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Harika et al.: Antiproliferative Activity of Silver Nanoparticles from Leonotis nepetifolia (L.)

Currently, nanobiotechnology is the growing science in the field of medicine employing silver nanoparticles 
to deliver drugs to target cancer cells and proved to be potential anticancer agents. In this study, silver 
nanoparticles were synthesized using leaf extract of Leonotis nepetifolia (L). Gas chromatography-mass 
spectrometry data showed a total of 13 phytochemical constituents identified from ethanolic leaf extract 
of Leonotis nepetifolia (L). The effect of physicochemical factors such as the reaction time, temperature, 
concentration of Silver nitrate, concentration of leaf extract and pH in the synthesis of silver nanoparticles. 
For biosynthesis, the optimal conditions were 1 mM silver nitrate, 0.1 ml of leaf extract at 80° for 90 min. 
Ultra violet-visible spectroscopy, field emission scanning electron microscopy; high-resolution transmission 
electron microscopy and various techniques characterized the synthesized AgNPs. The silver nanoparticles 
obtained had absorbance maxima at 398 nm, were spherical in shape, had an average particle size of 11.32 
nm, polydispersity index 0.44, the zeta potential of -23.7±5.69 mv and were crystalline. A cytotoxicity study 
was conducted on two human cancer cell lines, pancreatic and ovarian, using sulforhodamine B assay. We 
had compared the cytotoxicity of biogenic silver nanoparticles with that of synthetic silver nanoparticles. 
Treatment of pancreatic and ovarian with different concentrations of silver nanoparticles inhibited the 
cell viability with half maximal inhibitory concentration values of 25.4 µg/ml and 23.9 µg/ml. In contrast, 
silver nanoparticles inhibited cell viability with half maximal inhibitory concentration values of 48.2 µg/
ml and 42 μg/ml, which were statistically significant (p<0.001), when compared with that of doxorubicin 
and Camptothecin. Leonotis nepetifolia mediated silver nanoparticles effectively reduced the proliferation of 
pancreatic and ovarian cancer cell lines than that of synthetic nanoparticles.

Key words: Nanobiotechnology, silver nanoparticles, Leonotis nepetifolia, sulforhodamine B assay, 
pancreatic cell lines, ovarian cell lines

In recent years, there have been major developments 
in nanotechnology. Nanobiotechnology deals with 
natural or biomimetic systems intending to develop 
nanoscale structures. It gained a vital role in the 
early recognition of diseases and treatment[1]. Metal 
nanoparticles able to bind diverse molecules to their 
surface was due to their relative surface area and 
size, making them ideal transport vehicles capable 
of penetrating cell and tissue barriers[2]. Nanoscale 
structures and materials such as nanofibers, colloidal 
nanoparticles, nanorods, nanowires, nanotubes 
and nanozymes have been investigated in many 
areas such as food safety, biosensing, molecular 
imaging, delivery of drugs, tissue engineering and 
anticancer treatment[3-5]. Numerous investigations 

have shown that the biogenic Silver Nanoparticles 
(AgNPs) exhibited their therapeutic role in cancer as 
anticancer agents[6]. AgNPs were toxic to the cells, 
which can lead to damage of deoxyribonucleic acid, 
generation of reactive oxygen species, mitochondrial 
damage and apoptotic induction[7,8].

Leonotis nepetifolia (L. nepetifolia) (L.) R.Br, also 
known as Lion's ear (Telugu name: Hanumantha 
Beera) or Christmas candlestick, was an 
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economically important medicinal plant. It belonged 
to the family Lamiaceae and was widely used in 
Indian traditional medicinal systems[9,10]. The leaves 
decoction of this plant was used to treat burns cough 
and skin diseases. This plant has exhibited numerous 
pharmacological activities such as anti-inflammatory, 
anti-emetic, antimicrobial, wound healing, anti-
diabetic, hepatoprotective, anticancer and anti-
convulsant[11-14]. Recently, there was a report on the 
synthesis of AgNPs from aqueous dried leaf extract 
of L. nepetifolia[15]. The present investigation is the 
synthesis of AgNPs using aqueous fresh leaf extract 
of L. nepetifolia and evaluated their Antiproliferative 
activity on two human cancer cell lines for the first 
time.

MATERIALS AND METHODS 

Materials:

All of the chemicals used for the experiments were 
analytical grade Silver nitrate purchased from  
Hi-Media Mumbai, India, and DMEM and RPMI 
media from Sigma-Aldrich (St. Louis, MO, United 
States of America (USA)). Polybutylene succinate 
was supplied by Sisco Research Laboratories Pvt. 
Ltd. (SRL), India. Fetal bovine serum was obtained 
from Gibco (Invitrogen), South America.

