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Introduction 

Passiflora incarnata L., commonly known as passion flower, belongs 

to the family Passifloraceae and is one of the most popular and 

widely used medicinal plants in traditional medicine in Western 

India, Mexico, Netherlands and South America. The plant has a long 

history of application in herbal medicine as an anxiolytic and 

sedative hypnotic which dates back to ancient time (1). Arctium 

lappa L. also known as burdock, is a plant belonging to the family 

Asteraceae. Previous studies have linked A. lappa to multiple 

therapeutic activities, including antitumor on human cancer cell 

lines. Its antioxidant activity is attributed to free-radical scavenging 

and oxygen-inhibitory compounds that suppress oxidative 

biochemical processes (2). 

 Nanotechnology is a multidisciplinary field, convergence of 

basic sciences and applied disciplines like biophysics and molecular 

biology. It has had a significant impact across various fields, including 

oncology, pulmonology and immunology, as well as in highly 

specialized areas such as gene delivery, tumor targeting and oral 

vaccine formulations (3). 

 Physical plasmas are composed of reactive atoms, molecules, 

ions and radicals. Non-thermal plasma (NTP) can produce a mixture of 

highly-reactive chemical species which play important roles in cell 

processes. At present, NTP has become a novel tool in some 

biomedical areas, such as sterilization, antifungal treatments, blood 

coagulation, dental care, wound healing and cosmetics targeted cell 

and tissue removal. NTP treatment has been proven effectively in 

inducing apoptosis in vitro of various tumor types and inhibiting tumor 

growth in vivo. Moreover, NTP effects on cells were dose dependent 

that low doses of plasma can stop cancer cells proliferation and high 

doses result in cell apoptosis and necrosis (4). 

 P53 protects cells against DNA damage-induced stresses, 

which could lead to transformation and tumor genesis. Mutations in 
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Abstract  

Liver cancer is one of the most common malignancies worldwide and a major cause of cancer-related mortality. With limited treatment 
options, there is an urgent need to explore novel therapeutic approaches. Medicinal plants are of great importance and have demonstrated 

significant pharmacological potential. The objective of the present study was therefore to evaluate the anticancer effect of Passiflora 

incarnata L. and Arctium lappa L. leaf extracts, in comparison with non-thermal plasma and iron oxide nanoparticles. Cell viability was 
assessed using the MTT assay (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) and protein expression of P53 and Bcl2 was 

analyzed by proteomic techniques, with β-actin as the loading control. The MTT assay revealed that P. incarnata and A. lappa leaf extracts 

reduced the cell viability of HepG2 cancer cells from 100 % to 85 % and 80 %, respectively in a dose-dependent manner (200 µL). The 

treatments, including leaf extracts, gliding arc plasma and nanoparticles, significantly reduced cell viability. These results were supported by 

genes expression of tumor-associated genes, including P53 (tumor suppressor gene) and Bcl2 (antiapoptotic gene). Non-thermal plasma 
treatment increased the transcription and protein expression of P53, thereby enhancing apoptotic response in the HepG2 cell line at 40, 60 

and 80 sec, with corresponding viability reductions 74.33 ± 1.07 %, 82.53 ± 1.15 % and 88.05 ± 0.36 %, respectively. Regarding the effect of 

methanolic extracts of P. incarnata and A. lappa leaves, this study demonstrated that P. incarnata, A. lappa and iron oxide nanoparticles 

significantly increased P53 gene transcription, reaching 99.89 ± 0.40 %, 98.07 ± 1.08 % and 99.76 ± 1.10 %, compared with the control group 
(66.22 ± 2.08 %). 
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P53 have been found in over 50 % of all human tumors with loss of 

the gene seen in the majority of tumor types. In addition to direct loss 

of the P53 gene, disruption of key components in the P53 pathway 

have been implicated in a vast number of human tumors. 

Understanding the mechanisms by which P53 prevents oncogenic 

transformation and how these pathways are disrupted is critical for 

developing targeted cancer therapies (5). 

