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Abstract 

 
Background and purpose: Doxorubicin (DOX) is an effective agent for the treatment of many neoplastic 
diseases. Cardiotoxicity is the major side effect of this drug and limits its use. Vanillic acid (VA) is                     
a pharmaceutical compound from the phenolic acids family. The present study is an attempt to investigate 
the possible helpful effects of VA against DOX-induced cardiotoxicity in rats. 
Experimental approach: For induction of cardiotoxicity, male Wistar rats received total of six doses of 
DOX (2.5 mg/kg i.p.) three times per week from days 14 to 28. Treatment groups received daily oral doses 
of VA (10, 20, and 40 mg/kg) two weeks before DOX injection and then plus DOX for 2 weeks. At the end 
of experiment, systolic blood pressure (SBP) and heart rate (HR) were detected using tail-cuff method. 
Lactate dehydrogenase (LDH), creatine phosphokinase-MB (CK-MB), serum glutamic oxaloacetic 
transaminase (SGOT), malondialdehyde (MDA), and ferric reducing antioxidant power (FRAP) were 
measured in serum samples. Troponin-I and toll-like receptor 4 (TLR4) were measured in cardiac tissue.               
All the measurements processed spectrophotometrically using commercial ELISA kits. Cardiac tissue was 
also processed for histopathological examination. 
Findings / Results: Treatment with VA significantly increased SBP compared to the DOX group and 
restored HR near to the normal level. Administration of VA at all of doses, decreased serum levels of LDH, 
SGOT, CK-MB, MDA, cardiac troponin-I, cardiac TLR4 and increased FRAP value. 
Conclusion and implications: These results suggest that VA may exert cardioprotective effects against 
DOX-induced cardiotoxicity by decreasing oxidative stress and biomarkers of cardiotoxicity, suppression of 
TLR4 signaling and consequently inflammation pathway. 
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INTRODUCTION 

 
Doxorubicin (DOX) is a powerful,                   

well-established, and highly efficacious drug 
in many kinds of cancers like solid tumors, 
leukemia, soft tissue sarcoma, breast cancer, 
small cell carcinoma of the lung, and 
esophageal carcinoma. However its clinical 
usefulness is still restricted due to the specific 
toxicities in cardiac tissues (1). 
Cardiomyopathy and heart failure are dose-
dependent adverse effects of DOX 
administration (2). The possible mechanisms 

proposed for cardiotoxic effects of DOX 
include free radical-induced myocardial injury, 
lipid peroxidation (3), mitochondrial damage 
(4) decreased activity of Na+-K+ adenosine 
triphosphate (5), release of vasoactive amines 
(6), increased oxidative stress including 
release of free radicals, such as super oxide 
anions (7) and other reactive oxygen 
intermediates as well as endogenous 
antioxidant deficits (8,9).  
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Several Toll-like receptors (TLRs) are 
expressed in cardiomyocytes, including TLR2 
and TLR4. These TLRs respond to 
endogenous and exogenous signals and lead to 
pathophysiological changes during 
cardiomyopathy (10). TLR4 signaling induces 
nuclear factor kappa B (NF-kβ) expression                     
and activation which is contributed to                        
the release of pro-inflammatory cytokines such 
as, interleukin-1β (IL-1β), IL-6, and tumor 
necrosis factor-α (TNF-α) in cardiac tissue 
(11). The roles of TLR, in this process-in 
particular TLR4 as heart failure was 
completely unobserved in TLR4-knockout 
mice treated with DOX (12). Therefore                 
the inhibition of TLR4/NF-kβ signaling                  
has been suggested as one of the most 
important mechanisms against DOX-induced 
cardiotoxicity. Increased generation of reactive 
oxygen species (ROS) is recognized as                   
the underlying cause for DOX-induced 
cardiotoxicity, prevention of the cardiotoxicity 
using a variety of natural or synthetic 
compounds have been investigated. Probucol 
and statins as lipid lowering drugs,                      
beta-blockers, angiotensin-converting enzyme 
inhibitors or angiotensin II receptor blockers 
have prevented DOX-mediated cardiotoxicity 
and heart failure without compromising                  
the antitumor property of the drug.                     
Several natural compounds such as vitamins, 
resveratrol, oleuoprein, polyphenols,                      
and flavonoids have been investigated as 
adjunct therapies to prevent DOX-induced 
cardiotoxicity (13). Meta-analysis from seven 
randomized clinical trials suggested beneficial 
role of dexrazoxane (DEX) in reducing DOX-
induced cardiotoxicity in breast cancer (14). 
The use of DEX is recommended as 
cardioprotective effect in advanced or 
metastatic breast cancer who has already 
received a minimum cumulative dose of                 
300 mg/m2 of DOX (15). DEX, a cyclic 
derivative of ethylenediaminetetraacetic acid, 
has the ability to chelate iron and                         
hence reduces the formation of ROS. It is               
the only cardioprotective drug licensed in 
USA, Canada, and Europe for reduction of 
DOX-induced cardiotoxicity and clearly 
provides long-term cardioprotection without 
compromising anthracyclines antitumor 
efficacy (14,15). In recent years, there is                      

