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ABSTRACT: The present investigation was aimed at synthesis, 

characterization and in-vitro antibacterial and anticancer activities of 

synthesized gold nanoparticles using bark extract of Ceiba pentandra 

(L.) Gaertn. The synthesized AuNPs were confirmed by a UV-vis 

spectrometer through observing the surface plasmon resonance peak at 

535 nm. Various other techniques, such as Fourier transform infrared 

spectroscopy (FTIR), X-ray diffraction (XRD), Selected area electron 

diffraction (SAED), and High- resolution transmission electron 

microscopy (HR-TEM) were also employed in the demonstration of 

the AuNPs properties. The synthesized gold nanoparticles were highly 

stable, spherical in shape, while other particles had irregular circles 

without uniform edges with average sizes of 20-48 nm. By using the 

agar well diffusion method, an attempt was made to evaluate the 

antibacterial activity of the metal nanoparticles against human 

pathogenic bacteria.  AuNPs showed efficient antibacterial activity, 

which was found to be more pronounced against gram-negative 

bacteria than gram-positive ones. Through MTT assay, cytotoxicity 

effects of the synthesized AuNPs were tested against HCT-116 colon 

cancer cell lines with an IC50 inhibitory concentration of 40 µg/ml. 

INTRODUCTION: The outbreak of infectious 

diseases and the development of antibiotic-resistant 

pathogens are at an alarming rate, and on top of 

that it has become a serious health issue since the 

morbidity and mortality associated with the 

microbial infections still remains high despite the 

increased knowledge of microbial pathogenesis and 

application of modern therapeutics 
1
.  
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Therefore, there is a pressing demand for 

pharmaceutical companies and the researchers to 

implement and discover novel strategies through 

the development of new and effective antimicrobial 

agents from natural and inorganic substances to 

control microbial infections 
2
.  

Some strategies have been employed, for instance, 

the modification of the current antibiotics through 

the alternation of the molecular structure or even 

synthesis of new antibiotics 
3
. However, the 

development of new antibiotics, involves high 

production cost and its time consuming 
4
. 

Similarly, cancer treatment and management are 

being faced up with many hindrances, for instance, 

multiple drug resistance, less drug reaching the 
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tumor site, nonspecific systemic distribution of 

antitumor agents, high toxicity, and intolerable 

cytoxicity 
5-7

. The most devastating factor about 

cancer is that the death rate is still on the rise, and 

there is no significant improvement in the past 

years, even though there are so many advanced 

high- tech solutions towards combating the disease.  

For instance, according to the statistical data in the 

year 2015 in India concerning colon cancer, 12,483 

males and 15,205 females were diagnosed.  There 

is a prediction that by the year 2020, the numbers 

would skyrocket to 13,420 and 19,013 cases, 

respectively 
8
. Therefore, this implies that great 

efforts are required in order to overcome both 

bacterial infections and cancer in order to increase 

patient survival, for instance, through the 

improvement and designing of new strategies, 

tools, and drugs 
9
. Previously researches have 

proved out that gold nanoparticles have unique 

physical and chemical properties, such as 

biocompatibility, stability, controllable size 

dispersity, nontoxic, and strong adsorbing capacity 

and hence can be used in a wide range of 

biomedical applications 
10-15

. 

The fight towards the human pathogenic infections 

and antibiotic resistance menace has been achieved 

and proven through the conjugation of the various 

metal nanoparticles with the antibiotics, gold 

nanoparticle, in particular, has been reported to 

enhance antimicrobial activity on vancomycin-

resistant enterococci when treated with vancomycin 

coated gold nanoparticles 
16

. Similarly, gold 

nanoparticles fabricated with plant materials as 

described out by various researches, have also 

proven to have a strong antimicrobial effect on a 

wide range of Gram-positive and Gram-negative 

bacteria 
17, 18

. 

