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Abstract
Aim: Lung cancer is the most lethal type of cancer worldwide. Particularly in the metastatic stage, the cure and overall survival rates of non-small cell lung 
cancer (NSCLC) remain low. Considering the limitations of current therapeutic options, alternative and naturally derived compounds such as artemisinin (ART) 
are worth investigating for their potential role in lung cancer treatment. In the present study, we evaluated the effect of artemisinin on cell proliferation, 
oxidative stress, and apoptosis in lung adenocarcinoma cells.
Methods: In this study, the antiproliferative effect of ART on H1395 lung cancer cells was assessed using an MTT assay. Oxidative damage was evaluated 
using 8-Hydroxy-2’-deoxyguanosine (8-OHdG) levels, total antioxidant status (TAS), and total oxidant status (TOS), while apoptosis was analyzed using the 
caspase-3 ELISA method. Additionally, total RNA was isolated from both the control and treated groups, followed by cDNA synthesis, and mRNA expression 
levels of apoptosis-related genes were examined using real time-PCR (RT-PCR).
Results: The viability of H1395 lung cancer cells decreased in time-and dose- dependent manners following ART treatment. The IC₅₀ value of ART at 72 h was 
1167 µM. ART treatment reduced TOS and increased TAS, resulting in a decreased oxidative stress index (OSI) in H1395 cells. However, the changes in 8-OHdG 
and caspase-3 levels, as measured by ELISA, were not statistically significant. Similarly, no significant differences were observed in the mRNA expression levels 
of Bax, Bcl-2, caspase-3, caspase-7, caspase-8, and caspase-9 between the control and ART-treated groups.
Conclusion: ART shows potential as an anticancer agent and contributes to the development of novel therapeutic approaches for lung cancer.

Keywords
apoptosis, artemisinin, cell proliferation, H1395 cell line, lung cancer



Artemisinin effects on H1395 lung adenocarcinoma

Annals of Clinical and Analytical Medicine | 238

Introduction
Lung cancer was identified as the most frequently diagnosed 
cancer type in 2022 and remains the leading cause of cancer-
related mortality to date. Over the past two decades, numerous 
novel therapeutic agents have been introduced for its treatment.1 
Our knowledge of lung cancer biology and the processes that 
drive tumor progression has greatly improved. The application 
of innovative therapeutic approaches, such as tyrosine kinase 
inhibitors and immunotherapies, has demonstrated notable 
survival benefits in selected patient groups. Nevertheless, cure 
rates and overall survival rates for non-small cell lung cancer 
(NSCLC), particularly in the metastatic stage, remain low.2

Despite progress in chemotherapy, targeted therapies, and 
immunotherapy, treatment-related toxicity and adverse 
effects continue to represent major limitations in lung cancer 
management. Consequently, there is a growing need for the 
development of novel bioactive compounds that not only exert 
effective anticancer activity but also minimize toxicity.3,4

Considering the limitations of current therapeutic options, the 
investigation of alternative and naturally derived compounds such 
as artemisinin (ART) holds scientific significance in the search for 
new treatment strategies against lung cancer. ART, a compound 
traditionally used in the treatment of malaria, has recently 
gained attention owing to its anticancer properties.5,6 Preclinical 
studies have demonstrated that ART and its derivatives inhibit 
cell proliferation, induce apoptosis, and selectively target tumor 
cells, particularly in various solid tumors, through mechanisms 
involving oxidative stress.7 In vitro studies conducted on NSCLC 
cell lines have shown that the cytotoxic effects of ART increase 
in a dose- and time-dependent manner.8

The mechanistic basis underlying the effects of ART on lung 
cancer cells has not been fully delineated, and its exact biological 
effects remain unclear. This study aimed to comprehensively 
investigate the antiproliferative, anticancer, and apoptosis-
inducing effects of Artemisinin on the H1395 non-small cell 
lung cancer cell line under in vitro conditions. As one of the 
first comprehensive studies conducted specifically on this cell 
line, this study is expected to provide valuable insights that may 
guide the development of future therapeutic strategies.

Materials and Methods
Cell Culture
ART was purchased from Sigma-Aldrich (USA). H1395 lung 
cancer cells (The H1395 cell line was obtained from Dr. Şakir 
Akgün, Kafkas University, Kars, Türkiye) were cultured in 
RPMI-1640 medium (Gibco Laboratories, Grand Island, NY) 
supplemented with 10% heat-inactivated fetal bovine serum 
(FBS; Capricorn Scientific GmbH), 20 μg/ml streptomycin, 20 
U/ml penicillin, 1 mM sodium pyruvate (Biological Industries, 
Israel), and 0.1 mM amino acid solution (Biological Industries, 
Israel). Cells were cultured at 37 °C in a humidified incubator 
under an atmosphere of 5% CO₂. To assess the antiproliferative 
effects of ART, cells were exposed to increasing concentrations 
(20, 40, 80, 160, 320, 640, 1000, 1280, and 1500 µM) of ART 
for 24, 48, and 72 h in a time- and dose-dependent manner.

