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ABSTRACT

Synthesis of cost effective, reliable and eco-friendly nanoparticles is an
expanding branch of green nanotechnology. Ceriops tagal, a mangrove
plant has wide range of medicinal properties. Synthesis of C.tagal
mediated nanoparticles may further enhance its medicinal potency. The
aqueous stem extract of C.tagal was used as a bio-reducing agent for
synthesis of copper nanoparticles. Reduction of metal ions was

confirmed by Ultraviolet-visible absorption spectroscopy, transmission

University of Mumbai,

) electron microscopy, energy dispersive spectroscopy and X-ray
Kalina Campus, Santacruz-

E. Mumbai-98. diffraction. Functional groups involved in nanoparticle synthesis were

recorded by ATR-FTIR spectra. Nanoparticle formation was dependent
on time, temperature and metal salt concentration. UV-Visible spectroscopy demonstrated
peak at 500 nm. TEM and XRD results revealed shape and structure of synthesized
nanoparticles. These results have indicated formation of metallic copper nanoparticles. This
is the first report on rapid biosynthesis of copper nanoparticles synthesized by bio-reduction

of copper sulphate solution employing aqueous stem extract of C.tagal.
KEYWORDS: Mangroves, Ceriops tagal, aqueous extract, copper nanoparticles.

INTRODUCTION

Nanotechnology has wide applications in almost every field with the most exploitable
properties being chemical, optical, mechanical, thermal, specific surface area, electrical,
magnetic, diagnostics and medical etc.*? It is playing an important role in global
manufacturing and commercialization. Amongst various nanoparticles, copper nanoparticles
are gaining increased attention because of their optical and electrical conducting properties

along with its considerably lower cost than gold and silver.®*! Copper nanoparticles can be
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efficiently used in / as catalyst, printed circuit board, flexible electronics, light emitting diode,
biocompatibility.”) They are added to lubricant oil to mend worn surface by reducing
friction.l! Bioactive coatings with copper fluroropolymer nanocomposite are capable of
inhibiting growth of microorganisms such as S. aureus, S. cerevisiae, E. coli, and Listeria.[”
Copper oxide is used as antimicrobial in textiles.’! Copper and silver ions are used to
disinfect wastewater from hospitals.”'? Yoon et al. have reported higher activity of copper
nanoparticles than silver nanaoparticles against single representative strains of B. subtilis and
E. coli.l® There are reports of bactericidal application of copper nanoparticles when
supported on polyurethane foam, carbon, sepiotile and polymers.'*>*® Yet another report by
Suparna et al has reported strain specific superior activity against B. subtilis, S. aureus and E.
coli of copper nanoparticles.*”! Copper ions released may also interact with DNA molecules
and intercalate with nucleic acid strands.*®! However, the difficulty of copper nanoparticles
synthesis is its highly oxidizing property when exposed to air and water. Biological
effectiveness of nanoparticles is directly proportional to its surface area. Nanoparticles
exhibit new and improved properties based on their size and shape. Various methods such as
direct electrochemical reduction, thermal reduction and decomposition, electro exploding
wire (EEW), in situ synthesis in polymers, polyol process, mechano-chemical process, ion
beam radiation and chemical reduction have been employed for synthesis of copper
nanoparticles thus most of the reduction methods require high energy and chemical input.?
Chemical synthesis of nanoparticles possesses the potential hazards like general toxicity,
cytotoxicity, genotoxicity and carcinogenicity.™ Therefore, there is a current drive to
produce ‘green’ nanoparticles from plants because of its eco friendliness, energy efficiency
and convenience. The Indian mangroves consist of nearly 65 species belonging to 31
families®® out of 77 species all over the world.”*! Mumbai coast has 21 species of which
most dominating genera include Avicennia, Sonneratia, Rhizophora and Acanthus./??
Mangrove plants have distinctive characteristic like the ability to sustain in high salinity,
extreme temperatures, anaerobic & unstable substrates thus forming unique environments and
floral-faunal assemblages and therefore, might produce special types of bioactive compounds
than terrestrial plants.”®) Recent research evidenced that Indian mangroves contained
antiviral® antibacterial®, antifungal®, mosquito larvicidal®” and antioxidant activity.?®
Among the different mangrove plants, the chemical constituents and bioactivities of Ceriops
tagal have been studied extensively. Dolabrane diterpenes from C. tagal has exhibited
significant anti-tumor effect.” Bark of C. tagal is a powerful astringent and is used for

treating hemorrhage in defecation and malignant ulcers whereas leaves are used to heal
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paludism and malaria; ethanolic extract of stem and twigs has strong feeding deterrent
activity against T. castaneum adults.*” Few of the compounds isolated from ethanolic
embryo extract of C.tagal were effective to inhibit proliferation and growth of H-7402 and
Hela cells.!

