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A B S T R A C T   

Background: Several nano formulations of silver nanoparticles with bioconjugates, herbal extracts and anti- 
cancerous drug coating have been vividly studied to target cancer. Despite of such extensive studies, AgNPs 
(silver nanoparticles) have not reached the stage of clinical use. Out of all possible reasons for this failure, the 
unexplored effect on Cancer Stem Cell (CSC) population and mechanism of action of AgNPs, are the most 
plausible ones and are worked upon in this study. 
Methods: AgNPs were synthesized by chemical reduction method using sodium citrate and characterized by UV, 
FTIR, XRD and electron microscopy. CSC population was isolated from Cal33 cell line by MACS technique. MTT 
assay, trypan blue exclusion assay, Annexin V and PI based apoptosis assay and cell cycle assay were performed. 
Results: The results showed that synthesized AgNPs have cytotoxic activity on all cancer cell lines tested with the 
IC50 value of a wide range (1.5–49.21 µg/ml for cell lines and 0.0643–0.1211 µg/ml for splenocytes and thy
mocytes). CSCs Cal33 showed higher resistance to AgNP treatment and arrest in G1/G0 phase upon cell cycle 
analysis. 
Conclusion: AgNPs as an anti-cancer agent although have great potential but is limited by its off-target effects on 
normal cells and less effective on cancer stem cells at lower concentrations.   

1. Introduction 

Global cancer burden is a second leading death cause among other 
causes of death worldwide and raising serious concerns to devise im
mediate prevention or cure methods to reduce the burden of this 
devastating disease [1]. Over the last two decades silver nanoparticles 
(AgNPs) have been widely used in cancer therapeutic studies. They have 
been known for a long time to have potent anti-microbial, antiviral and 
anti-cancerous activity [2,3]. Numerous studies have been performed on 
anti-tumor potential of chemically synthesized of AgNPs [4,5], herbal 
plant extract synthesized AgNPs[6], bio-conjugated AgNPs [7] and drug 
coated AgNPs as nanocarriers on cancer cells [8]. However, the mech
anisms underlying this activity are not yet completely understood[9] 
and need further investigation. Surprisingly, such studies have ignored 
the effect of sliver monotherapies on CSC population and immune cell 
population surrounding the tumor site. CSCs present at tumor site have 
similar characteristics as normal stem or progenitor cells such as 

self-renewal ability and multi-lineage differentiation to drive tumor 
growth [10]. Challengingly, conventional cancer treatments target the 
bulk of the tumor and are unable to specifically target CSCs due to their 
highly resistance nature, leading to metastasis and tumor recurrence 
[11]. A study on differential cytotoxic potential of E. coli derived silver 
nanoparticles in human ovarian cancer cells and ovarian cancer stem 
cells reported increased sensitivity of cancer stem cells than bulk cells 
[12]. Another study has established that E. coli derived AgNP treatment 
on F9 teratocarcinoma stem cells induced neuronal differentiation by 
upregulating biomarkers, such as RBP, laminin B1, and collagen type IV, 
and downregulating various pluripotency markers, including Nanog, 
Sox2, and Oct3/4, which are critical transcription factors involved in 
self-renewal and differentiation. It was also reported that AgNPs could 
regulate both apoptosis and differentiation by modulating various 
signaling molecules in a concentration-dependent manner[13]. Only a 
few studies have highlighted the role of silver nanoparticles on CSCs. 
This knowledge gap in evaluating the effect of AgNPs therapeutics in 
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targeting CSCs subpopulations of tumor microenvironment is a major 
drawback of nanomaterial related cancer therapies. However, carrying 
out studies investigating the biology of this heterogenous population of 
cancer stem cells present in tumor bulk, will open up new frames for 
targeted nano therapies and decrease the chance of disease recurrence. 
Therefore, with the aim of elucidating the effect of AgNPs on cancer 
stem cells as well as their effects on immune cells present in spleen and 
thymus, In the present study, we explored the antitumor effect of AgNPs 
on Cal33-a head & neck cancer cell line, Dalton’s lymphoma cell line 
(DL), Breast cancer cell line (MDAMB 231 and MCF7) and PC-3 -a 
prostate cancer cell line. Since the treatment on Cal33 was most effective 
at lowest concentrations CSCs harvested from this cell line were tested 
under the effect of AgNPs to study the sensitivity of cancer stems under 
nanoparticle treatment. As a control, HEK-293 T cell line was used, 
splenocytes and thymocytes from Swiss albino mice were also tested 
under AgNP treatment. Apoptosis assay and cell cycle analysis was also 
performed on Cal33 and CSCs harvested from Cal33 to elucidate the 
mode of action of AgNPs in cancer stem cells. 

