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Abstract: Captopril (CAP), an ACE inhibitor, is widely used in the therapy of cardiovascular disease. 

Quercetin (QUE), a plant-derived flavonol that exerts cardioprotective activity through its antioxidant 

mechanism. A combination of CAP and QUE may produce synergistic or antagonistic cardioprotective 

effects. Therefore, the present study was designed to evaluate the pharmacodynamics interaction of 

QUE and CAP in Doxorubicin (Dox) induced oxidative myocardial damage in rats. Rats were pretreated 

with normal saline, QUE (10 mg/kg), and CAP (30 mg/kg) alone and in combination orally for 14 days. 

On the 14th day of treatment, rats were injected with Dox (10mg/kg single dose i.p) for the induction 

of myocardial damage. There was a substantial fall and rise in activities of marker enzymes such as CK-

MB, LDH, AST, and ALT in serum and elevation of ST-segment, increased QT interval, and HR upon 

Dox administration. Pretreatment with QUE and CAP alone significantly restored the above parameters. 

But, the Concomitant pretreatment with QUE and CAP was found to be less significantly restored the 

Dox-induced alterations. The present study suggests that concomitant pretreatment with CAP and QUE 

could attenuate cardiovascular protection than that of alone pretreatment. It may be due to the 

antagonistic effect between the two drugs.  
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1. Introduction 

Cardiovascular diseases, particularly myocardial toxicity, are one of the leading causes 

of mortality. Cardiovascular disease risk factors are hypertension, atherosclerosis, drugs like 

doxorubicin (Dox) & catecholamines like isoproterenol, isoprenaline, etc. Ischemia, 

reperfusion of coronary blood flow following ischemia, has deleterious consequences on 

cardiac function and may lead to an extension of myocardial tissue injury due to accumulation 

of free radicals after reperfusion [1-3].  

The synthetic drugs used to treat myocardial toxicity are “ACE inhibitors like Captopril 

(CAP), β-blockers like Propranolol, statins like Simvastatin, Atorvastatin” etc. Apart from the 

therapeutic effects, these drugs also possess many side effects like “dry persistent cough, 

blurred vision, headache, liver damage, fatigue” etc., which are less seen with the use of herbal 

drugs, hence the use of herbal supplements have become increasingly popular in recent years 

[4, 5]. The renin-angiotensin-aldosterone system is a major endocrine/paracrine system 
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involved in regulating a myriad of cardiovascular processes. Its role in the pathogenesis of 

hypertension, cardiac hypertrophy, and atherosclerosis is well established. Because 

angiotensin-converting enzyme inhibitors (ACE-I) such as CAP, lisinopril, enalapril etc., 

exhibit cardioprotective, vasculoprotective, antiatherogenic effects and contribute to tissue 

protection, they are widely used in the therapy of cardiovascular disease [6]. 

Flavonoids belong to the large and heterogenic group of plant polyphenols marketed 

for various health effects in complementary or alternative medical therapies. Due to their 

widespread occurrence in fruits and vegetables, flavonoids are regularly ingested by humans 

together with plants and the plant-derived from foods and beverages [7, 8]. Quercetin (QUE) 

is the most abundant of plant-derived flavonoid molecules. Flavonoids, as a rule, are 

antioxidants and a number of QUE’s effects are due to its antioxidant activity [9- 11]. The 

cardiovascular effects of QUE center on its antioxidant and anti-inflammatory ability to inhibit 

platelet aggregation ex vivo [12]. Simultaneous administration of herbal constituents & drugs 

may mimic, magnify or oppose the pharmacological effects of each other; such rational use 

may be beneficial or harmful. It has been documented that many patients use herbal 

supplements concurrently with the prescribed conventional drugs [13, 14]. Simultaneous 

administration of herbs and drugs may show some interactions on pharmacological effects of 

each other [15].   

In literature, QUE and Sitagliptin combination [16], QUE and α-tocopherol 

combination [17], QUE and Rutin combination [18], QUE and losartan combination [19] and 

CAP and L-arginine combination [20] have been reported for its pharmacodynamics and 

cardioprotective activity. However, there is no pharmacodynamics study on QUE-CAP 

combination. Therefore, the current research was aimed to evaluate the possible 

pharmacodynamic interactions of flavonoid QUE with CAP in rats subjected to Dox-induced 

myocardial damage. 