It has been reported to contain condensed and hydrolysable tannins, aliphatic carboxylic
acids, indole alkaloids, polyphenols, proteins, tannins, fatty acids, hydrocarbons, inorganic
salts, inositols, steroids, carotenoids, chlorophyll a, b, a+b, etc.® Thus, it is a rich source of
bio-reductant and stabilizers. Currently there are reports of nanoparticles synthesis from only
two species- Rhizophora mucronatal and Avicennia marina.**! However, there is no such
report on synthesis of copper nanoparticles from Ceriops tagal. With the view of this
background, we had attempted to rejuvenate the use of traditional ethno-medicinal properties
of C. tagal applying modern techniques at nano scale.

Here in, we report for the first-time synthesis of copper nanoparticles employing aqueous
stem extract of C. tagal (CTSE) by reduction of aqueous Cu®* ions. We also investigated

effect of time course, temperature and metal salts on the rate of synthesis.

1. MATERIALS AND METHODS

1.1. Plant collection and extract preparation

C.tagal stem was collected from the Gorai creek, Mumbai, India. It was chopped, dried at 40°
C and pulverized. Ultra pure water produced by MilliQ system was used throughout the
experiment. Aqueous stem extract was prepared by soaking 5 gm of stem powder in 100ml
MilliQ water, for 5 mins and then the mixture was boiled at 100° C for 5 mins. The freshly
prepared extract was obtained by filtering it through Whatman filter paper No.1. and used for

further study.

1.2 Synthesis of copper nanoparticles

Synthesis of copper nanoparticles was initiated by adding 5ml of CTSE in 95 ml aqueous
CuSO, (Himedia, India) solution. The reaction was carried out at static condition. Reduction
of Cu?* was monitored as a function of time by measuring UV-Vis spectra using UV-1650CP
Schimadzu spectrophotometer operated at 1nm resolution. Effect of temperature on rate of
synthesis was studied by carrying out the reactions at Room temperature (RT), 40°C, 50°C

and 60°C in water bath. Concentration of copper sulphate salt varied from 1mM — 5mM.
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1.3 TEM and energy dispersive spectroscopy measurements

Size and surface morphology of bioreduced nanoparticles was determined by transmission
electron microscope (TEM, Tecnai 12 Cryo, FEI, Eindhoven, The Netherlands). Nanoparticle
solution was drop coated on copper TEM grids, after which film was allowed to stand for 2
mins and excess solution was blotted. The grid was dried properly prior to measurement. An
energy dispersive spectrum was recorded with the same instrument at the energy range 0-20
keV.

1.4 X-ray diffraction measurements

After complete reduction of metal ions by CTSE, the solution was centrifuged at 10,000 rpm
for 15 minutes at room temperature. The pellet obtained was re-dispersed and centrifuged
with MilliQ water. This process was repeated three times to get rid of any free entities. Phase
formation of nanoparticles was studied by preparing thin film of thoroughly dried
nanoparticles on glass slides. Diffraction data was recorded on Schimadzu XRD 7000
diffractometer with Cu Ka radiation (1.54 A) source operating at 40 kV voltage and a current
of 30 mA.

1.5 Attenuated Total Reflectance Fourier Transform Infrared (ATR - FTIR)
Spectroscopy

ATR - FTIR spectrum of CTSE before and after reduction of metal ions was obtained using
FTIR (Perkin Elmer) Frontier spectrophotometer. 5% plant extract and supernatant of bio-

reduced samples was subjected to IR source 400 cm™*- 4000 cm ™.

