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ОАТР. 

Висновки. Грейпфрутовий сік може спричиняти серйозні 

фармакокінетичні взаємодії, впливаючи на активність ферменту CYP3A4 та 

транспортерів ОАТР. До потенційно небезпечних належать статини, антагоністи 

кальцію, імуносупресанти, антиаритміки, психотропні засоби, опіоїди, 

інгібітори протеази й кортикостероїди. Для запобігання ускладненням пацієнтам 

необхідно повідомляти про ризик взаємодій і уникати одночасного споживання 

грейпфрутового соку з цими препаратами. 

Література 

1. Bailey, D. G., & Dresser, G. K. (2013). Grapefruit–medication 

interactions: Forbidden fruit or avoidable consequences? Canadian Medical 
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2. Fuhr, U. (1998). Drug Interactions with Grapefruit Juice: Extent, Probable 

Mechanism and Clinical Relevance. Drug Safety, 18(4), 251–272. 

https://doi.org/10.2165/00002018-199818030-00002. 

3. Mertens-Talcott, S. U., Zadezensky, I., De Castro, W., et al. (2006). 

Grapefruit–drug interactions: can interactions with drugs be avoided? British Journal 

of Clinical Pharmacology, 61(1), 1–3. https://doi.org/10.1177/0091270006294277. 

4. Dahan, A., & Altman, H. (2004). Food–drug interaction: Grapefruit juice 

augments drug bioavailability – mechanism, extent and relevance. European Journal 

of Clinical Nutrition, 58(1), 1–9. 

 

DIOSMETIN AS A DUAL-ACTION MODULATOR OF CYTOPROTECTION 

AND SENESCENCE IN A BREAST CANCER MODEL 
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Introduction. Chemotherapy and radiotherapy remain fundamental in breast 

cancer therapy, particularly with anthracyclines such as doxorubicin (DOX) 
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(Sung et al., 2021; Rosenberg, 2008). However, their clinical use is limited by toxicity 

in non-target tissues, primarily due to excessive Reactive Oxygen Species (ROS) 

generation and resulting genotoxic stress (Jiang et al., 2023; Rawat et al., 2021). 

Doxorubicin-induced cardiotoxicity, associated with apoptosis and mitochondrial 

dysfunction in healthy cells (Octavia et al., 2012), and radiation-induced genotoxicity 

in normal mammary epithelial cells (Smith et al., 2017) remain major therapeutic 

challenges. Beyond direct toxicity, therapy-induced alterations within the tumor 

microenvironment (TME) drive treatment resistance and tumor progression. Genotoxic 

treatments often trigger Therapy-Induced Senescence (TIS), which initially halts 

proliferation but subsequently promotes inflammation through the Senescence-

Associated Secretory Phenotype (SASP) (Coppé et al., 2008; 2010). SASP factors such 

as Interleukin-6 (IL-6) trigger chronic inflammation, epithelial–mesenchymal 

transition (EMT), angiogenesis, and immune evasion, worsening prognosis (Coppé et 

al., 2008, 2010; Wang et al., 2022). Hypoxia within the TME further exacerbates 

malignancy through upregulation of Hypoxia-Inducible Factor 1 (HIF-1), which 

promotes angiogenesis, metabolic adaptation, correlating with aggressive disease 

(Ishikawa et al., 2004). Thus, novel therapeutic strategies that both protect healthy 

tissues and suppress these pro-oncogenic pathways are urgently needed. 

Diosmetin (DIOS), the active aglycone of diosmin, is a natural flavonoid with 

antioxidant, anti-inflammatory, and anti-apoptotic activities (Patel et al., 2013; 

Wójciak et al., 2022). Given the central role of oxidative stress in both treatment 

toxicity and tumor progression, DIOS is a promising candidate for dual protection: 

shielding healthy cells from cytotoxicity while attenuating of pro-oncogenic signaling 

within the TME. 

