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            Abstract

            
               
The present study was designed to evaluate the antihyperlipidemic and antioxidant activities of leaves of Houttuynia cordata Thunb. The ethanolic extract was obtained by percolation method and acute oral toxicity tests were performed according to
                  OECD (Organization for Economic Cooperation and Development) guidelines. Hyperlipidaemia was induced by feeding the rats with
                  a high-fat diet consisting of coconut oil and vanaspati ghee, in a ratio of 2:3 v/v at a dose of 10 ml/Kg body weight. The
                  extract was given at a dose of 500mg/kg body weight. Lipid profile, Malondialdehyde (MDA), Catalase (CAT), and Superoxide
                  Dismutase (SOD) were measured using standard methods. The extract showed a significant decrease in total cholesterol, triglycerides,
                  LDL, and MDA in the blood. On the other hand, HDL, CAT, and SOD increased significantly. The study demonstrates that the ethanolic
                  extract of leaves of Houttuynia cordata Thunb., decreases blood lipid levels and lipid peroxidation. 
               

               

            
         

         
            Keywords

            Antihyperlipidemic, Antioxidant, Houttuynia cordata Thunb, EELHC

         

         

      

      
         
               Introduction

            Raised serum lipid profile, particularly of cholesterol along with the generation of reactive oxygen species (ROS), plays
               a key role in the development of coronary artery disease (CAD) and atherosclerosis. 1  Clinical trials showed conclusively that lowering serum cholesterol reduces morbidity and mortality from coronary artery
               disease in patients with established coronary artery disease and also reduces new coronary artery disease events and mortality
               in patients without established coronary artery disease. 2 CAD is a serious medical problem that affects millions of people annually throughout the world. People who are predisposed
               to a combination of risk factors (dietary habits, genetic susceptibility, etc.) are more prone to develop atherosclerosis
               and CAD. 3

             The main aim of treatment in patients with hyperlipidemia is to reduce the risk of developing ischemic heart disease or the
               occurrence of further cardiovascular disease or cerebrovascular disease. 4  A significant number of patients with hypercholesterolemia do not achieve adequate cholesterol reduction with statins and
               other lipid-lowering drugs. 5

            Although various drugs like HMG-CoA reductase inhibitors, Nicotinic acid, Fibrate derivatives, and bile acid sequestrants
               are available to combat the situation, they are not always free from side effects. Myopathy, hyperuricemia, peripheral neuropathy,
               impotence, gynaecomastia, hepatitis, impotence, skin rashes, etc. are noted. 6  For ages, there has been always a search for an alternative to synthetic drugs with maximal efficacy, and safety at a minimal
               cost. 
            

            Phytosterols and natural antioxidants have also been shown to be effective in reducing lipid profiles and also mitigate peroxidative
               modification of lipoproteins and atherosclerosis. 7 In this context, the present study is designed to carry out evaluation of hypolipidemic effect of leaves of Houttuynia cordata Thunb. in hyperlipidaemic rats.
            

            Houttuynia cordata Thunb. is one of the important plants of the family Saururaceae. 8 This plant is grown widely in South-East Asian region. It’s natural habitat extends up to the Assam region in India on one
               side and to the Java region of Indonesia on the other. Houttuynia cordata  has different common names : Chameleon plant, Chinese lizard tail, fish mint, fishwort, heart leaf, Himalayan spinach etc.
               It grows naturally in moist loamy soils, shallow water and low light intensity. The leaf of this plant has an unusual taste
               that is often described as fishy. 9 The herb is used as a folk medicine as it has antiviral, antibacterial, immune-stimulant, diuretic, anti-cancer, and anti-inflammatory
               effects. 10, 11  It is considered a good blood purifier. Leaves are used to cure stomach ulcers and boiled extract of rhizomes for muscular
               pains. The brew made of dried herbs is considered very effective for detoxification, hypertension, constipation, pulmonary
               tuberculosis, and diuretics. 12

         

         
               MATERIAL AND METHODS

            
                  
                  Plant material
                  
               

               Houttuynia cordata Thunb. leaves were collected from Assam Medical College and Hospital campus, Dibrugarh in the month from April to August
                  2012, and plant materials were authenticated by Dr. L.R. Saikia, Reader, Department of Life Sciences, Dibrugarh University,
                  Dibrugarh, Assam, India. 
               

