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Chapter # I 

 

INTRODUCTION 

 

 Plants have served mankind since time immemorial as they are important 

components of medicines and help to alleviate chronic diseases. The near past was 

considered the synthetic era, as pharmaceutical industries were producing wide variety of 

synthetic drugs. With passage of time, frequent use of synthetic drugs caused severe side 

effects, and many microbes became resistant against these synthetic drugs. On the other 

hand synthetic drugs are expensive and large populations cannot get benefit from these 

drugs.  During the last decades, a global trend is again turned towards naturopathy and 

now days green pharmaceuticals are matter of high concern due to minimum side effects, 

and being cost effective. 

 The importance of herbal medicines in Pakistan is much high as 75% population 

live in rural areas and traditional healers are their first point of contact. Herbal medicines 

are getting more attention in big cities also. Alternative ways of treatment having safe 

and less disruptive are the first choice among both rural and urban population. It is need 

of time to conduct maximum scientific research in the field of herbal medicine to exploit 

the indigenous resources to solve the health problem of people of Pakistan. 

 Medicinal plants have an appreciable role in the development of modern 

medicines as many diseases like cancer, hepatic diseases and arthritis have no complete 

cure in allopathy. The bioactive compounds of medicinal plants are used as 

chemotherapeutic agents where no satisfactory cure is present in modern medicines. 

Many plants have shown their immense potential to fight against dreadful diseases 

(Verpoorte 2000).  

Plants produce a wide variety of secondary metabolites, for different purposes like 

growth regulation, and defense against infections and predations etc. Most important 

secondary metabolites are alkaloids, steroids, polyphenols, saponins etc. (Cragg et al., 
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1997). Many of these natural compounds have great importance due to their interesting 

biological and pharmacological actions. 

 Plant’s polyphenols are very important secondary defense metabolites and protect 

the plant from infections and give oxidative stabilities in case of injuries (Croteau et al., 

2000; Cetkovic et al., 2007). Polyphenols are poly hydroxy aromatic compounds, mostly 

presents as glycosides of sugars. Plant polyphenols are divided into many classes like 

simple phenols, phenolic acids, Phenyl propanoids (derivative of hydroxy benzoic acid, 

hydroxy cinnamic acid) and flavanoids. Flavonoids contain a basic structure of two 

aromatic rings connected through a coumarin ring and divided into many classes; 

flavonols, flavones, flavanones, isoflavones, anthocyanidins and chalcones (Carlo et al., 

1999; Harborne, 1998). Recently polyphenols have attracted the attention of scientist and 

the research on phenolic acids and flavonoids is gaining more and more attention. 

 Polyphenols are large group of phytochemicals found in plant in significant 

amount and have great potential to combat chronic diseases. Moreover they possess 

antioxidant potential and protect against the oxidative stress caused by free radicals 

(Scalbert et al., 2005).  Free radicals are highly reactive (unpaired electron) species that 

gain electron and stabilize themselves by oxidizing other molecules like DNA, proteins 

lipids carbohydrates etc. The role of free radicals in the etiology of many chronic diseases 

like cardiac disorders diabetes, cancer, immuno and infectious diseases is well 

documented (Nagulendran et al., 2007; Jayakumar et al., 2009, Gulcin et al., 2007; 

Sharififar et al., 2009). Antioxidants impart their significantly protective impact on the 

body against deleterious effect of free radicals, have been proved as potential therapeutic 

agents (Katalinic et al., 2006;  Kumar et al., 2007; Sharma et al., 2007; Souri et al., 

2008). Among plant polyphenols, especially flavonoids showed stronger antioxidant 

potential even more than vitamin C and E (Prior et al., 2000; Amic et al., 2003). Many 

studies have shown that the antioxidant potential of natural products of medicinal plants 

in the form of polyphenolic compounds, have a significant pharmacological role against 

many diseases including cardiovascular disorders, cancer, inflammation and severe 

allergies etc. (Carlo et al., 1999; Halliwell 1999; Keevil et al., 2000; Cetkovic et al., 

2007; Yao et al., 2004; Zhao et al., 2007; Hodzic et al., 2009). 



 
3

 Cardiovascular diseases are a big threat to life all over the world and it is the main 

cause of death (Lopez and Murrau 1998; Jian et al., 2007; Velavan et al., 2008; 

Thippeswamy et al., 2009). Many medicinal plants and some food derived from plants 

possess certain preventive effects regarding heart diseases (Gauthaman et al., 2001; Arya 

et al., 2006; Asdaq et al., 2008; Mohanty et al., 2007). There is an inverse relationship 

among the flavonoids intake and occurrence of heart diseases (Hertog et al., 1993; Knekt 

et al., 2002). Moreover flavonoids intake significantly reduces the total cholesterol, low 

density lipoprotein concentration (Arai et al., 2000), possess vasodilatory potential 

(Duarte et al., 1993; Chun et al., 2007.) and stop platelets aggregation (Narayana et al., 

2001). Phenolic acids like ferulic acid, vanillic and caffeic acid slow the formation of 

plaque in arties (Decker, 1995). In short flavonoids have important role to attenuate the 

free radical damage and show immense potential as cardio protective therapeutic agents.  

     Immune diseases are also a big problem for mankind. The immune system plays a key 

role in defense against infections. Its integrity and efficiency is very important for 

treatment of many other diseases (Pallabi et al., 1998). Polyphenols were found to 

interact with immune system functions like cell mediated immunity (Phagocytosis) and 

humoral response (Vinardell and Mitjans 2008). Natural immunomodulators are in high 

demand and this field is still in the developing phase and required extensive studies to 

develop plant based immunomodulators. Flavonoids are reported as immuno modulators 

also (Chiang et al., 2003; Shin et al., 2002).  

Infectious diseases are increasing alarmingly in developing countries (Okusa et 

al., 2007; Mojab et al., 2008). Occurrence of new infectious diseases and development of 

antibiotic resistant microbial strains is an issue of this century (Sieradzki et al., 1999; 

Janovoyska et al., 2003; Turkoglu et al., 2007). Severe side effects of synthetic 

antibiotics (hypersensitivity, allergic reactions and immuno suppression) make the 

infectious diseases more complex and big problem, Development of new natural safe 

antibiotic is need of time. Simple phenolic acids are well known antimicrobial agents 

(Amic et al., 2003; Noriaki et al., 2005; Winkelhausen et al., 2005; Stoilova et al., 2005; 

Chakraborty et al., 2006;  Pereira et al., 2007). Flavonoids have been found broad 

spectrum antimicrobial agents (Hirasawa and Takada, 2004; Kumbukgolla et al., 2007; Li 

and Xu, 2008). 
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 Five indigenous medicinal plans were selected for this research project. The brief 

description of these five plants is given in the following paragraphs. 

 Terminalia arjuna (arjun) is a very important medicinal plant. Its bark is mostly 

used as medicines; the most important use is in cardiovascular diseases and showed 

significant antioxidant activity (Raghavan and Kumari, 2006; Gauthaman et al., 2001; 

Koti et al., 2008). It improves the blood circulation and is used as anticholesteremic agent 

(Tiwari et al., 1990; Ram et al., 1997). It is nephro and hepato protective (Manna et al., 

2006) and stomach tonic (Devi et al., 2007). It shows antimutagenic (Vaidya et al., 

2008), antibiotic (Ramya et al., 2008) and anthelmintic activities (Bachaya et al., 2009). 

Arjuna immuno modulatory potential is still controversial, and limited 

 Trigonella foenum (methi) is a commonly used herb and a favorite vegetable in 

Pakistan. It contains flavonoids and phenolics. Its seed extract possess strong antidiabetic 

(Vats et al., 2002; Renuka et al., 2009; Sharma et al., 1990) as well as anticholesteremic 

activities (Sharma, 1984; Bordia et al., 1997; Bahram et al., 2005). It  also possess anti-

inflammatory, antipyretic (Ahmadiani et al., 2001; Ammar et al., 1997; Vyas et al., 

2008), hepatoprotective (Meera et al., 2009; Kaviarasan et al., 2006) and antimicrobial 

potential (Omoloso and  Vagli  2001). 

Euophorbia tirucalli (milk bush) showed antioxidant (Sharma et al., 2007) 

hepatoprotective (Jyothi et al., 2008) and antimicrobial potential (Parekh et al., 2005). 

Cyprus rotundus (motha) is reported as antioxidants (Pal and Dutta, 2006; 

Nagulendran et al., 2007; Jaziri et al., 2009), wound healer (Nuryana et al., 2007), 

antidiabetic (Raut and Gaikwad, 2006), anti diarrheal (Uddin et al., 2006) and 

antimicrobial agent (Tambekar et al., 2009).  

Rheum emodi, commonly known as rhubarb, is very important medicinal plant 

and showed strong potential as antioxidant (Ozturk et al., 2007), antibacterial (Babu et 

al., 2003) antifungal (Agarwal et al., 2000, Ismail et al., 2003), and hypoglycemic agents 

(Li and Wan, 2005).      

Beside conventional herbal medicines gemmotherapy is a new and less studied 

field. Gemmotherapy is super active form of medicine, made from embryonic tissues of 

various trees and shrubs (buds and young shoots), reproductive parts and newly grown 

tissues. The powerful medicinal potential of fresh germinating parts of plants is getting 
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attention of scientists working in various disciplines. These parts of plants are rich in 

hormones like gibberellins, various nutrients vitamins, and enzymes, present only at this 

stage of plant growth. Fast metabolism in growing tissues causes oxidative stress, so a 

large number of antioxidants are also produced to attenuate this oxidative stress. 

Gemmotherapy treated plants act on cellular level and has strong power of cleansing cells 

by removing toxic metabolites. Synthetic pharmaceutical, and other herbal medicine 

(prepared from the whole plant) do not have many key element (growth factor, phyto 

hormones, nutrients vitamins antioxidants), because many of principles disappear after a 

plant reaches certain phase in its developments. Gemmotherapeutically treated remedies 

are safe, abundance in nutrients and import a positive effect on cure and recovery of 

human health. 

   There is a great need for effective antioxidants from natural sources in order to 

prevent the free radical associated diseases. Recent interest in phenolic compounds and 

their antioxidant properties prompted this research work to explore the beneficial health 

properties of many indigenous medicinal plants. This project has been designed to 

evaluate the correlation of polyphenolic contents of medicinal plants with important 

biofunctionalities including, cardioprotective, immunomodulatory and antimicrobial 

potential. 

Aims and Objectives 

1. Identification and quantification of polyphenols of indigenous medicinal 

plants and to probe their antioxidant, cardioprotective, immunomodulatory 

and antimicrobial potentials 

2. To introduce and evaluate medicinal potential of gemmo therapeutically 

treated locally available plants. 

3. To develop an alternate, inexpensive and safe mode of treatment for the 

alleviation of harmful, untreatable disease. 
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Chapter # II 

 

REVIEW OF LITERATURE 

 

2.1. IMPORTANCE OF MEDICINAL PLANTS 

 Medicinal plants have been found as important contributors to the pharmaceutical, 

agriculture and food industries. With the onset of the synthetic era, pharmaceutical 

industries are producing a lot of synthetic drugs that help to alleviate the chronic diseases. 

With the passage of time many problems associated with frequent use of synthetic drugs 

become prominent like severe side effects and resistance of microbes against these drugs. 

On the other side synthetic drugs are expensive and a large population cannot afford these 

drugs. In recent times research on medicinal plants has been intensified all over the 

world. The natural pharmaceuticals are receiving extra ordinary importance and 

popularity as safe, efficacious and cost effective medicines with extraordinary benefits 

due to combination of medicinal ingredients with vitamins and minerals (Ahmad and 

Husain 2008). 

 Recently there is an emerging trend in research to support the biological activities 

of medicinal plants. Many scientific researches have been reported about the efficacious 

and chemotherapeutic role of medicinal plants in the treatment of diverse diseases. 

Cancer is one of such field where scientists are expecting new molecules from herbs that 

can provide an important tool for fighting against this dreaded disease. Terminalia arjuna 

(Vaidya et al., 2008) and flavonoids extracted from different sources have shown 

significant inhibiting effect on cancer cells (Jiangrong and Jiang 2007; Zhao et al., 2007). 

Diabetes mellitus is another area for herbal research, as large number of the population in 

developing countries is suffering from this problem. Many plants showed tremendous 

hypoglycemic potential. Trigonella foenum, Allium cepa, Allium sativum and Eugenia 

jambolan are some famous hypoglycemic plants (Grover et al., 2002; Vats et al., 2002; 

Renuka et al., 2009). Cardiovascular diseases have been become the number one cause of 
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death through out the world (Thippeswamy et al., 2009); can be controlled by herbal 

medicines. Many immunomodulatory agents are of plant origin (Arulkumaran et al., 

2007). Hepatic and arthritis are painful diseases and no satisfactory cure of these diseases 

is present in modern medicines. Many plants have shown their marvelous capability to 

lower the raised level of liver enzymes in viral hepatitis (Oshima et al., 1995; Bhawna 

and Kumar, 2009). Many plants have shown immense potential as anti-peptic ulcer 

(Ibrahim et al., 2006), antimicrobial and antioxidant properties (Ali et al., 2008).  

With widespread the interest in the research of the herbal medicines, these have 

become an alternate health care system to solve the health problems of world in today’s 

synthetic allopathic era. Pakistan is blessed with rich herbal sources which are being used 

for medicinal and aromatic purposes. The proper medicinal use of some of plants are well 

known, and many have still to be explored (Khan, 2003). Pakistan has a wealth of 57000 

species of medicinal plants, 456 plants are used to manufacture more than 350 classical 

formulations to treat many ailments (Khan, 2003; Ahmad and Husain, 2008). Pakistan is 

a developing country; there is a need to facilitate the herbal research and its application to 

solve the problem of health seeking population. 

With the advancement of research in medicine, it was concluded that plants are 

biosynthetic laboratories for chemical compounds, which are responsible for curative 

action of plants. The scientists isolate phytochemicals from medicinal plants and many of 

them are found very active against many diseases. Aconitine, atisine, nicotine, 

atropine, and morphine are some famous examples of such phytochemicals. 

2.2. PLANT POLYPHENOLS  

 Polyphenols are widely distributed and important class of plant secondary 

metabolites, which possess aromatic ring with one or more hydroxyl substituents. 

Phenolic compounds are mostly water soluble since they are most frequently occurring in 

combination with sugars as glycosides (Harborne, 1998). Plant polyphenols are very 

important for growth development and play key role in defense against microbial 

activities, and infections. They provide oxidative stabilities to the plants in case of 

injuries (Cetkovic et al., 2007). Currently, polyphenols have attracted great attention and 

get a high importance due to their antioxidant activity. Pharmacological activities of 

many plants, fruits and vegetables are closely related to the presence of natural 
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antioxidants especially, phenolic acids and flavonoids. These compounds have great 

importance for their ability to prevent oxidation and used as major ingredients in foods 

for preservation (Chlopcikova et al., 2004; Slusarczyk et al., 2009). Antioxidants 

significantly decrease the adverse effect of reactive species and at the same time 

antioxidant therapy has great impact in the treatment of many other diseases (Kumar et 

al., 2007). 

2.2.1. Type of Plant Polyphenols  

Poly phenols are divided into may classes. 

2.2.1.1. Phenol and Phenolic acids 

 Free phenols and phenolic acid are considered together in one class because free 

phenols are relatively rare in plants. The most important phenols and phenolic acid are: 

 

                                                                                            

 

         Hydroquinone                                                                Pyrocatechol 

  
                                               Phenols  
 
                                                                                          

                      
 

Vannilic acid                                                                                Gallic acid 

 

                                             Phenolic acids  

2.2.1.2. Phenyl propanoids 

 Phenyl propanoids have aromatic ring with three carbon side chains. They are 

synthesized from aromatic protein and amino acid phenylalanine. Hydroxy cinnamic 
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acids are widely present in plants and have well known relation with growth regulation 

and disease resistance (Harborne 1998). 

 

 

                                  

                   

           Cinnamic acid                                                              Ferulic acid  

 

 

 

                                                      

          

        Caffeic acid                                                                       p-Coumaric acid 

 

                    

                        Chemical structures of some Phenyl propanoids 

2.2.1.3. Flavonoids 

 Flavonoids have great importance and application in pharmaceutical and food 

industries. Many flavonoids have been tested as medicinal agents against human diseases 

including microbial infections, cancer, heart diseases and AIDS (Rice-Evans and Packer 

1998; Carlo et al., 1999; Yao et al., 2004; Jiangrong and Jiang 2007).  

The flavonoids are phenolics compound possessing 15 carbon skeleton, consist of 

two phenyl rings joined by a three carbon bridge. Flavonoids are sub divided into many 

groups. 
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            Isoflavonoids                                                             Flavone                                                           

                                                                               

                         
             Flavanone                                                                   Flavonol 

                                                                         

                                                      
           Anthocyanidins                                                         Chalcone   
 
                          Chemical structures of some representative flavonoids 
 

2.2.2. Extraction of Polyphenols 

 Mostly phenolic compounds are stored in vacuoles of the plants, and are 

commonly extracted in organic solvents. The nature of phenolic compound in extract is 

depending on chemical compounds present in plants, and extraction method employed. 

Extraction is carried out with both dried and fresh material. Solvent extraction is a most 

frequently employed technique for the separation of antioxidant polyphenols. Efficiency 

of extraction is dependent on the nature of solvent due to different polarities of the plant 

compounds. Frequently used solvents for extraction are: aqueous solutions (60 – 80% 
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v/v) of methanol, ethanol, ethyl acetate, ether, and acetone (Miliauskas et al., 2004; 

Djeridane et al., 2006; Rajeshwar et al., 2005;  Dukic et al., 2008; Potchoo et al., 2008;  

Adesegun et al., 2007).  Extraction techniques such as mercerization (Sharififar et 

al.,2009), soxhlet and reflux may be used for preparation of polyphenolic extracts (Kelen 

and Tepe 2007; Bhalodi et al.,2008;  Motlhanka, 2008; Vaidya et al.,2008; Chahardehi et 

al.,2009; Jayakumar et al., 2009; Tian et al., 2009; Rohman et al., 2010). Ultra sound and 

microwave radiations have been also applied for the better extraction of phenolic 

compounds (Rafeal et al., 2008). 

 Time and temperature have great effect on efficacy of extraction (Me et al., 

2007). Katalinic et al., 2006 reported that extraction of phenolics increased when time 

and temperature of infusion was increased. Yield of extraction with hot solvents was 

superior than cold. 

 Burdat and Shotipruk (2008) investigated supercritical water extraction for 

phenolic compound from bitter melon (Momordica charantia). Results were compared 

with solvent and soxhlet extraction. Results indicated that the amount of TPC was higher 

in supercritical water extract as compared to soxhlet and solvent extraction. 

2.2.3 Analysis of Polyphenolic Compounds  

 Spectrophotometeric methods are most commonly used for the determination of 

phenolic contents. Folin-Ciocalteu is very sensitive reagent contains phosphomolybdate 

and phosphotungstate, which formed blue complex in alkaline solution by the reduction 

of phenols. Absorbance is measured at 765 nm and phenolic compounds are quantified 

with the help of standard curve prepared from pure phenolic standard. This method was 

developed by Singleton and Rossi 1965, and further improved by many scientists 

(Slinkard and Singleton, 1977; Porter et al., 1986). 

2.2.3.1. HPLC Analysis of Polyphenols  

 Many chromatographic techniques have been applied for the separation 

purification and identification of phenolic compounds. HPLC is the most commonly used 

technique for quantification and isolation of phenolic compounds. Phenolic extracts can 

be filtered and injected directly onto reversed phase HPLC column. Sample preparation is 

important for HPLC analysis Different sample preparation methods are reported 

including alkaline, acid or enzymatic hydrolysis, to remove the acyl or glycosyl moieties 
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from phenolic compounds (Mozetic et al., 2002; Prestos et al., 2006; Gudej and 

Tomcyzk, 2004; Wajdylo et al., 2007).  

Reversed phase (RP) HPLC columns (C18) varying in length (100-300mm) and 

diameters (4.6 mm) are frequently used. Different combinations of mobile phases were 

reported for best separation of phenolic compounds. Two solvents system including 

acidified polar solvents like aqueous acetic acid, formic acid, perchloric acid or 

phosphoric acid as Solvent A and methanol or acetonitrile as solvent B are used for 

elution systems. UV-visible detectors are best choice to detect the peaks of phenolics 

(Oliveira et al., 2001; Vinha et al., 2002; Lachman et al., 2003; Eremina et al., 2004; 

Gudej and Tomcyzk 2004; Prestos et al., 2006;  Mozetic et al., 2006; Markowski and 

Plocharski 2006; Ozkan and Baydar 2006; Dvorakova et al., 2007; Olszewska, 2007; 

Chunsriimyatav et al., 2009). 

Significant reviews are published on the use of HPLC methods for analysis of 

phenolic compounds from different materials like vegetables, fruits, and medicinal plants  

Mozetic et al. (2002), determined anthocyanidins and derivatives of 

hydroxycinnamic acid (caffeic, coumaric acids) from sweet cherries by RP HPLC.  

HPLC analysis of Rhizome of alpinia officinarum showed two major bioactive 

flavonoids: galangin and 3-ο- methyl galangin. The correlations coefficient of calibration 

curve for the analytes was 0.999 for newly developed simple and sensitive HPLC method 

(Tao et al., 2006).  

Wajdylo et al. (2007) used RP HPLC for qualitative and quantitative analysis of 

phenols in thirty two herbs. Major phenolics acid identified were caffeic, ρ coumaric, 

ferulic and neocholorogenic acid, while flavonoids identified were quercetin, luteolin, 

apigenin, and Kaempferol.  

Meng et al. (2009) quantified catechin and epicatechin in commercially available 

dark milk, and white chocolate by HPLC methods.   

2.3. BIOACTIVITIES OF POLYPHENOLS  

There has been an upsurge of attraction in the remedial potential of medicinal 

plants in free radical associated diseases. Polyphenols are widely distributed secondary 

metabolites and have been reported to exert multifarious biological effects, including 
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anti- infectious, antioxidant, cardioprotective, immunomodulatory and anticarcinogenic 

etc. (Kumar et al., 2007).   

2.3.1. Polyphenols as Antioxidants  

Free radicals are reactive species generated in the body as a result of many 

metabolic pathways like respiration and cell mediated immune functions. Free radicals 

are also introduced through exogenous sources such as environmental pollution, 

pesticides and exposure to radiations (Adedapo et al., 2009). They are categorized as 

Reactive oxygen species (ROS), including free radicals like super oxide anion (O2
–), 

Hydroxyl radical (OH
·
), and non radical species like hydrogen peroxide (H2O2) and 

singlet oxygen. Reactive nitrogen species (RNS) including NO·, NO2· as free radicals 

and HNO2, N2O4 as non radicals. Different environmental factors and aging elevate the 

level of free radicals and cells become unable to work efficiently against the free radicals 

leading to accumulation of radicals and oxidative stress which results in cellular damage. 

(Gulcin et al., 2007) 

 ROS and RNS deteriorate many biological molecules like fatty acid, lipids 

proteins and DNA, and become a major cause of heart diseases, diabetes, cancer, 

inflammations and weak immune system (Ceruti, 1991; Esterbaver et al., 1991; Cakir et 

al., 2006; Fei et al., 2007; Glucin et al., 2007; Adedapo et al., 2009; Jayakumar et al., 

2009; Sharififar et al., 2007). 

 Nature has gifted the defense system to protect the body from injurious effects of 

free radicals. This includes enzymatic defense systems like superoxide dismutase (SOD), 

glutathione peroxidase (GPx) and catalase (CAT) etc and the non-enzymatic are vitamins 

(A, C, E) and polyphenols (Staner et al., 2004; Ali et al., 2008). All of these act as 

antioxidants and maintain the level of free radicals in the body. Their mode of action 

varies and the most common are, reduction, scavenging of free radicals and singlet 

oxygen and formation of complexes with pro oxidant metals (Andlauer and Furst 1998; 

Rajeshwar et al., 2005; Osman et al., 2009). The balance between antioxidants and 

oxidation is believed to be very essential for healthy biological system (Katalinic et al., 

2006).  
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From the last few years interest in studying and quantifying the antioxidant 

components of fruits, vegetable and medicinal plants has been increased due to their 

potential health benefits. Phenolic antioxidants stop oxidation in the food system as well 

as in the human body and defend them from the detrimental effects of free radicals. 

Polyphenols are the bounteous antioxidants in the diet. Their total consumption as diet 

could be much higher than other groups of phytochemicals and recognized nutritional 

antioxidants like vitamin C, E and carotenoids (Scalbert and Williamson 2000; Manach et 

al., 2004). Polyphenols as source of antioxidants play an incredibly imperative role to the 

prevention of cardiovascular diseases, cancers, osteoporosis, neurodegenerative diseases 

and diabetes mellitus (Scalbert et al., 2005).                         

2.3.1.2. Antioxidant Mechanism of Polyphenols 

There are possibilities of more then one antioxidant mechanism of polyphenols 

but it is strongly suggested that polyphenols show their antioxidant action by scavenging 

free radical via hydroxyl group of phenols and their reactivity attributed to phenolic 

moiety (Cetkovic et al., 2007). Phenolic compounds generally donate their hydrogen 

atom to reduce reactive species (Halliewell 1999) and itself phenolic compounds are 

converted into phenoxy radical (ArO·), which get resonance stability due to 

delocalization of unpaired electron over aromatic ring further more which change into 

quinones. 

  ROO·+ ArOH → ROOH + ArO· 

  HO· + ArOH → HOH + ArO· 

Phenoxy radical (ArO·) intermediates are stable and inhibited further oxidation reaction. 

Phenolic compounds also regenerate the oxidized form of other antioxidant like vitamin 

C and they work synergistically with other antioxidants such as E and C. Phenolic 

compounds may also impart antioxidant properties by functioning as chelators of metal 

ions that are capable of catalyzing oxidation (Aruoma, 2003). 
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         Antioxidant Mechanism of Flavonols    (Metodiewa 1999) 

2.3.1.3. Determination of Antioxidant Activity 

 In vitro antioxidant analysis of phenolic compounds depends upon their free 

radical scavenging potential. In vitro analysis often uses chemicals and reagents to 

generate free radicals so that the radical scavenging ability of the test antioxidant can be 

determined.  Several methods have been developed in which the antioxidant activity is 

assessed by the scavenging of synthetic radicals in polar organic solvents. Most 

commonly used synthetic free radicals are 1-1-diphenyl 2-picrylhydrazyl (DPPH) and 2, 

2‘-Azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) ABTS. 

In these assays the neutralization of stable radicals with an antioxidant is 

measured colorimetrically, which is proportional to concentration of free radical 

scavengers (Re et al., 1999). Reduction of NBT is the most important method to evaluate 

the super oxide scavenging activity. Super oxide radical may be formed by different 
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ways; one of these is oxidation of hydroxylamine. The superoxide anion reduces NBT 

into color compound which can be measured colorimetrically at 560 nm (Vaidya et al., 

2008). Scavenging of nitric oxide free radical is an important parameter to measure 

antioxidant activity because it is another very reactive free radical. Nitric oxide is 

produced from sodium nitro prusside which forms a color complex with greiss reagent. 

The absorbance of chromophore with or without scavenger is evaluated at 546 mm 

(Balakrishnan et al., 2009). 

 A significant number of studies are reported regarding the phenolics contents and 

antioxidant activity of various medicinal plants. Antioxidant with remarkable antioxidant 

activity has been found in many medicinal plants. For example; methanolic extract of 

mucuna pruriens (seeds) (Rajeshwar et al., 2005), Thapsia garganica, Artemisia 

compestris, Anthemis arvensis, Artemisa herba, Teucrium polium, Ruta montana 

(Djeridane et al., 2006), Rheum Ribes (Ozturk et al., 2007), Cyperus rotundus 

(Nagulendran et al., 2007), Equisetum arvense L. (Dukic et al., 2008), Morinda Lucida 

(Ogunlana et al., 2008),  aerial parts of Teucrium polium (Sharififar et al., 2009), Galla 

chinensis (Tian et al., 2009), Bark of Terminalia arjuna (Shridhar and Gopal 2009) and 

Egg plant (Singh et al., 2009). 

 Katalinic et al. (2006) determined polyphenolic contents and total antioxidant 

activity of seventy medicinal plants, among them melissae folium, serpylii herba, spirae 

herba showed strong antioxidant activity.  

Amic et al., 2003, studied the relationship between structural characteristic of 

flavonoids with their antiradical activity. Results of this study revealed that free radical 

quenching activity of polyphenolic compounds strongly depends on the specific 

substitution pattern of free hydroxyl moieties on flavonoids structure. B ring with 3', 4' 

dihydroxy groups and 3-OH group at ring C are essential features for strong antioxidant 

activity. 

Many studies reported that there is a linear relationship between the phenolic 

contents and antioxidant activity (Javanmardi et al., 2003; Cetkovic et al. 2007; Sofidiya 

et al., 2006). Wajdylo et al., 2007 evaluated 32 herbs of Poland for antioxidant activity 

and phenolic contents. A positive correlation was found between total Polyphenolic 

contents and antioxidant activity. Indegofera coltutea, I. macrocalyx, I. nigritana, I. 



 
17

pulchra, I. tinctoria showed antioxidant activity which is attributed to phenolic 

compounds like gallic acid rutin and myricetin. All extracts showed good correlation (R = 

0.92) with total polyphenols and inhibition of DPPH, ABTS radicals and iron reduction 

(Bakasso et al., 2008). 

Souri et al., 2008 investigated extracts of 24 medicinal plants and reported no 

positive correlation between total polyphenolic contents and antioxidant activity.  

 Different parts of plant exhibited different antioxidant activity and different 

phenolic contents. Methanolic extract of leaves and stem of Celtis africana showed 

different antioxidant activity. Stems showed greater antioxidant activity and flavonoids 

contents than leaves (Adedapo et al., 2009). Leaf, steam root and barks of Azadirachta 

indica and Magnifera indica showed different reducing power. Leaf of M. indica and 

root bark of A. indica showed good ferric reducing antioxidant power (FRAP), and total 

polyphenolic contents (Olabinri et al., 2009). 

2.3.2. Cardioprotective Activity 

 Coronary heart diseases are leading causes of death in developed and 

industrialized countries and increasing alarmingly in developing and poor countries 

(Breslow 1997; Jian et al., 2002; Kavurma et al., 2005; Velavan et al., 2008). High lipid 

level (triglyceride, low density lipoprotein LDL), low level of high density lipoprotein 

(HDL), diabetes, high blood pressure, obesity, old age, and smoke, etc. are important risk 

factors for cardiovascular diseases. Atherosclerosis is the build up of plaque (fats, 

cholesterol, calcium, and other substances in blood) inside the arteries, and a major 

causative factor of cardiovascular diseases. Hyperlpidemia leads to progressive 

atherosclerosis, which results in blockage of coronary arties, interruption of blood supply 

to parts of heart leading some heart cells to die which is known as myocardial infarction 

(damage and death of heart muscles) and ischemia (restriction in blood supply and 

oxygen shortage). Atherosclerosis develops from the oxidized form of low density 

lipoprotein. LDL molecules become the oxidized (LDL-OX) by free radicals particularly 

oxygen free radicals (ROS), when this oxidized LDL come in contact with artery walls a 

series of reactions started which damage the artery wall. On the other side high density 

lipoproteins (HDL) transfer deposited cholesterol from arties wall to liver for excretion, 
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and inhibit the formation of atherosclerotic plaque. For these reasons LDL cholesterol is 

known as bad cholesterol and HDL as good cholesterol. 

 High concentration of LDL cholesterol is a big risk factor for heart diseases (Law, 

1999; Attar, 2006). Many studies suggested that oxidative stress decreased the level of 

endogenous antioxidants, may be one of the important reason for the development of 

heart failure (Velavan et al., 2008; Singal et al., 1983). 

 Hypolipidemic properties have been present in many plant species and this 

property is confirmed by many scientific studies. (Devi and Sharma 2004; Parsad, 2005; 

Sivakumar et al., 2007; Jain et al., 2007). Many plants have shown potent antilipidemic 

effect. Terminalia arjuna significantly lower the elevated level of cholesterol (Ram et al., 

1997; Tiwari 1990). Many other plants like ethanolic stembark extract of Mammea 

Africana (Okokon and Anita 2007), Rosemerry tarragon, Bay leaves extract (Atarr, 

2006), and aqueous leaf extract of Carica papaya Linn. (Adeneye et al., 2009) have great 

effect on serum lipids.  

The chemotherapeutic agents, who can reduce the serum lipids and inhibit the free 

radical formation, have gain imperative value in the modern medicines. Polyphenolics 

potentially reduce heart disease risk by inhibiting the oxidation of LDL. Food 

polyphenols have been shown to be very good antioxidants and inhibited the LDL 

oxidation. Many studies suggested that there is inverse relationship between the intake of 

polyphenols, and total plasma cholesterol concentration, and occurrence of heart diseases 

(Cook and Samman, 1996; Fuhrman, 2000). It is reported that caffeic acid, vannilic acid 

gallic acid, ellagic acid and ferulic acid inhibited the formation of plaque in arties 

(Decker 1995). 

Cardiovascular disorders such as atherosclerosis and arterial thrombus formation 

leads to endothelial dysfunction. The intake of flavonoids may stop endothelial 

dysfunction by increasing the vasorelaxant process leading to reduction of arterial 

pressure (Iijima and Aviram, 2001; Narayana et al., 2001; Tapas et al., 2008). Flavonoids 

may directly scavenge some radical species and also help in uptake of oxdatively modify 

LDL through scavenger receptors. Scientific studies have revealed that quercetin; an 

important flavonol suppressed the LDL oxidation and exerted significant vesorelaxation 

(Burns et al., 2000). 
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 Regular consumption of polyphenols reduced the risk of coronary heart diseases 

(Tosca and Fernandez 2005; Leifert and Abeywardena, 2008). Dietary polyphenols have 

been shown to possess cardioprotective effects. Most important example is grape 

polyphenols (Karthikeyan et al., 2007). Polyphenolic compound from red wine (Wang et 

al., 2002), Green Tea (Miura et al., 2000), Coca (Kurosawa et al., 2005) and nuts 

(Torabian et al., 2009) have anti-atherosclerotic and hypocholesterolemic effects and 

provide tremendous protection against heart diseases. 

 Polyphenols may enhance cardiovascular health through regulation of platelet 

reactivity. Platelets have important role in development of myocardial infarction venous 

thromboembolism, and stroke. Anti-platelet strategies are in high demand because, 

decrease in platelet reactivity help in reducing the probability of clotting. Selected 

flavonoids such as quercetin kaempferol and myricetin inhibited platelet aggregation 

(Tzeng et al., 1991; Keevil et al., 2000).  

Recent interest in plant derived cardiac medicine has been stimulated by the 

potential health benefits arising from the antioxidant activity of polyphenolic 

components. They show different properties like electron transfer, chelation of ferrous 

ion and scavenging of reactive oxygen species. Due to these important potentials the 

flavonoids have been considered as possible protector against chronic cardiotoxicity.  

Cardioprotective potential of medicinal plants was evaluated in chemically 

induced myocardial infarction in animal models. Different chemical agents were used to 

induce the cardiac toxicity. Isoproterenol is synthetic beta adrenergic receptor 

agonist, mostly used for cardiac injury. ISO produces ischemia due to myocardial 

hyperactivity and coronary hypotension. One of the most important mechanism through 

which ISO damages heart is production of excessive free radicals, results in oxidative 

stress, and loss of function and integrity of myocardial membranes (Yates and Dhalla, 

1975). This condition is called necrosis of myocardial tissues. The level of enzymes 

including CK-MB, LDH, AST and ALT increases in serum due to cell necrosis 

(Gauthaman et al.,2006; Upaganlawar et al.,2009). These parameters were recorded to 

evaluate the proper working of cardiovascular system. ISO increases the level of these 

enzymes in serum. Due to increase oxidative stress endogenous antioxidant in heart 

tissues were also decreased, and are an important parameter to evaluate the 
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cardioprotective potential of medicinal plants. Histopathological studies also confirmed 

the effect of different treatment on cardiac tissue. There are several reports on 

effectiveness of medicinal plant extracts and Polyphenolics fractions against 

isoproterenol induced myocardial injury in experiment animals.  

Doxorubicin (DOX) is also used to induce cardiotoxicity. DOX produced 

oxidation stress commonly leading to cardiotoxicity (Chularojmontri et al., 2005; Alyane 

et al., 2008; Koti et al., 2009). 

 Many studies have been reported the potential of different medicinal plants 

against the cardiovascular diseases. 

Mohanty et al. (2009) reported the effect of curcuma longa (Cl) in acute 

myocardial infarction produced by isoproterenol in rat model. Hemdynamic parameters 

and histopathological examination were recorded. Cardiac marker enzymes creatine 

phosphate kinase (CPK) and antioxidant parameters glutathione, superoxide dismutase 

(SOD), catalase (CAT), glutathione peroxidase (GPx) of heart tissues were measured. 

Oral administration of different doses of CI (50, 100, 200 mg/kg-1) to healthy experiment 

animals (without myocardial infarctions) for 30 days significantly decreased the elevated 

level of cardiac enzyme and the level of antioxidants were increased in Cl treated group  

as compared to control (without any treatment) and ISO control . 100 mg/kg was the most 

effective dose for regulation of cardiac parameters. Results shows that curcuma longa 

can protect from myocardial injury induced by isoproterenol, and can be used as 

cardioprotective agent. 

 Okokon and Antia (2007) investigated that ethanolic stembark extract (30 – 90 

mg/kg-1) of Mammea Africana significantly decreased the level of cholesterol, 

triglycerides, LDL, and increased the level of HDL cholesterol. The stembark has strong 

effect as hypolipidemic agent and preventing the development of atherosclerosis.  

 Nandave et al. (2007) investigated the cardioprotective potential of Bacopa 

monneira (Bm) in isoproterenol (ISP) induced myocardial necrosis. Albino male rats 

were divided into different treatment groups. (Sham, ISP control, BP treated group). 

Bacopa monneira was administered orally (50 – 200 mg kg-1) for 30 days to Bm treated 

group. Sham and ISP control group received only normal saline only, on day 29, and 30th 

ISP (85 mg/kg-1) was given to ISP control group. Blood was collected to record the level 
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of CK.-MB, LDH and animals were sacrificed, for assessment of antioxidant enzyme in 

heart tissues. ISP dose increased the level of CK-MB and LDH. ISP Bacopa monneira 

(150 mg/kg) induced the maximum cardio protection which is proved by levels of 

endogenous antioxidants and cardiac marker enzymes. 

 Karthikeyan et al. (2007) studied the cardioprotective effect of grape seed 

proanthocyanidins on isoproterenol induced myocardial injury in rats. Rats were divided 

into different groups. Grape seed proanthocyanidin (GSP) was given in three different 

doses for 5 weeks. At the end of this experimental period animal were given two 

consecutive doses of isoproterenol (85 mg/kg) to induced myocardial injury except the 

normal group. After this blood samples were collected from experimental animals and 

they were sacrificed, and biochemical and histological observations were noted. Results 

indicated that pre treatment of GSP maintained the level of marker enzymes (AST, ALT, 

LDH and CPK) in all treatment groups as compared to ISO injected rats. There was no 

significant change observed in the basal level of cardiac enzymes and antioxidants. 

Significant decrease observed in levels of GSH, SOD GAT, and GPx in ISO treated 

group. GPS treatment maintained the level of all these parameters. These result strongly 

recommended the role of GSP in protection of heart against myocardial infarction 

induced by ISO. GSP may contribute a lot in development of cardioprotective medicines. 

 Many researches have been reported about cardioprotective role of medicinal 

plants some examples are; Terminalia arjuna (Gauthaman et al., 2001); Leptadenia 

pyrotechnica ( Jain et al., 2007); Trichopus zeylanicus (Velavan et al., 2009), Curcuma  

longo, Wathania somnifera and  Ocimum sanctum (Mohanty et al., 2006; Mohanty et al., 

2007); Ocimum sanctum ( Sharma et al., 2001; Arya et al., 2007); Ginkgbiloba (Panda 

and Niak 2008); Muntingia calabura L. (Nivethetha et al., 2009); Cucumis trigonus 

(Thippeswamy et al., 2009); Garlic (Asdaq et al., 2008). 

2.3.3. Immunomodulatory Activity 

 The immune system is defense system of the body that provides protection against 

foreign invaders, which are disease causing microbes (bacteria, parasite and fungi). 

Immune system works in two ways, identifying and killing pathogens. Detection is 

difficult as pathogen can change according to environment rapidly and producing 

adaptation that avoids the immune system and allow the pathogens to successfully infects 
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their host. To compete with this challenge, multiple mechanisms are involved that 

recognize and kill pathogens including, antimicrobial peptides called defensins, 

phagocytosis and complement system (Beck and Habicht, 1996). The immune system is a 

complex set-up of cells, tissues and organs that effort jointly to provide protection against 

the threat of microorganisms and infections. It comprises of white blood cells 

(Leukocytes), which wipe out the germs or any other substances responsible for 

occurrence of diseases. Leukocytes are also called lymphoid organs as they are 

accumulated in thymus, spleen and bone morrow. Leukocytes move throughout the body 

between the organs and nodes by means of lymphatic vessels and blood vessels. So the 

defense system works in synchronized method to protect the body against disease causing 

agents. Two basic types of leucocytes are: 

Phagocytes:  Cells that engulf the attacking organisms. 

