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Abstract

Aim: Doxorubicin (DOX), an anthracycline, is widely used in chemotherapy due to its effectiveness in fighting many cancers. 
Experimental and clinical studies prove that this drug damages non-targeted tissues (including cardiomyocytes) and reduces 
patients' quality of life during and after DOX treatment. The discovery of potent compounds as a protective tool to slow cardiomyocyte 
damage during the use of anti-cancer drugs such as DOX is crucial for both more effective cancer treatment and to improve patient's 
quality of life. Gossypin (GOS) is a flavonoid with several important properties, such as anti-cancer, analgesic, antioxidant, and anti-
inflammatory. GOS shows supportive effects against oxidative stress and inflammation by activating antioxidant defense enzymes.
Material and Method: For the study, four groups were formed from H9c2 embryonic cardiomyocyte cells as Control, DOX (1 μM, 48 
h), GOS25 (25 µg/ml, 48 h), and GOS50 (50 µg/ml, 48 h). In the study, Total antioxidant and oxidant status (TAS and TOS), levels of 
the inflammatory cytokines IL 1 beta and 6, and TNF α, lipid peroxidation levels as malondialdehyde (MDA), glutathione peroxidase 
(GSHPx), and glutathione (GSH) levels in the H9c2 embryonic cardiomyocyte cells were determined. 
Results: The results showed that DOX treatment caused cell toxicity in the embryonic cardiomyocyte cells and increased TOS, IL 1 
beta and 6, TNF α, and MDA levels while decreasing TAS, GSH, and GSHPx levels. This situation improved with GOS treatment.
Conclusion: As a result, it was determined that GOS treatment showed a protective effect in the DOX-induced cell toxicity model in 
H9c2 embryonic cardiomyocyte cell lines. 
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INTRODUCTION 
Doxorubicin (DOX), an anthracycline and one of the most 
effective anti-cancer drugs since the 1960s, is widely 
used in chemotherapy and is effective against many 
types of cancer, including blood cancer, sarcoma, and 
cancer (1). However, experimental and clinical studies 
have shown that DOX is toxic to non-target organs and 
reduces the quality of life during and after treatment (2). 
Known harmful side effects such as myelosuppression, 
cardiotoxicity, brain, kidney, and liver toxicity, and alopecia 
limit the clinical use of this drug (3-5).

It is unknown which factors are involved in the mechanisms 
of cardio-toxicity induced by DOX. Reports in the literature 
suggest that oxidative stress and inflammation may 
be important mechanisms underlying cardiotoxicity 

(6,7). Increased reactive oxygen species (ROS) have 
been reported to cause lipid peroxidation, organelle 
damage, and cellular signaling imbalances in various 
cells, including cardiomyocytes (8-11). In addition, some 
reports that increased oxidative stress with DOX exposure 
increase the release of pro-inflammatory cytokines such 
as interleukin 1 beta (IL 1 beta) and tumor necrosis factor 
alpha (TNF α) (6,12).

The discovery of potent compounds as a protective tool to 
slow down myocyte damage during the use of anti-cancer 
drugs such as DOX is crucial both for more effective 
cancer treatment and for improving patients' quality of 
life. Gossypin (GOS) is a flavonoid with various essential 
properties such as anticancer, analgesic, antioxidant, 
and anti-inflammatory (13,14). GOS shows its supportive 

C I T A T I O N
Yazgan Y, Yazgan B. Gossypin Regulated Doxorubicin-Induced Oxidative Stress and Inflammation in H9c2 Cardiomyocyte 
Cells. Med Records. 2024;6(1):44-9. DOI:1037990/medr.1383719

https://orcid.org/0000-0002-5613-6906
https://orcid.org/0000-0002-4029-2007
https://creativecommons.org/licenses/by-nc-nd/4.0/


