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Abstract
The impressive role of silver nanoparticles (AgNPs) is well identified for cancer therapy. However, safety concerns have 
been raised about the adverse effects of high-doses of chemically-synthesized-AgNPs that release many hazardous residues 
and in turn diminish the anticancer property of AgNPs. Hence, to overcome these side effects and to maintain the anticancer 
effectiveness of AgNPs at relatively low-doses, the present study utilizes a natural antitumor product Ferula asafoetida (FA) 
in the preparation of green synthesis of AgNPs and further focuses on its cytotoxic effects, against Lung and Cervical cancer 
cells. The successful green-synthesis of FA-AgNPs was confirmed via UV–Vis-spectroscopy, TEM, DLS, FTIR and IR. 
Based on cytotoxicity assay, the average low (6.25 µl) and high (25 µl) doses of FA-AgNPs were observed to cause severe 
cytotoxic effects on studied cancer cells. Furthermore, our study was also directed to check any possible antitumorigenic-
modulatory-effects of low and high doses of FA-AgNPs on the expression of four oncogenes (PIK3CA, KRAS, EGFR and 
ERBB3). In RT-qPCR analysis, the low and high doses of FA-AgNPs caused significant(p < 0.01) downregulation effects 
on the expression of PIK3CA and KRAS oncogenes, in treated-cancer cells. This is the first-report on the role of FA-AgNPs 
that induce strong cytotoxicity with its low-doses.
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Introduction

Cancer is a serious life-threatening disease causing a huge 
burden of death worldwide, accounting for approximately 
10 million deaths in 2020 [1]. Over the past two decades, 

lung and cervical cancers are the two most common cancers 
that have been known to cause continuous escalating load of 
morbidity and mortality [2, 3].

Despite the advances in various effective drugs and thera-
pies, majority of the cancer patients suffer unsatisfactory and 
depressive results in terms of short survival rate [4]. Hence, 
cancer treatment still demands newer approach in the form 
of more effective therapeutic benefits.

In recent growing and demanding field of nanotechnol-
ogy, the extensive use of many popular nanoparticles is 
gaining primary attention towards the development of more 
effective and less costly anticancer drugs [5]. Among these 
prevalent nanoparticles, the anticarcinogenic potential of sil-
ver nanoparticles (AgNPs) is well established in numerous 
in vivo and in vitro studies in favor of lung, cervical, breast 
and colon cancer cells etc. [6–8]. In addition, a great number 
of scientists have highlighted the biological role of AgNPs 
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in tremendous antibacterial, anti-inflammatory, antiviral, 
antioxidant, antiplatelet, antifungal and anti-angiogenesis 
activities [9, 10].

Despite the widespread medical application of AgNPs, 
many previous studies have raised concern about the high 
doses of chemically synthesized AgNPs in terms of many 
acute and chronic adverse effects on human health. It has 
been shown that the repeated high dose exposure of chemi-
cally derived AgNPs exert various damaging effects on 
healthy cells such as liver damage, immune system toxicity, 
skin toxicity, reproductive toxicity and brain related disorder 
etc. [11, 12].

In addition, most of the chemicals used in the synthesis 
of AgNPs, are identified to release many hazardous residues 
that in turn play a key role to diminish the superior antican-
cer quality of AgNPs [13].

Hence, with the purposes to overcome these adverse 
effects as well as to maintain the anticancer effectiveness 
of AgNPs, researchers are giving more devotion towards 
new prominent techniques, among which the green synthe-
sis method using plant extract has achieved great clinical 
application. The green synthesis of AgNPs utilizes reduc-
tion method in which plant extract containing phenolic com-
pounds are used as reducing agents to reduce silver ions into 
AgNPs [14].

Ferula asafoetida (FA) is one of the popular medicinal 
plant species, belongs to the umbelliferae family, and is com-
monly used as a flavoring agent all over the world. In the 
past few years, the features of FA are demonstrated to have 
multiple biological and pharmacological activities includ-
ing hepatoprotective, antiobesity, antioxidant, antimicrobial, 
anticarcinogenic, chemopreventive, neuroprotective, anti-
convulsant, anthelmintic and antispasmodic etc. [15–17]. 
However, the most prominent biological features of FA are 
recorded in the form of substantial antioxidant capacity that 
in turn encourages strong anticancer efficiency against mul-
tiple cancer cells and promotes protective effects in favor of 
healthy cells [18, 19].

Hence, keeping in view the role of FA as a safer, natu-
ral and strong anticarcinogenic agent, the green synthesis 
of AgNPs utilizing the plant extract of FA may be proved 
highly beneficial in maintaining the anticarcinogenic effi-
ciency of synthesized AgNPs at relatively low doses, against 
lung and cervical cancer.

Like other cancers, the etiology of lung and cervical can-
cers are characterized through the involvement of various 
genetic factors. Multiple previous studies suggest the major 
role of over-activated PI3K/AKT (phosphatidylinositol 
3-kinase/protein kinase B) pathway as a genetic factor for 
the development of oncogenic process of lung and cervical 
cancers [20, 21]. The four oncogenes PIK3CA (Phosphati-
dylinositol-4, 5-Bisphosphate 3-Kinase, catalytic subunit 
Alpha), KRAS (Kirsten Rat Sarcoma), EGFR (Epidermal 

Growth Factor Receptor) and ERBB3 (Erb-B2 Receptor 
Tyrosine Kinase 3) are reported to play a crucial role in the 
overactivation of PI3K/AKT pathway. Moreover, in most 
cases of solid tumors, these four genes are proved for high 
rate of mutations in terms of its over expression [22–24].

