
 

 

	

Natural Products Analysis 

https://www.sciltp.com/journals/npa 

 

 

Copyright: © 2026 by the authors. This is an open access article under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/). 
Publisher’s Note: Scilight stays neutral with regard to jurisdictional claims in published maps and institutional affiliations. 

Article 

Cardio-Protection by Tamarindus indica Leaves: 
Mitigating Left Ventricular Hypertrophy in  
Isoproterenol-Induced Mice 

Farjana Sharmin 1,2, Farhad Hossain 2,3, Joy Sarker 2, Ibrahim Hossain 2, Rozina Khatun 2, 
Khadiza Khanam 2, A. B. M. Ashraful 2,4, Medha Islam 2, AHM Khurshid Alam 2 and 
Mamunur Rashid 2,* 
1 Department of Pharmacy, Khwaja Yunus Ali University, Sirajganj 6751, Bangladesh 
2 Department of Pharmacy, University of Rajshahi, Rajshahi 6205, Bangladesh 
3 Department of Pharmacy, State University of Bangladesh, Dhaka 1461, Bangladesh 
4 Department of Pharmacy, R. P. Shaha University, Narayanganj 1400, Bangladesh 
* Correspondence: mamun69jp@yahoo.com 

How To Cite: Sharmin, F.; Hossain, F.; Sarker, J.; et al. Cardio-Protection by Tamarindus indica Leaves: Mitigating Left Ventricular 
Hypertrophy in Isoproterenol-Induced Mice. Natural Products Analysis 2026, 2(1), 100013. https://doi.org/10.53941/npa.2026.100013 

Received: 23 April 2026 

Revised: 22 June 2026 

Accepted: 26 June 2026 

Published: 30 June 2026 

Abstract: Introduction: Cardiovascular diseases (CVDs) are the leading cause of 
death globally, with left ventricular hypertrophy (LVH) as a key independent risk 
factor. Objective: This study evaluates the cardioprotective potential of Tamarindus 
indica leaf extract (TILE) in mitigating isoproterenol-induced Left Ventricular 
Hypertrophy (LVH), a critical risk factor for cardiovascular diseases (CVDs). 
Methods: The crude extract underwent phytochemical screening followed by total 
phenolic content, total flavonoid content, DPPH, and OH radical scavenging assays. 
Swiss albino mice with isoproterenol-induced LVH were treated orally with TILE 
(three doses) over four weeks. Key parameters, including lipid profiles (TC, TG, 
HDL, LDL), cardiac biomarkers (Troponin I), oxidative stress markers (SOD, CAT), 
liver and renal function (SGPT, SGOT, Serum Creatinine), LVW/BW ratio, and 
histopathology, were measured and compared with atorvastatin, which has been taken 
as a standard drug. Results: TILE showed considerable phenolic (29.69 ± 2.14 mg/g) 
and flavonoid contents (145.42 ± 7.58 mg/g) and potent antioxidant activity with IC50 
values of 10.82 μg/mL (DPPH) and 17.86 μg/mL (OH radical scavenging assay). 
Isoproterenol elevated TC, TG, LDL cholesterol, Troponin I, SGPT, SGOT, and 
serum creatinine, while reducing HDL cholesterol, SOD, and catalase levels. TILE 
treatment reversed these changes significantly, demonstrating antioxidative and 
antihyperlipidemic properties, and reducing cardiac hypertrophy by improving the 
LVW/BW ratio. Conclusion: TILE exhibited significant cardioprotective effects 
against isoproterenol-induced LVH, which were associated with improvements in 
antioxidant enzyme activities and lipid profile parameters. However, further studies 
are required to elucidate the precise molecular mechanisms underlying these effects. 

 Keywords: Tamarindus indica, antioxidant, cardioprotective, isoproterenol, 
hypertrophy 
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1. Introduction 

Cardiovascular disease (CVD) encompasses a wide range of conditions affecting the circulatory system, 
including the heart and blood vessels. These are typically chronic diseases that develop gradually and often remain 
asymptomatic for extended periods. Among the key risk factors for CVD is left ventricular hypertrophy (LVH), 
which is associated with increased cardiovascular morbidity and mortality [1] and is recognized as an independent 
predictor of cardiovascular events such as coronary artery disease, stroke, and heart failure [2]. 

