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A B S T R A C T

Recently, we have reported that biogenic silver/silver chloride nanoparticles from Asparagus racemosus 
(A. racemosus-AgCl-NPs) and Kaempferia rotunda (K. rotunda-Ag/AgCl-NPs) inhibited different cancer cells by 
inducing apoptosis and several genes alteration. Here for the first time, we assessed the effects of these two 
nanoparticles on human lung (A549) and hepatocellular (SMMC-7721) carcinoma cell lines. A. racemosus-AgCl- 
NPs and K. rotunda-Ag/AgCl-NPs inhibited A549 cell growth with IC50 values of 22.7 and 59.7 μg/ml and the 
calculated IC50 values for SMMC-7721 cell were 89.3 and 126.3 μg/ml, respectively. A. racemosus-AgCl-NPs 
exerted higher cytotoxicity against HEK293T cells than doxorubicin and K. rotunda-Ag/AgCl-NPs. Both the 
nanoparticles induced apoptosis in A549 and SMMC-7721 cell lines. A significant rise of early apoptotic cells and 
late apoptotic cells was found for A549 cells after treatment with A. racemosus-AgCl-NPs and stained with FITC- 
annexin V/PI. Apoptosis in A549 cells was further confirmed by monitoring the alteration of the expression level 
of several genes using real-time PCR and cell cycle arrest by flowcytometry after treatment with A. racemosus- 
AgCl-NPs. The expression of STAT-3, TNFα, and EGFR genes was decreased with the increase of caspase-8, FAS, 
and FADD gene expression. G2/M cell cycle phase was arrested after treatment of A549 cells with A. racemosus- 
AgCl-NPs.

1. Introduction

Cancer remains a leading cause of mortality, with over 100 types 
currently identified. In 2022, the United States alone reported 1.9 
million new cancer cases, resulting in 609,360 deaths. Lung and bron
chial cancer are particularly deadly, with lung cancer ranking as the 
second most common cancer worldwide, following breast cancer. Con
ventional chemotherapeutic drugs often have severe side effects and can 
lead to drug resistance, prompting researchers to seek alternative 
treatments. Biogenic nanoparticles have recently garnered attention for 
their potential anticancer properties. In our research, we synthesized 
and characterized biogenic silver/silver chloride nanoparticles using 
Asparagus racemosus (A. racemosus-AgCl-NPs) and Kaempferia rotunda 
(K. rotunda-Ag/AgCl-NPs), which demonstrated anticancer activity 
against several cancer cell lines [1–6]. Specifically, these nanoparticles 
inhibited the proliferation of human glioblastoma stem cancer cells 
(GSC-3) in vitro and Ehrlich ascites carcinoma (EAC) cells in vivo [3,6], as 

well as human pancreatic (BxPC-3) and breast cancer (MCF-7) cells [4].
Although the anticancer effects of some biogenic silver nanoparticles 

against the A549 human lung cancer cell line have been reported 
[7–14], the underlying molecular mechanisms remain largely unex
plored. In continuation of our previous work, we now report for the first 
time that A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl-NPs inhibit the 
growth of hepatocellular carcinoma (SMMC-7721) and lung cancer 
(A549) cell lines. Furthermore, we elucidate the molecular mechanisms 
behind the anticancer properties of A. racemosus-AgCl-NPs.

2. Materials and methods

2.1. Synthesis of silver nanoparticles

A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl-NPs were synthe
sized according to the established protocol [3,6] and stored at 4 ◦C.
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2.2. Cytotoxicity study against SMMC-7721, A549 and HEK293T cells