Hence, with the aim to check the anticarcinogenic effi-
ciency of synthesized FA-AgNPs at molecular level, the 
present study for the first time determines the expression of 
these four oncogenes (PIK3CA, KRAS, EGFR and ERBB3) 
in FA aqueous extract and FA-AgNPs treated lung and cervi-
cal cancer cells.

The present study initially fucus on the preparation of 
FA aqueous extract and green synthesized FA-AgNPs, and 
then utilizes UV–Vis spectroscopy, TEM, DLS, FTIR and 
IR techniques to characterise the nano crystalline nature of 
FA-AgNPs. In the next, our study find out cytotoxic effects 
of FA extract and FA-AgNPs at different increasing doses, 
against lung (A549) and cervical (HeLa) cancer cells. How-
ever, the primary aim of our present study is to check the 
cytotoxic efficiency of low dose of green synthesized FA-
AgNPs against studied cancer cells, and further to compare 
with the high dose effects of FA-AgNPs.

Furthermore, to evaluate the possible modulatory effects 
of low and high doses of FA extract and FA-AgNPs on the 
expression of four crucial oncogenes (PIK3CA, KRAS, 
EGFR and ERBB3), the study also performs RT-qPCR. To 
the best of the authors knowledge, until now there is no pre-
vious study that primarily evaluates the low dose efficiency 
of FA mediated green synthesized AgNPs in terms of its 
cytotoxicity and genetic alteration effects against A549 and 
HeLa cancer cells.

Materials and Methods

Collection and Preparation of FA Gum Aqueous 
Extract

Fresh FA gum was purchased from a local market in the 
Riyadh region of Saudi Arabia. The gum was properly 
washed through tap and distilled water to remove unwanted 
dust materials. The cleaned gum was air dried and deposited 
in sealed plastic bags. The aqueous extract (10% w/v) was 
prepared by adding the gum to boiled distilled water and was 
soaked overnight at room temperature. The prepared extract 
solution was filtered, identified as FA aqueous extract and 
stored at 4 °C for further use [25].

Green Synthesis of AgNPs, Using FA Aqueous Extract

With the aim to prepare green synthesized AgNPs, 50 ml 
of 1 mM aqueous solution of silver nitrate  (AgNO3) was 
initially prepared. 5 ml of FA aqueous extract was added 
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into the 50 ml aqueous solution of  AgNO3. The mixture was 
stirred at 80 °C for 1 h. The color of the solution turned from 
pale yellow into dark brown within 24 h, and indicated the 
reduction of silver ions into AgNPs [26].

Characterization of Green Synthesized Silver 
Nanoparticles (FA‑AgNPs)

UV–Vis Spectroscopy

Ultraviolet–Visible (UV–Vis) spectroscopy is a well-estab-
lished, simple and ideal tool for the characterization of metal 
nanoparticles that are specifically sensitive to concentration, 
size, shape and agglomeration state. In our study, the first 
step characterization of synthesized FA-AgNPs was assessed 
by the use of UV–Vis spectroscopy (PerkinElmer LS 40, 
USA), in a quartz cuvette. The reduction of silver ions to 
the nanoparticle form (AgNPs) was monitored by measuring 
the UV–Vis spectra of the solutions. The UV–Vis spectra 
of FA-AgNPs solution was recorded in an optical density 
range of 200 to 800 nm. Millipore water was used as the 
blank. Furthermore, with the aim to check the stability of 
the synthesized FA-AgNPs, same protocol was repeated for 
three times.

The formation of unique peak value at specific wave-
length corresponds to the surface plasma resonance (SRP) 
of AgNPs. This peak value reflects the average size of the 
AgNP’s size distribution. Moreover, no additional peaks 
reflect the successful purification of FA-AgNPs [26].

TEM

The shape, size and distribution of the synthesized FA-
AgNPs was analyzed via TEM (JEOL JEM-1230 transmis-
sion electron microscope, Tokyo, Japan). It is a microscopic 
technique in which a beam of electrons is passed onto an 
ultrathin specimen. As a result, an image is formed from 
the interaction of a sample with the electron’s beam which 
is further captured on an imaging device to check the shape, 
size and distribution of the synthesized nanoparticles.

The TEM observation was carried out by placing a drop 
of 8 μl of synthesized FA-AgNPs solution on a carbon 
coated copper grid (330 Mesh). It was then air dried and 
observed utilizing TEM at a 100 kV Accelerating Voltage 
[27].

Hydrodynamic Size, PDI and Zeta Potential

The hydrodynamic size, polydispersity index (PDI) and zeta 
potential of the green synthesized FA-AgNPs was measured 
through dynamic light scattering instrument (Zetasizer 
device, Malvern, Worcestershire, UK). It is a simple, easy 
and reliable tool for identifying particle size and surface 

charge. Nanoparticles were suspended in culture media and 
then sonicated via a sonicator bath (at room temperature for 
15 min, at 40 W) to form homogenous mixture, and DLS 
measurement was performed.

The hydrodynamic size provides information about the 
mean nanoparticle size. The PDI is used to determine the 
degree of polydispersity in the sample. The zeta potential 
measurement is performed to evaluate the surface charge of 
the green synthesized nanoparticle which ultimately reflects 
their physical stability. A large positive or negative value of 
zeta potential of the nanoparticle gives clear indication for 
the good physical stability of nanoparticles [28].

