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Background: Several mechanisms have been explored for the anthracycline myocardial toxicity. These are free-radical generation,
myocyte apoptosis, lipid peroxidation, mitochondrial deterioration, and direct repression of muscle-specific gene expression.
Adriamycin (Doxorubicin) is a potent anti-cancer agent. Adriamycin in prolonged use is fatal and generates free radicals that lead
to dose-dependent cardiac toxicity.

Objective: The intent of the study was to explore the protective activity of candesartan and quercetin in cardiomyopathy induced by
doxorubicin in rats.

Methods: To induce cardiac toxicity, rats were intraperitoneally treated with doxorubicin (06 equivalent injections of 2.5 mg/kg, i. p.
at 48 hour interval for 02 consecutive weeks to achieve a cumulative dose of 15 mg/kg). Individual and combined oral treatment of
candesartan (5 mg/kg/day) and quercetin (10 mg/kg/day) was administered for four weeks.

Results: Following cardiomyopathy, heart/body weight ratio (3.526 x 107°), serum creatine kinase (352.4+16.99 IU/L), lactate
dehydrogenase (661.7+20.45 TU/L) levels were elevated in addition to altered lipid profile (TC — 118.4+4.25 mg/dL, TG — 263.3
+9.99 mg/dL, VLDL — 52.66+1.99 mg/dL, LDL — 52.99+5.80 mg/dL and HDL — 12.78+0.36 mg/dL). The pre-cotreatment of
candesartan and quercetin significantly restored the values to normal. The increased level of lipid peroxides (33.12+1.63 pumol/mg
protein), serum troponin-T (1.82 + 0.11 pg/mL) and nitric oxide (13.33+0.73 nmol/mg protein) level along with attenuating antioxidant
profile, ie catalase, glutathione and superoxide dismutase (1.4340.12 nmol/mg protein, 8.48+0.42 nmol/mg protein and 2.09+0.031 U/
mg protein) were reversed to normal. Morphometry and histopathologic changes represented a beneficial effect of single and
combination pre-cotreatment of drugs which significantly decreases adriamycin cardiac toxicity.

Conclusion: The overall result depicts more beneficial and cardioprotective effect of quercetin and candesartan combination as
compared to their individual effects in doxorubicin treated animals. Therefore, this combination might be a suitable option to treat the
cardiotoxic effect of doxorubicin.
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Introduction
Adriamycin, also termed as Doxorubicin (DOX), is a member of anthracycline antibiotics. It is isolated from
Streptomyces peacetius var. Caesius, effectively and extensively used as a broad-spectrum anti-cancer agent. However,
the clinical use of DOX is restricted by its acute and chronic cardiotoxicity.' Various mechanisms have been recom-
mended for anthracyclines myocardial toxicity. It includes free-radical generation, myocyte apoptosis, lipid peroxidation,
mitochondrial deterioration and direct repression of muscle-specific gene expression.”* Dexrazoxane is a cytoprotective
drug used to prevent and improve cardiomyopathy associated with doxorubicin treatment for metastatic breast cancer.
But overall usage of DOX must be monitored in various cases.

Oxidative stress triggers the release of cytokines to induce cardiac inflammation or cardiomyopathy.* It is also linked to
rise in cardiac angiotensin converting enzyme (ACE) activity. ACE inhibition drastically declines adriamycin toxicity in
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clinical’® and pre-clinical studies.”® Ang II enhances cytokine production eg tumor necrosis factor-a (TNF- a) via AT,
receptors present on monocytes, macrophages and vascular smooth muscle cells.'® Ang II play a significant role in the
pathology of hypertension and IHD (ischemic heart disease). The cardiac remodelling process is significant with a decrease
Ang 1I activity along with long-term survival in pre-clinical and clinical of cardiac hypertrophy and failure.'""'? AT, also
aggravates cardiac disorders like left ventricular (LV) hypertrophy, myocardial infarction, atherosclerosis, hypertension, and
heart failure. Candesartan (CAN) an ARB, potentiates AT, receptor activity and opposes AT, stimulation.'*

