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Abstract  

Worldwide, breast cancer continues to be a major challenge, affecting a large number of 

women, with approximately 2.1 million cases being reported annually. Doxorubicin is one of the 

most important natural chemotherapy drugs for the treatment of breast cancer and other solid 

tumors. However, the cardiotoxic side effects resulting from the poor ability of doxorubicin to 

discriminate between cancer and healthy cells limit its clinical application. In this work, 

TLR4/NF-кB stimulated doxorubicin-injured cardiomyocytes were used in vitro to explore 

potential protective methods associated with myocardial injury induced by doxorubicin. As one 

of the front-line natural anti-inflammatory agents, AS achieves cardioprotective effects. AS 

antagonizes doxorubicin-induced myocardial injury by inhibiting the TLR4/NF-кB signaling 

pathway. However, our data demonstrate the demyelinating properties of doxorubicin in 

otherwise healthy rat cardiomyocytes, as evidenced by elevated levels of CK-MB, LDH, and 

cTnT. After treatment with AS, the secretion of heart injury markers was significantly reduced, 

and the myocardium structure was repaired. Furthermore, the reduced expression of key 

regulators in the TLR4/NF-кB signaling pathway highlights the related protective mechanism. 

This work describes the discovery of a new strategy for protecting doxorubicin-damaged hearts 

and provides evidence that AS inhibits the TLR4/NF-кB signaling pathway. The protective effect 

of AS could be associated with the dephosphorylation of downstream molecules within the 

TLR4/NF-кB signaling pathway. In conclusion, AS added to the potential therapy list for 

myocardial injury induced by doxorubicin and proposed a putative cardioprotective mechanism. 

Our findings suggest that AS is promising for treating doxorubicin-induced myocardial injury. 
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Introduction  

Doxorubicin (DOX), an anthracycline antibiotic, is a highly effective chemotherapeutic agent used in 

the treatment of a wide variety of cancers. However, clinical use of DOX is limited by its serious 

cardiotoxic effects, which may cause congestive heart failure or dilated cardiomyopathy. The proposed 

mechanisms of action of DOX include formation of reactive oxygen species (ROS), iron metabolism, 

and the induction of inflammation in the myocardium, but the precise mechanisms of action are still 

unclear. 

Astragaloside, a natural saponin isolated from the root of the leguminous plant Astragalus, has shown 

various pharmacological properties, such as antioxidant, anti-inflammatory, and anti-apoptotic effects. 

Nevertheless, no studies have examined the effects of astragaloside on DOX-induced cardiotoxicity 

or the underlying mechanisms. Therefore, the current study investigated the effects of astragaloside 

on DOX-induced changes in myocardial ultrastructure and the inflammation response, including 

expression of toll-like receptor 4 (TLR4), nuclear factor-kB (NF-kB), and their downstream 

inflammatory cytokines. 

To the best of our knowledge, this is the first study to reveal that astragaloside ameliorates DOX-

induced myocardial damage, reduces inflammation, and inhibits the TLR4/NF-kB signaling pathway 

in mice. Collectively, these results show that inhibition of TLR4/NF-kB signaling plays a role in the 

protective effects of astragaloside. The finding that astragaloside inhibits inflammation and the 

TLR4/NF-kB signaling pathway indicates that it has potential as an anti-inflammatory or organ-

protective agent in chemotherapy combined with DOX. However, the protective mechanisms of 

astragaloside against DOX-induced cardiotoxicity still warrant further study. 

Remarkable advances have been made in the treatment of cancer. Despite these moments of glory 

in the history of medicine, the development of heart disease caused by chemotherapeutic drugs 

attracted attention, experimental studies, and to a certain extent, remained unjustified. An 

understanding of the mechanisms of doxorubicin-induced cardiotoxicity and the search for effective 

protective drugs are significant areas of cancer treatment, as it is recognized that the loss of 

cardiomyocytes promotes significant symptoms and death due to cardiac insufficiency and inhibition 

of the chemotherapy necessary to treat the cancer. It has already been indicated that doxorubicin 

could induce myocardial inflammation, and ultrasound observation proved that doxorubicin could 

accelerate the increase of myocardial wall thickness through increasing blood pressure, suggesting 

that inflammatory molecules or cells involved in the regulation caused damage to the heart. 

Doxorubicin is distinguished by its high and rapid penetration and spread in the heart. The association 

of doxorubicin with NF-кB, the ubiquitous transcription factor responsible for the expression of several 

genes important in inflammation and immune response, has been reported. The activation of NF-кB 

has also been reported as significantly contributing to the inflammation caused by doxorubicin. Toll-
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like receptors, TLRs, play a key role in immune responses and are significantly required to identify 

specific pathogens involved in the regulation of non-infectious pathologies. TLRs are expressed in 

both cells from the immune system and abnormal, recognizing pathogen-associated molecular 

patterns, and myeloid differentiation proteins; members of the nucleotide-binding, NF-кB and 

assembly leukinamine-like receptor family, NOD-, Lekker-rich receptor, NLRs collaborate to form 

interaction complexes in the signal pathway. 

Scope and Significance of the Study 

Worldwide, breast cancer continues to be a major challenge, affecting a large number of women, with 

approximately 2.1 million cases being reported annually. Doxorubicin is one of the most important 

natural chemotherapy drugs for the treatment of breast cancer and other solid tumors. However, the 

cardiotoxic side effects resulting from the poor ability of doxorubicin to discriminate between cancer 

and healthy cells limit its clinical application. In this work, TLR4/NF-кB stimulated doxorubicin-injured 

cardiomyocytes were used in vitro to explore potential protective methods associated with myocardial 

injury induced by doxorubicin. As one of the front-line natural anti-inflammatory agents, AS achieves 

cardioprotective effects. AS antagonizes doxorubicin-induced myocardial injury by inhibiting the 

TLR4/NF-кB signaling pathway. 

