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Abstract Glioblastoma multiforme (GBM) is a type of brain tumor that is most aggressive, pro-

liferates rapidly and intensive invasion is governed by cell migration and destruction of the extra-

cellular matrix. In the present study, we evaluated the antiproliferative efficacy of the synthesized

silver chloride nanoparticles (AgCl-NPs) from Asparagus racemosus root extract against human

glioblastoma stem cells (GSCs) and Ehrlich ascites carcinoma (EAC) cells. Biosynthesis of A.

racemosus-AgCl-NPs was confirmed by color change, UV–visible spectroscopy and characterized

by transmitted electron microscope, energy dispersive spectroscopy, x-ray powder diffraction and

Fourier-transform infrared spectroscopy. The A. racemosus-AgCl-NPs inhibited GSCs and EAC

cells growth with the IC50 values of 4.8 and 4.69 mg/ml, respectively. A. racemosus-AgCl-NPs

induced apoptosis in GSCs which was confirmed by annexin V/PI assay, various genes expression,

and caspase-3 protein expression as detected by the immunofluorometric assay. The expression level

of the TLR9, NFjB, TNFa, p21 and IKK genes were increased consequently with the decrease of

PARP, EGFR, NOTCH2, mTOR and STAT3 genes in GSCs as examined by real-time PCR. The

cell cycle arrest at G0/G1 phase was detected by flow cytometry. In addition, A. racemosus-AgCl-

NPs caused significant inhibition of EAC cells growth, reduced tumor burden, increased the sur-
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vival of EAC-bearing mice and restored the hematological parameters when compared with the

control mice. The synthesized AgCl-NPs inhibited the proliferation of GSCs in vitro with the induc-

tion of apoptosis and inhibited the growth of EAC cells in vivo in mice by reducing the tumor bur-

den and increasing the survival periods.

� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Glioblastoma multiforme (GBM) is the most frequent and the most

aggressive grade IV malignant type of primary brain tumor in adults

(Ostrom et al., 2015; Roosen et al., 1989). Hallmarks of this aggressive

cancer include a heterogeneous mixture of low differentiated neoplastic

astrocytes in early-stage and extensive infiltration, as well as strong

vascular proliferation into the brain parenchymal niches (Huang

et al., 2017; Lee et al., 2017). Over the past decade, thousands of arti-

cles reported on the prognosis, treatment response and treatment tar-

get of glioblastoma (Ozdemir-Kaynak et al., 2018; Wei et al., 2014).

However, till now, for controlling the disease, no remarkable therapeu-

tic options and useful treatments have been referred (Huang et al.,

2017; Lee et al., 2017). Thus, a translational new approach is essential

for the treatment of these patients.

