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ABSTRACT

Objective: The objective of this study is to explore a rapid, bio-inspired approach to synthesize silver nanoparticles (AgNPs) using aqueous 
Nardostachys jatamansi leaf extract and evaluate its antioxidant and cytotoxic activities on human colon carcinoma (HCT-116) cell lines.

Methods: The biosynthesized nanoparticles were analyzed using ultraviolet-visible spectrophotometer, scanning electron microscope (SEM), energy 
dispersive X-ray, X-ray diffractometer (XRD), and Fourier transform infrared spectroscopy. Free radical scavenging and cytotoxic studies were carried 
out at different concentrations of AgNPs (20-100 μg/mL) using antioxidant 2,2-diphenyl-1-picrylhydrazil (DPPH) and mitochondrial function assay 
methods.

Results: Surface plasmon resonance spectrum at 434 nm confirmed the formation of AgNPs. SEM images show biosynthesized AgNPs are mostly 
spherical shaped within the range of 30.0-58.7 nm. XRD analysis reveals the crystallographic face-centered cubic structure of the AgNPs. Thus, 
synthesized metal nanoparticles were tested for antioxidant activity by DPPH assay, and anticancer activity was validated by lactate dehydrogenase 
leakage assay. Significant antioxidant property was observed as compared to standard L-ascorbic acid. Further, AgNPs showed a linear dose-response 
relationship against HCT-116 cell lines with increasing concentration of AgNPs. At a concentration of 20 μg/mL, AgNPs were able to inhibit the cell 
line’s growth by less than 9.8 ± 0.7%, whereas 100 μg/mL of AgNPs significantly inhibited the cell line’s growth greater than 90.4 ± 0.25%.

Conclusion: The synthesized AgNPs were found to be highly stable and had significant antioxidant and anticancer activity against HCT-116 cell lines. 
It has wide applications in the biomedical field and can be produced with eco-friendly, rapid scale-up, and easy downstream processing.
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INTRODUCTION

In the last decades, nanotechnology-based products have come up 
with a wide spectrum of applications in the field of optoelectronics, 
lithography, photography, biomedicals, etc. [1-3]. The success of 
nanotechnology largely relies on engineered nanomaterials due to 
their extensive physicochemical properties such as composition, 
controlled shape and size, morphology, high surface to volume 
ratio, and stability. Conventionally, various physical and chemical 
methods [4-7] such as thermal evaporation [8,9], photochemical 
reduction [10], electrochemical reduction [11,12], and sonochemistry 
methods are regularly used to synthesize the nanomaterials. Adversely, 
overexploitation of nanomaterials causes a serious threat in the 
environment and water bodies. During synthesis, various hazardous 
chemicals, such as SDS, haxamine, β-mercaptanol and their by-products 
are exposed to the biotic and abiotic systems [13]. Alternatively, rapid, 
cost-effective and eco-friendly approach has been proved to be an 
alternative way to synthesize bionanomaterials.

Recently, various types of microorganisms including fungi and 
bacteria, animal cells, and different parts of the plant such as 
stem, leaf, bark, and fruit have been reported for development 
of inorganic metal nanomaterials. The advantages of using plant 
biomaterial for the biosynthesis of nanoparticles over other 
biological methods are to eliminate the elaborate cell culture 
techniques, maintenance of aseptic condition, scale up easily, and 
reduce the overall production cost [14]. So far, biogenic synthesis 
of Ag, Au, Pd, Pt, ZnO, CuO, MgO, SiO2, and Fe2O3 [15] nanoparticles 
have already been documented. Among the nanoparticles, approach 
to synthesize silver nanoparticles (AgNPs) gained significant 
attention due to their diverse application particularly in the field 
of (i) biomedical (antimicrobial agent for (a) wound and burn 

healing, (b) textile industries, (c) food industries, (d) cosmetic 
industries, and anticancer agent in controlled drug delivery 
system), (ii) sensing technology to fabricate the sensor due to its 
conductive properties and used for detection of various inorganic 
metals, and biomolecules, (iii) electronics to fabricate microchips, 
and (iv) catalysis for degrading hazardous dyes and removal of toxic 
metal ions from the pollutants [16]. In recent years, green chemistry 
based bio-reduction of silver ions were well-adapted methods in 
the scientific community. Till date, several plants such as Wedelia 
chinensis [17], Digitaria radicosa [18], Catharanthus roseus [19], and 
Allium sativum [20] were documented for the synthesis of AgNPs.

