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Abstract
Diabetic cardiomyopathy (DCM) is one of the serious complications of type 2 diabetes mellitus. Vasant Kusumakar Rasa 
(VKR) is a Herbo-metallic formulation reported in Ayurveda, an Indian system of medicine. The present work was designed 
to study the effect of VKR in cardiomyopathy in type 2 diabetic rats. Diabetes was induced by feeding a high-fat diet (HFD) 
for 2 weeks followed by streptozotocin (STZ) administration (35 mg/kg i.p.). VKR was administered orally at dose of 28 and 
56 mg/kg once a day for 16 weeks. The results of the study indicated that VKR treatment significantly improved the glycemic 
and lipid profile, serum insulin, CK-MB, LDH, and cardiac troponin-I when compared to diabetic control animals. VKR treat-
ment in rats significantly improved the hemodynamic parameters and cardiac tissue levels of TNF-α, IL-1β, and IL- 6 were 
also reduced. Antioxidant enzymes such as GSH, SOD, and catalase were improved in all treatment groups. Heart sections 
stained with H & E and Masson’s trichome showed decreased damage to histoarchitecture of the myocardium. Expression 
of PI3K, Akt, and GLUT4 in the myocardium was upregulated after 16 weeks of VKR treatment. The study data suggested 
the cardioprotective capability of VKR in the management of diabetic cardiomyopathy in rats.
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Introduction

Type 2 diabetes mellitus (T2DM) is a metabolic disorder 
that arises due to inappropriate utilization of glucose and 
progressive loss of β-cell functioning [1]. T2DM impacts the 
cardiovascular system through a triad of mechanisms: firstly, 
by inducing coronary artery disease attributed to hastened 
atherosclerosis; secondly, through the development of car-
diac autonomic neuropathy; and lastly, by causing diabetic 

cardiomyopathy [2]. T2DM leads to various complications 
and one such life-threatening complication of long-term dia-
betes is diabetic cardiomyopathy (DCM). It is a particular 
type of heart disease that is driven by hyperglycemia, insu-
lin resistance, and compensatory hyperinsulinemia. DCM is 
featured by the presence of structural as well as functional 
myocardial alterations in the absence of hypertension and 
coronary artery disease (CAD) that range from early-stage 
heart failure with diminished systolic function to advanced 
stage left ventricular hypertrophy and diastolic dysfunc-
tion [3]. According to the Framingham research, males 
with diabetes have a twofold increased risk of developing 
heart failure, while women with diabetes have a fivefold 
increased risk [4]. Even with a 32.2% global prevalence of 
DCM among the type 2 diabetic population, it is treated as 
an underappreciated disease due to a lack of effective treat-
ment regime [5].

The pathophysiology of DCM initiates from the hyper-
glycemia-induced impaired cardiac metabolism, microvas-
cular damage, myocardial fibrosis, ventricular hypertrophy, 
diminished mitochondrial activity, and overactivation of 
lipid signaling pathway [6]. Individuals with obesity and 
insulin resistance with type 2 diabetes leads to dyslipidemia, 
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causing lipid-induced toxicity in various organs, notably in 
the cardiac tissue [7]. Circulating advanced glycation end 
products (AGEs) develop oxidative stress within cells. 
Impaired glucose metabolism, higher levels of circulating 
lipids, and fatty deposition activate the systemic inflamma-
tory states resulting in the release of cytokine mediators, 
such as TNF-α, IL-1β, IL-6, and C-reactive protein (CRP) 
[8]. To carry out the myocardial contractility, transport of 
oxygen, substrate for metabolism, and hormones to various 
regions of the body, the mammalian heart needs a steady 
supply of glucose as a metabolic fuel to produce ATP. It is 
believed that fatty acids are the main metabolic substrate for 
the healthy adult heart [9]. Glucose transporters (GLUTs) 
are responsible for the transport of glucose through the 
plasma membrane. GLUT4 serves as the primary media-
tor of glucose absorption in cardiomyocytes, constituting 
approximately 70% of the total cardiac GLUTs. Its predomi-
nant localization is within intracellular membrane compart-
ments, but upon being stimulated by the hormone insulin, 
GLUT4 relocates to the cell surface [10]. The impaired insu-
lin metabolic signaling reduces the GLUT4 recruitment to 
the plasma membrane and affects the glucose uptake, caus-
ing a depletion in sarcoplasmic reticulum Ca2+ pump activ-
ity and raising the intracellular Ca2+ levels in cardiomyo-
cytes this contribute to myocardial stiffness in the heart of 
diabetics [11].

The regulation of glucose and lipid metabolism is gov-
erned by the protein AKT. The activation of AKT, which 
is mainly found in insulin-responsive tissues, facilitates the 
translation of glucose transporter 4 (GLUT4). An essential 
component of the insulin signaling cascade is the enzyme 
phosphatidylinositol 3-kinase (PI3K), which plays a crucial 
role in mediating the metabolic effects of insulin on glu-
cose transport and the movement of GLUT4. The presence 
of high blood sugar levels over a prolonged period could 
directly contribute to the dysfunction of the PI3 kinase/Akt 
signal pathway. The proper functioning of the PI3K/Akt 
pathway is necessary for the insulin-dependent regulation 
of both systemic and cellular metabolism [12, 13]. Previous 
investigations have provided evidence showcasing the plau-
sible advantageous function of PI3K/Akt-induced GLUT4 
relocation in the treatment of DCM [14].