Nanotechnology-based drug delivery can be one of the emerging

and promising techniques (Thuy et al., 2015). Researchers are trying

to use metal nanoparticles in the pharmaceutical and biomedical areas

as alternative antimicrobial & anticancer agents (Asaduzzaman et al.,

2016; Aygün et al., 2020; Baghbani-Arani et al., 2017; Kabir et al.,

2020a). The most impressive nanoparticles (NPs) were made from

noble metals, particularly silver, gold and platinum. Among them, sil-

ver has been attracted due to its tremendous medicinal value to culi-

nary items e.g., disinfection and showing enormous anticancer

efficiency. Although several synthesizing techniques are available in

nanotechnology-based drug delivery, the biogenic silver-NPs achieved

great attention due to their eco-friendliness and the usage of natural

resources. Biomolecules that are available in plants, interact with the

silver and thereby serve as reducing & capping agents (Ahmed et al.,

2016). Recently, researchers found herbal extract-mediated synthesized

silver nanoparticles retained potent antiproliferative effects against

cancer cells (Antony et al., 2013; Barabadi et al., 2019a; Barua et al.,

2013; Firdhouse and Lalitha, 2013; Kabir et al., 2020a, 2020b). The

genotoxicity of some biogenic nanoparticles is highly dependent on

the biological source, synthesis parameters, applied assay, etc. that var-

ies case-by-case (Barabadi et al., 2019b). Recently, several times higher

toxicity of the biogenic silver nanoparticles was reported in cancer cells

than normal cells and few of them did not exert any toxicity against the

normal cells (Barabadi et al., 2019a, 2018). Recently, we have synthe-

sized Ag/AgCl-NPs from Geodorum densiflorum rhizome, Zizyphus

mauritiana fruit extract and Kaempferia rotunda tuberous rhizome

extracts that exerted toxic effects against the human glioblastoma stem

cancer cells (GSCs), breast cancer cells (MCF-7), human pancreatic

cancer cells (BxPC-3) and Ehrlich ascites carcinoma (EAC) cells

(Kabir et al., 2020a, 2020b, 2022). In search of the most effective bio-

genic silver nanoparticles, roots of the Asparagus racemosusWild (fam-

ily Asparagaceae) were used in the present study and tested against

GSCs and EAC cells.

A. recemosus, locally known as ‘Satomuli’ is commonly used in the

‘Ayurvedic medicine’ due to its several beneficiary effects. The plant

extract is used for the treatment of several diseases and many bio-

active compounds (shatavarin IV, lectin, sarsapogenin and

diosgenin-derived steroidal constituents) those shown anticancer activ-

ities against different cancer cells in vitro and in vivo were isolated from

the root (Bhutani et al., 2018; Kabir et al., 2021; Mitra et al., 2012).

However, the anticancer activity of A. racemosus or its derivative
nanoparticles against glioblastoma stem cells and EAC cells has never

been reported. Therefore, in this manuscript, AgCl-NPs were synthe-

sized from the root extract of A. racemosus and characterized using dif-

ferent techniques. Finally, antiproliferative mechanisms were

elucidated against GSCs in vitro and EAC cells in vivo in mice.

2. Materials and methods

2.1. Chemicals and reagents

The chemicals which were used were purchased from world-
leading companies e.g. Gibco, Promega, Amresco, Life tech-
nology, Applied biosystem, etc.

2.2. Sample preparation

A. racemosus roots were purchased from the medicinal village,

Natore district, Bangladesh. Around 300 g of the A. racemosus
roots were washed with deionized water and homogenized with
1 L of 10 mM of Tris-HCl. The homogenate was centrifuged at
10,000g for 30 min at 4 �C and the clear supernatant was col-

lected for the synthesis of silver nanoparticles.

2.3. Silver chloride nanoparticles synthesis

To find out the best condition of the synthesis of nanoparticles,
2 ml of supernatant was taken to each of the four test tubes
and 0.5 M of AgNO3 solution was mixed with supernatant

of each test tube to reach the final concentration of 1, 2, 3
and 4 mM, and kept under sunlight for 2 h. The samples
turned transparent to deep brown color and then analyzed

under UV–visible spectroscopy at the range of 250 to
700 nm wavelengths. Based on the maximum peak, 4 mM of
AgNO3 was selected for the synthesis of nanoparticles on a
large scale. 1 M of AgNO3 was mixed with 1 L of supernatant

in 4 different beakers at the final concentration of 4 mM and
kept in sunlight for 2 h and then centrifuged at 10,000g for
30 min. The pellet was washed three times with deionized water

and measured the concentration of the synthesized nanoparti-
cles after lyophilizing part of the colloidal sample.

2.4. Characterization of A. racemosus-AgCl-NPs

The size and shape were measured by Transmitted Electron
Microscope (JEOL, Japan), the presence of elements were ana-

lyzed by the energy dispersive spectroscopy (EDX), crystal for-
mation was detected by X-ray powder diffraction (XRD) and
the functional groups were determined by Fourier transform
infrared spectroscopy (FTIR, Perkin Elmer, Spectrum 100,

USA) according to Kabir et al. (Kabir et al., 2020a, 2020b).

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 List of primers.

