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Abstract 

Cardiovascular diseases, particularly ischemic heart disease and angina pectoris, remain a major health problem worldwide. 

Combining conventional cardiovascular drugs with antioxidant compounds may offer complementary benefits, but biosafety 

must be carefully evaluated. This study aimed to assess the in vitro and in ovo biosafety of labetalol (LB; 20-500 nM) and 

silibinin (SIL; 5-200 µM), administered individually and in combination, using H9c2(2-1) cells and the chorioallantoic 

membrane model. After 24 h, cell viability, morphology, lysosomal and membrane integrity, and mitochondrial and nuclear 

morphology were evaluated using MTT, Neutral Red uptake, fluorescence staining, and AO/PI assays. In addition, irritation 

potential was assessed using the HET-CAM assay. The results showed that cell viability remained comparable to control 

following all treatments. Mitochondrial and nuclear analyses indicated that organelle structure and morphology were preserved. 

Furthermore, AO/PI staining revealed no significant induction of apoptosis or necrosis. The HET-CAM assay confirmed the 

absence of vascular irritation for the tested combination. Overall, the combined administration of LB and SIL did not cause 

additional cytotoxicity or irritation compared with the individual treatments, supporting the biosafety of this combination. 

 

Rezumat 

Bolile cardiovasculare, în special cardiopatia ischemică și angina pectorală, rămân o problemă majoră de sănătate la nivel 

mondial. Combinarea medicamentelor cardiovasculare convenționale cu compuși antioxidanți poate oferi beneficii 

complementare, dar biosecuritatea trebuie evaluată cu atenție. Scopul acestui studiu a fost de a evalua biosecuritatea in vitro și 

in ovo a labetalolului (LB; 20-500 nM) și a silibininei (SIL; 5-200 µM), administrate individual și în combinație, utilizând 

celule H9c2(2-1) și modelul membranei corioalantoidiene. După 24 de ore, viabilitatea celulară, morfologia, integritatea 

lizozomală și membranară, precum și morfologia mitocondrială și nucleară au fost evaluate utilizând MTT, absorbția roșului 

neutru, colorarea cu fluorescență și testele AO/PI. În plus, potențialul de iritare a fost evaluat utilizând testul HET-CAM. 

Rezultatele au arătat că viabilitatea celulară a rămas comparabilă cu cea a martorului după toate tratamentele. Analizele 

mitocondriale și nucleare au indicat conservarea structurii și morfologiei organitelor. Mai mult, colorarea AO/PI nu a relevat 

nicio inducție semnificativă de apoptoză sau necroză. Testul HET-CAM a confirmat absența iritației vasculare pentru 

combinația testată. În ansamblu, administrarea combinată de LB și SIL nu a indus citotoxicitate sau iritație suplimentară în 

comparație cu tratamentele individuale, susținând biosiguranța acestei asocieri. 
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Introduction 

Cardiovascular diseases (CVDs) remain the leading 

cause of mortality in both Europe and the United 

States, despite significant advances in medical care. 

Premature cardiovascular death is defined as 

occurring before the age of 70 years, with more than 

60 million potential years of life lost annually across 

Europe due to these conditions (1). 

The cardiovascular system includes the heart and 

blood vessels and can be affected by a wide range of 

conditions. CVDs are categorised into four main 

conditions: coronary artery disease (CAD), 

cerebrovascular disease, peripheral artery disease 

(PAD), and aortic atherosclerosis. Among these, 

CAD is the most prevalent, resulting from reduced 

myocardial perfusion and potentially leading to 

angina (chest pain), myocardial infarction, or heart 

failure. At the same time, the remaining entities are 

associated with stroke, limb ischemia, and aortic 

aneurysms (2). 

Oxidative stress and inflammation are increasingly 

recognised as key mechanisms involved in the 

development and progression of cardiovascular 

diseases. Over the past decades, research has shown 

that an imbalance between reactive oxygen species 

and antioxidant defense systems contributes to 

vascular dysfunction and myocardial injury. These 

processes are important, especially in ischemic heart 

disease, where they are associated with the severity 

and clinical manifestations such as chest pain 

(angina pectoris) (3). 

Angina pectoris occurs when the coronary arteries 

restrict blood flow, resulting in insufficient oxygen 

supply to the heart and causing ischemia. At the 

cellular level, this affects cardiomyocyte function 

and causes pain and myocardial stress (4). After 

myocardial infarction, interactions between cardiac 

oxidative stress and inflammatory cytokines have a 

major impact on cardiac contractility and clinical 

outcomes. Higher levels of oxidative stress markers 

and inflammatory mediators, such as tumor necrosis 

factor and interleukin-1 beta, are associated with 

lower cardiac function and a more unfavourable 

prognosis. In contrast, interventions that reduce 

oxidative and inflammatory responses may contribute 

to better improvement in cardiac performance (5). In 

addition to ischemic and inflammatory mechanisms, 

certain bacterial infections can affect the cardio-

vascular system, leading to severe complications 

such as infectious endocarditis, underscoring the 

sensitivity of cardiac tissues to inflammation-

induced damage (6).  

