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ABSTRACT 

Doxorubicin is commonly used against solid and 

haematological malignancies but causes cardio toxicity 

marked by elevated cardiac biomarkers, oxidative stress, 

structural heart tissue damage, and eventual heart failure. Key 

mechanisms include reactive oxygen species (ROS) 

generation, lipid peroxidation, inflammatory cytokine 

upregulation, and apoptotic signaling in cardiomyocytes. 

Enhancing antioxidant and anti-inflammatory defenses remains 

a promising approach to mitigate these effects. Cyperus 

rotundus (nutgrass), widely used in Ayurvedic, Chinese, and 

traditional medicines, possesses antioxidant, anti-

inflammatory, vasodilator, and cardioprotective activities 

linked to its rich phytochemical profile. 

 

KEYWORDS: Chemotherapy, cardiotoxicity, and 

phytochemicals. 

 

INTRODUCTION 

Cardiotoxicity is a broad term that refers to the negative effects of toxic substances on the 

heart. Cancer drugs can cause cardiotoxicity by effects on heart cells, thromboembolic 

events, and/or hypertension that can lead to heart failure. Rheumatoid arthritis biologics may 

interfere with ischemic preconditioning and cause/worsen heart failure. Long-term and heavy 

alcohol use can result in oxidative stress, apoptosis, and decreased contractile protein 
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function. Cocaine use results in sympathetic nervous system stimulation of heart and smooth 

muscle cells and leads to cardiotoxicity and evolution of heart failure. The definition of 

cardiotoxicity is likely to evolve along with knowledge about detecting subclinical 

myocardial injury. 

 

Doxorubicin-Induced Cardiotoxicity: Mechanisms of Injury 

DOX cardiotoxicity involves multiple interacting pathways: 

 Oxidative stress: DOX undergoes redox cycling, generating free radicals and depleting 

endogenous antioxidants, which leads to lipid, protein, and DNA damage in cardiac 

tissue. 

 Inflammation: Elevated proinflammatory cytokines (e.g., TNF-α, IL-1β) contribute to 

myocardial injury. 

 Apoptosis: Activation of caspase-dependent pathways results in cardiomyocyte death. 

 Functional and biochemical changes: Increases in cardiac biomarkers (CK-MB, LDH, 

and troponin) and histopathological damage are characteristic. 

 

These mechanisms make DOX cardiotoxicity a target for interventions that reinforce 

antioxidant defenses, modulate inflammation, and preserve cellular integrity. 

 

Cyperus rotundus: Phytochemistry and Pharmacological Profile 

Phytochemical Constituents 

C. rotundus rhizomes contain essential oils, flavonoids, polyphenols, sesquiterpenes (e.g., 

α-cyperone), and other compounds that contribute to biological activity. 

These constituents are associated with radical scavenging, lipid peroxidation inhibition, and 

modulation of cellular signaling pathways relevant to oxidative and inflammatory stress. 

Pharmacological Activities. 

 

Experimental studies on C. rotundus reveal several activities relevant to cardioprotection. 

 Antioxidant activity: Extracts exhibit DPPH radical scavenging, metal chelation, nitric 

oxide scavenging, and protection against oxidative macromolecular damage. 

 Anti-inflammatory and immunomodulatory effects: Bioactive fractions reduced 

inflammatory responses and enhanced lymphocyte proliferation in rodent models. 

 Vasodilator and calcium channel modulation: Extracts demonstrated vasorelaxant 

properties in isolated vascular tissues, which could be relevant to cardiomyocyte stress 

responses. 
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In a myocardial injury model (isoproterenol-induced infarction), polyphenolic C. rotundus 

extracts modulated cardiac markers and reduced tissue necrosis, supporting potential 

cardioprotective effects beyond traditional uses. 

 

Potential Mechanisms of Cardioprotection by C. rotundus 

Although no direct studies on DOX and C. rotundus currently exist, based on its 

pharmacological profile, the following mechanisms may underlie cardioprotective potential. 

 

Attenuation of Oxidative Stress 

The antioxidant compounds in C. rotundus could reduce ROS generation and lipid 

peroxidation, a primary driver of DOX cardiotoxicity. Restoring antioxidant enzyme activity 

(e.g., SOD, catalase) is protective in many DOX models. 

 

Anti-Inflammatory Modulation 

Sesquiterpenes like α-cyperone have been shown to inhibit pro-inflammatory cytokine 

expression and NF-κB signaling. Similar pathways are implicated in DOX cardiac injury, 

suggesting C. rotundus could reduce inflammatory damage. 

 

Preservation of Cellular Integrity 

By reducing oxidative and inflammatory insults, C. rotundus components may stabilize 

cardiomyocyte membranes, lower biomarker leakage (CK-MB, LDH), and prevent 

apoptosis—mechanisms seen with other natural cardioprotectants. 

 

Mechanism of cardio toxicity 

First: What is Doxorubicin? 

Doxorubicin is a strong anticancer drug used in chemotherapy. 

It kills cancer cells. 

But it can also accidentally damage heart cells. 

That heart damage = cardiotoxicity. 

 

How Does Doxorubicin Damage the Heart? 

Imagine your heart is a factory that never stops working. 

It needs clean energy and healthy workers (heart cells). 

Doxorubicin causes trouble in 5 main ways. 
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Free Radical Formation 

Doxorubicin creates bad molecules called free radicals (Reactive Oxygen Species – ROS). 

Think of them like tiny sparks inside the cell. 