2. RESULTS AND DISCUSSION

2.1 Visual observations and UV-Visible spectroscopy

Bio-reduction of salt to respective metal ions in presence of CTSE was monitored as a
function of time using UV-Visible spectroscopy. The absorption band for copper
nanoparticles are reported to be in the range of 500-600nm.™ The surface plasmon resonance
(SPR) peak of absorption spectra was found to be at 500nm (Fig.1) which is maintained over
the time indicating capping of nanoparticles. However, with the passage of time, the intensity
of SPR peak has decreased which may have occurred because of oxidation which is in
agreement with earlier report.®! A blue shift of absorbance peak was observed from 507 to
500nm. This shift is attributed to the decreasing size of particles as well as it can occur
because of partial oxidation and oxidation of colloidal copper with dissolved oxygen in

water.! Position, shape and intensity of plasmon absorption depends on several factors such
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as dielectric constant of the surrounding medium, the electronic interactions between the
stabilizing ligands and the nanoparticle, which alter the electron density inside the
nanoparticle and the size, shape and monodispersity of the NPs.*®! Reduction of metal ions
was very rapid; maximum reduction of Cu®" ions took place between 3-4 hours displaying
colour change within 15 min. Copper nanoparticles exhibited intense brown colour on
complete reduction. The difference in the redox potential and solubility of metal ions are
most likely to be considered for rate of synthesis of nanoparticles formation. According to
Armendariz et al. pH of plant extract affects the binding trend of ions to functional groups of
biomass and subsequently the shape and size of nanoparticles during synthesis.” The pH of
CTSE extract was 7. The optimization study of different concentrations of metal salt against
kinetics of reaction revealed the significant effect of metal salt concentration on synthesis of
nanoparticles. The lower salt concentration showed comparatively low rate of synthesis
whereas higher salt concentration resulted in precipitation which could be easily resuspended.
The rate of synthesis was highest at 1mM concentration (Table 1). We also investigated the
role of temperature on enhancement of the rate of synthesis by carrying the synthesis at R.T.,
40°C, 50°C and 60°C. Temperature plays an important role in the formation of nanoparticles.
In the present investigation maximum bio-reduction of Cu** to Cu® was achieved at RT.
Although the reaction was fast at higher temperature and low at lower temperature with slight
colour variation, indicating the dependence of temperature on bio-reduction process however
no significant difference was observed in peaks. Thus in the present investigation copper
nanoparticles are synthesized by reduction of 1mM copper sulphate solution at RT employing

aqueous stem extract of C.tagal.

2.2 TEM and energy dispersive spectroscopy measurements

TEM micrograph confirmed the synthesis of nanoparticles (Fig 2). The nanoparticles showed
a tendency to cluster with flower like outline as reported by Mott et al.; making it unfeasible
to measure their diameter. A close examination (Fig 3) of some large particles reveals the
subtle cluster features. This observation hints at the possibility of coalescence of small
particles which is in agreement with Mott et al.*®! The coalescence process begins with the
formation of ‘neck’ at the contacting planes when nanoparticles diffuse across the substrate.
It can occur under the influence of high intensity electron beam as well as at RT or below RT.
As coalescence proceeds, the planes start aligning which results in unique FCC crystal

structure thus forming a new nanoparticle. It is well known that the shape and size of

WWW.Wjpr.net Vol 7, Issue 18, 2018. 937




Ramteke et al. World Journal of Pharmaceutical Research

nanoparticles considerably changes their properties, bioactivities and further applications.
Figure 4 shows TEM diffraction pattern of copper nanoparticles.

For elemental analysis of copper nanoparticles, a signature spectrum from copper atoms
present in the nanoparticles was obtained by EDS (Fig 5). The occurrence of weak signals
from carbon, sodium (Table 2) were also seen which may have originated from the bio-
molecules bound to the surface of the nanoparticles.*” Despite the fact, that all the
characterizations except UV-Visible spectroscopy, were done 8 months after nanoparticles
synthesis, there are no other peaks attributable to copper oxides, this means our copper
nanoparticles are fairly stable against oxidation.

