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The cardiotoxicity of chemotherapy 

 
Pallavi N 

 
Abstract 
Cardiotoxicity caused by chemotherapy, with its various early and late displays, will hamper probably 

curative or palliative treatments. The medicine most frequently joined to cardiotoxicty embody 

anthracyclines, her-2 inhibitors, alkylating agent, platinum based therapies, 5-flurouracil, tyrosine kinase 

inhibitors, isoprotenole, however some kinds of cardiotoxicity are delineated, a lot of or less periodically, 

for many antitumor agents. The offered information on its molecular mechanism of action of internal 

organ toxicity from therapy area unit in brief reviewed. 

 

Keywords: Cardiotoxicity, chemotherapy, mechanism of action 

 

Introduction 

Cardiotoxicity 
As the population of cancer survivors grows, it's even a lot of necessary for suppliers to 

remember of the internal organ complications of cancer treatment. There area unit several 

recognized adverse vas effects of cancer therapies (Figure1), though there remains a scarcity of 

true agreement over definitions for cardiotoxicity. Most current definitions of cardiotoxicity in 

guideline statements and in clinical trials focus narrowly on changes in resting cardiac muscle 

pulsation perform, like left chamber ejection fraction and therefore the development of heart 

condition symptoms. However, therapy and radiation area unit illustrious to have an effect on 

quite simply resting LVEF and have a broad vary of effects on the whole circulatory system. 

though changes in ejection fractions stay the gold commonplace for news chemotherapy-

induced cardiotoxicity, there's a desire to broaden the definition to incorporate direct effects on 

internal organ structure (e.g., fibrosis), heartbeat perform, internal organ conductivity and 

arrhythmias, general and respiratory organ tube-shaped structure perform and hemodynamics, 

hemostasis and occlusion, further as internal organ response to injury and stress. Changes in 

cardiac muscle strain and specific vas biomarkers (e.g., troponin I and symptom peptides) 

during cancer treatment can represent delicate perturbations on the circulatory system that area 

unit prognostic for the event of HF before a come by LVEF. In general, cardiotoxicity could be 

a broad term that ought to embrace not solely changes in resting internal organ parameters 

however additionally dynamic useful assessments of the vas systems (coronary blood flow 

reserve, recruitable stroke work, greatest useful capability [VO2]). Dynamic vas assessments 

area unit necessary as a result of we all know that a lot of cancer survivors have diminished 

exercise capability that considerably impact quality of life. The last word goal of the cardio-

oncology community is to spot therapy cardiotoxicity with a broad definition-not to impede or 

disrupt medicine regimens, however to start medical therapy aid or lifestyle interventions 

sooner with hopes to boost survivorship outcomes [1]. 

 

Anthrcyclines 
Ex: Doxorubicin, Idarubicin, Daunorubicin, epirubicin, mitoxantrone. 

 

Mechanism of action 

Anthracyclines are effective agents used ordinarily to treat medical specialty malignancies 

(leukemias, lymphomas) and solid-tumor malignancies (carcinomas, sarcomas). The 

mechanism and pathologic process of Anthracyclines evoked cardiotoxicty stay disputable and 

poorly understood. Typical pathologic changes within the heart embody vacuolar degeneration 

of the sarcoplasmic reticulum, swelling and disruption of the mitochondria, and myofilament 

degeneration. There’s additionally proof of myocyte loss. Pathologic proof includes early 

studies showing body substance condensation, as is seen in apoptotic cells within the heart 

muscle of anthracycline-treated patients. Animal studies have shown similar findings. 
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Fig 1: An outline of the cardiovascular side effects of therapy and radiation. 

 

Additionally, necrobiosis doubtless happens by death. 

Elevation of bodily fluid troponin is ascertained in patients 

treated with anthracyclines, per the induction of necrobiosis. 

Epithelial tissue cells and antecedent cell populations within 

the heart also are vulnerable to anthracycline-induced 

necrobiosis. So one clarification for Anthracyclines evoked 

cardiotoxicty is that myocytes are lost with each exposure, 

and therefore the pool of endogenous reparative cells 

diminishes, predisposing the center to inadequate healing. 

The molecular mechanisms of myocyte injury are doubtless to 

be complex. An ordinarily cited pathway involves 

anthracycline-induced generation of reactive O species 

(ROS). There is proof that anthracyclines catalyze the 

formation of intracellular O radicals through a minimum of 2 

pathways. Within the accelerator pathway, anthracyclines 

might directly react with ferrous iron (Fe3+), resulting in 

radical and alcohol adducts. Among the accelerator pathway, 

anthracycline interacts with the mitochondrial metabolic 

process chain and different cytochrome-containing enzymes, 

manufacturing ROS. Within the accelerator pathway, a key 

molecular issue could also be the affinity of anthracyclines for 

cardiolipin, a lipoid set among the inner mitochondrial 

membrane at the location of the metabolic process chain. 