2. Materials and Methods 

2.1. Materials and methods. 

CAP was a generous gift from Changzhou Pharmaceutical Factory, India. QUE was 

procured from Sigma-Aldrich (USA), Bangalore. Dox hydrochloride was used in the form of 

an injectable commercial product (ADRIM, mfg. by Freseriuskabi, Dabur). Ellman’s reagent 

Sigma-Aldrich (USA), Thiobarbituric acid Himedia Ltd., Mumbai, Trichloroacetic acid 

Himedia Ltd., Mumbai, Other chemicals required were purchased from Himedia (India). 

2.2. Experimental animals. 

The complete course of the experiment was carried out using healthy male Wistar rats 

weighing between 150-200 g, which were procured from Sri Venkateswara Enterprises, 

Bangalore.  They were housed in standard laboratory conditions at room temperature and 12 h 

light/dark cycle [21]. The animals were provided with a standard pelleted diet obtained 

commercially from the manufacturer (Amrut Laboratories, Sangli) and water ad libitum. After 

seven days of acclimatization period, they were randomly selected for different experimental 

groups. Ethical clearance was obtained from Institutional Animal Ethics Committee (IAEC 

Reg. No.: 221/CPCSEA) KLEU’s College Of Pharmacy, Belgaum, before experimenting. 
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2.3. Dose selection. 

The human dose of CAP 150mg/kg was converted into an animal dose 30 mg/kg 

respectively and administered as a single dose orally for 7 days [22]. QUE at 10mg/kg was 

weighed, and the residue was dissolved in normal saline and administered orally for 14 days.  

2.4. Experimental study design. 

The adult male Wistar rats were divided into six groups of six animals and received the 

following treatment.  

Group I (Normal control): Received Normal saline (2ml/kg, p.o.). 

Group II (Dox treated): Received Normal saline + 10 mg/kg, i.p of Dox on 14th day.  

Group III (QUE treated): Received 10 mg/kg, p.o, of QUE for 14 days + 10 mg/kg, i.p 

of Dox at 14th day. 

Group IV (CAP treated): Received 30 mg/kg p.o, of CAP + 10 mg/kg, i.p of Dox at 14th 

day. 

Group V (CAP-QUE treated-I): Received 30 mg/kg p.o, of CAP and 10 mg/kg, p.o, of 

QUE for 14 days + 10 mg/kg, i.p of Dox at 14th day. 

Group VI (combination treated-II): Received 30 mg/kg p.o, of CAP, and 10 mg/kg, p.o, 

of QUE for 14 days. 

At the end of the treatment period, animals of all the groups excluding group-I and 

group VI were administered with Dox (10mg/kg, single dose i.p) to induce myocardial toxicity 

[23, 24, 25]. After 72 h induction of myocardial toxicity, the ECGs of the rats were recorded, 

and animals were sacrificed. Blood was collected, and the serum was separated by cold 

centrifugation (at 3000 rpm for 10 minutes) for biochemical estimation. And also, Bodyweight, 

Heart weight, liver weight was analyzed [26].  

2.5. Measurement of serum biomarker enzymes. 

The serum was used for estimation of cardiac marker enzymes such as Alanine 

transaminase (ALT), Aspartate transaminase (AST), Lactate dehydrogenase (LDH), Creatine 

kinase-MB fraction (CK-MB), Alkaline phosphatase (ALP) were analyzed using commercially 

available diagnostic kits (Coral Clinical Systems, Goa) and troponin I (Peerless Biotech 

Pvt.Ltd).  

2.6. Measurement of serum lipid profile.  

Total Cholesterol (TC), Triglyceride (TG) and High-Density Lipoprotein (HDL), were 

measured by using ERBA Diagnostic Kits. Low-Density Lipoprotein (LDL) was measured by 

using the Friedewald formula [27, 28]. 