Nowadays, edibles from medicinal source are gaining popularity due to their protective effects in cardiovascular
disease therapy.'® Quercetin (QRN) is widely and commonly ingested dietary polyphenolic flavonoid.'”'® It possesses
various pharmacological actions, including antiviral,'® antidiabetic,”® anti-inflammatory,”' cardioprotective,**
neuroprotective” and antiproliferative activity.”* Adequate presence of QRN in food such as fruits, vegetables, wine,
etc.”> up surged the interest for cardioprotective activity of natural substances.”® Due to oxidative stress, many reactive
oxygen species (ROS) are produced, leading to heart diseases like atherosclerosis, IHD, heart failure and hypertension.
QRN has high antioxidant properties among all the flavonoids to prevent oxidative stress.”’*

The current protocol examines the consequences of single and combined pre-cotreatment of QRN and CAN on DOX
induced cardiac toxicity. QRN (directly captures ROS to show free radical neutralizing activity) and CAN (blocks RAAS
by ATR and improves ROS induced oxidative stress) could produce additional protective effects against chronic DOX
cardiotoxicity. Also, candesartan half-life is 9 hrs, and 10,000-fold AT1 affinity as compared to AT2 whereas quercetin
has a half-life is ~12.5 hrs as per studies.”’ ' This investigation can show the probable preliminary mechanisms

underlying these effects.

Materials and Methods

Doxorubicin hydrochloride vial 50mg was purchased from Aaltra Med Health care limited, Hyderabad, India. Quercetin
powder 25 g was purchased from Sigma—Aldrich, St. Louis, MO, USA. Other chemicals were purchased from CDH, Hi
Media, Reckon diagnostics and ERBA diagnostics. All chemicals used were of analytical grade.

Experimental Design of in-vivo Study

Adult male Wister rats, weighing 200-250 g were used after a one-week acclimatization period. The experimental
protocol for animals was performed as per the guidelines of Committee for the purpose of control and supervision of
experiments on animals (CPCSEA). The protocol for in-vivo study was approved by Institutional Animal Ethical
Committee (IAEC) of Institute of Technology and Science (ITS), College of Pharmacy, Muradnagar, Ghaziabad, UP,
India. The study protocol number was ITS/07/IAEC/2013. During the study period, standard environmental conditions
viz.12h dark/light cycle and temperature (21 + 2°C) were maintained. Animals had free access to standard laboratory
pellets and water ad libitum. Rats were divided into five groups (08 rats/group) and were administered with drugs viz.
DOX, CAN, and QRN as shown in Table 1. Such type of pattern is reported previously’>** in Table 1.

Table | Route, Dose and Description of Drug Administration

Group Description Route and Dose of Description of Drug Administration
Drug
Group | (Control) Normal group Same volume of solvent -
Group 2 (DOX) DOX-treated DOX (2.5 mg/kg, i. p.) 06 equivalent injections at 48 hours interval for 02 consecutive
group weeks to achieve a cumulative dose of |15 mg/kg

Group 3 (DQ) DOX + QRN QRN suspension (10 mg/ QRN administration was started along with DOX and further
treated group kg/day; orally) to rats continued for 4 weeks (6 weeks total period).

Group 4 (DC) DOX + CAN CAN (5 mg/kg/day; Orally) | CAN was started along with DOX and continued for further for 4
treated group weeks (6-weeks period)

Group 5 (DQC) DOX+QRN+CAN | Combined administration of QRN + CAN started along with DOX and further continued for 4
treated group weeks (6 weeks total period)

Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.

858 hetps: Vascular Health and Risk Management 2022:18

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Majhi et al

Serum and Tissue Sampling

Rats were sacrificed after 24-hours of last DOX injection by cervical dislocation. Blood was collected and serum was
separated by centrifugation at 10,000xg for 10 min. Heart of animals were removed and washed by ice-cold saline. The
heart was weighed and homogenized in ice-cold saline to obtain 10% (w/v) homogenate. Serum and heart homogenate
were stored at —80°C, until analysis. The heart: body weight ratio was calculated for gravimetric analysis, by weight of

the animals before sacrifice and of isolated hearts using a precision balance.