MTT Cell Proliferation Assay
The antiproliferative activity of ART on H1395 lung cancer 

cells was evaluated using the MTT (3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium) assay. Cells were seeded 
at a density of 5 × 10³ cells per well in 96-well plates, and 
the assay was performed according to the manufacturer’s 
instructions (Cell Proliferation Kit; GoldBio, USA). Following 
completion of the treatment intervals, MTT reagent was 
added as recommended by the manufacturer, and the 
absorbance was measured spectrophotometrically. The 
optical density at 570 nm was recorded using a Biotek 
Epoch 2 microplate reader with the Gen5 software. The 
IC₅₀ concentration determined in these assays was used as 
the treatment dose for subsequent molecular experiments. 
Cell Viability (%) = ([Treatment group OD570  - Blank well OD570 ]/
[Untreated group OD570 - Blank well OD570 ]) × 100%.  

Total Antioxidant Status, Total Oxidant Status, and Oxidative 
Stress Index Assay 
The effects of ART on TAS and TOS in H1395 lung cancer cells 
were assessed using Rel Assay TAS and TOS kits (Rel Assay Kit 
Diagnostics, Gaziantep, Türkiye), following the manufacturer’s 
instructions. TAS and TOS measurements were performed 
using a Biotek Epoch 2 microplate reader and Gen5 software, 
respectively. The TAS and TOS values were calculated using the 
corresponding formulas provided by the kit.
TOS= ([ΔabsSample]/[ΔabsStandard] X Concentration of 
standard
TAS= ([ΔAbs H2O] - [ΔAbs Sample]/[ΔAbs H2O] - [ΔAbs Standard])
OSI serves as a measure of oxidative stress levels and is a 
unitless parameter calculated by taking the ratio of TOS to TAS.9 
To facilitate this calculation, TAS was initially converted from 
mmol Trolox equivalents per liter to µmol Trolox equivalents per 
liter. 
OSI = ([TOS, µmol H2O2 equivalents/L]/[TAS, µmol Trolox 
equivalents/L] × 100)

8-hydroxy-2’-Deoxyguanosine Assay
The human 8-OHdG biomarker, which is indicative of DNA 
damage resulting from oxidative stress, was measured using 
the ELISA method.10 The assay was performed using an 8-OHdG 
kit (Bioassay Technology Laboratory, BT Lab, Shanghai, China) 
according to the manufacturer’s instructions and protocols.

Caspase-3 Assay
The protein level of caspase-3 in ART-treated H1395 lung 
cancer cells was measured using an ELISA kit from the Bioassay 
Technology Laboratory (BT Lab, Shanghai, China) following the 
manufacturer’s protocols.

Total RNA Isolation, cDNA Synthesis, and RT-PCR Analysis
RNA extraction was conducted using Trizol reagent (Invitrogen, 
USA) in accordance with the supplier’s recommendations, and 
cDNA generation was performed using the A.B.T. kit with RNase 
inhibitor (A.B.T., Türkiye). Changes in the mRNA expression 
levels of Bax (BCL2-associated X), Bcl-2 (BCL-2 apoptosis 
regulator), caspase-3 (casp-3), caspase-7 (casp-7), caspase-8 
(casp-8), and caspase-9 (casp-9) were evaluated by Real-Time 
PCR (RT-PCR) using the Rotor-Gene Q system (Qiagen, Hilden, 
Germany). Βeta-Actin (ACTB) was used for normalization. 
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Primer sequences used in this study are listed in Table 1. 
Real-time PCR was conducted following the SYBR Green qPCR 
Master Mix protocol using ABTTM 2X qPCR SYBR-Green Master 
Mix (Türkiye).

Ethical Approval 
This study was conducted using a commercially available 
human lung adenocarcinoma cell line (H1395). According to the 
decision of the Non-Interventional Research Ethics Committee 
of Ordu University (Date: 2025-07-18, No: 253), ethical approval 
was not required for this in vitro experimental study.