 

These sparks 

 Damage cell membrane 

 Damage proteins 

 Damage DNA 

 Damage mitochondria (energy factory of the cell) 

 

Heart cells are very sensitive because 

 They need LOTS of oxygen 

 They have weak antioxidant defense 

So they get injured easily. 

 

This is called oxidative stress 

Mitochondrial Damage 

Mitochondria = battery of the heart cell. 

 

Doxorubicin 

 Enters mitochondria 

 Disturbs energy production 

 Reduces ATP 

No energy = weak heart contraction. 

 

Lipid Peroxidation 

Free radicals attack fats in the cell membrane. 

 

This causes. 

 Membrane leakage 

 Loss of cell structure 

 Cell death 

 

In experiments, this increases 

 MDA (malondialdehyde) 
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Calcium Overload 

Doxorubicin disturbs calcium balance. 

 

Too much calcium inside heart cells 

 Causes abnormal contraction 

 Leads to arrhythmia 

 Triggers cell death 

 

Apoptosis (Programmed Cell Death) 

Doxorubicin activates: 

 Caspases 

 Pro-apoptotic proteins 

So heart cells commit ―suicide‖. 

Too many cells die → Heart becomes weak → Cardiomyopathy. 

 

What Happens Finally? 

All these lead to: 

 Myocardial degeneration 

 Reduced ejection fraction 

 Dilated cardiomyopathy 

 Increased CK-MB, LDH 

 ECG changes 

In severe cases → Heart failure. 

 

Summary Table 

Mechanism Drug Examples Effect on Heart 

Oxidative stress Doxorubicin, Cisplatin Lipid/protein/DNA damage 

Mitochondrial dysfunction Anthracyclines ATP depletion, apoptosis 

Ion channel disruption Antiarrhythmics, TKIs Arrhythmia 

 

Doxorubicin-induced cardio toxicity 

Introduction 

Doxorubicin is an anthracycline antibiotic widely used as a chemotherapeutic agent for 

various cancers. Despite its efficacy, its clinical use is limited due to cardiotoxicity, which 

can lead to heart failure. 
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Key features of doxorubicin cardiotoxicity. 

 Can be acute, early-onset chronic, or late-onset chronic. 

 Dose-dependent: risk increases significantly with cumulative doses > 450–550 mg/m². 

 Manifests as left ventricular dysfunction, arrhythmias, or cardiomyopathy. 

 

2. Mechanism of Doxorubicin-Induced Cardio toxicity 

Several mechanisms are involved: 

a) Free Radical Formation Oxidative Stress & 

 Doxorubicin undergoes redox cycling in cardiomyocytes → generates reactive oxygen 

species (ROS). 

 ROS damage lipids, proteins, and DNA, leading to cell death. 

 Cardiomyocytes are particularly sensitive due to low levels of antioxidant enzymes. 

 

b) Iron Chelation 

 Doxorubicin binds to iron → forms doxorubicin-iron complexes → catalyze ROS 

production via Fenton reaction. 

 

c) Mitochondrial Dysfunction 

 Accumulates in mitochondria → inhibits electron transport chain → decreased ATP 

production. 

 Leads to apoptosis and cardiomyocyte necrosis. 

 

d) Topoisomerase IIβ Inhibition 

 Doxorubicin inhibits Topoisomerase IIβ in cardiomyocytes → DNA double-strand 

breaks → triggers cell death pathways. 

 

e) Calcium Dysregulation 

Disrupts calcium homeostasis → impairs cardiac contraction. 

Pathology of Cyprus Rotundus_On Doxorubicin-Induced Cardiotoxicity 

 

Doxorubicin damages the heart via multiple mechanisms. 

1. Oxidative Stress 

o DOX generates reactive oxygen species (ROS) 

o Causes lipid peroxidation in cardiomyocyte membranes 

o Leads to mitochondrial dysfunction 
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2. Apoptosis 

o Activation of caspase pathways 

o DNA fragmentation in cardiomyocytes 

3. Inflammation 

o Elevated pro-inflammatory cytokines (TNF-α, IL-6) 

o Myocardial inflammation and edema 

4. Histopathological Changes 

o Myocyte vacuolization 

o Necrosis and fibrosis 

o Disruption of cardiac architecture 

5. Biochemical Markers 

o ↑ Serum CK-MB (Creatine kinase-MB) 

o ↑ LDH (Lactate dehydrogenase) 

o ↑ Troponin levels 

 

3. Pharmacological Role of Cyperus rotundus 

 Active constituents: flavonoids, terpenoids, polyphenols 

 Mechanisms of cardioprotection: 

1. Antioxidant activity: scavenges ROS, reduces lipid peroxidation 

2. Anti-inflammatory effect: suppresses TNF-α, IL-6 

3. Anti-apoptotic effect: stabilizes mitochondrial membrane, reduces caspase activation 

4. Preservation of cardiac enzymes: prevents rise in CK-MB, LDH 

5. Histological protection: reduces myocardial vacuolization, necrosis, and fibrosis. 

 

4. Pathological Observations in Experimental Rats 

Control (Doxorubicin only) 

 Myocardial fiber disarray 

 Cytoplasmic vacuolation 

 Inflammatory cell infiltration 

 Fibrosis in interstitial tissue 

 

Treatment (Cyperus rotundus extract + Doxorubicin) 

 Reduced vacuolization 

 Maintained myocyte integrity 

 Decreased inflammatory infiltration 
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Noralization of cardiac 

 

Experimental Approaches to Validate Cardioprotective Effects 

To confirm C. rotundus efficacy against DOX-induced cardiotoxicity, experimental designs 

should include. 

