
   

 

INTRODUCTION 

The nanoparticles (NPs) (ranging from 1-100 nm) are  

considered as extremely useful owing to their extensive 

applications in human welfare. So far, metal nanoparticles 

includes aluminium, cobalt, cesium, copper, gold, silver, 

zinc, magnetite, nickel, palladium, platinum, silicon nano-

particles were used in the fields of agriculture, phytoreme-

diation, biomedical, cosmetics, drug delivery, pesticides, 

fertilizers etc. (Haleemkhan et al., 2015). In general nano-

particles could be synthesized through physical, chemical 

and biological approaches. But biological synthesis of na-

noparticles using bacteria, algae, fungi, actinomycetes and 

plants has gained attention from scientists. Among which 

plant extract based synthesis has been greatly acknowl-

edged and explored with many plant species (Mittal et al., 

2014). Literature survey reveals that the leaves were  

primarily used for the synthesis of various metallic nano-

particles (Annamalai et al., 2011; Shekhawat et al., 2013). 

Recently various plant parts such as stem bark, latex, root, 

flower, fruit, seed extracts and whole plants were also used 

to synthesize nanoparticles (Mondal et al., 2011; Jayasee-

lan et al., 2013; Shekhawat and Manokari, 2014). 

Genus Thunbergia belongs to the family Acanthaceae  

consists of 100 species of annuals, perennials and shrubs 

(Sultana et al., 2015). The genus has ornamental value and 

is native to tropical regions of Africa, Madagascar,  

Australia and South Asia (Retief and Reyneke, 1984).  

Tunbergia erecta (Syn: Meyenia erecta) is commonly 

known as Blue Bell, Bush Clock Vine or King’s Mantle 

and native to Western Africa (Mathew and Benny, 2016). 

It grows up to the height of 4-6 feet. The leaves are heart-

shaped with acute apex, green, pubescent, opposite, entire 

margin, flowers are purple with yellow throat (corolla 

tube), angular stem, tuberous roots, and prefer full sun and 

well-drained soil to grow (Sultana et al., 2015).  

Traditionally the leaves, stems and roots of Thunbergia 

species have been used as anti-inflammatory agents and 

antipyretics for centuries (Tejasen and Thongthapp, 1980). 

Thunbergia species are also reported to possess antibacte-

rial activities against gram positive as well as gram nega-

tive bacteria such as Escherichia coli, Klebsiella pneumo-

nia, Staphylococcus aureus, Bacillus cereus, Proteus mira-

bilis and Streptococcus pyogenes (Jeeva et al., 2011). 

Thunbergia species exhibits anti-inflammatory 

(Boonyarikpunchai et al., 2014), carminative (Inta et al., 
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ABSTRACT 
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and flower extracts of Thunbergia erecta. Zinc nitrate hexahydrate (Zn (NO3)2.6H2O) solution was 

used as precursor to synthesize the nanoparticles. Five grams of plant materials (leaf, stem, root and 

flowers) were weighed and cut in to small pieces and boiled with deionised water in water bath at 

50°C for about 30 min. The extracts were filtered and mixed with Zinc nitrate hexahydrate solution 

for the preparation of nanoparticles. Synthesis of nanoparticles were monitored by visual color 

change from colorless to yellow and characterized by UV-Visible double beam spectrophotometric 

analysis. The absorption peaks of leaf reaction medium was at 308 nm, stem and root reaction  

media were at 296 nm and flower reaction medium was at 302 nm as shown by the UV-Visible 

spectrophotometer. The results conclude that T. erecta could be exploited for green synthesis of 

zinc oxide nanoparticles which can be used in the development of pharmaceutical products benefi-

cial to the mankind. 
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2013), antipyretic, analgesic, antidiabetic, anthelmintic, 

antioxidant, cytotoxic, hepatoprotective (Oonsivilai et al., 

2008; Wonkchalee et al., 2012), antinociceptive and anti-

tumor activities (Jetawattana et al., 2015). The members of 

Thunbergia genus are reported to contain glucosides, alka-

loids and phenolic compounds such as flavonoids, tannin, 

phenolic acids, rosmarinic acid, feruloylmalic and couma-

roylmalic acid, naphthalene, iridoid glucosides, benzyl beta 

glucopyranoside, grandifloric acid, delphinidin and apig-

enin (Kanchanapoom et al., 2002; Areekul et al., 2009). 