Collection of plant material:

L. nepetifolia leaves were collected from Andhra 
University campus, Visakhapatnam, India. The 
plant was authenticated and identified by Prof. S. B. 
Padal, Taxonomist, Department of Botany, Andhra 
University, Visakhapatnam, with a voucher specimen 
number: 22287 deposited at Herbarium of Botany, 
Andhra University, Visakhapatnam, India.

Crude leaf extracts preparation:

15 g of fresh L. nepetifolia leaves (wet weight) were 
weighed, properly cleaned with tap water and then 
washed with distilled water to remove dust particles. 
Mashed leaves were mixed with 50 ml of Milli-Q 
water and boiled for about 15 min. The aqueous leaf 
extract was filtered twice using Whatmann no.1 filter 
paper, and with a membrane (0.2 µm) was stored at 4° 
for further work. To perform Gas Chromatography-
Mass Spectrometry (GC-MS) analysis, 250 g (wet 
weight) leaves of L. nepetifolia were weighed, 
cleaned with tap water, shade dried and powdered 
in a blender. The dried leaf powder, which weighed 
around 70 g (dry weight) was placed in a thimble and 

extracted successively with ethanol using a Soxhlet 
extractor. The extracts were concentrated using a 
rotary flash evaporator.

Phytochemical evaluation of both L. nepetifolia 
aqueous and ethanolic leaf extracts was performed 
to detect the active phytoconstituent such as 
alkaloids, phenolics, flavonoids, steroids, terpenoids, 
coumarins, saponins, carbohydrates, cardiac 
glycosides, tannins, proteins and amino acids by 
using standard experimental protocols[16].

GC-MS Study:

A GC-MS study was conducted to investigate the 
phytochemical constituents of an ethanolic leaf extract 
of L. nepetifolia using a GC-MS equipment JEOL 
(Model: AccuTOF GCV). The following were the GC-
MS system's experimental conditions; SE-54 non-polar 
capillary semi-standard column, 25 m, 0.31 mm ID, 
the mobile phase flow rate was set at 1.0 ml/min and 
the film thickness was 0.25 m (carrier gas: He). The 
temperature of the oven was raised to 230° at 4 K/min 
in the gas chromatography portion, and the injection 
volume was 1.0 μl. The total GC running time was 35 
min. The phytoconstituent were identified by comparing 
their mass spectra with those of available compounds in 
the NIST and Wiley libraries.

Synthesis of AgNPs:

A typical reaction mixture containing 1 ml of L. 
nepetifolia aqueous leaf extract in 8 ml of 1 mM AgNO3 
was used to synthesize AgNPs at 80° in a boiling water 
bath for 90 min. Several optimization experiments (1:1, 
1:2, 1:4, 1:6, 1:8, 1:10, 1:12 and 1:14) were conducted 
at room temperature to evaluate the optimal reaction 
ratio for AgNP synthesis and their stability[17]. All of 
the experiments were carried out in duplicates. The 
primary indication of AgNP synthesis was the golden 
yellow color in the colloidal reaction mixtures (1:12 
and 1:14 at 24 h). The ratios 1:1, 1:2, 1:4, 1:6, 1:8, and 
1:10 did not produce the same level of color transition 
even after 24 h. AgNPs require additional energy for 
bio reduction, as evidenced by the huge time lag.

 To study the various factors influenced in the formation 
of the AgNPs, the concentration of the extract was 
0.1 ml and the concentration of AgNO3 was 0.8 ml 
to form a colloidal reaction mixture (1:8). The effect 
of temperature on AgNPs synthesis was examined by 
keeping the reaction mixture at different temperatures 
(50°, 60°, 70°, 80°, 90° and 100°). The effect of 
AgNO3 was also monitored by increasing the AgNO3 
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concentration (1, 2, 3, 4 and 5 mM) with a constant 
volume of leaf extract. By keeping 1 mM AgNO3 at a 
constant range, the effect of leaf extract concentration 
(0.1, 0.2, 0.3, 0.4 and 0.5 ml) was analyzed. Various 
buffers were used to evaluate the influence of pH (4-
12) on AgNPs synthesis[18]. Furthermore, stability tests 
were conducted with and without a stabilizing agent. 
Following the experiment, the optimum concentration 
for bulk nano colloid preparation was identified. AgNPs 
were separated by centrifugation at 10 000 rpm for 15 
min. The pellet was dispersed 2-3 times in Milli-Q 
water. Further, the characterization on the dried AgNPs 
was carried out.

