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ABSTRACT 

Objectives: The chemotherapeutic drug Doxorubicin affects not only cancer cells but also healthy cells in an 

undesirable manner. The purpose of this study was to investigate the protective role of Rosmarinic acid and 

Epigallocatechin gallate alone and in combination against Doxorubicin-induced oxidative stress, cytotoxicity and 

genotoxicity in healthy cells. In addition, this study evaluated the protein expression of the mammalian target of 

rapamycin (mTOR) protein in Chinese Hamster Ovary cell line (CHO-K1). 

Materials and Methods: The cell viability was analyzed by WST-1 cytotoxicity assay. mTOR in CHO-K1 cell 

line was determined by western blot analysis. DNA damage was analyzed using comet assay. Reactive oxygen 

species levels were determined microscopically, using dihydroethidium, staining method.  

Results: It was found that Rosmarinic acid showed more effective protection against Doxorubicin-induced 

cytotoxicity. Epigallocatechin gallate and Rosmarinic acid did not exert a genotoxic effect but Doxorubicin 

increased genotoxicity in CHO-K1. Rosmarinic acid and Epigallocatechin gallate significantly reduced the 

genotoxic effects of Doxorubicin in the comet assay. In the group treated with doxorubicin, the expression level 

of the mammalian target protein of rapamycin decreased from 250 nM to 2000 nM concentrations. 

Epigallocatechin gallate decreased mTOR protein levels when administered alone or in combination with 

Doxorubicin, but Rosmarinic acid did not show this effect. Rosmarinic acid decreased the intracellular reactive 

oxygen species generation in CHO-K1 cells. However, EGCG did not protect against oxidative stress and 

damaged cells due to its pro-oxidant properties at high concentrations.  

Conclusion: Epigallocatechin gallate and rosmarinic acid are promising plant-derived active components. 

Another important point is the evaluation of the safety of herbal products. It should be taken into account that 

herbal products may increase the toxicity of chemotherapeutic agents. 
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INTRODUCTION 

Doxorubicin (DOX) is a broad-spectrum chemotherapeutic agent in the anthracycline class, preferred for first-

line treatment in pediatric and adult patients. It is utilized across various cancer types such as breast, stomach, 

prostate, soft tissues, and bone sarcomas. The side effects of DOX typically stem from its cytotoxicity and 

genotoxicity, as it isn't solely selective against cancer cells, causing damage to healthy cells as well. 

Consequently, unlike primary tumors, secondary malignant tumors may develop due to treatment during or after 

chemotherapy.1 

The genotoxicity of DOX in the formation of secondary tumors is the primary factor, attributed to the damage 

inflicted on cells by the free radicals it generates. Phytochemicals exhibit effectiveness in protecting against 

oxidative damage induced by free radicals. Research has shown the potential of natural substances to protect 

against the adverse effects of chemical drugs without compromising their therapeutic efficacy, owing to their 
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inherent antioxidant capacity.2 Rosmarinic acid (RA), an ester derived from caffeic acid and 3,4-

dihydroxyphenyllactic acid, is found in a variety of Lamiaceae family plants.3 It demonstrates diverse biological 

activities encompassing antioxidative, anti-inflammatory, antimutagenic, antiangiogenic, anti-apoptotic, and 

anti-fibrotic properties. In particular, it is a natural antioxidant that can compete with unsaturated fatty acids for 

binding to lipid peroxyl groups to terminate the chain reaction of lipid peroxidation and reduce the rate of lipid 

peroxidation. The ability of RA to scavenge radiation-induced reactive oxygen species (ROS).4 Additionally, 

Epigallocatechin gallate (EGCG), another plant-based compound, serves as a phenolic compound prevalent in a 

wide array of plants, notably green and black tea. Its capacity to inhibit cellular oxidation and protect cells from 

free radical-induced damage renders it a subject of research as a potential cancer chemopreventive agent, 

showcasing robust antioxidative, anti-inflammatory, and anticarcinogenic attributes.5 EGCG and RA are both 

phenolic compounds, whereas RA is a phenolic acid, EGCG is a tannin with a flavan-3-ol structure that has been 

esterified with gallic acid. Compared to RA, EGCG has more phenolic -OH groups (Figure 1). 