Lymphocytes:  Those allow the body to remember and recognize previous invaders and 

facilitate the body to eliminate them. 

Immunity:  Humans have two types of immunity. 

2.3.3.1. Innate Immune System 

 This system comprises the cells and mechanisms that instantaneously protected 

the host from infections in a non specific manner. Important components of innate 

immune system are natural killer cells, mast cell, phagocytes, macrophages, neutrophils 

and dendritic cells (Alberts et al., 2002). 

2.3.3.2. Adaptive Immune System  

The adaptive immune system is made up of extremely specified systemic cells, 

and procedures that eradicate or avoid pathogenic challenges. Important cells of adaptive 

immune system are type of leukocytes, also called as lymphocytes. B cells and T cells are 

important types of lymphocytes. B cells participate in the humoral response, whereas T-

cells are thoroughly engaged in cell mediated immune response. Adaptive immunity has 

the capacity to identify and memorize the specific pathogen and presents stronger attacks 

every time against the pathogen (http://en.wikipedia.org/wiki/Immune_system). 
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2.3.3.3. Passive immunity 

 Passive immunity is borrowed from another source and it lasts for a short time. 

Disorders of immune system can be broken down into four main categories. 

1. Acquired immune deficiency disorder: is caused by virus which reduces 

efficiency of body’s own immune system.  

2. Autoimmune disorders: in which body’s own immune system attacks its own 

tissues as foreign matter. 

3. An allergic disorder: in which immune system overreacts is response to an 

antigen. 

4. Cancers of the immune system. 

An immunomodulalor is a substance (e.g. drug) which has an effect on immune system. 

There are two types of these substances: 

 Immunosuppressant: that suppresses immune system 

 Immunostimulant: stimulates immune system 

 Plant based drugs have been intensified all over the world. One of the main 

strategies of herbal treatment is to increase the body’s natural resistance to disease/stress 

causing agents rather than directly neutralizing the agent itself in practice. Plant origin 

immunomodulatory agents enhance para immunity, non specific immunomodulation of 

granulocytes, macrophages, natural killer cells and complement functions (Stain et al., 

1997; Arulkumaran et al., 2007). Immunomodulatory therapy is recognized as an 

important alternate to conventional chemotherapy in many diseases (Pallabi et al., 1998). 

Use of plant compounds to enhance the phagocytosis ability of macrophages and increase 

antibody production has been well documented by many researchers. (Nadkarni and 

Nadkarni 1976;  Jayathirtha and Mishra, 2004; Napolitano et al., 2005; Gabhe et al., 

2006; Arulkumaran et al., 2007; Amirghofran et al., 2007; Ranjith et al, 2008). The use 

of plant products as immunomodulators is still in developing stage. A variety of 

phytochemicals such as polysaccharides (Shin et al., 2002) and flavonoids (Zhao et al., 

2007) have been reported to modulate the immune system. Several plants are reported to 

have an immune boosting property. Hydroalcoholic extract of Hibiscus rosa, Sinesis 

Linn. has significant immunostimulatory effect on immune system but ethanolic extract 
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of cleome gynandra showed immunosuppressant effect (Gaur et al., 2009). Euophorbia 

cheiradenia (methanolic extract) showed a significant stimulatory effect on lymphocytes.  

 Methanol extract of clerodendrum Phlomidis lin and premna Intergrifolia lin. 

increased the antibody titer, and enhanced the non-specific immune response, which was 

confirmed by a carbon clearance test (Gokani et al., 2007). 

Treatment with aqueous extract of Nerium oleander (25, 50, 75 mg/kg) caused 

stimulation of immune system. The extract increased cellular immune response in rabbit. 

Treatment of rabbits with the extract (50 mg) increased antibody production and had a 

stimulatory effect on the immune system, but the 75 mg/kg dose of extract inhibited the 

antibody production and phygocytosis activity (Farwachi, 2007). 

 Many other plants are also reported as immunomodulators. For examples: 

Alternanthera tenella Colla (Biella et al., 2008), Achillea wilhelmsii (Sharififar et 

al., 2009), Couroupita guianesis (Pradhan et al., 2008), Tinospora cardifolia (Ranjith et 

al., 2008), Terminalia arjuna, Piper longum, Tinospora cardifolia, Emblica officinalis, 

Comiphera mukul, Nardostachys jatamansi, Boerhavia diffusa (Meera et al., 2008)  

There is growing interest in the use of polyphenols in the modulation of immune 

system.  Many research studies have been reported which showed a significant role of 

plant polyphenols in immune system modulation,  

Plantago species are medicinally important. Mostly these plants contain many 

classes of biologically active compound including, flavonoids (baicalen, baicalin, 

Luteolin monoterpenoids (i.e. Linalool), triterpenoids (i.e. Oleanolic acid), and phenolics 

(caffeic acid, vannilic acid, cholorogenic acid, ferulic acid, coumaric acid). One study 

showed that water soluble compounds namely cholorogenic, ferulic acid and vannilic 

acid enhanced the proliferation activity of human lymphocytes and secretion of IFN-γ. 

Mono terpenoids and triterpenoids also showed immunomodulatory activity (Chiang et 

al., 2003). 

 Zhao et al., 2007 extracted and purified flavanoids i.e. proanthocyanidin B2, 

proanthocyanidin B4, and epicatechin from pericarp of litchi. These compounds had 

stimulatory effect on proliferation of mouse spleenocytes and confirmed the 

immunomodulatory activity of flavonoids. 



 
25

2.3.4. Antimicrobial Activity 

 Infectious disease resulting from the presence of pathogenic microbial agents 

including bacteria, fungi, viruses has become a major healthcare problem in current 

century. Infectious diseases are main reason of deaths in developing countries (Okusa et 

al., 2007; Mojab et al., 2008). Incidence of new and re-emerging infectious diseases and 

development of resistance to antibiotic is alarmingly increasing. In modern time 

treatment of infectious diseases becomes a big problem due to the side effects of some 

antibiotics which includes hypersensitivity allergic reaction and immunosuppression. 

There is need of time to discover new antimicrobial compounds with different chemical 

structures and novel mechanism of action. Diverse antibiotics of synthetic and microbial 

origins have been produced.  

Indiscriminate use of antimicrobial drugs has created very dangerous drug 

resistance to microbial strains; many bacterial strains have developed resistance against 

antibiotics, such as penicillin resistant streptococcus pnemoniae, methicillin resistant 

staphylococcus aureus. Due to the development of bacterial super resistant strains 

currently used antibiotic failed to cure the infections diseases (Sieradzki et al., 1999; 

Janovoyska et al., 2003; Karaman et al., 2003; Turkoglu, et al., 2007). 

 Solution of antibiotic resistance is the development of new drugs from synthetic 

or natural sources. Therefore discovery of new antibiotic sources that can act either by 

direct antimicrobial activity or by preventing resistance of microorganism with minimal 

side effects is emerging and is of paramount need (Khan et al. 2009). However previous 

records showed that even new families of synthetic antimicrobial agent will have short 

life expectancy. Researchers turned their attention towards herbal products, which is most 

promising area in search of new biologically activity compounds with better activity 

against multi drug resistant strains and reduced antibiotic related side effects (Nickavar et 

al., 2002; Cock, 2008; Khan et al., 2009).  

Antimicrobial potential of some plants had been accepted long before mankind 

discovered the presence of microbes (Anwar et al., 2009). The healing power of plants is 

usually due to presence of secondary metabolites. Plant extracts and large number of 

phytochemicals exhibited strong inhibiting effect on a broad spectrum of microorganisms 

(Fungi, bacteria) (Cowan, 1999; Nascimento et al., 2000; Anwar et al., 2009).  
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 Beside bacterial infections fungal infections are also a big threat to the life of the 

human beings. Only few antifungal drugs are available and long use of these drugs 

caused resistance. Plant might contain antifungal component not yet explored. Plants 

produce a great variety of chemical compound as in their defense system these defense 

molecules are secondary metabolites. Plants are rich in secondary metabolites such as 

tannins, alkaloids and flavones, which have been shown antimicrobial properties.  

Plant’s antimicrobials are categorized into two classes: 

2.3.4.1. Phytoalexins: these are lower molecular weight compounds which are 

produced in response to microbial, herbivorous and environmental stimuli. Phytoalexins 

are including simple phenylpropanoid derivative, flavonoids, isoflavonoids and 

terpenoids (Bailey and Mansfield, 1982; Grayer and Harborne, 1994). 

2.3.4.2. Phytoanticipins:  Present in plant before the challenge by microorganism 

includes phenolic glycosides and saponins, stored in vacuoles of plant cells. When the 

microorganisms disturb the integrity of the cell, glycosides react with hydrolyzing 

enzymes and release toxic aglycones (Osbourn, 1996).  

Plants derived compound with antimicrobial effect are detailed as: 

2.3.4.2.1 Polyphenols:  

 Simple phenolics such as caffeic acid (Bowles and Miller, 2006), cinnamic acid, 

chlorogenic acid, gallic acid and hydroxyl benzoic acid, catechol, pyrogallol are known 

antimicrobial agents (Noriaki et al., 2005). Phenolic compounds showed their inhibitory 

effect by enzyme inhibition through oxidation reaction with sulphydryl groups, or 

through more non specific interaction with proteins.  The site and number of hydroxyl 

groups on phenols are directly related to their toxicity to microorganism. Phenol with 

greater number of OH groups showed high inhibitory effect (Mason and Wasserman, 

1987; Cowan, 1999). 

 Many studies have been reported about the antimicrobial potential of phenolic 

acids. Caffeic acid was quantified in sweet potato by HPLC. High caffeic acid content 

inhibited the growth of sweet potato pathogenic fungi (Harrison et al., 2003).  

Seven phenolic compounds were identified and quantified by reverse by HPLC in olive 

leaves, caffeic acid, verbascoside, oleuropein, luteolin,7-O-glucoside, rutin, apigenin 7-

O-glucoside and luteolin 4’-O-glucoside were present in the leaves extract, which showed 
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very good combined antibacterial as well as antifungal effect, and which suggested  the 

great nutraceutical potential of phenolic acids (Pereira et al., 2007).  

 High yield of caffeic acid and rosemaric acid in leaves of Basilicum polystachyon 

extract inhibited growth of five bacterial strains and three fungal strains. Highest activity 

was observed against gram positive strain, amongst the fungal strains maximum activity 

was observed against Aspergillus niger (Chakraborty et al., 2007).  

Many studies are reported about the antimicrobial potential of Polyphenolics like; 

caffeic acid from coffee (Amelia et al., 2006), phenolic acid fraction of scrophularia 

frutescens and scrophularia sambucifotia (Fernandez et al., 1996), red wines 

(Papadopoulou et al., 2005), tea (Turkmen et al., 2007), propolis (Yaghoubi et al., 2007). 

Honey (Atrott and Henle, 2009), Oolong tea (Sasaki et al., 2004), Apple (Alberto, 2006), 

Rosemerry (Moreno et al., 2006), polyphenols of Perilla seed (Yamamota and Ogawa, 

2002), Coco, tea, coffee (Ferrazzano et al., 2009) showed antimicrobial activity. 

 Mangiferin is major polyphenol of mango (Magnifera indica) and showed broad 

spectrum antimicrobial activity against bacterial and fungal strains (Stoilova et al., 2005).  

Some studies have been reported the relationship between the antioxidant and 

antimicrobial activity (Wang et al., 2008; Reddy et al., 2007; Turkoglu, et al., 2007; 

Hamid et al., 2009; Mokbel and Hashinaga, 2005).  

Phenolic compounds with C3 side chain at lower level of oxidation and containing 

no oxygen are known as essential oils. Essential oils of many plant showed strong 

antimicrobial potential and have been used for treatment of infectious diseases all over 

the word. Essential oils showed broad spectrum biological activity which increased the 

interest of scientist. Extensive research has been conducted on essential oil to explore 

their antimicrobial activity. Most important essential oils with antimicrobial activity are 

extracted from clove (Eugenol) and Thymus vulgaris (Thyme) (Imelouane et al., 2009; 

Faleiro et al., 2003).  

Essential oils of many other species of plants have been also explored for 

antimicrobial activity against fungi and bacteria which includes, Origanum sp. and 

Schinus molle (Bayramoglu et al., 2008),  Ageratum fastigiatum (Vieira et al., 2009), 

Clausena anisata (Senthilkumar and Venkatesalu 2009), Juniper berry, Juniperus 

communis (Pepeljnjak et al., 2005), Fennel seeds (Hadizadeh et al., 2009) Tea tree and  
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Lavender (Cassella et al., 2001), Clove, garlic (Arora and Kaur, 1999), Allium sativum 

(Garlic) Myristica fragrans (nutmeg), Zingiber officinale (ginger), Allium capa (Onion) 

Piper nigrum (pepper) (Indu et al., 2006), yellow pine (Yang and Clausen, 2007). 

2.3.4.2.2. Flavonoids 

 Flavonoids are phenolic substance exist as C6-C3-C6 system. They are synthesized 

by plants in response to microbial infections (Dixon 2001). They have been form 

complexed with proteins of cell walls and found to be very effective against 

microorganism (Cowan, 1999). Flavonoids showed broad spectrum antimicrobial 

activity. Catechin is reduced form of C3 unit, and has gained special attention, and is one 

of the most important extensively studied flavonoids. Different types of teas are major 

sources of mixture of catechins. Tea catechin inhibited microbial growth and are very 

effective against staphylococcus aureus (MRSA) and fungal strains (Candida albicans) 

(Hirasawa and Takada, 2004; Kumbukgolla et al., 2007)).  

Quercetin is also proven as a potential antimicrobial agent for many 

microorganisms. Quercetin extracted from lotus leaves showed inhibitory effect on 

bacterial strains (Li and Xu, 2008). Many flavonoids showed a synergic effect with 

conventional antibacterial and with combination of different flavonoids and flavones 

(Alvarez et al., 2008). 

2.3.4.2.3. Tannins 

 The tannins name is given to polymeric phenolic substances which are capable of 

tanning leather or precipitate proteins. They are divided as hydrolysable and condensed 

tannin. Hydrolysable tannin contains gallic acid usually as an ester with D-glucose and 

condensed tannins are derived from a flavonoids monomer (Proanthocyanidin). Tannins 

have the ability to inactivate microbial adhesions, enzymes, cell envelop transport 

proteins and form complexes with polysaccharides. Many studies have been reported 

about the antimicrobial activity of tannins. Five isolated tannins from the fruit of 

Terminalia citrina showed inhibitory effect on microbial strains (Burapadaja and 

Bunchoo, 1995). Helicobacter pylori bacteria are a major disease causing agent in 

gastrointestinal disorders. Hydrolysable tannins have a potential as a new and safe 

therapeutic agent against H. pylori infections (Funatogawa et al., 2004). 
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2.3.4.2.4. Alkaloids 

 Alkaloids are heterocyclic nitrogen compounds having very good antimicrobial 

potential. Aqueous extract, different solvents and isolated fractions of alkaloids from 

Samanea saman showed highly significant antibacterial activity against human 

pathogenic bacterial strains (Raghavendra et al., 2008). Four isolated alkaloids from 

Chelidonium majus lin. inhibited the growth of methicillin-resistant Staphylococcus 

aureus (Zuo et al., 2009). Alkaloids from sida acuta (Karou et al., 2006), Isoquinoline 

alkaloid (Abbasoglu et al., 1990), Lupinus angustifolius alkaloid (Erdemoglu et al., 

2006), pyrrolizidine alkaloids from Heliotropium subulatum (Singh et al., 2002) showed 

significant inhibitory effect on a large number of microbes. 

Water is the most universally used solvent. Alcoholic extraction followed by 

various organic solvents can also be used. Mostly antimicrobial compounds are aromatic 

and saturated organic compounds. They may often extracted with ethanol or methanol 

(Erdemgil et al., 2004) and purified compounds are obtained by active fractions of 

different solvents (Chloroform, acetone, dichloromethane, butanol) (Parekh and Chandra, 

2006; Morales et al., 2008,).  

Different methods may be used for assessment of antimicrobial activity. Two 

most commonly used methods are the disc diffusion method (Rios et al.,1988;  Pelttari et 

al., 2002; Khan et al., 2009), and the broth dilution assay (Okusa et al., 2007). 

 It is common to use medicinal plants as such, without isolating the active 

ingredient. Now a day interest is again diverted  toward the  use of crude plant extracts, 

since plants contains many secondary metabolite which act synergistically and may not 

show good activity with compounds isolated in pure form (Eloff and McGraw, 2006).  

Different extracts of plants have been evaluated for their antimicrobial activity. 

For examples; Antimicrobial activity of T. Achillea millifolium (yarrow), Caryophyllus 

aromaticus (clove), Melissaoffficinalis (lemon-balm), Ocimun basilucum (basil), Psidium 

guajava (guava), Punicagranatum (pomegranate), Rosmarinus officinalis (rosemary), 

Salvia officinalis (sage), Syzygyum joabolanum (jambolan) and Thymus vulgaris (thyme) 

(Nascimento et al., 2000), ethanolic and methanolic extract of Otostegia limbata (Anwar 

et al., 2009) methanolic extract of Rhoicissus revoilli (Arwa et al., 2008), ethanolic 
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extract of Diospyros peregrina, Coccinia grandis and Swietenia macrophylla (Dewanjee 

et al., 2007) and ethanolic extract of Lagenaria breviflora (Tomori et al., 2007).  

 The following five indigenous medicinal plants were selected for this study. 

2.7. Terminalia Arjuna 

 

 

 

 

 

 

 

 

 

    Botanical name            Terminalia arjuna           
 Common name Arjun 
 Family   Combretaceae 
 Genus   Terminalia 
 Species  T. Arjuna 
 Part used   Leaves, roots, barks  
 
Terminalia arjuna is a big evergreen tree up to 25 meters high; bark grey; smooth leaves; 

flower small, and fruits are 2.3-2.5 cm long. It is a very important medicinal plant widely 

used in Ayurvedic medicines. It has great importance due to its curative properties in 

heart problems. The bark is mostly used for medicinal purposes. Phytochemicals 

belonging to different classes are present in the bark of Terminalia arjuna including 

tannins, triterpenoids, saponins, arjunic acid, arjunolic acid, arjungenin, (Manna et al., 

2007). Quercetin, kaempferol, ellagic acid, gallic acid and proanthocyanidin are 

important polyphenols of this plant. Calcium, magnesium zinc and copper are important 

minerals present in Terminalia arjuna. 

 Ancient physicians used the powdered bark of Terminalia arjuna for alleviating 

cardiovascular disease, and wound healing. Many scientific studies proved its medicinal 

importance. Its stem bark contains glycosides flavonoids and tannins. Flavonoids have 

been detected to exert antioxidant anti-inflammatory and hypolipidemic effects. 
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Experimental studies revealed its bark showed significant antioxidant (Vaidya et al., 

2008; Shridhar and Gopal 2009), antidiabetic (Raghavan and Kumari, 2006), antigastric 

ulcer (Devi et al., 2007), antimutagenic (Vaidya et al., 2008,), anthelmintic, (Bachaya et 

al., 2009,) activities. The bark is useful in cardiovascular diseases, especially in disturbed 

cardiac rhythm angina or myocardial infarction. Various studies have shown the heart 

protective action of Arjuna (Gauthaman et al., 2001; Koti et al., 2008). 

Clinical studies suggested that T. arjuna is effective in patient of stable angina 

(Dwivedi and Agarwal, 1994). It improves the blood circulation to heart, regulate blood 

pressure (Nammi et al., 2003), is used for treatment of hypercholesterolemia (Tiwari et 

al., 1990; Ram et al., 1997; Chander et al., 2004) and inhibit the platelet aggregation 

(Namita et al., 2009). It protects liver and kidneys against the harmful effect of free 

radicals). T. arjuna showed high potency against drug resistant/clinically studied 

microbes. Bark, root, stem leaves and fruits have antibiotic compounds (Samy and 

Ignacimuthu 2001; Ramya et al., 2008).  

Terminalia arjuna is versatile traditional medicinal plant. Little work has been 

done on some of biological activities like immunomodulatory activity. Many studies are 

available on preventive cardioprotective effect of bark extract. But no significant study is 

available on curative cardioprotective potential and gemmo modified extract which are 

also rich source of bioactive compounds, hence extensive investigations are required to 

exploit the therapeutic utility of arjun.  

2.8. Cyperus rotundus 

 

 

 

 

 

 

            Botanical name  : Cyperus rotundus 
 Family    : Cyperaceae 
 Genus    : Cyperus 
 Common name  : Nut grass, Motha 
 Species   : Rotundus 
 Parts used   : Rhizomes 
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Cyperus rotundus originated in Africa, southern, central Europe and southern 

Asia. Nut grass is a pungent bitter herb, which may reach a height upto 40 cm. Cyperus 

rotundus has attracted great, attention mainly for its medicinal value. The Cyperus 

rotundus have polyphenols flavonols, sesquiterpenoid and essential oils. The plant is 

good source of polyphenols and flavonoids. Thus it showed good antioxidant potential 

and can be a potential source of natural antioxidants (Pal and Dutta, 2006; Nagulendran 

et al., 2007; Yazanparast and Ardestani, 2007; Jaziri et al., 2009). Cyperus rotundas 

could have great potential as therapeutic agent in preventing oxidative stress related 

diseases. It may act as cardioprotective, reduce tumors, stomachic, vasodilator, and 

hypotensive. Alcoholic extract of C. rotundas showed wound healing activity (Nuryana 

et al., 2007). C. rotundus reduced the glucose level in chemically induce hyperglycemic 

rats (Raut and Gaikwad, 2006). Significant studies are reported related to the medicinal 

potentials of C. rotundus including, anti-inflammatory and anti-diarrheal (Uddin et al., 

2006), and antimicrobial (Tambekar et al., 2009).  

 According to our knowledge no scientific study is reported about 

cardioprotective and immunomodulatory potential of this plant  

2.9. Rheum emodi 

                                                                              

 

 

 

 

 

            

 

            Botanical name  : Rheum emodi 
 Family    : Polygonaceae 
 Species   : Emodi 
 Genius    : Rheum 
 Part used   : Rhizomes 
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 Rheum emodi is commonly known as rhubarb, revand chini. It is a perennial plant 

that grows from Rhizomes. Its height ranges from 5-7 cm; it contains anthraquinone 

derivatives such as chrysophanic acid, emodin, rhein, aloe-emodin, tannin, catechin, 

epicatechin, galate, cinnamic acid, ferulic acid, rutin and fatty acids. Rhubarb is an 

important herb used in ayurvedic medicines; it is a very important hepatoprotective and 

showed very good results against chemically induced elevated level of AST ALT and 

ALP in serum (Ibrahim et al., 2008; Akhtar et al., 2009). Rhizomes of rhubarb have been 

claimed to posses antioxidant (Ozturk et al., 2007), antibacterial (Babu et al., 2003), 

antifungal (Agarwal et al., 2000; Ismail, et al., 2003), hypoglycemic (Li and Wang, 1997) 

nephroprotective (Alam et al., 2005), laxative, appetite stimulant, diuretic and 

anthelmintic activities. Rheum emodi inhibited the growth of H.pylori bacteria. In vitro 

and in vivo studies showed that H. pylori infection cleared within seven days at very low 

concentration of plant extract (Ibrahim et al., 2006). 

Cardioprotective and immunomodulatory potential of this plant need to be 

explored 

2.10. Euophorbia tirucalli 

 

 

 

 

 

 

 

 

 

            Botanical name             : Euphorbia tirucalli 
 Family    : Euphorbiaceae 
 Species   : tirucalli 
 Genus    : Euophorphia 
 Common name  : Milk bush 
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 Euphorbia tirucalli (milk bush) is a shrub that grows in semi arid tropical 

climates. Its height is 3-5 m. Euophorbia contains sesquiterpenoid polyphenols, quercetin, 

vanillic acid, ellagic acid and tannins. Milk bush is used in tradition medicines 

Euphorbiaceae herbs have antioxidant principles like, flavonoids and showed, strong 

antioxidant potential (Sharma et al., 2007). It can protect liver, many studies proved the 

hepatoprotective role of this plant. Jyothi et al., 2008, investigated antioxidant and 

hepatoprotective potential of Euophorbia tirucalli against CCl4 induced hepatic damage. 

Euophorbia tirucalli significantly decreased the level of elevated liver enzymes and 

produced hepatoproective effect which may be attributed to the antioxidant potential. 

Euphorbiaceae plant species showed larvicidal potential against Aedes aegypti (dengue 

vector) (Rahuman et al., 2008). Roots are known to use as antimicrobial (Parekh et al., 

2005), nephro-protective, anti-arthritic, purgative and carminative. It is used in leprosy, 

and dropsy, (Bani et al., 2007). 

According to our knowledge no scientific study is reported about cardioprotective 

and immunomodulatory potential of this plant  

2.11. Trigonella foenum-graecum 

 

 

 

 

 

 

 

 

 

 

 

           Botanical name: :           Trigonella foenum 
 Family   : Fabaceae 
 Genus   :           Trigonella  
 Species  :          foenum-graecum 
 Common name : Methi 
 Parts used  : Seed, leaves 
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 Trigonella foenum commonly known as fenugneek (methi) is a widely cultivated 

aromatic herb varying in height from thirty to sixty centimeter and used both as vegetable 

(leaves) and spice (seeds) (Toppo et al., 2009). The seeds are known as ‘maithray’ is used 

in the preparation of pickles, curry powders. The young leaves are eaten as vegetable and 

dried leaves (called kasuri methi) have a bitter taste and strong characteristic smell. 

 The nutritional composition of T. foenum seed was extensively studied. Young 

seeds contain carbohydrates and sugars and mature seeds contain amino acid, lipids 

vitamins and saponins. Folic acid is also very important constituent in the seeds. 

 The main chemical constituents of T. foenum are fibers, flavonoids, phenolics, 

coumarins, saponins, polysaccharides and alkaloids, (Trigonelline) (Jayaweera, 1981). T. 

foenum seed and leaves extracts possess strong antidiabetic activity. Many studies 

indicated that T. foenum seed extract remarkably decreased the blood glucose level in 

patient with type I and type II diabetes (Sharma et al., 1990; Vats et al., 2002; Habori and 

Raman, 1998; Xue et al., 2007; Renuka et al., 2009.) Fenugreek seeds contain a  high 

quantity of saponins and glactosamine, whose cholesterol lowering effect is well 

established (Sharma, 1984; Sharma et al., 1996; Bordia et al., 1997; Habori and Raman, 

1998;; Bahram et al., 2005; Xue et al., 2007). Fenugreek seeds and leaves contain 

flavonoids and its strong antioxidant activity is credited to polyphenols (Kaviarasan et al., 

2007; Gupta and Prakash 2007; Souri et al., 2008). Besides these important effects, a 

number of investigations have been reported about other beneficial effects of T. foenum. 

The seeds possess anti inflammatory, antipyretic (Ammar et al., 1997; Ahmadiani et al., 

2001; Vyas et al., 2008), Anti-ulcerogenic (Mahmood et al., 2005), hepatoprotective 

(Kaviarasan et al., 2006; Meera et al., 2009) and broad spectrum antimicrobial activities 

(Omoloso, and Vagli; Haouala et al., 2008).  

Cardioprotective and immunomodulatory potential of this important plant is need 

to be explored. 

Keeping in view the beneficial biofunctionalities of polyphenols, this research 

project has been planned to determine the important polyphenols and bioactivities of 

polyphenolic rich fraction of medicinal plants.   
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Chapter # III 

 

MATERIALS AND METHODS 

 

The research plan includes multifarious aspects. Extraction of plant material, 

analysis of total polyphenolics and antioxidant activity were conducted in the organic 

chemistry laboratory. Antimicrobial and cardioprotective potential was performed in the 

clinical biochemistry laboratory, the Department of Chemistry and Biochemistry. 

Immunomodulatory potential was performed in Department of Microbiology University 

of Agriculture Faisalabad. HPLC analysis was carried out in the Nuclear Institute of 

Agriculture and Biology (NIAB).  

3.1. Analytical Instruments used during research work  

Spectrophotometer, Chemistry analyzer (Semar S 1000- elite), HPLC (LC-10A 

(Shimadzu Japan), pH meter, incubator, rotary evaporator, autoclave, oven.  

3.2. Chemicals and Reagents  

      Analytical grade, Merck and Sigma branded chemicals and reagents were used 

during this research plan. 

   DPPH (1-1- diphenyl 2-picryl hydrazyl), 2.2 azino bis (3-ethyl-benzothiazoline-6-

sulfonate) (ABTS), NBT (nitro blue tetrazolium), Folin-ciocalteu reagent, BHT 

(Butylated hydroxyl toluene), sulphanilamide, phosphoric acid, N-1-napthyl 

ethylenediamne dihydrochloride, acetonitrile, trifluoroacetic acid, hydroxyl amine 

hydrochloride, potassium ferricyanide, ammonium thiocyanate, linoleic acid, ferrous 

chloride , ferric chloride, methanol, acetone, n-hexane, ethyl acetate, sephadex G-50, 

RPMI - 1640, trypan blue, nutrient agar. 

3.2.1 Standards 

Gallic acid, caffeic acid, p-coumaric acid, chlorogenic acid, ferulic acid, catechin, 

myricetin, quercetin and kaempferol. 

3.2.2. Kits 

CK-MB, LDH, AST, ALT, HDL, LDL, Cholesterol, Triglyceride, Troponin, 
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3.3. COLLECTION OF PLANTS 

Medicinal plants were collected from the Botanical garden, University of 

Agriculture, Faisalabad and Ayub Agricultures Research Center, Faisalabad, and got 

identified from plant taxonomist at the Department of Botany University of Agriculture, 

Faisalabad. Five medicinally important and locally available plants were selected for this 

study.   

          Name of plant                Common name             Parts used. 

1. Terminalia arjuna;            Arjun                      Bark, Young buds and shots. 

2. Euphorbia tirucalli;           Milk bush               whole plant, fresh buds 

3. Cyprus rotundus;                Motha                    Rhizome, buds 

4. Trigonella foenum;             Methi                     Seed, young leaves, shots 

5. Rheum emodi;             Rhubarb                  Rhizome 

Fresh parts (buds and shoots) of plants were washed thoroughly and ground into 

paste for the preparation of gemmo modified extract. Other parts of plants were dried 

under shade and changed into fine powder form, and kept into air tight containers. 

3.4. EXTRACT PREPARATION 

3.4.1. Solvent Extracts 

 Solvent extraction is the method of choice for the isolation and extraction of 

different antioxidants and other biofunctional compounds. Yield and activity of extract is 

highly influenced by nature of solvent, owing to different affinities of bioactive 

compounds with different polarity solvents. The plant material (30 g) used to prepare 

extract containing active compounds, was subjected to 12 h sequential extraction with 

solvents of diverse polarities. The plant material was first extracted with n-hexane 

(300mL), followed by acetone, ethyl acetate and methanol. The extract was then filtered 

and solvent was completely evaporated with rotary evaporator under reduced pressure 

approximately at 40°C. Yield of extracts was noted and stored in refrigerator at 4°C for 

further use in investigations. 

3.4.2. Water Extract 

Dried plant material (30 g) was refluxed with water (300 mL) for 2 h. After 

completion of time the extract was filtered and water was evaporated to get a crude 
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extract. Percentage yield of crude extract was calculated with the weight of extract, and 

stored in refrigerator at 4°C for further use in analysis 

3.4.3. Preparation of Gemmo Modified Extract 

Embryonic tissues (buds, shoots, and young leaves) of plants were procured in the 

spring. Remedies formed from buds and shoots are very active form of medicines, as in 

the spring season growth cycle of the plant is on its peak and blessed with  high amount 

of enzymes, growth factors and defense phytochemicals (polyphenols). These chemicals 

exert strong medicinal potential than the whole plant extracts 

Paste of plant material (100g), which is freshly harvested from plants during their 

growing stage was macerated with one liter mixture of glycerin and methanol in a ratio of 

1:2 and shaken vigorously. After one month, the macerate was filtered and solvent was 

removed with a rotary evaporator and the crude extract was stored in refrigerator till 

further analysis.  

3.5. DETERMINATION OF TOTAL POLYPHENOLICS   

 The total polyphenolic contents of all extracts of plants were carried out 

colorimetrically by means of Folin-Ciocalteu method reported by Slinkard and Singleton, 

1977 and Adesegun et al., 2007. 

 One mL of plant extract solution (10 mg/mL) was mixed with 5mL Folin-

Ciocalteu reagent (10 times diluted) and sodium carbonate (4 mL, 20 %) in a test tube, 

and shaken thoroughly. This mixture was kept for 2 h at room temperature for the 

development of the blue color. Then absorbance was noted at 765 nm with a 

spectrophotometer. Quantification of total polyphenolics was done with respect to a 

calibration curve prepared from different concentrations (10-100 ug/mL) of gallic acid. 

The results of total polyphenolic contents were expressed in terms of mg gallic acid 

equivalent (GAE)/g of dry plant martial and per gram of fresh plant material in case of 

gemmo modified extract. All extracts were assayed in triplicate.  

3.5.1. HPLC Analysis of Phenolic Compounds in Medicinal Plants  

High performance liquid chromatography (HPLC) was the selected method for 

identification and quantification of important flavonols (myricetin, quercetin, and 

kaempferol), flavanole (catechin) and phenolic acids (p-coumaric acid, gallic acid, 

chlorogenic acid, caffeic acid and ferulic acid) from selected medicinal plants. 
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3.5.1.1. Hydrolysis of Extracts  

Both methanolic and gemmo modified extracts of five plants were analyzed 

thorough HPLC. Acid hydrolysis of the extract was carried out. Plant extract (5 g) was 

refluxed  for 1 h with methanol (50 mL) and HCl ( 5mL,2 M), to obtain free phenolic 

acids from their bound forms. After reflux the extracts were filtered through filter paper 

(Whatman No.1) and then again filtered through 0.45um cellulose membrane filters. 

3.5.1.2. HPLC Conditions for Polyphenols Analysis   

The analytical HPLC system used in analysis was consisted of UV-visible 

detector (λ max 360 nm) and the separation of flavonols was achieved on Hypersil-ODS 

column (4.6 x 250 mm, I.d., 5-um) at ambient temperature. The mobile phase consisted 

of solvent A (3% aq. trifluoroacetic acid) and solvent B (acetonitrile and methanol (80:20 

v/v), and the mobile phase was run with isocratic elution at flow rate of 1mL/min.  

The column and detector (λ max 280 nm) used for phenolic acid separation were 

similar to that used in flavonol analysis. The mobile phase consisted of solvent A 

(methanol and 1% acetic acid) and Solvent B (water and 1% acetic acid). The mobile 

phase was run with isocratic elution at flow rate of 1mL/min (Sultana and Anwar 2008). 

3.6. EVALUATION OF ANTI OXIDANT ACTIVITY 

   Assessment of antioxidant activity of different extracts of medicinal plants was 

done by the following six assays 

3.6.1. DPPH Radical Scavenging Assay 

A free radical is delocalized on the large structure of 1-1-diphenyl-2-

picrylhydrazyl (DPPH). Antioxidant compounds reduce the methanolic solution of DPPH 

free radical through the donation of H or electron and change its violet color into yellow. 

A decrease in absorbance is measured with spectrophotometer at 517 nm. 

 The radical stock solution of DPPH (0.1mM) was prepared in methanol. 

Different concentrations (10-100 µg/mL) of test samples (3 mL) were added in DPPH 

radical stock solution (1 mL) and incubated at ambient temperature in dark for 20 min. 

After incubation the absorbance was recorded against blank at 517 nm (Bhalodi et al., 

2008). Butylated hydroxy toluene (BHT) was the standard of choice for antioxidant 

activity. All analysis was performed in triplicate. Inhibition of DPPH radical in term of 

percentage (%) was calculated by following formula: 
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                                    Ac – As                                    
% inhibition of DPPH radical =        x 100 
                  Ac  
     Ac = Absorbance of control 

     As = Absorbance of sample 

3.6.2. ABTS Radical Scavenging Assay. 

 The experiment was performed according to the method of Re et al., 1999. This 

assay is based on the neutralization of the radical cation of 2-2’ azino bis 3-ethyl-

benzothiazoline-6-sulfonate (ABTS) with antioxidants and a decrease in absorbance is 

measured with a spectrophotometer.  

Briefly, ABTS radical cation (ABTS·+) was produced by the oxidation reaction of 

ABTS with potassium persulphate. The radical cation solution was prepared by mixing 

the equal quantities of aqueous solutions of ABTS (7 mM) and potassium persulphate 

(2.4 mM). Then, this mixture was kept in dark to react completely for 14 h at 37ºC. After 

reaction period the methanol was added into dark colored ABTS·+ radical solution to 

adjusted the absorbance value equal to 0.700 at 734 nm. Then, 2 mL of diluted ABTS 

solution was mixed with various concentrations (10-100 µg/mL) of plant extracts (0.2 

mL). Absorbance was noted after 6 minutes of the mixing against the blank. All analysis 

was performed in triplicate. The ABTS radical scavenging ability of all extracts was 

compared with BHT as standard. ABTS radical scavenging activity was calculated 

according to following formula: 

                                   Ac – As                                    
% inhibition of ABTS        =                    x 100 
                 Ac  
Ac = Absorbance of control 
As = Absorbance of sample 
 

3.6.3. Superoxide Radical Scavenging Assay  

The experiment was conducted according to the method of Vaidya et al., 2008 

with some modifications. In this assay superoxide radicals are generated by the 

photooxidation of hydroxyl amine hydrochloride, and these superoxide radicals reduces 

NBT (Nitro blue tetrazolium) into nitrite. This reduction was measured at 560 nm with a 

spectrophotometer. 



 
41

Plant extracts (one mL), sodium carbonate (1 mL, 10 %), NBT (0.4 mL 150 uM), 

and EDTA (0.2 mL, 1 %) were taken in a test tube.  Absorbance was recorded 

immediately after the mixing of above reagents. The reaction was commenced with the 

addition of hydroxylamine hydrochloride (0.4 mL) into the above solution. After the 

incubation period of 5 min at 25°C, the reduction of NBT in terms of absorbance was 

noted at 560 nm. Control and standard BHT (synthetic antioxidant) were also run in the 

same way. All analysis was performed in triplicate. Super oxide radical scavenging 

activity was calculates as: 

                        Ac – As                                    
% inhibition of super oxide =                     x 100 
                 Ac  
Ac = Absorbance of control 
As = Absorbance of sample 
 
3.6.4. Nitric Oxide Scavenging Assay  

Nitric oxide scavenging assay was performed according to the procedure of 

Balakrishnan et al., 2009. Aqueous solution of sodium nitroprusside spontaneously 

generates NO at physiological pH which gives nitrite ions after reaction with oxygen. A 

nitrite ion react with Griess reagent (1% sulphanilamide, 0.1% N-1-

napthylethylenediamne dihydrochloride and 2% phosphoric acid,) and produces a color 

complex, which is formed as a result of diazotization reaction of nitrite with 

sulphanilamide, succeeding coupling with N-1-napthylethylenediamne dihydrochloride 

and the absorbance of color formed was noted at 546 nm. 

Different concentrations of extracts (10-100 µg/mL) were prepared in methanol. 

Solution of sodium nitroprusside (5 mM, 2 mL) prepared in phosphate buffer saline was 

added into two mL of plant extract and this mixture was kept at ambient temperature for 

30 min. A control without test sample was also performed with similar procedure. After 

incubation period of 30 min, equal quantities (1.5 mL) of above incubated solution and 

Greiss reagent were mixed and left it stand for 30 min. After this period absorbance of 

color complex was noted at 546 nm. Standard antioxidant BHT was used as reference. 

Percentage scavenging of nitric oxide was measured with reference to control as follow: 
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             Ac – As                                    
% inhibition of nitric oxide =                   x 100 
                                                          Ac  
Ac = Absorbance of control 

As = Absorbance of sample 

3.6.5. Determination of Reducing Power 

Reducing power was measured according to the method described by Yen and 

Chen 1995. Potassium ferricyanide [(Fe+3 CN-6)] was reduced into (Fe+2 (CN)-6 by direct 

donation of electron from antioxidant compound. After the reduction, Fe+2 formed the 

blue complex which was quantified by measuring the absorbance at 700 nm. Increased in 

absorbance indicates high reducing power.  

Equal volumes of (2.5 mL) phosphate buffer (0.2 M, pH 6.6) and potassium 

ferricyanide (1%) were added into varied concentrations of plant extracts (2-10 mg/mL) 

in test tubes and shaken thoroughly. Then, this mixture was kept in oven at 50ºC for 20  

min. After the incubation time trichloroacetic acid (2.5 mL, 10 %) was mixed with this 

mixture and centrifuged for 10 min. Finally 2.5 mL supernatant solution of this 

centrifuged mixture was mixed with freshly prepared solution of FeCl3 (0.5 mL, 1 %). 

