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Abstract
Background  Glioblastoma multiforme (GBM) is the most aggressive and fatal primary brain tumor, characterized by rapid 
proliferation, resistance to therapy, and poor prognosis. Current treatment strategies, including surgery, radiotherapy, and 
chemotherapy, have limited efficacy and significant side effects. Phytotherapeutic agents such as thymoquinone (TQ), the 
major bioactive compound of Nigella sativa, have gained attention for their potential anticancer properties. TQ has been 
reported to exhibit pro-apoptotic, anti-inflammatory, and anti-proliferative effects in various cancer models.
Objective  This study aimed to investigate the apoptotic effects of TQ on U87 human glioblastoma cells by evaluating its 
impact on cell viability, migration, colony formation, and the expression of key genes and proteins involved in apoptosis 
and inflammation.
Methods  U87 glioblastoma cells were treated with increasing concentrations of TQ (10–100 µM) for 24, 48, and 72 h. Cell 
viability was assessed using the Sulforhodamine B (SRB) assay. A scratch assay was performed to evaluate cell migration, 
and a colony formation assay was used to assess clonogenic potential. Quantitative real-time PCR (qRT-PCR) and Western 
blotting were conducted to analyze the expression levels of genes and proteins associated with apoptosis, inflammation, and 
cell cycle regulation.
Results  TQ treatment significantly reduced U87 cell viability in a time- and dose-dependent manner, with IC50 values of 75 
µM at 24 h, 45 µM at 48 h, and 36 µM at 72 h. The scratch assay demonstrated that TQ had no significant effect on U87 cell 
migration. Colony formation was inhibited at 10 µM after 24 h. qRT-PCR analysis revealed that at 50 µM TQ, caspase-3 and 
Bax mRNA levels were significantly upregulated. At 75 µM, caspase-9, caspase-3, Bax, and p21 mRNA levels increased, 
while caspase-8, Bcl-2, and Akt1 expression decreased. Western blot analysis showed increased expression of cleaved cas-
pase-3, p21, and ATG5 proteins, along with decreased expression of caspase-8 and TNF-α at 24 h.
Conclusion  TQ exhibits potent pro-apoptotic effects in U87 glioblastoma cells by modulating key apoptotic and inflamma-
tory pathways, including the PI3K/AKT signaling axis. These findings suggest that TQ may serve as a promising adjuvant 
therapeutic agent for GBM. Further studies are required to elucidate its full molecular mechanisms and potential clinical 
applications.
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1  Introduction

Cancer, a disease marked by an abnormal and uncontrolled 
cell proliferation, is major public health problem, and the 
second leading cause of mortality in the world after cardi-
ovascular diseases. Glioblastoma multiforme (GBM) is the 
most common, aggressive, and fatal primary brain tumor, 
classified as a grade IV astrocytoma by the World Health 
Organization (WHO) [1–6]. Despite advances in surgery, 
radiotherapy, and alkylating agent-based chemotherapy, 
GBM remains highly resistant to treatment, with a poor 
prognosis and high recurrence rates. Chemotherapeutic 
drugs, while essential, have significant limitations due to 
their non-specific targeting of both normal and cancerous 
cells, leading to severe side effects. In recent years phyto-
therapeutic sources have been investigated as an alterna-
tive to chemotherapeutic cancer drugs [7]. One of these, 
Nigella sativa (black seed or black cumin) is a flowering 
plant native to South and Southwest Asia and mostly found 
in North Africa, the Middle East, and Southern Europe 
[8, 9]. Most research has investigated its medical treat-
ment effects, on many different types of cancer. Investiga-
tion continues on the pathways through which it exerts its 
anti-cancer, anti-inflammatory and anti-neoplastic effects. 
The major bioactive component of the volatile oil of N. 
sativa seeds, thymoquinone (TQ) (2-isopropyl-5-methyl-
1,4-benzoquinone, C10H12O2; molecular weight: 164.2 g/
mol) has anti-proliferative, pro-apoptotic, anti-angiogenic, 
anti-neoplastic and antioxidant effects and the molecular 
and cellular mechanisms by which it exerts these effects 
are being investigated. [10, 11]. Recent studies have shown 
that the pro-apoptotic properties of TQ reduce cancer cell 
survival in various cancer cell lines such as canine osteo-
sarcoma, human colon carcinoma, breast adenocarcinoma, 
ovarian adenocarcinoma and colorectal adenocarcinoma 
[12–14]. TQ has been reported to initiate cancer cell apop-
tosis through signalling pathways that induce autophagy, 
DNA damage, telomeric attrition and immunoregulation. 
[15]. GBM is characterized by its ability to evade apopto-
sis and sustain uncontrolled proliferation, which is largely 
driven by the dysregulation of key signaling pathways. A 
number of potential mechanisms for apoptosis of cancer 
cells have been identified through targeting of intrinsic 
and extrinsic pathways via protein–protein interactions. 
Apoptosis has two main pathways: intrinsic (mitochon-
drial) and extrinsic (death receptor associated). Mitochon-
dria has a main part in the intrinsic pathway. The extrin-
sic pathway is mediated by death receptors play a majör 
risk on the cell surface. The main regulatory proteins in 
both pathways are caspases [16–19]. The main regulatory 
proteins in both pathways are caspases [16–18]. Poten-
tial mechanisms for apoptosis of cancer cells have been 