 Animal model: Wistar or Sprague-Dawley rats with cumulative DOX dosing to induce 

cardiotoxicity. 

 Treatment groups: Control, DOX only, C. rotundus extract alone, and DOX + C. 

rotundus (multiple doses). 

 Biochemical markers: Measurement of CK-MB, troponin I, LDH, AST, and oxidative 

stress markers (MDA, SOD, catalase). 

 Histopathology: Examination of cardiac tissue for vacuolization, necrosis, and 

inflammatory infiltration. 

 Molecular assays: Assessment of inflammatory cytokines and apoptotic markers. 

Such a design would provide comprehensive evidence of pharmacological effects. 

 

1. DRUG PROFILE 

Cyperus rotundus-Chemical Structure and Biological Activities. 

 

 

Cyperus rotundus 

1. Botanical & General Information 

 Common Names: Nutgrass, Purple Nutsedge 

 Scientific Name: Cyperus rotundus 

 Family: Cyperaceae 

 Parts Used: Rhizomes (underground stems), roots 

 Traditional Uses: Anti-inflammatory, digestive aid, antioxidant, cardioprotective. 
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Sfety and Toxicological Considerations 

Existing data indicate that C. rotundus extracts exhibit acceptable safety profiles in rodents at 

therapeutic doses, with no significant toxicity up to several hundred mg/kg. However, 

specific safety studies in the context of DOX co-administration are necessary. 

 

CONCLUSION AND FUTURE DIRECTIONS 

C. rotundas exhibits antioxidant, anti-inflammatory, and vascular modulatory activities, 

suggesting potential as a cardio protective agent against DOX-induced cardiac injury. While 

direct evidence is currently lacking, the plant’s photochemistry aligns with mechanisms that 

counteract DOX cardio toxicity. Well-designed experimental studies are needed to validate 

these hypotheses and support translational applications. 

 

REFERENCES 

1. anesi R, Fogli S, Gennari A, Conte P, Del Tacca M. Pharmacokinetic- pharmacodynamic 

relationships of the anthracycline anticancer drugs. Clin Pharmacokinet, 2002; 41(6): 

431– doi:10.2165/00003088-200241060-00004. [DOI] [PubMed] [Google Scholar] 

2. Wouters KA, Kremer L, Miller TL, Herman EH, Lipshultz SE. Protecting against 

anthracycline-induced myocardial damage:  a review of the most promising strategies. Br 

J Haematol, 2005; 131(5): 561–78. doi:10.1111/j.1365-2141.2005.05759.x. [DOI] 

[PubMed] [Google Scholar] 

3. Lenneman AJ, Wang L, Wigger M, Frangoul H, Harrell FE, Silverstein C, et al. Heart 

transplant survival outcomes for adriamycin-dilated cardiomyopathy. Am J Cardiol, 

2013; 111(4): 609–12. doi:10.1016/j.amjcard.2012.10.048. [DOI] [PMC free article] 

[PubMed] [Google Scholar] 

4. Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ, Moens AL. 

Doxorubicin-induced cardiomyopathy:  from molecular mechanisms to therapeutic 

strategies. J Mol Cell Cardiol, 2012; 52(6): 1213–25. 

doi:10.1016/j.yjmcc.2012.03.006. [DOI] [PubMed] [Google Scholar] 

5. Chua CC, Liu X, Gao J, Hamdy RC, Chua BH. Multiple actions of pifithrin-α on 

doxorubicin-induced apoptosis in rat myoblastic H9c2 cells. Am J Physiol-Heart Circ 

Physiol, 2006; 290(6): H2606–H13. doi:10.1152/ajpheart.01138.2005. [DOI] [PubMed] 

[Google Scholar] 

6. L’Ecuyer T, Sanjeev S, Thomas R, Novak R, Das L, Campbell W, et al. DNA damage is 

an early event in doxorubicin-induced cardiac myocyte death. Am J Physiol Heart Circ 