NADH, drawing Associate in nursing lepton far from the 

mitochondrial metabolic process chain and afterwards 

reducing O to create a superoxide radical, reduces 

Anthracycline-associated cardiolipin. Free radicals shaped by 

any of the mechanisms endure to wreck multiple cellular 

elements, together with lipids of the cell wall, proteins, and 

nucleic acids. In isolated cells, ROS are mechanistic in 

anthracycline-induced necrobiosis. Mice that over categorical 

metallic element SOD seem protected against mitochondrial 

injury and have slashed markers of myocyte necrobiosis. 

Although radical generation resulting in direct aerobic injury 

to cellular elements remains a standard postulated mechanism 

of Anthracyclines evoked cardiotoxicity, there are different 

projected mechanisms that most likely contribute to internal 

organ pathology. Anthracycline compounds have a plate like 

structure that intercalates into the deoxyribonucleic acid 

through noncovalent interaction, preventing any 

deoxyribonucleic acid and ribonucleic acid synthesis and 

certain tributary to the death of myocytes and mitochondrial 

mutations. Anthracyclines disrupt deoxyribonucleic acid by 

poisoning topoisomerase, a vital catalyst for moving of the 

deoxyribonucleic acid for replication and synthesis, thereby 

inflicting growth arrest and programmed necrobiosis. 

Cellular aerobic stress activates Associate in nursing array of 

enzyme pathways that modulate myocyte fate and response to 

anthracyclines. Mitogen-activated super molecule kinases 

(MAPKs) and stress-activated super molecule kinases 

(SAPKs) are vital intracellular signal transduction 

intermediates that regulate cellular responses to stimuli by 

regulation organic phenomenon, survival pathways, 

proliferation, and growth. Anthracyclines activate the 

MAPK/ERK (extracellular signal-regulated kinase) pathway 

via oxidizing agent stress, and this seems to control cell 

survival. Additionally, anthracyclines might alter the 

flexibility of a myocyte to control prosurvival 

communication. The PI3K/Akt pathway is activated within 

the heart in response to several totally different growth 

factors, together with neuregulin, insulin like growth factor-1 

(IGF-1), and interleukins. In vitro studies show that PI3K/Akt 

protects against anthracycline-induced programmed cell 

death. There’s some proof that the activity of those and 

different myo cytoprotective pathways is reduced within the 

contused heart, thereby increasing the status of myocytes to 

any anthracycline exposure. This could be one mechanism to 

clarify persistent chamber reworking late when anthracycline 

exposure, still because the increased status of the center to 

accumulative anthracycline exposure. 

Another mechanism tributary to Anthracyclines evoked 

cardiotoxicty is that the disruption of segment maintenance. 

Anthracycline exposure in animal models results in the 

downregulation of vital transcriptional factors necessary for 

internal organ segment synthesis. GATA4 may be a metal 

finger transcriptional issue concerned in regulation segment 
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supermolecule expression and in cell survival communication. 

Cardiac muscle GATA4 regulates cardiac-specific and anti-

apoptotic genes. Many GATA4 regulated genes, together with 

internal organ Adriamycin-responsive supermolecule 

(CARP), alpha-myosin serious chain, and chamber symptom 

amide (ANP), are suppressed by anthracycline exposure. So 

downregulation of GATA4 by anthracyclines suppresses the 

flexibility of internal organ myocytes to synthesize new 

supermolecule. 

Direct effects of anthracyclines on segment supermolecule 

stability additionally contribute to the disruption of segment 

maintenance, and so to cardiac muscle pathology. Titin may 

be a massive myofilament supermolecule vital for modulation 

of segment restoration and passive elastic forces. Titin is 

degraded early when anthracycline exposure via a calpain-

dependent mechanism. This response predisposes isolated 

internal organ myocytes to death necrobiosis. Freelance of 

anthracyclines, it's established that titin disruption results in 

the event of a heart disease. So the disruption of segment 

proteins and therefore the suppression of segment synthesis 

most likely contribute to the internal organ sarcopenia 

ascertained clinically when anthracycline exposure [2]. 

 

 
 

 
 

Fig 2: Flow-chart of mechanism of action anthracyclines agents induced cardiotoxicty. 

 

Doxorubicin 
DOX was isolated within the early Sixties from the pigment-

producing microorganism actinomycete peucetius power unit. 

Caesius, and belongs to the family of anthracyclines. Till to 

currently, DOX remains among the foremost for the most part 

prescribed and effective antineoplastic agents ever developed 

for the treatment of a spread of adult and paediatric cancers. 

DOX has been used against carcinoma, soft tissue sarcomas, 

childhood tumors, leukemias, Hodgkin’s and non-Hodgkin’s 

cancer, and plenty of different cancers. The utilization of 

DOX has been hampered by typical toxicities (hematopoietic 

suppression, nausea, vomiting, extravasation, and alopecia), 

development of resistant growth cells or toxicity in healthy 

tissues, particularly with serious internal organ toxicity 

manifested by symptom heart disease. Over time, quite 2000 

analogs were developed in a shot to scale back the adverse 

effects of DOX. However, few analogs have reached the stage 

of clinical development and approval, like epirubicin (EPI) 

and idarubicin (IDA), with DOX- and DAU-like spectrums, 

severally. Despite the event of recent elements, substitution 

DOX doesn't eliminate the danger of developing 

cardiotoxicity. Thus, DOX continues to be thought-about as a 

first line cancer drug [3]. 