mTOR participates in several signaling pathways that are involved in the regulation of cell division, apoptosis, 

and autophagy in the body. Studies have established a connection between the mTOR signaling pathway and 

various disorders, including cancer. 6 Research suggests that rapamycin can potentially augment the antitumor 

effects of DOX by downregulating mTOR signaling.7 For instance, a study demonstrated that combining mTOR 

inhibitors with DOX resulted in an increased therapeutic response in leiomyosarcoma patients compared to 

treatment with DOX alone. 8   

Hence, in this study, the protective effects of RA and EGCG were investigated alone and in combination against 

DOX-induced genotoxicity and oxidative stress on a CHO-K1 cell line. Also, the effect of these substances on 

cell proliferation through the mTOR expression level was evaluated.  

MATERIALS AND METHODS 

Sample preparation 

Doxorubicin hydrochloride, Rosmarinic acid, and (−) -Epigallocatechin gallate (Sigma-Aldrich, USA) were 

dissolved in phosphate-buffered saline (PBS) (Gibco, USA) to prepare a master stock solution and stored in 

−20 °C before use. Then, the working solutions were prepared freshly at the concentrations of 1mM, 2 mM and 

400 µM in the complete Ham’s F12 culture medium, respectively. 

Cell line and culture conditions 

Chinese hamster ovary (CHO-K1) cell line was obtained from the Institute of Pharmacology and Toxicology, 

Würzburg, Germany. It was cultured in Ham's medium F12 supplemented with 10% (v/v) fetal bovine serum 

(FBS) and 1% (v/v) antibiotics (10000 U/ml penicillin and 50 mg/ml streptomycin). Cell cultures were cultivated 

in a humidified incubator at 37°C with 5% CO2. Twice a week, cells were passaged using a 0.25% trypsin 

solution. Reagents for cell culture have been obtained from (Gibco, Carlsbad, CA). 

WST-1 Cytotoxicity Assay 

The viability was measured by using the WST-1 (Roche, Germany) colorimetric assay. Cells were seeded (5x103 

cells in 100 μl of culture medium) into 96-well plates, and were grown for 24 h. Then, cells were exposed to 100 

μl/well of newly prepared medium containing the tested substance for 24 h, 48 h and 72 h. After the end of the 

incubation period, the medium was withdrawn, the cells were twice washed with PBS, then 100 μl of WST-1 

was added to each well. The wells were then incubated for four hours at 37 oC. After 4 h, absorbance was 

measured at 450 nm in a microplate reader (Thermo Multiskan Ascent, USA)  after 4 hours. (a‑c)/(b‑c) x 100 

was used for calculating the percentage of cytotoxicity, where a represents the absorbance of treated cells, b 

represents the absorbance of control cells, and c represents the absorbance of the blank. The IC50 (half maximal 

inhibitory concentration) was assessed from the dose-response curves.9  

Alkaline Comet Assay 

After being seeded in a 6-well plate, the cells were treated for four hours the next day with DOX, RA, EGCG, 

and their combinations. When the cells were harvested for the comet assay, a cell viability test was conducted. 

To do this, 15 μl of staining solution with fluorescein diacetate (Serva Electrophoresis GmbH, Germany) and gel 

red (Biotium, USA) was combined with 35 μl of cell suspension. Cell viability was determined by counting 200 

cells using an Eclipse 55i microscope fitted with a FITC filter (Nikon GmbH, Japan).10 Twenty µl of the cell 

suspension and 180 μl of pre-warmed low melting point agarose (Carl Roth, Germany) were mixed for the comet 

assay. 45 µl of cell-agarose was loaded onto cold microscope slides previously coated with 1.5% high melting 

point agarose. Pre-cooled glass cuvettes containing the lysis solution (2.5 M NaCl, 100 mM Na2EDTA, and 10 

mM Tris adjusted to pH 10) combined with 10% dimethyl sulfoxide (DMSO) and 1% Triton X-100 (Sigma 

