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A simple, rapid, eco-friendly and cheap method for Green synthesis of 

silver nano particles was successfully developed using Senna alexendrina 

aqueous leaf extract,. Silver nitrate was reduced to silver ions by reduction 

activity of Senna alexendrina extract. The eco friendly AgNPs were highly 

stable and monitored through UV–Vis spectrophotometer, X-ray 

diffraction (XRD) and the selected area electron diffraction (SAED) 

patterns proved the crystalline nature of AgNPs with facecentered cubic 

(fcc) geometry. Morphological images confirmed the uniform distribution 

of spherical nanoparticles. Fourier transform infrared spectroscopy (FTIR) 

result expounds the functional groups of a leaf extract responsible for the 

bio-reduction of silver ions and their interaction between them. The 

biosynthesized AgNPs exhibited effective antibacterial activity against 

both Gram negative and Gram positive bacteria. 
 

 

INTRODUCTION 

         Silver Nanoparticles have attracted 

significant attention due to their catalytic, 

optical, electrical, magnetic and 

antimicrobial properties. Silver 

nanoparticles (AgNPs) are reported to be 

an effective antimicrobial (Khan et al., 

2014; Kumar et al., 2014),and antioxidant 

agents and are widely used in broad area of 

biological applications such as antitumor 

effect (Jeyaraj et al., 2013), detectors of 

metal pollutants (Balavigneswaran et 

al.,2014), dyes (Kumar et al., 2013), 

antibiotics (Singh et al.,2012) and nitro-

aromatic compounds (Narayanan and 

Sakthivel, 2011) in industrial effluents. 

The conventional method of silver 

naoparticles involves the use of chemicals 

 

 

 

Which are environmental pollutants, the 

amount of nanoparticles produced is less 

and the process is expensive. In most of 

the cases, the silver nanoparticles formed 

are highly unstable and necessitate the 

addition of a separate capping agent  

which renders stability. 

An alternative ecofriendly method for 

nanoparticles synthesis is assessed 

considering three aspects, the solvent, the 

capping agent and reducing agent. Green 

synthesis of silvernano particles has gained 

importance as it is easy,cheap and 

environmentally safe.  The  plant extracts 

mediated process for nanoparticles 

synthesis is good and advantageous 

compared to microorganisms because of 
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exceptionally economic and eco-friendly 

aqueous reactions involved in this process 

which are carried out at almost low 

temperatures and involves short reaction 

times.The various biomolecules present in 

the plant extract such as enzymes, proteins, 

flavonoids, terpenoids and cofactors act as 

both reducing and capping agents 

(Tavakoli et al., 2015). The plant-mediated  

synthesis of nanoparticles is relatively fast 

as there is no need of maintaining specific 

media and culture conditions, unlike 

microbial synthesis. Green synthesis of 

silver nanoparticles has been reported with 

leaf extract from various  plants such as 

Azadirachtaindica (Nazeruddin et al., 

2014), Delonixelata (Sathiya and 

Akilandeswari, 2014), Tephrosiapurpurea 

(Ajitha et al., 2014), Meliadubia 

(Kathiravan et al., 2014), 

Tribulusterrestris (Ashokkumar et al., 

2014), Artemisia nilagirica (Vijayakumar 

et al., 2013), Boerhaaviadiffusa (Kumar et 

al., 2014), Ficusreligiosa (Antony et 

al.,2013), Piper pedicellatum (Tamuly et 

al., 2013) .Hence, in the present study, the 

aqueous extract of Senna alexendrina was 

studied for the  synthesis of silver 

nanoparticles.  Sennaalexandrina belongs 

to family fabaceae its leaves are widely 

used as a  laxative drugs. The leaves are 

known to have 8-O β-Dglucopyranoside of 

torachrysone, kaempferol-3-

Ogentiobioside and also 

anthracenderivative named as neorhein, 

which is a new natural compound and has 

a structure of 1,7-dihydroxy-3-

carboxyanthraquinone7 (Shmygareva AA 

et al., 2016). Literature reveals that there 

are no reports available for the synthesis of 

nanoparticles using the aqueous extract of 

Senna alexendrina leaves. Therefore, the 

objective of the present study was to 

synthesize and characterize the silver 

nanoparticles using the leaf extract of 

Senna alexendrina. In addition, the 

antibacterial activity was also investigated. 