The members of the genus are traditionally used in detoxi-

fication of insecticides, ethyl alcohol, arsenic and strych-

nine (Thongsaard and Marsden, 2002). The phenolic com-

pounds of T. laurifolia have been shown to possess antioxi-

dant activity and used to treat gastric ulcer, diarrhea and 

jaundice (Suwanchaikasem et al., 2012). Toxic effects  

recorded after administrating T. laurifolia in the blood cells 

and the circulatory system (Chivapat et al., 2009; Tangjit-

man et al., 2015).  

Biogenic production of zinc oxide nanoparticles has been 

reported from the aqueous extracts of many plants 

(Manokari and Shekhawat, 2014) but this plant is not  

exploited for production of zinc oxide nanoparticles. 

Therefore, the objective of the present study is to demon-

strate the eco-friendly synthesis of zinc oxide nanoparticles 

using aqueous extracts of parts of Tunbergia erecta. 

MATERIALS AND METHODS 

Chemicals: Zinc Nitrate hexahydrate (Zn (NO3)2.6H2O) 

used in the present investigation was purchased from 

Himedia (Mumbai, India). The glassware was washed with 

sterilized distilled water before use. Deionized water was 

used for the synthesis and for the preparation of plant  

extracts.  

Collection of plant material for the study: The experi-

mental material selected for the present study was  

Thunbergia erecta (Benth.) T. Anders, an ornamental plant 

(Figure 1). The plant material was collected from the  

Institute campus (Pondicherry, India), during the months of 

July-November 2016, and identified with the help of  

monographs of French Institute, Pondicherry. Apparently 

healthy plants were marked and leaves, stem, root and 

flowers were collected, washed thoroughly with tap water 

and dried at room temperature for 60 min and used  

for determination and characterization of zinc oxide  

nanoparticles. 

Preparation of the plant extracts: Plant extracts were 

prepared by standard extraction methods (Shekhawat and 

Manokari, 2014). The plant parts such as leaf, stem, root 

and flowers were separated using sterile scissors (Figures 

2A-5A). Five grams of plant materials were weighed and 

cut in to small pieces (Figures 2B-5B) and boiled with 50 

ml of deionized water in water bath at 50°C for about 30 

min. The extracts were filtered through cheesecloth and the 

extracts were maintained at its original volume and used 

for further processes. 

Preparation of precursor and reaction media: Zinc  

Nitrate hexahydrate (Zn (NO3)2·6H2O) was used as precur-

sor to synthesize zinc oxide nanoparticles (ZnO NPs) from 

T. erecta. One mM Zinc Nitrate solution was prepared 

using deionized water, filtered by Whatman® No.1 filter 

paper and stored at 4oC for further experiments. Ten ml of 

aqueous suspension consisted of zinc nitrate and appropri-

ate plant extracts at various ratios (1:9, 2:8, 3:7, 4:6 and 

5:5) were mixed at room temperature to obtain reaction  

mixture. Figures 2C–5C shows the plant extracts, precur-

sor and reaction media of leaf, stem, root and flowers. The 

solutions were further kept in rotary shaker for 2 hours at 

100 rpm. Supernatant was discarded and suspension at the 

bottom of glass vessel was diluted using deionised water 

and used for the spectrophotometric analysis. 

Characterization of ZnO nanoparticles through UV-

Visible spectral analysis: The aqueous microemulsions 

(secondary metabolites + precursor) were starting solutions 

for the production of metallic zinc oxide nanoparticles. 

The confirmation of ZnO nanoparticles synthesis was  

obtained by measuring the optical property of reaction 

mixture using UV-Visible absorption spectroscopic  

analysis (Systronics Double Beam Spectrophotometer, 

Model 2202) between 250-800 nm wavelengths. All the 

processes were carried out in the laboratory at room  

temperature (25oC). 
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Figure 1. Morphology of Thunbergia erecta plants with flowers in the 
natural habitat. 