 

 
 

Fig 3: Totally different ratite DOX evoked cardiotoxicity. 
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HER -2 Inhibitors 
Human stratum protein receptor HER2 overexpression is gift 

in just about 20–30% of carcinoma tumors. HER2 

overexpression is related to a lot of aggressive sickness, 

higher repeat rate, and shortened survival. Trastuzumab may 

be a humanized antibody targeting the HER2 receptor that 

was approved to be used in 1998. The mechanisms of action 

of Trastuzumab haven't been clearly outlined, however 

doubtless embody living thing mechanisms involving 

antibody-dependent cellular toxicity (ADCC), and 

intracellular mechanisms involving programmed cell death 

and cell cycle arrest still as inhibiting development, and 

preventing deoxyribonucleic acid repair following 

chemotherapy-induced injury. Trastuzumab has been shown 

to be effective together with therapy, for the treatment of 

early stage and pathologic process HER2 positive carcinoma4. 

 

Ex: Trastuzumab, Pertuzumab, lapatinib. 

 

 
 

Fig 4: Genomic analyses have shed new light 

 

Alkylating Agent 

Ex: Cyclophosphamide, ifosfamide, busulfan, mitomycin, 

melphalan. 

 

Mechanism of action 

 

 
 

Fig 5: Mechanism of action alkylating agent 
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Cyclophosphamide may be a compound alkylating agent with 

potent antineoplastic, immunological disorder and 

immunomodulatory properties. It’s wide used as AN 

antineoplastic agent for the treatment of human medicine 

malignancies and a spread of solid tumors like carcinoma, 

cancer of the respiratory organ, leucaemia, and gonad cancer. 

Despite its wide spectrum of clinical uses, Cyclophosphamide 

(CP) is thought to cause multiple dose-dependent organ 

toxicity. 

The cellular mechanism of CP toxicity is thanks to the 

assembly of extremely reactive gas free radicals by the 

metabolites; phosphoramide and propenal. High therapeutic 

impact of CP is attributed to phosphoramide, whereas the 

opposite CP matter, propenal is related to harmful aspect 

impact that interferes with the tissue inhibitor weaponry and 

produces extremely reactive gas free radicals that square 

measure agent to class cells. High therapeutic doses of CP 

caused a deadly cardiotoxicity that presents a mix of 

symptoms and signs of myopericarditis that could lead on to 

fatal complication like symptom coronary failure, 

arrhythmias, and tamponade. Semi-permanent administration 

of CP has been related to enlarged lipide peroxidation and 

vital depletion of inhibitor molecules, like reduced glutathione 

(GSH), catalase, and SOD [5]. 

 

 
 

Fig 6: Mechanism of action cyclophosphamide induced cardiotoxicty. 

 

Platinum-Based Therapies 

Ex: cisplatin, carboplatin and oxaliplatin 
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Fig 7: Mechanism of action platinum based drugs cause cardiotoxicity. 
 

Cisplatin 
 

 
 

Fig 8: Different mechanism of action of cisplatin induced cardiotoxicity. 

Arsenic 

Arsenic, a naturally omnipresent part, is found in foods and 

surroundings. Internal organ disfunction is one amongst the 

main causes of morbidity and mortality within the world. 

Arsenic exposure is related to numerous cardiopathologic 

effects as well as ischaemia, heart disease and coronary 

failure. Doable mechanisms of arsenic cardiotoxicity embrace 

aerobic stress, deoxyribonucleic acid fragmentation, 

programmed cell death and useful changes of particle 

channels. Many evidences have shown that mitochondrial 

disruption, proteinase activation, MAPK communication and 

p53 square measure the pathways for arsenic elicited 

programmed cell death. Arsenic is an efficient and potent 

anticancer agent employed in patients with acute 

promyelocytic leucaemia and produces dramatic remissions. 

As2O3 administration has major limitations like T wave 

changes, QT prolongation and extra time in humans. During 

this review, we have a tendency to discuss the underlying 

pathobiology of arsenic cardiotoxicity and supply data 

concerning internal organ health effects related to some 

healthful plants in arsenic toxicity [6]. 
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Fig 9: Mechanism of action of arsenic induced cardiotoxicity  

 

Antimetabolites 

Ex: 5-Flurouracil, immunosuppressant, C arabinose. 

Fluoropyrimidines, that embody 5-fluorouracil (5-FU) and 

capecitabine, type the cornerstone of many completely 

different therapy regimens. 5-FU is that the third most 

ordinarily used chemotherapeutical agent within the treatment 

of solid malignancies across the planet, as well as head and 

neck and channel tumors. Fluoropyrimidines additionally 

possess radiosensitizing properties and are typically employed 

in conjunction with external beam radiation therapy. Yet, like 

alternative chemotherapeutical agents, the potential edges of 

fluoropyrimidines need to be weighed against their risks and 

drug-related toxicities. 5-FU is that the second commonest 

drug related to cardiotoxicity. Once anthracyclines. The 

foremost common manifestation of cardiotoxicity related to 

fluoropyrimidines is pain, presenting as atypical pain, angina 

on labor or rest, and acute coronary syndromes as well as 

infarct. Alternative less common manifestations of 

cardiotoxicity embody cardiac arrhythmia and alternative 

arrhythmias, myocardial inflammation and carditis, coronary 

failure and even death. Fluoropyrimidine-related 

cardiotoxicity [7]. 

