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Abstract

Objective: Artemisia absinthium’s biological activity has been investigated for possible therapeutic applications. It is a plant that
may be used in cancer treatment. The biochemical and molecular mechanisms of Artemisia absinthium Extract (AAE) treatment in the
hepatic cancer HepG-2 cell line were investigated in this work.

Method: Phytochemical profiling was performed using quantitative methods and GC-MS analysis to assess phytoconstituents in
AAE. The in vitro cytotoxic effect of AAE on HepG-2 cellular viability was determined to assess the inhibitory concentrations that kill 50%
of cells (IC,,, ug/ml). Apoptosis and cell cycle arrest were investigated using flow cytometry analysis. Furthermore, gene expression levels
of PI3K/Akt/mTOR genes as well as their protein levels in the AAE-treated HepG-2 and untreated cells, were evaluated.

Results: The results showed that AAE has adequate phytochemical content. The IC,, of AAE for HepG-2cells was calculated after
48 hours to be 186.89 + 1.56 pug/ml. AAE treatment led to a marked decrease in the percentages of viable HepG-2 cells with a significant
increase in the percentages of necrotic and apoptotic cells. Significant increase in the HepG-2 count was recorded in the sub G1 and G1
phases post the treatment with AAE IC,,. The treatment with AAE led to a significant decrease in the cells’ proportion in the S-phase and
G2/M phase. AAE treatment resulted in significant downregulation in the expression of the PI3K, Akt, and mTOR genes and their protein
in HepG-2 cell lines.

Conclusion: Targeting the PI3K/Akt/mTOR signaling pathway, the results suggest that AAE has the potential to be an anti-inflam-
matory and anti-proliferative agent against HepG-2 cells.
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Introduction

Because of its complexity, cancer research has always been extremely challenging. Different cancers can differ significantly in
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their prognosis, organ effects, genetic changes, and treatment modalities (Huang and Zhang, 2022). The most common cancerous
tumor that cause death worldwide is Hepatocellular Carcinoma (HCC) (Bray, et al. 2024). Infections, alcoholism, tobacco use, and
obesity are the main risk factors for Hepatocellular Carcinoma (HCC) (London, et al. 2018). Currently, liver transplantation, chemo-
therapy drugs, and immunotherapeutic approaches are used to treat HCC (Luo, et al. 2022). Oxaliplatin and sorafenib, the two main
pharmaceutical treatments for hepatocellular carcinoma, are still insufficient because of their side effects and the emergence of drug
resistance. As a result, finding a novel therapeutic agents to treat HCC is crucial (Wei, et al. 2019).

Growing interest in using medicinal plants in developing nations is due to the belief that herbal medicines are safe and have few
to no side effects, especially when compared to modern pharmaceuticals (Shaikh, et al. 2016). Herbal medicines contain natural ingre-
dients that may have anti-cancer effects due to their varied chemical compositions and bioactivity (Jenca, et al. 2024). There are several
ways in which these herbal remedies and their bioactive components can successfully treat HCC. Certain natural herbal extracts have
also been shown to be effective in the treatment of HCC (Abdel-Hamid, et al. 2018 and Guo, et al. 2024). A number of plant derivatives
have become essential tools in oncological research and treatment development because of their pleiotropic properties, which include
scavenging free radicals, inhibiting cell growth, and inducing apoptosis (Rawat, et al. 2018).

