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ABSTRACT 

Objective: Ayurvedic formulation derived phytomedicine could bring a specific remedy against myocardial infarction (MI) without any side effects. 
Arjunarishta is a cardio tonic that nourishes and strengthens the myocardial muscle and promotes cardiac function. The preparation of Arjunarishta 
is modified and it does not involve fermentation. So it is alcohol-free and safe to all age groups. The study of acute toxicity and therapeutic activity of 
Modified Arjunarishta (MA) in isoproterenol (IPN) induced MI in rats was conducted to bring scientific evidence. 

Methods: Acute toxicity study: Mice are divided into three groups. Group I-control group; Group II and group III were test groups and they received 
an oral dose of 1000 mg/kg and 2000 mg/kg of MA, respectively. The experimental mice were observed for behaviour changes and clinical signs. 
Their body weight was also recorded. At the end of the experiment, blood sample was collected and glucose, liver function test (LFT), renal function 
test (RFT) and haematology parameters were analysed. Then they also subjected to gross pathological examination of all the major internal organs. 
Therapeutic study: Rats were divided into six groups. Group 1-normal control; Group 2 (induced)-IPN 85 mg/kg for the first two days; Group 3 (MA 
low dose)-received IPN as per group 2 followed by MA 200 mg/kg from the 3rd day to the end of the experiment; Group 4 (MA medium dose)-400 
mg/kg; Group 5 (MA high dose)-600 mg/kg; Group 6 (Standard)-IPN as per group 2 followed by Arjunarishta 2 ml/kg body weight from the 3rd day 
to the end of the experiment. The collected serum sample was used for the estimation of myocardium-expressed proinflammatory cytokines. Heart 
tissue was homogenized for the estimation of calcium and lipid profile. 

Results: Acute toxicity: There were no signs of toxicity and no significant change in body weight. The value of glucose, RFT, LFT and haematological 
parameters are remained normal. Histopathological report showed normal architecture. Therapeutic activity: In the heart samples, significantly 
(p<0.001) increased cholesterol, Triglyceride (TGL), Free Fatty acids (FFA) and calcium in IPN induced groups was noted. They are all significantly  
(p<0.001) decreased in MA administrated groups of three different groups. In serum sample, a significantly (p<0.001) increased cytokines of Tumor 
necrosis factor α (TNFα), Interlukins (IL-6, IL-1α and IL-1β) in IPN induced rats was recorded were as they get significantly (p<0.001) decreased in 
MA administrated groups of three different doses. 

Conclusion: The results obtained from the acute toxicity experiment concluded that MA was found to be safe for oral administration. The 
therapeutic experiment results clearly emphasize the beneficial action of MA against IPN induced MI in rats. 
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INTRODUCTION 

The most lethal manifestation of Cardio Vascular Diseases (CVD) is 
myocardial infarction (MI). It affects a large proportion of 
population. World Health Organisation (WHO) (2005) report shows 
that MI is a leading cause of mortality and disability of adults in both 
urban and rural India. Especially in western population, it occurs at 
younger age [1]. So the, medical scientists are in-depth investigating 
to bring a better remedy for this ailment. The MI is the acute state of 
myocardial necrosis which is the result of imbalance between 
myocardial demand and coronary blood supply [2].  

The Isoproterenol (IPN) is a β-adrenergic agonist and synthetic 
catecholamine that cause excessive stress in the myocardium which 
leads to infract-like necrosis of the cardiac muscle [3]. 
Experimentally IPN induced MI in rats is a well-established model 
[4] to study the therapeutic effect of different cardio drugs. In the 
heart, the IPN increases lipid parameters such as cholesterol, 
triglyceride (TGL) and free fatty acids (FFA) and decreases 
phospholipid [5]. The IPN mode of action in myocardial lesion 
induction is probably by myocardial calcium overload and 
consequent high-energy phosphate depletion. This depletion is 
directly proportional to the myocardial damage caused by IPN [6]. In 
other turns the IPN stimulate myocardium to express pro-
inflammatory cytokines such as Tumor Necrosis Factor-α (TNFα) 

and Interleukins: IL-6, IL-1α and IL-1β. These also contribute to the 
pathogenesis of cardiac failure [7]. 

