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The present study aimed to observe the effect of  
perindopril on cardiac function in doxorubicin-
induced cardiotoxicity rats and explore the underlying 
molecular mechanisms. We constructed a doxoru-
bicin-induced cardiotoxicity rat model (1.0 mg kg–1, 
biweekly) for six weeks. Rats in the doxorubicin-
induced cardiotoxicity group exhibited impaired car-
diac function, disorganized sarcomeres and increased 
levels of brain serum natriuretic peptide, creatine  
kinase isozyme MB and troponin I. In addition, com-
pared to normal hearts, doxorubicin-induced cardio-
toxicity hearts exhibited significantly higher levels of 
angiotensinogen, angiotensin II (Ang II), angiotensin 
II type 1 receptor, protein kinase C, reactive oxygen 
species (ROS), high mobility group box 1 (HMGB1), 
nuclear factor kappa B, tumour necrosis factor-,  
interleukin-6 as well as interleukin-1. Positive corre-
lation was found among Ang II, ROS and HMGB1. 
After treatment with an angiotensin-converting  
enzyme inhibitor perindopril, cardiac function and  
inflammation induced by doxorubicin had distinctly 
improved. Intriguingly, the levels of Ang II, ROS and 
HMGB1 decreased significantly. Our findings suggest 
that perindopril improves cardiac function in doxoru-
bicin-induced cardiotoxicity rats, which might be  
related with Ang II/ROS/HMGB1. 

 

Keywords: Cardiac function, doxorubicin-induced  

cardiotoxicity, myocardial injury, perindopril, rat model, 

reactive oxygen species. 

 

DOXORUBICIN as a broad-spectrum antitumour anthracy-

cline derived from Streptomyces, is widely used to treat a 

variety of cancers1. The serious adverse effects of  

doxorubicin on cardiac toxicity limit its clinical applica-

tions2. Doxorubicin can promote congestive heart failure 

when it exceeds the cumulative dose of 400–700 mg/m2 
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in adults and 300 mg/m2 in children3. Chronic cardioto-

xicity develops during chemotherapy or within the first 

year after completion4. It is usually characterized by left 

ventricular systolic dysfunction, thereby progressing to 

dilated cardiomyopathy as well as chronic heart failure5. 

Despite advanced research over the years, the molecular 

mechanism of cardiotoxicity caused by doxorubicin is 

still unclear. 

 The renin–angiotensin–aldosterone system (RAAS) 

plays a key role in ventricular remodelling, which is man-

ifested by a significant increase in plasma angiotensin II 

(Ang II) levels6. RAAS over activation along with activa-

tion of other neurohormonal systems (e.g. sympathetic 

nervous system) leads to myocardial dysfunction7. Ang II 

attaches to the angiotensin II type-1 receptor (AT1R), 

which activates NOX to promote reactive oxygen species 

(ROS) production in cardiomyocytes and endothelial 

cells8. ROS affect nearly all of the key features of cardiac 

maladaptation, such as contractile dysfunction, extracel-

lular matrix remodelling and arrhythmia9. 

 Inflammation is widely detected for patients with heart 

failure, which has been become a predictor for clinical 

outcomes10. High mobility group box 1 (HMGB1) is a 

key inflammatory mediator and proinflammatory cyto-

kine11 that can lead to a variety of inflammatory respons-

es as well as heart failure12–14. Moreover, previous studies 

have found that HMGB1 and its inflammation signalling 

pathway are highly activated in dilated cardiomyopathy 

rats, and are associated with the size of the cardiac cavity 

and cardiac function11. Ang II induces increased secretion 

of HMGB1 and overactivation of Toll-like receptor-4 

(TLR4) in hypertensive nephritis, thereby regulating the 

production of cytokines induced by nuclear factor kappa 

B (NF-B)15. Other studies have reported that oxidative 

stress modulates the secretion of HMGB1 (refs 16, 17). 