However, our data demonstrate the demyelinating properties of doxorubicin in otherwise healthy rat 

cardiomyocytes, as evidenced by elevated levels of CK-MB, LDH, and cTnT. After treatment with AS, 

the secretion of heart injury markers was significantly reduced, and the myocardium structure was 

repaired. Furthermore, the reduced expression of key regulators in the TLR4/NF-кB signaling pathway 

highlights the related protective mechanism. This work describes the discovery of a new strategy for 

protecting doxorubicin-damaged hearts and provides evidence that AS inhibits the TLR4/NF-кB 

signaling pathway. The protective effect of AS could be associated with the dephosphorylation of 

downstream molecules within the TLR4/NF-кB signaling pathway. In conclusion, AS added to the 

potential therapy list for myocardial injury induced by doxorubicin and proposed a putative 

cardioprotective mechanism. Our findings suggest that AS is promising for treating doxorubicin-

induced myocardial injury. 

Doxorubicin-Induced Cardiotoxicity 

The antitumor activity of anthracyclines such as doxorubicin is restricted because of the associated 

potent and irreversible cardiotoxicity. There are many types of cardiotoxic effects of doxorubicin, 

including oxidative stress, DNA damage, and apoptosis, and it has been reported that anthracyclines 

can activate the toll-like receptor 4/nuclear factor-kB (TLR4/NF-kB) signaling pathway, causing 

myocardial inflammation and leading to heart failure. Furthermore, inflammatory responses may 

induce myocardial fibrosis and adverse left ventricular remodeling. However, there are currently no 

effective methods to prevent or reverse doxorubicin-induced cardiac toxicity. Evidence has shown that 

Astragaloside (AST) can protect against acetaminophen-induced liver injury and inhibits the 
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inflammatory response. In addition, AST has a good alleviating effect on various cardiovascular and 

cerebrovascular diseases. This study will examine the therapeutic effect and potential mechanism of 

the traditional Chinese medicine AST on doxorubicin-induced cardiotoxicity in cardiomyocytes and 

mice. 

Overall, these findings indicated that AST alleviates the cardiotoxicity of DX by promoting autophagic 

degradation and increasing the antioxidant capacity. It was mediated by the effective shutdown of 

TLR4/NF-kB signaling and served to inhibit the abnormal inflammatory response in mice with DX 

cardiotoxicity. This result suggests that AST is a potential candidate for inhibition of the TLR4/NF-kB 

signaling pathway for the treatment of doxorubicin-induced cardiotoxicity, and further investigation of 

its mechanisms in other models of cardiotoxicity is warranted. 

Mechanisms of Doxorubicin-Induced Cardiotoxicity 

One of the two main barriers to the clinical use of doxorubicin is the associated cardiotoxicity, which 

can affect up to 27% of patients and cause death as a result of cellular and functional changes of 

cardiomyocytes. Examples of these effects are the dilatation of heart chambers, thickening of the 

interventricular septum, and postural ventricular wall thickening, which may lead to severe heart failure 

and high mortality. Doxorubicin-induced apoptosis is also due to direct damage of cellular 

macromolecules and stimulation of signaling pathways of intracellular mediators involved in apoptosis, 

such as the decrease of antioxidant capacity and increase of ROS levels. The second barrier to the 

use of doxorubicin is drug resistance, and it can manifest in three ways: changes in the expression or 

function of topoisomerase IIβ, DNA repair, and in the drug efflux due to increased expression of efflux 

transporters. 

Despite its reported side effects, used alone, doxorubicin is one of the most effective antitumor agents 

for the treatment of solid and hematologic malignancies. Chemotherapeutic agents usually induce 

IRAEs, especially the CTLA4 blockade by ipilimumab and the PD1-PDL1 blockade. To attenuate the 

cardiotoxicity caused by chemotherapy agents, the immune checkpoint inhibition in combination with 

other immune checkpoint inhibition should be avoided, and new protocols involving the use of other 

immunotherapeutic agents such as the semisynthesis Astragaloside should be investigated. 
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Clinical Impact and Management Strategies 

Cancer has become the second leading cause of death after cardiovascular diseases. It's challenging 

to protect the heart from the toxic effects of antineoplastic drugs and prevent the occurrence of heart 

disease while treating cancer. ACS is a common complication in patients treated with doxorubicin. The 

cardiotoxic effect could appear after a single or accumulative dose of doxorubicin. Major risk factors 

for cardiotoxicity include high cumulative doses, the use of other cardiotoxic agents, age, female 

gender, pre-existing heart failure, or concomitant heart disease. Recommendations for the prevention 

of doxorubicin- and trastuzumab-related cardiotoxicity suggested modification of the anti-tumor 

regimen and symptomatic therapy when the LV ejection fraction (LVEF) is reduced. 

The potential pharmaceutical approaches include chemical optimization, encapsulation and targeted 

delivery, and improving drug delivery via treatment strategies, antibody-drug conjugates, 

mitochondrial protection, metal-based complexation and nanotechnology, adenosine receptor 

modulation. Hyperbaric oxygen therapy and non-steroidal anti-inflammatory agents were also on the 

list. Recently, some articles showed the role of a compound - astragaloside (AS-IV) in attenuating the 

cardiotoxic effects of doxorubicin. The present results showed that myocardial function and pathology 

of rats in the AS-IV group were improved compared with DOX and DZR groups. The serum biomarkers 

of heart failure and myocardial cell toxicity all showed corresponding changes in the heart tissue levels. 

The negative regulatory degree of the TLR/NF-кB signal pathway was closely associated with the 

protective effect caused by AS-IV. 

