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Abstract 

 
Background and purpose: Carbon quantum dots (CQDs) have garnered significant interest in various fields 
as a burgeoning category of photoluminescent nanomaterials. The current study involved the synthesis of 
photoluminescent carbon dots through the hydrothermal processing of garlic (Allium sativum L.) juice, serving 
as a naturally derived carbon source.  
Experimental approach: The morphology and optical properties of the carbon dots were characterized by 
TEM, XRD, FT-IR, XPS, UV-Vis, and photoluminescence. The cytotoxic and apoptotic effects of CQDs were 
evaluated in A549, SKNMC, and H1299 (p53 null) human carcinoma cell lines. 
Findings/Results: The TEM findings confirmed that carbon dots exhibit a limited variability in their size 
distribution, characterized by mean diameters of around 16.3 ± 2.7 nm. The peak emission wavelength of carbon dots 
was observed at 400 nm, accompanied by an excitation peak at 320 nm, and their quantum yield in aqueous solution 
was measured to be 11.5%. The garlic CQDs were proven to be extremely potent cytotoxic agents, especially against 
H1299 cells. Apoptosis induction by CQDs was accompanied by an increase in activation of caspase-3 and caspase-
9, as well as the disruption of mitochondrial membrane potential in H1299 cells.  
Conclusion and implications: The apoptotic potential of garlic CQDs was evaluated in the most sensitive cell 
line, H1299. The apoptogenic effect of garlic CQDs on H1299 cells is important because it has been 
demonstrated that the loss of p53 is associated with poor clinical prognosis in cancer treatment. 
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INTRODUCTION 

 
Today, a variety of photoluminescent 

nanomaterials (1), such as biocompatible gold 
and silver nanodots or nanoclusters (2,3), rare-
earth doped up-conversion nanoparticles (4), 
and semiconductor quantum dots (5,6), are 
widely employed in different medical fields like 
the detection and diagnosis of disease, 
bioimaging, drug delivery, and even therapy 
(7). However, the low quantum yield, poor 
photostability, and expensive precursors 
significantly limit the application of these 
nanomaterials. More importantly, the toxicity 
of these nanomaterials has always been a 
serious cause for concern (3,8). 

Carbon quantum dots (CQDs) are 
considered a novel addition to the category of 
photoluminescent nanomaterials and have 
garnered significant interest across a wide 
variety of disciplines. They were first observed 
during the purification of single-walled carbon 
nanotubes derived from the arc-discharge of 
soot in 2004 (9,10). CQDs exhibit exceptional 
characteristics such as advantageous water 
solubility, compatibility with biological 
systems, a high quantum yield (11,12), bio-
imaging and biomolecule/drug delivery (6), and 
catalysis (13).  
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Furthermore, the presence of carboxylic and 
alcoholic functional groups on the CQDs' 
surface enables straightforward manipulation 
of these nanomaterials through the attachment 
of diverse functional groups or their bonding 
with multiple therapeutic agents intended for 
biological uses (14). Numerous reports support 
the fact that CQDs present lower cytotoxicity 
compared to other photoluminescent 
nanoparticles, especially those comprising 
toxic heavy metal ions, and provide an ideal 
alternative for in vivo applications. 

Various methods, including laser ablation 
(15), electrochemical (10) and chemical 
carbonization (16), hydrothermal carbonization 
(17) or microwave irradiation (18) have been 
developed to synthesize CQDs from different 
starting materials. Among them, the 
hydrothermal method can be taken into account 
as a proper approach for the synthesis of CQDs 
from different sources (19).  