determined through targeting the intrinsic and extrensic 
pathways via protein-to-protein interactions have been 
identified. Extrinsic pathways are mediated by the TNF 
receptor superfamily; cell binding to the receptor activates 
caspase 8, which in turn activates caspases 3, 6, and 7 as 
apoptotic executioner enzymes. In the intrinsic pathway, 
BCL-2 stimulates p53 protein and p53 then stimulates p21 
protein. When cytochrome C is released from the mito-
chondria into cytosol, p53 stimulates caspases 9 (is one of 
the initiator caspase in the intrinsic pathway) [19]. In the 
tumor microenvironment, inflammatory cells secrete pro-
inflammatory and oncogenic factors such as reactive oxy-
gen species (ROS), nitric oxide (NO), cytokines such as 
interleukins, tumor necrosis factor-α (TNF-α), growth fac-
tors and chemokines, all of which promote carcinogenesis 
[20]. Additionally, a significant association exists between 
cancer cells and inflammatory cells that activate several 
molecular signaling cascades as nuclear factor kappa B 
(NF-κβ), mitogen-activated protein kinase (MAPK) and 
phosphoinositide-3-kinase (PI3K) [20–22] Among these, 
nuclear factor kappa B (NF-κB), mitogen-activated pro-
tein kinase (MAPK), phosphoinositide-3-kinase (PI3K), 
and protein kinase B (AKT) pathways play crucial roles 
in GBM progression, therapy resistance, and inflamma-
tion [20]. NF-κB Pathway: NF-κB is a master regulator 
of inflammation and cell survival, commonly activated in 
GBM. It promotes tumor progression by upregulating pro-
inflammatory cytokines, growth factors, and anti-apoptotic 
proteins. TQ has been shown to inhibit NF-κB activation, 
thereby reducing inflammation-induced tumor progression 
and sensitizing cancer cells to apoptosis [20]. MAPK Path-
way: The MAPK signaling cascade is involved in cellular 
responses to stress and mitogenic stimuli. It consists of 
three major subfamilies: extracellular signal-regulated 
kinases (ERKs), c-Jun N-terminal kinases (JNKs), and 
p38 MAPKs. TQ has been reported to modulate MAPK 
signaling, particularly by activating JNK and p38 path-
ways, leading to increased apoptosis and reduced GBM 
cell survival [21, 22]. PI3K/AKT Pathway: The PI3K/
AKT pathway is one of the most frequently dysregulated 
signaling networks in GBM, playing a central role in cell 
survival, proliferation, and therapy resistance. Overacti-
vation of AKT promotes tumor growth by inhibiting pro-
apoptotic proteins and enhancing GBM cell survival. TQ 
has been shown to suppress PI3K/AKT signaling, leading 
to reduced cell viability, induction of apoptosis, and inhi-
bition of GBM proliferation [23]. Autophagy and ATG5: 
Autophagy is a double-edged sword in cancer, either 
promoting survival or facilitating cell death depending 
on the context. TQ has been linked to autophagy regula-
tion through the upregulation of autophagy-related gene 
5 (ATG5), which plays a role in tumor suppression by 
enhancing apoptotic signaling [24–26].
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2 � Materials and Methods