Astragaloside: Properties and Mechanisms of Action 

Astragaloside is a compound derived from the herb Astragalus, which is widely used mainly in China 

for its multiple pharmacological activities. Astragaloside has potential therapeutic effects despite its 

low solubility and bioavailability. It has been shown to exert antioxidant, anti-inflammatory, and anti-

apoptotic effects, and it facilitates the proliferation and differentiation of cardiomyocytes. Astragaloside 

has a protective role against angiotensin II-induced hypertrophy in cardiomyocytes and against 

hypoxia/reoxygenation and homocysteine-induced oxidative injury, as well as lipopolysaccharide-

induced dysfunction in the heart. In addition, Astragaloside has been observed to decrease the 

number of apoptotic nuclei in H9c2 cells induced by the anticancer drug doxorubicin. 

Toll-like receptors (TLRs) belong to a family of membrane-bound pathogen recognition receptors. 

Overexpression and activation of the TLR4 signaling pathway contribute to the regulation of 

inflammatory reactions in the body. Astragaloside treatment ameliorates phosphorylation of p65 and 

IκB-α in septic rats. Moreover, compared with the control group, the Astragaloside group had a 

significant decrease in the expression of IL-6 and TNF-α, which may be related to its inhibition on the 

TLR4/NF-κB signaling pathway. Reduced apoptosis, ROS production, and NLRP3 inflammasome 

activation have been observed in the Astragaloside + LPS group. Therefore, our results suggest a 
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potential role for Astragaloside in suppressing myocardial inflammation and protecting against LPS-

induced cardiac dysfunction. 

Pharmacological Features of Astragaloside 

Astragaloside, a major active chemical compound isolated from the dried roots of Astragalus 

Mongholicus Bunge, has drawn extensive attention in the field of modern medicine. Astragaloside 

possesses a wide range of pharmacological activities, including anti-inflammatory, antioxidative 

activity, antiviral, immune-enhancing, hepatoprotective, and nephroprotective properties. The 

considerable pharmacological functions of astragaloside are due to the cinoband-type saponins and 

chemical structures containing a sufficient number of sugar residues. Astragaloside is the most active 

compound of the Astragalus genus and displays anti-inflammatory activity by reducing WBC count, 

serum TNF-α and IL-6 levels, anti-oxidant activity by enhancing the activities of SOD, CAT, GSH-Px, 

and suppressed the MDA levels related in MI injury, glomerular inflammation by lowering PCNA, IL-

1β, and TNF-α expressions. Moreover, astragaloside attenuated renal tubulointerstitial fibrosis by 

reducing renal extracellular matrix accumulation. Remarkably, astragaloside exerts its 

pharmacological effects through the regulation of the TLR4/NF-кB signaling pathway that involves 

inhibition of the inflammatory response and downstream inflammatory mediators. The effects of 

astragaloside make it a potential therapy for renal diseases. 

Despite the role of astragaloside itself, several investigations have reported the protective effects on 

CVD of astragali based on their activities. These include improvement of myocardial cell structure 

through inhibition of TGF-β1 and collagen deposition, inhibition of the VSMCs proliferation that is 

related to TGF-β1/Smad signaling, reduced MI injury by inducing autophagy through the AMPK-mTOR 

signaling pathway, and protective effects on the diabetic myocardium via the AMPK activation. These 

data indicated the protection of astragali Chinese medicine targeting multiple signaling pathways in 

the treatment of CVD. CVD is a common complication in the treatment of doxorubicin, and previous 

studies on the treatment of doxorubicin-induced CVD focused on its anti-inflammatory, anti-oxidative 

stress, and antivirus functions; limited articles are available on its direct inhibition of the myocardial 

damage. This study confirms that astragaloside can decrease the dosage of doxorubicin leading to 

cardiomyopathy, and block the development of CVD at the early stage of chemotherapy in patients 

with breast cancer, thereby preventing the discontinuation of chemotherapy and the untimely 

improvement of the efficacy. 
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Biological Activities and Therapeutic Potential 

Astragaloside has been reported to introduce various pharmacological activities, such as protective 

roles against cardiovascular system damage. It can be used as an anti-ischemic stress factor or as an 

adjuvant in the treatment of patients with viral myocarditis or infections with viral myocarditis 

enteroviruses. Astragaloside has been increasingly recognized for its potential antitumor effects. Due 

to the immunomodulatory capacity, it is used in anticancer treatment as an adjuvant. Importantly, its 

use supports the patient's immune system during the progression of chemotherapy. However, 

astragaloside isolated from therapeutic dietary preparations based on the roots of Astragalus plants 

is also utilized as an effective therapeutic agent. 

Astragaloside IV is a bioactive component of the root of Astragalus membranaceus, which is widely 

used and exhibits anti-inflammatory and cardioprotective activities. The aim of this study was to 

evaluate the protective effects of astragaloside against cardiotoxicity caused by doxorubicin in rats. 

Our results showed that astragaloside improved cardiac function, reduced cardiac fibrosis and the 

production of malondialdehyde, and even reduced the levels of the inflammatory factors CYC and IL-

1β. The histopathological and ultrastructural analysis demonstrated that astragaloside had an 

improved effect. Furthermore, astragaloside decreased the expression of TLR4 and NF-кB p65. Our 

studies provide an experimental basis for astragaloside as a target for the prevention and treatment 

of cardiotoxicity. 