The blue color was developed which absorbance was recorded at 700 nm. BHT was best 

choice as standard. 

3.6.6. Linoleic Acid peroxidation Inhibition Assay 

Antioxidant activity of various extracts was determined by the ammonium 

thiocynate assay (Sharififar et al., 2009).  

Linoleic acid (0.248 g) was homogenized with 0.248 g of emulsifier (Tween 20) 

in phosphate buffer to prepare a linoleic acid emulsion. Then this emulsion (2.5 mL 

0.02M. pH 7) with phosphate buffer (2 mL, 0.2 M pH. 7.0) was mixed with one mL 

aqueous solution of plant extract (500 µg/mL). This reaction mixture was kept in oven at 

37ºC for 72 hr. Incubated sample (0.1 mL) was taken after regular interval of 12 h and 

mixed with FeCl2 (0.1mL, 0.02 M in 3.5% HCl)  and ammonium thiocyanate (30%, 0.1 

mL ). Absorbance of the solution was noted with in 3 min after mixing. Peroxides value 

in terms of absorbance was measured. A blank without extract was with proceeded 

through similar method. All values are compared with the synthetic antioxidant. % 

Inhibition was calculated with the following formula; 
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                       As 
% inhibition of lipid peroxidation = 100 -        x 100      
                                                                              Ac                                     
Ac = Absorbance of control 

As = Absorbance of Sample 

3.7. EVALUATION OF   CARDIO PROTECTIVE   ACTIVITY 

 Male albino rabbits weighing 1-1.5 kg were selected for this study. Animal were 

kept under standard conditions of environment.  Animals were allowed for free access to 

standard diet and water. 

3.7.1. Experimental Protocol 

 Rabbits were kept for one week acclimatization period and then divided into 

different groups. Each group comprised of five animals. 

Group I. Normal controls; animals were given standard diet only.  

Group II. ISO control group; rabbits were injected with isoproterenol (ISO, 85 

mg/Kg b.wt.) for two consecutives days. 

Group III. Baseline group A; rabbits were treated with 100 mg/kg b.wt. plant extract                        

once daily by oral gavage for three weeks. 

Group IV. Baseline group B; rabbits were administered 150 mg/kg b.wt.  plant 

extract  once daily  by oral gavage for three weeks 

 Group V.     Baseline group C; to this group 200 mg/kg b.wt.  plant extract was given 

once daily by oral gavage for three weeks 

Group VI. Preventive group A; rabbits were pretreated with plant extract 100 mg/kg 

b.wt. once daily by oral gavage for three weeks and then ISO (85 mg/kg) 

was injected  for two days. 

Group VII. Preventive group B; rabbits were pretreated with plant extract 150 mg/kg 

b.wt. once daily by oral gavage for three weeks and then ISO (85 mg/kg) 

was injected  for two days. 

Group VIII. Preventive group C; rabbits were pretreated with plant extract 200 mg/kg 

b.wt. once daily for three weeks and then ISO (85 mg/kg) was injected  for 

two days. 
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Group GIX. Curative groups: rabbits were injected with ISO (85 mg/kg) for two days 

to induce cardio toxicity. Then these cardio intoxicated rabbits were 

treated with 200 mg/kg b.wt of plant extracts once daily for four days and 

blood samples were collected daily. 

Group GX.   Standard drug curative group: rabbits were injected with ISO (85 mg/kg) 

for two days to induce cardio toxicity. Then these cardio intoxicated 

rabbits were treated with a  combination of two standard drugs including 

propranolol (5 mg) and gemfibrazole (50 mg) once daily for four days and 

blood samples were collected daily. 

3.7.2.  Biochemical Assessment  

3.7.2.1. Cardiac Enzymes in Serum 
 At the end of experimental period the blood samples were taken and serum was 

separated for analysis of different enzymes related to myocardial infarction such as 

lactate dehydrogenase (LDH), creatine kinase-MB fraction (CK-MB), aspartate 

transaminase (AST), alanine transaminase (ALT). All analysis were performed with 

commercially available kits using chemistry analyzer  

3.7.2.2.  Estimation of Lipids  

Serum total cholesterol, triglycerides, low density lipoprotein (LDL), and high 

density lipoprotein HDL were estimated using commercial kits with chemistry analyzer.  

3.7.2.3. Estimation of Antioxidant Enzymes in Heart Tissues 

 Animals were slaughtered and the heart tissues were removed, then washed with 

the cold isotonic saline, and dried with filter paper. After this hearts were diced and 

homogenized in 0.05 M ice cold phosphate buffer. After centrifugation supernatant was 

used for analysis of antioxidant enzymes SOD CAT, GPx. 

 3.7.2.3.a.  Superoxidase Dismutase (SOD) Assay 

SOD activity was evaluated according to method repotted by Kono 1978. 

Briefly, test sample (0.1mL) was mixed with EDTA solution (0.1nM), which was 

prepared in Na2CO3 (50 nM, pH 10.3). Then in this mixture nitro blue tetrazolium dye 

(0.1mL) and hydroxyl amine hydrochloride (0.1mL, 20 mM, pH 6.0) were added and 
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shake thoroughly. The rate of NBT reduction was noted for 1 min at 560 nm. SOD 

activity was expressed as Unit mg-1 protein change in optical density per minutes.  

3.7.2.3. b. Catalase Assay 

Catalase was assayed according to the method of Aebi 1984.  The reaction 

mixture included phosphate buffer (0.01M, 1mL, pH 7.0), H2O2 (2 mM, 1mL) and 

enzyme sample (0.1mL). Catalase activity was determined by decrease in absorbance at 

240 nm for 3 min and activity was expressed as unit mg-1protein  

3.7.2.3. c.  Glutathione Peroxidase Assay 

In the test tube reaction mixture contained guaiacol (20 mM, 1mL), phosphate 

buffer (10 mM, 1mL, pH 7.0) and enzyme extract (0.1mL). The reaction in this mixture 

was started by the addition of   H2O2 (40 mM, 1mL). Peroxidase activity was measured 

spectrophotometerically as a decline in absorbance at 470 nm for 2 min and expressed as 

Unit mg-1protein  

3.8. EVALUATION OF IMMUNOMODULATORY ACTIVITY 

Immunomodulatory activity of Poly phenolic rich extracts was investigated on 

cell mediated (Phagocytosis) and humoral components of the immune system  

3.8.1.  Evaluation of Phagocytosis Activity 

Different steps involved in evaluation of cell phagocytosis assay are as follow: 

3.8.1.1. Collection of Abdominal Exudate Cells 

 The abdominal exudate cells (AEC) were acquired from the grown-up (age 4 

weeks) chickens. Sephadex granules G-50 (3%, w/v) were suspended in normal saline 

solution  (0.85%). Suspension of Sephadex granules was injected into chickens intra 

peritoneally at the dose of one mL per 100 g b.wt. After 48 hrs of Sephadex injection, the 

abdominal cavity was lavaged with heparin (0.5 U/mL) and normal saline (0.85%). AEC 

were obtained aseptically from three different chickens and combined for further 

investigation. AEC suspension was washed two times with medium (M-199, Merck 

USA), the medium was accessorized with fetal calf serum (5%) and two antibiotics 

including penicillin (100 unit /mL) and streptomycin (50 µg /mL). The viability of AEC 

was confirmed  with the use of trypan blue (dye) and the concentration of 1x106 AEC per 

mL was finally preserved in sterilized RPMI-1640 medium (Sandhu et al., 2006) 
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3.8.1.2 Preparation of Medium 

 One liter RPMI 1640 medium was prepared by dehydration of powdered medium 

(Sigma company, USA) into 870 mL of triple distilled water.  Medium was sterilized by 

passing through successively 0.44 and 0.22 micron size cellulose acetate membrane 

filters. All the medium was collected in sterilized flasks and supplemented with sterilized 

fatal calf serum (100 mL), penicillin and streptomycin suspended in 20 mL distilled water 

and L-glutamine (10 mL, 3%).. The pH of medium was adjusted to 7.2 ± 0.1. The 

medium was immediately stored in refrigerator for further use. 

3.8.1.3. Preparation of Extract Dilutions 

 Three different concentrations of polyphenolics fractions extracted from different 

plants source as detailed earlier were diluted serially as 10 fold dilutions. Sterilized 

double distilled water was used for the preparation of dilutions. Double distilled water (9 

mL) was taken in three test tubes separately. One mg of respected extracts was 

transferred into 1st test tube and mixed vigorously at ambient temperature. One mL of the 

content from first test tube was transferred to second text tube, mixed for one min at 

ambient temperature and one mL solution was again transferred from 2nd tube into the 3rd 

test tube maintaining 10 fold serial dilutions and each dilution contained 100, 10, 1 µg/m 

L. of plant extract respectively. All the diluted extract samples were stored below 10°C 

for further use. 

3.8.1.4. Washing of Sheep RBCs 

 Whole blood was obtained from a healthy sheep maintained at the animal farm 

facility in the Department of Microbiology. Blood (5 mL) was taken in syringes 

containing heparin. The blood was transferred to the research lab. where it was 

centrifuged for five minutes and upper layer was removed. The red blood cells 

congregated at the bottom were mixed with same volume of normal saline solution and 

washed twice. Finally 1 mL of packed RBCs was resuspended into 99 mL of normal 

saline solution to make the 1% washed sheep RBCs. This suspension was stored at 

refrigeration temperature for further use. 

3.8.1.5  Phagocytosis Assay 

 Phagocytosis assay was performed according to the method reported by Sandhu et 

al., 2006. For this assay sterilized petri dishes with five round glass cover slips per extract 
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was prepared in duplicate. Already filtered and sterilized RPMI-1640 cell culture medium 

(15 mL) was transferred into Pyrex glass petri dishes. Two mL of AEC suspension was 

shifted to each petri dish slightly mixed and kept under incubation with 10% CO2 into 

incubator for 3 h. 

 Glass cover slips were washed with sterilized RPM1-1640 medium and 

maintained into freshly changed medium in the Petri dishes. One Petri dish for each 

group was reserved  as untreated control, whereas the other petri dishes  having five glass 

cover slips was  provided    with one  mL of diluted phenolics fractions, after gentle 

mixing, the petri dished were kept for incubation at 37°C for 45 minutes. Washed sheep 

RBCs suspension (2 mL, 1 %) was transferred separately in all Petri dishes and further 

incubated for 1 h at 37°C. The cover slips were separated from culture medium and 

unphagocytos RBCs was removed by single washing with normal saline (0.85 %).  The 

macrophages cells were preserved in methanol and the stained with the help of Dip Quick 

and placed on clean glass slides Engulfed macrophages were calculated according to the 

formula:   

     Average number of RBCs engulfed by macrophages  
% of macrophages engulfed = ____________________________________________ 
      Average no. of adhering macrophages 
  
3.8.2. Determination of Humoral Antibody Titer 

  The effect of the polyphenolic extract on antibody response was evaluated by the 

humoral antibody response in rabbits against sheep RBCs that served as non specific 

antigen in treated and untreated experimental groups. 

3.8.2.1  Experimental Protocol  

Male albino rabbits were selected for this study and animals were kept under 

standard condition of environment, water and diet. Rabbits were divided into different 

experimental groups  

Group I. normal controls; rabbits of this group were provided standard diet only.  

Group II. Animal of this group was immunized with SRBC and injected 

subcutaneously on 1st and 3rd day 

Group III. Plant extracts (100 mg /Kg b.wt.) were given to animals of this group 

daily for 14 days 
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Group IV. Rabbit were treated with plant extract 200 mg/ Kg b.wt. orally daily for 14 

days 

 Group V. Rabbits of this group were first immunized with RBCs on 1st and 3rd day 

after immunization the plant extract (100 mg /Kg b.wt.) was given orally 

daily for up to 14 days  

Group VI. Rabbits were handled same as group 5. Then a dose of plant extracts (200 

mg/ Kg b .wt.)  was given daily to this group for up to 14 days 

                     After 14 days the blood samples were collected  

3.8.2.2. Haemagglutination Assay 

Serum was separated from blood of different experiment groups at the end of 

experimental period. Antibody titer was evaluated by Haemagglutination assay. Serial 

bifold dilution of serum in 96 wall micro titer plates was prepared with normal saline, 

then fresh SRBCs (1%, 25 ul) were shifted into each dilution and mixed softly then the 

plates left for 1 h. After completion the time antibody titer in terms of highest dilution of 

serum sample with haemagglutination was noted. Mean log2 of the titer was determined 

to compare the results (Amirghofran et al., 2008) 

3.9. DETERMINATION OF ANTIMICROBIAL ACTIVITY 

Antimicrobial screening was performed by disc diffusion method (reported by 

Rios et al., 1988 and Ripa et al., 2009. Different steps involve in this assay are detailed as 

follow: 

3.9.1. Antibacterial Activity  

3.9.1.1. Bacterial Strains 

 Two Gram positive and two Gram negative strains of microorganisms were 

selected for determination of antibacterial activity. Microorganisms were collected from 

Department of Microbiology University of Agriculture Faisalabad. 

Gram positive    : Staphylococcus aureus, Bacillus subtilus 

Gram negative  : Escherichia coli, Pasteurella multocida 

3.9.1.2. Preparation of Media 

 Nutrient agar was dissolved in distilled water and pH (7) of the media was 

adjusted by addition of acid or base. After properly plugged with cotton this flask was 
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kept in an autoclave for sterilization at 121°C for 15 minutes. After sterilization this 

media was cooled at room temperature. 

3.9.1.3.. Dispersion of Medium 

 Sterlized medium (15 mL) was spreaded into petri plates uniformly in the form of 

a thin film of gel of thickness 2-3 mm. 

3.9. 1.4. Sterility Testing of Poured Plates 

 The poured plates were incubated overnight in oven at 37°C. The plates without 

any type of contamination were selected for further procedure. 

3.9.1.5  Antibacterial Screening 

The different concentrations of extracts were prepared by dissolving extracts (5, 

10, 15, 20, 25, 50, 75, 100, mg) in 1mL water to attain the concentrations in mg/mL. 10ul 

of each solution was applied on sterile disc (6mm) and allowed to dry in an antiseptic 

hood. Thus discs contained 50, 100, 150, 200, 250, 750,500, 1000, µg disc-1 of extracts. 

Antibiotic chloramphenicol was used as standard to compare the activity.  

 Sterilized petri plates were injected with bacterial cultures. Discs permeated with 

different concentrations of extracts and standard were deposited on this solid medium. 

Plates were incubated at 37°C for 24 hours. At the end of incubation the zone of no 

growth (mm) were measured by a zone reader. 

3.9.2. Antifungal Activity  
 

3.9.2.1. Fungal Strains 

The following two fungal strains were selected for antifungal screening  

Aspergillus niger 

Rhizopus solani 

3.9.2.2  Preparation of media 

 For the preparation of potato dextrose agar medium, glucose (20 g), potato starch 

(20 g) and agar agar (20 g) was dissolved in distilled water (1000mL) in properly wool 

plugged flask and autoclaved at 121°C for 15 minutes to remove the contamination from  

the medium. 
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3.9.2.3. Dispersion of medium  

This sterilized medium was poured into petri plates and allowed to cool and set as 

gel of 2-3 mm thickness and these plates were incubated overnight at 37°C to check the 

any type of contamination. Plates showing any growth of microorganism were discarded. 

3.9.2.3 Antifungal Screening 

Different concentration of extracts was prepared with similar to that prepared in 

the antibacterial assay. Inoculated fungal culture was poured into medium. Filter paper 

discs (6 mm) with different concentrations of extracts and standard antifungal drug 

(fluconazole) were placed on the medium. These plates were incubated at 37°C for 3-4 

days. The diameters of inhibition zones were measured in (mm) with zone reader. 

3.10. STATISTICAL ANALYSIS 

Each sample was analyzed in triplicate and data is expressed as mean ± SD. 

Data was analyzed using analysis of variance ANOVA in SPSS 15 software. Tukey 

Multiple Comparison test was used for comparison of means of different experiments (p 

< 0.05, p < 0.000). Multiple linear regressions were performed with software Statistica. 
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Chapter # IV 

 

RESULTS AND DISCUSSION 

 

 The research work was planned to establish the correlation of polyphenolic 

contents of indigenous medicinal plants with their important bioactivities. The project 

comprises two integrated phases, Firstly the extraction, identification and quantification 

of polyphenols and secondly evaluation of the bioactivities of polyphenols. 

 Plant extracts and herbal formulations are getting more considerations being safe 

antioxidant and free radical protectors. Phenolic composition of medicinal plants is 

mainly responsible for antioxidant activity and contributes to their biofunctionalities such 

as reduction of chronic and degenerative diseases including cancer, cardiac, and 

infectious diseases etc. (Gulcin et al., 2007). 

Five indigenous medicinal plants were selected to study their efficacious role as 

antioxidant, cardioprotective, immunomodulatory and anti-infectious agents on the basis 

of folk literature, information generated by previous studies of research group and the 

personal experience of our research group leader. Terminalia arjuna, Rheum emodi, 

Euphorbia tirucalli, Cyperus rotundus and Trigonella foenum were the plants of choice 

for this study. The concentration of phytochemicals varies in different parts of plants. 

Therefore variation in bioactivities will certainly depend upon different parts of the same 

plant. It has been reported in many studies that the amount of phenolics vary in different 

parts, varieties and family of plants (Kim et al., 2003; Bouayed et al., 2004;  Adedapo et 

al., 2009; Olabinri et al., 2009). Therefore the bark of Terminalia arjuna, rhizomes of 

Rheum emodi, whole plant of Euphorbia tirucalli, rhizomes of Cyperus rotundus and 

seeds of Trigonella foenum were selected for this project. 

 In addition to the conventional use of medicinal plants, a newly emerging way of 

therapy, the gemmotherapy has also been included in this study. Gemmotherapy is a 

therapeutic method, where plant bud extracts and other young tissues freshly harvested 

from living growing plants are used. Gemmotherapy plays a unique and important role in 
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many detoxification processes. Various diseases can occur when the dislodged 

bioenergetics toxin are not drained from the body, due to lack of an effective elimination 

process. Embryonic plant materials like buds and young shoots of the selected plants 

were collected in the spring. At germinating stage, plants activities are at peak and many 

nutrients, vitamins, hormones enzymes and phytoconstituents are released and available 

at this stage. Buds and young shoots of Terminalia arjuna, Euphorbia tirucalli, 

Trigonella foenum and Cyperus rotundus were freshly harvested and their gemmo 

modified extracts were prepared for determination of Polyphenols and their bioactivities. 

4.1. Extraction of Polyphenols from Plant Material 

 Extraction is a very critical step for the recovery of bioactive compounds. 

Extraction solvents and the conditions have great impact on yield and bioactivities of 

extracts (Me et al., 2007). Prior to determine biological activities, proper extraction of 

bioactive compounds from medicinal plants were performed by sequential extraction with 

solvents of different polarities in soxhlet apparatus.  

The yield obtained using different solvents from all the plants has been presented 

in the Table 4.1. The highest yield from Terminalia arjuna bark was obtained with the 

solvent methanol (17.5%) followed by water, (15%), acetone (10%), ethyl acetate (8%), 

and n-hexane (6%). 

Euphorbia tirucalli showed extract yields of 17, 13.2, 9.3, 7.2, and 2% with water 

methanol, acetone, ethyl acetate and n-hexane respectively. Rheum emodi showed 16.5% 

extract yield with methanol, 9.5% with ethyl acetate, 6% with acetone, 7.4 % with water 

and 5.2% with n-hexane. Cyperus rotundus gave highest extract yield with methanol 

(15.52%) followed by water (11.2%), acetone (9%), ethyl acetate (7.2%), and least with 

n-hexane (4.5%). Trigonella foenum seeds offered 14.3 % methanolic extract yield, 

followed by water (12.9%), ethyl acetate (10%), acetone (9.5%) and n-hexane (5%). The  

of gemmomodified extracts (extracted with mixture of glycerin and methanol) of 

Terminalia arjuna, Euphorbia tirucalli, Cyperus rotundus, and Trigonella foenum was 

correspondingly 16.3, 13.5, 12.3 and 10.00 %. 

 The extract yields obtained from different plants with different solvents varied 

significantly. Variation in extract yields might be due to the different chemical nature of 

extractable compounds. Sequential soxhlet extraction with solvents of different polarities 
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is an important method for extraction of polyphenols. Many studies related to sequential 

extraction have already been reported in literature (Dukic et al., 2008; Rafael et al., 2008; 

Sharififar, 2009; Tian et al., 2009; Rohman et al., 2010). The selection of solvents may 

be modified according to the requirement of extraction material. Some studies are also 

reported regarding the same solvent system used in this study for extraction (Adesegun et 

al., 2007; Djeridane et al., 2006; Motlhanka et al., 2008).  

The yield of extract reported by other scientists about Terminalia arjuna is almost 

close our findings. Sridhar and Gopal 2009 reported 13.26 % extract yield from bark of 

Terminalia arjun with methanol. Some reports are also available regarding the yield of 

extracts from under study plant materials with different solvents. Jyothi et al., 2008 

prepared extracts from Euphorbia tirucalli by successive extraction using various 

solvents in the increasing order of their polarity (pet ether, chloroform and methanol) in 

soxhlet apparatus. The yield of extract from rhizomes of Cyperus rotundus was 16.4% 

with aqueous methanol in soxhlet apparatus (Nagulendran et al., 2007) that is comparable 

with our finding (15.5%.). Souri et al., 2008 has reported less yield of methanolic extract 

(11.12 %) from the seed of Trigonella foenum than finding of this study. 

4.2. Determination of Total Polyphenols by Folin-Ciocalteu Method 

 In recent years interest in plant Polyphenols has increased due to their 

nutraceutical importance. Polyphenols are the stumbling blocks in the occurrence of free 

radical associated disorders like heart diseases, cancer, infections and immune disorders 

(Esterbaver et al., 1991; Gulcin et al., 2007; Fei. et al., 2007; Jayakumar et al., 2009). 

 Total Polyphenolic contents (TPC) were determined by the Folin-Ciocalteu 

method and expressed as mg gallic acid equivalent (GAE)/ g of dry plant material. Folin 

reagent gives blue color complex with phenols which can be quantified using 

spectrophotometer (Slinkard and Singleton 1977). The quantities of polyphenols 

extracted with different solvents from various plants have been presented in Table 4.2. 

Maximum TPC were found in the Terminalia arjuna. Amongst different solvents 

methanol extracted aliquot showed maximum polyphenols from the bark of Terminalia 

arjuna (136.3 ± 1.06 GAE mg/g). Gemmo modified extract of Terminalia arjuna showed 

133 ± 108 GAE mg/g TPCs. Ethyl acetate, acetone, n-hexane and water extracts offered 
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TPCs 28.07 ± 1.12, 50.17 ± 1.75, 4.0 ± 2.64 and 90.33 ± 1.05 GAE mg/g of dry plant 

material respectively. 

 The amount of total polyphenols found in the bark extract of arjun was higher 

than earlier reported by Sultana  et al., 2007 (12 g/100 g) and lower than reported by 

Bajpai et al., 2005 (bark 145 mg/g, leaves 143 mg/g fruit 133 mg/g). In another study 

Sridhar and Gopal 2009 reported just 5.98 mg/g polyphenols in arjun. Variation in total 

Polyphenols quantity may be due to difference in extraction technique, experimental 

conditions, nature of solvents and climatic and varietal variations. Glycerin and methanol 

mercerized extract (gemmo modified) of young shoot and buds of Terminalia arjuna 

showed considerable high TPC value, which is comparable to the TPC of bark. As 

gemmotherapy is new field no considerable previous work has been reported by any one.  

The maximum amount of TPC in Rheum emodi was detected in methanolic 

extract (104.10 ± 1.05 mg/g), followed by ethyl acetate (40.8 ± 1.08 GAE mg/g), acetone 

(29.33 ± 1.055 GAE mg/g) and n-hexane (10 ± 1.00 GAE mg/g). Water extract also 

showed good amount almost near to ethyl acetate (40 ± 1.00 GAE mg/g).  TPC in Rheum 

emodi was higher than the reported values of some other species of rheum e.g. Rheum 

ribes of same family had 48.66 GAE mg/g total polyphenols (Ozturk et al., 2007). No 

significant work on quantified amount of TPC from Rheum emodi   has already been 

reported.                                

 Total polyphenols in terms of GAE mg/g in the methanolic extract from Cyperus 

rotundus rhizomes were found to be 91.46 ± 1.45. On the other hand the extracts with 

ethyl acetate, acetone and n-hexane showed TPC 28.3 ± 2.46, 23.23 ± 1.12 and 4.66±1.52 

GAE mg/g respectively. Less total Polyphenols were detected in the gemmo modified 

extract of Cyperus rotundus (41.46 ± 1.26 GAE mg/g) as compared to methanolic extract 

of rhizomes. According to the results of this study amount of TPC found in Cyperus 

rotundus rhizome was different than earlier reported (73.27 ± 4.26 g/100g extract) by 

Nagulendran et al., 2007. 

 Maximum amount of TPCs from Euophorbia tirucalli was found in the methanol 

extract (75.22 ± 1. 05 GAE mg/g). Other solvents proved less efficient for extraction of 

phenolics except acetone (40.03 ± 1.95 GAE mg/g). Gemmo modified extract of 

Euophorbia tirucalli contained greater phenolics (76 ± 1.52 GAE mg /g) than dry plant, 



 
55

however this difference was non-significant (p < 0.05) with the contents of methanolic 

extract but significantly higher than values found in other solvent extracts. These values 

are close to the finding of Sharma et al., 2007 who reported 52.92 ± 5.62 mg GAE/g of 

crude extract TPC in another plant (Euophorbia hirta) of the family Euphorbiaceae. This 

variation may be due to difference of species and nature of extract. 

 Both seeds and young buds and fresh leaves (gemmo modified) extracts of 

Trigonella foenum were used for TPC analysis. The gemmo modified extract showed 

considerable high total phenolics (50.4 ± 0.37 GAE mg/g) than methanolic extract of 

seeds (38.33 ± 0.05 GAE mg /g). The value of TPC in seed are higher than the earlier 

reported values, investigated by Souri et al. (1.94.53 mg/ g), Wojdylo et al., 2007 (7.0 

GAE mg/100 gm) and lower than Kaviarasan et al., 2007 (78.6 GAE mg/g). Gupta and 

Prakash 2008 reported 6.37 GAE mg/g of TPC in leaves of Trigonella foenum. Variation 

in total Polyphenols quantity may be due to difference in extraction techniques, 

experimental conditions and nature of solvents, climatic and varietal variations. No 

previous studies are available about TPC of gemmomodified extracts of under study 

plans.  

Significant difference (P < 0.05) was observed in amount of total polyphenols 

extracted from different plant materials. All under study plants offered appreciable 

amount of total Polyphenols. Among medicinal plants bark and gemmo modified extracts 

of Terminalia arjuna had the highest amount of TPC followed by Rheum emodi, Cyperus 

rotundus, Euphorbia tirucalli, and Trigonella foenum. The highest extract yield and total 

polyphenols was obtained with methanol followed by water. Methanol was also reported 

as best extracting solvent in many previous studies (Motlhanka et al., 2008; Rafael et al., 

2008; Sharififar et al., 2009; Shridhar and Gopal, 2009). 
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Table 4.1.    Percentage (%) yield of the extracts with different solvents from medicinal plants 

 

 Water  extract Methanolic 
extract  

Ethyl acetate 
extract 

Acetone 
extract  

n-Hexane 
extract 

Gemmo 
modified 
extract 

Terminalia arjuna  15.0 17.5 8.0 10.0 6.0 16.3 

Rheum emodi 6.0 16.5 7.4 9.5 5.2  

Cyperus rotundus                       11.2 15.52 7.2 9.0 4.5 12.3 

Euphorbia tirucalli  17 13.2 7.2 9.3 2.0 13.5 

Trigonella foenum  12.9 14.3 10.0 9.5 5.0 10.0 
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Table 4.2. Total Polyphenolic contents of different extracts of medicinal plants in  mg GAE /g, dry or fresh weight 

of plants  
 
 

 Water  extract Methanolic 
extract  

Ethyl acetate 
extract 

Acetone 
extract  

n-Hexane 
extract 

Gemmo 
modified 
extract 

Terminalia arjuna  90.33+1.050 136.3+1.06 28.07+1.112 50.167+1.75 4.000+2.64 133.1+3.1 

Rheum emodi 40.00+1.000 104.1+1.05 40.800+0.08 29.333+3.05 10.000+2.00  

Cyperus rotundus      35.46+1.845 91.467+1.5 28.300+2.46 23.233+1.26 4.667+1.528 41.45+1.5 

Euphorbia tirucalli  24.10+1.015 75.22+1.30 9.66+16.743 40.033+1.05 3.667+2.082 76.0+2.54 

Trigonella foenum  29.66+1.528 38.33+0.5 21.00+1.00 14.100+1.05 2.000+1.000 50.40+0.38 

 
       All values are expressed as mean + SD (n= 3) 
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4.3. HPLC Analysis of Flavonols 

 Amongst the different extracting solvent the methanolic extract showed highest 

amount of total polyphenols determined by Folin-Ciocalteu method, so HPLC analysis of 

flavonols was carried out only with methanolic extract. The concentrations of flavonols 

detected in medicinal plants have been shown in Table 4.3. HPLC chromatogram of 

different plant extracts and standard have been shown in Figs. 4.1- 4.10. Myricetin was 

the most abundantly present flavonol in all medicinal plants. Highest level of myricetin 

was found in gemmo modified extract of Trigonella foenum (830 ± 1.00 µg/g) followed 

by Euphorbia tirucalli (821 ± 0.45 µg/g), Terminalia arjuna bark (817 ± 0.25 µg/g), 

Rheum emodi (708.7 ± 1.2 µg/g), rhizomes of Cyperus rotundus (702 ± 0.23 µg/g) and  

seed extract of Trigonella foenum (547 ± 0.9 µg/g). Gemmo modified extracts of Cyperus 

rotundus, and Terminalia arjuna contained 104 ± 0.5 and 503 ± 0.05 μg/g, myricetin 

respectively.                                                                          

  Quercetin was another very important widely distributed flavonol. The highest 

contents were found in rhizomes of Cyperus rotundus (110.6 ± 0.56 μg/g) followed by 

Rheum emodi (67.5± 0.9 μg/g), Terminalia arjuna bark (66.5 ± 1.00 μg/g), and 

Europhobia tirucalli (1.3 ± 0.2 μg/g). The level of this important flavonol in gemmo 

modified extract of Terminalia arjuna was 60 ± 0.9 μg /g which is very close to the bark 

extract. Quercetin was not detected in Trigonella foenum and gemmo modified extract of 

Cyperus rotunda.  

 Kaempferol is also very important flavonol, and the concentration varied 

extensively among the different medicinal plants. Rheum emodi showed highest content 

(106 ± 1.3 µg/g) followed by Cyperus rotundus rhizome (32 ± 0.5 µg/g), Terminalia 

arjuna bark (7.6 ± 2.5 µg/gm), gemmo extract of Terminalia arjuna (1.8 ± 0.9 µg/g) and 

gemmo modified extract of Trigonella foenum (1.13 ± 0.8 µg/g). Kaempferol was not 

detected in the extract of Europhobia tirucalli, gemmo modified extract of and Cyperus 

rotundus and Trigonella foenum seed. 

 The concentrations and types of flavonol from Terminalia arjuna identified in this 

analysis are different from pervious reported by Sultana and Anwar 2008. Results of 

Trigonella foenum are also not in agreement with investigations of Wajdylo et al., 2007. 
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The difference may be explained by the difference in extraction conditions, and climatic 

variations. 

4.4. HPLC Analysis of Flavanol and Phenolic acids 

 Plant polyphenolics have attained remarkable attention in the present scenario as 

potential source of antioxidants (Katalinic et al., 2007, Wajdylo et al., 2007) because they 

protect human beings against heart disease, cancer, and infectious diseases (Cai et al., 

2004; Yao et al., 2004; Jiangrong and Jiang, 2007). Phenolic acids are major constituent 

of many medicinal plants. Reverse Phase High Performance Liquid Chromatography 

(RP-HPLC) was used for the identification and quantification of important phenolic acids 

from medicinal plants. As the Folin-Ciocalteu method showed highest total phenolics 

present in the methanolic extract, so HPLC analysis was carried out with methanolic 

extract only. HPLC is an important technique used for identification of phenolic acids. 

Five phenolic acids including, gallic acid, chlorogenic acid, p-coumaric acid, ferulic acid, 

caffeic acid and one flavanole (catechin) were determined by HPLC. Though Many 

pervious reports are available for HPLC analysis of phenolic acid (Ozkan et al., 2006; 

Vinha et al., 2002; Mozetic et al., 2002; Oslzewskai, 2007; Lachman et al., 2003), there 

are very limited literature about the plants under study.  

The phenolic acids identified by HPLC method varied widely in medicinal plants. 

The amount of polyphenols identified in different medicinal plants has been shown in 

Table 4.4. Gallic acid was the most abundant phenolic acid identified in all plants. The 

chlorogenic acid, p- coumaric acid, ferulic acid, caffeic acids are main phenolic acids 

present in these plants. HPLC chromatogram of different plant extracts and standard have 

been shown in Figs 4.11- 4.17. 

Terminalia arjuna bark extract exhibited plants the highest concentration of 

phenolic acids. Phenolic contents identified as gallic acid (93.76 ± 0.5 μg/g), catechin 

(4.6 ± 0.9 µg /g), chlorogenic acid (48.25 ± 0.5 µg/g), caffeic acid (8.93 ± 0.4 µg/g), p- 

coumaric acid (105 ± 0.8 µg/g) and ferulic acid (210 ± 0.9 µg/g). Gemmo modified 

extract of arjuna was found to be rich source of ferulic acid (175.50 ± 0.9 µg/g), gallic 

acid (82.96 ± 0.9 µg/g), caffeic acid (43.56 ± 0.2 µg/g), chlorogenic acid (27 ± 0.8 µg/g) 

and catechin ( 2.10 ± 0.8 µg/g). Ferulic acid was not detected in gemmomodified extract 
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of Terminalia arjuna. The phenolic compounds of arjun investigated in this study are 

much different from the pervious reported compounds (Sultana et al., 2007). 

Rhizomes of R. emodi contained p-coumaric acid (112.5 ± 0.9 µg/gm) in the  

highest concentration followed by ferulic acid (102.8 ± 0.8 µg/gm), gallic acid (90.9 ± 

.05 µg /g), chlorogenic acid (62.8 ± 0.9 µg/g), and catechin (5.56 ± 0.5 µg /g). 

 Euphorbia tirucalli was found to be highest in p-coumaric acid (97.3 ± 0.9 µg/g), 

followed by chlorogenic acid (42.67 ± 1.3 μg/g), gallic acid (11.9 ±1.2 µg/g) and catechin 

(4.59 ± 0.9 µg /g). Ferulic acid and caffeic acid were not detected in extract of Euphorbia 

tirucalli. 

 Gallic acid (68.0 ± 0.8 µg /g), p-coumaric acid (116.74±1.2 µg/g), ferulic acid 

(41.17 ± 1.5 µg/g), chlorogenic (29.11 ± 0.7 μg/g), and catechin (1.68 ± 1.3 µg/g) was 

found in Cyperus rotundus rhizomes. Caffeic acid was not found in rhizomes of Cyperus 

rotundus. 

 Trigonella foenum seeds contained considerable amount of ferulic acid (104.8 ± 

1.3 µg/g) followed by p-coumaric acid (81.79 ± 0.9 µg /g), chlorogenic acid (41.90 ± 1.3 

µg/g), gallic acid (10.24±1.6 µg/g) and catechin (3.4 ± 0.2 µg/g). Gemmo modified 

extract of Trigonella foenum contained gallic acid (15.79 ±0.8 µg/g), catechin (0.63 ± 

0.01 μg/g), chlorogenic acid (29.81 ± 0.09 µg/g), caffeic acid (9.21±0.02 μg/gm), p- 

coumaric acid (70.20 ± 0.02 µg/g) and ferulic acid (114.25 ± 0.9 µg/g). Wajdylo et al. 

2007 also reported that Trigonella foenum contained P-coumaric acid, and Neo-

chlorogenic acid in high amount. All selected medicinal plants are rich sources of 

phenolic acids and they play important role in biological activities of these plants. 

 

. 
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Table 4.3. Flavonol contents of different medicinal plants (µg/g) of dry or fresh weight of plant) quantified by 
HPLC 

 
 
 Myricetin Quercetin Kaempferol Total flavonols 

Terminalia arjuna (Bark) 
 

817.8+ 0.25 66.1+.0.5 7.6+2.5 891.5±2.5 

Terminalia arjuna (Gemmo modified) 
 

503+0.05 60.3+.95 1.8+0.9 564.8±0.95 

Rheum emodi 
 

708.7+1.2 67.5+1.5 106+1.3 881.5±1.3 

Euphorbia tirucalli 
 

821+0.45 1.31+0.2 N.D 822.31±.35 

Cyperus rotundus ( gemmo modified) 
 

104+0.5 N.D N.D 104±.0.5 

Cyperus rotundus(Rhizome) 
 

702+0.23 110.6+0.56 32+0.5 744.6±0.83 

Trigonella foenum(gemmo modified) 
 

830+0.9 N.D 1.13+0.8 831.3±1 

Trigonella foenum(Seed) 
 

547+1.5 N.D N.D 547±1.5 

 
         Values are mean + S D of triplicate analysis,   N.D = not   detected
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Table 4.4. Phenolic acids and flavanole contents (µg/g) of dry or fresh weigh) in different medicinal plants 

quantified   by HPLC 
 
 Gallic acid Catechin Chlorogenic 

acid 
Caffeic 
acid 

p-coumaric 
acid 

Ferulic acid 

Terminalia arjuna(Bark) 
 

93.76 +0.5 
 

4.6+0.9 48.25+0.5 8.98+0.4 105.7+0.8 210.3+0.9 

Terminalia arjuna(Gemmomodified) 
 

82.0+0.8 2.1+0.8 27.0+0.8 43.56±0.02  N.D 175.5+0.9 

Rheum emodi 
 

90.9±0.05 5.5+.0.5 62.8+0.9 N.D 112.+0.9 102.5+0.8 

Euophorbia tirucalli 
 

11.9+1.2 4.59+0.9 42.6+1.3 N.D 97.3+0.9 N.D 

Cyperus rotundus(Rhizome) 
 

68.0+1.3 1.6.8+1.3 29.1+0.7 N.D 116.74+1.2 41.17±0.55 

Trigonella foenum(Seed) 10.24±0.25 3.4+0.2 41.90+1.3 N.D 81+0.9 104.5±1.3 

Trigonella foenum(gemmomodified) 
 

15.76+0.8 0.63±0.01 29.81±0.09 9.2±0.02 70.20±0.02 114.25±0.0.9 

  
        Values are mean + SD of triplicate analysis,   N.D = not   detected 
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                                             Retention time in min 
 
Fig. # 4.1. HPLC Chromatogram of standards of flavonols. 
                           1- Myricetin, 2- Quercetin, 3- Kaempferol, 
 
 
 

 
                                                  Retention time in min 
 
 Fig. # 4.2.  HPLC Chromatogram of flavonols of Terminalia arjuna (bark) 

1- Myricetin 2- Quercetin, 3- Kaempferol, 
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                                                    Retention time in min 
 
 
 Fig. # 4.3. HPLC Chromatogram of flavonols of Terminalia Arjuna (gemmo 

extract):   1- Myricetin 2- Quercetin, 3- Kaempferol 
 
 

  
                                                      Retention time in min 
             
Fig. #4. 4. HPLC Chromatogram of flavonols of Euophorbia tirucalli (gemmo 

modified extract): 1- Myricetin 2- Quercetin, 3 - Kaempferol, 
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                                                   Retention time in min 
               
Fig. # 4.5. HPLC Chromatogram of flavonols of Euophorbia tirucalli (dry Plant):  
                      1- Myricetin 2- Quercetin, 3- Kaempferol, 
 
 
 

 
                                                 Retention time in min 
 
Fig. # 4.6.  HPLC Chromatogram of Flavonols of Trigonella foenum (seed):1- 

Myricetin 
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                                                 Retention time in min 
               
Fig. # 4.7. HPLC Chromatogram of flavonols of Trigonella foenum (gemmo 

modified extract): 1- Myricetin 2- Kaempferol, 
 
 
 

      
                                                Retention time in min 
Fig. # 4.8. HPLC Chromatogram of flavonols of Cyperus rotundus (rhizome):  
                         1- Myricetin, 2- Quercetin, 3- Kaempferol 
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                                               Retention time in min 
 
 
Fig. # 4.9.  HPLC Chromatogram of flavonols of Cyperus rotundus (gemmo 

extract):   1- Myricetin 
 
 
 
 

 
                                                Retention time in min 
 
Fig. # 4.10  HPLC Chromatogram of flavonols of Rheum emodi: 
                        1- Myricetin,  2- Quercetin,  3- Kaempferol, 
  
 
 
 
 
 



 
68

 
 
 
 
 

 
 
                                                            Retention time in min 
Fig. # 4.11. HPLC Chromatogram of Standards of phenolic acid: 1-Gallic acid, 2-

Catechin, 3-Chlorogenic acid, 4-Caffeic acid, 5-ρ-Coumaric acid, 6-
Ferulic acid.  
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                                                      Retention time in min 
 
Fig. # 4.12.  HPLC Chromatogram of phenolic acids and flavanol of Trigonella 

foenum (gemmo): 1-Gallic acid, 2-Catechin,  3-Chlorogenic acid, 4-
Caffeic acid, 5-Ferulic acid.  