However, there is no report on whether high HMGB1 ex-

pression is caused by the interaction of Ang II and ROS 

in doxorubicin-induced cardiotoxicity. Based on the 

above reports, we hypothesize that the relationships be-

tween Ang II and ROS promote the secretion of HMGB1 

and lead to subsequent inflammatory responses, aggravat-

ing ventricular remodelling and myocardial  

injury. 

 The present study analyses the effects of perindopril on 

cardiac function in doxorubicin-induced cardiotoxicity 

rats and explores potential molecular mechanisms for 

doxorubicin-induced cardiotoxicity. 

 Animal protocols were approved by the Animal Care 

and Use Committee of the Institute of Key Laboratory on 

Technology for Parasitic Disease Prevention and Control, 

Ministry of Health, China. Animal assays were in com-

pliance with the Guide for the Care and Use of Laboratory 

Animals by the Chinese Ministry of Science and Tech-

nology. 

 Totally 60 Sprague–Dawley rats (8-week-old, weigh-

ing 260–280 g; Beijing SCXK Laboratory Animal Co 

Ltd, Beijing, China) were randomly separated into normal 

group (n = 20), doxorubicin-induced cardiotoxicity group 

(n = 20) and perindopril group (n = 20). Rats in the  

doxorubicin-induced cardiotoxicity and perindopril 

groups were induced with doxorubicin, as previously  

reported18. Briefly, each rat was intraperitoneally admin-

istered 1 mg kg–1 doxorubicin for six weeks, twice a 

week, and observed for two weeks. At the beginning rats 

in the perindopril group were administered perindopril 

(3.0 mg kg–1 d–1) by gavage7, while those in the normal 

and doxorubicin-induced cardiotoxicity groups were  

administered the same amount of saline. Finally, all rats 

were euthanized through the intraperitoneal injection of 

sodium pentobarbital (200 mg kg–1). 

 Echocardiography was performed using an ultrasound 

(Philips CX50, NY, USA) with a 12-MHz transducer. 

The left ventricular end-diastolic diameter and end-

systolic diameter (LVEDD and LVESD respectively) 

were analysed. The fractional shortening (FS) and ejec-

tion fraction (EF) were calculated automatically by the 

ultrasound software, and echocardiography was used to 

verify rat death, according to whether its heart was work-

ing. 

 Positron emission tomography (PET) was used to mon-

itor LV dilation in rats, as described previously19,20. PET 

imaging was carried out using a PET scanner (Siemens 

Invenon P120, Inveon Dedicate, Munich, Germany). 

Briefly, the rats were sedated with 10% chloral hydrate 

(300 mg kg–1, i.p.) after 8 h of fasting and water restriction. 

Following intravenous administration of 2-deoxy-2-(18F) 

fluoro-D-glucose (FDG; 19  5 MBq), the electrocardio-

gram-gated emission was documented for 70 min. Using 

7-min transmission scan, myocardial viability was rec-

orded, as previously reported21. The following formula 

was used to define the standard uptake value (SUV):  

Intensity of radioactivity of the region of interest 

(MBq ml–1)/Radioactivity intensity of the region of inter-

est (MBq)/Body weight (g). 

 ELISA (Blue Base Biological Technology Co Ltd, 

Shanghai, China) was used to evaluate the serum levels 

of brain serum natriuretic peptide (BNP), creatine kinase 

isozyme MB (CKMB), troponin I (TnI), tumour necrosis 

factor- (TNF-), interleukin-6 (IL-6) as well as inter-

leukin-1 (IL-1), according to the manufacturers’  

instructions. 

 The Ang II levels in myocardial tissues were measured 

by radioimmunoassay. A total of 0.2 g of myocardial  

tissue was weighed and rinsed several times in physiolo-

gical saline at 0C, and the filter paper was blotted dry. 