2.1 � Cell Culture

U87 (HTB-14, ATCC) glioblastoma cells were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM) containing 
10% fetal bovine serum (FBS), 1% (2 mM) L-glutamine 
(L-Gln) and 1% (100 U/mL/100 μg/mL) penicillin/strep-
tomycin (complete medium) at 37ºC in a humid incuba-
tor under 5% CO2 pressure. Thymoquinone (TQ) (Sigma 
#274,666) was dissolved in dimethyl sulfoxide (DMSO) 
to a 600 mM solution. Different concentrations were pre-
pared in complete medium. The highest concentration of 
DMSO equivalent in complete medium was used as the 
vehicle control.

2.2 � Cell Viability Assay

Sulforhodamine B (SRB) assay was used to evaluate the 
effect of TQ on the viability of U87 glioblastoma cells [27]. 
5 × 103 U87 cells/well were seeded in 96-well plates/100 μL 
of medium per well. Cells in the test wells were incubated 
overnight and treated with increasing concentrations of 
TQ. After 24, 48 and 72 h of incubation, 50 μL 50% (w/v) 
tricholoroacetic acid (TCA) solution was added per well and 
cells were fixed at 4 °C for 1 h. After 5 consecutive washes 
with distilled water to remove TCA, 50 µL of SRB solution 
was added to each well and incubated in the dark for 30 min 
at room temperature. Wells were washed with 1% acetic acid 
solution to remove unbound dye. The dye bound to proteins 
was solubilized with 150 μL/well of 10 mM tris base (pH: 
10.0) and the plate was shaken at approximately 150 rpm 
for 10 min. Spectrophotometric measurements followed at 
564 nm and 690 nm. The absorbance values at 564 nm were 
substracted from the absorbance values at 690 nm.

2.3 � Horizontal Migration Assay

Scratch Assay evaluated the TQ’s effect on U87 cell hori-
zontal migration [28]. 500,000 cells/well were seeded in 
24-well plates in 500 μL of medium per well. When cells 
were observed to be approximately 80% confluent, straight 
scratches were made by 200 μL sterile pipette tips. The 
media were removed and wells were rinsed with ster-
ile 1 × PBS. Then, increasing concentrations of TQ were 
administered a final volume of 500 μL/per well. Microscopy 
images established baseline (“time point 0”). The same area 
was imaged at 24- and 48- hour time points. The migratory 
abilities of the cells were calculated using ImageJ FIJI [3] 
and visualized using GraphPad Prism v9 software.

2.4 � Colony Formation Assay

The colony formation assay evaluated TQ’s effect on U87 
cell colonogenicity [29]. 250 cells/well were seeded in 
24-well plates in 500 μL of medium per well. After over-
night incubation, cells in the test wells were treated with 
increasing concentrations of TQ in 500 μL medium. Plates 
were then incubated at 37 °C, 5% CO2 for colony formation. 
When colonies of at least 50 cells per cluster were observed, 
the medium were removed from the wells. The wells were 
rinsed with 1 × PBS. An acetic acid–methanol solution (1:3) 
was added to the wells and incubated at 4 °C for 15 min. At 
the end of incubation, the wells were carefully washed once 
again with 1 × PBS. 500 µL/well of 0.2% crystal violet (in 
2% EtOH) was added to the wells and incubated for 10 min 
in the dark at room temperature.