https://doi.org/10.2165/00003088-200241060-00004
https://pubmed.ncbi.nlm.nih.gov/12074691/
https://scholar.google.com/scholar_lookup?journal=Clin%20Pharmacokinet&title=Pharmacokinetic-%20pharmacodynamic%20relationships%20of%20the%20anthracycline%20anticancer%20drugs&author=R%20Danesi&author=S%20Fogli&author=A%20Gennari&author=P%20Conte&author=M%20Del%20Tacca&volume=41&issue=6&publication_year=2002&pages=431-44&pmid=12074691&doi=10.2165/00003088-200241060-00004&
https://doi.org/10.1111/j.1365-2141.2005.05759.x
https://pubmed.ncbi.nlm.nih.gov/16351632/
https://scholar.google.com/scholar_lookup?journal=Br%20J%20Haematol&title=Protecting%20against%20anthracycline-induced%20myocardial%20damage:%20a%20review%20of%20the%20most%20promising%20strategies&author=KA%20Wouters&author=L%20Kremer&author=TL%20Miller&author=EH%20Herman&author=SE%20Lipshultz&volume=131&issue=5&publication_year=2005&pages=561-78&pmid=16351632&doi=10.1111/j.1365-2141.2005.05759.x&
https://doi.org/10.1016/j.amjcard.2012.10.048
https://pmc.ncbi.nlm.nih.gov/articles/PMC3563750/
https://pubmed.ncbi.nlm.nih.gov/23195041/
https://scholar.google.com/scholar_lookup?journal=Am%20J%20Cardiol&title=Heart%20transplant%20survival%20outcomes%20for%20adriamycin-dilated%20cardiomyopathy&author=AJ%20Lenneman&author=L%20Wang&author=M%20Wigger&author=H%20Frangoul&author=FE%20Harrell&volume=111&issue=4&publication_year=2013&pages=609-12&pmid=23195041&doi=10.1016/j.amjcard.2012.10.048&
https://doi.org/10.1016/j.yjmcc.2012.03.006
https://pubmed.ncbi.nlm.nih.gov/22465037/
https://scholar.google.com/scholar_lookup?journal=J%20Mol%20Cell%20Cardiol&title=Doxorubicin-induced%20cardiomyopathy:%20from%20molecular%20mechanisms%20to%20therapeutic%20strategies&author=Y%20Octavia&author=CG%20Tocchetti&author=KL%20Gabrielson&author=S%20Janssens&author=HJ%20Crijns&volume=52&issue=6&publication_year=2012&pages=1213-25&pmid=22465037&doi=10.1016/j.yjmcc.2012.03.006&
https://doi.org/10.1152/ajpheart.01138.2005
https://pubmed.ncbi.nlm.nih.gov/16687611/
https://scholar.google.com/scholar_lookup?journal=Am%20J%20Physiol-Heart%20Circ%20Physiol&title=Multiple%20actions%20of%20pifithrin-%CE%B1%20on%20doxorubicin-induced%20apoptosis%20in%20rat%20myoblastic%20H9c2%20cells&author=CC%20Chua&author=X%20Liu&author=J%20Gao&author=RC%20Hamdy&author=BH%20Chua&volume=290&issue=6&publication_year=2006&pages=H2606-H13&pmid=16687611&doi=10.1152/ajpheart.01138.2005&


Sunil et al.                                                                           World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 10, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

 

797 

Physiol, 2006; 291(3): H1273–H80. doi:10.1152/ajpheart.00738.2005. [DOI] [PubMed] 

[Google Scholar] 

7. Wattanapitayakul SK, Chularojmontri L, Herunsalee A, Charuchongkolwongse S, 

Niumsakul S, Bauer JA. Screening of antioxidants from medicinal plants for 

cardioprotective effect against doxorubicin toxicity. Basic Clin Pharmacol Toxicol, 2005; 

96(1): 80–7. doi:10.1111/j.1742-7843.2005.pto960112.x. [DOI] [PubMed] [Google 

Scholar] 

8. Merten KE, Jiang Y, Feng W, Kang YJ. Calcineurin activation is not necessary for 

Doxorubicin-induced hypertrophy in H9c2 embryonic rat cardiac cells:  involvement of 

the phosphoinositide 3-kinase-Akt pathway. J Pharmacol Exp Ther, 2006; 319(2):       

934–40. doi:10.1124/jpet.106.108845. [DOI] [PubMed] [Google Scholar] 

9. Lushnikova E, Klinnikova M, Molodykh O, Nepomnyashchikh L. Morphological 

manifestations of heart remodeling in anthracycline-induced dilated cardiomyopathy. Bull 

Exp Biol Med, 2004; 138(6): 607–12. doi:10.1007/s10517-005-0138-0. [DOI] [PubMed] 

[Google Scholar] 

10. Oliveira PJ, Bjork JA, Santos MS, Leino RL, Froberg MK, Moreno AJ, et al. Carvedilol- 

mediated antioxidant protection against doxorubicin-induced cardiac mitochondrial 

toxicity. Toxicol Appl Pharmacol, 2004; 200(2): 159–68. 

doi:10.1016/j.taap.2004.04.005. [DOI] [PubMed] [Google Scholar] 

11. Spallarossa P, Garibaldi S, Altieri P, Fabbi P, Manca V, Nasti S, et al. Carvedilol prevents 

doxorubicin-induced free radical release and apoptosis in cardiomyocytes in vitro. J Mol 

Cell Cardiol, 2004; 37(4): 837–46. doi:10.1016/j.yjmcc.2004.05.024. [DOI] [PubMed] 

[Google Scholar] 

12. Swain SM, Whaley FS, Gerber MC, Weisberg S, York M, Spicer D, et al. 

Cardioprotection with dexrazoxane for doxorubicin-containing therapy in advanced breast 

cancer. J Clin Oncol, 1997; 15(4): 1318–32. doi:10.1200/JCO.1997.15.4.1318. [DOI] 

[PubMed] [Google Scholar] 

13. Nazish J, Shoukat A. Cardioprotective and antilipidemic potential of Cyperus rotundus in 

chemically induced cardiotoxicity. Int J Agric Biol, 2012; 14(6): 989–92. [Google 

Scholar] 