2.7. Recording of ECG parameters. 

At the end of the experimental period, the animals were anesthetized using 

pentobarbital sodium 35mg/kg i.p. The Lead II ECGs of all animals were recorded using 

Biopac Student Lab PRO 3.7 software (Model No. MP35) make BIOPAC Systems, Inc. Aero 

Camino, Goleta, CA 93117. The ECG parameters measured are QRS complex (in seconds), 

QT interval (in seconds), Heart rate (BPM).  
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2.8. Statistical analysis. 

Values were expressed as Mean ± Standard Error Mean (SEM). The data were analyzed 

by one-way ANOVA followed by Tukey Multiple Comparison Test. P<0.01 was considered 

significant. 

3. Results and Discussion 

3.1. Effect on bodyweight, heart weight, liver weight. 

The results of the effect of various treatments on rats' body weight, heart weight, liver 

weight, and the ratio of heart to body weight in Dox-induced myocardial toxicity are shown in 

Table 1.  

Table 1. Effect of various treatments on rats Bodyweight, Heart weight, liver weight and the ratio of Heart to 

Bodyweight in Doxorubicin-induced myocardial toxicity 

Groups 
Initial body 

weight (g) 

Final body 

weight (g) 

Heart weight 

(g) 

Liver weight 

(g) 

Heart/body 

weight Ratio 

(×10-3) 

Normal 135.0±1.612 150.0±3.421 0.540±4.341 5.401±0.261 3.6±0.106 

Dox 159.2±6.754# 133.4±6.735# 0.513±21.22 ns 5.262±0.431ns 3.4±0.093 ns 

QUE + Dox 158.0±2.280 143.2±7.664ns 0.535±36.79 ns 5.022±0.379 ns 3.6±0.180 ns 

CAP + Dox 164.6±8.232 190.2±11.36*** 0.684±23.54* 6.278±0.190 ns 3.8±0.24ns 

QUE+CAP 

+Dox 
170.4±4.833 174.2±2.354* 0.594±40.71 ns 6.399±0.425ns 3.4±0.24ns 

QUE + 

CAP 
163.0±4.195 188.0±11.31*** 0.750±60.02 * 7.861±0.755** 3.9±0.19 ns 

Bodyweight was measured on 0th day and 3rd day of Doxorubicin treatment, and Heart, Liver weight was measured at 3rd day of Doxorubicin 

treatment. N=6; Values are expressed as mean ±SEM; Compared with Normal:  # P<0.1, # # P<0.01,  # # # P<0.001. Compared with 

Doxorubicin: *P<0.1,  **P<0.01, ***P<0.001 ,  ns= non significant. One-way ANOVA followed by Turkey test.  

The bodyweight of Dox-treated rats was significantly reduced (133.4 ± 6.35 g, p<0.01) 

compared to that of normal rats (150.0 ± 3.45g). The rats pretreated with CAP 30 mg/kg, p.o 

and QUE 10mg/kg, p.o followed by Dox administration showed a significant increase in body 

weight compared with Dox-treated rats. The heart weight of Dox-treated rats was significantly 

decreased (0.513.8 ± 0.21g, p<0.001) compared to that of normal rats (0.540 ± 0.434g). The 

rats pretreated with CAP (30 mg/kg, p.o) and QUE (10mg/kg, p.o) showed no significant 

increase (0.684 ± 0.23.54, 0.535 ± 0.367 g respectively) in heart weight as compared to that of 

Dox treated rats in heart weight when compared with Dox treated group. The liver weight of 

Dox-treated rats (5.26±0.43g) showed no significant changes compared with normal rats 

(5.401±0.261g). The rats pretreated with CAP and QUE alone and in combination showed no 

significant changes in liver weight compared with Dox-treated rats. The Heart to Bodyweight 

ratio of Dox-treated rats was significantly decreased (3.4×10-3, p<0.01) compared with normal 

rats. The rats pretreated with CAP (30mg/kg, p.o) and QUE (10mg/kg, p.o) alone showed a 

significant increase in heart-to-body weight ratio compared to Dox treated rats. The rats 

pretreated with CAP (30mg/kg, p.o) + QUE (10mg/kg, p.o) followed by Dox administration 

showed no significant changes in heart to body weight ratio compared with Dox treated groups.  