 

 
 

Fig 10: Damage of cardiac cell by 2 different MOA by 5-FU 
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Tyrosine Kinase Inhibitors 
Ex: Dasatinib, imatinib, sorafenib, nilotinib, ponatinib, 

osimertinib. 

Kinases area unit a category of accelerator that mediates 

phosphate transfer from ATP (ATP) onto sure aminoalkanoic 

acid residues to provide cell signal transduction leading to a 

spread of cellular processes. The invention of their over 

expression in numerous cancers, significantly the receptor 

amino acid enzyme subtype, has diode to the event of many 

amino acid enzyme inhibitors (TKIs). Their binding to TKIs 

is typically via competitive inhibition at the nucleotide 

binding pocket, stopping cell proliferation signal. The 

Brobdingnagian interaction within the resultant network of 

cell signal is presently being studied within the context of 

physiological state viscus operate. Restricted however crucial 

proof suggests that adverse effects of the TKI category 

embrace cardiotoxicity, pathology, or harm to cardiomyocytes 

which may manifest clinically as a mess of vessel 

complications. A high variability of property between agents, 

and off-target enzyme binding area unit characteristics of the 

drug category hindering our understanding of the importance 

of the threat in every agent. Understanding the context of the 

clinical use of that medication reveals the delicacy of this 

issue. Risk–benefit analysis is inherently a lot of tolerant 

within the chemotherapeutics setting, and therefore the use of 

different cardiotoxic medication (particularly the 

anthracycline class) in an exceedingly given program is 

probably going. Clarification of the underlying mechanism of 

those facet effects are required as concern grows and therefore 

the capability to anticipate them is lacking. Diagnosing 

studies typically lack the follow-up time required to watch the 

event of long-run viscus facet effects or fail to capture their 

presence in any respect. The interaction between these facet 

effects and patient baseline risk factors any complicates 

studies. Pre-existing viscus unwellness, high blood pressure, 

diabetes, and lipaemia area unit major diagnoses which will 

contribute to cardiotoxicity. Factors like case history, activity 

level, smoking standing, and alcohol intake area unit tougher 

to capture, not perpetually accounted for, and might confound 

study results. 

Proposed mechanisms of cardiotoxicity vary and seem to be 

drug-specific. Disruption of mitochondrial operate at intervals 

the cardiomyocyte has been implicated; many off-target 

enzymes like c-Jun N-terminal kinase, pyruvate 

dehydrogenase enzyme, and macromolecule enzyme An area 

unit potential targets that once strangled will interrupt organic 

process resulting in morphological abnormalities of the 

mitochondria and hypertrophy of the cardiomyocyte itself 

because the cell will increase dependence on anaerobic 

metabolism. Caspase-mediated mitochondrial cell death looks 

to be a further consequence. Knockout mouse models have 

disclosed any potential targets and have educated abundant 

regarding the complexness of viscus cell signal. Knockout of 

platelet-derived protein receptor (PDGFR), ErbB2, Raf-1, and 

Shp2 have all shown cardiotoxicity with a standard theme of 

cardiopathy and reduced ability. The downstream effects of a 

number of these kinases seem to play a job in particle channel 

activation. Reduced phosphorylation of the hERG atomic 

number 19 channel specially has been explored; particle 

channel blockade manifests as QT prolongation within the 

clinic that has been connected with the employment of some 

TKIs. It’s potential that determined viscus adverse effects 

occur secondary to TKI binding within the vasculature. 

Inhibition of the tube-shaped structure epithelial tissue protein 

receptor (VEGFR) could be a mechanism of some agents with 

the intention to dam growth ontogeny, however which may 

additionally result in the event of high blood pressure.  

 

Mechanism of Dasatinib Cardiotoxicity 

An in vitro study investigation viscus toxicity among many 

TKI agents tested dasatinib treatment in H9c2 viscus cells 

supplemented with either twenty five metric linear unit 

aldohexose or ten metric linear unit saccharose. Cells 

grownup in saccharose were resultantly forced to exist on 

organic process rather than metabolism, providing researchers 

to look at the role of mitochondrial TKR inhibition as a 

mechanism for dasatinib toxicity. Researchers found that the 

values of the repressive concentration resulting in five 

hundredth decrease within the most impact (IC50) for 

dasatinib were equal amongst each treatment teams. To boot, 

no modification in mitochondrial O consumption was 

determined in an exceedingly separate experiment. a similar 

study found dasatinib to inhibit complexes IV (cytochrome c 

oxidase) and V (human mitochondrial nucleotide synthase) of 

the negatron transport chain, however at doses well higher 

than clinical. Taken along, these results counsel that adverse 

effects aren't originating at the amount of the mitochondria 

and area unit supported by a separate study scrutiny dasatinib 

and imatinib in terms of their effects on mitochondrial 

structure or cell death. 

