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1.Introduction: 

Hypertension is the most common cardiovascular illness and is a major public health issue in 

developed as well as in developing countries. Hypertension (HT) or high blood pressure, sometimes 

called arterial hypertension, is a chronic medical condition in which the blood pressure in the arteries 

is elevated. Normal blood pressure at rest is within the range of 100-140mmHg systolic and 60-

90mmHg diastolic. High blood pressure is said to be present if it is persistently at or above 140/90 

mmHg.1 

    Hypertension involves mainly two types, essential and secondary. The pathogenesis of essential 

hypertension is multi factorial and highly complex which will be caused by increase in sympathetic 

nervous system activity, increase in production of sodium-retaining hormones and vasoconstrictors, 

deficiencies of vasodilators such as prostacyclin and nitric oxide, inappropriate or increased renin 

secretion and genetic predisposition. While pathogenesis of secondary hypertension will be caused 

by chronic kidney disease, renovascular disease, Cushing’s syndrome, pheochromocytoma, drugs 

such as non-steroidal anti-inflammatory drugs and oral contraceptives. Chronic hypertension has its 

greatest effects on the arteries and on the heart. Although the walls of arteries are strong, 

hypertension weakens them and contributes to arteriosclerosis. Such weakened arteries may rupture 

or develop aneurysms, which may in turn lead to CVA or kidney damage. Deaths due to hypertension 

arise from cerebrovascular and cardiovascular complications such as stroke, end-stage renal disease, 

congestive heart failure, myocardial infarction and cardiac arrest. Hypertension is directly 

responsible for 57% of all stroke deaths and 24% of all coronary heart disease deaths. 

Fructose induced hypertension model gives clue about the role of dietary changes in hypertension. 

High fructose or high sucrose diets have been documented to increase blood pressure in experimental 

rats.2 Hypertension, a component of metabolic / insulin resistance, impaired glucose tolerance 

syndrome is an important risk factor for cardiovascular diseases. Insulin resistance is often linked to 

the macronutrient content in the diet.3Oxidative stress, over lipid production plays an important role 

in development of hypertension and other cardiovascular complications.4Feeding of a high fructose 

diet to rat results in hyperglycemia, hypertriglyceridemia and hyperinsulinemia. The hypertension 

is accompanied by several metabolic abnormalities. Insulin resistance and hyperinsulinemia are 

frequently associated with both clinical and experimental hypertensions.5,6 Although many drugs are 

available in allopathic medicine to treat hypertension, they produce systemic side effects or exhibit 

tolerance upon chronic use. 
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Mechanism underlying fructose induced hypertension is that excess fructose in dietary regime can 

lead to chronic stimulation of sympathetic nervous system primarily as a result of increased insulin 

levels. This overactivation of SNS in return exacerbates insulin resistance which results in a positive 

feedback mechanism18.  

                                      Over-activation of the sympathetic nervous system. 

                                                               High fructose diet 

 

 

                                                               Insulin resistance 

                                                                            

                                                               Hyperinsulinemia 

                                                                            

                                                 Sympathetic nervous system activity  

                                                                            

                                                                Catecholamines  

                                      Vasoconstriction                       Endothelial dysfunction 

                                                                   Hypertension 

                                                                      Fig. No. 1 

Cholesterol  

Measurement of serum cholesterol levels can serve as an indicator of liver function, biliary function, 

intestinal absorption, propensity towards coronary artery disease, thyroid function and adrenal 

disease. Cholesterol levels are important in the diagnosis and classification of hyperlipoproteinemia. 

Stress, age, gender, hormonal balance and pregnancy affect normal cholesterol levels. 

Reference values: 

Adult 

Desirable blood Cholesterol < 200 mg/dl 

Borderline high blood Cholesterol 200 – 239 mg/dl 

High blood Cholesterol > 239 mg/dl 

High-density lipoproteins (HDL)  

High-density lipoproteins (HDL) compose one of the major classes of plasma lipoproteins. They are 

synthesized in liver as complexes of apolipoprotein and phospholipid and are capable of picking up 
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cholesterol and carrying it from arteries to the liver, where the cholesterol is converted to bile acids 

and excreted into the intestine. 

An inverse relationship between HDL Cholesterol (HDL-C) levels in serum and the 

incidence/prevalence of coronary heart disease (CHD) has been demonstrated in a number of 

epidemiological studies. The importance of HDL-C as a risk factor for CHD is now recognized. 

Accurate measurement of HDL-C is of vital importance when assessing patient’s risk for CHD. 

Reference values  

Adults male: 35.3 - 79.5 mg/dl 

Adults female: 42.0 - 88.0 mg/dl 

Triglycerides 

 Triglycerides are a family of lipids absorbed from the diet and produced endogenously from 

carbohydrates. Measurement of triglycerides is important in the diagnosis and management of 

hyperlipidemias. These diseases can be genetic or secondary to other disorders including nephrosis, 

diabetes mellitus and endocrine disturbances. Elevation of triglycerides has been identified as a risk 

factor for atherosclerotic disease. 

Recommended Triglycerides levels for adults: 

Normal: < 150 mg/dl 

High: 150 – 199 mg/dl 

Hypertriglyceridemia: 200 – 499 mg/dl 

Very high: > 499 mg/d 

Creatine Kinase (CK-MB): 

Creatine Kinase is a dimeric enzyme composed of 2 types of monomers subunits, M (Muscular) & 

B (Brain). These subunits combine to form 3 distinct CK isoenzymes, CK-BB (CK-1), CK-MB (CK-

2) and CK-MM (CK-3). CK-MB is found in a high concentration in the myocardium (between 14 

to 42 %) and to a lesser extent in skeletal muscle. Damage to the myocardium, as will occur in acute 

myocardial infarction (AMI), will result in increased circulating levels of the CK-MB isoform. 