Estimation of Serum Creatine Kinase (CK-MB) and Lactate Dehydrogenase (LDH)

Levels

CK-MB found in high concentration in myocardium (14-42%) was determined using diagnostic kit (ERBA diagnostics).
Mix and incubate for 3 mins at 37°C. Then, measure the absorbance (340 nm) at time 0 and again exactly after 1, 2 and 3
minutes. The absorbance change (AA) at 60 second interval was measured using UV spectrometry to calculate CK-MB
level as (U/L). LDH, an cytoplasmic enzyme, was determined using diagnostic kit (Reckon diagnostics). Estimation of
these enzymes provides a strong base to monitor the progress of onset and status in CHD patients. Mix and read first
absorbance of the test exactly at one minute and thereafter at 30, 60 and 90 seconds at 340 nm. Determine the mean

change in absorbance per minute and calculate test results as (IU/L).>"2®

Estimation of Myocardial Antioxidant Enzyme Activities

Commercial kits were used to estimate myocardial SOD, CAT, GSH activity by colorimetric method. The % inhibition
was reported to calculate SOD (U/mg protein), CAT and GSH (nmol/mg protein) concentration.”® Thiobarbituric acid
reactive species (TBARS), also termed as malondialdehyde (MDA) is a marker of oxidative stress, can be determined in
cardiac homogenates by lipid peroxidation. It is measured by UV spectrometer at 532nm.

Estimation of Lipid Profile

Commercial kits were used to determine serum triglyceride (TG), total cholesterol (TC) and high-density lipoprotein
(HDL). Friedewald’s formula was employed to determine low-density lipoprotein (LDL) and very low-density lipopro-
tein (VLDL).**

Estimation of Myocardial Total Nitrite/Nitrate and Cardiac Troponin T Concentration
Griess reaction was used for the colorimetric assay of nitrate and nitrite (NO indicators in tissue). Total nitrite is then
measured as it is proportionately converted into nitrite and nitrate.>> Cardiac troponin T (cTnT) was determined using

commercial kit and as per manufacturer’s guidelines.

Morphometric Analysis
Cardiac tissues were taken in thin slices and stained by 1% TTC (triphenyl tetrazolium chloride) in phosphate buffer
saline (pH 7.4).%° Viable tissues appear red due to staining whereas no stains were visible on non-viable tissue. The

stained heart images were analysed for area of necrosis.

Histopathological Examination of the Cardiac Tissues

Twenty-four hours after last DOX injection, the rats were sacrificed and hearts were isolated. Immediately after isolation,
the heart tissue was washed with cold phosphate buffer saline (pH = 7.4) and fixed in 10% buffered formalin. Further,
haematoxylin and eosin stain were used and 5um stained sections were observed under a light microscope.
Histopathological changes were identified through the images taken by digital camera.*®
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Statistical Analysis

Results were expressed as mean + standard error of the mean (S.E.M). Statistical significance was determined by one-
way analysis of variance (ANOVA) followed by Tukey—Kramer post-test to compare all groups. Results were considered
to be statistically significant when P < 0.001, 0.01 and 0.05.

Results

General Data (Heart/Body Weight Ratio)

The results indicated a significant rise (P < 0.05) in ratio in DOX-treated group (3.526 x 10~>) as compared to control
(2.145 x 107%) in Table 2. QRN administration (2.767 x 107°) significantly reduced the heart/body weight ratio (P <
0.05), while combination of CAN and QRN (2.276 x 10 ) resulted in a more pronounced decline in heart/body weight
ratio at P < 0.05.

Effect of the Single and Combined Pre-Cotreatment of CAN and QRN on the Serum

CK-MB and LDH Levels

DOX caused a significant rise (P < 0.01) in serum CK-MB and LDH levels as 352.4+16.99 IU/L and 661.7+20.45 TU/L,
respectively, as shown in Table 3. CAN or QRN individually suggested a significant decrease in serum CK-MB and LDH
levels as compared to DOX-treated rats. Further, pre-cotreatment showed enhanced effect 164.7+7.605 IU/L and 251.3
+20.49 TU/L rather than the individuals.

Effect of Individual and Combined Pre-Cotreatment of CAN and QRN on Myocardial

Antioxidant Levels, Lipid Peroxidation and Total Nitrite Levels
DOX treated animals showed a marked decrease in myocardial antioxidant activity ie CAT, GSH and SOD (1.43+0.12
nmol/mg protein, 8.48+0.42 nmol/mg protein and 2.09+0.031 U/mg protein) at p<0.001 as compared to control (4.08

Table 2 Effect of CAN, QRN and CAND+ QRN on Heart/Body Weight Ratio

Treatment Body Weight (g) | Heart Weight (g) | Heart/Body Weight Ratio (x107%)
Control 240 * 3.81 0.515 £ 0.07 2.145 £ 0.12
DOX 190 + 6.72 0.670 £ 0.01 3.526 + 0.227
DOX + CAN 195 + 4.06 0.615 £+ 0.03 3.153+£0.18
DOX + QRN 215 £ 5.46 0.595 £ 0.03 2.767 £ 0.15%
DOX + QRN + CAN 235 £ 6.33 0.535 £ 0.06 2276 £ 0.12%

Notes: Data were expressed as mean # S.E.M. (n=8). #(p<0.05) when NC vs DOX. *(p<0.05) when DOX vs DOX+CAN, DOX vs
DOX+QRN and DOX vs DOX+QRN+CAN.
Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.