Despite the variety of chemical carbon 
sources, recently a great deal of  attention has 
been devoted to using natural and biological 
materials like biomass, different fruit juices 
(20), and waste materials (21) as an initial 
source to synthesize CQDs. These materials 
usually contain different ingredients that can be 
easily converted into CQDs under 
hydrothermal conditions (22). Interestingly, 
reports suggest that the initial CQD precursor 
plays an important role in determining the 
optical properties and biological activities of 
CDs. For example, Hsu et al. prepared 
photoluminescent CQDs from green tea that 
possessed high inhibition efficiency for human 
breast cancer cells (MDA-MB-231) without 
damage to normal cells (23). They also reported 
CQDs prepared from ginger that exhibited 
extremely high suppression efficiency on the 
growth of human hepatocellular carcinoma 
cells (HepG2), with low toxicity for normal 
mammary epithelial cells (MCF-10A) and 
mouse liver cells (FL83B). The inhibition 
efficiency of these CQDs on HepG2 cells was 
selective over other cancer cells, such as human 
lung cancer cells (A549), human breast cancer 
cells (MDA-MB-231), and human cervical 
cancer cells (HeLa). These interesting observed 
properties were attributed to the intrinsic 
antioxidative, anti-carcinogenic, and anti-

inflammatory properties of the components 
found in green tea and ginger. In this regard, it 
is well known that the active compounds in 
garlic have anticancer properties (24). In a 
study conducted by Sun et al. CQDs 
synthesized by garlic, in comparison to other 
natural materials, exhibited a high content of 
nitrogen and sulfur elements (25). Throughout 
ancient history, garlic has been widely used due 
to its health and medicinal properties for the 
treatment of diseases such as heart disease and 
infections, and as an agent in cancer prevention 
(15). Findings demonstrate that garlic has a 
significant impact in inhibiting the growth and 
development of cancer cells in different tissues, 
such as hepatoma, mammary, squamous cell 
carcinoma of the skin, esophagus, and colon 
cancer (26). This beneficial outcome has 
stimulated further studies of the anticancer 
properties of garlic. 

In the present study, we employed the 
hydrothermal method to prepare CQDs from 
garlic juice to evaluate their cytotoxic effects on 
different cancer cells. The presence of many 
amino and carboxyl groups on the surface of the 
prepared CQDs resulted in their high water 
solubility and high stability in high-ionic-
strength media. The cytotoxic effect of CQDs 
was evaluated on H1299 (human non-small cell 
lung carcinoma), SKNMC (human 
neuroblastoma), and A549 (human lung 
carcinoma) cell lines. Given the importance of 
apoptotic cell death as a key feature of a 
potential chemotherapeutic drug, the apoptotic 
potential of the CQDs was evaluated on the 
most sensitive cell line, H1299, in the next 
experiments. 
 

MATERIALS AND METHODS 
  
Materials 

All reagents of analytical grade were utilized 
in their received form, with the assurance of 
utmost purity being the governing criterion for 
selection. Hydrazine and ammonium bromide 
were purchased from Merck (Germany). 
Phosphate-buffered solution (PBS, 0.1 M) at 
pH 7.4 was used. Garlics were obtained from 
Toyserkan, Iran. 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazoliumbromide (MTT), 
rhodamine caspase 9 substrate, and caspase-3 
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detection kit were bought from Sigma Aldrich 
(St. Louis, MO, USA). Cell culture medium, 
penicillin, streptomycin, and fetal bovine serum 
(FBS) were purchased from Gibco (Gibco, 
Grand Island, NY, USA). 
 
Apparatus 

Spectrophotometric measurements were 
conducted utilizing a Varian Cary Eclipse 
spectrofluorometer, which was furnished with a 
xenon flash lamp. Transmission electron 
microscopy (TEM) images were acquired using 
a Zeiss-EM10C transmission electron 
microscope operating at an accelerating voltage 
of 80 kV. To study the chemical structures of 
CQDs, Fourier transform infrared spectroscopy 
(FTIR) manufactured by Shimadzu Company 
(Japan) was used. X-ray diffraction (XRD; 
SEIFERT, PTS3003, Germany) was used to 
identify the structure of the CQDs.  

Fluorescence microscopy images were 
obtained from a fluorescent microscope 
(Olympus IX71; Japan) with blue light as the 
excitation source. 
 
Synthesis of CQDs 

The one-step hydrothermal treatment was 
used to prepare CQDs from garlic juice as a bio-
derived precursor. 