Nowadays, the use of traditional medicine has gained 
worldwide recognition. A total of one hundred and seventy 
out of the one hundred and ninety-four Member States of the 
World Health Organization (WHO) have provided informa-
tion on the utilization of traditional medicine as a part of the 
complementary medicine system. Ayurveda is one of the 
important ancient traditional systems of medicine, originated 
from India and encompassing a profound understanding of 
botanical, mineral, and animal-derived remedies. Ayurveda 
has garnered widespread recognition on a global scale [15]. 
Vasant Kusumakar Rasa (VKR) is a widely recognized 

herbo-metallic preparation mentioned in the Ayurveda text, 
Bharat Bhaishajya Ratnakar and listed in Ayurvedic For-
mulary of India [16, 17]. VKR is mentioned in the treat-
ment of Prameha, which resembles Diabetes Mellitus and 
is recognized as an exceptional Rasayana, promoting tissue 
rejuvenation. VKR is a combination of Suvarna Bhasma 
(Processed Gold), Rajata Bhasma (Processed Silver), Vanga 
Bhasma (Processed Tin), Naga Bhasma (Processed Lead), 
Kantaloha Bhasma (Processed Iron), Abhraka Bhasma (Pro-
cessed Mica), Pravala Bhasma (Processed Coral), Mouk-
tik Bhasma (Processed Pearl), Rasasindoor (Sublimed red 
sulfide of Mercury), further treated in Godugdha (Cow 
milk), Ikshu (Saccharum officinarum) Swarasa, Vasa (Adh-
atoda vasica) Swarasa, Shweta (Santalum album) Kwath, 
Usheer (Vetiveria zizanioides) Kwath, Rheebera (Pavonia 
odorata) Kwath, Haridra (Curcuma longa) Kwath, Kadali 
(Musa paradisiaca) Kwath, Kamal Pushpa (Nelumbium 
speciosum) Swarasa, and Jati Pushpa (Jasminum officinale) 
Swarasa. Earlier research work has established the anti-
hyperglycemic action of VKR and its ability to hinder the 
advancement and emergence of diabetic retinopathy in an 
experimental model of Type 1 Diabetes Mellitus [18, 19]. 
Damage to cardiac tissue serves as a key pathophysiological 
indicator in the progression of DCM. VKR, known for its 
tissue rejuvenation properties, may exhibit the capability to 
enhance the myocardial well-being, consequently slowing 
down the advancement of DCM. Also to date, no systematic 
scientific study has been carried out to investigate the effi-
cacy of VKR in delaying or in the management of the DCM. 
Hence, this study was designed to understand the effect of 
VKR in high-fat diet and Streptozotocin (STZ)-induced type 
2 diabetic cardiomyopathy in rats.

Materials and Methods

Experimental Animals

Male Sprague Dawley (SD) rats weighing 180–200 g, 6 to 
8 weeks old were procured from the National Institute of 
Biosciences in Pune, Maharashtra, India. These rodents were 
accommodated in the institute’s animal facility. The desig-
nated animal rooms were kept at a controlled temperature of 
22 ± 2 °C, a relative humidity of 75 ± 5%, and a 12-h light/
dark cycle was maintained. The rats were provided with a 
fundamental multi-nutritional diet and unrestricted access to 
purified water ad libitum. The experimental protocol (CPC-
SEA/IAEC/P-14/2022) was duly approved by the Institu-
tional Animal Ethics Committee. The study was carried out 
in accordance with the National Institutes of Health (NIH) 
guide for the care and use of Laboratory animals.
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Chemicals and Reagents

Vasant Kusumakar Rasa tablets (Batch no: P220500079) 
were provided by Shree Dhootapapeshwar Ltd, India. STZ 
(Lot No.: 022120029) was procured from MP Biomedicals 
LLC, USA and High-fat diet composed of 60% fat, 20% 
protein, and 20% carbohydrate (Batch No.: 20-41, Catalogue 
no. VRKHFD60) was commercially procured from VRK 
Nutritional Solutions, India. The energy content of HFD 
was 5200 kcal/kg and its composition comprised of lard, 
starch, casein, skim milk powder, minerals, and vitamins. 
Protease cocktail inhibitor and PVDF membrane 0.45 µm 
(Lot No.: BM2MB0883A) was purchased from Merck, 
USA. Biochemical kits such as Glucose (Cat # 120200), 
HbA1c (Cat# 121537), Triglycerides (Cat#120211), Cho-
lesterol (Cat# 120194), LDL-c (Cat# 121261), HDL-c (Cat# 
120227) and C-Reactive Protein (CRP) (Cat# 131959), Cre-
atinine Kinase-Myocardial Bundle (CK-MB) (Cat# 120234), 
and Lactate Dehydrogenase (LDH) (Cat# 120,43) were 
procured from Transasia Bio-medicals Ltd., India. TGX 
FastCast Acrylamide kit 10% (Batch No.: 64526770) and 
Clarity Max Western ECL substrate (Cat #: 1705062) were 
obtained from Bio-Rad, USA. ELISA kits for Rat insulin 
(Cat #: KTE101059), Rat Cardiac troponin I (cTn-I) (Cat 
#: KTE101019), TNF-α (Cat #: KET9007), IL-1β (Cat#: 
KTE9001), and IL-6 (Cat #: KTE9004) were acquired from 
Abbkine, USA. The primary antibodies PI3K [20] (sc-1637, 
Lot #K1622), Akt [21] (sc-5298, Lot # A0623), β-actin 
[22] (sc-47778, Lot#: I2822), and m-IgG Fc BP-HRP (sc-
525409, Lot#: I0622) were bought from Santa Cruz Bio-
techology Inc, USA. GLUT4 [23] rabbit primary antibody 
(cat no. 7637) was purchased from Abclonal Technology, 
USA. All other required chemicals were obtained from 
Sigma–Aldrich, USA.