It is possible that toxicity is thanks to receptor enzyme 

binding each on- and off-target. This conclusion was reached 

in an exceedingly study that treated baby rat cardiomyocytes 

with each amino acid enzyme and serine-threonine enzyme 

inhibitors. Results showed that an absence of target property 

was correlative with myocyte harm, however a correlation 

additionally existed with the strength of on-target Kd 

(dissociation constant).The study used feed dehydrogenase 

(LDH) accelerator as a surrogate for myocyte harm, that is 

additionally used clinically as a marker for tissue harm within 

the heart. Results showed dasatinib to induce a bigger share 

LDH unleash in each two and five µM concentrations tested 

compared to imatinib; this trends with the relative drug 

potencies as dasatinib binds regarding 325 times stronger than 

imatinib. This mixed read was supported by a later follow-up 

study victimization a similar baby rat cardiomyo-cyte model, 

once more distinguishing poor property among TKIs as a 

driver for harm, and additionally inform to the efficiency of 

on-target ABL1 inhibition as a synchronous contributor. It’s 

long been theorized that on-target inhibition of the ABL 

macromolecule will be a reason for TKI-induced 

cardiotoxicity, once such adverse effects were seen in clinical 

trials with imatinib. Conferring imatinib resistance in 

cardiomyocytes has been shown to forestall the onset of 

toxicity, and {therefore the and also the} findings have 

therefore been work out to dasatinib since it shares the BCR-

Abl target. However, in distinction to the higher than previous 

findings with dasatinib, imatinib-induced cardio-toxicity is 

assumed to occur at the amount of the mitochondria, leading 

to cell death. 
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Fig 11: Mechanisms of action of FDA-approved amino acid enzyme inhibitors. 
 

AKT, macromolecule enzyme B; dangerous, Bcl-2-associated 

death protein; Bax, Bcl-2-associated X protein; Bcl-xL, B-cell 

malignant neoplastic disease size protein; Bcr-Abl, breakpoint 

cluster region-Abelson protein; Casp-3, proteolytic enzyme 

three protein; Casp-9, proteolytic enzyme nine protein; Cyt C, 

cytochrome protein; EGFR, epidermic protein receptor; ERK, 

animate thing signal regulated kinase; foreign terrorist 

organization, aka MAPK-agent activated macromolecule 

kinase; mTOR, class target of rapamycin protein; PI3K, 

phosphoinositide three kinase; RAF, chop-chop accelerated 

fibro sarcoma protein; Src, cancer proto-oncogene; Ras, Ras 

macromolecule superfamily; VEGFR, tube-shaped structure 

epithelial tissue protein receptor. 

 

Mechanism of sorafenib cardiotoxicity 

Numerous reports of high blood pressure within the higher 

than clinical trials will be simply attributed to sorafenib 

VEGFR inhibition. obstruction the actions of VEGFR stops 

ontogeny and vasodilatory processes, ends up in a rise in 

tube-shaped structure resistance, and has been determined in 

different chemotherapeutics victimization this target. Whereas 

not doing direct harm to the guts, high blood pressure could 

be a well-known precursor to a lot of serious heart conditions 

and so its contribution to cardiotoxicity weighs heavily. 

Impairment of epithelial tissue cell survival would to boot 

justify the findings of magnified risk of thromboembolic 

events with sorafenib, as a consequence of tube-shaped 

structure injury. any clarification for the reason for high blood 

pressure is seen in an exceedingly study of fifty seven patients 

treated with sorafenib or sunitinib that found important will 

increase in measured pulse wave speed (PWV), a surrogate 

for blood vessel stiffness, once corrected for vital sign. The 

will increase found were speedy and huge. Authors theorized 

that TKIs may act with integrins and thereby elements of 

blood vessel structure, reducing physical property. Another 

suggestion was harm to the vasa-vasorum, that has been 

coupled with PWV will increase. Though this study was tiny 

and featured pooled results, will increase in blood vessel 

stiffness are prompt elsewhere as a category impact of anti-

angiogenic medications. in an exceedingly diagnosing study 

on dogs, sorafenib disturbed action potentials within the 

hERG atomic number 19 channel of chosen Johannes 

Evangelista Purkinje fibers, though with none clinical 

manifestation. Inhibition of the hERG channel has been 

explored in TKIs dasatinib, nilotinib, and imatinib as a reason 

for arrhythmias. Though sorafenib has not been tested 

specifically, it shares enzyme targets with these agents that 

raises the likelihood that sorafenib might have an effect on 

hERG further. RAF1 could be a enzyme mediating a serious 

pro-survival pathway within the cell, and its inhibition by 

sorafenib has additionally been explored as a contributor to 

determined toxicities. Though its role in viscus operate has 

not been clearly outlined, RAF1 knockout mouse models have 

incontestible reduced ability and pathology within the heart. 

it's theorized but that these effects area unit thanks to 

downstream pro-apoptotic factors ASK1 and MST2, and these 

factors don't appear to trust entirely on RAF for traditional 

inhibition. This conclusion is supported by another study 

within which cardiomyocytes treated with sorafenib failed to 

show a big modification in downstream ERK (of the 

RAF/MEK/ERK pro-survival pathway) phosphorylation 

ought to RAF-1 inhibition have a job, the toxicity seen would 

be AN end product of mitochondrial mediate cell death. 