Materials and methods 

Preparation of leaf extract: Fresh leaves 

of Senna alexandrina were collected from 

Idupulayapaya region of Y.S.R. Kadapa 

district, Andhra Pradesh. Leaves were 

washed thoroughly with tap water and 

followed by a rinse with distilled water 

and later dried in shade. The dried leaves 

were powdered in an electric blender and 

sieved to remove any fibrous debri. This 

sieved powder (5 g) is added to 100ml of 

double distilled water and boiled at 60 °C 

for 5 min and then allowed to stand still 

for 24 hrs at room temperature. This 

aqueous leaf extract was filtered through 

Whatman's No. 1 filter paper and then 

concentrated by rotavapour (Heidolph) and 

stored  at 4 °C till further use.  

Biosynthesis of Silver Nanoparticles 

using Senna alexandrina aqueous leaf 

extract 

Green synthesis of AgNPs was carried out 

by adding 50mg of dried leaf extract 

powder to 50 ml of 1mM AgNO3 and 

vigorously stirred. This solvent mixture 

was heated at 80◦C for 15 min and 

transferred to dark conditions for 24hrs. 

Characterization of biosynthesized 

AgNPs 

The synthesis of AgNPs was confirmed 

using UV–visible spectrophotometer with 

a resolution of 1 nm between 200 and 700 

nm. After the biosynthesis, the AgNPs 

were separated by centrifugation of the 

solution at 15000 rpm for 15 min. The 

pellet of AgNPs were resuspended in water 

and purified by repeated centrifugation for 

five times to remove the traces of unused 

extract. The finally purified pellet was then 

dried in hot air oven.  These silver 

nanoparticles were used for 

characterization using FTIR analysis to 

study the possible functional groups 

involved in synthesis and stabilization of 

AgNPs. The FTIR analysis was done in 

the range of 400–4000 cm-1 with the 

resolution of 2 cm-1. The crystalline nature 

of synthesized AgNPs was confirmed by 

XRD analysis. The size and shape of the 

AgNPs were determined using 

transmission electron microscopy (TEM). 
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Antimicrobial activity: The antimicrobial 

activity of the biofabricated silver nano 

particles was evaluated using   gram 

positive and gram negative pathogenic 

bacteria like Salmonella. ebony(MTCC 

3384), Bacillus subtilis(MTCC10619), 

klebsiella pneumonia (MTCC 532) and  

Peudomonas aeruginosa(MTCC 1688) . 

The antimicrobial activity was carried out 

with 24 h active cultures by employing 

disc diffusion method (Ghassan et al. 

2013). The bacterial inoculum(100ul) was 

spread on the surface of nutrient agar 

medium plates by swabbing. Sterile discs 

impregnated with 20 µl of synthesized 

AgNPs solution at a concentration of 

100mg/ml were then placed on the surface 

of the bacterial cultyure seeded nutrient 

agar medium. Sterile disc without any 

treatment was used as negative control and  

standard antibiotic Ampicillin  was taken 

as positive control. The agar plates were 

incubated at 37◦C for 24 h.  

RESULTS AND DISCUSSION 

 UV–Vis analysis: The synthesis of 

AgNPs was initially observed by the 

change in color of aqueous leaf extract 

solution from light brown to dark brown 

color (Fig. 1). The color change is due to 

the excitation of Surface Plasmon 

Resonance (SPR) vibrations of AgNPs. 

The UV–Vis absorption spectroscopy (Fig. 

2) showed the absorbance peak at 435nm 

which confirmed the synthesis of AgNPs 

owing to the surface plasmon vibrations of 

the excited, AgNPs. Presence of different 

biomolecules in which the leaf extract 

could be responsible for the capping and 

stabilization of AgNPs formed.  