Next, 0.8 ml of cold physiological saline water was  

added and the tissue was fully ground for the preparation 

of a 10% myocardial homogenate (adding anhydrous eth-

anol, 0.25 mmol/l EDTA, 0.34 mmol/l 8-hydroxy-

quinoline, 0.32 mmol/l dimercaptopropanol), according 

to the manufacturer’s specifications (Beijing North  

Institute of Biotechnology Co Ltd, Beijing, China). An  
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enzyme inhibitor was added to each tube. Then the sam-

ples were boiled for 10 min and centrifuged at 1000 g for 

10 min. The supernatant was removed and stored at  

–20C until utilization. Ang II levels in myocardial  

tissues were assessed by radioimmunoassay utilizing the 

polyclonal antibody 182 (BBP1955, BestBio Science, 

Shanghai, China). Ang II was radioiodinated (125I) using 

the chloramine-T method. Next, the peptides were partial-

ly purified through adsorption onto Bond–Elut cartridges. 

Monoiodinate peptides (specific activity 2176 Ci/mmol) 

were collected employing HPLC chromatography using 

heptafluorobutyric acid (HFBA)/acetonitrile gradient. 

Amounts corresponding to 5–10 #Ci were purified in 

each HPLC run. The levels of angiotensin peptide stand-

ards were determined using amino acid analyses and the 

values were converted into pg/mg. 

 The mRNA levels of AT1R, protein kinase C (PKC), 

HMGB1 as well as NF-B in heart tissues were deter-

mined using quantitative PCR with a LightCycler 480 

Gene Amplification System (BioER, San Francisco, CA, 

USA). First, cDNA was synthesized using SYBR® Pre-

mix ExTaqTMII (TaKaRa Code: DRR081A). Quantita-

tive measurements were performed using LightCycler 

(version 1.5) relative quantification software, and the 

standardization ratios were calculated with the 2–CT 

formula. -actin served as a reference22. The oligonucleo-

tide sequences were as follows: angiotensinogen: for-

ward, 5-AAGCAGGCGAGGAGGAGCAG-3, reverse, 

5-GATGGCGAACAGGAACGGACTG-3; AT1R: for-

ward, 5-GCTTCAACCTCTACGCCAGTGTG-3, reverse, 

5-CAGCCAGATGATGATGCAGGTGAC-3; PKC: 

forward, 5-GATCGGACGACACGGAATGACTTC-3, 

reverse, 5-CATCCACTGGCTGGCATCTTCATC-3; 

HMGB1: forward, 5-ACCCGGATGCTTCTGTCAAC-3, 

reverse, 5-ACAAGAAGGCCGAAGGAGGC-3; NF-B: 

forward, 5-GCAAACCTGGGAATACTTCATGTGACT- 

AAG-3, reverse, 5-ATAGGCAAGGTCAGAATGCAC- 

CAGAAGTCC-3 and -actin: forward, 5-TCCGTAAA- 

GACCTCTATGCCAACA-3, reverse, 5-GCTAGGAG- 

CCAGGGCAGTAATCT-3. 

 The protein levels of HMGB1 and NF-B were evalu-

ated using Western blot analysis. Freshly dissected rat 

hearts were collected for protein extraction and myocar-

dial tissues were lysed via RIPA buffer (Beyotime, Bei-

jing, China) containing a protease inhibitor cocktail. The 

concentration of protein was detected using a BCA Pro-

tein Assay Kit (Bio-Rad, USA). The lysate was loaded 

onto 12% (w/v) SDS-PAGE gels. Following electropho-

resis, samples were transferred onto PVDF membrane 

(Millipore, USA), which was then blocked overnight with 

5% skim milk at 4C, followed by incubation with rabbit 

anti-HMGB1 monoclonal antibody (1 : 600; ab79823, 

Abcam, UK) and rabbit anti-NF-B monoclonal antibody 

(1 : 1000; ab16502, Abcam, UK). The membrane was 

then incubated for 1 h with a goat anti-rabbit IgG (H+L) 

horseradish peroxidase (HRP)-labelled secondary anti-

body (1 : 10,000; ab205718, Abcam, UK). Finally, the 

blots were visualized by enhanced chemiluminescence 

reagents (Co Win Biotech Co Ltd, Beijing, China). Anti-

GAPDH served as an endogenous control. 