FTIR

Fourier transform infrared (FTIR) spectrum measurement 
was used to determine the presence of possible functional 
groups of reducing agent (FA), involved in the synthesis of 
AgNPs. The FTIR spectrum bands were obtained for both 
aqueous extract (FA) and synthesized silver nanoparticles 
(FA-AgNPs), via utilizing FTIR spectroscopy (Nicolet 6700 
FT-IR, Waltham, MA, USA). The sample analysis was per-
formed in the most widely used spectrum region (the mid IR 
spectrum- ‘400–4000  cm−1’). During analysis, samples are 
mixed with potassium bromide (KBR), and placed to contact 
with IR radiation which in turn have impacts on the atomic 
vibrations of a molecules in the sample, and thus reflect the 
specific absorption. The vibration of the molecules influ-
enced by IR radiation at a particular wavelength is measured 
using FTIR. The analysis of FTIR is considered as a rapid, 
economical, and easy technique along with good accuracy 
[29].

Cell Culture, Exposure to FA Extract and FA‑AgNPs, 
and MTT Assay

Human lung (A549) and cervical (HeLa) cancer cell lines 
were cultured in DMEM medium supplemented with 10% 
FBS, 100 U/ml penicillin, 50 µg/ml streptomycin and 1% 
Glutamine, at 5%  CO2 and 37 °C. At 85% confluence, cells 
were harvested utilizing 0.25% trypsin, and sub cultured into 
96 well plates at the density of 2 ×  105 cells/well in 100 µl 
optimized medium. Prior to treatment, cultured plates were 
incubated in  CO2 incubator and cells were allowed to attach 
the surface for 24 h. The medium was then aspirated and 
replaced with medium containing low to high doses (3.125, 
6.25, 12.5, 25, 50 and 100 µl) of FA aqueous extract and syn-
thesized FA-AgNPs, respectively. Treated cells were allowed 
to grow for further 48 h. At the end of incubation period, 
100 µl of MTT reagent (filtered through a 0.22 µm filter) was 
added and kept in dark for 2 h. After the careful removal of 
medium containing MTT, 100 µl DMSO (Ajax Finechem 
Pty Ltd, Australia) was added to dissolve formazan crystals. 
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The 96-well-plate was also shaken for further 15 min in the 
dark to increase the dissolving of formazan crystals.

The absorbance of each treatment was measured at 
490 nm using a 96-well plate reader (Molecular Devices 
-SPECTRA max- PLUS384). Each experiment was per-
formed in three replicates, and untreated cells (controls) 
were run simultaneously. Absorbance values were normal-
ized according to the controls. Hence, cell viability values 
of untreated cells should be 100%, while the cell viability of 
the treated cells should be below or above than 100%. The 
cell viability percentage was characterized as [Absorbance 
of treated cells/Absorbance of controls] × 100.

Molecular Analysis

Total RNA Extraction and cDNA Synthesis

A549 and HeLa cancer cells were cultured at a density of 
2 ×  102 cells/well in six well plates for 24 h, and exposed 
with FA aqueous extract and FA-AgNPs at low (6.25 µl) and 
high (25 µl) concentrations, respectively. Uuntreated cancer 
cells (controls) were also cultured simultaneously. After 48 h 
of incubation, total RNA was extracted from cultured cells 
using RNeasy Plus Mini kit (QIAGEN) according to the 
manufacturer's instructions. Concentration of the extracted 
RNA was measured via Nanodrop spectrophotometer 
(Thermo Scientific), and the quality of RNA were checked 
on agarose gel electrophoresis. The first strand cDNA was 
synthesized from 1.0 µg of total extracted RNA, utilizing 
cDNA Reverse Transcription Kit (Applied Biosystems), 
according to manufacturer’s recommendations [30].

Gene Expression Analysis of Target Oncogenes by RT‑qPCR

RT-qPCR of the target oncogenes (PIK3CA, KRAS, EGFR 
and ERBB3) was performed by Applied Biosystems SYBR 
Green PCR Master mix kit (Life Technologies, CA, USA), 
using StepOnePlus fluorescence quantitative PCR instru-
ment (Applied Biosystems; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), following the manufacturer’s instruc-
tions. GAPDH was used as an internal reference. Each sam-
ple was run in triplicate in a final volume of 12.5 µl contain-
ing 2 µl first-strand cDNA, 0.25 µl of each primer, 6.25 µl 
of SYBR Green PCR Master mix and 3.75 µl distilled water. 
The PCR conditions were as follows: initial denaturation at 

95 °C for 10 min, followed by 40 cycles at 95 °C for 15 s, 
60 °C for 60 s and elongation at 72 °C for 20 s [30]. The 
sequences of the specific sets of primers used for the genes 
PIK3CA, KRAS, EGFR and ERBB3 are given in Table 1.

Statistical Analysis

Results are presented as Mean ± SD for at least three inde-
pendent experiments. Statistical analyses were performed 
using SPSS software (version 25.0). Statistical differences 
between the groups were analysed through ANOVA and 
t-test. p < 0.05 was considered as significant.

Results

Characterization of Synthesized FA‑AgNPs

The light yellow color F. asafoetida aqueous extract was 
used as a reducing agent in the green synthesis of AgNPs. 
When the colorless solution of  AgNo3 was mixed with the 
yellow aqueous extract of F. asafoetida, the color of the mix-
ture turned into dark brown (within 24 h) and indicated the 
formation of synthesized FA-AgNPs (Fig. 1A).