LVH refers to the thickening and stiffening of the left ventricle, the heart’s primary pumping chamber, 
leading to compromised cardiac output. It often arises as a compensatory response to chronic pressure overload 
caused by hypertension or aortic stenosis [3]. A key mechanism underlying this adaptation is the activation of the 
intracardiac renin-angiotensin system, which increases the production of angiotensin II [4]. Angiotensin II triggers 
multiple signaling cascades through the activation of phospholipases, generating secondary messengers such as 
inositol trisphosphate (IP₃) and diacylglycerol (DAG) [5,6]. These messengers further activate the small G-protein 
Rho via distinct pathways: IP₃ through Ca²⁺ mobilization and DAG via protein kinase C (PKC) [7,8]. Activated 
Rho subsequently stimulates Rho kinase (ROCK), which drives hypertrophic gene expression and contributes to 
myocardial remodeling [9]. 

Another major pathway involved in myocardial hypertrophy is β-adrenergic receptor agonism. Activation of 
β1 and β2 receptors stimulates the G-protein coupled receptor system, elevating intracellular cAMP, which activates 
protein kinase A (PKA). PKA then modulates downstream targets, including L-type calcium channels, 
phospholamban, and troponin [10]. Simultaneously, the Gq/G11 pathway activates small G-proteins, such as Ras 
and Rho, initiating downstream signaling cascades, including the Ras-Raf-MEK1/2-ERK1/2 and RhoA-ROCK 
pathways, both of which are critical for hypertrophic gene transcription [11−13]. 

In addition, Gαs-mediated activation of Rac1 leads to stimulation of NADPH oxidase, resulting in the 
generation of superoxide and the redox-sensitive transcription factor NF-κB, which further regulates genes 
involved in myocardial hypertrophy [14]. Elevated Rac1 activity and increased oxidative stress have been 
identified as markers of left ventricular hypertrophy in humans [15]. Therefore, antioxidant compounds may offer 
therapeutic potential in the management of LVH. 

Bangladesh, rich in plant biodiversity, is home to numerous plants with antioxidant properties. One such 
plant is Tamarindus indica (T. indica) Linn., traditionally used in countries such as Bangladesh, India, Sudan, and 
Nigeria for a variety of ailments. It has been reported to possess multiple pharmacological properties, including 
antioxidant, anti-diabetic, antimicrobial, antimalarial, hepatoprotective, laxative, anti-asthmatic, and anti-
hyperlipidemic activities [16]. Almost every part of the plant, leaves, seeds, pulp, and roots, has been associated 
with medicinal benefits [17]. In Bangladesh, its fruit pulp is commonly used to manage hypertension. However, 
this study focused on the leaves of T. indica, which are available year-round and are known to contain a high 
concentration of phenolic compounds (approximately 80%), flavonoids (60–70%), and tannins (50%) [17]. 
Additionally, polyphenols such as catechin and epicatechin [18], triterpenes like lupeol and lupanone [19], and 
essential oils including limonene and benzyl benzoate [20] have been identified in its leaves. 

Despite the availability of various synthetic agents for CVD management, these drugs often pose limitations 
in terms of cost, side effects, and long-term tolerability. Therefore, this study aims to explore a natural and 
affordable alternative for managing LVH. The objective of this investigation is to evaluate the cardioprotective 
potential of T. indica leaf extract in an isoproterenol-induced LVH mouse model, with a focus on its antioxidant-
rich phytochemical composition. 

2. Materials and Methods 

2.1. Chemicals 

The USA-based Sigma Chemical Company (Burlington, MA, USA) was the source of DPPH and BHT. We 
bought gallic acid from Wako Pure Chemicals Ltd. in Japan. The following materials were purchased from Sigma-
Aldrich in Germany: sodium carbonate, tri-chloroacetic acid (TCA), ferric chloride (FCR), catechin, ammonium 
molybdate, 2-Deoxy-D-ribose, ascorbic acid, ethanol, and chloroform. Pyrogallol was acquired from  
QualiChem in India, while cobalt (II) nitrate hexahydrate and sodium hexa-metaphosphate was purchased from  
SMART-LAB, Indonesia. 
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2.2. Medications & Diagnostic Kits 

Atorvastatin powder was provided by Square Pharmaceuticals Ltd. Isoprenaline injection (Isolin), and Heparin 
were bought from Samarth Life Sciences PVT. LTD., Mumbai, India, and PANPHARMA Ltd., Dhaka,  
Bangladesh, respectively. 