Typically, CK-MB levels become elevated 4-6 h after the onset of chest pain, peak between 12 to 

24 h and return to baseline within 48 h. 

Reference values 

At 37°C < 25 U/l 
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Creatine Kinase (CK) 

Creatine Kinase (CK) is a dimeric enzyme occurring in four different forms: a mitochondrial 

isoenzyme and the cytosolic isoenzymes CK-MM (muscle type), CK-BB (brain type) and CK-MB 

(myocardial type). The determination of CK and CK-isoenzyme activities is utilized in the diagnosis 

and monitoring of myocardial infarction and myopathies such as the progressive Duchenne muscular 

dystrophy. Following injury to the myocardium, as occurs with acute myocardial infarction, CK is 

released from the damaged myocardial cells. In early cases a rise in the CK activity can be found 

just 4 h after an infarction of heart, the CK-activities reaches a maximum after 12-24 h and then falls 

back to the normal range after 3-4 days. Myocardial damage is very likely when the total CK activity 

is above 190 U/l, the CK-MB activity is above 24 U/l (37°C) and the CK-MB activity fraction 

exceeds 6% of the total. 

Reference values  

At 37°C 

Male: 46 – 171 U/ 

Female: 24 – 145 U/l 

Lactate dehydrogenase-(LDH) 

The enzyme Lactate dehydrogenase (LDH) is concentrated in heart, kidney, liver, muscle and body 

tissues. Consequently, damage to these results in increased serum levels of LDH. Elevated levels 

are associated with myocardial infarction, renal damage, hepatitis, anemia, malignancies and 

muscular disease or damage. 

Reference values- At 37°C: 225 - 450 U/l 

Need for study: Several allopathic medications are available for hypertension treatment. But 

because of life threatening side effects for instance synthetic antihypertensive like diuretics cause 

muscle cramps, dehydration, extreme tiredness, skin rash, blurred vision and abnormal heart rate, 

ACE inhibitors cause cough, kidney failure, skin rash and fever, calcium channel blockers cause 

fatigue, skin rash, constipation and edema, β-blockers cause bronchospasm, Reynaud’s syndrome, 

heart failure and postural hypotension, as β-blockers cause bronchospasm so contraindicated in 

asthma, others like centrally acting drugs cause sexual dysfunction. In addition, all antihypertensive 

drugs are contraindicated during pregnancy accept methyldopa. 

Use of appropriate herbals causes least or no side effects with multiple actions and cost is also 

relatively low. The plant kingdom holds great potential to meet this need. Modern science has 

already, accepted the potential of the herbs as a source of new bio-active constituents. However, 
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scientific testing and validation of the efficacy of most medicinal plants in alleviating Hypertension 

is rare. Thus, we have limited knowledge of their safety and efficacy, as most of the data is based 

on information obtained from traditional medicinal plant practitioners. 

Cardonarc syrup is an Ayurvedic proprietary medicine which is formulated by Vasishta 

Pharmaceuticals Pvt Ltd, Bengaluru and claims to have antihypertensive effect. Nowadays, herbal 

formulations have gained popularity due to the associated side effects that comes along with the 

usage of allopathic medicines. Therefore, our current research work was done to evaluate the 

antihypertensive effect of Cardonarc syrup.   
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2. Materials and Methods 

2.1 Materials: 

Lists of Chemicals and Drugs: 

       Cardonarc syrup                                                            Pioglitazone Tablets 

              Fructose                                    Heparin injection                       Normal Saline 

    Ketamine HCl injection                             Xylazine injection 
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Chemicals: Cardonarc, Pioglitazone, Fructose, Heparin, Normal Saline, Ketamine hydrochloride, 

Xylazine, Triton X, Nitro blue-tetrazolium, Sodium Carbonate, Hydroxylamine Hydrochloride, di 

Sodium EDTA, di Potassium Hydrogen Phosphate, Potassium dihydrogen Phosphate. 

Table No. 1- Table showing the list of animals required. 

Species/common name Sprague Dawley rats 

Age/Weight/Size 170-200 g /2 months 

Gender Male 

Total numbers to be used (year wise breakups and total 

figure need to be given) 
24 

Fructose induced hypertension 6× 4 = 24  

Animals: 24 Albino Male Sprague Dawley rats were procured from Adita Biosys Pvt. Ltd. 

Bangalore. They were obtained in healthy condition with the health certificate provided from the 

suppliers and verified by the veterinarian. These animals were then housed in stainless steel cover 

and polystyrene box cages and allowed free access to water and feed and kept in 12h light and 12h 

dark cycle. The base of the cages was covered with 1-2cm thick husk layer which was changed on a 

regular basis of thrice per week. The temperature in the animal house was regulated at 22-24˚C by 

air conditioning and a relative humidity of the 65% measured by the hygrometer in the animal house 

was maintained. 

Kits: HDL, Total cholesterol, triglyceride, CK, CK-MB, LDH. 

2.2 Methods: 

a) Study design: - Study of cardioprotective and antihypertensive effects of Cardonarc syrup an 

Ayurvedic proprietary medicine in fructose induced hypertension in rats. 24 rats divided into four 

groups each group containing 6 rats. Table No.2: Table showing study design of cardioprotective 

and antihypertensive effects of Cardonarc syrup. 

Group n = 6 Treatment Dose and Route Dose Schedule days 

I Water(2ml/kg) Oral 6 weeks 

II 10% w/v Fructose 7 p.o ad libitum 6 weeks 

III 
10% w/v Fructose +   

Cardonarc syrup 
Oral + 4.8ml/kg p.o 

6 weeks + 

After 3 weeks till 6 weeks 

IV 
10% w/v Fructose + 

Pioglitazone 
Oral + 10mg/kg p.o7 

6 weeks + 

After 3 weeks till 6 weeks 
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Body weights of Animals recorded after 3 weeks from the day of commencement of the study. 