In the present study, the CQDs were 
prepared as follows. The cloves of garlic were 
minced (200 g) with a food processor and then 
pressed to extract crude garlic juice. To remove 
large particles and obtain a clear juice, the raw 
juice underwent filtration using filter paper with 
a low filtration rate, followed by centrifugation 
of the resulting liquid for 30 min at 6000 rpm 
three times. Afterward, 10 mL of the garlic 
juice was diluted to 40 mL of distilled water and 
transferred into a 100 mL Teflon-lined stainless 
steel laboratory autoclave and heated in an oven 
at a constant temperature of 180 °C for 7 h. The 
black carbonized solution was cooled to room 
temperature. The solution was centrifuged at 
3000 rpm for 30 min to remove large or 
agglomerated particles. The supernatant 
containing CQDs was filtered through a 0.2 µm 
membrane to remove large particles. Then, the 
brownish supernatant was dialyzed against 
ultrapure water through a dialysis membrane 
(MWCO¼ 3.5-5 kD, Float-A-Lyzer G2, 

Spectrum Laboratories, Rancho Dominguez, 
CA, USA) for 3 days. The solution containing 
CQDs was dried at 50 ℃ for 24 h. 

While a definitive and intricate process for 
the synthesis of CQDs from such materials 
remains elusive, a plausible mechanism can be 
proposed, drawing from existing literature, 
particularly regarding the carbonization of 
carbohydrates. This proposed mechanism likely 
involves several key stages, such as 
dehydration, polymerization, carbonization, 
aromatization, and nucleation. 

In addition, the growth mechanism of the 
carbonaceous materials in the hydrothermal 
method can be well described using the LaMer 
model (27). According to the LaMer model, 
when the concentration of aromatic clusters in 
the aqueous solution reaches a critical amount, 
the nucleation process takes place. This process 
finally results in a core-shell structure with a 
hydrophobic core and a hydrophilic shell that is 
less dehydrated and contains a large number of 
reactive oxygen functional groups.  
 
Quantum yield measurements 

Experimentally, the relative fluorescence 
quantum yield of prepared CQDs was 
determined at an excitation wavelength of 320 
nm using the following equation:  
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Where r and x refer to the standard reference 
and the sample of interest, respectively, Q is the 
quantum yield, I is the integrated emission 
spectra, η is the refractive index of the solvent, 
and A is the absorbance. To avoid self-
absorption effects, the absorbance was kept 
below 0.1 quinine sulfate in 0.1 M H2SO4, 
using the already known quantum yield of 0.54 
as a standard reference. 
 
Cell culture 

The H1299 cell line was a kind gift from 
Prof. G. Storm. The cells have a homozygous 
partial deletion of the p53 protein and lack p53 
protein expression. SKNMC and A549 were 
obtained from the Pasteur Institute (Tehran, 
Iran). SKMNC represents a neuroepithelioma 
cellular lineage that originated from a 
metastatic supraorbital neoplasm in the human 
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brain (28). A549 cells are human 
adenocarcinoma basal epithelial cells (10). The 
cells were cultured in Dulbecco’s modified 
Eagle’s medium (DMEM-F12) with 5% (v/v) 
FBS, 100 U/mL penicillin, and 100 mg/mL 
streptomycin. The medium was changed 2-3 
days after and was sub-cultured when the cell 
population density reached 70-80% confluence. 
 