The test kits for triglycerides (TG), total cholesterol (TC), low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), serum creatinine, troponin I, SGPT, and SGOT were purchased from Human, Germany. 

2.3. Collection & Extraction of Plant Material 

Mature green T. indica leaves were collected from the Rajshahi University campus (latitude: 24.3682° N, 
longitude: 88.6376° E) in Bangladesh and verified by Dr. A.H.M. Mahbubur Rahman, a specialist in taxonomy 
from the Department of Botany at the University of Rajshahi (Collection number: FK 121). For extraction, one 
kilogram of the coarsely ground leaves was soaked in ethanol at room temperature, allowed to stand for seven days 
with sporadic shaking and stirring. The mixture was then filtered. To ensure complete extraction, the soaking, 
intermittent stirring, and filtration processes were repeated once using the same plant material. After soaking the 
powder, the procedure was carried out once more. The collected ethanolic extract was concentrated in a rotary 
evaporator at a lower pressure after 14 days to obtain the TILE (98.2 g) [21]. 

2.4. Phytochemical Screening of TILE 

TILE was subjected to qualitative phytochemical tests using the standard phytochemical methods described 
by Islam et al. [22] to identify the presence of various phytochemicals, such as alkaloids, cardiac glycosides, 
steroids, tannins, saponins, phenolic compounds, terpenoids, and reducing sugar. 

2.5. Total Phenolic and Flavonoid Tests 

Total phenolic and flavonoid contents were determined following the method of Reza et al. with minor 
modifications [23]. For total phenolic content (TPC), plant extracts or standard solutions were reacted with diluted 
Folin–Ciocalteu reagent and 7.5% Na2CO3, incubated at 25 °C for 30 min, and the absorbance was measured at 
765 nm. Results were expressed as mg gallic acid equivalents (GAE)/g dry weight. 

Total flavonoid content (TFC) was assessed using the aluminum chloride colorimetric method. Extracts or 
standards were mixed sequentially with 5% NaNO3, 10% AlCl3, and 4% NaOH, followed by measurement of 
absorbance at 510 nm. Flavonoid content was calculated from a catechin standard curve and expressed as mg 
catechin equivalents (CE)/g dry weight. All measurements were performed in triplicate. 

2.6. Antioxidant Activity Tests 

2.6.1. DPPH (1, 1-Diphenyl-2-picrylhydrazyl) Radical Scavenging Assay 

The DPPH (1, 1-Diphenyl-2-picrylhydrazyl) Free Radical Scavenging Activity of TILE was assessed by a 
method described by Hossain et al. [24]. The extract was added to the methanol at different concentrations, and 
the absorbance was recorded at 517 nm. The percentage of scavenging activity of DPPH radicals was calculated 
from the following equation: 

% I = 
  

 × 100% 

where, % I = the percentage of scavenging activity, Ac = the absorbance of the control, As = the absorbance of the 
extract/standard.  

2.6.2. Hydroxyl (OH) Radical Scavenging Assay 

The OH radical scavenging activity of T. indica extract was determined using the method described by 
Gutteridge and Halliwell with slight modifications [25,26]. Test tubes were filled with different concentrations of 
TILE and standard (Catechin). The reaction mixture was incubated at 37 °C for 60 min, then 1% ice-cool TBA 
(Thiobarbituric acid) & 10% TCA (Trichloroacetic acid) were added. The absorbance of each tube was measured 
at 532 nm using Shimadzu UV-1800 UV-Visible spectrophotometer. Using the following formula, the percentage of 
OH radical scavenging activity was determined: 

% I = 
  

 × 100% 
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where, % I = the percentage of scavenging activity, Ac = the absorbance of the control, As = the absorbance of the 
extract/standard.  

2.7. Experimental Animals & Study Design 

A total of 42 Swiss Albino female mice, aged 2 months, weighing around 40 g, were purchased from the 
Department of Biochemistry, Rajshahi University, Bangladesh. Before the beginning of the experiments, all the 
mice were adjusted to a new environment for two weeks, housed in cages, and monitored for behavioral changes. 
The experimental protocol was approved (Ethical clearance number: 249) by the Institutional Animal, Medical 
Ethics, Biosafety, and Biosecurity Committee (IAMEBBC) at the Institute of Biological Science, University of 
Rajshahi, Bangladesh, on 16 November 2022. 