Even though wide range of drugs is available to control MI, they have 
limitations due their adverse side effects. In developing countries 
also, therapeutic options are costly and not readily reachable to the 
poor people. These circumstances insists, the demand for the 
efficient management of MI. In view of these limitations, Ayurveda is 
often explored by the medical fraternity as an economical and easily 
accessible substitute. The salient feature of the Ayurvedic medicine 
and other herbal medicine is that they overcome the general 
limitations of allopathic drugs. Main reason behind the usage of 
herbal drugs is cost-effective, locally accessible and no side effects. 
According to WHO, the herbal medicines usage throughout the world 
outstrips that of the conventional drugs by two to three times [8]. 
The usage of plants for therapeutic purposes predates human 
history and creates the origin of modern medicine [9]. The Modified 
Arjunarishta (MA) is a cardiotherapeutic drug designed in order to 
overcome the limitations of Arjunarishta. As it is prepared by the 
non-fermentation method, it is alcohol-free and safe to use for all age 
groups. Apart from that it could have the exact cardiotherapeutic 
properties as similar to that of arjunarishta as it enclosed all the 
primary phytochemicals that involved in the mode of therapeutic 
action [10]. Thereby it serves as a refined cardiotonic which 
nourishes and strengthens myocardial muscle and promotes cardiac 
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function. The active pytoconstituents and the synergic effect of this 
drug might be the reason for the cardiotherapeutic action. However, 
there is no scientific report to evaluate potential toxicity. Hence a 
study was under taken to establish the toxicity profile of MA in 
experimental animals that will gather strong evidence for its safety 
in clinical use.  

MATERIALS AND METHODS 

Chemicals 

IPN and ferric chloride was purchased from Sigma–Aldrich chemicals 
USA. Laboratory chemicals such as chloroform, methanol, formalin and 
xylene were purchased from Merk and Medilice. The routine clinical 
chemistry diagnostics kits were purchased from Tulip diagnostics Pvt. 
Ltd, India, and Accurex Biomedical Pvt. Ltd., India. 

Plant specimen and drug preparation 

MA is a herbal formulation of three botanicals: Terminalia arjuna 
bark, Mudhuca longifolia flower and Vitis venifera fruit, which were 
collected from Villivakkam, Chennai; KG Kandigai, Tiruttani and an 
Ayurvedic shop, Chennai, TN, India, respectively. They are all 
submitted to the Siddha Central Research Institute, Chennai, India, 
for botanicals and drug authentication. All the ingredients were wet-
grinded using mortar and pestle in clean conditions. The contents 
were mixed with 32 parts of sterile water and allowed to boil. The 
boiling was continued till the liquid level was reduced to one part 
through evaporation. The extract was filtered through Whatman 
filter paper 1. The filtrate is transferred into an air-tight container 
and stored. This procedure was proposed by the Traditional 
Vaithiyar from Siddha Vidhya nilayam, Thiruvallore. 

Animals 

The Institutional Animal Ethical Committee (IAEC) at Nandha 
College of Pharmacy, Erode, Tamilnadu, India, has approved the 
experimental protocol of this study (NCP/IAEC/2015-16-11). Male 
albino Wistar rats (Rattus nonegicus) of weight 160-180 gms and 
albino mice of 18-22 gms obtained from the Central Animal House of 
Nandha College of Pharmacy were used in this study. They were 
housed in polypylene cages (three rats per cage) of size 47 X 34 X 20 
cm and lined with fine husk renewed every 24 h under 12:12 h dark 
and light cycle at around 22 °C and 50 % humidity. Rats had free 
access to tap water and food of standard pellet diet, which was 
obtained from Pranav Agro, Pune, India. The experiment was carried 
out according to the guidelines of the committee for the control and 
supervision of experimental animals, New Delhi, India.  

