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Abstract 

The present investigation, Ag NPs were synthesized by using an aqueous Annona reticulata leaf extract 

(ARLE) to form an Annona reticulata leaf silver nanoparticle (ARLEAgNPs) and corroborated from the X-

ray diffraction spectrum. As-synthesized AgNPs were spherical with an average particle size of ~22 nm. 

Fourier transform infrared spectrum suggested capping of the phyto constituents, probably polyphenols 

which might appear from the ARLE. The results obtained from the Antibacterial activity assays suggested 

that these green ARLEAgNPs were more potent against three E.coli. Minimum inhibitory concentration 

value of the ARLEAgNPs was within the range of 10-20 μg/ml. 
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1. Introduction  

Tuberculosis (TB)is one of the commonly known diseases worldwide where statistically  9.4 million new 

cases have been registered and 1.7 million people died of TB in 2009 (WHO, 2010). Deadly bacterial 

pathogen of M. tuberculosis is the causative agent of TB. TB is a chronic infectious disease caused by several 

species of mycobacteria. More than 40 years into the evolution of anti-TB chemotherapy. Due to multidrug 

resistant strains of mycobacteria and to a high prevalence of tuberculosis in patients who have Acquired 

Human Immunodeficiency Syndrome (AIDS) and in addition, treatment of HIV-related TB is complex by 

overlapping drug toxicities and drug-drug interactions between antiretroviral treatment and anti-TB 

treatment, the risk for development of immune reconstitution inflammatory disease. The more of people 
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infected with the disease in the world. Development of targeted drug delivery system for tuberculosis is 

essential to improve patient’s compliance. Functionalized silver NPs based drug delivery system which has 

high affinity towards infected tubercle cells than normal cells [1], might achieve the synthesized 

ARLEAgNPs have been extensively applied in surgical instruments, wound dressings, bond prostheses and 

heart valves, electronics, and biosensing [2, 3]. Routinely, ARLEAgNPs are used in textiles, laundry 

additives, room sprays, water cleaners, and food storage containers [4], cancer [5], catalysis [6], ambient 

temperature [7]. Colorimetric ensing [8], endophytic fungus [9], how AgNPs  interact with the cell membrane 

of bacteria ,  Ag+ ions bind to sulfur, oxygen, and nitrogen of essential biological molecules and inhibit 

bacterial growth [10]. Literature studies and fight against specific bacteria like two gram positive as well as 

two gram negative bacteria [11,12,], 

 Present investigation, in the plant contain is a valuable source for new antitubercle agents. The present 

article focuses on how synthesized AgNPs can be targeted on three different Mycobacterium species to 

develop novel antituberculosis agents. The literature reports that many plant based NPs show better results 

as compared to the chemical based NPs. [10-12] 

  

2. Materials and method 

2.1. Materials 

All used needful requirement were of analytical grade, Silver nitrate (99.9%), phosphate buffers, 

streptomycin , were purchased from Himedia, Latur, and Maharashtra, India.  

2.2 Collection of pathogen    

The E. coli were obtained from Microbial Type Culture Collection and Gene Bank, Institute of Microbial 

Technology, Chandigarh (PB), India, were sub cultured and maintained into Lowenstein-Jensen media. 
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2.3 The Biosynthesis of AgNPS 

A. reticulata is a high amount of alkaloids containing belonging to the family Leguminoceae. The leaves of 

A. reticulata used in this study were collected from the Swami Ramanand Teerth Marathawada University 

Nanded campus, Maharashtra India. The leaves were primarily cleaned with Millipore Deionised (DI) water, 

washed and dried by pressing with blotting paper. They were then shade-dried and chopped  into small pieces. 

10 g of leaves in 100 ml of distilled water were microwave-irradiated for 5 min, and the extract was filtered 

through Whatman filter paper and stored at 4ºC for further experiments. A 100 ml portion of aqueous 0.1 M 

AgNO3 was move to a conical flask, and 10 ml of aqueous A. reticulata extract was added with vigorous 

magnetic stirring for 10 min. The reduction of Ag+ ions into Ag NPs at room temperature was completed in 

30 min, as observed by the changed color of the liquid extract from greenish-yellow to dark brown to indicate 

the formation of AgNPs (Fig. 1).For the purification of ARLEAgNPs, the  reduced solution was centrifuged 

at 5000 rpm for 15 min. The supernatant liquid was discarded, and the residue was dispersed in distilled 

water. The samples were centrifuged about five times to wash distilled water off any nonessential materials 

from that had been absorbed onto the surface of the ARLEAgNPs. 

                              

Fig. 1. Color change during the phytoreduction Ag+ to Ag NPs, white to brown after 24 h. incubation. a) 

AgNO3 b) A. reticulata leaf extract c) AgNO3
 with leaf extract.  
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2.4 Structural and morphological characteristics 

XRD measurement was carried out using a Structural elucidation X-ray diffraction spectrum obtained from 

X-ray Diffractometer  (Rigaku/MAX 2500 V, Cu Kα, λ = 1.5418 ºA) Morphological and optical studies 

were confirmed from the images and spectra obtained using field-emission scanning electron microscopy 

(FE- SEM, Hitachi S-4200).The functional groups present in the phyto-constituents in the leaves extract of 

A. squamosa and their involvement in the synthesis of ARLEAgNPs were determined by the FT-IR studies. 

The ARLEAgNPs were mixed with KBr to make pellet, and the FT-IR analysis was carried out by Nicolet 

IS-10 (Thermo Fischer Scientific Instruments) FTIR. 