Mice were randomly assigned to 6 groups (Normal Control (NOC), Negative Control (NC), Standard (Atvn-
20), Treatment A (TILE-50), Treatment B (TILE-100), Treatment C (TILE-200)), 7 mice in each group. All the 
experimental groups were hypertrophic groups except the Normal Control. Cardiac hypertrophy was induced by 
intraperitoneal administration of isoproterenol. The mice received isoproterenol at a dose of 5 mg/kg/day for seven 
consecutive days [27]. After the induction of cardiac hypertrophy, the standard group was treated with Atorvastatin 
(0.3 mg/kg BW, oral), and Treatment A, B & C groups were treated orally with TILE at 50, 100 & 200 mg/kg 
BW, respectively. Repeated dose treatment was performed for four weeks to observe the effects of different doses 
of TILE on lipid profile, Troponin-I, SOD, catalase, LVW/BW ratio, SGPT, SGOT, and serum creatinine in 
isoproterenol-induced hypertrophic mice (IIHMs). 

2.8. Dose Selection 

The doses of 50, 100, and 200 mg/kg body weight used in the present study were selected based on previously 
published pharmacological investigations of T. indica leaf extracts, which demonstrated efficacy and an acceptable 
safety profile within this dose range and at substantially higher doses [28]. These doses were chosen to evaluate 
potential dose-dependent cardioprotective effects while remaining well below levels previously reported to be safe 
in experimental animals. 

2.9. Preparation of Doses of Atorvastatin & TILE 

Atorvastatin, an amorphous soluble substance, was prepared in doses of 0.3 mg/kg body weight, according 
to a previously published report [29], since atorvastatin is effective in such a dose in humans. The crude leaf extracts 
were dissolved in distilled water. Three different dilutions of the extract were made using distilled water to obtain 50 
mg/kg, 100 mg/kg, and 200 mg/kg of TILE. 100 µL of each solution was administered by oral gavage to the mice. 

2.10. Biochemical Assays 

After four weeks of treatment, mice were anesthetized, and the blood was collected from the thoracic artery, and 
serum was separated for biochemical studies after centrifugation. Heart was collected for histopathological investigation. 

2.10.1. Measurement of Lipid Profile 

The serum lipid profile was estimated using UV spectrophotometric methods using Cholesterol Liquicolor 
test kits, TG Liquicolor test kits, HDL Cholesterol (HDL-C) test kits, and LDL Cholesterol (LDL-C) test kits. 

2.10.2. Cardiac Troponin I (cTnI) Test 

Cardiac cTnI level in serum was determined by using cTnI ELISA test kit. The test is based on the principle 
of a solid-phase enzyme-linked immunosorbent assay. 

2.10.3. Serum Creatinine Test 

The serum creatinine test was conducted using a test kit purchased from Human, Germany. The principle of 
this test is that creatinine forms an orange-red colored complex with picric acid in an alkaline solution. The 
complex’s absorbance is directly correlated with the sample’s creatinine concentration. 

2.10.4. Serum Glutamic Pyruvate Transaminase (SGPT) and Serum Glutamic Oxaloacetate Transaminase 
(SGOT) Test 

Serum SGPT & SGOT test was performed using SGPT & SGOT test kits (ELISA kits) (Human, Germany). 



Sharmin et al.   Nat. Prod. Anal. 2026, 2(1), 100013 

https://doi.org/10.53941/npa.2026.100013  5 of 13  

2.10.5. Estimation of Superoxide Dismutase (SOD) & Catalase (CAT) Enzyme Levels 

The liver was removed from the mice and homogenized in Tris buffer for the investigation. After centrifuging 
the homogenate, the supernatant was examined for the presence of catalase and superoxide dismutase (SOD). SOD 
was assayed using pyrogallol auto-oxidation, which produces a brown compound that absorbs UV light [30]. 

Catalase activity was measured using the Hadwan method [31], which converts cobalt (II) to cobalt (III) by 
hydrogen peroxide in bicarbonate solution. The 440-nm band was used for catalase activity assessment. 