Table No.3: Table showing details of GROUP I- Normal Control 

Table No. 4: Table showing details of Group II- Fructose (10%w/v) treated group 

S.N Markings Body weight(g) Treatment Dose schedule 

1 H 116 Fructose 42 days 

2 B 178 Fructose 42 days 

3 T 204 Fructose 42 days 

4 HB 164 Fructose 42 days 

5 HT 182 Fructose 42 days 

6 UN 178 Fructose 42 days 

 

Table No. 5: Table showing details of Group III- Cardonarc treated group 

Dose of Cardonarc syrup:4.8ml/kg bw po    Fructose dose- 10%w/v  

S.N Markings Body 

weight(g) 

Treatment Dose schedule  

Fructose Cardonarc (ml) Fructose Cardonarc 

1 H 136 Fructose 0.65 42 days 21st to 42nd day 

2 B 164 Fructose 0.78 42 days 21st to 42nd day 

3 T 158 Fructose 0.75 42 days 21st to 42nd day 

4 HB 174 Fructose 0.83 42 days 21st to 42nd day 

5 HT 192 Fructose 0.92 42 days 21st to 42nd day 

6 UN 132 Fructose 0.63 42 days 21st to 42nd day 

 

S.N Markings Body weight(g) Treatment Dose schedule 

1 H 184 Water 42 days 

2 B 136 Water 42 days 

3 T 186 Water 42 days 

4 HB 114 Water 42 days 

5 HT 140 Water 42 days 

6 UN 182 Water 42 days 
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Table No. 6: Table showing details of Group IV-Standard treated group 

Dose of pioglitazone:10mg/kg                                           Stock solution: 10mg/ml 

S.N Markings Body 

weight(g) 

Treatment Dose schedule  

Fructose Pioglitazone 

(ml) 

Fructose Pioglitazone 

1 H 202 Fructose 0.20 42 days 21st to 42nd day 

2 B 148 Fructose 0.14 42 days 21st to 42nd day 

3 T 136 Fructose 0.13 42 days 21st to 42nd day 

4 HB 180 Fructose 0.18 42 days 21st to 42nd day 

5 HT 176 Fructose 0.17 42 days 21st to 42nd day 

6 UN 122 Fructose 0.12 42 days 21st to 42nd day 

 

2.3. Parameters been evaluated: 

a) Estimation of Serum Parameters: CK, CK-MB, LDH, Lipid Profile: TC, HDL, TG 

b) Measurement of ECG 

c) Measurement of Mean Arterial Blood Pressure, Heart rate 

d) Estimation of Tissue Parameter: SOD 

e) Histopathological evaluation of heart. 

2.4. Blood withdrawal technique and blood processing: This technique is used when the animal 

is required to recover in experimental circumstances and this method is commonly known as retro 

orbital technique and also called periorbital, posterior-orbital and orbital venous plexus bleeding. 

Blood samples were collected under general anaesthesia 24 hr after the las treatment. The animal 

was scruffed within the thumb and forefinger of the nondominant hand and the skin around the eye 

was pulled out. A capillary tube was inserted into the medial canthus of the eye at about 30-degree 

angle to the nose. Slight thumb pressure was applied to puncture the tissue and enter the plexus/sinus. 

Once punctured the blood automatically comes out through the capillary tube.16 1ml of blood was 

collected from each animal (24 rats) in 4 groups in Eppendorf tubes.  

Separation of serum for Biochemical estimations: The resultant tubes were kept for incubation 

in an upright position for a period of 30-45 min to allow clotting. Then it was centrifuged using a 

cold centrifuge for a period of 15min at 1000-2000 rpm. Using a clean pipette, the supernatant 
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serum was aspirated and poured into another Eppendorf tube. The serum was used for the 

estimation of lipid profile, CK-MB, CK, LDH using Erba biochemical kits. 

                                                 

                       Remi micro centrifuge                                    Supernatant serum 

2.5. Estimation of Serum Parameters: CK, CK-MB, LDH, Lipid Profile: TC, HDL, TG. All 

these serum biomarkers were estimated as per the method given in the Erba diagnostic kit leaflet. 

a. Creatinine kinase (CK):  

 

                                                                         CK Kit  

Principle:                                                         

                                                           CK 

Creatine phosphate + ADP                          Creatine + ATP 

                                      HK                                                    

ATP + Glucose       Glucose-6-phosphate + ADP 

                                                                           

 Glucose-6-phosphate+ NAD     Gluconate-6-P+ NADH+H+ 

The rate of absorbance change at 340 nm is directly proportional to Creatine kinase activity. 

Assay Procedure: 

At first, 1000µl of reagent 1 and 40µl of sample is taken, mixed and incubated for 3mins at 37˚C.  
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Then the absorbance was measured and at the same time the stopwatch was started. And the 

absorbance was read again exactly after 1, 2 and 3 minutes. The average was calculated at 1-minute 

absorbance change (ΔA). 

b. Creatinine Kinase- MB: 

                                                                               CK-MB Kit 

Principle: Specific antibodies against CK-M inhibit the complete CKMM activity and the CK-M 

subunit of CKMB. Only CK-B activity is measured. 

                                                 CKBB/CKMB 

Creatine phosphate + ADP  Creatine + ATP 

                                           HK 

ATP + Glucose   Glucose-6-phosphate + ADP 

                                                          G6PDH 

Glucose-6-phosphate + NAD  Gluconate-6-P+ NADH+H+ 

Assay Procedure: 

1ml of the reagent 1 (buffer) is taken and mixed with 50µl of the sample and incubated at 37˚ C for 

3 mins. Then reagent 2 or the substrate is added at a quantity of 250µl again mixed and incubated at 

a temperature of 37˚. Then the absorbance was measured and then again after 1, 2 and 3 mins. And 

the absorbance change was calculated. 

c. LDH: 
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                                                                    LDH-P Kit 

Principle: The LDH method is based on the recommendations of DGKCH (from pyruvate). This 

reagent uses pyruvate and is based on the method of Henry et al. 

