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ABSTRACT 

Green synthesis of silver nanoparticles were carried out using the aqueous leaf extracts of Thespesia populnea and characterised by UV 

Vis spectroscopy, SEM, EDX, AFM and XRD analysis. The silver nanoparticles when tested on Pseudomonas aeruginosa and Bacillus 

subtilis, was found to have potent antibacterial activity. Further, the microbes were susceptible for a minimum inhibitory concentration 

of 0.5 µg and also arrested the swarming motility of the test organisms. The nanoparticles interacted with the microbial membrane which 

led to the leakage of proteins from the cells. 
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1. INTRODUCTION 

 Plants are extensively used in medicine and cosmetics since 

ancient civilisation and they are the important raw materials for 

pharmaceutical industry. The role of phytochemicals in disease 

prevention and longevity of life has been well documented. More 

than 50% of the therapeutic industry is dependant for plant based 

molecules [1].  

 However new attempts to utilize plant secondary 

metabolites in nanoformulations are relentlessly studied for 

various applications. Our study includes synthesis of silver 

nanoparticle from the leaf extracts of Thespesia populnea and its 

bioactive potential in Pseudomonas aeruginosa and Bacillus 

subtilis. Thespesia populnea of the family Malvaceae is a tropical 

plant found in most parts of the world [2,3].  

 This tree grows upto a height of 6-12 meters with glossy 

green leaves bearing yellow flowers[4]. All part of Thespesia 

populnea has enormous medical properties, the fruits are used to 

treat scabies, swellings, warts, insect bites etc. [5], flowers has 

antioxidant and hepatoprotective property [6], whereas the 

decoctions of the bark is used to treat dysentery, haemorrhoids and 

diarrhoeal infections [7,8]. There are reports on the plant to 

possess antimicrobial, analgesic, anthelmintic and anti-

inflammatory properties [9,10]. The biological activity of the plant 

is due to the presence of phytochemicals like quinines, 

mansonone-H, mansonone-D, thespesone, and thespone [11].  

 The GCMS analysis in Thespesia populnea has N,N’-

Bis(Carbobenzyloxy)-lysine methyl(ester) with activity as 

antialkalotic, antiherpetic, Hypoargianemic activity and another 

molecule Phenol, 4,4’-butylidenebis[2-(1,1-dimethylethyl)-5-

methyl with Larvicide, Fungicide, Pesticide activity[12]. Reports 

on phytochemical like Gossypetin, kaempferol, kaempferol-7- 

glucoside was isolated from flower [13] and thespian, cetyl 

alcohol, sitosterol isolated from the fruit kernels and β-sitosterol, 

lupeol, lupine etc., from the leaf extracts [14,15].  

 A sesquiterpene quinine dehydrooxoperezinone-6-methyl 

ether having antibacterial and cytotoxic activity was isolated from 

heartwood of Thespesia populnea[16,17]. Using the bioactive 

potent Thespesia populnea, in this study silver nanoparticles 

weresynthesized and exploited in antibacterial activity study. 

2. MATERIALS AND METHODS 

2.1. Preparation of plant extracts. 

 The plant took for the present study was identified and 

authenticated by the Director of Plant Anatomy Research Center, 

Dr. P Jayaraman from Chennai. Thespesia populnea leaf was 

processed, powder and boiled in water to prepare the aqueous 

extract which is used for the synthesis of nano particles.  

2.2. Synthesis of Silver nanoparticles. 

 The nano sized particles of Silver were produced by 

treating 3mM silver nitrate solution with the aqueous plant 

extracts in dark for 24 h. Formation of nanoparticles was identified 

by a colour change in the liquid to dark brown after which the 

coloured solution was centrifuged at 5000 g and the pellets 

lyophilized to be stored at 4°C for further analysis[18]. 

2.3. Characterization of silver nanoparticles. 

 The physical parameters of the nanoparticles like size, 

form, behaviour in electromagnetic radiations were studied by 

subjecting them to UV-Visible spectroscopy (UV – 1800 

Shimadzu, Japan) to record their absorbance at 200 to 800 nm and 

transmittance for a range 4000-400 cm-1 in FTIR analyser (Alpha 

Bruker optic Gmbh instrument). The size of the particle from 
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Scanning Electron Microscopy (Zeiss, GeminiSem), their 

elemental composition by EDX spectrometry and crystallinity in 

X-ray diffraction (XRD) unit were analysed. 

2.4. Testing of microbial interaction of the nanoparticles.  

 The antibacterial activity study on the nanoparticle was 

carried out in Pseudomonas aeruginosa and Bacillus subtilis with 

Erythromycin as a positive control [19]. Minimum inhibitory 

concentration of the silver nanoparticle was also tested for the two 

organisms for the concentration range (0.25 to 2 µg/mL). The 

effect on the motility of microbes when treated with the 

nanoparticle was studied by swarming motility assay. The ability 

of the particle to penetrate the membrane and destabilising them 

was checked by Protein leakage assay. 