This characteristic SPR peak may also 

correspond to the spherical shape of 

AgNPs (Kotakadi et al. 2014) 

Figure.1Color change of  Senna 

 alex andrina aqueous leaf extract before 

(A) andafter (B) the synthesis of AgNPs 

 

 

 

 

 

 

 

Figure 2.The Characteristic SPR peak of 

synthesized AgNPs as seen by UV–vis 

absorption spectroscopy 

FTIR analysis: The FTIR spectroscopy 

was carried out to investigate the surface 

chemistry composition of AgNPs capped 

by the biomolecules in S.alexandrina leaf 

extract. The FTIR spectrum (Fig. 3) 

showed peaks at 3273, 2335, 2093, 1578, 

1381, 1018 cm-1. The peak at 3273 cm-1 

could be assigned to N–H stretching 

vibrations of the secondary amide of the 

protein and the peak 2361 cm-1 

corresponding to N–H stretching/C–O 

stretching vibrations (Kumar and 

Mamidyala 2011) Mahitha 2011). The 

peak at 1578 cm-1 corresponds to 

asymmetric C=O stretching vibration 

and/or aromatic C=C stretching vibration 

(Valentina and Boris 2013). The peak at 

1381 and 1025 cm-1 could be assigned to 

C–O stretching and O–H deformation of 

phenolic OH groups (Valentina and Boris 

2013; Monali 2009). Based on the FTIR 

studies, it is reported that phenolic 

compounds present in the aqueous extract 

could be responsible for the reduction of 

silver ions (Ag) into AgNPs . Proteins 

could be responsible for both synthesis and 

stabilization of AgNPs. But the exhaustive 

mechanism of the synthesis of 

nanoparticles in this bio-based reduction 

by leaf extract is to be further elucidated. 
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Figure 3.  The FTIR spectra of AgNPs 

produced by aqueous extract of 

S.alexandrina 

XRD analysis: The XRD analysis of the 

synthesized AgNPs in (Fig.4) shows four 

distinct diffraction peaks at 38.26, 44.33, 

64.53and 77.62 corresponding to (111), (2 

2 0) and (3 1 1) lattice planes of the face 

centered cubic (fcc) lattice of silver. This 

also revealed the crystalline nature of 

AgNPs. The mean average size of the 

particle was calculated as 22nm using the 

Deseherrer formula(Avg D = 0.9ʎ/βcosθ) 

(Veerasamy, R et al,2015) 

Fig. 4 XRD pattern obtained for AgNPs 

produced by S. alexandrina leaf aqueous 

extract 

TEM analysis: From the TEM 

micrograph (Fig. 5) it is clear that the 

synthesized AgNPs were well dispersed 

and their shape is roughly spherical with 

the size ranging 50–100 nm. A small 

percentage of AgNPs in solution was 

partially aggregated but uniform in their 

size and shape. The TEM results are 

consistent with many earlier reports (Tran 

TTT et al. 2013). 

Fig.5. TEM micrograph of Senna 

alexendrina Silver nanoparticles size 

ranging 50 to100nm 

 

 

 

 

 

 

Figure 6.Antibacterial activity of 

S.alexendrina leaf aqueous extract and its 

synthesized AgNPs. (a).Salmonella 

.ebony(b).Bacillus.subtilis (c).Klebsiella 

.pneumoniae (d)Pseudomonas aureginosa 

Table1: The Zone of Inhibitions of S. 

alexandrina aqueous leaf extract and its 

synthesized AgNPs. 

The data represented above as Mean±SE 

Antimicrobial Activity: The renowned 

inhibitory effect of silver has been known 

for many years and used for various 

medical applications (Geethalakshmi and 

Sarada, 2012). The biofabricated and 

synthesized silver nanoparticles obtained 

from Sennaalexandrinaleaf aqueous 

extract were screened for antibacterial 

activity against human pathogens 

Microrog

anisms/ 

Samples 

1mg conc 

Salmonella 

ebony 

(MTCC 3384), 

Bacillus 

subtilis  

(MTCC 

10619),   

Klebsiella 

pneumonia  

(MTCC 

532),  

Peudomona

s aeruginosa 

(MTCC 

1688) 