2. Materials and methods 

2.1. Reagents 

Silver nitrate was purchased from SRL, India, Sodium citrate and 
MTT were purchased from Sigma Aldrich, Bangalore, India. DMEM and 
RPMI 1640 culture medium was obtained from Hi Media, Mumbai, 
India. Fetal bovine serum (FBS) was obtained from Invitrogen, CA, USA. 
FITC Annexin V Apoptosis Detection Kit (Cat no. 640914) was purchased 
from BD Bioscience, MagCellect Streptavidin Ferrofluid (Cat no. 
MAG999B), CD24 Biotinylated Antibody (Cat no. FAB52471B), Human 
CD24 APC-conjugated Antibody (Cat no. FAB5247A) and Human CD44 
PE-conjugated Antibody (Cat no. FAB8547P) from R&D Systems Min
neapolis, Minnesota, United States. CD44 Biotinylated Antibody (Cat no. 
MA5–17876) was obtained from Thermo Fisher Scientific, Waltham, 
Massachusetts, United States. 

2.2. Animal and tumor model 

All experiments were done on 2-D monolayer cell lines purchased 
from the cell repository of NCSS, Pune. Mice experiments were carried 
on inbred populations of Swiss albino strain of mice of either sex and at 
8–12 weeks of age. Mice were obtained from the Animal House, AIIMS, 
New Delhi, and housed in a pathogen-free specialized small animal fa
cility with a 12 h dark–light cycle. All the animals were treated with 
utmost human care and had free access to food and water. Mice were 
euthanized by cervical dislocation, a method authorized by Institutional 
Animal Ethical Committee (File no- 100/IAEC-1/2018), AIIMS, New 
Delhi for sacrificing experimental animals, and observed until all muscle 
activity and breathing has ceased for at least 120 s [14]. 

2.3. Isolation of splenocytes and thymocytes from mice and Cell line 
culture 

Cal33, Dalton’s lymphoma (DL), MDAMB 231, MCF7, PC-3 and HEK- 
293 T cell lines were cultured in their respective medium supplemented 
with 10% FBS and 1% penicillin-streptomycin (Supplementary figure 2). 
Mice after euthanization was dissected in sterile conditions to separate 
spleen and thymus (remaining body parts were utilized for other ex
periments). Both spleen and thymus were washed with sterile PBS. Each 
organ was crushed between the coarse side of two glass slides. Resulting 
mass was dissolved in PBS and cells thus released were filtered by using 
a cell strainer. Cells were washed with PBS twice and later treated with 
RBC lysis buffer for 10 mins at room temperature. PBS washing was 
again given to eliminate RBCs completely. The cell pellet obtained was 
dissolved in RPMI supplemented with 10% FBS media and kept in 5% 
CO2 incubator at 37 ℃. 

