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1. INTRODUCTION 

 

Siddha system of medicine is one of the earliest traditional medicine systems in 

the world and deals with physical, psychological, social and spiritual well being of an 

individual.Siddha medicine is practiced predominantly by the people of Tamil Nadu 

and practiced in the nations where Tamil peoples live. It is credited that the system 

have been established by the Siddhars (A group of well knowledge personages) to seek 

eternity (Ultimate aim)
(1)

. But, the way they tried to achieve it gave two classes of 

Siddhars, Gnana Siddhars, Kaya Siddhars. While Gnana Siddhars cursed the mortal 

body, Kaya Siddhars believed that the mortal body is the essential tool to seek eternity 

and so they tried to keep the body from aging. This laid the foundation for Siddha 

medicine. Kaya Siddhars studied a variety of plants, minerals, metals and found a way 

to rejuvenate the body by using anti-oxidants which they called by the name Kaya 

Kalpa. This method paved the way to sustain the soul in the body for longer periods. 

Another method used by the Siddhars was Pranayamam (one of the eight limbs of 

Astanga yoga) is a respiratory technique which reduces the increased respiratory rate 

and gives relaxing period for heart during each cardiac cycle. It also helps to reduce and 

remove stress from the body, thereby preventing the cell damage. Muppu (Crown of the 

Siddhar's creations) is the combination of three salts of which one (Fuller's earth) is 

collected at certain places at certain time (during the full moon nights of January-April) 

used for enhancing the efficiency of the drug
(2)

. 

 

Basic principle 

 In Siddha, an adage "andamum pindamum ondre arinthu than paarkum pothe" 

emphasizes that the human body (Seven constituents - Udal thathukkal) is made up of 

five elements of presented in the universe (Earth, Water, Fire, Wind & Space) and they 

are ruled by the three forces (Humors) called Mukkuttram namely Vali (Vatham – 

Wind), Azhal (Pittham - Fire), Ayam (Kabam - Water ). 

  

Siddha science quotes nature and man as essentially one. Nature is man and 

man is nature. Man is said to be the microcosm and universe is the macrocosm because 

what exists in the world exists in man. A universe originally consisted of atoms which 

contributed to the five basic elements, viz., earth, water, fire, air and space which 

corresponds to the five senses of the human body and they are the fundamentals of all 

corporeal things in the world. 
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 A close relationship exists between the external world and the internal system of 

man. Siddhars maintain that the structure of the human body as a miniature of world in 

itself. Man consumes water and food, breathes air and maintains heat in the body. He is 

alive on account of the force given by space. Earth is the first element which gives fine 

shape to the body including bones, tissues, muscles, skin, hair etc. Water is the second 

element representing blood, secretions of the glands, vital fluid etc. Fire is the third 

element that gives motion, vigor and vitality to the body. It also helps in digestion, 

circulation and simulation besides respiration and the nervous system. Above all, Space 

is the characteristic of man's mental and spiritual faculties. 

  

The fundamental subjects of Siddha methodology are Vadham (Alchemy), 

Vaithiyam (Medicine), Yogam (Yoga) and Gnanam or Thathuvam (Philosophy). 

  

In Siddha medicine, the general mode of treatment lies in the normalization of 

the vitiated vital force i.e., Valli, Azhal, and Iyyam. Pharmacodynamics in Siddha is 

based on the fundamental “Pancha Bootham” and “Mukkuttram” which govern‟s the 

physico-chemical and biological phenomenon. Siddha, accepting the law of uniformity 

of nature and states that drugs and living bodies are similar in composition and such 

drugs influence the body by altering the proportion of factors in composition. All 

materials in the nature including the human body as well as drugs are composed of 5 

Boothams that is “Vinn, Vali, Thee, Neer, and Nilam”. In drug composition these 

“Boothams” are known by inference on the basis of their properties inherent in the drug 

on which the Pharmacodynamics depends. Thus, the theory of drug action is based on 

the law of similarly and dissimilarly. 

 

Diagnostic tools used by the Siddhars 

 Diagnosis in Siddha is done with the help of a simple discriminating approach 

called "En Vagai Thervu"
(3)

. By this method, the disease is recognized by observing 

and analyzing the eight features of the patients like pulse, touch, tongue, colour, speech, 

eye, feces and urine (8 Weapons of a Siddha Physician). The changes in the body 

caused by the deranged vital humors are well demonstrated by these eight features of 

the body.  
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Mode of Treatment 

 Deranged vital humors results in disease by causing the abnormalities in the 

seven constituents of the body (Udal thathukkal).Treatment in Siddha usually begins 

with cleansing function, which is aimed at eliminating the accumulations of deranged 

vital humors. But depending upon the deranged humor, the cleansing 

mechanismdiffers.For example, for Vatha disease – Purgation and for Pittha disease – 

Vomiting. Later the medicines are given. The medicines will be prescribed based on 

three humours (Uyir thathukal), five elements (Pancha bootham), and six tastes (Aru 

suvai) of the patients. The elements, humors and tastes in the medicine will create 

equilibrium with the deranged internal environment of the body. 

 

Medicines in Siddha  

Maruppathu udalnoi marunthenal aagum 

Maruppathu ulanoi marunthena saalum 

Maruppa thininoi varaathirukka 

Maruppathu saavaiyum marunthenal aamae. 

   -Thirumoolar Thirumanthiram  

 

 The verse in the Tamil literary classic definesthe principles regarding 

medicine
(4)

. Medicine is a drug or a substance which cures a disease physically and 

mentally, and protects the body and soul from diseases. The above definition is well 

correlated with the concept of health defined by WHO. Medicine can be classified as 

32 types of Internal and 32 types of External. The shelf life of each internal and 

external medicine has been ascertained by the Siddhars. Most of the higher order 

medicines (Prepared using metallic ingredients) such as Parpam, Kattu, Urukku, 

kalangu has 100 years, Chunnam has 500 years, and Karpam, Satthu and Gurukuligai 

has more than 500 years of shelf period
(4)

. 

` 

Metallic drugs 

 Alchemy is defined as a branch of medicine that deals with the splitting of a 

metal into separate particles and making them into a compound by adding another 

matter to it. Commonly, it indicates an attempt to convert a base metal into gold. It is 

considered to be one of the mind blowing inventions of Siddha medicine. The process 

of making metallic drugs involves melting, sublimation, amalgamation, calcination, etc. 
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Siddhars formulated the drugs in such a way that it is easily absorbable by the body in 

the form of nano particles. They have explained synergist (Mithru) and antagonist 

(Sathru) substances and converted the raw metals considered as poisonous materials 

into good medicines by removing their toxicity by a special process of purification. The 

higher order medicines prepared from metals are used without loss of potency for many 

years whereas herbal formulations could be used for a period of one year. One of the 

advantages of metallic drug is that they exert their potency even in very small doses 

and they are potent enough to treat chronic disorders
(5)

. 

 

Role of Mathirai in medicine 

 Mathirai, otherwise called as Kuligai (Pill) is one among the internal medicines 

and is prepared by triturating the raw ingredients with either herbal juice or decoction 

or water or breast milk and made into pills and dried
(4)

. Mathirai, a common dosage 

formof medicine has been frequently prescribed in the clinical practices having 

advantages such as accurate dose, convenient to use, economical, more stable, easy to 

consume, portable and has the ability to mask unpleasant taste. Most of the mathirai 

form of drugs was prepared using herbal ingredients having shelf life period of one 

year. Mathiraicontaining metallic ingredients, the shelf period is for many years and 

exerts their potency in very small doses. 

` 

Cardiovascular diseases 

 Cardio Vascular Diseases(CVDs) area non communicable disease and is the 

most common causes of death in both the developed (25 – 30%) and developing 

countries (15%) and considered as modern epidemic
(6)

. WHO has projected CVDs will 

emerge as the main cause of death (36%) in India
(6)

. In 2010, a study reported that 60% 

of world population of patients with heart diseases was lived in India
(7)

. The prevalence 

of CVDs was estimated in 2003 was 7-13% in urban and 2-7% in rural population of 

India. In 2008, one fourth of deaths happened in India was due to CVD
(8)

. Currently, an 

estimation indicate that in India, there could be 30 million CVDs patients (14 millions 

in urban and 16 millions in rural). If this prevalence continues by 2020, India will go 

beyond other countries in the load of CVDs.  
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In India incidences of CVDs are raised due to certain factors. Socio economic 

determinants such as globalization, urbanization and improved health care play a major 

factor. Unhealthy diet, reduced physical activity, stress and aging are the modifiable 

and non modifiable risk factors. Increased prevalence of diabetes, dyslipidaemia, 

hypertension, obesity and smoking are the intermediate risk factors for CVDs raise.  

  

Coronary Artery Disease (CAD) or otherwise called as Ischemic Heart Disease 

(IHD) has resulted 50% of the cardiovascular deaths. CAD is an impairment of cardiac 

function due to poor blood flow to the myocardium, as a result of obstruction in the 

coronary circulation
(6)

. CAD represents an insidious process that starts in early life and 

progress steadily throughout the years until manifested by one or more settings usually 

expressed as Angina pectoris and Myocardial infarction. Among the various risk factors 

of atherosclerosis, the abnormal blood lipid is considered to be the most important 

cause for the CAD. The development of thrombus at the area of atherosclerotic plaque 

is a major cause for Coronary and Cerebral artery diseases such asunstable angina 

pectoris, cardiac infarction and stroke
(9)

. Fibrin, thrombin and platelets forms main 

component in thrombus
(10)

. Currently available thrombolytic drugs have the ability to 

dissolve the blood clot but contraindicated in patients who have undergone surgery and 

patients having history of bleeding disorders, bleeding condition in gastro intestinal 

tract and hypertension etc. Thrombolytic drugs could not have the potency against 

platelet aggregation. For therapeutic administration, thrombolytic drugs are augmented 

with antiplatelet drugs
(11)

. These issues directed the interest of research towards the 

compounds derived from plants and natural sources having anticoagulant and 

antiplatelet activity. Certain studies have reported that bioactive compounds isolated 

from Gingko biloba
(12)

, Bacopa monnieri Linn
(13)

, Lagenaria siceraria
(14)

 and Ananas 

comosus
(15)

inhibit the platelet aggregation and thrombin activity. In recent times, many 

individual herbals have been elucidated for cardioprotective action but these are not 

highly appreciable in human apart from combining with other herbs. Only minimal 

herbs have such high cardioprotective action in human. No one have studied the 

cardioprotective potency of mineral drug which is said to be highly effective than 

herbal drugs. Till now, there is a lacuna in the field of research on natural minerals in 

medicines.  
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Cardiovascular disease in Siddha Medicine 

 The manifestations of cardiovascular disease are clearly illustrated in theSiddha 

text „as Thamaraga Noi having similar manifestations and also its management
(16)

. 