 
 

 
                                               Retention time in min 
 
Fig. # 4.13.  HPLC Chromatogram of phenolic acids and flavanol of Terminalia 

arjuna (bark): 1-Gallic acid, 2-Catechin, 3-Chlorogenic acid, 4- ρ-
Coumaric acid,  

                        5- Ferulic acid. 
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                                                 Retention time in min 
Fig. # 4.14. HPLC Chromatogram of phenolic acids and flavanol of Euophorbia 

Tirucalli: 1-Gallic acid, 2-Catechin, 3-Chlorogenic acid, 4- ρ-
Coumaric acid, 

 
 

 

 
                                                 Retention time in min 
Fig. # 4.15. HPLC Chromatogram phenolic acids and flavanol of Trigonella 

foenum (Seed): 1-Gallic acid, 2-Catechin, 3-Chlorogenic acid, 4- ρ-
Coumaric acid, 5-Ferulic acid 
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                                                          Retention time in min 
Fig. # 4.16. HPLC Chromatogram phenolic acids and flavanol of Cyperus 

rotundus (Rhizomes): 1-Gallic acid, 2-Catechin, 3-Chlorogenic acid, 4- 
ρ-Coumaric acid, 5-Ferulic acid 

 

 
 
                                                          Retention time in min 
Fig. # 4.17. HPLC Chromatogram phenolic acids and flavanol of Rheum emodi: 

1-Gallic acid, 2-Catechin, 3- ρ-Coumaric acid, 4-Ferulic acid 
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4.5. ANTIOXIDANT ACTIVITY  

Natural antioxidants are widely utilized in the food and medicine industries as they 

counteract the cellular free radicals. Antioxidant capacity is important marker for assessing 

medicinal bioactive components. A variety of methods are used to study antioxidant potential of 

medicinal plants. Owing to the different chemical nature and complexity of antioxidant 

compounds present in extract of medicinal plants, there is variation in their mode of actions, so 

more than one assay are advised for evaluation of antioxidant activity. In this study four radical 

scavenging (DPPH, ABTS, superoxide anion, and nitric oxide), reducing power and inhibition of 

lipid peroxidation assays were performed to determine the antioxidant potential.  

4.5.1. DPPH   Radical Scavenging Assay 

 The important property of an antioxidant is its ability to scavenge free radicals. DPPH 

radical scavenging is one of the most commonly used method for assessment of antiradical 

activity of medicinal plants. The DPPH method is simple and time saving method. DPPH 

contains an odd electron which gives absorption maximum at 517 nm and is purple in color. 

When free radical scavenging antioxidants (phenolics) donates their hydrogen to free radical, it 

becomes paired with hydrogen and formed reduced form of DPPH (Gulcin et al., 2007, 

Bahramikia et al., 2008). After reduction, the color of DPPH is changed from purple to yellow. 

This discoloration is stoichiometric with respect to radical scavenging activity.  

 

Free radical scavenging activity of five indigenous medicinal plants, Terminalia arjuna, 

Euophorbia tirucalli, Cyperus rotundus, Rheum emodi, Trigonella foenum was evaluated. Six 

extracts prepared with different solvents and methods were assessed for DPPH inhibition at 

different concentrations (10–100 µg/mL). Percentage inhibition of DPPH radical with selected 

medicinal plants has been presented in figs 4.18a, 4.18b, and 4.18c 4.18d, 4. 18e. All under study 
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medicinal plants showed good antiradical activity having direct correlation with dose 

concentrations but with different efficacies.  

Terminalia arjuna extracts exhibited significantly highest radical scavenging activity 

among the under investigation plants. Methanol and water extract of bark exhibited good 

antioxidant activity 92 ± 0.64 % which is greater than the standard synthetic antioxidant BHT 

(Butylated hydroxyl toluene (85.5 ± 1.00 %). Water extract showed 73 ± 1.00 % DPPH radical 

inhibition .Gemmo modified extract showed 94.96 ± 0.72 % scavenging activity, which is 

greater than the  bark extract and the standard. The order of free radical scavenging potency for 

the tested extracts of arjuna was as follow; gemmo > methanol > water > acetone> ethyl acetate> 

n-hexane. 

 The methanolic extract of Rheum emodi rhizomes possessed highest antioxidant activity 

(84.0 ± 0.85 %) at concentration of 100 µg /mL followed by in extract of water (69.5 ± 1.10%), 

ethyl acetate (46.00 ± 1.02%), acetone (38 ± 1.12%) and, n-hexane (20 ±.1.00%).  

Cyperus rotundus also proved as good free radical scavenger. The methanolic extract of 

Cyperus rotundus inhibited 82.9 ± 0.115 % radical at 100 µg /mL, which is very close to BHT 

(85.4 ± 0.2.31%). Water extract showed (51.4 ± 1.00 %) free radical quenching activity followed 

by ethyl acetate (38.66 ± 56 %), acetone (34.4 ± 1.00 %) and n-hexane (16 ± 0.25 %). Gemmo 

extract of Cyperus rotundus showed less free radical quenching activity (50 ± 1.59 %) in 

comparison to methanolic extract of rhizome and standard BHT (85.4 ± 0.2.31%). 

 Gemmo modified extract of Euophorbia tirucalli was most effective DPPH radical 

scavenger (80.2 ± 0.25 %) than methanolic extract (78.2 ± 0.20 %). However, this difference was 

statistically non-significant (p < 0.05). Antioxidant activity of Euophorbia tirucalli extracts was 

comparable with standard. Other extracts of Euophorbia tirucalli did not show good antioxidant 

activity.  

Trigonella foenum Gemmo modified extract was proved a stronger radical inhibitor as 

compared to seed extracts. Gemmo modified extract exhibited 76 ± 2.00 % radical inhibition 

activity which is greater than methanolic seed extract (71.0 ± 1.00 %). Water (62 ± 0.50 %), 

ethyl acetate (34 ± 1.0 %) and acetone (26.7 ± 2.08 %) extracts showed less inhibition. 

Trigonella foenum showed less free radical quenching activity in comparison with standard. 
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Fig. # 4.18a. DPPH   radical scavenging activity of different extracts of Terminalia arjuna. 

All values are an average of triplicate experiments and represented as mean 
± SD 
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Fig. # 4.18b. DPPH   radical scavenging activity of different extracts of Rheum emodi. All 
values are an average of triplicate experiments and represented as mean ± 
SD 
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Fig. # 4.18c.  DPPH radical scavenging activity of different extracts of Euphorbia tirucalli. 

All values are an average of triplicate experiments and represented as mean 
± SD 
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Fig. # 4.18d. DPPH   radical scavenging activity of different extracts of Cyperus rotundus. 
All values are an average of triplicate experiment and represented as mean± 
S.D 
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Fig. # 4.18e. DPPH   radical scavenging activity of different extracts of Trigonella foenum. 

All values are an average of triplicate experiments and represented as mean 
± SD 
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4.5.2. ABTS Radical Scavenging Assay   

 2.2 azino bis-3-ethyl benzo thiazoline 6-sulfonate (ABTS) radical scavenging assay is 

very important spectrophotometer method for the evaluation of antiradical abilities of plant 

constituents. The ABTS method is an easy, highly sensitive and rapid method. It involves the 

electron transfer process for neutralization of a free radical cation (ABTS). In the presence of 

extracts (antioxidant compounds) at different concentrations, absorbance of ABTS radicals at 

734 nm is decreased and antioxidant activity is measured in term of decolorization with reference 

to control (Bahramikia et al., 2008). Plant extracts with greater phenolics concentration quickly 

and strongly inhibited the ABTS radical cation (Katalinic et al., 2006). ABTS radical cation 

decolorization assay showed similar trends to that obtained by DPPH assay. The under study 

plants showed good antioxidant activity which is confirmed by inhibiting the ABTS radical 

cation. Different concentrations of extracts (10-100 µg/mL) and standard BHT (butylated 

hydroxy toluene, synthetic antioxidant) showed ABTS inhibiting activity in dose dependant 

manner (Fig 4.19a, 4.19b, 4.19c, 4.19d, 4.19e, and 4.19d). 

 Terminalia arjuna showed highest antiradical activity. Gemmo modified extract inhibited 

82.2 ± 1.00 % ABTS radical at the concentration of 100 µg/mL, which is higher than BHT 

(81.16 ± 1.04 %). Methanolic extract of bark exhibited 83.1 ± 0.50 % ABTS inhibition followed 

by water (68.16 ± 76 %), acetone (57.5 ± 1.35 %), ethyl acetate (41.16 ± 76 %) and n-hexane 

extracts (23.73 ± 1.61 %). Methanolic extract of bark and gemmo modified extract (young buds 

shoots and leaves) showed antiradical activity higher than BHT however this difference was not 

significant (p < 000).  

Methanolic extract of Rheum emodi was more powerful than other extracts of this plant in 

neutralizing the  radical (78 ± 0.76%). Water extract was also showed good antiradical (61.16 ± 

0.76 %) activity; however, these activities were less than positive control BHT. Other extract did 

not showed remarkable activities. Methanolic (76.2 ± 0.34 %) and water extract (60.9 ± 0.95 %) 

of Cyperus rotundus rhizome possessed high antiradical activities. Gemmo modified extract had 

inhibited 49.8 ± 1.00 % radical, which is significantly (p < 0.05) less than rhizomes. Euophorbia 

tirucalli gemmo modified and methanolic extract showed almost similar antiradical activity (74.3 

± 2.54, 73 ± 1.00 % respectively. Among the other extracts of Euophorbia tirucalli there were no 
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significant findings. Gemmo modified extract of Trigonella foenum proved as good free radical 

scavenger (66.16 ± 0.44%) as compared to methanolic extract of seed (61 ± 1.00%). All other 

extract of Trigonella foenum showed low level of antioxidant activity. 

4.5.3. Nitric Oxide Scavenging Assay 

 Nitric oxide (NO) is an effective pleiotropic mediator of various biochemical processes 

such as cell signaling, muscle relaxation, inhibition of platelet aggregation. It plays very 

important role in biological systems and shows its immense potential in vasodilatation, 

antimicrobial and anticancer activities. Surplus amount of nitric oxide is linked with numerous 

diseases. Oxygen reacts with the surplus of NO to produce nitrite and peroxynitrite anion, which 

act as free radicals and cause many inflammatory diseases (Nagulendran et al., 2007; Kumar et 

al., 2007; Balakrishnan et al., 2009).  

All under investigation extracts showed antiradical activity in dose dependant manner. 

Gemmo modified extract of Terminalia arjuna inhibited 70.8 ± 2.00 % radical at the 

concentration of 100 µg/mL. Methanolic extract of Terminalia arjuna (bark) inhibited 67.3 ± 

0.76 % NO, which was comparable to BHT (65.26 ± 0.20 %). Water extract of bark had lower 

level of NO scavenging activity (Fig 4.20a). 

Rhizome of Rheum emodi inhibited (59.1 ± 1.27 %) radical scavenging activity while 

water extract offered very less radical scavenging effect (26.6 ± 1.52 , Fig 4.20 b). 

Methanolic extract of Cyperus rotundus rhizomes possessed 48.7±0.56% anti nitric oxide 

radical activity. Gemmo modified extract of Cyperus rotundus (30 ± 1.00 %) had no remarkable 

activity against reactive nitric oxide (Fig 4.20 c). 

Gemmo modified and methanolic extract of Euophorbia tirucalli exhibited 44 ± 0.99 and 

45.40 ± 0.90 % activity respectively. Nitric oxide scavenging activity of Euophorbia tirucalli 

was significantly (p < 0.05) lower than standard BHT (65.28 ± 0.20 %, Fig. 4.20 e). 

Gemmo modified extract of Trigonella foenum was effective nitric oxide (NO) radical 

scavenger (53.16 ± 1.04 %), and better  than seed extract (44.3 ± 2.08, Fig. 4.20 d). 

4.5.4. Superoxide Scavenging Assay 

 Superoxides anion (O2
−) is generated through many processes and damage biomolecules 

that may resulted in lipid peroxidation, cardiac diseases, and many other disorders (Gulcin et al., 
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2007, Nagulendran et al., 2007). This activity was performed by using NBT (Nitro blue 

tetrazolium) reagent. Super oxide radical is generated by autoxidation of hydroxyl amine 

hydrochloride in presence of NBT. Super oxide could reduce NBT resulting in formation of blue 

formazine, which gives maximum absorbance at 560 nm. Decrease in absorbance in the presence 

of free radical scavengers (antioxidant compounds) is indicating super oxide anion scavenging 

activity of the extract. Percentage scavenging of super oxide anion (O2
-) is increases with 

increase in concentration of antioxidant extract (Jayakumar et al., 2009). 

 Terminalia arjuna gemmo modified extract at concentration of 100 µg/mL inhibited the 

formation of reduced NBT and the % inhibition was 74 ± 0.76 % which was greater than BHT 

(71.16 ± 1.04 %). Methanolic extract of Terminalia arjuna bark inhibited 72.3 ± 1.36 % super 

oxide anion (O2
-) radical which was greater than BHT and less than gemmo modified extract  

(Fig.4.21a).   

Gemmo modified extract of Euophorbia tirucalli had higher inhibition (64.33 ± 1.52 %) 

effect on superoxide than methanolic extract of dry plant (58.83 ± 3.2 2%). However this effect 

was lower than BHT. Water extract did not show good inhibition (36.1 ± 0.84 %) (Fig.4.21b). 

 Methanolic extract of Cyperus rotundus exhibited 50 ± 1.12 % inhibition followed by 

gemmo modified extract (28.66 ± 1.52 %). Water extract (23.3 ± 1.52 %) had no significant 

effect on radical scavenging (Fig 4.21d) 

 A higher inhibitory effect (69.57 ± 1.10 %) with methanolic extract of Rheum emodi 

rhizomes was observed. Water extract has 45.5 ± 1.12 % inhibition of super oxide anion radical 

(Fig 4.21c) 

Methanolic extract of Trigonella foenum (seed) showed less reactivity toward super oxide 

inhibition (44.4 ± 0.28 %) while Gemmo modified extract of Trigonella foenum had a better  

effect on inhibition (53.4 ± 1.00 %) of anion radical which is lower than BHT (71.16 ± 1.04 %) 

(Fig. 4.21e). 
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Fig. # 4.19a. ABTS radical scavenging activity of different extracts of Terminalia Arjuna. 
All values are average of triplicate experiments and represented as mean±SD 
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Fig. # 4.19 b. ABTS radical scavenging activity of different extracts of Rheum emodi. All 

values are average of triplicate experiments and represented as mean ± SD 
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Fig. # 4.19 c. ABTS radical scavenging activity of different extracts of Cyperus rotundus.           
                        All values are average of triplicate experiment and represented as mean ± SD 
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Fig. # 4.19d. ABTS radical scavenging activity of different extracts of Euphorbia tirucalli. 

All values are an average of triplicate experiments and represented as mean 
± SD 
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Fig. # 4.19e. ABTS radical scavenging activity of different extracts of Trigonella foenum. 

All values are an average of triplicate experiments and represented as 
mean±SD 
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Fig. # 4.20a. Nitric oxide radical scavenging activity of different extracts of Terminalia 

arjuna. All values are an average of triplicate experiments and represented as 
mean ± SD 
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Fig. # 4.20b Nitric oxide radical scavenging activity of different extracts of Rheum emodi. 

All values are average of triplicate experiments and represented as mean ± 
SD 
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Fig. # 4.20c. Nitric oxide radical scavenging activity of different extracts of Cyperus 

rotundus. All values are an average of triplicate experiments and represented 
as mean± SD 
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Fig. # 4.20d. Nitric oxide radical scavenging activity of different extracts of Euphorbia 

tirucalli. All values are average of triplicate experiment and represented as 
mean ± SD 
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Fig. # 4.20e Nitric oxide radical scavenging activity of different extracts of Trigonella 

foenum. All values are average of triplicate experiments and represented as 
mean ± SD 
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Fig. # 4.21a. Superoxide radical scavenging activity of different extracts of Terminalia 

arjuna. All values are average of triplicate experiments and represented 
as mean ± SD 
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Fig. # 4.21b. Superoxide radical scavenging activity of different extracts of Rheum emodi. 

All values are average of triplicate experiment and represented as mean  ± 
SD 
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Fig. # 4.21c. Superoxide radical scavenging activity of different extracts of Cyperus 

rotundus. All values are average of triplicate experiments and represented as 
mean  ±  SD 
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Fig. # 4.21d. Superoxide radical scavenging activity of different extracts of Euphorbia 

tirucalli. All values are an average of triplicate experiment and represented 
as mean ± SD 
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Fig. # 4.21e. Superoxide radical scavenging activity of different extracts of Trigonella 

foenum. All values are an average of triplicate experiment and represented as 
mean ± SD 
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4.5.5. Lipid peroxidation inhibition assay (Ammonium thiocyanate assay) 

 Free radical mediated chain reactions lead to oxidative damage of polyunsaturated lipids. 

Lipids peroxidation is responsible for oxidative stress in biological system. Many toxic products 

of lipid peroxidation can deteriorate other biomolecules, including DNA (Jayakumar et al., 

2009). The ammonium thiocyanate method measures the amount of peroxide produces during 

the experimental period by air oxidation of linoleic acid (unsaturated fatty acids). Peroxides 

oxidized Fe+2 to Fe+3 the later formed complex of red color with thiocyanate ion, which absorbed 

at 500 nm. Increase in absorbance indicates high concentration of peroxides. The effect of 

different extracts of medicinal plants on lipid peroxidation is shown in Figs 4.22a, 4.22b, 4.22c, 

4.22d, 4.22e.  

 Terminalia arjuna both bark and gemmo modified extracts exhibited effective 

antioxidant activity in linoleic acid system. 100 µg of methanolic bark extract inhibited the lipid 

peroxidation (77.01 ± 0.055 %) up to 72 hours as compared to control. Gemmo modified extract 

prevented the oxidation of linoleic acid (80.4 ± 0.07 %) higher than BHT (71.38 ± 0.053 %). 

Water extract also proved as effective antioxidant followed by acetone (55.9 ± 0 06 %) and ethyl 

acetate extract (40.6 ± 0.08 %).  

The methanolic extract of Rheum emodi rhizomes showed 72.3 ± 0.056 % peroxidation 

inhibition followed by ethyl acetate (61.53 ± 0.075) acetone extract (51.38 ±0.08) and water 

extract (39.38 ± 0.057).  

 Cyperus rotundus (methanolic rhizome extract) was found to be more effective. It 

inhibited the lipid peroxidation up to 68 ± 0.058 %. Gemmo extract of Cyperus rotundus was 

less inhibitor of lipid peroxidation (50.7. ± 3.36 %). 

Gemmo modified and methanolic both extract of Euophorbia tirucalli were effective to 

delay lipid peroxidation up to 72 h, and inhibited the formation of peroxides up to 66 ± 0.09 % 

and 64.6 ± 0.08 % respectively. 

 On other hand gemmo modified extracts of Trigonella foenum was more powerful than 

seed extract; it inhibited 65.23 ± 0.06 % oxidation. While seed extract (methanolic) exhibited 

59.07 ± 0.07 % activity. 
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Fig. # 4.22a. Antioxidant activity of Terminalia arjuna by the ammonium thiocyanate 

assay. All values are average of triplicate experiments and represented as 
mean ± SD 
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Fig. # 4.22b. Antioxidant activity of Rheum emodi by the ammonium thiocyanate assay 
.All values are an average of triplicate experiments and represented as mean ± SD 
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Fig. # 4.22c. Antioxidant activity of Cyperus rotundus by ammonium thiocyanate assay. 

All values are average of triplicate experiment and represented as mean ± SD 
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Fig. # 4.22d. Antioxidant activity of Euophorbia tirucalli by the ammonium thiocyanate 

assay. All values are average of triplicate experiment and represented as 
mean ± SD 
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Fig. # 4.22e. Antioxidant activity of Trigonella foenum by the ammonium thiocyanate 

assay. All values are average of triplicate experiment and represented as 
mean ± SD 
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4.5.6. Determination of Reducing Power 

 Antioxidants exert their action by breaking free radical chains and reacting with many 

peroxide intermediates by direct donation of electron or hydrogen atom (reduction). This is 

because the reducing capability of a compound may serve as a significant marker of its potential 

antioxidant activity. In the reducing power assay, the more antioxidant compounds convert the 

oxidation form of iron (Fe+3) in ferric chloride to ferrous (Fe+2). Prussian blue color complex is 

formed between reduced form of iron ((Fe+2) and ferricyanide, which absorbe at 700 nm (Gulcin 

et al., 2007; Jayakumar et al., 2009). In the presence of active extracts an increase in the 

absorbance, indicates reducing potential of extracts. 

In this study the reducing power of different extracts of medicinal plants was found to 

increase in direct proportion to the increasing concentration of extracts from 2 to 10 mg/mL). 

The reducing power of gemmo modified extract of Terminalia arjuna was found to be (3.15 ± 

0.02) at the concentration of 10 mg/mL. Reducing potential of gemmo modified extract of 

Terminalia arjuna was more pronounced than BHT (2.84 ± 0.03). Methanolic extract of 

Terminalia arjuna (bark) showed a highest reducing power (3.2 ± 0.06) than all other tested 

extracts and standard Fig 4.23a). 

 Rheum emodi (methanolic) extract has effective reducing power (3.187 ± 0.058). Water 

and ethyl acetate extracts of Rheum emodi also showed good reducing potential with the 

absorbance values of 2.53 ± 0.02 and 2.1 ± 0.06 respectively (Fig 4.23b). 

 Gemmo modified extract of Euophorbia tirucalli has good reducing power (2.58 ± 0.056) 

which was higher than methanolic extract of dry plant (2.42 ± 0.09) and  lower than BHT (2.79 ± 

0.036). Water (1.69 ± 0.075) and ethyl acetate extract (1.59 ± 0.058) had some extent of reducing 

power, but acetone and n-hexane extracts did not show good reducing potential (Fig 4.23d). 

 Methanolic extract of Cyperus rotundus rhizomes had higher reducing power (2.86 ± 

0.057) than water (2.26 ± 0.05), ethyl acetate (1.95 ± 0.07), acetone (0.7 ± 0.06) and n-hexane 

extract (0.133 ± 0.08). Gemmo modified extract of Cyperus rotundus had shown reducing 

potential (1.54±1.05) but its activity was significantly lower (p < 0.05) than BHT (2.89 ± 0.05) 

and methanolic extract of rhizome (Fig 4.23c). 
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Trigonella foenum gemmo modified extract demonstrated powerful reducing ability (2.48 

± 0.048) than methanolic seed extract (2.23 ± 0.056). However this activity was less than 

standard (2.9 ± 0.09). Water extract also had appreciable reducing capably (1.92 ± 0.025). All 

other tested extracts of Trigonella foenum showed less reducing power (Fig 4.23e). 
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Fig. # 4.23a. Reducing potential of different extracts of Terminalia arjuna extracts. All 

values are an average of triplicate experiments and represented as mean ± 
SD 
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Fig. # 4.23b. Reducing potential of different concentrations of Rheum emodi extracts. All 

values are average of triplicate experiments and represented as mean ± SD 
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Fig. # 4.23c. Reducing potential of different concentrations of Cyperus rotundus extracts. 

All values are average of triplicate experiments and represented as mean ± 
SD 
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Fig. # 4.23d. Reducing potential of different concentrations of Euophorbia tirucalli 

extracts. All values are average of triplicate experiments and represented 
as mean ± SD 

0

0.5

1

1.5

2

2.5

3

3.5

0 2 4 6 8 10

Concentration (mg/mL)

A
bs

or
ba

nc
et

 (
70

0 
nm

)

Water extract

Methanolic
extract

Ethyl acetate
extract

Aceton extract

n-Hexane extract

Gemmo extract

BHT

 
 
Fig. # 4.23e. Reducing potential of different concentrations of Trigonella foenum extracts. 

All values are average of triplicate experiments and represented as mean ± 
SD 
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 4.5.7.  Correlation Analysis of Polyphenolic Contents with Antioxidant Activity 
 

Calculated coefficients of correlations between antioxidant activity, scavenging effects on 

radical and contents of phenolic compounds of different medicinal plants are shown in figs 

4.24a, 4.24b. The antioxidant activity of all medicinal plant extracts was significantly correlated 

with their scavenging effects on DPPH, ABTS, O2
- NO radicals and reducing potential. 

Therefore, the antioxidant activity of plant extracts may be due to their scavenging effects on 

radicals, lipid peroxidation and reducing potential.  The scavenging effect of medicinal plants on 

DPPH (r = 0.9537), ABTS (r = 0.9610), super oxide anion (r = 0.8508,), nitric oxide (r = 0.8750) 

and reducing potential (r = 0.899) were well correlated with their contents of total polyphenolic 

compounds. The results are in agreement with previous reports that have been reported about 

highly positive relationship between total phenolics and antioxidant activity in many plant 

species. (Velioglu et al., 1998; Sofidiya et al., 2006; Katalinic et al., 2006;  Bakasso et al., 2008;  

Olabinri et al., 2009; Hodzic et al., 2009). 
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                                       Total Polyphenolic GAE mg/g 
Correlation between total Poly Phenolics and inhibition of DPPH:  r2 = 0.9095;  r = 0.9537, p = 0.0009;  y = 60.0578 + 0.2337*x 

 Correlation between total Poly Phenolics and inhibition of ABTS:  r2 = 0.9235;  r = 0.9610, p = 0.0006;  y = 52.2103 + 0.2414*x 

 Correlation between total Poly Phenolics and inhibition of O-2:  r2 = 0.7239;  r = 0.8508, p = 0.0152;  y = 28.8108 + 0.3145*x 

 Correlation between total Poly Phenolics and inhibition of NO:  r2 = 0.7656;  r = 0.8750, p = 0.0099;  y = 35.5616 + 0.2038*x 

Fig. # 4.24a. Correlation between Total Polyphenolic contents and antiradical potential of 
medicinal plants  
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DISCUSSION  

 Overall the results revealed that all studied plants showed antioxidant behavior but 

different in potential and varying polyphenolic contents. For extraction of polyphenols different 

solvents were used. Extract yield and its antioxidant activity was found strongly dependent on 

the nature and affinities of antioxidant constituents with solvents of different polarities. The 

results indicate that selective extraction with different solvents from natural material is important 

for getting fractions with high antioxidant potential. Methanol has proved as optimal solvent for 

extraction of polyphenolic antioxidants. The highest yield of extracts and amount of total 

polyphenols were observed in methanol, it is assumed that most of compounds can be preferably 

separated with methanol as solvent. Many other studies have also been reported about the 

extraction of polyphenols with methanol (Rajeshwar et al., 2005; Kelen and Tepe 2007; 

Adedapo et al., 2008, Bhalodi et al., 2008; Ogunlana et al., 2008; Sharififar et al 2009).  

There are various methods to evaluate the antioxidant potential of medicinal plants. 

These methods are different from each other on the basis of assay principles, and reaction 

conditions. In this work antioxidant activity was carried out through six assays. Antioxidant can 

show their mechanisms through different ways, due to complex nature of antioxidant 

compounds, it is suggested that in vitro antioxidant analysis were carried out essentially with 

more than one assay. Analysis through multiple assays would be more informative and 

compulsory to cover a wide range of possible applications of antioxidants (Aruoma, 2003; 

Sharififar et al., 2007; Ozturk, 2007). 

Results obtained from different antioxidant assays were varying in values.  The 

complexity of extract which include different functional group polarity and chemical behavior 

could give variation in the results, due to different in mechanism of antioxidant assays (Kelen 

and Tepe 2007). The results of this study showed that extracts were very powerful towards all 

antiradical assays (DPPH, ABTS, NO, O2
-). Extracts gave strong effect in DPPH assay followed 

by ABTS assay, lipid peroxidation inhibition assays and weaker in nitric oxide, super oxide 

scavenging. The variations in response of different extracts towards all in vitro antioxidant 

assays were due to difference in polyphenolic contents and composition. Results of analysis also 

depend upon the characteristic of a particular test reaction. The solubility of the test compounds 
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in the assay environment is another very important factor. Some tests are used for hydrophilic or 

some are used for hydrophobic compounds (Aruoma 2003; Kelen and Tepe 2007; Slusarczyk et 

al., 2009). DPPH and ABTS were used for hydrophilic and hydrophobic compounds (Ali et al., 

2007; Wojdylo et al., 2007). Lipid peroxidation and reducing power assays have also been 

applied for both hydrophilic as well as hydrophobic compounds. Nitric oxide (NO) assay 

required an aqueous buffered, hence more compatible with those compounds which can react in 

buffer with free radicals (Slusarczyk et al., 2009). Stereo selectivity of a radical or solubility of 

extract in different testing  systems have been also effect the ability of extract to neutralize 

different radicals (Yu et al., 2002;  Adedapo et al., 2009)..  

Among the all tested solvent extracts, the methanolic extract of all studied plants gave 

strongest antioxidant activity. It can be assumed that most of antioxidant compounds can be 

preferably extracted with the methanol and it may contain large quantity of hydrophilic and 

hydrophobic polyphenols. Powerful antioxidant activity of polar extract is due to presence of 

hydroxyl groups in antioxidant components (Rafael and Dutra 2008; Tian et al., 2009). 

Antioxidant activity is mainly due to collective antioxidant potential of polyphenols. The results 

are in agreements with previous reports that phenolic compounds significantly contribute to 

antioxidant potential of plants. (Miliauskas et al., 2003;  Rajeshwar et al., 2005;  Sofidiya et 

al.,2006; Cetkovic et al 2007; Fei et al., 2007;  Bakasso et al., 2008; Motlhanka, 2008; Olabinri 

et al., 2009). Among the gemmo modified extracts all tested extracts except gemmo modified 

extract of Cyperus rotundus showed powerful antioxidant potential. 

 HPLC analysis showed high flavonoid contents in all medicinal plants but varying in 

concentration. Three flavonols (quercetin, myricetin, and kaempferol) and one flavanol 

(catechin) were identified and quantified in medicinal plants. Superior antioxidant activity of 

tested medicinal plants is attributed to polyphenolic antioxidant components. Flavonoids are 

widely distributed polyphenolic compounds and acts as free radical scavengers by fast donation 

of hydrogen atoms to free radicals. Antioxidant activity of medicinal plant is manly attributed to 

flavonoids content of medicinal plants. Antioxidant activity of flavonoids is largely depend on 

the molecular structure (availability of phenolic hydrogen atom)  and substitution pattern of 
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hydroxyl groups, which effects on the stability of resulting phenoxyl radical by hydrogen bond 

or delocalization  of free electron (Amic et al., 2003) 

 

                                          

                                                (Basic structure of flavonols) 

  

 All structural requirements that regulate the free radical quenching potential of flavonoids 

are summarized in the above figure. Hydroxyl groups present on flavonoids is mainly 

responsible for the antioxidant activity. The structure and position of hydroxyl groups are crucial 

for antioxidant activity. 3’ 4’ ortho dihydroxy configuration (catechol) in B ring and 3-OH group 

in C ring is very important for antiradical efficacy. Catechol ring and C2 – C3 double bond 

conjugated with 4- keto moiety are essential for electron delocalization from the ring B, and it 

increases the antiradical activity (Sharififar et al., 2009). Many studies showed that when these 

structural features were removed from flavonoids structure their antioxidant activity was 

decreased (Amic et al., 2003; Silva et al., 2002, Furusawa et al., 2005). In the absence of o-

dihydroxy moiety in the B ring, hydroxy substituents in A-ring are capable to counterbalance and 

become important structure feature for antioxidant potential of flavonoids.  

                         

                          Quercetin                                                               Kaempferol 
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                        Myricetin                                                                    Catechin 

Quercetin and myricetin have all structural requirements illuminated in the above 

paragraph hence showed strong antioxidant values. Quercetin and myricetin are potent free 

radical scavengers (Alexandra, 2009, Silva et al., 2005, Middleton, 2000; Dukic et al., 2008). 

Kaempferol lack a catechol structure, however it has been reported in many studies that catechol 

structure in the B-ring is not always important characteristic for high free radical quenching 

potential of flavonoids. 3-OH group is a significant contributor to high antioxidant potential, so 

kaempferol also play very important role in antioxidant activity. Catechin is also well established 

free radical scavenger due to presence of catechol structure of ring B and m-hydroxy group at C5 

and C7. (Bouchet et al., 1998; Levites, 2001; Silva et al., 2002; Marin et al., 2004; Materska and 

Perucka, 2005). 

 Considerable variations have been observed in phenolic compounds of all tested 

medicinal plants, which were identified by HPLC. Phenolic acids are big class of compounds 

widely present in plants. The number of hydroxyl groups on phenol ring is actually essential part 

for antiradical activity. Antioxidant activity increases with an increase in number of hydroxyl 

groups. Ortho dihydroxy groups in phenol ring showed higher antioxidant activity than mono 

phenolics. All types of phenolic acids have shown their potential in antioxidant activity. For 

examples, p-coumaric acid has ability to stop oxidative damage and was found to inhibit the lipid 

peroxidation (Niwa et al., 2001; Tapia et al., 2004). Important phenolic acids like caffeic acid 

(Gulçin 2006), ferulic acid (Karamac et al., 2005, Balasobashini et al., 2004), gallic acid and 

chlorogenic acid (Kono et al., 1997, Lan 2007,) are also well reported antioxidants and exhibit 

strong pharmacological actions (Cai et al., 1997).  
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Amongst the different types of phenolic compounds, caffeic acid can better neutralize the 

free radicals as compared to ρ-coumaric acid due to additional 3, 4 dihydroxy phenolic ring with 

conjugation in the three carbon side chain (Kim and Lee 2004). Methoxy substitution at the ortho 

position is responsible for less antioxidant activity of ferulic acid than vanillic acid (Bouchet et 

al., 1998).  

In the present investigations amongst the understudied plants, the significantly highest 

polyphenolic contents and paramount antioxidant potential has been recorded in Terminalia 

arjuna. Gemmo modified extract (fresh leaves, young shoots, buds, mercerized in glycerin and 

methanol) showed higher antioxidant activity toward all tested assays, than bark extracts. Water 

extract also exhibited good antioxidant activity. Many studies have been reported about 

antioxidant activity of bark extracts (Vaidya et al., 2008; Shridhar and Gopal, 2007), but the 

antioxidant activity of gemmo extract is performed first time in Pakistan. Gemmotherapy; is the 

less studied research field, which is based on the use of embryonic and germinating parts of 

plants. The fact is that at this stage metabolic activity is at its peak and activity of enzymes and 

hormones is high. Some other studies have been suggested that phenolics are natural defense 

compound for plants. During early stage of germination when biological activity is on peak free 

radical are generated frequently and increased oxidation stress. A variety of secondary 

metabolites are synthesized due to photosynthesis, the phenolic contents are higher in young 

leaves (Randhir et al., 2004; Shahidi and Nackz 2004; Bhakta et al., 2009). The results of this 

study supports the high antioxidant activity of gemmo modified extract however the total 

polyphenols were less than bark but this difference was non-significant (p < 0.05). Gemmo 

modified extract of Terminalia arjuna could be an additional and superior source of natural 

antioxidants.  

HPLC analysis of Terminalia arjuna (both bark and gemmo modified extracts) revealed 

the presence of quercetin, myricetin, and catechin high and kaempferol in less quantity. Phenolic 

acids including gallic acid, caffeic acid, ferulic acid and p-coumaric acids have been present in 

high concentration and hence responsible for the high antioxidant activity of both bark and 

gemmomodified extracts of Terminalia arjuna. Bark and gemmo modified extract had 
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comparable TPC, but the slightly higher antioxidant activity of gemmo extract may be due to a 

high antioxidant enzymes level in fresh germinating buds and shoots. 

The second highest activity was observed with Rheum emodi. This contains appreciable 

amount of myricetin, quercetin catechin and polyphenols (gallic acid, P-coumaric acid, ferulic 

acid and chlorogenic acids). High polyphenolics and flavonols content are responsible for the 

excellent antioxidant potential of R. emodi. In literature antioxidant potential of different rhubarb 

species has been reported (Ozturk et al., 2007).  

Cyperus rotundus rhizomes has highest amount of quercetin. Myricetin and kaempferol 

are also present in good quantities. It contains gallic acid, P-coumaric acid, ferulic acid and 

chlorogenic acids. Cyperus rotundus rhizomes have good combination of phenolic acids and 

flavonols, which contributes collectively to the strong antioxidant action of rhizomes. Gemmo 

modified extract of Cyperus rotundus showed significantly (p < 0.05) fewer amount of total 

phenolics than the methanolic extract of rhizome. Quercetin and kaempferol were not detected 

into gemmo extract.  This may be the reason for less antioxidant activity of gemmo modified 

extract. These results are in agreements with earlier reports which confirm the antioxidant 

activity of rhizomes of C .rotundus (Nagulendran et al., 2007:  Yazanparast and Ardestani, 

2007).  

Euophorbia tirucalli has good quantity of antioxidant polyphenolics and demonstrated 

strong action towards free radicals. Myricetin was predominate flavonol in Euophorbia tirucalli. 

Phenolic acids including p-coumaric acid, gallic acid chlorogenic acids and catechin are 

identified by HPLC as major antioxidant constituents. In some previous reports plants of 

Euphorbiaceae family such as Euophorbia hirta (Sharma et al., 2007) and Euophorbia tirucalli 

(Jyothi et al., 2008) showed high phenolic contents and antioxidant activity. No significant (p < 

0.05) difference in polyphenolic contents and antioxidant activity was observed between gemmo 

modified and methanolic extracts of dry plant. Both showed almost similar performance towards 

free radicals.  

Trigonella foenum is a commonly used herb having a lot of medicinally important 

properties. HPLC analysis confirmed high concentration of phenolic acid in seed and fresh 

leaves and buds (gemmo) extracts. Myricetin was detected in high concentration but quercetin 
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was not detected in both seed and gemmo modified extract. Both extracts showed good 

antioxidant potential towards ABTS and DPPH antioxidant assays. They showed weak effect 

towards nitric oxide and O2
- scavenging assays. Among the both extracts gemmo modified 

extract demonstrated a high antioxidant activity than seed extracts. Fresh geminating leaves 

contained high polyphenolic contents and antioxidant enzyme activity which contributes in its 

improved antioxidant activity compared to seed extracts. These findings are in agreement with 

the results of Randhir et al., 2004 who reported greater antioxidant activity in germinating parts. 

The antioxidant activity of Trigonella foenum seed has been earlier reported by kaviarasan et al., 

2007 and Souri et al., 2008, but limited studies have been available on the antioxidant potential 

of leaves and gemmomodified extract.  

It is concluded that all studied medicinal plants showed good antioxidant activity but 

different in efficacy. Gemmo modified extracts of Terminalia arjuna and Trigonella foenum 

showed improved antioxidant potential as compared to their natively used parts.  A linear 

correlation is present between polyphenolic contents and antioxidant activity, Plants with higher 

phenolic contents showed superior antioxidant capability. Medicinal plants followed the order of 

effectiveness for antioxidant potential as; Terminalia arjuna > Rheum emodi > Cyperus rotundus 

> Euophorbia tirucalli > Trigonella foenum. 

4.6. CARDIO PROTECTIVE ACTIVITY 

Myocardial protection and prevention of cell necrosis has been an important therapeutic 

target due to the alarming worldwide increase in death rate caused by heart diseases. Increased 

reactive oxygen species (ROS) may be a big causative factor of myocardial problems and natural 

antioxidants are perhaps a good remedy for these problems. It is assumed that plants showing 

antioxidant activity will also act as antioxidant in vivo. This was confirmed by evaluating the 

effect of polyphenolic fractions in cardiac protection. Results of first part of the study (phenolic 

contents and antioxidant activity) indicate that the methanolic extract of all plants showed high 

TPC and exhibited strong antioxidant potential. Gemmo modified extract of Terminalia arjuna 

and Trigonella foenum demonstrated strong antioxidant activity. On the basis of these results 

crude methanolic extract of all plants and the gemmo modified extract of T. arjuna and T. 

foenum were selected for evaluation of cardio protective activities. 
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 The present study demonstrated the cardioprotective potential of polyphenolic rich 

fraction of medicinal plants in isoproterenol induced myocardial infarction in rabbits. 

Isoproterenol (ISO) induced model of myocardial infarction is popular experimental model used 

to study the cardiac functions and cardioprotective effect of many drugs (Grimm et al., 1998; 

Senthil et al., 2007).  