Pharmacological therapy remains the mainstay of 

cardiovascular disease management, including lipid-

lowering agents, antihypertensive drugs, anti-

thrombotic drugs, and antiarrhythmic drugs. 

However, the occurrence of drug-related adverse 

effects highlights the need for careful monitoring 

and individualised therapeutic approaches (7). In 

addition to drug therapy, palliative care can be a 

supportive approach that improves symptom 

management and the patient's overall well-being (8). 

In parallel, increasing attention has been directed 

toward natural bioactive compounds with 

cardioprotective potential, supporting their 

evaluation as complementary strategies alongside 

conventional treatments (7). 

In this context, oxidative stress and inflammation are 

mechanisms involved in both the development and 

progression of cardiovascular diseases, especially 

myocardial ischemia and post-infarction cardiac 

dysfunction. Given the role of these processes in 

cardiomyocyte damage, compounds with antioxidant 

and anti-inflammatory properties have attracted 

significant interest as potential complementary 

strategies to standard pharmacological treatments. 

Labetalol (LB) is an oral or intravenous 

antihypertensive that blocks α- and β-adrenergic 

receptors, lowering blood pressure, heart rate, and 

cardiac oxygen consumption. It is used in 

hypertension, angina, and myocardial ischemia and 

is considered safe during pregnancy. However, it can 

cause adverse reactions, which is why monitoring is 

required (9,10). 

Silibinin (SIL) (11) is a flavonolignan derived from 

Silybum marianum and the main active component 

of silymarin, known in particular for its antioxidant 

properties. Experimental studies have shown that 

SIL reduces lipid peroxidation and oxidative stress 

in vitro and in vivo. In addition to its main 

antioxidant activity, SIL interferes with cellular 

signaling pathways involved in cell survival and 

apoptosis. Although these effects have been well 

studied in various pathologies, data on the impact of 

SIL on cardiac cells remain limited, which justifies 

the need to evaluate its safety profile in the 

cardiovascular context (12).   

In vitro models are a practical experimental 

approach that allow evaluation of biosafety and 

cellular responses under controlled conditions, 

offering an optimal balance between biological 

relevance and experimental feasibility. The H9c2(2-

1) cell line is a subclone of the original clonal cell 

line derived from embryonic BD1X rat heart tissue 

and exhibits several characteristics of skeletal 

muscle cells. Despite these features, H9c2(2-1) cells 

are commonly used in cardiovascular disease 

research as an in vitro model to investigate 

cardiomyocyte-related responses, including 

oxidative stress, ischemic injury, and drug-induced 

cardiotoxicity (13-15). 

Previous studies have investigated the individual 

effects of LB and SIL using the H9c2(2-1) 

cardiomyocyte cell line. However, these studies are 

scarce, and data on the biosafety of their combined 
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administration remain limited. Therefore, the present 

study aimed to assess the in vitro and in ovo 

biosafety of LB and SIL, administered alone and in 

combination, using H9c2(2-1) cardiomyocyte cells 

and the chorioallantoic membrane (CAM) model.. 

 

Materials and Methods 

Reagents and Instruments 

Reagents obtained from Sigma-Aldrich (Merck 

KGaA, Darmstadt, Germany) included Dulbecco’s 

Modified Eagle’s Medium (DMEM), phosphate-

buffered saline (PBS), Penicillin/Streptomycin, 

Silibinin, Labetalol, the MTT KIT, Acridine Orange, 

Propidium Iodide, and sodium lauryl sulfate (SLS). 

Hoechst 33342 nuclear stain and MitoTracker™ Red 

CMXRos were purchased from Thermo Fisher 

Scientific (Waltham, MA, USA). The measurements 

and imaging for the in vitro experiments were 

performed using a Cytation 5 multimode plate reader 

and a Lionheart FX automated microscope. At the 

same time, data acquisition and analysis were carried 

out with Gen5™ Microplate Data Collection and 

Analysis Software (version 3.14), provided by 

BioTek Instruments Inc. (Winooski, VT, USA), and 

Zeiss SteREO Discovery.V8 stereomicroscope used 

for the in ovo assay. 

Cell Culture Conditions and Treatment Protocol 

Experiments were performed using the immortalized 

myoblast cell line H9c2(2-1), obtained from the 

American Type Culture Collection (ATCC, Manassas, 

VA, USA). The cells were cultured in Dulbecco’s 

Modified Eagle’s Medium (DMEM) supplemented 

with 10% fetal bovine serum (FBS) and 1% 

penicillin–streptomycin solution. Cell cultures were 

maintained in a humidified incubator at 37 °C with 

5% CO₂ throughout the experiments. 

Stock solutions of LB and SIL were prepared in 

DMSO. From the stock solutions, five working 

dilutions were prepared for each substance and 

applied to H9c2(2-1) cells (LB: 20, 60, 120, 250, and 

500 nM; SIL: 5, 25, 75, 100, and 200 µM). In 

addition, combined treatments were performed using 

LB + SIL at the following concentrations: 20 nM + 

5 µM, 60 nM + 25 µM, 120 nM + 75 µM, 250 nM + 

100 µM, and 500 nM + 200 µM. In all dilutions, the 

final DMSO concentration did not exceed 0.5% 

(v/v). 

