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Abstract: Background and aim: Apigenin (API), a dietary flavone subclass of flavonoid found in 

herbs, fruits, and vegetables, exhibits various pharmacological effects. However, its role in 

triggering oxidative stress- induced apoptosis in uterine cells remains unclear. This study aimed to 

evaluate the oxidative stress-mediated apoptosis induced by apigenin in rat uterine leiomyoma 

ELT3 cells. Material and methods: ELT3 cells were treated with 50 and 100 µM API for 48 hours. We 

assessed oxidative stress markers (reactive oxygen species, malondialdehyde), antioxidant defense 

(glutathione reductase activity), cell proliferation, and apoptotic gene expression (p53, Bax, Bcl-2, 

caspase-3, caspase-9) using relevant assays and real-time PCR. Results: API treatment decreased cell 

proliferation and glutathione reductase activity in ELT3 cells. This coincided with increased levels 

of reactive oxygen species, malondialdehyde, and lactate dehydrogenase activity, indicating 

oxidative stress and cell damage. Furthermore, apigenin upregulated pro-apoptotic genes (p53, Bax, 

caspase-3, caspase-9) and downregulated the anti-apoptotic gene Bcl-2, suggesting activation of the 

intrinsic apoptotic pathway. Conclusion: API induces apoptosis in rat uterine leiomyoma cells 

through a mechanism involving oxidative stress-mediated activation of the intrinsic apoptotic 

pathway. 
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1. Introduction 

Apigenin (4′, 5, 7, -trihydroxyflavone; API) is a bioactive flavone subclass of flavonoids. It is 

found in a wide range of fruits, vegetables and herbs including oranges, grapefruits, celery, parsley, 

onions, green tea, wheat sprouts, chamomile, spearmint, and thyme [1–10]. This compound exhibits 

a diverse array of biological activities such as anti-inflammatory [6,11–18], antioxidant [5,6,14,16,18], 

antimicrobial [11–13,15,17], anticancer [6,11–15,17,19], hepatoprotective [20], renoprotective [5], and 

neuroprotective effects [21]. Additionally, API has been noted for its chemopreventive properties and 

its ability to inhibit tumor growth [6,19]. Phytosteroids are a class of specialized metabolites, derived 

from plants that can bind to steroid receptors in animals. API has been identified as a phytosteroids 

specially phytoprogestin [22–24]. Its biological effects have been demonstrated in progesterone-

sensitive tissues such as the uterus and breast cancer [25]. Oxidative stress and apoptosis play key 

roles in various physiological and pathological processes. These processes can be triggered by 

numerous factors, including physical elements, chemical treatments, and toxic substances [26,27]. 

Leiomyomas account for 90% of all canine tumors, with the canine uterus being the most common 

site. These tumors are often difficult to distinguish from other malignant tumors [28]. Traditional 

antineoplastic therapies often provoke side effects, which require additional pharmacological 
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interventions, leading to a cascade of drug-related side effects [29]. Therefore, alternative herbal 

remedies are a promising approach to reduce these side effects and provide effective treatments. This 

study employs rat uterine leiomyoma ELT3 cells (ELT3 cells) as an in vitro model to investigate the 

oxidative stress and apoptosis induced by apigenin. This research aims to explore the potential of 

apigenin as a therapeutic agent for treating uterine leiomyomas while minimizing adverse effects 

associated with conventional therapies. 

2. Materials and Methods 

2.1. Ethical Approval 

No experiments were conducted on live animals, so ethical approval was unnecessary. 

2.2. Study Period and Location 

The study was conducted from March to December 2022 at the Department of Veterinary 

Technology, Kasetsart University, Thailand. 

