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INTRODUCTION 

Metal nanoparticles (MNPs) are material structures 

which possess high surface area to volume ratio due to 

their unique physicochemical characters including 

catalytical, optical, electronic, magnetic and 

antimicrobial properties.
[1]

 Usually, chemical methods 

are used for synthesis and stabilization of MNPs but 

green chemistry methods are preferred as they provide 

clean, non-toxic and eco-friendly synthesis of NPs.
[2] 

Also, these green methods are cost-effective and get 

easily scaled up for large scale synthesis of NPs without 

the use of high energy, temperature and toxic 

chemicals.
[3]

 Biosynthesis of MNPs can be carried out 

using bacteria, fungi, yeast and actinomycetes but the use 

of plants for synthesis reduces the cost as well as there is 

no need for isolation and maintenance of culture.
[3]  

 

Holarrhena antidysenterica (H.A.) commonly known as 

kurchi, is a rasayana herb used in Indian system of 

medicine.
[4]

 Bark and seed of this plant are used in 

Ayurveda as an anti- microbial, anti-diarrhoeal treatment 

and in treating gaestroentritis.
[5] 

In literature only leaves 

are reported to have wound healing and cytotoxic 

activity is available using this plant for AgNPs synthesis 

and wound healing and anticancer potential, therefore in 

this research paper, the study was undertaken to 

synthesize AgNPs using stem and seed extract and 

evaluate the anti-cancer and wound healing activity of 

extract and AgNPs of stem and seed of H.A. in vitro. 

The production of AgNPs through phytosynthesis has 

shown advanced cytotoxic effect against various cancer 

cell lines and has attracted oncologists for their use since 

it targets the mitochondrial system thereby limiting ATP 

and altering other biological mechanistic pathways for 

cell survival.
[6]

 Different cell types investigated for their 

cytotoxicity using AgNPs including NIH 3T3 fibroblast 

cells
[7]

, HeLa cells
[8]

 and human glioblastoma cells.
[9] 

The cytotoxic effect of AgNPs synthesized using Piper 

longum also had significant cytotoxic effect (94 % 500 

ug/mL) against invasive cells of Hep-2 cell line.
[10] 

 

Wound healing is regarded as a complex and multiple 

step process involving integration of activities of 

different tissues and cell lineages. The most well 

documented and commonly used application of silver 

nanoparticles for this wound healing is in the use of 

wound dressings. The study concluded that silver 

nanoparticle dressing has a beneficial effect of protecting 

the wound site from bacterial contamination. Compared 

with other silver compounds, AgNPs seem also to 

promote healing and achieve better recovery after 

healing.
[11] 

 

MATERIALS AND METHODS 

1. Preparation of Plant Extracts  
The stem and seed of H.A. were collected from Karjat in 

the month of May-June during their flowering season 

The H.A. plant has been identified and authenticated by 

Botanical Survey of India, Pune. The stem of H.A. was 
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collected from Karjat, Maharashtra, washed with sterile 

distilled water, dried and then made it to powder using 

grinder.  

 

1 g of stem and seed powder were mixed with 10 cm
3
 of 

water and sonicated for 10 min. The extracts were 

filtered through Whatman No. 1 filter paper and stored in 

refrigerator until further use.
[4] 

 

2. Biosynthesis of AgNPs 

AgNPs were synthesized by mixing 9 mL aqueous 

AgNO3 solution (1 mM) with 1cm
3
 stem extract and 

incubated the mixture in an ultrasonic bath for 15 min for 

reduction of Ag ions.
[4] 

 

3. Characterization of Silver Nanoparticles 

The reduction of pure silver ions was observed using the 

UV-Vis spectrum of the reaction mixture. In this study, a 

Shimadzu spectrophotometer was used for observing the 

spectrum at 200 to 800 nm wavelength range. For 

detection of functional groups responsible for reducing 

and stabilizing AgNPs, FTIR analysis was carried out. 

FTIR spectrum in the range 4000–600 cm
-1

 at a 

resolution of 4 cm
-1

 was used for the analysis of the 

nanoparticles. Morphology of synthesized AgNPs was 

observed using Transmission Electron Microscopy 

(TEM) at different magnifications. 