To assess the cardioprotective potential of medicinal plants both curative and preventive 

way of treatment were adopted. In curative cardioprotective activity cardio toxicity (ischemia 

and myocardial infarction) was induced in rabbits and then plant doses fed orally to ischemic/ 

myocardial infarcted rabbits once daily for four days. A blood sample was collected after 24 h of 

each plant dose administration to check the post treatment effect of plant doses. Preventive 

cardioprotective mode is related to pretreatment of animals with plant doses for three weeks and 

then myocardial infraction was induced with two consecutive doses of isoproterenol and blood 

sample were collected to evaluate the pre treatment effect of plant doses. In literature many 

studies about preventive cardioprotective mode of medicinal plants are available but research 

reports about curative mode are rare. In the present study cardioprotective potential in terms of 

curative and preventive modes of treatment were evaluated biochemically and pathologically. 

4.6.1. Preventive Cardioprotective Activity 

  In preventive cardioprotective activity different doses of plant extracts (100, 150, 

200 mg/kg b.wt.) were given for three weeks to experimental animals. After three weeks 

isoproterenol (ISO) was injected (85 mg/kg b.wt.) for two consecutive days to induced 

myocardial infarction which was confirmed by positive troponin test. Troponins are structural 

proteins of cardiac muscles. These proteins are secreted into blood with myocardial injury so 

these are good marker for myocardial infarction. Blood samples were collected and separated 

serum was assayed for cardiac marker enzymes. Two consecutive doses of ISO significantly (p < 

0.05) increased the level of cardiac marker enzymes (CK-MB, LDH, AST, ALT) in the 

isoproterenol (ISO) induced control group of animals 

A high dose of synthetic catechol amines like isoproterenol (ISO) have some toxic effects 

on cardiac tissues. High dose produces myocardial infarction in animals which is similar to acute 

myocardial infarction in humans (Panda and Niak  2008).  
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4.6.1.1. Effect of Different Plant Extracts On Serum Cardiac Markers 

(Enzymes) 

The effect of different plant extracts on serum enzymes was studied and discussed one by 

one in following paragraphs. 

4.6.1.1.1. Creatine kinase (CK-MB) 

Creatine kinase (CK) is an enzyme extracted by miscellaneous tissues and cells. CK 

catalyses the conversion of creatine and uses ATP to generate phospho creatine and ADP. 

Phosphocreatine serves as an energy reservoir in cells, especially in skeletal muscles, brain, eye 

retina, and hair cells. CK consist of two subunits CK-B (Brain type), CK-M (muscles type). CK-

MB is specifically present in cardiac muscles and assayed as marker of myocardial infarction 

(http://en.wikipedia.org/wiki/Creatine_kinase).  

Isoproterenol significantly (p < 0.000) increased the level of serum CK-MB (291.20  ± 

0.94 IU /L)  in the isoproterenol group as compared to normal control group (142.18 ± 1.49 

IU/L) indicating myocardial infarction in rabbits. Prior administration of three different doses 

(100, 150, 200 mg/kg b.wt.) of plant extracts significantly decreased the ISO induced elevated 

level of CK-MB  (Table 4.5).  

 Preventive cardioprotective  activity (three week prior treatment ) of T. arjuna bark 

extract at three dose levels 100, 150, 200 mg/kg body weight (b.wt.) showed significant (p < 

0.000) reduction  in  ISO raised CK-MB enzyme activities dose dependently 186.52 ± 2.37, 

164.58 ± 0.94 and 147.46 ± 0.67 IU/L respectively. Group of rabbits treated with the dose of 200 

mg/kg b.wt. bark extract brought ISO induced elevated enzyme level close to the normal. 

Gemmo modified extract of T. arjuna also demonstrated significant (p < 0.000) decline in CK-

MB level when compared to ISO control group. Highest decline was observed at the dose of 200 

mg/kg b.wt (156.4 ± 0.970 IU/ L). Treatment of T. arjuna bark extract showed greater effect in 

comparison of gemmo modified extract. This decline in enzyme level could be due to action of 

T. arjuna extracts on maintaining membrane integrity therefore constrained the leakage of 

enzymes.    

 Rheum emodi demonstrated significant (P < 0.000) reduction in ISO induced elevation of 

CK-MB level from 291.20 ± 0.94 IU /L to 161.78±1.161 IU/L at the dose of 200 mg/kg b.wt. 
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Cyperus rotundus treated groups showed decrease level to 172.56 ± 0.66 IU/L which is a highly 

significant (P < 0.000) decline as compared to ISO-treated control group. Euophorbia tirucalli 

also showed a dose dependent decline in enzyme level. The highest effect was observed at high 

dose (188.22 ± 0.798 IU/L).  

Treatment with the gemmo modified extract of Trigonella foenum exhibited greater 

cardioprotective effect as compared to the seed extract. Treatment of lower dose (100 mg/ kg 

b.wt.) showed less effect, however this effect was increased at high doses. Trigonella foenum 

gemmo modified and seed extract treatment resulted in considerable recovery of CK-MB level at 

the dose of 200 mg/kg b.wt   200.96 ± 2.65, 207.96 ± 2.52 IU/L respectively. 

4.6.1.1.2. Lactate dehydrogenase (LDH) 

 LDH catalyzes the interchange of pyruvate and lactate with an associated interchange of 

NADH and   NAD+. An elevel of LDH is an indicator of myocardial infarction. The level of 

serum LDH was significantly (p < 0.000) higher in ISO-treated group (512.42 ± 0.5 IU/L) in 

comparison of control (253.34 ± 1.418IU/L), which confirms the myocardial infarction in 

rabbits. Pre treatment (3 weeks) of different groups of rabbits with all plant extracts followed by 

administration of ISO showed significant reduction in the serum level of LDH (Table 4.6).  

T. arjuna preventive treatment of extract was found to decrease the ISO-induced elevated 

LDH level near to the control group and this effect was dose dependant. The decline in LDH 

level at the dose of 200 mg/kg b.wt. was observed (287.58 ± 0.99 IU/L), which was close to 

LDH level of the normal control group (253.3 ± 9.418). T. arjuna bark extract treatment was 

found to be highly effective to reduce the enzyme level. Highest effect of T. arjuna on LDH 

level was observed at the dose of 200 mg/Kg (271.48 ± 1.36IU/L), which became near to normal 

group. Gemmo modified extract of T. arjuna also significantly (p < 0.000) inhibited the release 

of LDH in serum. Pretreatment of extract (200mg/kg) significantly (P < 0.000) resulted in 

reversal of high enzyme level near to the normal level. Both extract showed significant recovery 

of enzyme activity which was deteriorated with ISO. Bark extract of T. arjuna has greater effect 

as compared to gemmo modified extract. 

Pretreatment of rabbits with Rheum emodi extract significantly (P < 0.000) blocked the 

ISO induced leakage of LDH enzyme from myocardium into serum. All doses of Rheum emodi 
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extract were found to be effective to reduce the ISO elevated enzyme level. The highest effect 

was demonstrated by the treatment of dose 200 mg/kg b.wt (289.400 ± 4.51IU/L), which was 

near to the normal control (253.34 ± 1.418IU/L).  

 Cyperus rotundus and Euophorbia tirucalli treated groups also showed significant 

decline in LDH level 300 ± 1.76, 322.54 ± 1.28 IU/L respectively. . Trigonella foenum gemmo 

modified extract showed maximum reductions only at higher dose (352.9 ± 4.72IU/L), reduction 

was greater than seed extract treated groups (361.52 ± 1.01IU/L). The enzyme level in both 

extract gemmo modified and seed of Trigonella foenum treated groups were significantly (p < 

0.000) lower in comparison of ISO treated control groups.   

4.6.1.1.3. Aspartate aminotransferase (AST) 

 AST catalyses the intermolecular transfer of amino groups, which is an important 

metabolic reaction. The high quantity of enzyme is predominantly present in heart and liver 

tissues. AST released into blood when certain tissues or organ particularly heart and liver are 

injured. Elevated level of AST is important test for diagnosis of myocardial infarction, all though 

it is less specific than CK-MB. 

 Two consecutive doses of ISO significantly (p < 0.000) increased the AST level (73.3 ± 

2.40 IU/L) as compared to normal group (34.66 ± 0.6 IU/L). High level of AST in ISO treated 

group is also very important indication of myocardium injuries. Pre treatment (3 weeks) of 

different groups of rabbits with all plant extracts followed by administration of ISO showed 

significant reduction dose dependently in the level of AST (Table 4.7).  

 Pretreatment with Terminalia arjuna bark extract blocked the secretion of AST from 

tissues into the blood and decreased ISO elevated level of AST. The dose of 100 mg /kg b.wt 

was found to be less effective in reduction of enzymes (61.6626 ± 0.88 IU/L), while higher dose 

(200 mg/kg b.wt.) brought enzyme level upto 38.66 ± 0.64 IU/L which was near to the normal 

34.66 ± 0.6 IU/L. Gemmo modified extract also exhibited significant (P < 0.000) decreased in 

AST level (41.04 ± 0.948 IU/L) when compared with ISO-treated group (73.3 ± 2.401 IU/L). 

This effect was observed in dose dependent manner. 



 
109

Preventive treatment (three weeks) of Rheum emodi showed significant (P < 0.000) 

decline (dose dependently) in ISO induced rise in AST level. The dose of 200 mg/kg extract 

brought level to 45.2 ± 0.796 IU/L, which was close to normal.  

Cyperus rotundus treated group showed significant (P < 0.000) restoration of AST level 

upto 48.98 ±1.14 IU/L when compared with ISO-treated group (73.74 ±2.40 IU/L). Euophorbia 

tirucalli was also found significantly (p < 0.000) efficient for the reduction of AST level (50.7 ± 

1.12 IU/L) at the dose of 200 mg/kg/b.wt.  No significant (p < 0.00) reduction in AST level was 

observed in group treated with extract of Euophorbia tirucalli the dose of 100 mg/kg b.wt.  

 A similar trend was observed with Trigonella foenum seed and gemmo extract. Both had 

no effect on the elevated level of AST at 100 mg/kg b.wt 71.34 ± 0.74 IU/L, 73.600 ± 0.63 IU/L, 

respectively. High dose (200 mg/kg b.wt.) of both extracts (200 mg/kg b.wt.) seed and gemmo 

significantly ((p <0.000) inhibited the secretion of AST in blood and reduced the ISO induced 

elevated AST level to 54.90 ± 1.084 IU/L and 58.50 ± 0.50 respectively. Treatment of gemmo 

modified extract of T. Foenum showed greater reduction when compared with seed extract. 

 4.6.1.1.4. Alanine aminotransferase (ALT) 

ALT is present in serum and in different tissues, but is usually linked with the liver. Two 

consecutive doses of isoproterenol significantly released the ALT enzymes from tissues into 

serum. ALT level was significantly (p < 0.000) higher (82.58 ± 1.869 IU/L) in ISO treated group 

of rabbits as compared to normal control group (36.44 ± 0.76 IU/L. Treatment of experimental  

groups of rabbits with different doses of plant extracts significantly (p < 0.00)  decreased the 

elevated enzyme level in dose dependent manner. The dose of 200 mg/kg b.wt) was found to be 

optimal dose for reduction of elevated enzyme level (Table 4.8). 

 Terminalia arjuna bark and gemmo modified  extract decreased the elevated level of 

ALT up to 40.72 ± 0.88 IU/L and 44.80 ± 1.20 IU/L, respectively, which was close to normal 

(36.44 ± 0.76 IU/L). Rheum emodi and Euophorbia tirucalli treated groups showed remarkable 

reduction in elevated level 48.9 ± 1.417 IU/L and 50.9 ± 0.742 IU/L respectively. Cyperus 

rotundus treatment demonstrated a decline up to 53.76 ± 0.62 IU/L. Trigonella foenum seed 

extract had less effect on ALT level (60.80 ± 0.87 IU/L) than gemmo modified extract (55.52 ± 

1.94 IU/L). 
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4.6.1.1.5 Baseline changes  

   Baseline group animals were treated with only plant extracts doses (100,150 and 200 

mg/kg) for three weeks. Enzymes like CK-MB, LDH, AST, ALT levels in the serum of baseline 

groups were not significantly (p < 0.000) changed when compared to the normal group. Levels 

of enzymes in all baseline groups were near to than normal control.  
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Table # 4.5. Cardioprotective effect of different doses of plant extracts on CK- MB level (IU/L) in the serum of    
different experimental groups through the preventive mode of treatment 

  
 
 

 
Normal control  ISO control P-100mg+ ISO P-150mg+ ISO P.200mg+ IS0 BSL P-100mg BSL P-150mg BSL P-200mg 

T.arjuna(bark) 142.180+1.487 291.200+0.943* 186.520+2.366# 164.580+0.942# 147.460+0.699## 141.040+0.934 139.980+1.598 140.160+2.862 

T .arjuna 
(Gemmo) 

142.100+1.241 292.980+2.477* 197.300+1.008# 173.500+0.587# 156.400+0.970## 139.200+1.731 143.900+2.339 144.000+2.475 

R .emodi 141.420+1.178 292.800+2.868* 212.820+1.714# 188.800+0.458# 161.780+1.161## 143.260+2.246 144.020+2.881 141.300+1.691 

E .tirucalli  142.160+1.845 290.800+0.837* 250.700+0.636# 211.300+2.099# 188.22 + 0.798## 40.720 + 1.627 44.360 + 3.496 146.080 3.828 

C .rotundus 141.500+1.065 291.460+1.396* 231.900+1.752# 203.08+ 2.696# 172.560+0.666# 141.14 + 0.948 143.48 + 1.639 36.700 + 1.204 

T .foenum Seed 141.300+0.906 291.640+1.135* 253.060+1.421# 227.000+3.707# 207.960+2.527# 140.400+2.702 140.100+1.245 136.660+1.038 

T.foenum 
(Gemmo) 

141.520+0.882 291.640+1.272*  241.980+0.766 217.700+2.225# 200.960+2.652# 137.900+0.894 141.040+0.953 147.900+2.967 

 

 
Results are expressed as mean+ SD for 5 rabbits in each group. 
* Significantly different from normal control group (p < 0.00)   # Significantly different from ISO control group (p < 0.00).  
Control; received normal diet and water. ISO control; received two doses of 85mg/kg b.wt isoproterenol.   
Groups P,100,150,200 + ISO; received plant extract doses for three weeks and then ISO (85mg/kg b.wt) was given for two 
days. BSL groups: received only plant extracts.
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Table # 4.6.  Cardioprotective effect of different doses of plant extracts on LDH level (IU/L) in the serum of different 
experimental groups through the preventive mode of treatment 

  
 

 
Normal control ISO control   P100mg+ ISO P.150mg+ ISO P.200mg+ ISO BSLP.100mg BSL P.150mg+ BSL P.200mg 

T. arjuna 
(Gemmo) 

253.340+9.418 512.420+0.507* 422.980+3.611# 377.360+1.429# 287.580+0.90## 249.140+8.75 251.240+0.702 246.420+4.830 

T. arjuna bark 253.320+9.395 511.520 +1.246* 407.360+6.342# 362.160+1.872# 271.480+1.36## 240.120+1.14 252.580+2.007 246.600+4.545 

R. emodi 253.24 + 9.175 511.680+1.035* 432.60 + 1.949# 389.180+5.245# 289.40+4.519## 245.60+0.548 244.780+1.013 247.820 +1.952 

                             
E. tirucalli 

253.240+9.478 511.7+206.122* 441.060+0.702# 390.140+14.83# 322..54+1.28## 248.56+5.926 251.060+0.720 240.900 +1.245 

 T. foenum 
(Gemmo)  

253.240+9.175 511.680+1.069* 451.280+1.276# 400.580+0.396# 352.900+4.722# 241.500+0.50 256.900+0.742 248.300+1.204 

T. foenum 
( seed) 

250.880+7.657 512.880+3.034* 464.200+4.494# 420.260+1.577# 361.520+1.013# 248.300+2.49 250.720+0.847 240.840+1.276 

C .rotundus 253.200+9.244 511.520+1.418* 436.360+8.979# 392.000+1.768# 300.700+1.76## 239.920+0.89 250.860+0.773 242.360+3.999 

 
Results are expressed as mean+ SD for 5 rabbits in each group.  
* Significantly different from normal control group (p<0.000).  # Significantly different from ISO control group (p<0.000).  
Control received normal diet and water.  ISO control; received 85mg/kg b.wt isoproterenol 
Group.P,100,150,200+ISO; received plant doses for three weeks and then ISO (85mg/kg b.wt)  was given for two consecutive 
days. BSL groups; received only plant extract dose 
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Table # 4.7. Cardioprotective effect of different doses of plant extracts on AST level (IU/L) in the serum of different 
experimental groups through the preventive mode of treatment 

  
 

 
 
      Results are expressed as mean+ SD for 5 rabbits in each group. 
    * Significantly different from normal control group p<0.000. # significantly different from ISO control group p<0.000)  
     Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol. b.wt.  
     Groups .P,100, 150, 200 + ISO; received plant doses for three weeks and the two doses of 85mg/kg ISO was given.. 
     BSL groups; received only plant extract dose 
 
 
 

 Control  

(normal) 
ISO control IP.100mg+ISO P.150mg+ISO P.200mg+ISO BSL P100mg BSL P.150mg BSL P.200mg 

T. arjuna 
(Gemmo) 

34.080 + 0.60 73.300 + 2.401* 67.66 + 0.929 56.900 + 2.618# 41.040 +094## 34.160+0.564 31.560 + 1.918 31.300 + 1.951 

T. arjuna bark 33.720+0.723 73.740+1.793* 61.260+0.885# 51.460+1.092# 38.66+ 0.643## 30.500+0.579 33.220 + 0.760 30.440 + 1.345 

R. emodi 33.780 + 0.753 72.920 + 1.924* 67.34 + 1.262 56.860 + 0.611# 45.24 + 0.796## 36.620+0.726 33.900 + 1.140 32.700 + 1.127 

                            
E. tirucalli 

33.560 + 0.760 73.980 + 1.748* 71.100 + 1.056 57.180+13.041# 50.70 + 1.120## 35.540+0.445 32.800 + 0.837 31.400 + 1.140 

 T. foenum 
(Gemmo)  

33.960+0.958 72.720+2.047* 71.340+.744 68.340+1.185 54.90+1.084# 35.400+1.140 31.460+1.053 31.000+0.707 

T. foenum seed 33.560+0.929 73.680+3.302* 73.600+0.629 70.900+1.432 58.500+0.500# 36.100+2.074 33.00+3.748 31.460+1.248 

C .rotundus 33.560 + 0.760 73.740+5.188* 66.840 +1.20# 56.400 + 0.834# 48.98 + 1.139## 34.000+1.204 31.840 + 1.514 30.040 + 1.193 
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Table # 4.8 Cardioprotective effect of different doses of plant extracts on ALT level in the serum of different 
experimental groups through the preventive mode of treatment 

  
 
 
 

 Control  

(normal) 
ISO control  P-100mg+ISO P-150mg+ISO P-200mg+ISO BSLP-100mg BSL P-150mg BSL P-200mg 

T .arjuna 
(Gemmo) 

36.440 + 0.767 82.580 + 1.869* 70.740 + 1.878 57.940 + 1.632# 44.800 + 1.206## 37.260+1.146 36.900 + 1.086 34.560 + 1.236 

T. arjuna bark 36.240+0.631 81.644+0.890* 64.680+0.912# 56.560+1.126# 40.720 + 4.899## 34.700+2.424 31.240 + 0.654 32.780 + 1.337 

R. emodi 30.240+13.558 80.780 + 0.576* 67.780 + 1.322# 63.980 + 0.856# 48.940 + 1.417## 32.040+4.607 32.800 + 1.483 32.460 + 1.122 

E. tirucalli             36.740 + 0.976 81.160 + 0.963* 75.540 + 1.514 65.960 + 1.534# 50.900 + 0.742## 37.560+1.092 31.600 + 1.140 30.400 + 1580 

  T. foenum 
(Gemmo) 

36.660+0.680 81.240+0.760* 76.480+1.013 68.300+0.878# 55.520+1.940## 30.400+1.294 30.460+1.187 30.140+2.161 

T. foenum seed 36.760+0.673 82.520+3.867* 77.500+0.500 70.700+3.115 60.800+0.837# 34.340+3.237 32.700+0.975 32.460+3.490 

C .rotundus 36.700 + 0.875 81.520 + 0.6*4 72.940 + 0.730 62.760 + 1.1933# 53.760 + 0.623# 36.340+1.222 36.060 + 1.031 35.180 + 1.291 

 
 

  Results are expressed as mean+ SD for 5 rabbits in each group. 
  * Significantly different from normal control group (p<0.000).  # Significantly different from ISO control group (p<0.000)  
  Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol.  
  Groups P,100,150,200+ISO; received plant doses for three weeks and then two doses of 85mg/kg  ISO was given. 
  BSL groups; received only plant doses. 
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4.6.1.2. Effect of Medicinal Plants on Lipids Profile  

 Atherosclerosis is a major causative factor of coronary heart disease and myocardial 

infarction. Hyperlpidemia due to high level of cholesterol, elevated level of low density 

lipoprotein (LDL) and low level of high density lipoprotein (HDL), ultimately  leads to 

development of atherosclerosis (plaque formation in arties) (Breslow, 1997, Alef M.I. 2006, Jian 

et al., 2007, Kavurma et al., 2005). Preventive treatment of methanolic extract of plants reduced 

the ISO-induced hyperlpidemia varying in extent. ISO induced high levels of lipids were found 

to be reduced in a dose dependent manner after three week pre-treatment with plant extracts. 

Effects of different medicinal plants on lipids were as follows. 

4.6.1.2.1. Cholesterol 

 A significant increase (p < 0.000) was noted in the level of cholesterol (141.30 ± 

1.193 mg/dL) in the serum of the ISO-injected group when compared to normal control group 

(68.78 ± 1.77 mg/dL). Significant rise of lipids in ISO injected group indicated ISO induced 

hyperlpidemia. These results are in accordance with reports of Sangeetha and Quine 2006, and 

Sivakumar et al., 2007. Free fatty acids liberated from adipose tissues and enter into the 

myocardium. As peroxidation of membrane increased, phospholipids liberated free fatty acid by 

the action of the enzyme phospholipase A2. Ca2+ ions are important inducers of phospholipase 

A2., so the resulted increase in free fatty acid amount could have been due to the indirect effect of 

calcium level, which was reported to be changed in isoproterenol-treatment. Hence, the 

significant increase was observed in the level of lipids in serum of ISO treated group of rabbits 

(Sasikumar et al., 2001; Sivakumar et al., 2007; Kareem et al., 2009). Prior administration of 

three different doses (100, 150, 200 mg/kg b.wt.) of plant extracts significantly decreased the 

ISO induced elevated level of cholesterol (Table 4.9).  

Terminalia arjuna bark extract significantly (P< 0.000) decreased the isoproterenol 

induced elevation of cholesterol in a dose dependent manner. The dose of 200 mg/kg methanolic 

bark extract decreased the cholesterol level (52. 44 ± 0.66 mg/dL) when compared with the ISO 

control group (141.30 ± 1.193 mg/dL). A significant (P< 0.000) decrease (60.66 ± 2.27 mg/dL) 

was noted in elevated level of cholesterol when the dose of 200 mg/kg gemmo modified extract 

was given to rabbits for three weeks before isoproterenol injection.  
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Treatment with R. emodi, C. rotundus and E. tirucalli extracts induced significant (p < 

0.000) dose related decrease in ISO stimulated rise in cholesterol level. Methanolic extracts of 

these plants showed highest effect at the dose of 200 mg/kg b.wt. 64.80 ± 1.3 mg /dL, 73.82 ± 

2.562 mg /dL, and 87.8 ± 3.03, mg /dL respectively. However dose of 100 mg/kg was also 

effective to reduce the cholesterol level. 

Significant decrease (p <0.000) was detected with T. foenum seed extracts at the dose of 

100 mg/kg b.wt. (62.52 ± mg/dL) which was not statistically different (p < 0.000) from 60.80 ± 

3.25 mg/dL observed at 200 mg/kg. So, 100 mg /kg was the optimal dose for the cholesterol 

lowering effect of the seed extract of Trigonella foenum. Significantly (p< 0.000) less effect was 

observed with gemmo modified extract (99.12 ± 1.59 mg/dL). These results revealed that seed 

extract of Trigonella foenum was very effective against the ISO induced hyperlpidemia. 

4.6.1.2.2. Triglycerides 

 A significant (p < 0.000) increase (101.74 ± 1.75 mg/dL) was exhibited in level of serum 

triglycerides in rabbits of the ISO-injected group as compared to normal group rabbits (54.34 ± 

1.35 mg/dL). Hypertriglyceridemia in isoproterenol injected rabbits might be due to a decrease in the 

activity of lipoprotein lipase in the myocardium resulting in fewer uptake of triglycerides from the 

circulation (Sasikumar et al., 2001; Sivakumar et al., 2007; Kareem et al., 2009). The effect of 

different plant extracts treatment on triglycerides level has been presented in Table 4.10 

Preventive treatment (three week pretreatment) of different doses of bark extract of 

Terminalia arjuna significantly reduced the ISO induced elevated level of triglycerides. Low 

dose (100 mg/kg b.wt.) was also active against hypertriglyceridemia, however highest effect was 

observed at the dose of 200 mg/kg b.wt (51.64 ± 2.94 mg/dL), which was equal to normal (54.34 

± 1.35 mg/dL). Treatment with bark extract of Terminalia arjuna brought elevated level of 

triglycerides down to the normal level hence proved a strong lipid lower chemotherapeutic agent. 

Pretreatment with of gemmo modified extract showed a significant (p < 0.000) decrease which 

was near to normal (60.54 ± 1.122 mg/dL). 

 Administration of Rheum emodi and Cyperus rotundus extract caused a significant (p < 

0.000) decrease in triglyceride level 68.76 ± 1.68 and 66.60 ± 2.74 respectively. When rabbits 

were treated with different doses of Euophorbia tirucalli extract, low dose 100 mg/kg b.wt was 
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not effective for ISO elevated level of triglycerides. The dose of 200 mg/kg b.wt significantly (p 

< 0.000) reduced the ISO elevated triglycerides level from 101.74 ± 1.75 mg/dL to 74.2 ± 3.115 

mg/dL 

 T. foenum seed and gemmo modified extract both are effective only at high dose (200 

mg/kg b.wt.) and showed a reduction in the level of triglycerides of 73.44 ±0.074mg/dL and 

81.48±2.06 mg/dL respectively.   

4.6.1.2.3  Low Density Lipoprotein (LDL) 

  LDL is a type of lipoprotein   that carries cholesterol and triglyceride from the liver to 

exterior tissues. LDL facilitates fat and cholesterol to move within the water-based blood stream. 

LDL also modulates cholestrol synthesis at these sites. High levels of LDL cholesterol can leads 

to serious health problem related to cardiovascular system, due to this reason they are often 

called the bad cholesterol (http://en.wikipedia.org/wiki/Low-density_lipoprotein ).  

Administration of isoproterenol increased LDL level and decreased HDL cholesterol. 

Treatment of experimental rabbits with medicinal plant extracts significantly reduced the LDL 

level (Table 4.9).  Terminalia arjuna bark extract significantly (p < 0.000) decreased the LDL 

level (35.86 ± 0.1 mg/dL) when compared with the ISO-induced rise in LDL level (72.10±1.29 

mg/dL), which was equal to normal 33.99 ± 2.46 mg/dL. Gemmo modified extract brought 

elevated level down to 37.100 ± 2.199 mg/dL which was also near to normal (Table 4.11). 

 Dose related decrease was observed with R. emodi and C. rotundus treatment. R. emodi 

and C. rotundus brought the level to 42.060 ± 1.9 mg/dL, 51.200 ± 1.479 mg/dL respectively                         

from 72.10±1.29 mg/dL (Table 4.9).  Euophorbia tirucalli did not significantly reduce the ISO 

elevated level of LDL at any dose. A remarkable decrease in the ISO induced level of LDL was 

observed with treatment of T. foenum seed extract (52.80 ± 1.92 mg/dL). Gemmo modified 

extract of T. foenum did not show good LDL lowering activity (Table 4.9). 

4.6.1.2.4. High Density lipoprotein (HDL) 

 HDL is an important member of five lipoproteins including chylomicrons, VLDL, IDL, 

HDL that allows lipids like cholesterol and triglycerides to be move through water-based blood 

stream. It is hypothesized that HDL can eradicate cholesterol, from atheroma within arteries and 

transfer it back to the liver for excretion or re-utilization. That is why HDL-bound cholesterol is 
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sometimes called "good cholesterol" A high level of HDL-C protects against cardiovascular 

diseases, and low HDL cholesterol levels increase the risk of heart disease 

(http://en.wikipedia.org/wiki/High-density_lipoprotein).  

  A significant decrease (p < 0.000) was observed in the HDL level (22.34 ± 1.948 mg/dL) 

in isoproterenol injected group as compared to control 45.58 ± 1.22 mg/dL. Both extract of T. 

arjuna restored the level near to normal. Three weak pretreatment of rabbit with both Terminalia 

arjuna bark and gemmo modified extracts significantly (p<0.000) increased the HDL level from 

ISO induced decrease in HDL level. A greater increase was observed with bark extract 40.30 ± 

1.273 mg/dL followed by gemmo modified extract of T .arjuna 43.14 ± 1. 27 mg/dL (Table 

4.12).  

Rheum emodi and Cyperus rotundus treatment elevated the ISO induced decrease in HDL 

level upto 40.0 ±.1.58 mg/dL and 38.00 ± 1.58 mg/dL respectively at the dose of 200mg /Kg 

b.wt. No significant change (p < 0.000) was observed in HDL level with Euophorbia tirucalli. 

Rise in HDL level was also observed with the administration of T. foenum seed extract (33.06 

± .891mg/dL) and gemmo modified extract (32.440 ± 0.871 mg/dL) (Table 4.12). 
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Table # 4.9.  Cardioprotective effect of different doses of plant extracts on the level of cholesterol (mg/dL) in the serum 

of different experimental groups through the preventive mode of treatment 
  
 
 
 

 Control 

(normal) 
ISO control P.100mg+ ISO P.150mg+ ISO P.200mg +ISO BSL P100mg BSL P-150mg BSL P-200mg 

T .arjuna 
(Gemmo ) 

68.780+1.775 141.36+1.193* 100.86+1.119# 87.980+0.709# 60.66+2.274## 76.660+3.582 60.120+3.214 69.600+2.074 

T. arjuna 
bark 

68.720+1.707 141.36+1.193* 91.12+2.523# 75.140+2.582# 52.44+26.62## 69.600+2.074 58.000+24.505 65.020+1.566 

R. emodi 68.780+1.775 141.40+1.387* 108.00+1.871# 66.060+3.452# 64.80+1.304## 65.060+3.629 68.860+1.150 63.380+2.669 

E. tirucalli       68.780+1.775 141.40+1.387* 120.00+1.581# 102.38+3.574# 87.80+3.033## 65.180+2.650 66.980+4.681 65.860+2.258 

  T. foenum 
(Gemmo) 

68.780+1.775 141.20+1.304* 124..46+8.19# 110.60+1.682# 99.12+1.590# 69.920+3.693 61.520+.712 68.260+1.799 

T. foenum 
seed 

68.780+1.775 141.40+1.263* 115.62+1.105# 62.520+3.598# 60.08+3.258# 67.880+40.59 66.600+4.037 62.200+.938 

C. rotundus 68.900+1.738 141.44+1.376* 103.42+1.132# 99.060+3.783# 73.82+2.562# 66.980+1.415 60.060+1.539 74.540+2.793 

 
Results are expressed as mean+ SD for 5 rabbits in each group. 
* Significantly different from normal control group (p<0.000). # Significantly different from ISO control group (p< 0.000).  
Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol.  
Groups P,100,150,200 + ISO; received plant extract doses for three weeks and then two doses of 85mg/kg ISO was given. 
 BSL groups; received only plant extracts doses.
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Table # 4.10 Cardioprotective effect of different doses of plant extracts on the level of Triglycerides (mg/dL) in the 

serum of different experimental groups through the preventive mode of treatment 

 
 

 
Control ISO control 

P 100mg 

+ISO 
P150mg +ISO 

P.200mg 

+ISO 
BS+ P100mg BS+ P-150mg BS+ P-200mg 

T .arjuna 
(Gemmo ) 

54.340+1.359 101.74+1.757* 87.10+1.619# 70.980+0.976# 60.5+1.122## 50.240+1.885 51.060+2.195 52.500+1.658 

T. arjuna 
bark 

54.340+1.359 101.74+1.757* 83.220+2.247# 67.600+1.140# 51.64+2.941## 53.3802.307 50.600+2.302 50.140+2.634 

R. emodi 54.340+1.359 101.74+1.757* 93.460+1.615# 74.900+2.331# 68.76+1.688## 54.310+1.677 57.260+1.410 50.780+1.281 

E. tirucalli      53.900+1.404 101.74+1.757* 100.260+1.240 83.780+2.375# 74.20+3.115# 56.000+1.581 60.100+1.619 52.200+.158 

  T. foenum 
(Gemmo) 

53.740+2.379 101.78+1.823* 92.860+2.838# 86.740+1.060# 81.48+2.080# 52.100+3.771 53.620+5.350 52.700+1.253 

T. foenum 
seed 

54.340+1.359 101.74+1.757* 99.700+1.204 81. 00+1.634# 73.44+2.066# 51.800+3.762 48.600+2.408 51.860+1.902 

C .rotundus 54.340+1.359 101.74+1.757* 82.70+1.2303# 77.5204.244# 66.60+2.074## 52.540+2.293 47.060+1.679 49.060+3.601 

 
 
Results are expressed as mean+ SD for 5 rabbits in each group. 
 * Significantly different from normal control group (p<0.000.) # Significantly different from ISO control group (p< 0.000.)  
Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol. 
 Groups P,100,150,200+ISO; received plant extract doses for three weeks and then two doses of 85mg/kg ISO was given.  
BSL groups; received only plant extract doses.
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    Table # 4.11. Cardioprotective effect of different doses of plant extracts on LDL (mg/dL) in the serum of different 

experimental groups through the preventive mode of treatment 
 

 Control 

(normal) 
ISO control P. 100mg+ISO P.150mg+ISO P.200mg+ISO BSL P100mg BSL P-150mg BSL P-200mg 

T .arjuna 
(Gemmo ) 

33.900+2.460 72.140+1.299 59.240+11.380 47.140+0.560 37.100+2.191 30.600+1.140 36.220+4.244 37.140+0.974 

T. arjuna bark 33.900+2.460 72.320+1.496 60.180+3.150 60.180+2.400 35.8601.816 44.000+1.581 36.760+7.879 33.060+2.640 

R. emodi 34.5002.550 72.300+1.531 65.180+.814 60.380+1.507 42.060+17.979 44.200+1.468 35.100+1.619 35.120+1.434 

E. tirucalli             34.680+2.709 72.000+1.158 48.180+.814 70.180+1.914 60.200+1.304 37.140+2.211 32.600+2.702 33.060+1.615 

  T. foenum 
(Gemmo) 

33.940+2.694 72.300+1.531 64.100+2.902 70.260+2.165 61.600+1.560 30.180+.844 29.800+2.168 34.860+3.728 

T. foenum seed 33.920+2.441 72.120+1.337 68.280+2.197 69.580+3.644 52.800+1.924 32.980+1.566 34.462+1.096 36.220 .808 

C .rotundus 33.920+2.441 72.300+1.531 64.900+1.746 65.180+1.426 51.260+1.479 30.860+3.033 33.460+1.720 34.860+2.727 

 

 
Results are expressed as mean+ SD for 5 rabbits in each group.  
* Significantly different from normal control group (p<0.000). # Significantly different from ISO control group (p< 0.000).  
Control; received normal diet and water. ISO control; received two doses of 85 mg/kg isoproterenol.  
Groups P,100,150,200 + ISO; received plant extract doses for three weeks and then two doses of 85 mg/kg ISO was given. 
 BSL groups; received only plant extract doses
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Table # 4.12 Cardioprotective effect of different doses of plant extracts on HDL (mg/dL) in the serum of different 

experimental groups through the preventive mode of treatment 
 

  
 

Results are expressed as mean+ SD for 5 rabbits in each group.  
* Significantly different from normal control group (p<0.000).  # Significantly different from ISO control group (p< 0.000).  
Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol.  
Groups P,100,150,200+ISO;received plant extract doses for three weeks and then two doses of 85mg/kg ISO was given. 
 BSL groups; received only plant extract doses.

 

Control ISO control P-100mg+ISO P-150mg+ISO P-200mg+ISO BS+P100mg BSL P-150mg BSL P-200mg 

T .arjuna 
(Gemmo ) 

45.580+1.222 22.340+1.948* 34.300+2.342# 37.960+.673# 43.14+3.153## 40.660+1.740 41.260+2.310 47.780+1.281 

T. arjuna bark 45.080+1.585 22.360+1.945* 30.340+1.438# 30.78+ 0.832# 40.30+1.273## 44.100+1.634 47.020+4.744 41.980+1.550 

R. emodi 45.580+1.222 22.320+1.399* 25.000+1.581 36.920+2.275# 40.00+1.581## 47.660+2.679 46.460+1.122 43.400+3.155 

E. tirucalli            45.580+1.222 22.300+1.942* 20.100+1.634 24.300+.878 28.60+2.408 44.580+1.110 45.000+1.581 46.160+2.220 

  T. foenum 
(Gemmo) 

45.660+1.367 22.320+1.399* 28.100+3.629 32.440+2.904# 32.78+1.446# 46.000+3.536 49.680+1.672 48.200+2.864 

T. foenum seed 45.580+1.222 22.320+1.912* 26.240+.924 28.400+2.608 33.060+.891# 43.800+2.613 46.020+3.131 44.900+1.955 

C. rotundus 45.580+1.222 22.320+1.912* 29.980+1.560# 32.120+4.487# 38.000+1.581## 45.200+5.263 46.460+1.122 49.1801.470 



 
123

4.6.1.3. Effect of Plant extracts on Myocardial Antioxidants 

 Reactive species (free radicals) are formed in biological systems. Nature has gifted 

reducing system with in cells, which have ability to readily detoxify the reactive intermediate 

and neutralize free radicals. Oxidative stress is caused by disturbance in the normal redox state, 

and is involved in many diseases including myocardial infraction, atherosclerosis, cancer etc. 

Reducing environment is maintained by enzymes such as superoxide dismutase, catalase, and 

glutathione peroxidase. 

   Superoxide dismutase (SOD)   converts highly reactive oxygen species into hydrogen 

peroxide H2O2 and then catalase or glutathione peroxidase changes it into H2O. In ischemia the 

internal antioxidant system is damaged and the tendency for the conversion of H2O2 into the 

destructive hydroxyl radical  (OH•) is increased. 

                 SOD  Glutathione peroxidase 

 O2    O2

.
-    H2O2                      H2O+O2 

 
                     Catalase    
                                            Ischemia Induced    
            Fenton reaction 
  
         
                                               OH· 
 
                                             Metabolism of reactive oxygen species under normal and ischemic conditions 
 
 
4.6.1.3.1. Superoxide dismutase (SOD)  

  

Superoxide dismutase (SOD) is present in all aerobic cells and in extra cellular fluids and 

involved in dismutation of O2
- into H2O2 

Myocardial SOD activity was significantly (p < 0.000) lower in the isoproterenol induced 

group (4.16 ± 0.54 IUmg-1 protein) than the control group (11.02 ± 1.045 IUmg-1protein). Level 

of SOD in the different experimental groups of rabbits has been shown in Table 4.13. 

Pretreatment with different doses of Terminalia arjuna followed by ISO administration 

significantly (P<0.05) protected the rabbits against ISO induced changes in SOD level. 
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Treatment of rabbits with gemmo modified extract of Terminalia arjuna at the dose of 200 

mg/kg b.wt. restored the SOD level upto  10.01 ± 1.086 IUmg-1 protein from 4.16 ± 0.54 IUmg-1 

protein, which was close to normal (11.02 ± 1.045 IUmg-1 protein ). Terminalia bark extract also 

significantly restored SOD level (9.836 ± 9.29 IUmg-1 protein), as compared to ISO control 

group (4.16 ± 0.54 IU mg-1 protein). However this effect was slightly less than gemmo modified 

extract.  

Rheum emodi significantly (p < 0.000) reversed the ISO induced alteration in SOD level 

(9.04 ± .114 IUmg-1 protein) near to normal status. Cyperus rotundus enhanced the activity of 

SOD dose dependently upto 9.65 ± 0.02 IUmg-1 protein. Pretreatment with Euophorbia tirucalli 

extract significantly (p < 0.000) increased the SOD level (7.2 ± 0.158 IUmg-1 protein) but could 

not restore near to normal. Treatment of T. foenum seed and gemmo modified extract at the dose 

of 100 and 150 mg/kg b.wt. did not  effect on the SOD level, however high dose (200 mg/kg 

b.wt.) significantly (p < 0.000) increased the level of SOD  7.8 ± 0.21 and 8.360 ± 0.247 IUmg-1 

protein respectively. 