Uruthira Vaiyvu or Thamaraga Noi is a Siddha terminology for cardiovascular disease 

having cardinal features of shortness of breath, chest pain, weakness, fatigue and pedal 

oedema. For this, numerous medications such as Marutham pattai kudineer (decoction 

of Terminalia arjuna based polyherbal formulation), Thamaraga kudineer(decoction of 

Goat heart based formulation), Ayanaga parpam, Muthu parpam, Sirungi parpam, 

Abraga parpam, Thamira chendooram, Sembu chendooram, Pancha soodha mezhugu, 

Maha vasantha kusmagaram,Parangi pattai rasayanam, Sanga thravagam, Linga kattu 

etc are illustrated in the text of Siddha
(16)

.  

  

According to the fundamentals inSiddha, Lingam a mercurial compound having 

fire element can be used in treating the diseases of blood vessels since it has the 

property in curing the diseases which affects the water element in the body
(17)

. Lingam 

based formulations has been used in the treatment of Vatha diseases, chronic 

inflammatory diseases such as arthritis, dermatitis, etc and hemiplegia. As narrated in 

the literature “Anubhoga Vaidhya Navaneetham”, Linga mathirai has high potency in 

curing Uruthira vayu and protects the heart from ischemia. Linga mathirai is a pill 

form of internal medicine comprised of equal parts of purified Lingam (Red sulphide of 

Mercury) and purified Vengaaram (Sodium biborate)triturated with breast milk
2
.In the 

literature, 60 mg of LM is indicated for the management of Uruthira Vaiyvu along with 

the adjuvant Ginger juice or Ginger decoction
(18)

. The literature evidence clearly on 

Lingamgives rationale knowledge to study the cardioprotective activity of this 

formulation.  

 

Siddha system of medicine is the only system of medicine having the treasure of 

numerous herbo-mineral formulations. After the publication of the issue of metal 

toxicity in the Indian System of medicine in JAMA
(19)

, brings forward a challenge to 

Siddha community to go for standardization of safety including heavy metal toxicity 

and efficacy profile of herbomineral formulations for exploration of Siddha drugs as 

safer one to the public and scientific community. As focusing above, the researcher has 

chosen a topic closely related to that. 
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 For the study, we prepared the test drug Linga mathirai as per the method cited 

in the literature “Anubhoga Vaidhya Navaneetham” with modification in the 

purification process of Lingam. In the literature, it is mentioned that for the purification 

process of Lingam Thurusu (Crude Copper sulphate) and Vellai padanam (White 

Arsenic, Acidum arseniosum) are needed. Since, there is a restriction to procure those 

materials in the country drug store; we did alternative method of two purification 

processes, viz., Traditional SiddhaVaidhiyar‟s method Errippumurai which has been 

not documented yet and commonly used method Surukkumurai cited in the literature of 

Gunapadam (Materia Medica). We analyzed which purified Lingam is better processed 

among the above two methods and used that purified Lingam for the preparation 

process of the test drug. 
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2. AIM AND OBJECTIVES 

 

2.1 Aim     

The study was aimed to validate the safety and efficacy of a Siddha Sastric 

formulation Linga mathirai on suspended with adjuvant dried rhizome of Ginger 

decoction in the management of Ischemic heart diseases at its human therapeutic doses. 

 

2. 2 Objectives 

1. To analyze the quality of Linga mathirai by Physico chemical characterization  

2. To evaluate the safety profile of Linga mathirai by acute and subchronic 

toxicity studies in Rats 

3. To investigate the thrombolytic and antiplatelet aggregation activity of Linga 

mathirai using in-vitro procedure 

4. To validate the cardioprotective effect of Linga mathirai against Isoproterenol 

induced Myocardial Infarction in rat model 

5. To confirm the role of Linga mathirai against Atherosclerosis in rat model 
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3. SCOPE AND WORK PLAN  

 

Hypothesis 

 

Linga mathirai has efficacy in the treatmentof Cardiovascular diseases. 

 

Scope and work plan 

 

The scope of this present study is mainly to find out a protection and cure to the 

commons from the Ischemic Heart Disease (IHD). As the study was focused on 

standardizing the mineral formulation, the whole work was planned in such a way to 

fulfill the standardization procedure including metal toxicity. The way, in which 

different parameters approaches form a standard methodology for any new researcher 

who will be inclined to work on other herbomineral product. In addition, the study 

displayed the level of toxicity in the animal model, the one expected by modern 

scientists. The successful completion of the cardioprotective potency of this mineral 

formulation by preclinical testing might lead to first representative clinical testing. It 

might give right opportunity to the people to have a cheap traditional drug and also this 

study will give global accreditation of our Siddha formulation. 
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4. REVIEW OF LITERATURE 

 

Siddha system uses raw materials from Thathu Vargam (Mineral kingdom), 

Jeeva Vargam (Animal kingdom) and Mooligai Vargam (Plant kingdom) for the 

preparation of medicines. For the preparation of our test drug Linga Mathirai, 

ingredients added from Thathu and Jeeva Vargam. Thathu vargam is classified into 11 

Ulogangal (Metals), 64 Padanagal (Arsenic and Mercurial Compounds –Toxicants), 

25 Karasarangal (Salts) and 120 Uparasangal (Secondary minerals)
(1)

. 

 

4.1. LINGAM 

Chemical name: Mercuric sulphide (HgS) 

Common name: Cinnabar, Vermilion 

Cinnabar is a toxic mercury sulphide mineral with a chemical composition of 

HgS.  It is the only important natural ore of mercury.  The word „Cinnabar‟ has been 

taken from the Persian noted as “dragon‟s blood”.  It is found in the regions of Spain, 

Serbia, China, California and Arkansas in the United States of America. 

 

Synonyms 

Tamil              : Inkuligam, Raasam, Kadai vanni, Karpam, Kalikkam, Kaanjanam, 

Kaaranam, Sandagam, Samarasam, Saaniyam, Chendooram, 

Maniraagam, Milecham, Vani and Vanni. 

Sanskrit          : Hingula, Hingulam, Ingulam, Mleccham, Raktam, Barbara, 

Cuurnapaaradam, Rasodphaabam, Rannjnam, Kapasiirsakam, 

Rasagarbha, Raktakaayah, Daradam, and Citraangam 

Hindi              : Hingul 

Urudu&Farsi  :       Singaraf 

Telugu            : Ingiliikam 

Kannada         : Laglika 

Malayalam     : Caayilyam 

 

Occurrence 

 It is a hydrothermal mineral found in areas of hot volcanic activity.  It is usually 

massive in habit and rarely found as well formed crystals.  In natural state, it is a red 

crystalline solid. 
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Synthetic Method of preparation
(1)

 

Purified Mercury   280 g 

Sulphur   70 g 

Potassium nitrate   70 g 

 Mercury is thoroughly mixed and triturated with sulphur.  Potassium nitrate is 

then added; placed in a conical flask and burnt for 18 hrs.  After cooling, the red 

sulphide of mercury is collected out. 

 

Physical Properties 

Crystallization   : Trigonal, trapezohedral, hexagonal 

Habit  :  Small as earthy or granual encrustations 

Color  : Bright red to brownish red, sometimes lead grey 

Streak  : Scarlet Red 

Luster  : Adamantine to dull 

Diaphenity  : Transparent to opaque 

Cleavage  :  Perfect, Prismatic 

Fracture        :  Sub concoidal to uneven 

Elasticity  :  Imperfectly sectile  

Mohs Hardness  : 2 – 2.5 

Specific gravity  : 8 – 8.2 

Fusibility   :  1.5 

Crystal System  : Trigonal  

Melting Point  : 580
o
C 

Tenacity   : Sectile 

Density  : 8.176 g / cm
3
 (measured) 

   8.20 g / cm
3
 (calculated) 
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4.1.1. LINGAM IN SIDDHA 

Purification methods for Lingam
(1)

 

 Alanguim bark (A. salvifolium) – 1400 g is powdered and added with vinegar 5.2 

L and placed in dews in the night.  Next day it is rubbed and kindled well.  35 g of 

Cinnabar is tied well in a cloth and put into the above liquid.  The pot is covered 

with another pot and sealed with mud pasted cloth, dried and exposed in dew for 

one day. It is heated with low intensity fire (flame) until the liquid is dehydrated 

for 24 hrs.  Then the Cinnabar is taken out and cleaned well. The procedure is 

separated using the vinegar soaked individually with the whole plant of Vitis 

lanata (Puli karanai) and Indian Sarasaparilla root. 

 Lime juice, cow‟s milk and the Indian Acalypha juice are mixed in equal 

proportion and allowed to fuse cinnabar so as to get in a consolidated potency 

state. 

 The crude form of red sulphide of mercury is soaked for 1 day in mother‟s milk 

and lemon juice respectively it becomes purified. 
 

Therapeutic properties 

 “Baedhisuram Sanni Peruvirana Neerodu 

 Thagaadhakadi Kaasam Karappan Punnoadha 

 Uruvavilinga Sangadama Vurukattiyum poam 

 Kuruvilinga sangamathai Kol” 
 

 “Aadhi Rathavuru Kaadhala Jothilinga 

 Madhil rathaguna Mutrudalil Theethupuri 

 Kuttam Kirandhi Kodunsoolai Vaathamudhal 

 Uttangu Noikolai Yottum” 

 

 Lingam cures diarrhoea, pyrexia, delirium, urticaria, diuresis, TB, scabies, 

unknown insect bites, syphils, syphitus leprosy, eczema, skin diseases, throbbing 

pain, & vatta diseases
(1)

. 
 

 “Nilathil Ezhundhapini Neengaa Kirandhi 

 Salathudanae Soolai Vedi Thaanagatrum - Balathaam 

 Jothilingathin Gunathai Saatrinaen Sannimudhal 

 Vodhusuram Pomae Olindhu” 

 It has the properties of curing diseases caused by the earth element and the 

water element
(1)

. 
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Therapeutic Action   

   Tonic having hot potency 
 

Medicinal preparations using Lingam as ingredient 

S. 

No. 