14. Hina S, Rehman K, Dogar Z-u-H, Jahan N, Hameed M, Khan ZI, et al. Cardioprotective 

effect of gemmotherapeutically treated Withania somnifera against chemically induced 

myocardial injury. Pak J Bot, 2010; 42(2): 1487–99. [Google Scholar] 

https://doi.org/10.1152/ajpheart.00738.2005
https://pubmed.ncbi.nlm.nih.gov/16565313/
https://scholar.google.com/scholar_lookup?journal=Am%20J%20Physiol%20Heart%20Circ%20Physiol&title=DNA%20damage%20is%20an%20early%20event%20in%20doxorubicin-induced%20cardiac%20myocyte%20death&author=T%20L%E2%80%99Ecuyer&author=S%20Sanjeev&author=R%20Thomas&author=R%20Novak&author=L%20Das&volume=291&issue=3&publication_year=2006&pages=H1273-H80&pmid=16565313&doi=10.1152/ajpheart.00738.2005&
https://doi.org/10.1111/j.1742-7843.2005.pto960112.x
https://pubmed.ncbi.nlm.nih.gov/15667600/
https://scholar.google.com/scholar_lookup?journal=Basic%20Clin%20Pharmacol%20Toxicol&title=Screening%20of%20antioxidants%20from%20medicinal%20plants%20for%20cardioprotective%20effect%20against%20doxorubicin%20toxicity&author=SK%20Wattanapitayakul&author=L%20Chularojmontri&author=A%20Herunsalee&author=S%20Charuchongkolwongse&author=S%20Niumsakul&volume=96&issue=1&publication_year=2005&pages=80-7&pmid=15667600&doi=10.1111/j.1742-7843.2005.pto960112.x&
https://scholar.google.com/scholar_lookup?journal=Basic%20Clin%20Pharmacol%20Toxicol&title=Screening%20of%20antioxidants%20from%20medicinal%20plants%20for%20cardioprotective%20effect%20against%20doxorubicin%20toxicity&author=SK%20Wattanapitayakul&author=L%20Chularojmontri&author=A%20Herunsalee&author=S%20Charuchongkolwongse&author=S%20Niumsakul&volume=96&issue=1&publication_year=2005&pages=80-7&pmid=15667600&doi=10.1111/j.1742-7843.2005.pto960112.x&
https://doi.org/10.1124/jpet.106.108845
https://pubmed.ncbi.nlm.nih.gov/16926266/
https://scholar.google.com/scholar_lookup?journal=J%20Pharmacol%20Exp%20Ther&title=Calcineurin%20activation%20is%20not%20necessary%20for%20Doxorubicin-induced%20hypertrophy%20in%20H9c2%20embryonic%20rat%20cardiac%20cells:%20involvement%20of%20the%20phosphoinositide%203-kinase-Akt%20pathway&author=KE%20Merten&author=Y%20Jiang&author=W%20Feng&author=YJ%20Kang&volume=319&issue=2&publication_year=2006&pages=934-40&pmid=16926266&doi=10.1124/jpet.106.108845&
https://doi.org/10.1007/s10517-005-0138-0
https://pubmed.ncbi.nlm.nih.gov/16134825/
https://scholar.google.com/scholar_lookup?journal=Bull%20Exp%20Biol%20Med&title=Morphological%20manifestations%20of%20heart%20remodeling%20in%20anthracycline-induced%20dilated%20cardiomyopathy&author=E%20Lushnikova&author=M%20Klinnikova&author=O%20Molodykh&author=L%20Nepomnyashchikh&volume=138&issue=6&publication_year=2004&pages=607-12&pmid=16134825&doi=10.1007/s10517-005-0138-0&
https://doi.org/10.1016/j.taap.2004.04.005
https://pubmed.ncbi.nlm.nih.gov/15476868/
https://scholar.google.com/scholar_lookup?journal=Toxicol%20Appl%20Pharmacol&title=Carvedilol-%20mediated%20antioxidant%20protection%20against%20doxorubicin-induced%20cardiac%20mitochondrial%20toxicity&author=PJ%20Oliveira&author=JA%20Bjork&author=MS%20Santos&author=RL%20Leino&author=MK%20Froberg&volume=200&issue=2&publication_year=2004&pages=159-68&pmid=15476868&doi=10.1016/j.taap.2004.04.005&
https://doi.org/10.1016/j.yjmcc.2004.05.024
https://pubmed.ncbi.nlm.nih.gov/15380674/
https://scholar.google.com/scholar_lookup?journal=J%20Mol%20Cell%20Cardiol&title=Carvedilol%20prevents%20doxorubicin-induced%20free%20radical%20release%20and%20apoptosis%20in%20cardiomyocytes%20in%20vitro&author=P%20Spallarossa&author=S%20Garibaldi&author=P%20Altieri&author=P%20Fabbi&author=V%20Manca&volume=37&issue=4&publication_year=2004&pages=837-46&pmid=15380674&doi=10.1016/j.yjmcc.2004.05.024&
https://doi.org/10.1200/JCO.1997.15.4.1318
https://pubmed.ncbi.nlm.nih.gov/9193323/
https://scholar.google.com/scholar_lookup?journal=J%20Clin%20Oncol&title=Cardioprotection%20with%20dexrazoxane%20for%20doxorubicin-containing%20therapy%20in%20advanced%20breast%20cancer&author=SM%20Swain&author=FS%20Whaley&author=MC%20Gerber&author=S%20Weisberg&author=M%20York&volume=15&issue=4&publication_year=1997&pages=1318-32&pmid=9193323&doi=10.1200/JCO.1997.15.4.1318&
https://scholar.google.com/scholar_lookup?journal=Int%20J%20Agric%20Biol&title=Cardioprotective%20and%20antilipidemic%20potential%20of%20Cyperus%20rotundus%20in%20chemically%20induced%20cardiotoxicity&author=J%20Nazish&author=A%20Shoukat&volume=14&issue=6&publication_year=2012&pages=989-92&
https://scholar.google.com/scholar_lookup?journal=Int%20J%20Agric%20Biol&title=Cardioprotective%20and%20antilipidemic%20potential%20of%20Cyperus%20rotundus%20in%20chemically%20induced%20cardiotoxicity&author=J%20Nazish&author=A%20Shoukat&volume=14&issue=6&publication_year=2012&pages=989-92&
https://scholar.google.com/scholar_lookup?journal=Pak%20J%20Bot&title=Cardioprotective%20effect%20of%20gemmotherapeutically%20treated%20Withania%20somnifera%20against%20chemically%20induced%20myocardial%20injury&author=S%20Hina&author=K%20Rehman&author=Z-u-H%20Dogar&author=N%20Jahan&author=M%20Hameed&volume=42&issue=2&publication_year=2010&pages=1487-99&