2.5 � Quantification of mRNA Expression in Cells 
Using qRT‑PCR

To quantify mRNA expression in cells, total RNAs were 
firstisolated from cells using RNAzol RT solution (MRC, 
USA), following the manufacturer’s instructions. RNA 
concentration and purity were determined using NanoDrop 
2000 (Thermo Scientific, USA) by pipetting 1 μl of RNA 
samples into the device for determination of A260/280 and 
A260/230 ratios. Before reverse transcription, RNA concen-
trations were equalized. Reverse transcription was carried 
out using the Script cDNA Synthesis Kit (Jena Bioscience, 
Germany) according to the kit protocol, and resulting cDNA 
was amplified by qRT-PCR using qPCR GreenMaster with 
the UNG Kit (Jena Bioscience, Germany). Real-time condi-
tions were performed on the CFX-96 Real Time PCR System 
(Bio-Rad, USA) with the following protocol: 50 °C for 2 
min, 95 °C for 2 min, followed by 35 cycles of 95 °C for 15 
s, 51 °C for 20 s-(for INPPL1, TNFa, Bcl-2, Akt1, MAPK1, 
COX-2 and PPARg) and 60 °C for 20 s-(for Cas-9, Cas-3, 
Cas-8, PIK3CB, TP53, Bax, P21, Atg-5 and GAPDH) and 
72 °C for 30 s. Melting curve analysis was also done for all 
primers. The relative mRNA transcript levels were calcu-
lated using the 2−ΔΔCt method and the relative expression of 
each gene was normalized to that of GAPDH. Primers were 
obtained from LGC Biosearch Technologies (Denmark). All 
measurements were performed in triplicate. The specific 
primers used are shown in Table 1.

2.6 � Western Blotting

Western blot evaluated TQ’s effect on U87 cell expression 
of specific proteins involved in cell death, proliferation and 
growth At the end of the drug treatment period, the cells 
were trypsinized, collected in 1.5 mL centrifuge tubes and 
centrifuged at 300 g for 5 min. The supernatant was then 
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removed and the pellet washed twice with 1 × PBS. Lysis 
solution containing protease/phosphatase inhibitor was 
added to the cell pellet and pipetted until the pellet was com-
pletely dissolved. The suspension was incubated at − 20 °C 
for 2 min and then vortexed for 1 min. This freeze/vortex 
cycle was repeated 6 times. At the end of the this period, the 
samples were centrifuged at 14,000 g for 20 min at 4 °C. At 
the end of centrifugation, the supernatant was transferred 
to new tubes and the pellets were discarded. Protein con-
centration was determined using the Bicinchoninic acid kit 
for protein determination (Sigma-Aldrich, BCA1). Protein 

lysates were resuspended with Laemmli loading buffer and 
heated at 95 °C for 5 min. Equal amounts of protein (30 µg 
protein/lane) were subjected to SDS-PAGE at 12% con-
centration for protein separation and electrotransferred to 
polyvinylidene difluoride (PVDF) membranes. Membranes 
were blocked with 5% dry milk in TBS containing 0.1% 
Tween-20 (TBS-T). After of blocking, the membrane was 
exposed to primer antibody (1:1000 dilution) overnight at 
4 °C with constant shaking, followed by horseradish per-
oxidase-conjugated anti-rabbit secondary antibody (1:3000 
dilution). Bands were detected using an ImageQuant LAS 

Table 1   Primers used for qRT-
PCR

Gene Name Gene bank # Primer Sequences 

INPPL1 NM_001567.4 Forward 5’-GGGAGGGAGAGCACCTTAATA-3’ 

Reverse 5’-GACCAGGAGACAGTGAGAACTA-3’ 

Caspase-9 NM_032996.3 Forward 5’-CACAGGGTCTGCTCTTTCTC-3’ 

Reverse 5’-CATTCATCTGTCCCTCTTCCTC-3’ 

Caspase-3 NM_004346.4 Forward 5’-CCTACAGCCCATTTCTCCATAC-3’ 

Reverse 5’-GCTTCACTTTCTTACTTGGCG-3’ 

Caspase-8 NM_001228.4 Forward 5’-TTGACCACGACCTTTGAAGAG-3’ 

Reverse 5’-AGCAGATGAAGCAGTCCATG-3’ 

TNFA NM_000594.4 Forward 5’-CCAGGGACCTCTCTCTAATCA-3’ 

Reverse 5’-TCAGCTTGAGGGTTTGCTAC-3’ 

Bcl-2 XM_047437733.1 Forward 5’-CAGGATAACGGAGGCTGGGATG-3’ 

Reverse 5’-AGAAATCAAACAGAGGCCGCA-3’ 

PIK3CB NM_006219.3 Forward 5’-ATTCCTCATTTCCAGGGCTG-3’

Reverse 5’-TCACCATTCTCCAAACCACTG-3’ 