Name of the 

Medicine 

Dose Adjuvant Cure of Diseases 

1. Linga Parpam
(1)

 1/8 part of  

size of 

pigeon pea 

Bauhania 

procumbens, 

Boerhania 

diffusa, Nymphae 

alba, Curd, 

cow‟s milk, 

Butter milk  

Asthma, swelling, 

dropsy, fever, ulcers, 

venereal diseases, 

perversion, bearing 

down pain, 

Rheumatism, itching, 

delirium.
11

 

2. Linga 

Chendooram
(1)

 

 

65 mg 

 

Honey 

 

Fever associated with 

chill vatha and kapha 

diseases, venereal 

diseases (Gonorrhea) 

3. Linga Kattu
(1)

  2 to 5 rubs Honey  Vayu  

Thirikadugu Heart attack,  

Diarrhoea, Abdominal 

distension, Delirium, 

Syncope 

Ginger juice Throbbing pain, Dropsy 

due to pitta toxic 

manifestation, Anemia, 

Abdominal pain 

Plumbago 

zeylanica 

decoction 

For all other diseases 

4. Sandarasa 

Parpam
(1)

 

488 mg  Diarrhoea,  cholera, 

dropsy, Anasarca, 

Jaundice, Anemia, 

Ascites, Gastric ulcer, 

Flatulence, Throbbing 

pain in umblical 

infection, Anuria, 

constipation, dysentry, 

Anorectal diseases, 

chronic fever, tremor, 

venereal disease, 

Delerium due to vatha,  

Syphilis, Glandular 

swelling, Arthritis, 

Scrotal, swelling, Vayu 

in sacral region 

 



15 
 

5. Linga Parpam
(1)

 65 mg Honey Gunma Vayu, Delirium 

due to Vatha, cough 

Hemylegia, Throbbing 

pain, TB, Pyrexia 

6. Padiga linga 

chendooram
(1)

 

390-650 

mg 

Ghee / Butter Diarrhoea with 

bleeding, Dysentry, 

Menorrhagia, cholera, 

Diarrhoea associated 

with fever 

7. Sathi sambeera 

kuzhambu
(1)

 

50-100 mg Applied in 

tongue 

Loss of Appetite, 

Diarrhoea, Fever, 

Syncope, Vomiting, 

Thirst due to pitta, 

Discolouration of the 

body, Nausea 

8. Linga Pugai
(1)

 - Ext. as fumes Deep wounds and foul 

smelling ulcers 

9. Ayakantha 

Chendooram
(2)

 

65-130 mg Honey, Ghee, 

Pancha 

deepakini 

chooranam 

Edema 

10. Linga 

Chendooram
(23)

 

65-130 mg Honey, 

Thirikadugu 

Chooranam, 

 

 

Plumbago 

Zeylanica 

Decoction 

Apoplexy, Heart attack, 

Vayu, Dizziness, 

Throbbing pain, Pitha 

Anemia, Abdominal 

pain. 

 

11. Kaadikara 

Chendooram
(4)

 

30-60 mg Honey, Ginger 

juice, Thulasi 

Juice 

Hemiplegia, Cholera 

12. Shaya Kulandaga 

Chendooram
(5)

 

30-130 mg Honey, 

Thirikadugu 

Chooranam 

Diabetes, Cough, 

Kapha diseases 

13. Kasthuri Karuppu
(6)

 60-120 mg Honey, Breast 

milk, ginger juice 

Cold, Fever, Cough, 

Asthma 

14. Pattu Karuppu
(6)

 65 mg Honey Throbbing pain in 

uterus, Apoplexy. Heat 

sensation in uterus 

15. Linga Padangam
(7)

 30-60 mg Palm Jaggery Vomit, Diarrhoea, 

Edema, Jaundice, 

Anemia
 

 

16. Kumatti Kulambu
(8)

 300 mg Palm Jaggery / 

Jaggery 

Ulcer, Ascites, Anemia, 

Vayu 
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17. Nandhi Mai
(9)

 100-500 

mg 

Palm Jaggery 18 types of chronic 

throbbing pain, 8 types 

of ulcer, 18 types of 

Eczema, 8 types of 

fistula 

18. Pancha Sootha
(10)

 

Melugu  

50-100 mg Breast milk, 

Cissus 

quadrangularis 

decoction, 

Plumbago 

Zeylanica 

decoction, 

Piper nigrum 

powder 

13 types of Apoplexy 

All types of fever,  

8 types of ulcer,  

 

Throbbing pain, etc. 

 

 

Heart diseases, 

Hemiplegia  

19. Maga Veera 

Mezhugu
(11)

 

50-100 mg Palm Jaggery Vate diseases, venereal 

diseases 

20. Anandha 

Bairavam
(12)

 

1 tablet Honey, 

Breast Milk 

Kapha related  

apoplexy 

 

21. Rajarajeshwaram
(12)

 1 tablet Thirukadugu 

decoction 

13 types of  

Apoplexy 

22. Lavangathi 

Maathirai
(12)

 

1-2 tablet - Laxative 

23. Oozhikaalan
(12)

 1 tablet Hot H2O Cholera 

24. Emathanda 

Kuligai
(12)

 

1 tablet Honey Fever, 80 types of 

Vatha, Poisons, 

hiccups, hemiplegia, 

Ulcer, 13 types of 

Apoplexy 

25. Kabada 

Maathirai
(13)

 

(Theraiyar Karisal) 

1 tablet Honey 

Flower extract of 

Musa paradisica 

Diarrhoea, 

Piles 

all types of Diarrhoea 

and Dysentry 

26. Kaakana 

maathirai
(12)

 

1 tablet Dried ginger 

decoction 

Constipation, 

Sedated state, intestinal 

worms 

27. Thazampoo 

mathirai
(12)

 

1 tablet Hot water Vatha in intestine and 

other vatha diseases 

28. Vasantha 

Kusmakaaram
(12)

 

1 tablet Honey / Ginger 

juice / Breast 

Milk 

Chronic Fever, Kapha 

related cough, Thirst, 

Renal diseases, Hiccups 

29. Vishnu 

chakkaram
(12)

 

1 tablet Thirikadugu 

powder  

Ginger juice / 

Honey 

Hemiplegia, Hiccups, 

Edema 

13 types of Apoplexy, 

Dizziness, vayu 

30. Megavirana 

Kalimbu
(14)

 

External  Venereal wounds 

31. Linga Maathirai
(14)

 1 tablet  Diabetes 
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32. Naasikabarana 

maathirai
(15)

 

1 tablet External 13 types of  

Apoplexy 

33. Lakshmi narayana 

maathirai
(16)

 

1 tablet Vinegar Apoplexy 

Cow‟s urine Jaundice, Anemia 

34. Kaakattan 

mathirai
(16)

 

1 tablet Hot H2O / 

Breast Milk 

Fever 

35. Thaamboola 

maathirai
(16)

 

1 tablet - Kapha, Bad smell in 

oral cavity, purifies the 

blood, fever 

convulsions, etc. 

36. Sodasa Mathirai
(16)

 1 tablet Water All types of fever 

37. Vishabedi 

Sankaarani
(16)

 

1 tablet Honey Cholera 

38. Kraanikesari 

Kuligai
(16)

 

1 tablet Honey / Ghee All types of Chronic 

diarrhea 

39. Kattuvaai 

maathirai
(16)

 

1 tablet Ghee Diarrhea 

40. Idhivallathi 

Leghium
(16)

 

5 g  

 

 

Fistula  

Deep wounds, etc. 

41. Anda Thylam
(16)

 2 – 15  

drops  

Betel leaf extract, 

breast milk 

Kapha, fever, sedated 

state, apoplexy  

42. Onam Thylam
(16)

 3-6 drops Breast milk Epilepsy, Hemiplegia, 

poliomyelitis sedated 

state etc. 

43. Linga Thylam
(16)

 1-2 drops Sugar Aphrodiriac vatha 

fever, diabetes, 

improves lactation 

44. Kandaga Thylam
(16)

 1 drop Sugar Asthma, Leucoderma, 

Ulcer, Wounds 

45. Mayana Thylam
(16)

 1 drop Sugar Apoplexy, Paralysis, 

Vatha, Hemiplegia, Cut 

wounds,  

Hydrocele,  Vatha in 

joints, bones, muscles, 

nerves 

46. Nava paashana 

Thylam
(16)

 

External  Spasm in extremities 

vatha diseases 

47. Navamani 

Chendooram
(16)

 

65-130 mg Honey, 

Cuminum 

cyminium 

decoction 

Ascitis, uterus problems 

48. Linga Kattu 

Chendooram
(16)

 

130 mg Honey Apoplexy, Vatha 

related diseases 

49. Pancha Sootha 

Melugu
(16)

 

 Breast milk Sedated state, Ascites, 

Poliomyelitis 

50. Mirithiyujaya 

rasam
(16)

 

65 mg Betel leaf Apoplexy, kapha 

related diseases, vatha 

diseases 
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51. Linga lebana 

melugu
(16)

 

130 mg Honey For getting pregnant 

52. Sivappu mezugu
(16)

 130 mg Palm Jaggery Poisonous diarrhoea, 

cold, sedated state, 

Ascites 

53. Saptarasa 

Chendooram
(16)

 

65-130 mg Honey, Ghee Pitha, Anemia, 

Hemiplegia, Apoplexy, 

Throbbing pain, fever, 

ulcer 

54. Linga Boopathi 
(17)

  suitable 

adjuvants 

Many diseases 

 

4.1.2. LINGAM IN AYURVEDA
(18)

 

Hingula is of two types 

  1. Khanija (Available in mines) 

  2. Krtrima (Made up of mercury and sulphur) 

Natural cinnabar is of 3 types  

  1. Carmaara (Greenish red) 

  2. Sukatunda (Yellowish red) 

  3. Hamsapaada (blood red-considered as best) 

Some say that Carmaara is in black color, Sukatunda is yelow in color, 

Hamsapaada is red in color. 

Rasavaagbhata mentioned only two varieties of cinnabar 

 1. Sukatunda, which is also known by name carmaara, inferior in qualities 

 2. Hamsapaada, looks like coral with whitish striations 

 

Purification methods of cinnabar 

 1. Hingula is grounded once in goat‟s milk and sometimes in lemon juice to get 

the purified product. Followed by drying it in hot sun to get good color (kumkuma 

varna) 

 2. In practice, Hingula is dissolved in water after completing the above grinding 

procedure and when the product gets settled down the supernatant water is taken out 

which the sourness caused by lemon juice is nullified and is fit for further use. 

The author of Rarasataranginii advocates grinding hingula with lemon juice and 

washing it water repeatedly so that the acidity caused by lemon juice is removed. 

 3. Hingula is purified by grinding it for seven times in the juice of Ginger or 

Big citrus fruit 
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Properties: 

 Hingula has bitter, astringent, pungent tastes, useful in eye diseases and alleviates 

kapha-pitta. 

 Nullifies nausea, skin disordes jaundice splenomegaly, arthritis and poisoning. 

 Hingula acts as good appetizer rejuvenator and aphrodisiac. 

 Alleviates impurities from the body. 