 The ROS level in myocardial tissue was detected by 

fluorescence method using dichlorodihydrofluorescein 

diacetate following the manufacturer’s instructions. Fol-

lowing cutting myocardial tissues and ventricular myo-

cytes were trypsin-digested into a single cell suspension. 

After adjusting the cells to a density of 1  107 cells/ml, 

dichloro-dihydro-fluorescein diacetate (DCFH-DA) was 

added and the samples were incubated at 37C for 

20 min, washed three times and then treated with enzyme. 

Finally, the samples were measured by an enzyme-

labelling instrument. 

 Hematoxylin and eosin (H&E) staining was used to  

examine morphological variations in paraffin-embedded 

cardiac tissues under a light microscope (Leica 

DMI6000B, Buffalo Grove, IL, USA). The myocardial 

ultrastructure was observed using an electron microscopy 

(JEM-1230, Japan Electronic Co Ltd, Tokyo, Japan). 

 Data were presented as mean  standard deviation 

(SD). Log-rank (Mantel–Cox) test was used to assess the 

differences in survival rates among different groups. 

Comparisons of multiple groups were performed by  

one-way ANOVA following the Bonferroni post-hoc test. 

P < 0.05 was considered significant. All data were  

analysed using SPSS 21.0 software (CABIT Information 

Technology, Shanghai, China). 

 The survival rate of rats in different groups was  

examined eight weeks after operation. No deaths were re-

ported in the normal group. The injection site had hyper-

plasia and no exudation following administration of 10% 

doxorubicin. However, in the doxorubicin-induced cardi-

otoxicity group, seven (35%) rats died from day 14 to day 

40. An autopsy revealed that the dead rats exhibited  

enlarged cardiac chambers, enlarged livers and ascites. In 

the perindopril group, the cumulative survival rate was  

 

 

 
 

Figure 1. Survival rate of doxorubicin-induced cardiotoxicity rats. 
The overall survival rate was 65% (13/20) in the doxorubicin-induced 
cardiotoxicity group (doxorubicin 1.0 mg kg–1) and 80% (16/20) in the 
perindopril group (perindopril 3.0 mg kg–1 d–1). P-value calculation  
method: log-rank (Mantel-Cox) test. Normal: n = 20; DCM: n = 20;  
perindopril: n = 20. The P-value was used to assess any difference  
between the survival curves of the three groups. 
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Figure 2. Cardiac structure and echocardiography in doxorubicin-induced cardiotoxicity rats. a, The HW/BW ratio in 
doxorubicin-induced cardiotoxicity rats was markedly increased in comparison to that in the normal rats ( P < 0.05). The 
HW/BW ratio in the perindopril group was lower than that in the doxorubicin-induced cardiotoxicity rats (P < 0.05). b, c, 
LVEDD and LVESD levels were distinctly elevated (P < 0.05) in the doxorubicin-induced cardiotoxicity rats than in those 
of the other groups. In comparison to the doxorubicin-induced cardiotoxicity group, the perindopril group exhibited  
decrease in LVEDD as well as LVESD levels (P < 0.05). 

 

 

80% (16/20), indicating that perindopril improved the 

survival of doxorubicin-induced cardiotoxicity rats  

(Figure 1). 

 Rats in the normal and doxorubicin-induced cardio-

toxicity groups exhibited a significant increase in body 

weight (BW) during the eight weeks. However, the heart 

weight (HW)/BW ratio in the doxorubicin-induced cardi-

otoxicity rats was notably elevated in comparison to that 

in the normal group (P < 0.05), and this increase was sig-

nificantly reduced after perindopril treatment (P < 0.05) 

(Figure 2 a). 