Elemental Analysis of VKR

The VKR was characterized using field emission scanning 
electron microscopy (FESEM)—energy-dispersive spectros-
copy (EDS) Quanta 200F, FEI (Netherlands) for the pres-
ence of the processed elemental composition.

Experimental Design and Induction of Diabetes

Type 2 diabetes was induced in all rats except normal 
control by offering HFD for two weeks followed by STZ 
administration (35 mg/kg, i.p.) on the 15th day of the study 
[24, 25]. Rats with plasma glucose level above 250 mg/dL 
were confirmed as diabetic and were included in the study 
by randomly assigning into the various groups. Rats were 
divided into five groups of six rats (n = 6). Group 1 was 
named as Normal Control and animals received a normal 
diet and 0.5% carboxymethyl cellulose (CMC) solution 

for 16 weeks. Group 2 was named as Diabetic Control and 
animals received HFD throughout the study duration and a 
single dose of STZ (35 mg/kg, i.p.). Group 3 was named as 
Diabetic + Glipizide (5 mg/kg) and animals were adminis-
tered orally with Glipizide (5 mg/kg) for 16 weeks. Group 
4 was named as Diabetic + VKR (28 mg/kg) and animals 
were administered with VKR (28 mg/kg, p.o.) for 16 weeks. 
Group 5 was named as Diabetic + VKR (56 mg/kg) and 
animals were administered with VKR (56 mg/kg, p.o.) for 
16 weeks. Animals in the group 2, 3, 4, and 5 received HFD 
throughout the study period. The treatment was given for 
16 weeks. At the end of the study, animals were humanely 
sacrificed using urethane (1.2 g/kg, s.c.).

Assessment of Body Weight and Relative Organ 
Weight

The body weight of the animals from different treatment 
groups was recorded at the end of the study and the heart 
weight-to-body weight (HW/BW) ratio was calculated.

Estimation of Biochemical Parameters

Blood was collected from the retro-orbital plexus into an 
anticoagulant-containing microcentrifuge tube. Subse-
quently, to separate the plasma, blood samples were sub-
jected to centrifugation at a velocity of 4500 RPM for 
20 min. Furthermore, serum was acquired in a microcentri-
fuge tube devoid of any anticoagulant. The manufacturer’s 
designated protocol was referred to measure glycohemo-
globin (HbA1c) in freshly collected whole blood samples. 
Plasma glucose levels and lipid profile were estimated using 
commercially available diagnostic kits provided by Transa-
sia Bio-medicals Ltd., India.

Oral Glucose Tolerance Test (OGTT)

After the 16-week treatment period, OGTT was conducted. 
Before the withdrawal of blood, the animals were subjected 
to a 6-h fasting period. Subsequently, all subjects received an 
oral administration of a 40% D-glucose solution in a dosage 
of 2 g/kg body weight. Blood samples were then taken from 
the tail vein, and the blood glucose levels were assessed 
using an ACCU-CHEK glucometer. This evaluation of blood 
glucose levels occurred at specific intervals of time, namely 
0, 30, 60, 90, and 120 min, across all experimental groups 
[26].

Estimation of Serum Insulin and Homeostatic Model 
Assessment for Insulin Resistance (HOMA‑IR)

Insu l in  l eve l  in  se r um sample  was  dete r-
m i n e d  u s i n g  a  r a t  i n s u l i n  e n z y m e - l i n ke d 
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immunosorbent assay (ELISA) kit (Abbkine, USA). 
Homeostatic Model Assessment for Insulin Resist-
ance (HOMA-IR) was calculated using the formula [27]: 
HOMA − IR = (fasting insulin × fasting glucose)∕22.5

Recording of Hemodynamic Parameters

The surgical procedure was carried out by giving an incision 
on the center of the chest. The rats were anesthetized with 
ip injection of urethane (1.2 g/kg). The left carotid artery 
was cannulated and a polyethylene catheter PE10 was con-
nected to a pressure transducer attached to the Power lab 
Data acquisition system, (AD instrument, Australia). The 
cannulated animal was kept for 10 min to stabilize and then 
heart rate, systolic blood pressure (SBP), diastolic blood 
pressure (DBP), mean atrial pressure (MAP), PR interval, 
QRS interval, and maximum and minimum rate of ventricu-
lar contraction (+ dp/dt, − dp/dt) were recorded. Simultane-
ously, three electrodes (+ ve, −ve, and neutral) were attached 
to the rats to record the changes in ECG [28].

Estimation of the Cardiac Injury Markers

Serum levels of Creatinine kinase-myocardial bundle (CK-
MB) and Lactate dehydrogenase (LDH) were estimated 
using diagnostic kits provided by Transasia Bio-medicals 
Ltd. India. Serum cardiac troponin-I (cTn-I) was estimated 
using ELISA kits supplied by Abbkine, USA.

