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Elektroporasyonun Akciğer Kanseri Hücrelerinde Rheum Ribes ve Hypericum Perforatum 

Ekstratlarının Antiproliferatif Aktivitesi Üzerine Etkisi 

Effect of Electroporation on Antiproliferative Activity of Rheum Ribes and Hypericum Perforatum 

Extracts in Lung Cancer Cells 

Mehmet Eşref ALKIŞ1, Fuat YETİŞSİN2 

Özet: Bu çalışmanın amacı, Hypericum perforatum ve Rheum ribes bitkilerinin fenolik madde içeriklerini ve 

akciğer kanseri hücreleri (A549) üzerindeki sitotoksisitelerini belirlemek ve elektroporasyonun (EP) bu bitkilerin 

antiproliferatif aktiviteleri üzerindeki etkilerini ortaya koymaktır. Mevcut çalışma Hypericum perforatum ve 

Rheum ribes bitki özütlerinin akciğer kanseri hücreleri üzerinde elektroporasyonun etkisini araştıran ilk 

çalışmalardandır. Bitki ekstraktlarının antiproliferatif aktiviteleri A549 hücrelerinde, biyouyumlulukları ise L-929 

fibroblast hücrelerinde MTT analizi ile test edilmiştir. A549 kanser hücrelerinin elektrokemoterapi 

(ekstraktlar+EP) uygulamalarında, 800V/cm yoğunluğunda sekiz kare dalga elektriksel puls dizisi, bitki 

ekstraktlarının çeşitli dozları ile birlikte kullanılmıştır. Her iki bitki ekstraktının da fenolik bileşikler bakımından 

zengin olduğu ve L-929 fibroblast hücreleri için 1000µg/mL'den daha yüksek IC50 değerleri ile neredeyse hiç 

sitotoksik etki göstermediği bulunmuştur. Bununla birlikte, A549 kanser hücreleri Rheum ribes ve Hypericum 

perforatum ekstraktlarının sitotoksik aktivitelerine karşı çok iyi duyarlılık göstermiş ve IC50 değerleri sırasıyla 

297,32 ve 241,10 µg/mL olarak bulunmuştur. Her iki bitki ekstraktının sitotoksik aktivitesi EP ile önemli ölçüde 

artmış ve ekstrakt+EP gruplarının hücre canlılık yüzdelerinin sadece ekstrakt gruplarına kıyasla önemli ölçüde 

azaldığı görülmüştür (p<0.05). Bulgularımız, Rheum ribes ve Hypericum perforatum ekstraktlarının antikanser 

potansiyeline sahip olduğunu ve EP ile birlikte kullanıldığında akciğer kanseri için umut verici olabileceğini ortaya 

koymaktadır. 

Anahtar Kelimeler: Akciğer Kanseri, Elektroporasyon, Fenolik Bileşikler, Sitotoksisite.  

Abstract: The purpose of this study is to investigate the phenolic substance contents of Hypericum perforatum and 

Rheum ribes plants and their cytotoxicity on lung cancer cells (A549) and to reveal the effects of electroporation 

(EP) on the antiproliferative activities of these plants. The present study is one of the first to investigate the effect 

of electroporation of Hypericum perforatum and Rheum ribes plant extracts on lung cancer cells. Antiproliferative 

activities of plant extracts were determined in A549 cells, and their biocompatibility was evaluated in L-929 

fibroblast cells through MTT assay. In electrochemotherapy (extracts+EP) applications of A549 cancer cells, eight 

square wave electrical pulse sequences with an intensity of 800V/cm were used with various doses of plant extracts. 

Both plant extracts were observed to be abundant in phenolic compounds and exhibited almost no cytotoxic effects, 

with IC50 values higher than 1000µg/mL for L-929 fibroblast cells. However, A549 cancer cells showed very good 

sensitivity to the cytotoxic activities of Rheum ribes and Hypericum perforatum extracts, with IC50 values of 

297.32 and 241.10 µg/mL, respectively. The cytotoxic activity of both plant extracts increased considerably with 

EP, and cell viability percentages of extract+EP groups were observed to decrease significantly compared to 

extract-only groups (p<0.05). Our findings reveal that Rheum ribes and Hypericum perforatum extracts have 

anticancer potential and may be promising for lung cancer if used in combination with EP. 