NFkB F CCAGTATCCCGGTCCAGCTAT

R CACGTCCAACTCACTCCAAGG

TNFa F ATTGCCGCAGAAAGTTCTACG

R GTCCAGTTTCGTCTTCAGCTC

18 s F GTAACCCGTTGAACCCCATT

R CCATCCAATCGGTAGTAGCG

TLR9 F CTGCCTTCCTACCCTGTGAG

R GGATGCGGTTGGAGGACAA

PARP F GGCCTCGGTGGATGGAATG

R GCAAACTAACCCGGATAGTCTCT

STAT3 F CAGCAGCTTGACACACGGTA

R AAACACCAAAGTGGCATGTGA

NOTCH2 F CAACCGCAATGGAGGCTATG

R GCGAAGGCACAATCATCAATGTT

EGFR F AGGCACGAGTAACAAGCTCAC

R ATGAGGACATAACCAGCCACC

P21 F TGCAACTACTACAGAAACTGCTG

R CAAAGTGGTCGGTAGCCACA

IKK F CCCAACGTATGTGGGACCAAG

R CACAGCGGTCTTTGCACTTAC

mTOR F GCTAGGTGCATTGACATACAACA

R AGTGCTAGTTCACAGATAATGGC
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2.5. Glioblastoma stem cells (GSCs) and EAC cells culture

The human glioma stem cells-3 (GSCs) that was used in this
experiment were isolated by the Kunming Institute of Zoology
(Dai et al., 2017; Peng et al., 2020). The cells were culture

according to Wan Peng et al. (Peng et al., 2020). For the treat-
ment of GSCs with the synthesized A. racemosus-AgCl-NPs, at
first 6 or 96 well flats bottom cell culture plates were coated
with Laminin solution and phosphate buffer saline (1:100)

and incubated at 37 �C for 2.0 h. Then PBS and the unbound
Laminin were removed from the cell culture petri-dish or cul-
ture plates and GSCs in DMEM/F12 medium (Gibco) were

seeded and cells were cultured in a 5% CO2 incubator at
37 �C until cells reached 80–90% confluence. EAC cells were
propagated intraperitoneally in our Departmental Research

Laboratory biweekly and the cells were collected from a donor
Swiss albino mouse bearing 6–7-day-old ascites tumor.

2.6. MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)–2H-tetrazolium)

assay

Cytotoxicity was checked by seeding 2 � 104 GSCs in each well

of a 96 wells cell culture plate as described by Kabir et al.
(Kabir et al., 2020b). Cells in DMEM/F12 medium were trea-
ted with 2.0 to 8.0 mg/ml concentration of A. racemosus-AgCl-

NPs for 48 h. 8 � 104 EAC cells were added to the serially
diluted nanoparticles with DMEM medium of each well of a
96 wells cell culture plate and incubated for 24 h. Finally, ali-

quot was removed from each well and the cells were incubated
with the MTS for 2 to 4 h and the cell proliferation inhibition
was calculated as described by Kabir et al. (Kabir et al., 2016).
IC50 values were calculated using the Excel software.

2.7. Detection of apoptosis by annexin V/PI assay kit

GSCs (2�104/well) were seeded in a 96 wells plate and 24 h

later, cells were treated with 8 lg/ml of A. racemosus-AgCl-
NPs for 48 h. Then the cells were washed and stained with
annexin V and PI (ebioscience, USA) according to the manu-

facturer’s directions. Finally, a fluorescence microscope
(Olympus IX71) was utilized for the detection of apoptosis.

2.8. Caspase immunofluorescence assay

For immune fluorescence assay, a 96 well cell culture plate was
used for seeding GSCs (2 � 104 cells/well). Then the cells were
treated with 8 lg/ml of AgCl-NPs for 48 h and then incubated

for 1 h with 4% paraformaldehyde for cell fixation. After that
0.1% triton X-100 in PBS was added to the cell for 5 min and
washed three times with PBS and 200 ml of 10% goat serum in

PBS was added to each well and incubated for 1 h at room
temperature. Subsequently, cells were washed with PBS for
the removal of serum and 100 ml of the 400 times diluted (by

0.5% tween-20 and 1% BSA in PBS) caspase-3 primary anti-
body was added and incubated at room temperature for 1 h.
Afterward, 0.1% tween-20 in PBS was used to wash the cells

for 10 min and 100 ml of Cy3 goat-anti Rabbit IgG antibody
(500 times diluted in PBS) was added to each well after
removal of the tween-20 and incubated in dark for 2 h at room
temperature. Finally, cells were observed in a fluorescence
microscope.