The UV–Vis spectroscopy analysis reflects the strong 
absorption peak value at 432.5 nm, which corresponds to 
the surface Plasmon resonance of silver nanoparticles and 
confirms the formation of synthesized FA-AgNPs (Fig. 1B). 
The peak value for AgNPs is usually considered in the range 
400–450 nm. In addition, it is cleared from Fig. 1B that 
UV–Vis spectra of FA-AgNPs showed no additional peaks 
which indicates the successful purification of FA-AgNPs.

Furthermore, the stability of FA-AgNPs was also checked 
through repeating the same protocol for three times. The 
color change pattern of the synthesized mixture was moni-
tored and analysed utilizing UV–Vis spectroscopy. The 
stability of the synthesized FA-AgNPs was confirmed after 
recording the same absorption peak at 432.5 nm.

The morphology of the synthesized nanoparticles was 
determined through TEM and is shown in Fig. 2. The aver-
age TEM size of synthesized FA-AgNPs was in the range 
of 6–44 nm (average size- 20.64 nm), having good spheri-
cal shape structure and no significant agglomeration. The 
presence of TEM size range less than 100 nm clearly signi-
fies the nano crystalline nature of FA-AgNPs which in turn 

Table 1  List of the primers used 
for the RT-qPCR assay

Gene Forward primers Reverse primers

PIK3CA 5ʹ-AGA GCC CCG AGC GTTTC-3ʹ 5ʹ-TCA CCT GAT GAT GGT CGT GG-3ʹ
KRAS 5ʹ-TAG GCA AGA GTG CCT TGA CG-3ʹ 5ʹ-CCC TCC CCA GTC CTC ATG TA-3ʹ
EGFR 5ʹ-AAA TGG GCT GCA AAG CTG TC-3ʹ 5ʹ-TTC CAG ACA AGC CAC TCA CC-3ʹ
ERBB3 5ʹ-GAG GTG TGA GGT GGT GAT GG-3ʹ 5ʹ-CGA ATC CAC TGC AGG AAG GA-3ʹ
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promote its good catalytic and high accumulation property 
into the tumor area and support the further assessment of 
our study.

The hydrodynamic size of FA-AgNPs was 139.9 d.nm 
with a low PDI of 0.250, indicating the formation of mono-
dispersed particles. The zeta potential value of FA-AgNPs 
as determined by DLS was − 0.684 mV, suggesting higher 
physical stability of silver nanoparticles (Fig. 3).

The FTIR spectra of FA and synthesized nanoparticles 
was analysed to confirm the presence of different functional 
groups of FA, involved in the capping, stabilization and 
reduction of synthesized AgNPs. The spectra were recorded 
in the wave range of 4000-400  cm−1 (Fig. 4A). The FTIR 
spectra of FA showed strong absorption peaks at 3427, 2926, 
1656, 1159, 1021, 762, 575  cm−1 which represents various 
functional groups of FA. Moreover, the presence of more 
than five absorption peaks in the FTIR spectra of FA, clearly 
indicates its complex nature. Likewise, in a previous study, 
the complex property of FA was expressed via the presence 
of FTIR absorption peaks at 3405, 2427, 2359, 2100, 1788, 
1635, 1338, 1048, and 832  cm−1 [31].

In our study, the strong absorption peak at 3427  cm−1 
indicated the presence of O–H stretching of phenol/alco-
hol group. The presence of phenolic compound in the plant 
extract of FA has been already reported in many previous 
studies [32, 33]. Moreover, it is strongly postulated that 
the phenolic compound of FA might be involved in the 
reducing and capping of AgNPs. The absorption peak in 
the range of 2927  cm−1 was expressed as C–H stretching 

Fig. 1  A Green synthesis of 
silver nanoparticles (AgNPs) 
using F. asafoetida (FA) aque-
ous extract and 1 mM Silver 
nitrate aqueous solution. B The 
characterization of synthesized 
silver nanoparticles (FA-
AgNPs) via UV–Vis spectros-
copy

Fig. 2  The shape, size and distrbution of synthesized FA-AgNPs, uti-
lizing TEM
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of the alkane group. In addition, the absorption band at 
1656  cm−1 (−C=C− stretch) showed the features of alkenes 
group. The peak at 1159  cm−1 was expressed to C=CH2 
stretching and the peak near 762 and 575  cm−1 represented 
as −CH=CH− stretching of alkynes group. Manivasagan 
et al. study reveals that the groups of alcohols, phenolic, 
alkanes and alkynes have a strong capacity to interact with 
nanoparticles [34].

Similar to FA, the FTIR spectrum of synthesized FA-
AgNPs showed strong absorption peaks at 3429, 2926, 
1652, 1154, 1023, 763, and 575  cm−1 (Fig. 4A). Hence, 
the similarities in the peak values of the FTIR spectra of 

FA and synthesized FA-AgNPs along with some mar-
ginal shift clearly indicates the involvement of these dif-
ferent functional groups of FA in the binding of silver 
ions, respectively. Devanesan et al. also reported the FTIR 
absorption peaks at 3405, 2100, 1788, 1635, 1048, and 
832  cm−1, for the property of green synthesized AgNPs 
using FA [25]. The IR spectra of synthesized FA-AgNPs 
is also illustrated in Fig. 4B.