Acute toxicity study  

The oral toxicity was conducted following the guidelines of OECD for 
testing of drugs, TG 423 (Dec 2001–adopted) with minor 
modifications. Nine mice were randomized into three groups (3 mice 
in each group) i.e., one control and two test groups. Group I: Control 
group received normal saline; Group II: Test group received an oral 
dose of 1000 mg/kg body weight of MA; Group III: Test group 
received oral dose of 2000 mg/kg body weight of MA. All the 
experimental animals were observed for mortality and clinical signs 
of toxicity, such as ataxia, aggression, convulsion, dyspnea, hyper 
excitability, exopthalmos, lacrimation, oral/nasal discharge, 
piloerection, polyuria, tremor, tachycardia and altered locomotor 
activity at 30 min, 1, 2 and 4 h and thereafter once a day for the next 
14 d following MA administration. Their body weight was also 
recorded. On 15th day, the overnight-fasted mice were euthanized in 
a carbon dioxide euthanasia chamber. Then they were subjected to 
gross pathological examination of all the major internal organs. 
Additionally, blood sample was also collected and tested for Glucose, 
Liver Function Test: Total bilirubin, serum glutamic-oxaloacetic 
transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), 
alkaline phosphatase (ALP) and γ-gltamyl transferase (GGT), total 
protein and albumin); Renal Function Test: Urea, creatinine, uric 
acid and electrolytes and Haematology: Haemoglobin (Hb), packed 
cell volume (PCV), red blood corpuscles count (RBC), white blood 
corpuscles count (WBC) and platelets. According to the Globally 
Harmonized System of Classification and Labelling of Chemicals, the 
LD50 cut-off value of MA was determined. 

Biochemistry analysis  

The parameters of SGOT, SGPT, ALP and GGT were quantitatively 
estimated by IFCC/Kinetic method. The analysis was carried out in a 
Robonik chemistry analyzer (Photometry method) using Accurex kit. 
Bilirubin in serum was estimated by using the human diagnostic kit 
based Diazo method [11]. Total protein in serum was estimated by 
using diagnostic kit of Accurex biomedical Pvt. Ltd., based on Biuret 
method. Albumin in serum was estimated by using the diagnostic kit 
of Accurex biomedical Pvt. Ltd., based on the BCG method. Urea in 
serum was estimated by urease/glutamate dehydrogenase method. 
Creatinine in serum was estimated by Jaffe’s method. The uric acid in 
serum was determined by using diagnostic kit of Tulip diagnostics 
Pvt. Ltd., based on the method Uricase/PAP. The electrolytes of Na+, 
K+and Cl-were analyzed through the analyzer of Roche 9180 
instrument. Following the daily cleaning and calibration, about 100 
µl of serum sample was introduced into the analyzer as per the 
manual. Very shortly, results were generated on the display that will 
be noted for further reference. 

Haematology  

The complete blood cell count was performed using Beckman DxH 
500 analyzer. The Beckman DxH 500 is a quantitative, fully 
automated haematology analyzer that analyzes Hb concentration 
and performs RBC, WBC, platelet count and PCV with the method of 
impedance, optical flow cytometric and spectrophotometry. The 
sample number and group number are entered in the sample ID 
panel. Through the display it was checked. Each sample is gently 
mixed by inverting minimum eight times before feeding them into 
the instrument. The sample rack containing tube is placed beneath 
the probe and aspiration button pressed. The probe allows 
aspirating the sample and move up to the instrument. The sample 
tube is removed from the instrument after hearing an audible alarm. 
After a few seconds, the results of Hb, PCV, RBC, WBC and Platelet 
count are displayed on the monitor, which are all recorded.  