 Rats in the doxorubicin-induced cardiotoxicity group 

exhibited markedly increased LVEDD and LVESD levels 

(P < 0.05) (Figure 2 b and c) than those in the other two 

groups, indicating an enlarged cardiac cavity in them. In 

comparison to those in the doxorubicin-induced cardio-

toxicity group, the perindopril group rats exhibited  

decreased LVEDD and LVESD levels (P < 0.05) (Figure 

2 b and c). 

 H&E staining demonstrated that rats in the doxorubi-

cin-induced cardiotoxicity group displayed widely patho-

logical damages, such as vacuolization and degeneration 

of cardiomyocytes, inflammatory cell infiltration and  

interstitial oedema, in comparison to those in the normal 

group (Supplementary Figure 1 a). Electron microscopy 

analyses of heart sections from the doxorubicin-induced 

cardiotoxicity group confirmed random sarcomeres in 

cardiac muscles, vacuolar degeneration and swollen  

mitochondria, features not exhibited by the normal group 

rats. Notably, perindopril treatment ameliorated the histo-

logical damage induced by doxorubicin (Supplementary 

Figure 1 b). 

 Rats in the doxorubicin-induced cardiotoxicity group 

had significantly lower LVFS and LVEF values than 

those in the normal group (P < 0.05), indicating impaired 

cardiac function in the former group. Compared to the 

cardiotoxicity group, rats in perindopril group showed 

lower LVEDD and LVESD values (P < 0.05) and in-

creased LVEF as well as LVFS levels (P < 0.05) (Figure 

3 a and b). 

 We evaluated the changes in glucose metabolism using 
18F-FDG uptake. The rats did not exhibit signs of perito-

nitis after administration of 10% chloral hydrate. A  

significant decrease in myocardial 18F-FDG uptake and 

myocardial glucose metabolism was observed in rats 

from the doxorubicin-induced cardiotoxicity group in 

comparison to those from the normal group (SUV: 

6.54  2.40 versus 2.28  0.75, P < 0.05), which was 

markedly ameliorated by perindopril disposal (SUV: 

3.85  1.23 versus 2.28  0.75, P < 0.05) (Figure 3 c–f ). 

 BNP, CKMB and TnI of rats in the doxorubicin-

induced cardiotoxicity group had distinctly higher serum 

levels in comparison to those in the normal group 

(P < 0.001), indicating myocardial damage in the former 

group. However, these increases were significantly  

decreased by perindopril treatment (P < 0.05), demon-

strating the improvement of myocardial damage follow-

ing treatment (Supplementary Table 1). 

 Significant increase in the levels of angiotensinogen, 

AT1R, Ang II and PKC was observed in the doxorubicin-

induced cardiotoxicity group (Figure 4 a–d). However, 

increase in Ang II, PKC and AT1R was significantly  

suppressed by perindopril treatment (P < 0.05). Also,  

perindopril had no effect on the expression of angioten-

sinogen in the doxorubicin-induced cardiotoxicity rats 

(P > 0.05) (Figure 4 a). 

 The ROS levels were distinctly higher in the doxoru-

bicin-induced cardiotoxicity group (P < 0.05) compared 

to controls (Figure 4 e). Nevertheless, the increase was 

significantly inhibited by perindopril disposal (P < 0.05) 

(Figure 4 e). 

 At the mRNA level, HMGB1 and NF-B expression 

was notably elevated in the doxorubicin-induced  

cardiotoxicity group than the normal group (P < 0.05) 