Statistical Analysis
All statistical analyses were performed using GraphPad Prism 
version 9.4.1 (GraphPad Software, San Diego, CA, USA). RT-
PCR quantification was performed using the 2^−ΔΔCT method, 
with further analysis using the GeneGlobe RT-PCR Analysis RT2 
Profile PCR Array Data Analysis platform (Qiagen). Values are 
reported as mean ± S.D. Statistical differences among multiple 
groups were evaluated using analysis of variance (ANOVA), 
followed by Dunnett’s post-hoc test for comparisons of each 
group’s mean with the control. For pairwise analyses, either an 
unpaired t-test or Mann–Whitney U test was applied, depending 
on the data distribution. A p-value of < 0.05 was considered 
statistically significant (ns p >  0.05, * p  ≤  0.05, ** p  ≤  0.01, *** 
p  ≤  0.001, **** p ≤  0.0001).

Reporting Guidelines
This in vitro experimental study was conducted in accordance 
with standard laboratory research principles. No specific 
reporting guideline was applicable.

Results
MTT Analysis
Upon ART treatment, the viability of H1395 cells was assessed 
using the MTT assay. A decrease in cell viability was observed in 

time- and dose-dependent manners. The half maximal inhibitory 
concentration (IC50) dose of ART was determined to be 1167 µM 
at the 72nd hour in the H1395 cell line (Figure 1). 

TAS, TOS, and OSI Analysis
To evaluate the effect of ART on oxidative stress in H1395 lung 
cancer cells, TAS, TOS, and OSI were measured. ART treatment 
led to a decrease in TAS and increase in TOS levels (TAS: 
Control, 1.237 ± 0.059; ART-treated, 1.176 ± 0.056; p = 0.66). 
TOS: Control, 5.949 ± 0.895; ART-treated, 6.203 ± 0.895; p = 
0.66). The OSI increased in the ART-treated group compared to 
the control in H1395 lung cancer cells (control: 0.483 ± 0.095; 
ART-treated: 0.530 ± 0.101; p = 0.66) (Figure 2). However, these 
differences were not statistically significant.

Table 1. Real Time PCR forward and reverse primer sequences

Gene symbol Forward and reverse primers

ACTB
F 5’-CACCATTGGCAATGAGCGGTTC-3’
R 5’-AGGTCTTTGCGGATGTCCACGT-3’

BAX
F 5’-AGAGGATGATTGCCGCCGT-3’
R 5’-CAACCACCCTGGTCTTGGA-3’

BCL2
F 5’-CAGGGCGATGTTGTCCACC-3’
R 5’-GGGGAGGATTGTGGCCTTC-3’

CASP3
F 5’-CATGGAAGCGAATCAATGGACT-3’
R 5’-CTGTACCAGACCGAGATGTCA-3’

CASP7
F 5’-AGTGACAGGTATGGGCGTTC-3’ 
R 5’-CGGCATTTGTATGGTCCTCTT-3’

CASP8
F 5’-ACACCAGGCAGGGCTCAAAT-3’

R 5’-GCAGGTTCATGTCATCATCCAGTT-3’

CASP9
F 5’-CTTCGTTTCTGCGAACTAACAGG-3’

R 5’-GCACCACTGGGGTAAGGTTT-3’

CASP10
F 5’-TAGGATTGGTCCCCAACAAGA-3’
R 5’-GAGAAACCCTTTGTCGGGTGG-3’

Figure 1. H1395 lung cancer cells were treated with ART at 
different concentrations and time intervals, and their viability 
was assessed by MTT assay. IC50 doses of ART in H1395 lung 
cancer cells were detected as 1167 µM at the 72nd hour

Figure 2. Modulation of the TAS, TOS and OSI values in H1395 
lung cancer cells by ART A. TAS (Control group: 1.237 ± 0.059, 
ART-treated, 1.176 ± 0.056), B. TOS (Control group: 5.949 ± 
0.895, ART-treated, 6.203 ± 0.895), C. OSI (Control group: 0.483 
± 0.095, ART-treated: 0.5300± 0.101)
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8-OHdG Analysis
8-OHdG levels were measured using ELISA. Changes in protein 
concentration were determined by comparing ART-treated 
H1395 lung cancer cells with the control group. According to 
the data, the mean 8-OHdG concentration in the H1395 control 
group was  0.805 ± 0.064 ng/mL, while in the cells treated 
with ART, it was 0.809 ± 0.158 ng/mL. When the results were 
compared, no significant differences were found (p > 0.99, 
Figure 3). 