Additionally, AuNPs have shown to possess vital 

abilities for instance, selectively recognizing cancer 

cells and enhance apoptotic effect 
19

. Another study 

by Brown et al., through combination of AuNPs 

nanobioconjugates of PEG linked with Oxaliplatin, 

significantly suppressed cytotoxicity and increased 

its ability to penetrate tumor cells 
20

. 

 Nanoparticles can be synthesized by different 

methods physical, chemical, and biological 
21-23

. 

However, the physical and chemical methods are 

expensive, use toxic solvents, which are hazardous 

and make them unsuitable for biomedical 

applications 
24

. Therefore, there is an increasing 

demand to develop environmentally feasible, low-

cost, energy-efficient, and high-yield procedures 

for their synthesis. So, the biological approaches 

(bacteria, fungi, yeasts, and plant extract) for 

synthesizing nanoparticles become more preferred 

alternative synthesis procedure 
25

. 

Ceiba pentandra, also known as silk-cotton, 

belongs to a family of Bombacaceae 
26

. This plant 

has been used in traditional medicine for the 

treatment of several ailments such as antifungal 
27

, 

and diabetes 
28

, antibacterial 
29,

 and anticancer 
30

. 

The present investigation was aimed at synthesis, 

characterization, and antibacterial activities of gold 

nanoparticles synthesized using bark extract of C. 

pentandra against human pathogens. 

MATERIALS AND METHODS: 

Collection and Identification of Plant Material: 

The bark of Ceiba pentandra (L.) Gaertn was 

collected from Ellispettai, Erode, Tamil Nadu, 

India, and the specimen were identified and 

authenticated by the Botanical Survey of India, 

Coimbatore (BSI/SRC/5/23/2018/Tech/2733). The 

specimens were stored in the Department of 

Biochemistry, Bharathidasan College of Arts and 

Science, Erode, Tamil Nadu, India.  

Preparation of Plant Extracts:  The bark of Ceiba 

pentandra sample was collected, cleaned, shade 

dried, and made into a coarse powder. 10 grams of 

each plant sample was immersed in 200 ml of 

different types of solvents of increasing polarity 

(petroleum ether, ethyl acetate, acetone, and 

ethanol). All samples were left at room temperature 

for three days. Then, samples were filtered using 

filter paper and concentrated using a vacuum rotary 

evaporator at 80 °C prior to drying process. Crude 

extracts were collected until thick and viscous paste 

or powder of extract is visible and stored at -20 ºC. 

Synthesis of Gold Nanoparticles: Gold 

nanoparticles were synthesized by adding 5 ml of 

ethanol extract of Ceiba pentandra bark to 45 ml of 

1mM  HAuCl4•3H2O solution at room temperature. 

The reduction process was incubated for various 

time points and monitored by UV-visible 

absorption spectroscopy from day 1 to day 
30

.  
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The change in color of the solution from pale 

yellow to ruby red indicated the reduction of Au
3+

 

ions to Au0. Gold nanoparticles were obtained by 

centrifuging the solution at 10,000 rpm for 30 min 

followed by repeated washing with water three 

times, and the lyophilized powder was stored for 

characterization. 

Characterization of Synthesized Gold 

Nanoparticles: The spectral response of 

synthesized AuNPs was studied using a UV–visible 

spectrophotometer (Shimadzu UV-1800) in the 

range of 300-700 nm. Fourier transform infrared 

spectroscopy (FTIR) results were obtained from a 

Jasco 6300 spectrometer (ATR mode) in the range 

of 400–4000 cm
-1

. The morphological studies, 

including size, shape, and distribution, were 

analyzed using HR-TEM, and selected area 

electron diffraction (SAED) (JEOL JEM-2000 EX 

microscope) patterns with an accelerated voltage of 

200 KV. Powder X-ray diffraction (XRD; Rigaku, 

Miniflex-600, Japan) was performed using an X-

ray diffractometer–Cu Kα radiation system to 

determine the structure of synthesized 

nanoparticles.  