In this study, we report the bioreduction and stabilization of silver 
nanoparticles using Nardostachys jatamansi leaf. N. jatamansi is 
belonging to Valerianaceae family; it is a small, hairy, perennial, 
erect, and rhizomatous herb. Phytochemical screening has revealed 
that it contained a large amount of bioactive compounds such as 
alkaloids, sesquiterpenes, lignans, coumarins, and steroids that are 
used for medicinal purposes [21,22]. This plant is appreciated for its 
antioxidant, antibacterial, stimulant, sedative, antifungal, antidiabetic, 
neuroprotective, hepatoprotective, anticancer, and cardioprotective 
properties [23-25]. This investigation aimed to discuss about unreported 
bio-based synthesis of AgNPs using leaf extract of N. jatamansi and the 
antioxidant and anticancer properties of synthesized nanoparticles 
were evaluated.

MATERIALS AND METHODS

Chemicals
All the chemicals were purchased from HiMedia (India) with a high 
degree of purity. All reagents were used as supplied. Sterile distilled 
water was used throughout the experiments.
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Biosynthesis of silver nanoparticles
Fresh leaves of N. jatamansi were collected, washed thoroughly with 
distilled water, shade dried for 5 d and powdered. 5 g of leaf powder was 
mixed with 100 mL of distilled water and boiled at 60 °C for 15 minutes. 
The mixture was then cooled and filtered through Whatman No. 1 filter 
paper. About 10 mL of this extract was added dropwise in 90 mL of 1 mM 
aqueous silver nitrate (AgNO3) solution, and the color of the solution 
changed to brown. The appearance of color indicated the formation 
of silver nanoparticles. The resulting suspension was centrifuged and 
purified AgNPs were used for further analysis.

Characterization of biogenic AgNPs
The reduction of silver ion and formation of AgNPs were confirmed 
by scanning the absorbance using ultraviolet-visible (UV-vis) 
spectrophotometer between 200 and 700 nm. The size and morphology 
were monitored using scanning electron microscope (SEM), and the 
purity of the sample was examined by energy dispersive X-ray (EDX) 
attached with SEM. Further biomolecules involved in the bioreduction 
of silver ions were examined using Fourier transform infrared 
spectroscopy (FTIR) spectroscopy within the range of 400-4000/cm at 
a resolution of 4/cm. X-ray diffractometer (XRD) pattern of synthesized 
AgNPs was performed on an XRD, at a voltage of 45 kV and a current 
of 40 mA with Cu Kα radiation to study the crystalline nature of the 
nanoparticles.

Antioxidant assay
The antioxidant activity of AgNPs was determined by 2,2-diphenyl-
1-picrylhydrazil (DPPH) free radical scavenging assay 
spectrophotometrically [26]. In brief, different concentrations of AgNPs 
(20-100 μg/mL) were added to 0.3 mM of methanolic solution of DPPH 
and allowed to react for 30 minutes. Then, the decrease in absorbance 
(A) was measured at 517 nm against methanol as control and ascorbic 
acid (AA) as standard. Percentage of free radical scavenging activity 
was calculated using the equation 1.

A Control - A SampleDPPH scavenging activity (%) =  × 100
A Control  (1)

Cell viability assay
The cell viability assay of the biogenic AgNPs was determined by 
mitochondrial function (MTT) [3-(4,5-dimethylthiazole-2-yl)-2,5-
diphenyltetrazolium] test against human colon carcinoma cell lines 
(HCT-116) [27]. This test analyses the MTT of viable cells to reduce 
MTT into purple formazon product. Briefly, cancer cell density of 
1 × 106 cells/mL was seeded into 96 well plates and treated with 
different concentrations of AgNPs (20-100 μg/mL) and incubated at 
the CO2 incubator for 48 hrs. After incubation, cells were washed with 
PBS (phosphate-buffered saline) to remove dead cells, treated with 
200 μL of MTT and incubated for 5 hrs in the CO2 incubator until purple 
precipitate appears. Further, 100 μL of DMSO (dimethyl sulfoxide) 
was added to dissolve the purple formazan product and absorbance 
was taken at 595 nm in a microplate reader. Percentage of cell viability 
was calculated using the equation 2.