4.6.1.3.2. Catalase (CAT) 

Catalase enzyme converts hydrogen peroxide into water and oxygen                                   

H2O2 + Fe (III)-E → H2O + O=Fe (IV)-E  

                                H2O2 + O=Fe (IV)-E(.+) → H2O + Fe(III)-E + O2 

Administration of ISO injection into rabbits significantly (p < 0.000) decreased the CAT 

level (14.820 ± 10.00 IUmg-1 protein) in comparison to the normal control group (34.82 ± 0.48 

IU mg-1 protein). Preventive treatment of animal with plant extracts showed significant (p < 

0.000) restoration of CAT level dose dependently. The CAT level was restored maximum in 

rabbits treated with the dose of 200 mg/kg b.wt. plant extracts (Table 4.14). 

 Gemmo modified extract of Terminalia arjuna showed maximum protection against ISO 

induced alterations in CAT levels (32.40 ± 0.89 IUmg-1 protein) followed by T. arjuna bark 

(31.4 ± 1.673 IUmg-1), Rheum emodi (30.60 ± 0.89 IUmg-1 protein), gemmo modified extract of  

Trigonella foenum (30.2 ± 1.304 IUmg-1 protein), Cyperus rotundus (28.7 ± 0.97 IUmg-1), 

Euophorbia tirucalli (27.0 ± 1.581 IUmg-1 protein) and Trigonella foenum seed (25.4 ± 1.29 IU 

mg-1 protein). 
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4.6.1.3.3 Glutathione Peroxidase 

 Peroxidase enzyme reduces H2O2, organic peroxides and peroxynitrite and plays 

important role to neutralize the oxidative stress. 

ROOR + electron donor (2ē) + 2H→ROH+ ROH  

Two dose of ISO significantly (p < 0.000) depressed the peroxidase activity (0.62 ± 0.877 

IUmg-1 protein) as compared to normal group (1.54 ± 0.183 IUmg-1 protein). Treatment of 

rabbits with different doses of plant extracts significantly (p < 0.000) increased the level of 

glutathione peroxidase as compared to the ISO control group. The dose of 200 mg/kg was the 

optimal dose for enzyme restoration (Table 4.15). 

 Terminalia arjuna gemmo modified extract significantly (p < 0.000) increased 

peroxidase level (1.47 ± 2.00 IUmg-1 protein), followed by bark extract (1.424 ± 2.074 IUmg-1), 

gemmo modified extract of Trigonella. foenum (1.448 ± 2.07 IUmg-1protein), seed extract of 

Trigonella foenum, (1.368 ±0.23 1 IUmg-1 protein), Cyperus rotundus (1.3 ±1.58, IUmg-1 

protein), Rheum emodi (1.252 ± 0.36 IUmg-1 protein) and Euophorbia tirucalli (1.22 ± 1.09 

IUmg-1 protein). 

4.6.1.3.4. Baseline Groups 

 Myocardial baseline levels of CAT, SOD and peroxidase was not significantly (p < 

0.000) changed from the normal control group by treatment with the plant extracts.  
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Table # 4.13. Effect of different doses of plant extracts on the level of myocardial SOD (IU mg-1 protein) (antioxidant 
enzyme) in cardiac tissues of different experimental groups through the preventive mode of treatment 

  
 
 

 
 
      Results are expressed as mean+ SD for 5 rabbits in each group.  
       * Significantly different from normal control group (p<0.000).  # Significantly different from ISO control group(p<0.000). 
     Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol.  
     Groups P,100,150,200+ISO, received plant extract doses for three weeks and then two doses of 85mg/kg ISO was given 
      BSL groups; received; only plant extract doses. 

 
 

 

 
Control 

(Normal) 
ISO control 

 
P.100mg+ISO 

P.150mg+ISO P.200mg+ISO BSL P100mg BSL P-150mg BSL P-200mg 

T .arjuna 
(Gemmo ) 

11.022+1.045 4.160+0.541* 6.550+1.299# 7.748+0.257# 10.01+1.086## 11.600+0.474 11.220+0.849 11.500+0.828 

T. arjuna bark 11.020+1.043 4.168+0.537** 6.372+0.115# 7. 66+0.212# 9.836 + 9.29## 11.362+0.994 11.400+1.082 12.280+0.249 

R. emodi 11.082 + 1.066 4.160 + 0.541* 6.200 + 0.158# 7.320 + 8.367# 9.04 + 0.114#3 11.400+0.656 11.292 + 7.120 10.160 + 0.385 

E. tirucalli          11.022+1.045 4.160 + 0.541* 4.860+0.114 5.800+0.255 7.200 + 0.158# 10.860+1.187 11.180+0.965 11.160+0.876 

  T. foenum 
(Gemmo) 

11.082+1.066 4.160+0.541* 5.200+0.158 7.200+0.158# 8.360+0.241# 10.520+1.374 10.860+.498 11.420+.342 

T. foenum seed 11.100 + 1.086 4.160+ 0.541* 5.502+0.161# 6.354+0.119# 8.362+0.247# 10.740+0.913 10.820+0.497 10.780+1.491 

C .rotundus 11.282+1.342 4.160+0.541* 5.640+0.207# 7.8623.271# 9.65+ 0.201## 10.416+0.540 10.362+0.786 13.480+13.126 
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Table # 4.14. Effect of different doses of plant extracts on the level of myocardial CAT (IUmg-1 protein) in different 
experimental groups through the preventive mode of treatment 

 
 

 Control 
(normal ) 

ISO control P100mg+ISO P150mg+ISO P.200mg+ISO BSL P100mg BSL P-150mg BSL P-200mg 

T .arjuna 
(Gemmo ) 

34.820+0.487 14.820+1.004* 23.080+0.554# 25.360+1.115# 32.40+0.897## 35.800+1.483 38.680+0.841 39.800+0.897 

T. arjuna 
bark 

35.320+1.031 16.148+0.869* 20.360+0.483# 24.400+1.140# 31.40+1.67## 35.140+0.856 38.9400.673 41.480+1.182 

R. emodi 34.960 + 0.391 15.20 + 0.433* 19.6 + 2.074# 26.60 + 1.140# 30.60 + 1.14## 31.800+0.837 35.600 + 1.140 34.110 + 1.341 

E. tirucalli       34.800 + 0.515 14.82 + 1.004* 16.120 + 2.55 23.20 + 1.924# 27.0 + 1.58# 33.000 1.581 30.800 + 0.581 33.600 + 1.140 

  T. foenum 
(Gemmo) 

34.940+0.434 14.82+1.004* 22.400+1.140# 26.0+1.581# 31.20+1.304## 31.800+0.837 35.200+0.837 37.200+0.837 

T. foenum 
seed 

34.960+0.391 14.8201.004* 19.620+2.349 23.74+2.737# 25.40+1.294# 32.600+1.673 35.800+0.837 37.200+0.837 

C. rotundus 34.960+0.391 14.700+0.919* 20.400+1.140# 22.42+0.853# 28.70+0.975# 32.600+1.140 32.600+1.140 36.400+1.140 

 
 
Results are expressed as mean+ SD for 5 rabbits in each group. 
* Significantly different from normal control group (p<0.000). # significantly different from ISO control group (p<0.000).  
Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol. Groups P,100, 150, 200 + 
ISO; received plant extract doses for three weeks and then two doses of 85mg/kg ISO was given. BSL groups; received only 
plant extract doses 
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Table # 4.15. Effect of different plant doses of plant extracts on the level of glutathione peroxidase (IU mg-1 protein) 
different groups through the preventive mode of treatment 

 

 
 
Results are expressed as mean+ SD for 5 rabbits in each group .  
* Significantly different from normal control group (p<0.000). # Significantly different from ISO control group (p < 0.000).  
Control; received normal diet and water. ISO control; received two doses of 85mg/kg isoproterenol. 
 Groups P,100,150,200+ISO, received plant doses for three weeks and then two doses of 85mg/kg ISO was given 
BSL groups ; received only plant extract doses 

 
Control ISO control 

P- 100mg 

+ISO 
P-150mg+ISO P-200mg +ISO BSL P100mg BSL P-150mg BSL P-200mg 

T .arjuna 
(Gemmo ) 

1.540 + 0.183 0.626 + 0.877* 0.854 + 2.074# 1.000 + 0.155# 1.470 + 2.0## 1.574 + 1.140 1.642 + 2.588 1.694 + 1.140 

T. arjuna 
bark 

1.540 + 0.183 0.628 + 0.976* 0.830 + 1.581# 1.032 + 0.017# 1.424 + 2.07## 1.528 + 5.933 1.598 + 3.114 1.620 + 1.225 

R. emodi 1.552 + 2.588 0.652 + 0.493* 0.824 + 1.673# 0.988 + 2.168# 1.252 + 0.367# 1.590 + 4.183 1.624 + 5.030 1.644 + 6.504 

E. tirucalli       1.544 + 3.507 0.620 + 0.745* 0.722 + 0.367 0.900 + 0.129# 1.228 + 1.095 1.500 + 1.225 1.572 + 3.114 1.610 + 7.106 

  T. foenum 
(Gemmo) 

1.552+0.23 0.652+0.864* 0.908+2.775# 1.150+0.134# 1.446+0.074## 1.450+2.236 1.574+1.140 1.610+1.581 

T. foenum 
Seed 

1.552+0.23 0.632+0.943* 0.710+2.550 0.970+0.354# 1.368+3.271# 1.594+2.191 1.632+2.168 1.654+5.273 

C .rotundus 1.552 + 1.588 0.586 + 0.58* 0.736 + 1.506 0.874 + 8.081# 1.300 + 1.581# 1.500 + 1.581 1.544 + 1.342 1.580 + 1.581 
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4.6.2.  Curative Cardioprotective Activity 

 Curative cardioprotective effect is an important parameter for the evaluation of 

cardioprotective activity of medicinal plants. Two day, administration of ISO induced myocardial 

infraction (MI). The plant extracts at the dose of 200 mg /Kg b.wt. was administered for four days 

to  cardio intoxicated rabbits and blood samples were collected daily. The curative treatment 

effects of plant extracts on enzymes and lipids are studied as below. 

4.6.2.1. Creatine Kinase (CK-MB) 

Cardio toxicity was induced in experimental rabbits by injection of isoproterenol at the 

dose of 85 mg/Kg b.wt. Isoproterenol significantly increased (p < 0.000) the level of CK-MB 

(diagnostic marker) in serum of the rabbits (291.48 ± 1.388 IU/L) as compared to the rabbits of 

normal control group (152.08 ± 1.32 IU/L) indicating cardiac insufficiency, ischemia and 

myocardial infarction. 

 Treatment of myocardial infarcted rabbits with Terminalia arjuna extracts significantly 

(P< 0.00) reduced the ISO induced rise in cardiac marker enzyme CK-MB. Administration of the 

first dose had no remarkable effect on enzyme level, but four treatments (one dose daily) 

significantly (p < 0.000) recovered against the ISO induced alteration in enzyme. Both bark and 

gemmo modified extracts of Terminalia arjuna (200 mg/Kg b.wt) decreased the ISO induced 

elevated enzyme level from 210.840 ± 0.945IU/L to 169 ± 1.60 IU/L, 164 ± .82 IU/L respectively, 

which is close to normal (152.08 ± 1.32 IU/L) (Table 4.16) These results are comparable with the 

effect of standard drug (163.66 ± 2.39).  Combination of two standard drugs propranolol(5mg) and 

gemfibrazole(50mg) is used to compare the activity of medicinal plants. Propranolol is indicated 

for the management of various conditions including hypertension, angina, tachycarryhythmias, 

myocardial infarction.and gemfibrazole is a lipid lowering drug. 

(http://en.wikipedia.org/wiki/Propranolol). 

 Treatment of cardio intoxicated rabbits with Rheum emodi declined the enzymes 

level to (176.38 ± 2.32 IU/L). Treatment with extract of Cyperus rotundus recovered the rabbits 

against the ISO induced rise in CK-MB and a showed decrease level down to 181.58 ± 0.58 IU/L 

(Table 4.16). 
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Curative treatment of myocardial infarcted rabbits with Trigonella foenum seed and gemmo 

extract reversed the ISO induced alterations in serum CK-MB and brought the level up to 186.74 ± 

0.09 and 183.86 ± 2.63 IU/L respectively. Euophorbia tirucalli also reduced in enzyme level 

(190.12 ± 0.937 IU/L) however this effect was not close to the normal (Table 4.16). These results 

are less than standard drug (163.66 ± 2.39). 

4.6.2.2. Lactate Dehydrogenase LDH 

ISO significantly increased (p < 0.000) the level of LDH in the serum of the rabbits (534 ± 

1.804 IU/L) as compared to the rabbits of normal control group (250.680 ± 0.507 IU/L). Treatment 

of myocardial infarcted group of rabbits with T. arjuna bark and gemmo modified extract 

significantly (p < 0.000) decreased  the enzyme level after four doses 314.96 ± 1.335 , 306.26 ± 

3.50 IU/L respectively.  These extracts could not protect the rabbits equal to normal group (249.60 

± 1.40IU/L) (Table 4.17). These results are comparable with the standard drug group (300.44 ± 

0.48 IU/L)  

Treatment of a myocardial infarcted group of rabbits with extracts of R. emodi (321.20 ± 

.837 IU/L), C. rotundus (351.5 ± 5.60 IU/L) and E. tirucalli (381.62 ± 2.05 IU/L) significantly (p < 

0.05) reduced the ISO induced rise in the level of LDH (Table 4.15). These results are comparable 

with standard drug group (300.44±0.48IU/L)  

T. foenum gemmo modified extract (402.86 ± 1.00) significantly (p < 0.000) reduced the 

ISO induced rise in the level of LDH. However T. foenum seed extract (491.200 ± 2.00) failed to 

completely normalized the LDH activities raised by ISO. 

4.6.2.3. Aspartate aminotransferase (AST) 

 The level of serum AST was significantly (p < 0.000) higher in ISO treated rabbits (92.28 ± 

776 IU/L) as compared to rabbits of normal group (33.16 ± 0.551 IU/L). Treatment of ischemic 

rabbits with Terminalia arjuna gemmo modified and bark extracts (200 mg/kg b.wt.) significantly 

(p < 0.05) reduced the ISO induced elevated level of AST enzyme. Four doses of both extracts of 

T. arjuna (gemmo modified and bark extract) brought the enzyme level upto 41.260 ± 2.65, 45.32 

± 0.779 respectively from74.6 ± 1.140 IU/L, which was near to the normal group (33.16 ± .551 

IU/L) and comparable with standard drugs (Table 4.18).   
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Curative treatment of rabbits (myocardial infarction group) with Rheum emodi extract 

considerably recovered against the ISO induced elevation in level of AST. Four days curative 

treatment with Rheum emodi significantly (p < 0.000) reduced the enzyme level (46.96 ± 0.862), 

which was near to normal group (33.16 ± 0.551 IU/L) and comparable with the standard drug 

(Table 4.18).  

Treatment with Euophorbia tirucalli extract alleviated the myocardial infarcted rabbits and 

significantly (P < 0.000) reduced the level of AST (48.88 ± 1.330) as compared to groups of 

rabbits with myocardial cardial infarction (74.6 ± 1.140 IU/L). Rabbits treated with Cyperus 

rotundus produced significant (P < 0.000) decrease in the level of AST (55.18 ± 1.013 IU/L). 

Gemmo modified and seed extract of Trigonella foenum brought the elevated level of AST to 

57.34 ± 1.91and 61.20 ± 0.843 respectively (Table 4.18). 

4.6.2.4. Alanine aminotransferase (ALT) 

 The myocardial infarction induced group of rabbits exhibited significant increase (P < 

0.000) in the level of ALT (78.18 ± 0.184IU/L) as compared to normal group (36.660+1.057). The 

treatment of ISO cardio toxicated groups of rabbits with different plant extracts showed a 

reduction in the enzyme level (Table 4.19). 

Maximum reduction after four curative doses (200 mg/Kg b.wt)  was  observed with the 

treatment of Euphorbia tirucalli (51.66 ± 1.17IU/L) followed by Rheum emodi  (53.7± 0.837 

IU/L), gemmo modified extract of Terminalia arjuna (55.66 ± 3.5 IU /L), Terminalia arjuna bark 

(58.66 ± 3.65 IU/L), Cyperus rotundus (58.98 ± 1.232IU/L), Trigonella foenum gemmo modified 

(57.60 ± 0.67 IU /L)  and Trigonella foenum seed extract (77.14.66 ± 2.910 IU /L). However the 

reduction in enzyme level was not equal to normal. There was a non-significant (p < 0.000) change 

in the level of ALT in serum of Trigonella foenum (seed extract) treated rabbits. 

4.6.2.5. Cholesterol 

A significant (p < 0.000) rise in cholesterol was observed in the ISO-induced group 

(167.2± 1.92mg/dL) as compared to normal group (80.200 ± 1.92 mg/dL). Terminalia arjuna bark 

and gemmo modified extract significantly (p < 0.000) decreased the cholesterol level in rabbits 

with myocardial infarction. Bark extract showed higher reduction in cholesterol (121 ± 

1.14mg/dL) as compared to gemmo extract (124.11 ± 1.58 mg/ dl .However this difference was 
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non significant (p < 0.05) (Table 4.20). Lipid lowering effect of Terminalia arjuna was less than 

the standard drugs. 

Curative treatment of cardio toxicated different groups of rabbits with extracts of R. emodi 

(131.40 ± 1.673 mg/dL), C. rotundus (141.400 ± 4.00 mg/dL) and E. tirucalli (152.4 ± 1.92 

mg/dL), T. foenum seed (153.00 ± 1.581) and), T.  Foenum gemmo extract (158.4 ± 2.07 mg/dL) 

reduced the ISO induce rise in the level of cholesterol. However the reduction in cholesterol level 

was not equal to the normal (Table 4.20) 

4.6.2.6. Triglycerides 

The level of triglyceride in the serum of control and experimental animals are presented in 

Table 4.21. Significant (P < 0.05) increase was observed in the level of triglyceride in serum of 

ISO injected group (149.6 ± 2.047mg/dL) as compared to normal control (61.40 ± 1.140 mg/dL), 

indicating isoproterenol induced hyperlpidemia.  

Administration of gemmo modified and bark extracts of Terminalia arjuna in the rabbits of 

myocardial induced group significantly protected the ISO induced elevation in triglyceride level as 

compared to ISO control group. Gemmo modified and bark extracts showed almost similar 

reduction in triglyceride level 96.40±.017 mg/dL, 92.8±1.92 mg/dL respectively). The lipid 

lowering effect of Terminalia arjuna on triglycerides level was greater than standard drugs. 

Curative treatment of cardio toxicated different groups of rabbits with extracts of R. emodi 

(105.40 ± 2.23mg/dL), C. rotundus (112.800 ± 1.92 mg/dL), E. tirucalli (133 ± 1.58 mg/dL), T.  

Foenum seed (124.00 ± 1.581 mg/dL) and T. foenum gemmo extract (128. ±1.581 mg/dL) 

significantly (P < 0.000) reduced the ISO induced rise in the level of triglyceride.  

4.6.2.7. Myocardial Antioxidants 

 Subsequent to ISO challenge, a significant (p < 0.000) decrease in myocardial antioxidant 

enzymes were observed in the ISO-control group in comparison to normal control. Post 

myocardial infarction treatment with plant extracts significantly (p < 0.000) raised the antioxidant 

enzyme level in the hearts of rabbits (Tables 4.22).  

Terminalia arjuna bark extract efficiently increased the levels of myocardial antioxidant 

enzymes including SOD (9.9 ± 2.02 IUmg-1protein), catalase (30 ± 0.887 IUmg-1protein) and 

peroxidase (1.378 ± 2.0 IUmg-1protein) near to the normal group (11.02.±1.05 IUmg-1protein, 
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34.82±0.48IUmg-1protein, 1.55 ± 2.58 IUmg-1protein respectively). Terminalia arjuna gemmo 

modified extract restored the levels of SOD (9.12 ± 9.2 IUmg-1protein), CAT (29.5 ± 1.20 IUmg-

1protein) and peroxidase (1.32 ± 0.09 IUmg-1protein) in myocardial tissues of myocardial infracted 

rabbits equal to the normal group.  

Curative treatment of myocardial infarction induced rabbits with Rheum emodi 

significantly (p < 0.000) increased the levels of SOD (9.0±1.03 IUmg-1protein), CAT (27.5 ± 

1.140 IUmg-1protein) and peroxidase (1.3 ± 2.3) near to the normal group. 

Treatment with Cyperus rotundus boosted the antioxidant status and antioxidant enzymes   

like SOD (8.93 ± 0.5 IUmg-1protein), CAT (25.6 ±.1.2 IUmg-1protein) and peroxidase (1.9 ± 1.58 

IUmg-1protein) in the myocardial tissues depleted with ISO injection.  

The levels of SOD (7.5 ± 0.0158 IUmg-1protein), CAT (22.0 ±.1.30 IUmg-1protein) and 

peroxidase (1.21 ± 1.72 IUmg-1protein) were improved in heart tissues after the treatment with 

Euophorbia tirucalli extract.   

Trigonella foenum gemmo extract resorted the levels of myocardial antioxidants like SOD 

(8.2 ± 0.01 IUmg-1protein), CAT (23.5 ± 1.15 IUmg-1protein) and peroxidase (1.250 ± 1.2 IUmg-
1protein) in cardiotoxicated group of rabbits. Seed extract of Trigonella foenum also showed 

elevation in the levels of SOD (7.3 ± 0.02 IUmg-1protein), CAT (22.3 ± 1.15 IUmg-1protein) and 

peroxidase (1.20 ± 1.0 IUmg-1protein) in myocardial tissues. 
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Table # 4.16. Cardio protective effect of different plant doses on the level of CK-MB (IU/L) in different experimental 
groups through the curative mode of treatment 

 
 Days Control ISO Treated ISO + Standard drug ISO+P200mg BSL. P 200mg 
T. arjuna( gemmo) 1 152.0801.326 291.48  1.388* 270.401.140# 284.822.532 152.4801.893 

2 151.7601.081 282.66  1.754* 220.060.932# 234.582.23# 151.0800.804 

3 151.4001.140 250.80  0.837* 181.301.204# 191.040.953# 151.6401.050 
4 151.4001.140 210.84  0.945* 163.522.626# 164.821.308## 152.2602.034 

T. arjun( bark)  1 152.260+1.174 291.48  1.388* 271.20+1.605# 281.36+1.524 151.880+1.073 
2 151.900+1.253 282.66 1.754* 220.06+0.720# 229.58+2.057# 150.980+0.847 
3 153.740+1.606 250.800.837* 180.62+0.792# 186.60+2.085# 151.680+0.838 
4 151.680+1.161 210.84  0.945* 164.20+1.924# 169.16+2.919# 153.520+1.535 

R .emodi 1 152.020+1.305 291.48 1.388* 270.86+1.26 286.28+1.922 155.520+0.976 
2 151.520+0.988 282.66 1.754* 220.58+1.064# 252.58+1.339# 147.440+1.212 
3 151.680+1.047 250.80  0.838* 181.90+1.673# 222.20+1.924# 151.920+1.280 

4 151.260+0.945 210.84  0.945* 163.86+2.130# 176.38+2.329# 150.480+2.139 
C. rotundus 1 151.640+1.222 291.48  1.388* 270.66+1.108 288.98+0.898 150.200+5.403 

2 151.740+1.074 282.66  1.754\ 220.36+0.961# 240.42+0.991# 153.700+2.042 
3 151.480+1.195 250.80   .837* 181.30+1.204# 194.86+0.865# 150.920+0.968 
4 151.400+1.140 210.84 0.945* 164.06+1.967# 181.58+0.581# 149.640+2.017 

E. tirucalli 1 151.440+1.401 291.481.388* 270.66+1.108 285.80+2.284 151.620+1.234 
2 152.020+1.085 282.661.754* 220.10+1.140# 241.58+0.82 151.520+1.038 
3 151.660+1.174 250.800.837* 181.30+1.204# 200.48+0.47# 120.960+67.066 
4 151.360+0.764 220.840.945* 163.66+2.393# 190.12+0.937# 151.600+1.140 

T. foenum(Seed) 1 151.500+1.334 291.481.388* 270.66+1.108 292.40+2.881 151.500+1.032 
2 152.320+1.799 282.661.754* 220.90+1.517# 251.80+224.334 151.720+1.009 
3 150.920+0.909 250.800.837* 181.30+1.204# 223.30+2.490 148.280+1.768 
4 152.140+6..051 210.840.945* 164.26+1.881 183.86+2.636# 148.400+1.140 

T .foenum (gemmo) 1 151.620+1.234 291.481.388* 270.68+2.194 293.0+2.550 150.700+0.819 
2 151.200+1.304 282.661.754* 282.60+1.817 272.20+1.924 154.140+1.638 
3 150.520+1.689 250.800.837* 230.78+0.563# 226.28+0.817# 148.700+3.342 
4 150.080+45.807 210.840.945* 163.22+1.047# 

 
186.740+0.994# 151.160+.876 

 
Results are expressed as mean+ SD for 5 rabbits in each group.* Significantly different from normal control group p<0.000. # Significantly different 
from ISO control group p<0.000. Control received normal diet and water.  ISO control; received 85mg/kg b.wt isoproterenol. Group ISO+ P, 200; 
received the ISO for two days and then plant dose was given to these rabbits for four days .Standard drug group; received the ISO for two days and  then  
standard drug was given to these rabbits for four days. BSL groups ;received only plant doses 
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Table # 4.17. Cardio protective effect of different plant doses on the level of LDH   (IU/L) through curative   
mode of treatment 

 
 Days Control ISO Treated ISO + Standard drug ISO.P. 200mg BSL. P 200mg 

T. arjuna (gemmo)  1 250.6800.507 534.001.804* 501.1000.894 516.0601.539 242.2801.891 
2 251.3200.554 513.601.673* 485.7003.867# 497.5801.477# 251.8601.565 
3 254.5202.304 491.502.000* 410.0002.550# 426.8600.773# 245.8401.957 
4 249.6001.140 481.300.975** 300.4400.483# 314.9601.335# 243.8001.304 

T. arjuna bark  1 250.640+0.462 533.24+2.528* 500.720+0.817 520.800+0.837 247.000+1.225 
2 251.440+0.336 513.86+1.936* 480.320+6.902# 497.300+3.867# 247.460+1.791 
3 250.980+0.968 491.70+1.988* 409.600+2.074# 431.100+0.742# 249.100+2.247 
4 249.820+1.076 481.1+0.894* 300.500+0.524# 306.260+3.505# 246.000+3.860 

R. emodi/ 1 252.200+1.304 534.02+1.834* 500.840+0.770 530.260+0.915 248.900+1.517 
2 253.320+2.532 514.24+1.946* 486.900+2.837# 512.860+1.702 242.800+1.790 
3 251.600+6.388 492.0+2.345* 409.600+2.074# 449.860+2.837# 247.400+1.140 
4 250.580+1.316 482.04+1.873* 300.500+0.500# 321.200+0.837# 251.266+2.711 

C. rotundus 1 250.460+0.508 534.40+2.014* 501.040+0.953 520.860+0.773 250.860+0.865 
2 251.200+0.447 512.66+2.092* 486.800+2.775 501.360+1.313 253.600+2.408 
3 252.800+2.683 491.34+2.190* 409.100+1.993# 431.860+1.264# 241.460+1.646 
4 249.400+1.342 451.80+1.924* 300.840+0.862# 351.560+1.144# 244.260+2.672 

E .tirucalli 1 252.900+1.572 534.64+2.237* 501.100+0.742 527.060+3.546 241.400+1.140 
2 251.860+0.581 513.06+2.251* 485.400+4.099# 500.550+0.505 245.600+2.510 
3 254.700+2.524 491.46+2.156* 409.840+2.287# 444.200+4.266# 249.200+1.304 
4 250.580+1.316 482.78+2.263* 300.480+0.476# 381.620+2.055# 251.000+0.707 

T .foenum  (seed) 1 253.800+2.168 534.02+1.550* 500.800+0.837 532.000+1.581 251.200+1.095 
2 252.400+2.702 514.20+1.924* 487.300+3.233# 507.200+1.483 251.600+0.894 
3 251.200+7.396 492.24+89.037* 429.200+1.924# 491.200+0.83# 248.400+2.702 
4 251.200+7.396 482.24+89.037* 300.200+1.924# 491.200+0.837 248.400+2.702 

T .foenum (gemmo  1 252.640+1.499 537.84+8.665* 500.580+0.427# 530.800+0.837 252.620+1.524 
2 244.600+16.009 513.20+2.049* 486.100+4.307# 512.800+1.924 252.200+1.304 
3 255.000+2.345 492.90+40.814* 410.000+2.550# 472.400+7.127 247.800+0.837 
4 250.600+1.140 482.44+2.042* 300.780+0.832# 402.860+10.0398# 248.600+1.8166 

 
Results are expressed as mean+ SD for 5 rabbits in each group. * Significantly different from normal control group p<0.000.  
# Significantly different from ISO control group p< 0.000.Control received normal diet and water. ISO control; received doses of 85mg/kg b.wt isoproterenol. Group 
ISO+ P, 200, received the ISO for two days and then  plant dose was given to these rabbits for four days. Standard drug group; received the ISO for two days and  then  
standard drug was given to these rabbits for four days 
BSL groups; received only plant extract doses 
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Table # 4.18. Cardio protective effect of different plant doses on the level of AST (IU/L) through the curative   
mode of treatment 

 
 Days Control ISO Treated ISO + Standard drug ISO.P. 200mg BSL-P 200mg 

T. arjuna (gemmo)  1 33.1801.110 92.280.776* 77.9201.991# 77.8600.830# 32.2200.999 
2 35.1601.431 90.1200.7568 66.5001.649# 69.9400.862# 34.8601.203 
3 32.2601.410 80.7200.716* 52.7801.773# 46.6601.038# 32.6001.181 
4 32.8001.304 84.6001.140* 41.0600.716# 41.2600.830# 30.6001.673 

T .arjuna bark  1 33.240+1.762 91.900+0.894* 77.900+2.014# 83.860+2.190 32.260+1.459 

2 35.160+1.674 90.180+1.182* 66.520+1.672# 73.640+2.182# 33.400+2.132 

3 32.900+1.386 80.540+0.677* 53.580+1.668# 59.700+0.711# 33.800+1.304 

4 33.160+0.551 84.380+1.105* 41.000+0.771# 45.320+0.779# 31.600+1.140 
R. emodi/ 1 33.540+1.369 92.180+.773* 78.540+1.504# 79.440+3.191 31.600+1.140 

2 34.460+1.467 89.860+0.891* 65.900+1.507# 78.640+0.814 29.360+1.193 

3 32.500+1.118 80.620+0.606* 53.020+1.450# 51.380+1.150# 31.560+1.498 

4 32.120+1.413 84.700+1.127* 41.500+1.25# 46.960+0.862## 31.500+s1.118 
C. rotundus 1 33.140+1.101 91.980+0.942* 77.940+1.837# 79.940+0.684 29.380+1.331 

2 34.860+1.222 89.860+0.891* 66.160+1.422# 73.580+0.811# 28.760+1.383 

3 32.660+1.236 80.600+0.592* 53.060+1.452# 61.480+1.117# 31.200+1.008 

4 32.420+1.110 84.000+1.581* 41.400+1.138# 55.180+1.013# 31.700+1.095 
E .tirucalli 1 32.940+1.218 92.180+0.773* 78.360+1.489# 79.300+3.120 31.260+1.240 

2 34.080+.934 89.980+0.779* 66.160+1.422# 75.060+1.679 33.840+.594 

3 32.520+1.228 80.580+0.526* 52.680+1.642# 63.060+1.4893 32.320+1.270 

4 32.620+1.105 84.660+1.108* 41.120+0.820# 48.880+1.33## 33.560+3.180 
T .foenum (gemmo) 1 33.480+1.190 92.080+1.968* 74.780+4.316# 80.100+0.894 31.660+1.236 

2 34.860+1.301 89.560+1.092* 62.280+5.475# 80.120+1.929 35.400+2.074 

3 32.860+1.702 81.020+0.746* 49.760+4.787# 73.660+1.038 33.800+1.643 

4 32.400+1.140 83.800+1.924* 41.600+1.202# 57.340+0.918# 34.060+1.539 
T .foenum( seed) 1 33.140+1.152 91.780+1.256* 78.740+1.641 81.000+0.707 32.000+1.581 

2 34.860+1.222 90.040+0.754* 66.280+1.462# 78.040+0.723 34.880+1.399 

3 32.660+1.236 80.840+0.853* 51.420+1.132# 69.860+2.012# 31.080+0746 

4 32.400+1.140 84.000+1.581* 42.460+2.203# 61.200+0843# 31.780+1.281 

 
Results are expressed as mean+ SD for 5 rabbits. * Significantly different from normal control group p<0.000. # Significantly different from ISO control group p< 
0.000.Control received normal diet and water. ISO control; received doses of 85mg/kg b.wt. Isoproterenol.Group ISO+ P, 200, received the ISO for two days and  then 
plant dose was given to these rabbits for four days. BSL groups received only plant doses 

Standard drug group; received the ISO for two days and then standard drug was given to these rabbits for four days  
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Table # 4.19. Cardio protective effect of different plant doses on ALT (IU/L) level through the curative 
mode of treatment 

 
 

 Days Control ISO Treated ISO + Standard 
drug 

ISO.P. 200mg BSL-P 200mg 

T .arjuna (gemmo)  1 36.920+0.937 82.080+1.992* 76.480+1.377 81.40+0.897 31.800+1.304 

2 36.320+1.232 81.520+1.201* 71.080+0.958# 74.920+0.798 31.240+1.260+ 

3 35.880+1.244 75.300+1.808* 61.660+1.108# 66.500+1.14#9 30.680+0.753 

4 36.660+1.057 78.360+1.036* 55.660+3.532## 48.260+1.93# 30.800+3.115 
T .arjuna(bark)  1 36.860+0.830 82.080+1.992* 76.480+1.377 80.540+0.527 33.440+1.126 

2 36.380+1.150 81.780+1.156* 70.860+0.773 72.460+1.122 27.840+1.493 

3 36.000+1.567 72.980+1.613* 61.200+1.304# 63.600+1.517# 31.640+0.297 

4 36.640+1.071 78.180+0.814* 56.660+3.651# 44.200+0.158# 32.240+0.426 

R. emodi 1 36.800+0.758 81.860+2.049* 76.060+1.539 77.940+4.070 31.640+1.203 

2 36.460+0.871 81.540+1.278* 72.260+2.211# 75.640+1.596 28.500+3.873 

3 36.280+0.701 72.540+1.939* 62.060+1.539# 50.920+24.970# 29.600+2.074 

4 36.780+1.021 78.120+0.740* 57.860+0.865# 50.700+0.837# 31.200+4.147 
C. rotundus 1 36.8800.926 82.2602.034* 77.0601.313 81.2201.339 35.0001.581 

2 36.0801.618 81.3401.450*8 71.6602.019 77.2401.479 32.0001.581 
3 35.8601.337 75.7201.816* 61.6601.108# 71.2001.304 32.6002.702 
4 37.3201.886 78.1400.893* 58.0800.719# 58.9801.232# 34.9001.368 

E .tirucalli 1      36.660+0.853 82.260+2.034* 77.060+1.313 79.900+1.432 32.000+1.581 

2 36.560+1.092 81.340+1.450* 72.860+2.510 74.020+1.550 32.000+1.225 

3 36.100+0.990 75.520+1.832* 61.660+1.108# 67.720+1.071# 33.400+1.140 

4 37.000+0.812 78.140+0.893* 58.092+0.7243# 51.660+1.174# 34.900+.742 
T .foenum(seed) 1 36.860+0.773 82.060+1.992* 77.040+1.293 82.200+1.304 36.480+0.882 

2 36.260+1.299 81.340+1.450* 72.860+1.596 82.260+1.299 33.600+3.209 

3 36.120+0.853 72.700+1.849* 62.400+1.673# 81.100+0.894 36.840+0.793 

4 36.260+1.240 78.100+0.742* 57.060+1.081# 77.140+2.910 35.400+1.140 
T. foenum(gemmo) 1 36.460+1.122 81.860+2.049* 76.440+1.426 82.060+1.489 36.440+0932 

2 36.460+1.122 81.860+2.049* 76.440+1.426 82.060+1.489 36.440+0.932 

3 36.060+0.932 75.300+1.980* 61.200+1.3043# 72.800+1.924 36.100+0.742 

4 36.840+1.352 78.300+0.837* 57.440+1.5923# 57.600+3.647# 35.600+1.140 
 

Results are expressed as mean+ SD for 5 rabbits. * Significantly different from normal control group p<0.000. # Significantly different from ISO control group p<0.000 
Control received normal diet and water. ISO control; received   four doses of 85mg/kg b.wt isoproterenol. Group ISO+ P, 200, received the ISO for two days and  then  
plant dose given to these rabbits for   four days. Standard drug group; received the ISO for two days and then  standard drug was given to these rabbits for 
four days BSL groups received only plant doses 
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Table # 4.20. Cardioprotective effect of different plant doses on Cholesterol (mg/dL) through the curative mode of 
treatment 

 
 Days Control ISO Treated ISO + Standard drug ISO.P. 200mg BSL. P 200mg 

T .arjuna gemmo 1 82.200+1.924 165.800+11.323* 158.600+6.986 150.200+1.483 88.000+1.581 
2 79.000+2.450 163.800+8.843* 120.000+1.581# 142.200+1.924# 77.800+0.493 
3 82.000+1.581 159.200+12.276* 105.000+14.000# 141.600+2.074# 84.000+1.581 
4 80.900+0.742 167.200+1.924*       91.200+1.304# 121.400+1.140# 81.600+2.074 

T .arjun bark  1 82.200+1.924 170.600+7.021* 158.600+6.986 151.400+1.140 79.200+1.924 
2 80.800+1.924 170.800+8.585* 120.000+1.581# 144.800+3.115 79.800+1.483 
3 78.000+3.162 169.000+2.000* 105.000+14.000# 135.200+1.483# 85.000+1.581 
4 79.600+2.074 169.600+5.177*       91.200+1.304# 124.000+1.581# 82.000+2.916 

R .emodi 1 82.000+1.581 171.400+11.866* 158.600+6.986 164.000+2.345 77.000+0.707 
2 79.400+1.342 173.600+7.0928* 120.000+1.581# 156.800+1.304 77.000+3.162 
3 81.200+1.304 177.000+5.568* 105.000+14.000# 150.200+1.483 77.400+4.336 
4 83.000+1.581 176.000+1.581*       91.200+1.304# 131.400+1.673# 74.000+4.528 

C. rotundus 1 79.6000.894 171.2008.349*8 158.600+6.986 162.8003.115 82.0001.581 
2 80.2001.483 172.0005.701* 120.000+1.581# 149.8007.2253# 79.6003.209 
3 80.6002.881 178.6003.8478 105.000+14.000# 151.00014.31# 73.6003.647 
4 79.8005.541 172.6006.504*       91.200+1.304# 141.4005.459# 75.6003.286 

E .tirucalli 1 80.240+1.479 171.200+8.349* 158.600+6.986 172.000+1.581 81.400+1.140 
2 80.200+1.483 176.000+9.618* 120.000+1.581# 165.600+1.949 81.000+2.000 
3 79.800+3.564 178.600+3.847* 105.000+14.000# 158.200+1.789 76.600+1.140 
4 79.800+5.541 142.800+71.054*       91.200+1.304# 152.200+1.924 80.200+2.588 

T .foenum(gemmo) 1 81.600+1.140 170.000+8.277* 158.600+6.986 172.000+6.285 83.200+1.304 
2 79.600+2.074 173.600+10.715* 120.000+1.581# 163.600+4.827 76.200+1.483 
3 81.000+1.225 176.600+2.967* 105.000+14.000# 172.400+3.782 80.600+2.074 
4 82.600+2.074 177.600+1.673*       91.200+1.304# 158.400+2.074 76.600+1.140 

T .foenum  ( seed) 1 79.600+2.074 167.600+7.232* 158.600+6.986 171.400+2.408 81.200+0.837 
2 79.600+2.074 176.800+4.86* 120.000+1.581# 167.200+1.924 77.000+2.000 
3 81.200+1.304 160.400+1.5178 105.000+14.000# 163.200+1.924 75.400+1.517 
4 83.000+1.581 160.400+1.140*       91.200+1.304# 153.000+1.581# 77.800+1.095 

 
 

Results are expressed as mean+ SD for 5 rabbits. * Significantly different from normal control group p<0.000  
# Significantly different from ISO control group p< 0.000.Control; received normal diet and water. ISO control; received only 85mg/kg b.wt isoproterenol. Group ISO+ 
P, 200, received the 85mg/kg b.wt  ISO for two days and   plant dose was given to these rabbits  for four days Standard drug group; received the ISO for two days 
and  then  standard drug was given to these rabbits for four days. BSL groups received only plant doses 
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Table # 4.21 Curative cardio protective effect of different plant doses on Triglycerides (mg/dL) trough the curative 
mode of     treatment 

 
 Days Control ISO Treated ISO + Standard drug ISO.P. 200mg BSL. P 200mg 

T.arjun gemmo 1 67.000+1.225 166.800+18.566* 143.800+2.388 129.600+2.074# 69.000+1.581 
2 65.000+1.581 158.800+2.168* 125.000+1.581# 122.600+2.074# 64.600+1.517 
3 63.000+1.581 158.200+2.168* 112.000+1.581# 108.600+2.408# 63.000+1.581 
4 61.400+1.140 159.600+2.074* 100.600+7.635# 96.400+6.107## 62.600+2.074 

T.Arjun bark  1 68.000+2.000 166.800+18.566* 143.800+2.388# 130.000+1.581# 65.200+3.962 
2 66.800+3.271 158.800+2.168* 125.000+1.581# 119.200+1.924# 66.600+1.140 
3 63.400+2.074 158.200+2.168* 112.000+1.581# 103.800+2.588# 64.000+1.581 
4 62.600+1.673 159.600+2.074* 100.600+7.635# 92.800+1.92433 62.600+2.074 

R. emodi/ 1 66.000+1.581 166.800+18.566* 143.800+2.388 135.600+1.673# 64.400+2.302 
2 65.800+1.304 158.800+2.168* 125.000+1.581# 130.000+2.345# 60.200+1.483 
3 64.400+0.894 158.200+2.168* 112.000+1.581# 127.400+1.817# 62.200+1.924 
4 61.600+1.140 159.600+2.074* 100.600+7.635# 105.000+2.236# 66.000+1.581 

C. rotundus 1 68.0002.000 166.800+18.566* 143.800+2.388# 130.0001.581# 65.2003.962 
2 66.8003.271 158.800+2.168* 125.000+1.581# 129.2001.924# 66.6001.140 
3 63.4002.074 158.200+2.168* 112.000+1.581# 123.8002.588# 64.0001.581 
4 62.6001.673 159.600+2.074* 100.600+7.635# 112.8001.924# 62.6002.074 

E.triculli 1 66.520+1.796 166.800+18.566* 143.800+2.388 139.600+2.608# 65.000+1.581 
2 65.200+3.271 158.800+2.168* 125.000+1.581# 134.200+1.924# 63.200+1.924 
3 63.000+1.581 158.200+2.168* 112.000+1.581# 128.800+2.280# 63.800+2.490 
4 63.000+1.581 166.800+18.566* 100.600+7.635# 133.000+1.581# 62.600+1.140 

T.foenum)gemmo 1 66.800+2.588 158.800+2.168* 143.800+2.388 142.800+2.168# 64.800+2.168 
2 69.000+2.916 158.200+2.168* 125.000+1.581 137.200+1.924# 64.200+3.115 
3 63.800+0.837 159.600+2.074* 112.000+1.581# 133.400+2.074# 66.600+1.140 
4 61.800+0.837 166.800+18.566* 100.600+7.635# 128.000+1.581# 63.000+1.225 

T.foenum seed 1 65.400+2.702 166.800+18.566* 143.800+2.388 143.200+3.564# 65.000+1.581 
2 66.200+1.483 158.800+2.168* 125.000+1.581# 136.000+1.581# 67.200+2.864 
3 63.800+1.304 158.200+2.168* 112.000+1.581# 137.800+1.304# 61.600+3.362 
4 64.000+1.581 159.600+2.074* 100.600+7.635# 124.000+1.581# 60.400+1.140 

 
Results are expressed as mean+ SD for 5 rabbits in each group. * Significantly different from normal control group p<0.000  
# Significantly different from ISO control group p< 0.000.  
Control; received normal diet and water. ISO control; received two doses of 85mg/kg b.wt isoproterenol. Group ISO+ P, 200, received the 85mg/kg b.wt ISO for two 
days and   plant dose was given to these rabbits  for four days. Standard drug group; received the ISO for two days and  then  standard drug was given to these 
rabbits for four days. BSL groups received only plant doses 
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Table # 4.22 Effect of plant extract on myocardial antioxidant through the curative mode of   treatment 
 

 
 SOD (IUmg-1 protein) CAT (IUmg-1 protein) 

Peroxidase (IUmg-1 
protein) 

Control 11.02+1.05 34.82+048 1.55+2.58 

ISO control 4.14+.54* 14.820+1.004* 0.652+2.01* 

TA (B)-200+ ISO 
 

9.9+.12# 30+0.88## 1.37+.002# 

TA (G)200+ ISO 
 

9.12+.014# 26.5+0.95# 1.32+0.09# 

RE200+ISO 
 

9.00+1.03# 27.5+1.14# 1.3+.56# 

ET200+ISO 
 

7.5+.0158# 22+1.3# 1.21+1.73# 

TF(G)200+ISO  8.2+2.13 23.5+1.02# 1.25+.10# 

TF(S)200+ISO  7.3+0.0# 22.3+1.15# 1.20+13# 

CR200+ISO 8.93+.05# 25.6+1.2# 1.9+0.58# 

 
Results are expressed as mean+ SD for 5 rabbits.  
* Significantly different from normal control group (p<0.000.)  
# Significantly different from ISO control group.( p<0.000) 
Control; received normal diet and water. ISO control; received 85mg/kg b.wt isoproterenol. Group ISO+ P, 200; received the ISO for four days and   
plant dose was given to these rabbits  for  four days. BSL groups; received only plant doses, TA (B) = Terminalia arjuna Bark extract, TA (G) = 
Terminalia arjuna gemmo extract, RE =  Rheum emodi, ET = Euphorbia tirucalli, TF S  = Trigonella foenum seed .TA G = Trigonella foenum gemmo,  
= Cyperus rotundus   
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4.6.3. Gross Pathological Studies 
  Animals of control group showed normal heart size, no appearance of necrosis, 

and hardness. Severe hardness, necrosis and increased heart size was observed in ISO-

induced groups. Preventive and curative treatment of rabbits with all plant extracts 

protected the hearts and prevented against the damage of ISO. Terminalia arjuna extracts 

showed maximum protection followed by Rheum emodi, Cyperus rotundus, Euophorbia 

tirucalli, Trigonella foenum. All baseline groups showed normal gross pathological and 

changes confirmed that plants had no harmful effect on the heart and other parts of body. 