Aldrich; USA) were filled with the cells on the slides. The cells were then allowed to undergo lysis at 4°C in the 

dark. Following lysis, the slides were incubated for 20 minutes at 4°C in electrophoresis buffer (5 M NaOH and 

0.2 M Na2EDTA, pH 13). Next, electrophoresis was run at 25 V and 0.3 A for 20 minutes. After electrophoresis, 

the slides were fixed in frigid methanol for 5 minutes and neutralized with Tris buffer for 5 minutes. Following 

drying, 20 µl of GelRed solution per slide was used to stain the slides and they were examined using a 200-fold 

magnification fluorescent microscope (Labophot-2; Nikon GmbH, Germany) using Komet 6-software (Komet 
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version 6, ANDORTM Technology). A percentage of the DNA in the tail region for a total of 100 cells (50 on 

each slide) was used to express the results.11  

Microscopic analysis of ROS production 

Dihydroethidium (DHE), (Merck Biosciences GmbH, Germany) was used to detect superoxide anion 

concentration in the mitochondria of living cells. DHE is blue in the cytosol until it is oxidized, at which point it 

intercalates into the cell's DNA, coloring the nucleus a bright fluorescent red. After treatment, fresh medium 

containing 10 μM DHE was added to the cells and incubated for 20 min in the dark at room temperature. 

Following the incubation period, the cells were washed twice with PBS. ImageJ software was used to measure 

the grey values of 200 cells in each treatment for quantification.12  

 

Western blot analysis 

Western blot analysis was carried out as described previously.13 Briefly, total protein from the CHO-K1 cells 

were extracted using Radioimmunoprecipitation (RIPA) lysis buffer (SantaCruz, Texas, USA) added with 

phenylmethylsulphonylfluoride, protease inhibitor cocktail and sodium orthovanadate. Then, each lane was filled 

with 20 μg of the whole lysate, which was then electrophoretically separated using a NuPAGE 4-12% Bis-Tris 

gel (InvitrogenTM, USA) and electroblotted onto nitrocellulose transfer membrane. (Advansta, San Jose, USA). 

The membrane was blocked for an hour to reduce non-specific binding, using 5% non-fat dry milk in TBS-T 

buffer (Tris-buffered saline with 0.1% Tween-20). The membrane was placed with appropriate primary 

antibodies anti-mTOR (1:1000 dilution; Cell Signaling, Germany), overnight at 4°C. After incubating the 

primary antibody, the membrane was washed three times with TBS-T for 10 min each time, then it was 

incubated for an hour at room temperature with the anti-mouse lgG secondary antibody (1:2000 dilution, Cell 

Signaling), and finally rinsed with TBS-T. mTOR protein expression was detected using chemiluminescent 

substrate (Thermo Scientific, USA), and immunoblot images were taken and bands measured by using Image 

Lab Software (BioRad, Germany). The ratio of each protein's expression level to that of β-Actin from the same 

samples, which served as the internal control, was used for calculating the expression levels of each protein. 

Statistical Analysis  

Data were expressed as the mean ± SEM and analyzed using the GraphPad Prism 9 software (GraphPad, Boston, 

USA). The differences among means have been analyzed by ANOVA test followed by Dunnett’s analysis. The 

treatment group's data and the control group's data were compared. It was considered statistically significant 

when p < 0.05. 

RESULTS  

WST-1 Cell Proliferation Assay 

In cells treated with DOX and EGCG, the relative cell proliferation consistently decreased in a dose- and time-

dependent manner. Table 1 presents the IC50 values for cells treated with DOX and EGCG at 24, 48, and 72 

hours. However, treatment with RA at various concentrations (ranging from 0.0625 mM to 1 mM) for 24, 48, 

and 72 hours did not reduce the viability of CHO-K1 cells. Consequently, the IC50 value could not be calculated 

for the concentrations used in this study. 

Furthermore, the possible protective effects of RA and EGCG, either alone or in combination, against DOX-

induced cytotoxicity on CHO-K1 cells were examined using the WST-1 assay. To evaluate the protective 

impact, the DOX concentration of 500 nM, as determined by its IC50 value, was chosen for the investigation. 