AKT1 NM_001382433.1 Forward 5’-TTCCATCCTGCTAATCTGGGG-3’

Reverse 5’-GTCCATGGTGTTCCTACCCA-3’ 

TP53 NM_001276761.3 Forward 5’-CTTCCATTTGCTTTGTCCCG-3’

Reverse 5’-CATCTCCCAAACATCCCTCAC-3’ 

MAPK1 NM_002745.5 Forward 5’-GTCCTTCGTTATGTTCCCCAG-3’

Reverse 5’-TGACATCCCCATTCAACTCG-3’ 

BAX NM_002745.5 Forward 5’-TTGCTTCAGGGTTTCATCCA-3’

Reverse 5’-ACACTCGCTCAGCTTCTTG-3’ 

P21 NM_001374511.1 Forward 5’-CGGAACAAGGAGTCAGACATT-3’

Reverse 5’-AGTGCCAGGAAAGACAACTAC-3’ 

ATG5 NM_001286108.2 Forward 5’-GTATCATCCCACAGCCAACA-3’

Reverse 5’-AAGGGTGACATGCTCTGATAAA-3’ 

PPARG NM_138712.5 Forward 5’-AGGATGCAAGGGTTTCTTCCG-3’ 

Reverse 5’-CCGCCAACAGCTTCTCCTTC-3’ 

COX2 NM_000963.4 Forward 5’-GCTTCCATTGACCAGAGCAG-3’

Reverse 5’-CTCCACAGCATCGATGTCAC-3’ 

GAPDH NM_002046.7 Forward 5’-ACCCAGAAGACTGTGGATGG-3’

Reverse 5’-TCAGCTCAGGGATGACCTTG-3’ 



927Bratislava Medical Journal (2025) 126:923–933	

500 imaging system (GE Healthcare, Chicago, IL, USA). 
Beta-actin antibody was the internal (loading) control. Mem-
brane stripping was performed using manually prepared mild 
stripping buffer before loading control (beta-actin) is tested. 
Semi-quantitative densitometric analysis of the protein blots 
was performed using Image J FIJI software [30].

2.7 � Statistical Analysis

Results were presented as means ± SD of three experiments. 
Statistical analyses were performed using GraphPad Prism 
v9 software (San Diego, CA). Kruskal–Wallis was used to 
compare quantitative data among the groups. If the results of 
the Kruskal–Wallis were significant, Dunn’s Multiple Com-
parison Test was used to compare groups’ means. P < 0.05 
was considered as statistically significant.

3 � Results

3.1 � Thymoquinone Reduces U87 Glioblastoma 
Cell Viability in a Time‑ and Dose‑Dependent 
Manner

The SRB assay evaluated the effects of TQ’s at concentra-
tions of 10–100 µM for 24, 48 and 72 h on the viability 
of U87 glioblastoma cells. The results showed that TQ ini-
tially decreased the viability of U87 cells at 50 µM at 24 h 
(Fig. 1). IC50 values at each time point were determined 
accordingly: 75 µM for 24 h, 45 µM for 48 h, 36 µM for 
72 h. The 50 µM TQ treatment for 24 h was selected for 
subsequent experiments.

3.2 � Thymoquinone Does Not Affect the Migration 
Ability of U87 Glioblastoma Cells

A scratch assay was performed to determine the effect of 
TQ on the migration of U87 cells at a concentration range of 
10–100 µM. The wells were imaged at 0, 24 and 48-h time 
points. At 48 h, it was observed that the scratch was closed 
in the untreated group. TQ had no effect on the migratory 
ability of U87 cells at 48 h (Fig. 2).

3.3 � Thymoquinone Inhibits Colony Formation 
in U87 Glioblastoma Cells

The colony formation assay evaluated the effect of TQ on 
colonogenicity in U87 cells at concentrations of 10–100 µM 
for 24, 48 and 72 h. Colonogenicity decreased in 10 µM 
at the 24-h TQ treatment time point compared to control 
(Fig. 3).