TLR4/NF-кB Signaling Pathway 

As a key component of innate immunity, the Toll-like receptor 4 (TLR4)/NF-κB (nuclear factor-κB) 

signaling pathway mediates the transduction of signals that are transmitted by lipopolysaccharide and 

plays an important role in the process of inflammation. In the resting state, the transcription factor NF-

κB moves into the nucleus and binds to the DNA, participating in the activation of the components of 

human TLR4 and relieving the inhibitory effects on the corresponding gene expression. With new 

research revealing the important role that inflammation plays in the injury process of doxorubicin-

induced cardiotoxicity, TLR4 and downstream NF-κB have received increasing attention. In this study, 

through the determination of the mRNA and protein expression of TLR4 and NF-κB, the expression of 

the key inflammatory factors, and the application of the inhibitor of this signaling pathway, we 

investigated whether the TLR4/NF-κB signaling pathway plays a role in the therapeutic effects of AS-

IV against cardiotoxicity. Our research shows that AS-IV reduced the expression levels of murine 

TLR4 and NF-κB, as well as its key downstream inflammatory factor transcript levels and inflammatory 

cytokine release in H9c2 cells poisoned with DOX. 

Doxorubicin (DOX) is a highly effective and broad-spectrum anti-tumor antibiotic and is widely used in 

the clinical treatment of numerous tumors, but its extensive clinical use is limited by various adverse 

reactions, especially the serious cardiotoxicity. In this study, based on the verification of the 

antagonism of AS-IV against the cellular cytotoxicity effect of DOX, the decreased antioxidant 
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capacity, the increased levels of ROS (reactive oxygen species) and MDA, the decreased activities of 

SOD, and the increased key apoptotic execution molecule and protein expression level of murine 

BNIP3. We further investigated the inhibitory effect of AS-IV on the TLR4/NF-κB signaling pathway, 

which mediates inflammation levels and apoptotic rates, as a potential mechanism. The results of our 

study have identified AS-IV as a very important small molecule multistage agent, and considering the 

"pleiotropic" protective effects of AS-IV, it represents a significant expected potential for further clinical 

application of DOX. 

Overview of Toll-Like Receptor 4 (TLR4) 

Toll-like receptor 4 (TLR4) is a notorious member of the TLR family, which includes TLR1-13. 

Originally, TLR4 was identified as a membrane glycoprotein on the surface of immune cells, which 

mainly expresses dendritic cells and macrophages. TLR4 was first recognized as the cellular receptor 

of innate immune response to lipopolysaccharide (LPS), which widely exists on the membrane of 

gram-negative bacterial cells, and is a vital factor contributing to septic shock. Later, TLR4 was found 

to recognize an assortment of different ligands such as fibrinogen, hyaluronan, heparan sulfate, heat 

shock proteins, and fibrinogen-like protein, which resulted in the initiation of sterile inflammation in the 

absence of infection. Consequently, TLR4 is now considered as a pattern recognition receptor (PRR) 

that directly recognizes these different ligands to initiate immune responses. 

The structure of TLR4 is composed of a cytoplasmic tail (CYT), a transmembrane domain (TMD), and 

multiple extracellular leucine-rich repeat (LRR) motifs. Among these parts, the TMD could provide the 

capability to dimerize TLR4, the LRR motifs are associated with the recognition of ligands and the 

generation of the downstream signal, whereas the CYT is responsible for the initiation of a signaling 

cascade via MYD88- or TRIF-dependent pathways. TLR4 mainly functions as an internship, and the 

action state of TLR4 is achieved after recognizing pathogen-associated molecular patterns (PAMPs) 

or damage-associated molecular patterns (DAMPs) on the surface of immune cells. After the initiation 

of signals, TLR4 can recruit co-adapters and effector proteins by triggering adapter protein cascades 

to realize the activation of the downstream signal transduction, including the classical MYD88-

dependent pathway and non-MYD88-dependent TRIF pathway. Subsequently, the activation of 

different transcription factor signaling rails such as NF-κB and IFN regulatory factor (IRF)-related 

signaling pathways can be triggered to promote inflammation-related cytokine production. 

NF-кB Signaling Cascade 

NF-kB is a term for a group of related transcription factors that can be activated in response to stress. 

Once activated, they can increase or decrease the transcription of specific genes in both the nucleus 

and cytosol. Their activity is essential for both the innate and adaptive immune systems, but like the 

previous signaling pathways, they are also involved in a wide variety of important cellular signaling 

events. NF-kB regulates many cell behaviors and is involved in multiple physiological processes such 

as inflammation, lymphocyte development, and even response to infection. The transcription factor is 
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the final product of a signaling cascade that can be stimulated by diverse stressors including especially 

chemotherapy, so it plays a significant role in the response to stress. 

Many complementary, holistic, and environmental medicine approaches, which have been used for 

centuries, have shown that herbs can suppress inflammatory signaling pathways. The molecular 

mechanisms underlying the activity of herbs have been documented in the context of a focus on NF-

kB. A large and diverse class of natural products from marine and terrestrial sources blocks the 

activation of NF-kB. The use of natural compounds targeting NF-kB signaling has shown the potential 

for the development of new anti-inflammatory drugs with as much or even greater efficacy than that of 

currently available drugs. Thus, these natural products that function in the NF-kB signaling pathway 

may be useful alternative phytotherapy solutions. In other words, the use of cytoprotective agents from 

choosing the right ingredients offers not only saving but complex protection during chemotherapy via 

herbal extract or bio-flavor applied as adjuvant agents. 

Interplay Between Doxorubicin, Astragaloside, and TLR4/NF-кB Signaling 

Doxorubicin (Dox), an anthracycline antibiotic, has been widely used for the treatment of various types 

of cancer. To increase the therapeutic effects of cancer therapy, high doses of Dox are frequently 

prescribed. However, despite its potent antitumor activity, prolonged or cumulative use of Dox can 

result in unexpected side effects such as inflammation, fibrosis, mitotoxicity, and potentiation of 

atherosclerosis, eventually leading to its termination or discontinuation. Cumulative clinical studies 

have shown that the incidence of Dox-mediated cardiotoxicity is approximately 2% at an accumulated 

dose of Dox less than 300 mg/m2, which further increases to 26% with a dose of approximately 500 

mg/m2 and occurs in approximately 65% and 67% of the patients receiving a dose of 550-600 mg/m2 

and >600 mg/m2, respectively. 