2.5. Antimycobacterial activity of the test drug 

As per experimental standardization, initially 176mg/100ml(1M) concentration of ARLEAgNPs was used 

for antimicrobial analysis and it was further taken up to only 20ul/ml add into the well, however the clear 

zone of inhibition was observed  under the experimental condition. The sensitivity test of three different 

strains of M.tuberculosis, M.Pheli, and M.avim was studied by agar diffusion method. In short a sterile cork 

borer of 7mm diameter was used to bore holes into the inoculums seeded solidified Lowenstein Jensen 

medium. A 20µl volume of each of the ARLEAgNPs was loaded into the well using a sterile pipette. From 

the AgNO3 solution(176mg/100ml), 20µl was added in agar well plates.The plates are pre-diffusion of the 

sample and incubated at 37º C for 48 h. Growth of M.tuberculosis, M.Pheli, and M.avim was observed after 

the diameter of the inhibition zone measured the well size. Rifampicin (10µg/ml) was used as reference 

standard. 

  

2.6 In-vitro stability studies 

1ml of ARLEAgNPs was incubated at 37ºC for 48 h. with 0.5 ml of each of, 2-4M saline, PBS pH 4.5,4.7 

and sample reserved at specific time intervals such as 2, 4, 6,12, 24, 48 and 72 h. were analyzed 

spectrophotometrically. 
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2.7 Temperature dependent stability 

To study the stability of ARLEAgNPs, the particles to develop were stored in a refrigerator and analyzed 

UV-spectra for every week  for stability. We observed that under refrigerated condition ARLEAgNPs were 

more stable for nearly 3 months.  

2.8 Minimum inhibitory concentration (MIC) 

The MIC determination for the antimycobacterial activity of ARLEAgNPs was studied by employing a 

microdilution method by Lowenstein-Jensen medium (Broth). The inoculum was prepared by using the 

method [13]. The ARLEAgNPs to a concentration of 20µl against mycobacterium species. Serial dilutions 

were studied by by adding culture broth to reach concentrations ranging from 20 µl of each dilution was 

distributed in 96-well microtitre plates, along with a sterility control and growth control (containing culture 

broth plus DMSO without antimicrobial substances). Each test and growth control well was inoculated with 

5 µl of a bacterial suspension (102 CFU (colony focusing unit) per ml or 98 CFU per well). The present study 

were performed in equal, and the micro-dilution trays were incubated at 36ºC for 18 h. Bacterial growth was 

detected by measuring the optical density (ELISA reader, Thermo Multiscan EX Ref:51118170) and by 

adding an equal concentration of ARLEAgNPs and solvent. The microtitre plates were again incubated at 36 

ºC for 30 min, in those wells where bacterial growth occurred, the ARLEAgNPs changed from yellow to 

brown.  

  

2.9 Viability study  

The three Mycobacterium species an aliquot of 10 μl of cell suspension from each well was spread on 

Lowenstein Jensen Medium. The plates were incubated for 48 h at 37 ºC and observed for the presence of 

colonies on the Lowenstein Jensen medium. MIC of lowly concentration to need kill 99.9% of 

Mycobacterium species [14]. 
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3. Results and discussion 

3.1. Structure, bonding morphology studies  

In present investigation, AgNPs were successfully synthesized from plant leaves. A change in the color of 

solution from white to brown  after biotransformation during the biosynthetic process [16-18]. Further, the 

overnight incubation in dark room condition the white color reaction mixture was turned into a dark brown 

color solution that indicates the ARLEAgNPs synthesis (Fig. 1). The size, shape, morphology, composition 

and of the prepared NPs [19]. The X-ray diffraction pattern of the biosynthesized silver nanoparticles 

produced by the leaf A.reticulata extract was further studied and confirmed the presence of Ag NPs (Fig. 2-

a). A study of our XRD spectrum confirmed that AgNPs were present as nanocrystals, as determined by the 

XRD peaks at the 2q values 27.70º, 32.48º, 38.30º, 41.10º, 44.30º, 46.80º, 49.34º, 54.31º, 57.15º, 64.4º 

corresponding to the  110, 120, 022, 122, 032, 041, 112, 023, 132  and 221,  planes for Ag respectively. A 

similar report for XRD was shown in Morinda citrifolia leaf extract for synthesized Ag NPs [20] (Fig: 2-a). 