45

Med Records 2024;6(1):44-9DOI: 10.37990/medr.1383719

effects against oxidative stress and inflammation by 
activating antioxidant defense enzymes (15). Although 
DOX is an effective chemo-therapeutic agent, cardio-
toxicity is known to contribute to patient mortality (11). 
There are many experimental and clinical studies in the 
literature investigating how to reduce the cardio-toxic 
effects of DOX (10,11,16,17). Cardio-protective effects of 
GOS have been reported in a limited number of in vitro and 
in vivo experimental studies (13,18). However, whether 
GOS can ameliorate the cardio-toxic effects of DOX, which 
is widely used in many cancers, has not been investigated. 
Therefore, this study was designed to examine whether 
GOS has protective effects against DOX-induced cardio-
toxicity in a dose-dependent manner in the H9c2 cell line. 
This cell line is a cardio-myoblast derived from embryonic 
rat heart tissue and is widely used in heart disease 
research (13,19,20). 

In this study, we evaluated the protective effects of GOS on 
rat H9c2 embryonic cardiomyocytes by determining the 
oxidant/antioxidant status (TAS, TOS, GSHPx activation, 
GSH, and lipid peroxidation levels). In addition, we aimed 
to evaluate the inflammation status in myocytes by 
investigating inflammatory cytokines IL 1 beta and 6 and 
TNF α levels in H9c2 embryonic cardiomyocyte cells.

MATERIAL AND METHOD 
Chemicals and ELISA Kits

GOS (Cat; 652-78-8) was purchased from Sigma Aldrich 
C. (USA/St Louis). DOX (Cat; T1020) was purchased by 
TargetMol (Target Molecule Corp., USA). IL 6 (Sunred, Cat; 
SRB-T-83168), IL 1 beta (Sunred, Cat; SRB-T-83324), and 
TNF α (Sunred, Cat: SRB-T-82883) were purchased from 
SunRed Biotechnology Company (SRB) Ltd (Shanghai, 
China). Total Oxidant and Total Antioxidant Capacity 
(TOS and TAS) ELISA kit was obtained from Rel Assay 
(Gaziantep/Türkiye).

Cell Culture and Experimental Groups

A growth medium was prepared for the cells used in the 
research according to the instructions provided by the 
seller. FBS (cytiva Cat; SV30160.03) (10%) and penicillin/
streptomycin (biosera Cat; LM-A4118) (1%) were added 
to equivalent volumes of DMEM (biowest Cat; L0064) as 
growth medium contents. Cells were cultured in 25 cm2 
culture flasks in an incubator at 37°C under a 5% CO2 
atmosphere. H9c2 embryonic cardiomyocyte cell lines 
were divided into four groups and incubated according 
to the experimental procedure. DOX and GOS were 
freshly prepared on the experimental days. The following 
incubation procedure was applied to the experimental 
groups. After the incubation period was completed, the 
cells were washed with fresh 1xPhosphate Buffered Saline 
(Biochrom/Germany), and 0.25% Trypsin-EDTA (Sigma-
Aldrich) was applied to separate the cells from the flask 
floor. After completing the experimental steps, analyses 
were performed for all groups.

For the study, H9c2 cardiomyocyte cells in the experiment 

were divided into four groups as follows.

Control group (n=5), the cardiomyocyte cells were kept in 
a culture medium for 48 hours without treatment.

DOX group (n=5), the cardiomyocyte cells were incubated 
with DOX (1 μM for 48 h) (11,21).

GOS25 group (n=5), cardiomyocyte cells in this group 
were pretreated with GOS (25 µg/ml) 3 hours before DOX 
treatment and then incubated with DOX (1 μM) for 48 
hours (13).

GOS50 group (n=5), cardiomyocyte cells in this group 
were pretreated with GOS (50 µg/ml) 3 hours before DOX 
treatment and then incubated with DOX (1 μM) for 48 
hours (13).

Preparation of Cells Homogenates 

For each group, cells were transferred into separate 
sterile falcon tubes and centrifuged according to the kit 
procedure (1000 rpm and 20 min). After centrifugation, 
the supernatants on the top of the falcon tubes were 
removed with the help of an automatic pipette, the cells 
were suspended in PBS, and a cell suspension with a 
density of approximately 1×106 cell/ml was obtained. The 
cell structure was lysed (PBS) by freeze-thaw repetition, 
and the mixture was centrifuged (4000 rpm, 10 min) after 
removal of cytoplasmic components. The supernatant 
remaining at the top of the falcon tubes was removed with 
pipettes and taken in Eppendorf tubes for analysis. The 
Bradford protein assay kit (Merck-Millipore) measured 
total protein levels in the groups.