Keywords: Lung Cancer, Electroporation, Phenolic Compounds, Cytotoxicity.  
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 INTRODUCTION 

Lung cancer is one of the world's most frequent 

cancers and represents the primary cause of death 

related to cancer (Smolarz et al., 2025). Although 

treatment for this cancer usually includes targeted 

therapy, surgery, radiotherapy and chemotherapy, 

most of cases are detected at an advanced stage and 

have a dismal prognosis, with a five-year survival 

rate of around 15% (Bade and Dela, 2020). This 

cancer's incidence is quickly growing in several 

countries and is highly resistant to standard 

chemotherapy (Thapa et al., 2023). Most of the 

medications currently utilized in the lung cancer 

treatment do not have the desired effect and also 

have many side effects. Furthermore, despite 

developments in cancer treatment, diseases 

prognosis remains poor, emphasizing the 

requirement for innovative therapeutics for lung 

cancer patients (Islam et al., 2025). Novel therapies 

for lung cancer are expected to have few side 

effects, should protect healthy tissue as much as 

possible and shouldn't generate resistance to therapy 

in cancerous cells (Bendix et al., 2022). For these 

reasons, we need new chemotherapeutic agents and 

treatment methods to treat lung cancer.  

The use of wild plants is recommended by many 

national and international organizations (WHO, 

UNEP, USDA etc.) due to their superior nutritional 

content and therapeutic properties. This situation 

prompts researchers to investigate the 

characteristics of conventional and edible wild 

plants (Alaca et al., 2022; Majitol et al., 2024). It has 

been observed that the researched plants have 

positive effects on health as a result of their 

consumption in the diet due to the secondary 

metabolites they contain. Hence, it is crucial to 

research the anticancer characteristics of these 

plants for use in lung cancer treatment. Although the 

anticancer effects of Rheum ribes and Hypericum 

perforatum extracts were previously shown in some 

cancer cells (Nehme et al., 2024), this issue has still 

not been fully elucidated. 

Hypericum perforatum L., a perennial plant used for 

therapeutic purposes by the Greeks and Romans, is 

one of the most significant conventional and 

pharmaceutical agents produced in fields and 

collected from natural areas (Crockett and Robson, 

2011; Kwiecień et al., 2021). In addition to the 

flavonoids, biflavonoids, xanthones, 

phenylpropanes, phenolics and polyphenols they 

produce in their secondary metabolism, they also 

synthesize hypericins and hyperforins specific to the 

hypricum genus. Anti-cancer, anti-oxidative, anti-

microbial, anti-inflammatory and anti-depressant 

properties have been proven thanks to the 

abundance of secondary metabolite compositions 

(Bruni and Sacchetti, 2009; Napoli et al., 2018; 

Shakya et al., 2019). Additionally, alcoholic 

extracts of Hypericum perforatum have been 

recorded to exhibit antioxidant and anti-

proliferative properties (Mirmalek et al., 2016; 

Chan et al., 2023). Rheum ribes L., a member of the 

Polygonaceae family, is rich in anthracene-derived 

compounds and, like Hypericum perforatum, has an 

important place in folk medicine (Erdoğan et al., 

2020). It is known to have medicinal relevance in 

the treatment of numerous illnesses and ailments 
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such as diabetes, hypertension, obesity, ulcers, 

diarrhea, colds, hemorrhoids and flu (Öztürk et al., 

2007; Hasani-Ranjbar et al., 2010; Akkol et al., 

2011). It is also used as an anticancer plant, due to 

the secondary metabolites and vitamins B2, B1, A, 

C, K and E it contains (Munzuroğlu et al., 2000). In 

addition, Rheum ribes contains abundant secondary 

metabolites that may have anti-microbial and 

anticancer properties, such as flavonoids, 

anthocyanins, stilbene and anthraquinones (Li et al., 

2008; Venkatadri et al., 2011; Magda and Nehad, 

2011). 

The efficiency of chemotherapy medications relies 

on their ability to penetrate the tumor cell 

effectively. Electrochemotherapy (ECT) offers a 

novel approach to combat the issue of cancer cells 

developing resistance to various medications 

(Condello et al., 2022). This treatment technique 

merges the delivery of chemotherapy with the use of 

short-term electric pulses (electroporation) and 

increases the uptake of drugs (Alkis et al., 2023). 

The safety, effectiveness, and feasibility of ECT 

have also been demonstrated in deeply embedded 

tumors such as lung tumors (Tremble et al., 2019) 

and can be well tolerated with little adverse effects 

(Probst et al., 2018). Moreover, the administration 

of local electric impulses to the tumor resulting in 

transient vasoconstriction and reduced blood flow 

within the tumor, thus is enhances the drug's effects 

by retaining the drug within the tumor for an 

extended period of time (Strojan et al., 2021). 