Histopathological studies  

The histopathological studies were conducted according to 
Haematoxylin and Eosin method [12]. A part of cardiac tissue was 
dissected and was kept in 10 % Formalin. The biopsy was then 
dipped in different concentrations of alcohol in ascending order and 
finally in absolute alcohol. Next they were kept in methyl benzoate 
for removing alcohol. Later, the biopsy sample was infiltrated with 
molten paraffin and the tissue was placed in it overnight at 60 °C. 
Following this, an embedding process was carried out to obtain a 
suitable size of tissue enclosed in paraffin blocks. Using a rotary 
microtome, thin sections were made from tissue blocks. These 
sections were fixed in a glass slide by using egg white and glycerol 
mixture. Mild warmth was applied by dipping in a water bath to 
remove the paraffin alone and placed in hot air oven at 60 °C for 10 
min. The tissue was completely deparaffinized with xylene and 
treated with 100 %, 90 % and 70 % alcohol (two dips each) for 
removing undesirable pigments and other materials. Then the 
sections were stained with haematoxylin (nucleus stainer) and 
counterstained with eosin (cytoplasmic stainer). After drying, the 
sections were mounted using DPX (dibutyl phthalate in xylene) and 
examined under a compound microscope (both 40X and 100X view) 
with the help of a consultant pathologist. 

Therapeutic activity  

Animals were divided into six groups of six rats in each group. Group 1 
(Normal control): Received free access to pure drinking water and a 
normal pellet diet; Group 2 (Induced group): Received IPN 85 mg/kg 
body weight subcutaneously for the first two days (24 h interval) to 
induce MI; Group 3 (MA low-dose model): Received IPN as per group 2 
followed by the oral administration of MA 200 mg/kg body weight 
daily from the 3rd day to the 14th day of the experiment; Group 4 (MA 
medium-dose model): Received IPN as per group 2 followed by the 
oral administration of MA 400 mg/kg body weight daily from 3rd day 
to 14th day of the experiment; Group 5 (MA high-dose model): 
Received IPN as per group 2 followed by the oral administration of MA 
600 mg/kg body weight daily from 3rd day to 14th day of the 
experiment; Group 6 (Arjunarishta model): Received IPN as per group 
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2 followed by the oral administration of Standard Arjunarishta 2 
ml/kg body weight daily from 3rd day to end of the experiment. The 
dose was selected according to Ayurvedic Foundation of India.  

Induction of myocardial infarction 

IPN (85 mg/kg body weight) was dissolved in saline and injected 
subcutaneously into rats for the first two days (24 h interval) to 
induce MI [13, 14]. 

Preparation of sample for various analyses 

At the end of experiment, the rats were anaesthetized with 
chloroform, and blood was collected through intraocular punch with 
a sharp capillary tube. The blood collected from each rat was used 
for clinical investigations. Then the rats were dissected. Immediately 
after dissection, heart tissues were excised and stored in ice-cold 
condition. Then the hearts were accurately weighted.  

Lipid profile analysis  

The total lipid contents in the cardiac tissue were extracted by the 
method devised by Folch et al., [15]. A known quantity of cardiac 
tissue suspension sample was mixed with 10 ml chloroform–
methanol mixture and homogenized. The homogenate was filtered 
by using Whatman filter paper (No.42). The obtained filtrate was 
mixed with 0.2 ml of physiological saline and the extraction mixture 
was kept overnight. The lower phase containing liquid was drained 
off into a sterile beaker. The upper phase was re-extracted with 
abundant chloroform–ethanol solvent and the extracts were 
collected and allowed for evaporation to dryness. The collected 
lipids were again dissolved in 1 ml of chloroform-methanol solvent 
and made into aliquots, which were used for the quantitative 
estimation of various fat components such as cholesterol, TGL, high 
density lipoprotein, FFA and phospholipids. The aliquots were 
allowed to dry at room temperature in order to evaporate the 
solvent before use. Tissue-extracted cholesterol was estimated by 
Parekh and Jung method [16]. TGL in heart tissue was estimated by 
the method devised by Rice et al., [17]. FFA contents were 
quantitatively estimated by Hron and Menahan method [18]. 
Phospholipids were estimated by Bartlette method [19] by different 
digestion perchloric acid, and the phosphorus liberated was further 
estimated by the method Fiske and Subbarow method [20].  

Calcium  

Calcium was measured by Arsenazo III method using Tulip kit. 
About 0.01 ml of serum sample was mixed with 1 ml of reagent and 
incubated at room temperature for 5 min. Then the coloured 
reaction mixture was read against blank at 650 nm wavelength 
using Robonik Prietest touch chemistry analyser, which is pre-
programmed with the end-point mode. 