Analyses

Measurement of Total Oxidant-Antioxidant and 
Inflammatory Cytokines Levels in the H9c2 Embryonic 
Cardiomyocyte Cells 

TOS and TAS and inflammatory cytokines (IL 6 and 1 
beta and TNF α) levels in H9c2 embryonic cardiomyocyte 
supernatants were determined using ELISA kits. For 
the analyses, supernatants were first incubated (37°C, 
60 min) by the protocols specified by the companies 
for commercial kits and then placed in 96-well plates 
with automatic pipettes. The supernatant and standard 
samples placed on the plate were incubated for 60 minutes, 
followed by washing steps, and then staining solutions 
were added and incubated (15 min). A stop solution was 
added at the end of all these procedures, and absorbance 
values were read on an ELISA (BioTek Epoch™) microplate 
spectrophotometer (22).

Measurement of Glutathione/Glutathione Peroxidase 
and Lipid Peroxidation Levels in the H9c2 Embryonic 
Cardiomyocyte Cell

Lipid peroxidation activity, which is known as 
malondialdehyde (MDA) release in DOX-induced cell 
toxicity in H9c2 embryonic cardiomyocyte cells, was 
determined by thiobarbituric acid (TBARS) reaction in a 
highly sensitive spectrophotometer (V-730 UV-Visible 
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Spectrophotometer, Japan) according to the method of 
Placer et al. All cell groups were reconstituted with 1/9 
(2.25 ml) TBARS solution. The experiment used a mixture 
of 0.25 ml phosphate buffer and 1/9 of TBARS as a blind. 
Samples and blind were kept in 100 °C water for 20 
minutes (23,24). It was then cooled on ice and centrifuged 
(1000 g, 5 min). The upper pink liquid was taken with 
an automatic pipette and read against the blind in a 
spectrophotometer at 532 nm wavelength in a 1 cm light 
transmission cuvette. The standard was standard: 1, 1, 1, 
3, 3 tetraethoxy propane solution prepared in the same 
proportions. Values were determined as µmol/g protein.

GSH levels of H9c2 embryonic cardiomyocyte cells were 
determined spectrophotometrically (412 nm) using 
the Sedlak and Lindsay method (25). H9c2 embryonic 
cardiomyocyte cells (106 cells per mL) were transferred to 
sterile falcon tubes with the help of an automatic pipette 
and centrifuged to separate the proteins after mixing with 
10% trichloroacetic acid. After centrifugation, 0.1 ml of the 
supernatant remaining on the falcon tube was taken and 
placed in a glass tube, 0.5 mL 5.5-dithiobis (2-nitrobenzoic 
acid), 2 mL phosphate buffer (pH 8.4), and 0.4 mL distilled 
water were added. The resulting sample was read (412 
nm) in a spectrophotometer. Values were determined as 
µmol/g protein.

GSHPx levels of H9c2 embryonic cardiomyocyte cells 
were determined spectrophotometrically at 412 nm by 
the method of Lawrence and Burk (26). GSHPx activity 
was expressed as international units (IU) oxidized 
glutathione/g protein.

Statistical Analysis 

All data are expressed as mean±standard deviation in 
this study, and data analysis was performed by one-
way ANOVA using SPSS. For all data with a statistically 
significant difference, the post-hoc Tukey test was used. 
p≤0.05 was considered to be statistically significant.

