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Abstract 

Diabetes mellitus (DM) represents a pressing public health challenge globally, with profound 

implications in both developed and developing nations. It stands as one of the most pervasive and 

severe chronic conditions worldwide. This study delves into the potential therapeutic effects of 

naringin on H9c2 cardiac cells subjected to elevated glucose levels, specifically exploring its viability 

as a treatment for diabetic cardiomyopathy. 

Methods: For our experiment, we prepared a final concentration of 80.0 μM of NAR in distilled 

water, subsequently stored at 4.0°C. H9c2 cardiac cells, derived from embryonic rat ventricles, were 

cultured in DMEM supplemented with FBS, D-Glucose. In this study we simulated Diabetic 

Cardiomyopathy by exposing the cells to high D-Glucose concentrations. Viability was assessed 

using the AlamarBlue assay, while ROS production was detected using the DCFH–DA dye. RNA 

from treated and control cells was isolated to test different genes. 

Results and discussion: In summary, pre-treatment of H9c2 cardiomyocytes with 80.0 μM 

concentrations of both Naringenin and Naringin, prior to high glucose exposure, proved most 

effective, especially concerning the upregulation of the Bcl-2 anti-apoptotic gene. The present study 

explored the adverse impacts of high glucose (HG) on H9c2 cardiomyocyte cells, evidenced by 

symptoms like cytotoxicity, apoptosis, oxidative stress, and mitochondrial malfunctions, further 

underlined by a reduced cell viability. We discovered a pronounced linkage between the surge in 

reactive oxygen species (ROS) production and HG-driven cardiomyocyte damage. 

Conclusion: Naringenin (NAR) at 80.0 μM concentration, when pre-treated on H9c2 cardiomyocytes 

prior to high glucose exposure, effectively upregulates the Bcl-2 anti-apoptotic gene, offering 

protection against hyperglycemia-triggered cardiac damages by reducing ROS activity and cell 

apoptosis. The study reaffirms previous findings linking elevated HG levels to cardiomyocyte 

damage, emphasizing that an 80.0 μM NAR treatment for 2.0 hours is the most potent countermeasure 

against diabetic cardiomyopathy. 

 

Introduction 

Diabetes mellitus (DM) is one of the significant public health troubles in both developed and 

developing countries and one of the most essential chronic severe diseases in the world. Diabetes 
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mellitus is a major global health concern, the International Diabetes Federation (IDF) estimated that 

DM would be one of the most severe causes of death by 2040, and the number of adults who suffered 

from DM now about 424.000.000 and will rise highly to 641.000.000 by 2040 (1). Three million eight 

hundred fifty-two thousand cases of diabetes in Saudi Arabia alone and this number is projected to 

increase to 7.691.000 by 2045 (2). Diabetes mellitus describes a group of metabolic disorders 

characterized by increased blood glucose levels. Diabetes mellitus and its complications have 

contributed tremendously to the burden of mortality and health cost worldwide (3). Persistently high 

blood glucose levels causes damage, and failure of various organ systems cause generalized vascular 

damage affecting the heart, eyes, kidneys, nerves and resulting in various complications (4). Diabetes 

mellitus affects the heart specifically through different mechanisms, including microvascular 

impairment, metabolic disturbance, subcellular component abnormalities, cardiac autonomic 

dysfunction, and a maladaptive immune response (5). Also, diabetes mellitus can cause functional and 

structural changes in the myocardium without coronary artery disease, valvular heart disease, and other 

cardiovascular risk factors, such as hypertension and dyslipidemia a disorder known as diabetic 

cardiomyopathy (DCM) (6). Heart failure and related morbidity and mortality are increasing at an 

alarming rate, in large part, because of increases in aging, obesity, and diabetes mellitus. The clinical 

outcomes associated with heart failure are considerably worse for patients with diabetes mellitus than 

for those without diabetes mellitus (7). Diabetic complications remain the leading cause of morbidity 

and mortality in diabetic patients, with cardiovascular disease being the principal reason for morbidity 

and mortality among diabetic patients, including atherosclerosis, myocardial infarction, and 

cardiomyopathy (8). Diabetic cardiomyopathy is one of the main complications among DM patients. 