 Bcl2 is a family of protein responsible for dysregulation of 

apoptosis and prevention of death in cancer cells (6). Anti-apoptotic 

Bcl2 family members (Bcl-Xl) and pro-apoptotic proteins such as 

Bcl2-associated death protein BAD and Bcl-2-associated X protein 

BAX, interact to regulate pathways leading to cytochrome C release 

from the mitochondrial membrane. This interaction leads to 

Caspasace cascade activation and finally to the execution of 

apoptosis (7). 

 

Materials and Methods 

Plant extraction 

The Sciences Academy of Experimental Researchers (SAER), located 

in Mansoura, Egypt, provided the P. incarnata and A. lappa leaves. 

The Department of Botany, Faculty of Agriculture, Al-Azhar 

University authenticated the plant samples. The samples were 

ground into a fine powder after being oven-dried at 55 °C. The 

powder was separated into portions for aqueous and methanolic 

extract production. A total of 500 g of powdered dehydrated leaves 

were boiled in reflux at 80 °C to 100 °C in reflux for 3 hr in 5 L distilled 

water to produce the aqueous extract. The extract was filtered, 

lyophilized and kept at 4 °C until for use (8). A total of 500 g of 

powdered leaves were soaked at room temperature for 8 hr in 98 % 

methanol (10 L) to yield a methanolic extract. The extract was stored 

at 4 °C, for further use. A rotating evaporator operating at 45 °C was 

used to concentrate it by dryness while under vacuum (9). This work 

was authorized by the Sciences Academy of Experimental 

Research's Ethics Committee in Egypt on October 28, 2024                   

[No. 44713]. 

Cell line and treatment 

HepG2 (hepatocellular carcinoma) cell line obtained from the 

Genetic Engineering, Unit Al-Azhar University, were cultured in EMEM 

medium (ATCC) supplemented with 10 % fetal bovine serum (FBS, 

Thermo Fisher Scientific) as recommended by the supplier. Cultures 

were kept in a humidified 5 % CO2 atmosphere at 37 °C and the 

medium was changed once a week. Tissue sampling was approved 

by the Clinical and Experimental Medicine and the Alazhar University 

Ethics Committee. The study carried out on a cell line [HepG2] a 

hepatocellular carcinoma (liver cancer) model. Where the cell line 

[HepG2] exposed to three types of treatment separately, including 

methanolic extract of P. incarnata and A. lappa leaves, radiation, non

-thermal plasma and iron oxide nanoparticles. 

Gliding arc discharge (GAD) experiment 

The gliding arc (GA) is an intermediate system between thermal and 

non-thermal discharges and is able to provide simultaneously high 

plasma density, power and operating pressure with high level of   

non-equilibrium, high electron temperature, low gas temperature 

and possibility of stimulation selective chemical processes without 

any quenching. The main peculiarities of GA are the “memory effect” 

and essential influence of convective heat and mass transfer on 

plasma properties and the space/time arc evolution. GAD is an auto 

oscillating phenomenon developing between at least two 

electrodes that are immersed in a laminar or turbulent gas flow, 

which provides significantly non-equilibrium plasma region at 

elevated power level (10, 11). The reactor used for this study derives 

from the gliding arc or glidarc device as illustrated in Fig. 1. 

 Fig. 2 shows the photographs of GA for different gas flow rate 

at constant discharge power. With an increase in the emission 

intensity increased on the upstream side. Similarly, electric discharge 

area increased with increasing gas flow rate on the downstream 

side. The positive column of the main arc discharge can be regulated 

by the applied discharge power. The downstream domain forms a 

plasma jet plume extending between the electrodes, whose 

behaviour depends on the gas flow rate. 

 The GAD for different discharge power at 60 L min-1 in air gas 
flow rate indicate that, in the upstream side, emission intensity was 

strong and it increased with increasing discharge voltage. In 

addition, electric discharge area is small and it was increased with 

increasing the discharge voltage. On the other hand, emission 

Fig. 1. Simplified scheme of the gliding arc (GA). 

Fig. 2. Photographs of gliding arc (GA) for different gas flow rate at constant discharge voltage. 
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  intensity is weak and electric discharge area is large in the 

downstream side. Although emission intensity is almost constantly 

independent for the discharge voltage, discharge area decreased 

with increasing discharge voltage in the downstream. The species 

formed in air discharge plasma region were detected with 

spectroscopic emission and the result has been presented in Fig. 3.  