Estimation of Inflammatory Markers

C-Reactive protein (CRP) was estimated in the serum sam-
ple using diagnostic kits supplied by Transasia Bio-medicals 
Ltd. India. TNF- α, IL-1β, and IL-6 were estimated in car-
diac tissue homogenate. Insulin concentration was measured 
using rat ELISA kits supplied by Abbkine, USA.

Determination of Oxidative Stress Parameters

A 10% (w/v) cardiac tissue homogenate was prepared for 
the evaluation of oxidative stress parameters using a homog-
enizer from Kinematica, Switzerland. The homogenate was 
prepared in a phosphate buffer with a pH value of 7.4 and a 
concentration of 50 mM. Within the cardiac tissue homogen-
ate, the levels of malondialdehyde (MDA) [29], superoxide 
dismutase (SOD) [30], catalase (CAT) [31], and reduced 
glutathione (GSH) [32] were determined.

Histopathology Analysis

At the end of the study, animals were sacrificed using ure-
thane (1.2 g/kg, s.c.) as terminal anesthesia. Cardiac tissue 
was isolated and fixed in 10% buffered formalin. Formalin-
fixed tissues of cardiac tissue were trimmed and subjected 
to tissue processing using different grades of alcohol fol-
lowed by xylene cleaning. The tissue was further embedded 
using paraffin wax. Paraffin wax-embedded tissue blocks 
were sectioned using a rotary microtome. Slides of cardiac 
tissue were stained with Hematoxylin and Eosin (H & E) 
stain and Masson’s Trichome stain. The visualization of 
stained slides was done using a photographic microscope 
from Motic, Canada.

Western Blot Analysis

Myocardial tissue was homogenized with radioimmunopre-
cipitation assay (RIPA) lysis buffer, and the protein concen-
tration was determined. In brief, the cardiac tissue protein 
was separated using Biorad’s sodium dodecyl sulfate–poly-
acrylamide gel electrophoresis (SDS–PAGE) and subse-
quently transferred onto a nitrocellulose membrane, which 
was then blocked for 2 h using 5% non-fat dry milk. Subse-
quently, the membrane was incubated overnight at 4◦C with 
a rat primary antibody. The resulting blots were subjected 
to Chemi-Doc XRS visualization unit (Bio-Rad, USA) to 
measure the expression levels of PI3K, Akt, GLUT4, and 
β-actin and were quantified using ImageJ software, NIH, 
USA.

Statistical Analysis

The data are expressed as mean ± SEM. The statistical sig-
nificance was analyzed by ANOVA followed by Dunnett’s 
post hoc test using a graphpad prism version 8.4.2 software, 
USA. The value of p < 0.05 was considered statistically 
significant.

Results

Elemental Analysis of VKR

VKR exhibited the presence of various elements, namely 
magnesium (Mg), silicon (Si), phosphorus (P), calcium (Ca), 
iron (Fe), calcium (Ca), tin (Sn), oxygen (O), carbon (C), 
silver (Ag), gold (Au), mercury (Hg), and lead (Pb) (Fig. 1; 
Table 1). All the metallic elements mentioned in the formu-
lation of VKR were detected.
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Effect of VKR Treatment on Body Weight 
and Relative Organ Weight

The animals in the diabetic control group showed a signifi-
cant (p < 0.001) increase in body weight in comparison to 
the animals in the normal control group. In contrast, the 
body weight of all the treatment groups exhibited a signifi-
cant (p < 0.001) decrease when compared to the animals in 

the diabetic control group (Fig. 2). The HFD-STZ diabetic 
group exhibited a significant (p < 0.001) increase in the ratio 
of heart weight to body weight when compared to the con-
trol. On the other hand, the VKR-treated diabetic groups 
demonstrated a significant (p < 0.01, p < 0.001) decrease in 
the ratio of heart weight to body weight when compared to 
the diabetic control group (Fig. 2).

Effect of VKR Treatment on Glycemic Profile

Animals in the diabetic control group illustrated a signifi-
cant (p < 0.001) increase in plasma glucose levels, HbA1c 
levels, insulin levels, and HOMA-IR assessment compared 
to the normal control group animals. The animals in all the 
treatment groups displayed a significant (p < 0.001) decrease 
in the elevated levels of the glycaemic profile, viz., plasma 
glucose HbA1c, insulin, and HOMA-IR compared to the 
animals in the diabetic control group (Fig. 3). Furthermore, 
the results of the glycemic profile with VKR treatment were 
comparable to the glipizide-treated group. In the case of 
OGTT, the plasma glucose levels at 30, 60, 90, and 120 min 
exhibited a significant (p < 0.001) increase in the diabetic 
control group when compared to the normal control group. 
In all treated groups, the plasma glucose levels at 30, 60, 90, 
and 120 min demonstrated a notable (p < 0.001) decrease in 
comparison to the diabetic control group (Fig. 3).

Fig. 1   Elemental analysis of 
VKR

Table 1   Elemental composition of VKR

Sr. No Element Weight (%) Atomic (%)

1 C K 31.1 55.0
2 O K 27.7 36.8
3 Mg K 0.2 0.2
4 Si K 0.6 0.5
5 P K 1.6 1.1
6 Ca K 4.8 2.6
7 Fe K 0.7 0.3
8 As K 0.0 0.0
9 Ag L 0.6 0.1
10 Sn L 0.3 0.0
11 Au L 30.8 3.3
12 Hg L 0.9 0.1
13 Pb L 0.8 0.1

Fig. 2   Effect of VKR treatment on body weight and relative organ 
weight. All values are expressed as mean ± SEM (n = 6). ###p < 0.001 
when the diabetic control group compared with normal control group. 