CHO-K1 cells were subjected to different dosages of EGCG, RA, and their combination for 24 hours. The 

results exhibited a statistically significant protective effect of both EGCG and RA against the cytotoxicity 

induced by DOX. Notably, the concentration of RA at 1 mM demonstrated the most pronounced protective 

effect against the cytotoxicity caused by DOX (Figure 2).  

Microscopic analysis of ROS formation  

The generation of ROS due to DOX administration was quantified by analyzing DHE fluorescence, with an 

illustrative example provided in Figure 3A. DOX was tested at a concentration of 1000 nM over different time 

intervals- 0.5, 1, 2, and 4 hours (Figure 3B). ROS production increased notably in cells treated with 1000 nM 

DOX for 0.5 hours or longer. This rise was statistically significant after a 2-hour treatment when compared with 

the control group. Figure 4 demonstrates the protective effect of RA against DOX-induced oxidative stress. 

Across all tested concentrations, RA alone did not induce a significant increase in ROS generation; instead, it 

exhibited a noteworthy decrease in ROS levels compared to the DOX-treated group. In contrast, EGCG alone 

and in combination with RA did not demonstrate any reduction in ROS formation compared to the DOX-treated 

group (Figure 5). Notably, the application of 100 µM EGCG resulted in an increase in ROS levels within CHO-

K1 cells. 

Alkaline Comet Assay 

According to the cell viability assay results, no significant reduction in cell viability was observed in any of the 

evaluated groups in the comet test when compared to the control group (data not shown). In cells treated with 

DOX, there was an evident dependent on dose increase in DNA damage. (Figure 6a). This effect was statistically 

significant at concentrations of 1000, 2000, and 4000 nM compared to the negative control group. As illustrated 
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in Figure 6b, the administration of RA led to a notable and dose-dependent decrease in cells exhibiting DNA 

damage. In contrast, EGCG alone or in combination with RA did not demonstrate a protective effect against 

DOX-induced genotoxicity (Figure 6c and d) 

 

 

mTOR protein expression in CHO-K1 cell 

The protein levels of mTOR, which plays a significant role in oxidative stress, were assessed by Western blot. 

mTOR protein expression levels decreased in the DOX group compared to the control group (Figure 7a). mTOR 

protein expression level was significantly higher in the group administered RA at the concentration of 1mM with 

DOX compared to the group administered DOX alone. (Figure 7b). A significant decrease in mTOR expression 

level was observed in EGCG treated group alone or in combination with DOX when compared to the negative 

control group. However, these differences were not significant compared to DOX treated group (Figure 7c).  

DISCUSSION 

Genotoxicity is one of the most important mechanisms of adverse effects related to DOX therapy as an 

anticancer drug. Various pharmacologic treatments, including hematopoietic cytokines, iron-chelating agents, 

and antioxidants, have been under study to mitigate the adverse effects of DOX.14,15 In light of this, our 

hypothesis centered on the potential protective effects of phenolic compounds possessing antioxidant properties, 

such as RA and EGCG, against DOX-induced oxidative stress and DNA damage in healthy cell lines. To 

investigate this, a fluorescent dye-based detection method was employed to detect superoxide in CHO-K1 cells. 

Our findings revealed that RA significantly diminished DOX-induced ROS formation, while EGCG did not 

exhibit protective activity in this context. Furthermore, when RA and EGCG were co-applied, no significant 

reduction in ROS formation was observed. Additionally, EGCG did not demonstrate a protective effect against 

DOX-induced genotoxicity in the comet assay within CHO-K1 cells, whereas RA exhibited a significant 

protective effect. Previous studies have revealed the dual nature of EGCG, possessing both anti-oxidant and pro-

oxidant properties.16 Catechins, including EGCG, can undergo auto-oxidation and function as pro-oxidants under 

specific circumstances.17 The reported anticancer activity of EGCG, including its ability to induce apoptosis in 

cancer cells, is attributed to these pro-oxidant characteristics.18 In several studies examining EGCG's ability to 

prevent various cell lines from oxidative DNA damage, researchers found that at low concentrations, EGCG 

reduced DNA damage while acting as a pro-oxidant at higher ones. Specifically, it was noted that a 

concentration of 200 µM EGCG increased oxidative DNA damage in human lymphocyte DNA induced by 