Characterization of AgNPs:

Ultra Violet-Visible (UV-Vis) spectroscopy (Shimadzu, 
UV-1800) in the range of 300-700 nm was used to 
confirm the biosynthesis of AgNPs. The characteristic 
optical properties of AgNPs were measured using UV-
Vis spectroscopy. The particle surface morphology 
was determined by Field Emission Scanning Electron 
Microscopy (FESEM) (JOEL, JSM-7100F) at an 
accelerating voltage of 6 kV. AgNPs were coated 
on carbon tape and then identified. The purity and 
elemental composition of the AgNPs was determined 
using energy-dispersive X-Ray Spectroscopy (EDX), 
which was connected with FESEM. The morphological 
characteristics of the synthesized AgNPs were also 
investigated using a High-Resolution Transmission 
Electron Microscopy (HRTEM) on Tecnai G2, F30 
HRTEM 300 kV. A drop coat of ultrasonically dispersed 
AgNPs were applied to the Transmission Electron 
Microscopy (TEM) grid and dried under a UV light 
for HRTEM analysis. To estimate the average particle 
size distribution, HRTEM images were processed using 
"ImageJ" software. 

The size distribution by Polydispersity Index (PDI) 
and the zeta potential of the synthesized AgNPs 
measurements was obtained from the same instrument 
using a Zetasizer Ver. 7.13 (Malvern Panalytical, UK). 
The samples for ZP were placed in a disposable zeta 
cell at a temperature of 25°, with water as a dispersant, 
and repeated three times. X-Ray Diffraction (XRD) 
(PANalytical, X-Pert pro, Netherland) analysis was 
also performed to determine the crystalline nature of 
synthesized AgNPs. The functional groups involved 
in AgNPs biosynthesis and stability were screened 
using Fourier Transform Infrared Spectroscopy (FTIR) 
(Bruker IR) in 4000-400 cm-1 by potassium bromide 
pelleting.

Antiproliferative studies using sulforhodamine B 
assay:

Two human cancer cell lines, Pancreatic cancer cell line 
(PANC-1) and Ovarian cancer cell line (SK-OV-3) were 
selected for this study. The National Centre provided 
the cell lines for Cell Sciences in Pune, India. The cells 
were passaged using conventional trypsinization in 
Dulbecco's modified eagle medium, minimal essential 
medium, and Roswell park memorial institute medium 
containing glutamine. Cells were plated at a density of 
around 10 000 cells per well in a 96-well plate. Cells 
were treated in triplicates with different concentrations 
of L. nepetifolia AgNPs (LnAgNPs), L. nepetifolia 
Ethanolic Leaf Extract (LnELE) and commercially 
available synthetic AgNPs (10, 20, 40, 60, 80 and 
100 µg/ml) and incubated for 48 h. Following the 
incubation period, cell monolayers were fixed in a 10 % 
trichloroacetic acid solution at 4° for 1 h, then washed 
with Milli-Q water to remove the trichloroacetic acid 
and dried. The excess dye was washed away with 1 
% acetic acid after dried cell plates were stained for 
30 min. The protein-bound dye was dissolved in a 10 
mM Tris base solution. The Optical Density (OD) was 
measured at 510 nm in a Varioskan flash multimode 
reader (Thermo Scientific)[19,20]. Percent growth was 
calculated using the formula.

Percentage growth=Average absorbance of the test/
Average absorbance of control×100

The acquired results in the Antiproliferative testing were 
indicated in Growth Inhibitory concentration (GI50) 
(Half-maximal inhibitory concentration (IC50)). The 
IC50 value was determined as the drug concentration that 
causes a 50 % decrease in cell growth rate. Doxorubicin 
and Camptothecin (for ethanolic leaf extract of L. 
nepetifolia on SK-OV-3 cell lines)[21] were standard 
drugs used along with the synthesized biogenic AgNPs 
and synthetic AgNPs in this experiment.

Statistical analysis:

The data were analyzed by one-way analysis of variance 
using Statistical Package for the Social Sciences (SPSS) 
software (IBM SPSS statistics-version 24). Data were 
presented as the mean±Standard Deviation (SD) of at 
least three separate variables, with a statistical level of 
p<0.001 being considered statistically significant. 