Potential anticancer drugs that mostly induce death to tumor cells and rarely damage healthy cells have been studied. hese phytochemicals
have the potential to cause apoptosis, stop tumor cell invasion and migration, and suppress angiogenesis and proliferation (Wang, et
al. 2023). Additionally, research has demonstrated the anti-carcinogenic qualities of a number of compounds derived from plant parts,
such as seeds, fruits, bark, roots, and leaves. By inducing apoptosis and inhibiting the oxidative stress/inflammatory pathway, herbal
extracts improved hepatocellular carcinoma (Asma, et al. 2022). Herbs from the Artemisia plant are used ethnopharmacologically
and traditionally to treat a variety of illnesses. Wormwood, or Artemisia absinthium L., is a well-known plant in the Asteraceae family
with significant therapeutic and commercial uses. It contains a variety of bioactive chemical components that have antimicrobial,
hepatoprotective, anti-inflammatory, and antioxidant qualities; these compounds may be used in medicine (Sharifi-Rad, et al. 2022
and Wubuli, et al. 2024). By causing endoplasmic reticulum stress and apoptosis through a mitochondrial-dependent mechanism,
the extract from A. absinthium L. suppressed the growth of hepatocellular carcinoma cells (Wei, et al. 2019). In addition, reducing in-
flammation and oxidative stress, Artemisia annua extract reduced liver damage (El-Said, et al. 2023). Focusing on the Wnt/B-Catenin
pathway, Artemisia argyi suppresses hepatocellular cancer (Li, et al. 2021). Malhab, et al. examined the anticancer potential of Artemisia
herba-alba using colorectal cancer cell lines (Mlhab, et al. 2024), while Kim, et al. discovered that Artemisia capillaris significantly inhibit-
ed cell proliferation, promoted apoptosis, and decreased the PI3K/AKT pathway in Hepatocellular Carcinoma (HCC) (Kim, et al.
2018). Moreover, Tsamesidis, et al. investigated the cytotoxic effects of A. absinthium extract on an oral carcinoma cell line in 2024
(Tsamesidis, et al. 2024). The plant Arfemisia has been shown to have anti-inflammatory, anti-fibrotic, antioxidant, and anti-cancer
qualities (Jang, et al. 2015).

To prevent and treat liver cancer, a novel drug with high efficacy and minimal side effects is desperately needed. This study used
the HepG-2 cell line, a model of human hepatic cancer, to investigate the molecular and biochemical mechanisms underlying AAE’s
anticancer effects.

Materials and Methods
Preparation of plant materials

A. absinthium were brought from Carrefour Market. The plant met the institutional requirements and was verified by an expert.
The seeds were ground into a powder, then fifty grams of the powder in 500 mL of ethanol (70%) were filtered, and A. absinthium Extract
(AAE) was obtained.

Phytochemicals analysis and GC-MS profiling

The AAE was used to assess the phytochemicals’ capacity to scavenge DPPH radicals (Blios, 1958, Hiai, et al. 1975, Singleton, et al.
1999 and Prieto, et al. 1999). The phytochemicals in the AAE were identified using a mass spectrometer (GC 1310-1SQ, Thermo Scientific,
Austin, TX, USA). The components were identified, and their retention periods and mass spectra were compared to those in the NIST
11 and WILEY 09 mass spectra databases.

Cancer cell line and treatment protocols

The American Type Culture Collection (ATCC) provided the HepG-2, which was cultivated at 37°C in 95% air and 5% CO, with 10%
FBS added in Dulbecco’s Modified Eagle’s Medium (DMEM) that was not heat-inactivated. Cells will be cultivated for 24 hours in a
medium containing 2% FBS before each experiment that helps cells adhere.

Cell viability

In a 96-well plate, HepG-2 cells were planted in triplicate (1 x 10* cells/well). After 48 hours of treatment with varying doses of
AAE (0, 10, 20, 40, 80, and 100 pg/ml) or control, 20 uL of MTT reagent was applied to each well, and the cells were incubated for two
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hours to allow for formazan crystallization. Using a Spectra Max M5 spectrophotometer, absorbance at 570 nm was measured. The half
inhibitory effective concentration (IC,) was evaluated and used for further studies.

Flow cytometry analysis

Apoptosis was assessed using a flow cytometer (Becton Dickinson, Sunnyvale, CA, USA) and an apoptosis kit (catalog no. V13242).
The percentages of cells were computed and the flow cytometry histogram was generated. Furthermore, the cell cycle study’s findings
supported those of Weir, et al. After being fixed and stained with Dye Cycle Violet stain (catalog no. V35003), the cells were examined
using flow cytometry (Weir, et al. 2007).