2.9. Apoptosis related genes expression by real-time PCR

Around 32�104 GSCs were seeded in each well of the 6-wells
plate and treated with A. racemosus-AgCl-NPs (8.0 lg/ml) for

24 h. Then RNA was isolated and cDNA was synthesized
according to Kabir et al. (Kabir et al., 2020b). PCR sample
was prepared using 2 � SYBR green master mix as described

by the manufacturer (Applied Biosystems). Forward and
reverse primers list was given in Table 1. 18s was used as a
housekeeping gene. The condition was set up as 50 �C
(2 min) and 95 �C (2 min) for 40 cycles 95 �C for 15 sec and
60 �C for 1 min. A Bio-rad thermal cycler (Bio-rad CFX96)
was used. Finally, data were analyzed by Double Delta CT
methods using MS Excel software.

2.10. Cell cycle analysis

Different phases of the cell cycle were analyzed according to

Islam et al. (Islam et al., 2018). In short, GSCs were treated
with A. racemosus-AgCl-NPs (8.0 lg/ml) for 48 h. Then trea-
ted and untreated GSCs were detached and fixed with cold

70% ethanol. About 24 h later, ethanol was removed and cells
were washed three times with PBS. The cells were treated with
RNase A for 30 min at 37 �C. After that, the cells were treated
with propidium iodide solution and the cell cycle was analyzed

by flow cytometry (BD FACSCalibur, BD Biosciences).

2.11. In vivo anticancer activity

The in vivo anticancer activity of A. racemosus-AgCl-NPs was
investigated against EAC cells by examining cell growth inhi-
bition, tumor weight measurement, survival and hematological



4 S.R. Kabir et al.
parameter analysis. For cell growth inhibition, EAC cells were
collected from EAC-bearing mice in normal saline and 1 � 106

cells were injected intraperitoneally in 18 male adult Swiss

albino mice (25.0 ± 2.0gm). After 24 h of EAC cells inocula-
tion, the mice were randomly distributed into three (n = 6)
groups and A. racemosus-AgCl-NPs injected in the mice of

groups I and II at the doses of 2.0 and 4.0 mg/kg/day, respec-
tively, for five consecutive days. Whereas group III serves as
non-treated EAC-bearing control. On day seven, EAC cells

from all animals were collected in normal saline and viable
cells were counted under a light microscope using Trypan blue
staining. Finally, the percentages of cell growths were calcu-
lated as previously described (Kabir et al., 2012). For tumor-

burden, survival time and hematological analysis, male adult
mice (n = 12) were inoculated with EAC cells (1 � 106). After
24 h, they were distributed into two groups (group I and group

II). Group I received A. racemosus-AgCl-NPs (4.0 mg/kg/day)
treatment for 10 consecutive days, whereas group II remained
as non-treated control. Tumor weights were recorded every

second day and the death of each animal was recorded for
determining the survival rates of treated and non-treated ani-
mals (Kabir et al., 2012). Blood was collected from each ani-

mal by the tail puncture on day 10 for hematological
parameters analysis.
Fig. 1 Synthesis and characterization of A. racemosus-AgCl-NPs.

different concentrations of AgNO3. (B) TEM micrograph of the sy

racemosus-AgCl-NPs with different sizes. (C) Detection of the eleme

pattern (E) FTIR spectrum.
3. Results

3.1. Synthesis of A. racemosus mediated of AgCl-NPs and
characterization

Development of brown color appeared after the addition of

AgNO3 solution in A. racemosus roots extract. The deepness
of brown color was raised with the increase of the concentra-
tion of AgNO3 that indicates the formation of A. racemosus

root extract-mediated AgCl-NPs. The maximum absorbance
peak was estimated at 440 nm as shown in Fig. 1A. From 4
L of supernatant, 32 ml of silver chloride nanoparticles was
obtained and 1 g of crystalline powder was obtained from

30 ml of the solution. The concentration of the remaining
2 ml solution was 33 mg/ml.

The morphological characterization (such as size and

shape) of the A. racemosus-AgCl-NPs were determined by
TEM. Highly monodispersed spherical particles appeared with
an average diameter of approximately 17.0 nm as evaluated by

‘ImageJ’ software (Fig. 1B). The main elements of the A.
racemosus-AgCl-NPs were silver and chlorine as observed by
EDX (Fig. 1C). The structural characterization showed that
the nanoparticles were cubic. The observed reflection peaks

and the corresponding crystallographic planes as shown in
(A) Different spectra indicate the formation of nanoparticles at

nthesized A. racemosus-AgCl-NPs. Morphology showing the A.