 It improves luster of the body strength and intellect.   

 It alleviates severe Rheumatoid arthritis and fever. 

 

Dosage and Usage 

Dosage is up to 50mg. It can be increased or decreased according to the disease. 

Given along with nutmeg, opium, long pepper and dry ginger in sukrasritaavaata.It 

readily alleviates fever caused by vatha along with long pepper, aconite, honey and 

ginger juice as vehicle. The same combination can be used in fever caused by fear and 

acute fever. The diarrhea caused by undigested food is alleviated by using hingula 

along with nutmeg, opium, camphor and seeds of Holarrhena anti-dysentrica. 

 

Specific preparations 

 Srii siddha daradaamrtam, Hingulesvara rasa, Hinguliiya Maanikya rasa, Srii 

siddha Hingulasvara rasa, Daradaamrta malahara, Darada vatii, Aananda bhairava 

rasa,etc., 

 

Extraction of mercury from Hingula 

1. Hingula is kept in Patanayantra   and heated to obtain Sattva (Extract) which is 

mercury. 

2.Paraibadra leaf juice or lemon juice is added to Hingula and grounded thoroughly 

and placed in a pot covered with another pot invertedly and sealed with a mud smeared 

cloth.  

  

After drying the set which is called Damaru Yentra is kept on the hearth and 

heated for 6 hour. The pot is opened and the mercury is collected from the upper part in 

the form of greyish black powder. It is filtered and preserved. 
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4.1.3. CURRENT RESEARCH SCENARIO ON LINGAM / CINNABAR 

 Maximum tolerated dose for Cinnabar in mice is estimated up to 24 g/kg
(19)

.  

 Jing-Zhen Shia et al (2011) studied the nephrotoxicity of Cinnabar which shows 

the toxic potential of Cinnabar is much less than Mercuric chloride and Methyl 

mercury after chronic oral administration for 60 days in adult Sprague-Dawley 

rats at the dose of 0.2g/kg body weight. Histopathology shows severe kidney 

injury in methyl mercury treated group. Moderate renal injury in mercuric 

chloride treated group but only mild or no injury in Cinnabar treated group. 

Kidney sensitive markers Kim-1, MMP7 and N-cadherin are not altered in 

Cinnabar treated rats but altered in Mercuric chloride and Methyl mercury 

treated rats
(20)

. 

 It was assumed that on conversion of cinnabar into methyl mercury form in 

intestine produce toxicity. Xinrui Zhoub et al (2011) reported that on ingestion 

of Cinnabar, it is biotransformed as non-toxic form of mercuric polysulphides 

by the intestinal bacteria rather converted into highly toxic methyl mercury 

under gastrointestinal environment
(21)

. 

 Yuan-Fu Lu et al (2011) studied the toxicity of Gong – Niu –Huang Wan 

(AGNH), a 10% Cinnabar containing Chinese traditional medicine used for 

brain disorder in mice compared with the toxicity of Mercuric chloride and 

Methyl mercury. Mice were given orally cinnabar containing AGNH for 44 

days at the dose of 300 mg/kg. The liver toxicity study showed that more liver 

damage in Mercuric chloride and Methyl mercury treated mice than Cinnabar 

AGNH group. Expression of hepatic cytochromes P450 genes such as cyp1a1, 

Cyp1a1 and Cyp4a10 was increased only after MeHg and HgCl2
(22)

. 

 Feng Zhanga et al (2012) reported the protective effect of Cinnabar contained 

Chinese traditional medicine – Wan Sheng Hua Feng Dan against Lipo 

polysaccharide induced dopaminergic neurotoxicity in Wistar rats
(23)

. 

 Feng Zhanga et al (2012) studied the ototoxicity effects of Cinnabar on the 

auditory brainstem response system during 2-10 weeks administration at oral 

dosage of 10 mg/kg/day in mice. Male mice were more sensitive to Cinnabar in 

producing hearing impairment correlated with the biochemical alteration in 

plasma and brainstem. These finding provide important information that the 
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clinical dosage of Cinnabar (10 mg/kg/day) still exhibited ototoxicity after 

continuously long term exposure
(24)

. 

 Chun-Fa Huang et al (2007) elucidate the effects of Cinnabar on the time course 

of changes in locomotor activities; pentobarbitol induced sleeping time, motor 

equilibrium performance and neuro biochemical activities in mice treating with 

cinnabar at the clinical dose of 10 mg/kg/day for different duration 3, 6 and11 

weeks. The results showed that Cinnabar was significantly absorbed by GT tract 

and transported to brain tissues. Moreover, frequency of jump and stereotype – 

1 episode were progressively decreased on 3 week oral administration in male 

and female mice. The signaling of reactive oxygen species, nitric oxide, sodium 

/potassium ion – ATPase and mercury accumulation in brain are the factors 

causes the neuro toxicology effects of Cinnabar
(25)

. 

  Qi wang et al (2007) studied that the anxiolytic effect of Cinnabar on chronic 

administration at effective doses in mice. The study shows the changes in the 

level of monoamine neurotransmitters and their metabolites monoamine oxidase 

activity. The anxiolytic effect of cinnabar is due to the reduced level of 

serotonin but it didn‟t involve in alteration of serotonin metabolic pathway
(26)

. 

 Qin wu et al (2011) studied the potential toxicity of cinnabar compared with 

mercury and arsenic on the cells - brain and liver treated with chemical for 48 h 

and cytotoxicitywas determined by the MTS assay. The study result reported 

that cinnabar is less toxic when compared with mercurial and 

arsenicalcompound
(27)

. 

 A Lingam based formulation “Cheenalinga Chendhuram” possess anti platelet 

aggregation and thrombolytic activity proved as invitro study
(28)

.  
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4.2. VENGAARAM 

Chemical name: Sodium biborate 

Common name: Borax 

Vengaaram is a Kaarasaram groupoccurs in the regions of arid and obtained 

abundantly in Borax Lake and Searl‟s Lake in California.  It is also found in Kashmir, 

Tibet &Nepal
(29)

.  Much greater deposits were later found in the Southwestern U.S.  

They are translucent when fresh.  When Borax loses water, it alters into a new mineral 

called Tincalonite, which contains the same elements as in Borax but has half of water 

content and crystallizes in a different crystal system.    

 

Synonyms 

Tamil   :  Porikaram, Karam, Urukkinam, Urukkumithiran 

      Danganam, Thoomathaiyadakki 

Sanskrit  : Tankana, Tanka, Draavaka, Loha draavii, Sowbaagyaa 

Hindi   : Suhaaga, Tankan Khaar, Tinkaal 

Telugu   : Veligaaramu 

Malayalam   : Ponkaaram 

English  : Borax 

 

Occurrence  

Naturally it is obtained along with sand & dust.  In the presence of glass stable 

& non-corrosive. Bluish white coloured borax is considered best for medicinal usages. 

 

Physicochemical properties    

Orthorhombic   :  Dipyramidal crystallization 

Habit :  Crystals are short, prismatic, compact, earthy and  

encrusting      

Color             :  Blue, Colorless, Green, Gray, Gray White 

Luster   :  Vitreous, greasy earth 

Streak     :  White 

Diaphaneity :  Transparent to translucent; The transparent crystal  

  effloresces in dry air and becomes opaque as the outer 

part oxidases 

Elasticity   :  Brittle 
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Hardness  :  2 – 2.5 (Gypsum – Finger nail)  

Specific gravity :  1.7 – 1.72 into a clear glass 

Boiling point  :  320
o
C 

pH   :  Alkaline 

Luminescence       :  Non fluorescent  

Chemical formula   :  Na2 (B4O5) (OH)4 8H2O  

Solubility                    :   Sparingly soluble in water, readily soluble in boiling  

water and insoluble in ethanol. 

 

4.2.1. VENGAARAM IN SIDDHA 

Action 

 1. Demulcent    6. Alterative 

2. Diuretic    7. Antiseptic 

3. Emmenogogue   8. Astringent 

4. Sedative    9. Parturifacient 

5. Tonic   10. Lithodialysis 

 

Synthetic preparation 

Ingredients  

Group A 

 

1.  Fuller‟s earth   1.3 L 

2.  Water    10.4 L 

 

Group B 

Alum     3500 g 

Potassium nitrate   219 g 

Milk spurge burnt ash   1.3 L 

Indian liquoria leaf juice  1.3 L 

(Abrus precatorius) 

Castor oil    650 L 

 

 Fuller‟s earth is dissolved in H2O and filtered. Group B drugs are added to the 

above filtrate and isolated.  It becomes black.  Then, the other three drugs are added to 
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it and heated as Kamalakkini for 96 minutes.  Then, it is placed on a earthen pot with 

wider mouth and insolated the end the product is collected
(29)

. 

 

Therapeutic properties 

 

 “Soripudaienn Kunmanamai Soriyaasam  

Parikragani Kallu in Pann noi – neriyai 

thadangananga pankirumi sarbavidam sanni 

idanganam kalakkir pomen” 

 

Borax has the properties of curing toad skin, carbuncle, gastric ulcer, itching, 

hemorrhoids, venereal ulcer with pus, hemiplegia, dental diseases, UTI, Kapha, 

delirium, snake poison, infective diseases, abdominal diseases, cough, indigestion, 

rhinitis, delayed labour, amenorrhoea, dysmenorrhoea, menorrhagia, sinusitis, stomatis, 

ulcer on the nipple, anemia due to menorrhagia, epilepsy, diarrhoea in labour, uterus 

contraction in slow delivery
(29)

.
 

 

Purification of Borax
(29)

 

 Borax is bundled and hanged in the buffalo‟s dung solution and boiled.  The bundle 

is cleaned with fresh water and insolated to get it is purified form. 

 Borax is bundled and kept buried in buffalo‟s dung for 3 days and then washed and 

dried. 

 It is washed in cow‟s dung solution 

 It is soaked in buffalo‟s urine for 12 minutes 

 It is fried in an earthen pan and triturated vinegar (or) lime juice and dried. 

 It is fried till the moisture completely evaporates. 

 It is triturated with lemon juice or rice washed water and dried. 

 It is soaked in lemon juice or vinegar or fire leaved chaste tree leaf juice and dried. 
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Therapeutic uses
(29)

 

 Roasted borax (4.2 g) is mixed with honey (35 g) is known as vengaara madhu, 

applied in oral ulcers of stomatitis and glossitis may be adhered with ghee or butter 

and applied for stomatitis, glossitis and lip ulcers.  

 Borax (35 g) dissolved in water (10.4 L) is used as a mouth wash in case of oral 

ulcers and sore throat.  It is also used as a wash for anal fissures and ulcer. 