2.4. Synthesis and characterization of AgNPs 

AgNPs were synthesized by chemical reduction method. 2 ml silver 
nitrate (0.001 M) was added drop wise to the 30 ml solution of stirred 
and cool sodium citrate (0.002 M) of double distilled water. Reduction 
of the silver ion into AgNPs during exposure to the trisodium citrate was 
indicated by color change, from transparent to golden yellow color in 
aqueous medium due to the surface plasmon resonance phenomenon 
[15,16] (Supplementary figure 1). Further, UV spectra (Tecan multi
mode reader on SparkControl application) were taken at a different time 
interval. After synthesis of AgNPs, the whole supernatant was collected 
and centrifuged at 11500 rpm for 15 min at 4 ◦C, the supernatant was 
discarded and pellet was washed with distilled water thrice and the final 
pellet suspended in distilled water such that no unreacted silver ions 
remain. The nanoparticles were then sonicated and lyophilized. After 
that powder was collected for performing analytical techniques. FT-IR 
(Perkin Elmer, Spectrum Two FTIR, Waltham, MA, USA) to identify 
the possible reducing and stabilizing molecules in Sodium citrate solu
tion, with spectral range from 400 to 4000 cm− 1 and resolution of 4 
cm− 1, XRD (X′Pert Pro PANalytical, ALMELO, Netherlands) to identify 
the specimen’s crystalline phases and to measure its structural proper
ties, size and orientation of crystalline profile, at 45 kV and 40 mA with 
2θ in the range from 0◦ to 80◦ angle, NTA (NanoSight NTA 3.1, Malvern 
Panalytical, UK) to study the particle size distribution in the nano
particle solution based on its Brownian motion under the light and TEM 
(Tecnai 20G2 FEI, Oregon, USA) to visualize the size and shape of the 
nanoparticles. 

2.5. Isolation and purification of cancer stem cells 

Cancer stem cells were isolated from Cal33 cell line by MACs 
(Magnetic Assisted Cell Sorting technique). Isolation of human 
CD24low/-CD44+ cancer stem cells was done using a two-step proced
ure. CD24low/- cells were initially isolated by negative selection and 
then CD44+ cells were isolated by positive selection from the CD24low/- 

cell fraction. Single cell suspension of cells was prepared by traditional 
methods at a cell density of 1 × 10⁷ cells/ml. 2. 5 × 106 cells were taken 
in a conical tube and 25 μL of Human CD24 Biotinylated Antibody was 
added and gently mixed, avoiding bubble formation, and incubated at 
2–8 ◦C in a refrigerator for 15 min. The cell suspension was washed by 
adding 1 ml of wash buffer and centrifuged at 300 x g for 8 min. The 
supernatant was removed and cells were resuspended in cold was buffer. 
50 μL of Streptavidin Ferrofluid was added to the cell suspension, mix 
gently and incubated at 2–8 ◦C in a refrigerator for 15 min. Later, the cell 
suspension was washed by adding 1 ml of wash buffer and centrifuged at 
300 x g for 8 min. The supernatant was removed and cells were resus
pended in cold wash buffer. The reaction tube was placed in the mag
netic stand and incubated for 8 min at RT. Magnetically tagged CD24+

cells migrated toward the magnet (unwanted cells), leaving untagged 
CD24low/- cells in suspension. While the tube was in the magnet stand, 
all of the reaction suspension (desired) was carefully aspirated and 
transferred in a new tube. The tube containing the magnetically selected 
cells from the magnet was removed and discarded. CD24low/- cells thus 
obtained was treated with above procedure by replacing the CD24 
antibody with Human CD44 Biotinylated Antibody. Magnetically tagged 
CD44+ cells migrated toward the magnet leaving the untagged CD44- 
cells in suspension in the supernatant. While the tube is in the magnet, 
all of the reaction suspension (unwanted) was carefully aspirated and 
discarded. The tube containing the magnetically selected cells was 
removed from the magnet and resuspend cells by adding 100–500 μL of 
cold Buffer. This final magnetically isolated fraction contained the 
desired isolated CD24low/- CD44+ cells. The cells were used in down
stream applications. 
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2.6. Characterization of CSCs by flowcytometry 

After successfully sorting the desired cell population, cells were 
stained by taking 100 μL of the positively selected cells to a tube 10 μL of 
the APC-conjugated Human CD24 Detection Antibody and 10 μL of the 
PE-conjugated Human CD44 Detection Antibody was added and incu
bated for 30 min at 2–8 ◦C. Following this incubation, unreacted anti
body was removed by washing the cells twice in 2 ml of PBS. Cells were 
resuspended in 200–400 μL of PBS for final flow cytometric analysis. 
Compensation controls were also prepared along with the samples. 