***p < 0.001, **p < 0.01, *p < 0.05 when treatment group compared 
with diabetic control group
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Effect of VKR Treatment on Lipid Parameters

The animals in the diabetic control group showed a sig-
nificant (p < 0.001) increase in lipid parameters such as tri-
glycerides, cholesterol, and LDL in comparison to the ani-
mals in the normal control group. All the treatment groups 
exhibited a significant (p < 0.001) decrease in the mentioned 
lipid parameters when compared to the animals in the dia-
betic control group (Table 2). The HFD-STZ diabetic con-
trol group exhibited a significant (p < 0.001) decrease in the 
HDL level when compared to the normal control group. 
VKR-treated diabetic animals demonstrated a significant, 
(p < 0.01, p < 0.001) increase in HDL level when compared 
to the diabetic control group. 

Effect of VKR Treatment on Hemodynamic 
Assessment

As depicted in (Fig. 4), rats with diabetes exhibited a sig-
nificant (p < 0.001) decrease in heart rate, SBP, DBP, and 

MAP in comparison to the rats in the normal control group; 
however, the administration of glipizide (5 mg/kg), VKR at 
28, and 56 mg/kg significantly (p < 0.001) increased heart 
rate, SBP, DBP, and MAP in the rats. In addition, diabetic 
rats demonstrated a significantly (p < 0.001) prolonged PR 
interval and significant (p < 0.001) delay of QRS inter-
val when compared to the normal rats. All the treatment 
groups exhibited a significant (p < 0.001) shortening of PR 
interval and significant (p < 0.001) change in QRS interval 
when compared to animals in the diabetic control group. 
As illustrated in Fig. 4, diabetic rats displayed a significant 
(p < 0.001) decrease in the maximum rate of ventricular 
activity (+ dp/dt) and significant increase in the minimum 
rate of ventricular activity (–dp/dt) in diabetic control ani-
mals when compared with normal control animals. Treat-
ment with VKR at doses 28 and 56 mg/kg significantly 
(p < 0.001) increased + dp/dt and significantly (p < 0.001) 
affected –dp/dt.

Fig. 3   Effect of VKR treatment on glycemic profile. All values are expressed as mean ± SEM (n = 6). ###p < 0.001 when the diabetic control 
group compared with normal control group. ***p < 0.001 when treatment groups compared with the diabetic control group

Table 2   Effect of VKR treatment on lipid profile

All values are expressed as mean ± SEM (n = 6). ###p < 0.001 when the diabetic control group compared with the normal control group. 
***p < 0.001, **p < 0.01 when treatment groups compared with the diabetic control group

Parameters Normal control Diabetic control Diabetic + glip-
izide (5 mg/kg)

Diabetic + VKR (28 mg/kg) Diabetic + VKR (56 mg/kg)

Triglycerides (mg/dL) 52.17 ± 7.58 310.2 ± 13.31### 190.3 ± 15.66*** 197.8 ± 11.11*** 184.0 ± 11.61***
Cholesterol (mg/dL) 64.33 ± 6.99 224.5 ± 18.54### 126.7 ± 2.90*** 148.8 ± 5.65*** 130.3 ± 8.028***
HDL-c (mg/dL) 47.50 ± 1.83 18.67 ± 1.47### 35.17 ± 2.79*** 30.67 ± 2.27** 38.83 ± 2.18***
LDL-c (mg/dL) 18.33 ± 2.67 70.00 ± 3.23### 34.676 ± 2.02*** 41.67 ± 3.13*** 31.50 ± 1.97***
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Effect of VKR Treatment on Cardiac Injury 
and Pro‑Inflammatory Biomarkers

Animals in the diabetic control group showed signifi-
cantly (p < 0.001) elevated levels of CK- MB, LDH, and 
cTn-I levels when compared to animals in the normal con-
trol group. Treatment with VKR at both dose levels for 
16 weeks significantly (p < 0.001) reduced the elevated 
levels of the cardiac injury biomarkers, viz., CK-MB, 
LDH, and cTn-I when compared to animals in the diabetic 
control group. Additionally, pro-inflammatory markers 
such as serum CRP and TNF-α, IL-1β, and IL-6 in car-
diac tissue were significantly (p < 0.001) increased in the 
diabetic control group. Treatment with VKR (28 mg/kg 
and 56 mg/kg) significantly (p < 0.001) reduced the serum 
CRP levels and cardiac tissue levels of IL-1β and IL-6 
when compared to animals in the diabetic control group. 
TNF-α levels in VKR-treated groups were significantly 
(p < 0.05) reduced when compared to animals in diabetic 
control group. Also, treatment with Glipizide (5 mg/kg) 
significantly reduced the elevated levels of cardiac injury 
and pro-inflammatory markers when compared to animals 
in the diabetic control group (Table 3).