Hence, the conclusive results obtained from these vari-
ous characterization methods, confirmed the successful 
synthesis of FA-AgNPs, which is clearly illustrated in 
Fig. 5.

Fig. 3  The hydrodynamic size 
and zeta potential of synthe-
sized FA-AgNPs, determined 
by DLS. A Hydrodynamic size 
of synthesized FA-AgNPs. B 
Zeta potential of synthesized 
FA-AgNPs
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Cytotoxic Effects of FA Extract and Synthesized 
FA‑AgNPs, in A549 and HeLa Cells

When A549 and HeLa cancer cells were treated with 
increasing doses (3.125, 6.25, 12.5, 25, 50 and 100 µl) of 
FA aqueous extract and synthesized FA-AgNPs for 48 h, the 

MTT assay showed that the viability of both studied cancer 
cells was considerably decreased in dose dependent manner 
(Fig. 6). Under different exposure conditions (3.125–100 µl) 
of FA aqueous extract, the percentage of cell viability of 
A549 cells was decreased to 95%, 82%, 79%, 55%, 47% and 
24%. On the other hand, the cytotoxic effects of FA-AgNPs 

Fig. 4  A FTIR spectra of FA and synthesized FA-AgNPs, B IR spectra of synthesized FA-AgNPs
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in relation to A549 cells was exhibited in terms of higher 
rate of cell viability loss (90%, 27%, 26%, 22%, 20% and 
11%) as compared to FA extract, at the same treatment doses 
(Fig. 6A).

Likewise, in case of HeLa cells, the cell viability was 
decreased to 99%, 96%, 78%, 73%, 66% and 10%, when 
cancer cells were treated with different increasing doses 
(3.125–100 µl) of FA extract. However, at the same treat-
ment doses, FA-AgNPs induced cell viability reduction rate 
of HeLa cells was found to be higher (87%, 15%, 11%, 8%, 
4% and 3%) as compared to the dose effects of FA extract 
(Fig. 6B).

The Average Low (6.25 µl) and High (25 µl) Doses 
of FA‑AgNPs Causes Severe Cytotoxic Effects

Based on the conclusive findings of MTT assay, the doses 
of 6.25 µl and 25 µl were selected as an ideal and averagely 
low and high doses of FA-AgNPs to cause severe cytotoxic 
effects on both studied cancer cells, and further utilized for 
genetic analysis.

Under the low dose (6.25 µl) exposure effects of FA-
AgNPs, the observed cell viability of A549 and HeLa 
cells was 27% and 15%, respectively. While the high dose 
(25 µl) effects of FA-AgNPs was indicated by the pres-
ence of 22% and 8% cell viability in A549 and HeLa cells, 
respectively (Fig. 6).

FA Extract and Synthesized FA‑AgNPs Induced 
Genetic Effects

RT-qPCR was used to determine the expression levels of 
four oncogenes (PIK3CA, KRAS, EGFR and ERBB3) in 
treated A549 and HeLa cancer cells, under the low and 
high dose exposure effects of FA and FA-AgNPs. After 
48 h of treatment period, RT-qPCR analysis showed that 
the expression of these four oncogenes was altered in stud-
ied cancer cells, due to the exposure effects of FA extract 
and FA-AgNPs (Figs. 7, 8, 9 and 10).

Fig. 5  Evidential illustration for the conclusive results of nanoparticles (FA-AgNPs) characterization methods which strongly proves that these 
methods are enough to demonstrate the successful synthesis of FA-AgNPs
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Low and High Dose Effects of FA and FA‑AgNPs 
on the Expression of Target Oncogenes, in A549 Cells

In case of treated A549 cells (Fig. 7), the low (6.25 µl) dose 
effects of FA extract and synthesized FA-AgNPs induces 
downregulation effects on the expression of PIK3CA and 
KRAS oncogenes as compared to controls. However, the 
downregulation effects of only FA-AgNPs was found to be 
significant (p < 0.01) in relation to the activity of these two 
oncogenes. In the further step, when the high dose (25 µl) 
effects of FA extract and FA-AgNPs were analysed towards 
the expression of four studied oncogenes (PIK3CA, KRAS, 
EGFR and ERBB3), in A549 cells (Fig. 8). The efficiency 
of FA extract and FA-AgNPs was capable to induce signifi-
cant (p < 0.05) downregulation effects on the expression of 
PIK3CA and KRAS oncogenes in treated A549 cells than in 
controls. Moreover, we also noticed that FA-AgNPs induced 
downregulation effects for these two oncogenes, was more 

effective (p < 0.01) as compared to FA (p < 0.05) alone. On 
the other hand, the expression of the remaining two onco-
genes EGFR and ERBB3 was upregulated under the low and 
high dose effects of FA and FA-AgNPs in treated A549 cells, 
compared to controls (Figs. 7 and 8).

Low and High Dose Effects of FA and Synthesized FA‑AgNPs 
on the Expression of Target Oncogenes, in HeLa Cells

In the next, when the low and high dose effects of FA extract 
and FA-AgNPs were analysed in favor of HeLa cancer cells. 
PIK3CA and KRAS were the two genes that were found to 
be downregulated in treated HeLa cells as compared to con-
trols. However, the treatment efficiency of only FA-AgNPs 
was capable to induce significant (p < 0.01) downregulation 
effects on the expression of these two genes (PIK3CA and 
KRAS), at both low and high concentrations (Figs. 9 and 10).