Antibacterial Activity: 

Microorganisms used for the Study: The human 

pathogens microbial strains were acquired from the 

Institute of  Microbial  Technology  [IMTECH], 

Chandigarh.  Antibacterial activity was carried out 

for the biosynthesized AuNPs by the Agar-well 

diffusion method against human pathogens Gram-

positive Bacillus subtilis (MTCC-441),  

Staphylococcus aureus  (MTCC-96)  and Gram-

negative  Pseudomonas  aeruginosa  (MTCC-741) 

and Escherichia coli (MTCC-724) bacterium. 

Antibacterial Screening of Biosynthesized 

AuNPs: Four bacterial strains  -  Bacillus subtilis  

MTCC-441, Staphylococcus aureus  MTCC-96,  

Pseudomonas  aeruginosa  MTCC-741, and  

Escherichia coli MTCC-724-were  inoculated into 

the nutrient broth under aseptic conditions and 

incubated at  37  ºC for  18  h. 

After the incubation period, the bacteria to be 

tested were swabbed on the nutrient agar plate 

using a sterile cotton swab. Each bacterium was 

swabbed separately, and each plate is divided into 

five parts. Wells (6 mm) were made on a Muller 

Hinton Agar plate using a sterile cork borer under 

aseptic condition and were added with 25 μl, 50 μl, 

75 μl and 100 μl of each extract solution, separately 

to each well. All the plates were incubated at 37 °C 

for 24 hr. The antibacterial activity was assessed by 

measuring the diameter of the zone of inhibition (in 

mm). Ciprofloxacin was used as an antibacterial 

standard against all pathogens. Experiments were 

carried out in triplicates 
31

. 

Anticancer Activities of Synthesized AuNPs on 

HCT-116 Cells: The estimation of the potential 

cytotoxicity effect of the synthesized AuNPs on 

cancerous HCT-116 cell lines was done by MTT 

assay as described by Mosmann 
32

. HCT-116 cells 

(1 × 10
4
) were seeded in a 96-well plate. In an 

increasing concentration of (5-100 µg/ml) the cells 

were treated with CP-AuNPs and followed by 

incubation for 24 h at 37 ºC in the presence of 5% 

CO2 in an incubator. MTT solution (5 mg/ml) was 

added to the treated cell and further incubated at 37 

ºC for 4 h after which the formazan crystals were 

dissolved by adding 200 µl of DMSO. The viability 

of the cells was carried out by using a scanning 

multi-well microplate reader at 570 nm. Phase-

contrast microscopy was used to analyze the 

morphological changes in the cells after treatment 

with AuNPs. HCT-116 cells were exposed to 

AuNPs at 5–100 μg/ml for 24 h. 

RESULTS AND DISCUSSION: 

Color Change and UV–vis Spectroscopy: The 

present study attributes towards the synthesis of 

plant-mediated metallic nanoparticles as one of the 

viable substitutes for combating human pathogens. 

In the present study, the color change from pale 

yellow to ruby red, as shown in Fig. 1A was the 

first initial confirmation indicating the reduction of 

Au
3+

 ions to Au0 due to excitation of surface 

plasmon vibrations in AuNPs from Ceiba 

pentandra bark extract 
33

. The reduction process 

was incubated for various time points and 

monitored by UV-visible absorption spectroscopy 

from day 1 to day 
30

. CP- AuNPs showed a 

maximum peak at 535 nm after 30 days as shown 

in Fig. 1B was indicating the completion of the 

reduction process, which amplifies out that the 

increase of reaction time between the gold ions and 

biological reductant, lead to the synthesis of stable 

plasmonic peaks. Similar results were obtained by 
34

. 
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FIG. 1: SYNTHESIS OF AUNPS USING C. PENTANDRA BARK EXTRACT. : THE FIGURE REPRESENTS AuNPs 