Preparation of iron oxide nanoparticle 

The synthesis and characterization of iron oxide nanoparticles were 

carried out as follows: 

Chemicals 

 Iron chloride (FeCl3­, 99 %), trisodium citrate dehydrate salt 

(C6H5O7.2H2O, 95 %), ammonium thiocyanate (NH4SCN, 99 %), 0.05 M 

EDTA and methanol were purchased from Fluka. Polyethylene glycol 

was purchased from Sigma-Aldrich, doubled distilled water was used. 

Procedures 

The synthesis of hematite nanoparticles was performed as per 

method (12). A solution of 0.1 M FeCl2 (15 mL) was added drop by 

drop to 100 mL of vigorously stirred boiling distilled water. The color 

changed from yellow (FeCl3) to red and upon excess addition of 0.1 M 

FeCl3, the color turned to dark red. The resulting solution was heated 

to reflux and kept at the temperature for 30 min, solution was then 

cooled to room temperature. The colloidal solution remained stable 

without visible precipitation. However, a reddish-brown precipitate 

was obtained upon adding excess amount of concentrated solution 

of ammonium phosphate tribasic tri hydrate [(NH4)3 PO4.3H2O]. 

 The prepared iron oxide nanoparticles had an average 

diameter of 6 nm (60 Å), corresponding to a hydrated nanoparticle 

volume of 1.13 × 10⁵ Å³. Based on this volume, the total number of 

nanoparticles present in 1 L of the prepared solution was calculated to 

be 4.231 × 10¹⁶ particles, which is equivalent to a molar concentration 

of 70.28 nM. The extinction coefficient (ɛλ) of the synthesized iron oxide 

nanoparticles was determined to be 6.8 × 10⁷ M-1 cm-1. 

Experimental design 

The HepG2 cell line was divided into seven experimental groups. 

Group 1 served as the untreated control. Groups 2, 3 and 4 consisted 

of HepG2 cells exposed to non-thermal plasma for 40, 60 and 80 sec 

respectively. Group 5 included cells treated with 200 µL of the 

methanolic extract of P. incarnata leaves, while Group 6 included 

cells treated with 200 µL of the methanolic extract of A. lappa leaves. 

Finally, Group 7 consisted of HepG2 cells treated with 200 µL of iron 

oxide nanoparticles (13).  

 After treatment, the HepG2 cell line was cultured for three days 

and cell viability was assessed using the MTT assay. Cytotoxicity was 

evaluated following the MTT protocol (Abcam MTT Cell Proliferation 

Kit, ab211391) (14). Briefly, HepG2 cells (1 × 10⁵ cells/well) were seeded 

in 96-well plates containing 0.2 mL of medium per well. After 

incubation, the medium was carefully removed and the wells were 

washed 2-3 times with minimum essential medium (MEM) containing 

fetal calf serum (FCS). Subsequently, 200 µL of MTT solution (5 mg/mL) 

was added to each well and the plates were incubated for 6 hr–7 hr at    

5 % CO₂ to allow for formazan formation. Following incubation, 1 mL 

of DMSO was added to each well to solubilize the formazan crystals 

and the contents were mixed thoroughly using a micropipette and left 

for 45 sec. The development of a purple color indicated the presence of 

viable cells. The resulting suspension was transferred to cuvettes and 

optical density (OD) was measured at 595 nm using DMSO as a blank. 

Cell viability was calculated using the formula: 

Cell viability (%) = (Mean OD / Control OD) × 100 

 The IC₅₀ value was determined graphically by plotting drug 

concentration on the x-axis and relative cell viability on the y-axis. In 

addition to viability assessment, molecular analyses were 

conducted. These included proteomic evaluation of P53 and Bcl2 

gene expression, using β-actin as the internal control. 

Blotting technique  

The blotting technique was performed using standard western blot 

procedures. Blotting solutions included a blotting buffer composed 

of 25 mM Tris (pH 7.4), 0.15 M NaCl and 0.1 % Tween-20; a blocking 

solution consisting of 2 %–5 % nonfat dry milk prepared in blotting 

buffer (pH adjusted to 7.4) and an antibody solution containing             

1 %–5 % non-fat dry milk in blotting buffer (pH 7.4). 