RESULTS AND DISCUSSION 
The phytochemical analysis of aqueous and ethanolic 
leaf extracts showed the presence of phenols, flavonoids, 
steroids, terpenoids, saponins, carbohydrates and 
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amino acids. Alkaloids were absent. GC-MS data of 
ethanolic leaf extract revealed a total of 13 compounds 
shown in Table 1. Some of the compounds had simple 
ring structures like those reported in the literature 
but varied with different functional groups. The 
compounds were classified based on Retention Times 
(RT), and molecular structure. The GC-MS spectrum 
(fig. 1) showed. 9,12,15-Octadecatrienoic acid, ethyl 
ester, [Z, Z, Z]-, Hexadecanoic acid ethyl ester and 
3,7,11,15-Tetramethyl-2-hexadecane-1-ol were the 
major compounds found in the ethanolic leaf extract. 
The RT with relative peak areas of the compounds were 
observed to be 25.15 (6.54 %), 22.11 (0.71 %) and 
20.08 (0.75 %) respectively. Similar compounds such as 
Hexadecanoic acid, Octadecanoic acid, Linolenic acid, 
Eicosanoic acid, d-Mannitol and Squalene were found 
in the GC-MS analysis of genus Ocimum plants[22]. 
Hexadecanoic acid ethyl ester, 9,12,15-Octadecatrienoic 
acid, ethyl ester, [Z, Z, Z]-, and d-Mannitol, 
1-decylsulfonyl- were found in the ethanolic leaf extracts 
of Jatropha gossypifolia[23]. 3,7,11,15-Tetramethyl-
2-hexadecane-1-ol, 9,12,15-Octadecatrienoic acid, 
ethyl ester, Octadecanoic acid, and 2-Dodecen-1-yl 
(-) succinic anhydride found in the GC-MS analysis 
of hexane, diethyl ether and ethyl acetate fractions of 

aerial parts of Mollugo pentaphylla[24].

Synthesis of AgNPs:

The reduction of silver ions (Ag+) into AgNPs (Ag˚) 
through the bioactive compounds present in the L. 
nepetifolia aqueous leaf extract was known to exhibit 
specific optical properties due to Surface Plasmon 
Resonance (SPR), indicating the generation of 
AgNPs[25]. The reduction process of synthesized AgNPs 
was screened by UV-Vis spectroscopy, as shown in fig. 
2. 

The reaction time was optimized by keeping the 
reaction mixtures at room temperature and continuously 
monitored. OD values of these samples were taken at 
regular intervals by using UV-Vis spectroscopy and 
were shown in fig. 3a. The slower reduction rate of 
silver ions at room temperature was more likely due 
to variations in reduction. For Ag+ to Ag˚, the redox 
potential was much lower. Fewer AgNPs were formed 
with less color after 24 h. A broader peak was observed 
due to their low absorbance and stability, AgNPs were 
sedimented at the bottom of the tube with the increase 
in time[26]. The time required to complete the reaction 
varied depending on the reduction potential of plants, 
ranging from min to h[27]. 

S. No RT Name of the compound Molecular 
formula

Molecular 
weight

% Peak 
area Type of Compound

1 3.51 Ethanol C2H6O 46 0.04 Alcohol

2 20.08 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol C20H40O 296 0.75 Diterpenoid

3 20.63 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol C20H40O 296 0.49 Diterpenoid

4 22.11 Hexadecanoic acid, ethyl ester C18H36O2 284 0.71 Palmitic acid

5 23.97 9,12,15-Octadecatrienoic acid, 
ethyl ester, [Z,Z,Z]- C19H32O2 292 0.65 Linolenic acid ester compound

6 25.15 9,12,15-Octadecatrienoic acid C20H34O2 306 6.54 Linolenic acid

7 25.58 Octadecanoic acid, ethyl ester C20H40O2 312 0.60 Oleic acid ester

8 26.36
Octanoic acid, [1-methyl-3- 
(2,6,6-trimethyl cyclohex-1-
enyl) propyledene] hydrazide

C21H38N2O 334 0.68 Medium chain fatty acid, 
carboxylic acid derivatives

9 27.95 2-Dodecen-1-yl (-) succinic 
anhydride C16H26O3 266 0.74 Carboxylic acid anhydride

10 28.5 Eicosanoic acid, ethyl ester C22H44O2 340 0.50 Long-chain fatty acid ethyl ester

11 30.89 d-mannitol, 1-decylsulfonyl C16H34O7S 370 0.67 Sugar alcohol with sulfur

12 32.17 1,4-Benzene diol, 2,6-bis 
(1,1-dimethylethyl)- C14H22O2 222 0.42 Alkyl benzene

13 33.52 Squalene C30H50 410 0.35 Triterpenoid

TABLE 1: GC-MS  ANALYSIS OF COMPOUNDS  FROM EHANOLIC CRUDE LEAF EXTRACT OF L. nepetifolia 
(L.)
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Fig. 1: GC-MS spectrum of ethanolic leaf extract of L. nepetifolia

Fig. 2: UV-Vis spectra of L. nepetifolia mediated synthesis of AgNPs
Note: (  ): 1mM AgNO3; (  ): Silver nanoparticles 1:8 ratio of aqueous leaf extract of L. nepetifolia and 1 mM silver nitrate  and  
(  ): L. nepetifolia aqueous leaf extract 