Caspase-3 Analysis 
The possible caspase-3 activation by ART in H1395 lung cancer 
cells was analyzed by ELISA.  Accordingly, the mean caspase-3 
levels in the serum were 0.791 ± 0.022 for the control group 
and 0.793 ± 0.054 for ART-treated H1395 cells. When the 
results were compared statistically, no significant differences 
were found (p > 0.99, Figure 3).

RT-PCR Analysis
Changes in the mRNA expression of apoptosis-related genes 
were detected by real-time PCR. In the group treated with 
the IC50 dose of ART, no statistically significant changes were 
observed in the expression levels of Bax (0.36, p = 0.178), 
caspase-3 (0.95, p = 0.392), caspase-7 (0.56, p = 0.387), 
caspase-8 (15.71, p = 0.372), caspase-9 (0.11, p = 0.368), or 
caspase-10 (0.12, p = 0.111) compared to the control group. 
However, a statistically significant change in Bcl-2 expression 
(0.13, p = 0.042*) was detected.

Discussion
Lung cancer is the leading cause of cancer-related deaths 
globally. In this study, we showed that artemisinin exerts 
pronounced in vitro effects on lung cancer cells, highlighting 
its potential as a basis for future therapeutic interventions. 
Artemisinin is known to inhibit pathological processes that 
promote cancer progression in the tumor microenvironment 
owing to its anti-inflammatory and antioxidant properties. 
Its low toxicity and minimal effects on healthy cells make 
it a promising candidate for chemotherapy-resistant lung 
cancer subtypes. Taken together, these properties suggest 
that artemisinin is a potentially valuable phytochemical for 
experimental and preclinical studies of lung cancer. Importantly, 
our study is among the first to investigate the effects of 

artemisinin on lung cancer cells, addressing a notable gap in 
the current literature and providing a foundation for future 
research on novel therapeutic strategies. 
Li et al. investigated the effects of ART and its derivatives on 
the viability of A549 lung cancer cells using an MTT assay. In 
their study, ART was administered at concentrations of 50, 
100, 200, 250, 500, 750, and 1000 µM, and the IC₅₀ value 
was determined to be 769.60 µM.15 In a study by Hu et al., the 
artemisinin derivative, artesunate, was investigated for its 
antiproliferative effects on A549 and H1299 lung cancer cell 
lines, and the IC₅₀ values were reported as 28.8 µg/mL and 27.2 
µg/mL, respectively.11

Lu et al. determined the IC₅₀ value of artemisinin in the HCC827 
lung cancer cell line to be 56.1 µM, demonstrating its inhibitory 
effect on cell viability and proliferation.12 Conjugated forms of 
artemisinin and its derivatives have also been used in in vitro 
studies to enhance their bioavailability. An example of this is the 
study conducted by Kumar et al. In this study, the conjugated 
form of dihydroartemisinin with hyaluronic acid was applied to 
the A549 lung cancer cell line, demonstrating antiproliferative 
effects at lower doses.13 In our study, ART significantly reduced 
the viability of H1395 lung cancer cells in a time- and dose-
dependent manner, with an IC₅₀ of 1167 µM at 72 h, supporting 
its potential as an anticancer agent.
Oxidative stress is recognized as a key factor in cancer 
development, as it can disrupt DNA integrity, alter gene 
regulation, and interfere with cell-to-cell communication. These 
molecular alterations may drive abnormal cell proliferation and 
contribute to genomic instability, thereby playing a central role 
in the initiation and progression of malignancies. Oxidative 
stress may also trigger cell death pathways, such as apoptosis 
and ferroptosis, underscoring its dual function in the context of 
cancer biology.14,15

Ning et al. demonstrated in vivo that dihydroartemisinin 
alleviates radiation-induced pathological cell damage and 
histologically reduces TNF-α and TGF-β levels following 
irradiation.16

In a study by Ho and colleagues, the effects of artesunate 
on allergic asthma were investigated experimentally.17 They 
demonstrated a significant reduction in oxidative damage 
markers, such as 8-OHdG and 3-nitrotyrosine. Li et al. 
demonstrated the effects of ART and its derivative artesunate 
on DNA damage in the A549 lung cancer cell line using the comet 
assay.8 In our study, ART treatment caused minor changes in 
TAS, TOS, OSI, and 8-OHdG levels in H1395 lung cancer cells; 
however, these differences were not statistically significant.
Apoptosis is a tightly regulated form of programmed cell 
death that plays a vital role in maintaining tissue homeostasis 
and eliminating damaged, mutated, or potentially malignant 
cells. In healthy tissues, it serves as a defense mechanism to 
prevent uncontrolled cell proliferation and tumor formation. 
Dysregulation of apoptotic pathways is a hallmark of cancer 
and contributes to tumor survival, resistance to therapy, and 
disease progression. Therefore, many anticancer therapies aim 
to restore or enhance apoptotic signaling in malignant cells.18,19