 Borax (4.2 g) dissolved in water (21 mL). A cloth is soaked in the above solution 

and applied over the breast for curing nipple ulcers of cracks. Before feeding, the 

breast should be washed. 

 Borax (4.2 g) mixed with pig‟s ghee (21 mL) is applied over the painful anus for 

anorectal diseases. 

 Borax (8.4 g) dissolved in water (252 mL) is used for gonorrhoea and uterine 

disorders. 

 Borax (16.8 g) mixed with water may be used as irritant solution for bladder wash 

in case of urethritis.  This can also be applied topically over the skin for mosquito 

bite, prickly heat and other skin diseases. 

 Borax powder (2.1 g) mixed with cinnamon bark powder (650 kg) can be given 

along with gruel 1-2 h, four times a day for relief of labour pain during delayed 

labour.  In addition, borax powder (600 mg) is given once in every 6 h for pain 

relief. 

 Roasted borax (650-1300 mg) is given with tender coconut water for UTI. 

 Borax 325 mg to 975 mg is given for menorrhagia, amenorrhoea, and 

dysmenorrhoea, anemia due to menorrhagia, ascites and epilepsy twice / thrice 

daily. 

 Powdered borax, sulphur and Acacia catecheu (Kaichukatti) are taken in equal 

quantities mixed with ghee and applied as an ointment for scabies, eczema, itching 

and ulcer. 

 Borax (4.2 g) dissolved in vinegar (42 mL) is applied over the body for itching and 

ulcer. 

 Borax (260 mg) dissolved in H2O (28 mL) is used as an eye washing solution. 

 Borax (260 - 520 mg) is given with betel leaf (Piperbetel) to prevent fever with 

rigor. 

 Borax (65 – 325 mg) mixed with breast milk is given to children for convulsions 

and pain relief. 
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 Borax (325 mg) and pepper powder (Piper nigrum) (195 mg) are taken together 

with 4 mL of honey thrice a day for controlling asthma and cough. 

 Borax may be used in small quantities in children as a laxative and to remove the 

bad odour in the stools.  It is also useful for indigestion and loss of appetite. 

 

Medicinal preparations using Vengaaram as ingredient 

S. No. Medicine name Dose Adjuvant Medicinal Uses 

1. Panchalavana parpam
(30)

 100–200 mg Water, ghee, 

butter 

Indigestion, Diarrhea, 

ulcer, Throbbing pain 

2. Vennkara Parpam
(31)

 

 

100-300 mg Tender Coconut, 

Ghee, Butter 

Burning micturition 

& renal obstruction  

3. Ayakaantha 

Chendooram
(32)

 

65-130 mg Honey, Ghee, 

Panchadeepakini 

Chooranam 

Edema 

4. Arumuga Chendooram
(31)

 65-130 mg Honey, 

Tirikaduku 

Chooranam 

Anemia, Edema, 

Vaatha,Pittha, 

Kapha, Throat Pain, 

Hip Pain, Six types of 

Piles, Colic, Gastric 

ulcer, Rheumatic 

disorders, All types of 

headaches, Myalgia, 

Uterine disorder, TB, 

Orchitis, Scrofula, 

Syphilis Bubo, 

fissured soles, throat 

pain, severe chest 

pain, Colitis, sedated 

state, indigestion, 

sprue 

5. Ilaneer Kuzambu
(33)

 1 drop in 

eye 

-- Eye diseases 

heat, burning 

sensation in eye, 

cataract 

6. Sivanar Amirtham
(34)

 100-200 mg Honey, Ginger 

juice & Breast 

milk 

80 types of vathaa, 40 

types of pitthaa, 20 

types of kaphaa, 

ulcer, piles, diabetes, 

ascites, scorpion 

bites, apoplexy 

7. Pralaya Kaala Ruthiran
(12)

 2-3 times Honey Cholera, fever due to 

indigestion, 

Diarrhoea 

8. Kunma Kudori mezugu
(11)

 500-1000 

mg 

 Ulcer, pitta, sedated 

state, indigestion, 

uterus pain during 
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S. No. Medicine name Dose Adjuvant Medicinal Uses 

Menstruation 

9. Sitthathe ennai
(35)

 3-5 drops Anise decoction Diseases in head, 

tumor, constipation, 

wound, menorrhagia, 

venereal diseases 

10. Vallarai nei
(36)

 

(Baala Vaagadam) 

5-10 mL  Burning eyes, hip 

pain, convulsion 8 

types of ulcer, fistula 

11. Vengara Podi
(15)

 Ext.  Cough, TB, Vomit, 

Piles, Internal fever, 

STD, wounds 

12. Aanandha Bairavam
(12)

 1 tablet Honey, Breast 

milk 

KaphaaApoplexy 

13. Lavangathi Maathirai
(12)

 1-2 tablet - Laxative 

14. Emathandha Kuligai
(12)

 1 tablet Honey 80 types of Vathaa, 

fever, Hiccup, 

Hemiplegia, Ulcer, 13 

types of Anoplexy 

15. Kunguma poo Maathirai
(12)

 Honey, 

Breast Milk 

 Cough, Sputum 

Kapha related ulcer, 

chronic constipation, 

sweating 

16. Sanjeevi Maathirai
(12)

 1 tablet Urine, 

Lemon juice, 

Myristica 

officinalis , 

decoction 

Vitex negundo 

extract,  

Stem bark of 

Moringa 

pterygosperma 

Vathaa, 

Poisonous snake bite, 

Vathaa Piles, 

Pricking pain in 

abdomen 

17. Saantha Chandrodhayam 

Maathirai
(37)

 

1 tablet Honey Pithaa fever 

18 Sala Manjari Maathirai
(38)

 1 tablet Honey,  

Milk 

Cough constipation 

Renal obstruction 

19. Soolai kudaram
(12)

 1 tablet Ginger extract Ulcer, prickling pain 

in the abdomen 

20. Meganaatha Kuligai
(12)

 1-2 tablet Dried ginger 

decoction 

Constipation due to 

Cold Fever, Ulcer, 

Vathaa, Anemia, 

Edema, Diabetes, 

Stomach pain, 

Indigestion 

21. Vasantha Kusmakaaram
(12)

 1 tablet Honey, Ginger 

juice, Breast 

milk 

Chronic fever, kapha 

related cough, thirst, 

urinary diseases, 

sneezing 
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S. No. Medicine name Dose Adjuvant Medicinal Uses 

22. Viresana boopathi
(12)

 1-2 tablet Hot water Vathaa diseases, 

Edema, Sedated state 

23. Bramanantha Bairavam
(12)

 1 tablet Honey mixed 

with ginger 

juice 

Apoplexy, fever 

24. Sanga draavagam
(39)

 1 drop - Chest pain, Vathaa, 

Ulcerative pain 

25. Swarna Boopathi 

maathirai
(39)

 

 

1 tablet Adjuvant based 

on diseases 

Apoplexy, Diabetes, 

Anemia, STD etc. 

26. Mahavatta vitvam sani
(16)

 1 tablet Honey/ ginger 

extract 

Vathaa,Kaphaa, 

Diarrhoea, 

Splenomegaly, 

Spasmodic pain in 

uterus 

27. Swasakaasa Mathirai
(16)

 1 tablet - Lochia can be 

excreted out cough 

due to accumulation 

of excess sputum 

because of kaphaa 

28. Kraanikesari Kuligai
(16)

 1 tablet Honey, Ghee Diarrhea 

29. Naasi Kabarana 

Maathirai
(16)

 

1 tablet External Fever 

30. Visaha rajaanga Thylam
(16)

 2-5 drops External Wounds, Vathaa 

related tumors, piles, 

STD related wounds 

31. Vonaan Thylam
(16)

 3-6 drops Breast milk Epilepsy, paralysis, 

poliomyelitis, sedated 

state 

32. Vathangusa Thylam
(16)

 5-7 drops Coffee/Sugar Laxative all types of 

diseases 

33. Vengara Parpam
(16)

 65-130 mg Based on 

duration 

Kaphaa related 

cough, fever 

34. Maha Boopathi parpam
(16)

 130-260 mg  Urinary and Renal 

obstruction burning 

micturition 

35. Navamani Chendooram
(16)

 65-130 mg Based on body 

build 

TB, venereal heat, 

Ascitis, Uterus 

problems Tumour in 

uterus 

36. Thanga Chendooram
(16)

 65 mg Any leghium 

which has 

aphrodisiac 

action 

Improves appetite and          

cures emaciating 

condition 

37. Lavanga mezhugu
(16)

 65 mg  Laxative, spasm in 

uterus, hip pain, etc. 

38. Veera merhugu II 

(ordinary)
 (16)

 

130 mg  Vathaa related 

venereal diseases, 
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S. No. Medicine name Dose Adjuvant Medicinal Uses 

rheumatic pain, 

hydrocele  

39. Veera merhugu II 

(laxative)
 (16)

 

130 mg  Vathaa diseases, 

Vathaa Pitha, 

Kaphaa related 

diseases 

 

4.2.2. VENGAARAM IN AYURVEDA
(40)

 

Purification 

 Impure borax causes vomiting and giddiness. Therefore it should be purified 

before administration. 

Two methods of purification 

 1. Nirmaliikarama -Dissolve borax in fresh water and filter and dry to crystal 

consistency. 

 2. Nijalikarana - Borax is crushed into powdered and fried in pans or wide 

earthen plates till the frying sounds seize and the water is evaporated. There will be 

weight loss in this process. It bulges in size and becomes very light. 

 

Properties 

1. Borax has pungent taste, hot, rough and fast qualities and exudative action. 

2. Dislodges Kapha, useful in heart diseases, vatha disorders cough, dyspnoea, 

poisoning, loss of appetite blotting of the abdomen, amenorrhoea, general 

weakness, suppurative wounds. 

3. It aggravates pitta and expels the foetus.  

4. It cleanses Gold and silver.  

Borax is considered as the best antidote to Vatsanavha (Aconite) and hence 

most of the aconites containing compounds have Tankana invariably. 

 

Specific preparations 

 Aananda bhairadarasa and many other jvaraghna (Anti-pyretic) and            

aamavaataghna (anti-rheumatic) preparations like Panncavaktra rasa, Mirtyunnjaya 

rasa, Siddha praanesvararasa, etc., are prepared using Borax as one of the ingredients. 

 Apart from being added to the medicine this is used in extraction of metals from 

minerals, preparations alloys and to bring down the melting and boiling points of 

metals. Hence the synonym,”Loha draavii” is mentioned for Borax. 
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4.3. MULAI PAAL 

Common name: Breast milk  

 Breast milk is an ideal diet for children as it contains all the nutrients essential 

for the growth of children and is easily digestable
(41)

. 

