except carbon, other elements have a very 

low atomic percentage likened to silver, and suggest the formation 

of pure AgNPs. The dominant sharp signal was observed at 

approximately 3 eV for silver. This observation was different from 

the absorption of crystalline AgNPs reported by various authors 

[147-149]. 

Dynamic light scattering (DLS) and zeta potential 

 The results of Dynamic light scattering (DLS) analysis of 

the AgNPs shown that the average size of the CS-AgNPs is 224.8 

nm and 0.418 PDI value and the obtained single peak indicate that 

the good quality of the CS-AgNPs (Figure 8a). The value of zeta 

potential of the NPs was -29.2mV with a single peak that the 

presence of repulsion among the synthesized NPs. This result 

revealed the synthesized silver nanoparticle are stable due to the 

electrostatic repulsion without adding a different physical or 

chemical capping agent. This is very important to use for 

therapeutic purposes. All the particles in check have a large 

negative or positive zeta potential and will tend to repel with each 

other and there will be no tendency of the particles to accumulate 

together. However, if the particles have low zeta potential values 

there will be no force to prevent the particles from coming 

together and flocculating nature (Figure 8b). The average size 

distribution of silver nanoparticles in colloidal solution was found 

to be 22 nm. A negative zeta potential of about −29.2 mV was 

observed in the present study. Kanipandian and Thirumurugan 

[150] stated that the high absolute value of zeta potential designate 

and high electrical charge on the surface of the nanoparticles, can 

cause strong repulsive force among particles to withhold 

agglomeration. Similarly, Lin et al. [151] demonstrated that a high 

zeta potential value of about −25 mV ensures a high energy barrier 

for the stabilization of nano suspension. In practice, the dispersion 

is stable if the zeta potential is higher than 30 mV or lesser than 

−30 mV.  

 
Figure 8. Zeta potential and DLS of G. pentaphylla AgNPs. 

 

Antibacterial activity of Ag NPs 

MIC and MBC determination 

 Silver nanoparticles displayed good antibacterial activity 

against isolated pathogenic bacteria’s, bacterial with the following 

diameter of inhibition zone namely E. coli (35mm), S. aureus 

(33mm) and S. pneumoniae (23mm). The Gram-negative bacteria 

(E. coli and S. pneumoniae) show a maximum zone of inhibition, 

compared with the gram-positive bacteria (S. aureus) which may 

due to the variation in cell wall composition. The cell wall of 

Gram positive bacteria composed of a thick peptidoglycan layer, 

consisting of linear polysaccharide chains crosslinked by short 

peptides, thus forming more rigid structure leading to difficult. 

  

Table 3. MIC and MBC values of Ag NPs against multi- drug resistant 

bacteria. 

Bacterial strains MIC (µg/ml) MBC (µg/ml) 

S. aureus 5.8 11.2 

E. coli 5.1 10.2 

S. penumoniae 5.7 13.1 

 

penetration of the silver nanoparticles, while in Gram-negative 

bacteria the cell wall possesses thinner peptidoglycan layer [152]. 

While, other researchers detected the inhibition effect of silver 

nanoparticles biosynthesized using S. aureus its self, the inhibition 

zone formed in the screening test indicated antibacterial activity 

against various human pathogenic bacteria such as methicillin- 

resistant S. aureus, S. epidermidis and Streptococcus pyogens. 

Shrivastava et al [153], reported a possible antibacterial effect of 

silver nanoparticles on S. aureus cells caused by interfering with 

the normal metabolism of cells.  

 The antibacterial activity of G. pentaphylla leaf crude 

extract was very low as indicated by the little inhibition zone. 

Silver nanoparticles attach to the negatively charged cell surface, 

alter the physical and chemical properties of the cell membranes 

and the cell wall disturb their important functions such as 

permeability, osmoregulation, electron transport, and respiration 

[154-157]. Secondly, silver nanoparticles can cause further 

damage to bacterial cells by permeating the cell, where they 

interact with DNA, proteins and other phosphorus- and sulfur-

containing cell constituents [158,159]. Third, silver nanoparticles 

release silver ions, generating an amplified biocidal effect, which 

is size- and dose-dependent [160]. 