However, no studies have been found on how 

electroporation (EP) affects the cytotoxicity of 

Rheum ribes and Hypericum perforatum extracts in 

lung cancer. 

Our aim in this investigation is to assess the 

phenolic substance contents of Hypericum 

perforatum and Rheum ribes plants and to examine 

their cytotoxic effects on A549 lung cancer cells and 

L-929 healthy cells using Chemotherapy and ECT 

treatment techniques. 

MATERIALS AND METHODS 

Plant Materials 

Fresh plant of Hypericum perforatum was picked up 

from Muş Alparslan University campus (Muş) and 

Rheum ribes was collected from rural area near the 

Muş City (Eastern Anatolia region, Türkiye) in 

April and May 2023. The plants used in our study 

were identified according to Davis (Davis, 1985) 

Flora of Turkey. After the collected plant samples 

were taken to the laboratory, they were packaged in 

the freezer section of the refrigerator set at -20 °C to 

be used in the experimental stages. 

Preparation of Extracts 

After taking one g of the plant samples from the 

freezer, they were transferred to 50 mL falcon tubes 

and 10 mL of extraction solution (consisting of 

methanol, ethanol and pure water prepared in 1:1:1 

ratio) was added. Then, the plant samples were 

completely fell aparted with a tissue lyser at 15 000 

rpm (IKA, T18 digital Ultra Turrax, Germany). 

After the obtained extract was centrifuged at 500 

rpm for 25 minutes at +4 ℃ degrees, the supernatant 

was transferred to 2 mL eppendorf tubes. The 
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extract was stored in the freezer at -20 ℃ degrees to 

be used in later cell culture studies (Azmir et al., 

2013). 

Measurement of Phenolics Content Composition 

To assess the quantity of phenolic compounds using 

HPLC, the final concentrations of apigenin, abscisic 

acid, gallic acid, trans-p-coumaric acid, ascorbic 

acid, kaempferol, 3,4-dihydroxybenzoic acid, 4-

hydroxybenzoic acid, quercetin, myricetin acid, 

catechol, rosmarinic acid, cinnamic acid, caffeic 

acid and vanillin standards were measured with the 

goal to prepare solutions with a 10 milligrams per 

milliliter concentration. Next, the standards were 

supplemented with a 1% mixture of acetic acid and 

acetonitrile (at the rate of 9/1), and an equal amount 

of methanol was included in order to create the stock 

standards. The calibration curve was established 

using diluted stock standards at 10, 25, 50, 75, and 

100 µg/mL concentrations (Seal, 2016). The plant 

leaf extracts' concentration was set to 20 mg per 

milliliter using the same solutions as in the standard. 

The extracts samples were filtered (0.45 micrometer 

membrane filter) and then placed into a HPLC 

machine. Agilent Technologies 1260 Infinity II 

HPLC machine was utilized for the HPLC analysis 

(Agilent, USA). The HPLC machine had a 1260 

DAD WR detector with wavelengths of 272 nm, 280 

nm, and 310 nm. It also had a 1260 Quat Pump VL 

pump with a flow rate of 1. 0 mL per minute, a 1260 

Vial sampler that injected 20 µL, and a G7130A 

column furnace set at 28°C. Analysis was conducted 

using the ACE 5 C18 column (4.6x250 mm). 

 

Antiproliferative Activity  

Cell Culture and Reagents 

A549 human lung cancer cell line and L-929 

fibroblast cell line were employed in this 

investigation. The cells utilized in the research were 

acquired from Mus Alparslan University's 

Application and Research Center. Cell lines were 

cultured in DMEM media (Capricorn) mixed with 

pen-strept (100 IU/mL, 10 mg/mL) and 10% fetal 

bovine serum (FBS, Sigma) at 37 0C in a humidified 

environment with 5% CO2.  Once the culture had 

grown to 85–90% confluence, removed from flask 

bottom with 0. 25% trypsin, 5 minutes centrifugated 

at 1300 rpm and used in experiments. 

Cytotoxicity of Extracts 

Ten thousand cells were seeded into each well of 96-

well plates and placed in a carbon dioxide incubator 

for 24 hours. Following the incubation time, the 

DMEM inside the wells was removed and different 

doses of Hypericum perforatum and Rheum ribes 

extracts (0, 5, 25, 50, 100, 200 and 400 µg/mL) and 

doxorubicin (1, 5, 10, 25, 50, 100 µg/mL) were 

added to the wells and incubated for another 24 

hours. Following period of incubation, the cells 

were examined to determine their viability through 

the utilization of MTT analysis, and the extracts' 

cytotoxicity on the cells was assessed. 