Human lung A549, hepatocellular carcinoma SMMC-7721, and 
Human embryonic kidney HEK293T cells were recruited from the 
American Type Culture Collection (ATCC). At first DMEM medium was 
prepared using DMEM powder with high glucose (Gibco), FBS (Gibco), 
NaHCO3, HEPES (Carl Roth, Germany), and antibiotics (Amresco). The 
stored cells were kept at 37 ◦C for a short period and then cells were 
added to 9.0 ml of DMEM medium, centrifuged (Eppendorf) and 
collected cells were added to 5 ml of DMEM medium with high glucose 
and subcultured in T-25 cell culture flax containing DMEM medium 
using CO2 incubator at 37 ◦C (Galaxy 170 S, New Brunswick). When cells 
reached around 90 % confluency, trypsin-EDTA (Gibco) was added to 
the flax and incubated. Finally, detached cells were counted by an 
inverted microscope (Euromex). A549 (10,000/well), HEK293T 
(10,000/well) and SMMC-7721 (20,000/well) cells were seeded in 96- 
well cell culture plates. After 24 h, A549 cells were treated with 
16.0–64.0 μg/ml concentration of A. racemosus-AgCl-NPs and K. 
rotunda-Ag/AgCl-NPs whereas SMMC-7721 cells were treated with both 
the nanoparticles at the concentration range from 32.0 to 128 μg/ml for 
48 h. HEK293T cells were treated with A. racemosus-AgCl-NPs, K. 
rotunda-Ag/AgCl-NPs, and cancer drug doxorubicin at the concentration 
of 2–16 μg/ml for 48h. Then MTT, (3-[4,5-dimethylthiazole-2-yl]-2,5- 
diphenyltetrazolium bromide) bought from Carl Roth, Germany, was 
added and kept in a CO2 incubator at 37 ◦C. About 3 h later, crystals 
were dissolved using isopropanol containing 0.1 N HCl and absorbances 
were recorded at 630 nm using BioTek 800 TS microplate reader. 
Finally, MS Excel software was used to calculate growth inhibition and 
IC50 values.

2.3. Detection of apoptosis by Hoechst 33342 stain

A549 cells (40,000/well) were seeded in a 24 wells cell culture plate 
and were treated with A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl- 
NPs at the concentration of 32 μg/ml while SMMC-7721 cells (80,000/ 
well) were treated with the nanoparticles at the concentrations of 64 μg/ 
ml 24 h later medium was taken out and the attached cells were washed 
with PBS (phosphate buffer saline). After that cells were stained with 
Hoechst 33342. Finally, to detect apoptosis cell morphological alter
ations were observed, and the pictures were captured using a fluores
cence microscope (Olympus IX71).

2.4. Detection of death cells by flowcytometry

A549 cells (5 × 105) were seeded in the T-25 flask and 24 h later 
treated with A. racemosus-AgCl-NPs (64 μg/ml). After that cells were 
detached and washed with the annexin V binding buffer. Then cells were 
incubated with FITC-annexin V/PI (Invitrogen) for about 20 min in the 
dark at room temperature. Finally, apoptotic cell death was detected by 
using a CytoFLEX flow cytometer (Beckman coulter).

2.5. Cell cycle analysis

A549 cells were cultured and treated with A. racemosus-AgCl-NPs 
(64 μg/ml) for 48 h as represented above. After detaching, cells were 
stored using PBS and 70 % alcohol for 24 h. Then cells were washed 
three times with PBS and incubated in 1 ml PBS for 30 min with 50 μl of 
RNase A (1.0 mg/ml) at 37 ◦C. Finally, cell cycle phases were detected 
by a CytoFLEX flow cytometer after the addition of 5 μl of propidium 
iodide (1.0 mg/ml).

2.6. Gene expression

A549 cells were treated with A. racemosus-AgCl-NPs (64 μg/ml) for 
24 h as described above and RNA was isolated according to the manu
facturer’s instruction (FAVORGEN, Taiwan). Then cDNA was 

constructed and mixed with 2 × SYBR green master mix according to the 
manufacturer (TsingKe, China) supplied protocol. Expression levels of 
STAT-3, TNFα, EGFR, Caspase-8, FAS, and FADD were detected by a 
BIO-RAD Real-Time thermal cycler (CFX96). The PCR condition was set 
to 50 ◦C for 2 min 95 ◦C for 3 min followed by 40 cycles at 95 ◦C for 15 s 
and 60 ◦C for 1 min. Primers were designed according to Kabir et al. 
[2–4], and bought from TsingKe, China (Table 1).