https://www.currentscience.ac.in/Volumes/119/11/1838-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1838-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1838-suppl.pdf
https://www.currentscience.ac.in/Volumes/119/11/1838-suppl.pdf
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Figure 3. Cardiac function in doxorubicin-induced cardiotoxicity rats. a, b, Echocardiography in doxorubicin-
induced cardiotoxicity rats. Rats in the doxorubicin-induced cardiotoxicity group had significantly lower LVFS 
and LVEF levels in comparison to those in the normal group (P < 0.05). Compared to the doxorubicin-induced 
cardiotoxicity group, the perindopril group showed lower LVEDD and LVESD values (P < 0.05) and higher 
LVEF as well as LVFS levels (P < 0.05). c, SUV in the doxorubicin-induced cardiotoxicity group exhibited 
markedly higher levels in comparison to the normal group (6.54  2.40 versus 2.28  0.75; P < 0.05). This in-
crease was distinctly suppressed by perindopril treatment (3.85  1.23 versus 2.28  0.75; P < 0.05). d–f, A sig-
nificant decrease in myocardial 18F-FDG uptake and myocardial glucose metabolism was observed, as expected, 
for rats in the doxorubicin-induced cardiotoxicity group compared to those in the normal group, which was prom-
inently ameliorated by perindopril treatment. 

 

 

(Figure 4 f and g), which was distinctly inhibited by  

perindopril treatment (P < 0.05). Furthermore, HMGB1 

and NF-B expression was significantly elevated in the  

doxorubicin-induced cardiotoxicity group (P < 0.05) than 

the normal group. Nevertheless, the increase was signifi-

cantly inhibited due to perindopril disposal (P < 0.05) 

(Figure 4 h–j). 

 The levels of TNF-, IL-6 as well as IL-1 had dis-

tinctly increased in the doxorubicin-induced cardiotoxici-

ty group in comparison to the normal group (P < 0.05), 

which was markedly ameliorated by perindopril disposal 

(P < 0.05) (Supplementary Figure 2). 

 A positive correlation was found between Ang II  

expression and ROS level in doxorubicin-induced cardio-

toxicity rats (P < 0.0001, R = 0.9703) (Figure 4 k). Also, 

Ang II expression had a positive correlation with 

HMGB1 expression (P < 0.0001, R = 0.9391) (Figure 

4 k). Furthermore, ROS level was positively correlated 

with HMGB1 expression (P < 0.0001, R = 0.9300)  

(Figure 4 k). 

 In this study, we observed the effect of perindopril 

treatment on doxorubicin-induced cardiotoxicity and  

explored its potential molecular mechanism. The findings 

are as follows: (1) The expression levels of angiotensino-

gen, Ang II, AT1R, PKC and ROS were increased in 

doxorubicin-induced cardiotoxicity rats. (2) RAS activat-

ed HMGB1 and led to overactivation of NF-B in doxo-

rubicin-induced cardiotoxicity rats, which regulated the 

production of a proinflammatory cascade and led to the 

subsequent dilation of the cardiac chamber and  

impaired cardiac function. (3) Blockade of Ang II by  

perindopril treatment ameliorated the effect induced by 

Ang II, demonstrating a key role concerning the ROS–

HMGB1 pathway for cardiomyocyte injury due to AngII. 

Our results elucidate a new molecular mechanism by 

which the increase in ROS secretion due to AngII results 

in HMGB1 overactivation, thereby regulating NF-B to 

cause doxorubicin-induced cardiotoxicity. Data indicate 

that the above molecules may be promising therapeutic 

targets for doxorubicin-induced cardiotoxicity. 