H2O2.19 

In the present study, concentrations of 0.5 and 1 mM of RA demonstrated a protective effect against DOX-

induced genotoxicity in CHO-K1 cells. These findings align with earlier reports suggesting that concentrations 

of 0.28, 0.56, and 1.12 mM of RA did not induce genotoxic effects and notably decreased DOX-induced DNA 

damage in V79 cells over a 3-hour period.20 

This finding suggests that the protection against DNA damage induced by DOX could be associated with the 

reduction in ROS levels. Given that the generation of free radicals constitutes one of the primary mechanisms 

underlying DOX's genotoxicity, a decrease in free radical formation would likely lead to a reduction in DNA 

damage.21 In similar studies documented in the literature, it has been demonstrated that compounds possessing 

antioxidant properties offer protection against ROS production and the genotoxic effects induced by DOX. For 

instance, in one such study, thymoquinone was observed to mitigate DNA damage and oxidative stress triggered 

by DOX in human leukocyte cells.22 

Moreover, the administration of RA and EGCG, either alone or in combination, reduced the cytotoxicity induced 

by DOX in non-cancerous cell lines. Existing literature has demonstrated the protective effects of polyphenolic 

compounds against DOX-induced cytotoxicity in normal cells. For example, in one study, quercetin significantly 

mitigated DOX-induced cytotoxicity.23 Additionally, silymarin, the prominent flavonolignan found in Silybum 

marianum L., has been indicated to lessen DOX-induced cytotoxicity by shielding the cell membrane from 

damage caused by free radicals.24 In another study, hydroxytyrosol, the primary phenolic compound found in 

olive oil, effectively prevented the cytotoxicity that DOX generated in cardiomyocytes by regulating the 

oxidative response and apoptotic processes that were mediated by the Bcl-2/Bax ratio.25 

In response to a wide variety of extracellular stimuli, including growth hormones, availability of nutrients, and 

stress, mTOR regulates cell proliferation and metabolism. Deregulation of the mTOR signaling system is 

intimately linked to aging, metabolic disorders, and malignancies.26,27  

EGCG has exhibited inhibition of mTOR and PI3K in numerous cancer cell lines.28 Studies have reported EGCG 

as an inhibitor of both PI3K and mTOR pathways.29 Interestingly, mTOR expression levels decreased with 

escalating doses of DOX compared to the control group. This reduction in mTOR levels was believed to be 

induced by oxidative stress and the formation of free radicals triggered by exposure to DOX.  

In the literature, it has been stated that oxidative stress regulates mTORC1 and reactive oxygen species inhibit 

the mTOR signaling pathway.30  It has been stated that moderate stress levels can trigger stress responses by 

inducing stress-adaptation genes and partially suppressing mTOR activity, while high-intensity stress may 
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suppress mTOR.31 There are different reports that mTOR is inhibited or activated by oxidative stress. This 

difference is thought to vary depending on the cell line or the type of oxidant.32 In this study, the mTOR level 

decreased in the EGCG-administered groups. This observation may be due to the pro-oxidant property of 

EGCG.33  When RA was co-administered with DOX, it increased the level of mTOR when compared to the only 

DOX applied cells.  Lou et al. (2016) showed that RA stimulates liver regeneration through the mTOR pathway. 

Strong and persistent mTOR activation caused by RA treatment increased RA-mediated hepatocyte 

proliferation.34 However, the interaction of the mTOR pathway and RA has not been extensively characterized in 

the literature. 

Study limitations 

The limited number of normal (healthy) cell lines used in the study. Furthermore, different pathways should be 

studied to elucidate the protective mechanism of action of phenolic compounds. In vitro and in vivo toxicity 

assays and clinical trials are required for plant products use in therapy. 