 

Fore milk 

 At the beginning of feed, milk looks grey and watery.  It contains plenty of 

proteins, lactose, vitamins, minerals and plenty of water but no much fat. 

 

Hind milk 

 Towards the end of feed, milk looks much whiter.  It is rich in fat and produces 

about half of energy of a food.  

 

Composition of Breast Milk 

The nutrients present in the mother‟s milk can be more easily digested and 

absorbed than the nutrients present in fresh or tinned milk. 

 Lactose – provides energy and helps the absorption of calcium. Lactase helps to 

digest lactose. 

 Fats – contains more polyunsaturated and essential FA. 

 Proteins – It forms soft curd, easy to digest. It contains enough essential Amino 

acids.  Taurine is plentiful in Breast milk, favors the growth of baby‟s brain. 

 Vitamins – contain water soluble, Vitamin D, Vitamin A, C, E 

 Minerals – It contains the correct amount of Salts, Calcium and Phosphate.  Iron 

is better absorbed. Breast Milk is digested quickly because of lipase which 

digests the fat. It contains enough water too. 

 Growth factors – helps the baby‟s intestine to grow and develop. So, that the 

baby is able to digest and absorb other foods. 

 

Protection against infection
(42)

 

 It contains immunoglobulins (Ab), protects against common infections. 

 It contains Bifidus factor, helps spiral bacteria called Lactobacillus bifidus to 

grow in baby‟s intestine and prevents harmful bacteria such as E-coli from 

growing and causing diarrhoea. 

 Lactoferin binds with free iron which prevents the growth of harmful bacteria. 
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Therapeutic uses of Breast Milk 

 Mother‟s milk is prescribed as a best adjuvant for certain diseases
(41)

. 

 It is effective in the treatment of 7 types of Dhoshas – heat, vatha, pithaa, 

kaphaa, fever, tridhosha and dryness of tongue
(41)

. 

 The breast milk of women having black complexion will be useful only in eye 

diseases whereas the breast milk of women with fair complexion will be 

effective in the treatment of vathaathitridhoshas
(41)

. 

 Breast milk shall be given for chronic constipation in cases of delirium and 

fever
(43)

. 

 Breast milk is grounded with Borneo camphor, saffron flower, cloves and stem 

of betel leaf.  Then a cloth soaked in this milk and applied over the head and 

body for the control of headache and fever
(41)

. 

 A cloth soaked in Breast milk and applied over the abdomen cures dysuria and 

constipation especially in children
(41)

. 

 Breast milk also instilled as eye drops for eye diseases
(41)

. 

 Breast milk used to purify Cinnabar, Rasa chendooram, chlorides of mercury, 

etc
(41)

. 

 Breast milk and ginger juice are taken one part and equal quantity of gingely oil 

is mixed boiled and used as hair oil for curing the headache caused by cold
(41)

. 

 Breast milk is used in the preparation of Kaantha chendooram
(41)

 and can be 

taken during the treatment with Kaantha parpam
(43)

 

 Crude form of red sulphide of Mercury is soaked for one day in mother‟s milk 

and lemon juice respectively it becomes purified
(44)

. 

 Mother milk is used in the preparation of Rasa Karpoora Kuligai
(45)

. 

 It is used in the purification of Perchloride of mercury – Veeram
(46)

. 

 Mother‟s milk is used in the preparation of Nava uppa mezhugu
(47)

. 

 Borax (65 mg – 325 mg) mixed with Breast milk and given to children for relief 

of pain and convulsions
(48)

. 

 Indira kopam (Mutilla occidentalis) ash is mixed with breast milk and applied 

over the penis, improves masculinity
(49)

. 

 Ox bile is given with the breast milk for the treatment of Senkiranthi
(50)

. 

 Ox bile is dissolved in breast milk and applied on the eyes for the improvement 

of vision. 
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 Pills of Ox bile are given in breast milk which control phlegmatic fever, 

phlegmatic disease, fever, giddiness and delirium. 

 Eating Shark prepared as food has the property of increasing lactation
(51)

. 

 Breast milk-butter will control burning pain of the eyes, limbs and nose
(41)

. 

 

Breast Milk used as an adjuvant for Siddha drugs 

S. No. Medicine Cure of Diseases 

1. Vanga Parpam Toxic manifestations of Vata (Vida vayu), 

Angina pectoris (Maarjala vayu), 

Hemiplegia (Paarisa vayu) 

2. Sembu Chendooram  Heart attack (Maradaippu vayu) 

3. Naaga parpam Delirium due to collapse, swoon, heat and 

parchedness of tongue 

4. Naga Chendooram
(52)

 Abdominal pain due to vatha (Vatha 

gunmam) 

5. Linga parpam
(46)

 Asthma, swelling, dropsy, fevers, ulcers, 

venereal disease, perversion, bearing down 

pain, Rheumatism, itching and delirium.
 18

 

6. Sarva Sura Kuligai
(53)

 Fevers due to derangement of three 

humours,  rigor, intermittent fever, etc
19

 

7. Patchai Karpoora Anjana 

Kuligai
(54)

 

Eye diseases for burning of eye and 

headache
20

 

8. Muthu Chendooram
(55)

 Pitha Fever
21

 

9. Apperaga Chendooram
(56)

 Fever with burning sensation
22

 

10. Thurisu Chendooram
(57)

 Continued fever
23

 

11. Aamaiyottu karukku
(58)

 Atrophy resulting from indigestion, 

dysentery and vomiting due to indigestion
24

 

12. Kombu parpam Vatha, Pitha, Kapha diseases, etc. 

13. Pills of Ox bile
(59)

 Pitha fever
25

 

14. Vellai maathirai
(60)

 Pimples, Acne, boils of the eye
26

 

15. Navaneetha Parpam
(41)

 Kapha gunmam
27

 

16. Aamaiottu parpam Sedated state in children
28

 

17. Kasthuri Karuppu
(34)

 Cough, Fever, TB
29

 

18. Korosana thugal
(34)

 Anaemia, Ascitis, fever, sinusitis
30

 

19. Sivanaar amirtham
(34)

 80 types of Vatha 

40 types of Pitha 

20 types of Kapha 

5 types of Asthma, Apoplexy, piles, 

Ascitis.
31

 

20. Amirthaathi Kuligai
(12)

 Eczema, Dryness of tongue, Burning 

sensation in stomach, cough, continuous 

fever.
32

 

21. Ashtabairava Kuligai
(12)

 64 types of fever
33

 

22. Aanandha bairavam
(12)

 Kapha related Apoplexy
34

 

23. Kasthuri maathirai
(61)

 Pitha, Kapha related fever, Vatha, 

Apoplexy
37
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24. Kunguma poo maathirai
(12)

 Kapha gunmam, chronic constipation, 

sweating
35

 

25. Korosana maathirai
(62)

 Fainting, Vatha, Kapha diseases, 

Apoplexy
38

 

26. Thaalaga maathirai
(63)

 Cold, Fever
39

 

27. Vasantha Kusmakaaram
(12)

 Chronic fever, Kapha cough, Renal 

diseases, Sneezing
36

 

28. Ganathylam Anemia, Fever due to heat Milky vomit, 

sedated state for children, syphilis  

29. Maantha Ennai
(64)

 Types of Sedated state, fever, Pale tongue 

due to kapha, etc.
 40

 

30. Pancha Sootha Melugu
(65)

 13 types of Apoplexy, All types of fever 7 

types of Dhoshas, etc.
 41

 

 

Breast milk is added as a one of the ingredients in the following medicines. 

1. Poorakattu
(46)

 

2. Lingachendooram
(66)

 

3. Santha maarutha Chendooram
(31)

 

4. Nandhi Mezhugu
(11)

 

5. Nava Uppu Mezhugu
(11)

 

6. Pancha Sootha Mezhugu
(67)

 

7. Ashtabairav Kuligai
(12)

 

8. Kasthuri maathirai
(12)

 

9. Maha ellathy kuligai
(12)

 

 

 

 

 

 

 

 

 



34 
 

5. MATERIALS AND METHODS 

 

5.1. PREPARATION OF TEST DRUG LINGA MATHIRAI 

Stages in preparation 

1. Purification process of raw materials  

2. Trituration process 

5.1.1. Procurement and collection of raw materials 

 Minerals such as Lingam (Cinnabar)andVengaaram (Borax, Sodium 

biborate)were procured from Gopal Aasan Country drug store, Nagercoil, 

Tamilnadu, India.  

 Herbs such as Erukku (Calotropis gigantea) and Kuppaimeni ilai (Leaves of 

Achalypa indica) were collected from Herbal garden at Sri Sairam Siddha 

Medical College and Research Centre, Chennai, Tamil Nadu, India.  

 Mulaippal (Breast milk) was donated by the female human delivered 

volunteers.  

 Neem oil, Cow‟s milk and Lemon fruit were purchased from the local market at 

Chennai, Tamil Nadu, India. 

5.1.2. Authentication of Raw materials 

Lingam coded as sample R (Plate 5.1.1) has got authentication from the 

department of Geology, University of Madras, Chennai, Tamil Nadu, India after 

studying its physicochemical properties. Vengaaram (Plate 5.1.2) was authenticated by 

the department of Gunapadam and herbs were authenticated by the department of 

Medicinal botany, Sri Sairam Siddha Medical College and Research Centre, Chennai, 

Tamil Nadu, India.         

  

 

 

 

 

 

 

 

Plate 5.1.1: The raw Lingam purchased from country drug store to be 

subjected for   purification processes (Sample R) 
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Plate 5.1.2: The raw Vengaaram purchased from country drug store 

subjected for purification process 

 

5.1.3. Purification and detoxification of Lingam 

Numerous purification processes were cited in the Siddha literature and in 

traditional practice which were having complicated and laborious methods. In this 

study, we analyzed the physicochemical characters of two purified Lingam samples 

derived by two different purification processes viz., Erippu (Burning) and Surukku 

(Consolidation) and evaluated as to which purified Lingam is optimum for formulating 

the medicines. 

 

Apparatus used 

Agal (Mud plate), Hot plate, Glass jar, Kalvam (Black stone mortar), Cotton 

cloth, Fine mud powder. 

 

5.1.3.1. Purification and detoxification of Lingam by Erippu process 

This method was adopted from a traditional SiddhaVaidhiyar (Practitioner).  

 

Materials 

Raw Lingam (Cinnabar, Red Sulphide of Mercury –Natural) – 40 g 

            Neem Oil – 200 mL 
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Method 

1. Raw Lingam was separated into eight equal parts (5 g) without powdering. Each 

part was covered by small piece of cotton gauze and tied by a thread to make 

into a pouch like structure. 