FTIR result showed that they became valuable tool in indulgent the participation of functional groups in 

interactions between metal particles and biomolecules [20-22]. In the present  study, FTIR measurements 

were performed to identify the biomolecules responsible for capping and stabilizing the Ag NPs (Fig: 2-

b).The FTIR spectrum (Fig: 2-b) of ARLEAgNPs showed a very strong peak at 1011.39 cm−1 corresponding 

to –OH stretching in alcohols and phenolic compounds [20-22]. Peaks observed around 2951.81 cm−1, 

1581.71 cm−1 were assigned to the C–H stretching vibration of methyl, methylene, and methoxy groups. The 

medium intense peaks at 2848.12 cm−1 and 823.33 cm−1 were assigned to the stretching vibrations of C-O 

and C-C, respectively [20, 23-25]. The vibrational bands corresponding to bonds such as – C-C and C-O 

from the compounds such as flavonoids and terpenoids in A.reticulata leaf hence, it was assumed that these 

biomolecules could responsible for capping and stabilization. 
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Fig.2. a) XRD, b) FTIR, c) and d) low and magnified SEM images of- ARLEAgNPs   

The absorption band at 1339.17 cm−1was characteristics of amide II (N-H) from proteins. This result suggests 

that proteins are interacting with the biosynthesized Ag NPs. The result also proves that ARLEAgNPs to 

inhibit the growth of three species E.coli. FESEM (Fig.2.C and D) clearly shows the presence of the 

synthesized Ag NPs with magnification with 500nm.  

3.2. The antibacterial activity of test drugs 

The antimycobacterial activity of three E.coli was performed against biosynthesized ARLEAgNPs. The three 

E.coli of are resistant to most new antibiotics resulting in new research into the well-known silver-based 

nanomaterials including ARLEAgNPs. This effect was the size and dose dependent and more prominent 

activity against selected Mycobacterium strains [26, 27]. To assess the antimicrobial activities of the 

synthesised NPs, only the nanoparticles that exhibited significant antibacterial activities compared to AgNO3 
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and standard TB  drug, such as, sreptomycin are shown in [Fig 4 a-c].The antimycobacterial activity zone 

inhibition around the disk of approximately 6 mm each with an AgNO3 also inhibited the growth of E.coli. 

    Triterpenoid, diterpenoid major constituents present in ARL, and these compounds were 

most likely responsible for the antibacterial efficacy of the plant [28-29]. The inhibition results show that 

triterpenoid diterpenoid from A.reticulata plants leave responsible for the increased antimycobacterial 

activity of ARL capped AgNPs. Both the ARLEAgNPs test drugs showed only moderate antimycobacterial 

activity. The antimycobacterial study results for ARLEAgNPs and the standard drug sreptomycin  when 

tested at two concentrations against three different E. coli  [Fig-1.1- a),b),c)], it is clear that ARL with AgNO3 

are shows novel antituberculosis drugs. As compared with the AgNO3 in [Fig-1.1- a),b),c)] were also good 

antimycobacterial agent. Standard drug Rifampicin showed moderate activity against three species at 

concentration of 20µg/ml; both ARLEAgNPs, at concentration 20µg/ml and AgNO3 at concentration 

20µg/ml to inhibit the growth of three E.coli. These results proved that ARLEAgNPs kill the growth of 

Mycobacterium species 99.9% as compared to AgNO3 and Standard drug Rifampicin. This finding indicated 

that the larger surface area of the NPs could act more effectively on the bacterial cells through the membrane 

and its charge-related aspects [30]. The antimycobacterial effects of the AgNO3 solutions were measured by 

determining the minimum concentration needed to inhibit the growth of tested microorganisms. The MIC 

values of the ARLEAgNPs and the standard against test microorganisms are given in Table 1. The tested 

microorganisms were completely inhibited at concentrations of 20 µg /ml of ARLEAgNPs and the standard. 

The AgNO3 solution at a concentration of 20 µg /ml of ARL, AgNO3, and the standard Rifampicin showed 

inhibition at10 µg /ml. Thus, we can conclude from the results of this study that the AgNO3 inhibited the 

growth and multiplication of all tested mycobacterium species and also showed potential activity against 

three mycobacterium species.  
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Table 1. Minimum inhibitory concentration (MIC) of ARLEAgNPs, AgNO3 and the standard tested against 

three E.coli (µg / ml). 

  

 Minimum inhibitory concentration 

(µg/ml) 

Sr.no Test  drug  Concentration 

(µg/ml) 

E.coli 

1 AgNPs 20 05 

2 AgNPs+ARL 20 04 

3 Streptomycin  20 04 

 

   4. Conclusions 

In present investigation green route synthesis of bio-functionalized AgNO3 using A.reticulata plant extracts 

in the presence of sunlight to produce ARLEAgNPs. These synthesized ARLEAgNPs are good antibacterial 

agent. Still date, there have been no reports on the as. E.coli against ARLEAgNPs cause the 99.9% cell death. 

A direct connection between green approach ARLEAgNPs stability and antimycobacterial effects were also 

demonstrated. The present investigation suggest that apart from its usual biogreenery and biocompatible 

properties, bio-aspects of green synthesized ARLEAgNPs are also a ecofriendly, easily synthesized, less 

toxic, targeted oriented. potential antibacterial agent.  
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