Fig. 6  The average low (6.25 µl) 
and high (25 µl) dose effects 
of FA-AgNPs causes strong 
cytotoxic effects on A A549 
and B HeLa cancer cells. A549 
and HeLa cells were treated 
with different increasing doses 
(3.125–100 µl) of FA And FA-
AgNPs. Untreated cancer cells 
(0 µl) were used as controls. 
After 48 h, It was noted that FA-
AgNPs induced cell viability 
loss was in higher rate com-
pared to FA alone. The dose of 
6.25 µl and 25 µl were observed 
as an averagely low and high 
doses of FA-AgNPs to cause 
strong cytotoxic effects against 
both studied cancer cells. Statis-
tically significant difference as 
compared to controls indicates 
as (p ≤ 0.001: ***, p ≤ 0.01: **, 
p ≤ 0.05: *)
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Similar to A549 cells, the low and high dose effects of FA 
and FA-AgNPs caused upregulation effects on the expres-
sion of EGFR and ERBB3 oncogenes in treated HeLa cells 
as compared to controls (Figs. 9 and 10).

Discussion

The present study is the first-hand investigation showing the 
low dose (6.25 µl) capability of FA-AgNPs to induce strong 
cytotoxic action on lung and cervical cancer cells. Moreover, 
our study highlights molecular evidence of low dose medi-
ated antitumor action of FA-AgNPs, which is related via its 
beneficial modulatory effects on the expression of PIK3CA 
and KRAS oncogenes, in lung and cervical cancer cells.

Lung cancer is one of the most fatal cancers that pro-
gress very rapidly with poor prognosis and short survival 
time. Due to limited treatment options, more than half of the 
patients diagnosed with lung cancer die within one year of 
diagnosis [35]. Likewise, cervical cancer is a serious disease 
that kills one woman in every two minutes [36]. Hence to 

date, the development of a potent and an effective therapy, is 
an urgent need to fight against these deadly diseases.

In recent years, the application of AgNPs in relation to its 
anticancer activity has achieved most popularity [6]. How-
ever, due to the involvement of hazardous chemicals, the 
high dose of chemically synthesized AgNPs causes various 
health complications on human body and in turn reduces 
the natural anticancer effectiveness of AgNPs [13, 37]. In 
this regard, plant-based green synthesis of AgNPs have been 
proved very effective in terms of having tremendous anti-
cancer activities with quick results and lesser side effects 
[38]. Moreover, It is also postulated that the combination of 
plant extract and AgNPs can cause strong cytotoxicity with 
its low doses [39].

Despite intensive research on anticancer effects of green 
synthesized AgNPs, relatively very limited studies have been 
accomplished to determine the cytotoxic capability of FA 
based AgNPs, on different cancer cells [26, 31, 40]. Moreo-
ver, in all these previous studies, the researchers have mainly 
highlighted the high dose efficiency of FA-AgNPs to induce 
strong cytotoxic effects against various cancer cell lines.

Fig. 7  The low dose (6.25  µl) effects of FA and synthesized FA-
AgNPs on the expression of four oncogenes (PIK3CA, KRAS, EGFR 
and ERBB3), in A549 cells. A549 cells were treated with low dose 
(6.25 µl) of FA and synthesized FA-AgNPs. After 48 h of incubation, 
relative expression levels of these four oncogenes were analysed via 
RT-qPCR. Data are expressed as the mean values of three independ-
ent experiments. The results showed that the expression of PIK3CA 

and KRAS was downregulated in FA and FA-AgNPs treated A549 
cells than in controls. However, only FA-AgNPs induced downregu-
lation effects in relation to these two oncogenes was found to be sig-
nificant (**p < 0.01) as compared to control. While the capability FA 
and FA-AgNPs was expressed to induce upregulation effects on the 
expression of the two remaining oncogenes (EGFR and ERBB3)



Low Dose of Green Synthesized Silver Nanoparticles is Sufficient to Cause Strong Cytotoxicity…

1 3

To the best of the author’s knowledge, still now, there 
is no study that has particularly focussed on the low dose 
efficiency of FA-AgNPs against A549 and HeLa cells. Fur-
thermore, the molecular evidence of low dose mediated anti-
cancer action of FA-AgNPs is remain unclear.

Therefore, the present study initially focuses on the prepa-
ration of green synthesized AgNPs,

utilizing FA as a plant source, and for the first time checks 
the cytotoxic and molecular efficiency of FA and FA-AgNPs 
at low and high both doses, against A549 and Hela cancer 
cells.

In the first step, when the prepared FA mediated AgNPs 
were examined via color change pattern, UV–Vis spectros-
copy, TEM, DLS, FTIR and IR. The results obtained from 
various assessment confirmed the formation of green syn-
thesized FA-AgNPs having color change pattern of yellow 
to brown, strong UV–Vis absorption peak at 432.5 nm, size 
range of 6–44 nm, good spherical shape and no significant 
agglomeration. DLS observation with hydrodynamic size 
(139.9 d.nm) and low PDI indicated the formation of mono-
dispersed particles. Zeta potential assessment also revealed 

the superior physical stability of AgNPs. The presence of 
various functional groups of FA on the surface of synthe-
sized AgNPs was also confirmed by FTIR analysis (Fig. 5). 
It was an easy, economical and fast method along with no 
requirement of hazardous chemicals [26, 27, 29].