Electroporation of Plant Extracts 

To assess EP's efficacy with various Hypericum 

perforatum and Rheum ribes extracts concentration 

(10, 50, 100, 200 µg/mL) and reference drug 

doxorubicin (1, 10, 50, 100 µg/mL) on A549 cancer 
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cells, cell solutions at a density of 1 × 106 were 

prepared and 400 μL of cell solution was placed in 

each electroporation cuvette (Bio rad, 0.4 cm). 

Cuvettes were subjected to 8 square wave electrical 

impulses with pulse widths of 100 μs and 

frequencies of 1 Hz at electric field strength of 800 

V/cm employing a BTX Gemini X2 EP device 

(Harvard Apparatus, USA). These ECT settings 

were already optimized for A549 cancer cells in 

prior experiments (Bendix et al., 2022). Following a 

14–15 minute incubation period at room 

temperature, the cells were seeded into 96-well 

plates with 10,000 cells per well and left in a 

carbondioxide incubator for 24 hours. The MTT test 

was used to evaluate the cells' viability following 

the period of incubation. ECT is only applied locally 

to cancer cells, not to healthy cells. Therefore, it was 

applied only to A549 cancer cells and not to L-929 

fibroblast cells. 

Cell Viability Assay (MTT) 

Cell viability and the cytotoxic potential of the 

extracts were evaluated using the MTT assay 

(Kumar et al., 2018). After the incubation periods 

were completed, the growth medium was removed 

from the wells, MTT solution dissolved 1/9 ratio in 

PBS was applied to each well and left to incubate at 

37 °C for 4 hours. The solution with MTT was 

thrown out after 4 hours and 100 µl of 

Dimethylsulphoxide (DMSO) was administered to 

each well in order to dissolve the formazan crystals 

formed during the MTT process. Next, the 

absorbance was measured using an ELISA reader 

(Thermo Fisher Scientific, Finland) at a wavelength 

of 570 nanometers. This test was performed three 

times for each dose of extract. Due to the influence 

of light on the MTT, the experiments were 

conducted in a dark setting. The values of 

absorbance (AV) calculated from the wells 

containing Hypericum perforatum, Rheum ribes 

extracts and doxorubicin solutions were compared 

with the control absorbance value (AV), and the % 

viability ratio was determined using the formula 

below. 

% Viability= (Treatment group AV/Control group AV) x100 

The IC50 (50% inhibitory concentration) was 

calculated by plotting the percentage inhibition 

plotted against the substance’s concentration. 

Statistical Analysis 

Statistical comparisons among different treatment 

groups were performed using one-way analysis of 

variance (ANOVA). In cases where the ANOVA 

indicated statistically significant differences (p < 

0.05), post hoc analysis was conducted using 

Tukey’s Honest Significant Difference (HSD) test 

to determine pairwise group differences. All 

statistical analyses were carried out using SPSS 

software (version 20.0; SPSS Inc., Chicago, IL, 

USA). Experiments were independently repeated 

three times, and the results are presented as the mean 

± standard deviation (SD) of the three independent 

replicates. 
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RESULTS AND DISCUSSION 

Phenolic Substance Contents of Hypericum 

perforatum and Rheum ribes Plants 

In the phenolic compound analysis in our study, 

extracts of Hypericum perforatum and Rheum ribes 

were found to contain ascorbic acid, 3,4-

Dihydroxybnz acid, trans-p-coumaric acid, 4-

Hydroxybenzoic acid, abcisic acid, apigenin, 

quercetin, kaempferol, myricetin, vanillin, catechol, 

cinnamic acid, caffeic acid, rosmarinic acid and 

gallic acid contents (Sun and Shahrajabian, 2023) 

are shown in Table 1. Phenolic compounds, which 

are important secondary metabolites, are known to 

have antioxidative and anticancer properties due to 

their molecular structure (Neira-Ospina et al., 

2024). 