2.10.6. LVW/BW Ratio 

During LVH, cardiomyocyte enlargement leads to an increase in left ventricular mass. Consequently, the 
LVW/BW ratio increases and is widely used as an index of cardiac hypertrophy. Therefore, an elevated LVW/BW 
ratio is indicative of hypertrophic remodeling of the left ventricle. LVW/BW ratios were determined by weighing 
isolated left ventricles. After euthanasia, hearts were excised, and the left ventricle was separated from other 
cardiac tissues under a dissecting microscope, blotted dry, weighed, and normalized to body weight [32]. 

2.10.7. Histopathology of Left Ventricle 

The cross-section was done according to Slaoui & Fiette [33]. The study involved cutting left ventricle 
tissues, staining them with hematoxylin and eosin, and scanning them at a magnification of about ×400 with an 
Optoedu microscope to determine the extent of cardiomyocyte hypertrophy after the sacrifice of mice. 

2.11. Statistical Analysis 

The results were represented as mean ± SEM using the GraphPad Prism 9 computer program. A one-way 
analysis of variance (ANOVA) was employed, with Dunnett’s post-hoc test and students paired or unpaired t-tests 
as necessary. A description of the statistical technique used in each analysis was included in each figure. Results 
were considered to be significant when p values were less than 0.05 (p ˂ 0.05) for paired or unpaired t-test or less 
than 0.01 (p < 0.01) for one-way analysis of variance (ANOVA). 

3. Results 

3.1. Phytochemical Analysis 

The qualitative phytochemical analysis of the crude ethanolic extract of T. indica leaves reported the presence 
of alkaloids, cardiac glycosides, steroids, tannins, phenolics, flavonoids, and terpenoids (Table 1). 

Table 1. Result of qualitative phytochemical Analysis. 

Name of the Phytochemical Result [Present (+)/Absent (−)] 
Alkaloids + 

Glycosides + 
Steroids + 
Tannins + 
Saponins − 

Phenolic compounds + 
Flavonoids + 
Terpenoids + 

Reducing sugar − 

3.2. Total Phenolic and Flavonoid Content Tests 

The total phenolic content (TPC) of the extract at 100 µg/mL was 29.69 ± 2.14 mg GAE/g dry weight. In contrast, 
the total flavonoid content (TFC) was substantially higher, reaching 145.42 ± 7.58 mg CAE/g dry weight (Figure 1). 
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Figure 1. Determination of total phenolic content (TPC) and total flavonoid content (TFC). 

3.3. DPPH (1, 1-Diphenyl-2-picrylhydrazyl) Radical Scavenging Assay and Hydroxyl (OH) Radical  
Scavenging Assay 

The Antioxidant activity of the TILE was evaluated using a range of in vitro assays, including the DPPH 
radical and OH radical scavenging tests. The results, illustrated in Figure 2, demonstrated that TILE exhibited 
significant radical scavenging activity in a dose-dependent manner. The half-maximal inhibitory concentration 
(IC50) values for DPPH and hydroxyl radical scavenging were found to be 10.82 μg/mL and 17.86 μg/mL, 
respectively, indicating potent antioxidant capacity. 

 

Figure 2. (A) Determination of DPPH free radical scavenging activity (B) Comparison of IC50 values extract with 

standard for DPPH free radical scavenging activity (C) Determination of Hydroxyl (OH) radical scavenging activity 

(D) Comparison of IC50 values extract with standard for Hydroxyl (OH) radical scavenging activity. 

3.4. In-Vivo Assays 

3.4.1. Effect of Atorvastatin and TILE on Lipid Profile 

Induction of isoproterenol significantly changes the lipid profile in hypertrophic mice when compared with 
that of normal mice. To make it clear, we examined TC, TG, LDL-C, and HDL-C levels after four weeks of 
treatment with atorvastatin and different doses (50, 100, and 200 mg/kg) of TILE in hypertrophic mice. 

Mice treated with isoproterenol for seven days exhibited significantly higher TC level (102.19 ± 2.41 mg/dl), 
TG level (152.59 ± 4.59 mg/dl), and LDL cholesterol level (91.81 ± 0.78 mg/dl), but lowered HDL cholesterol 
level (22.90 ± 0.90 mg/dl) than normal mice (77.70 ± 4.36 mg/dl). Following four weeks’ TILE treatment, it was 
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found that all three doses of TILE, as well as the standard drug atorvastatin, significantly decreased the TG, TC, 
and LDL-C levels, whereas increasing the HDL-C levels in comparison to IIHMs given in Figure 3. 