Fig. 3: UV–visible absorption spectra of optimized parameters for the synthesis of L. nepetifolia mediated AgNPs, (a): Effect of time (0 to 120 h) on 
AgNPs synthesis; (b): Effect of concentration of leaf  extract and AgNO3 (1:8) at different temperatures (50-100o); (c): Different ratios (1:1 to 1:14) 
of leaf extract and AgNO3 at 80°; (d): Effect of different concentrations of AgNO3 (1-5 mM); (e): Effect of different concentrations of leaf extract 
(0.1-0.5 ml); (f): Effect of different pH (4-12) and (g): Stability of AgNPs at room temperature
Note: (a): (no absorption): 0 h; (no absorption): 2 h; (no absorption): 24 h; (no absorption): 48 h and (λ max 425 nm): 5 d; (b): (no absorption): 
50o ; (no absorption): 60o; (no absorption): 70o; (λ max 398 nm): 80o; (λ max 400 nm): 90o and (λ max  397 nm): 100o; (c): (no absorption): 1:1; 
(no absorption): 1:2; (no absorption): 1:4; (no absorption): 1:6; (λ max 398 nm): 1:8; (λ max 419 nm): 1:10; (λ max 412 nm): 1:12 and (λ max 409 
nm): 1:14; (d): (λ max 397 nm): 1 mM; (λ max 411 nm): 2 mM; (λ max 419 nm): 3 mM; (λ max 422 nm): 4 mM and (λ max 418 nm): 5 mM; (e): (no 
absorption):0.1 ml; (absorption):0.2 ml; ( no absorption): 0.3 ml; (no absorption): 0.4 ml and (no absorption): 0.5 ml; (f): (no absorption): pH 4; (no 
absorption): pH 5; (no absorption): pH 6; (no absorption): pH 7; (no absorption): pH 8; (λ max  387 nm): pH 9; (λ max  402 nm): pH 10; (λ max  
403 nm): pH 11 and (no absorption): pH 12 and (g): (λ max  397 nm): Day 1; ( λ max  407 nm): Day 7; (λ max  404 nm): Day 14; (no absorption) 
Day 22 and (no absorption): Day 33
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The optimized reaction mixtures containing test tubes 
were placed in a water bath with an interval of 10° rise 
in temperatures at 50°, 60°, 70°, 80°, 90° and 100°. 
There was no apparent increase in the size or number of 
AgNPs at 50°-70°. At higher incubation temperatures 
(80°-100°), an increase in color intensity and more 
extreme SPR peaks were revealed. The maximum SPR 
peak was detected at 398 nm at 80° for 90 min. As the 
temperature was increased, narrow peaks developed 
the smaller-sized nanoparticles (397 nm at 100°) in the 
lower wavelength region (fig. 3b and fig. 3c). AgNPs 
synthesized from aqueous fruit extract of Terminalia 
chebula had a similar SPR peak at 398 nm[28], but this 
value differs from recently published aqueous leaf 
extract of L. nepetifolia at 420 nm[15].The reactants were 
rapidly consumed when the temperature was raised, 
resulting in the formation of smaller nanoparticles. 
Similar results were observed when Althaea officinalis 
and Citrullus lanatus extracts were used as a reducing 
agent as the size of AgNPs decreased with an increase 
in temperature[29,30]. 

At 0.1 ml of L. nepetifolia aqueous leaf extract and 0.8 
ml of AgNO3 at 80° for 90 min, the effect of AgNO3 on 
AgNPs biosynthesis was studied in the range of 1 mM 
to 5 mM. The SPR peaks for AgNPs at various AgNO3 
concentrations were shown in fig. 3d. With an increase 
in AgNO3 concentration in the solution for the specified 
reaction time, the color of the reaction mixture darkened 
and the size of nanoparticles was proportional to the 
color of the reaction mixture[31]. Similar results were 
observed for AgNPs synthesized from aqueous leaf 
extracts of Impatiens balsamina, Lantana camara and 
Buddleja globosa at different AgNO3 concentrations. 
With increasing band intensity, the number of AgNPs 
in the reaction mixture increased[32,33]. 

The concentration of aqueous leaf extract was 
optimized by changing the volume of L. nepetifolia 
aqueous leaf extract from 0.1 to 0.5 ml while keeping 
the other parameters kept constant (temperature and 
concentration of AgNO3). The number of nanoparticles 
in 0.2 ml of L. nepetifolia aqueous leaf extract was 
reported to be higher than in 0.1 ml[29]. This increased 
nucleation at a higher reductant volume would lead to 
a greater number of nanoparticles and a stronger SPR 
peak. The SPR band becomes more prominent and 
less concentrated with a blue shift in wavelength when 
the volume of L. nepetifolia aqueous leaf extract was 
increased from 0.3 to 0.5 ml (fig. 3e). Because there was 
more reductant available for the growth of stable nuclei 
than free Ag+ ions, the reaction rate increased, resulting 
in a greater number of small-sized nanoparticles.