Diabetic cardiomyopathy characterized by structural and functional alterations in the myocardium, 

such as cardiac hypertrophy, oxidative stress, inflammation, apoptosis, and myocardial interstitial 

fibrosis. Persistent hyperglycemia causes many molecular and metabolic changes in cardiomyocytes 

(9). Increased glucose metabolism due to hyperglycemia increases oxidative stress through 

mitochondrial reactive oxygen species (ROS) production. Oxidative stress leads to reduced 

myocardial contractility and eventually induces myocardial fibrosis (10). In addition, oxidative stress 

can accelerate cardiomyocytes apoptosis and cellular DNA damage. Moreover, mitochondrial 

dysfunction and increased oxidative stress play a pivotal role in the development of diabetic 

cardiomyopathy and associated heart failure by increased glucose metabolism due to increases of 

hyperglycemia that lead to increase of oxidative stress via the production of ROS from the 

mitochondria (11). 

The basic aim of the study is to find the effects of naringin on cardiac cells H9c2 Treated with high 

concentration of glucose as a possible treatment for diabetic cardiomyopathy disease. 

 

MATERIALS AND METHODS 

The practical part of this research was executed at Stem Cells Unit, Department of Anatomy, Faculty 

of Medicine, King Saud University, and Electron Microscope Unit, King Faisal Specialist Hospital 

from March /2019 to December /2019. 

 

Preparation of Stock Solutions 

Dissolve 11.6 g NAR in 100.0 ml dH2O to give 200.0 mM as stock solution and stored at 4.0 oC. 

Then to make 80.0 μM final concentration, we dissolved 4.0 μl from a stock solution in 1000.0 μl 

DMEM medium. 

 

Culture Media 

Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10.0% Fetal Bovine Serum (FBS), 

4.5 g/L D-Glucose, l10.0 mg/L Sodium Pyruvate, 1.0% Penicillin and Streptomycin (10.000 units of 

penicillin and streptomycin/mL) and 1.0% Nonessential Amino Acids (NEAA) (100X). This medium 

used for cell growth and cell proliferation. Prepared culture medium stored at 4.0oC. 
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Cell Line 

H9c2 cell line used in this study is a clonal myogenic cell derived from embryonic rat ventricle that can 

assist as an alternative source for cardiac cells in vitro. These cells were obtained from Dr. Hafedh 

Dakheel (Obesity chair, Faculty of Medicine, King Saud University, Riyadh, Saudi Arabia). 

 

Experimental design 

This experiment was designed to investigate the effect of a high concentration of D-Glucose (35.0 

mM), as a way to create a Diabetic Cardiomyopathy situation on the normal H9c2 cardiac cells. 

Cells were cultured in medium supplemented with a high concentration of glucose (Positive control) 

or without (Negative control), according to Chen et al. (2013) for other 24.0 hrs. After the culture 

period and cells were reached to approximately 80.0 % confluence, the cells were trypsinized by 

adding 0.05 % trypsin and the cell suspensions were used to count the cells in the flask. The cells 

were counted using the Neubauer hemocytometer-counting chamber (Paul Marienfeld Gmbh & 

CO.KG.) by placing 10.0 µl of cell suspension in the upper chambers and lower cover of the 

hemocytometer slide, and then the cells were counted manually using inverted microscope provided 

with image software under 10X magnification. Number of cells was calculated as the following 

equation from (Dilution Calculator) (Ellison, 2018) :- 

C1 × V1 = C2 × V2 

C1: Total cell number (cell/ml). 

C2: The total number of cells needed ((cell/ml)/well). V1: Unknown volume. 

V2: Volume of media. 

 

Measurement of Cell Viability Using AlamarBlue Assay 

Cells were plated into 96-well plates that used to test cell viability and proliferation (Figure 6). Cell 

viability was measured using AlamarBlue assay reagent according to the manufacturer’s 

recommendations, as described by Rampersad (2012). Briefly, 0.012 X 106 cell/well was seeded and 

cultured in 96 well plates contained 100.0 μl DMEM medium/well and exposed to NAR at different 

concentrations and times as shown above in the experimental design. While, cells were exposed to 

NG for 2.0 hrs. only at 80.0 μM concentration. Then, all cells treated with both NAR and NG were 

exposed to high glucose (HG) concentration (35.0 mM) for 24.0 hrs. After treatment with HG, 10.0 μl 

(10.0 % of medium volume) of AlamarBlue reagent was added to each well, and the plates were 

incubated in the dark at 37.0°C for 2.0 hrs. In the end, the plates were taken to read using a fluorescent 

microscope (Ex 530 nm/Em 590 nm) and Bio-Synergy II microplate reader (BioTek Inc., Winooski, 

VT, U.S.A.). 