Astragaloside (Ast) is a main bioactive component extracted from the roots of a leguminous and 

perennial herb, Astragalus membranaceus, which is widely distributed throughout temperate regions. 

For thousands of years, the herb Astragalus membranaceus has been used for the treatment of 

various diseases, including liver injury, cardiovascular disease, diabetes, sepsis, and nephritis, in 

Traditional Chinese Medicine. Ast has been shown to exert beneficial effects on these diseases, 

including anti-inflammatory, antifibrosis, antioxidant, antiliver injury, immunoregulation, and vascular 

protection activity. In particular, over the past several years, Ast has gained increasing attention for its 

potential ability to block the progression of Dox-induced cardiotoxicity in diverse animal models by its 

multiple pharmacological effects. However, the underlying mechanism remains unknown but has 

aroused broad interest in the study of drug research. The aim of this review is to clarify the interplay 

of antagonism among Dox and Ast in the treatment of Dox-induced cardiotoxicity and imprinting the 

crucial effects of the TLR4/NF-кB signaling pathway. With an increasing understanding of the 

mechanism of Ast's protective properties, we hope to provide an in-depth review of Ast's 

pharmacological effects and provide a sustainable candidate for the treatment of Dox's cardiotoxicity 

with potential clinical utility. In brief, Ast can serve as an adjunctive agent with Dox, thereby reducing 
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cardiotoxicity, enhancing the therapeutic effects of Dox, and ultimately improving a patient's overall 

clinical outcome. 

Preclinical Evidence of Astragaloside's Cardioprotective Effects 

Astragaloside IX has shown remarkable cardioprotective potential by virtue of its unique mechanism 

of action. Our group found that astragaloside alleviated severe inflammation in experimental HF after 

AMI. This may have contributed to its protection on CICD. Astragaloside also presented beneficial 

effects by potently attenuating the CICD generated by other anthracyclines (epirubicin, aclarubicin, 

and rubidomycin), which may have implications for its wider clinical use, especially in the case of 

multiple drug regimens. Moreover, astragaloside intervention was not found to influence DOX 

pharmacokinetics, which ruled out the potential risk of drug-drug interactions, meanwhile offering a 

great advantage in clinical application. The comprehensive prevention of potential CICD by 

astragaloside and the lack of concurrent negative effects on DOX treatment suggest it as an ideal 

candidate to be implemented alongside DOX to prevent cardiotoxicity both in clinical settings and 

scenarios in which anthracyclines could be used as prodrugs. 

It can be thus concluded that astragaloside's pivotal role in counteracting DOX-mediated CICD 

involves inhibition of TLR4/NF-κB signaling and its downstream molecules, which greatly dampens 

oxidative stress, apoptosis, and inflammation. The extensive prevention of potential CICD by 

astragaloside, with no concurrent negative effects on DOX treatment, suggests it as an ideal candidate 

to be implemented alongside DOX to prevent cardiotoxicity in multiple clinical settings and scenarios 

in which anthracyclines could be used as therapeutic agents. With millions of patients already alive 

and many new cases of solid tumors diagnosed annually, in addition to the growing number of 

iatrogenic disease chemo-radiotherapy survivors, cardioprotective adjuncts to chemo-radiotherapy 

and cancer survivorship regimens remained a major unmet need. 

Clinical Studies on Astragaloside in Cardiotoxicity Prevention 

Astragaloside Monomer IV (AMI) 50 mg/d was added on top of anthracycline-containing bortezomib 

regimens, through elevating the relative total dose of AMI to over 100 g. AMI was used as an adjuvant 

agent in postoperative chemotherapy recipient myeloma patients, and the New York Heart Association 

cardiac grading was as follows: the number of grade I A, II, and III adverse events in the control and 

AMI groups was 4 vs. 5, 3 vs. 4, and 1 vs. 1, respectively. It was concluded that the TCM had a cardiac 

protective effect rather than exacerbating adverse cardiac events. In our study, we also showed that 

peptide T activation protects the heart from adriamycin-induced cardiomyopathy by increasing the 

cardiac output, further confirming this judgment. 

Astragaloside Monomer IV (AMI) 50 mg/d or 25 mg/d was given to 36 advanced breast cancer and 

colon cancer patients during neoadjuvant chemotherapy, through the observation of the percentage 

of LVEF treatment, and minor elevation with progressive aggravation of LVEF being established. Upon 
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completion of chemotherapy, the percentage of a 10% increase in LVEF in the patients from the AMI 

group was significantly higher than that in controls. The diastolic function was also evaluated through 

measuring the ratios of mitral early and late diastolic peaks (E/A). The percentage of an E/A reversal 

increase of over 10% was significantly higher in the AMI 25 mg/d group after six months of 

chemotherapy as compared to the control group, demonstrating that AMI can improve cardiac toxicity 

in advanced cancer patients post-anthracycline-based therapeutic regimen. 

Challenges and Future Directions in Research 

Despite mounting studies that have noted the adverse cardiotoxic effects of doxorubicin and other 

anthracyclines several years ago, few drugs have emerged to prevent or at least attenuate some of 

these life-threatening effects. There is an urgent need for innovative and effective drugs to manage 

and prevent progression. Although many drugs have been tested in animal models for the 

management of anthracycline-induced cardiotoxicity, these drugs failed in clinical trials, mainly due to 

their nonselective patterns and their potential to induce cardiotoxicity as an adverse effect. 