Pyruvate + NADH      Lactate + NAD+ 

LDH catalyzes the reduction of pyruvate to lactate oxidising reduced nicotinamide adenine 

dinucleotide (NADH) to NAD. The activity of LDH can be determined by the rate of decrease in 

absorbance at 340 nm as NAD is produced. 

Assay Procedure: 

Lactate dehydrogenase was estimated by mixing 800µl of reagent 1 with 20µl of the sample in a test 

tube. For the standard, 800µl of reagent 1 was taken along with 20µl of the standard and for the 

blank 800µl of reagent 1 and 20µl of distilled water was taken and mixed well, incubated for 1 min 

at 37˚ C. After incubation, 200 µl of reagent 2 was added in each of the test tubes and again mixed 

and incubated at 37˚ C for 1 min then the initial absorbance was measured for the sample, standard 

and blank. Then the absorbance change was observed exactly after taking the readings after 1, 2 and 

3 mins. 

Lipid profile Estimation: 

d. Estimation of Serum Total Cholesterol:Serum Cholesterol was estimated by the colorimetric, 

End Point (modification of Roeschlau) method using the ERBA Diagnostic Cholesterol kit (ERBA 

kit- Transasia bio-medicals Ltd. HP) after the study after 6 weeks’ study period. 
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                                                             Cholesterol Kit 

Principle:  

Modified Roeschlau’s Method  
                                             Cholesterol Esterase 

1. Cholesterol ester + H2O                                  Cholesterol + Fatty acids  
                                         Cholesterol Oxidase 

2. Cholesterol + O2                            Cholest-4-en-3-one + H2O   
                                                                    Peroxidase 

3. 2H2O2+ 4Aminoantipyrine + Phenol                          Quinoneimine + 4H2O2 

Absorbance of Quinoneimine is directly proprtional to the cholesterol concentration in the sample 

and was measured at 505 nm. 

Assay Procedure: 

To 1000µl of the working reagent, 20 µl of standard cholesterol(200mg/dl) was added and incubated 

for 10 min at room temperature. This incubated mixture was aspirated in semiauto analyzer and the 

concentration of the standard was calibrated to show a value of 200mg/dl. This process was 

duplicated to confirm the calibration value and was considered as correct if the value was within 

10% of the original value. 

The serum cholesterol was estimated by adding 20 µl of serum sample to 1000 µl of the reagent, 

mixed well and incubated at room temperature for 10 min. This mixture was aspirated and 

absorbance was recorded against reagent blank at 505nm using biochemical semiauto analyzer.  

e. Estimation of Serum HDL: 

Serum HDL was measured after the Chylomicrons, LDL and VLDL (low and very low density 

lipoproteins) are precipitated from serum by phosphotungstate in the presence of divalent cations 

such as magnesium. The HDL cholesterol remains unaffected in the supernatant and is estimated 

using ERBA Cholesterol reagent. 
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                                                          HDL Kit                                                                                      

                            Phosphotungstate 

Serum/plasma    HDL  +    (LDL + VLDL + Chylomicrons) 

                                     Mg2+                         (Supernatent)         (Precipitate) 

Assay Procedure: 

1. Precipitation: At first precipitation of LDL, VLDL and chylomicron is done by adding 250µl of 

the sample and 500µl of the precipitating reagent and mixed well. Then the reaction mixture was 

allowed to stand for 10 min at room temperature. Then centrifuged at 4000 r.p.m (1800 x g) for 10 

mins to obtain a clear supernatant. Then the supernatant was taken to determine the concentration of 

HDL cholesterol in the sample. 

2. Cholesterol Determination: Cholesterol was determined by taking 1000µl of the cholesterol 

working reagent and 50µl of the supernatant for the sample. And 1000µl of the working reagent and 

50µl of the calibrator for the standard. And 1000µl of working reagent alongwith 50µl distilled water 

was taken for the blank estimation. These mixtures were mixed well and incubated for 10 mins at 

37˚C. And the absorbance was read for the standard and each of the test at 505-670nm in auto 

analyzers against reagent blank. 

f. Estimation of Serum Triglycerides: 

Serum Triglycerides was estimated by the colorimetric, End Point (modification of McGowan et al 

and Fossati et al) method using the ERBA Diagnostic Triglyceride kit (ERBA kit- Transasia bio-

medicals Ltd. HP) after the study after 6 weeks study period. 
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                                                                TG Kit                                                            

Principle involved: 
                                          Lipid Protein Lipase 

Triglycerides + H2O Glycerol + Free Fatty acids 

                                                                  Glycerol Kinase 

Glycerol + Adenosine triphosphate Glycerol-3-phosphate + ADP 

                                 Mg+2 

                                                 Glycerol phosphate Oxidase 

Glycerol-3-phosphate + O2 Dihydroxyacetone Phosphate + H2O2                                                                                                                                                                                  

                                                                                                                                                                                   

Peroxidase 

H2O2 + 4AminoAntipyrine + 3,5-Dichloro-2- hydroxybenzene sulfonate 

Quinoneimine +2 H2O 

The intensity of chromogen (Quinoneimine) formed is proportional to Triglyceride concentration in 

the sample when measured at 505 nm. 