RESULTS
Effect of Gossypin on TOS and TAS Levels in H9c2 
Embryonic Cardiomyocyte Cells 

It is shown in Figure 1 that GOS treatment modulated the 
decrease in TAS and increase in TOS levels as a result of 
DOX treatment in H9c2 embryonic cardiomyocyte cells. A 
significant increase in TOS levels (Figure 1A) was observed 
in the DOX-treated group was compared to Control, GOS25, 
and GOS50 groups (p≤0.05), and in parallel, a significant 
decrease in TAS levels (Figure 1B) was observed in the 
DOX-treated group was compared to Control, GOS25, and 
GOS50 groups (p≤0.05). The decrease in TAS and increase 
in TOS levels after DOX treatment in H9c2 embryonic 
cardiomyocyte cells were regulated by GOS treatment. 
Significant results were obtained in TAS and TOS levels 
in H9c2 embryonic cardiomyocyte cells pretreated with 
25 and 50 µg/ml of GOS. However, the 50 µg/ml of GOS 
further regulated the DOX-induced and disrupted oxidant/
antioxidant balance.

Figure 1. Effect of GOS on TOS (1A) and TAS (1B) levels in H9c2 embryonic 
cardiomyocyte cells after DOX-induced cell toxicity (mean±SD). (ap≤0.05 
vs Control group, bp≤0.05 vs DOX group, cp≤0.05 vs GOS25 group)

Effect of Gossypin on Inflammatory Cytokines Levels in 
H9c2 Embryonic Cardiomyocyte Cells After Doxorubicin-
induced Cell Toxicity 

GOS treatment modulated DOX-induced IL 6 and 1-beta, 
and TNF α levels in the H9c2 embryonic cardiomyocyte 
cells are shown in Figure 2. When the DOX-induced treated 
group was compared to the Control, GOS25, and GOS50 
groups between the groups, it was observed that the IL 
1 beta, IL 6 (Figure 2A-2B), and TNF α (Figure 2C) levels 
increased considerably (p≤0.05). The increase in IL 1 
beta and 6 and TNF α levels after DOX treatment in H9c2 
embryonic cardiomyocyte cells was regulated by GOS 
treatment. Significant results were obtained in IL 6 and 1 
beta, and TNF α levels in H9c2 embryonic cardiomyocyte 
cells pretreated with 25 and 50 µg/ml doses of GOS; 
however, the 50 µg/ml dose of GOS further regulated the 
DOX-induced and disrupted inflammation balance.

Figure 2. Effect of GOS on IL 1β (2A), IL 6 (2B), and TNF α (2C) levels 
in H9c2 embryonic cardiomyocyte cells after DOX-induced cell toxicity 
(mean±SD). (ap≤0.05 vs Control group, bp≤0.05 vs DOX group, cp≤0.05 vs 
GOS25 group)

The Gossypin Treatment Attenuated the Doxorubicin-
induced Changes in GSH, GSHPx, and MDA Levels

The changes in GSH, GSHPx, and MDA levels in cells 
against DOX-induced cell toxicity of GOS in the groups 
formed were measured with the spectrophotometrically 
(V-730 UV-Visible Spectrophotometer, Japan). It is shown 
in Figure 3 that GOS treatment modulated the increase in 
oxidative stress (MDA) and decrease in antioxidant (GSH 
and GSHPx) levels as a result of DOX treatment in H9c2 
embryonic cardiomyocyte cells. When the DOX-induced 
treated group was compared to the Control, GOS25, and 
GOS50 groups, it was observed that the GSH levels (Figure 
3A) and GSHPx levels (Figure 3B) decreased considerably 
(p≤0.05). MDA levels (Figure 3C) were significantly 
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increased between the groups when the DOX-induced 
treated group was compared to the Control, GOS25, and 
GOS50 groups (p≤0.05). The decrease in GSHPx and GSH 
levels and increase in MDA levels after DOX treatment in 
H9c2 embryonic cardiomyocyte cells were regulated by 
GOS treatment. Significant results were obtained in GSH, 
GSHPx, and MDA levels in H9c2 embryonic cardiomyocyte 
cells pretreated with 25 and 50 µg/ml doses of GOS. 
However, the 50 µg/ml dose of GOS further regulated the 
DOX-induced and disrupted oxidant/antioxidant balance.