SALAE 1.5±0.05 0 2.41±0.8 1.2±0.8 

SA 

AgNPs 4.5±0.05 0 4.2±0.5 3.3±0.5 

AgNO3 2.56± 0.14 0 3.6±0.3 2.3±0.5 

Ampicilli

n 6.73±0.08 0 6.3±0.6 5.6±0.3 
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Salmonella ebony (MTCC 3384), Bacillus 

subtilis(MTCC 10619), Klebsiella 

pneumonia (MTCC 532) and Peudomonas 

aeruginosa(MTCC 1688). The anti 

bacterial activity of crude plant extacts 

were found to be less compared to the 

silver nanoparticles as seen by zones of 

inhibition (ZOI) in Fig.6 and Table1. The 

zone of inhibition of aqueous leaf extract 

on Salmonella ebony showed (1.5±0.05), 

Klebsellapneumonia (2.41±0.8), and on 

Pseudomonas aeruginosa(1.2±0.8).Where 

as synthesized silver nanoparticles treated 

on Salmonella ebony showed 

(4.5±0.05mm), Klebsiella pneumonia 

(4.2±0.5mm), and on Pseudomonas 

aeruginosa(3.3±0.5mm). The potent 

antibacterial properties of AgNPs may be 

attributed to the released silver ions, which 

could have an interaction with 

microorganisms by means of their 

attaching to the surface of the cell 

membranes of bacteria, penetrating into 

the bacterial cells, and affecting the 

membrane permeability and respiration. In 

the bacterial cells, AgNPs could even 

interact with sulfur- and phosphorus-

containing compounds like DNA to give 

rise to the deadly impairment of 

microorganisms.Patil et al., 2012claimed 

that the cell death arising out of exposure 

to SNPs might be due to the cytoplasmic 

membrane disorganization and the 

consequent  leakage of various 

biomolecules such as amino acids, protein 

and carbohydrates. Moreover, they 

indicated that the cell death could be 

because of inhibition of various essential 

enzyme. The change in membrane 

permeability caused by the action of silver 

nanoparticles as a function of conductivity 

was studied (Krishnaraj et al. 2010). Their 

study concluded that the high conductivity 

of cells treated with SNPs was due to the 

release of cellular components present 

inside the cells. 

CONCLUSION: Aqueous leaf extract of 

Senna alexendrina mediated, green 

method of synthesizing silver 

nanoparticles was successfully developed. 

It was found out that the various 

biomolecules present in the leaf extract 

were responsible for the formation and 

stability of the SNPs. The size, 

morphology, crystalline structure and the 

stability were characterized by UV–Vis 

spectroscopy, scanning electron 

microscopy coupled with energy 

dispersive spectroscopy, Xray diffraction 

and dynamic light scattering respectively. 

The functional groups present in the SNPs 

were analyzed by Fourier Transform 

Infrared Spectroscopy. The SNPs 

synthesized in the present study displayed 

antibacterial activity against human 

pathogens .The biogenic AgNPs exhibited 

good antibacterial activities against E. coli 

and S. aureus. In the present study, we 

have synthesized AgNPs of 50–100 nm in 

size with spherical shape using aqueous 

leaf extract of Senna alexendrina for first 

time. AgNPs synthesized by aqueous leaf 

extract were very distinct with very small 

size, well-defined shape, and well 

dispersed crystalline nature and clearly 

proved their biomedical importance by 

exhibiting strong antimicrobial activity on 

bacteria. Thus AgNPs possess important 

applications in biomedical or 

pharmaceutical industry. 

REFERENCES 

1. Khan, M., Khan, S.T., Khan, M., 

Adil, S.F., Musarrat, J., Al-

Khedhairy, A.A., Alkhathlan, H.Z., 

2014. Antibacterial propertiesof 

silver nanoparticles synthesized 

using Pulicariaglutinosa plant 

extract as a green bioreductant. Int. 

J. Nanomed. 9, 3551–3565. 

2. Kumar, P.P.N.V., Pammi, S.V.N., 

Kollu, P., Satyanarayana, 

K.V.V.,Shameem, U., 2014. Green 

synthesis and characterization of 

silvernanoparticles using 

Boerhaaviadiffusa plant extract and 

theirantibacterial activity. Ind. 

Crops Prod. 52, 562–566.  