3. Result

3.1. Cytotoxicity test by MTT assay

At the concentration of 16 μg/ml of A. racemosus-AgCl-NPs 43 % of 
A549 cell growth was inhibited. When the concentration was increased 
to 32 and 64 μg/ml, cell growth inhibition was increased to 60 % and 73 
%, respectively (Fig. 1A). Similarly, K. rotunda-Ag/AgCl-NPs inhibited 
9.3 %, 39.1 %, and 49.8 % of A549 cell growth at the concentrations of 
16, 32 and 64 μg/ml, respectively (Fig. 1A). The IC50 value was calcu
lated for A549 cell to be 22.7 μg/ml for A. racemosus-AgCl-NPs and 59.7 
μg/ml for K. rotunda-Ag/AgCl-NPs. On the other hand, A. racemosus- 
AgCl-NPs inhibited 22.7 %, 34.5 %, and 70.5 % of SMMC-7721 cell 
growth at the concentration of 32, 64, and 128 μg/ml respectively 
(Fig. 1B). While K. rotunda-Ag/AgCl-NPs inhibited only 8.2 % and 53 % 
SMMC-7721 cells growth at the concentration of 64 and 128 μg/ml 
(Fig. 1B). The IC50 value was calculated for SMMC-7721 cell to be 89.3 
μg/ml for A. racemosus-AgCl-NPs and 126.3 μg/ml for K. rotunda-Ag/ 
AgCl-NPs respectively. Like SMMC-7721 and A549 cells, HEK293T cell 
growth inhibition was also dose-dependent. In the presence of 16 μg/ml 
of A. racemosus-AgCl-NPs, doxorubicin and K. rotunda-Ag/AgCl-NPs 
60.2 %, 50.6 %, and 49.5 % HEK293T cells growth were inhibited 
respectively. The value decreased gradually with the decrease of con
centration (Fig. 1C). The IC50 value was calculated for HEK293T cell to 
be 9.3, 15.8, and 16.0 μg/ml for A. racemosus-AgCl-NPs, K. rotunda-Ag/ 
AgCl-NPs, and doxorubicin, respectively.

3.2. Study of morphological changes by Hoechst 33342 dye

After treatment with A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl- 
NPs, both cells were stained with Hoechst 33342 and the fluorescence 
microscopic images indicated condensed nuclear in A549 and SMMC- 
7721 cells as compared with untreated A549 and SMMC-7721 cells 
(Fig. 2). Apoptosis is a program cell death. The common features of 
apoptosis are DNA degeneration, cell shrinkage, membrane blebbing, 
chromosome condensation, and nuclear fragmentation. Our results 
indicate that the nanoparticles induced apoptosis both in A549 and 
SMMC-7721 cells.

3.3. Detection of death cells by flowcytometry

Early and late apoptotic cells were detected by using a flow 

Table-1 
Primer List.

18s [4] F GTAACCCGTTGAACCCCATT
R CCATCCAATCGGTAGTAGCG

STAT-3 [3] F CAGCAGCTTGACACACGGTA
R AAACACCAAAGTGGCATGTGA

TNFα [4] F ATTGCCGCAGAAAGTTCTACG
R GTCCAGTTTCGTCTTCAGCTC

FAS [4] F CCCAGTCCTTCACTTCTATGTTC
R GTAGCACAGTTCAGTCTCGAC

Caspase-8 [4] F ACACAGTCGAGTAGACTCTCAAA
R AGGAAGTGATGCTCGTTCAGA

EGFR [3] F AGGCACGAGTAACAAGCTCAC
R ATGAGGACATAACCAGCCACC

FADD [2] F GCTGGCTCGTCAGCTCAAA
R ACTGTTGCGTTCTCCTTCTCT
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cytometer. Before treatment, 92.71 % live A549 cells, 0.25 % early 
apoptotic cells, 1.09 % late apoptotic cells, and 5.95 % necrotic cells 
were observed. After treatment with A. racemosus-AgCl-NPs the number 
of early apoptotic cells, and late apoptotic cells was increased to 0.91 % 
and 4.59 %, respectively with a significant increase of necrotic death 
cells to 34.38 % (Fig. 3).

3.4. Alteration of gene expression in A549 cells

Apoptosis is the process of programmed cell death that is caused by 
the change of expression level of multiple genes. In this study, we 
checked the expression level of STAT-3, TNFα, EGFR, Caspase-8, FAS, 
and FADD gene in A549 cells after treatment with A. racemosus-AgCl- 
NPs. We observed STAT-3, TNFα, and EGFR gene expression was 
decreased with the increase of Caspase-8, FAS, and FADD gene expres
sion. (Fig. 4).

3.5. Detection of changes in cell cycle phases in A549 cells

After treatment of A549 cells with A. racemosus-AgCl-NPs, the sub-G1 
phase increased significantly. In this late stage of the apoptosis process, 
DNA degrades into small fragments. The G0/G1 cell cycle phase reduced 
with the notable increase of S and G2/M phases compared with the 
untreated A549 cells (Fig. 5 A&B).