CONCLUSION 

In conclusion, this study showed that RA application protect against DOX-induced toxicity by using different 

methods. However, when the two phenolic compounds were applied in combination, the protective effect against 

Dox-induced DNA damage was not as much as we expected. Dual behavior was observed with EGCG, which 

exhibited both pro-oxidant and antioxidative properties. Identifying plants that protect against genotoxic agents 

and secondary cancers caused by treatment with chemotherapy may be used in the near future to reduce the side 

effects of chemotherapeutic treatment.  

 

REFERENCES 

 

1. Dong C, Chen L. Second malignancies after breast cancer: The impact of adjuvant therapy. Mol Clin 

Oncol. 2014;2(3):331-336. 

2. Venkatesh P, Shantala B, Jagetia GC, Rao KK, Baliga MS. Modulation of doxorubicin-induced 

genotoxicity by Aegle marmelos in mouse bone marrow: A micronucleus study. Integr Cancer Ther. 

2007;6(1):42-53. 

3. Nunes S, Madureira AR, Campos D, et al. Therapeutic and nutraceutical potential of rosmarinic acid-

Cytoprotective properties and pharmacokinetic profile. Crit Rev Food Sci Nutr. 2017;57(9):1799-1806. 

4. Peters GJ, Van Der Wilt CL, Van Moorsel CJA, Kroep JR, Bergman AM, Ackland SP. Basis for 

effective combination cancer chemotherapy with antimetabolites. Pharmacol Ther. 2000;87(2-3):227-

253. 

5. Thorn CF, Oshiro C, Marsh S, et al. Doxorubicin pathways: pharmacodynamics and adverse effects. 

Pharmacogenet Genomics. 2011;21(7):440-446. 

6. Zou Z, Tao T, Li H, Zhu X. mTOR signaling pathway and mTOR inhibitors in cancer: progress and 

challenges. Cell Biosci. 2020;10:31. 

7. Li J, Liu W, Hao H, Wang Q, Xue L. Rapamycin enhanced the antitumor effects of doxorubicin in 

myelogenous leukemia K562 cells by downregulating the mTOR/p70S6K pathway. Oncol Lett. 

2019;18(3):2694-2703. 

8. Babichev Y, Kabaroff L, Datti A, et al. PI3K/AKT/mTOR inhibition in combination with doxorubicin 

is an effective therapy for leiomyosarcoma. J Transl Med. 2016;14:67. 

9. Ngamwongsatit P, Banada PP, Panbangred W, Bhunia AK. WST-1-based cell cytotoxicity assay as a 

substitute for MTT-based assay for rapid detection of toxigenic Bacillus species using CHO cell line. J 

Microbiol Methods. 2008;73(3):211-215.  

10. Bankoglu EE, Schuele C, Stopper H. Cell survival after DNA damage in the comet assay. Arch Toxicol. 

2021;95(12):3803-3813. 

11. Reimann H, Bankoglu EE, Stopper H, Hintzsche H. In vitro evaluation of chromosomal damage and 

DNA strand breaks after treatment with the poppy seed alkaloid thebaine. Mutat Res Genet Toxicol 

Environ Mutagen. 2021;870-871:503393. 

12. Queisser N, Oteiza PI, Stopper H, Oli RG, Schupp N. Aldosterone induces oxidative stress, oxidative 

DNA damage and NF-κB-activation in kidney tubule cells. Mol Carcinog. 2011;50(2):123-135. 

13. Yaba A, Demir N. The mechanism of mTOR (mammalian target of rapamycin) in a mousemodel of 

polycystic ovary syndrome (PCOS). J Ovarian Res. 2012; 5:38. 

14. Li L, Takemura G, Li Y, et al. Preventive effect of erythropoietin on cardiac dysfunction in 

doxorubicin-induced cardiomyopathy. Circulation. 2006;113(4):535-543. 

15. Yeh YC, Lai HC, Ting CT, et al. Protection by doxycycline against doxorubicin-induced oxidative 

stress and apoptosis in mouse testes. Biochem Pharmacol. 2007;74(7):969-980. 