It is reported that the organic molecules present in plants gives stability to nanoparticles by
capping.“? According to Hu et al. C.tagal stem is a rich source of monoterpenoids,
diterpenoids, triterpenoids, flavonoids, alkaloids, polyphenolics and saponins also recently 43
diterpenes, 29 triterpenes and six new dolabranes named ‘tagalsins’ P—U (1-6)"* had been
isolated from C.tagal; thus forming the main constituents of the extract.?) On close
observation of TEM micrograph it can be seen that the nanoparticles are capped by a thin
layer which can be the organic material from CTSE. This indicates that the bioactive
principles present in plant are involved in capping of nanoparticles. Thus, TEM result has
confirmed synthesis copper nanoparticles. The EDS profile indicates that the sample contains

pure copper, with no oxide layer.

2.3 XRD

The crystalline nature of elemental Cu was confirmed by X-ray diffraction analysis. Figure 6
shows the XRD data of bio-reduced copper nanoparticles. The crystallite size of the
nanoparticles was estimated from the Debye—Scherrer formula.!**!

d=0.90/pB cos 0

Where 0.9 is the shape factor, A is x-ray wavelength, 1.54 A, B full width at half the

maximum intensity in radians, and 0 is the Bragg angle.

Strong Bragg reflection was obtained corresponding to (111) plane, which is the principal
diffracting plane of face centered cubic symmetry (Table 3). The crystallite size of copper

nanoparticles synthesized was ~4.0 nm.
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24 ATR - FTIR

ATR - FTIR spectroscopic studies were carried out to identify the functional group involved
in capping and efficient stabilization of the metal nanoparticles. FTIR absorption spectra (Fig.
7) of CTSE showed prominent peaks at 3306.66 cm™, 2119.25 cm™ and 1634.46 cm™. The
intense broad stretching at 3306.66 cm-1 arises due to the free O-H groups present in alcohols
and phenols!*¥!, weak stretch at 2119.25 cm™ is due to C=C from alkynes while the IR peak at
1634.46 cm™ could be assigned to characteristic asymmetrical stretch of carboxylate
group.[*! While the spectrum of bioreduced sample exhibited peaks at 3271.77 cm™, 2111.01
cm™ and 1634.35 cm™ indicating the shift in peaks. Based on the band shift occurring at
hydroxyl and carbonyl groups it can be concluded that both hydroxyl and carbonyl groups of
C.tagal are involved in the synthesis of copper nanoparticles. This indicates that the copper
nanoparticles are surrounded by metabolites such as terpenoids having functional groups of

alcohols, phenols and carboxylic acids.
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Figure 1: UV-Visible spectra recorded as a function of reaction time of 1mM CuSO4
solution with CTSE at RT.
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Figure 2: TEM micrographs of copper nanoparticles.
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Figure 3: TEM micrograph showing strong aggregation of copper nanoparticles.
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Figure 4. TEM Diffraction pattern of copper nanoparticles from CuSQO, salt.
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Figure 5: Representative spot EDS profile confirming the presence of copper

nanoparticles.
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Figure 6: Representative XRD profile of thin film of copper nanoparticles from CuSO,

salt.
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Figure 7: FTIR absorption spectra of CTSE before bioreduction (a), after complete

bioreduction of CuSO,salt (b).

Table 1: Optimization of synthesis process.

sr.No Salt concentration Temperature | Colour Absorbance
" (mM) (degrees) observed at A max
1. 1 mM CuSO, RT Intense brown 500 nm
Table 2: EDS table.
Element Weight % | Atomic %
C(K) 77.32 93.05 2.49
F(K) 0.48 0.37
Na(K) 3.79 2.38
Cu(K) 18.39 4.18
Table 3: XRD details of silver nanoparticles.
Nanoparticles Crvstal 20 of the
Sr.No. | Synthesized y intense peak hkl Crystallite size
structure
from salt (deg)
1. CuSO4 FCC 09.35 (111) ~4.0 nm
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CONCLUSION

In this paper we report rapid biosynthesis of copper nanoparticles from C.tagal stem extract.
The active constituents from C.tagal extract are responsible for simple and efficient reduction
of CuSO, to nanoparticles which could be further exploited to study its various properties.
Apart from being eco-friendly, this process can be easily scaled up thus reducing the steps in
downstream process and has economical viability providing an alternative to chemical
synthesis. As C.tagal has a high number of terpenoids and flavonoids, believed to add
stability and increased productivity of nanoparticles. From the present study it is found that
the rate of synthesis of nanoparticles can be controlled by varying the temperature and
concentration of metal salts. Further studies should be done to obtain monodispersed
nanoparticles. Separation of nanoparticles on the basis of shape and size should also be
focused to get target specific nanoparticles. Compounds responsible for reduction and
capping of nanoparticles should be properly identified and separated.