EXHIBITING COLOR CHANGE FROM PALE YELLOW TO REDDISH BROWN DUE TO EXCITATION OF 

SURFACE PLASMON VIBRATIONS, INDICATING THE FORMATION OF AuNPs. (B) UV–VIS SPECTRA OF 

AUNPS 

 
FIG. 2: FT-IR SPECTRUM OF CEIBA PETANDRA 

GOLD NANOPARTICLES 

Characterization of CP-AuNPs: 

FTIR Studies: The FTIR spectroscopy was used to 

identify the major compounds that are responsible 

for the biological reduction of Au
3+

 ions to Au0 

from the bark extract of C. pentandra. The IR 

spectrum of gold nanoparticles Fig. 2 showed a 

distinct peak in the range of 3336, 2128, 1636, and 

722 cm
-1

 representing the presence of capping 

molecules with the nanoparticles. The FTIR a 

major peak, was obtained at 1,636 cm
-1

 indicating 

the presence of amide-I and amide II bonding from 

capped peptides; Annamalai et al., reported similar 

results 
35

. 

HR-TEM Analysis: HR-TEM analysis, as shown 

in Fig. 3, clearly illustrated that the shape and 

morphology of AuNPs which were variable shapes. 

Some particles were spherical while other particles 

had irregular circles without uniform edges.  

The average sizes of the particles were found to be 

20-40 nm. These differences in shape and size of 

nanoparticles synthesized by biological systems are 

common 
36, 37

. 

  
FIG. 3: HR-TEM IMAGES OF CEIBA PETANDRA GOLD NANOPARTICLES 

XRD Studies and SAED Analysis: The XRD 

spectrum of the C. pentandra AuNPs, as shown in 

Fig. 4 confirmed that the NPs formed were in the 

form of nanocrystals. The AuNPs, demonstrated 

the peaks at 2θ values corresponding to [111], 

[200] and [220], three important peaks related to 

their standard Bragg reflections.  The diffraction 

peaks obtained by Scherrer's equation were at 38.41 

[111], 44.40 [200], and 67.57 [220]. The crystalline 

nature of AuNPs was also confirmed by SAED Fig. 

A B 
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5. In this study, we observed that bright circular 

pattern rings in the nanoparticles. This might be the 

reflection from the lattice planes of crystalline Au 

nanoparticles. These similar results have been 

previously reported 
38

. 

 
FIG. 4: XRD PATTERNS OF SYNTHESIZED GOLD 

NANOPARTICLES USING BARK EXTRACT OF 

CEIBA PENTANDRA 

 
FIG. 5: SAED OF CEIBA PENTANDRA GOLD NANO-

PARTICLES 

Antibacterial Activity of AuNPs: The results of 

our study showed that the synthesized AuNPs had a 

significant inhibiting activity on all four bacteria in 

tested concentrations Fig. 6. Among the gram-

positive organism, B. subtilis was found to be more 

sensitive with the inhibition of 12.7 mm, while S. 

aureus was slightly less sensitive with 12.5 mm. 

There was no zone of inhibition for S. aureus at a 

concentration of 25 μl. Further from the study, it 

was observed that among gram-negative organisms, 

P. aeruginosa was found to be more sensitive with 

the inhibition of 12.2 mm, and E. coli was slightly 

less sensitive with 10.3 mm as shown in Table 1.  

Previous researches have shown out gold 

nanoparticles containing well-defined chemical 

stability and being with a smaller size than the 

bacteria penetrate easily into the bacterial organism 
39

. From our results, gram-negative bacteria had a 

higher zone of inhibition in comparison to gram-

positive, since gram-negative posses a thin 

peptidoglycan cell wall 
40

.  

The exact mechanism is still unknown, though 

some researchers have proposed out for instance, 

that the reaction between gold ions and SH groups 

of protein leads to bacterial inactivation 
41

. The 

ability of AuNPs to bind and penetrate the bacterial 

cell wall, hence attacking the respiratory 

mechanism, leading to cell division, thereby 

causing cell death, might be another factor 
42

. 