  

Table 1. Phenolic substances content (µg g-1), N/A Non-available 

Phenolic Substances Hypericum perforatum Rheum ribes 

Ascorbic acid 298,3± 0,89 159,9± 0,13 

3,4-Dihydroxybnz acid N/A 1,4±0,0008 

4-Hydroxybenzoic acid 22,3±0,00412 27,92±0,0028 

trans-p-coumaric acid 84,6±0,0108 677,4±0,63433 

Abcisic acid 31,73±0,0297 N/A 

Quercetin 2,544±0,0045 N/A 

Apigenin 22354,5±0,92 32,3±0,054 

Kaempferol 16,97± 0,0082 N/A 

Myricetin 26,4± 0,008 73,8± 0,0538 

Catechol 460,3± 0,033 30,842± 0,014 

Vanillin 221,4± 0,011 N/A 

Caffeic acid N/A N/A 

Cinnamic acid 23,46± 0,002 8,82± 0,0164 

Gallic acid N/A N/A 

Rosmarinic acid 68,9± 0,00607 25,6± 0,0078 

Table 1 shows that the contents of ascorbic acid, 

quercetin, abcisic acid, kaempferol, apigenin, 

vanillin, catechol, cinnamic acid and rosmarinic 

acid in Hypericum perforatum were higher than 

those of Rheum ribes. In addition, it is seen that the 

amounts of almost all 16 phenolic substances 

examined in Hypericum perforatum and Rheum 

ribes plants in our study are higher than in Arum 

elongatum Steven plants collected from different 

regions and used in previous studies (Fawzi 

Mahomoodally et al., 2023). 

Cytotoxic Activity of Extracts and 

Electrochemotherapy Efficacy 

The cytotoxic effect of Rheum ribes and Hypericum 

perforatum extracts at various doses (0, 5, 25, 50, 

100, 200, and 400 g/mL) against both the A549 

cancerous cells and fibroblast L-929 cells was 
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investigated. As a positive control, the 

chemotherapeutic medication doxorubicin was 

utilized. Additionally, Rheum ribes and Hypericum 

perforatum extracts and doxorubicin were applied to 

cancer cells (A549) using the ECT (extract or drug 

plus EP) technique, and their activities in ECT were 

examined. IC50 values for extracts and positive 

control doxorubicin in chemotherapy and ECT are 

summarized in Table 2.

Table 2. IC50 values of Hypericum perforatum, Rheum ribes extracts and positive control doxorubicin 24 hours after application in 

fibroblast (L-929) and cancer (A549) cell lines without and with EP 

 

 

 

 

 

The cytotoxic activities of the sucbstances applied 

in vitro to L-929 and A549 cells were evaluated 

according to their IC50 values. A low IC50 value is 

associated with strong toxicity, whereas high IC50 

value is associated with weak toxicity (Alkış et al., 

2021a). Both extracts exhibited almost no cytotoxic 

effects, with IC50 values higher than 1000 µg/mL 

for L-929 fibroblast cells (Table 2). However, A549 

cancer cells showed very good sensitivity to the 

cytotoxic activities of Rheum ribes and Hypericum 

perforatum extracts, with IC50 values of 297.32 

and 241.10 µg/mL, respectively. When the 

cytotoxicity of Rheum ribes and Hypericum 

perforatum extracts on cancer cells was compared, 

it was observed that Hypericum perforatum extracts 

showed a better cytotoxic effect. The possible 

reason for this is thought to be the higher presence 

of phenolic compounds with anticancer properties 

in Hypericum perforatum extracts (Sun and 

Shahrajabian, 2023) (Table 1).  

 

 

 

Several investigations have demonstrated that 

Rheum ribes and Hypericum perforatum extracts 

exhibit cytotoxicity in lung cancer similar to the 

results of our study (Menegazzi et al., 2020; Keser 

et al., 2020; Taşkonak et al., 2023). Doxorubicin 

drug, which we used as positive control, showed a 

much higher cytotoxic effect on A549 cancer cells 

(Srivastava et al., 2016) (IC50 = 16.01) than Rheum 

ribes and Hypericum perforatum extracts. 

Nevertheless, it exhibited a cytotoxic impact on 

healthy L-929 cells, with an IC50 value of 99.38 

µg/mL. Natural products such as Rheum ribes and 

Hypericum perforatum extracts may be preferred 

because they are easier to find and have low side 

effects compared to traditional medicines. 

In ECT applications of A549 cancer cells, eight 

square wave electrical impulse sequences with an 

intensity of 800 V/cm were used with various doses 

of Rheum ribes, Hypericum perforatum extracts 

and doxorubicin. As demonstrated in Table 2, the 

combined application of doxorubicin or extracts 

Plant extracts L-929 

        IC50 (µg/mL)    

A549 

      IC50 (µg/mL) 

A549 

    IC50 (µg/mL) (with EP) 

Hypericum perforatum 1740.53 241.10 113.4 

Rheum ribes 1350.92 297.32 128.51 

Doxorubicin (Positive Control) 99.38 16.01 2.21 
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with EP to A549 cancer cells increased their 

cytotoxic activity, and decreasing their IC50 values 

by more than two fold. 