Absorbance of experimental sample (AgNPs)% of cell viability = ×100
Absorbance of control (untreated)

 (2)

Lactate dehydrogenase (LDH) leakage assay
When cell membrane gets effected, cytoplasmic LDH releases into the 
media and the concentration of LDH increased in extracellular media. 
AgNPs stimulate cytotoxicity, results damaging the cell membrane 
causing cell death. Thus, amount of LDH leakage from damaged colon 
carcinoma cells HCT-116 was measured by LDH cytotoxicity assay kit 
(Sigma-Aldrich). In brief, cells were exposed to different concentrations 
of AgNPs (20-100 μg/mL) for 48 hrs. After the treatment, cell-free 
supernatant was mixed with 100 μL of LDH assay buffer and incubated 
for 30 minutes. The absorbance of the solution was measured at 490 nm 

using a microplate reader. These data were normalized to the activity of 
LDH released from treated cells and expressed as a percentage of the 
control.

RESULTS AND DISCUSSION

Usually, the performance of the nanoparticles largely depends on its 
size, shape, and homogeneity. When N. jatamansi leaf extract (NLE) was 
mixed with warm silver nitrate (1 mM) solution, the resulting solution 
observed to change color from colorless to brown after 30 minutes 
of reaction; the preliminary study confirmed the bioreduction and 
synthesis of AgNPs. As the reaction proceeds, the color intensity of the 
resulting mixture increases with increasing reaction time. This may 
be due to the surface plasmon resonance (SPR) of the AgNPs, which 
is characterized by UV-vis spectra depending on its size and shape. 
The biochemical reaction of the leaf extract and Ag+ was confirmed 
by recording the UV-vis spectra. Fig. 1 shows the strong SPR band at 
432 nm confirming the formation of AgNPs [28]. The presence of single 
absorption peak indicates the uniform size and spherical shape of 
nanoparticles [29].

SEM has been used to observe the size, shape, and morphology of metal 
nanoparticles using a secondary electron detector. SEM micrograph 
reveals the roughly spherical shaped particles in the average size 
ranged between 30.0 and 58.7 nm (Fig. 2a). The particles were found 
aggregated, and it might be due to the presence of high concentration of 
plant extract. Further, the presence of elemental silver was confirmed by 
EDX analysis. EDX spectrum (Fig. 2b) of biosynthesized AgNPs exhibited 
a strong signal of silver with the addition of chlorine and oxygen. The 
crystallinity of AgNPs was confirmed by the dominant and sharp signal 
at 3 KeV due to SPR vibration [30]. The result indicates the conversion 
of silver ions to elemental silver. Along with Ag band, additional Cl and 
O peaks were also observed due to the stabilizing biomolecules present 
in AgNPs, associated during the synthesis of nanoparticles.

FTIR spectrum illustrates the role of the various functional groups 
present in NLE involved in biosynthesis reaction. Fig. 3 shows a number 
of IR bands at 648, 1086, 1438, 1626, 2994, and 3372/cm, indicating the 
complexity of lyophilized NLE mediated AgNPs. The strong peaks were 
observed at 1086 for –C–O–C– or –C–O– stretch, 1626/cm due to C=C 
aromatic stretching, and 3372/cm is due to free O–H vibrations [31]. 
The distinct bands at 1438 and 2994/cm were assigned for methylene 
scissoring vibrations and C–H stretching vibrations, respectively. 
These functional groups are present in water-soluble fractions of 
NLE, e.g., alkaloids, flavonoids, and terpenoids. These biomolecules 
might be responsible for the reduction of silver ions and stabilization 
of biosynthesized AgNPs using leaves of N. jatamansi. Fig. 4 shows 
the XRD pattern of biosynthesized AgNPs using NLE. XRD analysis 
showed intense peaks at 2θ values of 38.13°, 45.08°, 63.5°, and 77.21° 

Fig. 1: Ultraviolet-visible spectrum of silver nanoparticles
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corresponding to (111), (200), (220), and (311) sets of lattice planes, 
respectively. These bands suggest that AgNPs are face-centered cubic 
crystalline structure, the same result was also found by Wilson et al. [32]. 
Average crystal size of the synthesized AgNPs was determined applying 
Debye-Scherrer equation and is found to be 37.82 nm.