4. Discussion

Cytotoxicity of several biogenic silver nanoparticles against lung 
cancer cell line A549 was investigated and reported at different degrees 
[7–12,15]. Although cytotoxicity of biogenic silver nanoparticles 
against A549 cells was reported in about a dozen papers, only one paper 
reported the anticancer effects against SMMC-7721 cells [16]. 
A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl-NPs inhibited the pro
liferation of A459 and SMMC-7721 cancer cells. A. racemosus-AgCl-NPs 
showed stronger cytotoxicity in both types of cancer cell lines than K. 
rotunda-Ag/AgCl-NPs and among the two cells, A549 was more sensitive 
towards A. racemosus-AgCl-NPs. Besides the cancer cell lines, the cyto
toxicity of the nanoparticles was also checked against the human em
bryonic kidney cell line (HEK293T). The data revealed that 
A. racemosus-AgCl-NPs was more toxic than cancer drug doxorubicin 
and K. rotunda-Ag/AgCl-NPs.

Some mechanisms caused the decrease of cell growth after treatment 
with various agents. Apoptosis or programmed cell death is one of them. 
During apoptosis, various changes are observed in the cells. One of these 
changes is DNA fragmentation or condensation. Condensed nuclei were 
detected both in the A549 and SMMC-7721 cells after treatment with 
A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl-NPs by staining with 
Hoechst 33342. Although cytotoxicity was reported for several biogenic 
silver nanoparticles against A549 cells, apoptotic-induced cell death was 
reported only for, Garcinia atroviridis leaf extract [7] and Artemisia oli
veriana extract [13] silver nanoparticles. On the other hand, Taxus 
yunnanensis callus extract mediated AgNPs induced apoptosis in 
SMMC-7721 cells [16]. Apoptosis can be late or early stages. In this 
study, early and late apoptosis was detected in A549 cells by 
FITC-annexin V/PI staining and using flow cytometry after treatment 
with the A. racemosus-AgCl-NPs. The number of early and late apoptotic 
cells increased significantly.

Apoptosis is associated with the alteration of various genes involved 
in several pathways. Based on our previous experiments [2–4,6], we 
have targeted some pathways in this study. Here STAT-3, TNFα, EGFR 
gene expression was downregulated with the upregulation of Caspase-8, 
FAS, and FADD gene expression. STAT-3 can inactivate both the intrinsic 
and extrinsic apoptotic pathways and thereby resist radiation and 
cytotoxic drugs, against cancer cells [17]. Moreover, activation of 
STAT-3 is correlated with various cellular processes in non-small cell 
lung cancer [18]. Lung cancer contains a few cancer stem cells that 
retain the capability of repopulation [19]. STAT-3 helps to retain the 
self-renewal capacity of cancer stem cells. So, downregulation of STAT-3 
can be a way of controlling cancer cell growth. In the present experi
ment, expression of STAT-3 was decreased after treatment with the 
A. racemosus-AgCl-NPs. In our previous experiments [3,6] it was found 
that K. rotunda-Ag/AgCl-NPs and A. racemosus-AgCl-NPs down-regulate 
the STAT3 gene and some other genes and cause the apoptosis in human 
glioblastoma stem cells.

Activated EGFR plays cardinal roles in cell proliferation, differenti
ation, migration, and apoptosis by exciting the subsequent intracellular 
signaling pathways [20]. EGFR can activate STAT-3 [19]. In the present 
study, the expression of EGFR was decreased as a result, the expression 
of STAT-3 was also decreased. A similar result was also observed for 
GSC-3 after treatment with K. rotunda-Ag/AgCl-NPs and 
A. racemosus-AgCl-NPs [3,6].

Tumor necrosis factor (TNFα) is a pro-inflammatory cytokine that 
plays critical functions in diverse cellular events for example cell 

Fig. 1. Antiproliferative activity of A. racemosus-AgCl-NPs and K. rotunda-Ag/ 
AgCl-NPs against A549, SMMC-7721 and HEK293T cells. (A) represents the 
effect of A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl-NPs against A549 cells; 
(B) indicate the effects of A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl-NPs 
against SMMC-7721 cells; (C) represents the effects of A. racemosus-AgCl-NPs, 
K. rotunda-Ag/AgCl-NPs and doxorubicin against HEK293T cells. (n = 3 and 
mean ± S.D).
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Fig. 2. Morphological study of A. racemosus-AgCl-NPs and K. rotunda-Ag/AgCl-NPs treated A549 and SMMC-7721 cells staining with Hoechst 33342 dye. (A) and (D) 
represent untreated A549 and SMMC-7721 cells, respectively. (B) and (E) show A. racemosus-AgCl-NPs treated A549 and SMMC-7721 cells, respectively. (C) and (F) 
indicating K. rotunda-Ag/AgCl-NPs treated A549 and SMMC-7721 cells, respectively.