ACKNOWLEDGMENT

The work was financially supported by University Grant Commission, New Delhi, India to
the first author. We thank Institute of Bioinformatics and Biotechnology and Department of
Physics, Savitribai Phule Pune University, Pune, Department of Chemistry, University of
Mumbai and sophisticated analytical instrument facility (SAIF), IIT Bombay for accessing

Instrument facility. We declare no conflicts of interest.

REFERENCES

1. Willems VD. Roadmap report on nanoparticles. W&W Espana sl, Barcelona, Spain.,
2005; 157.

2. Moghimi SM, Hunter AC, Murray JC. Nanomedicine: current status and future prospects.
The FASEB journal, 2005 Mar; 19(3): 311-30.

3. Yoshida K, Tanagawa M, Matsumoto S, Yamada T, Atsuta M. Antibacterial activity of
resin composites with silver-containing materials. Euro Journ of Oral Sci., 1999 Aug;
107(4): 290-6.

4. Yoshida K, Tanagawa M, Atsuta M. Characterization and inhibitory effect of antibacterial
dental resin composites incorporating silver-supported materials. Journ of Biomed Mats
Rsch: An Official Journ of The Soc for Biomats, The Japanese Soc for Biomats, and The
Australian Soc for Biomats and the Korean Soc for Biomats, 1999 Dec 15; 47(4): 516-22.

WWW.wjpr.net Vol 7, Issue 18, 2018. 943




Ramteke et al. World Journal of Pharmaceutical Research

5. Dang TM, Le TT, Fribourg-Blanc E, Dang MC. The influence of solvents and surfactants
on the preparation of copper nanoparticles by a chemical reduction method. Adv in Nat
Sci: Nanosci and Nanotech, 2011 Apr 21; 2(2): 025004.

6. Liu G, Li X, Qin B, Xing D, Guo Y, Fan R. Investigation of the mending effect and
mechanism of copper nano-particles on a tribologically stressed surface. Tribology Letts.,
2004 Nov 1; 17(4): 961-6.

7. Cioffi N, Ditaranto N, Torsi L, Picca RA, Sabbatini L, Valentini A, Novello L, Tantillo
G, Bleve-Zacheo T, Zambonin PG. Analytical characterization of bioactive
fluoropolymer ultra-thin coatings modified by copper nanoparticles. Anal and bioanal
chem., 2005 Feb 1; 381(3): 607-16.

8. Gabbay J, Borkow G, Mishal J, Magen E, Zatcoff R, Shemer-Avni Y. Copper oxide
impregnated textiles with potent biocidal activities. Journ of Indus Tex., 2006 Apr; 35(4):
323-35.

9. LinYS, Vidic RD, Stout JE, Victor LY. Individual and combined effects of copper and
silver ions on inactivation of Legionella pneumophila. Water Rsch., 1996 Aug 1; 30(8):
1905-13.

10. Yu-sen EL, Vidic RD, Stout JE, McCartney CA, Victor LY. Inactivation of
Mycobacterium avium by copper and silver ions. Water Rsch., 1998 Jul 1; 32(7):
1997-2000.

11. Yoon KY, Byeon JH, Park JH, Hwang J. Susceptibility constants of Escherichia coli and
Bacillus subtilis to silver and copper nanoparticles. Sci of the Tot Envi., 2007 Feb 15;
373(2-3): 572-5.

12. Kumar VS, Nagaraja BM, Shashikala V, Padmasri AH, Madhavendra SS, Raju BD, Rao
KR. Highly efficient Ag/C catalyst prepared by electro-chemical deposition method in
controlling microorganisms in water. Journ of Mol Cat A: Chemical, 2004 Dec 1; 223(1-
2): 313-9.

13. Jain P, Pradeep T. Potential of silver nanoparticle-coated polyurethane foam as an
antibacterial water filter. Biotech and bioeng., 2005 Apr 5; 90(1): 59-63.