Effect of VKR Treatment on Cardiac Oxidative Stress 
Parameters

Animals in the diabetic control group demonstrated a sig-
nificant (p < 0.001) increase in MDA levels and a signifi-
cant (p < 0.001) decrease in GSH, CAT, and SOD levels 
when compared to the normal control group animals. In 
contrast, the groups treated with VKR (28 mg/kg), VKR 
(56 mg/kg), and Glipizide (5 mg/kg) for 16 weeks showed 
a significant (p < 0.001) reduction in elevated MDA levels 
compared to the animals in the diabetic control group. 
Similarly, these treatment groups exhibited a significant 
(p < 0.001) restoration in reduced GSH levels compared to 
the diabetic control group. Additionally, the groups treated 
with Glipizide (5 mg/kg) and VKR (56 mg/kg) demon-
strated a significant (p < 0.01, p < 0.05) increase in reduced 
CAT levels compared to the animals in the disease con-
trol group. However, the treatment with VKR (28 mg/kg), 
VKR (56 mg/kg), and Glipizide (5 mg/kg) significantly 
(p < 0.01, p < 0.001. p < 0.05) increased the SOD levels in 
the all the treatment groups (Table 4).

Fig. 4   Effect of VKR treatment on hemodynamic assessment. All values are expressed as mean ± SEM (n = 6). ###p < 0.001 when the diabetic 
control group compared with the normal control group. ***p < 0.001 when treatment groups compared with the diabetic control group
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Effect of VKR Treatment on Myocardial Histology (H 
& E stain)

The cardiac tissue of animals with diabetes exhibited a range 
of lesions, including multifocal moderate lymphocytic infil-
tration and mild degeneration. In contrast, normal control 
animals displayed less lymphocytic infiltration or degenera-
tion (Fig. 5).

Effect of VKR Treatment on Myocardial Histology 
(Masson’s Trichome Stain)

Cardiac tissue of normal control animals did not show depo-
sition of collagen in the myocardium. Diabetic control ani-
mals showed multifocal deposition of collagen in the myo-
cardium. Treatment with VKR at both doses showed notably 
reduced collagen deposition in cardiac tissue (Fig. 6).

Effect of VKR Treatment on PI3K/Akt/GLUT4

In Western blot analysis, a significant decrease in the 
expression of PI3K, Akt, and GLUT4 (p < 0.001) was 
observed in the diabetic control group as compared to nor-
mal control group. VKR treatment (28 mg/kg and 56 mg/
kg) for 16 weeks significantly (p < 0.001) increased the 
expression of PI3K protein when compared to diabetic 
control animals. Akt levels were significantly (p < 0.05) 
increased in Glipizide (5 mg/kg) and VKR (56 mg/kg) 
when compared to animals in the diabetic control group. 
Rats in VKR (28 mg/kg) and Glipizide (5 mg/kg) treated 
groups showed significant (p < 0.05) increase in expres-
sion of GLUT4 as compared to rats in the diabetic control 
group. VKR at a dose of 56 mg/kg showed a significant 
(p < 0.01) increase in the expression of GLUT4 (Fig. 7).

Table 3   Effect of VKR Treatment on cardiac injury and pro-inflammatory biomarkers

All values are expressed as mean ± SEM (n = 6). ###p < 0.001 when the diabetic control group compared with the normal control group. 
***p < 0.001, **p < 0.01, and *p < 0.05 when treatment groups compared with the diabetic control group

Parameters Normal control Diabetic control Diabetic + glipizide (5 mg/kg) Diabetic + VKR (28 mg/kg) Diabetic + VKR (56 mg/kg)

CK-MB
(IU/L)

636.5 ± 26.41 1605 ± 89.43### 849.2 ± 40.64*** 898.3 ± 40.64*** 787.5 ± 49.31***

LDH
(IU/L)

161.5 ± 6.02 368.0 ± 21.27### 253.2 ± 13.38*** 238.3 ± 9.82*** 220.7 ± 4.91***

cTn-I
(ng/ml)

10.98 ± 1.08 47.51 ± 8.41### 23.15 ± 3.31** 18.44 ± 1.87*** 14.02 ± 1.84***

CRP
(mg/dL)

0.73 ± 0.04 1.50 ± 0.05### 1.16 ± 0.03*** 1.15 ± 0.03*** 1.12 ± 0.03***

TNF-α
(pg/ml)

180.7 ± 17.87 839.6 ± 120.3### 437.1 ± 127.3* 434.8 ± 96.91* 399.0 ± 87.73*

IL-1β
(pg/ml)

700 ± 83.34 3537 ± 338.2### 1752.0 ± 357.2*** 1573.0 ± 167.9*** 1437.0 ± 216.1***

IL-6
(pg/ml)

903.8 ± 154.9 5923.0 ± 459.9### 2386.0 ± 178.9*** 1507.0 ± 348.9*** 1259.0 ± 47.39***

Table 4   Effect of VKR treatment on cardiac oxidative stress parameters

All values are expressed as mean ± SEM (n = 6). ###p < 0.001 when the diabetic control group compared with the normal control group. 
***p < 0.001, **p < 0.01, and *p < 0.05 when treatment groups compared with the diabetic control group

Parameters Normal control Diabetic control Diabetic + glipizide 
(5 mg/kg)

Diabetic + VKR (28 mg/kg) Diabetic + VKR (56 mg/kg)

MDA
(μMol/mg of protein)

1.40 ± 0.10 7.94 ± 0.51### 5.46 ± 0.33*** 3.20 ± 0.41*** 2.13 ± 0.20***

CAT​
(μm of H2O2 decom-

posed/min/mg of 
protein)

0.41 ± 0.02 0.12 ± 0.01### 0.38 ± 0.06** 0.26 ± 0.03 0.35 ± 0.06*

SOD
(U/mg of protein)

0.60 ± 0.02 0.18 ± 0.004### 0.33 ± 0.03* 0.37 ± 0.04** 0.48 ± 0.03***

GSH
(μMol/mg of protein)