Assay of inhibitory effects of CQDs on the 
growth of human carcinoma cell lines 

The in vitro inhibitory effects of garlic 
CQDs on the growth of H1299, A549, and 
SKNMC cells, and also HUVEC as a model of 
normal cells, were evaluated by MTT assay. 
Briefly, the cells were suspended in DMEM 
supplemented with 10% bovine serum,                       
100 units/mL of penicillin, and 100 µg/mL of 
streptomycin at a concentration of 1 × 105 
cells/mL. The cell suspension was pipetted into 
a 96-well plate (100 µL /well) and was 
permitted to adhere in a humidified incubator 
containing 5% CO2 at 37 °C. One day after 
seeding, the cells were treated with fresh 
medium with different concentrations (0-100 
µg/mL) of CQDs dissolved in culture medium 
and incubated for 48 h. The medium was 
removed and replaced by 100 µL of 0.5 mg/mL 
of MTT in growth medium, and then the plates 
were transferred to a 37 ℃ incubator for 3-4 h. 
Next, the supernatants were removed carefully, 
and 100 µL of dimethyl sulfoxide was added to 
each well for the dissolution of formazan 
crystals. Then, the absorbance of each well at 
570 nm was determined using an ELISA plate 
reader (Synergy-2, BioTek Instruments Inc., 
Winooski, VT, USA). The IC50 value was 
calculated by plotting the log10 of the 
percentage of proliferation versus 
concentration. Furthermore, cell images were 
captured 24 h post-treatment at a 20x 
magnification utilizing a Matic microscope 
outfitted with a Leica digital camera. 
 
Cellular uptake 

For evaluation of CQD uptake, cells were 
cultured on a 12-well cell culture plate for 24 h 
to achieve approximately 80% confluence.                       
A concentrated aqueous CQD solution                        
(0-20 µg/mL) was added to designated wells. 
After incubation for 6 h, the culture medium 

containing garlic CQDs was discarded. Then, 
cells were lysed with 1% Triton X-100. The 
fluorescence was measured at an excitation 
wavelength of 340 nm and an emission 
wavelength of 450 nm using a fluorescence 
microplate reader (BioTek, H1M, USA). For 
fluorescence microscopy images, cells were 
plated onto 12-well plates at a density of                   
5.0 × 105 cells/well and in a volume of 1 mL. 
The cell culture medium was then replaced with 
fresh medium containing the garlic CQDs in a 
concentration of 20 µg/mL and incubated for                   
6 h at 37 °C in a 5% CO2/95% air atmosphere. 
Fluorescence images were taken at a 
magnification of 100x under a fluorescence 
microscope (Model: Micros Austria) with an 
imaging system. Cells without any paraquat 
treatment were taken as a staining control. 
  
Assessment of mitochondrial membrane 
potential  

Mitochondria have been shown to play a key 
role in the induction of apoptosis. In the current 
study, rhodamine 123 fluorescent dye, a cell-
permeable cationic dye, was used for 
monitoring mitochondrial membrane potential 
(MMP). Depolarization of MMP during cell 
apoptosis results in the loss of rhodamine 123 
from the mitochondria and a decrease in 
intracellular fluorescence intensity (29). At the 
end of treatment, cells were incubated with 
rhodamine 123 for 30 min at 37 °C. The 
fluorescence intensity was measured at an 
excitation wavelength of 488 nm and an 
emission wavelength of 520 nm using a 
fluorescence microplate reader (BioTek, H1M, 
USA). 
 
Measurement of caspase-3 and 9 activities 

The activity of caspase-3 was assessed under 
the guidelines outlined in the manual provided 
by the Sigma/Caspase-3 assay kit. Briefly, 
H1299 cells were detached and lysed with lysis 
buffer with appropriate protease inhibitors. The 
cell lysate was centrifuged for 10 min at                   
14000 rpm. Next, the supernatant was 
transferred to a tube and mixed with caspase-3 
and caspase-9 substrates. After 1 h incubation 
at 37 °C, the absorbance of the chromophore                 
p-nitroanilide was detected by a microplate 
reader at 405 nm. H1299 cells were cultured in 
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the absence of CQD to serve as the control 
group, and the results were quantified as a 
percentage relative to the control. 
 
Statistical analysis 

Data were evaluated with GraphPad Prism 
5.0 software, and the results have been provided 
as mean ± SEM. The data were compared using 
the one-way analysis of variance (ANOVA), 
followed by the Tukey test. A P-value of                            
less than 0.05 was considered statistically 
significant. 
 