 

Figure 3. Effects of TILE on (A) Total Cholesterol, (B) Triglyceride level, (C) LDL-C level, (D) HDL-C level in 

IIHMs for four weeks in comparison with IIHMs. Data are represented as mean ± SEM, n = 7 in each group. ## p 

< 0.01, #### p < 0.0001 vs. normal (t-test) and *** p < 0.001, **** p < 0.0001 vs. IIHMs (ANOVA followed  

by Dunnett’s test).  

3.4.2. Cardiac Troponin I Test 

Mice treated with isoproterenol for seven days exhibited significantly higher cTnI levels (0.081 ± 0.004 
ng/mL) than normal mice (0.010 ± 0.001 ng/mL). Following the four-weeks’ TILE treatment, it was found that 50 
mg/kg BW, 100 mg/kg BW, and 200 mg/kg BW of TILE decreased the cTnI levels to (0.037 ± 0.004 ng/mL), 
(0.018 ± 0.002 ng/mL), and (0.043 ± 0.003 ng/mL), respectively, in comparison to IIHMs. Additionally, 
atorvastatin significantly decreased the cTnI level (0.019 ± 0.002 ng/mL) (Figure 4A). 

 

Figure 4. Effects of TILE on (A) cTnI level (B) serum creatinine level in IIHMs for four weeks in comparison with 

IIHMs. Data are represented as mean ± SEM, n = 7 in each group. ### p < 0.001, #### p < 0.0001 vs normal (t-test), 

and **** p < 0.0001 vs IIHMs (ANOVA followed by Dunnett’s test). 

3.4.3. Serum Creatinine Test 

Mice treated with isoproterenol for seven days exhibited significantly higher serum creatinine levels  
(0.713 ± 0.024 mg/dl) than normal mice (0.453 ± 0.008 mg/dl). Following the four-weeks’ TILE treatment, it was 
found that 50 mg/kg BW, 100 mg/kg BW, and 200 mg/kg BW of TILE decreased the serum creatinine levels to 
(0.450 ± 0.012 mg/dl), (0.417 ± 0.003 mg/dl), and (0.423 ± 0.015 mg/dl), respectively, in comparison to IIHMs. 
Additionally, atorvastatin significantly decreased the serum creatinine level (0.423 ± 0.009 mg/dl) (Figure 4B). 
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3.4.4. Serum Glutamic Pyruvate Transaminase (SGPT) and Serum Glutamic Oxaloacetate Transaminase 
(SGOT) Test 

Mice treated with isoproterenol for seven days exhibited significantly higher SGPT and SGOT levels  
(61.02 ± 2.07 U/L) and (64.80 ± 1.75 U/L) compared to normal mice (20.08 ± 0.64 U/L) and (41.08 ± 0.75 U/L), 
respectively. Following the four-week TILE treatment, it was found that 50 mg/kg BW, 100 mg/kg BW, and  
200 mg/kg BW of TILE decreased the SGPT levels to (28.49 ± 1.65 U/L), (26.14 ± 0.93 U/L), (37.82 ± 0.88 U/L), 
and the SGOT level to (49.33 ± 1.10 U/L), (46.92 ± 1.61 U/L), and (52.87 ± 0.96 U/L) respectively in comparison 
to IIHMs. Additionally, atorvastatin significantly decreased the SGPT and SGOT levels (22.25 ± 1.46 U/L) and 
(44.20 ± 1.67 U/L) (Figure 5). 

 

Figure 5. Effects of TILE on (A) SGPT level (B) SGOT level in IIHMs for four weeks in comparison with IIHMs. 

Data are represented as mean ± SEM, n = 7 in each group. #### p < 0.0001 (t-test) vs. normal and **** p < 0.0001 

vs. IIHMs (ANOVA followed by Dunnett’s test). 