 Proteins separated on SDS-PAGE were transferred to a 

Hybond nylon membrane (GE Healthcare) using a TE62 standard 

transfer tank with cooling chamber (Hoefer Inc.). The membrane was 

then incubated in the blocking solution for 1 hr at room temperature, 

with β-actin included as a housekeeping protein. Following blocking, 

the membrane was incubated overnight at 4 °C in the antibody 

solution containing the primary anti-P53 antibody (Abcam, ab131442) 

and for normalization, the anti-β-actin antibody (Abcam, ab228001).  

 After primary antibody incubation, the membrane was 

washed at room temperature for 30-60 min with at least five changes 

of blotting buffer. It was then incubated for 1 hr at room temperature 

with an HRP-conjugated secondary antibody prepared in antibody 

solution, using a working concentration of 0.1–0.5 µg/mL (adjustable 

between 0.05–2.0 µg/mL for optimal signal and minimal 

background). Finally, the membrane was washed again for                    

30–60 min with multiple changes of blotting buffer. Methodological 

guidelines followed established references, including antibody 

techniques, immunochemical protocols, second edition and using 

antibodies: A laboratory manual (15–17). 

Statistical analysis 

Using the statistical software package, information collected was 

evaluated (18). All comparisons were first subjected to one-way 

ANOVA and important distinctions between treatment means were 

determined using Duncan multiple range test at p < 0.05 as the 

significance level (19).  

Fig. 3. Spectroscopic emission in air discharge plasma region. 
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Results  

Antitumor activity of non-thermal plasma, methanolic extracts and 

iron oxide nanoparticles on cancer cell line [HepG2]: In this study 

determination of viability carried out through MTT assay, also 

molecular techniques were carried and proteomics assay of genes 

(P53 and Bcl2) compared with β-actin gene as standard. 

 The P53 gene functions as a tumor suppressor, while the 

Bcl2 gene represents a proto-oncogene involved in regulating cell 

survival. In this study, three types of treatments were evaluated for 

their impact on HepG2 liver cancer cells. The first treatment involved 

non-thermal plasma radiation, a physical approach in which cold 

plasma, containing reactive chemical species such as atoms, ions 

and radicals, along with the physical effects of the gliding arc, has 

recently shown promise in enhancing cancer cell death. 

 The second treatment utilized methanolic leaf extracts of       
P. incarnata and A. lappa, both known for their bioactive 

compounds with potential anticancer properties. The third 

treatment involved iron oxide nanoparticles, which were tested for 

their ability to induce cytotoxicity through nanoscale interactions 

and oxidative stress. Together, these treatments provided a 

comparative framework for understanding their differential effects 

on gene expression and cancer cell viability. 

Cell viability in HepG2 cells using MTT assay 

The results in Table 1 and Fig. 4, showed The percent of changes 

relative to normal control group. Comparing to normal control 

group, the levels of viability showed significant decrease in all treated 

group (G2–G7), at the same time. The level of changes was high 

significant in (G4 treated with non-thermal plasma at 80 sec). 

Comparison between (G2 and G3 treated with non-thermal plasma 

at 40 and 60 sec) and (G4 treated with non-thermal plasma at 80 sec) 

gives a significant decrease of G4 which means that, increasing the 

level of plasma dosed lead to a good treatment (Table 1; Fig. 4). The 

methanolic extract of P. incarnata and A. lappa leaves showed the 

medium values as antitumor activity of the levels of viability, which 

were 85.3 % and 80.2 % (G5 and G6), respectively. Compared with 

iron oxide nanoparticles (G7, 75.2 %). 

Molecular analysis (proteomics) of gene (P53) 

The results demonstrated a significant cytotoxic effect for all doses of 

gliding arc plasma exposure (40, 60 and 80 sec), as well as for extracts 

and nanoparticles (Table 1). These results supported by analysis of 

genes associated with tumor which were P53 as tumor suppressor 

gene and Bcl2 (Bcl-xl) as antiapoptotic gene. The results of P53 gene 

proved that, transcription of its gene and finally its protein product 

increased leading it increase in apoptotic effect of HepG2 cell line. 