2.7. AgNP treatment and cell viability assay 

The AgNPs stock was made in sterile water. Cells were treated with 
different concentrations of AgNPs. Cell viability of adherent cell lines 
was determined by MTT assay. 5 × 103 cells were seeded in each well of 
96-well culture plate after 24 hr, cells were treated with 200–1.3 µg/ml 
concentrations (serial dilutions) of AgNPs in serum free media for 24 hr. 
and culture medium alone as control. After completion of the incubation 
period, 10 μL/well (5 mg/ml) of MTT solution was added for 4 hr hours. 
After 4 hr of incubation period supernatant was discarded and formed 
formazan crystal was dissolved by adding DMSO and absorbance 
measured at 570 nm [14,17]. 

Cell viability of splenocytes and thymocytes was determined by 
trypan blue exclusion assay. Cells were treated with AgNPs concentra
tion (300–30 ng/ml). After 24-hour treatment the cells were washed and 
resuspend in 1 ml PBS or serum-free complete medium.1 part of 0.4% 
trypan blue and 1 part cell suspension was mixed and kept for 3–4 mins 
at room temperature. 10ul of the trypan blue/cell mixture was loaded on 
to a hemocytometer. Using a bright field inverted microscope unstained 
(viable) and stained (nonviable) cells were counted separately. To 
obtain the total number of viable cells per ml of aliquot, the total number 
of viable cells was multiplied by 2 (the dilution factor for trypan blue) 
and for total number of cells per ml of aliquot, viable cells and nonviable 
cells were added and multiplied by 2 (the dilution factor for trypan blue) 
[18]. Percentage of viable cells was calculated as follows. 

Viable cells(%) =
total number of viable cells per ml of aliquot

total number of cells per ml of aliquot X100 

2.8. Apoptosis assay 

Cells were treated with AgNPs at their respective IC50 concentra
tions. The treated cells and untreated control cells were washed twice 
with cell staining buffer, and then resuspend cells in Annexin V binding 
buffer at a concentration of 0.25–1.0 × 107 cells/ml .100 μL of cell 
suspension was transferred in a tube and 5 μL of FITC Annexin V and 
10 μL of Propidium Iodide Solution was added. The cells were gently 
vortexed and incubated for 15 min at room temperature (25 ◦C) in the 
dark. 400 μL of Annexin V Binding Buffer was added to each tube and 
analyzed by flow cytometry [14]. 

2.9. Cell cycle assay 

Cells were harvested in PBS and fixed in cold 70% ethanol (adding 
drop wise to the pellet while vertexing). Fixed cells were kept for 30 min 
at 4 ◦C. After incubation cells were washed twice in PBS. The fixed cells 
were treated with ribonuclease 50 μL of a 100 µg/ml stock of RNase. 
This ensured only DNA, not RNA, is stained. 200 μL PI (from 50 µg/ml 
stock solution) was added in kept for one hour at 4 ◦C in dark. Cells were 
analyzed using flow cytometry. 

2.10. Statistical analysis 

Each value represents the mean of three independent experiments in 
each group were conducted. Data was analyzed by using two-tailed 
student’s t-test on statistical software package Graphpad prism 9. A 

value of p < 0.05 was considered significant. Flow cytometry experi
ments were analyzed using FlowJo software. 