RESULTS 
  
Characterization of CQDs 

The obtained results indicated the formation 
of such structures from garlic during the 
hydrothermal process. FTIR spectra were 
employed to analyze the surface functional 
groups present on the CQDs (Fig. 1A). The 
broad band at 3200-3550 cm-1 was assigned to 
C-OH and N-H stretching vibrations, and the 
peak at 2800-2950 cm-1 was attributed to the C-
H stretching vibrations. The bending vibrations 
of the N-H could appear at 1400 cm-1, and peaks 

at about 1600 and 1280 cm-1 indicated the 
presence of C=O and C-NH-C stretching 
vibration, respectively. The band at around 
1066 cm-1 presented the existence of C-O 
(hydroxyl, ester, epoxide, or ether) groups. The 
presence of these functional groups on the 
surface of CQDs led to their exceptional 
aqueous solubility without requiring additional 
chemical alterations. 

The XRD pattern of the synthesized CQDs 
(Fig. 1B) displayed a broad peak centered at 
about 2θ of 20°. The interlayer spacing in 
graphite (0.33 nm) was investigated, so these 
CQDs showed a graphitic nature with highly 
disordered carbon atoms (30). 

The elementary composition of prepared 
CQDs was confirmed by elemental analysis to 
determine carbon, hydrogen, and nitrogen 
contents. The results were: C 37.26 wt.%, N 
2.25 wt.%, H 4.07 wt.%, S 0.97 wt.%, and O 
(calculated) 55.45 wt.%. TEM images (Fig. 2) 
obviously showed that the CQDs were 
spherical, monodisperse, and had a narrow size 
distribution with the average diameters of about 
16.3 ± 2.7 nm, with a maximum population                
at 8.5 nm.  

 
 
Fig. 1. (A) FTIR spectra and (B) XRD pattern of carbon quantum dots prepared from garlic juice. 
 
 

 
Fig. 2. TEM images at different magnifications of (A) 100 nm and (B) 30 nm of carbon quantum dots. 



Jalilian et al. / RPS 2025; 20(5): 701-711 
 

706 

 
Fig. 3. (A) Excitation (λEmission = 460 nm) and photoluminescence (at different excitation wavelengths) of carbon quantum 
dots, and (B) Absorption spectrum. 
 
Optical properties of the CQDs 

To further explore, the optical properties of 
the CQDs were investigated, as well as the 
photoluminescence and excitation spectra of 
the prepared CQDs at room temperature. The 
graphical representation of photoluminescence 
at various excitation wavelengths between 280 
and 440 nm is illustrated in Fig. 3A. It 
demonstrates a typical excitation-dependent 
property. The maximum photoluminescence 
was exhibited at an excitation of 320 nm, with 
a maximum at 400 nm. The quantum efficiency 
of CQDs in a water-based solution was 
determined to be 11.5 at 340 nm excitation, 
employing quinine sulfate as the standard 
reference. 

The UV-Vis absorption spectrum of CQDs, 
as illustrated in Fig. 3B, displays a distinct peak 
at 220 nm and a broader peak centered around 
300 nm. According to the previous studies, 
these peaks can be attributed to π–π* and n-π* 
transitions of C=C and C=O bonds (31). 
 
The effect of CQDs on cell viability and 
cellular fluorescence uptake  

The potential of CQDs to trigger apoptosis 
in three types of human carcinoma cells 
(H1299, A549, and SKNMC) as well as normal 
cells (HUVEC) was evaluated using the MTT 
assay. CQDs were proven to be an 
outstandingly potent cytostatic agent, 
especially against H1299 cells, as confirmed by 
their IC50 value. As shown in Fig. 4A, exposure 
to CQDs for 48 h resulted in a concentration-
dependent decrease in cell viability, with 
approximate IC50s of 40 ± 2.39,                       

44.09 ± 4.1, and 19.3 ± 3.97 µg/mL in SKNMC, 
A549, and H1299 cells, respectively.  