Assay Procedure: 

To 1000µl of the working reagent, 20 µl of triglyceride (200mg/dl) was added and incubated for 10 

min at room temperature. This incubated mixture was aspirated in semiauto analyzer and the 

concentration of the standard was calibrated to show a value of 200mg/dl. This process was 

duplicated to confirm the calibration value and was considered as correct if the value was within 10% 

of the original value. The serum triglyceride was estimated by adding 20 µl of serum sample to 1000 

µl of the reagent, mixed well and incubated at room temperature for 10 min. This mixture was 

aspirated and absorbance was recorded against reagent blank at 505nm using biochemical semiauto 

analyzer.  

g. Serum LDL:10 

The serum LDL amount was calculated by using Friedewald’s formula i.e. 

 LDL=TC-TG/5 – HDL 

h. Serum VLDL11 
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The serum VLDL was calculated using formula: 

VLDL= TG/5 

2.6. Measurement of ECG: 

An overnight fasted (minimum period of 8–10 h) rat was used in the experiment. The animal was 

anaesthetized with ketamine (80 mg/kg, i.p. and xylazine (16 mg/ kg, i.p.). The reflexes of the animal 

were checked, and it is placed on a suitable rodent surgical table or a flat movable surface.9  

ECG- Electrocardiography (ECG or EKG*) is the process of recording the electrical activity of the 

heart over a period of time using electrodes placed on the skin. These electrodes detect the tiny 

electrical changes on the skin that arise from the heart muscle's electrophysiologic pattern of 

depolarizing during each heartbeat. It is a very commonly performed cardiology test. 

 During each heartbeat, a healthy heart has an orderly progression of depolarization that starts with 

pacemaker cells in the sinoatrial node, spreads out through the atrium, passes through the 

atrioventricular node down into the bundle of His and into the Purkinje fibers, spreading down and 

to the left throughout the ventricles. This orderly pattern of depolarization gives rise to the 

characteristic ECG tracing. 

An ECG can be used to measure the rate and rhythm of heartbeats, the size and position of the heart 

chambers, the presence of any damage to the heart's muscle cells or conduction system, the effects 

of cardiac drugs, and the function of implanted pacemakers.13 

Recording of these electrical signals is done with the help of an instrument known as 

electrocardiograph. In clinical practice, electrodes are positioned on the arms and legs (limb leads) 

and at six positions on the chest (chest leads) to record the ECG. 

 

                                                                   Fig No. 2 
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In a typical record, three clearly recognizable waves appear with each heartbeat. The duration for one 

ECG is 0.8sec. 

P wave- It is a small upward deflection on the ECG. The P wave represents atrial depolarization. The 

generated impulse from the SAN, is first received by the atrial muscle. The resting potential in the 

cardiac cell is -90mv. Because of the impulse, the voltage gated sodium and calcium channels get 

opened, causing the influx of Na+ ions and Ca2+. The potential increased in the atrial muscle causing 

atrial depolarization. Atrial contraction (systole) takes place after atrial depolarization. 

QRS complex- It begins as a downward deflection, continues as a large upright triangular wave, and 

ends as a downward wave. The QRS complex represents rapid ventricular depolarization. The 

impulses generated by the SAN collected by the AVN, then through other junctional Tissues-Bundle 

of His and Purkinjee fibres, reaches the ventricular muscles. This leads to ventricular depolarization. 

Ventricular contraction (systole) takes place after ventricular depolarization. 

T wave- It is a dome- shaped deflection. It indicates ventricular repolarization. Repolarization is due 

to closure of Ca2+ channels and out flow of K+ ions. At the end of repolarization, the resting potential 

(-90mV) is restored. Ventricular relaxation (diastole) takes place after ventricular repolarization.  

Intervals/segments of the ECG- 

P-Q interval- It is the time from the beginning of the P wave to the beginning of the QRS complex. 

P-R segment- It begins from the end of P wave to the beginning of QRS wave. 

S-T segment- It begins at the end of S wave and ends at the beginning of T wave. 

Q-T interval- It extends from the start of QRS complex to the end of the T wave. 

Significance of ECG/Abnormal waves in the ECG- Defects in the heart can be determined by 

comparing the recorded ECG with normal ECG. 

1. Larger P waves indicates enlargement of the atrium. 

2. Larger Q wave indicates myocardial infarction. 

3. Enlarged R wave indicates enlarged ventricles. 

4. T wave is flatter than normal when the heart muscle receiving insufficient oxygen, for eg CAD 

(coronary artery disease) 

5. T wave is elevated than normal in hyperkalemia (high blood K+ level). 

6. In CAD and rheumatic fever, the P-Q interval lengthens. 

  7. S-T segment is elevated (above the baseline) in acute myocardial infarction. S-T segment is 

depressed (below the base line) when the heart muscle receives insufficient oxygen. 
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 8. Q-T interval is lengthened in myocardial damage, myocardial ischemia (decreased blood flow) or 

conduction abnormalities. 

2.7. Blood Pressure Measurement by Carotid artery cannulation- Blood pressure (BP) 

measurement is one of the basic procedures in biomedical research. Three methods are most widely 

used for recording the BP in a rat: (i) tail cuff plethysmography (noninvasive), (ii) intra-arterial 

catheters (invasive), and (iii) radio telemetry. Intra-arterial catheters yield the most precise values, and 

surgery is required to use them.14 Invasive blood pressure (IBP) is the gold standard against which the 

accuracy of noninvasive blood pressure method (NIBP) is compared. IBP is the arterial pressure 

directly measured in any artery such as the radial, femoral, or brachial artery using a cannula (saline-

filled catheter).15    

The carotid artery was located near the vagus nerve. One side of the carotid artery, along with the 

vagus nerve, was separated from the adjacent connective tissue. The carotid artery was separated from 

the vagus nerve using a small needle, and the cephalic end of the blood vessel was tied and the cardiac 

end was clamped with a bulldog clip for cannulation. The blood vessel was cannulated using a cannula 

pre-filled with heparinized normal saline (0.5IU /ml). The other end of the cannula was connected to 

a three-way stopcock/saline filled tuberculin syringe. Then the carotid artery cannulation site was tied 

with a thread without obstructing the blood flow in the carotid cannula. After cannulation, the bulldog 

clamp at the cardiac end of the blood vessel was released slowly, ensuring that there is no bleeding at 

the cannulation site. 