14. Li Z, Lee D, Sheng X, Cohen RE, Rubner MF. Two-level antibacterial coating with both
release-killing and contact-killing capabilities. Langmuir, 2006 Nov 21; 22(24): 9820-3.

15. Son WK, Youk JH, Park WH. Antimicrobial cellulose acetate nanofibers containing
silver nanoparticles. Carb Poly., 2006 Sep 13; 65(4): 430-4.

WWW.Wjpr.net Vol 7, Issue 18, 2018. 944




Ramteke et al. World Journal of Pharmaceutical Research

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

Esteban-Cubillo A, Pecharroman C, Aguilar E, Santarén J, Moya JS. Antibacterial
activity of copper monodispersed nanoparticles into sepiolite. Journ of Mats Sci., 2006
Aug 1; 41(16): 5208-12.

Ruparelia JP, Chatterjee AK, Duttagupta SP, Mukherji S. Strain specificity in
antimicrobial activity of silver and copper nanoparticles. Acta biomat., 2008 May 1; 4(3):
707-16.

Ravishankar Rai V, Jamuna Bai A. Nanoparticles and their potential application as
antimicrobials. A Méndez-Vilas A, editor. Mysore: Formatex, 2011.

Ghosh S, Patil S, Ahire M, Kitture R, Kale S, Pardesi K, Cameotra SS, Bellare J, Dhavale
DD, Jabgunde A, Chopade BA. Synthesis of silver nanoparticles using Dioscorea
bulbifera tuber extract and evaluation of its synergistic potential in combination with
antimicrobial agents. Int Journ of Nanomed, 2012; 7: 483.

Banerjee LK, Gosh D. Species diversity and distribution of Mangroves in India. book: An
anthology of Indian Mangroves, Ed. Prof. T. Kannupandi, 1998; 20-4.

Santhanakumar, G., Velmoni, A., Selvaraj, A. and Nagarajan, T.A. Pilot Project of
Mangrove afforestation. An Anthology of Indian Mangroves. Environmental information
system centre, Annamalai university ministry of Environment and forest, Govt of India,
New Delhi, 49. 1998.

Deshmukh S.V. and Karmarkar, S.M. Plantation of Mangroves in disturbed habitat of
Maharashtra. Proceedings of symposium on significance of mangroves. Maharahtra
Association for Cultivation of Science Research Institute, Pune., 1991; 24-30.

Selvam V. Environmental classification of mangrove wetlands of India. Curr Sci., 2003
Mar 25; 84(6): 757-65.

Premanathan M, Arakaki R, Ilzumi H, Kathiresan K, Nakano M, Yamamoto N,
Nakashima H. Antiviral properties of a mangrove plant, Rhizophora apiculata Blume,
against human immunodeficiency virus. Antivir Rsch., 1999 Dec 1; 44(2): 113-22.
Jhurani Bharti and Jadhav B.L. Evaluation of antimicrobial properties and activity guided
fractionation of mangrove species Rhizophora apiculata. Asian Journ of Microbio,
Biotech and Environ Sci., 2010; 12(4): 1-4.

Bose S, Bose A. Antimicrobial activity of Acanthus ilicifolius (L.). Indian journ of
pharma sci., 2008 Nov; 70(6): 821.

Thangam TS, Kathiresan K. Larvicidal effect of marine plant extracts on mosquito Culex
tritaeniorhynchus. Journ of Marine Bio Ass of India., 1989; 31(1-2): 306-7.

WWW.wjpr.net Vol 7, Issue 18, 2018. 945




Ramteke et al. World Journal of Pharmaceutical Research

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Babu BH, Shylesh BS, Padikkala J. Antioxidant and hepatoprotective effect of Acanthus
ilicifolius. Fitot., 2001 Mar 1; 72(3): 272-7.

Sun B, Wang X, Qiu W, Zhang H, Liang J. Anti-tumor effect of the dolabrane diterpenes
of ceriops tagal in Lewis lung carcinoma mice. Chi Cli Onc., 2010; 15(2): 127-31.