The LB concentrations used in this study were 

selected based on previously reported literature and 

were subsequently extended to cover a broader 

concentration range to enable a more comprehensive 

dose–response evaluation (10). Similarly, SIL 

concentrations were selected based on published 

studies and adapted to a 24 h exposure period, 

spanning a wide concentration range to assess dose-

dependent cellular effects under the present 

experimental conditions (16).  

Cell Viability Assessment Using the MTT Method 

Cell viability was assessed using the MTT assay. 

H9c2(2-1) cells were seeded into 96-well plates at a 

density of 10.000 cells per well and maintained 

under standard culture conditions. After cell 

attachment, the cells were treated for 24 h with LB 

(20, 60, 120, 250, and 500 nM), SIL (5, 25, 75, 100, 

and 200 µM), and their combination (20 nM + 5 µM, 

60 nM + 25 µM, 120 nM + 75 µM, 250 nM + 100 

µM, and 500 nM + 200 µM). At the end of the 

treatment period, the culture medium was replaced 

with fresh medium, and 10 µL of MTT reagent was 

added to each well. The plates were then incubated 

for 3 h at 37 °C to allow the formation of formazan 

crystals. Subsequently, 100 µL of solubilization 

buffer per well was added, and the plates were kept 

at room temperature, protected from light, for 30 

min. Absorbance was measured at 570 nm using a 

Cytation 5 microplate reader (BioTek Instruments 

Inc., Winooski, VT, USA).  

Bright-Field Cell Morphology Analysis 

Cell morphology was evaluated after 24 h of 

treatment with the tested compounds. H9c2(2-1) 

cells were exposed to LB (20, 60, 120, 250, and 500 

nM), SIL (5, 25, 75, 100, and 200 µM), as well as to 

combined treatments at (20 nM + 5 µM, 60 nM + 25 

µM, 120 nM + 75 µM, 250 nM + 100 µM, and 500 

nM + 200 µM). Following the 24 h treatment period, 

cellular morphology was examined under bright-

field microscopy to assess potential treatment-

induced changes. Representative images were 

acquired using the Lionheart FX automated 

microscope and analysed with Gen5™ Microplate 

Data Collection and Analysis Software.  

Neutral red (NR) assay 

To further assess the lysosomal integrity, the Neutral 

Red uptake (NRU) assay was performed. The 

H9c2(2-1) cells were seeded into flat-bottom 96-

well plates at a density of 10.000 cells per well and 

allowed to attach under standard culture conditions. 

Cells were then treated for 24 h with LB (20, 60, 120, 

250, and 500 nM), SIL (5, 25, 75, 100, and 200 µM), 

as well as to combined treatments at (20 nM + 5 µM, 

60 nM + 25 µM, 120 nM + 75 µM, 250 nM + 100 

µM, and 500 nM + 200 µM). After the treatment 

period, the culture medium was removed and 

replaced with 100 µL of NR working solution per 

well (40 µg/mL NR in complete DMEM). The plates 

were incubated for 2 h at 37 °C in a humidified 

atmosphere containing 5% CO₂ to allow dye uptake 

by viable cells. Subsequently, the cells were gently 

washed with phosphate-buffered saline (PBS) to 

remove excess dye, and representative images were 

captured under bright-field illumination using a 

Lionheart FX automated microscope. For dye 

extraction, 150 µL of NR destaining solution (50% 

ethanol, 49% deionized water, and 1% glacial acetic 

acid) was added to each well, and the plates were 
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gently shaken for 10 min to ensure complete release 

of the dye from the cells. Absorbance was then 

measured at 540 nm using a Cytation 5 multimode 

plate reader.  

Mitochondria and Nuclei Immunofluorescence Staining 

To investigate potential mitochondrial and nuclear 

morphological changes, H9c2(2-1) cells were 

seeded into 12-well plates at a density of 100.000 

cells per well and allowed to reach optimal 

confluence under standard culture conditions. Upon 

reaching the appropriate confluence, the cells were 

treated for 24 h with LB (20, 60, 120, 250, and 500 

nM), SIL (5, 25, 75, 100, and 200 µM), or with their 

combination at the following concentrations: 20 nM 

+ 5 µM, 60 nM + 25 µM, 120 nM + 75 µM, 250 nM 

+ 100 µM, and 500 nM + 200 µM. Mitochondrial 

morphology was assessed using MitoTracker 

staining. A working solution of MitoTracker was 

prepared by diluting the stock solution in complete 

culture medium to obtain a final concentration of 

300 nM. Cells were incubated with the staining 

solution for 30 min at 37 °C, then washed to remove 

excess dye. Subsequently, the cells were fixed with 

4% paraformaldehyde for 10 min at room 

temperature and rinsed thoroughly with phosphate-

buffered saline (PBS). Nuclear morphology was 

evaluated by staining the fixed cells with Hoechst 

33342 (1:2000 dilution in PBS) for 5–10 min in the 

dark. After staining, the wells were washed three 

times with PBS. Representative images were 

captured using a Lionheart FX automated 

microscope, and image analysis was performed with 

Gen5™ Microplate Data Collection and Analysis 

Software (version 3.14; BioTek Instruments Inc., 

Winooski, VT, USA).  