nts in A. racemosus-AgCl-NPs by EDX, (D) X-Ray Diffraction



Fig. 2 Antiproliferative activities of A. racemosus-AgCl-NPs

against GSCs cells (A) and EAC cells (B) in vitro.
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Fig. 1D recognized for the formation of A. racemosus-AgCl-
NPs (Card no. 00–901-1666). The FTIR spectra for the func-
tional characterization of the A. racemosus root extract and

A. racemosus-AgCl-NPs were presented in Fig. 1E.

3.2. Cytotoxic test of A. racemosus-AgCl-NPs by MTS assay

GSCs and EAC cells were treated with the A. racemosus-AgCl-
NPs at the concentration of 2.0 to 8.0 mg/ml. The nanoparticles
suppressed the growth of GSCs in a dose-dependent manner.

The GSCs growth inhibition was 35%, 50% and 63%, on
the other hand, EAC cells growth inhibition was 85%,
55.6% and 8% at concentrations of 2.0, 4.0 and 8.0 mg/ml,

respectively (Fig. 2A&B). IC50 was 4.8 mg/ml for GSCs and
4.69 mg/ml for EAC cells.

3.3. Effect of A. racemosus-AgCl-NPs on GSCs morphological
alteration

After treatment of GSCs with the A. racemosus-AgCl-NPs,
both early and late apoptotic cells were observed in micro-

scopic images, as shown in Fig. 3. The expression level of
active caspase-3 protein was also significantly increased after
treatment with A. racemosus-AgCl-NPs (Fig. 4).

3.4. Effect of A. racemosus-AgCl-NPs on the gene expressions

of GSCs

After treatment of GSCs with A. racemosus-AgCl-NPs for
24 h, the expression level of the TLR9, NFjB, TNFa, p21
and IKK genes were increased while PARP, EGFR,
NOTCH2, mTOR and STAT3 genes were decreased as shown

in (Fig. 5).

3.5. Analysis of cell cycle

Flow cytometry was used to check the effect of A.
racemosus-AgCl-NPs on the different phases of the cell cycle
of GSCs. In the control GSCs, percentages of the G0/G1, S,

and G2/M phases were 59.32, 16.51, and 24.17%, respectively.
After treatment, the percent of G0/G1 phase increased to
62.77%, with the decrease of S and G2/M phases to 13.58%
and 23.65%, respectively. The above results indicated that

the G0/G1 phase cell cycle arrest in GSCs after treatment with
AgCl-NPs as shown in Fig. 6.

3.6. AgCl-NPs inhibit EAC cells growth in Swiss albino mice

A. racemosus-AgCl-NPs inhibited EAC cells growth signifi-
cantly in mice. Around 56.7% and 85.75% EAC cells growth

inhibition was observed at the doses of 2.0 and 4.0 mg/kg/day,
respectively, when compared to that of non-treated control
cells (Fig. 7A).

Treatment of EAC-bearing mice with A. racemosus-AgCl-
NPs for 10 consecutive days at the dose of 4.0 mg/kg/day
caused a significant reduction of tumor burden in EAC-
bearing mice (Fig. 7B&C). The treatment also increased

69.38% of the life span of the EAC-bearing mice that received
A. racemosus-AgCl-NPs in the present study (Fig. 7D).
Additionally, EAC-bearing mice receiving A.
racemosus-AgCl-NPs treatment restored the blood parameters
such as hemoglobin (Fig. 8A), red blood cell and white blood

cell (Fig. 8B) counts in comparison to that non-treated EAC-
bearing mouse. In EAC-bearing control mice, the hematolog-
ical parameters deteriorate with the burden of tumor in com-

parison to that of normal mice. We have noted that
treatment of EAC-bearing mice with AgCl-NPs revere back
the deteriorate parameters to the normal levels (Fig. 8A&B).

4. Discussion

Various cancer therapeutic agents stimulate cell apoptosis as

the most efficient method for the treatment of cancer (Yang
et al., 2015). Recently, the apoptotic inducers derived from
phytochemicals have attracted much attention to researchers
due to the less toxic effects than those of radiation and chem-

ically synthesized chemotherapeutic agents. For this purpose,
we attempted to synthesize silver nanoparticles from Zizyphus
mauritiana fruit extract, Kaempferia rotunda tuberous rhizome

and Geodorum densiflorum rhizome extracts. At that time, we
obtained a mixture of AgNPs and AgCl-NPs from the extracts
(Kabir et al., 2020a, 2020b, 2022). This time only AgCl-NPs

were synthesized from A. racemosus roots extract and the for-
mation of the nanoparticles/complex was confirmed prelimi-
nary from the deep brown color and the absorbance peaks at
440 nm that occurred for the surface plasmon resonance

(Padalia et al., 2015; Singh et al., 2014).