 The data of molecular analysis of gene P53 and treatment 

effect for all groups are showed in table 2 and fig. 5. The P53 gene 

expression level for HepG2 cell line protein and shows increased 

protein production with treatments (Fig. 6a and b). The dendrogram 

of P53 protein expression level of HepG2 cell line protein for 

treatments (Fig. 6c, 7-12). 

 Non-thermal plasma increased P53 transcription and protein 

levels, enhancing apoptotic in HepG2 cell line at 40, 60 and 80 sec, with 

expression levels of 74.33 ± 1.07 %, 82.53 ± 1.15 % and 88.05 ± 0.36 % 

respectively. Methanolic extracts of P. incarnata and A. lappa (groups 5 

and 6) markedly increased P53 transcription compared to control, 

with levels of 99.89 ± 0.40 % and 98.07 ± 1.08 % respectively. Iron oxide 

nanoparticles (group 7) showed 99.76 ± 1.10 % P53 expression, 

compared to 66.22 ± 2.08 % in controls 

Groups Treatment Cell viability (%) 
Group 1 Control 100.0 ± 0.00 
Group 2 NTP 40 Sec 75.0 ± 1.09 
Group 3 NTP 60 Sec 62.0 ± 0.17 
Group 4 NTP 80 Sec 45.1 ± 0.22 
Group 5 ME-PI 200 µL 85.3 ± 0.13 
Group 6 ME-AL 200 µL 80.2 ± 1.12 
Group 7 NIO 20 µL 75.2 ± 2.00 

Table 1. Mean value of viability (%) of all groups 

Group 1: control cell line, group 2, 3 and 4: treated cell line with non-
thermal plasmas at 40, 60 and 80 sec, group 5: treated cell line with 

methanolic extracts of P. incarnata, group 6: treated cell line with 
methanolic extracts of A. lappa, group 7: treated cell line with iron 

oxide nanoparticles. 

Fig. 4. Mean value of viability (%) of all groups. 

 

Groups Treatment Lane (%) 

Group 1 Control 66.22 ± 2.08 

Group 2 NTP 40 sec 74.33 ± 1.07 

Group 3 NTP 60 sec 82.53 ± 1.15 

Group 4 NTP 80 sec 88.05 ± 0.36 

Group 5 ME-PI 200 µL 99.89 ± 0.40 

Group 6 ME-AL 200 µL 98.07 ± 1.08 

Group 7 NIO 200 µL 99.76 ± 1.10 

Table 2. Data parameters of P53 protein expression level for HepG2 
cell line protein with seven treatments 

Group 1: control cell line, group 2, 3 and 4: treated cell line with non-
thermal plasmas at 40, 60 and 80 sec, group 5: treated cell line with 

methanolic extracts of P. incarnata, group 6: treated cell line with 
methanolic extracts of A. lappa and group 7: treated cell line with 

iron oxide nanoparticles. 
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Fig. 5. P53 protein expression level of HepG2 cell line protein. 

Fig. 6. (a) P53 protein expression level for HepG2 cell line protein with seven treatments; (b) Computerized detection of P53 protein expression 
level for HepG2 cell line protein with seven treatments; (c) Dendrogram of P53 protein expression level of HepG2 cell line protein for control. 

a b 

c 
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Fig. 7. Dendrogram of P53 protein expression level of HepG2 cell line protein for NTP 40 sec. 

Fig. 8. Dendrogram of P53 protein expression level of HepG2 cell line protein for NTP 60 sec.  

Fig. 9. Dendrogram of P53 protein expression level of HepG2 cell line protein for NTP 80 sec. 

Fig. 10. Dendrogram of P53 protein expression level of HepG2 cell line protein for ME-PI 200 µL. 
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Molecular analysis (proteomics) of gene (Bcl2) 

Table 3 and Fig. 13 showed the data of molecular analysis of genes 

(Bcl2) and treatment effects for all groups. The Bcl2 gene expression 

level for HepG2 cell line protein, also shows decreased protein 

production with treatments (Fig. 14a and b). The dendrogram of Bcl2 

protein expression level of HepG2 cell line protein for treatments (Fig. 