3. RESULTS  

3.1. Characterization of silver nanoparticles. 

 The nanoparticle produced from the Thespesia populnea 

extracts has absorbance peaks between 250 to 400 nm in UV- 

Visible spectrometry analysis (Fig. 1) specifying the silver 

nanoparticles [20]. The FTIR analysis showed spectral peaks from 

3600 cm-1 to 3300 cm-1 and 1500 cm-1 to 500 cm-1 depicting the 

presence of CH3 and CH2 bending, OH stretching and (Fig. 2) 

amide bond at 1600 cm-1[21]. The size range of 13nm to 40 nm 

spherical nanoparticles was observed in scanning electron 

microscopy (Fig. 3). The EDX analysis had peaks at 2.7 keV and 

3keV confirmed the presence of silver element (Fig. 4). 

Diffraction points of 38°, 44.5°, 64.81°, 77.43° corresponding to 

(111), (200), (220), (311) planes confirmed the presence of 

crystalline structures in XRD (Fig. 5) analysis  [22]. 

Figure1. UV Visible spectroscopy of crude silver nanoparticles.  

 
Figure 2. Fourier Transform InfraRed (FT-IR) spectroscopy of crude 

silver nanoparticles. 

 

3.2. Antibacterial activity of silver nanoparticles. 

 The antimicrobial property of the silver nanoparticles was 

checked against Gram-positive (Bacillus subtilis) and Gram-

negative (Pseudomonas aeruginosa). Pseudomonas aeruginosa 

responded to the nanoparticle with increase in antibacterial 

activity for the raise in concentration (Table 1). 

 The silver nanoparticles of Thespesia populnea inhibited 

the Bacillus subtilis better than Pseudomonas aeruginosa. The 

minimum inhibitory concentration required to bring bactericidal 

activity in Pseudomonas aeruginosa was 0.5 µg. However, it was 

much lower than 0.25 µg for Bacillus subtilis (Table 2). 

 

 
Figure 3. Scanning Electron Microscopy (SEM) of crude silver 

nanoparticles. 

 
Figure 4. Energy Dispersive X-Ray spectroscopy (EDX) of crude silver 

nanoparticles. 

 
Figure 5. X-Ray Powder Diffraction (XRD) of crude silver nanoparticles. 
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 Minimum inhibitory concentration study is conducted to 

find the lowest concentration necessary for antibacterial effect so 

that it is well with therapeutic applications. A least dose of these 

active molecules could preferably reduce the cellular toxicity or 

mutagenicity. Further these lower concentrations are economical 

when applied in industrial processes like tannery, heavy metal 

removal in water treatment[23, 24] at polluted sites etc. 

 

Table 1. Antibacterial activity of crude silver nanoparticles against the 

micro organisms. 

Concentration (µg) Zone of Inhibition (cm) 

Pseudomonas 

aeruginosa 

Bacillus subtilis 

2 0.6 1.6 

4 0.7 1.7 

8 1.2 1.8 

16 1.3 1.3 

Positive control 

(Erythromycin) 

0.8 3.5 

Negative control (Solvent) - - 

 

Table 2. Minimum Inhibitory Concentration (MIC) of crude silver 

nanoparticle. 

S.N

o 

Bacterial species Concentration (µg/mL) 

2 1 0.5 0.25 

1 Bacillus subtilis + + + + 

2 Pseudomonas aeruginosa + + + - 

 

3.3. Swarming motility and Protein leakage assay of silver 

nanoparticles. 

 These nanoparticle destabilised the biological membranes 

of the microbes as witnessed by the protein leakage assay (Figure 

6). This is possible when the nanoparticle can have access to the 

cellular contents traversing the membrane. In a way these 

molecules with antibacterial effect at lower concentrations could 

be used to target intracellular pathogens that could be otherwise 

difficult to reach. The motility of Pseudomonas aeruginosa was 

severely restricted in the presence of silver nanoparticles. 

However, the silver nanoparticles did not retard the motility of 

Bacillus subtilis (Figure 7). 

 

 
Figure 6. Protein leakage assay of crude silver nanoparticlesa) 

Pseudomonas aeruginosa b) Bacillus subtilis 

 
Figure 7. Swarming motility of crude silver nanoparticle against a) 

Pseudomonas aeruginosa b) Bacillus subtilis. 