Acridine Orange/Propidium Iodide (AO/PI) Assay 

To further evaluate the safety profile of the tested 

treatments at the cellular level, membrane integrity 

and viability were assessed using the Acridine 

Orange/Propidium Iodide (AO/PI) dual-staining 

assay. H9c2(2-1) cells were seeded in 96-well plates 

at a density of 10.000 cells per well and treated for 

24 h with LB (20, 60, 120, 250, and 500 nM), SIL 

(5, 25, 75, 100, and 200 µM), and their combination 

(20 nM + 5 µM, 60 nM + 25 µM, 120 nM + 75 µM, 

250 nM + 100 µM, and 500 nM + 200 µM). After 

this period, 100 µL of AO/PI staining solution 

prepared in complete culture medium (Acridine 

Orange, 10 µg/mL; Propidium Iodide, 10 µg/mL) 

was added to each well, and the plates were 

incubated at room temperature in the dark for 10 

min. Fluorescence images were captured using a 

Lionheart FX automated microscope, and the 

staining patterns were interpreted with Gen5™ 

Microplate Data Collection and Analysis Software 

to qualitatively distinguish viable cells (AO-

positive) from cells with compromised membranes 

(PI-positive).  

Chorioallantoic Membrane (CAM) Model Preparation 

Fertilized hen eggs were used for the chorioallantoic 

membrane (CAM) experiments. On day one, they 

were disinfected with ethanol, dated, and placed in 

an incubator for three days. On the fourth day, a 

small cut was made in the top of each one to remove 

approximately 7-8 mL of albumen using a syringe 

and needle. The cut was then sealed with adhesive 

tape. On the fifth day, the top of the shell was 

removed to expose the CAM blood vessels, after 

which the opening was resealed. The eggs were then 

returned to the incubator, where a temperature of 37 

°C and 60% humidity were maintained until the 

experiments were performed. 

Evaluation of Irritation Potential Using the HET-

CAM Assay 

Based on the in vitro concentration–response 

analysis, the combined treatment was further 

evaluated at the highest tested concentrations. The 

assay was performed on the tenth day of incubation. 

Purified distilled water was used as the negative 

control, and 1% sodium lauryl sulfate (SLS) as the 

positive control. A volume of 600 μL of each tested 

solution was carefully applied onto the 

chorioallantoic membrane. After application, 

vascular reactions, haemorrhage (H), lysis (L), and 

coagulation (C) were monitored for 5 minutes. 

Images of the membrane were captured both before 

exposure (T0) and 5 minutes post-application (T5) 

using a Zeiss Discovery V8 stereomicroscope 

equipped with an Axio CAM 105 camera. The 

acquired images were analysed using ZEN Core 3.8 

software to evaluate changes in vascular integrity 

induced by each tested sample. The irritation score 

(IS), used to quantify the observed effects, was 

calculated according to the following formula: 

𝐼𝑆 = 5 ×
301 − 𝐻

300
+ 7 ×

301 − 𝐿

300
+ 9 ×

301 − 𝐶

300
 

IS is used to evaluate the irritant potential of the 

tested samples by measuring the time-dependent 

appearance of vascular effects, including H, L, and 

C. Based on the resulting IS values, the tested 

substance is classified as follows: non-irritant for 

scores between 0 and 0.9, irritant for values ranging 

from 1 to 8.9, and severely irritant for scores 

between 9 and 21 (17). 

Statistical Analysis 

Data are presented as mean ± standard deviation 

(SD). The normality of data distribution was 

evaluated using the Shapiro–Wilk test. Since the 

data followed a normal distribution, statistical 

analyses were carried out using one-way analysis of 

variance (ANOVA), followed by Dunnett’s multiple 

comparisons post hoc test. Statistical analysis was 

performed using GraphPad Prism software (version 

10.2.3; GraphPad Software, San Diego, CA, USA). 

Differences were considered statistically significant 

at *p < 0.05, with increasing levels of significance 
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indicated as **p < 0.01, ***p < 0.001, and ****p < 

0.0001. All experiments were performed in three 

independent biological replicates, each conducted in 

technical triplicate. 

 

Results and Discussion 

In the context of ischemic heart disease and angina 

pectoris, evaluating cellular and vascular biosafety is 

essential when considering combined pharmacological 

and antioxidant approaches. In light of this premise, 

the biosafety of LB and SIL, administered 

individually and in combination, was evaluated 

using an in vitro H9c2(2-1) cardiomyoblast model 

and an in ovo chorioallantoic membrane (CAM) 

assay to assess potential irritative effects. 