3.2. Effect on serum biomarker enzymes.  

The results of the effect of various treatments on rat serum biomarker enzymes in Dox-

induced myocardial toxicity are shown in Figure 1.  
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Figure 1. Effect of various treatments on rat serum biomarker enzymes in Doxorubicin induced myocardial 

toxicity. (a) ALT (b) AST (c) LDH (d) CK-MB; N=6; Values are expressed as mean ±SEM; Compared with 

Normal:  # P<0.1,# # P<0.01,  # # # P<0.001.   Compared with Dox: *P<0.1, **P<0.01, ***P<0.001, ns= non-

significant. One way ANOVA followed by Turkey test. 

Acute administration of Dox showed a significant increase in the levels of serum cardio 

biomarker enzymes viz. LDH, CKMB, ALT, and AST when compared to normal rats (P < 

0.001). The increased concentration of serum enzymes is a well-accepted quantitative index of 

myocardial damage caused by Dox treatment. Pretreatment with CAP (30 mg/kg, p.o), QUE 

(10 mg/kg, p.o) alone significantly (P<0.001) reduced the elevated serum enzyme levels in 

Dox-induced cardiotoxic rats when compared to Dox treated rats. Whereas concomitant 

pretreatment with CAP and QUE (30mg/kg, p.o and 10mg/kg, p.o) significantly restored 

(p<0.01) the activities of these enzymes in Dox-induced cardiotoxic rats. The Dox-treated rats 

showed the presence of Troponin I, while the normal group rats showed the absence of 

Troponin I in serum. The rats pretreated with CAP (30mg/kg, p.o), QUE (10mg/kg, p.o), and 

both combination groups showed the absence of Troponin-I in serum.  

3.4. Effect on serum lipid profile.  

The results of the effect of various treatments on rat serum lipid parameters in Dox-

induced myocardial toxicity are shown in Figure 2.  

https://doi.org/10.33263/BRIAC123.30023011
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC123.30023011  

 https://biointerfaceresearch.com/ 3007 

 
Figure 2. Effect of various treatments on rats' serum lipid profile (TC,TG, HDL&LDL) in Doxorubicin-induced 

myocardial toxicity. N=6; Values are expressed as mean ±SEM; Compared with Normal control:  # P<0.1,# # 

P<0.01,  # # # P<0.001.   Compared with Disease control: *P<0.1, **P<0.01, ***P<0.001, ns= non-significant. 

One-way ANOVA followed by Turkey test. 

The Dox-treated group showed a significant increase (P<0.001) in the levels of TC, TG, 

and LDL compared to the normal group. Pretreatment with CAP (30 mg/kg, p.o), QUE (30 

mg/kg, p.o) alone significantly (P<0.001) decreased the elevated lipid levels when compared 

to Dox treated rats. Whereas concomitant pretreatment with CAP and QUE (CAP 30mg/kg, 

p.o + QUE 10mg/kg p.o) significantly (p<0.01) decreased the elevated lipid levels in Dox-

induced cardiotoxic rats. Animals treated with Dox showed a significant (P<0.01) decrease in 

HDL level compared to the normal group. Pretreatment with CAP (30 mg/kg, p.o), QUE (10 

mg/kg, p.o) alone showed a significant (p<0.01) increase in HDL level when compared to Dox-

treated rats. Whereas concomitant pretreatment with CAP and QUE (30mg/kg, p.o+10mg/kg, 

p.o) significantly increased (P<0.1) the HDL level as compared to Dox treated rats. Hence CAP 

and QUE combined pretreatment significantly restored the serum lipid levels in Dox-induced 

cardiotoxic rats but showed a lesser effect when compared to individual treatments. 

3.5. Effect on ECG parameters. 

The results of the effect of various treatments on ECG parameters in Dox-induced 

myocardial toxicity are shown in Table 2. The Dox-treated group showed significant changes 

in the repolarization phase of the ECG: Significant prolongation of QT interval and elevation 

of ST-segment, with no significant effect on QRS complex, compared to the normal group. In 

addition, a significant (P<0.001) increase in Dox-treated rats' heart rate was observed compared 

to the normal group. Pretreatment with QUE 10mg/kg, p.o and CAP 30 mg/kg, p.o alone 

significantly reduced the ECG alterations when compared to Dox treated group. Concomitant 

pretreatment with QUE 10mg/kg, p.o and CAP 30 mg/kg, p.o significantly normalized these 

changes compared to Dox-induced cardiotoxic rats but showed a lesser effect when compared 

to individual treatments.  