Analysis of cytokines  

TNFα, IL-6, IL-1α and IL-1β were analyzed by using the Diaclone kit 
based on Enzyme-linked Immunosorbent Assay (ELISA) All the 

standards and samples were prepared and analyzed as per the kit 
protocol. At the end of kit procedure, a stop reagent was added to 
terminate the reaction and the developed colour was read at 
wavelength 450 nm using Bio-Rad microplate reader. The standard 
curve was prepared. Using the curve, the sample values are 
calculated and interpreted.  

Statistical analysis 

The data are expressed as the mean±SD for the six rats (n=6) in each 
group. By using the SPSS software, the statistically significant 
difference between the groups was calculated. 

RESULTS AND DISCUSSION 

Acute toxicity study of MA 

There was no treatment-related death. Also no signs of toxicity were 
found in control and both the MA-treated test mice throughout the study 
(table 1). Further, there were no pathological abnormalities in all the 
groups. The acute toxicity results of MA showed no significant changes in 
body weight (table 2), glucose (fig. 1), renal function test (urea, 
creatinine, uric acid, electrolytes) (fig. 2), liver function test (bilirubin, 
SGOT, SGPT, ALP, GGT, Protein and albumin) (fig. 3) and haematological 
parameters (Hb, PCV, RBC, WBC and platelets) (fig. 4). The effect of MA 
was studied through the histopathology study of the major vital organs 
such as the liver, kidney, brain and spleen (fig. 5) of albino mice. The 
histopathological results are shown in the figure. These were compared 
with the control and MA-treated animals. This study showed normal 
architecture suggesting no detrimental changes. No morphological 
disturbances were caused by the daily administration of MA at doses of 
1000 mg/kg and 2000 mg/kg for 14 d. Hence, the LD50 value was found 
to be greater than 2000 mg/kg body weight. With reference to the 
Globally Harmonized System of Classification and Labelling of Chemicals, 
MA can be classified as category-5, and it provides direct relevance for 
protecting animal and human health.  

 

Table 1: Effect of ma on routine clinical signs during acute oral 
toxicity study in mice 

Clinical sign Findings 
Ataxia No 
Aggression No 
Convulsion No 
Dyspenia No 
Hyperexcitability No 
Exopthalmoa No 
Lacrimation No 
Oral/nasal discharge No 
Piloerection No 
Polyuria No 
Rough coat No 
Tremor No 
Tachycardia No 
Altered locomotor activity No 

 

 

Fig. 1: Acute toxicity study of ma on plasma glucose in control and experimental animals 



B. Santhoshkumar et al. 
Int J Pharm Pharm Sci, Vol 14, Issue 5, 12-21 

15 

Data represents mean±SD of three animals in each group. Group I–
Normal control; Group II–1000 mg/kg MA; Group III–2000 mg/kg 
MA. Comparisons are made between “a” group II versus group I, “b” 

group III versus group I; NS–non-significant. Statistical comparisons 
were performed by one-way Anova followed by Tukey’s HSD test 
using SPSS Software. 

 

Table 2: Acute toxicity study of ma on body weight in control and experimental mice 

Groups Initial (gm)  Final (gm)  
I 19.70±0.40  20.25±0.53  
II 20.40±0.43  20.93±0.39  
III 20.20±0.34  20.68±0.36  

Data represents mean±SD of three animals in each group. Group I–Normal control; Group II–1000 mg/kg MA; Group III–2000 mg/kg MA. Statistical 
comparisons were performed by one-way Anova followed by Tukey’s HSD test using SPSS Software. 

 

 

Fig. 2: Acute toxicity study of ma on rft in control and experimental animals 

 

Data represents mean±SD of three animals in each group. Group I–
Normal control; Group II–1000 mg/kg MA; Group III–2000 mg/kg 
MA. Comparisons are made between “a” group II versus group I, “b” 

group III versus group I; NS–non-significant. Statistical comparisons 
were performed by one-way Anova followed by Tukey’s HSD test 
using SPSS Software. 
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Fig. 3: Acute toxicity study of ma on lft in control and experimental animals 
 

Data represents mean±SD of three animals in each group. Group I-
Normal control; Group II-1000 mg/kg MA; Group III-2000 mg/kg 
MA. Comparisons are made between “a” group II versus group I, “b” 

group III versus group I; NS-non significant. Statistical comparisons 
were performed by one way Anova followed by Tukey’s HSD test 
using SPSS Software. 