14c, 15-20). 

 Non-thermal plasma it had effects on reduced transcription 

and protein and increases the apoptotic effect of the HepG2 cell line 

at 40, 60 and 80 sec, which were 72.71 ± 1.04 %, 76.54 ± 0.20 % and 

67.02 ± 1.06 %, respectively. Regarding the effect of methanolic 

extract of P. incarnata and A. lappa leaves (group 5 and 6), high 

effects on reduced gene transcription Bcl2 compared control     

(group 1), which were 66.47 ± 0.18 % and 70.46 ± 0.15 % while the 

result of iron oxide nanoparticles (group 7), was 72.17 ± 1.09 %, 

compared with control group (86.82 ± 0.35 %). 

 

Fig. 11. Dendrogram of P53 protein expression level of HepG2 cell line protein for ME-AL 200 µL. 

 

Fig. 12. Dendrogram of P53 protein expression level of HepG2 cell line protein for NIO 200 µL.  

Groups Treatment Lane (%) 

Group 1 Control 86.82 ± 0.35 

Group 2 NTP 40 sec 72.71 ± 1.04 

Group 3 NTP 60 sec 76.54 ± 0.20 

Group 4 NTP 80 sec 67.02 ± 1.06 

Group 5 ME-PI 200 µL 66.47 ± 0.18 

Group 6 ME-AL 200 µL 70.46 ± 0.15 

Group 7 NIO 20 µL 72.17 ± 1.09 

Table 3. Data parameters of Bcl2 protein expression level for HepG2 
cell line protein with seven treatments 

Group 1: control cell line, group 2, 3 and 4: treated cell line with non-
thermal plasmas at 40, 60 and 80 sec, group 5: treated cell line with 

methanolic extracts of P. incarnata, group 6: treated cell line with 
methanolic extracts of A. lappa and group 7: treated cell line with 

iron oxide nanoparticles. 

 

Fig. 13. Bcl2 protein expression level of HepG2 cell line protein. 
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a b 

c 

Fig. 14. (a) Bcl2 protein expression level for HepG2 cell line protein with seven treatments; (b) Computerized detection of Bcl2 protein expression 
level for HepG2 cell line protein with seven treatments; (c) Dendrogram of Bcl2 protein expression level of HepG2 cell line protein for control. 

Fig. 15. Dendrogram of Bcl2 protein expression level of HepG2 cell line protein for NTP 40 sec. 
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Fig. 16. Dendrogram of Bcl2 protein expression level of HepG2 cell line protein for NTP 60 sec. 

Fig. 17. Dendrogram of Bcl2 protein expression level of HepG2 cell line protein for NTP 80 sec. 

Fig. 18. Dendrogram of Bcl2 protein expression level of HepG2 line protein for ME-PI 200 µL. 

AL 200 µL.-protein expression level of HepG2 cell line protein for ME 2Dendrogram of Bcl Fig. 19. 
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Molecular analysis (proteomics) of gene (β-actin) 

Actin participates in countless cellular functions ranging from 

organelle trafficking and pathogen motility to cell migration and 

regulation of gene transcription. Actin's cellular activities depend on 

the dynamic transition between its monomeric and filamentous 

forms, a process exquisitely regulated in cells by a large number of 

actin binding and signaling proteins (20). 

 The results showed that, the data of molecular analysis of 

genes (β-actin) and treatment effect for all groups (Table 4, Fig. 21). 

The β-actin gene expression level for HepG2 cell line protein, also 

shows convergent protein production with treatments                           

(Fig. 22a and b). The dendrogram of β-actin protein expression level 

of HepG2 cell line protein for treatments (Fig. 22c, 23-28). 

 Table 4, β-actin results are shown when treated with              

Non-thermal plasma at 40, 60 and 80 sec, methanolic extract of                              

P. incarnata,  methanolic extract of A. lappa and iron oxide 

nanoparticles as follows 54.21 ± 0.08 %, 51.52 ± 0.02 %, 51.77 ± 0.06 %, 

51.05 ± 0.11 %, 51.04 ± 0.09 % and 50.06 ± 1.09%, compared with 

control group (52.97 ± 0.01 %), respectively. 