a growing interest in the usage of natural 
antioxidants as a protective strategy against 
cardiovascular-related problems such as                   
heart failure and drug-induced cardiotoxicity.                
Some studies have demonstrated the protective 
effects of antioxidants such as polyphenolic 
compounds in DOX-induced cardiotoxicity 
without reducing the efficacy of this 
antineoplastic agent (16). 

Vanillic acid (VA) is a natural compound of 
phenolic acids family. It is a form of                
vanillin oxide and is produced when vanillin 
converted to ferulic acid. VA has                   
several pharmacological effects including                  
anti-metastatic (17), anti-melanogenesis (18), 
antioxidant, anti-angiogenesis (19), and               
anti-apoptotic effects (20). Recent study has 
shown the cardioprotective effect of VA in 
ischemia-reperfusion through decreasing 
oxidative stress and improving myocardial 
dysfunction (21). Other investigations revealed 
some phenolic acid such as ferulic acid 
suppressed TLR4-induced inflammatory 
responses against acetaminophen-induced liver 
injury (22). Therefore, the present attempt has 
been made to investigate the possible 
cardioprotective effects of VA against                 
DOX-induced cardiotoxicity. 

 
MATERIALS AND METHODS 

 
Chemicals 

DOX was purchased from Tehran Darou 
Pharmaceutical Co. (Tehran, I.R. Iran). VA 
and DEX were obtained from Merck Co. 
(Darmstadt, Germany). The standard kits                
for analyzing of lactate dehydrogenase (LDH), 
creatine phosphokinase-MB (CK-MB), serum 
glutamic oxaloacetic transaminase (SGOT) 
were obtained from Pars Azmun Co.               
(Tehran, I.R. Iran). The assay kits for 
evaluation of oxidative stress including 
malondialdehyde (MDA) and ferric reducing 
antioxidant power (FRAP) were purchased 
from Hakiman Shargh Research Co.               
(Isfahan, I.R. Iran). Rat TNNI3/cardiac 
troponin-I enzyme-linked immunosorbent 
assay (ELISA) kit was obtained from 
MyBioSource Inc. (San Diego, USA). TLR4 
ELISA kit was obtained from AVIVA Systems 
Biology Co. (San Diego, USA). 
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Animals and treatment 
Male Wistar albino rats weighing                       

200 ± 20 g were obtained from the animal 
house of the School of Pharmacy and 
Pharmaceutical Sciences of Isfahan University 
of Medical Sciences, I.R. Iran. The animals 
had free access to water and standard rodent 
diet and were kept under standard laboratory 
condition including room temperature of                
20-25 ºC and a 12/12-h light/dark cycle.                
Rats were acclimatized for 1 week before                
the experiment. All animal experiments were 
approved by the Ethics Committee of Isfahan 
University of Medical Sciences (Ethical 
approval ID: IR.MUI.REC.1396.3.573)                  
and performed in accordance with National 
Institute of Health Guide for the Care and                
Use of Laboratory Animals. In this study, 
thirty-six rats were randomly divided in to                
6 groups. Group 1, animals received total of 
six doses of DOX (2.5 mg/kg i.p.) three times 
per week from days 14 to 28; groups 2 to 4 
pretreated with daily doses of VA (10, 20, and 
40 mg/kg/day, p.o.) for 14 days and then 
received DOX simultaneously for 2 weeks; 
group 5 (reference) received DEX at 50 mg/kg 
i.p., 30 min before DOX administration; and 
group 6 (normal control) received single oral 
daily doses of normal saline (NS) 1 mL/kg. 
The body weight was measured on alternative 
days. Twenty-four h after the last day of 
experiment, blood samples were taken from 
orbital sinus plexus under mild anesthesia and 
serum was collected for biochemical analysis. 
After scarification, the hearts were separated 
and weighted out. Small pieces of heart              
were kept in 10% neutral buffered formalin 
solution and were further processed for 
histopathological examinations and other 
pieces were first freezed in liquid nitrogen for 
10 min and then kept in a deep freezer (-70 °C) 
until analyzed for troponin-I and TLR4. 