3.4 � Thymoquinone Modulates Apoptotic 
and Survival‑Related Gene Expression in U87 
Cells in a Dose‑Dependent Manner

Real-time PCR was performed to determine the dose-
dependent effect of TQ on the gene expression levels of the 
following genes: caspase-9, caspase-3, caspase-8, p53, bax, 
p21, atg5, TNF-α, bcl2, and Akt1 in U87 cells. When the 
25 µM concentration of TQ was compared with the control 
group, no significant change was observed in caspase-9, cas-
pase-3, caspase-8, p53, bax, p21, atg5, TNF-α, bcl2, and 
Akt1 mRNA levels. When the 50 µM concentration of TQ 
was compared with the control group, there is a significant 
increase in caspase-3 and bax mRNA levels. When the 75 
µM concentration of TQ was compared with the control 

Fig. 1   The effect of TQ’s at concentrations of 10–100 µM for 24, 48 
and 72 h on the viability of U87 glioblastoma cells Untreated cell via-
bility was considered as 100%, and the other groups were calculated 

accordingly. (C control, VC vehicle control) Data are expressed as 
mean ± SD. *p < 0.05, ***p < 0.001 in comparison to control
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group, there was a significant increase in cas-9, cas-3, bax, 
p21, mRNA levels, and a significant decrease in caspase-8, 
bcl2 and Akt1 mRNA levels (Fig. 4).

3.5 � Thymoquinone Regulates Key Apoptotic 
and Inflammatory Proteins in U87 Glioblastoma 
Cells

Western blotting was performed to determine the effect of 
TQ on the expression of specific proteins involved in PI3K/
AKT signaling pathway, cell cycle and cell death in U87 
cells. In paticular, the expression of cleaved caspase-3, 
caspase-8, p21, TNFα and atg5 proteins was determined. 
Increased expression of caspase-3, p21 and atg5 protein, 
decreased expression of caspase-8 and TNFα were observed 
at the 24 h (Fig. 5).

4 � Discussion

Unfortunately, many people are diagnosed and die from 
cancer, which is the second leading cause of death after 
myocardial infarction..GBM is the most common malig-
nant, agressive and fatal cancer of brain tumors in the cen-
tral nervous system [1–5]. In recent years cancer survivors 
are increasing, due to advances in early detection with new 
treatment strategies. In addition to surgery, chemotherapy 
and radiotherapy, some phytotherapeutic resources are used 
as adjuncts in treatment because they are less toxic and have 
fewer side effects [7].

One of these Nigella sativa (black cumin) and its active 
ingredient TQ has been studied in many different cell lines 
especially cancer cells. In addition to its anti-angiogenesis, 
antioxidant, anti-apoptotic and anti-proliferative roles, TQ 
has also been reported to have anti-cancer effects and inhibit 
tumor growth [8, 31–40].

In this study, we detected the first significant decrease 
in U87 cells at 24 h at a dose of 50 µM TQ using the SRB 
assay, which is independent of cellular metabolic activity, 
to determine cell viability [27]. Similar to our results, TQ 
decreased the cell viability of U87 cells at 24 h when the 
IC50 value was approximately 50 µM. [41, 42].

The Scratch Assay was performed to determine the effect 
of thymoquinone on the migration of U87 glioblastoma cells 
[28]. In this study, we observed that the scratch in the control 
group closed after 48 h. TQ was found to have no effect on 
the migration of U87 cells. This suggests that TQ may inter-
fere with cell adhesion. TQ was found to dose-dependently 
reduce the migration rate of U87 cells and TQ was observed 
to induce a rounded cellular shape in glioblastoma cells [42].

We observed that colonogenicity was reduced at 24 h 
and 10 µM TQ dose and no cancer cells were observed at 
doses higher than 10 µM. TQ has been shown to suppress Fi
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the growth of human glioblastoma cells and inhibit colony 
formation in U87 cells [29].

Researches are still ongoing on to understand how TQ 
exerts its anti-cancer, anti-inflammatory and antineo-
plastic effects by suppressing pro-apoptotic factors and/

or activating anti-apoptotic factors in cancer cells. TQ 
also regulates some proteins that belong to either recep-
tor- dependent (extrinsic way) or mitochondrial dependent 
(intrinsic way) apoptotic pathways [43–46].