Figure 2. A- Leaves procured for the synthesis of ZnO NPs, B- 5 g of 
finely cut leaves, C- Leaf reaction mixture. Figure 3. A- Stem segments of 

T. erecta, B- 5 g of finely cut stem, C- Stem reaction mixture. Figure 4.  

A- Roots segments, B- 5 g of finely cut roots, C- Root reaction  
mixture. Figure 5. A- Flowers, B- 5 g of finely cut flowers, C- flower 

reaction mixture. 



150  

 

M. Manokari and Mahipal S. Shekhawat /Arch. Agr. Environ. Sci., 2(3): 148-151 (2017) 

RESULTS AND DISCUSSION 

Thunbergia erecta is so far used as hedge and lawn plant 

(Fongod et al., 2013). But the present report assures that 

the species could be greatly useful in various fields partic-

ularly in medical applications. Cassia densistipulata has 

successfully been utilized in the biosynthesis of nanoparti-

cles by Kooluru and Sharada (2014). The present study 

involves whole plant parts including leaves, stem, root and 

flowers in the synthesis of ZnO nanoparticles. The color 

change of reaction media were recorded at different time 

intervals. The characteristic yellow color development was 

observed in leaf and stem reaction medium immediately. 

Color change was observed in root reaction medium after 2 

hrs of incubation at room temperature. Deep yellow color 

formation was observed in the flower extract with zinc 

nitrate solution after 40 minutes (Figures 2C-5C). The 

change in color of the reaction mixture indicates the  

formation of zinc oxide nanoparticles as reported in  

Passiflora foetida (Shekhawat et al., 2014) and Camellia 

sinesis (Shah et al., 2015). 

The reduction of zinc metal ions to zinc oxide nanoparti-

cles in the reaction medium was preliminarily analyzed 

using UV-Visible Spectrophotometer between the wave-

lengths of 250-800 nm. The UV-Visible spectroscopic 

analysis of ZnO nanoparticles from leaf reaction medium 

was confirmed by the strong absorption spectra at 308 nm 

(Figure 6A). The maximum absorption of stem and root 

reaction media were observed at 296 nm (Figures 6B, 6C) 

with visual difference in the graphs. The flower reaction 

medium presented strong absorption spectrum at 302 nm 

(Figure 6D).  

The UV-Visible spectrum of T. erecta plant extracts with 

zinc nitrate solution confirmed the synthesis of ZnO nano-

particles at different time periods. Reaction was completed 

within 60 min in leaf and stem reaction medium but root 

and flower reaction media took 2 hrs (120 min) to  

complete the reaction. Plant extracts have been explored 

successfully to synthesize biocompatible nanoparticles due 

to their diverse properties (Vidya et al., 2013). Plant  

extracts at the concentration of 7 ml was found to mediate 

the ZnO nanoparticles synthesis within less time period, 

whereas the increased and decreased concentrations were 

less effective when challenged with the precursor. In our 

earlier report on Moringa oleifera, synthesis of ZnO nano-

particles was optimum at the volume of 5 ml of both plant 

extracts and the precursor (5:5) (Manokari and Shekhawat, 

2016). Previous reports of ZnO nanoparticles synthesis 

from plant extracts revealed that the presence of phenolic 

compounds such as flavonoids arbitrate the conversion of 

zinc ions in to zinc oxide metallic nanoparticles (Raj and 

Jayalakshmy, 2015).  

Conclusions 

It is evident from the present study that the green synthesis 

of ZnO nanoparticle is eco friendly, simple and efficient 

than the conventional methods with the less usage of toxic 

chemicals. The characterization of ZnO nanoparticle with 

UV-Visible spectrophotometer confirmed the presence of 

ZnO nanoparticles from various extracts of T. erecta. It 

may be advantageous for pharmaceutical industry to  

explore T. erecta to develop effective drugs amended with 

ZnO nanoparticles. The nanoparticles formulated drugs 

could be used in diagnosis and treatment of various heath 

related issues.   

Figure 6. UV-Visible spectral analysis of (A) – leaf reaction medium, (B) 
– Stem reaction medium, (C) – Root reaction medium and (D) – Flower 

reaction medium. 