23.95 ± 0.87 4.75 ± 0.44### 11.33 ± 0.71*** 11.58 ± 1.17*** 15.44 ± 1.14***
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Discussion

Over centuries, traditional medicines have been recog-
nized as an additional and alternative medical system. It is 

important to remember, nevertheless, that very few medi-
cations and formulations made from traditional systems 
have been evaluated by science. Thus, to provide a solid 
scientific basis for these traditionally derived medications, 
it is essential to keep generating scientific evidence. One 

Fig. 5   Effect of VKR treatment on myocardial histology (H & E 
stain). Normal control showing normal histology of myofibers (M). 
Diabetic control shows lymphocytic infiltration (L) and degeneration 
of myofibers (D). Glipizide (5 mg/kg)-treated animals showed normal 

histology of myocardium. VKR (28  mg/kg) showing mild lympho-
cytic infiltration (L) and degeneration of myofibers (D). VKR (56 mg/
kg) normal histology of myofibers (M)

Fig. 6   Effect of VKR treatment on myocardial histology (Masson’s 
Trichome stain). Normal control showed normal collagen deposition 
in cardiac tissue (M). Diabetic control showed increased deposition of 
collagen (CM). Glipizide (5 mg/kg) treated animals showed moderate 

deposition of collagen (CM). VKR (28 mg/kg) showed a lower depo-
sition of collagen (CM). VKR (56 mg/kg) showed a normal deposi-
tion of collagen (CM)
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such Ayurvedic herbo-metallic compound that has been 
widely used in clinical practice to treat diabetes is VKR. 
No scientific research has been done to assess its effective-
ness despite its extensive usage. Thus, the primary objec-
tive of this study was to evaluate the effect of VKR in the 
treatment of DCM using continuous high-fat diet (HFD) 
and STZ in SD rats. The study results reported presence 
of cardiac dysfunction sourced by hyperglycemia, hyper-
insulinemia, and insulin resistance. The study ultimately 
observed a well-regulated glycemic profile, which could 
potentially be attributed to the efficient utilization of glu-
cose. This was further supported by the notable reduction 
in glycohemoglobin and serum insulin levels. Additionally, 
the treatment groups demonstrated proficient improvement 
in glucose homeostasis, thus establishing VKR as a prom-
ising antidiabetic candidate.

Studies have demonstrated the direct influence of the con-
sumption of a diet rich in calories and STZ on the weight of 
the body [33]. In current study protocol, lard-rich high-fat 
diet served as a major source of energy for the experimen-
tal animals. The study model employed in the present work 
increased the body weight, signifying the development of 
obesity, through continuous feeding of the high-fat diet and 
partial destruction of β pancreatic cells by STZ. A decrease 
in body weight was observed across the treatment group, 
indicating that VKR possesses the capability to effectively 
utilize body fat, thereby resulting in a reduction in body 
weight.

Cardiac hypertrophy serves as a robust indicator for 
cardiovascular events and is frequently observed in 

individuals with diabetic myocardium. The administra-
tion of VKR at both dosage levels effectively reduced the 
heart weight by body weight ratio, thereby indicating a 
decrease in the hypertrophy of cardiac tissue following a 
16-week treatment. The decline in myocardial hypertrophy 
may be attributed to VKR’s ability to mitigate the altera-
tions in cellular functioning caused by diabetes, which in 
turn affects the anabolic insulin signaling responsible for 
the myocardial wall thickness and enlargement of the left 
ventricular cavity or both. It is worth noting that other 
molecular and metabolic mechanisms may also contribute 
to this condition in a synergistic and potentially independ-
ent manner [34].

Oxidation of fatty acids generates a higher amount of ATP 
per molecule in comparison to glucose. Consequently, it is 
not surprising that tissues with high energy demands, such 
as cardiomyocytes, predominantly rely on circulating lipids 
for energy, making them one of the primary sites for fatty 
acid uptake. Prolonged dysregulation between the uptake 
and oxidation of fatty acids can lead to the accumulation of 
cellular lipids within the myocardium, which can have nega-
tive effects on cardiomyocyte metabolism and functionality 
[35, 36]. The study demonstrated that there was a notable 
elevation in circulating lipid levels in diabetic rats, and the 
administration of VKR for a duration of 16 weeks resulted 
in a significant decrease in lipid accumulation. Furthermore, 
the VKR treatment exhibited a significant improvement in 
plasma cholesterol, triglycerides, HDL-c, and LDL-c levels 
when compared to the diabetic control animals.

Fig. 7   Effect of VKR treatment on PI3K/Akt/GLUT4 pathway. 
All values are expressed as mean ± SEM (n = 3). ###p < 0.001 
when diabetic control group compared with normal control group. 
***p < 0.001, **p < 0.01, *p < 0.05 when treatment groups compared 

with diabetic control group. The original blots are presented in the 
supplementary file (Fig. 8 & 8A, Fig. 9 & 9A, Fig. 10 & 10A, Fig. 11 
& 11A, respectively)
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The serum concentrations of CK-MB, LDH, and cTn-I 
are pivotal cardiac markers and are crucial indicators 
of  myocardial injury [37, 38]. These enzymes are released 
into the bloodstream when the myocardium is metabolically 
impaired due to hyperglycemia. In the diabetic control rats, 
the serum concentrations of CK-MB, LDH, and cTn-I were 
significantly elevated compared to the control group rats, 
indicating noteworthy damage to the myocardium. However, 
after 16 weeks of VKR treatment, the myocardial damage 
was significantly ameliorated as evidenced by a reduction in 
the serum levels of CK-MB, LDH, and cTn-I representing 
its cardioprotective effect. The findings of this study are in 
line with the previous research [39].