 

Figure 1. Cell viability percentages of A549 cancer cells after 

24 hours exposed to different doses of Rheum ribes (A) and 

Hypericum perforatum (B) extracts with or without 

electroporation (EP). Data was collected from three separate 

examinations and demonstrated as an average with the 

standard deviation. There is no statistical difference between 

columns labeled with the same alphabetic letters (p>0.05), but 

there is a statistical difference between columns labeled with 

different alphabetic letters (p<0.05). 

 

When we compared the extract+EP groups with 

extract-only groups, it was found that a statistically 

significant difference existed between them 

(p<0.05) in terms of cell viability percentage at 

almost all doses (Figure 1). As seen in Figure 1, 

Rheum ribes or Hypericum perforatum extracts 

provide the similar activity with 100 µg/mL alone 

as they do with 10 µg/mL when applied in 

combination with EP. This shows that effective 

treatment can be achieved with lower drug doses in 

ECT, thus reducing the side effects of anticancer 

agents (Alkis et al., 2022). The electrical pulses 

utilized may have enhanced the cytotoxic effects of 

the extracts by raising the permeability and 

electrical conductivity of A549 cancerous cells 

(Esmaeili and Friebe, 2019; Bute and Alkis, 2022). 

Drugs that fight cancer primarily target the DNA 

within the cell (Doostmohammadi et al., 2024). The 

interaction between extracts and DNA can lead to 

DNA fragmentation and cell destruction. ECT may 

have helped the extracts cause DNA damage by 

increasing concentrations within the cells. In the 

literature search, no studies were found on the 

effect of electroporation on the antiproliferative 

activity of Rheum ribes and Hypericum perforatum 

extracts. However, our results are consistent with 

the results of some previous studies with different 

plant extracts.  

Jeya Shree et al. (2019) investigated the effects of 

Pulsed Electric Field (PEF) on the cytotoxic 

activity of Mentha × piperita L. extract in HeLa 

cells and observed that PEF decreased the IC50 of 

M. piperita extract from 160 μg/ml to 67.5 μg/ml. 

They reported that optimal cell death can be 

attained through PEF treatment, thus lowering the 

quantity of extract needed for cancer treatment. 

Choromanska et al. (2020) also state that 

electroporation significantly enhanced the 

cytotoxicity of caffeic acid phenethyl ester, a 

natural phenolic compound, in human melanoma 

cell lines. 
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The safety and effectiveness of ECT (substance 

+EP) against skin and internal organ tumors has 

been demonstrated in combination of various 

anticancer medications (Campana et al., 2019; 

Alkı̇s, 2021; Alkış et al., 2021b). Mittal et al. (2020) 

stated that ECT increases the efficacy of curcumin, 

and that more research is needed for using ECT 

with curcumin and other medications or 

vaccinations in the clinic. Similarly, Poompavai et 

al. (2021) reported that treatment of cancer cells 

with neem extracts + EP was much more effective 

than neem extracts alone. The process of EP 

involves the use of electric pulses to enhance the 

permeability of the cell membrane. Many 

experimental studies have revealed that electrical 

pulses form temporary electropores in the cell, and 

that when the electric field ends (about 15-20 

minutes in in-vitro), their size diminishes and they 

close again (Lindelauf et al., 2023; Savcı et al., 

2022a, 2022b). Thus, the substance or extracts can 

enter the cell and remain for a longer period of time 

to exert its effect. 

CONCLUSION 

The current study findings indicate that both 

Rheum ribes and Hypericum perforatum extracts 

are rich in phenolic compounds with 

antiproliferative properties. While they showed 

good cytotoxic activity in A549 lung cancer cells, 

they demonstrated almost no cytotoxic effect in L-

929 fibroblast cells. When the cytotoxicity of 

Rheum ribes and Hypericum perforatum extracts 

on cancer cells was compared, it was observed that 

Hypericum perforatum extracts showed a better 

cytotoxic effect. The cytotoxic activity of both 

plant extracts increased considerably with EP, and 

cell viability percentages of extract+EP groups 

were observed to decrease significantly compared 

to extract-only groups. These findings suggest that 

Rheum ribes and Hypericum perforatum extract 

could possibly help treat lung cancer cells and that 

EP could significantly increase their 

antiproliferative activity. 
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