AgNPs shape, size, and stability were all affected by 
pH. Phosphate buffer (4,5,6), tris Hydrochloric acid, 
(7,8,9), and glycine-Sodium hydroxide (10,11,12) 
were the three buffer solutions used to carry out the 
reactions, which ranged in pH from 4 to 12. There was 
no color change or characteristic SPR peak in acidic 
conditions. The color intensity increased from golden 
yellow to reddish-orange as the solution became more 
alkaline. At alkaline pH, the formation of AgNPs was 
immediate, with an intense SPR peak observed at pH 
10 (fig. 3f)[34]. Alkalinity enhanced the reduction and 
capping of AgNPs at various facets, as well as the 
subsequent deposition of silver atoms on these facets, 
at higher pH[35]. The functional groups responsible 
for reducing the precursor to nanoparticles possessed 
positive charges at acidic pH, lowering their reducing 
potential due to the large concentration of hydrogen 
ions.

AgNPs synthesized from the optimum reaction mixture 
(0.1 ml of L. nepetifolia aqueous leaf extract in 0.8 ml 
of 1 mM AgNO3) were studied for stability at 80° for 
90 min, as shown in fig. 3g. The visual precipitation 
and the shift in SPR peak were considered when the 
stability of AgNPs was examined. The AgNPs were 
found to be stable in solution at room temperature even 
after 3 w of their synthesis (33 d) in the absence of the 
stabilizing agent[27]. The particles remained stable for 
98 d at 4°. AgNPs sedimentation was observed at the 
tube's bottom, which was related to their overgrowth 
and agglomeration over time.

The stability of biologically synthesized nanoparticles 
was investigated in the presence of a stabilizing agent 
like Polyvinyl Pyrrolidine (PVP) aqueous solution (0.2 
% and 0.5 %) was used. The concentration of PVP had a 
significant impact on the size distribution and dispersion 
of the resulting nanoparticles[36]. Particles were stable 
up to 45 d at room temperature and for more than 8 mo 
at 4°. At a concentration of 0.2 %, several agglomerated 
particles were observed. When the PVP concentration 
was increased (0.5 %), well-isolated mono dispersed 
nanoparticles of controlled size were synthesized. 

Characterization of AgNPs:

The morphology of the synthesized AgNPs was 
characterized using FESEM. An agglomeration of 
AgNPs was observed in the FESEM images (fig. 4a 
and fig. 4b). The AgNPs were formed spherical and 
polydispersed, which showed similarity with that of 
AgNPs in Salvinia molesta and wall nut husk were 
polydispersed and spherical in shape[37,38]. In EDX 
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spectra, a strong silver peak was recorded at 3 keV (fig. 
4c). Apart from the silver signal, spectral signals for 
carbon and oxygen were also recorded.

The HRTEM images (fig. 5a and fig. 5b) showed a 
significant number of roughly spherical shaped AgNPs 
ranging in size from 2 to 38 nm. In the SAED pattern 
shown in fig. 5c, the bright circular rings revealed 
the crystalline nature of the synthesized AgNPs. The 
average size distribution of nanoparticles (11.32 nm) 
was defined by a size distribution histogram (fig. 5d), 
which was derived from several images of AgNPs 
corresponding to HRTEM, which showed similarity 
with that of an average size of 11.56 and 11 nm had been 
reported from leaf extracts of Melaleuca alternifolia 
and Andrographis paniculata[39,40], but these values 
differ with that of recently reported AgNPs from L. 
nepetifolia (37.5 nm)[15].

The PDI can be used to determine the size distribution of 
nanoparticles. The synthesized AgNPs had a PDI value 
of 0.44 that showed moderately dispersed, shown in 
fig. 6a. It was also reported that the AgNPs synthesized 
from the aqueous dried leaf extract of L. nepetifolia, 
dried wall nut (Juglans regia) husk, and flower extracts 
of Aerva lanata with PDI values of 0.48, 0.40 and 
0.41[15,38,41]. A nanoparticle system with a PDI value 
greater than 0.4 and a value between 0.1 and 0.4 was 
found to have a highly polydispersed and moderately 

dispersed distribution, in that order[42]. The zeta potential 
was a measure of the surface charge potential, which 
was a key factor for determining colloidal dispersion 
stability. The zeta potential value of synthesized AgNPs 
was shown in fig. 6b. Zeta potential values of the AgNPs 
were found to be -23.7±5.69 mV, which is different 
from the reported value -12.3 mV, but similar results of 
-23.1±0.6 and -23.9 mV were observed in the synthesis 
of the stable AgNPs from aqueous dried leaf extract, 
plant and aqueous leaf extracts of L. nepetifolia, Ilex 
paraguariensis and Pterodon emarginatus[15,43,44]. 