The three-way stopcock was connected to the pressure transducer and a syringe filled with heparinized 

saline. The pressure transducer of the data acquisition system converts BP into an electrical signal.   

    Removal of skin of thoracic region              Carotid artery cannulation and BP measurement 
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Recording of BP and Heart rate- After cannulation the animal was connected to the data acquisition 

system (Power lab) for the recording of BP and Heartrate. After the experiment the rat was sacrificed 

using a recommended anesthetic agent. And the heart was used of the study of tissue parameters. 

2.8. Estimation of Tissue parameters: 

Tissue processing: Tissue processing was done after the measurement of ECG and invasive 

measurement of blood pressure by cannulation of carotid artery. The animals were sacrificed as per 

the CPCSEA guidelines and the heart was isolated and weighed. The homogenate was prepared on 

ice in the ratio of 4g of the tissue with 16 ml of phosphate buffer of pH 7.5 which contained 1mM/l 

disodium EDTA and 10 ml of 500mM/l BHT in acetonitrile to prevent the formation of new 

peroxides during the assay. The homogenates were then centrifuged at 4˚ C at 2000 gyrations for 20 

min 17.  The resultant homogenate was then used for the estimation of SOD. The second half of the 

heart tissue was used for histopathological study. 

Estimation of Superoxide Dismutase (SOD)13: 

Superoxide dismutase was estimated according to the methodology proposed by Kono (1978). 

Principle: The method is based on the principle of the inhibitory effect of SOD on the reduction of 

Nitroblue tetrazolium (NBT) dye by superoxide radicals, which are generated by the autoxidation of 

hydroxylamine hydrochloride. The reduction of NBT is followed by an absorbance increase at 540 

nm  

Reagents: 

Sodium carbonate buffer – 50 mM, pH 10.0  

Nitroblue tetrazolium (NBT) – 96 µM  

Triton X-100 – 0.6%  

Hydroxylamine hydrochloride (NH2OH.HCl) – 20 mM, pH 6.0  

Procedure: In the test cuvette, the reaction mixture containing 1.3 ml sodium carbonate buffer, 500 

µl NBT and 100 µl Triton X-100 was taken. The reaction was initiated by the addition of 100 µl 

hydroxylamine hydrochloride. After 2 min, 70 µl of the enzyme extract was added. The percentage 

inhibition in the rate of NBT reduction was recorded as an increase in absorbance at 540 nm.  

Calculations: 

Hydroxylamine hydrochloride is autoxidized by superoxide radicals to nitrite. The addition of NBT 

induces an increase in absorbance at 540 nm due to the accumulation of blue formazon. With the  

addition of enzyme SOD, superoxide radicals get trapped and hence there is an inhibition of reduction 

of NBT to form blue formazon. The percent inhibition of NBT reduction was calculated as below:  
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Change in abs./min (blank) -Change in abs./min (test) x 100 = y 

                  Change in abs./min (blank) 

       y (%) of inhibition is produced by 70 µl of sample.  

          Hence, 50% inhibition is produced by 

               50 ×70 = z l of sample 

                   y 

One unit of the enzyme activity is defined as the enzyme concentration required for inhibiting the 

absorbance at 540 nm of chromogen production by 50% in one minute under the assay conditions. SOD 

activity was expressed as A= U/g tissue. 
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                                                       3. RESULT 

3.1. Table No 7- Table showing the effect of Fructose, Cardonarc and Pioglitazone on ECG. Mean 

± SD in each group. 

 
ECG was expressed in seconds in each group and the values were expressed as Mean ± SEM (n = 6) animals 

in each group. *P<0.05, **P<0.001, is considered as significant when compared to fructose group. 

##P<0.001, is considered as significant when compared to normal group done by Bonferoni’s test comparison 

of selected columns. 
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                             Fig. No. 3                                                                   Fig. No. 4 

T wave duration

0.00

0.02

0.04

0.06
Normal

Fructose

Cardonarc+F

Standard+F

*

se
c

RR Interval

0.0

0.2

0.4

0.6

0.8
Normal

Fructose

Cardonarc+F

Standard+F

se
c

 

                             Fig. No. 5                                                                     Fig. No. 6 

 

Group P wave duration 

(sec) 

QRS complex 

duration (sec) 

T wave duration 

(sec) 

RR interval 

Duration (sec) 

I 0.0165±0.0046 0.0293±0.0039 0.0366±0.0096 0.3538±0.2375 

II 0.0183±0.0056 0.0308±0.0123## 0.0253±0.0066 0.5350±0.0187** 

III 0.0090±00.0068* 0.0353±0.0080 0.0331±0.0148 0.4378±0.1972* 

IV 0.0066±0.0032** 0.0638±0.0126 0.0333±0.0354 0.6010±0.1339 
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                   Fig. No. 7. Normal group ECG. 

                  Fig. No. 8. Fructose group ECG 

                   Fig. No. 9. Cardonarc+ fructose group ECG 

                   Fig. No. 10. Pioglitazone + fructose group ECG 
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3.2. Blood Pressure: 

Table No. 8- Table showing details of the blood pressure of the normal, fructose, Cardonarc and 

Standard group. Mean ± SD in each group.  

 

The blood pressure was expressed in mm of Hg in every group and each value were expressed as Mean ± 

SEM (n = 6) animals in each group. *p<0.05, ** p<0.001, ***p<0.0001 is considered as significant when as 

compared to fructose group; #p<0.05, ##p<0.001, ###p<0.0001 is considered as significant when as 

compared to normal group done by One way ANOVA followed by Bonferoni’s test comparison of selected 

columns. 
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                      Fig. No. 11                                                                   Fig. No. 12 
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                       Fig. No. 13                                                           Fig. No. 14 

 

 

Sl. 