Table 3 Effect of CAN, QRN and CAND+ QRN on
Plasma Markers of Cardiac Damage

Treatment CK-MB (IU/L) | LDH (IU/L)
Control 131.2+10.09 182.4+16.99

DOX 352.4+16.997% | 661.7420.45"%
DOX + CAN 251.8+14.92% | 3]].3+28.35%*
DOX + QRN 216.7+14.24% | 296.1+8.90%+*
DOX + QRN + CAN | 164.7£7.605%% | 25].3+20.49%*

Notes: Data were expressed as mean * S.EM (n=8). "#(p<0.001) when
NC vs DOX. ** (p<0.01), ***(p<0.001) when DOX vs DOX+CAN, DOX
vs DOX+QRN and DOX vs DOX+QRN+ CAN.
Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.
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+0.12 nmol/mg protein, 28.29+0.43 nmol/mg protein and 5.51+0.088 U/mg protein) in Table 4. CAN or QRN single
administration improved CAT, GSH and SOD levels. This effect was markedly enhanced viz. 3.54+0.32 nmol/mg
protein, 23.12+0.64 nmol/mg protein and 3.23+0.015 U/mg protein on collateral administration (p<0.001).

DOX induced a significant rise (P < 0.01) in myocardial MDA, 33.12+1.63 pmol/mg protein and NO, 13.33+0.73
nmol/mg protein level as compared to control 19.17+1.20 pmol/mg protein and 5.62+0.61 nmol/mg protein, respectively,
Table 5. The combined pre-cotreatment of CAN and QRN resulted in a more significant (P < 0.01) decrease in MDA and
NO levels ie 18.594+0.65 umol/mg protein and 5.804+0.39 nmol/mg protein.

Effects of Individual and Combined Pre-Cotreatment of CAN and QRN on

Lipoprotein Fractions and Serum Troponin-T Levels

DOX induction resulted in a significant rise (p<0.001) in the levels of TC, TG, VLDL and LDL (118.4+4.25 mg/dL,
263.3+9.99 mg/dL, 52.66+1.99 mg/dL and 52.99+5.80 mg/dL) along with significant decrease in HDL cholesterol levels
(12.784+0.36 mg/dL), Tables 6 and 7. Pre-treatment with CAN and QRN individually significantly (p<0.001) lowered TC,

Table 4 Effect of CAN, QRN and CAND+ QRN on Antioxidant Level

Treatment CAT (nmol/mg Protein) | GSH (nmol/mg Protein) | SOD (U/mg Protein)
Control 4.08+0.12 28.29+0.43 5.51+0.088
DOX 1.4320.12%% 8.48+0.42%% 2.09£0.03 1%
DOX + CAN 2.55+0.14%* 19.4%1.01%¥* 4.02+0.044**
DOX + QRN 2.84£0.1 6%+ 20.75+1.02%% 2.97+0.008*+*
DOX + QRN + CAN 3.54+0.32%k* 23.1240.64%+ 3.23£0.0| 5¥*

Notes: Data were expressed as mean # S.E.M. (n=8). "#(p<0.001) when NC vs DOX. *(p<0.01), **%(p<0.001) when DOX vs DOX
+CAN, DOX vs DOX+QRN and DOX vs DOX+QRN+CAN.
Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.

Table 5 Effect of CAN, QRN and CAN+ QRN on Cardiac LPO Levels and

NO Level

Treatment LPO (pmol/mg Total Nitrate (nmol/mg
Protein) Protein)

Control 19.17£1.20 5.62+0.61

DOX 33.12+1.63" 13.3340.73%%

DOX + CAN 16.90£0.90+* 9.47+0.30%+*

DOX + QRN 16.69+0.89++* 8.93+0.3 |+

DOX + QRN + CAN 18.59+0.65%+* 5.80+0.39***

Notes: Data were expressed as mean + S.E.M (n=8). "#(p<0.001) when NC vs DOX. #¥(p<0.01), *¥*
(p<0.001) when DOX vs DOX+CAN, DOX vs DOX+QRN and DOX vs DOX+QRN+CAN.
Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.