3. Results and discussion 

In the present study, we first time reported the antitumor effect of 
AgNPs on CSCs harvested from CAL-33 a head & neck cancer cell line 
and normal Cal33 cells along with Dalton’s lymphoma cell line (DL), 
Breast cancer cell line (MDAMB 231 and MCF7) and a PC-3 prostate 
cancer cell line. As a control, we used HEK-293 T, Splenocytes and 
Thymocytes. Apoptosis and cell cycle was performed on CSCs harvested 
form Cal33. 

Sodium Citrate induced synthesis of AgNPs was primarily confirmed 
by the appearance of golden yellow color. The changes in absorption 
spectra were firstly observed by UV spectroscopy in the range of 
409–420 nm (Fig. 1a). XRD was done for determination of phase 
composition and crystalline structure of AgNPs. It was found similar to 
the international database of JCPDS file number no- 04–0783 (Fig. 1e). 
The size and shape of AgNPs were determined using TEM and Nano
particle Tracking Analyzer (Fig. 1b) at 100–200 nm scale. The uniform 
surface structure was observed when AgNPs were further analyzed by 
SEM at 50 µm scale. The topographic structure of AgNPs surface was 
found spherical and uniform in (Fig. 1d). It was found that the majority 
of AgNPs size was found in between 12 and 30 nm in size (Fig. 1d). 
Further FT-IR analysis was carried out to find out the functional group 
on AgNPs induced by sodium citrate shows various absorption peaks at 
2344.74, 1642.4, 1498, 1385, 1128.45, 899.23, 796.21, 671.02, 627.2, 
595.30 and 450.50 cm-1 which represent the functional group such as 
–NH2, -COOH, CH2, and C––O (Fig. 1c). Several studies have shown 
similar characteristic UV-Visible peak, SEM and TEM images and 
diffraction patterns as found in this study [19,20]. 

The compelling interest of silver nanoparticles in cancer therapeutics 
is due to its physicochemical characteristics such as large surface area, 
small size and surface chemistry which differentiate them from bulk 
Silver. AgNPs constantly release higher magnitude of silver ions (Ag+) 
than silver microparticles of the same weight [21]. The therapeutic 
potential of AgNPs is rather dogmatic and is ineffective of their shape 
and capping material. AgNPs are mostly up taken by endocytosis-related 
mechanism, after which the organelles are directed to lysosomal fusion. 
The acidic environment of lysosomes enhances release of silver ions 
from AgNPs, of which the reactive ions then disturb the cell homeostasis 
which further leads to apoptotic cell death [22]. Similar to that observed 
in literature, Citrate based synthesized AgNPs decreased cell prolifera
tion in all cancer cell lines teseted (mentioned below) and thymocytes & 
splenocytes (Figs. 2 and 3). It can be evidently said that AgNPs showed 
increased cytotoxicity in splenocytes and thymocytes. A study on the 
effect of AgNPs on splenocyte activity in mouse have also shown that 
prolonged administration of Ag-NPs is detrimental on healthy organ
isms, [23]. The cells were cultured in media with different concentration 
of AgNPs as given below. The colloidal AgNPs solution was quite stable 
on addition to the culture media in given concentrations. No agglom
eration was observed on addition of AgNPs, as they must have been 
capped by the proteins present in FBS added to the culture media as 
reported in literature [24]. It was found that 49.21 µg/ml of AgNPs for 
DL cells, for PC-3 30.82 µg/ml; MDAMB-231 26.79 µg/ml; MCF-7 
9.13 µg/ml; Cal33–6.4 µg/ml (Fig. 2); CSC Cal33–17.6 µg/ml (Fig. 2) 
dose of AgNPs was effective for inhibition of cell growth. Whereas IC50 
of thymocytes and splenocytes was found to be significantly lower 
(0.6426 and 0.1211 µg/ml respectively) as compared to cancer cell lines 
(Fig. 3). AgNPs showed cytotoxic effect on control cell line HEK 293 T 
1.52 µg/ml which is similar to that of reported by [25]. Many studies 
have also reported that AgNPs made by green synthesis or chemical 
reduction have a significant role in decreasing Breast [6,26] Prostate 
[27] cancer and other cancer cell viability in concentration and cell type 
manner dependent manner. But their effect on cancer stem cell popu
lation of cell lines hasn’t been documented yet. In this study Cal33 
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showed least IC50 dose among all cancer cell lines, hence it was selected 
for further experiments. 