In the next, we utilized MTT assay and investigated the 
cytotoxic efficiency of FA extract and FA-AgNPs on A549 
and Hela cancer cells. The results of the MTT assay revealed 
that different increasing doses (3.125, 6.25, 12.5, 25, 50 and 
100 µl) of FA extract and FA-AgNPs (after 48 h) were capa-
ble to induce considerable cytotoxic effects on both treated 
cancer cells in dose dependent manner. Furthermore, we also 
observed that the cytotoxic potential of FA-AgNPs was in 
greater extent as compared to FA extract alone. Our results 
are consistent with many previous studies in which the effi-
ciency of green synthesized AgNPs was proved to have sig-
nificant cytotoxicity against cancer cells, in dose dependent 
manner [39, 40]. Likewise, pomegranate leaf extract, walnut 
green husk and cannonball leaf extract based green synthesis 
of AgNPs are found to have dose dependent effective cyto-
toxic effects against different cancer cell lines [29, 41, 42].

Fig. 8  The high dose (25  µl) effects of FA and synthesized FA-
AgNPs on the expression of four oncogenes (PIK3CA, KRAS, EGFR 
and ERBB3), in A549 cells. When the relative expression levels of 
four oncogenes were checked under the exposure (at 25  µl dose for 
48  h) effects of FA and FA-AgNPs, via RT-qPCR. PIK3CA and 
KRAS were the two oncogenes that were significantly downregu-

lated in FA and FA-AgNPs treated A549 cells as compared to con-
trol. However, the downregulation effects of FA-AgNPs in relation 
to PIK3CA and KRAS was in greater extent (**p < 0.01) compared 
to FA (*p < 0.05). While the expression of EGFR and ERBB3 was 
upregulated under the exposure condition of FA and FA-AgNPs
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The superior cytotoxic efficiency of AgNPs is attrib-
uted due to increased formation of ROS. Hence, oxidative 
stress has been proposed as the main cytotoxic mechanism 
of AgNPs, In agreement with the study of Khorrami et al. 
[42], we postulate that due to large surface to volume ratio, 
the efficiency of AgNPs has the high tendency to enter into 
the exposed cells, and further interact with cellular constit-
uents and in turn disturb the cellular signalling pathways. 
The interaction of AgNPs with cellular constituents leads 
increased formation of ROS causing progressive oxida-
tive damage in terms of cell death [42]. Another study also 
reported that the mechanism of AgNPs induced toxicity may 
be linked with mitochondrial damage, DNA damage and 
oxidative stress [43].

On the other hand, the abnormal metabolism and high 
proliferation rate of cancerous cells encourage its uptake 
tendency towards AgNPs and eventually display enhanced 
AgNPs internalization, leading to a higher cell death rate 
[44].

Importantly, in our study, we found that the average low 
(6.25 µl) dose of FA-AgNPs was sufficient to induce strong 
cytotoxic effects against cancer cells, indicated by the pres-
ence of 27% and 15% cell viability on low dose treated A549 

and HeLa cells, respectively. On the other hand, the average 
high (25 µl) dose effects of FA-AgNPs was expressed in 
the form of 22% and 8% cell viability on treated A549 and 
HeLa cells, respectively. Based on these collective findings, 
our study confirms the low dose efficiency of FA-AgNPs in 
terms of its strong anticarcinogenic role against lung and 
cervical cancer cells, and the extreme cytotoxicity induced 
by FA-AgNPs at lower concentration could be due to the 
plant component (FA) attached to the AgNPs [45].

FA is a good traditional medicine and widely recognised 
to treat various chronic and serious disorders [46]. One of 
the specific characteristics of this plant is its strong anti-
cancer potential which is due to their antioxidant behaviour 
[18]. The rich constituents of FA including polyphenol, 
phenolic acid and flavonoid are found to have sufficient 
antioxidant potential and in turn exhibit inhibitory effects 
on tumor growth, angiogenesis and metastasis [47]. Among 
these constituents of FA, the role of polyphenol has been 
well studied against the progression of multiple cancers. In 
addition, the potential of polyphenol is reported to induce 
protective effects on healthy cells against free radical dam-
age, and exerts toxic effects only for cancerous /unhealthy 
cells, which surely prompt the use of FA as a safe, natural 

Fig. 9  The low dose (6.25  µl) effects of FA and synthesized FA-
AgNPs on the expression of four oncogenes (PIK3CA, KRAS, EGFR 
and ERBB3), in HeLa cells. Under the low dose influence of FA and 
FA-AgNPs, the expression of PIK3CA and KRAS was downregu-
lated in treated HeLa cells as compared to control. While PIK3CA 

and KRAS received significant (**p < 0.01) downregulation effects 
only by the low dose effects of FA-AgNPs. Moreover, the low dose 
treatment of FA and FA-AgNPs showed no significant effects on the 
expression of the remaining two oncogenes (EGFR and ERBB3)
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and efficient anti-tumor agent in cancer treatment [18, 19]. 
In line with these literatures, our study also concludes that 
the anticancer property of AgNPs can be safely maintained 
via the combination of a reliable agent FA.

Further, to explore the anti-tumor effects of FA extract 
and FA-AgNPs at molecular level, A549 and HeLa cancer 
cells were treated with low (6.25 μl) and high (25 μl) doses 
of FA extract and FA-AgNPs, respectively. After 48 h, RT-
qPCR analysis showed that the expressions of four onco-
genes (PIK3CA, KRAS, EGFR and ERBB3) were altered in 
treated cancer cells with slight (non-significant) and highly 
significant differences as compared to controls, which pri-
marily indicates the capacity of FA extract and FA-AgNPs to 
induce modulations at genetic level in relation to these four 
oncogenes in target cancer cells.