4.6.4.  Histopathological studied of baseline groups 

Different body parts of rabbits of baseline groups showed normal 

histopathological examinations and normal architecture of the tissues of liver lungs and 

kidney.  It confirmed the non toxic effect of plants on other body parts of the rabbits. 

These observations also confirmed that dose levels used in this study were safe. 

Photographs of some groups have been shown in Fig 4.25  
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Fig.4.25.  Photographs of liver, kidney and heart tissues  of base line groups of 
rabbits treated with Terminali aarjuna, showing normal architecture 
of tissues. 
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4.6.5. Effect of Plant Extracts on Heart Rate of Experimental Animals 
 The heart beat of each experimental group was noted. Control group showed 

normal heart rates. The ISO induced group showed increased heart rate which confirmed 

Tachycardia and myocardial infarction. Curative and preventive treatment with plant 

extracts lowered the heart rate and kept it near to normal (Fig 4.26a, 4.26b, 4.26c). 
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Fig. # 4.26a. Change in heart rate (beat/30 sec) in different experimental groups 
 

             Mean + SD (n=3). p<0.000 
TA (b) Terminalia arjuna bark extract 
TA (G) Terminalia arjuna gemmo extract 
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Fig. # 4.26b. Change in heart rate (beat/30 sec) in different experimental groups 

             Mean + SD (n=3).  
 RE; Rheum emodi, CR ;Cyperus rotundus, ET; Euophorbia tirucalli 
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Fig. # 4.26c. Change in heart rate (beat/30 sec) in different experimental groups 

 
Mean + SD (n=3). TF(s) Trigonella foenum seed, TF(G) Trigonella 
foenum (Gemmo modified) 
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DISCUSSION  

The present study demonstrated both important curative and preventive modes of 

cardioprotective activity. It explained the cardioprotective potential of five indigenous 

medicinal plants in a widely used ISO-induced model of myocardial infarction in rabbits. 

ISO a synthetic catechol amine is a β- adrenergic receptor agonist. Its high dose has the 

ability to destroy myocardium and causes cardiotoxicity due to cytosolic Ca2+ overload.  

The metabolism of ISO produces an oxidative stress due to excessive production of free 

radicals that initiates peroxidation of polyunsaturated fatty acids present in membranes 

which may result in the loss of functions of myocardial membranes. Peroxidation of 

membrane phospholipids, and oxidative change in –SH group of enzymes including Ca2+ 

ATP ase and Na+- K + ATP ase leads to excessive concentration of calcium inside the cell 

and reduced efflux of calcium resulting in intracellular calcium overload. It causes 

depletion of high energy phosphate stores and destruction of mitochondrial function. 

These changes ultimately lead to irreversible injury of myocardial tissues. As a result of 

this myocardium destruction, cytosolic enzymes (CK-MB, LDH, AST, and ALT) are 

secreted into the blood and serve as diagnostic markers of cardiotoxicity. 

Pathophysiological changes including cell necrosis, contractile failure, ventricular 

arrhythmias and subcellular changes after ISO administration (85mg/kg) are comparable 

to those taking place in human myocardial ischemia/infarction (Yates and Dhalla 1975; 

Rona 1985; Singal et al., 1983; Senthil et al., 2007; Nandave et al., 2007; Velavan et al., 

2008; Panda and Niak 2008,). 

ISO treated rabbits showed a significant increase in the levels of diagnostic 

marker enzymes including CK-MB, LDH, AST, and ALT at the dose of 85 mg/Kg. The 

high levels of enzymes are an indicator of the severity of ISO-induced myocardial cell 

necrosis. The myocardial cell necrosis can be due increase in lipid peroxidation. These 

finding are in agreement with earlier reports (Farvin et al., 2004; Diaz Munoz et al., 

2006; Karthikeyan et al., 2006; Li et al., 2006;  Senthil et al., 2007 ; Nandave et al., 

2007; Velavan et al., 2008; Panda and Niak 2008) 

ISO can also induce hyperlpidemia. Lipid peroxidation, as a result of excessive 

free radicals, has been identified as one of the major destructive reactions in the the 

cellular mechanism of the myocardial ischemia. Highly oxidative metabolites of ISO 



 
146

accelerates the rate of peroxidation in membrane phospholipids and release free fatty 

acids into the plasma by the action of phospholipase A2, and it is a big causative factor of   

ISO-induced hyperlpidemia (Sivakumar et al., 2007). 

  A significant increase was observed in the levels of cholesterol, triglycerides, and 

LDL and the level of HDL was significantly lower in the serum of ISO treated rabbits as 

compared to normal. These finding are indicating the ISO induced hyperlpidemia and are 

in accordance with the earlier studies (Sasikumar et al., 2001; Sivakumar et al., 2007; 

Kareem et al., 2009). 

 Activities of antioxidant enzymes, including SOD, CAT, and peroxidase were 

significantly lower in cardiac tissues of the ISO treated group. The limited activity of 

endogenous antioxidant enzymes might be due to less availability of their substrates. 

These enzymes provide protection from peroxidative damage, in condition of oxidative 

stress; antioxidant enzyme consumption is increased due to high lipid peroxidation. The 

production of highly reactive free radical species inhibited the activities of antioxidant 

enzymes (Karthikeyan et al., 2007). 

 Treatment of different groups of rabbits with extracts of five medicinal plants at 

three dose levels (100, 150 200 mg/Kg b.wt.) significantly blocked the ISO induced 

secretion of all cardiac diagnostic marker enzymes (CK-MB, LDH, AST, ALT) dose 

dependently. The extracts treatment has shown significant reduction in ISO-induced 

elevation in cholesterol, triglyceride and LDL and restored the HDL level. The decline in 

enzymes and lipids levels could be due to the potential of extracts as repairing and 

maintaining of the membrane due to antioxidant polyphenols, thereby stop the secretion 

of enzymes. 

 The rabbits treated with three doses (100, 150 200 mg/Kg b.wt.) of plant extracts 

showed a significant restoration in the activities of antioxidant enzymes (SOD, CAT and 

GPx) when compared with ISO induced group. The rise in endogenous antioxidant 

enzyme level might be a cellular adaptive mechanism, which leads to the increase 

synthesis of these enzymes and attributed to free radical scavenging potential of 

antioxidant polyphenols in medicinal plants (Karthikeyan et al., 2007). 

 Results of this study have shown that the five medicinal plants protected the 

myocardial tissues from ISO-induced myocardial changes by regulating the levels of 
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serum diagnostic marker enzymes, lipids and activities of antioxidant enzymes. Recent 

studies suggested that the free radical formation and oxidative stress associated with the 

occurrence of deficiencies in antioxidant enzymes may be the major causative factor for 

the development of heart failure after myocardial infarction 

Keeping in view the role of free radical in cardiovascular diseases, the 

cardioprotective potential of medicinal plants is attributed to the presence of potent 

antioxidant compounds and their free radical scavenging activity. Polyphenols are widely 

distributed in medicinal plants. Many studies confirm the antioxidant potential of 

polyphenols. The first part of the present study has confirmed the strong antioxidant 

potential of the studied plants extracts. The cardioprotective potential of medicinal plants 

in terms of curative and preventive mode correlated with polyphenolic fraction and 

antioxidant activity; however plants showed greater preventive cardio protection as 

compared to curative. Rabbits treated with Terminalia arjuna showed curative potential 

comparable to standard drug. Treatment of experimental groups with other under study  

plants showed less curative potential as compared to their preventive potential.   

Terminalia arjuna is very important medicinal plant, its application in cardio 

vascular diseases is well established. Preventive (Prior administration for 3 weeks) and 

curative treatment of Terminalia arjuna bark and gemmo modified extract significantly 

protected from isoproterenol induced myocardial infarction. 200 mg/kg b.wt. dose of 

extract significantly lowered the elevated level of all cardiac marker enzymes CK.MB. 

LDH, AST, ALT near to normal. Both extracts showed significant hypolipidemic effect 

and decreased the ISO induced hyperlpidemia. It has a strong restoration effect on 

antioxidant enzymes (SOD, CAT peroxidase). 

Many studies are reported about the cardio protective (Gauthaman et al., 2001) 

and hypocholesterolemic effect of Terminalia arjuna bark (Tiwari et al., 1990). But no 

pervious data is available on cardio protective effect of gemmo modified extracts (young 

buds and shoots). It is first time reported in this study that gemmo modified extract 

showed cardioprotective and hypocholesterolemic effects close to the bark extract. It 

could be used as new cardioprotective agent. Other aspect of this study (curative effect or 

post-myocardial infarction treatment) of plants is also first time reported in this study and 

no previous reference was available on this aspect. Both gemmo modified and methanolic 
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bark extracts offered a great potential to cure the myocardial infarction induced by 

consecutive doses of ISO. 

 The cardioprotective activity of Termination arjuna is manly due to its highly 

rich source of antioxidants like phenolic acid and flavonoids. HPLC analysis confirmed 

the presence of the most important flavonols (quercetin, myricetin kaempferol), flavanole 

(catechin) and phenolic acids (gallic acid, p.coumaric, ferulic acid) in significantly higher 

concentrations. Many studies support the cardio protective effect of plant polyphenols 

(Wang et al., 2002; Zern and Fernadez 2005, Leifert and Abeywardena 2008; Alyane et 

al., 2008). Flavonoids can show their cardioprotective potential by various mechanisms. 

The intake of flavonoids may stop endothelial dysfunction by increasing the vasorelaxant 

process leading to reduction of arterial pressure (Iijima and Aviram, 2001; Tapas et al., 

2008; Narayana et al., 2001). Flavonoids may directly scavenge some radical species and 

also help in uptake of oxdatively modify LDL through scavenger receptors. Scientific 

studies have revealed that quercetin; an important flavonol suppressed the LDL oxidation 

and exerted significant vasorelaxation (Burns et al., 2000). Polyphenols may enhance 

cardiovascular health through regulation of platelet reactivity. Selected flavonoids such 

as quercetin kaempferol and myricetin inhibited platelet aggregation (Tzeng et al., 1991; 

Keevil et al., 2000).  

Antioxidant constituents of Terminalia arjuna are mainly responsible for its 

superlative cardioprotective and hypolipidemic activity. Bark of Terminalia arjuna has 

also reported to be rich in co-enzyme Q, which is highly effective to prevent heart 

disease. All these facts confirmed the strong cardioprotective potential of Terminalia 

arjuna. 

 Rheum emodi demonstrated the second highest cardioprotective effect. Curative 

and preventive treatment of different doses of Rheum emodi  extracts declined the ISO 

induced elevated level of cardiac marker enzymes and lipids. High dose (200 mg/kg) 

demonstrated restoration of some enzymes near to normal. Different studies have been 

reported the cardioprotective effect similar to these doses (Nandav et al., 2007, Mohanty 

et al., 2009). No previous scientific studies were reported about this type of work on 

Rheum emodi however in the literature Rheum emodi was reported for strong antioxidant 

action. Strong cardioprotective effect may be attributed due to antioxidant constituents. 
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Phenolic acids and flavonoids were detected in appreciable amount in this plant. It is well 

established that flavonoids can reduce the risk of heart disease (Kurosawa et al., 2005; 

Vita 2005; Tiwari et al., 2009). 

 Cyperus rotundus also contained a remarkable quantity of total polyphenols 

Folin-Ciocalteu and HPLC analysis confirmed it. Cyperus rotundus contained the highest 

amount of quercetin which is potent cardioprotective flavonoid (Burns et al., 2008). 

Presence of polyphenols (gallic acid, ferulic acid-coumaric acid, and catechin) and 

polyphenols supported the cardioprotective and hypolipidemic potential of this plant.  

Euophorbia tirucalli extract was also found to be cardioprotective due to its 

polyphenols. Trigonella foenum extracts (seed and gemmo) lowered the ISO induced 

increase level as compared the ISO control group, but this effect was not near to normal 

values. Seed extract of Trigonella foenum showed very strong lipid lowering potential. 

These findings are in agreement with pervious reports of Kochhar et al., 2007 and 

Sharma 1990 who reported significant lipid lowering effect of seed extract of Trigonella 

foenum. Saponins of the seed may be responsible for strong hypocholesterolemic effect. 

Saponins may interfere with cholesterol biosynthesis in liver. Other parts of seed 

including soluble fiber, gums, pectins, mucilages may stop cholesterol absorption in the 

intestine. 

  In the overall results Terminalia arjuna showed the highest cardioprotective effect 

followed by Rheum emodi, Cyperus rotundus, Euophorbia tirucalli and Trigonella 

foenum. Cardioprotective activity was strongly correlated with polyphenolic contents. 

Plant having high polyphenolic contents showed greater cardioprotective potential. 

 Many studies on different medicinal plants are reported similar to this research 

project, like Ocimum sanctum (Mohanty et al., 2007, Arya et al., 2006, Cucumins 

trigonus (Thippeswamy et al., 2009), garlic (Asdaq et al., 2008), etc but limited studies 

on studied  plants are available. 

4.7. IMMUNOMODULATORY ACTIVITY 

 The defense system (immune system) of body is very vital for life to protect from 

harmful effects of large number of entering foreign particles. Antibodies are secreted by 

plasma cells, destroy antigens (microbes, virus and bacteria) and mediate humoral 

immune response and also known as humoral immunity because it involves substances 
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found in humoral or body fluids.  Agglutination antibody titer is a complex formation 

reaction between antibody and antigen, defined as reciprocal of highest dilution which is 

agglutination. Antibody titer is important parameter to measure the changes in immune 

response.  

 Macrophages (big eaters) are white blood cells, generated by the division of 

monocytes and   play a very important role in innate and adaptive immunity. Their 

important characteristic is to engulf and then digest (phagocytosis) cellular trash and 

pathogens. Phagocytosis   assay is a very important measure of cell-mediated immune 

response.  

4.7.1. Effect of Different Plant Extracts on Humoral Antibody Titer 

 All extracts exhibited stimulation of antibody production dose dependently, but 

different in extent (Table 4.23). Terminalia arjuna bark extract (200 mg/kg b.wt) 

significantly (p < 0.000) increased the humoral antibody titer (11.5 ± 2.062) after 

immunization of rabbits with RBCs in comparison to the normal control (4.25 ± 0.50) 

and antigen control (6.5 ± 0.57). Mean antibody titer for gemmo modified extract of 

Terminalia arjuna treated rabbits was 11.00 ± 1.00, which was significantly (p < 0.000) 

higher than control (4.25 ± 0.50). Terminalia arjuna both gemmomodified and bark 

extracts showed almost similar effect on the antibody titer. 

 The group of rabbits treated with Cyperus rotundus rhizome extract (200 mg/kg 

b.wt.) showed 11.25 ± 1.5 antibody titer against sheep RBCs, which was significantly (p 

< 0.000)  higher than control (4.25 ± 0.50). The methanolic extract of Rheum emodi 

rhizomes significantly (p < 0.000) stimulated antibody production and significantly 

higher antibody titer (8.75 ± 1.25) was observed at the high dose (200 mg/kg b.wt) as 

compared to control (4.25 ± 0.50). Antibody titer was 8.00 ± 2.062 in the Euophorbia 

tirucalli treated group of rabbits. Trigonella foenum gemmo modified and seed extracts 

treatment showed titer 7.00 ± 1.5 and 7.25 ± 1.5 respectively. Administration of only 

plant extracts without antigens exhibited an antibody titer near to the normal control.  

4.7.2. Effect of Plant Treatment on Phagocytosis 

Peritoneal macrophages treated with different doses of plant extracts were 

evaluated for their capabilities to digest and ingest particles and shown in (Fig 4.27a, 

4.27b). The treatment with methanolic bark and gemmo modified extract of Terminalia 
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arjuna significantly increased the number of sheep red blood cells (SRBC) engulfed by 

macrophages in dose dependant manner. Macrophages engulfed 25 ± 2.91 and 23.2± 

3.115 SRBC after induction of bark and gemmomodified extract of Terminalia arjuna 

respectively at the concentration of 100 µg/mL. the number of engulfed cells was 

significantly higher (p < 0.000) than untreated control (1.6 ± 0.25).  Moreover, after the 

treatment with both extracts of Terminalia arjuna bark and gemmomodified the 

macrophages engulfment percentage (% phagocytosis) was significantly higher (95.367 ± 

1.9, 93.9 ± 1.00 %) than control (39.8 ± 0.40 %). Significant immune stimulatory effect 

of Terminalia arjun extract on Phagocytosis was observed when compared with the 

control. 

 The number of SRBC engulfed by macrophages was also significantly higher 

(p<0.000) with Cyperus rotundus (19.6 ± 5.25) as compared to untreated control (1.6± 

0.25) and showed 90.6% phagocytosis (macrophages engulfment percentage). Rheum 

emodi and Euophorbia tirucalli exhibited almost similar Phagocytosis 82 ± 0.60%, 

80.073 ± 0.304% respectively. Immunostimulatory effect of Rheum emodi and 

Euophorbia tirucalli extracts were observed only at high concentration (100 µg/mL) 

while low concentrations (10 µg/mL and 1 µg/mL) were had no effect in the 

phagocytosis assay. Trigonella foenum seed and gemmo extract did not show remarkable 

activity and showed minor phagocytosis 41and 47% respectively. 

DISCUSSION  

Macrophages are involved in the commencement of different immune response 

including innate and adaptive immunity. They play crucial role to engulf and digest 

(phagocytose) cellar trash and microbial invaders. Phagocytosis is an important ability of 

macrophages, and when this is disturbed it results in increased risk of infections. 

Antibodies are specific immune proteins and their production is the major function of 

immune system as they have ability to combine with antigens that can activate their 

production. The antibody titer is helpful to determine the changes in the quantity of 

antibodies in the route of immune reaction.  Humoral antibody titer as well as cell 

mediated immunity (phagocytosis) are very important parameters to check the efficiency 

of immune system.  
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Among the five under studied indigenous medicinal plants, both extracts of 

Terminalia arjuna (methanolic bark and Gemmo modified) were found to be 

substantially effective in boosting cell mediated (Phagocytosis) and humoral immune 

response (antibody titer). The treatment of the both extracts of Terminalia arjuna 

methanolic bark and gemmo modified at different level of doses (100, 200 mg/kg b.wt.) 

increased the antibody production and significantly enhanced the phagocytosis ability of 

macrophages. Humoral antibody titer and phagocytosis are two important parameter to 

evaluate the effect of medicinal plants on immune system, many scientists reported the 

effect of plant extracts on antibody titer and phagocytosis activity. (Shin et al., 2002; Lu 

et al., 2007; Gokani , et al., 2007; Biella, et al., 2008; Gour et al., 2009 ). The increase in 

engulfment ability of macrophages and antibodies production may be due to the 

immunostimulatory effect of Terminalia arjuna extracts   Immunomodulatory effect of 

Terminalia arjuna was reported in literature but no scientific study was available in this 

regard and this study can provide scientific validation of immunostimulatory potential of 

Terminalia arjuna. Findings of antioxidant activity confirmed the strong antioxidant 

behavior of this plant. HPLC analysis confirmed the presence of kaempferol, quercetin 

and myricetin (flavonols), catechin (flavanole) and gallic acid, chlorogenic acid, vannilic 

acid, and ferulic acid. Significantly higher immunostimulatory effect of Terminalia 

arjuna links to its higher antioxidant power and Polyphenolic contents. These results are 

in agreements with some pervious reports about immunostimulatory effect of 

polyphenols (Chiang et al., 2003; Sternberg et al., 2009). 

The next highest effect was observed with the rhizomes of Cyperus rotundus. 

Treatment of rabbits with Cyperus rotundus significantly stimulated the immune system 

of rabbits and increased the antibody production against the antigen and it was effective 

in boosting the engulfment ability of macrophages. Results of HPLC analysis revealed 

that Cyperus rotundus contained a remarkable quantity of valuable polyphenols. Good 

stimulatory effect of Cyperus rotundus on immune system is may be due to polyphenolic 

contents  

Rheum emodi and Euophorbia tirucalli have high polyphenolic contents but their 

effect was less than Cyperus rotundus. Stimulatory effect with both extracts of Rheum 

emodi and Euophorbia tirucalli was observed only at high concentration. Low 
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concentrations remained ineffective.  Cyperus rotundus contained high quantity of 

quercetin which may be responsible for its superior immunomodulatory effect.  

Trigonella foenum was found to be less effective in phagocytosis, but it showed 

some stimulatory effect on antibody production. Our findings are different from Hafeez 

et al., 2003 who reported the immunostimulatory effect of Trigonella foenum herb. This 

Trigonella foenum showed less immunomodulatory effect as compared to other plants. 

Quercetin and Kaempferol were not detected in Trigonella foenum which may be reason 

of less immunostimulatory effect of this plant as compared to other under investigation 

plants. 

The immunomodulatory effect of medicinal plants has been attributed to 

polyphenols (antioxidant components). Flavanoids and polyphenols have been renowned 

to possess immunomodulatory potential. Many studies have been reported in this respect. 

Flavanoids (epicatechin and proanthocyanidin) isolated from litchi showed 

immunomodulatory and anticancer activities (Zhao et al., 2007). Two important 

flavonoids, luteolin and quercetin exhibited a valuable effect on immune system 

(Sternberg et al., 2009). Flavonoids enhanced the immune function by regulating 

signaling pathways involving nuclear factor kappa B (NK Kappa B), activation and 

mitogen activated proteins (MAB), kinase family phospharlytion (Kumazawa et al., 

2006, Lyu and Park, 2005). Analysis of structure activity relationship showed that 

immunomodulatory effect of flavonoids depends on position and number of hydroxyl 

group of B ring and double bond of C2 – C3 (Kim and Jobin, 2005, Sternberg et al., 2009, 

Hendriks et al., 2008 ). Chlorogenic acid ferulic acid, P-coumaric acid, vannilic acid and 

some other phenolic acids are also reported for persuasive immunomodulatory effect 

(Chiang et al., 2003, Vinardell and Mitjansn 2008). These facts supported the 

immunostimulatory potential of polyphenolic fraction of selected medicinal plants. 

Modulation of immune system (stimulation and suppression) isan  important 

strategy in therapy of many diseases. A number of research studies have been shown 

plant product’s multiple actions on defense system responses including 

immunomodulatory effect of Euophorbia cheiradenia (Amirghofran et al., 2008 ), 

Tinospora cardifolia  (Ranjith et al., 2008), Ficus behghalns (Gabhe et al., 2006), Eclipta 

and Centella asiatica (Jayathirtha and Mishra, 2004),  Actinidia macrosperma (Lu et al., 
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2008), Nerium oleander (Farwachi et al., 2009), Ginseng (Shin et al., 2002)  but  No 

significant work on plants under study has been reported. 

From these results it is concluded that immunomodulatory potential of medicinal 

plants links to their antioxidant components. The immunostimulatory effect of plants is 

correlated with their polyphenolic contents. Terminalia arjun showed maximum 

polyphenols, hence it exhibited highest immunostimulatory effect. Cyperus rotundus 

showed greater potential as compared to Rheum emodi and Euophorbia tirucalli, which 

may be due to presence of some individual component in high concentration like 

quercetin. Trigonella foenum showed the least immunomodulatory effect. 
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Fig. #4.27a. Macrophages engulfment factor with different concentrations of plant 

extracts  
All values expressed as mean +SD (n=3) Terminalia arjuna Bark extract, TA (G) = 
Terminalia arjuna gemmo extract, RE = Rheum emodi, ET = Euphorbia tirucalli, TF S = 
Trigonella foenum seed. TF G = Trigonella foenum gemmo, CR= Cyperus rotundus   
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Fig # 4.27b. % Phagocytosis after treatment with different plant extracts  
 

All values expressed as mean +SD (n=3). Terminalia arjuna Bark extract, TA (G) = 

Terminalia arjuna gemmo extract, RE = Rheum emodi, ET = Euphorbia tirucalli, TF (S) 

= Trigonella foenum seed. TF (G) = Trigonella foenum gemmo, CR= Cyperus rotundus   
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Table # 4.23. Effect of different plant extracts treatment on humoral antibody titer 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

All values expressed as mean +SD (n=5).  *Significantly different from control at p < 0.000 
Group 1; .Rabbits were normal controls; animals were administered standard diet only.  
Group 2; .Animal of this group was immunized with SRBC (sheep red blood cell) injected subcutaneously on 1st and 3rd day 
Group 3; 100 mg/kg plant extract was given to this group daily for 14 days 
Group 4. 200mg/kgbw plant extract was given daily for 14 days 
 Group 5.;these rabbits were first immunized with RBCs on  1st and 3rd day after immunization the plant extract(100 mg/kg 

b.wt )was given for 14 days  
Group 6; Rabbits were treated as group 5 then a dose of plant extract (200mg/kgb.wt) was given for 14 days

Groups 
 
 
 
HA titer 

G1 
Normal 
Control 

G2 
(Antigen) 

G3 
100 mg/kg 
(Plant 
extract) 

G4 
200 mg/kg 
(Plant 
extract) 

G5 
100 mg/kg 
(Plant extract + 
antigen) 

G6 
200 mg/kg 
(Plant extract + 
Antigen) 

T. arjuna (bark) 4.250+0.500 6.5+0.577 4.7+50.500 5.0+0.578 10.75+0.577* 11.5+2.062** 

T. arjuna( gemmo) 4.250+0.500 6.5+0.577 4.5+1.5 4.75+1.00 10.00+1.155* 11.00+1.0** 

C. rotundus 4.250+0.500 6.5+0.577 5.0+0.51 5.25+0.50 9.75+1.500* 11.25+1.500** 

R. Emodi 4.250+0.500 6.5+0.577 5.6+0.51 4.05+0.51 8.0+1.258* 8.75+2.450* 

E. Tirucalli 4.250+0.500 6.5+0.577 4.25+1.50 4.5+1.00 7.00+0.577* 8.00+2.062* 

T. Foenum( gemmo)  4.250+0.500 6.5+0.577 4+ 0.500 4.75+1.0 6.00+1.0 7.000+2.000 

T. Foenum (seed) 4.250+0.500 6.5+0.577 4.25+1.00 4.75+1.0 6.75+0.957* 7.25+1.500* 
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4.8. ANTIMICROBIAL POTENTIAL 

 The manifestation of multiple drug resistant microbial strains and emergence of 

new infectious diseases has become one of the foremost health problem all over the world 

(Mohana et al., 2008). It is a promising area of research to develop new antibiotics 

having less side effects and  better activity against antibiotic resistant strains (Braga et al., 

2005; khan et al., 2009), as some of currently used antibiotics failed for treatment of 

infections diseases (Janovoyska et al., 2003, Sieradzki et al., 1999, Barros et al., 2007). 

Plants have great potential as antimicrobial agent, due to the presence of secondary 

metabolites. 

The extraction solvent has great effect for isolation of bioactive components, due 

to great the variation in the nature of bioactive compounds. Owing to the complex nature 

and variable polarities of bioactive compounds, solvents of different polarities were 

selected for extraction like water, methanol, ethyl acetate, acetone, and n-hexane. Disc 

diffusion assay was the method of choice for evaluation of antimicrobial potential. 

Gemmo modified extracts were prepared with growing young shoots and buds of 

plants, which were mercerized in glycerin and methanol. Gemmo modification is 

growing interest for treatment of infectious diseases. In gemmotherapy embryonic parts 

of plants (young shoots buds) were collected in the growing season (spring) of plants, as 

at this stage metabolic activities of plants are very fast so their defense system is also 

very active and  producing a large number of compounds. These compounds can be uses 

as antimicrobial agents. The embryonic tissues contained phytohormones like auxin 

(stimulate cell growth) and gibberellins (stimulate RNA and protein synthesis), which are 

present only in buds and disappear from mature the plant. When gemmo modified 

preparations are consumed by humans, acts on organs to gently stimulate and promote 

elimination, detoxification, nourishment, and RNA repair. Secondary metabolites are also 

synthesizing in greater amount due to the fast metabolism, as high concentration of 

secondary metabolites help in the defense system of plants. Secondary metabolites like 

alkaloids, polyphenols, could be better antimicrobial agents. No previous studies have 

reported about antimicrobial activity of gemmo modified extract of the selected plants, 
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this study first for the first time reported the antimicrobial activity of these plants after 

gemmo modification. 

4.8.1. Antibacterial Activity 

  Antibacterial activity of different extracts of plants obtained after sequential 

soxhlet extraction with solvents of different polarities and gemmo modified extracts were 

evaluated. Eight different concentrations of extracts were used (50, 100, 150, 200, 250, 

500, 750, 1000 µg disc-1). No activity was observed at concentrations 50-200 µg disc-1. 

Zone of inhibition with all strains were observed at the concentrations above 250 µg disc-

1. Highest activity was detected at 1000 µg disc-1. It is estimated that inhibition of 

microbes were obtained between the concentration range of 250-1000 µg disc-1 of 

extracts. The following four bacterial strains were selected for the assessment of anti 

bacterial potential. 

 Escherichia coli are gram negative rod shaped bacterium. E. coli can cause 

gastroenteritis, neonatal meningitis and infections in urinary tract. Pasteurella multocida 

is also a gram negative strain. It can cause serious problems like septic arthritis and 

osteomyelitis (http://emedicine.medscape.com/article). 

    Bacillus subtilis is gram positive strain, it may contaminate food products. 

Staphylococcus aureus is the most common cause of staph infections and responsible for 

a range of illness from minor skin infectious to life threating diseases like osteomyelitis, 

pneumonia and endocarditis, (http://en.wikipedia.org/wiki/staphylococcus_aureus) 

Antibacterial potential of medicinal plant are as follows: 
 

4.8.1.1. Antibacterial Activity of Terminalia arjuna 

Different extracts of Terminalia arjuna showed varying level of antibacterial 

activity dose dependently (Table 4.24). Gemmo modified extract of Terminalia arjuna 

showed superior antimicrobial activity against all tested microbes. Minimum inhibitory 

concentration was 250 µg disc-1against the all tested microbial strains. Strongest activity 

was observed with gemmo modified extract of Terminalia arjuna against Bacillus subtilis 

at the concentration of 1000 µg disc-1 and gave zone of no growth 38 ± 1.0 mm, followed 

by Staphylococcus aureus (31.00 ± 1.00 mm zone diameter of inhibition), Pasteurella 

multocida (30 ± 1.00 mm), and E .coli (28 ± 1.00 mm). Methanolic extract of bark 

showed highest activity against Bacillus subtilis (33.00 ± 1.5 mm), followed by 
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Pasteurella multocida (25 ± 1.00 mm), Staphylococcus aureus (23.00 ± 2.00 mm), and 

Escherichia coli (28 ± 1.00 mm). The Inhibitory effect of methanolic and gemmo 

modified extracts were comparable with the standard antibiotic against S. aureus (32.3 ± 

2.5mm)  and B. subtilis (40 ± 0.5) and   less than standard antibiotic against P. multocida 

(38.33 ± 1.52 mm) and E. coli (35.55 ± 2.08 mm). Acetone extract exhibited good 

activity against Bacillus subtilis (26 ± 1.58 mm), Staphylococcus aureus (21.00 ± 1.00 

mm), E. coli (19 ± 1.00 mm), and Pasteurella multocida (17.66 ± .556 mm). Ethyl 

acetate extract showed less antibacterial activity. Water extract was most effective against 

Staphylococcus aureus (21.00 ± 1.00 mm zone of inhibition), followed by Bacillus 

subtilis (18.00 ± 1.5 mm), Pasteurella multocida (16.66 ± .556 mm) and E. coli (16 ± 

1.00 mm). Inhibitory effect of water extract against all tested microbes was observed only 

at high concentrations. Microbes were susceptible to the water extract at the 

concentration of 750 µg disc-1.   

Terminalia species showed significant potential as antimicrobial agents. Many 

species have been reported for antimicrobial potential like Terminalia bellerica 

(Elizabeth, 2005), Terminalia chebula (Kannan et al., 2009). Antibacterial activity of 

bark and leaves extracts of Terminalia arjuna has earlier been reported by many scientist 

(Samy and Ignacimuthu. 2001; Ramya et al., 2008), but no reference was available for 

gemmo modified extract of Terminalia arjuna, which could be a superior antibiotic 

source. 
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Table 4.24. Antibacterial activity of different extracts of Terminalia   arjuna  
 

Extracts  
Zone of inhibition in mm 

Conc.  
(µg disc-1) 

Escherichia coli Staphylococcus 
aureus 

Pasteurella 
multocida 

Bacillus subtilis 

Methanolic extract of 
bark    

250 15.000+1.000 8.000+2.000 0.000+0.000 18.000+2.000 
500 18.000+1.000 17.000+2.000 15.000+1.000 22.333+1.528 

750 20.000+1.000 19.000+2.000 18.000+1.000 23.000+1.000 
1000 23.000+1.000 23.000+1.0000 25.000+1.000 33.000+1.000 

Acetone extract of bark    250 12.000+1.000 11.000+1.000 12.000+1.000 18.000+2.000 
500 14.000+2.000 14.000+1.000 14.000+1.000 20.000+1.000 
750 15.667+0.578 19.000+1.000 14.333+2.082 21.667+2.082 
1000 19.000+1.000 21.000+1.000 17.667+0.577 26.333+1.528 

Ethyl acetate extract of 
bark    

250 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000 
500 9.333+1.155 9.667+1.528 11.000+0.5000 11.000+1.000 
750 12.000+1.000 13.000+3.606 13.167+0.289 12.333+2.082 
1000 14.333+5.132 12.000+2.000 15.100+0.173 14.000+2.000 

Water extract of bark    250 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000 
500 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000 
750 11.000+1.000 17.000+1.000 13.000+4.359 14.000+2.646 
1000 15.000+1.000 21.000+1.000 16.000+1.000 18.000+1.000 

Gemmo modified  
extract  

250 14.000 +1.000 0.000+0.000 0.000+ 0.000 18.000+ 2.000 
500 19.833+ 0.764 24.000+ 0.000 17.000+ 1.000 24.000+ 2.000 
750 27.733+ 0.643 27.000+ 1.000 18.000+ 1.000 32.667+ 1.155 
1000 28.000+ 1.000 31.000+ 1.000 30.000+ 1.000 38.000+ 1.000 

Standard Antibiotic 500 35.333+2.082 32.333+2.517 38.333+1.528 40.000+2.000 
  
All values are mean of Inhibition zone (mm) +S.D (n=3)
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4.8.1.2. Antibacterial Activity of Rheum emodi 
  
 The methanolic extract significantly inhibited the growth of microorganism at 

different concentrations and showed maximum inhibition zones at 1000 µg disc-1 (Table 

4.25).  Zone of inhibition was found highest against B. Subtilis (34 ± 1.0 mm) and E. coli 

(23.3 ± 0.55). Moderate antibacterial potential was observed against S. aureus (21.00 ± 

1.00 mm zone of inhibition) and P. multocida (19 ± 1.00 mm). Ethyl acetate being the 

second most effective extract demonstrated highest activity against B. subtilis (29.00 ± 

1.00 mm zone of inhibition) followed by S. aureus (22.00 ± 1.00 mm) and E. coli (21 ± 

1.00 mm). Water extract showed moderate activity against S. aureus (18± 1.00 mm) and 

B. Subtilis (19.33 ± 0.577 mm) and lowest activity was recorded against E. coli (16 ± 

1.00 mm) and P. multocida (14 ± 1.00 mm). Acetone extract exhibited antibacterial 

activity similar to water extract.   