The XRD spectrum of synthesized AgNPs revealed that 
four distinct diffraction peaks at 2θ=38.38°, 46.45°, 
67.63°, and 76.88°, which corresponds to (111), (200), 
(220) and (311) with Face-Centered Cubic (FCC) 
structure and were similar with those recorded for the 
standard silver metal (Ag°) (JCPDS No. 00-04-0783, 
USA). XRD data obtained over a wide angular range 
of 20°≤2θ≤80°, revealed the crystalline nature of 
synthesized AgNPs shown in fig. 7. The diffraction peaks 
of LnAgNPs were similar with that of a polysaccharide 
[34] and the leaf extract of Artemisia turcomanica[8] 
mediated AgNPs (2θ values 38.1°, 46.2°, 67.4°, 77.4°). 
The average crystallite size of the synthesized AgNPs 
was calculated using the Debye Scherrer equation 

D=Kλ/β cosθ		  (1)

Fig. 4: (a and b): FESEM images of L. nepetifolia mediated AgNPs and (c): Corresponding EDX spectrum of AgNPs

(A) (B)

(C)
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(C) (D)

Fig. 5: (a and b): HRTEM micrographs of the L. nepetifoia mediated AgNPs; (c): SAED pattern and (d): Histogram of particle size distribution 

(A) (B)

Fig. 6: (a): Polydispersity index graph of synthesized AgNPs and (b): Zeta potential distribution of AgNPs

(A)

(B)
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Where, D represents the average particle size, K 
represents the shape factor (constant 0.9), Lambda (λ) 
is the X-ray wavelength (1.5406 A°), Beta (β) is the 
full width at half maximum of the peak (FWHM), and 
θ is the diffraction angle. The average crystallite size of 
the AgNPs synthesized by leaf extract of L. nepetifolia 
was 16.52 nm, comparable with that of the nearer value 
11.32 nm obtained from TEM, but differs from the 
XRD value 8.5 nm observed from dried aqueous leaf 
extract of L. nepetifolia[15]. 

FTIR analysis of L. nepetifolia aqueous leaf extract 
and its AgNPs was used to investigate the probable 
phytoconstituents present in L. nepetifolia aqueous 
leaf extract that were responsible for the synthesis 
and stability of AgNPs. L. nepetifolia leaf extract had 
notable bands at 3510.53, 3334.00, 2935.15, 1605.76, 
1403.44, 1256.30 and 1077.44 cm-1 in its FTIR 
spectra shown in fig 8a. The corresponding bands at 
3334 cm-1 (–OH and –NH stretching), 2935.15 cm-1 
(–C-H asymmetric stretching), 1605.76 cm-1 (C=O 
stretching), 1403.44, 1256.30, 1077.44 cm-1 (C-O-C 
and –C–O stretching). The FTIR spectrum of AgNPs 
showed a shift in the peaks, in contrast to the FTIR 
spectrum of L. nepetifolia leaf extract: from 3334.00 
to 3169.77, 2935.15 to 2879.56, 1605.76 to 1639.86, 
1403.44 to 1390.96, 1256.30 to 1233.74, 1077.44 to 
1029.93, 777.22 to 778.67 cm-1 (fig. 8b). According 
to these results, the amide, hydroxyl, carboxyl, and 
amino groups of phytoconstituents such as phenolic 
compounds, flavonoids, tannins, amino acids, and 
carbohydrates served as reducing and capping agents 
for the biosynthesis of AgNPs. Similar peaks (3135, 
2926, 2933, 2857, 1631,1608, 1407 cm-1) were found 
in FTIR analysis of AgNPs synthesized from leaves 
and rhizome extracts of plants Rhynchosia suaveolens, 
Camellia sinensis, Hibiscus rosasinensis and Coptidis 

rhizome[6,20,45,46]. The synthesis of AgNPs formation 
from plants was not clearly understood. These 
phytoconstituents could play a role in the reduction of 
silver salt solution (Ag+-Ag°) and served as capping 
agents, resulted in stable AgNPs[47]. The possible 
synthesis of AgNPs from L. nepetifolia aqueous leaf 
extract was shown in fig. 9.