Hyperglycemia serves as a crucial prerequisite for the 
initiation of multiple chemokines, cytokines, and leuko-
cyte adhesion molecules, which subsequently lead to the 
occurrence of myocardial inflammation [40]. The process of 
myocardial inflammation is characterized by its heterogene-
ous nature, involving multiple pathways that are fuelled by 
chronic low-grade inflammation that initiates the structural 
and metabolic alterations in the myocardium of individuals 
with diabetes, leading to cardiac fibrosis and disturbances 
in myocardial calcium handling [41]. Consequently, these 
changes contribute to the development of diabetic cardio-
myopathy. Study reports from earlier studies support the 
information that pro-inflammatory cytokines, namely IL-6, 
IL-1β, and TNF-α, play a pivotal role in the pathogenesis 
of diabetic cardiomyopathy [42]. In the present study, a sig-
nificant rise in the levels of pro-inflammatory cytokines was 
observed in rats with type 2 diabetes mellitus. However, the 
administration of VKR resulted in a noteworthy reduction in 
the concentrations of IL-6, IL-1β, and TNF-α in the cardiac 
tissues of diabetic rats.

The manifestation of cardiac abnormalities resulting 
from an abundance of glucose in the bloodstream is readily 
evident in the electrocardiogram (ECG). Decrease in heart 
rate, abnormal arterial pressure, and changes in the QRS 
interval, which signifies a delay in ventricular depolarization 
are the signs of cardiac dysfunction. Prolongation of the PR 
interval indicates delayed conduction of the sinoatrial node 
and is associated with an increased risk of atrial fibrillation 
[25, 43]. The diabetic animals showed a statistically signifi-
cant increase in the PR interval and a significant decrease 
in heart rate, arterial pressure (systolic blood pressure, 
diastolic blood pressure, and mean arterial pressure), QRS 
interval, and altered myocardial contraction and relaxation 
as indicated by the dp/dt. The administration of VKR treat-
ment for 16 weeks effectively prevented the changes in these 
variables.

Hyperglycemia induces an excessive generation of reac-
tive oxygen species by the mitochondrial electron transport 
chain and aggravates the formation of advanced glycation 

end products (AGEs)[44]. Oxidative stress plays a cru-
cial role in the pathophysiology of DCM by promoting 
hypertrophy and structural damage to the cardiac tissue 
of individuals with diabetic condition [45]. In the present 
study, a decline in the levels of SOD, catalase, and reduced 
glutathione was observed in the cardiac tissue of diabetic 
rats, accompanied by an elevation in lipid peroxidation. 
However, these detrimental effects were ameliorated fol-
lowing VKR treatment signifying its antioxidant activity. 
Histopathological analysis revealed augmented collagen 
accumulation, deteriorative lesions, and fibrosis in the car-
diac tissues of rats with diabetes. Administration of VKR 
at both dosage levels substantially protected the architec-
ture of the cardiac tissue, leading to diminished collagen 
deposition and fibrosis.

The signal transduction pathway of PI3K plays a cru-
cial role in the cellular cascade of insulin signaling. This 
pathway primarily induces metabolic responses, which 
then initiate the Akt signaling pathway. The activation of 
Akt leads to an increase in glucose uptake in the cardiac 
muscle by promoting the translocation of GLUT4 to the 
cell membrane of cardiac cells. Previous studies conducted 
in vitro and in vivo using taurine have demonstrated the 
downregulation of PI3K/Akt/GLUT4 in HepG2 cells and 
diabetic rats [46]. Similarly, a study employing carvacrol 
has shown significant restoration of PI3K/Akt signaling 
and promotion of GLUT4 membrane translocation, which 
was impaired in mice with T1DM and T2DM [47]. The 
present data indicates that VKR administration results 
into the activation of the PI3K/Akt/GLUT4 pathway in 
T2DM rats which shows VKR’s beneficial role in diabetic 
cardiomyopathy.

The present work examined the effect of VKR in car-
diomyopathy. VKR showed a well-controlled glycemic 
profile, potentially stemming from the effective utilization 
of glucose. This was additionally supported by the signifi-
cant improvement in cardiac performance and biochemical 
parameters, coupled with reduced harm to the myocardium 
as indicated in histopathological findings. Moreover, the 
myocardial tissue exhibited better expression of PI3K/
Akt/GLUT4 proteins, implying the advantageous impact 
of VKR on cardiovascular well-being. These findings dem-
onstrate that VKR has a potential effect DCM. However, 
the study has few limitations as well. Some parameters 
such as 2D echo analysis of rats and estimation of fibrosis 
markers in cardiac tissue could have been explored. The 
study focused on PI3k/Akt/GLUT4 pathway and other 
molecular signaling pathways that have been reported for 
their potential role can also be studied in future to under-
stand the detailed mechanism of VKR in DCM.
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Conclusion

The present study data supports the proof that VKR has 
beneficial role in the management of cardiomyopathy in 
type 2 diabetic rats. We studied expression of PI3k, Akt, 
and GLUT4 by western blot; however, we could not per-
form RT-PCR analysis to report mRNA expressions which 
can be considered as limitation of the study.
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