Whether or not RAF inhibition itself could be a reason for 

direct cardiomyocyte harm is nonetheless unclear; so, another 

contributing mechanism may be thought of that will increase 

the chance of viscus pathology or worsens conditions once 

they do occur. Within the same manner, c-Kit, another 
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sorafenib target, looks to own a job in repairing harm to the 

guts caused by ischaemic injury. a similar study to research 

ERK phosphorylation in respect to sorafenib examined 

proteolytic enzyme activity in treated cardiomyocytes and 

located no important increase either, ruling out the likelihood 

of mitochondrial mediate cell death as a mechanism. 

Supplementation with dexrazoxane additionally showed no 

modification in death. Dexrazoxane could be a drug wont to 

combat cardiotoxicity thanks to doxorubicin-induced reactive 

O species (ROS). This would appear to eliminate aerophilic 

stress as a mechanism for sorafenib further, though this 

conclusion is opposed by the results of a study conducting a 

transcriptome analysis of sorafenib-treated zebrafish. These 

authors determined a discount in STC1 macromolecule, a 

regulator of metallic element physiological condition, in the 

midst of a rise in ROS generation; results were confirmed in 

vitro victimization human cardiomyocytes. It's potential that 

the origin of ROS generation determines whether or not 

aerophilic stress contributes to sorafenib-induced 

cardiotoxicity. Taken along, these studies counsel that like 

dasatinib, sorafenib-induced cardiotoxicity cannot be fastened 

upon a singular mechanism. Enzyme inhibition each on- and 

off-target is probably going responsible, with a stress on 

inhibition of VEGFR resulting in ofttimes seen high blood 

pressure. One among the sooner TKIs, sorafenib options poor 

property at intervals the TKI category. Distinguishing the 

kinases guilty for toxicities seen within the clinic among the 

many potentialities could be a terribly tough task. At the 

instant, it'd fulfil for clinicians to easily familiarise themselves 

with the phenotypes of the cardiotoxic mechanism of action, 

like high blood pressure, and work to predict and manage 

them. 

 

Mechanism of lapatinib cardiotoxicity 
Data on the cellular mechanism of lapatinib cardiotoxicity 

area unit lacking, probably as a result of the threat is taken 

into account delicate among the HER2 category of medical 

specialty. Presumptions area unit typically drawn from studies 

on trastuzumab since it shares the ErbB2 target however is a 

lot of wide studied and shows bigger cardiotoxicity. For this 

reason, several studies request to research why lapatinib 

seems safer instead of why it shows the nominal toxicity that 

it will. it's legendary that ErbB2 operate is crucial for 

cardiomyocyte survival which its inhibition by trastuzumab in 

cardiomyocytes possible ends up in reduced ability and death 

via the BCL-X macromolecule family, that causes 

mitochondrial elicited cell death. Therefore, it's potential that 

lapatinib toxicity might even be a results of this mechanism. 