2.3. Cells and Chemicals 

ELT3 cells were obtained from the American Type Culture Collection (Manassas, VA, USA). The 

MTS cell proliferation assay kit, Lactate Dehydrogenase (LDH)-cytotoxicity assay kit II, 2′7′-

dichlorofluorescin diacetate (DCFDA) cellular Reactive Oxygen Species (ROS) detection assay kit, 

lipid peroxidation (MDA) assay kit and Glutathione reductase (GR) assay kit were purchased from 

Abcam. API and dimethyl sulfoxide (DMSO) were purchased from Sigma-Aldrich. A 5 mM stock 

solution of API was prepared in DMSO and further diluted to final concentrations of 20-160 µM using 

serum-free culture medium. All treatments ensured the amount of DMSO added to the cell culture 

was less than 0.1%. 

2.4. Cell Culture and Assays 

ELT3 cells were cultured in complete Dulbecco’s Modified Eagle Medium/Nutrient Mixture F-

12 (DMEM/F-12) supplemented with 5% horse serum, 2.5% fetal bovine serum (FBS), 100 U/mL 

penicillin, and 100 U/mL streptomycin. The culture was maintained in a humidified incubator with 

5% CO2 at 37°C. For the assay, the culture was seeded in 96-well plates at density of 5-10 × 103 cells/ 

well in a final volume of 200 µL/well. Cell proliferation and cytotoxicity were assessed using MTS 

assay and LDH leakage assay. Intracellular ROS production, lipid peroxidation (MDA levels), and 

glutathione reductase (GR) activity were measured following the methods described by Sathaporn et 

al. [30]. 

2.5. Determination of Apoptotic-Related Gene Expression 

To evaluate the mRNA expression levels of genes associated with apoptosis. The mRNA 

expression levels were determined using quantitative RT-PCR (qRT-PCR). ELT3 cells were treated 

with 100 µM API for 48 h. Total RNA was extracted using TRIZOL® reagent (Invitrogen, USA) 

following the manufacturer’s instructions. Subsequently, the cDNA was synthesized from 2 µg of 

total RNA in 20 µL reaction mixture using the high-capacity cDNA Reverse Transcription kit 

(Applied Biosystems, CA) according to the manufacturer’s protocol. qRT-PCR was performed to 

quantify the mRNA expression of target genes: Tp53, Bax, Bcl2, caspase-3 and caspase-9. GAPDH 

was used as a housekeeping reference gene for normalization. The specific primer sequences used 

for qRT-PCR are listed in Table 1. Each reaction contained 50 ng of cDNA, 0.25 µM of each forward 

and reverse primer, and Luna® Universal qPCR Master mix (New England Biolabs) in a final volume 

of 10 µL. The thermal cycling conditions included an initial denaturation step at 95°C for 1 minute, 

followed by 44 cycles of denaturation at 95°C for 15 seconds and annealing/extension at 60°C for 30 

seconds. Cycle threshold (Ct) values were normalized to GAPDH expression using the 2-ΔΔCt 

method for relative quantification of mRNA levels. 
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Table 1. Primer used for qRT-PCR. 

Gene name Forward primer Reverse primer 

GAPDH ATGGGAAGCTGGTCATCAAC GTGGTTCACACCCATCACAA 

Tp53 TCTCCCCAGCAAAAGAAAAA TTTTATGGCGGGACGTAGAC 

Bax AAAGACATTGGAGCCACCAC TATTGCCTGCCACAAACTCA 

Bcl2 GGGATGCCTTTGTGGAACTA CATATTTGTTTGGGGCAGGT 

Caspase3 AGGGGCATGTTTCTGTTTTG CATTGCAGGCAGTGGTATTG 

Caspase9 TCATTCTTGCAAAGCAGTGG TGGGTGTTTCTGGTGTGAGA 

2.6. Statistical Analysis 

All experiments were performed at least three times to ensure reproducibility. Data were 

analyzed using GraphPad Prism 5 software (GraphPad, San Diego, CA). For comparisons between 

two groups, a paired t-test was employed. All data are expressed as the mean ± S.D. Statistical 

significance was set at p < 0.05. 