TABLE 1: GOLD NANOPARTICLES AGAINST HUMAN PATHOGENS 

Zone inhibition (mm in diameter) 

Bacterial strains 25 50 75 100 Standard Ciprofloxacin (5 µg) 

Escherichia coli -- -- 8.2±0.11 10.3±0.42 17.8±0.43 

Pseudomonas aeruginosa -- 8.6±0.34 9.4±0.25 12.2±0.36 23.5±0.62 

Bacillus subtilis 8.1±0.85 9.1±0.18 10.1±0.16 12.7±0.51 19.6±0.54 

Staphylococcus aureus -- 9.3±0.25 11.2±0.09 12.5±0.48 18.9±0.35 

Values were expressed in mean ± Standard deviation. -- : No zone of inhibition 

Effect of AuNPs cytotoxicity on HCT-116 Cells: 

Through MTT assay, the cytotoxic effect of the 

synthesized AuNPs, at different concentrations of 

(5-100 µg/ml) on HCT-116 cell lines were 

confirmed. After 24 h incubation variations were 

observed between the control and treated cell lines. 

The IC50 inhibitory concentration was found to be 

at 40 µg/ml Fig. 7A. Therefore, for this study, 20 

µg/ml and 40 µg/ml concentrations were selected 

for the optimal treatment for the other anticancer 

studies. Similar studies to this were carried out by 

various researchers using gold nanoparticles 

synthesized from various plant extracts and 

different cell lines 
43, 44

. There was no significant 

change observed in the morphology of control 

HCT-116 cells. The control cells appeared in 

normal shape and were attached to the surface Fig. 

7B. However, the HCT-116 cells exposed to 

AuNPs showed morphological changes, including 

cell shrinkage and formation of apoptotic bodies, 

which were due to the cytotoxic effects and the 

ability of the synthesized nanoparticles to induce 

stress hence leading to cell death 
45, 46

. 
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 ESCHERICHIA COLI                                              PSEUDOMONAS AERUGINOSA 

  
                                       BACILLUS SUBTILIS                                           STAPHYLOCOCCUS AUREUS 

FIG. 6: ANTIBACTERIAL ACTIVITIES OF CEIBA PETANDRA GOLD NANOPARTICLES AGAINST HUMAN 

PATHOGENS A- 25 µl;  B- 50 µl; C- 75 µl;D- 100 µl; E- Positive 

 

  
                                                   CONTROL                                                         40 µg/mL CP-AUNPS 

FIG. 7: (A) CYTOTOXICITY POTENTIAL OF CP-AuNPs (5-100 µG/ML) ON HCT-116 CELLS USING MTT ASSAY. ALL DATA 

WERE EXPRESSED IN MEAN ± SD OF THE THREE EXPERIMENTS. (B) MICROSCOPY IMAGES SHOWING THE EFFECT 

OF CP-AuNPs MORPHOLOGICAL CHANGES IN HCT-116 CELLS. (I) CONTROL (II) 40µg/mL OF CP-AuNPs 

A B 

C D 

A 

B 

I II 
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CONCLUSION: The present study attributes 

towards the synthesis of plant-mediated gold 

nanoparticles as one of the viable substitutes for 

combating human pathogens and cancer activities. 

The results obtained in the present investigations 

are promising enough for future studies to elucidate 

the exact mechanisms responsible for the 

antibacterial and anticancer activities. 

ACKNOWLEDGEMENT: The authors wish to 

thank Sci-gen Research Centre for providing all the 

facilities and support during this research. 

CONFLICTS OF INTEREST: The author 

declares no conflict of interest. 

SOURCE OF FUNDING: Self 

REFERENCES: 

1. Wang L, Hu C and Shao L: The antimicrobial activity of 

nanoparticles: present situation and prospects for the 

future. International Journal of Nanomedicine 2017; 12: 

1227-49 

2. Jena P, Mohanty S, Mallick R, Jacob B and Sonawane A: 

Toxicity and antibacterial assessment of chitosan-coated 

silver nanoparticles on human pathogens and macrophage 

cells. International Journal of Nanomedicine 2017; 12: 

1805-18 

3. Kirkpatrick P: Pinpoint attack on resistance. Nature 

Reviews Drug Discovery 2006; 5: 284-84. 