Cell viability assessment in H9c2(2-1) cells 

following LB, SIL, and combined treatment 

The first step of the study was to assess cell viability 

in H9c2(2-1) cells after 24 hours of treatment with 

LB, SIL, and their combination using the MTT 

assay. MTT is a colorimetric assay used to evaluate 

cellular metabolic activity and is one of the most 

commonly applied methods for assessing cell 

proliferation and viability in vitro. The assay is based 

on the ability of metabolically active cells to reduce 

the tetrazolium salt MTT to the insoluble purple 

formazan product via NAD(P)H-dependent 

oxidoreductase and dehydrogenase enzymes. This 

reduction occurs predominantly in the mitochondria 

of living cells, although enzymes located in other 

cellular compartments, such as the endoplasmic 

reticulum, may also contribute. The measured 

absorbance reflects the extent of intracellular MTT 

reduction and is commonly used as an indicator of 

cellular metabolic activity (18). 

 The results of this evaluation on H9c2(2-1) cells 

indicated that cellular viability was comparable to 

the control in nearly all samples after 24 h of 

treatment (Figure 1). Specifically, after 24 h 

treatment with LB, the following cell viability 

percentages were recorded: 101% at 20 nM, 

100.66% at 60 nM, 99.33% at 120 nM, 99.13% at 

250 nM, and 97.27% at 500 nM.  For SIL treatment, 

cell viability at concentrations of 5, 25, 75, 100, and 

200 µM was 102.67%, 98.63%, 98.58%, 95%, and 

92.67%, respectively. Following combined treatment 

with LB and SIL (LB 20 nM + SIL 5 µM; LB 60 nM 

+ SIL 25 µM; LB 120 nM + SIL 75 µM; LB 250 nM 

+ SIL 100 µM; LB 500 nM + SIL 200 µM), the 

following cell viability percentages were obtained: 

104.40%, 100%, 98.01%, 94.66%, and 91%, 

respectively. 

 

 
Figure 1. 

Graphical representations of the effect induced by A) LB, B) SIL, and C) LB + SIL on H9c2(2-1) cell viability 

after 24h of treatment. The results are expressed as percentages normalised to control and are presented as mean 

values ± standard deviation. To evaluate the statistical differences between the control and treatment groups, a 

one-way ANOVA was conducted, followed by Dunnett’s multiple comparison post hoc test. Statistical analysis 

revealed no significant differences between the control and treatment groups. The experiments were performed 

in triplicate 

 

SIL was tested in another study on the H9c2(2-1) cell 

line at concentrations of 1, 10, 25, 50, and 100 µM 

using the MTT assay to assess cell viability. The 

results showed that all tested concentrations 

produced higher cell viability than the control, 

indicating that SIL did not have a cytotoxic effect on 

this cell line (16). Previous reports have shown that 

LB may induce a dose-dependent reduction in 

H9c2(2-1) cell viability following prolonged 

exposure (72 h) (8). In contrast, the present results 

demonstrate that short-term exposure (24 h) to LB, 

administered alone or in combination with SIL, does 

not adversely affect cell viability across a wide 
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concentration range (20–500 nM), supporting a 

favorable short-term biosafety profile. 

Cell morphology analysis in H9c2(2-1) cells 

following LB, SIL, and combined treatment 

The next step was to analyse the effects of LB, SIL, 

and their combination on the morphology of H9c2(2-

1) cells after 24 hours of treatment. Cell morphology 

analysis is essential for identifying and classifying 

abnormalities, early cancer detection, and evaluating 

changes caused by environmental stressors. The results 

are quantitative, objective, and reliable, supporting 

diagnosis and the development of automated rapid 

analysis systems. In this context, cell morphology 

has become a fundamental field in image processing, 

aiming to quantitatively characterise cell structure 

and components to better understand the functioning 

and pathological processes associated with 

malignancy (19). Based on these considerations, 

morphological evaluation was further employed to 

assess the cellular response to the tested treatments. 

The results showed that none of the tested treatments 

had a toxic effect on the cells. At all concentrations 

investigated, the cells maintained their typical 

elongated morphology, similar to that of the control 

group. No significant morphological changes were 

observed, and cell confluence remained similar to 

that of the control group in all cases (Figure 2). 

 

 
Figure 2. 

The representative images show the morphological changes that were noticed in H9c2(2-1) cells after 24 hours 

of treatment with LB (20, 60, 120, 250, and 500 nM),  SIL (5, 25, 75, 100, and 200 µM), as well as to combined 

treatments at (20 nM + 5 µM, 60 nM + 25 µM, 120 nM + 75 µM, 250 nM + 100 µM, and 500 nM + 200 µM) 

The scale bar indicates 100 µm. The experiments were performed in triplicate 

 

Similarly, in a study by Dehelean et al., the impact 

of SIL at 100 µM on the morphological 

characteristics of H9c2(2-1) cells was evaluated. The 

results showed that, after 24 hours of treatment, SIL 

did not cause significant morphological changes 

compared to the control, with similar cell 

morphology and confluence, indicating the absence 

of a cytotoxic effect at this concentration (16).  