            

            
                  
                  Preparation of the extract
                  
               

               Houttuynia cordata Thunb. leaves were collected and washed thoroughly and dried at room temperature separately. The dried leaves were ground
                  into powder. A sufficient number of powdered leaves were moistened with 95% ethyl alcohol and allowed to remain for 6 hours
                  in a percolator. When the liquid began to drop from the percolator, the orifice was closed and the content was allowed to
                  macerate for 24 hours. After 24 hours, it was allowed to percolate slowly at a rate not exceeding 1 ml/ min and the solution
                  was collected in Petri dishes. Alcohol was allowed to evaporate at room temperature. When the extract got completely dried,
                  it was scrapped out, weighed, and stored. 13 
               

            

            
                  
                  Animals
                  
               

               The study was carried out in healthy albino rats (6-8 months aged) of Wistar strain (Rattus norvegicus) of either sex of body weight between 150-200 g. Animals were procured from the Central Animal House (Committee for the Purpose
                  of Control and Supervision on Experiments on Animals (CPCSEA) registration number: 634/GO/Re/S/02/CPCSEA), Assam Medical College
                  and Hospital, Dibrugarh, Assam. They were given a standard animal diet consisting of Bengal gram, wheat, maize, and carrot
                  in sufficient quantity, and water was given ad libitum during the entire period of the experiment. The animals were housed
                  in standard conditions with natural light and dark cycles and adequate ventilation. The study was permitted by the Institutional
                  Animal Ethics Committee (IAEC), Assam Medical College, Dibrugarh, Assam, with approval number IAEC/AMC/02 dated 07/08/11 and
                  conducted in accordance with the CPCSEA guidelines. 
               

            

            
                  Sample collection 
               

               Under all aseptic and antiseptic measures and under ether inhalation anaesthesia, blood samples were collected from the retro-orbital
                  sinus with the help of a capillary tube. The capillary tube was inserted at the medial canthus into the retro-orbital plexus
                  with gentle rotation so that blood flowed into it by capillary action. 14

            

            
                  
                  Acute Toxicity Tests 
                  
               

               The acute toxicity of Ethanolic Extract of leaves of Houttuynia cordata Thumb. (EELHC) was determined on female albino rats of Wistar Strain weighing 150-200g. After administration of different
                  doses of the extract, the mortality with each dose was noted as per OECD (Organization for Economic Cooperation and Development,
                  2006) guidelines 425. 15

            

            
                  
                  Induction of 
                  hyperlipidemia
                  
               

               A high-fat diet, consisting of coconut oil and vanaspati ghee, in a ratio of 2:3 v/v at a dose of 10 ml/Kg body weight, was
                  fed to the animals, orally, daily, in addition to the normal diet for a period of 8 weeks. 16, 17

            

            
                  Experimental design

               A total of 20 animals of either sex weighing 150-200g were divided into four groups of five animals each and were treated
                  as follows:
               

               Group I (Normal Control): Received normal diet and normal saline at a dose of 10 ml/Kg/day.

               Group II (Hyperlipidaemic Control): Received high-fat diet at a dose of 10 ml/Kg/day. 

               Group III (Hyperlipidaemic Test): Received high-fat diet at a dose of 10 ml/Kg/day and EELHC at a dose of 500 mg/Kg/day. 

               Group IV (Hyperlipidaemic Standard): Received high-fat diet at a dose of 10 ml/Kg/day and Simvastatin at a dose of 1.8 mg/Kg/day.

               The drugs were administered once daily orally for a period of 8 weeks by intragastric feeding tube. At the end of 8 weeks,
                  all the animals were kept fasting for 12 hours and blood samples were collected from each rat to assess the various parameters
                  of lipid profile and antioxidant status. This fasting may hold true due to two main reasons – 
               

               
                     
                     	
                        Postprandial triglycerides remain elevated for several hours, 18 
                        

                     

                     	
                        Most reference values for serum lipids are established on fasting blood specimens 19 
                        

                     

                  

               

            

            
                  
                  Estimation of the biochemical parameters
                  
               

               Serum was separated from the blood after clotting and centrifuged for 5 minutes at 3000 rpm. The serum thus obtained was used
                  for biochemical estimations.
               