No. 

Groups DAP in mm Hg SAP in mm Hg MAP in mm Hg Heartrate in 

beats/min 

I Normal 98.58 ± 2.386 110.6 ± 7.923 102.4 ± 4.031 244.0 ± 18.03 

II Fructose 114.8 ± 6.543## 130.3 ± 16.19# 120.1 ± 7.200## 320.3 ± 24.26### 

III Cardonarc+F 103.3 ± 5.750* 111.8 ± 5.563* 106.3 ± 5.017* 196.7 ± 33.36*** 

IV Pioglitazone+F 99.35 ± 10.72** 108.2 ± 13.00** 102.3 ± 11.37** 233.2 ± 37.26*** 
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              Fig. No. 15. Showing the Normal group Blood Pressure graph. 

              Fig. No. 16. Showing the Fructose treated group Blood Pressure graph. 

              Fig. No. 17. Showing the Cardonarc + fructose treated group Blood Pressure graph. 

              Fig. No. 18. Showing the Pioglitazone + fructose treated group Blood Pressure graph. 
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3.3. Lipid Profile: 

Table No. 9- Table showing the Results of Total Cholesterol, Triglyceride, HDL, VLDL, LDL 

Sl. 

No. 

Group Total 

cholesterol 

mg/dl 

Triglycerides 

mg/dl 

 

HDL 

mg/dl 

VLDL 

mg/dl 

LDL 

mg/dl 

1 Normal 43.53±2.040 17.40±4.647 17.17±2.059 3.479±0.9295 22.89±2.937 

2 Fructose 53.30±5.7881## 25.02±6.620# 5.945±1.121### 5.004±1.324# 42.35±5.110### 

3 Cardonarc+F 44.02±3.936** 15.73±4.359** 9.493±1.612** 3.146±0.871** 31.38±4.193*** 

4 Pioglitazone+F 42.15±3.683*** 12.86±2.733*** 13.25±2.025*** 2.573±0.546*** 26.33±4.465*** 

 
Each value was expressed as Mean ± SEM (n = 6) animals in each group. ** p<0.001, ***p<0.0001 is 

considered as significant when as compared to fructose group; #p<0.05, ##p<0.001, ###p<0.0001 is 

considered as significant when as compared to normal group done by One way ANOVA followed by 

Bonferoni’s test comparison of selected columns. 
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  Fig. No.-19  
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3.4. Results of LDH, CK, CK-MB and SOD. 

Table No. 10- Table showing the results of LDH, CK, CK-MB and SOD 

Sl. 

No. 

Group LDH(IU/L) CK(IU/L) CK-MB (IU/L) SOD (U/gtissue) 

 

1 Normal 272.8±31.74 41.88±14.62 14.45±2.699 37.04±1.365 

2 Fructose 312.1±40.27 118.1±5.521### 27.56±5.298### 24.49±1.207## 

3 Cardonarc+F 208.0±11.29*** 91.73±7.762*** 20.37±2.740** 35.01±1.270*** 

4 Pioglitazone+F 105.9±24.82*** 92.73±9.619*** 15.65±2.671*** 42.18±2.086*** 

 

Each value was expressed as Mean ± SEM (n = 6) animals in each group. ** p<0.001, ***p<0.0001 is 

considered as significant when as compared to fructose group; ##p<0.001, ###p<0.0001 is considered as 

significant when as compared to normal group done by One way ANOVA followed by Bonferoni’s test 

comparison of selected columns. 
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                                                              Fig. No. 20 
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3.5. Histopathological studies of the heart 

            

                      Fig A. Normal                                                      Fig B. Fructose 

 

              

          Fig C. Cardonarc + Fructose                          Fig D. Pioglitazone + Fructose 

                                                               Fig. No. 21 

Section studied in figure A Normal group shows intact arrangement of cardiac muscle fibres. Intact 

integrity of myocardial cell membrane was maintained, and myofibrillar structure with striations and 

continuity with adjacent myofibrils was observed. Intracellular spaces appear intact but vascular 

spaces were observed to have enlarged. 

Section studied in figure B Fructose only group shows loss in the integrity of the myocardial cell 

membrane, myofibrillar structure with loss of striations and loss of continuity with adjacent 

myofibrils. Interstitial spaces near the focal areas seems increased (arrows shown in the figure). 

Section studied in figure C Cardonarc + fructose group shows intact arrangement of cardiac muscle 

fibres. The cardiac muscle fibres shows intact arrangement. continuity is observed.  Interstitial space 

seems mildly increased. (long arrows) Vascular spaces appear congested. (small arrows) 

Section studied in figure D Pioglitazone group shows intact arrangement of fibres, unremarkable 

interstitial spaces. Continuity with adjacent myofibrillar structure and striations were observed. 
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                                                            4. Discussion 

Effects on ECG: 

The Fructose only group (Group II) has shown insignificant increase in the P wave duration when 

compared to Normal rats (Group I). The rats treated with Cardonarc and Fructose (Group III) has 

shown significant decrease in the P wave duration when compared to Group II rats. The rats treated 

with Pioglitazone and Fructose group (Group IV) has also shown significant decrease in their P wave 

duration. P wave in the ECG represents atrial depolarization which results in atrial systole. 

The group II rats have shown significant increase in the QRS complex duration when compared to 

Group I rats but no significant difference was observed in Group III and Group IV rats. QRS complex 

is the onset of Ventricular depolarization followed by ventricular systole.  

All group rats showed insignificant difference in the T wave duration. The T wave refers ventricular 

repolarization followed by ventricular diastole (relaxation). 

The RR interval duration is the duration required for one cardiac cycle or one ECG. The Group II 

rats had shown significant increase when compared to Group I rats in their RR interval duration. 