 

 

 

 

Fig. 4: Acute toxicity study of ma on haematologycal parameters in control and experimental animals 
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Data represents mean±SD of three animals in each group. Group I-
Normal control; Group II-1000 mg/kg MA; Group III-2000 mg/kg 
MA. Comparisons are made between “a” group II versus group I, “b” 

group III versus group I; NS-non significant. Statistical comparisons 
were performed by one way Anova followed by Tukey’s HSD test 
using SPSS Software. 

 

 

 

 

 

Fig. 5: Acute toxicity study of ma on histopathology in control and experimental animals 

 

Histology photomicrographs of Mice Liver: Group I, II and III maintained 
normal lobular architecture; Mice Kidney: Group I, II and III revealed 
normal renal parenchyma with well-developed cortico-medullary 

differentiation; Mice Spleen: Group I, II and III maintained splenic 
architecture with the normal lymphoid follicle; Mice Brain: Group I, II 
and III are found with no signs of cell degeneration and necrosis. 

 

 

Fig. 6: Effect of ma on cholesterol and tgl in heart of control and experimntal rats 
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Data represents mean±SD of six animals in each group. Comparisons are 
made between “a” group II versus group I, “b” group II versus group III; 
“c” group II versus group IV; “d” group II versus group V; “e” group II 

versus group VI. Statistical comparisons were performed by one way 
Anova followed by Tukey’s HSD test using SPSS Software. Statistical 
significance: ***p<0.001, **p<0.01, *p<0.05 and NS non significant. 

 

 

Fig. 7: Effect of ma on ffa in heart of control and experimntal rats 

 

Data represents mean±SD of six animals in each group. Comparisons are 
made between “a” group II versus group I, “b” group II versus group III; 
“c” group II versus group IV; “d” group II versus group V; “e” group II 

versus group VI. Statistical comparisons were performed by one way 
Anova followed by Tukey’s HSD test using SPSS Software. Statistical 
significance: ***p<0.001, **p<0.01, *p<0.05 and NS non significant. 

 

 

Fig. 8: Effect of ma on pl in heart of control and experimntal rats 

 

Data represents mean±SD of six animals in each group. Comparisons are 
made between “a” group II versus group I, “b” group II versus group III; 
“c” group II versus group IV; “d” group II versus group V; “e” group II 
versus group VI. Statistical comparisons were performed by one-way 
Anova followed by Tukey’s HSD test using SPSS Software. Statistical 
significance: ***p<0.001, **p<0.01, *p<0.05 and NS non significant. 

Therapeutic study 

Cholesterol and TGL were analysed in the heart sample of rats. The 
significantly (p<0.001) increased Cholesterol and TGL were observed 
in IPN-induced myocardial infarcted rats (Group II). Whereas MA of 
three different doses (Group III, Group IV and Group V) and standard 
(Group VI) treated rats showed significantly (p<0.001) decreased 
cholesterol and TGL levels. There was a dose-dependent change of 
cholesterol and TGL in Group III and Group IV (fig. 6). Lipid plays a 
prime role in CVD not only through hyperlipidemia and the 
development of atherosclerosis but also by modifying the composition, 
structure and stability of the cellular membrane [21]. Accumulation of 
TGL is one of the riskiest factors of CVD. Cholesterol homeostasis takes 
place when the body balances the synthesis rate and dietary intake 
with respect to the rate of catabolism and elimination [22]. 
Administration of IPN has been reported to elevate adenylate cyclase 
activity leading to increased cAMP formation. The significant rise 
observed in lipid profile of rats injected with IPN alone could be due to 
the increased lipid biosynthesis through cardiac AMP on IPN 