Therefore, in the next experiments, H1299 
was selected for the identification of the 
mechanisms of CQD action. Figure 4B 
illustrates the effects of various CQD 
concentrations on the morphology of H1299 
cells as opposed to untreated cells as the 
control. Exposure to CQDs resulted in observed 
phenomena like growth retardation, cellular 
shrinkage, vacuole formation, and mild 
cytoplasmic aggregations. Furthermore, a 
significant portion of the treated cells exhibited 
a spherical morphology and began to detach 
from the surface of the culture vessels. Also, as 
shown in Fig. 5, the intracellular fluorescence 
of CQDs increased concentration-dependently 
after exposure to different concentrations of 
CQDs in H1299 cells. 
 
Effects of CQDs on caspase-3 and -9 activities  

To finalize our findings and to characterize 
the nature of cell death observed in our 
experiments, the activity of caspase-3 and -9 in 
H1299 cells was investigated. The data 
obtained indicated a significant increase in 
caspase-3 activation in H1299 cells treated with 
CQDs at 20 and 40 µg/mL (Fig. 6A). To 
determine which apoptotic pathway is activated 
by CQDs, the activation of caspase-9, the apical 
proteases in the extrinsic pathway, was 
examined (32). 

As shown in Fig. 6B, treatment with CQDs 
at 20 and 40 µg/mL significantly increased the 
activation of caspase-9 to 1.24 and 1.97-fold,  
compared to the control cells. 
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Fig. 4. Cytotoxic effects of CQDs in human carcinoma cell lines. (A) SKNMC, A549, H1299, and HUVEC cells were 
incubated with different concentrations of CQDs for 48 h. Data are presented as mean ± SEM (n = 3). (B) Representative 
photomicrograph shows morphological changes of H1299 cells; (B1) untreated cells served as control, (B2-B4) cells treated 
with CQDs at 8, 20, and 40 µg/mL, respectively, for 48 h. CQD, carbon quantum dot. 
 
 
 

 
Fig. 5. (A) CQDs accumulation in H1299 cells after 2-h exposure to different concentrations of CQDs. Data are presented 
as mean ± SEM (n = 3). (B) Fluorescence microscope images demonstrating the intracellular CQDs distribution in human 
breast cancer cells; (B1) untreated cells served as control, and (B2) the cells exposed to CQDs at 20 µg/mL for 6 h.                       
*P < 0.05 indicates significant differences in comparison with the control group. CQD, carbon quantum dot. 
 
Effects of CQDs on MMP   

We detected the effect of CQDs on the         
MMP in the H1299 cells. As shown in                   
Fig. 7, when cells were treated with CQDs                       
for 48 h at 37 ℃, a considerable decrease                   
in the retention of rhodamine 123 was observed 

at 20 and 40 µg/mL. Therefore, the                   
disruption of the MMP triggered by CQDs led 
to damage in the outer membrane, causing                   
the release of dye from the mitochondria                   
and subsequently reducing intracellular 
fluorescence.  
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Fig. 6. The activity of (A) caspase 3 and (B) caspase 9 in H1299 carcinoma cells following treatment with various 
concentrations of CQDs for 24 h. Data are presented as the mean ± SEM, n = 3. *P < 0.05, **P < 0.01, and ***P < 0.001 
indicate significant differences in comparison with the control group. CQD, carbon quantum dot. 
 
 

 
Fig. 7. CQDs-induced MMP collapse. Cells were treated with different concentrations of CQDs for 48 h. Graphs show 
the change in MMP as represented by the mean fluorescence intensity of rhodamine 123. Data are presented as the mean 
± SEM, n = 3. *P < 0.05 and ***P < 0.001 indicate significant differences in comparison with the control group. CQD, 
carbon quantum dot; MMP, mitochondrial membrane potential. 