 

4. CONCLUSIONS 

 In this study, Thespesia populnea was used for green synthesis 

of silver nanoparticles. The size of the particles were around 13 to 

40 nm. Ther nanoparticles were also crystalline, which was 

confirmed by XRD analysis. The silver nanoparticles were 

exhibiting antibacterial activity against both the Gram positive and 

Gram negative organisms used in this study. The silver 

nanoparticle inhibited the mobility of the Gram positive bacteria 

and also could interact with the membrane causing an outpour of 

cellular protein from the cell therby bringing an antibacterial 

effect.However more studies on the dose optimisation with safety 

and efficacy parameters, the nanoparticles could offer a targeted 

drug delivery component. 

5. REFERENCES 

1. Rastogi, R.P.; Mehrotra, B.N. Compendium of Indian 

medicinal plants: A CDRI series. Lucknow, Publication and 

information Directorate, New Delhi. Volume 4, 1995; pp. 597. 

2. Belhekar, S.N.; Chaudhari, P.D.; Saryawanshi, J.S.; Mali, 

K.K.; Pandhare, R.B. Antidiabetic and Antihyperlipidemic 

effects of Thespesia populnea fruit pulp extracts on alloxan-

induced diabetic rats. Indian J Pharm Sci. 2013, 75, 217-221. 

3. Parthasarathy, R.; Rahul, R.; Chauhan, P.N. A study on 

Preliminary phytochemical and diuretic activity of leaves of 

Thespesia populnea. Inventi Rapid: Planta Activa 2016, 4, 

http://dx.doi.org/10.13040/IJPSR.0975-8232.1(2).72-77.  

4. Raji, P.; Keerthana, D.; Karishma, S.; Bhavya, K.S.; Samrot, 

A.V. Indian Medicinal Plants and Its Therapeutic Importance 

with Special Reference to Thespesia populnea, Wrightia 

tinctoria: A Review.  Current research in Biology 2019, 1 

5. Vaghasiya, Y.; Dave, R.; Chanda, S. Phytochemical analysis 

of some medicinal plants from western region of India. Res J 

Med Plant. 2011, 5567-576, 

http://dx.doi.org/10.3923/rjmp.2011.567.576.  

6. Ilavarasan, R.; Vasudevan, M.; Anbazhagan, S.; 

Venkataraman, S. Antioxidant activity of Thespesia populnea 

bark extracts against carbon tetrachloride-induced liver injury in 

rats. J. Ethnopharmacol. 2003, 87,227-230, 

https://doi.org/10.1016/s0378-8741(03)00147-8.  

7. Rekha, D. Study of medicinal plants used from koothanoallur 

and marakkadai, Thiruvarur district of Tamil Nadu, India. 

Hygeia J. D. Med. 2013, 5, 164-170.  

8.  Shrivastav, S.; Sindhu, R.; Kumar, S.; Kumar, P. Anti-

psoriatic and phytochemical evaluation of Thespesia populnea 

bark extracts. Int J Pharm Pharm Sci. 2009, 1. 

9. Shekshavali, T.; Hugar, S. Antimicrobial activity of 

Thespesia populnea Soland. Ex Correa bark extracts. Indian 

Journal of Natural Products and Resources 2012, 3, 128-130. 

10. Ilavarasan, R.; Mohideen, S.; Venkataraman, S. Analgesic 

and antiinflammatory properties of Thespesia populnea leaf 

http://dx.doi.org/10.13040/IJPSR.0975-8232.1(2).72-77
http://dx.doi.org/10.3923/rjmp.2011.567.576
https://doi.org/10.1016/s0378-8741(03)00147-8


Divya Kumar M, Raji P, Bennet Rohan D, Ratna Geethika Gandham, Kripu Sharma V, Keerthana D, Karishma S, Antony V 

Samrot, Thirumurugan R, Sajeesh Pattammadath, Jenifer Selvarani A 

Page | 934 

extracts. Natural product research 2012, 26,1616-1620, 

https://doi.org/10.1080/14786419.2011.574134.  

11. Nandhini, S.U.; Radhika, V.; Manisha, S.; Jeslin, A.V. 

Phytochemical studies and antimicrobial compounds from fruit 

of Thespesia populnea. Asian Journal of Pharmaceutical and 

Clinical Research 2017, 10, 309, 

https://doi.org/10.22159/ajpcr.2017.v10i4.16759. 

12. Raji, P.; Samrot, A.V.; Rohan, D.B.; Kumar, P.D.; Gandham, 

R.G.; Sharma, V.K.; Keerthana. D. Extraction, Characterization 

and Invitro Bioactivity Evaluation of Alkaloids, Flavonoids, 

Saponins And Tannins of Cassia alata, Thespesia populnea, 

Euphorbia hirta and Wrightia tinctoria. Rasayan J. chemistry. 

2019, 12, 123–137, https://doi.org/10.31788/RJC.2019.1214054.  

13. Ghosh, K.; Bhattacharya, T.K. Preliminary study on the anti-

implantation activity of compounds from the extracts of seeds of 

Thespesia populnea. Indian journal of Pharmacology 2004, 36, 

288.  