administration [23]. Post-treatment with MA showed a significant 
decrease in the levels of cholesterol and TGL when compared with 
IPN-induced rats. A similar effect was noticed by the ethanolic extract 
of Urtica parviflora Barman et al., [24]. Under anaerobic condition, the 
heart muscle could not oxidize the available fatty acids, which causes 
an elevation in the levels of these long-chain fatty acids acyl CoA 
derivatives [25]. Catecholamine serves as a lipolytic hormone on fat 
cells, which is mediated by cyclic AMP cascades activating adenylate 
cyclase and which in turn increase c-AMP formation [26]. c-AMP 
promotes lipolytic activity by activating c-AMP-dependent protein 
kinase, which phosphorylates hormone-sensitive lipase (HSL) resulting 
in the hydrolysis of steroid TGL by HSL [27]. The significant elevation 
noticed in the total cholesterol and TGL level in the serum and cardiac 
tissue in the IPN-induced rats could be due to the enhanced lipid 
biosynthesis by cardiac c-AMP. In the study of MA post-treated rats, the 
total cholesterol and triglyceride levels are reduced. The action of MA 
might be due to its capacity to increase biliary cholesterol secretion 
many folds in rats without altering the biliary output of the 
phospholipids and bile salts [28, 29]. MA has an adequate amount of 
phenolic compounds present in it, and it has been reported that extracts 
containing flavonoids have hypolipidemic effect [10].  

In the heart sample of rats a significantly (p<0.001) increased FFA in 
IPN-induced myocardial infarcted rats (Group II) was noted. Whereas 
significantly (p<0.001) decreased FFA was noted in MA administrated 
rats of three different doses (Group III, Group IV and Group V) and 
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standard (Group VI) groups of rats. It was found to be the dose-
dependent change in Group III and Group IV (fig. 7). As same in the 
heart sample of rats a significantly (p<0.001) decreased phospholipids 
in IPN-induced myocardial infarcted rats (Group II) was noted. 
Whereas significantly (p<0.001) increased phospholipids was noted in 
MA administrated rats of three different doses (Group III, Group IV and 
Group V) and standard (Group VI) groups of rats. It was found to be a 
dose-dependent change in Group III and Group IV (fig. 8). The elevated 
FFA in IPN-induced myocardial infarcted rats might be also due to 
calcium overload. MA administration significantly reversed all these 
changes to maintain the normal fluidity and function of the myocardial 
membrane. Studies have reported that increased peroxidation of 
membrane phospholipids releases FFA via phospholipase A2 [30]. Thus 
elevated membrane degradation leads to decreased phospholipid 
concentration in the heart of IPN-induced rats. Post-treatment with 
MA for a period of two weeks for IPN-treated rats results in the 
restoration of the levels of FFA and phospholipid in the cardiac tissue. 

Calcium level was increased significantly (p<0.001) in IPN-induced 
myocardial infarcted rats and decreased significantly (p<0.001) with 
MA of three different doses (Group III, Group IV and Group V) and 
standard (Group VI) rats bearing IPN-induced MI. There was a dose-
dependent change in calcium in Group III and Group IV (fig. 9). The 
positive ionotropic effects of IPN are stimulated by c-AMP, when IPN 
bind with β-adrenergic receptor on cardiomyocyte and leads to the 
stimulation of the cellular enzyme adenylate cyclase which changes 
ATP to cAMP. As a result, cAMP activates cAMP dependent protein 
kinase, leads phosphorylation of calcium channels of sarcoplasma, 
which could paves the way for enhanced calcium influx [31]. Post-
treated rats with MA showed an reduced calcium level which might 
be due to stabilizing membrane-bound ATPases or could be due to 
the existence of alkaloids, saponins and calcium antagonist in the 
formulation. The result of the present study was also supported by 
Akpanabiatu et al., [32]. 

 

 

Fig. 9: Effect of ma on calcium in heart of control and experimental rats 

 

Data represents mean±SD of six animals in each group. Comparisons are 
made between “a” group II versus group I, “b” group II versus group III; 
“c” group II versus group IV; “d” group II versus group V; “e” group II 
versus group VI. Statistical comparisons were performed by one-way 
Anova followed by Tukey’s HSD test using SPSS Software. Statistical 
significance: ***p<0.001, **p<0.01, *p<0.05 and NS non significant. 