Biochemical analysis

Levels of IL-6 (Cat. no. MBS021993), IL-1f (Cat. no. MBS263843), TNF-a (Cat. no. MBS2502004), NF-xB (Cat. no. MBS260718),
MDA (cat. no. MBS263626), SOD (cat. no. MBS2022511), CAT (cat. no. MBS2021346), and GSH (cat. no. MBS727656) were determined
in the cell’s lysate using their ELISA kits. Furthermore, the p-PI3K (Cat. no. MBS9518759), p-Akt (Cat. no. MBS9518725), and p-mTOR
(Cat. no. MBS260120) were determined in HepG-2 cells before and after AAE treatment using their ELISA kits from MyBioSource, San
Diego, CA, USA.

Gene expression analysis

Using SYBR Green, the HepG-2 cells’ expression of the PI3K, Akt, and mTOR genes were assessed both before and after the AAE
treatment (Livak, et al. 2001). The NCBI Primer-Blast tool was used to produce gene-specific primers post p-actin housekeeping gene
normalization (Tab. 1).

Table 1. Forward and reverse primer sequences for RT-PCR.

Gene Accession number Forward sequence (5'-3') Reverse sequence (5'-3)
PI3K NM_001024955 CTCTCCTGTGCTGGCTACTGT GCTCTCGGTTGATTCCAAACT
Akt NM_001165894 ATCCCCTCAACAACTTCTCAGT CTTCCGTCCACTCTTCTCTTTC

mTOR NM_020009 AGAAGGGTCTCCAAGGACGACT GCAGGACACAAAGGCAGCATTG

B-actin NM_007393 CCTGTATGCCTCTGGTCGTA CCACATAGCACAACTTCTCCTT

PI3K: Phosphoinositide 3-Kinase; Akt: serine/threonine kinase; mTOR: mammalian Target Of Rapamycin

Statistical analysis

To assess the one-way ANOVA data, the Graph Pad Prism software (San Diego, CA) (https://www.graphpad.com/) was used. A
significance level of P<0.05 was considered acceptable.

Results

Phytochemical constitutes Artemisia absinthium

After being cleaned with tap water and allowed to dry in the shade, A. absinthium (AA) was precisely 70% ethanol soaking for three
days in a hydro-ethanol solution. According to the findings, AAE had flavonoid and phenolic levels of 21.18 + 1.95 mg QE/g DW and
39.87 + 2.69 mg GAE/g DW, respectively. The extract’s level of saponin was 389 + 4.96 mg/g DW, and its TAC level was 72.65 + 3.86 mg
AAE/g DW. The extract’s ability to remove 50% of DPPH was 5.46 + 0.85 mg/mL, and its DPPH scavenging activity (%) was 80% + 3.34
(Tab. 2).

Table 2. Phytochemicals analysis of Artemisia absinthium (AA).

Phytochemicals AA
Total phenolics (mg GAE/g DW) 39.87 £ 2.69
Total flavonoids (mg QE/g DW) 2118 £1.95
Total antioxidant capacity (TAC) (mg AAE/g DW) 72.65 + 3.86
Saponin (mg/g DW) 389 +4.96
DPPH scavenging activity (%) 80 % + 3.34
IC,, of DPPH (mg/ml) 5.46 £ 0.85

Note: AA: Artemisia absinthium; GAE: Gallic Acid Equivalent; QE: Quercetin Equivalents; TAC: Total Antioxidant Capacity; AAE: Ascorbic Acid Equivalent;
DW: Dry Weight; IC,: Inhibitory Concentration of 50%; DPPH: Diphenyl-1-Picrylhydrazyl




223 | Alkhattabi NA., et al.