  
Measurement of systolic blood pressure              
and heart rate 

On the first and last days of experiment, 
systolic blood pressure (SBP) and heart rate 
(HR) was measured using noninvasive tail cuff 
method (AD Instrument Power Lab Data 
Acquisition System, Australia) in rats.               

Three days before the last treatment,               
the training of rats in different groups for SBP 
and HR measurements was started. This 
training consisted of the regular handling of 
the animals and getting used to the restraining 
cage with a cuff around the end of proximal of 
the tail. After placing of the cuff, a pulse 
transducer was used around the end of the tail. 
Then the tail cuff was inflated using the related 
button on the apparatus and data were 
performed by the computerized system power 
lab. The mean values of the six SBP and HR 
records were used for each animal. 
 
.Biochemical analysis 

The serum levels of LDH, SGOT, and             
CK-MB as the sensitive but nonspecific 
biomarkers for detection of cardiotoxicity 
were spectrophotometrically measured using 
commercial ELISA kits. The biomarkers 
expressed as enzyme unit activity (U) per                 
1 mL of sample (23).  
 
Measurement of cardiac troponin-I  

Cardiac troponin-I levels were estimated by 
rat TNNI3/cardiac troponin-I ELISA kit.          
Anti-cTn-I/TNNI3 antibody was pre-coated 
onto 96-well plates. According to                   
the manufacturer’s protocol, briefly,                   
the standards, test samples, antibody, and                 
the kit reagents were added to the wells.              
After adding stop solution the color changed. 
The density of final color product was 
proportional to the cTn-I/TNNI3 amounts                
of samples captured in the plate. 
Spectrophotometric absorbance was read                  
at 450 nm and the concentrations of                   
cTn-I/TNNI3 were calculated (24). 
 
Measurement of cardiac TLR4  

Cardiac TLR4 levels were measured by              
rat TLR4 ELISA kit. In the following kit 
manufacturer’s instructions, the specific 
antibody had been pre-coated onto a 96-well 
plate and the standards, test samples and                 
the kit reagents were added to the wells. 
Finally after adding stop solution, the color 
density was calculated as the sum of 
absorbance at 450 nm, and it was 
quantitatively proportional to the TLR4 
amounts of samples captured in the wells (25). 
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Measurement of oxidative stress markers 
The level of lipid peroxidation was 

indicated by the content of MDA. Serum 
MDA content was determined using              
the thiobarbituric acid reactive substance assay 
that is reacted with MDA. According to                   
the kit manufacturer's instructions, briefly, 
serum and kit reagents were added and                  
the absorbance of the samples was read at 532 
nm by a spectrophotometer (26). Total 
antioxidant capacity of serum samples 
indicated by FRAP value and it was measured 
based on the reduction of ferric-
tripyridyltriazine complex to ferrous form 
using a standard assay kit. Briefly, the FRAP 
reagent was added to plasma samples                       
and incubated for 40  min in 40 °C.                       
The absorbance of colored samples was read      
at 570  nm using a spectrophotometer/microplate 
reader. The values were calculated against            
the standard curve of FeSO4.7H2O 
concentrations and expressed as micromole            
of ferrous ion equivalents per liter (27).  
 
Histopathological examination 

The fixed heart tissue specimens in                   
10% neutral buffer formalin solution were 
additionally processed for histopathologic 
assessment. Then, five μm-thick sections were 
prepared from tissue paraffin block and stained 
with hematoxylin and eosin (H&E) for 
pathological evaluation under light 
microscopic examinations. 
 
Statistical analysis 

Data are presented as mean ± standard error 
of the means (SEM). One-way analysis of 
variance (ANOVA) followed by post hoc 

Tukey test using the Statistical Package for  
the Social Sciences (SPSS software V. 20.0) 
were performed for statistical analysis.                   
P values < 0.05 were considered as the 
significant level. 
 

RESULTS 
 
Effect of vanillic acid on systolic blood 
pressure and heart rate 

Significant decrease in SBP and HR               
was observed in DOX group compared to               
the NS control group on day 28 (P < 0.001). 
As shown in Table 1, all doses of VA 
significantly increased the SBP. It also 
reversed the HR near to normal value at                 
the doses of 20 and 40 mg/kg. However DEX 
had no valuable effect on SBP and HR. 
 