Aim. This study evaluated DIOS as an adjuvant agent with two primary aims: 

(1) to assess its cytoprotective and genoprotective efficacy in non-tumorigenic 

mammary epithelial cells (MCF10-A) exposed to DOX (1 µM) or ionizing radiation 

(20 Gy); and (2) to investigate its modulatory effects on therapy-induced senescence 

and inflammatory mediators (HIF-1, IL-6) in MCF-7 breast cancer cells. 
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Materials and Methods. Oxidative and genotoxic stress in MCF10-A cells was 

induced by DOX or X-ray irradiation, while senescence in MCF-7 cells was triggered 

by chronic low-dose DOX (0.1 µM, 5 days). DIOS was applied at a non-cytotoxic 

concentration (80 µM). Cell viability (MTT assay), apoptosis (Annexin V/PI 

cytometry), and ROS levels (CellROX Green) were quantified. The expression of 

antioxidant enzymes Superoxide Dismutase (SOD) and Catalase (CAT) and DNA-

damage-response genes (ATM, ATR, OGG1) was measured via qRT-PCR. DNA 

integrity was analyzed through comet assays, quantification of apurinic/apyrimidinic 

(AP) sites, and γH2AX foci detection. Senescence was assessed by SA-β-gal staining, 

and expression of HIF-1 and IL-6 was evaluated by qRT-PCR to evaluate TME 

modulation. 

Results and Discussion 

Cytoprotection and redox balance:  DOX and radiation significantly reduced 

MCF10-A viability and increased apoptosis, effects largely reversed by DIOS co-

treatment. DIOS markedly lowered ROS levels and enhanced expression of SOD and 

CAT, reinforcing intrinsic antioxidant defenses and maintaining long-term redox 

stability (Ighodaro & Akinloye, 2018; Liao et al., 2014). 

Genoprotection and DNA repair:  DIOS effectively prevented genotoxic 

damage, decreasing (AP sites) and DNA double-strand breaks (γH2AX foci 

formation). Comet assays confirmed reduced DNA fragmentation following DIOS co-

treatment, indicating protection against long-term genomic instability (Mahgoub et al., 

2020). Upregulation of OGG1, ATM, and ATR suggests enhanced DNA damage 

detection and repair capacity, reinforcing DIOS’s chemopreventive potential (Jackson 

& Bartek, 2009; Visnes et al., 2020). 

Senomorphic and anti-inflammatory actions:  In MCF-7 cancer cells, DIOS 

significantly reduced DOX-induced senescence (SA-β-gal staining) and 

downregulated key SASP mediators HIF-1 and IL-6. Since HIF-1 promotes 

angiogenesis and IL-6 stimulates EMT, chronic inflammation, and immune evasion, 

their suppression by DIOS indicates a capacity to normalize the TME and limit tumor 
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aggressiveness (Yasuda et al., 2021; Colucci & Neri, 2025). By reducing SASP 

secretion without inducing cytotoxicity, DIOS functions as a senomorphic agent, 

mitigating the pro-tumorigenic effects of therapy-induced senescence (Dong & Kong, 

2024). 

Conclusions. Diosmetin exhibits a dual therapeutic action: it protects non-

malignant cells from oxidative and genotoxic injury while simultaneously attenuating 

inflammatory and hypoxic signaling in cancer cells. By enhancing antioxidant defenses 

and DNA repair pathways in healthy tissues and suppressing pro-tumorigenic TME 

changes by downregulating IL-6 and HIF-1 expression in malignant cells, DIOS offers 

a comprehensive approach to mitigating treatment toxicity and limiting tumor 

progression. These results underscore the translational promise of DIOS as a natural, 

multi-target adjuvant capable of reinforcing genomic stability, reducing therapy-

induced senescence, and improving overall therapeutic outcomes. Further in vivo and 

clinical validation is warranted to confirm its efficacy in integrated oncological 

regimens. 
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