Fig. 3 Induction of apoptosis in GSCs. (A1) and (B1) control and treat GSCs cells, respectively (bright field microscopic view). (A2) and

(B2) fluorometric view of control and treated GSCs after staining with annexin V. (A3) and (B3) fluorometric view of control and treated

GSCs after staining with PI; (A4) representing merged of (A2) and (A3) and (B4) representing merged of (B2) and (B3) respectively. The

green color indicates the early and red indicates the late apoptotic cells. The image was captured at 40x magnification and the solid bar

indicated 20 mm.
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Like most plant-mediated AgNPs, (Ahmed et al., 2016)
highly monodispersed spherical particles appeared with an

average diameter of approximately 17.0 nm. The crystalline
system of the A. racemosus-AgCl-NPs was cubic, as confirmed
by XRD. AgCl-NPs can be formed in different manners. In the
present study, the formation of the AgCl-NPs can be explained

as two steps process (Kang et al., 2016). At first, AgCl is
formed by reacting Ag ions and chloride ions of the Tris-
HCl buffer. Then A. racemosus-AgCl-NPs are formed by sta-

bilizing the AgCl with different bioactive compounds of the
A. racemosus root extract. FTIR peaks indicated the possibility
of the content of several functional groups e.g. alcohols, phe-
nols, proteins, enzymes, alkenes, esters or polysaccharides in

the A. racemosus-AgCl-NPs.



Fig. 4 Immunofluorometric assay of the A. racemosus-AgCl-NPs against GSCs. (A) control GSCs and (B) treated GSCs. The image was

captured at 40x magnification and the solid bar indicated 20 mm.

Fig. 5 Assessment of gene expression levels. (A) expression of

TLR9, NFjB, TNFa, p21, IKK, (B) expression of PARP, EGFR,

NOTCH2, mTOR and STAT3 genes after treatment of GSCs with

A. racemosus-AgCl-NPs. A dashed line (black) indicates 1.0

expression level.

Fig. 6 Effects of the AgCl-NPs on the cell cycle phases of GSCs.

(A) The percentages of each cell cycle were analyzed based on

mean values obtained from three independent experiments. (B) is

representing the histogram of control GSCs and (C) after

treatment with A. racemosus-AgCl-NPs. (n = 3, mean ± SD).

*p < 0.05.
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Glioblastoma multiforme is the primary malignant brain
tumor in humans, with a high morbidity rate and under stan-
dard treatment, the average overall survival time is approxi-

mately 14.6 months and <10% of patients survive around
5 years (Roger Stupp et al., 2009). Recently, CSCs have been
identified in these tumors and named glioma stem cells (GSCs)

(Sattiraju A et al., 2017). Since GBM is a highly vascularized
tumor, it was speculated that GSCs might depend on a similar



Fig. 7 In vivo anticancer activity of A. racemosus-AgCl-NPs against EAC cells. A) Percentages of EAC cells growth inhibition at the

doses of 2.0 and 4.0 mg/kg/day following 5 consecutive days of treatment. B) Tumour weight of EAC-bearing mice receiving A. racemosus-

AgCl-NPs and control mice. C) A. racemosus-AgCl-NPs treated and untreated EAC bearing mice on the 22nd day of EAC inoculation. D)

Percentage of the increased life span of EAC-bearing mice receiving treatment and non-treated animals.. (n = 6, mean ± SD).

**p < 0.01, ****p < 0.0001.
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niche as neural stem cells (Sattiraju A et al., 2017). Various

mechanisms, including genetics, epigenetics, metabolism, cellu-
lar microenvironment, niche factors, and the host immune sys-
tem all regulate GSCs (Lathia et al., 2015; Wang et al., 2018).