                The total serum cholesterol estimation was done by the method described by Allain CC et al. (1974) 20 using Qualigens-Diagnostics Cholesterol Kit manufactured by Sigma Diagnostics (India) Pvt. Ltd., Baroda. 
               

               Triglycerides were measured by enzyme colorimetric method as described by Fossati P et al. (1982) 21 using Qualigens-Diagnostics Triglyceride Reagent GPO manufactured by Sigma Diagnostics (India) Pvt. Ltd., Baroda.
               

                HDL–Cholesterol was assayed by the method of Izzo C et al. (1981) 22 using Qualigens-Diagnostics HDL-cholesterol Kit manufactured by Sigma Diagnostics (India) Pvt. Ltd., Baroda. 
               

               LDL–Cholesterol was measured by using the formula of Friedewald WT et al. (1972).23 
               

               

               
                     Figure 1
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               The Atherogenic Index (AI) and Percent Protection were calculated using the following formulae: 24 

               

               
                     Figure 2
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                     Figure 3
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                  Estimation of antioxidant status 
                  
               

               Malondialdehyde (MDA) was measured in plasma while Catalase (CAT) and Superoxide Dismutase (SOD) were measured in the erythrocytes.
                  MDA level was estimated by the method described by Satoh K, 25 the CAT level was estimated by the method described by Beers and Sizer 26 and the SOD level was estimated by the method described by Kakkar et al. 27 
               

            

            
                  
                  Statistical analysis
                  
               

               Statistical Analysis was done using the software Graph pad Prism version 5. All the values were expressed as mean ± SEM. The
                  results were analyzed for statistical significance by using one-way ANOVA, followed by Dunnett’s test. P values that were
                  < 0.05 were considered significant.
               

            

         

         
               RESULTS

            
                  Result of Acute Toxicity Test

               There was no mortality recorded for the extracts of the leaves of Houttuynia cordata Thunb. among the rats up to the maximum dose of 2000 mg/Kg when administered orally. Hence, the LD50 can be said to be above
                  2000mg/kg. 
               

            

            
                  
                  Changes in blood lipid profile 
                  
               

               At the end of the experiment, the hyperlipidaemic control group showed a significant (p<0.05) elevation of total cholesterol,
                  triglycerides, and LDL cholesterol together with a significant (p<0.05) decrease in HDL Cholesterol when compared with the
                  normal control group. Results are presented in Table  1.
               

               In the hyperlipidaemic test group as well as in the hyperlipidaemic standard group there was a significant (p<0.05) reduction
                  in total cholesterol, triglycerides, and LDL Cholesterol. HDL cholesterol was also increased significantly (p<0.05) in both
                  groups. 
               

               This indicates that EELHC is effective in reducing total cholesterol, triglycerides, and LDL cholesterol and increasing HDL
                  cholesterol. The results are presented in Table  1. 
               

               
                     
                     Table 1

                     
                        Changes in Serum Lipid Profile
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Groups

                              
                           
                           	
                                 
                              
                               Total Cholesterol (mg/dl)

                              
                           
                           	
                                 
                              
                               Triglyceride (mg/dl)

                              
                           
                           	
                                 
                              
                               HDL (mg/dl)

                              
                           
                           	
                                 
                              
                               LDL (mg/dl)

                              
                           
                           	
                                 
                              
                               Athero genic index

                              
                           
                           	
                                 
                              
                               % protection

                              
                           
                        

                        
                              	
                                 
                              
                               Normal control

                              
                           
                           	
                                 
                              
                               72.44 + 1.98

                              
                           
                           	
                                 
                              
                               68.28 + 1.73

                              
                           
                           	
                                 
                              
                               23.91 + 1.77

                              
                           
                           	
                                 
                              
                               36.07 + 1.57

                              
                           
                           	
                                 
                              
                               3.03

                              
                           
                           	
                                 
                              
                               -

                              
                           
                        

                        
                              	
                                 
                              
                               Hyperlipidaemic Control

                              
                           
                           	
                                 