4. Rai A, Prabhune A and Perry CC: Antibiotic mediated 

synthesis of gold nanoparticles with potent antimicrobial 

activity and their application in antimicrobial coatings. J 

Mater Chem 2010; 20: 6789-98 

5. Blanco E, Hsiao A and Mann AP: Nanomedicine in cancer 

therapy: Innovative trends and prospects. Cancer Sci 2011; 

10; 21247-52  

6. Shabaruddin FH, Chen LC, Elliott RA and Payne K: A 

systematic review of utility values for chemotherapy-

related adverse events. Pharmaco Economics 2013 31; 

277-88. 

7. Narang AS and Desai DS: Anticancer drug development. 

In: Lu Y., Mahato R. (eds) Pharmaceutical Perspectives of 

Cancer Therapeutics. Springer, New York, 2009; 49-92 

8. Takiar R, Nadayil D and Nandakumar A: Projections of 

number of cancer cases in India (2010–2020) by cancer 

groups. Asian Pac J Cancer Prev 2010; 11: 1045-49. 

9. Misra R, Acharya S and Sahoo SK: Cancer nano-

technology: application of nanotechnology in cancer 

therapy. Drug Discov Today 2010; 15: 842-50. 

10. Huang X and El-Sayed MA: Gold nanoparticles: optical 

properties and implementations in cancer diagnosis and 

photothermal therapy. J Adv Res 2010; 1(1): 13-28. 

11. Malarkodi CH, Rejeshkumar S,  Vanaja M, Paul kumar K, 

Gnanajobitha G and  Annadurai G: Eco-friendly synthesis 

and characterization of gold nanoparticles using Klebsiella 

pneumonia. J Nanostruct Chem 2013; 3(1): 30-36. 

12. Daisy P and Saipriya K: Biochemical analysis of Cassia 

fistula aqueous extracts and phytochemically synthesized 

gold nanoparticles as hypoglycemic treatment for diabetes 

mellitus. Int J Nanomed 2012; 7: 1189-02. 

13. Tahir K, Nazir S, Li B, Khan AU, Khan ZUH, Gong PY, 

Khan SU and Ahmad A: Nerium oleander leaves extract 

mediated synthesis of gold nanoparticles and its 

antioxidant activity. Mater Lett 2015; 156: 198-01. 

14. Jeyara Mj,  Arun R,  Sathishkumar G, Mubarak AD , 

Rajesh M, Sivanandhan G, Kapildev G,  

Manickavasagama M, Thajuddin N and Ganapathi A: An  

evidence  on  G2/M  arrest,  DNA  damage  and  caspase  

mediated apoptotic  effect  of  biosynthesized  gold  

nanoparticles  on  human cervical  carcinoma  cells  

(HeLa) Materials  Research  Bulletin  2014; 52: 15-24 

15. Dreaden EC, Alkilany AM, Huang X, Murph CJ and El-

Sayed MA: The golden age: gold nanoparticles for 

biomedicine. Chem Soc Rev 2015; 41: 2740-79. 

16. Gu H, Ho PL, Tong E, Wang L and Xu B: Presenting 

vancomycin on nanoparticles to enhance antimicrobial 

activities. Nano Lett 2003; 3: 12-61. 

17. Annamalai A, Christina VLP, Sudha D, Kalpana and 

Lakshmi PTV: Green synthesis, characterization and 

antimicrobial activity of Au NPs using Euphorbia hirta L. 

leaf extract. Colloids Surf. B: Biointerfaces 2013; 108: 60-

65 

18. Li X, Robinson SM, Gupta A, Saha K, Jiang Z, Moyano 

DF, Sahar A, Riley MA and Rotello VM: Functional gold 

nanoparticles as potent antimicrobial agents against multi-

drugresistant bacteria. ACS Nano 2014; 8: 10682-86 

19. Chang MY and Shiau AL: Increased apoptotic potential 

and dose-enhancing effect of gold nanoparticles in 

combination with single-dose clinical electron beams on 

tumor-bearing mice. Cancer Sci 2008; 99: 1479-84. 