3. Results 

3.1. API Decreased the Viability of ELT3 Cells 

The morphological changes are observed in ELT3 cells following API treatment in Figure 1. Cell 

viability percentage of ELT3 cells was assessed using an MTS assay in response to API are presented 

in Figure 2. The half-maximal inhibitory concentration (IC50) values were 104.85, 63.74 and 60.25 µM 

at 24, 48 and 72 h of incubation, respectively. These findings indicate that API exhibits increasing 

potency against ELT3 cells with longer incubation times. According to the previous study, we used 

the API concentrations of 50 and 100 µM for 24, 48 and 72 h to test TM4 mouse Sertoli cells which is 

the cells in reproductive system [30], moreover the researchers reported the API concentration of 0-

100 µM for 24-114 h to test human hepatoma cells and human leukemia cell line [31,32]. So, the 

treatment of 48 h was selected as the optimal time and the optimal concentration of API of 50 and 100 

µM was used in further experiments. 
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Figure 1. Morphological changes of ELT3 cells after 48 h API treatment at 0-160 µM. Phase-contrast 

images were taken at 4x magnification. (A) 0 µM; (B) DMSO; (C) 20 µM; (D) 40 µM; (E) 60 µM; (F) 80 

µM; (G) 100 µM; (H) 120 µM; (I) 140 µM; (J) 160 µM. 

 
(A) 
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(B) 

 
(C) 

Figure 2. The effect of API on cell viability of ELT3 cells. The results represent mean± S.D. *p < 0.05, 

** p < 0.005 and *** p < 0.001 significantly different from no treatment. (A) 24h; (B); 48h; (C) 72h. 

3.2. API Increased LDH Activity of ELT3 Cells 

LDH leakage of ELT3 cells in response to API is shown in Figure 3. API treatment significantly 

increased LDH activity at concentration 50 and 100 µM in ELT3 cells compared at when compared to 

both the control group and the DMSO-treated group. This suggests that API exposure leads to a dose-

dependent increase in cell death or membrane damage in ELT3 cells. 
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Figure 3. The effect of API on LDH levels of ELT3 cells. The results represent mean± S.D. *p < 0.05 and 

**p < 0.005 significantly different from control and DMSO treatment. 

3.3. API Increased ROS Production of ELT3 Cells 

The ROS production of ELT3 cells in response to API is shown in Figure 4. API treatment 

significantly increased ROS levels in ELT3 cells at 50 and 100 µM when compared to the control 

group. This finding suggests that API may induce oxidative stress in these cells. 

 

Figure 4. The effect of API on ROS production of ELT3 cells. The results represent mean± S.D. **p < 

0.005 significantly different from control. THBP, Tert-Butyl hydrogen peroxide, is a positive control. 

3.4. API Increased MDA Levels of ELT3 Cells 

The MDA levels of ELT3 cells in response to API are shown in Figure 5. API treatment 

significantly increased MDA levels in ELT3 cells at 50 and 100 µM when compared to the control 

group. This suggests that API treatment promotes lipid peroxidation and contributes to oxidative 

stress in ELT3 cells. 
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Figure 5. The effect of API on MDA levels of ELT3 cells. The results represent mean± S.D. **p < 0.005 

significantly different from control. 

3.5. API Decreased GR Activity of ELT3 Cells 

The GR activity of ELT3 cells in response to API is shown in Figure 6. API treatment significantly 

decreased GR activity in ELT3 cells at 50 and 100 µM when compared to the control and DMSO 

treatment. This suggests that API may impair the antioxidant defense mechanisms of ELT3 cells, 

potentially contributing to the observed increase in oxidative stress. 

 

Figure 6. The effect of API on GR activity of ELT3 cells. The results represent mean± S.D. *p < 0.05 and 

**p < 0.01 significantly different from control and DMSO treatment. 

3.6. API Induced Intrinsic Apoptotic Pathway 

API treatment induces apoptosis (programmed cell death) in ELT3 cells through a mechanism 

involving oxidative stress. As shown in Figure 7, API treatment with concentration at 50 and 100 µM 

significantly upregulated the expression of pro-apoptotic genes Tp53, Bax, caspase-9, and caspase-3 

compared to the control group. Conversely, API treatment significantly downregulated the 

expression of the anti-apoptotic gene Bcl-2. These alterations in gene expression are indicative of the 

activation of the intrinsic apoptotic pathway, a well-established cell death mechanism regulated by 

proteins like p53 (Tp53), Bax, and Bcl-2 [33]. Caspase-3 acts as a key executioner caspase in apoptosis 

[34], and its upregulation further supports API-induced cell death in ELT3 cells. 
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Figure 7. The effect of API on apoptotic gene expression of ELT3 cells. The results represent mean ± 

S.D. *p < 0.005 and **p < 0.001 significantly different. 