Cancer Stem cells are known to be more resistant than other cancer 
cells to verify that, CSCs isolation from Cal33 was carried out. CSCs were 
isolated from Cal33 with 1.6% recovery. The CD24-/low CD44+ CSCs 
cells were 77.5% after isolation by magnetic sorting as depicted in Fig. 4. 
In addition to that CD24+ cells were reduced to half after sorting, giving 
a good population of CSCs. MTT assay for determining IC50 Value of 
CSCs was performed. It was shown that CSCs were more resistant to 
AgNPs treatment with IC50 value of 17.55 µg/ml almost 3 times higher 
than Cal33 cells. Thus, the results so far showed that AgNPs nano
particles have anti-tumor ability to regress the tumor cell growth while 
the cancer stem cells are less responsive at lower concentrations. 

In order to validate the anti-tumor potential of AgNPs nanoparticles, 
both Cal33 cells and Cal33 stem cells were treated with AgNPs with their 
respective IC50 doses and Annexin V/PI apoptosis assay and cell cycle 
assay using flow cytometry were performed. Gating strategy for the 
same is given in Supplementary Figure 3. It was observed that AgNPs 
effect viability of both cancer cells and cancer stem cells. AgNP treat
ment increased percentage of early apoptotic cells by 9.76% and 5.93% 
and necrotic cells by 6.89% and 4.95% in Cal33 and CSCs respectively 
(Table 1). It was striking to observe a negligible change in late apoptotic 

cells (Fig. 6). Studies have shown increase in percentage of early 
apoptotic cells on Nano-TP (AgNPs synthesized by green extract of 
Cynara scolymus L. plant) treatment on PC3 cell while A549 cell line 
showed more increase in late apoptotic cells which is contrary to what is 
observed in this study [27]. In contrast to our finding a study reported 
that low doses (5 µg/ml) of Polyvinylpyrrolidone (PVP)-coated AgNPs 
decreases the apoptotic potential of Tumor necrosis factor-α (a proin
flammatory cytokine and apoptosis inducer) in Lung epithelial cell line 
NCI-H292 [28]. 

Cell cycle assay also showed resistant behaviors of CSC. Percentage 
of cells in G1 phase of Cal33 cells was observed to be 45.3% which was 
significantly higher in case of CSC Cal33 i.e. 53.5% as depicted in Fig. 7 
showing a G1/G0 phase arrest. Consequently, less percentage of cells 
were observed to be in S and G2 phase in case of Cal33 cancer stem cells 
(25.9% and 19.2%) than Cal33 cells (30.6% and 22.8%) (Table 2). Cell 
cycle arrest in case of AgNP treatment is reported in various studies 
showing it to be cell type dependent. The cell cycle arrest in G1/G0 
phase has been reported in HSC-4 cells (Human oral squamous carci
noma) [29] while in S phase in BEAS-2B (lung epithelial cell line) and 
also in G2 phase in A549 (lung carcinoma epithelial cell) [30]. A study 
on the effect of AgNPs on cell cycle of HeLa cells has reported arrest at S 
and G2/M phases, while additional subG1 population was observed 