The antioxidant activity of the synthesized AgNPs was studied by 
DPPH radical scavenging assay and compared with AA as standard. 
Free radicals such as reactive oxygen species and reactive nitrogen 

species generations by cells are normal physiological activity. Excessive 
formation of these radicals in human body causes cell damage by 
combining with the biomolecules, such as protein, carbohydrates, 
lipids, and finally leading to various diseases, such as cancer, coronary 
heart disease, aging, neurodegenerative disorders, and diabetes. [33]. 
Antioxidants play a significant role to control such oxidative stress 
situation by neutralizing these reactive radicals. Fig. 5 illustrates DPPH 
scavenging activity proportionately increasing with an increase in the 
concentration of AgNPs. Purple color solution of DPPH converted to 
colorless product in the presence of nanoparticles, causing a decrease 
in absorbance. Rapid reduction in absorbance indicates the potential 
activity of antioxidants. AgNPs showed an effective free radical 
scavenging activity of 87 ± 0.13 % at the nanoparticle concentration 
100 μg/mL, whereas the standard L-AA showed 93 ± 0.2 % of 
scavenging activity at the same concentration. The similar antioxidant 
property was also found for nanoparticles synthesized from D. radicosa 
leaf, Helicteres isora root extract [18,34].

The anticancer property of AgNPs against cell lines (HCT-116) was 
studied using cell viability assay. Cell viability assay was carried 
out by performing the MTT test and reconfirmed by LDH assay. The 
transformed cells were exposed with different concentrations of 
AgNPs (20-100 μg/mL) for 48 hrs. Fig. 6a shows the cell viability which 
decreased linearly with increased in nanoparticles concentration. The 
AgNPs were potentially cytotoxic to HCT-116 cells at 100 μg/mL with 
cell viabilities of 9.6 ± 0.12 %. The cytotoxicity of AgNPs induces the 
inactivation of DNA replication, causing enzyme inhibition, resulting in 
loss of cell viability and finally leading to cell death [35]. This result was 
strongly supported by LDH assay. It measures the amount of cellular 
LDH enzyme released due to cell membrane damage. Thus, a similar 
dose-dependent pattern was observed in LDH leakage after cells were 

Fig. 3: Fourier transform infrared spectroscopy spectrum of silver 
nanoparticles

Fig. 4: X-ray diffraction pattern of approach to synthesize silver 
nanoparticles synthesized using Nardostachys jatamansi leaf 

extract

Fig. 5: 2,2-diphenyl-1-picrylhydrazil free radical scavenging 
activity of biogenic approach to synthesize silver nanoparticles 

and standard L-ascorbic acid

Fig. 6: (a) Cytotoxic effect of approach to synthesize silver 
nanoparticles (AgNPs) on cancer cell line human colon carcinoma 

and (b) effect of AgNPs in lactate dehydrogenase leakage

ba

Fig. 2: (a) Scanning electron microscope micrograph of approach 
to synthesize silver nanoparticles and (b) corresponding energy 

dispersive X-ray spectrum

ba
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treated with different concentrations of AgNPs for 48 hrs (Fig. 6b). 
The HCT-116 cells incubated with 100 μg/mL showed the significant 
LDH leakage (94.8 ± 0.33 %) in the cell culture supernatant, which is a 
sensitive indicator of cell damage and cytotoxicity. The biosynthesized 
AgNPs exhibit significant anticancer activity against cancer cell lines 
based on increasing nanoparticles concentration was reported in some 
studies [36]. This result suggests that AgNPs may be used as effective 
nano-medicine for the anticancerous drug formulations.

CONCLUSION

The present research demonstrates an eco-friendly and rapid synthesis 
of silver nanoparticles through a green chemistry route. In this attempt, 
NLE was used to synthesize stable AgNPs in room temperature. The 
NLE derived spherical AgNPs exhibited significant antioxidant and 
anticancer properties. Results suggest that AgNPs may be used as a 
potent anti-proliferative candidate on HCT cells. Further thorough 
research is required to evaluate the molecular mechanism behind these 
effects of AgNPs and thereby permitting this biofabricated AgNPs as 
cancer chemopreventive drug in the human body.
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