Effect of vanillic acid on serum levels                   
of cardiac enzyme biomarkers  

The activities of LDH, SGOT, and CK-MB 
were significantly increased in DOX group             
(P < 0.001). Treatment with DEX (50 mg/kg) 
and VA at all doses significantly decreased     
the serum levels of these non-specific 
cardiotoxicity biomarkers (Table 2). 
 
Effect of vanillic acid on cardiac troponin-I  

Cardiac troponin-I levels were measured in 
cardiac samples as a specific marker of cardiac 
injury by ELISA method. DOX administration 
significantly increased cardiac troponin-I 
levels compared to the NS control group                 
(P < 0.001). Treatment with VA at all doses 
significantly decreased cardiac troponin-I 
levels. DEX also brought back this indicator to 
near normal levels (P < 0.001, Fig. 1). 

 
Table 1. Effect of VA and DEX on SBP and HR in DOX-induced cardiotoxicity at day 1 and 28. Values are mean ± 
SEM, n = 6. 

Groups (mg/kg) SBP 1 (mmHg) SBP 28 (mmHg) P value HR 1 (bpm) HR 28 (bpm) P value 
Normal saline 121.9 ± 2.3 122.5 ± 4.5 0.54 342 ± 14.3 339 ± 16.1 0.16 
DOX 121.3 ± 2.7 88 ± 4.1### 0.000 360 ± 20.1 276 ± 15.5### 0.000 
DEX + DOX 118.9 ± 4.5 87± 2.3 1.2 365 ± 17.2 280 ± 14.8 2.2 
VA 10 + DOX 124 ± 3.2 99 ± 3.7* 0.03 350 ± 16 278 ±17.3 1.2 
VA 20 + DOX 117.5 ± 3.7 109 ± 4.9*** 0.000 355 ± 20.1 319.4 ± 17*** 0.000 
VA 40 + DOX 122.3 ± 4.1 114 ± 3.1*** 0.000 350 ±15.3 334 ±13.3***  0.000 

VA, Vanillic acid; DEX, dexrazoxane; DOX, doxorubicin; SBP, systolic blood pressure, HR, heart rate;  ###P < 0.001 
indicates significant differences versus normal saline control; and *P < 0.05 and ***P < 0.001 versus DOX group. 
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Table 2. Effect of VA and DEX on serum level of cardiac enzyme biomarkers. Values are mean ± SEM, n = 6. 

Groups (mg/kg) LDH activity (IU/L) SGOT activity (IU/L) CK-MB activity(IU/L) 
Normal saline 114 ± 15.9 67 ± 4.8 191 ± 25.2 
DOX 378 ± 32.56### 93 ± 7.8### 448 ± 33.1### 

DEX + DOX 200 ± 30.1*** 65 ± 10*** 240 ±16.2*** 

VA10 + DOX 277 ± 22*** 87 ± 5.6** 275 ± 28* 

VA20 + DOX 221 ± 18*** 76 ±10.3*** 204 ± 30*** 

VA40 + DOX 211 ± 25*** 65 ± 5.8*** 202 ± 48*** 

VA, Vanillic acid; DEX, dexrazoxane; DOX, doxorubicin; LDH, lactate dehydrogenase; SGOT, serum glutamic 
oxaloacetic transaminase; CK-MB, creatine phosphokinase-MB; ###P < 0.001 indicates significant differences in 
comparison with normal saline control, *P < 0.05, **P < 0.01, and ***P < 0.001 versus DOX group 

 

 
Fig. 1. Effects of VA (10, 20, and 40 mg/kg) and DEX (50mg/kg) on cardiac levels of troponin-I in DOX-induced 
cardiotoxicity in rat. Values are mean ± SEM; n = 6. ###P < 0.001 Indicates significant differences compared to NS as               
a control group; and *P < 0.05 and ***P < 0.001 versus DOX group. VA, Vanillic acid; DEX, dexrazoxane; DOX, 
doxorubicin; NS, normal saline. 

 

 
Fig. 2. Effects of VA (10, 20, and 40 mg/kg) and DEX on cardiac TLR4 levels in DOX-induced cardiotoxicity. Values 
are mean ± SEM; n = 6. ###P < 0.001 Indicates significant differences compared with NS as control group; and                       
*P < 0.05 and ***P < 0.001 versus DOX group. VA, Vanillic acid; DEX, dexrazoxane; DOX, doxorubicin; NS,        
normal saline; TLR4, toll-like receptor4. 
 