                              
                               239.38 + 2.05a

                              
                           
                           	
                                 
                              
                               217.10 + 1.86a

                              
                           
                           	
                                 
                              
                               11.44 + 2.03a

                              
                           
                           	
                                 
                              
                               184.52 + 1.75a

                              
                           
                           	
                                 
                              
                               20.92 

                              
                           
                           	
                                 
                              
                               -

                              
                           
                        

                        
                              	
                                 
                              
                               Hyperlipidaemic test (EELHC)

                              
                           
                           	
                                 
                              
                               114.71 +2.01b

                              
                           
                           	
                                 
                              
                               74.07 +1.92b

                              
                           
                           	
                                 
                              
                               39.29 +2.01b

                              
                           
                           	
                                 
                              
                               55.22 +1.98b

                              
                           
                           	
                                 
                              
                               2.92

                              
                           
                           	
                                 
                              
                               86.04

                              
                           
                        

                        
                              	
                                 
                              
                               Hyperlipidaemic standard

                              
                           
                           	
                                 
                              
                               75.36 + 2.30b

                              
                           
                           	
                                 
                              
                               59.82 + 1.79b

                              
                           
                           	
                                 
                              
                               34.71 + 1.88b

                              
                           
                           	
                                 
                              
                               28.69 + 1.63b

                              
                           
                           	
                                 
                              
                               2.17

                              
                           
                           	
                                 
                              
                               89.63

                              
                           
                        

                     
                  

                  

               

            

            
                  
                  Changes in lipid peroxidation and blood antioxidant levels
                  
               

               At the end of the experiment, there was a significant increase (p<0.05) in the serum MDA level and a significant decrease
                  (p<0.05) in blood CAT and SOD levels in the hyperlipidaemic control group when compared to the normal control group.
               

               There was a significant (p<0.05) decrease in serum MDA levels in the hyperlipidaemic test group and Hyperlipidaemic standard
                  group when compared to the hyperlipidaemic control group. Blood CAT and SOD levels were increased significantly in the hyperlipidaemic
                  test group and hyperlipidaemic standard group when compared to the hyperlipidaemic control group. This indicates that EELHC
                  decreases lipid peroxidation and increases the antioxidant enzymes in the blood. The results are presented in Table  2.
               

               
                     
                     Table 2

                     
                        Changes in lipid peroxidation and blood antioxidant levels
                        
                     

                  

                  
                        
                           
                              	
                                 
                              
                               Groups

                              
                           
                           	
                                 
                              
                               MDA (nmol/ml blood)

                              
                           
                           	
                                 
                              
                               CAT (u/mg protein)

                              
                           
                           	
                                 
                              
                               SOD (u/mg protein)

                              
                           
                        

                        
                              	
                                 
                              
                               Normal Control

                              
                           
                           	
                                 
                              
                               1.52+0.72

                              
                           
                           	
                                 
                              
                               396.2+0.86

                              
                           
                           	
                                 
                              
                               7.2+0.21

                              
                           
                        

                        
                              	
                                 
                              
                               Hyperlipidaemic Control

                              
                           
                           	
                                 
                              
                               4.34+0.04a

                              
                           
                           	
                                 
                              
                               143.8+0.37a

                              
                           
                           	
                                 
                              
                               4.1+0.61a

                              
                           
                        

                        
                              	
                                 
                              
                               Hyperlipidaemic Test (EELHC)

                              
                           
                           	
                                 
                              
                               2.58+0.68b

                              
                           
                           	
                                 
                              
                               190.4+0.19b

                              
                           
                           	
                                 
                              
                               5.1+0.09b

                              
                           
                        

                        
                              	
                                 
                              
                               Hyperlipidaemic standard

                              
                           
                           	
                                 
                              
                               1.82+0.95b

                              
                           
                           	
                                 
                              
                               327.8+3.86b

                              
                           
                           	
                                 
                              
                               6.9+0.17b

                              
                           
                        

                     
                  

                  

               

            

         

         
               DISCUSSION

            The present study was undertaken to evaluate the antihyperlipidemic and antioxidant activities of leaves of Houttuynia cordata Thunb. 
            