Sunil et al.                                                                           World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 10, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

 

798 

15. Branco AF, Sampaio SF, Moreira AC, Holy J, Wallace KB, Baldeiras I, et al. 

Differentiation-dependent doxorubicin toxicity on H9c2 cardiomyoblasts. Cardiovasc 

Toxicol, 2012; 12(4): 326–40. doi:10.1007/s12012-012-9177-8. [DOI] [PubMed] [Google 

Scholar] 

16. Dorsey JF, Kao GD. Aloe (-emodin) for cancer? More than just a comforting salve. 

Cancer Biol Ther, 2007; 6(1): 89–90. doi:10.4161/cbt.6.1.3845. [DOI] [PubMed] [Google 

Scholar] 

17. Zhang R, Kang KA, Piao MJ, Lee KH, Jang HS, Park MJ, et al. Rhapontigenin from 

Rheum undulatum protects against oxidative-stress-induced cell damage through 

antioxidant activity. J Toxicol Environ Health A, 2007; 70(13): 1155–66. 

doi:10.1080/15287390701252766. [DOI] [PubMed] [Google Scholar] 

18. Hosseini A, Rajabian A. Protective effect of Rheum turkestanikum root against 

doxorubicin-induced toxicity in H9c2 cells. Rev Bras de Farmacogn, 2016; 26(3):       

347–51. doi:10.1016/j.bjp.2016.02.004. [DOI] [Google Scholar] 

19. Goreja W. Black seed:  nature’s miracle remedy. Karger Publishers; 2003. [Google 

Scholar] 

20. Ahmed MA, Hassanein KM. Cardio protective effects of Nigella sativa oil on lead 

induced cardio toxicity:  Anti inflammatory and antioxidant mechanism. J Physiol 

Pathophysiol, 2013; 4(5): 72–80. doi:10.5897/JPAP2013.0083. [DOI] [Google Scholar] 

21. Ebru U, Burak U, Yusuf S, Reyhan B, Arif K, Faruk TH, et al. Cardioprotective effects of 

Nigella sativa oil on cyclosporine A-induced cardiotoxicity in rats. Basic Clin Pharmacol 

Toxicol, 2008; 103(6): 574–80. doi:10.1111/j.1742-7843.2008.00313.x. [DOI] [PubMed] 

[Google Scholar] 

22. Nicoll R, Henein MY. Ginger (Zingiber officinale Roscoe):  a hot remedy for 

cardiovascular disease? Int J Cardio, 2009; 131(3): 408–9. 

doi:10.1016/j.ijcard.2007.07.107. [DOI] [PubMed] [Google Scholar] 

23. Bafna P, Balaraman R. Antioxidant activity of DHC-1, an herbal formulation, in 

experimentally-induced cardiac and renal damage. Phytothe Res, 2005; 19(3): 216–21. 

doi:10.1002/ptr.1659. [DOI] [PubMed] [Google Scholar] 

24. Nakagawa K, Kishida H, Arai N, Nishiyama T, Mae T. Licorice flavonoids suppress 

abdominal fat accumulation and increase in blood glucose level in obese diabetic KK-Ay 

mice. Biol Pharm Bull, 2004; 27(11): 1775–8. doi:10.1248/bpb.27.1775. [DOI] [PubMed] 

[Google Scholar] 