Gas-chromatography mass spectrometry analysis of AAE

The results showed that the most abundant chemical compounds detected in AAE were 1H-indole-3-ethanamine, N,N-dimethyl,
Etilefrine, 9,12-Octadecadienoyl chloride, (Z,Z), Aspidospermidin-17-ol, 1-acetyl-16-methoxy, and benzene methanol, 4-(1-methyleth-
yl). These phytochemicals were recorded at the Retention Times (RTs) 16.55, 16.77, 30.60, 30.79, and 12.51, respectively. The peak areas
percentages (P.A %) were 49.86, 27.68, 3.87, 2.04, and 1.33, respectively (Tab. 3 and Fig. 1).

Table 3. GC-MS analysis of Artemisia absinthium Extract (AAE).

S. No R.T (min) Name MW M.F P.A (%)

1 12.51 Benzene methanol, 4-(1-methylethyl) 150 C10H140 1.33
2 16.55 1H-indole-3-ethanamine, N,N-dimethyl 907 C10H15NO 49.86
3 16.77 Etilefrine 828 C10H15NO2 27.68
4 23.19 3-Hydroxy-N-methylphenethylamine 819 C9H13NO 1.93
5 27.38 1,25-Dihydroxyvitamin D3, TMS derivative 716 C30H5203Si 1.3

6 30.6 9,12-Octadecadienoyl chloride, (Z,2) 759 C18H31CIO 3.87
7 30.79 Aspidospermidin-17-ol, 1-acetyl-16-methoxy 789 C22H30N203 2.04
8 32.78 2,5-piperazinedione, 3-(4-hydroxyphenyl)methyl-6-methyl 296.5 C12H14N203 1.09

Note: RT: Retention Time; MW: Molecular Weight; MF: Molecular Formula; P.A%: Peak Area Percentage
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Figure 1. Chromatogram shows the relative abundance of phytochemicals detected in AAE.

Cytotoxic effect of AAE treatment on HepG-2 cell line

The hydro-ethanolic extract of Artemisia absinthium showed potential anticancer action towards the HepG-2, according to the
results of the MTT experiment. After 48 hours, the AAE IC__ for HepG-2 cells was determined to be 186.89 +1.56 pg/ml (Fig. 2).
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Figure 2. Viability of HepG-2 cells (%) treated with Artemisia absinthium Extract (AAE), after 48 hours that showed the inhibitory concentration
that kills 50% of HEPG-2 cells (IC,)). MTT colorimetric assay was performed to determine the cytotoxic effects of AAE on HEPG-2 cells. The
experiment was performed in triplicate.
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Effects of AAE treatment on the percentages of necrotic and apoptotic HepG-2 cells

The distribution of HepG-2 cells according to their Annexin/PI staining was changed post the treatment with the IC_ of AAE.
Treatment with AAE led to a significant decrease (P<0.05) in the percentage of viable hepatocellular carcinoma cells to 33.7% compared
to the untreated HepG-2 (91.4%). However, there is a significant increase in the necrotic HepG-2 cells post AAE treatment to 8.4% com-
pared to the untreated HepG-2 (0.9%). Furthermore, the treatment of HepG-2 cells with the estimated IC_  of AAE showed significant
increase (P<0.05) in the late apoptotic cells (%) when compared to the control HepG-2 cells (56.3% versus 5.1%) (Fig. 3).
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Figure 3. Flowcytometric analysis shows the expression of annexin V after AAE treatment in HepG-2 cells. Apoptosis was assessed using an
apoptosis kit that contained Annexin-V and Propidium lodide (Pl). A computer programmer intended for mathematical analysis was used to
determine the percentages of each cell group, and the resultant histogram was obtained using flow cytometry. The experiment was repeated in
triplicates. The significant difference was represented at P<0.05.