Molecular analysis (proteomics) of gene (β-actin) 

Actin participates in countless cellular functions ranging from 

organelle trafficking and pathogen motility to cell migration and 

regulation of gene transcription. Actin's cellular activities depend on 

the dynamic transition between its monomeric and filamentous 

forms, a process exquisitely regulated in cells by a large number of 

actin binding and signaling proteins (20). 

 

 The results showed that, the data of molecular analysis of 

genes (β-actin) and treatment effect for all groups (Table 4, Fig. 21). 

The β-actin gene expression level for HepG2 cell line protein, also 

shows convergent protein production with treatments                          

(Fig. 22a and b). The dendrogram of β-actin protein expression level 

of HepG2 cell line protein for treatments (Fig. 22c, 23-28). 

 Table 4, β-actin results are shown when treated with Non-

thermal plasma at 40, 60 and 80 sec, methanolic extract of                               

P. incarnata,  methanolic extract of A. lappa and iron oxide 

nanoparticles as follows 54.21 ± 0.08 %, 51.52 ± 0.02 %,                        

51.77 ± 0.06 %, 51.05 ± 0.11 %, 51.04 ± 0.09 % and 50.06 ± 1.09%, 

compared with control group (52.97 ± 0.01 %), respectively. 

 

Fig. 20. Dendrogram of Bcl2 protein expression level of HepG2 cell line protein NIO 200 µL. 

Table 4. Data parameters of β-actin protein expression level for 

HepG2 cell line protein with seven treatments 

Group 1: control cell line, group 2, 3 and 4: treated cell line with non-
thermal plasmas at 40, 60 and 80 sec, group 5: treated cell line with 

methanolic extracts of P. incarnata, group 6: treated cell line with 
methanolic extracts of A. lappa and group 7: treated cell line with 

iron oxide nanoparticles. 

Groups Treatment Lane (%) 

Group 1 Control 52.97 ± 0.01 

Group 2 NTP 40 Sec 54.21 ± 0.08 

Group 3 NTP 60 Sec 51.52 ± 0. 02 

Group 4 NTP 80 Sec 51.77 ± 0.06 

Group 5 ME-PI 200 µl 51.05 ± 0.11 

Group 6 ME-AL 200 µl 51.04 ± 0.09 

Group 7 NIO 200 µl 50.06 ± 1.09 

Fig. 21. β-actin protein expression level of HepG2 cell line protein. 
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Fig. 22. (a) β-actin protein expression level for HepG2 cell line protein with seven treatments; (b) Computerized detection of β-actin protein 

expression level for HepG2 cell line protein with seven treatments; (c) Dendrogram of β-actin protein expression level of HepG2 cell line protein 

for control. 

Fig. 23. Dendrogram of β-actin protein expression level of HepG2 cell line protein for NTP 40 sec. 

a b 

c 
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Fig. 24. Dendrogram of β-actin protein expression level of HepG2 cell line protein for NTP 60 sec. 

Fig. 25. Dendrogram of β-actin protein expression level of HepG2 cell line protein for NTP 80 sec. 

Fig. 26. Dendrogram of β-actin protein expression level of HepG2 cell line protein for ME-PI 200 µL. 

Fig. 27. Dendrogram of β-actin protein expression level of HepG2 cell line protein for ME-AL 200 µL. 
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Discussion 

Passiflora caerulea extract concentrations between 1 and 150 µg/mL 

did not inhibit cells growth at 24 hr and 48 hr, respectively, cells 

viability being greater than 80 % (21). It was also observed a slight 

decrease in cell viability at 48 hr. At concentrations of 250 and               

500 µg/mL, P. caerulea extract determined a decrease of cell viability 

after  24 hr and 48 hr respectively. 