20. Brown SD, Nativo P and Smith JA: Gold nanoparticles for 

the improved anticancer drug delivery of the active 

component of oxaliplatin. J Am Chem Soc 2010; 132: 

4678-84. 

21. Meyre ME, Tréguer-Delapierre M and Faure C: Radiation 

induced synthesis of gold nanoparticles within lamellar 

phases. Formation of aligned colloidal gold by radiolysis. 

Langmuir 2008; 24: 4421-25 

22. Kundu S, Lau S and Liang H: Shape-controlled catalysis 

by cetyltrimethyl ammonium bromide terminated gold 

nanospheres, nanorods, and nanoprisms. J Phys Chem C 

2009; 113: 5150-56 

23. Narayanan KB and Sakthivel N: Coriander leaf mediated 

biosynthesis of gold nanoparticles. Mater Lett 2008; 62: 

4588-90 

24. Li H, Carter JD and Labean TH: Nanofabrication by DNA 

self-assembly. Materials Today 2009; 12 (5): 24–32. 

25. Mohanpuria P, Rana NK and Yadav SK: Biosynthesis of 

nanoparticles: technological concepts and future 

applications. J Nanopart Res 2008; 10(3): 507-17. 

26. Kumar R, Kumar N, Ramalingayya GV, Setty MM and Pai 

KSR: Evaluation of Ceiba pentandra (L.) Gaertner bark 

extracts for in-vitro cytotoxicity on cancer cells and in-vivo 

antitumor activity in solid and liquid tumor models. 

Cytotechnology 2016; 68: 1909-23. 

27. Peter A and Lateef AO: Comparative evaluation of Ceiba 

pentandra ethanolic leaf extract, stem bark extract and the 

combination thereof for in-vitro bacterial growth 

inhibition. Journal of Natural Sciences Research 2012; 

2(5): 120-34. 

28. Christian KF, Sylvie LW, Elvine PN, Albert DA, Pierre 

W, Albert K, Tsabang N and Télesphore BN: In-vitro anti-

hyperglycemic and antioxidant properties of extracts from 

the stem bark of Ceiba pentandra. Journal of 

Complementary and Integrative Medicine 2014; 11(3): 

185-93 



Brian and Selvi, IJPSR, 2020; Vol. 11(11): 5643-5650.                                 E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              5650 

29. Kuruvilla J and Anilkumar M: Pharmacognostical studies 

in the leaves of Ceiba pentandra (L.) Gaertn. Journal of 

Pharmacognosy and Phytochemistry 2018; 7(6): 46-54 

30. Abouelela ME, Orabi MAA, Abdelhamid RA, Abdelkader 

MSA and Darwish FMM: Chemical and cytotoxic 

investigation of non-polar extract from Ceiba pentandra 

(L.) Gaertn.: a study supported by computer based 

screening. Journal of Applied Pharmaceutical Science 

2018; 8(07): 057-64. 

31. Bauer AW, Kirby MDK, Sherras JC and Trick M: 

Antibiotic susceptibility testing by standard single disc 

diffusion method. Am J Clin Pathol 1986; 45: 493-96 

32. Mosmann T: Rapid colorimetric assay for cellular growth 

and survival: application to proliferation and cytotoxicity 

assays. J Immunol Methods 1983; 65: 55-63. 

33. Mulvaney P: Surface plasmon spectroscopy of nanosized 

metal particles. Langmuir 1996; 12: 788-00. 