https://doi.org/10.1007/s12012-012-9177-8
https://pubmed.ncbi.nlm.nih.gov/22744233/
https://scholar.google.com/scholar_lookup?journal=Cardiovasc%20Toxicol&title=Differentiation-dependent%20doxorubicin%20toxicity%20on%20H9c2%20cardiomyoblasts&author=AF%20Branco&author=SF%20Sampaio&author=AC%20Moreira&author=J%20Holy&author=KB%20Wallace&volume=12&issue=4&publication_year=2012&pages=326-40&pmid=22744233&doi=10.1007/s12012-012-9177-8&
https://scholar.google.com/scholar_lookup?journal=Cardiovasc%20Toxicol&title=Differentiation-dependent%20doxorubicin%20toxicity%20on%20H9c2%20cardiomyoblasts&author=AF%20Branco&author=SF%20Sampaio&author=AC%20Moreira&author=J%20Holy&author=KB%20Wallace&volume=12&issue=4&publication_year=2012&pages=326-40&pmid=22744233&doi=10.1007/s12012-012-9177-8&
https://doi.org/10.4161/cbt.6.1.3845
https://pubmed.ncbi.nlm.nih.gov/17297301/
https://scholar.google.com/scholar_lookup?journal=Cancer%20Biol%20Ther&title=Aloe%20(-emodin)%20for%20cancer?%20More%20than%20just%20a%20comforting%20salve&author=JF%20Dorsey&author=GD%20Kao&volume=6&issue=1&publication_year=2007&pages=89-90&pmid=17297301&doi=10.4161/cbt.6.1.3845&
https://scholar.google.com/scholar_lookup?journal=Cancer%20Biol%20Ther&title=Aloe%20(-emodin)%20for%20cancer?%20More%20than%20just%20a%20comforting%20salve&author=JF%20Dorsey&author=GD%20Kao&volume=6&issue=1&publication_year=2007&pages=89-90&pmid=17297301&doi=10.4161/cbt.6.1.3845&
https://doi.org/10.1080/15287390701252766
https://pubmed.ncbi.nlm.nih.gov/17558811/
https://scholar.google.com/scholar_lookup?journal=J%20Toxicol%20Environ%20Health%20A&title=Rhapontigenin%20from%20Rheum%20undulatum%20protects%20against%20oxidative-stress-induced%20cell%20damage%20through%20antioxidant%20activity&author=R%20Zhang&author=KA%20Kang&author=MJ%20Piao&author=KH%20Lee&author=HS%20Jang&volume=70&issue=13&publication_year=2007&pages=1155-66&pmid=17558811&doi=10.1080/15287390701252766&
https://doi.org/10.1016/j.bjp.2016.02.004
https://scholar.google.com/scholar_lookup?journal=Rev%20Bras%20de%20Farmacogn&title=Protective%20effect%20of%20Rheum%20turkestanikum%20root%20against%20doxorubicin-induced%20toxicity%20in%20H9c2%20cells&author=A%20Hosseini&author=A%20Rajabian&volume=26&issue=3&publication_year=2016&pages=347-51&doi=10.1016/j.bjp.2016.02.004&
https://scholar.google.com/scholar_lookup?title=Black%20seed:%20nature%E2%80%99s%20miracle%20remedy&author=W%20Goreja&publication_year=2003&
https://scholar.google.com/scholar_lookup?title=Black%20seed:%20nature%E2%80%99s%20miracle%20remedy&author=W%20Goreja&publication_year=2003&
https://doi.org/10.5897/JPAP2013.0083
https://scholar.google.com/scholar_lookup?journal=J%20Physiol%20Pathophysiol&title=Cardio%20protective%20effects%20of%20Nigella%20sativa%20oil%20on%20lead%20induced%20cardio%20toxicity:%20Anti%20inflammatory%20and%20antioxidant%20mechanism&author=MA%20Ahmed&author=KM%20Hassanein&volume=4&issue=5&publication_year=2013&pages=72-80&doi=10.5897/JPAP2013.0083&
https://doi.org/10.1111/j.1742-7843.2008.00313.x
https://pubmed.ncbi.nlm.nih.gov/18801029/
https://scholar.google.com/scholar_lookup?journal=Basic%20Clin%20Pharmacol%20Toxicol&title=Cardioprotective%20effects%20of%20Nigella%20sativa%20oil%20on%20cyclosporine%20A-induced%20cardiotoxicity%20in%20rats&author=U%20Ebru&author=U%20Burak&author=S%20Yusuf&author=B%20Reyhan&author=K%20Arif&volume=103&issue=6&publication_year=2008&pages=574-80&pmid=18801029&doi=10.1111/j.1742-7843.2008.00313.x&
https://doi.org/10.1016/j.ijcard.2007.07.107
https://pubmed.ncbi.nlm.nih.gov/18037515/
https://scholar.google.com/scholar_lookup?journal=Int%20J%20Cardio&title=Ginger%20(Zingiber%20officinale%20Roscoe):%20a%20hot%20remedy%20for%20cardiovascular%20disease?&author=R%20Nicoll&author=MY%20Henein&volume=131&issue=3&publication_year=2009&pages=408-9&pmid=18037515&doi=10.1016/j.ijcard.2007.07.107&
https://doi.org/10.1002/ptr.1659
https://pubmed.ncbi.nlm.nih.gov/15934019/
https://scholar.google.com/scholar_lookup?journal=Phytothe%20Res&title=Antioxidant%20activity%20of%20DHC-1,%20an%20herbal%20formulation,%20in%20experimentally-induced%20cardiac%20and%20renal%20damage&author=P%20Bafna&author=R%20Balaraman&volume=19&issue=3&publication_year=2005&pages=216-21&pmid=15934019&doi=10.1002/ptr.1659&
https://doi.org/10.1248/bpb.27.1775
https://pubmed.ncbi.nlm.nih.gov/15516721/
https://scholar.google.com/scholar_lookup?journal=Biol%20Pharm%20Bull&title=Licorice%20flavonoids%20suppress%20abdominal%20fat%20accumulation%20and%20increase%20in%20blood%20glucose%20level%20in%20obese%20diabetic%20KK-Ay%20mice&author=K%20Nakagawa&author=H%20Kishida&author=N%20Arai&author=T%20Nishiyama&author=T%20Mae&volume=27&issue=11&publication_year=2004&pages=1775-8&pmid=15516721&doi=10.1248/bpb.27.1775&


Sunil et al.                                                                           World Journal of Pharmaceutical Research 

www.wjpr.net      │     Vol 15, Issue 10, 2026.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

 

799 

25. Lim WYA, Chia YY, Liong SY, Ton SH, Kadir KA, Husain SNAS. Lipoprotein lipase 

expression, serum lipid and tissue lipid deposition in orally-administered glycyrrhizic 

acid-treated rats. Lipids Health Dis, 2009; 8(1): 31. doi:10.1186/1476-511X-8-31. [DOI] 

[PMC free article] [PubMed] [Google Scholar] 