Fig. 3   The effect of TQ on colonogenicity in U87 cells at 24 h, 48 h and 72 h time points. (C Control, VC Vehicle Control)

Fig. 4   The effect of TQ on 
cell cycle, cell death, and cell 
signaling pathway genes in 
24 h time point. GAPDH was 
used as an internal (loading) 
control. Data are expressed 
as mean ± SD. *p < 0.05, 
**p < 0.01, ***p < 0.001 com-
pared to control

Fig. 5   The effect of TQ on the 
expression of cleaved caspase-8, 
caspase-3, p21, atg5 and TNFα 
proteins in U87 cells. The 
beta-actin antibody was the 
internal (loading) control. Data 
are expressed as mean ± SD. 
*p < 0.05, **p < 0.01, 
***p < 0.001 in comparison to 
control
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TQ is reported to induce apoptosis in cancer cells through 
generating reactive oxygen species (ROS), DNA damage, 
telomeric attrition, immunomodulation, regulating signal-
ling pathways and induction of autophagy. It also regulates 
epitheilial to mesenchymal transition (EMT) and inhibits 
cancer metastasis. In normal cell damage, it shows anti-oxi-
dant and anti-apoptotic effects by reducing oxidative stress 
[9–11, 40].

Although TQ and its apoptotic effects have been shown in 
some studies before, more studies are needed to understand 
the effect of apoptotic and anti-cancer mechanisms.

TQ inhibits cancer cells by apoptotic and autophagic 
pathways. In a study TQ caused apoptosis due to decreased 
levels of anti-apoptotic BCL-2 and p53 genes, increased 
levels of caspases and BAX genes in MCF-7 breast cancer 
cells [41].

Intrinsic apoptosis is stimulated by genotoxic damage to 
some organelles in the cell or by oncogene-induced exces-
sive mutagenic stimulation. BAX genes stimulate apoptosis 
by binding BCL-2 family proteins BAX and BAK lead to 
release of cytocrome c from mitochondria into the cytoplasm 
and this activates caspase cascade by activation of caspase 9, 
active caspase-9 activates caspase-3, caspase 6 and 7 respec-
tively [41].

In a study, TQ was shown to induce both extrinsic and 
intrinsic apoptotic pathways of brain tumor medulloblas-
toma [36].

It has been reported that TQ regulates miRNAs in sig-
nalling pathways where cancer cells exert effects such as 
apoptosis, proliferation, angiogenesis and metastasis.

TQ causes an intracellular increase in the levels of apop-
totic proteins such as p53 and Bax of GBM cells [47, 48]. It 
has been found to downregulate Bcl-2 and upregulate Bax, 
caspase 9 caspase 7 and caspase 3 in acute lymphoblastic 
leukemia and in gliomas (CEM-ss) [49, 50] In colon cancer 
cells (HCT116), TQ induced intrinsic apoptosis by upregu-
lating of Bax and downregulating of Bcl-2 [51]. Thymoqui-
none has shown to activate apoptosis by regulating Bcl-2 and 
Bax genes in ovarian cancer cells and the potential advan-
tage of TQ for ovarian cancer suggested future clinical trials 
to confirm its effectiveness [52, 53].

We detected decreasing levels of Bcl-2 at 75 µM TQ dose 
and increasing levels of Bax in 25, 50 and 75 µM using Real 
Time PCR at the 24th hour.

We also found significantly increasing levels of caspase 
9 and caspase 3 at 75 µM TQ and caspase 3 at 50 TQ dose 
using Real Time PCR. We also detected increasing levels 
of caspase 3 at 50 µM TQ dose at 24 h using Western Blot-
ting. TQ is showed to induce on dependent and independent 
apoptosis mechanisms in various cancer types [31, 42, 43].

It is also found to induce caspase-independent autophagy 
by upregulating the p53 gene [33, 54]. In a study leucemic 
cell were incubated with different TQ concentrations for 24h 

and apopototic and anti-proliferative effect of TQ was shown 
by detecting p53, p21 and Bcl-2α [55].

We did not find a significant difference in p53 but we did 
find a significant increase level in p21 at 75 µM TQ dose 
using Real Time PCR and at 50 µM TQ dose using Western 
Blotting at the 24th hours.