 The doxorubicin-induced cardiotoxicity group exhibit-

ed impaired cardiac function. Both the LVEDD and 

LVESD values in the doxorubicin-induced cardiotoxicity 

group were notably elevated in comparison to those in the 

https://www.currentscience.ac.in/Volumes/119/11/1838-suppl.pdf
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Figure 4. a–d, The myocardial mRNA expression of angiotensinogen, AT1R and PKC in the three groups and myocardial  
protein expression of Ang II were conspicuously elevated in the doxorubicin-induced cardiotoxicity group in comparison to the 
normal group (P < 0.05), which decreased due to perindopril disposal (P < 0.05). e, ROS in the doxorubicin-induced cardiotoxicity 
group exhibited significantly higher level in comparison to the normal group (P < 0.05), which was significantly suppressed due to 
perindopril treatment (P < 0.05). f–j, At the protein and mRNA levels, HMGB1 and NF-κB expression was prominently elevated 
in the doxorubicin-induced cardiotoxicity group than the normal group (P < 0.05), and decreased due to perindopril treatment 
(P < 0.05). k, ROS concentration and Ang II expression were positively correlated in the doxorubicin-induced cardiotoxicity group 
(P < 0.0001 and R = 0.9703). Ang II and HMGB1 were positively correlated (P < 0.0001 and R = 0.9391). ROS and HMGB1 were 
also positively correlated (P < 0.0001 and R = 0.9300). 

 

 

normal group, while the LVEF and LVFS values had  

decreased. The impaired myocardium was further con-

firmed by the increased circulating levels of BNP, CKMB 

and TnI, which are biomarkers of cardiac injury23,24. PET 

imaging of glucose metabolism can be used to evaluate 

myocardial viability following myocardial infarction in 

patients with coronary heart illness19. Here, 18F-FDG PET 

myocardial metabolic imaging was utilized to evaluate 

myocardial viability in doxorubicin-induced cardiotoxicity 

rats. As expected, the SUVs had decreased significantly 

in the doxorubicin-induced cardiotoxicity rats compared 

with the normal rats due to the dilated cardiac chamber 

size and impaired cardiac function. The doxorubicin-

induced cardiotoxicity rats were treated with perindopril, 

resulting in a distinct elevation in SUVs in them in com-

parison to the doxorubicin-induced cardiotoxicity rats, 

and the cardiac structure and function were improved. 

These results illustrate that the myocardial injury and  

enlargement of the cardiac cavity were improved. 

 Ventricular remodelling is an important pathophysio-

logical aspect of doxorubicin-induced cardiotoxicity, 

which is associated with its development6. RAAS is  

involved in doxorubicin-induced cardiotoxicity-related 

ventricular remodelling in many ways6. Ang II has a rela-

tionship with occurrences of heart failure, related to  

inflammatory response as well as interstitial fibrosis25. 

Here, angiotensinogen, Ang II, and PKC expressions 

were elevated in the doxorubicin-induced cardiotoxicity 

rats. However, the increase in Ang II and PKC was  

significantly suppressed by perindopril disposal. Ang II 

promotes the transition of myocardium from a contractile 

to a synthetic phenotype, slows down the maximum myo-

cardial shortening speed and reduces myocardial tension, 

thus leading to a decrease in myocardial contractility. 

However, Ang II can increase the synthesis of collagen in 

the myocardial interstitium, change the composition of 

the extracellular matrix and influence myocardial intersti-

tial fibrosis26,27. PKC is a key component for myocardial 
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fibrosis. Ang II promotes myocardial fibrosis via integrin 

1, and PKC is a specific signalling pathway that acti-

vates integrin 1 (ref. 14). 

 Previous in vivo and in vitro studies have suggested 

that Ang II binds to AT1R, activates NOX and promotes 

ROS production in the mitochondria of cardiomyocytes 

and endothelial cells, while blocking Ang II or AT1R can 

reverse ROS8,9. Here, ROS level was elevated in the dox-

orubicin-induced cardiotoxicity rats. A positive correla-

tion was observed between Ang II expression and ROS 

concentration in doxorubicin-induced cardiotoxicity rats, 

and the increased ROS level was ameliorated by perin-

dopril treatment. ROS can destroy the integrity of the 

myocardial cell membrane and lead to myocardial cell 

death. ROS can also damage myocardial cells, causing 

mitochondrial swelling, vacuole formation and even dis-

integration. This phenomenon was also confirmed by our 

histopathological and 18F-FDG PET myocardial metabolic 

imaging results. Furthermore, ROS can cause sarcoplas-

mic reticulum dysfunction, reducing Ca2+ uptake and  

affecting excitation–contraction coupling. Therefore, 

ROS impair myocardial function, affect myocardial  

contraction and diastolic function, and ultimately lead to 

the development of doxorubicin-induced cardiotoxicity 

and heart failure28. 