Figure 3. Effect of GOS on GSH (3A), GSHPx (3B), and MDA (3C) levels 
in H9c2 embryonic cardiomyocyte cells after DOX-induced cell toxicity 
(mean±SD). (ap≤0.05 vs Control group, bp≤0.05 vs DOX group, cp≤ 0.05 vs 
GOS25 group)

DISCUSSION 
DOX is a vital drug widely used in cancer treatment since 
the 1960s (1,7). However, its cardiotoxic effects limit its 
use. It has been emphasized that the cardio-toxic effects 
of DOX are multifactorial and cause functional disorders in 
cardiomyocyte cells (27). Based on the physiopathological 
mechanisms of DOX-induced cardio-toxicity, it may be 
possible to reduce the side effects of the drug. In this 
study, we investigated whether GOS administration is 
protective against the cardio-toxic effects of DOX. For this 
purpose, we applied GOS at two different doses (25 µg/ml 
and 50 µg/ml) in H9c2 cells.  Our results showed that DOX 
treatment-induced cardiotoxicity in H9c2 cardiomyocytes 
and that GOS treatment ameliorated the cardiac damage 
at both doses, but to a greater extent at the 50 µg/ml dose.

One of the most widely accepted damage mechanisms 
for DOX-induced cardio-toxicity is the activation of 
damage mechanisms due to increased oxidative stress 
(5,6,28). Shaker et al. reported a significant increase in 
lipid peroxidation and a reduction in TAS levels in the rat 
heart after DOX administration (6). Similarly, it has been 
reported that there is a decrease in GSH and GSHPx levels 
in rats administered DOX and that limonin, known for its 
antioxidant properties, is beneficial in preventing cardiac 
damage (29). In another study, Yıldızhan et al. found that 
DOX therapy caused a significant decrease in the levels of 
GSHPx and GSH in the serum and samples of heart tissue. 
In contrast, selenium administration with antioxidant 
effects caused a considerable increase in GSH and 
GSHPx levels (7). DOX treatment was shown to increase 
lipid peroxidation levels, particularly in heart tissue, in 

another experimental study. However, it decreased GSH 
and GSHPx levels (30). In another in vivo and in vitro 
study, heart tissue from mice exposed to oxidative stress 
and an H9c2 embryonic cardiomyocyte cell line showed a 
significant reduction in superoxide dismutase (SOD) and 
GSH activity (13). Our data showed that DOX treatment 
significantly increased lipid peroxidation and TOS levels 
and significantly decreased TAS levels in H9c2 embryonic 
cardiomyocyte cells, consistent with previous studies. 
Similar to previous studies, the reduction in DOX-induced 
GSH and GSHPx activity demonstrated the depletion 
of cardiac antioxidant enzymes. Cinar and colleagues 
reported an increase in SOD activity and GSH levels in mice 
and H9c2 embryonic cardiomyocyte cells and a reduction 
in lipid peroxidation levels when GOS was administered in 
various dosages (13).

GOS is an essential flavonoid with potent antioxidant 
and anti-inflammatory properties (14). GOS shows 
its supportive effects against oxidative stress and 
inflammation by activating antioxidant defense enzymes 
(15). Cinar and colleagues reported that SOD activity 
and GSH levels increased and lipid peroxidation levels 
decreased in mice and H9c2 embryonic cardiomyocyte 
cells in a study testing the antioxidant effects of various 
doses of GOS (13). In the same study in which they applied 
GOS at doses of 25, 50, and 100 µg/ml, they found that the 
most effective amount of GOS in H9c2 cells was 50 and 
100 µg/ml. In our study, we found that GSH, GSHPx, and 
TAS were significantly increased in the GOS25 and GOS50 
groups compared to the DOX group. Furthermore, GOS25 
and GOS50 significantly reduced lipid peroxidation and 
TOS levels compared to the DOX group. Thus, we found 
that GOS pre-treatment reduced DOX toxicity in myocytes 
at both doses (25 and 50 µg/ml).