4. Discussion 

The present study demonstrates the oxidative stress, especially apoptosis induced by API on 

ELT3 cells. ELT3 cells are a well-established in vitro model system for investigating uterine 

leiomyomas. These cells, a uterine epithelial-like cell, are derived from the uterine epithelium of Eker 

rats and exhibit responsiveness to estrogen-like agents [35]. Importantly, ELT3 cells share 

characteristics with tumor-derived cells, making them a valuable tool for preclinical studies aimed at 

identifying novel therapeutic agents for uterine leiomyomas [36]. By employing this model, we can 

explore the potential effects of API on these tumors in a controlled laboratory setting. 

Cytotoxicity assays are essential tools for indicating the ability of a compound to induce cell 

death [37]. In this study, we employed two complementary assays: the MTS assay and the LDH 

leakage assay. The MTS assay offers a convenient method to evaluate cell viability through a single 

step directly in the culture medium, eliminating the need for multiple steps required in the traditional 

MTT assay. The permeabilization of plasma membrane is a key point for necrotic cells. This event can 

be quantified in tissue culture by measuring the release of the LDH [38]. We observed that API 

exhibited cytotoxicity in ELT3 cells in a dose- and time-dependent manner, indicating a decrease in 
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cell viability with increasing API concentration and exposure time. This finding aligns with previous 

research demonstrating API’s ability to reduce cell proliferation in various human and animal cell 

lines, including hepatocellular carcinoma cells (Hep3B, HepG2), TM4 Sertoli cells, leukemia cells, 

cholangiocarcinoma cells and breast carcinoma cells [16,30–32,39,40]. Additionally, the LDH leakage 

assay confirmed API’s cytotoxic effect by showing a significant increase in LDH release from ELT3 

cells, a marker of cell membrane damage or death. 

Oxidative stress arises from an imbalance between production and accumulation of ROS within 

cells. Increased ROS generation and lipid peroxidation are indicators of oxidative stress [41]. In this 

study demonstrate that API treatment significantly elevates ROS levels in ELT3 cells. This finding 

aligned with many studies that described API-induced ROS levels in different human and animal 

cells, including TM4 Sertoli cells, human hepatocarcinoma HepG2 cells, human leukemia cells, 

human breast carcinoma cells and human hepatocarcinoma Hep3B and HepG2 cells [30–32,40,42]. 

Furthermore, API significantly increased the levels of MDA in ELT3 cells. MDA is a byproduct of 

lipid peroxidation, a process triggered by excessive ROS. This indicates that API treatment promotes 

lipid peroxidation, further contributing to oxidative stress in these cells [43]. 

GR enzyme is a key antioxidant enzyme that helps maintain cellular redox balance. Several 

studies suggest that the interplay between ROS production and antioxidant systems plays a crucial 

role in cell death [44]. Notably, our data presented a significant decrease in GR activity in API-treated 

ELT3 cells. This reduced GR activity suggests that API may impair the antioxidant defense 

mechanisms of ELT3 cells, potentially exacerbating the observed oxidative stress. 

Programmed cell death (PCD) encompasses various mechanisms with generally characterized 

by distinct morphological characteristics and energy-dependent biochemical features [45]. While this 

study did not explore all PCD pathways, our findings strongly suggest that API triggers apoptosis in 

ELT3 cells. Apoptosis is a controlled cell death process crucial for maintaining tissue homeostasis. 