3. Jeyaraj, M., Sathishkumar, G., 

Sivanandhan, G., Mubarak Alid, 



Lakshmi Narasaiah Reddy et al, J. Global Trends Pharm Sci, 2019; 10(3): 6570 - 6576 
 

6575 
 

D.,Rajesh, M., Arun, R., Kapildev, 

G., Manickavasagam, M., 

Thajuddin, N., Premkumar, K., 

Ganapathi, A., 2013. 

Biogenicsilver nanoparticles for 

cancer treatment: an experimental 

report. Colloids Surf., B 

Biointerfaces 106, 86–92. 

4. Balavigneswaran, C.K., SujinJeba 

Kumar, T., Moses Packiaraj, 

R.,Prakash, S., 2014. Rapid 

detection of Cr(VI) by AgNPs 

probeproduced by 

Anacardiumoccidentale fresh leaf 

extracts. Appl.Nanosci. 4, 367–

378. 

5. Kumar, P., Govindarajua, M., 

Senthamilselvi, S., Premkumar, K., 

2013. Photocatalytic degradation of 

methyl orange dye using silver 

(Ag) nanoparticles synthesised 

from Ulvalactuca. Colloids Surf. 

Bio interfaces 103, 658–661.  

6. Singh, K.P., Singh, A.K., Gupta, 

S., Rai, P., 2012. 

Modelingandoptimization of 

reductive degradation of 

chloramphenicol inaqueous 

solution by zero-valent bimetallic 

nanoparticles.Environ. Sci. Pollut. 

Res. 19, 2063–2078 

7. Narayanan, K.B., Sakthivel, N., 

2011. Heterogeneous catalytic 

reduction of anthropogenic 

pollutant, 4-nitrophenol by silver-

bionanocomposite using 

Cylindrocladiumfloridanum. 

Bioresour. Technol. 102, 10737–

10740. 

8. Tavakoli, F., Salavati-Niasari, M., 

Mohandes, F., 2015. 

Greensynthesis and 

characterization of 

graphenenanosheets. Mater.Res. 

Bull. 63, 51–57. 

9. Nazeruddin, G.M., Prasad, N.R., 

Waghmare, S.R., Garadkar, 

K.M.,Mulla, I.S., 2014. 

Extracellular biosynthesis of silver 

nanoparticleusing 

Azadirachtaindica leaf extract and 

its anti-microbial activity.J. Alloys 

Compd. 583, 272–277.  

10. Sathiya, C.K., Akilandeswari, S., 

2014. Fabrication and 

characterizationof silver 

nanoparticles using Delonixelata 

leaf broth. Spectrochim. Acta Part 

A Mol. Biomol. Spectrosc. 128, 

337–341. 

11. Ajitha, B., Reddy, Y.A.K., Reddy, 

P.S., 2014. Biogenic nano-scale 

silver particles by 

Tephrosiapurpurea leaf extract and 

their inborn antimicrobial activity. 

Spectrochim. Acta Part A Mol. 

Biomol. Spectrosc. 121, 164–172 

12. Kathiravan, V., Ravi, S., 

Ashokkumar, S., 2014. Synthesis 

of silver nanoparticles from 

Meliadubia leaf extract and their 

invitroanticancer activity. 

Spectrochim. Acta Part A Mol. 

Biomol. Spectrosc.130, 116–121. 

13. Ashok kumar, S., Ravi, S., 

Kathiravan, V., Velmurugan, S., 

2014. Synthesis, characterization 

and catalytic activity of silver 

nanoparticles using 

Tribulusterrestris leaf extract. 

Spectrochim. ActaPart  A Mol. 

Biomol. Spectrosc. 121, 88–93. 

14. Vijayakumar, M., Priya, K., Nancy, 

F.T., Noorlidah, A., Ahmed, 

A.B.A., 2013. Biosynthesis, 

characterisation and anti-bacterial 

effect of plant-mediated silver 

nanoparticles using Artemisia 

nilagirica. Ind. Crops Prod. 41, 

235–240. 