We predict the activation of pro-inflammatory cytokines 
in cardiac tissue in the physiopathological process of 
DOX-induced cardio-toxicity. It has been demonstrated in 
clinical and experimental studies that DOX therapy causes 
myocardial inflammation (6,31-33). There have been 
important reports showing that DOX therapy induces the 
release of various pro-inflammatory cytokines, including 
TNF α, and causes several inflammatory responses in 
the myocardium (6,34). We demonstrated significant 
increases in cardiac IL 1 beta and 6 and TNF α in the DOX 
group compared to the control group, in line with these 
reports. The results of this study support the critical role 
of inflammation in the pathogenesis of DOX-induced 
cardio-toxicity. When these results are evaluated with 
the oxidative parameters obtained in this study, they 
suggest that increased inflammatory markers may be 
associated with impaired antioxidant capacity (low TAS, 
high TOS levels) and lipid peroxidation. Yıldızhan et al. 
reported increased IL 1 beta, TNF α, and ROS levels with 
significantly reduced GSH and GSHPx levels in the DOX 
group, consistent with the results of this study (7).

The anti-inflammatory effects of GOS have been reported 
in the literature (14,18). In a study investigating the 
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curative impact of GOS against gentamicin-induced 
nephron-toxicity in rats, inflammatory cytokines in renal 
tissues were reduced by (TNF α and IL 6) GOS therapy (15).  
In another study, IL 1 beta and TNF α mRNA expression 
induced by H2O2 in L929 fibroblast cells was significantly 
reduced with different doses of GOS treatment (25 and 50 
µg/mL) (35). Our data showed that DOX treatment in an 
embryonic cardiomyocyte cell line caused a significant 
increase in IL 1 beta and 6 and TNF α. Against DOX 
toxicity, we found that GOS pre-treatment reduced these 
inflammatory cytokines. In our study, in the GOS25 and 
GOS50 groups, IL 1 beta and 6 and TNF α levels decreased 
significantly in a dose-dependent manner, more effectively 
in the GOS50 group than in the DOX group. This suggests 
that GOS treatment may have a beneficial effect on 
inflammation in heart muscle tissue.

Thus, we demonstrated the protective effect of GOS on 
heart tissue using an H9c2 embryonic cardiomyocyte 
cell line. In conclusion, the findings in the literature and 
the results of this study emphasize that GOS, a potent 
antioxidant and anti-inflammatory agent, can be used as 
a cardio-protective agent against DOX toxicity.

CONCLUSION
It is known that the cardio-toxic effects of DOX, which is 
widely used in cancer treatment, are multifactorial and 
cause functional disorders in cardiac cells. Based on the 
physiopathologic mechanisms of DOX-induced cardio-
toxicity, it is vital to find therapies to reduce the side 
effects of the drug.

This study demonstrated DOX-induced cellular toxicity 
in H9c2 embryonic cardiomyocyte cells by disrupting the 
oxidant/antioxidant balance and increasing the release 
of inflammatory cytokines. In addition, critical preclinical 
data were provided to the literature by determining the 
curative efficacy of GOS. While these data indicate the 
possibility of using natural substances such as GOS to 
reduce damage during cancer treatment, more preclinical 
research is needed.

Financial disclosures: The authors declared that this study has 
received no financial support. 

Conflict of interest: The authors have no conflicts of interest to 
declare.

Ethical approval: The current study has no study with human and 
human participants. The study is not subject to ethics committee 
approval. Ethics Committee Approval is not required for cell culture 
studies.

REFERENCES
1. Zhang J, Li W, Xue S, et al. Qishen granule attenuates 

doxorubicin-induced cardiotoxicity by protecting 
mitochondrial function and reducing oxidative stress 
through regulation of Sirtuin3. J Ethnopharmacol. 2023 Sep 
13. doi: 10.1016/j.jep.2023.117134. [Epub ahead of print].

2. Yildizhan K, Huyut Z, Altındağ F, Uçar B. Effect of selenium 

and N-(P-Amylcinnamoyl) anthranilic acid on doxorubicin-
induced kidney injury in rats. Journal of Inonu University 
Health Services Vocational School. 2023;11:1181-91. 