151  

 

M. Manokari and Mahipal S. Shekhawat /Arch. Agr. Environ. Sci., 2(3): 148-151 (2017) 

Open Access: This is open access article distributed under 

the terms of the Creative Commons Attribution License, 

which permits unrestricted use, distribution, and reproduc-

tion in any medium, provided the original author(s) and the 

source are credited. 

REFERENCES 

Annamalai, A. Babu, S.T. Jose, N.A. Sudha, and D. Lyza, C.V. 

(2011). Biosynthesis and characterization of silver and gold 

nanoparticles using aqueous leaf extraction of Phyllanthus 

amarus Schum. & Thonn. World Applied Sciences Journal, 

13: 1833-1840. 

Areekul, S. Intorn, J. Takheaw, S. and Nantakaw, A. (2009). Wild 

plant knowledge used in northern Thailand III. Bangkok: 

Amarin Printing & Publishing Public Company Limited. 

Boonyarikpunchai, W. Sukrong, S. and Towiwat, P. (2014). An-

tinociceptive and anti-inflammatory effects of rosmarinic 

acid isolated from Thunbergia laurifolia Lindl. Pharmacolo-

gy, Biochemistry and Behaviour, 124: 67-73. 

Chivapat, S. Chavalittumrong, P. Attawish, A. Bansiddhi, J. and 

Padungpat, S. (2009). Chronic toxicity of Thunbergia lauri-

folia Lindl. extract. Journal of Thai Traditional and Alterna-

tive Medicine, 7: 17–24. 

Fongod, A.G.N. Modjenpa, N.M. and Veranso, M.C. (2013). 

Ethnobotany of Acanthaceae in the Mount Cameroon region. 

Journal of Medicinal Plants Research, 7: 2707-2713. 

Haleemkhan, A.A, Naseem, and Vidya Vardhini, B. (2015).  

Synthesis of nanoparticles from plant extracts. International 

Journal of Modern Chemistry and Applied Science, 2: 195-203. 

Inta, A. Trisonthi, P. and Trisonthi, C. (2013). Analysis of tradi-

tional knowledge in medicinal plants used by Yuan in Thai-

land. Journal of Ethanopharmacology, 149: 344–51. 

Jayaseelan, C. Ramkumar, R. Rahuman, A.A. and Perumal, P. 

(2013). Green synthesis of gold nanoparticles using seed 

aqueous extract of Abelmoschus esculentus and its antifungal 

activity. Industrial Crops and Products, 45: 423–429. 

Jeeva, S. Johnson, M. Aparna, J.S. and Irudayaraj, V. (2011). 

Preliminary phytochemical and anti- bacterial studies on 

flowers of selected medicinal plants. International Journal 

of Medicinal and Aromatic Plants, 1: 107-114. 

Jetawattana, S. Boonsirichai, K. Charoen, S. and Martin, S.M. 

(2015). Radical intermediate generation and cell cycle arrest 

by an aqueous extract of Thunbergia laurifolia Linn. in  

human breast cancer cells. Asian Pacific Journal of Cancer 

Prevention, 16: 4357-4361. 

Kanchanapoom, T. Kasai, R. and Yamasaki, K. (2002). Iridoid 

glucosides from Thunbergia laurifolia. Phytochemistry, 60: 

769-771. 

Kooluru, N.R. and Sharada, S. (2014). Green synthesis of zinc 

oxide nanoparticles using flower extract Cassia densistipula-

ta Taub. International Journal of Engineering Research and 

Development, 10: 16-19.  

Manokari, M. and Shekhawat, M.S. (2016). Zinc oxide nanoparti-

cles synthesis from Moringa oleifera Lam. Extracts and their 

characterization. World Scientific News, 55: 252-262. 

Mathew, T.K. and Benny, P.J. (2016). Flowers with antibacterial 

property-A survey in Meenachil Taluk. Journal of Pharma-

ceutical, Chemical and Biological Sciences, 4: 252-261. 

Mittal, J. Batra, A. Singh, A. and Sharma, M.M. (2014).  

Phytofabrication of nanoparticles through plant as nanofac-

tories. Advances in Natural Scinces: Nanoscience and  

Nanotechnology, 5: doi:10.1088/2043-6262/5/4/043002. 

Mondal, A.K. Mondal, S. Samanta, S. and Sudebi, M. (2011). 