 The cancer cells were treated with different concentrations 
of Fe3O4 MNPs and an MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl 

tetrazolium bromide) assay was used to test for cytotoxicity, 

resulting in an inhibitory concentra­tion 50 (IC50) value of                     

23.83 ± 1.1 µg/mL (HepG2), 18.75 ± 2.1 µg/mL (MCF-7),                              

12.5 ± 1.7 µg/mL (HeLa) and 6.4 ± 2.3 µg/mL (Jurkat) 72 hr after 

treatment. Therefore, Jurkat cells were selected for further 

investigation (22). 

 Cell viability was examined using the MTT assay. The result 

showed the cell death increased by treating with nanoparticles 

(Fe2O3) in a concentration dependent manner. An increase in 

exposure time caused a more significant reduction in cell viability. 

Viability of HepG2 decreased to 12 % by giving higher dose                    

(100 mg/mL for 24 hr) and reduced to 20 % by adding the 

nanoparticle in 100 mg/mL concentration for 12 hr (23). 

 These results are in agreement with, who mentioned that 

two types of cold atmospheric devices namely dielectric barrier 

discharge and plasma jet, show significantly anticancer capacity 

over dozens of cancer cell lines in vitro. The chrysin compound as a 

dietary phytochemical that is abundantly present in (P. caerulea), 

which have great economic value and medicinal impact (24). Chrysin 

showed a considerably increase the apoptosis of HepG2 cancer cells. 

The combination of chrysin and cisplatin stabilizes P53 gene 

expression by activating ERK1/2, which promotes P53 

phosphorylation in HepG2 cells (25). 

 The influence of NTP on three human liver cancer cell lines 

(Huh7, Alexander and HepG2) at 5, 10, 15, 25, 30, 45 and 60 sec. NTP 

treatment resulted in higher anti-proliferative effects against 

Alexander and Huh7 relative to HepG2. Data showed that the NTP 

mediated alternation of mitochondrial membrane potential and 

dynamics led to reactive oxygen species (ROS) mediated apoptosis 

in Huh7 and Alexander cells. Interestingly, plasma treatment 

resulted in P53 down-regulation in Huh7 cells. High levels of Bcl-2 

protein expression in HepG2 resulted in their resistance in response 

to oxidative stress- mediated by plasma (26). 

 P. edulis leaf extract contains a higher polyphenolic content, 

whereas in the juice extract more polysaccharide content was 

observed (27). On the other hand, a significant decrease in viability 

was observed with juice extract at 400 µg/mL and a significant 

increase in cytotoxicity by leaf extract at 25 µg/mL; finally, both 

extracts significantly increased proapoptotic activity. The treatments 

NTP and gemcitabine present a significant antiproliferative effect on 

pancreatic cells and the IC50, as determined using Hill slope method, 

was 9 sec and 10 nM for NTP and gemcitabine, respectively. 

Combined treatment NTP with gemcitabine, was (5 nM) lead to an 

IC50 of 4 sec (28). 

 The results of present investigation exhibited that NTP and 

iron oxide nanoparticles treatment is higher in its effect on cell death 

compared to biological extracts, while on the contrary, in molecular 

analyzes on genes, we found that the effect of extracts is the highest 

impact and best treatment. This may be attributed to the ability of 

non-thermal plasma and iron oxide nanoparticles to penetrate cells 

effectively, whereas phytochemical extracts may act synergistically 

through secondary metabolites that mitigate oxidative damage. The 

results shed more light on the identification of molecular targets 

upon NTP treatment of liver cancer cells. Moreover, NTP as a 

physicochemical cue for targeted manipulation of redox signalling in 

the absence of other activators.  

 

Conclusion  

This study demonstrate that leaf extracts of P. incarnata and A. lappa 

possess significant antitumor activity in an in vitro liver cancer cell 

line (HEPG2). The results revealed that non-thermal plasma, 

biological extracts and iron oxide nanoparticles have effects on 

increased transcription and expression of the tumor suppressor 

gene (P53), which led to an increased apoptotic effect of the HEPG2 

cell line. While the same treatments showed an effect in reducing 

transcription and protein output (Bcl2), which proves the efficacy of 

these treatments in vitro cancer cells inhibition and genetically 

treated. 
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Fig. 28. Dendrogram of β-actin protein expression level of HepG2 cell line protein for NIO 200 µL. 
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