3. Anker MS, Hadzibegovic S, Lena A, et al. Recent advances in 
cardio-oncology: a report from the ’heart failure association 
2019 and world congress on acute heart failure 2019’. ESC 
Heart Fail. 2019;6:1140-8.

4. Catanzaro MP, Weiner A, Kaminaris A, et al. Doxorubicin-
induced cardiomyocyte death is mediated by unchecked 
mitochondrial fission and mitophagy. FASEB J. 
2019;33:11096-108.

5. Christidi E, Brunham LR. Regulated cell death pathways 
in doxorubicin-induced cardiotoxicity. Cell Death Dis. 
2021;12:339.

6. Shaker RA, Abboud SH, Assad HC, Hadi N. Enoxaparin 
attenuates doxorubicin induced cardiotoxicity in rats 
via interfering with oxidative stress, inflammation and 
apoptosis. BMC Pharmacol Toxicol. 2018;19:3. 

7. Yıldızhan K, Huyut Z, Altındağ F. Involvement of TRPM2 
channel on doxorubicin-induced experimental cardiotoxicity 
model: protective role of selenium. Biol Trace Elem Res. 
2023;201:2458-69. 

8. Yazğan B, Yazğan Y, Nazıroğlu M. Alpha-lipoic acid 
modulates the diabetes mellitus-mediated neuropathic pain 
via inhibition of the TRPV1 channel, apoptosis, and oxidative 
stress in rats. J Bioenerg Biomembr. 2023;55:179-93.

9. Yazğan B, Yazğan Y. Regulatory role of phospholipase A2 
inhibitor in oxidative stress and inflammation induced by an 
experimental mouse migraine model. J Cell Neurosci Oxid 
Stress. 2023;15:1147-56.

10. Koçkar MC, Nazıroğlu M, Celik O, et al. N-acetylcysteine 
modulates doxorubicin-induced oxidative stress and 
antioxidant vitamin concentrations in liver of rats. Cell 
Biochem Funct. 2010;28:673-7.

11. Hsieh DJ, Tsai BC, Barik P, et al. Human adipose-derived 
stem cells preconditioned with a novel herbal formulation 
Jing Shi attenuate doxorubicin-induced cardiac damage. 
Aging (Albany NY). 2023;15:9167-81. 

12. Abd El-Aziz TA, Mohamed RH, Pasha HF, Abdel-Aziz 
HR. Catechin protects against oxidative stress and 
inflammatory-mediated cardiotoxicity in Adriamycin treated 
rats. Clin Exp Med. 2012;12:233-40.

13. Cinar I, Yayla M, Tavaci T, et al. In vivo and in vitro 
cardioprotective effect of gossypin against isoproterenol-
induced myocardial infarction injury. Cardiovasc Toxicol. 
2022;22:52-62. 

14. Song B, Shen X, Tong C, et al. Gossypin: a flavonoid with 
diverse pharmacological effects. Chem Biol Drug Des. 
2023;101:131-7. 

15. Katary M, Salahuddin A. Ameliorative effect of gossypin 
against gentamicin-induced nephrotoxicity in rats. Life Sci. 
2017;176:75-81. 

16. Zhang Q, Li J, Peng S, et al. Rosmarinic acid as a candidate 
in a phenotypic profiling cardio-/cytotoxicity cell model 
induced by doxorubicin. Molecules. 2020;25:836. 

17. Werida RH, Elshafiey RA, Ghoneim A, et al. Role of alpha-



49

Med Records 2024;6(1):44-9DOI: 10.37990/medr.1383719

lipoic acid in counteracting paclitaxel- and doxorubicin-
induced toxicities: a randomized controlled trial in breast 
cancer patients. Support Care Cancer. 2022;30:7281-92. 

18. Cheng G, Zhang J, Jia S, et al. Cardioprotective effect of 
gossypin against myocardial ischemic/reperfusion in rats 
via alteration of oxidative stress, inflammation and gut 
microbiota. J Inflamm Res. 2022;15:1637-51. 