 

 
Figure 1. Plate Strategy for measurement of cell viability and proliferation. 
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Detection of Reactive Oxygen Species (ROS) 

Reactive Oxygen Species production was detected using the Dichlorofluorescin hydrochloride 

Diacetate (DCFH–DA) dye, which is converted to Dichlorofluorescin hydrochloride (DCFH) by 

intracellular esterase. Inside the cells, DCFH is converted to the highly fluorescent 2’,7’–

dichlorofluorescein (DCF) due to oxidation by ROS. 

 

RNA Isolation 

According to the protocol and precautions of the total RNA Purification Kit (table 3), RNA was 

isolated from H9c2 cardiac cells resulted from all treatments and control groups after culture. 

Extraction to breakdown the cells and allow the cells components to be freely released (DNA, RNA, 

and protein). RNases are very stable and robust enzymes that degrade RNA. Therefore, the first step 

when preparing to work with RNA is to create an RNase-free environment. All centrifugations were 

carried out in benchtop micro- centrifuge at room temperature and speed was 12,000 RPM/min. 

 

Statistical Analysis 

Statistical analysis was performed using the SPSS software program. All data were analyzed as a 

completely randomized design using an independent sample t-test to compare data of negative and 

positive control and One-Way Analysis of Variance (ANOVA) for other data of treatments, followed 

by Duncan’s test to compare the significance between means. Comparisons between means 

considered significant at p≤0.05. Results were presented as a mean ± standard error of mean (SEM). 
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RESULTS 

Effect of High Concentration of Glucose (35.0 mM) on Cardiomyocytes H9c2 Cells 

Cell Viability 

Cell viability results showed a highly significant difference between the negative control group (CNT) 

and the positive control group (HG). The negative control showed high cell viability (12226.00  

110.27) than HG group that showed reduced cell viability (4904.00  122.87) as shown in table 1. 

 

Table 1. Effect of high concentration of glucose (35.0 mM) on the viability of H9c2 Cardiomyocytes 

                  Treatments 

Trait 

Negative Control 

(CNT) 

Positive Control 

High Glucose (HG) 

 

Cell viability 

a 

12226.00  110.27 

b 

490400.00  122.87 

 

Values in the same row with different superscripts (a, b) differ significantly at P≤0.05. 

 

Cell Morphology 

Cardiomyocytes (H9c2) exposed to high glucose have changed morphology when compared with a 

negative control. In the HG group, there were more round and flatter cells than in the negative control 

group. Moreover, we observed that the nuclei got compact and the chromatin appeared shrunk. 
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Figure 2. Morphology of H9c2 rat cardiomyocytes cells exposed to a high concentration of glucose 

as a positive control showed round cells (Orange arrow) and flat cells (Blue arrow) at different 

magnifications (10 and 20 X). 

 

 
Figure 3. Normal morphology of H9c2 rat cardiomyocytes cells in negative control group at different 

magnification (10 and 20 X). 

 

Reactive Oxygen Species (ROS) 

Positive control group showed a significant increase mean of ROS (6.93  0.31) when compared 

with a negative control group (1.21  0.10), which was also observed in figure 13. So, the positive 

control group was the worse than the negative control group. 

 

Table 2. Reactive oxygen species induced by high glucose in H9c2 cardiomyocytes 

                                  Trait 

Treatments 

Time (hrs.) Reactive Oxygen Species 

Negative Control  

24.0 

b 

1.21  0.10 

Positive Control High Glucose (HG) a 

6.93  0.31 

Mean values in the same column with different superscripts (a, b) differ significantly at P 

≤0.05 

 

 

 

 

 

 

 

 

 

 

10X 20X 
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Live and Dead Cells 

Table (2) showed the mean values of live cell ratios in negative control group compared with positive 

control group. The mean values of live cell ratios was significant increase in positive control (84.93 

 2.19) than negative control (97.93  0.72). Also, examined with fluorescent microscope using 

fluorescent dyes revealed more apoptotic cells (dead cells) in positive control than in negative control 

group. Then, the negative control group was the best than the positive control group. 