16. Kanadzu M, Lu Y, Morimoto K. Dual function of (-)-epigallocatechin gallate (EGCG) in healthy 

human lymphocytes. Cancer Lett. 2006;241(2):250-255. 

un
co

rre
cte

d p
roo

f



17. Valcic S, Burr JA, Timmermann BN, Liebler DC. Antioxidant chemistry of green tea catechins. New 

oxidation products of (-)-epigallocatechin gallate and (-)-epigallocatechin from their reactions with 

peroxyl radicals. Chem Res Toxicol. 2000;13(9):801-810. 

18. Furukawa A, Oikawa S, Murata M, Hiraku Y, Kawanishi S. (-)-Epigallocatechin gallate causes 

oxidative damage to isolated and cellular DNA. Biochem Pharmacol. 2003;66(9):1769-1778. 

19. Sutherland BA, Rahman RMA, Appleton I. Mechanisms of action of green tea catechins, with a focus 

on ischemia-induced neurodegeneration. J Nutr Biochem. 2006;17(5):291-306. 

20. Furtado RA, De Araújo FRR, Resende FA, Cunha WR, Tavares DC. Protective effect of rosmarinic 

acid on V79 cells evaluated by the micronucleus and comet assays. J Appl Toxicol. 2010;30(3):254-

259. 

21. Quiles JL, Huertas JR, Battino M, Mataix J, Ramírez-Tortosa MC. Antioxidant nutrients and 

adriamycin toxicity. Toxicology. 2002;180(1):79-95. 

22. Al-Shdefat RI, Abd-Elaziz MA, Al-Saikhan FI. Genoprotective and genotoxic effects of thymoquinone 

on doxorubicin-induced damage in isolated human leukocytes. Trop J Pharm Res. 2014;13(12):2015-

2020. 

23. Ismail IH, Andrin C, McDonald D, Hendzel MJ. BMI1-mediated histone ubiquitylation promotes DNA 

double-strand break repair. J Cell Biol. 2010;191(1):45-60. 

24. Wellington K, Jarvis B. Silymarin: a review of its clinical properties in the management of hepatic 

disorders. BioDrugs. 2001;15(7):465-489. 

25. Sirangelo I, Liccardo M, Iannuzzi C. Hydroxytyrosol Prevents Doxorubicin-Induced Oxidative Stress 

and Apoptosis in Cardiomyocytes. Antioxidants (Basel). 2022;11(6):1087. 

26. Laplante M, Sabatini DM. mTOR signaling in growth control and disease. Cell. 2012;149:274–293.   

27. Dazert E, Hall MN. mTOR signaling in disease. Curr Opin Cell Biol. 2011;23:744–755. 

28. Xiao J, Ho CT, Liong EC, et al. Epigallocatechin gallate attenuates fibrosis, oxidative stress, and 

inflammation in non-alcoholic fatty liver disease rat model through TGF/SMAD, PI3 K/Akt/FoxO1, 

and NF-kappa B pathways. Eur J Nutr. 2014;53(1):187-199. 

29. Van Aller GS, Carson JD, Tang W, et al. Epigallocatechin gallate (EGCG), a major component of green 

tea, is a dual phosphoinositide-3-kinase/mTOR inhibitor. Biochem Biophys Res Commun. 

2011;406(2):194-199. 

30. Zhao D, Yang J, Yang L. Insights for Oxidative Stress and mTOR Signaling in Myocardial 

Ischemia/Reperfusion Injury under Diabetes. Oxid Med Cell Longev. 2017;2017:6437467. 

31. Aramburu J, Ortells MC, Tejedor S, Buxadé M, López-Rodríguez C. Transcriptional regulation of the 

stress response by mTOR. Sci Signal. 2014;7(332):re2. 

32. Oka SI, Hirata T, Suzuki W, et al. Thioredoxin-1 maintains mechanistic target of rapamycin (mTOR) 

function during oxidative stress in cardiomyocytes. J Biol Chem. 2017;292(46):18988-19000. 

33. Azam S, Hadi N, Khan NU, Hadi SM. Prooxidant property of green tea polyphenols epicatechin and 

epigallocatechin-3-gallate: implications for anticancer properties. Toxicol In Vitro. 2004;18(5):555-561. 