Lysosomal integrity assessment in H9c2(2-1) cells 

by neutral red uptake assay 

Because the MTT assay generally reflects cellular 

viability based on metabolic activity and, thereby, 

mitochondrial function, the NRU assay was 

performed to evaluate cellular viability through a 

complementary mechanism. This assay primarily 

reflects lysosomal integrity following treatment 

(20). The results of the NRU assay (Figure 3) 

indicated that NRU levels remained similar to the 

control in all samples, suggesting preservation of 

lysosomal integrity.  

Quantitative analysis (Figure 4) revealed the 

following NRU values after treatment with LB at 

concentrations of 20, 60, 120, 250, and 500 nM: 

99.33%, 97%, 96.67%, 95.67%, and 95%, 

respectively. Following SIL treatment at concentrations 

of 5, 25, 75, 100, and 200 µM, the observed NRU 
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values were 101.68%, 101.32%, 95.54%, 91.67%, 

and 90.30%, respectively. Combined treatment with 

LB and SIL (LB 20 nM + SIL 5 µM; LB 60 nM + 

SIL 25 µM; LB 120 nM + SIL 75 µM; LB 250 nM 

+ SIL 100 µM; LB 500 nM + SIL 200 µM) resulted 

in NRU values of 99.48%, 98.55%, 91.72%, 

89.25%, and 86.89%, respectively. 

 

 
Figure 3. 

The Neutral Red Uptake of H9c2(2-1) cells after 24h exposure to LB, SIL, and their combinations after 24 h of 

treatment. The scale bar indicates 30 µm. The experiments were performed in triplicate 

 

 
Figure 4. 

Graphical representations of the effect induced by A) LB, B) SIL, and C) LB + SIL on H9c2(2-1) Neutral Red 

Uptake level after 24 h of treatment. The results are expressed as percentages normalised to control and are 

presented as mean values ± standard deviation. To evaluate the statistical differences between the control and 

treatment groups, a one-way ANOVA was conducted, followed by Dunnett’s multiple comparison post hoc test. 

Statistical analysis revealed no significant differences between the control and treatment groups. “*” indicates 

statistical significance *p < 0.05 The experiments were performed in triplicate 

 

Lysosomes are cellular organelles equipped with an 

enzymatic system composed of a wide range of 

enzymes (approximately 50) that play an important 

role in the cellular catabolism of molecules such as 

proteins, lipids, DNA and RNA, as well as 

carbohydrates. In addition to their key involvement 

in essential cellular processes such as endocytosis, 

autophagy, and phagocytosis. Therefore, lysosomes 
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have a key role in maintaining cellular homeostasis 

(21). At the level of cardiomyocytes, which are post-

mitotic (they do not divide), lysosomes play a critical 

role in maintaining their functional integrity. In this 

context, lysosomes contribute to the removal of 

cellular debris such as oxidized proteins, protein 

aggregates, and dysfunctional or damaged organelles, 

including mitochondria. Any impairment of 

lysosomal function leads to the accumulation of 

these “waste” products, increased oxidative stress, 

and defects in cellular bioenergetics due to reduced 

ATP production, which are accompanied by the 

activation of apoptotic processes in cardiomyocytes. 

These alterations result in disturbances of cardiac 

cell function and predispose cardiac tissue to 

pathological conditions such as ischemia and heart 

failure, while also promoting accelerated aging of the 

myocardium (22). In light of these considerations, 

lysosomal integrity is a relevant endpoint in 

cytotoxicity studies of cardiomyocytes. In the 

present study, the assessment of lysosomal 

preservation was performed using the Neutral Red 

Uptake NRU assay. The NRU assay is a commonly 

used method for determining cell viability by 

measuring the pH-dependent accumulation of the 

Neutral Red dye within lysosomes. Thus, at 

physiological pH, the cationic reagent penetrates the 

cell membrane via passive, nonionic diffusion and 

binds to anionic groups within lysosomes. At the 

same time, the binding capacity of NR at the 

lysosomal level is considered an indicator of cell 

viability (20). Nevertheless, the Neutral Red assay 

has also been reported in the literature for H9c2(2-1) 

cells as a complementary approach to the MTT assay 

to further investigate cell viability and cytotoxicity. 

For example, Arbo et al. (23) employed a similar 

approach, evaluating the cytotoxic potential of 

various piperazine derivatives on these cells after 24 

hours of treatment at concentrations ranging from 0 

to 20 mM. In addition, phytocompounds such as 

quercetin (at concentrations of 5–25 µM) and 2,3-

dehydrosilybin (at concentrations of 2–10 µM), 

which are structurally related to SIL, have also been 

tested on this cell line by Dostál et al. to determine 

their protective effects on cardiomyocytes against 

osmotic stress induced by hypertonic treatment. It was 

observed that both compounds improved these cells' 

tolerance to stress conditions (24). Furthermore, 

Misiak and his collaborators investigated the effects 

of doxorubicin-loaded polymeric nanoparticles at a 

concentration range of 0.05 - 0.5 mg/mL on cell 

biocompatibility after 24h of exposure using the 

NRU assay (25). Similarly, Szymczuk et al. evaluated 

the cytotoxicity of iron oxide nanoparticles in 

H9c2(2-1) cells after 24 h of exposure at 0.1 mg/mL (26).  