The SRB assay was a quantitative colorimetric method 
for determining cell survival and proliferation based 
on cellular protein content measurement. Since SRB 
binding was stoichiometric, the amount of bound dye 
was directly proportional to cell mass, allowing cell 
proliferation to be estimated. The anticancer activity 
of Leonotis mediated AgNPs LnAgNPs, LnELE, along 
with commercially available synthetic AgNPs was 
evaluated against human pancreatic (PANC-1) and 
ovarian cancer cell lines (SK-OV-3) respectively. 

PANC-1 cell lines were treated with L. nepetifolia 
aqueous leaf extract mediated AgNPs, LnELE, 
and commercially available AgNPs with different 
concentrations (10,20,40,60,80,100 µg/ml) for 48 
h. The cell viability decreased with an increase in 
nanoparticle concentration and significantly inhibited 
the proliferation of PANC-1 cell lines with an IC50 values 
of 25.46±2.47, 43.89±13.29, and 48.04±0.38 µg/ml 
(fig. 10), which were statistically significant (p<0.001), 
when compared with that of standard drug doxorubicin 
with IC50 value 0.96±0.29 µg/ml. L. nepetifolia leaf 
extract mediated AgNPs were more potentially inhibited 
the proliferation of PANC-1 cancer cell lines than 
LnELE and commercially available AgNPs. Similar 
results were observed in a study on cytotoxic activity of 
Bangladesh medicinal plants on pancreatic cancer cell 
lines, especially Amoora chittagonga crude extract on 
PANC-1 cell lines, with IC50 values ranging between 
42.8-49.8 μg/ml[48]. The IC50 values of LnAgNPs were 

Fig. 7: X-ray diffractogram of L. nepetifolia mediated AgNPs
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not concurrent with that of AgNPs synthesized from 
sesquiterpenoids from Tussilago farfara flower bud 
extract on PANC-1 cell lines with an IC50 value of 166.1 
µM concentration[49]. 

 SK-OV-3 cell lines were treated with various 
concentrations of LnAgNPs, LnELE and commercially 
available AgNPs with different concentrations (10, 20, 
40, 60, 80, 100 µg/ml) for 48 h. The proliferation of 
SK-OV-3 cell lines was significantly inhibited with an 
IC50 value of 23.93±2.3, 44.45±4.64, and 42.04±0.62 
µg/ml concentrations (fig. 11), which were statistically 
significant (p<0.001) when compared to the standard 
drugs doxorubicin and Camptothecin with an IC50 
values of 2.93±0.49 and 2.82 µg/ml. LnAgNPs had 
exhibited high Antiproliferative activity over that of 
the LnELE and commercially available AgNPs. The 
aqueous leaf extracts of Rhynchosia suaveolens and 
Gloriosa superba mediated AgNPs showed potent 
cytotoxic activity (IC50) of 4.2 and 61.80±4.27 µg/ml 
on SK-OV-3 cell lines[6,50]. Further, it was reported that 
the ethanolic leaf extract of Ocimum basilicum showed 
cytotoxicity at a concentration of 5 mg/ml within 72 h 
with an IC50 value of 0.91±0.11 mg/ml on SK-OV-3 cell 

lines[51]. 

In conclusion, the eco-friendly synthesis of AgNPs was 
a cost-effective and non-toxic process. In the present 
study, AgNPs were synthesized using an aqueous leaf 
extract of L. nepetifolia. Phytochemical analysis and 
GC-MS data revealed that the aqueous and ethanolic 
leaf extracts of L. nepetifolia were rich in various 
phytochemical constituents acting as reducing and 
capping agents in AgNPs synthesis. The effect of 
various physicochemical factors (0.1 ml leaf extract, 
1 mM AgNO3 at 80° at pH 10) was recorded, and the 
synthesized AgNPs were stable up to 33 d at room 
temperature. The synthesized AgNPs were spherical in 
shape, with an average particle size of 11.32 nm, PDI 
0.44, zeta potential -23.7±5.69 mv, and crystalline in 
nature. A comparative cytotoxic study was done for 
synthesized AgNPs and commercially available AgNPs 
and found to be statistically significant. Biogenic 
nanoparticles showed concentration-dependent activity 
on human cancer cell lines PANC-1 and SK-OV-3 and 
inhibited the proliferation of both more effectively than 
synthetic AgNPs.

Fig. 8: FTIR spectra of (a): L. nepetifolia aqueous leaf extract and (b): L. nepetifolia mediated AgNPsFig. 7 X-ray diffractogram of L. nepetifolia mediated AgNPs

(A)

Fig. 7 X-ray diffractogram of L. nepetifolia mediated AgNPs

(B)

Fig. 9: Possible synthesis of AgNPs from aqueous leaf extract of L. nepetifolia
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