Fig. 3. Detection of early and late apoptosis by staining with annexin-V/PI after treatment of A549 cells with A. racemosus-AgCl-NPs. (A) represents untreated A549 
cells whereas (B) represents A. racemosus-AgCl-NPs treated A549 cells. Q1-LL, Q1-LR, Q1-UR, and Q1-UL indicate live cells, early apoptotic cells, late apoptotic cells, 
and necrotic cells, respectively.
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proliferation, survival, differentiation, and death. Here expression of the 
TNFα gene was downregulated in A549 cells after treatment with 64 μg/ 
ml concentration of A. racemosus-AgCl-NPs. The opposite result was 
observed for GSC-3 cells [6], where 8 μg/ml concentration of 
A. racemosus-AgCl-NPs increased the expression of the TNFα gene that 
activated NFκB through the activation of the IKK gene and caused 
apoptotic cell death of GSC-3. Silver nanoparticles have a dual effect 
showing both inflammatory and anti-inflammatory effects [21,22]. This 
effect may be correlated with the concentration of silver nanoparticles. 
It was reported that at 1 μM concentration of green silver nanoparticles, 
expression of TNFα increased significantly [23]. In a different experi
ment, it was reported that expression of TNFα decreased with the in
crease of silver nanoparticle concentration, and at 100 μM concentration 
expression reached a minimum level [24]. Increased concentration of 
silver nanoparticles decreased the expression of TNFα receptor-1 which 

may reduce TNFα-induced signal transduction in a lung epithelial cell 
line [21].

Several internal and external incidences of cells stimulate the 
apoptosis process. The extrinsic pathway is one of those that is mediated 
by the death receptor e.g. FAS. During apoptosis, FAS formed a complex 
with FADD and Procaspase-8 known as DISC (Death-inducing signaling 
complex) and the Procaspase-8 through the self-cleavage to active 
Caspase-8. Then the activated Caspase-8 activated Procaspase-3 by 
cleaving it directly. The activated Caspase-3 then breaks down DNA by 
activating other proteins and causing apoptosis in cells [25]. Here FAS, 
FADD, and Caspase-8 expression increased in A549 cells after treatment 
with A. racemosus-AgCl-NPs state the possibility of the involvement of 
extrinsic apoptosis pathways. The gene expression results were pictori
ally represented in Fig. 6. Artemisia oliveriana extract-mediated silver 
nanoparticles altered the BAX, BCL-2, and Caspase-3 gene expression in 
A549 cells [13] stating the possibility of involvement of intrinsic mito
chondrial pathway. Induction of apoptosis by the activation of extrinsic 
pathways was observed when Z. mauritiana fruits mediated 
Ag/AgCl-NPs treated with MCF-7 cells [2].

The cell cycle in each cell is very important for its survival. Apoptosis 
can be induced by arresting any of the cell cycle phases. Here G0/G1 
phase decreased significantly with the remarkable increase of S and G2/ 
M phases in A549 cells after treatment with A. racemosus-AgCl-NPs. 
Besides the cell cycle arrest in G2/M phase, the population in the sub-G1 
phase increased significantly which represents apoptotic cells. In this 
experiment, FADD expression increased remarkably which may be co- 
related with G2/M phase arrest [26].

In conclusion, both the A. racemosus-AgCl-NPs and K. rotunda-Ag/ 
AgCl-NPs inhibited the growth of A549 and SMMC-7721 cells by 
inducing apoptosis. In both cell lines A. racemosus-AgCl-NPs was more 
cytotoxic than K. rotunda-Ag/AgCl-NPs, and A549 was more sensitive 
towards A. racemosus-AgCl-NPs than that of the SMMC-7721 cells. 
A. racemosus-AgCl-NPs induced apoptosis by reducing the expression of 
some key genes responsible for cell proliferation, differentiation, 
migration, and other cellular processes and by activating the extrinsic 
apoptotic pathways and G2/M cell cycle arrest.
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Fig. 5. Detection of A549 cell cycle arrest after treatment with A. racemosus-AgCl-NPs. (A) P2, P4 and P6 indicating G0/G1, S and G2/M phases of untreated A549 
cells, respectively. (B) p7, P2, P4 and P6 indicate sub G1, G0/G1, S and G2/M phases, respectively.
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