 

 
Figure 4. Diagram showed the flow-cytometry of reactive oxygen species in H9c2 rat 

cardiomyocytes for negative control group (Violet peak) and the high concentration of glucose as a 

positive control group (Green peak). 

 

Table 3. Effect of high concentration of glucose (35.0 mM) on mean of H9c2 live cell ratio 

                                       Trait 

Treatments 

Time (hrs.) Live cells ratio 

Negative Control  

24.0 

a 

97.93  0.72 

Positive Control High Glucose (HG) b 

84.93  2.19 

Mean values in the same column with different superscripts (a, b) differ significantly at P ≤0.05 

 

Gene Expression of Cell Regulation Genes (Nkx2.5, cdkn1b, and ccnd1) 

The Gene expression of the cell regulation genes (Nkx2.5, cdkn1b, and ccnd1) in cardiomyocytes 

H9c2 cells showed the downregulate effects concerning with the positive control compared with the 

negative control for all tested genes. The foregoing indicates that the negative control group is better 

than the positive control group. 

 

Gene Expression of Anti-Apoptotic Bcl-2 Gene 

It showed the comparison between two control groups (negative and positive) for expression of Bcl-

2 gene. Results showed decrease of gene expression mean in negative control group (0.66) compared 

with positive control group (1.00). Therefore, we can say that the negative control group is better than 

the positive control group regarding the unstudied anti-apoptotic gene (Bcl-2). 
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Figure 5 . Images of H9c2 rat cardiomyocytes cells stained with fluorescent dyes showed live 

cells (Green color) and dead cells (Red color). 

 

 
Figure 6. Comparison of gene expression between negative and positive control groups of cell 

regulation Nkx2.5 gene. 

 

DISCUSSION 

In the current study, we found that high glucose (HG) induced multiple deteriorative effects on H9c2 

cardiomyocyte cells, including cytotoxicity, apoptosis, oxidative stress and mitochondrial 

abnormalities, and evidenced by a decrease in cell viability (9-11). The over-production of ROS is not 
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only an index of oxidative stress, but also one of the mechanisms underlying HG- induced 

cardiomyocyte injury. Wherefore, we provide a new insight concerning with the possible protection 

of hyperglycemia-induced cardiac cell injuries using NAR by inhibiting the activation of ROS, 

mitochondrial damage and cell apoptosis (12). 

First, we investigated the effect of exposure of high glucose (35.0 mM) on cardiomyocyte cell line, 

as positive control group. The results showed increased cytotoxicity, and decreased cell viability 

compared with negative control group (35.0 mM Glucose), these results were consistent with previous 

studies (13-16). Their results showed that HG levels are the main reason for hypertrophy by increasing 

the surface area of the heart and decreased cell viability (17). 

In addition, we investigated the toxic effect of Naringenin (NAR) on untreated H9c2 cells with HG. 

The results showed clearly that NAR has no toxic effect on H9c2 cells and these results were in 

agreement with the results of previous studies (18). These studies showed the effect of treatment with 

NAR on H9c2 cells and they did not find any toxic effect for NAR as well (19). Thereafter, H9c2 

cells were treated with different concentrations of NAR at different time points showed previously in 

experimental design before expose to HG to investigate the protective effects of NAR against HG-

induced damage (20). The maximum protective effect of NAR against HG was achieved at 80.0 μM 

concentration for 3.0 hrs., exposer time, where the results showed a significant increase in cell viability 

compared with positive control group (21). So, our results proved that the high concentration of NAR 

is better than lower concentrations, and these results were in agreement with Tang et al. (2016), which 

showed in their study that the effective protection of naringenin substance was at 80.0 μM 

concentration against the cellular toxicity characteristic caused by Hypoxia and Reoxygenation (H/R) 

(22-23). In addition, in another study by Zhang et al. (2019), they found that the better results were 

achieved when treated H9c2 with high concentration of NAR substance (10.0 μM) than lower 

concentrations (0.1, and 1.0 μM) with regard to the treatment of cardiomyopathy. Likewise, the 

treatment of H9c2 cells with NG substance at 80.0 μM concentration for 2.0 hrs. gave the best results 

in the treatment of diabetic cardiomyopathy (24-26). 

 

Conclusion 

In conclusion, the treatment of cardiomyocytes H9c2 cells with 80.0 μM from Naringenin and 

Naringin substances before exposed to high glucose concentration were the best treatments with 

regard to the expression of Bcl-2 anti-apoptotic gene. 
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