A comparison of trastuzumab and a generic ErbB2 matter 

with a coffee cardiotoxic profile determined macromolecule 

expression in cardiomyocytes treated with these medication 

and located trastuzumab to inhibit the AMP-activated 

macromolecule enzyme (AMPK) pathway whereas the 

generic matter activated it instead. AMPK is required for 

mitochondrial energy production, and its inhibition might 

justify why trastuzumab is one among a lot of cardiotoxic 

TKIs. Cardiomyocytes exist on low stores of nucleotide, 

equipped partially by the AMPK pathway, creating them 

significantly sensitive to inhibition. These findings accept as 

true with the toxicity seen in trastuzumab, as an absence of 

nucleotide would hinder muscular tissue cell ability. Authors 

theorized that these results may be associated with lapatinib, 

wherever just like the generic matter it activates the AMPK 

pathway and spares cardiomyocytes during this regard. The 

low viscus toxicity of lapatinib might additionally facilitate 

justify by itself the mechanism of toxicity. Lapatinib is 

understood to be one among a lot of selective TKIs, and so, 

it's probably rendered safer than different agents within the 

category through nominal off-target binding. Researchers 

have prompt that the present read on lapatinib cardiotoxicity 

is twisted in one direction or another. Colleges of thought 

embrace the idea that within the lapatinib treatment, there's no 

important risk of viscus pathology in any respect, 

commenting that in revealed trials it's typically utilized 

following treatment with legendary cardiotoxins trastuzumab 

and anthracyclines. This is able to counsel that adverse effects 

solely seem with lapatinib once additive insult to cardio 

myocytes from different agents. Another observation follows 

that patients started on lapatinib in revealed trials were 

typically people who had tolerated trastuzumab while not 

vessel complications or had a extended treatment free interval 

following AN anthracycline program than people who started 

trastuzumab. The implication is that lapatinib-treated patient’s 

area unit protected from additive cardiotoxicity that might 

otherwise manifest adverse effects and if its place in medical 

aid were that of trastuzumab, toxicity would be a lot of 

distinguished. The earlier mentioned ALTTO trial might 

facilitate clarify the pathology. The study arms were lapatinib 

monotherapy, trastuzumab monotherapy, trastuzumab 

followed by lapatinib in sequence, or lapatinib and 

trastuzumab together. These arms were applied in one among 

the 3 totally different therapy regimens. One program 

enclosed these medication aboard concomitant taxane medical 

aid following adjuvant chemo with AN anthracycline; this 

program diagrammatic regarding four-hundredth of treated 

patients for every arm. Despite a big portion of the study 

population having undergone adjuvant anthracycline 

treatment, the incidence of viscus events was low and similar 

among all treatment arms. Symptomatic cardiopathy of any 

grade was two every in lapatinib monotherapy and ordered 

medical aid, and three every in trastuzumab mono-therapy 

and combination medical aid. LVEF decrease of ≥10% and 

below the lower limit of traditional was seen at a rate of three 

every in lapatinib monotherapy and ordered medical aid, and 

five-hitter every in trastuzumab monotherapy and 

combination medical aid.41 The distinction in events between 

arms isn't sturdy enough to support the idea that viscus events 

emerge as a results of additive toxicity, however would 

appear to support the hypothesis that the cardiotoxicity profile 

of those 2 medication is comparable once employed in similar 

regimens. Supported these results, a final conclusion may be 

created that cardiotoxicity in each agents is primarily a results 

of ERbB2 inhibition however happens in lapatinib with 

cardioprotective mechanisms not seen in trastuzumab [8]. 
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Fig 12: ratite bird cardiotoxicity of TKI 
 

 
 

Fig 13: Mechanism of action Imatinib 

 

Catecholamine’s 

Mechanism of medicinal drug (ISO) Induced heart muscle 

misdemeanor 

ISO-elicited infarct is standard commonplace model in 

elevating the medicine functioning on cardio system.* ISO’ a 

artificial hormone and beta-adrenergic agonist, is documented 

to provide infarct has been found to cause severe stress within 

the cardiac muscle leading to infarct-like gangrene of the 

center muscle on higher dose*. 

The ability of catecholamine’s, once administered in 

supraphysiologic dosages, to induce morphological alterations 

of the center resembling severe carditis or left cavum (LV) 

hypertrophy was already noted early during this century.** In 

1959, Rona and Chappel showed that body covering 

injections of the artificial beta receptor agonist ISO created 

infarct-like lesions of the cardiac muscle within the rat.* once 

ISO administered to rats a mate of element offer versus 

demand following coronary cardiovascular disease and heart 

muscle upset could provide the simplest rationalization for the 

morphological alterations discovered within the presence of a 

patient coronary vasculature.* 

The medicine result of ISO is believed to be related to its 3-

adrenergic result, that increase rate, decrease pressure level, 

and diminishes the element offer to the cardiac muscle. As 

early as six min once intraperitoneal ISO injection, 

histological changes occur, together with myofilament 

fragmentation, contraction-band formation, and condition 

related to dilation of the sarcoplasmic reticulum.* Focal 

gangrene, intensive inflammation, and infiltration by 

polymorphonuclear leucocytes were found within the broken 

heart at twenty four hour once the injection. These changes 

tally those discovered in human infarct.*** 

Among the assorted mechanisms planned to elucidate the ISO 

elicited cardiotoxicity, generation of extremely cytotoxic free 

radicals through auto-oxidation of catecholamines has been 

involved in concert of the necessary conducive factors.* 

Due to generate free radicals and to stimulate macromolecule 

peroxidation, which can be a conducive issue for irreversible 
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harm to the heart muscle membrane.* as a result of heart 

muscle membrane phospholipase could lead on to extensive 

cellular harm. Phospholipids also are proverbial to be 

elementary constituents within the mitochondrial lepton 

transport chain. 

It has been urged that phospholipase activity was increased 

once a persistent decrease in ATP concentration.* As result 

membrane permeableness alterations, that brings regarding 

the loss of functions and integrity of heart muscle 

membranes.* ISO stimulation of adenylate cyclise, activation 

of Na+ and Ca+ channels and exaggerated Ca+ influx and 

energy consumption resulting in cellular death.* 

MI elicited by ISO conjointly in the middle of 

hyperglycaemia and increase in body fluid amino acid 

phosphokinase, aminoalkanoic acid aminotransferase, 

aspartate transaminase and give dehydrogenase activities.* 

additionally, have according that ISO causes inflated levels of 

circulatory and heart muscle lipids. It conjointly lowers high 

density conjugated protein, cholesterol levels and enhances 

lipoprotein (LDL)-cholesterol levels within the circulation. 