 Micro dilution is the most commonly used techniques to 

determine the MIC of antimicrobial agents, the MIC is defined as 

the lowest concentration of the antimicrobial agent that prevents 

the visible growth of a microorganism under defined conditions 

[161]. After 24h  incubation, no growth of S. aureus, E. coli and S. 

pneumoniae was observed in the flasks supplemented with 5.8, 5.1 

and 5.70 mg/ml of silver nanoparticles (Table 3). MBC is defined 

as the lowest concentration of antimicrobial agent that will prevent 

the growth of microorganisms after subculture onto nanoparticles-

free media. The MBC of silver nanoparticles was found to be 10.2, 

11.2 and 13.1mg/ml, respectively. These results suggest that 

growths of MDRB’s were inhibited due to the diffusion of AgNPs 

into the bacterial cell that inhibits the bacterial growth and acts as 

a bactericidal mediator and these results were supported by 

Wiegand et al. [162].  

The mechanism of the bactericidal effect of silver colloid 

particles against bacterial is not very well known. It is possible 

that AgNPs act similar to the antimicrobial agents used for the 

treatment of bacterial infections. Those agents show four different 

mechanisms of action; (1) interference with cell wall synthesis, (2) 
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inhibition of protein synthesis, (3) interference with nucleic acid 

synthesis, and (4) inhibition of a metabolic pathway [163]. Three 

different mechanisms of action of Ag NPs have been proposed by 

Tenover [164]  First, Ag NPs attaches to the surface of the cell 

membrane and disturb its powerful functions, such as permeability 

and respiration [165]. The bacterial cell wall synthesis in S. aureus 

bacteria was reported by Murray et al. [166]. It is reasonable to 

state that the binding of the particles to the bacteria depends on the 

interaction of the surface area available. Smaller particles having a 

larger surface area available for interaction will have a stronger 

bactericidal effect than large particles [152]. 

 Second, AgNPs are able to penetrate the bacteria and 

cause further damage, possibly by interacting with sulfur- and 

phosphorus-containing compounds such as DNA [167,168]  

reported TEM image of Ag NPs in the membranes of the bacteria 

as well as in the interior. In addition, it is believed that Ag NPs 

after penetration into the bacteria have inactivated their enzymes, 

generating hydrogen peroxide and causing bacterial cell death 

[168,169]. 

In addition, it is assumed that the high affinity of silver for sulfur 

or phosphorus is the key element of its antibacterial property, in 

that sulfur and phosphorus are found in abundance throughout the 

cell membrane. Ag NPs react with sulfur-containing proteins 

inside or outside the cell membrane, which in turn affects cell 

viability [170]. 

Third, Ag NPs release silver ions, which make an additional 

contribution to the bactericidal effect was studied by Ten 

over[164]. In fact, Hamouda and Baker [171] reported that Ag 

NPs also contain micromolar concentrations of Ag + and they 

have shown that Ag + and Ag0 both contribute to the antibacterial 

activity. The mechanism of inhibition by silver ions on 

microorganism is partially known. It is believed that DNA loses 

its replication ability and cellular proteins become inactivated on 

silver ion treatment [172,173]. Higher concentrations of Ag+ ions 

have been shown to interact with cytoplasmic components and 

nucleic acids [164, 174]. The antibacterial effect of AgNPs 

determined in this study was found to be similar to that described 

in the earlier reports by [152]. 

 

4. CONCLUSIONS 

 In the current era, pharmaceutical and biomedical sectors 

are facing the challenges of unremitting increase in the multidrug-

resistant (MDR) human pathogenic microbes. The re-emerging of 

MDR microbes are facilitated by the drug and/or antibiotics 

resistance, which is acquired a way of microbes for their survival 

and duplication in uncomfortable environments. MDR bacterial 

infections lead to a significant increase in mortality, morbidity and 

cost of prolonged treatments. Therefore, development, 

modification or searching the antimicrobial compounds having 

bactericidal potential against MDR bacteria. Silver has a strong 

antimicrobial potential, which has been used since the ancient 

times. This study represents a successful synthesis of AgNPs 

through green method using Glycosmis pentaphylla leaf extract as 

bio-reductant. Physical measurements suggest that the synthesized 

nanoparticles were characterized by (UV- Vis spectrophotometer, 

XRD, FTIR, SEM, EDX and particle size) analyzed confirms the 

nanoparticles are very small in size and highly pure in nature. The 

antibacterial activity of the AgNPs was tested against multi-drug 

resistant E. coli, S. aureus and S. pneumoniae isolates. Plant 

mediated AgNPs show the better anti-bacterial activity and 

maximum inhibition was found against E. coli. This green 

synthesis approach of nanoparticles appears to be a cost-effective, 

non-toxic, eco-friendly alternative to the conventional 

microbiological, physical and chemical methods, and would be 

suitable for developing large-scale production of drugs against 

MDRBs. 
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