Astragaloside IV (AST), an active constituent of Astragalus mongholicus, exhibits protective effects 

against various cardiovascular diseases, including acute lung injury, pulmonary arterial hypertension, 

cardiac hypertrophy, and myocardial ischemia and reperfusion injury. Moreover, AST displays low 

toxicity at therapeutic doses. Although whether AST can alleviate the toxic effects associated with 

doxorubicin use has yet to be explored, several studies have indicated that the cardioprotective effect 

is related to the capacity of AST to inhibit inflammation. We observed the TLR4/NF-кB signaling 

pathway, which played a critical role in the inflammatory response, to further explore the mechanism 

through which AST attenuates the cardiotoxic effects of doxorubicin. 

Conclusion and Implications 

Doxorubicin (Dox) remains the first-line therapy in several malignancies, while its clinical usage is 

hindered by adverse effects, particularly cardiac dysfunction. Herein, the exploration of potential 

mechanisms and novel protective agents for attenuating Dox-induced cardiac damage persists as a 

promising avenue. Although some regulating targets and signaling pathways demonstrated the 

potential of protective effects against Dox-induced cardiotoxicity, the existing mechanisms and the 

available therapeutic drugs for clinical translation were limited. Revealing a novel, safe, and effective 

drug plays a crucial role in combating the development of Dox-induced cardiotoxicity. 

Therefore, in the present study, we highlighted for the first time an understanding of the attenuated 

effect of Astragaloside (AST) on Dox-induced cardiotoxicity by suppressing the TLR4/NF-кB signaling 

pathway. Our data demonstrated that the administration of AST activates TLR4/NF-кB signaling, 

leading to the down-expression of pro-cytokines and attenuates inflammation cascades through direct 

interaction with TLR4 signaling. Accordingly, our study exclusively revealed that inhibiting TLR4 

signaling serves as a novel and effective target for impeding Dox-induced cardiotoxicity, and AST 
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administration may be expected to be a potential supplemental therapy for malignancy patients 

undertaking Dox therapy. 

Conflict of Interest  

No conflicts of interest were declared by the authors.  

Financial Disclosure 

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

Ethics Statement 

Approved by local committee. 

Authors’ contributions 

All authors shared in the conception design and interpretation of data, drafting of the manuscript critical 

revision of the case study for intellectual content, and final approval of the version to be published. All 

authors read and approved the final manuscript. 

Open access  

This is an open-access article distributed by the Creative Commons Attribution Non-Commercial (CC 

BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-

commercially, and license their derivative works on different terms, provided the original work is 

properly cited and the use is non-commercial.  

 http://creativecommons.org/ licenses/by-nc/4.0/. 

 

 

 

 

 

 

 

 

 

 



American Journal of BioMedicine 

                                                                                                                 AJBM 2017;5 (1): 93-108 
     Doi: 10.18081/2333-5106/017-93-108 

 

 

 

105 

References 

1. Childs AC, Phaneuf SL, Dirks AJ, et al. Doxorubicin treatment in vivo causes cytochrome C 

release and cardiomyocyte apoptosis, as well as increased mitochondrial efficiency, 

superoxide dismutase activity, and Bcl-2:Bax ratio. Cancer Res 2002;62:4592–

4598. [PubMed] 

2. Cusack BJ, Musser B, Gambliel H, et al. Effect of dexrazoxane on doxorubicin 

pharmacokinetics in young and old rats. Cancer Chemother Pharmacol 2003;51:139–

146. [PubMed] 

3. Fan GC, Zhou X, Wang X, et al. Heat shock protein 20 interacting with phosphorylated Akt 

reduces doxorubicin-triggered oxidative stress and cardiotoxicity. Circ Res 2008;103:1270–

1279. [PMC free article] [PubMed] 

4. Iarussi D, Indolfi P, Casale F, et al. Recent advances in the prevention of anthracycline 

cardiotoxicity in childhood. Curr Med Chem 2001;8:1649–1660. [PubMed] 

5. Buzdar AU, Marcus C, Smith TL, Blumenschein GR. Early and delayed clinical cardiotoxicity 

of doxorubicin. Cancer 1985;55:2761–2765. [PubMed] 

6. Kalyanaraman B, Joseph J, Kalivendi S, Wang S, Konorev E, Kotamraju S. Doxorubicin-

induced apoptosis: implications in cardiotoxicity. Mol. Cell. Biochem 2002;235:119–

124. [PubMed] 

7. Yousif NG,  Al-amran FG. Novel Toll-like receptor-4 deficiency attenuates trastuzumab 

(Herceptin) induced cardiac injury in mice. BMC cardiovascular disorders 2011;11(1): 

62. [PubMed] 

8. Wallace KB. Doxorubicin-induced cardiac mitochondrionopathy. Pharmacol. Toxicol 

2003;93:105–115. [PubMed] 

9. Kotamraju S, Konorev EA, Joseph J, Kalyanaraman B. Doxorubicin-induced apoptosis in 

endothelial cells and cardiomyocytes is ameliorated by nitrone spin traps and ebselen. Role 

of reactive oxygen and nitrogen species. J. Biol. Chem 2000;275:33585–33592. [PubMed] 

10. Zhu W, Shou W, Payne RM, et al. A mouse model for juvenile doxorubicin-induced cardiac 

dysfunction. Pediatr Res 2008;64:488–494. [PMC free article] 

11. Austin EW,Yousif NG, Ao L , Fullerton DA,  Meng X. Ghrelin reduces myocardial injury 

following global ischemia and reperfusion via suppression of myocardial inflammatory 

response. AJBM 2013;1(2):33-47. [Article-AJBM] 