Effect of vanillic acid on TLR4 

TLR4 is expressed in cardiomyocytes              
and leads to the pathophysiological changes 
during cardiomyopathy. There was significant 
elevation of cardiac TLR4 levels in                     
DOX-treated group compared with normal 
control rats (P < 0.001). Administration of  
VA at all doses significantly decreased                 

the cardiac TLR4 levels compared to DOX 
group. DEX also significantly reduced                  
this indicator (P < 0.001, Fig. 2). 
 
Effect of vanillic acid on lipid peroxidation 

MDA concentrations were measured in 
serum samples as an indicator of lipid 
peroxidation. The serum levels of MDA were 
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significantly increased in DOX-induced 
cardiotoxicity compared to the normal control 
group (P < 0.001). Treatment with VA at              
20 and 40 mg/kg significantly decreased serum 
levels of MDA compared to the DOX group. 
DEX also brought back this indicator to near 
normal levels (P < 0.001, Fig. 3). 
Ferric reducing antioxidant power assay 

FRAP method was used for evaluation of 
total antioxidant capacity of VA extract.    
There was significant reduction in the FRAP 
value in DOX-induced cardiotoxicity in rats 
compared to the NS control group (P < 0.001). 
Administration of VA at all doses and                 
DEX (50 mg/kg) significantly increased   

FRAP value compared to the DOX group               
(P < 0.001, Fig. 4). 

 

Effect of vanilic acid on heart histopathology 
Histopathological examination of cardiac 

sections of DOX-treated animals (Fig. 5) 
showed (A1) rupture of cardiac muscle fibers, 
(A2) hemorrhage, (A3) myocyte wavy 
degeneration, (A4) necrosis and inter-fibrillar 
congestion; (B) DEX group showed mild 
hemorrhage; (C) treatment with VA at dose of 
10 mg/kg showed mild inter-fibrillar 
congestion and mild wavy degeneration. 
However treatment with (D and E) VA at 20 
and 40 mg/kg as (F) NS control rats group 
showed normal architecture of the myocardium. 

 
 

 
Fig. 3. Effect of VA (10, 20, and 40 mg/kg) on serum MDA concentrations in DOX-induced cardiotoxicity in                     
rats. Values are mean ± SEM; n = 6. ###P < 0.001 Shows significant differences in comparison with NS control; and              
*P < 0.05 and ***P < 0.001 versus DOX group. VA, Vanillic acid; DEX, dexrazoxane; DOX, doxorubicin; NS,               
normal saline; MDA; serum malondialdehyde. 
 
 

 
Fig. 4. Effects of VA (10, 20, and 40 mg/kg) and DEX (50 mg/kg) on serum FRAP value in DOX-induced 
cardiotoxicity. Values are mean ± SEM; n = 6. ###P < 0.001 indicates significant differences in comparison with                     
NS control, and **P < 0.01 and ***P < 0.001 versus DOX group. VA, Vanillic acid; DEX, dexrazoxane; DOX, 
doxorubicin; NS, normal saline; FRAP, ferric reducing antioxidant power. 
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Fig. 5. Representative hematoxylin and eosin (H&E) histological sections of the cardiac tissue of (A) DOX showing 
rupture of cardiac muscle fibers (black arrows in A1), hemorrhage (white arrow in A2) myocyte wavy degeneration 
(angled arrows in A3), necrosis and inter-fibrillar congestion (black arrow in A4). (B) Dexrazoxane (50 mg/kg) showing 
mild hemorrhage (black arrow). (C) Vanillic acid at dose of 10 mg/kg showing mild inter-fibrillar congestion                 
(white arrowhead) and mild wavy degeneration (black arrowhead). (D and E) Vanillic acid at doses of 20 and 40 mg/kg 
and (F) normal saline control group, showing normal cardiac tissue architecture; ×40 magnification.  
 