3.4.5. Estimation of SOD & CAT Enzyme Level 

Mice treated with isoproterenol for seven days exhibited significantly lower SOD levels (0.73 ± 0.03 U/mg) 
than normal mice (1.64 ± 0.04 U/mg). Following the four-week TILE treatment, it was observed that 50 mg/kg 
BW, 100 mg/kg BW, and 200 mg/kg BW of TILE increased the SOD levels to 1.24 ± 0.02 U/mg, 1.34 ± 0.03 
U/mg, and 1.13 ± 0.03 U/mg, respectively, in comparison to IIHMs. Additionally, atorvastatin significantly 
increased the SOD level (1.37 ± 0.02 U/mg) (Figure 6A). 

 

Figure 6. Effects of TILE on (A) SOD level (B) catalase level (C) LVH in IIHMs for four weeks in comparison 

with IIHMs. Data are represented as mean ± SEM, n = 7 in each group. #### p < 0.0001 vs. normal (t-test) and  

**** p < 0.0001 vs. IIHMs (ANOVA followed by Dunnett’s test). 
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Mice treated with isoproterenol for seven days exhibited significantly lower catalase enzyme levels  
(0.068 ± 0.002 U/mL) than normal mice (0.225 ± 0.005 U/mL). Following a four-week TILE treatment, it was 
found that 50 mg/kg BW, 100 mg/kg BW, and 200 mg/kg BW of TILE increased the catalase enzyme levels to 
(0.181 ± 0.002 U/mL), (0.192 ± 0.003 U/mL), and (0.131 ± 0.004 U/mL), respectively, in comparison to IIHMs. 
Additionally, atorvastatin significantly increased the catalase enzyme level (0.197 ± 0.002 U/mL) (Figure 6B). 

3.4.6. LVW/BW Ratio 

The values of the other five groups showed a significant change from the hypertrophic control group. Mice 
treated with isoproterenol for seven days exhibited a significantly increased left ventricle weight/body weight ratio 
(0.0036 ± 0.0002) than normal mice (0.0023 ± 0.0001). Following the four-week TILE treatment, it was found 
that 50 mg/kg BW, 100 mg/kg BW, and 200 mg/kg BW of TILE decreased the left ventricle weight/body weight 
(LVW/BW) ratio to (0.0026 ± 0.0001), (0.0024 ± 0.0002), and (0.0024 ± 0.0001), respectively, in comparison to 
IIHMs. Additionally, atorvastatin significantly decreased left ventricle weight/body weight (LVW/BW) ratio 
(0.0024 ± 0.0001) (Figure 6C). 

3.4.7. Histopathology of Left Ventricle of the Mouse Heart 

The image (I) serves as a normal control and displays the baseline configuration of cardiomyocytes in the 
absence of any therapy. Image (II) most likely depicts cardiomyocytes that have been damaged by the induction 
of isoproterenol, highlighting the left ventricular hypertrophy. Image (III) illustrates the impact of atorvastatin 
administration on cardiomyocytes injured by isoproterenol, which was used as standard that has shown the 
restorative property. The cardiomyocytes exposed to 50 mg/kg BW dose of TILE have been seen in the image 
(IV), and the initial dosage response is indicated. Additional improvement in the structure of cardiomyocytes, 
indicating a response that is dose-dependent, meaning that a higher dose, 100 mg/kg BW, produces better results, 
as shown in image (V). But 200 mg/kg BW TILE didn’t improve the cardiomyocyte condition more than  
100 mg/kg BW, image (VI). So, it cannot be said that TILE is working in a dose-dependent manner (Figure 7). 

 

Figure 7. Effects of isoproterenol and TILE on cardiomyocytes of the left ventricle of the mouse heart. 

4. Discussion 

Our results demonstrate that T. indica leaves, rich in polyphenolic compounds, possess substantial 
antioxidant and cardioprotective properties. The phytochemical analysis of the ethanolic extract confirmed the 
presence of bioactive compounds such as alkaloids, cardiac glycosides, steroids, tannins, phenolic compounds, 
flavonoids, and terpenoids. These compounds are known for their potential therapeutic benefits, which are crucial 
in mitigating oxidative stress, a key factor in the progression of LVH [34]. 

In vitro assays revealed that TILE exhibits potent antioxidant activity. This effect is likely related to its high 
phenolic and flavonoid content. In both DPPH and hydroxyl (OH) radical scavenging assays, TILE showed greater 
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scavenging activity than the reference antioxidants BHT and catechin, respectively. These results suggest that the 
antioxidant capacity of T. indica may contribute to its protective effects against oxidative stress, a key factor 
involved in the development of LVH [35]. 