Effects of AAE treatment on the cell cycle analysis of HepG-2 cells

The results represented a significant increase (P<0.05) in the count of HepG-2 cells in the Go/1 (sub G1) phase post the treatment
with AAE IC_ to 23.6% when compared to the untreated HepG-2 cells (11.8%). The percentages of HepG-2 cells’ number in the G1-phase
increased post the treatment with AAE as compared to control cells (76.1% versus 41.3%). However, the treatment with AAE led to a sig-
nificant decrease (P<0.05) in the cells’ proportion in the S-phase to 4.0% when compared to the untreated HepG-2 (9.0%). A significant
decrease (P<0.05) in the G2/M phase was recorded following the treatment of HepG-2 with AAE to 6.6% when compared to the control
cells (35.6%) (Fig. 4).
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Figure 4. Cell cycle analysis after AAE treatments in the HepG-2 colorectal cancer cells. Cells were fixed, stained with Dye Cycle Violet stain,
and then subjected to flow cytometry analysis. The experiment was repeated in triplicates. The significant difference was represented at P<0.05.

Effects of AAE treatment on inflammatory biomarkers in HepG-2 cells

The results demonstrated a significant decrease (P<0.05) in the levels of IL-6, IL-1B, TNF-a, and NF-xB biomarkers in the
AAE-treated HepG-2 cells (15.88 +1.31 pg/ml, 13.05 + 1.12 pg/ml, 22.65 + 1.57 pg/ml, 1.54 + 0.17 ng/ml, respectively) when compared to
the untreated HepG-2 cells (23.59 +1.18 pg/ml, 17.32 + 1.78 pg/ml, 31.18 + 1.78 pg/ml, 2.35 + 0.21 ng/ml, respectively) (Tab. 4).
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Table 4. Levels of IL-6, IL-1B, TNF-a, and NF-kB in the untreated HepG-2 cells and AAE-treated HepG-2 cells.

Treatment/proteins IL-6 (pg/mL) IL-18 (pg/mL) TNF-a (pg/mL) NF-kB (ng/mL)
Untreated HepG-2 cells 2359+1.18b 19.32+1.78 ¢ 31.18+1.78 a 235+021a
HepG-2 cells/AAE 15.88+1.31a 13.05+1.12d 2265+1.57b 1.54+0.17 e

Note: AAE: Artemisia absinthium Extract; IL-6: Interleukin 6; IL-183: Interleukin 1 beta, TNF-a: Tumor Necrosis Factor alpha; NF-kB: Nuclear Factor
kappa-B. The experiment was repeated in triplicates. Means that do not share a letter in each column showed significant difference (P<0.05).

Effects of AAE treatment on antioxidant/oxidants’ hemostasis in HepG-2 cells

As shown in Tab. 5, the MDA level was significantly decreased (P<0.05) in the HepG-2 cells that were treated with the IC_ of AAE
(1.73 + 0.12 nmol/mL) when compared to the untreated cells (2.39 + 0.18 nmol/mL). However, the levels of SOD, CAT, and GSH were
significantly increased (P<0.05) after the treatment of HepG-2 cells with AAE to 5.69+0.32,12.47+1.07,and 16.19 + 1.79 ng/mL, respec-
tively when compared to the untreated HepG-2 cells (3.57 + 0.21, 8.32 + 0.78, and 11.86 + 1.15 ng/mL, respectively) (Tab. 5).

Table 5. Levels of MDA, SOD, CAT, and GSH in the untreated HepG-2 cells and AAE-treated HepG-2 cells.

Treatment/proteins MDA (nmol/mL) SOD (ng/mL) CAT (ng/mL) GSH (ng/mL)
Untreated HepG-2 cells 239+0.18 a 3.57+021b 8.32+0.78 a 11.86+1.15¢c
HepG-2 cells/AAE 1.73120.12¢ 5.69+0.32e 1247 £1.07 f 16.39+1.79d

Note: AAE: Artemisia absinthium extract; MDA: Malondialdehyde; SOD: Superoxide Dismutase; CAT: Catalase; GSH: Reduced Glutathione. The
experiment was repeated in triplicates. Means that do not share a letter in each column showed significant difference (P<0.05).