The serum cytokine levels of TNFα, IL-6, IL-1α and IL-1β were 
increased significantly (p<0.001) after IPN-induced MI (Group II). All 
MA doses (Group III, Group IV and Group V) and standard (Group VI) 
post-treated rats were found have significantly reduced (p<0.001) 
TNFα, IL-6, IL-1α and IL-1β (fig. 10). Post-treatment with MA and 
standard arjunarishta ensures a significantly lower level of 
inflammatory cytokines such as TNFα, IL-6, IL-1α and IL-1β 
resulting from IPN-induced MI, as demonstrated by our study. MA 
controlled the elevation of cytokine level as shown in fig. 10. TNFα 
and IL-6 are proinflammatory cytokines involved in the synthesis of 
collagen and scar formation after acute MI [33, 34]. TNFα is not 
expressed in normal cardiomyocytes, but after MI, the anoxia and 
ischemia activate cardiomyocytes and myocardial mononuclear 
macrophages, which lead to the generation of large amounts of TNFα 

in the myocardium in the infarcted zone and infarction border zone 
[35]. After acute MI, the serum level of IL-6 gets increased. As 
elevated IL-6 and CRP levels coincide with peak cardiac troponin 
they could confirm the connection between inflammation and infarct 
size [36]. During myocardial ischemia, the serum levels of IL-1β are 
elevated and they cause the activation of the myofibroblasts 
involved in the cardiac remodeling and the alteration of systolic 
function [37, 38]. A reduction in IL-1β level in serum indicates a 
smaller affected area of the myocardial tissue. This explains the role 
of IL-1β in the pathophysiology of MI [39]. The expression of TNFα, 
IL-6 and IL-1β cytokines was also triggered by interleukin-α [40], 
whose release from the myocardial cells is stimulated by the hypoxia 
and the acidosis accompanying ischemia [41]. IL-1α produced from 
necrotic cardiomyocyte might serve as a signal implicated in the 
activation of the post-infarction inflammatory response that 
contributes to the adverse cardiac remodelling [42]. It has been 
suggested that the formation of constitutive IL-1α might extend 
ischemic myocardial injury by increasing the apoptosis of 
cardiomyocytes [43]. Administration of MA was proved to be 
effective in limiting the serum level of TNFα, IL-6, IL-1α and IL-1β in 
myocardial ischemia-reperfusion injury in rats [44]. 

 

 

Fig. 10: Effect of ma on cytokines–TNF α, IL-6, IL-1α and IL-1β in serum of control and experimental rats 
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Data represents mean±SD of six animals in each group. Comparisons 
are made between “a” group II versus group I, “b” group II versus 
group III; “c” group II versus group IV; “d” group II versus group V; 
“e” group II versus group VI. Statistical comparisons were performed 
by one-way Anova followed by Tukey’s HSD test using SPSS 
Software. Statistical significance: ***p<0.001, **p<0.01, *p<0.05 and 
NS non significant. 

CONCLUSION  

In accordance with the OECD guidelines for testing of drugs, TG 423 
(Dec 2001–adopted), MA was found to be safe for oral 
administration and LD50 value was greater than 2000 mg/kg. The 
results obtained from this research investigation clearly emphasize 
the beneficial action of MA against IPN-induced MI in rats. Hence, 
this might be useful towards the development of a new cardio 
therapeutic tonic. Cardiac lipid profile studies along with calcium 
analysis provide evidence for the cardiotherapeutic activity of MA 
against IPN-induced MI in rats. Analysis of protein expressions with 
ELISA technique also provides a significant tool to determine MA’s 
efficacy. Throughout the experiment, a dose-fixation study was also 
done, and it is found that 400 mg/kg body weight of MA was found 
to be optimum dosage. The unique feature that distinguishes 
Arjunarishta from MA is that it is alcohol-free, since the preparation 
of Modified does not involve fermentation. Hence, this drug is 
recommended for all age groups.  
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