Group III rats have shown significant decrease when compared to Group I rats suggesting the 

cardioprotective activity of Cardonarc. 

Effects on Blood Pressure: 

The Mean Arterial pressure is derived from Systolic Arterial Pressure and Diastolic Arterial 

Pressure. SAP is the Pressure due to Pressure exerted at the time of Ventricular ejection. The normal 

SAP is 120 mmHg. The Diastolic Arterial Pressure is the Pressure exerted by the heart when it is at 

diastole. The rats treated with Fructose (Group II) has shown significant increase in DAP, SAP and 

MAP when compared to Normal group (Group I).  

The group III rats have significant decrease in the above parameters when compared to Group II 

rats. And Group IV rats have shown similar significant decrease in the relevant parameters when 

compared to the Group II rats. The results of these in-vivo measurement of BP suggests the 

Antihypertensive Potential of Cardonarc in Fructose-induced Hypertension. 

Effects on Heartrate: 

Heartrate is the number of beats per min. the impulse of heartbeat is initiated from SAN located on 

the right atrium. The fructose induced rats (Group II) have shown significant increase in Heartrate 

compared to Normal Group I rats. This effect of fructose induced tachycardia may have been caused 

due to modulation of SAN. The group III rats have shown significant decrease in the heartrate when 

compared to group II rats. This suggests cardioprotective effect of Cardonarc by decreasing the 
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Fructose induced tachycardia. The results data showed that Cardonarc possessed more significant 

effect in reducing Fructose induced tachycardia than Pioglitazone. 

Effect on Lipid Profile: 

The Group II rats have shown significant increase in cholesterol, Triglyceride, VLDL and LDL 

levels when compared to the normal Group I rats. Recent studies have found that high fructose diets 

enhance hepatic secretion of VLDL and may decrease its plasma clearance which results in 

hypercholesterolemia and hypertriglyceridemia (hyperlipidemia). Group III rats (C+F) has shown 

significant decrease in total cholesterol, TG, VLDL and LDL levels and is almost equal to normal 

levels. This anticholesteremic and hypertriglyceridemic effect of Cardonarc is maybe due to the 

interference in hepatic secretion of VLDL and its Plasma Clearance. Group IV (P+F) has also 

exhibited a similar outcome in the levels of the above parameters. The Group II rats have shown 

decreased HDL cholesterol. Cardonarc (Group III) has shown to produce a significant increase in 

the HDL level when compared to Group II. And Pioglitazone has also produced a similar result as 

that of Cardonarc. 

Effect on Serum parameters: 

Group II rats have shown increase in LDH level when compared to Group I rats this effect maybe 

due to Fructose induced increased release of LDH from the cardiac and the Liver cells. This 

increased serum levels of LDH maybe have resulted due to fructose induced cellular damage. The 

Cardonarc Group III rats have shown significant decrease in the LDH level. Here Pioglitazone has 

also produced similar effect. This report suggests the Protective role of Cardonarc in preventing the 

release of LDH from the cells. 

Group II has shown significant increase in the CK and CK-MB levels. Both are the cardiac 

biomarkers. The increased levels of these biomarkers may indicate the fructose induced 

cardiotoxicity. Group III rats C+F have shown significant decrease in CK and CK_MB levels when 

compared to Group II rats. Standard drug Pioglitazone has also shown the same effects. This result 

indicates the cardioprotective effect of Cardonarc.  

Effect on Tissue parameter:  

Group II rats have shown decreased level of the antioxidant enzyme SOD, this is due to extensive 

utilization of SOD due to oxidative stress caused by Fructose in Cardiac cells. Here Group III rats 

have shown significant increase in SOD level. When compared to Group II rats. This suggests the 

anti-oxidant potential of Cardonarc. This may have caused due to the Protective role of Cardonarc 
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on fructose induced oxidative stress in the cardiac cells. Group IV pioglitazone treated rats showed 

similar effects as Cardonarc.  

Effect on cellular structure (histopathology):  

From the histopathological sections of the all four groups it is clearly observed that the damage to 

the myocardial cells was observed in the fructose only group. Interstitial spaces have increased. Loss 

of the cardiac cell integrity was observed with loss of continuity and striations in myofibrillar 

structure. When the group III Cardonarc + fructose group animals were compared to that of Group 

II animals it has shown fair protection in maintaining the integrity, arrangement, continuity and 

striation in the myofibrillar structure. So has the standard group animals of Group IV treated with 

Pioglitazone along with fructose. 
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5. Conclusion 

The results of the study showed that Cardonarc has a pronounced role in decreasing the fructose 

induced elevated blood pressure levels which was at par with the standard drug used for the study 

i.e. Pioglitazone. This concludes that Cardonarc syrup is an effective herbal formulation showing 

antihypertensive activity. 

Cardonarc syrup has proved to have a notable role in producing a cardioprotective action by 

remarkably reducing the levels of myocardial cell damage biomarkers such as LDH, CK, and CK-

MB when compared to the disease control group i.e. Group II or Fructose group.  

The antioxidant enzyme SOD was also found to have decreased in the Cardonarc treated rats when 

compared to the fructose only treated rats, suggesting its protective role on fructose induced 

oxidative stress in myocardial cells. Histopathological studies also supported that the cellular 

structure of the heart was also protected from the damage caused by fructose.  

Our research work suggests that Cardonarc syrup- a herbal Ayurvedic formulation developed by 

Vasishta Pharmaceuticals pvt. Ltd, Bengaluru possesses cardioprotective and antihypertensive 

effect. The result data has provided useful discernment into the feasibility of using Cardonarc to 

treat hypertension. Future studies aimed at understanding the actual mechanism underlying 

Cardonarc’s antihypertensive activity and cardioprotective action is certainly condoned. 
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