Table 6 Effect of CAN, QRN and CAN+QRN on Plasma Lipid Profile

Treatment TC (mg/dL) TG (mg/dL) | VLDL (mg/dL)
Control 57.67+3.83 81.18%5.31 16.24+1.06
DOX 118.4+4.25%% | 263.3+9.99%% 52.66+ .99
DOX+CAN 64.98+2.59%5F | ||3.7+4.86%F* 22.74+0.97%*
DOX + QRN 7791441 %5 | 97.63+7.77%%* 19.53+] 55%%*
DOX+QRN+ CAN | 81.83+3.59%% | [09.2+8.97%¢* 21.8441.79%

Notes: Data were expressed as mean = S.EM (n=8). "#(p<0.001) when NC vs DOX. **
(p<0.01), ***(p<0.001) when DOX vs DOX+CAN, DOX vs DOX+QRN and DOX vs DOX
+QRN+CAN.

Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.
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Table 7 Effect of CAN, QRN and CAN+QRN on Plasma Lipid Profile and
Serum Troponin-T Levels

Treatment LDL (mg/dL) | HDL (mg/dL) | Troponin T (pg/mL)
Control 19.73+2.78 21.70+0.65 0.29 + 0.01
DOX 52.99+5.80%# | 12.78+0.36" 1.82 + 0.1 |###
DOX+CAN 24.47+2.627 18.78+1.58%* 0.39 + 0.03%*
DOX + QRN 25.69+3.96%5* 17.69+2.26%* 0.42 + 0.01%*
DOX+QRN+ CAN | 21.29+3.96%%* 19.08+2.20%* 0.34 + 0.02%*

Notes: Data were expressed as mean + S.E.M (n=8). "#(p<0.001) when NC vs DOX. #¥(p<0.01), *¥*
(p<0.001) when DOX vs DOX+CAN, DOX vs DOX+QRN and DOX vs DOX+QRN+CAN.
Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.

TG, LDL, VLDL and increased HDL level in serum. Pre-cotreatment of combination significantly (p<0.001) lowered
TC, TG, VLDL, LDL and increased HDL level in serum, ie 81.83+£3.59 mg/dL, 109.2+8.97 mg/dL, 21.84+1.79 mg/dL,
21.2943.96 mg/dL and 19.08+2.20 mg/dL, respectively.

Rats treated with DOX showed increased serum cTnT level, 1.82 = 0.11 pg/mL suggesting myocardial lesions
(p<0.001), Table 7. Groups treated with CAN (0.39 £ 0.03 pg/mL) or QRN (0.42 £ 0.01 pg/mL) or the combination (0.34
+ 0.02 pg/mL) showed significant reduction (p<0.01) in serum cTnT level compared to the DOX-treated group.

Morphometry and Histopathological Analysis

TTC staining of heart of control rats showed brick red coloration indicative of a greater number of viable cells. Rats
treated with doxorubicin exhibited pale coloration indicating areas of necrosis as shown in Figure 1. However,
Doxorubicin rats pre-treated with candesartan, quercetin and the combination showed a protective effect with
a minimal pale coloration. Histological analysis of control group showed normal cardiac tissue without any myonecrosis.
DOX-treated group developed cardiac necrosis with oedema, leukocyte infiltration and intramuscular haemorrhage. The
single and pre-cotreatment of CAN and QRN ameliorated the histopathological changes of cardiomyocytes in Figure 2.

Discussion
Doxorubicin (DOX) is one of the main anticancer drugs that can induce oxidative damage to cardiac tissues. It mainly
targets the cardiac antioxidant defence mechanism. In recent times, many endogenous myocardial antioxidants have

become promising therapeutic targets of treatment associated with increased oxidative stress.>’ Doxorubicin causes rats

$000¢

Control DOX DOX+CAN DOX+QRN DOX+CAN+QRN

Figure | Effect of CAN, QRN, and CAN+ QRN on morphometry of cardiac tissue. Yellow arrows depict brick red coloration indicative of a greater number of viable cells

in treatment groups.
Abbreviations: DOX, doxorubicin; QRN, quercetin; CAN, candesartan.
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Figure 2 Effect of CAN, QRN, and CAN+ QRN on histopathology of cardiac tissue. (DOX — doxorubicin; QRN — quercetin; CAN — candesartan) Blue arrow depicts more
amount of leukocyte infiltration and intramuscular hemorrhage in DOX treated group as compared to the treatment groups.

to lose weight over a period following injection, as confirmed by other reports.*® DOX-induced cardiac toxicity is
identified by decreased body weight and increased heart weight.>* This study confirms the earlier findings.