26. Hosseini A, Shafiee-Nick R, Mousavi SH. Combination of Nigella sativa with 

Glycyrrhiza glabra and Zingiber officinale augments their protective effects on 

doxorubicin-induced toxicity in h9c2 cells. Iran J Basic Med Sci, 2014; 17(12): 

993. [PMC free article] [PubMed] [Google Scholar] 

27. Mahmoud F, Abul H, Onadeko B, Khadadah M, Haines D, Morgan G. In vitro effects of 

Ginkgolide B on lymphocyte activation in atopic asthma:  comparison with cyclosporin 

A. Jpn J Pharmacol, 2001; 83(3): 241–5. doi:10.1254/jjp.83.241. [DOI] [PubMed] 

[Google Scholar] 

28. Gao J, Chen T, Zhao D, Zheng J, Liu Z. Ginkgolide B exerts cardioprotective properties 

against doxorubicin-Induced cardiotoxicity by regulating reactive oxygen species, akt and 

calcium signaling pathways in vitro and in vivo. PloS one, 2016; 11(12): e0168219. 

doi:10.1371/journal.pone.0168219. [DOI] [PMC free article] [PubMed] [Google Scholar] 

29. Abraham SVPI, Palani A, Ramaswamy BR, Shunmugiah KP, Arumugam VR. 

Antiquorum sensing and antibiofilm potential of Capparis spinosa. Arch Med Res, 2011; 

42(8): 658–68. doi:10.1016/j.arcmed.2011.12.002. [DOI] [PubMed] [Google Scholar] 

30. Boga C, Forlani L, Calienni R, Hindley T, Hochkoeppler A, Tozzi S, et al. On the 

antibacterial activity of roots of Capparis spinosa L. Nat Prod Res, 2011; 25(4): 417–21. 

doi:10.1080/14786419.2010.487189. [DOI] [PubMed] 

https://doi.org/10.1186/1476-511X-8-31
https://pmc.ncbi.nlm.nih.gov/articles/PMC2729303/
https://pubmed.ncbi.nlm.nih.gov/19638239/
https://scholar.google.com/scholar_lookup?journal=Lipids%20Health%20Dis&title=Lipoprotein%20lipase%20expression,%20serum%20lipid%20and%20tissue%20lipid%20deposition%20in%20orally-administered%20glycyrrhizic%20acid-treated%20rats&author=WYA%20Lim&author=YY%20Chia&author=SY%20Liong&author=SH%20Ton&author=KA%20Kadir&volume=8&issue=1&publication_year=2009&pages=31&pmid=19638239&doi=10.1186/1476-511X-8-31&
https://pmc.ncbi.nlm.nih.gov/articles/PMC4387235/
https://pubmed.ncbi.nlm.nih.gov/25859303/
https://scholar.google.com/scholar_lookup?journal=Iran%20J%20Basic%20Med%20Sci&title=Combination%20of%20Nigella%20sativa%20with%20Glycyrrhiza%20glabra%20and%20Zingiber%20officinale%20augments%20their%20protective%20effects%20on%20doxorubicin-induced%20toxicity%20in%20h9c2%20cells&author=A%20Hosseini&author=R%20Shafiee-Nick&author=SH%20Mousavi&volume=17&issue=12&publication_year=2014&pages=993&pmid=25859303&
https://doi.org/10.1254/jjp.83.241
https://pubmed.ncbi.nlm.nih.gov/10952073/
https://scholar.google.com/scholar_lookup?journal=Jpn%20J%20Pharmacol&title=In%20vitro%20effects%20of%20Ginkgolide%20B%20on%20lymphocyte%20activation%20in%20atopic%20asthma:%20comparison%20with%20cyclosporin%20A&author=F%20Mahmoud&author=H%20Abul&author=B%20Onadeko&author=M%20Khadadah&author=D%20Haines&volume=83&issue=3&publication_year=2001&pages=241-5&pmid=10952073&doi=10.1254/jjp.83.241&
https://doi.org/10.1371/journal.pone.0168219
https://pmc.ncbi.nlm.nih.gov/articles/PMC5156426/
https://pubmed.ncbi.nlm.nih.gov/27973574/
https://scholar.google.com/scholar_lookup?journal=PloS%20one&title=Ginkgolide%20B%20exerts%20cardioprotective%20properties%20against%20doxorubicin-Induced%20cardiotoxicity%20by%20regulating%20reactive%20oxygen%20species,%20akt%20and%20calcium%20signaling%20pathways%20in%20vitro%20and%20in%20vivo&author=J%20Gao&author=T%20Chen&author=D%20Zhao&author=J%20Zheng&author=Z%20Liu&volume=11&issue=12&publication_year=2016&pages=e0168219&pmid=27973574&doi=10.1371/journal.pone.0168219&
https://doi.org/10.1016/j.arcmed.2011.12.002
https://pubmed.ncbi.nlm.nih.gov/22222491/
https://scholar.google.com/scholar_lookup?journal=Arch%20Med%20Res&title=Antiquorum%20sensing%20and%20antibiofilm%20potential%20of%20Capparis%20spinosa&author=SVPI%20Abraham&author=A%20Palani&author=BR%20Ramaswamy&author=KP%20Shunmugiah&author=VR%20Arumugam&volume=42&issue=8&publication_year=2011&pages=658-68&pmid=22222491&doi=10.1016/j.arcmed.2011.12.002&
https://doi.org/10.1080/14786419.2010.487189
https://pubmed.ncbi.nlm.nih.gov/21328135/