19. Hu C, Zhang X, Song P, et al. Meteorin-like protein attenuates 
doxorubicin-induced cardiotoxicity via activating cAMP/
PKA/SIRT1 pathway. Redox Biol. 2020;37:101747. 

20. Kuznetsov AV, Javadov S, Sickinger S, et al. H9c2 and HL-1 
cells demonstrate distinct features of energy metabolism, 
mitochondrial function and sensitivity to hypoxia-
reoxygenation. Biochim Biophys Acta. 2015;1853:276-84.

21. Kanno SI, Hara A. Everolimus prevents doxorubicin-induced 
apoptosis in H9c2 cardiomyocytes but not in MCF-7 cancer 
cells: Cardioprotective roles of autophagy, mitophagy, and 
AKT. Toxicol In Vitro. 2023;93:105698.

22. Yazğan Y, Nazıroğlu M. Involvement of TRPM2 in the 
neurobiology of experimental migraine: focus on oxidative 
stress and apoptosis. Mol Neurobiol. 2021;58:5581-601.

23. Yazğan B, Yazğan Y. Potent antioxidant alpha lipoic acid 
reduces STZ-induced oxidative stress and apoptosis levels 
in the erythrocytes and brain cells of diabetic rats. J Cell 
Neurosci Oxid Stress. 2022;14:1085-94.

24. Placer ZA, Cushman LL, Johnson BC. Estimation of product 
of lipid peroxidation (malonyl dialdehyde) in biochemical 
systems. Anal Biochem. 1966;16:359-64.

25. Sedlak J, Lindsay RH. Estimation of total, protein-bound, 
and nonprotein sulfhydryl groups in tissue with Ellman's 
reagent. Anal Biochem. 1968;24;25:192-205.

26. Lawrence RA, Burk RF. Glutathione peroxidase activity in 
selenium-deficient rat liver. Biochem Biophys Res Commun. 
1976;71:952-8. 

27. Sheibani M, Azizi Y, Shayan M, et al. Doxorubicin-induced 
cardiotoxicity: an overview on pre-clinical therapeutic 
approaches. Cardiovasc Toxicol. 2022;22:292-310.

28. Saleh Ahmed AS. Potential protective effect of catechin 
on doxorubicin-induced cardiotoxicity in adult male albino 
rats. Toxicol Mech Methods. 2022;32:97-105.

29. Deng J, Huang M, Wu H. Protective efect of limonin 
against doxorubicin-induced cardiotoxicity via activating 
nuclear factor - like 2 and Sirtuin 2 signaling pathways. 
Bioengineered. 2021;12:7975-84.

30. Ekinci Akdemir FN, Yildirim S, Kandemir FM, et al. Protective 
efects of gallic acid on doxorubicin-induced cardiotoxicity; 
an experimantal study. Arch Physiol Biochem. 2021;127:258-
65.

31. Broeyer FJ, Osanto S, Suzuki J, et al. Evaluation of 
lecithinized human recombinant super oxide dismutase 
as cardioprotectant in anthracycline-treated breast cancer 
patients. Br J Clin Pharmacol. 2014;78:950-60. 

32. Sun Z, Yan B, YanYu W, et al. Vitexin attenuates acute 
doxorubicin cardiotoxicity in rats via the suppression of 
oxidative stress, inflammation and apoptosis and the 
activation of FOXO3a. Exp Ther Med. 2016;12:1879-84.

33. He Y, Yang Z, Li J, Li E. Dexmedetomidine reduces the 
inflammation and apoptosis of doxorubicin-induced 
myocardial cells. Exp Mol Pathol. 2020;113:104371. 

34. Sun Z, Lu W, Lin N, et al. Dihydromyricetin alleviates 
doxorubicin-induced cardiotoxicity by inhibiting NLRP3 
inflammasome through activation of SIRT1. Biochem 
Pharmacol. 2020;175:113888.

35. Çınar I. Evaluation of protective effects of gossypin against 
hydrogen peroxide damage in L929 fibroblast cells. Kafkas 
J Med Sci. 2020;10:15-23.