Effects of AAE treatment on PI3K/Akt/mTOR pathways in HepG-2 cells

Prior to and following AAE treatment, the human hepatocellular carcinoma cell lines’ expression levels of the PI3K, Akt, and mTOR
genes were measured. The findings demonstrated that after adjusting the beta-actin gene by 1.7, 1.5, and 1.8 times, respectively, the
expression of the PI3K, Akt, and mTOR genes was considerably downregulated (P<0.01) in HepG-2 cells treated with AAE (Fig. 5 A-C).
Additionally, when HepG-2 cells were treated with AAE, their phosphorylation of PI3K and Akt at Tyr607 and Ser473, respectively, was
considerably lower than that of the untreated cells (Fig. 5 D-F).

1.2 5 o) 100 -
-— a -
< 14 . [
%] E 80 4 P
g% -
220484 [
-5 [ = 60 4 a
E F 0.8 4 T [ Z
1 £
= - W
E % 04 4 b
S [
= g g3 o
o 0 :
Untreated HepG-2 cells  HepG-2 cells/AAE (IC50) Untreated HepG-2 cells HepG-2 cells/AAE (1C50)
E|
12 - ®  w
- a = d
ce 11 = '
EE [
2> 08 d = .
o e ' E a0
2% 0e 5
i3 -
22 04 E 20
'ﬁ L
- =< 0.2
e [/ - v
o 4 : Untreated HepG-2 calls HepG-2 collslAAE (1C50)
Unireated HepG-2 cells HepG-2 colls/AAE [IC50)
(F} 250 - 5
12 - =5 -
v ] 2 E
el 1 @ 2001 ,
28 = 4
W 08 & 150 4
£5 ‘ i
3 g 0.6 4 I o
- o 100 4
14 ] =
28 04 -
3% < %
& E 024
o . L] .

Untreated HepG-2 cells HepG-2 cells/AAE [IC50) Unireated HepG-2 cells HepG-2 eells/AAE (IC50)

Figure 5. (A) The relative mRNA expression levels of PI3K (B) Akt, (C) mTOR genes in HepG-2 cancer cell lines after treatment with AAE, (D) The
protein levels of p-PI3K (E) p-Akt, and (F) p-mTOR in HepG-2 cells after treatment with AAE. The values represented mean * S.D. The values
represented mean * S.D. The experiment was performed in triplicate. Means that do not share a letter in each figure were significantly different

(P<0.01) or (P<0.05).
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Discussion