Inflated LDL-cholesterol in circulation ends up in 

accumulations of harmful deposits within the arteries, 

therefore favouring coronary heart diseae.* 

 

Ex: Isoprotenole 

 

 
 

Fig 15: mechanism of action ISO elicited MI 
 

References 
1. Carrie G, Lenneman, Douglas B, Sawyer; Cardio-

oncology: An update on Cardiotoxicity of Cancer-

Related treatment. Circ. Res. 2016; 118:1008-1020. 

2. Carrie Geisberg, Douglas B. Mechanisms of 

Anthracycline Cardiotoxicity and stratergies to Decrease 

Cardiac Damage. Curr Hypertens Rep. 2010; 12(6):404-

410. http://dx.doi.org/10.5772/intechopen.79588 

3. Zahi Mitri, Tina Constantine, Ruth O’Regan. The HER2 

Receptor in Breast Cancer: Pathophysiology, Clinical 

Use, and New Advances in Therapy. Chemother Res 

Pract. 743193, 2012. 

4. Joseph Gbenga Omole, Oladele Abiodum Ayoka, Quadri 

Kunle Alabi, Modinat Adebukola Adefisayo, Muritala 

Abiola Asafa, Babalola Olusegun Olubunmi et al; 

Protective Effect of Kolaviron on Cyclophosphamide-

induced Cardiac Toxicity in Rats. Journal of Evidence-

based integrative Medicine. 2018; 23:1-11. 

5. Nafiseh Sadat Alamolhodaei, Kobra Shirani, Gholamreza 

Karimi; Arsenic Cardiotoxicity: An overview. 

Environmental toxicology and Pharmacology. 2015; 

40(3):1005-14. 

6. Jaskanwal D, Sara, Jasvinder Kaur, Axel Grothey; 5-

fluorouracil and cardiotoxicity: a review. Ther Adv Med 

Oncol 10: 1758835918780140, 2018. 

7. Maher Chaar, Jeff Kamta, sihem Ait-Oudhia; 

Mechanisms, monitoring, and management of tyrosine 

kinase inhibitors-associated cardiovascular toxicities. 

Onco Targets Ther. 2018; 11:6227-6237. 

8. Patel V, Upaganlawar A, Zalawadia R, Balaraman R. 

Cardioprotective effect of melatonin against isoproterenol 

induced myocardial infarction in rats: A biochemical, 

electrocardiographic and histoarchitectural evaluation. 

Eur J Pharmacol. 2010; 644:160-8. 

9. Pearce RN. Experimental myocarditis: A study of the 

histological changes following intravenous injection of 

adrenalin. J Exp Med. 1906; 8:400-25. 

10. Fleisher MS, Loeb L. Further investigation in 

experimental myocarditis. Arch Int Med. 1910; 3:427-38. 

11. Fleisher MS, Loeb L. Experimental myocarditis. Arch Int 

Med. 1909; 3:78-91. 

12. Yeager JC, Iams SG. The hemodynamics of 

isoproterenol-induced cardiac failure in the rats. Circ 

Shock. 1981; 8:151-63. 

13. Csapa Z, Dusek J, Rona G. Early alterations of the 

cardiac muscle cells in isoproterenol induced necrosis. 

Arch Path. 1972; 93:356-36. 

14. Lehr D. Tissue electrolyte alteration in disseminated 

myocardial necrosis. Ann NY Acad Sci. 1969; 156:344-

78. 

15. Bloom S, Davis DL. Calcium as mediator of 

isoproterenol-induced myocardial necrosis. Am J Path. 

1972; 69:459-70. 

16. Yarom R, Ben-Ishay D, Zinder O. Myocardial cationic 

shifts induced by isoproterenol: Electron microscopic and 

electron probe studies. J Mol Cell Card. 1972; 4:559-70. 

17. Ganesan B, Anandan R. Protective effect of betaine on 

changes in the levels of lysosomal enzyme activities in 

heart tissue in isoprenaline-induced myocardial infarction 

in Wistar rats. Cell Stress Chaperones. 2009; 14:661-7. 

18. Kondo T, Ogawa Y, Sugiyama S, Ito T, Satake T, Ozawa 

T. Mechanism of isoproterenol induced myocardial 

http://www.thepharmajournal.com/


 

~ 170 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 

damage. Cardiovas Res. 1987; 21:248-54. 

19. Prince PSM, Sathya B. Pretreatment with quercetin 

ameliorates lipids, lipoproteins and marker enzymes of 

lipid metabolism in isoproterenol treated cardiotoxic 

male Wistar rats. Eur J Pharmacol. 2010; 635:142-8. 

20. Wexler BC. Protective effects of propanolol in 

isoproterenol induced myocardial infarction. 

Atherosclerosis.1973; 18:11-43. 

21. Chagoya DSV, Munoz HR, Barrera LF, Yanez L, Vidrio 

S, Suarez J et al. Sequential changes of energy 

metabolism and mitochondrial function in myocardial 

infarction induced by isoproterenol in rats. Can. J 

Physiol. Pharmacol.1997; 75:1300-11. 

http://www.thepharmajournal.com/