Immunofluorescence-based evaluation of mitochondrial 

and nuclear morphology in H9c2(2-1) cells 

To further evaluate the cellular effects of the 

treatments, mitochondrial and nuclear morphology 

were assessed using specific fluorescent staining. As 

shown in Figure 5, analysis performed 24 hours after 

treatment with SIL, LB, and their combination revealed 

that nuclear and mitochondrial characteristics 

remained comparable to those of the control group. 

The mitochondria showed a well-preserved reticular 

organisation, with a predominance of elongated 

shapes and only minor changes in fluorescence 

intensity. Similarly, the nuclei remained uniform and 

regular in shape, comparable to those of untreated 

cells. 

 

â

 
Figure 5. 

Representative images of the impact of LB, SIL, and their combination after 24 h of treatment on mitochondria 

and nuclei morphology in H9c2(2-1) cells. The scale bar indicates 100 µm. The experiments were performed in 

triplicate 
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The detection of apoptosis is critical to evaluating 

the antitumor potential of therapeutic agents, as 

programmed cell death enables the selective removal 

of cancer cells while sparing normal tissues. 

Fluorescence microscopy combined with Hoechst 

33342 staining is a widely used approach for 

identifying apoptosis-related nuclear alterations, 

including chromatin condensation and nuclear 

fragmentation. Hoechst 33342 binds to DNA and 

emits blue fluorescence, allowing clear visualisation 

of nuclear morphology. This technique is commonly 

applied in vitro to distinguish between viable, 

apoptotic, and necrotic cells (17). Another approach 

to assessing apoptosis is to evaluate mitochondrial 

membrane potential using mitochondrial potential-

dependent staining. During the early stages of 

apoptosis, a decrease in mitochondrial membrane 

potential occurs before pronounced morphological 

changes, making this method a sensitive indicator of 

functional alterations in cells. This type of analysis 

allows the identification of cells with preserved 

mitochondrial activity and helps distinguish non-

apoptotic cells from those undergoing programmed 

cell death (27). SIL (100 µM) was evaluated at 24 h 

on the H9c2(2-1) cell line by Hoechst 33342 staining 

to assess any possible changes in cell nuclei 

morphology. The results showed that it did not 

induce significant changes in cell nuclei; these 

findings are consistent with those obtained in the 

present study, both for SIL administered individually 

and for the combinations evaluated (16).  

Assessment of the potential apoptotic and necrotic 

effects in H9c2(2-1) cells by acridine orange/ 

propidium iodide staining 

Microscopic evaluation using acridine orange/ 

propidium iodide (AO/PI) staining, performed to 

assess the treatments' potential to induce apoptotic or 

necrotic cellular alterations, revealed the following 

(Figure 6). After treatment with LB, a predominantly 

green, diffuse fluorescence pattern was observed in 

H9c2(2-1) cells up to 250 nM, with no evident 

morphological features of apoptosis or necrosis. At 

500 nM LB, a very small proportion of cells 

exhibited red fluorescence indicative of cellular 

necrosis, as evidenced by propidium iodide uptake. 

In response to SIL treatment, H9c2(2-1) cells 

showed early apoptotic features, such as membrane 

blebbing and chromatin condensation, at the highest 

tested concentration (200 µM). Nevertheless, green 

fluorescence remained predominant and comparable 

to the control condition, indicating that overall cell 

viability was preserved. In the case of combined 

treatment, sporadic red fluorescent cells suggestive 

of necrosis were detected at the combinations of LB 

250 nM + SIL 100 µM and LB 500 nM + SIL 200 

µM; however, these events were observed at a very 

low frequency. Overall, these observations 

demonstrate that neither LB nor SIL, alone or in 

combination, significantly promotes apoptotic or 

necrotic cell death in H9c2(2-1) cells under the 

present experimental conditions. 

 

 
Figure 6. 

Representative images of the impact of LB, SIL, and their combinations after 24 h in H9c2(2-1) cells stained 

with AO/PI. The white arrows indicate signs of necrosis (red fluorescence), chromatin condensation, or cell 

blebbing. The scale bar indicates 100 µm. The experiments were performed in triplicate 

 