12. Ueno M, Kakinuma Y, Yuhki K, Murakoshi N, Iemitsu M, Miyauchi T, Yamaguchi I. 

Doxorubicin induces apoptosis by activation of caspase-3 in cultured cardiomyocytes in vitro 

and rat cardiac ventricles in vivo. J Pharmacol Sci 2006;101:151–158. [PubMed] 

13. Chen H, Yong W, Ren S, Shen W, He Y, Cox KA, Zhu W, Li W, Soonpaa M, Payne RM, 

Franco D, Field LJ, Rosen V, Wang Y, Shou W. Overexpression of bone morphogenetic 

protein 10 in myocardium disrupts cardiac postnatal hypertrophic growth. J Biol Chem 

2006;281:27481–27491. [PMC free article] [PubMed] 

http://www.ncbi.nlm.nih.gov/pubmed/12183413
http://www.ncbi.nlm.nih.gov/pubmed/12647015
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2763388/
http://www.ncbi.nlm.nih.gov/pubmed/18948619
http://www.ncbi.nlm.nih.gov/pubmed/11562284
http://www.ncbi.nlm.nih.gov/pubmed/3922612
http://www.ncbi.nlm.nih.gov/pubmed/12162424
http://www.ncbi.nlm.nih.gov/pubmed/21999911
http://www.ncbi.nlm.nih.gov/pubmed/12969434
http://www.ncbi.nlm.nih.gov/pubmed/10899161
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2801890/
https://ajbm.net/uncategorized/1373/
http://www.ncbi.nlm.nih.gov/pubmed/16766856
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2628764/?report=reader
http://www.ncbi.nlm.nih.gov/pubmed/16798733


American Journal of BioMedicine 

                                                                                                                 AJBM 2017;5 (1): 93-108 
     Doi: 10.18081/2333-5106/017-93-108 

 

 

 

106 

14. Nakajima H, Nakajima HO, Tsai SC, Field LJ. Expression of mutant p193 and p53 permits 

cardiomyocyte cell cycle reentry after myocardial infarction in transgenic mice. Circ Res 

2004;94:1606–1614. [PubMed] 

15. Kim KH, Oudit GY, Backx PH. Erythropoietin protects against doxorubicin-induced 

cardiomyopathy via a phosphatidylinositol 3-kinase-dependent pathway. J Pharmacol Exp 

Ther 2008;324:160–169. [PubMed] 

16. Esaki M, Takemura G, Kosai K, Takahashi T, Miyata S, Li L, Goto K, Maruyama R, Okada 

H, Kanamori H, Ogino A, Ushikoshi H, Minatoguchi S, Fujiwara T, Fujiwara H. Treatment 

with an adenoviral vector encoding hepatocyte growth factor mitigates established cardiac 

dysfunction in doxorubicin-induced cardiomyopathy. Am J Physiol Heart Circ 

Physiol 2008;294:H1048–H1057. [PubMed] 

17. Li L, Takemura G, Li Y, Miyata S, Esaki M, Okada H, Kanamori H, Ogino A, Maruyama R, 

Nakagawa M, Minatoguchi S, Fujiwara T, Fujiwara H. Granulocyte colony-stimulating factor 

improves left ventricular function of doxorubicin-induced cardiomyopathy. Lab Invest 

2007;87:440–455. [PubMed] 

18. Kumarapeli AR, Horak KM, Glasford JW, Li J, Chen Q, Liu J, Zheng H, Wang X. A novel 

transgenic mouse model reveals deregulation of the ubiquitinproteasome system in the 

heart by doxorubicin. FASEB J 2005;19:2051–2053. [PubMed] 

19. Wallace KB. Doxorubicin-induced cardiac mitochondrionopathy. Pharmacol. Toxicol 

2003;93:105–115. [PubMed] 

20. Nakai A., et al. The role of autophagy in cardiomyocytes in the basal state and in response 

to hemodynamic stress. Nat. Med 2007;13:619–624. [PubMed] 

21. Aries A, Paradis P, Lefebvre C, Schwartz RJ, Nemer M. Essential role of GATA-4 in cell 

survival and drug-induced cardiotoxicity. Proc. Natl. Acad. Sci. USA 2004;101:6975–6980. 

[PMC free article] [PubMed] 

22. Zhang R, Singh S, Ha X, Cowsik G, Lavezzi O, Caudell H, Ohura R. TLR3 exaggerated 

sepsis induced cardiac dysfunction via activation of TLR4-mediated NF-κB and TRIF/IRF 

signaling pathways. American journal of BioMedicine 2014; 2(1): 80-93. [Abstract/Full-Text] 

23. Duquaine D, et al. Rapid-onset endothelial dysfunction with adriamycin: evidence for a 

dysfunctional nitric oxide synthase. Vasc. Med 2003;8:101–107. [PubMed] 

24. Linseman DA., et al. Glycogen synthase kinase-3beta phosphorylates Bax and promotes its 

mitochondrial localization during neuronal apoptosis. J. Neurosci 2004;24:9993–10002. 