Ferroptosis is a new type of PCD, which occurs with iron dependence [46]. Necroptosis is an 

alternative mode of regulated cell death mimic of apoptosis and necrosis [47]. Autophagy is the 

recycle of cellular components to maintain metabolism under stress conditions [48]. Previous studies 

support the anticarcinogenic properties of API through its ability to modulate cellular responses to 

oxidative stress and induce both autophagy and apoptosis [49]. Notably, studies have demonstrated 

API’s capacity to induce apoptosis and autophagy in HCT116 colon cancer cells [50]. 

Apoptosis, a PCD, plays a vital role to eliminate unwanted cells and maintaining tissue 

homeostasis in biological systems. It is regulated by two main pathways; the extrinsic pathway (death 

receptor-mediated pathway) which requires the cell surface receptor and the intrinsic pathway which 

is mediated by mitochondria (mitochondrial-mediated pathway) [51,52]. Our findings suggest that 

API likely triggers apoptosis in ELT3 cells via the intrinsic pathway. This is supported by the 

observed upregulation of the Tp53. p53, a well-known tumor suppressor protein, can promote 

apoptosis through various mechanisms, including both transcriptional and non-transcriptional 

activities [53]. Further investigation into the specific downstream targets of p53 activation in API-

treated ELT3 cells would be valuable in fully elucidating the intrinsic apoptotic pathway involved. 

The extrinsic and intrinsic pathway involve some transcriptional activity [54]. Apoptosis assays can 

be classified into six major groups [45]. There are various methods to assess apoptosis. A common 

approach involves measuring caspase activity, a family of enzymes crucial for executing the cell death 

program [45]. Additionally, real-time PCR allows researchers to analyze gene expression changes. 

This includes evaluating pro-apoptotic genes like Bax and anti-apoptotic genes like Bcl-2, which 

provide insights into the apoptotic signaling cascade [55]. Our findings demonstrate that API 

treatment upregulates the expression of the pro-apoptotic gene p53 (Tp53). This, along with the 

previously observed decrease in the anti-apoptotic gene Bcl-2 expression, suggests that API disrupts 

the balance between pro-apoptotic and anti-apoptotic factors, potentially leading to apoptosis in 

ELT3 cells via the intrinsic pathway mediated by p53. In this study, Tp53 promotes API-induced ROS 

generation, further activates Bax gene expression, and inhibit Bcl2 gene expression. Mitochondria are 

the major targets of excessive ROS and excess ROS induce cell death by promoting the intrinsic 

apoptotic pathway [56,57]. The disruption of mitochondria facilitates the activation of caspase9/3 
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cascade and induction of apoptosis [58,59]. API-treated cells show upregulation of caspase9/3 gene 

expression confirming the involvement of intrinsic apoptotic pathway. Previous studies reported the 

API induces apoptosis in various tumor cell lines through activation of mitochondria-mediated 

pathway via intracellular generation of ROS as an activator [60–63] whereas Sanjay, 2001 reported 

that API was safe for normal versus human prostate carcinoma cells [64]. Our findings suggest its 

potential to induce apoptosis in ELT3 cells. This difference might be due to variations in cell type, 

treatment concentration, or other experimental conditions. Further investigation is needed to fully 

understand the multifaceted effects of API across different cell lines and tissues. 

5. Conclusions 

This study demonstrates that API exposure triggers oxidative stress and induces apoptosis in 

ELT3 cells, a uterine epithelial cell line, via the intrinsic pathway. These findings are characterized by 

decreased cell viability, increased LDH release, elevated ROS and MDA levels, and altered gene 

expression patterns. Specifically, API treatment upregulated pro-apoptotic genes (Tp53, Bax, caspase-

9, caspase-3) and downregulated the anti-apoptotic gene Bcl-2. These observations suggest that API 

may have potential as a therapeutic agent for uterine tumors. However, further in vivo studies are 

necessary to confirm the efficacy and safety of API in this context. Additionally, exploring the 

underlying mechanisms by which API modulates p53 and the apoptotic pathway could provide 

valuable insights for future drug development efforts. 
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