Additionally, to further assess the potential apoptosis 

or necrosis effect of samples using the acridine 

orange/propidium iodide (AO/PI) assay in H9c2(2-

1) cells. AO/PI is a fluorescence-based technique 

used to evaluate cell viability as well as apoptotic 

and necrotic cell death. AO permeates all cells and 

binds to nucleic acids, staining viable cells with 

green fluorescence in the nucleus and cytoplasm. In 
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contrast, PI enters only cells with compromised 

membrane integrity, labelling them with red 

fluorescence. This dual-staining approach allows 

differentiation between viable, apoptotic, and 

necrotic cells (28). However, this assay has also been 

used in other studies to assess the apoptosis-inducing 

potential and effects on cell viability of H9c2(2-1) 

cells when exposed to various compounds, as an 

additional approach to safety evaluation. For 

example, Mohan et al. investigated the effects of 

Catha edulis extract on H9c2(2-1) cells within a 

concentration range of 0–100 µg/mL at different 

time points (24, 48, and 72 h). Early signs of 

apoptosis, such as changes in green fluorescence 

patterns, chromatin condensation, and cell blebbing, 

were observed between 24 and 48 h. At 72 h, features 

of necrosis were also detected, indicated by the 

appearance of PI-positive cells exhibiting red 

fluorescence (29). Also, Yuvaraj et al. evaluated the 

protective effect of chrysin, a flavonoid, at 

concentrations of 5–100 µM in this cell line. The 

cells were pretreated with chrysin for 24 hours and 

subsequently exposed to H₂O₂-induced oxidative 

stress. The results of this assay indicated that chrysin 

reduced the toxic and necrotic effects caused by 

H₂O₂ exposure, as evidenced by a decrease in red 

fluorescence intensity (30). Moreover, this assay is 

commonly used in studies evaluating the safety 

profile of SIL on normal cells. For example, Vakili 

et al. employed this method to assess the effects of 

SIL on human umbilical vein endothelial cells 

(HUVEC) at concentrations ranging from 0 to 200 

µg/mL over different time points (24, 48, and 72 h). 

Their results showed that SIL induced marked necrosis, 

as evidenced by the predominant appearance of red 

fluorescence in the treated cell population (31).  

Evaluation of Irritation Potential Using the HET-

CAM Assay 

The irritant potential of the highest tested 

concentration of the LB and SIL combination (500 

nM + 200 µM) was evaluated using the HET-CAM 

assay. The chorioallantoic membrane (CAM) of the 

chick embryo is a widely used experimental model 

for irritation testing, recognised as a rapid, simple, 

and cost-effective technique. This method does not 

require stringent ethical approval, as the chick 

embryo is not classified as a live animal before day 

17 of development (32). 

In this study, the HET-CAM test was used to 

evaluate the irritant potential of the LB-SIL 

combination. Distilled water was used as a negative 

control, and 1% sodium lauryl sulfate (SLS) as a 

positive control. The appearance of characteristic 

vascular changes, such as hemorrhage, lysis, and 

coagulation, was monitored for 5 minutes, and the 

irritation score (IS) was determined based on the 

time of occurrence of these changes. The results 

(Figure 7 and Table I) showed that neither the LB + 

SIL combination nor distilled water induced changes 

in the chorioallantoic membrane. The blood vessels 

remained intact, with no visible changes, similar to 

the negative control, indicating the absence of an 

irritant effect and classifying it as a non-irritating 

substance (IS = 0.07). In contrast, 1% SLS caused 

the rapid appearance of all specific signs of irritation, 

with a high irritation score (IS = 18.32), classifying 

it as a severely irritating substance (33). 

 

 
Figure 7. 

Stereomicroscope images of the CAMs treated with sodium lauryl sulfate 1%—SLS used as positive control, 

H2O used as negative control, and LB + SIL (500 nM + 200 µM), before (T0) and five minutes (T5) post-

treatment. Scale bars indicate 500 µm 
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Table I 

Irritation score values for positive control (SLS 1%), negative control (distilled water), and LB + SIL 500 nM + 

200 µM 

Sample Irritation score (IS) Irritation category 

SLS 1% 18,32 Severe irritant 

H2O 0,070 Non-irritant 

LB + SIL (500 nM + 200 µM) 0,070 Non-irritant 

 

Conclusions 

Cardiovascular diseases, including ischemic heart 

disease and angina pectoris, remain a major cause of 

morbidity and mortality worldwide, with oxidative 

stress and inflammation playing a central role in 

myocardial injury and disease progression. In this 

context, evaluating the biosafety of both conventional 

pharmacological agents and complementary 

compounds is essential. 

In the present study, the biosafety profiles of LB, 

SIL, and their combined administration were 

investigated using complementary in vitro and in ovo 

experimental models. The results demonstrated that 

neither individual nor combined treatments induced 

significant cytotoxic effects in H9c2(2-1) cells, as cell 

viability remained high and nuclear and mitochondrial 

morphology was preserved. Moreover, the CAM 

assay confirmed the absence of irritant or vascular-

damaging effects associated with the LB and SIL 

combination, supporting good cellular and vascular 

tolerability. Despite these promising results, some 

limitations should be considered. The study was 

limited to in vitro and in ovo models and focused 

mainly on biosafety and morphological endpoints, 

without evaluating functional cardiac outcomes. 

Future studies should further explore the underlying 

cellular mechanisms and assess the effects of LB and 

SIL in more complex, disease-relevant models of 

myocardial ischemia and angina pectoris. 
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