Caspases are important proteolytic enzymes of the cysteine 
protease family, which play critical roles in apoptosis and 
inflammation. If caspase activity is disrupted, various health 

Figure 3. 8-OHdG and Caspase-3 concentration levels of 
ART-treated H1395 lung cancer cells and controls (8-OHdG 
Control group 0.805±0.064 ng/mL, ART-treated: 0.809± 0.158 
ng/mL), (Caspase-3 Control group: 0.791±0.022, ART-treated 
0.793±0.054) (p>0.99)
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problems such as neurodegenerative diseases, autoimmune 
disorders, and cancer may arise. A decrease in or inhibition 
of caspase activity in cancer cells contributes to resistance 
to cell death and promotes tumor progression. Therefore, 
reactivation of caspases or stimulation of caspase pathways 
can enhance the treatment efficacy by inducing apoptosis and 
eliminating cancer cells. Additionally, in some novel therapeutic 
approaches, caspases play a role in inducing pyroptosis, an 
inflammatory form of cell death, which helps strengthen the 
immune response within the tumor microenvironment. For these 
reasons, caspases are of great importance in cancer therapy 
both as target molecules and as biomarkers that enhance 
treatment response.20,21 In their study, Ganguli et al. showed 
that treatment of A549 cells with ART induced cytochrome C 
release, leading to caspase-3-dependent cell death. The same 
study also demonstrated that scavenging reactive oxygen 
species with antioxidants inhibited caspase-3 activity and 
rescued the cells from apoptosis.22 Lu et al. demonstrated 
that dihydroartemisinin, a derivative of artemisinin, induces 
apoptosis by activating caspase-3 in ASTC-a-1 lung cancer 
cells, as shown by the annexin V assay.23 Using flow cytometry, 
Lu et al. demonstrated that ART increased the apoptosis rate 
in HCC827 lung cancer cells.12 The same study also reported 
that ART treatment upregulated caspase-3 gene expression in 
this cell line. Our study demonstrated that caspase-3 levels did 
not significantly differ between ART-treated and control H1395 
cells. This suggests that ART can induce apoptosis through 
different pathways under the tested conditions, but it also 
suggests that ART derivatives may exert their effects through 
different death pathways.
In our study, changes in the expression of apoptosis-related 
genes, including Bax, Bcl-2, caspase-3, caspase-7, caspase-8, 
caspase-9, and caspase-10, were evaluated. Although a 15.71-
fold increase was observed in caspase-8 levels, the difference 
was not statistically significant. In contrast, upregulation of 
the Bcl-2 gene expression was statistically significant. Bcl-2 
is an anti-apoptotic protein that regulates the permeability of 
the mitochondrial outer membrane and prevents cytochrome 
c release, thereby inhibiting the intrinsic (mitochondrial) 
apoptotic pathway and preventing cell death. Its overexpression 
in cancer cells is closely associated with therapeutic resistance. 
Caspase-8, a key initiator of the extrinsic apoptotic pathway, 
is activated upon stimulation of death receptors such as Fas 
and TRAIL-R. Activated caspase-8 directly triggers effector 
caspases, including caspase-3, to induce apoptosis and engages 
the intrinsic pathway via Bid, facilitating the synergistic 
progression of cell death.24,25

Limitations
This study has some limitations. The findings were analyzed in a 
lung adenocarcinoma cell line (H1395). This situation may limit 
the generalizability to tumor models, as it prevents the potential 
variations among other NSCLC cell subtypes from being fully 
clarified. However, since all analyses were performed under 
in vitro conditions, the observed effects of ART may not fully 
reflect its in vivo biological activity, toxicity, and bioavailability. 
For all these reasons, future studies should include dose 
optimization in different lung cell lines, comparisons with ART 

and its derivatives, and experimental validation approaches 
to strengthen the biological significance and reliability of the 
findings.

Conclusion
In conclusion, our findings demonstrate that ART reduces 
the viability of H1395 lung adenocarcinoma cells in a time- 
and dose-dependent manner. Although ART treatment was 
associated with changes in oxidative stress parameters and 
apoptosis-related gene expression, most of these alterations 
were not statistically significant under the tested conditions. 
These results suggest that ART may exert antiproliferative 
effects in this cell line; however, further mechanistic and in vivo 
studies are required to clarify its potential role as an anticancer 
agent.
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