2.  Neem oil was poured into an Agal (Earthenware lid).  

3. All pouches were immersed in the oil leaving the tied part above and ignited by 

the match stick.  

4. All pouches were burnt until the oil is used up for burning.  

5. After completion of the burning, pouches were opened and the Lingam samples 

were secured.  

6. The soot found coated over the Lingam was scrapped out and washed with 

water and dried.  

7. This purified Lingam was coded as sample (Plate 5.1.3) 

 

Erippu process 

 

 

 

 

 

 

 

 

Plate 5.1.3: A denotes the raw Lingam purified by Erippu method and  

      B denotes the purified Lingam done by this process (Sample E) 

 
 

5.1.3.2. Purification and detoxification of Lingam by Surukku process 

 This is the common routine method employed for the purification of Lingam 

which is cited in the text of Gunapadam (Siddha Materia Medica)
(1)

. 

Materials 

A single piece of Lingam (Cinnabar, Red Sulphide of Mercury –Natural) – 57.83g 

Cow‟s milk – 150 mL 

Lemon juice – 150 mL 

Juice of Leaves of Acalypha indica – 150 mL 
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Method 

1. Cow‟s milk, Lemon juice and Acalypha indica juice were mixed well in a glass 

jar.  

2. A single piece of Lingam weighed 57.83 g was placed on a mud plate and 

heated over hot plate mounted on it.  

3. The juices in the glass jar were instilled over the Lingam drop by drop for 3 h 

continuously.  

4. After 3 h, the Lingam was allowed to cool and washed out with water and dried. 

5. This purified Lingam was coded as sample S (Plate 4). 

     

          Surukku process 

 

 

 

 

 

 

 

 

Plate 5.1.4: A denotes the raw Lingam was purified by Surukku method 

and B denotes the purified Lingam done by this process (Sample S) 

 

 

5.1.4. Quality assessment of purified Lingam samples 

This was done by comparing the macroscopic features, Raman spectroscopic 

study and contents of Mercury and Sulphur through Inductive coupled plasma optical 

emission spectroscopic study among a raw sample and two purified samples. Raman 

spectroscopic study and Inductive coupled plasma optical emission spectroscopic study 

was performed at Sophisticated Analytical Instrumentation Facilities, Indian Institute of 

Technology - Madras, Chennai, Tamil Nadu, India. The best purified Lingam was 

utilized for the preparation of LM. 
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5.1.4.1. Physical parameters analyses 

Macroscopic features 

 The raw and purified Lingams coded as sample R, A and B was observed for 

Cleavage, Colour, Crystal form, Fracture, Hardness, Lustre, Magnetism, Reaction to 

HCl, Streak, Luminescence and Loss of weight.  

 Colour was examined under visible light and the form of crystal was examined 

by the observation of geometric shape such as trigonal, cubic, hexagonal, etc.  

 Fracture denotes the areas where the sample is broken (irregular or concoidal).  

 Hardness was observed by scratching the samples using Mohs Hardness kit and 

Mohs scale was recorded.  

 Lustre, was observed by the appearance of sample in metallic and non-metallic 

states. 

  Magnetism was done to analyse the presence of electromagnetic force using 

magnet. 

  Reaction to HCl was done to know the presence of Calcium carbonate in the 

sample confirmed by the formation of effervescence.  

 Streak was evaluated by determining the colour of the sample on grinding the 

sample into powder on a porcelain streak plate.  

 Luminescence was done by using UV lamp to analyse the fluorescence 

property.  

 Loss of weight in percentage was estimated in the purified samples to determine 

the reduction of metallic concentration by the formula [(Weight of the sample 

before purification - Weight of the sample after purification) / Weight of the 

sample before purification] x 100.  

 

5.1.4.2. Functional group analyses 

 The study was carried out using BRUKER RFS27 Stand-alone FT-Raman 

Spectrometer having scan range from 50 to 4000 cm
-1 

done at Sophisticated Analytical 

Instrumentation Facilities, Indian Institute of Technology - Madras, Chennai, Tamil 

Nadu, India. The functional groups present among Sample R, E and S were analysed by 

correlating with the standard Raman Spectroscopy data
(2)

. 
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5.1.4.3. Estimation of Mercury and Sulphur 

 The concentrations of Mercury and Sulphur were observed between Sample 

R, E and S by Perkin Elmer Optima 5300 DV Inductive coupled plasma optical 

emission spectrometer (ICP-OES). The study was performed at Sophisticated 

Analytical Instrumentation Facilities, Indian Institute of Technology - Madras, 

Chennai, Tamil Nadu, India.  

 

5.1.5. Purification and detoxification of Vengaaram 

A sufficient quantity of Vengaaram (Borax, Sodium biborate) was coarsely 

powdered in the black stone mortar and roasted over the mud plate until water material 

evaporated out. The fried Vengaaram became puffed
(3)

.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5.1.5: A denotes raw Vengaaramsubjected for roasting, B denotes 

Vengaaram became puffing and C denotes puffed Vengaaram (Purified) 
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5.1.6. Preparation process of Linga Mathirai 

The method adopted for the process was referred from the literature Anubogha 

Vaidhya Navaneetham
(4)

. 

1. Equal parts of purified Lingam 63 g (Sample C) and purified Vengaaram 63 g 

were grounded to fine powder separately in the kalvam (Black stone mortar) and 

mixed well and again grounded till loss of discrimination (Plate 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5.1.6: Powdering and mixing of purified Lingam and Vengaaram 
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2. This mixture was triturated for 3 h in Mulaippal (Human breast milk) – 250 mL 

and made into paste consistency (non-sticky nature) – Plate 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5.1.7: Trituration with human breast milk 

 

3.  The paste was rolled into pills of black pepper size approximately 5 mm 

diameter manually with hands under aseptic condition (Plate 8).  

 

 

 

 

 

 

 

 

Plate 5.1.8: Prepared pills (Linga Mathirai) 

4. The rolled pills were stored in air tight sterile dark glass container and utilized 

for further studies.  

5. The prepared test drug LM was coded as sample LM. 
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5.2. PHYSICOCHEMICAL CHARACTERIZATION OF LINGA MATHIRAI - 

SAMPLE LM 

5.2.1. Physico-Chemical Parameters of Linga Mathirai after one week preparation 

5.2.1.1. Physical Parameters 

The colour, odour and taste were analyzed. 3 g of LM was analyzed for the 

estimation of Total Ash value, Acid Insoluble and Water soluble ash value.  5 g of LM 

was analyzed for the estimation of Alcohol and Water soluble extractive values. 2 g of 

LM was analyzed for the estimation of Moisture content by loss on drying at 105˚C and 

total solid content.  The average diameter of the pill and disintegration time was 

analyzed for LM. The above parameters were analyzed following the protocol 

mentioned in Pharmacopoeial Laboratory for Indian Medicine (PLIM)
(5)

. 

 

5.2.1.2. Weight variation test 

The weight variation test was carried out by weighing the 20 tablets individually 

using analytical balance, then calculating the average weight and comparing the 

individual tablet weights to the average
(6)

.  

 

 The percentage of weight variation among pills was calculated by using the 

following formula.  

             % of wt. variation = Individual wt. – Average wt.  x  100 

Average wt. 

 

Weight Variation limits of Tablets (IP) 

Average weight of tablets Maximum percentage of weight 

difference allowed 

80 mg or less ±10.0 

Between 80 mg and 250 mg ±7.5 

250 mg and more ±5.0 

 

Accepted tablet: Not more than two tablets are outside the percentage limit and no 

tablet differs by more than two times the percentage limit according to 

the above table. 
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Suspected tablet: Not more than six tablets are outside the percentage limit and no 

tablet differs by more than two times the percentage limit according to the table. 

Rejected tablets: One tablet differs by more than two times the percentage limit 

according to the table. More than six tablets are outside the percentage limit 

 

5.2.1.3. Raman Spectroscopic study 

The functional groups in LM were observed by Raman spectroscopic study.The 

study was carried out using BRUKER RFS27 Stand alone FT-Raman Spectrometer 

having scan range from 50 to 4000 cm
-1

. 

 

5.2.1.4. Quantitative analysis of Linga Mathirai after one week preparation 

5.2.1.4.1. Atomic Absorption Spectroscopic study 

Heavy metals concentration such as Lead and Cadmium were observed by 

Atomic Absorption Spectroscopic study. The procedures recommended for analysis of 

Heavy metals like Lead and Cadmium in WHO, 1998 and AOAC, 2005 and study was 

done at Regional Research Institute of Unani Medicine, Chennai – 600013. 

 

Instrument details 

Thermo Fischer M Series, 650902 VI.27 model Atomic Absorption 

Spectrometer (AAS) was used for the analysis. The operating parameters were as 

follows: 

Instrument technique   : Flame technique 

Wavelength (Lead)   : 217 nm 

Wavelength (Cadmium)   : 228.8 nm 

Slit width    : 0.5 nm 

Lamp current (Lead)   : 4.0 mA 

Lamp current (Cadmium)  : 3.0 mA 

Carrier gas and flow rate  : Air and Acetylene, 1.1 L/min 

Flow rate    : 2 ml/min 

 The Hallow cathode lamps for Lead and Cadmium analysis were used as light 

source to provide specific wave length for the elements to be determined. 
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5.2.1.4.2. Inductively Coupled Plasma Optical Emission Spectroscopic study 

 

Heavy metals concentration such as Mercury and Arsenic were observed by 

Inductively Coupled Plasma Optical Emission Spectroscopic study.The procedures 

recommended for analysis of Heavy metals like Mercury and Arsenic in AOAC, 2013 

and study was done at Bureau Veritas Consumer Products Services (I) Pvt. Ltd, 

Chennai using Aglient Inductively Coupled Plasma Optical Emission Spectrometer 

(ICP-OES). 

 

Equipment and Apparatus 

1. Aglient Inducively Coupled Plasma Optical Emission Spectrometer (ICP-OES) 

2. Microwave digester: Anton Paar – Multi Wave Pro 

3. Balance capable of weighing up to 0.1 mg 

 

Reagents  

1. Supra- pure concentrated nitric acid (69%) 

2. Hydrogen peroxide (30%) 

3. Milli – Q water 

4. Glasswares and Micropipettes 

5. NIST traceable standards of Mercury and Arsenic 

 

Sample Preparation 

Fine powdered sample of 1.0 g LM was taken to microwave digestion vessel. 

To this, 5.0 ml of Concentrated supra pure nitric acid and 2.0 ml of Hydrogen peroxide 

and 10.0 ml of Milli-Q-water was added and kept on free digestion. Process blank 

containing no sample under test including all reagents, Duplicate and Spike samples 

were also prepared as above. 