One of the important markers of early and late-stage cardiac injury is CK-MB (specific for cardiac muscle)*. In the study,
areasonable increase in serum cardiac isoenzymes (LDH and CK-MB) was observed due to DOX-induced cardiac necrosis. CAN
inhibits AT,R-mediated ROS generation, thereby preventing CK-MB and LDH leakage.*' QRN inhibit angiotensin converting
enzyme activity, thereby decreasing the conversion of Ang I to Ang I1.** The results indicate that QRN pre-treatment can
potentiate the cardioprotective effect of CAN due to its free radical scavenging and antioxidant properties. QRN and its derivatives
may represent promising cardioprotective activity for prevention and treatment of wide range of cardiac disease.*’

Rise in lipid peroxidation products is considered as biochemical marker of oxidative stress in DOX-treated rats. Due
to lipid peroxidation, inflammatory cells accumulate in cardiac myocytes.** Thus, inactivity of GSH, SOD and CAT in
DOX-treated group is due to superoxide anion generation at the site of damage in myocardium. Current study showed
that combined effect of CAN and QRN treatment could decrease the lipid peroxide levels® by neutralizing ROS.

CAN treatment could decline DOX-induced elevation of myocardial NO levels. This could be due to decreased TNF-
o level and blockade of Ang II-mediated elevation of ROS. Our data showed that CAN produced more pronounced effect
in lowering NO levels than QRN. The probable reason for this effect can be that AT|R blockade increases circulating
levels of Ang II that could in theory act on the unopposed AT,R effects.*’

Lipids consist of cholesterol (HDL and LDL cholesterol), triglycerides, phospholipids and free fatty acids. Observations
concluded a significant rise of serum total cholesterol, triglyceride LDL and VLDL in our studies. This showed that DOX reduced
the rate of lipolysis, which is deleterious for heart function*®*” Any change in lipid metabolism directly alters the concentration of
lipoproteins. The present combination showed a potent antioxidant activity. It stabilizes lipid metabolizing enzymes by its
hypolipidemic effect thereby proving its potential as a cardio-protector.

Metabolically viable cells and tissues can be easily identified using TTC staining (redox indicator). It provides the infarct size
to assess myonecrosis of cardiac tissue. The myocardial respiration generates enzymes that reduces TTC to a brick red precipitate
ie TPF (1,3,5-triphenylformazan). Thus, viable tissues appear red as compared to the pale non-viable tissues.** The single or
combined pre-cotreatment of CAN and QRN portrayed minimal pale-coloration demonstrating normal cardiac tissues.
Histoarchitectural observations verifies DOX-induced necrosis in cardiac fibers. These detrimental changes are remarkably
countered by pre-treatment with CAN, QRN or both providing maximal safeguard. Myocardial lesions were diminished to

marked extent in groups treated with CAN, QRN or both providing microscopic evidences of cardioprotective.*!*

Conclusion
In conclusion, our study provides an explanation for the cardioprotective effect of quercetin individually as well as in
combination with candesartan in doxorubicin-treated animals. Quercetin’s antioxidant properties might have shown the
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additional effect to candesartan. The results indicate that QRN pre-treatment can potentiate the cardioprotective effect of
CAN due to its free radical scavenging and antioxidant properties. Therefore, this combination might be a suitable option
to treat the cardiotoxic effect of doxorubicin. Nevertheless, in future additional studies are required to demonstrate and
approve the efficacy and safety of quercetin/candesartan combination regimens in clinical practice.

Abbreviations

CAN, candesartan; QRN, quercetin; DOX, doxorubicin, CK-MB, serum creatine kinase; LDH, lactate dehydrogenase;
ACE, angiotensin-converting enzyme; AT, angiotensin II receptor; GSH, reduced glutathione; MDA, malondialdehyde;
SOD, superoxide dismutase; CAT, catalase; ROS, reactive oxygen species; ¢cTnT, serum troponin-T; NO, nitric oxide.
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