34. Lou K, Yang M, Duan E, et al. Rosmarinic acid stimulates liver regeneration through the mTOR 

pathway. Phytomedicine. 2016;23(13):1574-1582. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

un
co

rre
cte

d p
roo

f



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. (a). Chemical structure of Rosmarinic acid. (b). Chemical structure of Epigallocatechin gallate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Cells were treated with different concentrations of DOX, RA, EGCG, and their combinations for 24h. 

Viability was quantitated by WST-1 assay. *p ≤ 0.05 vs. Control group and ap ≤ 0.05 vs. DOX 500 nM group 

 

 
Figure 3. ROS formation in CHO-K1 cells treated with 1000 nM Dox for 0.5 to 2 hours using DHE assay. A). 

DHE fluorescence was quantified using image j software, which measured the mean grey value of 200 cells. B). 

Results are shown as mean ± SEM of three separate tests. *p ≤ 0.05 vs. Control group. Dox: Doxorubicin. 
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Figure 4. ROS production and its inhibition by RA in CHO-K1 cells. DHE fluorescence was quantified using 

image j software, which measured the mean grey value of 200 cells Results are shown as mean ± SEM of three 

independent tests. Kruskal Wallis test was used for analysis, *p ≤ 0.05 vs. Control and  #p≤ 0.05 vs. Dox 1000 

nM. Dox: Doxorubicin, RA: Rosmarinic acid. 

 

 

Figure 5. Intracellular ROS after treating the cells with RA 1mM and EGCG (50, 100 µM)  for 2 h with and 

without the addition of Dox. DHE fluorescence was quantified using image j software, which measured the mean 

grey value of 200 cells. Results are shown as mean ± SEM of three independent tests. *p ≤ 0.05 vs. Control and 

#p≤ 0.05 vs. Dox 1000 nM. Dox: Doxorubicin, RA: Rosmarinic acid, EGCG: Epigallocatechin gallate 
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Figure 6. Alkaline comet assay results (tail intensity) obtained in CHO-K1 cells after treatment with different 

compounds. a) Concentration-dependent increase in DNA damage after 4 hours of DOX treatment in CHO-K1 

cells. *p ≤ 0.05 vs. Control group. b) DNA damage induction by Dox treatment with or without RA inhibition in 

CHO-K1 cells. *p ≤ 0.05 vs. Control and #p≤ 0.05 vs. Dox 1000nM. c) DNA damage induction by Dox 

treatment with or without EGCG in CHO-K1 cells. *p ≤ 0.05 vs. Control group. d) DNA damage induction by 

Dox treatment with or without RA and EGCG combination in CHO-K1 cells. *p ≤ 0.05 vs. Control and #p≤ 0.05 

vs. Dox 1000nM. In the evaluation of comet analysis results, each treatment group had 100 cells evaluated, with 

the findings represented as a percentage of DNA in the tail. The data are given as Mean ± Standard Error of 

Mean (SEM) of 3 independent experiments. Dox: Doxorubicin, RA: Rosmarinic acid, EGCG: Epigallocatechin 

gallate 
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Figure 7. Western blot analysis a) mTOR protein level after 24 h of DOX treatment in CHO-K1 cells. *p ≤ 0.05 

vs. Control group. b) Dox treatment with or without RA in CHO-K1 cells. *p ≤ 0.05 vs. Control and #p≤ 0.05 vs. 

Dox 500nM. c) Dox treatment with or without EGCG in CHO-K1 cells. *p ≤ 0.05 vs. Control group. Protein 

levels were normalized to β-actin. Data are given as a mean of (n = 3) ± SEM 

 

 

 

 

Table 1. IC50-values of CHO-K1 cells after 24, 48 and 72 h of incubation with DOX 

and EGCG. 

 

Compounds IC50 

24 h 48 h 72 h 

DOX (nM) 696.8 ± 1.4 467.2 ± 2.2 131 ± 2.7 

EGCG (µM) 305 ± 0.4 277 ± 1.5 260.5 ± 3.3 

Values are expressed as mean ± SD of triplicate experiments. 
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