 
DISCUSSION 

 
In the current study, a simple, green, and 

large-scale synthesis of CQDs was done using 
hydrothermal treatment from a readily available 
natural precursor. These CQDs indicated a 
strong and stable photoluminescence effect that 
was dependent on excitation wavelength and 
pH. The fluorescence intensity of nitrogen-
doped Carbon Quantum Dots (N-CDs) 
remained notably stable across a wide pH 
spectrum and upon exposure to UV radiation. 
The assessment was carried out on the cytotoxic 
effects of CQDs on three human carcinoma cell 
lines: H1299, A549, and SKNMC cells, 
alongside HUVEC as a normal cell line. The 
H1299 cell line was found to be the most 

sensitive to CQD (50% viability at 20 µg/mL), 
while CQD showed IC50 = 40 µg/mL against 
the SKNMC and A549 cell lines. In addition, 
HUVEC cells exhibited viability exceeding 
50% when exposed to CQDs at concentrations 
of 20 and 40 µg/mL. However, when treated 
with CQDs at a concentration of approximately 
50 µg/mL, the viability of HUVEC cells 
reached the 50% threshold. 

The mechanism of inducing apoptosis, 
rather than necrosis, has been acknowledged as 
the primary mode of action for antitumor drugs 
(33). Consequently, substantial research 
endeavors are currently focused on the 
advancement of potential pharmaceuticals                   
that trigger apoptosis in cancerous cells.                   
In this particular investigation, the apoptotic 
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capabilities of CQD on the most responsive               
cell lines were scrutinized utilizing                           
well-defined apoptosis markers. Caspases, a 
group of cysteine-dependent, aspartate-directed 
proteases, play a crucial part in the initiation 
and execution of apoptosis. Among these, 
caspase-3 is notably recognized as one of the 
predominantly involved caspases in prompting 
apoptosis in various cell types (7). Our analysis 
revealed that treatment with CQDs was 
associated with an increase in caspase-3 
activity. Throughout apoptosis, there was a loss 
of MMP, leading to bioenergetic failure in 
mitochondria, thereby enabling the discharge of 
soluble molecules from the mitochondrial outer 
space into the cytosol (34). To assess the 
involvement of mitochondria in CQDs-induced 
apoptosis, the capacity of CQDs to alter MMP 
was examined, revealing a significant MMP 
decrease in the H1299 cell line after 48 h. In the 
course of mitochondria-dependent (intrinsic) 
apoptosis, alterations in the permeability of the 
mitochondrial outer membrane trigger the 
liberation of cytochrome c from the 
intermembrane space to the cytosol. This 
cytochrome c then united with apoptotic 
protease-activating factor-1 (Apaf-1) and d-
ATP, forming a caspase-9-activating complex 
known as the apoptosome, which subsequently 
processed the procaspase-3 (35). Hence, we 
assessed the significance of the mitochondrial 
pathway in CQDs-mediated apoptosis by 
evaluating caspase-9 activity. Our findings 
distinctly indicated the crucial role of caspase-
9 in CQDs-mediated apoptosis, as its activity 
surged after exposure to CQDs in H1299 cells. 
These outcomes suggest that the mitochondrial 
pathway holds a pivotal position in CQD-
induced apoptosis. Hoong et al. have previously 
scrutinized the cytotoxic and apoptogenic 
effects of garlic extract on H1299 cells (36). 
Their study revealed a slight inhibition of cell 
growth by garlic extract (IC50 > 20 µ/mL) and 
illustrated the ability of garlic extract to trigger 
apoptosis in H1299 cells through an extrinsic 
pathway. 

Additionally, earlier reports have 
demonstrated that crude garlic extract induced 
cell cycle arrest and heightened caspase activity 
(apoptosis) in the PC-3 human prostate cancer 
cell line (12). 

CONCLUSION 
 

In conclusion, our study demonstrated that 
CQDs have the capacity to induce apoptosis in 
non-small cell lung cancer cells. It was noted 
previously that expression was absent in H1299 
cells, while the activation of apoptosis was 
facilitated by the involvement of the p53 tumor 
suppressor proteins in response to various 
internal and external stresses (4). Hence, the 
findings put forth imply that the process of 
apoptosis triggered by CQDs is governed 
through a pathway independent of p53. 
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