It is well established that cancer is a multifactorial dis-
ease and the involvement of various genetic factors (such as 
PI3K/AKT, P53, NF-kB, STAT3 and COX-2 etc.) to prompt 
the initiation and progression of human cancer, has been 
studied in many previous studies [48, 49].

Among these factors, PI3K/AKT pathway has progres-
sively received a major focus of interest as it plays an impor-
tant role in regulating various cellular functions, including 

cell growth, metabolism, proliferation, survival, apoptosis, 
transcription and protein synthesis. Any mutation occurs 
in the genes that involved in the regulation of PI3K/AKT 
pathway, directly leads to the disturbance in normal cel-
lular function, natural division and differentiation of cells, 
and in turn promote the development and progression of 
cancer cells [50]. According to the findings of many previ-
ous studies, the dysregulated activation (overactivation) of 
PI3K/AKT pathway has been recognised as one of the most 
important causes for the pathogenesis of lung and cervi-
cal cancers [51, 52]. In addition, multiple previous studies 
have emphasized the major involvement of four oncogenes 
(PIK3CA, KRAS, EGFR and ERBB3) in terms of its over 
expression leading to the overactivation of PIK3CA pathway. 
The overexpression of these four oncogenes together with 
the over activation of PI3K/AKT pathway represent a major 
molecular mechanism in the initiation and progression of 
cancer, which encourage researchers to develop novel treat-
ment against lung and cervical cancers through targeting 
these four genes [22–24].

Hence, keeping in consideration about the major role of 
these four genes in the carcinogenesis of lung and cervical 
cancers, the present study also checks the low and high dose 

Fig. 10  The high dose (25  µl) effects of FA and Synthesized FA-
AgNPs on the expression of four oncogenes (PIK3CA, KRAS, 
EGFR and ERBB3), in HeLa cells. The expression of two oncogenes 
(PIK3CA and KRAS) was significantly (**p < 0.01) reduced under 
the high dose exposure effects of FA-AgNPs. While the capability of 

FA was expressed to induce insignificant (p > 0.05) downregulation 
effects on the expression of these two oncogenes. Moreover, the high 
dose effects of FA and FA-AgNPs caused upregulation effects on the 
expression of the remaining two oncogenes (EGFR and ERBB3)
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effects of FA and FA-AgNPs on the expression of these tar-
get four oncogenes, in A549 and HeLa cancer cells.

In case of treated A549 cells, the low dose effects of FA 
and FA-AgNPs was expressed to induce beneficial modula-
tions in terms of downregulation effects on the expression of 
PIK3CA and KRAS oncogenes, compared to controls. How-
ever, the capacity of only FA-AgNPs was noted in the form 
of its highly significant downregulation effects in relation to 
both oncogenes in treated A549 cells compared to controls. 
While under the high dose exposure condition of FA and 
FA-AgNPs, the expression of both oncogenes (PIK3CA and 
KRAS) was significantly decreased in treated A549 cells than 
in controls. But, the modulating tendency of FA-AgNPs to 
decrease the activity of PIK3CA and KRAS was more effec-
tive as compared to FA exposure effects.

Likewise, in case of Hela cells, PIK3CA and KRAS were 
two genes that were observed in downregulated stages under 
the low and high dose exposure condition of FA and FA-
AgNPs. However, these two oncogenes received significant 
downregulation effects in response to only low and high dose 
exposure condition of FA-AgNPs. Based on these results, 
we postulated that the low dose of FA-AgNPs was sufficient 
to cause strong downregulation effects on the expression of 
PIK3CA and KRAS oncogenes in treated both cancer cells 
than in control. While the capability of FA-AgNPs was not 
expressed to show downregulation effects on the expression 
of the remaining two oncogenes (EGFR and ERBB3), in 
studied A549 and HeLa cancer cells.

PIK3CA gene is one of the most commonly mutated 
oncogenes, present in human cancer. Many previous stud-
ies have confirmed the presence of over expressed PIK3CA 
gene in high frequency in the carcinogenesis of lung and 
cervical cancer cells [22, 53]. Likewise, the role of KRAS 
gene has been found in its overexpressed stage to exhibit a 
major contribution in the initiation and progression of lung 
and cervical cancers [54, 55]. Hence, in agreement to these 
previous studies, the results of our study clearly signify the 
strong anticarcinogenic modulatory effects of FA-AgNPs at 
relatively low concentration which is associated with signifi-
cantly decreased expression of PIKCA and KRAS oncogenes 
in treated lung and cervical cancer cells.

Conclusion

In conclusion, the present study has successfully synthesized 
silver nanoparticles (FA-AgNPs) utilizing a natural and safer 
anti-tumor agent Ferula asafoetida. It was a cost-effective 
method with no requirement of hazardous chemicals. The 
low dose of synthesized FA-AgNPs was found to be suf-
ficient to induce strong cytotoxic effects on the growth of 
lung and cervical cancer cells. Importantly, our study pro-
vides new information for the molecular evidence of strong 

anticancer effects of synthesized FA-AgNPs which is medi-
ated via it's lose dose effects to significantly decrease the 
expression of two crucial cancer promoting genes (PIK3CA 
and KRAS) in treated lung and cervical cancer cells. Overall, 
the findings of our study conclude that the combination of 
low dose of AgNPs and Ferula asafoetida can offer robust 
anticancer effects without any adverse effects.
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