 Moreover, increase in inflammation and fibrosis is  

related to the pathogenesis of heart failure10,29, and the 

nonhistone nuclear factor HMGB1 shows proinflammato-

ry attributes30. When cells are activated, they excrete 

HMGB1. However, if the cells are damaged, they can 

produce HMGB1 extracellularly to serve as a facilitator 

(secreted by macrophages) as well as promoter (released 

by necrotic cells) of inflammation31,32. Previous studies 

have found that HMGB1 and its inflammatory signalling 

pathway HMGB1–TLR4/RAGE–NF-B–cytokines are 

highly expressed in doxorubicin-induced cardiotoxicity 

rats and associated with the cardiac chamber size and 

cardiac function, suggesting that the HMGB1–TLR4/ 

RAGE–NF-B–cytokine axis may be a pathophysiologi-

cal mechanism underlying the development of doxorubi-

cin-induced cardiotoxicity11. An in vitro study indicates 

that Ang II can increase HMGB1 expression, leading to 

over activation of TLR4 and thereby regulating the pro-

duction of cytokines induced by NF-B (ref. 8). One of 

the major mechanisms underlying doxorubicin-induced 

cardiomyopathy is increased oxidative stress22, which  

results in elevated apoptosis and inflammatory responses. 

Other studies have reported that ROS can promote 

HMGB1 release through macrophages and monocytes16. 

Moreover, oxidative stress modulates the excretion of 

HMGB1 in atrial fibrillation patients17. However, in  

doxorubicin-induced cardiotoxicity, whether the high  

expression of HMGB1 is a result of the interaction  

between Ang II and ROS remains unclear. 

 The results of this study show increased levels of Ang 

II, ROS, HMGB1, NF-B and subsequent proinflamma-

tory cytokines like TNF-, IL-6 as well as IL-1 in doxo-

rubicin-induced cardiotoxicity rats. Furthermore, Ang II, 

ROS and HMGB1 positively correlate with each other. 

The release of HMGB1 is promoted by Ang II and ROS 

to activate the signalling pathway for downstream  

inflammation. Proinflammatory cytokines can directly 

induce myocardial contractility and promote cardiomyo-

cyte hypertrophy and progressive apoptosis, leading to 

myocardial remodelling; these cytokines can also induce 

oxidative stress and reduce the myocardial cellular anti-

oxidant capacity33. This release also causes the conse-

quent enlargement of the cardiac cavity and cardiac 

dysfunction. We also treated the doxorubicin-induced 

cardiotoxicity rats with the angiotensin-converting en-

zyme inhibitor perindopril, resulting in inhibition of Ang 

II and decrease in ROS and HMGB levels. Consequently, 

the SUVs distinctly increased in the perindopril rats com-

pared with those treated with doxorubicin; furthermore, 

the structure was improved. These results illustrate that 

the myocardial injury and enlargement of the cardiac cavity 

are improved, which further highlights the relationship 

among the three factors. 

 This study has identified the relationships among Ang, 

ROS and HMGB for doxorubicin-induced cardiotoxicity 

rats. Future studies involving in vitro assays using  

cellular models of doxorubicin-induced myocardial  

damage are required for in-depth verification of the  

mechanisms. 
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The caddisflies (Trichoptera) constitute a significant 
water quality marker group because of their taxono-
mic richness, ecological diversity, and abundance in  
virtually all freshwater ecosystems. In this study,  
caddisflies were collected for an evaluation of the  
water quality in Kallada river, South, India. Samples 
collected during the pre-monsoon season were identi-
fied at the family level. In total, more than 4500 spec-
imens were identified as belonging to five different 
taxa. These sensitive species have typically been re-
stricted to non-polluted water bodies. The dominant 
family at stations S1, S2, S3 and S4 was determined to 