The GSCs seem to have cell renewal properties, and autophagy
resists chemotherapy and differentiates to additional glioma
cells, suspecting them the main mediators for tumor regrowth
after treatment (Jiapaer et al., 2018; Louis, 2006). Several

molecular resistance mechanisms of GSCs to therapies are
dependent on alterations of different gene expressions which
in turn underlie GBM pathogenesis (Lathia et al., 2015). Thus,

it suggests that several therapeutic combination approaches
are being pursued against these GSCs resistant mechanisms.

To evaluate the anticancer properties of the A.

racemosus-AgCl-NPs, cytotoxicity against GSCs, was checked
by MTS assay (at the doses of 2, 4, 8, 16 and 32 mg/ml). How-
ever, results of the higher doses (16, and 32 mg/ml) were not

shown in the present study as growth inhibition of GSCs
was not significantly higher relative to the dose of 8 mg/ml.
GSCs were sensitive toward- the synthesized nanoparticles
and the proliferation was inhibited in a dose-dependent way.

The cell proliferation inhibition was due to the induction of
apoptosis confirmed by FITC-annexin V/PI staining and
observed the remarkable increase of caspase-3 protein expres-
sion determined by immunofluorescence assay. Various genes

are associated with this apoptotic cell death and any modula-
tion of these genes by cell surface receptor inhibitors or kinase
inhibitors may inhibit GSC growth and renewal (Cheng et al.,

2015). For example, the classical type of GBM is particularly
characterized by the amplification of epidermal growth factor
receptor (EGFR), which seems to be exclusively a mutated
form of TP53 (Eskilsson et al., 2018; Figueroa et al., 2017).

NOTCH, a neural stem cell marker is also up-regulated in this
classical subtype of GBM (Brennan et al., 2009). EGFR acti-
vation and NOTCH signaling enhance GSC proliferation as

well as the development of tumorigenesis through the activa-
tion of b-catenin. Here, A. racemosus-AgCl-NPs down-
regulated EGFR and NOTCH2 expression, whose conse-

quence effects might be the induction of apoptosis in GSCs.
Thus, targeting these signaling pathways in GSCs would be
helpful for the treatment of glioblastoma. Several studies

reported the correlation between the GSCs and STATs expres-
sion (Sherry et al., 2009). STAT3 plays an essential role in the
survival, invasion, and promotion of tumor cell proliferation,
angiogenesis and pre-metastatic niche formation (Cao et al.,

2010; Wang et al., 2009). Recently, it was reported that a small
molecule WP1193, induced apoptosis in glioblastoma stem-like
cells by inhibiting JAK2/STAT3 pathway and promoting cell-



Fig. 8 Protective effects of A. racemosus-AgCl-NPs in EAC-bearing mice. A) Restoration of hemoglobin levels in EAC-bearing mice

treated with A. racemosus-AgCl-NPs. B) Effects of A. racemosus-AgCl-NPs in EAC-bearing mice on RBC and WBC counts. A.

racemosus-AgCl-NPs treatment reverses the blood cell counts to normal levels.
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cycle arrest (Sai et al., 2012). Another report stated that a
PARP inhibitor ABT-888, with TMZ and radiation, increases

apoptosis in GBM cells (Barazzuol et al., 2013). Here, the anti-
apoptotic STAT3 and PARP genes’ expression was also down-
regulated after A. racemosus-AgCl-NPs treatment. Conse-
quently, caspase-3 protein expression was increased and the

DNA repair mechanism led by PARP was inhibited. Thus, this
strategy that blocks EGFR, NOTCH2, STAT3 and PARP
pathways may prove more efficacious for sustained cancer

treatment. The expression level of mTOR was also decreased
that also supporting the induction of apoptosis.
After treatment of GSCs with the A. racemosus-AgCl-NPs,
the expression of the toll-like receptor gene TLR9, Nuclear

Factor Kappa B Subunit-1 NF-jB, tumor necrosis factor-
alpha TNFa, an inhibitor of nuclear factor kappa-B kinase
subunit beta IKK and p21 genes were increased significantly.
In GSCs, cell proliferation, invasion, cell cycle progression

and apoptosis are regulated by the NF-jB family members
(Kim et al., 2016; Li et al., 2015; Yang et al., 2017; Zanotto-
Filho et al., 2017). IjBa is the light polypeptide inhibitory gene

of the nuclear factor of kappa and the phosphorylation of the
gene caused the typical activation of NF-jB(p65) pathway
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(Patial et al., 2010). IKKa/b phosphorylation degrades IjBa
that leads to the release of p65 & p50 and evoking the gene
transcription by trafficking into the nucleus (Häcker and