Fig. 1. a. UV-Visible spectra of AgNPs showing a characteristic peak at 420 nm wavelength. b. NTA graph showing size v/s concentration of AgNPs depicting 
maximun peak at 80 nm size at 1:100 dilution. c. FTIR of AgNPs confirming the presence of carbonyl group on surface of nanoparticles due to capping with citrate 
ions g. d. SEM and TEM images at 1:100 dilution of AgNPs in distilled water confirming the spherical shape of synthesized AgNPs. e. Diffraction analysis of AgNPs 
showing consensus with JCPDS File no 04–0783. 
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which increased with increase in concentration of AgNPs indicating 
apoptosis or DNA damage [31]. The observed arrest in different phases 
of cell cycle indicate entry of such cells in cell cycle repair, cells which 
pass the cell cycle repair checkpoints resume their cycle while others 

enter an early apoptotic phase which is plausible reason for increased 
percentage of such cells in case of cancer stem cells on AgNP treatment. 
So, it can be assumed that nano size of AgNPs treatment must have 
facilitated to their anti-tumor potential and cell cycle arrest in cancer 

Fig. 2. Cell viability % after AgNP treatment of different cell lines a. PC 3 with IC50 of 30.82 µg/ml, b. MDAMB 231 with IC50 of 26.79 µg/ml, c. DL (Dalton 
Lymphoma) with IC50 of 49.21 µg/ml, d. MCF-7 with IC50 of 9.129 µg/ml e. Cal33, f. HEK 293 with IC50 of 1.522 µg/ml by MTT assay. After 24 hr incubation 
with AgNPs. 

Fig. 3. Cell viability % after AgNP treatment of thymocytes and splenocytes by trypan blue assay. Dose dependent decrease in cell viability of Thymocytes IC50 
= 0.06426 µg/ml and Splenocytes IC50 = 0.1211 µg/ml with AgNPs treatment with concentration range 300–30 µg/ml. 

R. Kaur et al.                                                                                                                                                                                                                                    



Toxicology Reports 12 (2024) 10–17

15

and cancer stem cells. 

4. Conclusion 

All techniques used for the characterization showed successful for
mation of AgNPs. AgNPs displayed anti-tumor role in all cancer cell lines 

i.e., Cal33, PC-3, DL and MDAMB231. Some off target cytotoxic effects 
on normal cells such as HEK 293, splenocytes and thymocytes was also 
observed. Cal33 was most sensitive to AgNPs among all cancer cell lines 
responding to lowest inhibitory concentration of silver nanoparticles. 
Increased resistance to AgNPs was observed in Cal33 Cancer stem cells 
as inhibitory concentrations was thrice than that of Cal 33. The mech
anism behind apoptosis was observed to be cell cycle arrest in CSC Cal33 
and Cal33 cells. Some further experiments are required to better un
derstand the mode of action of AgNPs such that its off-target effects are 
minimized and a low dosage can be optimized for targeting cancer and 
cancer stem cells. Although, AgNPs have shown potential as an anti- 
cancer agent but its cytotoxicity to normal cells cannot be neglected. 
In, addition to that, its resistance in cancer stem cells needs to consid
ered while furthering nanotherapeutics. 
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Fig. 4. CSC isolated from Cal33 characterization by Flow Cytometry. Population 1 and Single cell dot plots show the gating strategy for events of interest and 
eliminating doublets and triplets. Untreated is a negative control for CD44+PE and CD24+APC staining. Before CSC isolation shows 55% of CD44+ and CD24 low 

population. After CSC isolation shows CD44+ and CD24 low to increase up to 77.5%. 

Table 1 
Apoptosis assay comparison in Cancer cells and Cancer stem cells.  

Cell % Control Cal33 AgNP Treated CSC Cal33 AgNP Treated 

Live  96.9%  77.00%  82% 
Necrotic  1.55%  8.44%  6.5% 
Early apoptotic  1.24%  11.00%  7.17% 
Late apoptotic  0.26%  3.57%  3.5% 

*Cancer stem cells (CSC Cal33) 

Fig. 5. IC50 comparison of Cal33 and CSC Cal33 on AgNP treatment. Dose 
dependent inhibitory effect of AgNPs (3.125 µg/ml- 200 µg/ml) on both Cal33 
(shown in blue) IC50 = 6.394 µg/ml and CSCs Cal33 (shown in blue) IC50 
= 17.55 µg/ml. MTT assay was performed after 24 hr incubation with AgNPs. 
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