34. Bhattacharya D and Gupta NK: Nanotechnology and 

potential of microorganisms. Cri Rev Biotechnol  2005; 

25: 199-04 

35. Annamalai J and Nallamuthu T: Characterization of 

biosynthesized gold nanoparticles from aqueous extract of 

Chlorella vulgaris and their anti-pathogenic properties. 

Appl Nanosci 2015; 5: 603-07 

36. Xie J, Lee JY, Wang DIC and Ting YP: Identification of 

active biomolecules in the high yield synthesis of single 

crystalline gold nanoplates in algal solutions. Small 2007; 

3: 672-82 

37. Shankar DS, Majumdar R, Sikder AK, Gopal BB and 

Kumar PB: Saraca indica bark extract mediated green 

synthesis of polyshaped gold nanoparticles and its 

application in catalytic reduction. Appl Nanosci 2014; 4: 

485-90 

38. Chwalibog A, Sawosz E, Hotowy A, Szeliga J, Mitura S, 

Mitura K, Grodzik M and Sokolowska P: Visualization of 

interaction between inorganic nanoparticles and bacteria or 

fungi. Int J Nanomed 2010; 5: 1085-94 

39. Zhan G, Huang J, Lin L, Lin W, Emmanuel K and Li Q: 

Synthesis of gold nanoparticles by Cacumen platycladi 

leaf extract and its simulated solution: toward the plant-

mediated biosynthetic mechanism. J Nanopart Res 2011; 

13: 4957-68 

40. Guzman M, Dille J and Godet S: Synthesis and 

antibacterial activity of silver nanoparticles against gram-

positive and gram negative bacteria. Nanomedicine: 

Nanotechnology, Biology and Medicine 2012; 8: 37-45. 

41. Rai A, Prabhune A and Perry CC: Antibiotic mediated 

synthesis of gold nanoparticles with potent antimicrobial 

activity and their application in antimicrobial coatings. 

2010; 20: 6789-98 

42. Ravishankar RV and Jamuna BA: Nanoparticles and their 

potential application as antimicrobials. Sci Against Microb 

Pathog  Commun Curr Res Technol Adv 2011; 1: 197-09 

43. Soshnikova PV, Kim YJ, Singh P, Huo Y, Markus J, Ahn 

S, Castro-Aceituno V, Kang J, Chokkalingam M, 

Mathiyalagan R and Yang DC: Cardamom fruits as a 

green resource for facile synthesis of gold and silver 

nanoparticles and their biological applications. Artificial 

Cells, Nanomedicine and Biotechnology 2018; 46: 108-17. 

44. Linhua Q, Weihua S, Yan W, Minyan D, Wenzhi Z and 

Changlin W: Synthesis and characterization of gold 

nanoparticles from aqueous leaf extract of Alternanther 

asessilis and its anticancer activity on cervical cancer cells 

(HeLa). Arti Cells, Nano and Biotech 2019; 47: 1173-80 

45. Wu T, Duan X, Hu C, Wu C, Chen X, Huang J, Liu J and 

Cui S: Synthesis and characterization of gold nanoparticles 

from Abiesspect abilis extract and its anticancer activity on 

bladder cancer T24 cells, Artif. Cells, Nanomed 

Biotechnol 2019; 47: 512-23.  

46. Jeyaraj M, kumar SG, Sivanandhan G, MubarakAli D, 

Rajesh M, Arun R, Kapildev G, Manickavasagam M, 

Thajuddin N, Premkumar K and Ganapathi A: Biogenic 

silver nanoparticles for cancer treatment: an experimental 

report, Colloids Surf.  B:  Biointerfaces 2013; 106: 86-92.

 

 

 

All © 2013 are reserved by the International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Brian MO and Selvi S: Biosynthesis and characterization of gold nanoparticles from Ceiba pentandra (l.) Gaertn bark and evaluation of its 

antibacterial and anticancer activity. Int J Pharm Sci & Res 2020; 11(11): 5643-50. doi: 10.13040/IJPSR.0975-8232.11(11).5643-50. 