The prognosis for most patients with HCC is still poor, even with the availability of several treatment options, such as chemo-
therapy (Liu, et al. 2016). Because of its bioactive components, antiproliferative qualities, and anti-inflammatory effects, Artemisia has
attracted interest in the treatment of cancer. In Saudi Arabia, wormwood, or A. absinthium as it is scientifically known, is a common
ornamental plant. Historically, traditional medicine has relied heavily on this significant perennial shrub (Sultan, et al. 2020). Despite
ongoing changes to treatment protocols intended to improve patient survival rates, conventional chemotherapy causes significant side
effects because it affects normal cells indiscriminately. Furthermore, the development of novel anticancer compounds with superior
pharmacological characteristics is crucial due to the suboptimal pharmacokinetic properties of antineoplastic drugs (Munteanu, et al.
2024). This study evaluated the molecular and biochemical mechanisms of AAE treatment in human HepG-2 cells. Phenolic, flavonoid,
and saponin compounds are present in significant amounts in the AAE. The extract concentration needed to reduce 50% of DPPH was
5.46 + 0.85 mg/mL, and the DPPH scavenging activity was 80% + 3.34. Furthermore, the findings showed that this extract has many
bioactive phytochemicals. The bioactive components of AAE were assessed using GC-MS in a previous study (Renugadevi and Julius,
2020). It has been reported that a wide variety of Artemisia species are cytotoxic to different cell lines (Emami, et al. 2009). The AAE
showed possible anticancer activity against the hepatocellular carcinoma cell line and was evaluated as an antiproliferative medication
against HepG-2 cells. After 48 hours, the IC_ of AAE for HepG-2 cells was found to be 186.89 + 1.56 pg/mL. This is consistent with a
previous study about A. vulgaris’s ability to inhibit cancer in HepG-2 cells (Sharmila and Padma, 2013). Additionally, Artemisia eriantha
has demonstrated possible in vitro effects on hepatocarcinoma cells (Pace, et al. 2024). Chemotherapy and other modern treatment ap-
proaches for most cancers entail stimulating the cancer cells’ cellular apoptotic signalling pathways. In order to control carcinogenesis
and therapeutic responses, apoptosis is essential. When compared to the untreated HepG-2 cells, treatment with the IC_ dose of AAE
significantly increased the number of apoptotic cells. The disruption of the cell cycle, which controls cellular proliferation, is a crucial
stage in the development of cancer (Williams and Stoeber, 2012). Therefore, using cell cycle arrest to control cell cycle progression could
be a useful cancer treatment strategy. Cell cycle analysis was performed to determine the mechanisms underlying AAFE’s effects on
hepatocellular carcinoma cell proliferation. The results showed that, after AAE treatment, a higher proportion of HepG-2 cells were in
the G1 phase than control cells. Additionally, the fraction of cells in the S-phase increased after AAE was administered. Cell cycle arrest
and apoptosis activation were the mechanisms by which the extract from A. judaica demonstrated anticancer efficacy against HepG-2
cells [35]. Previous studies showed that herbal extracts affected HepG-2 cells through the pathways of cell cycle arrest and apoptosis
(Wei, et al. 2019, Kim, et al. 2017 and Kim, et al. 2023).

Oxidative stress and chronic inflammation are risk factors for the development of cancer (Sorriento, 2024). The current study
found that after HepG-2 cells were treated with AAE, there was a significant decrease in the levels of inflammatory biomarkers. The re-
duction of inflammatory mediators demonstrated Artemisia capillaris’ anti-inflammatory qualities (Ali, et al. 2021). HepG-2 cells treat-
ed with the IC_ of AAE showed a significant decrease in MDA levels. However, after HepG-2 cells were treated with AAE, the levels of
antioxidant markers were noticeably higher. These results are consistent with earlier research that described Artemisia’s traits (Abate,
etal. 2021, Lee, et al. 2024, Ticolea, et al. 2024, Ticolea, et al. 2025 and Cherfj, et al. 2025).

Natural substances that target the PI3K/Akt and mTOR pathways in hepatocellular cancer have been shown to have therapeutic
potential (Sun, et al. 2021, Chen, et al. 2024). In HepG-2 cells treated with AAE, there was a significant downregulation of the expres-
sion levels of the PI3K, Akt, and mTOR genes. Additionally, the evaluation of AAE treatment on HepG-2 cells showed a notable decrease
in PI3K, Akt, and mTOR protein phosphorylation. Consistent with previous studies, the data show that the PI3K/Akt/mTOR pathway
contributes to the improvement of AAE in hepatocellular carcinoma (Sun, et al. 2021, Paskeh, et al. 2023).

Conclusion

According to this study, AAE’s higher phytochemical content causes it to act as a cytotoxic agent against HepG-2 cells. The
percentage of apoptotic HepG-2 cells increased significantly because of the AAE treatment, while the S-phase and G2/M phase sig-
nificantly decreased. After receiving AAE therapy, HepG-2 cells showed significant downregulation of the PI3K, Akt, and mTOR genes
as well as their protein levels. These findings show that AAE targets the PI3K/Akt/mTOR pathway to have antiproliferative and anti-in-
flammatory effects on the HepG-2 cell line.
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