 

4. In vitro Cytotoxicity (MTT Assay) 

10,000 HeLa cells per well were seeded in 96 well plates 

and kept in CO2 incubator [5 % CO2 & 37°C]. Drug 

treatment were given in triplicates at concentration range 

of 0.01- 0.07 μg/ mL. 10 µL of MTT reagent [5 mg/ mL] 

was added and kept in CO2 incubator [5% & 37°C] for 4 

hrs. after addition of 100 µL of DMSO, plate was further 

incubated in dark for 30 min at 37   C. The plate was read 

on multimode reader at 540 nm. The percentage of 

growth inhibition was calculated using the formula 100 - 

OD of sample/OD of control X 100. IC50 values were 

calculated.  

 

5. Wound Healing Assay  

The wound healing assay or cell migration assay is an 

easy, low-cost and well-standardised method to measure 

cell migration in vitro. HaCat Cells were seeded at the 

density 10,000 cells/well in 96-well plate. The cells were 

allowed to grow for 72 hrs in order to get the monolayer. 

Scratch was made in each well by sterile tip. The 

medium was replaced with fresh complete medium 

containing study drug. Images were taken immediately 

and recorded as 0 hr time. Each well was observed after 

24 Hrs. Width of each scratch was measured using Image 

J software. 

 

RESULTS AND DISCUSSION 

1. Bio-synthesis and Characterization of Silver 

Nanoparticles 

The shape and size of green synthesised AgNPs of H.A. 

stem and seed were confirmed by various sophisticated 

techniques. 

 

UV-Vis Spectroscopy  
The biosynthesis of AgNPs using stem extract of H.A. 

was monitored by UV-Vis spectrophotometer. After the 

reaction of aqueous solution of AgNO3 with H.A. stem 

and seed extract, reaction mixture started changing its 

colour from light yellow to dark brown due to excitation 

of surface plasmon resonance. UV-Vis absorption 

spectrum shows surface plasmon resonance (SPR) at 421 

nm and 412 nm (Figure.1.), indicating the formation of 

silver nanoparticles. 

 

 
(a)                                                                             (b) 

Figure: 1. UV- Vis spectroscopy of AgNPs of H.A. a) stem b) seed which shows the SPR resonance in range of 

410-440 nm. 

 

FTIR Spectroscopy  

FTIR spectroscopic measurement was carried out to 

identify the possible bio molecules present in extract of 

H.A. (stem and seed) as well as in their AgNPs which are 

responsible for capping of Ag nanoparticles leading to 

the efficient stabilization of the silver nanoparticles. IR 

spectra of silver nanoparticles observed by the reduction 

of Ag
+ 

ions using each of the extracts are presented in 

Figure 2. 
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a) H.A. seed extract. 

 

 
b) AgNPs of H.A. seed. 

 

 
c) H.A. stem extract 

 

 
d) AgNPs of H.A. stem. 

Figure. 2. FTIR spectra of extracts and AgNPs of H.A. stem and seed which demonstrates the functional groups 

involved in reduction of AgNO3 in comparison with the plant extract. 
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TEM Analysis 

TEM micrograph of silver nanoparticles synthesized by 

H.A. stem and seed extract reveals that the AgNPs have 

spherical morphology with the size range of 12-36 nm as 

depicted in Figure 3. TEM micrograph also reveals that 

all nanoparticles are well separated and show no 

agglomeration. 

 

 
Stem 

 

 
Seed 

Figure: 3. TEM analysis of AgNPs of H.A. stem and 

seed showed spherical shape of AgNPs with size range 

of 12-36 nm. 

 

2. In vitro cytotoxicity (MTT Assay) 

The anticancer activity of extracts and AgNPs of H.A 

(stem and seed) against HeLa cell line was evaluated by 

MTT assay. Treatment with samples at concentration of 

0.01, 0.03, 0.05 and 0.07 μg/ mL for 48 hrs resulted in 

reduction in cell viability for HeLa cells. Calculated IC50 

values are represented in the Table 1. AgNPs of HA seed 

showed good in vitro cytotoxicity followed by AgNPs of 

seed against HeLa cell line. 

 

Table: 1. Anti-cancer activity of Holarrhena 

antidysenterica 

S. No. Sample IC50 (μg/ mL) 

1 HA stem extract 0.0039 

2 HA stem AgNPs 0.0152 

3 HA seed extract 0.019 

4 HA seed AgNPs 0.189 

 

 

3. Wound Healing Assay  
The wound healing activity of the AgNPs against HaCat 

cells (keratinocytes) was observed as depicted in Figure 

4 and Table 2. The extracts and AgNPs of H.A. (stem 

and seed) showed specifically migration of cells. 