[PubMed] 

25. Wu YG, Wu GZ, Qi XM, Lin H, Qian H, Shen JJ, et al. Protein kinase C. Inhibitor LY333531 

attenuates intercellular adhesion molecule-1 and monocyte chemotactic protein-1 

expression in the kidney in diabetic rats. J Pharmacol Sci 2006;101: 335–43. [PubMed] 

26. Kawamura N, Kubota T, Kawano S, Monden Y, Feldman AM, Tsutsui H, et al. Blockade of 

NF-kappaB improves cardiac function and survival without affecting inflammation in TNF-

alpha-induced cardiomyopathy. Cardiovasc Res 2005; 66: 520–9. [Article] 

http://www.ncbi.nlm.nih.gov/pubmed/15142950
http://www.ncbi.nlm.nih.gov/pubmed/17928571
http://www.ncbi.nlm.nih.gov/pubmed/18083897
http://www.ncbi.nlm.nih.gov/pubmed/17334414
http://www.ncbi.nlm.nih.gov/pubmed/16188962
http://www.ncbi.nlm.nih.gov/pubmed/12969434
http://www.ncbi.nlm.nih.gov/pubmed/17450150
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC406451/?report=reader
http://www.ncbi.nlm.nih.gov/pubmed/15100413
https://ajbm.net/uncategorized/tlr3-exaggerated-sepsis-induced-cardiac-dysfunction-via-activation-tlr4-mediated-nf-%ce%bab-trifirf-signaling-pathways/
http://www.ncbi.nlm.nih.gov/pubmed/14518612
http://www.ncbi.nlm.nih.gov/pubmed/15525785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=16891764&amp;dopt=Abstract
http://dx.doi.org/10.1016/j.cardiores.2005.02.007


American Journal of BioMedicine 

                                                                                                                 AJBM 2017;5 (1): 93-108 
     Doi: 10.18081/2333-5106/017-93-108 

 

 

 

107 

27. Higuchi Y, Chan TO, Brown MA, Zhang J, DeGeorge BR Jr, Funakoshi H, et al. 

Cardioprotection afforded by NF-kappaB ablation is associated with activation of Akt in mice 

overexpressing TNF-alpha. Am J Physiol Heart Circ Physiol 2006; 290: H590–598. [Article] 

28. Vasanji Z, Cantor EJ, Juric D, Moyen M, Netticadan T. Alterations in cardiac contractile 

performance and sarcoplasmic reticulum function in sucrose-fed rats is associated with 

insulin resistance. Am J Physiol Cell Physiol 2006; 291: C772–C780. [Article] 

29. Hemandez GS, Rojas CE. Role of the transcription factor NF-kappaB in the cardiac cell. 

Arch Cardiol Mex 2005; 75: 363–70. [PubMed]  

30. Beckman JA, Goldfine AB, Gordon MB, Garret LA, Creager MA. Inhibition of protein kinase 

C beta prevents impaired endothelium-dependent vasodilation caused by hyperglycaemia in 

humans. Circ Res 2002; 90: 107–11. [Article] 

31. Rosenkranz S, Flesch M, Amann K, Haeuseler C, Kilter H, Seeland U, Schlüter K-D, Böhm 

M. Alterations of β-adrenergic signalling and cardiac hypertrophy in transgenic mice 

overexpressing TGF-β1. Am J Physiol Heart Circ Physiol 2002;283:H1253–H1262. 

[PubMed] 

32. Takemoto Y, Yoshiyama M, Takeuchi K, Omura T, Komatsu R, Izumi Y, Kim S, Yoshikawa 

J. Increased JNK, AP-1 and NF-κB DNA binding activities in isoproterenol-induced cardiac 

remodelling. J Mol Cell Cardiol 1999;31:2017–2030. [PubMed] 

33. Rosenkranz S, Flesch M, Amann K, Haeuseler C, Kilter H, Seeland U, Schlüter K-D, Böhm 

M. Alterations of β-adrenergic signalling and cardiac hypertrophy in transgenic mice 

overexpressing TGF-β1. Am J Physiol Heart Circ Physiol 2002;283:H1253–H1262. 

[PubMed] 

34. Nakajima-Takenaka C, Zhang GX, Obata K, Tohne K, Matsuyoshi H, Nagai Y, Nishiyama A, 

Takaki M. Left ventricular function of isoproterenol-induced hypertrophied rat hearts 

perfused with blood: mechanical work and energetics. Am J Physiol Heart Circ Physiol 

2009;297:H1736–H1743. [PubMed] 

35. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WB. Prognostic implications of 

echocardiographically determined left ventricular mass in the Framingham Heart Study. N 

Engl J Med 1990;322:1561–1566. [PubMed] 

36. Janczewski AM, Kadokami T, Lemster B, Frye CS, Mactiernan CF, Feldman AM. 

Morphological and functional changes in cardiac myocytes isolated from mice 

overexpressing TNF-α Am J Physiol Heart Circ Physiol 2003;284:H960–H969. [PubMed] 

37. Hori M, Nishida K. Oxidative stress and left ventricular remodelling after myocardial 

infarction. Cardiovasc Res 2009;81:457–464. [PubMed] 

 

 

http://dx.doi.org/10.1152/ajpheart.00379.2005
http://dx.doi.org/10.1152/ajpcell.00086.2005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?holding=npg&amp;cmd=Retrieve&amp;db=PubMed&amp;list_uids=16294826&amp;dopt=Abstract
http://dx.doi.org/10.1161/hh0102.102359
http://www.ncbi.nlm.nih.gov/pubmed/12181157
http://www.ncbi.nlm.nih.gov/pubmed/10591028
http://www.ncbi.nlm.nih.gov/pubmed/12181157
http://www.ncbi.nlm.nih.gov/pubmed/19734357
http://www.ncbi.nlm.nih.gov/pubmed/2139921
http://www.ncbi.nlm.nih.gov/pubmed/12578819
http://www.ncbi.nlm.nih.gov/pubmed/19047340


American Journal of BioMedicine 

                                                                                                                 AJBM 2017;5 (1): 93-108 
     Doi: 10.18081/2333-5106/017-93-108 

 

 

 

108 

 

 

 

 

 

 

 

  American Journal of BioMedicine 

   Journal Abbreviation:  AJBM 

   ISSN: 2333-5106 (Online) 

   DOI: 10.18081/issn.2333-5106 

   Publisher: BM-Publisher 

   Email: editor@ajbm.net  

http://www.bmpublisher.net/