The extrinsic pathway of apoptosis begins with the bind-
ing of FasL and TNF-α to their receptor on the membrane 
and subsequent activation of caspase-8. Active caspase-8 
activates caspase-3, caspase 6 and 7 respectively [20]. In a 
study with acute lymphoblastic leukemia (CEM-ss) TQ was 
shown to activate caspase 8 and caspase 3 [49]. We found 
significantly decreased levels of caspase 8 at 75 TQ dose 
using Real Time PCR. and at 50 µM TQ dose using Western 
blotting at 24 h.

AKT1 activates cell growth and survival but inhibites 
apoptosis of normal cell. The effective anticancer activity of 
TQ by the inhibition of AKT pathway was detected in differ-
ent types of cancer cells previously. The anticancer activity 
of TQ in kidney cancer cells was detected by the inhibition 
of cell proliferation mediated by the AKT pathway [56]. We 
detected significant decrease in levels of AKT-1 at 75 µM 
TQ dose using Real Time PCR at the 24th hour.

Activation of autophagy often accelerates the death of 
cells ATG5 is involved in autophagy and responsible for the 
formation of a supramolecular protein complex [25, 57]. TQ 
has been shown to increase the expression of the ATG5 gene 
in breast cancer cells [58]. We found no difference of ATG5 
level using Real Time PCR but we did find increase in ATG5 
at 50 µM TQ dose using western blotting at 24 h.

In Myeloid leukemia KBM-5, TQ suppressed TNF-α-
induced NF-κB activation and down-regulated the expres-
sion of NF-κB-regulated antiapoptotic gene products such 
as Bcl-2 [59]. It also inhibited proinflammatory genes as 
TNF-α in pancreatic ductal adenocarcinoma cells indicating 
its role as an inhibitor of proinflammatory pathways [60]. 
The anti-inflammatory and antimetastatic effects of TQ were 
evaluated on TNF-α stimulated human breast adenocarci-
noma cells (MDA-MB-231 and MDA-MB-468) [61]. We 
detected decreasing levels of TNF-α at 75 µM TQ dose using 
Real Time PCR and at 50 µM TQ dose in western blotting 
at 24 h.

When we evaluated the apoptotic, anti-cancer, anti-pro-
liferative, anti-inflammatory and autophagic effects of TQ 
on U87 GBM cells; we found that TQ increased the gene 
and protein levels of BAX and caspase 9 in the intrinsic 
apoptotic pathway, caspase 3 in both intrinsic and extrinsic 
apoptotic pathways and decreased BCL-2 gene level. We 
detected decreased levels of caspase 8 in the extrinsic apop-
totic pathway. So we thought that TQ was more effective in 
the intrinsic pathway. Moreover, we found the anti-prolifer-
ative effect of TQ by decreasing AKT-1 gene and increasing 
p21 gene and protein levels.
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We also found that it exerted its effect on autophagy 
by increasing ATG5 gene and protein levels and its anti-
inflammatory effect by decreasing the TNF-α gene and 
protein levels.

The pharmacokinetics of thymoquinone have been stud-
ied in a rabbit model, using different doses of TQ apllica-
tion as intreperitoneal, intravenous and oral. intraperito-
neal, It has been found that oral administration had the 
maximum plasma concentration [62].

There are a few invitro studies on the effect of TQ on 
glioblastoma. In a study genotoxic, apoptotic and cytotoxic 
effects of different doses of TQ for 24 h on C6 rat glioma 
cells were investigated. They showed the increasing num-
ber of apoptotic cells, also decreased BCL-2 proteins and 
increased Bax, caspase 3 and caspase 9 proteins [63, 64].

In a study cytotoxic effects of TQ on brain cancer cells 
SW1088 was determined [65] In another study after TQ 
administration Glia 36, T98 and U(/MG human glioblas-
toma cells’ proliferation inhibition were found [66].

We suggest that in order to understand the relationship 
of TQ with apoptosis better, it is necessary to work with 
different cancer cell types and evaluate the expression of 
other proteins involved in apoptotic pathways.

We also believe that TQ is effective for cancer theraphy 
and it enhances the effect of cancer drugs. But still there 
isn’t enough clinical studies about TQ application. More 
studies including clinical trials are necessary to confirm 
its safety and efficiancy in the cancer treatments.
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