 

 
A 

 
B 

 
C 

 
D 

Figure: 4.Wound healing activity of H.A. – A) & B) 

stem and seed (pre-treatment) C) & D) stem and seed 

(post treatment) 
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Table. 2. Wound healing activity of Holarrhena 

antidysenterica. 

S. No. Sample % Migration 

1 HA stem extract 102 

2 HA stem AgNPs 9 

3 HA seed extract 18 

4 HA seed AgNPs 61 

 

4. CONCLUSION 

In this paper for the first time, we have reported that the 

biosynthesis and characterization of AgNPs from H.A. 

seed and stem and also explored the wound healing and 

in vitro cytotoxicity of H.A. extracts and AgNPs using 

Holarrhena antidysenterica in vitro. Our results 

suggested that with the aid of metal based nanoparticles, 

conditional chemotherapeutic agents may have even 

broader range of applications in future such as direct 

targeting to tumour cells in cancer treatment. The AgNPs 

of H.A. stem and seed may offer great opportunities for 

improving wound treatments because the silver 

nanoparticle dressings are now the gold standard in the 

conservative treatment of wounds and burns.  

 

5. ACKNOWLEDGEMENT 

We thank sophisticated analytical instrument facility 

(SAIF), IIT Bombay for accessing TEM facility and 

Ramanathan Research Lab, Ramnarain Ruia College for 

assisting in UV-Vis and FTIR facility. We would also 

like to thank Dr.Nishigandha Naik for providing with 

MTT assay and wound healing activity. 

 

6. REFERENCES 

1. Bhagavathy, B., Kancharla, Sirisha. Wound healing 

and angiogenesis of silver nanoparticle from 

Azadirachta indica in diabetes induced mice. 

International Journal of Herbal Medicine, 2016; 

4(5): 24-29. 

2. Bhakya, S., Muthukrishnan, S., Sukumaran, M., 

Muthukumar, M. Biogenic synthesis of silver 

nanoparticles & their antioxidant & antibacterial 

activity. Applied Nanoscienes, 2015; 13204-13215. 

3. Makarov, V., Love, A., Sinitsyna, O., Yaminsky, S. 

M. I., Taliansky, M., Kalinina, N. Green 

nanotechnologies: Synthesis of metal nanoparticles 

using plants. Acta Naturae, 2014; 6(1): 35-44.  

4. Barve, R., Chaughule, R. Size-dependent in vivo/in 

vitro results of homoeopathic herbal extracts. 

Journal of Nanostructure in Chemistry, 2013; 3(1): 

18-22. 

5.  Dabhade, K., Pednekar, S., Chaughule, R., 

Barve, R. Clinical Studies of Gastro-Intestinal 

Condition Using Holarrhena antidysenterica Stem 

Tincture And Its Comparison With Silver 

Nanoparticles, International Research Journal of 

Pharmacy, 2016; 7(11): 47-52. 

6. Gengana R. M., Ananda K., Phulukdareeb A., 

Chuturgoon A. A549 lung cell line activity of 

biosynthesized silver nanoparticles using Albizia 

adianthifolia leaf, Colloids Surface B: Biointerfaces, 

2013; 105: 87-91.  

7. Miura N., Shinohara Y. Cytotoxic effect and 

apoptosis induction by silver nanoparticles in HeLa 

cells. Biochemistry Biophysics Research 

Communication, 2009; 390: 733-737.  

8. Hsin Y. H., Chen C. F., Huang S., Shih T. S., Lai P. 

S., Chueh P. J. The apoptotic effect of nanosilver is 

mediated by a ROS- and JNK-dependent mechanism 

involving the mitochondrial pathway in NIH3T3 

cells. Toxicology Letter, 2008; 179: 130-139.8 

9. Asha R. P. V., Low K. M. G., Hande M. P., 

Valiyaveettil S. Cytotoxicity and genotoxicity of 

silver nanopar.ticles in human cells. ACS Nano, 

2009; 3: 279-290.  

10. Sukirtha R., Priyanka K., Antony J. J., 

Kamalakkannan S., Thangam R., Gunasekaran P. 

Cytotoxic effect of Green synthesized silver 

nanoparticles usingMelia azedaracha against in vitro 

HeLa cell lines and lymphoma mice model. Process. 

Biochem, 2012; 47: 273-279.  

11. Bhagavathy, S., Kancharla, S. Wound healing and 

angiogenesis of silver nanoparticle from Azadirachta 

indica in diabetes induced mice. International 

Journal of Herbal Medicine, 2016; 4(5): 24-29.  

 

 

 

 

 

 

 

 

 

 