Karin, n.d.; Patial et al., 2010). Phosphorylation of IKK
increased by the TNFa that causing the decreased level of
IjBa consequently increasing the level of nuclear p65 (Gupta

et al., 2013). TLRs play a role in the transcription of the
NF-jB gene and activate pro-inflammatory cytokines, such
as IL6 and TNFa through the adaptor molecule MyD88

(Medzhitov, 2001; Pasare and Medzhitov, 2005). NF-jB plays
an anti-apoptotic and pro-apoptotic regulatory factor that is
depending on the apoptotic stimulus (Kaltschmidt et al.,
2000; Lin et al., 1999). Induction of apoptosis with the

several-fold increase of NF-jB may state the role of pro-
apoptotic genes. In the present study, A. racemosus-AgCl-
NPs may cause activation of TNFa directly and/or through

TLR9 that activated NF-jB by activating IKK and finally,
DNA breakdown occurred. The expression level of the DNA
repair gene PARP decreases due to the over-expression of

caspase-3 protein. After treatment of GSCs with the A.
Fig. 9 The possible schematic representation of AgCl-NP
racemosus-AgCl-NPs, G0/G1 cell cycle was arrested, supported
by the overexpression of p21 gene. The caspase-3 protein and
all gene expression data were pictorially represented in Fig. 9.

In addition, the A. racemosus-AgCl-NPs significantly inhib-
ited EAC cells proliferation in vitro and also inhibited the EAC
cell growth, reduced tumor growth rate and burden, increased

the survival and life span of tumor-bearing animals and
restored the perturbed hematological parameters when com-
pared with the non-treated control animals. These are the hall-

mark properties of potential and effective chemotherapeutic
agents (Islam et al., 2012; Islam et al., 2015). In our previous
K. rotunda-mediated Ag/AgCl-NPs inhibited 32.3% and 55%
of EAC cells growth in vivo in mice at 6 and 12 mg/kg/day

doses, respectively, Z. mauritiana-mediated Ag/AgCl-NPs
inhibited only 20% of EAC cells growth at 12 mg/kg/day dose
(Kabir et al., 2020b) and Hypnea musciformis-mediated Ag/

AgCl-NPs inhibited d 22.83% and 51% of the EAC cell
growth in vivo in mice when administered 1.5 and 3.0 mg/kg/-
day (i.p.), respectively, for 5 consequent days (Ghose et al.,

2022). While in the present investigation 85.75% EAC cells
s mediated apoptosis and growth inhibition of GSCs.
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growth inhibition was observed only at 4 mg/Kg/day doses.
That indicated the synthesized nanoparticles are more effective
than previously reported nanoparticles and less effective than

G. densiflorum-Ag/AgCl-NPs that inhibited 95% EAC cells
growth at the dose of 4 mg/Kg/day (Kabir et al. 2022). In can-
cer patent, the hemoglobin and RBC decreased with the

increase of WBC. In the present study for the first time, we
are reporting the synthesized nanoparticles increased the
hemoglobin level and RBC towards the normal consequently

in the decrease of WBC. After treatment with A.
racemosus-AgCl-NPs, the tumor volume remained near to
the normal mice while the weight of the control EAC-
bearing mice significantly increased with the survival time.

5. Conclusion

The synthesized A. racemosus-AgCl-NPs supplementation inhibited

proliferation of GSC cell in vitro and EAC cells both in vitro and

in vivo significantly. The nanoparticles induce apoptosis of GSC cells

by arresting cells at G0/G1 phase of the cell cycle via modulating the

expression of cellular growth, kinetics, proliferation, survival and

death-related genes. Whereas, a significant reduction of tumor burden

and increased life-span (i.e. survival) of tumor-bearing mice along with

restoration of the hematological parameter followed by A.

racemosus-AgCl-NPs treatment indicated strong anticancer activity

of the nanoparticles. Therefore, results from this study implied that

A. racemosus-AgCl-NPs have potential anticancer properties, which

could provide a new resource to designate an effective chemotherapeu-

tic agent.
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