15. Antony, J.J., Sithika, M.A.A., 

Joseph, T.A., Suriyakalaa, U., 

Sankarganesh, A., Siva, D., 

Kalaiselvi, S., Achiraman, S., 

2013. In vivo antitumor activity of 

biosynthesised silver nanoparticles 

using Ficusreligiosa as a 

nanofactory in DAL induced mice 

model.ColloidsSurf., B 

Biointerfaces 108, 185–190. 



Lakshmi Narasaiah Reddy et al, J. Global Trends Pharm Sci, 2019; 10(3): 6570 - 6576 
 

6576 
 

16. Tamuly, C., Hazarikaa, M., Borah, 

S.Ch., Das, M.R., Boruah, 

M.P.,2013. In situ biosynthesis of 

Ag, Au and bimetallic 

nanoparticles using Piper 

pedicellatum C.DC: green 

chemistry approach. Colloids  

Surf., B Biointerfaces 102, 627–

634. 

17. ShmygarevaA A et al., Fourier 

Transform Infrared Spectroscopy 

of Herbal Preparations Based on 

Leaves and Fruits of 

Sennaalexandrina Mill. 

International Journal of 

Pharmacognosy and Phytochemical 

Research 2016; 8(9); 1478-1480 

18. Ghassan MS, (2013). Green 

synthesis, antimicrobial and 

cytotoxic effects of silver 

nanoparticles using Eucalyptus 

chapmaniana leaves extract. Asian 

Pac J Trop Biomed 3(1):58–63. 

19. Kotakadi VS, Gaddam SA, Rao 

YS, Prasad TNVKV, Reddy A.V, 

Gopal D.V.R.S (2014) 

.Biofabrication of silver 

nanoparticles by 

Andrographispaniculata. Eur J 

Chem. 73:135–140.  

20. C. Ganesh Kumar 2011 

Extracellular synthesis of silver 

nanoparticles using culture 

supernatant of Pseudomonas 

aeruginosaColloids and surfaces B: 

Biointerfaces 84(2):462-6 DOI 

10.1016/j.colsurfb.2011.01.042 

21. Mahitha, B. Deva prasadraju , G.R. 

Dillip  , C. Madhukar Reddy  , K. 

Mallikarjuna L. Manoj , S. 

Priyanka , K. Jayantharao , N. John 

Sushma 2011.  Biosynthesis, 

characterization and antimicrobial 

studies of AgNP’s extract from 

Bacopamonniera whole plant. 

Digest Journal of Nanomaterials 

and Biostructures. Vol. 6, No1, 

135-142 

22. Monali G, Jayendra K, Avinash I, 

Aniket G, Mahendra R (2009) 

Fungus-mediated synthesis of 

silver nanoparticles and their 

activity against pathogenic fungi 

in combination with fluconoazole. 

Nanomedicine 5:382–386 

23. Valentina A. Minaeva, Boris F. 

Minaeva,,Gleb V. Baryshnikova, 

Olga M. Romeyko, Michael 

Pittelkow 2013. The FTIR spectra 

of substituted tetraoxa[8]circulenes 

and their assignments based on 

DFT calculations Vibrational 

Spectroscopy 65 147–158 

24. Veerasamy, R., et al. (2011). 

Biosynthesis of silver nanoparticles 

using Mangosteen leaf extract and 

evaluation of their antimicrobial 

activities. Journal of Saudi 

Chemical Society, 15, 113-120. 

25. Tran, Havu TT, Nguyen (2013). 

Biosynthesis of silver nanoparticles 

using Tithoniadiversifolia leaf 

extract and their antimicrobial 

activity. Mater Lett .105:220–223. 

26. Geethalakshmi (2012) Gold and 

silver nanoparticles from 

Trianthemadecandra: Synthesis, 

characterization, and antimicrobial 

properties.  International Journal of 

Nanomedicine :7 5375–5384  

27. Patil, S.V., 2012. Biosynthesis of 

silver nanoparticles using latex 

from few euphorbian plants and 

their antimicrobial potential. Appl. 

Biochem. Biotechnol. 167, 776– 

790. 

28. Krishnaraj, 2010. Synthesis of 

silver nanoparticles using 

Acalyphaindica leaf extracts and its 

antibacterial activity against water 

borne pathogens. Colloids Surf. B 

Bio interfaces 76, 50–56. 