Table 2. Effect of various treatments on ECG parameters. 

Groups Heart rate (bpm) QRS complex (sec) QT  interval (sec) 

Normal 384.3±15.71 0.050±0.0012 0.090±0.0015 

Dox 521.7±14.97 # # # 0.038±0.0028 # # # 0.90±0.0012 # # # 
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Groups Heart rate (bpm) QRS complex (sec) QT  interval (sec) 

QUE + Dox 461.3±15.71** 0.040±0.0012* 0.085±0.0015*** 

CAP + Dox 428±16.40*** 0.040±0.0028* 0.090±0.0015*** 

QUE + CAP  +Dox 474±15.41*** 0.055±0.0021* 0.120±0.00015** 

QUE + CAP  413.2±16.03*** 0.050±0.0028* 0.095±0.0015*** 

ECG parameters were measured on 3rd day of Doxorubicin treatment. N=6; Values are expressed as mean ±SEM; Compared with Normal:  # 

P<0.1,# # P<0.01,  # # # P<0.001.   Compared with Doxorubicin: *P<0.1,  **P<0.01, ***P<0.001 ,  ns= non significant. One-way ANOVA 

followed by Turkey test. 

An herb-drug interaction is defined as any pharmacological modification caused by an 

herbal substance(s) to another exogenous chemical (e.g., a prescription medication) in the 

diagnostic, therapeutic, or other action of a drug in or on the body [29-31]. An herb can 

potentially mimic, increase, or decrease the activities of co-administered medicines, and the 

significances of these connections can be favorable, unwanted, or injurious effects [32, 33]. It's 

worth noting that the herbal mixture's putative active ingredient(s) and other ingredients could 

potentially interact with a variety of drug classes. [34-36]. The interface among herbs and 

medicines might increase or reduce the pharmacological properties of any component. 

Synergistic and beneficial properties may confuse the dosing of long-run medicines. E.g., 

herbals traditionally used to reduce glucose levels in diabetes mellitus could therapeutically 

induce hypoglycemia if combined with conventional drugs [37]. Herb-drug interactions are 

possible in the following scenarios: When warfarin is taken with Ginkgo biloba, Salvia 

miltiorrhiza, and Allium sativum, it can cause bleeding. And digoxin, theophylline, and 

cyclosporine bioavailability are all reduced when coupled with Hypericumper foratum, etc. 

[38]. The Theophylline was taken along with Capsicum spp (chilli pepper), which can increase 

absorption and bioavailability. Health–care practitioners should care for the patients against 

mixing herbs and pharmaceutical drugs. The current study reported the pharmacodynamics 

interaction between synthetic drugs (CAP) and natural drugs (QUE). Dox is a powerful, well-

known, and very effective medicine used to treat various cancers, including solid tumors, 

leukemia, soft tissue sarcoma, breast cancer, lung cancer, and esophageal carcinomas. Its 

clinical efficacy is still restricted due to its particular cardiac tissue toxicity [39, 40]. After 

cumulative Dox treatment, congestive heart failure, cardiomyopathy, and electrocardiographic 

abnormalities were seen [41, 42]. There was a substantial rise in the activities of marker 

enzymes such as CK-MB, LDH, AST, and ALT in serum of Dox-treated rats. 

Further elevation of ST-segment, increased QT interval, and HR were also observed in 

Dox-treated cardiotoxic rats. Pretreatment with QUE and CAP alone significantly (p<0.001) 

restored the above parameters. But, the Concomitant pretreatment with QUE and CAP was 

found to be less significantly (p<0.01) restored the DOX-induced alterations in cardiotoxic rats.  

4. Conclusions 

In conclusion, present results suggest that concomitant pretreatment with CAP and 

QUE could attenuate cardiovascular protection than that of alone pretreatment. It may be due 

to the antagonistic effect between the two drugs in Dox-induced cardiotoxic rats. Further 

studies, i.e., pharmacokinetic studies, are needed to prove the antagonistic interaction between 

CAP and QUE in Dox-induced cardiotoxic rats. 
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