 Rheum emodi is a valuable medicinal plant. Some previous studies also reported 

antimicrobial potential of Rheum emodi. Anthraquiones derivates of Rheum are 

responsible for its antimicrobial potential (Agarwal et al., 2000; Babu et al., 2003).  

Mohammed et al., 2006 studied that R. emodi inhibited the growth of H. pylori (bacterial 

strain involve in gastric ulcer). 

4.8.1.3. Antibacterial Activity of Cyperus rotundus 

 The effect of Cyperus rotundus extracts on different bacterial strain have been 

presented in Table 4.26. Methanolic extract of Cyperus rotundus rhizomes was 

significantly active against B. subtilis and S. aureus at different concentrations and gave 

highest zones of inhibition 31.00 ± 1.00 mm and 29.00 ± 1.00 mm respectively at 1000 

µg disc-1. Low level of inhibition zone was observed against P. multocida (16 ± 1.00 mm) 

at the concentration of 1000 µg disc-1. The inhibitory effect of methanolic extract was 

comparable with standard antibiotic (32.3 ± 2.5mm) against S. aureus and less than 

standard antibiotic against B. subtilis (40 ± 0.5), P. multocida (38.33 ± 1.52 mm). 

Acetone extract inhibited the growth of B. subtilis, P. multocida and S. aureus and 

produced zones of inhibition 20 ± 1.00, 18.66 ± 0.577 and 17 ± 1.00 mm respectively. 

Water and ethyl acetate extracts gave clear zone of inhibition 25.0 ± 1.00 mm and 19.00 

± 1.00 mm respectively against B. subtilis at the concentration of 1000 µg disc-1. All 

extracts of Cyperus rotundus demonstrated no activity against E. coli. Gemmo modified 
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extract showed moderate antibacterial activity against B. subtilis (23.33 ± 0.57 mm), P. 

multocida (18.8 33 ± 0.764 mm) and S. aureus (24 ± 1.00 mm). Gemmo modified extract 

of Cyperus rotundus did not showed strong antimicrobial potential in comparison of 

methanolic extract of rhizomes. These results are in harmony with pervious report of 

Parkesh and Chanda (2006) who reported antibacterial activity of ethanolic extract of 

Cyperus rotundus rhizome. 

4.8.1.4. Antibacterial activity of Euophorbia Tirucalli 
 

 Methanolic extract of dry plant and gemmo modified extract showed strong 

antimicrobial activity (Table 4.27).  Methanolic extract was sensitive against all tested 

strains. Highest effect with methanolic extract was observed with S. aureus (30.10 ± 1.00 

mm) and B. subtilis (30 ±1.0 mm) at the concentration of 1000 µg disc-1. Gemmo 

modified extract inhibited the growth of S. aureus and gave zone of no growth of 31 ± 

1.00 mm and with B. subtilis 28.00 ± 1.00 mm zone was produced. Gemmo modified 

extract was more active against E. coli (28.00 ± 1.00 mm) than methanol (24 ± 1.00 mm). 

Inhibitory effect of methanolic and gemmo modified extract were comparable with 

standard antibiotic  (32.3 ± 2.5mm) against S. aureus and less than standard antibiotic 

against B. subtilis (40 ± 0.5) P. multocida (38.33 ± 1.52 mm) and E. coli (35.55 ± 2.08 

mm). Acetone and ethyl acetate extracts exhibited good activity against B. subtilis and 

gave zones of inhibition 27.00 ± 1.00, 20 ± 1.00 mm respectively. Both extracts showed 

low level of activity against other tested microbial strains. Water extract showed low 

activity against B. subtilis (17 ± 1.00) and was not much effective against other strains. 

Results of this study revealed that Euophorbia tirucalli showed good inhibitory 

effect against gram positive and gram negative strains like Escherichia coli. Antibacterial 

activity of Euophorbia tirucalli against gram negative strain is not in agreement with the 

results of Brasileira et al., (2006), who reported 32 plants species as antimicrobial agents, 

and one of these was Euophorbia tirucalli which inhibited growth of gram positive strain 

and showed no activity against Escherichia coli was noted. Results are in agreement with 

Parekh et al., 2005. Who reported the antimicrobial activity of methanolic extract of 

Euophorbia tirucalli against gram negative and gram positive strains. Lirio et al. (1998) 

also reported the activity of E. tirucalli against some microbial strains. Gemmo modified 

extract of Euophorbia tirucalli showed better activity against the gram negative strains as 
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compared to natively used parts.  No previous study is available about antimicrobial 

potential of gemmo modified extract of E. tirucalli. Gemmomodified extract of E. 

tirucalli showed better activity than natively used parts against the gram negative strains 

4.8.1.5. Antibacterial activity of Trigonella Foenum 

 Antibacterial activity of Trigonella foenum extracts is shown in Table 4.28. 

Gemmo modified extract of Trigonella foenum was highly active against B. subtilis and 

S. aureus and produced zone of inhibition 35.3 ± 0.5 mm 34.00 ± 1.00 mm respectively, 

which is near to the zone of inhibition produced by the standard antibiotic 40 ± 2.00, 

32.33 ± 2.517 mm respectively. Moderate activity was observed with E. coli (18.00 ±1.00 

mm) and P. multocida (20.8 ± 0.74mm). Both extracts (gemmo and seed) were more 

sensitive for gram positive strains than gram negative strains. Methanolic extract of seed 

was more sensitive only for B. subtilis (31.00 ± 1.00 mm) and S. aureus (26 ± 1.0 mm). 

Acetone, ethyl acetate and water extracts of seed showed moderate activity against B. 

subtilis and S. aureus.  All tested extracts had no activity against E. coli.  
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Table # 4.25  Antibacterial activity of various extracts of Rheum emodi 
 

 Zone of inhibition in mm 
Extracts Conc.(µg 

disc-1) 
Escherichia coli Staphylococcus 

aureus 
Pasteurella 
multocida 

Bacillus subtilis 

Methanolic extract   250 17.333+0.764 14.000+1.000 0.000+0.000 23.000+1.000 
500 18.000+1.000 17.000+1.000 14.000+1.000 25.000+1.000 
750 20.000+1.000 19.000+1.000 17.000+1.000 27.667+1.528 
1000 23.333+0.577 21.000+1.000 19.000+1.000 34.000+1.000 

Ethyl acetate extract   250 15.000+1.000 15.000+1.000 14.000+2.000 21.667+0.577 
500 18.000+1.000 17.000+1.000 16.000+2.000 24.333+0.577 
750 19.000+1.000 21.000+1.000 17.667+0.577 26.667+0.577 
1000 21.000+1.000 22.000+1.000 18.000+1.000 29.000+1.000 

Acetone extract 250 12.000+1.000 11.000+1.000 14.000+1.000 14.667+1.528 
500 13.000+1.000 13.000+1.000 13.000+2.646 12.000+1.000 
750 18.333+0.577 15.667+0.577 14.333+2.082 14.000+2.000 
1000 19.000+1.000 18.333+0.577 18.000+1.000 21.000+1.000 

Water extract 250 11.667+0.577 15.333+0.577 0.000+0.000 16.000+1.000 
500 14.000+1.000 16.000+1.000 11.000+1.000 17.000+1.000 
750 15.000+1.000 17.667+0.577 13.00+1.000 20.000+1.000 
1000 16.000+1.000 21.000+1.000 14.00+1.000 20.333+0.577 

Standard Antibiotic 50. 34.000+1.000 29.000+1.000 30.667+0.577 41.000+1.000 

 
All values are mean of inhibition zone (mm) +S.D (n=3) 
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Table # 4.26. Antibacterial activity of various extracts of Cyperus rotundus  
 

Extracts  
Zone of inhibition in mm 

Conc.( µg 
disc-1)) 

Escherichia coli Staphylococcus 
aureus 

Pasteurella 
multocida 

Bacillus subtilis 

Methanolic extract 
(rhizomes ) 

250 0.000+0.000 22.000+1.000 9.000+1.000 19.000+1.000 
500 0.000+0.000 27.000+1.000 13.000+1.000 22.000+1.000 

750 0.000+0.000 29.000+1.000 15.000+1.000 28.000+1.000 
1000 0.000+0.000 26.000+1.000 16.000+1.000 31.000+1.000 

Acetone extract  250 0.000+0.000 12.000+1.000 15.000+1.000 11.000+1.000 
500 0.000+0.000 14.000+1.000 13.333+1.528 11.000+1.000 
750 0.000+0.000 16.000+1.000 17.000+1.000 16.000+1.000 
1000 0.000+0.000 17.000+1.000 18.667+0.577 20.000+1.000 

Ethyl acetate extract  250 0.000+0.000 0.000+0.000 0.000+0.000 11.000+1.000 
500 0.000+0.000 15.000+1.000 0.000+0.000 14.000+1.000 
750 0.000+0.000 16.000+1.000 11.000+1.000 16.333+0.577 
1000 0.000+0.000 18.000+1.000 14.000+1.000 19.000+1.000 

Water extract 250 0.000+0.000 16.000+1.000 11.000+1.000 17.000+1.000 
500 0.000+0.000 17.333+1.528 13.000+2.000 20.000+1.000 
750 0.000+0.000 16.667+2.517 13.000+1.000 22.333+0.577 
1000 0.000+0.000 21.333+1.155 16.000+1.000 25.000+1.000 

Gemmo extract  250 00.000+2.000 10.000+1.000 0.000+0.000 10.333+1.528 
500 10.000+2.000 15.000+1.000 0.000+0.000 20.667+0.577 
750 12.833+2.4664 17.000+1.000 12.000+1.000 20.000+1.000 
1000 13.000+1.0000 24.000+1.000 18.833+0.764 23.333+0.577 

Standard antibiotic 500 35.333+2.082 32.333+2.517 38.333+1.528 40.000+2.000 
All values are mean of Inhibition zone (mm) +S.D (n=3) 
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Table # 4.27. Antibacterial activity of various extracts of Euphorbia tirucalli  

 
All values are mean of Inhibition zone (mm) +S.D (n=3) 

Extracts  
Zone of inhibition in mm

Conc.(µg 
disc-1) 

Escherichia coli Staphylococcus 
aureus 

Pasteurella 
multocida 

Bacillus subtilis 

Methanolic extract  250 0.000+0.000 0.000+0.000 0.000+0.000 15.000+1.000 
500 16.000+1.000 20.000+2.000 21.000+1.000 21.000+1.000 
750 19.000+1.000 22.000+2.000 23.000+1.000 24.000+1.000 
1000 24.000+1.000 30.000+1.000 27.333+1.528 30.000+1.000 

Acetone extract  250 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000 
500 0.000+0.000 14.000+1.000 15.000+1.000 19.000+1.000 
750 0.000+0.000 15.000+1.000 17.000+1.000 21.000+1.000 
1000 0.000+0.000 21.000+1.000 21.000+1.000 27.000+1.000 

Ethyl acetate extract  250 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000 
500 10.000+1.000 9.000+1.000 9.333+1.155 11.000+1.000 
750 14.000+1.000 10.000+2.000 10.000+2.000 12.000+1.000 
1000 19.000+1.000 17.000+2.000 18.000+1.000 20.000+1.000 

Water extract 250 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000 
500 11.667+2.082 13.000+1.000 11.000+1.000 13.000+1.000 
750 13.333+1.528 11.667+1.528 15.000+1.000 14.000+1.000 
1000 16.000+1.000 16.000+1.000 16.000+2.000 17.000+1.000 

Gemmo extract  250 14.000 +1.000 0.000+0.000 0.000+ 0.000 18.000+ 2.000 
500 19.833+ 0.764 24.000+ 0.000 17.000+ 1.000 24.000+ 2.000 
750 27.733+ 0.643 27.000+ 1.000 18.000+ 1.000 32.667+ 1.155 
1000 28.000+ 1.000 31.000+ 1.000 29.000+ 1.000 28.000+ 1.000 

Standard antibiotic 500 35.333+2.082 32.333+2.517 38.333+1.528 40.000+2.000 
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Table # 4.28. Antibacterial activity of various extracts of Trigonella Foenum 
 

Extracts  
Zone of inhibition in mm 

Conc.(µg 
disc-1) 

Escherichia coli Staphylococcus 
aureus 

Pasteurella 
multocida 

Bacillus subtilis 

Methanolic extract 
of seed 

250 0.000+0.000 22.000+1.000 9.000+1.000 19.000+1.000 
500 0.000+0.000 27.000+1.000 13.000+1.000 22.000+1.000 

750 0.000+0.000 29.000+1.000 15.000+1.000 28.000+1.000 
1000 0.000+0.000 26.000+1.000 16.000+1.000 31.000+1.000 

Acetone extract  250 0.000+0.000 12.000+1.000 15.000+1.000 11.000+1.000 
500 0.000+0.000 14.000+1.000 13.333+1.528 11.000+1.000 
750 0.000+0.000 16.000+1.000 17.000+1.000 16.000+1.000 
1000 0.000+0.000 17.000+1.000 18.667+0.577 20.000+1.000 

Ethyl acetate extract  250 0.000+0.000 0.000+0.000 0.000+0.000 11.000+1.000 
500 0.000+0.000 15.000+1.000 0.000+0.000 14.000+1.000 
750 0.000+0.000 16.000+1.000 11.000+1.000 16.333+0.577 
1000 0.000+0.000 18.000+1.000 14.000+1.000 19.000+1.000 

Water extract 250 0.000+0.000 16.000+1.000 11.000+1.000 17.000+1.000 
500 0.000+0.000 17.333+1.528 13.000+2.000 20.000+1.000 
750 0.000+0.000 16.667+2.517 13.000+1.000 22.333+0.577 
1000 0.000+0.000 21.333+1.155 16.000+1.000 25.000+1.000 

Gemmo extract  250 10.000+2.000 20.000+1.000 0.000+0.000 16.333+1.528 
500 13.000+2.000 25.000+1.000 0.000+0.000 20.667+0.577 
750 15.833+2.4664 27.000+1.000 15.000+1.000 29.000+1.000 
1000 18.000+1.0000 34.000+1.000 20.833+0.764 35.333+0.577 

Standard antibiotic 500 35.333+2.082 32.333+2.517 38.333+1.528 40.000+2.000 
 
All values are mean of Inhibition zone (mm) +S.D (n=3) 
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DISCUSSION  

Terminalia arjuna, Rheum emodi and Euophorbia tirucalli showed strong broad 

spectrum activity and inhibited the growth of all tested stains. Cyperus rotundus and 

Trigonella foenum showed remarkable effect against gram positive strains but E. coli was 

not sensitive to their extracts. Gram positive strains (B. subtilis and S. aureus) are more 

sensitive to the plant extracts than gram negative. Our findings are in harmony with 

previous reports (Papadopoulou et al., 2005; Brasileiro et al., 2006;  Khan et al., 2009). 

This difference in sensitivity is associated with difference in cell wall structure of both 

strains. The less complex structure of gram positive strains make them more permeable 

for antimicrobial bioactive compounds (Walsh et al., 2003). 

Gemmo modified extracts of all plants except Cyperus rotundus were found to be 

better antimicrobial agents than the other tested extracts. Gemmo modified extracts of 

Terminalia arjuna and Euophorbia tirucalli offered broad spectrum activity which is 

superior to their natively used parts. These plant extracts showed good potential against 

gram negative strains. These are significant finding, as gram negative strains are more 

resistant toward antibiotics. 

 Among the other extracts the more polar extract (methanolic) was found to be 

more active than all other extracts, so it may be concluded that bioactive antimicrobial 

compounds from these plants are polar in nature and a high amount of polyphenols was 

extracted with  methanol. These finding are in agreement with   previous reports, they 

found that most of the antimicrobial compounds are extracted with methanol. (Parekh et 

al., 2005: Erdemgil et al., 2004; Okusa et al., 2007; Saravanakumar et al., 2008). 

Acetone, water and ethyl acetate extracts of some plants also showed medium 

antimicrobial activity. Activity of these extracts may be due to some other 

phytochemicals dissolved in these solvents like alkaloids, saponins, polyphenols and 

terpenoids. Antibacterial activity of several solvent extracts has been reported in the 

literature (Raghavendra et al., 2008)   

 HPLC analysis of plant extracts disclosed that extracts of under study medicinal 

plants were rich in phenolic acids (gallic acid, vanillic acid, ferulic acid, caffeic acids) 

and flalvonoids (catechin, kaempferol, quercetin, myricetin). High antimicrobial activity 

of plants may be ascribed to polyphenols. There is a positive correlation between 
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polyphenolic contents and antibacterial activity. Plants extract with higher polyphenolic 

contents exhibited superior antimicrobial activity. Many studies have been reported about 

the relationship between the antioxidant and antimicrobial activity (Karou et al., 2005; 

Proestos et al., 2006; Wang et al., 2008; Reddy et al. 2007; Hamid et al., 2009).  

Inhibition zone against strains were increase with increased in concentration. It may be 

due to increase in concentration of polyphenolics. It clears that antimicrobial potential is 

dose dependant and mainly due to polyphenols.  

It has been indicated in literature that antibacterial activity is due to flavonoids 

and other compounds of a phenolic nature. There are many phenolic acids such as caffeic 

acid (Harrison et al., 2003), cinnamic acid, chlorogenic acid, gallic acid, vannilic acid, 

and catechols are recognized as potent antimicrobial agents (Aziz et al., 1998; Noriaki et 

al., 2005; Wen et al., 2003). Many flavonols like quercetin are renowned as effective 

antimicrobial agents (Rauha et al. 2000; Chan et al., 2002; Baydar et al., 2004; Li and 

Xu, 2008). Polyphenols from different sources are reported with potent antimicrobial 

potential for example, propolis (Yaghoubi et al., 2007), honey (Atrott and Henle, 2009), 

apple (Alberto et al., 2006) and tea (Turkmen et al., 2007 Kumbukgolla et al., 2005).  

An important factor governing antibacterial potential of polyphenols is their 

ability to bind with protein by hydrogen bonding, which may denature vital protein such 

as enzymes of the microorganism and cause iron deprivation (Scalbert, 1991, Karou et 

al., 2005). It has been supposed that potential against microbes involves the inactivation 

of many cellular processes, followed by increase membrane permeability and finally ion 

leakage from cells (Walsh et al., 2003). Antimicrobial activity is greatly affected by the 

number and position of hydroxyl groups. Phenolics with greater number of OH group 

showed high antimicrobial potential (Mason and Wasserman, 1987). These reports 

support the fact that polyphenols of selected plants may be responsible for their 

antimicrobial potential. 

4.8.2. Antifungal Activity 

 Fungal infections are big threat to the life of human beings. Available antifungal 

drugs are not sufficient to overcome the fungal diseases. Preparation of plant base 

antifungal agents is area of study to be explored. This research project is a little effort to 

discovered new safe and active plant antifungal compounds. This project is of great 
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importance because many plant species have not been tested for their antifungal ability. 

Antifungal activity was evaluated against two strains. Rhizopus solani is a mold which 

deteriorates food particles and Aspergillus niger can cause infections in human like 

infections of external ear, skin lesion and ulcers. 

4.8.2.1. Antifungal Activity of Terminalia arjuna 

Terminalia arjuna strongly inhibited the growth of tested fugal strains at all 

concentrations (Table 4.29). Gemmo modified extract demonstrated excellent antifungal 

potential and inhibited the growth of Rhizopus solani (28.00 ± 1.00 mm zone of 

inhibition) and Aspergillus niger (26 ± 1.00 mm zone of inhibition) at the concentration 

of 1000 µg disc-1. These results are comparable with a standard antifungal drug against 

Rhizopus solani (32 ± 1.00 mm) and Aspergillus niger (30.00 ± 1.00 mm). Methanolic 

extract of bark was highly active against A. niger and gave zone of inhibition of 25 ± 1.00 

mm and also inhibited the growth of R. solani and produced 23.66 ± 1.00 mm zone of 

inhibition. Acetone extract also inhibited the growth of R. solani strain (20 ± 1.00 mm). 

Ethyl acetate and water extracts showed a low level of activity. 

4.8.2.2. Antifungal Activity of Euophorbia Tirucalli 

 Gemmo modified  extract strongly inhibited the growth of fungal strains and 

produced zone of inhibition 28 ± 1.00 mm against R. solani and 23 ± 1.00 mm against R. 

niger at high concentration (1000 ug-1disc). Methanolic extract was second most effective 

extract and demonstrate zone of inhibition against R. solani and A. niger 21 ± 1.00 and 

19.66 ± .076 mm, respectively. Acetone extract demonstrated moderate activity, while 

ethyl acetate extract was found to be least effective. Water extract did not show any effect 

against fungal strains ( Table 4.30). 

4.8.2.3. Antifungal Activity of Trigonella Foenum 

 Gemmo modified extract and methanolic seed extract of T. foenum showed zones 

of inhibition against R. solani 27.3 ± 1.27 and 15 ± 2.00 mm respectively. Both extracts 

gemmo modified and methanolic seed extract showed almost equal effect against A. niger 

and gave similar zone of inhibition (20 ± 1.00 mm and 20 ± .067 mm ) at 1000 ug-1disc. 

These results are comparable with standards antifungal (R. solani 32 ± 1.00 mm and A. 

niger 30 ± 1.00 mm, respectively). Acetone extract inhibited the growth of A. niger (19 ± 

1.00 mm) and R. solani (17 ± 1.00 mm), however this inhibition was less than standard 
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antifungal. Ethyl acetate extract of seed exhibited low level of antifungal activity (Table 

4.31) 

4.8.2.4. Antifungal Activity of Cyperus Rotundus 

 Gemmo extract was less effective in comparison to the methanolic extract of 

rhizome. Methanolic extract of rhizomes showed highest antifungal potential against R. 

solani (22 ± 1.00 mm) and A .niger (19 ± 1.00 mm) at high concentration. Water and 

acetone extract demonstrated similar moderate antifungal potential against both tested 

fungal strains, while ethyl acetate was found to be least effective (Table 4.32). 

4.8.2.5. Antifungal Activity of Rheum Emodi 

 Ethyl acetate extract of rhizome showed strongest antifungal activity dose 

dependently zone of inhibition recorded was 27 ± 1.00 mm for R. solani and 26 ± 0.577 

mm for R. niger at the concentration of 1000 µg disc-1. This was very close to results of 

standard antifungal drug (R. solani 32 ± 1.00 mm and A. niger 30 ± 1.00 mm).  

Methanolic was second most effective extract and significantly inhibited the growth of R. 

solani (25 ± 1.00 mm) and A. niger (24.3 ± .75 mm). Other tested extracts were not very 

effective against fungal strains. Agarwal et al 2000 also reported antifungal activity of 

Rheum emodi rhizome (Table 4.33.).  

DISCUSSION  

Results of antifungal activity showed almost similar trends as antibacterial 

activity. The results of this study revealed that diameter of the zone of inhibition for 

fungal strains was less than the diameter measured for bacterial strains.  Phenolic showed 

greater inhibitory effect on bacterial strains as compared to fungal strains. This 

distinction is due to difference in cell wall structure and protein synthesis of fungal and 

bacterial strains. These findings are in agreement with the observations of many other 

researchers (Papadopoulou et al., 2005).  

Gemmo modified extract showed higher inhibitory effect on fungal strains except 

Cyperus rotundus. Among the other tested extracts, the methanolic extract demonstrated 

highest antifungal potential except Rheum emodi in which ethyl acetate was more 

effective than methanol. The results of Rheum emodi are in agreement with some 

previous studies reported about the antifungal potential of ethyl acetate extract.  
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Polar compounds extracted in methanol are responsible for strong antifungal 

potential of the methanolic extract. The methanolic extracts and gemmomodified extracts 

of selected plants were rich in phenolic acids and flavonols. Like antibacterial activity 

antifungal activity was also attributed to higher phenolic acids and flavonols contents. 

Phenolic acids like caffeic acid, rosemaric acid (Bowles and Miller 2006; Chakraborty et 

al., 2006), catechin (Hirasawa and Takada 2004, Kumbukgolla et al., 2007) inhibited the 

growth of different fungal strains. The polyphenols can show their antifungal potential 

due to the formation of multinucleate phase by the fracturing of intersepta in mycelium of 

fungi and cell surface damaged by pilferage (Bais et al., 2002; Chakraborty et al., 2007). 

These reports supports the fact that polyphenols responsible for antifungal potential of the 

under study plants.  

Terminalia arjuna contained high polyphenolic contents and both its gemmo and 

bark extracts exhibited promising antifungal potential. Terminalia species are medically 

important species. Masoko et al., 2005 reported that six Terminalia species including 

Terminalia prunioides, Terminalia sericea, Terminalia gazensis, Terminalia 

brachystemma, Terminalia mollis, and Terminalia sambesiaca were significantly active 

against fungal strains.  

Other selected plants like Rheum emodi, Euophorbia tirucalli, Cyperus rotundus 

and Trigonella foenum showed their remarkable effect against the both fungal strains and 

this potential links to polyphenolic contents. These results in agreement with Parekh and 

Chanda 2008 who reported the significant inhibitory effect of methanolic extract of 

Euophorbia tirucalli and, Cyperus rotundus against different fungal strains. Pervious 

research reports confirmed that   that anthraquiones of Rheum emodi showed their 

potential against various fungal strains (Agarwal et al., 2000; Babu et al., 2003). Few 

reports are available about the antifungal potential of methanolic extract of Trigonella 

foenum (Haouala et al., 2008). No significant studied have been reported about antifungal 

potential of gemmo modified extracts. 

 Results of this study suggested that significant antifungal and antimicrobial 

efficacy of extracts were associated with their phenolic compounds.  
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Table # 4.29. Antifungal activity of various Extract of Terminalia arjuna  
 

Extracts  
Zone of inhibition in mm 

Conc.(µg disc-1) Aspergillus Niger Rhizopus   Solani 
Methanolic extract of 
bark  

250 12.000 + 2.000 11.000+ 2.000 
500 15.000 + 2.000 15.000 +1.000 

750 20.000 + 2.000 18.000+ 1 .000 
1000 25.000+ 1.000 23.667  + 0.577 

Acetone extract  250 12.000+ 2.000 11.000 + 1.000 
500 12.000 + 1.000 13.000 + 1.000 
750 15.000 + 1.000 16.000 +  1.000 
1000 17.000 + 1.000 20.000+ 1.000 

Ethyl acetate extract  250 9.333+ 0 .577 10.000 + 1.000 
500 11.000 +1.000 12.000  +1.000 
750 13.000 + 1.000 14.000 +  2.000 
1000 15.000 + 1.000 16.000 +2.000 

Water extract 250 10.000  + 2.000 7.000 +  1.000 
500 11.333+ 1.155 11.000 + 1.000 
750 12.000  + 1.000 11.000 + 1.000 
1000 15.000 +1.000 14.000 + 1.000 

Gemmo extract  250 14.000+1.000 15.000+1.000 
500 16.333  + 0.577 20.000  + 1.000 
750 19.000+1.000 23.000 + 1.000 
1000 26.000  + 1.000 28.000+ 1.000 

Standard antifungal 500 30.000 + 2.000 35.000 + 1.000 
 

All values are mean of Inhibition zone (mm) +S.D (n=3)
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Table # 4.30. Antifungal activity of Euphorbia tirucalli extracts 
 

Extracts Zone of inhibition in mm 

Conc.(µg disc-1) Aspergillus Niger Rhizopus   Solani 
Methanolic extract  250 0.000+0.000 0.000+0.000 

500 13.167+0.289 14.000+1.000 

750 15.500+0.500 17.000+1.000 
1000 19.667+0.764 21.000+1.000 

Acetone extract  250 0.000+0.000 0.000+0.000 
500 0.000+0.000 0.000+0.000 
750 15.000+1.000 13.000+1.000 
1000 17.000+1.000 17.333+1.528 

Ethyl acetate extract  250 0.000+0.000 0.000+0.000 
500 0.000+0.000 0.000+0.000 
750 0.000+0.000 0.000+0.000 
1000 12.333+0.577 11.000+1.000 

Water extract 250 0.000+0.000 0.000+0.000 
500 0.000+0.000 0.000+0.000 
750 0.000+0.000 0.000+0.000 
1000 0.000+0.000 0.000+0.000 

Gemmo extract  250 14.000+1.000 15.000+1.000 
500 15.333+0.577 18.000+1.000 
750 17.000+1.000 20.000+1.000 
1000 23.000+1.000 28.000+1.000 

Standard antifungal 500 30.000+2.000 35.000+1.000 
 

All values are mean of Inhibition zone (mm) +S.D (n=3) 
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Table # 4.31. Antifungal of activity of different extracts of Trigonella Foenum  
 

Extracts Zone of inhibition in mm 

Conc.(µg disc-1) Aspergillus Niger Rhizopus   Solani 
Methanolic extract of 
seed 

250 10.000+1.000 15.000+1.000 
500 17.000+1.000 11.667+2.517 

750 18.000+1.000 12.2.000+2.000 
1000 20.000+1.000 15.000+1.000 

Acetone extract  250 10.000+1.000 7.000+1.000 
500 14.000+1.000 11.000+1.000 
750 17.000+1.000 15.000+1.000 
1000 19.000+1.000 19.000+1.000 

Ethyl acetate extract  250 8.000+2.000 10.000+1.000 
500 12.000+2.000 11.000+1.000 
750 12.000+1.000 13.333+0.764 
1000 17.000+1.000 15.000+1.000 

Water extract 250 11.000+1.000 0.000+0.000 
500 13.000+1.000 12.333+1.528 
750 15.000+1.000 13.000+1.000 
1000 17.000+1.000 20.000+1.000 

Gemmo extract  250 06.000+10.392 16.000+10.392 
500 11.333+10.970 26.667+11.547 
750 14.333+12.702 27.000+12.124 
1000 20.667+13.279 27.333+12.702 

Standard antifungal 500 30.000+2.000 35.000+1.000 
 

All values are mean of inhibition zone (mm) +S.D (n=3) 
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Table # 4.32. Antifungal activity of different extracts of Cyperus rotundus 
 

Extracts  
Zone of inhibition in mm 

Conc.(µg disc-1) Aspergillus Niger Rhizopus   Solani 
Methanolic extract of 
rhizomes  

250 0.000 +0.000 0.000 +0.000 
500 15.667 +2.517 14.000+1.000 

750 18.667+1.528 16.000+1.000 
1000 19.000  +1.000 22.000+1.000 

Acetone extract  250 0.000+0.000 0.000+0.000 
500 10.333 +0.577 11.000+1.000 
750 12.333 +0.577 11.333+1.528 
1000 17.000 +2.000 16.333+3.512 

Ethyl acetate extract  250 0.000 + 0.000 0.000+0.000 
500 0.000 + 0.000 0.000+0.000 
750 12.000+2.000 10.000+2.000 
1000 14.000+ 2.000 12.000+2.000 

Water extract 250 0.000 + 0 .000 0.000+0.000 
500 12.000+1 .000 13.000+1.000 
750 13.000 + 1.000 15.000+1.000 
1000 17.667 + 1.528 17.000+1.000 

Gemmo extract  250 04.000 + 10.392 06.000+10.392 
500 11.333 + 10.970 16.667+11.547 
750 14.333 +  12.702 17.000+12.124 
1000 16.667+ 13.279 17.333+12.702 

Standard antifungal 500 30.000 + 2.000 35.000+1.000 
 
All values are mean of inhibition zone (mm) +S.D (n=3) 
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Table # 4.33. Anti fungal activity of different extracts of Rheum emodi 
 

Extracts  Zone of Inhibition in mm 

Conc .(µg disc-1) Aspergillus Niger Rhizopus   Solani 
Methanolic 250 14.000 + 1.000 17.000 +1.000 

500 17.000 +1.000 21.000+1.000 
750 21.000 + 1.000 21.000 +1.000 
1000 24.333 +0.577 25.000 +1.000 

Ethyl acetate 250 18.000 + 2.000 21.000+1.000 
500 20.000 + 2.000 22.000 +2.646 
750 24.000 + 1.000 25.000 +1.000 
1000 25.000+ 1.000 27.000 +1.000 

Acetone  250 11.000 +1.000 12.000 +1.000 
500 13.000 +  1.000 14.333 +0.577 
750 16.000 +1.000 16.000 +1.000 
1000 16.333 +1.528 17.000+1.000 

Water 250 10.000 + 2.000 9.000+ 1.000 
500 12.000 + 1.000 12.000+ 1.000 
750 15.000+ 1.000 13.333+ 3.055 
1000 17.000 + 1.000 15.000+1.000 

Standard  antifungal 500 28.333 + 1.528 30.000+ 2.000 
 
All values are mean of inhibition zone (mm) +SD (n=3) 
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CONCLUSIONS 

 According to results obtained from this study, understudy medicinal plants 

possessed significant amount of polyphenols and showed strong antioxidant 

potential in various assays. The gemmo modified extracts of Terminalia arjuna 

and Euophorbia tirucalli and Trigonella foenum showed better antioxidant 

potential than their natively used parts while gemmo modified extract of Cyperus 

rotundus showed less antioxidant potential. 

 Pretreatment of rabbits with extracts of Terminalia arjuna, Rheum emodi Cyprus 

rotundas and Euophorbia tirucalli significantly reduced the ISO induced rise in 

cardiac enzymes, lipids and myocardial antioxidants. Trigonella foenum showed 

less activity as compared to other plants. However the lipid lowering effect of the 

seed extract was remarkable. 

 Plant extracts also demonstrated cardioprotective potential in curative mode of 

treatment, but this effect was less than the preventive mode of treatment. 

 Extracts of Terminalia arjuna and Cyperus rotundus exhibited excellent 

immunostimulatory potential. Euphorbia tirucalli and Rheum emodi demonstrated 

also showed good immunostimulatory potential. Trigonella foenum did show 

immunomodulatory potential. 

 Gemmo modified extracts of understudy plants demonstrated broad spectrum 

antimicrobial activity compared to their natively used parts. 

 Antioxidant, cardioprotective, immunomodulatory and antimicrobial potential of 

medicinal plants are strongly correlated with polyphenolic contents. 

 The findings of the present studies suggest that the selected medicinal plants 

possessing phenolic compounds appear to be responsible for their bioactivities. 

Extracts of these plants can be used as safe and alternate chemotherapeutic agents 

against harmful disease especially cardiac diseases, and disorders related to 

immune system.  
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Chapter # V 
 

                                    SUMMARY 

 

 Plant polyphenols are getting more attention as safe antioxidants and they have 

enormous contribution to combat chronic diseases. Nutraceuticals like polyphenols are in 

high demand against the dreadful diseases including cancer, cardiovascular, infectious 

disease and disorders of immune system. Five Indigenous medicinal plants including 

Terminalia arjuna, Rheum emodi, Euphorbia tirucalli, Cyperus rotundus and Trigonella 

foenum were selected for the identification and quantification of polyphenols and 

evaluation of their antioxidant, cardioprotective, immunomodulatory and antimicrobial 

potential. In addition to the conventional use of medicinal plants, a newly emerging way 

of therapy, the gemmotherapy has also been included in this study.  

According to the estimation of total polyphenolic contents by Folin-Ciocalteu 

method, all the plants showed appreciable amount of total polyphenolics. Among 

medicinal plants bark and gemmo modified extracts of Terminalia arjuna had the  

highest amount of TPCs followed by Rheum emodi, Cyperus rotundus, Euphorbia 

tirucalli, and Trigonella foenum. Highest extract yield and total polyphenols was 

obtained with methanol.  

  The findings of HPLC analysis indicate that myricetin was present in abundance 

in all medicinal plants. The highest level of myricetin was found in Trigonella foenum. 

Cyperus rotundus also contained a significant quantity of myricetin followed by 

Euophorbia tirucalli, Rheum emodi and Terminalia arjuna bark extract. Quercetin was 

another very important extensively distributed flavonol. Highest contents were found in 

Rheum emodi, followed by Terminalia arjuna bark, Europhobia tirucalli, Cyperus 

rotundus. Quercetin was not detected in Trigonella foenum. Kaempferol is another very 

important flavonol, Rheum emodi showed highest content followed by Cyperus rotundus 

rhizome and gemmo extract Terminalia arjuna, and not detected in Trigonella foenum. 

The phenolic acids identified by HPLC method varied widely in medicinal plants. 

Terminalia Arjuna bark extract exhibited the highest concentration of phenolic acids. 

Phenolic contents identified as gallic acid, catechin, chlorogenic acid, caffeic acid, p- 

coumaric acid and ferulic acid. Gemmo modified extract of Terminalia Arjuna was found 
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to be a rich source of ferulic acid, gallic acid, caffeic acid, chlorogenic acid and catechin. 

Rheum emodi contained P. coumaric acid, ferulic acid, chlorogenic acid, gallic acid, and 

catechin. Euophorbia tirucalli was found to be highest in gallic acid, chlorogenic acid, p-

coumaric acid and, catechin. Cyperus rotundus have gallic acid, P-coumaric acid, ferulic 

acid and chlorogenic acids. Trigonella foenum seeds had considerable amount of ferulic 

acid followed by p -coumaric acid, chlorogenic acid, gallic acid and catechin. Gemmo 

modified extract of Trigonella foenum contained gallic acid, catechin, chlorogenic acid, 

caffeic acid, p- coumaric acid (70.20 ± 0.02 µg/g) and ferulic acid  

Overall results of antioxidant activity revealed that all selected plants gave 

excellent performance to neutralizing the free radicals in various in vitro evaluation of 

antioxidant potential. All understudy medicinal plants have a good combination of 

phenolic acids and flavonols, which contribute collectively in their strong antioxidant 

action. A linear correlation is present between polyphenolic contents and antioxidant 

activity, Plant with higher phenolic contents showed superior antioxidant capability. 

Among the different plant species Terminalia arjuna showed highest anti radical 

potential. Gemmo modified extract of Terminalia arjuna (fresh leaves, young shoots, 

buds, mercerized in glycerin and methanol) showed higher antioxidant activity toward all 

tested assays than the methanolic extract of bark extracts. The antioxidant potential was 

greater than standard BHT. Rheum emodi and Cyprus rotundus rhizomes extracts showed 

antioxidant potential comparable with the standard. Euophorbia tirucalli and Trigonella 

foenum extracts demonstrated antioxidant potential less than BHT. Gemmo modified 

extracts of Terminalia arjuna and Trigonella foenum showed improved antioxidant 

potential as compare to their natively used parts. 

Results of cardioprotective activity showed that Terminalia arjuna bark and 

gemmo extract protected significantly from isoproterenol induced myocardial infarction. 

200 mg/kg b.wt. dose of extract significantly lowered the elevated level of all cardiac 

marker enzymes including CK.MB. LDH, AST, ALT near to normal in both the curative 

and preventive mode of treatment. Both extracts showed significant hypolipidemic effect 

and decreased the ISO induced hyperlpidemia. Terminalia arjuna has strong restoration 

effect of antioxidant enzymes (SOD, CAT, GPx). Rheum emodi demonstrated second 

highest cardioprotective effect. Both curative and preventive way of treatment of rabbits 
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with different plant doses decreased the ISO-induced elevated level of cardiac marker 

enzymes and lipids. High dose (200 mg/kg b.wt) demonstrated restoration of some 

enzyme near to the normal. Cyperus rotundus and Euophorbia tirucalli were also found 

to be effective toward cardioprotective potential. Trigonella foenum extracts (seed and 

gemmo) lowered the ISO-induced increased level of enzymes as compared the ISO 

control group, but this effect was not near to normal values. The decline in enzymes and 

lipids levels could be due to potential of extracts for repairing and maintaining of the 

membrane thereby stoping the secretion of enzymes. Antioxidant constituents 

(polyphenols) of medicinal plants are mainly responsible for their excellent 

cardioprotective and hypolipidemic potential  

All extracts exhibited stimulation of antibody production dose dependently, but 

different in the level. Terminalia arjuna both extracts (methanolic bark, gemmo) were 

found to be most effective in boosting cell mediated (Phagocytosis) and humoral immune 

response (antibody titer) in rabbits. The next highest effect was observed with Rhizomes 

of Cyprus rotundus followed by Rheum emodi and Euophorbia tirucalli. These plant 

extracts demonstrated remarkable immunostimulatory effect. Trigonella foenum gemmo 

and seed extracts showed little effect on antibody production and phagocytosis assay.  

Different extract of Terminalia arjuna showed the varying level of antibacterial 

activity dose dependently. Gemmo modified extract showed broad spectrum 

antimicrobial activity against all tested microbes. Methanolic extract of bark showed 

strongest activity among the all other extracts of Bark. In over all results Terminalia 

arjuna, Rheum emodi and Euophorbia showed strong broad spectrum activity. Cyprus 

rotundus and Trigonella foenum showed moderate activity against gram negative strain, 

but their effect was remarkable against gram positive strains. 

Gemmo modified extracts showed higher inhibitory effect except Cyprus 

rotundus. Methanolic extract of all plants was found to have highest antifungal potential 

except Rheum emodi in which ethyl acetate was more effective than methanol.  

Overall results revealed that there is strong correlation between polyphenolic 

contents and biological activities of under study medicinal plants. Plant having greater 

polyphenols showed greater antioxidant, cardioprotective immunomodulatory and 

antimicrobial potential. 
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