Du SS, Wang CF, Li J, Zhang HM, Liu QZ, Liu ZL, Deng ZW. Antifeedant diterpenoids
against Tribolium castaneum from the stems and twigs of Ceriops tagal
(Rhizophoraceae). Mol., 2011 Jul 20; 16(7): 6060-7.

He L, Wang YS, Wang QJ. In vitro antitumor activity of triterpenes from Ceriops tagal.
Natural product research, 2007 Dec 1; 21(14): 1228-33.

Bandaranayake WM. Bioactivities, bioactive compounds and chemical constituents of
mangrove plants. Wet eco and manag., 2002 Dec 1; 10(6): 421-52.

Gnanadesigan M, Anand M, Ravikumar S, Maruthupandy M, Vijayakumar V, Selvam S,
Dhineshkumar M, Kumaraguru AK. Biosynthesis of silver nanoparticles by using
mangrove plant extract and their potential mosquito larvicidal property. Asian Pac jour of
trop med., 2011 Oct 1; 4(10): 799-803.

Gnanadesigan M, Anand M, Ravikumar S, Maruthupandy M, Ali MS, Vijayakumar V,
Kumaraguru AK. Antibacterial potential of biosynthesised silver nanoparticles using
Avicennia marina mangrove plant. Appl Nano sci., 2012 Jun 1; 2(2): 143-7.

Swarnkar RK, Singh SC, Gopal R. Effect of aging on copper nanoparticles synthesized by
pulsed laser ablation in water: structural and optical characterizations. Bull of Mats Sci.,
2011 Dec 1; 34(7): 1363-9.

Moores A, Goettmann F. The plasmon band in noble metal nanoparticles: an introduction
to theory and applications. New Journ of Chem., 2006; 30(8): 1121-32.

Armendariz V, Herrera I, Jose-yacaman M, Troiani H, Santiago P, Gardea-Torresdey JL.
Size controlled gold nanoparticle formation by Avena sativa biomass: use of plants in
nanobiotechnology. Journ of Nanoparticle Rsch., 2004 Aug 1; 6(4): 377-82.

Mott D, Galkowski J, Wang L, Luo J, Zhong CJ. Synthesis of size-controlled and shaped
copper nanoparticles. Langmuir, 2007 May 8; 23(10): 5740-5.

Bhat R, Deshpande R, Ganachari SV, Huh DS, Venkataraman A. Photo-irradiated
biosynthesis of silver nanoparticles using edible mushroom Pleurotus florida and their
antibacterial activity studies. Bioinorg chem and appl., 2011; 2011.

Shankar SS, Rai A, Ahmad A, Sastry M. Rapid synthesis of Au, Ag, and bimetallic Au
core—Ag shell nanoparticles using Neem (Azadirachta indica) leaf broth. Journ of coll
and interface sci., 2004 Jul 15; 275(2): 496-502.

WWW.wjpr.net Vol 7, Issue 18, 2018. 946




Ramteke et al. World Journal of Pharmaceutical Research

41. Hu WM, Li MY, Li J, Xiao Q, Feng G, Wu J. Dolabranes from the Chinese mangrove,
Ceriops tagal. Journ of nat prods., 2010 Oct 1; 73(10): 1701-5.

42. Wang H, Li MY, Wu J. Chemical constituents and some biological activities of plants
from the genus Ceriops. Chem & biodiv., 2012 Jan; 9(1): 1-1.

43. Monshi A, Foroughi MR, Monshi MR. Modified Scherrer equation to estimate more
accurately nano-crystallite size using XRD. World Journ of Nano Sci and Eng., 2012 Sep
28; 2(3): 154-60.

44. Ghosh S, Patil S, Ahire M, Kitture R, Jabgunde A, Kale S, Pardesi K, Bellare J, Dhavale
DD, Chopade BA. Synthesis of gold nanoanisotrops using Dioscorea bulbifera tuber
extract. Journ of Nanomats, 2011 Jan 1; 2011: 45.

45. Kora AJ, Beedu SR, Jayaraman A. Size-controlled green synthesis of silver nanoparticles
mediated by gum ghatti (Anogeissus latifolia) and its biological activity. Org and med
chem lett., 2012 Dec; 2(1): 17.

WWW.Wjpr.net Vol 7, Issue 18, 2018. 947