DISCUSSION 
 

Some mechanisms have been proposed             
for DOX-induced cardiotoxicity and 
inflammation including increased levels of 
free oxygen radicals, alteration of myocardial 
cell membrane permeability due to                      
lipid peroxidation, mitochondrial oxidative 
phosphorylation, and changes in electrolyte 
contents (28). In this study, administration of 
DOX increased serum levels of LDH, SGOT, 
CK-MB, cardiac troponin-I, and TLR4 as 
biomarkers of cardiotoxicity. DOX-induced 
cardiotoxicity was also confirmed 
biochemically by a significant elevation in 
oxidative stress and reduction in total 
antioxidant capacity (29). Lipid peroxidation is 
an important pathogenic event in 

cardiomyopathy and the accumulated lipid 
peroxides reflect the various stages of                   
the disease and its complications (30).                 
MDA assay provides information about free 
radicals activities in disease states (31).                
Total antioxidant capacity of serum samples is 
indicated by the content of FRAP as another 
biomarker of oxidative stress in various stages 
of cardiotoxicity (32). The histopathology of 
cardiac tissue in DOX-induced cardiotoxicity 
is associated with necrosis, rupture of cardiac 
muscle fibers, hemorrhagic myocyte wavy 
degeneration, and inter-fibrillar congestion of 
the heart. TLR4 which expressed in 
cardiomyocytes responds to endogenous or 
exogenous signals which may influence                
the pathophysiological alternations in 
cardiomyopathy (10). Previous investigations 
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showed that DOX caused chronic                         
and much more destructive inflammation 
thorough activation of TNF-α signaling 
pathway, generation of massive ROS                      
and persistent expression of multiple                     
pro-inflammatory cytokines in cardiac tissue 
which associated with cardiomyopathy (33). 
Elevated ROS levels could significantly 
increase the level of TLRs, specially TLR4 
and subsequently TLR4/NF-κB signaling 
leading to elevated levels of pro-inflammatory 
cytokines such IL-1β, IL-6, and TNF-α (34).  
A recent study revealed that upregulation of 
TLR4 in cardiac inflammation participated in 
the pathogenesis and progression of heart 
failure which was completely unobserved in 
TLR4-knockout mice treated with DOX (12).  

VA is a natural substance from phenolic 
acid family used in food, drug, beverages, 
cosmetics, and also is an established                      
and potent antioxidant (35). The results of 
study of Radmanesh et al. revealed that VA 
scavenged superoxide radicals and reduced 
myocardial damage caused by free radicals in 
cardiac tissue due to ischemia-reperfusion 
event (36). Another investigation showed              
that antioxidant and anti-inflammatory effects 
of VA exhibited chemopreventive effect in 
experimentally induced carcinogenesis in              
rats (37). There is evidence suggesting that 
vanillin which VA is an oxidized form of that, 
shows anti-neuroinflammatory effects through 
suppression of ROS, inflammatory markers, 
and NF-κB signaling in lipopolysaccharide-
stimulated microglia (38). Several studies have 
demonstrated that ferulic acid from phenolic 
acid family that VA derived from that,                
exerts cardioprotective effects in ischemia-
reperfusion induced by anthracyclines                    
via TLR4/NF-κB suppression (39).                      
Another study demonstrated chemoprotective 
effect of caffeic acid from phenolic acid 
family, through inhibition of TLR4 and 
subsequently reduction of pro-inflammatory 
cytokines levels in hepatotoxicity (40).                   
In our study, administration of VA increased 
SBP and HR near to normal levels.                        
All doses of VA restored various altered 
biochemical parameters including serum LDH, 
SGOT, CK-MB, cardiac troponin-I, and TLR4 
after 28 days treatment and also caused 

significant histopathological improvement in 
the cardiac tissue. VA at all doses reduced 
enormous amount of TLR4 and showed 
antioxidant effects based on reduction of         
MDA level and increased FRAP level.                   
To our knowledge, this is the first report on   
the helpful effects of VA via inhibition of 
TLR4. The suppression of TLR4/NF-κB 
signaling and the subsequent reduction of              
pro-inflammatory cytokines and oxidative 
stress might be the key mechanisms                   
of cardioprotective effects of VA in                   
DOX-induced cardiotoxicity. It is important to 
note that the current findings do not represent 
detailed understanding of all the mechanisms 
of suppression of TLR4 activation by VA                
and further researches are required to elucidate 
the detailed signaling mechanisms for 
example, effect of TLR4/NF-κB signaling on 
apoptosis. Also, all the exact cardioprotective 
mechanisms of VA are needed to be 
investigated in future to prove usefulness of 
drug in reduction of DOX-induced 
cardiotoxicity in breast cancer patients. 

   
CONCLUSION 

 
In conclusion, the findings of the present 

study showed that VA offers cardioprotection 
by decreasing biomarkers of cardiotoxicity    
and oxidative stress, suppression of TLR4 
signaling and consequently inflammation 
pathway. Further investigations are still 
needed to elucidate the detailed mechanisms of 
cardioprotective effect of VA and defining its 
clinical usefulness in the management of 
cardiotoxicity of DOX in human. 
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