In vivo experiments further corroborated the cardioprotective effects of TILE. Although no formal acute 
toxicity study was conducted, no mortality or obvious signs of behavioral toxicity were observed during the four-
week treatment period. Treatment with different doses of TILE significantly improved lipid profiles in 
isoproterenol-induced hypertrophic mice (IIHMs). Specifically, TILE reduced TG, TC, and LDL levels while 
increasing HDL levels, effects that were comparable to those observed with atorvastatin, a standard lipid-lowering 
drug. These results underscore the potential of TILE as a natural hypocholesterolemic agent that could reduce the 
risk of atherosclerosis and subsequent CVDs [36]. 

Furthermore, TILE administration led to a significant reduction in cTnI levels, a sensitive biomarker for 
myocardial injury. The reduction in cTnI levels suggests that TILE not only mitigates the biochemical markers of 
cardiac damage but also offers protection against myocardial inflammation [37]. Additionally, TILE effectively 
reduced serum levels of SGPT and SGOT, indicating a protective effect on liver function, which is often 
compromised in conditions of cardiac hypertrophy. The normalization of serum creatinine levels further suggests 
that TILE mitigates the renal toxicity associated with isoproterenol-induced hypertrophy. 

The study also highlighted the antioxidative effects of TILE in vivo, as evidenced by the restoration of SOD 
and CAT enzyme levels in IIHMs. The balance between oxidative stress and antioxidant defenses is crucial in 
preventing the progression of LVH and other oxidative stress-related diseases [38]. Notably, TILE at a dose of 
100 mg/kg showed the most pronounced effects, comparable to those of atorvastatin, in restoring antioxidant 
enzyme levels. Although restoration of SOD and catalase activities suggests that antioxidant effects may contribute 
to the cardioprotective action of TILE, the present study did not directly evaluate oxidative stress biomarkers such 
as MDA, ROS, lipid peroxidation products, or signaling pathways involved in cardiac hypertrophy and oxidative 
stress. Therefore, the antioxidant-mediated mechanism proposed in this study should be considered preliminary. 
Further investigations involving molecular and signaling pathway analyses, including Nrf2, NF-κB, MAPK, and 
RhoA/ROCK pathways, are required to confirm the underlying mechanisms. 

The histopathological analysis further confirmed the protective effect of TILE on cardiac tissue. The 
reduction in the LVW/BW ratio and cardiac myocyte size in TILE-treated mice indicates a reversal of 
isoproterenol-induced LVH. These findings are significant, as they suggest that TILE could be an effective natural 
treatment for preventing and managing LVH. The assessment of hypertrophy was limited to LVW/BW ratio and 
histopathological observations. Molecular markers such as ANP, BNP, β-MHC, collagen deposition, and 
quantitative morphometric analyses of cardiomyocyte cross-sectional area were not evaluated and should be 
included in future studies. 

However, though our research offers strong proof of TILE’s cardioprotective benefits, it’s crucial to 
acknowledge its limitations. The precise molecular mechanisms underlying the anti-hypertrophic effects of TILE 
remain unclear. Previous studies have indicated the involvement of several signaling pathways in cardiac 
hypertrophy, including the Raf-MEK1/2-ERK1/2 and DAG-PKC-Rho kinase pathways [39,40]. Future research 
should focus on elucidating these mechanisms through protein concentration analysis and gene expression studies. 

5. Conclusions 

In this study, it has been found that the TILE has significant cardioprotective effects against LVH in mice. 
TILE effectively improved lipid profiles, reduced cardiac injury markers, and enhanced antioxidant defenses, 
indicating its potential as a natural treatment for cardiovascular diseases. While promising, further research is 
required to elucidate the precise molecular mechanisms underlying these effects, particularly through the isolation 
and characterization of the active phytoconstituents responsible for the observed activity, to better establish their 
therapeutic applicability in LVH and other cardiovascular diseases. Overall, these findings strongly indicate that 
TILE exhibits substantial cardioprotective potential and may serve as a valuable source for identifying novel 
bioactive compounds for the management of cardiac hypertrophy and related cardiovascular disorders. 
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