Synthesis of ecofriendly silver nanoparticle from plant latex 

used as an important taxonomic tool for phylogenetic inter-

relationship. Advances in Bioresearch, 2: 122-133. 

Oonsivilai, R. Ferruzzi, M.G. and Ningsanond, S. (2008). Antiox-

idant activity and cytotoxicity of Rang Chuet (Thunbergia 

laurifolia Lindl.) extracts. Asian Journal of Food and  

Agro-Industry, 1: 116-128. 

Raj, L.F. and Jayalakshmy, E. (2015). Biosynthesis and charac-

terization of zinc oxide nanoparticles using root extract of 

Zingiber officinale. Orient Journal of Chemistry, 31; http://

dx.doi.org/10.13005/ojc/310105. 

Retief, E. and Reyneke, W.F. (1984). The genus Thunbergia in 

Southern Africa, Bothalia, 15: 107-116. 

Shah, R.K. Boruah, F. and Parween, N. (2015). Synthesis and 

characterization of ZnO nanoparticles using leaf extracts 

of Camellia sinensis and evaluation of their antimicrobial 

efficacy. International Journal of Current Microbiology and 

Applied Sciences 4: 444-450.  

Shekhawat, M.S. and Manokari, M. (2014). Biogenesis of zinc 

oxide nanoparticles using Morinda pubescens J.E. Smith 

extracts and their characterization. International Journal of 

Bioengineering and Technology, 5: 1-6. 

Shekhawat, M.S. Anusuya, P. Kannan, N. Manokari, M.  Revathi, 

J. and Ilavarasi, V. (2013). Green synthesis of silver nano-

particles using Couroupita guianensis Aubl. and their char-

acterization. International Journal of Green and Herbal 

Chemistry, 2: 1041-1049. 

Shekhawat, M.S. Ravindran, C.P. and Manokari, M. (2014).  

Biosynthesis of zinc oxide nanoparticles from Passiflora 

foetida L. Extracts and their characterization. International 

Journal of Green and Herbal Chemistry 3: 518-523.  

Sultana, K.W. Chatterjee, S. Roy, A. and Chandra, I. (2015). An 

overview on ethnopharmacological and phytochemical prop-

erties of Thunbergia sp. Medicinal & Aromatic Plants, 4: 1-6. 

Suwanchaikasem, P. Chaichantipyuth, C. Amnuoypol, S. and 

Sukrong, S. (2012). Random amplified polymorphic DNA 

analysis of Thunbergia laurifolia Lindl. and its related  

species. Journal of Medicinal Plants Research, 6: 2955-

2961. 

Tangjitman, K. Wongswad, C. Kamwong, K. Sukkho, T. and 

Trisonthi, C. (2015). Ethnomedicinal plants used for diges-

tive system disorders by the Karen of northern Thailand. 

Journal of Ethnobiology and Ethnomedicine, 11: 1-13. 

Tejasen, P. and Thongthapp, C. (1980). The study of the insecti-

cide antitoxicity of Thunbergia laurifolia Linn. Chiang Mai 

Medical Bulletin, 19: 105-114. 

Thongsaard, W. and Marsden, C.A. (2002). A herbal medicine 

used in the treatment of addiction mimics the action of am-

phetamine on in vitro rat striatal dopamine release. Neuro-

science Letters, 329: 129-132. 

Vidya, C. Shilpa, H. Chandraprabha, M.N. Lourdu Antonyrai, A. 

Indu, V. Aayushi, J. and Kokil, B. (2013). Green synthesis 

of ZnO nanoparticles by Calotropis gigantea. International 

Journal of Current Engineering and Technology. Proceed-

ings of National Conference on Women in Science and  

Engineering, 118-120.  

Wonkchalee, O. Boonmars, T. Aromdee, C. Laummaunwai, P. 

Khunkitti, W. Vaeteewoottacharn, K. Sriraj, P. Aukkani-

mart, R. Loilome, W. Chamgramol, Y. Pairojkul, C. Wu, Z. 

Juasook, A. and Sudsarn, P. (2012). Anti-inflammatory, 

antioxidant and hepatoprotective effects of Thunbergia lau-

rifolia Linn. on experimental opisthorchiasis. Parasitology 

Research, 111: 353-359. 