             The elevated level of total cholesterol is one of the major factors for occurrence of coronary heart disease (CHD).28  Hyperlipidaemia, high cholesterol diet, and oxidative stress increases serum LDL levels resulting in an increased risk of
               development of atherosclerosis.29 
            

            In the hyperlipidaemic control group, the total cholesterol triglycerides and LDL cholesterol levels in the blood are significantly
               (p<0.05) increased together with a decrease in HDL cholesterol level. 
            

            Elevated levels of all lipoproteins except HDL are associated with an increased risk of atherosclerosis.30 
            

            The hyperlipidaemic test group fed with a high-fat diet and EELHC showed significant (p<0.05) decreases in the total cholesterol,
               triglyceride, and LDL Cholesterol which is almost comparable to the Standard group fed with a high-fat diet and simvastatin.
               
            

            On the other hand, HDL cholesterol level is significantly (p<0.05) increased in the hyperlipidaemic test group as well as
               in the standard group.
            

             HDL cholesterol is referred to as the ‘good cholesterol’ because HDL is involved in the transport of cholesterol from peripheral
               tissues to the liver and thereby reducing the amount stored in the tissue and the possibility of developing atherosclerotic
               plaques. 30 
            

            Atherogenic index (AI) calculated as the ratio between total cholesterol and HDL cholesterol is used as a marker to assess
               the susceptibility of atherogenesis. 31 It is an important indicator of CHD risks at both high and low serum cholesterol levels. 32 When compared with the hyperlipidaemic control group there is a significant decrease in the atherogenic index in the group
               fed with EELHC (2.92), which is almost comparable to the standard (2.17).
            

             The persistence of a hypercholesterolemic state causes enhanced oxidative stress, leading to the development of atherosclerosis,
               coronary artery disease (CAD), and other complications of obesity. 33 
            

            Hypercholesterolemia increases the levels of the lipid peroxidation product Malondialdehyde. The increase in Malondialdehyde
               (MDA) levels in the liver suggests enhanced lipid peroxidation leading to tissue damage and failure of antioxidant defense
               mechanisms to prevent the formation of excessive free radicals.34 Oxygen free radicals have been implicated in the development of hyperlipidaemic atherosclerosis. SOD and catalase mimic the
               effective detoxification of Oxygen free radical and Hydrogen peroxide among these, SOD convert the highly toxic superoxide
               (O2-) to less toxic hydrogen peroxide and O2, this is the first line of defense to protect the cells from the injurious effects of superoxide. Hydrogen peroxide produced
               by superoxidedismutase is further metabolized by catalase. 35 The hyperlipidaemic test group fed with HFD showed a significant increase in MDA and a decrease in CAT and SOD, indicating
               increased lipid peroxidation and decreased antioxidant enzyme levels. The hyperlipidaemic test group which was fed with EELHC
               showed a significant decrease in MDA and an increase in CAT and SOD.
            

             It is well known that flavonoids and polyphenols have been shown to have hypolipidemic and antioxidant activity. 36  Flavonoids present in medicinal plants protect LDL from oxidation thereby decreasing atherosclerotic plaques. They are reported
               to significantly increase superoxide dismutase and catalase activity.29  Several naturally occurring active components are found in Houttuynia cordata Thumb. Leaves may be the reason behind its antihyperlipidemic and antioxidant activity. 
            

         

         
               CONCLUSION

            The present study suggests that ethanolic extract of leaves of Houttuynia cordata Thunb. has antihyperlipidemic and antioxidant activities. This was evident from decreased lipid levels with an increase in
               HDL even with the daily administration of the atherogenic diet and decreased MDA with an increase in CAT and SOD levels respectively. Houttuynia cordata Thunb. leaves reduce oxidative stress by free radical scavenging and protecting against lipid peroxidation and are also able
               to manage hyperlipidemia by decreasing serum levels of cholesterol, triglycerides, and LDL. The probable antihyperlipidemic
               mechanism may be due to decreased absorption of exogenous cholesterol and increased conversion of endogenous cholesterol to
               bile acids. Further pharmacological and biochemical investigations are needed to determine the precise mechanism and site
               of action and the active constituents involved so that these herbal drugs can be used as a safer alternative to synthetic
               drugs. 
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