14. Datta, S.C.; Murti, V.V.S.; Sharma, N.N.; Seshadri, T.R. 

Glycosidic components of Thespesia populnea flowers. Indian 

journal of chemistry 1973. 

15. Srivastava, S.N.; Bhakuni, D.S.; Sharma, V.N. Chemical 

Investigation of Thespesia populnea Soland. IndianJournal of 

Chemistry 1963, 1, 451. 

16. Puckhaber, L.S.; Stipanovic, R.D. Thespesenone and 

Dehydrooxoperezinone-6-methyl Ether, New Sesquiterpene 

Quinones from Thespesia populnea. Journal of natural products 

2004, 67, 1571-1573, https://doi.org/10.1021/np049847p.  

17. Boonsri, S.; Karalai, C.; Ponglimanont, C.; Chantrapromma, 

S.; Kanjanaopas, A. Cytotoxic and antibacterial sesquiterpenes 

from Thespesia populnea. Journal of natural products 2008, 71, 

1173-1177, https://doi.org/10.1021/np800055q. 

18. Samrot, A.V.; Silky, Ignatious, V.C.; Raji, P.; SaiPriya, C.; 

Selvarani, J.A. Bioactivity Studies of Datura metel, Aegle 

marmelos, Annona reticulata and Saraca indica and their Green 

Synthesized Silver Nanoparticle. J Pure Appl Microbiol. 2019, 

13, 329-338, https://doi.org/10.22207/JPAM.13.1.36.  

19. Raji, P.; Samrot, A.V.; Dharani, D.; Alexander, B. In vitro 

and In silico Approaches to Study the Bioactivity of Citrus 

limon Leaf Extracts. J Young Pharm. 2017, 9, 290-295, 

https://doi.org/10.5530/jyp.2017.9.57.  

20. Renugadevi, K.; Aswini, V.; Raji, P. Microwave Irradiation 

Assisted Synthesis of Silver Nanoparticle Using Leaf Extract of 

Baliospermum Montanum And Evaluation of Its Antimicrobial, 

Anticancer Potential Activity. Asian J Pharm Clin Res. 2012, 5, 

283-287.  

21. Samrot, A.V.; Suvedhaa, B.; Sahithya, C.S.; Madankumar, 

A. Purification and Utilization of Gum from Terminalia Catappa 

L. for Synthesis of Curcumin Loaded Nanoparticle and Its In 

Vitro Bioactivity Studies. J. Clust. Sci. 2018, 29, 989-1002, 

https://doi.org/10.1007/s10876-018-1412-4. 

22. Samrot, A.V.; Angalene, J.L.A.; Roshini, S.M.; Stefi, S.M.; 

Preethi, R.; Raji, P.; Madankumar, A.; Paulraj, P.; Kumar, S.S. 

Purification, characterization and utilization of polysaccharide of 

Araucaria heterophylla gum for the synthesis of curcumin loaded 

nanocarrier.  Int. J. Biol. Macromol. 2019, 140, 393-

400,https://doi.org/10.1016/j.ijbiomac.2019.08.121.  

23. Raji, P.; Samrot, A.V.; Bhavya, K.S.; Sharan, M.; Priya, S.; 

Paulraj, P. Greener Approach for Leather Tanning Using Less 

Chrome with Plant Tannins and Tannins Mediated 

Nanoparticles. J. Clust. Sci. 2019, 30, 1533-

1543,https://doi.org/10.1007/s10876-019-01597-6. 

24. Samrot, A.V.; Angalene, J.L.A.; Roshini, S.M.; Raji, P.; 

Stefi, S.M.; Preethi, R.; Selvarani, A.J.; Madankumar, A. 

Bioactivity and Heavy Metal Removal Using Plant Gum 

Mediated Green Synthesized Silver Nanoparticles. J. Clust. Sci. 

2019, 30, 1599-1610,https://doi.org/10.1007/s10876-019-01602-

y. 

 

6. ACKNOWLEDGEMENTS 

 All the authors acknowledge The Management, Sathyabama Institute of Science and Technology for providing the lab. 

 

 

© 2020 by the authors. This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 

 

 

 

https://doi.org/10.1080/14786419.2011.574134
https://doi.org/10.22159/ajpcr.2017.v10i4.16759
https://doi.org/10.31788/RJC.2019.1214054
https://doi.org/10.1021/np049847p
https://doi.org/10.1021/np800055q
https://doi.org/10.22207/JPAM.13.1.36
https://doi.org/10.5530/jyp.2017.9.57
https://doi.org/10.1007/s10876-018-1412-4
https://doi.org/10.1016/j.ijbiomac.2019.08.121
https://doi.org/10.1007/s10876-019-01597-6
https://doi.org/10.1007/s10876-019-01602-y
https://doi.org/10.1007/s10876-019-01602-y