 

Sample Digestion 

All the above prepared digestion vessels were closed and loaded into micro 

wave digester and the machine was operated to reach the temperature 55
o
C and the 

vessels were cooled thoroughly, opened in the fume hood and rinsed the lid and walls 

of vessels with Milli-Q-water. Each solution were transformed to 25 ml volumetric 

flasks and diluted to mark with Milli-Q water and filtered with ash less paper. This 

aliqot was used for by ICP-OES. 
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Standard Preparation 

50 ppm concentration of Mercury and Arsenic Stock solution was prepared by 

diluting 1000 ppm in 5.0 ml of Mercury and Arsenic w to 100 ml. 1.0 ppb 

concentration of working stock solution of Mercury and Arsenic was prepared by 

diluting 2.0 ml of 50 ppm concentrated stock solution to 100 ml. All dilutions were 

made with 5 % nitric acid. 

 

Plasma conditions of ICP-OES instrument 

RF Power     : 1.20 Kw 

Plasma flow   : 15.0 L/min 

Auxiliary flow   : 1.50 L/min 

Nebulizer flow   : 0.75 L/min 

Replicate reading time : 3 s 

Sample uptake delay time : 30 s 

Pump rate   : 15 rpm 

Rinse time   : 10 s 

 

Instrument operation 

ICP-OES instrument was switched on and waited for 10.0 min for Argon 

purging completion. The chiller was switched on and waited for 5.0 min and plasma 

was ignited. Using above working standards of Mercury and Arsenic, calibration was 

done. The sample and standard solutions were prepared in 0.01, 0.02, 0.05, 0.1, 0.2, 

0.5, 1.0, 2.0, 5.0 mg/L concentrations.  After calibration, sample and standard solutions 

were aspirated as per the above sequence was run and also run acid blank.  

 

Method of calculation 

The squared correlation coefficient was more than 0.995. Recovery results in 

the sample spiked at non-compliance level were between 80-120%. 

% Recovery in spiked samples = [Found conc. (ppm)/Spiked conc. (ppm)] x 100 

% Deviation between two samples = [(A-B)/A] x 100, where A = Results from original 

sample, B – Results from duplicate sample 

Concentration of Analyte (ppm) = Found conc. (ppb) x  [Dilution volume (mL)/Wt. Of 

sample (g)], where Found conc.(ppb) = Sample - Blank 
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5.2.1.4.3. Energy dispersive X-ray fluorescence Spectroscopic study 

The concentrations of elements in oxide form were observed by Energy 

dispersive X-ray fluorescence Spectroscopic study. The study was done at Bureau 

Veritas Consumer Products Services (I) Pvt. Ltd, Chennai, India using the instrument 

Shimadzu Edxrf EDX-720, No: Q23645003008. 

 

5.2.1.5. Quantitative analysis of Linga Mathirai after four month preparation 

5.2.1.5.1. Inductively Coupled Plasma Optical Emission Spectroscopic study 

The concentration of trace elements including heavy metals such as Mercury, 

Arsenic, Lead, Cadmium, Iron, Boron, Sodium, Potassium and Calcium were observed 

by Inductively Coupled Plasma Optical Emission Spectroscopic study. After four 

month of LM preparation, the sample D was analyzed for the concentration of trace 

elements using Perkin Elmer Optima 5300 DV Inductive coupled plasma optical 

emission spectrometer (ICP-OES). The study was performed at Sophisticated 

Analytical Instrumentation Facilities, Indian Institute of Technology - Madras, 

Chennai, Tamil Nadu, India.  

 

5.2.1.5.2. Microbial Load study 

 The total bacterial and fungal count, Enterobacteriaceae, Escherichia coli, 

Salmonella Spp and Staphylococcus aureus count was observed by doing Microbial 

Load study.The procedures recommended for analysis of Microbial Load in WHO, 

1998
(7)

. 
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5.2. SAFETY STUDIES OF LINGA MATHIRAI IN ANIMAL MODEL 

The toxicity studies of Linga Mathiraiin animal model were conducted after 

obtaining prior approval (1545/PO/a/11/CPCSEA/1-4/2012) for animal studies from 

CPCSEA, Government of India through the Institutional Animal Ethics Committee 

(IAEC) of Sairam group of Institutions and conducted at animal house, Sairam 

Advanced Centre for Research, Sri Sairam Siddha Medical College and Research 

Centre, Chennai, Tamil Nadu, India.  

 

5.2.1. Animals and its maintenance 

Experiment animals  

Species/Strain: Albino rat / Sprague Dawley (SD) 

Sex: Male and Female, Female rats were nulliparous and non-pregnant 

Weight: 140±20 g 

Source of procurement: King Institute of Preventive Medicine, Guindy, Chennai 

 

The animals were maintained in the animal house of Sairam Advanced Centre 

for Research, Sairam group of Institution, Chennai following the guidelines for care 

and use of animals in scientific research drafted by Indian national Science Academy, 

New Delhi, India. 

 

Laboratory condition maintained 

Room temperature: 22±2°C 

Relative humidity: 40 – 65 % 

Ventilation: Air cycles: 15/min; 70:30 Exchange ratio 

Illumination: By Fluorescent Lamp 60 Lumens/Watt (325 Lux) 

Photoperiod: 12-h light/dark cycle by time controlled lighting system 

Noise control: Constructed with Concrete walls 

 

Husbandry 

Housing: Same sex of three animals were housed in polypropylene cages 

Bedding: With husk 

Feed: Amruth Rodent pellet, Pranav Agro Industries Ltd, Sangli, Maharastra, India 

Water: Purified water by Reverse Osmosis procedure was supplied ad libitum by 

Rodent water feeder. 
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Identification 

Cage: Cage card was tagged in each cage and indicated with animal numbers, markings 

and sex. 

Animal: Each animal has marked with picric acid on the fur for identification (Head, 

Neck, Body and Base of tail) and it was indicated in cage card along with number. 

 

5.2.2. Preparation of Vehicle Ginger decoction 

The dried rhizome of Ginger 10 g was coarsely powdered and taken in a 500 

mL glass jar. To this 200 mL of water was added and heated over the hot plate up to the 

reduction of water into 50 mL. Then the extract was filtered to get Ginger decoction. 

For each study freshly prepared decoction was used. 

 

5.2.3. Preparation of test sample 

A sufficient quantity of LingaMathirai was grounded into fine powder using 

mortar and stored in air tight sterile container. 

 

5.2.4. Acute Oral Toxicity Study 

5.2.4.1. Methodology 

The acute oral toxicity test was performed following 423 guidelines of 

Organization for Economic Co-operation and Development (OECD) for testing of 

chemicals
(8)

. 

 

Procedure 

Selection of Animals: Six female Sprague dawley rats were randomly selected 

and acclimatized for one week prior to the study. The rats were fastened overnight 

before the administration of test drug. 

 

Dose calculation 

 The body weight of each fasted rat was weighed and an individual dose of test 

drug LM was calculated according to the initial body weight. 
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5.2.4.2 Dosing of Linga Mathirai 

The acute toxicity study was done at the starting dose of 2000 mg/kg body 

weight of a rat as per Annexure 2d of OECD guidelines. For the first step, 2000 mg/kg 

LM was suspended in the 1mL Ginger decoction and administered to three animals 

using oral gavage as single time on 0 day. After single time administration of LM, rats 

were deprived from feed and water for 4 h. The three animals were observed for 

mortality and abnormal clinical signs periodically for 14 days. Since there was no 

mortality and abnormal signs in the first step, further three animals were administered 

with LM at the same dosage of 2000 mg/kg as single time for second step and observed 

for mortality and clinical signs of toxicity. The Median Lethal dose (LD50 cut-off value) 

for LM was determined in accordance with Globally Harmonized System of 

Classification and Labeling of Chemicals cited in Annex 2d of OECD Guidelines 423.  

 

5.2.4.3. Observations 

Body weight 

Each animal was weighed and recorded prior to the administration of test drug 

(On 0 day) and again on 7 and 14 day. 

 

Cage Side observations 

After administration of LM, all animals were observed for mortality and clinical 

signs of toxicity and behavioral changes at 30 min, 1, 2 and 4 hours and thereafter once 

a day for the next 14 days. The observations include general behavior, respiratory 

pattern, cardiovascular signs, motor activities, reflexes and changes in skin and fur 

texture, changes in eyes and mucous membrane of oral cavity, salivation, lethargy, 

sleep, coma, convulsion, tremors, diarrhea, morbidity and mortality. 

 

Necropsy 

The animals which were died were planned for gross necropsies. The organs 

present in the thoracic and abdominal cavities were panned for examination. 
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5.2.5. 90 day-Repeated Oral Toxicity Study 

5.2.5.1. Methodology 

A 90-day repeated oral toxicity study
(9)

 was performed according to the OECD 

guideline - 408 with minor modifications in dosage levels of test drug. 

 

5.2.5.2. Selection of animals 

 Fifty male and fifty female Sprague dawley rats were randomly selected and 

acclimatized for 7 days prior to the conduction of study. At the end of acclimatization 

period, animals were examined for good health condition.  

 

5.2.5.3. Dose calculation of Linga Mathirai 

 In the literature of Siddha, 60 mg of LM as two times a day was recommended 

as therapeutic dosage for adult human. For the study, the dose of LM in rat was 

estimated by conversion of dose of LM in 70 kg human on the basis of relative body 

surface area
(10)

. The therapeutic dose in rat was calculated as follows:  

 

200 g rat dose = Daily therapeutic dose in Human x Surface area conversion factor 

 = 120 mg x 0.018 = 2.16 mg 

1000 g rat dose = 2.16 mg x 5 = 10.8 mg (Approximately 11 mg) 

 

In the present study, LM was administered at three dose levels as below 

Low dose: The therapeutic dose of LM was fixed – 11 mg/kg (x) 

Intermittent dose: 5 times the therapeutic dose of LM was fixed – 55 mg/kg (5x) 

High dose: 10 times the therapeutic dose of LM was fixed – 110 mg/kg (10x)  

 

5.2.5.4. Experimental design 

Number of groups: 5 

Number of animals in each group: 10 Male and 10 Female 

Treatment period: 90 days 

Frequency: Single time per day. Daily at morning time 

Route: Oral 
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Table 5.2.1: Grouping and treatment details for 90 days repeated oral toxicity 

study 

Group Treatment 

I – Control Vehicle – 1 mL Ginger decoction only  

 

II – Test group at low 

dose level 

LM at 11 mg/kg b. wt suspended in 1 mL Ginger decoction 

III – Test group at 

intermittent dose level 

LM at 55 mg/kg b. wt suspended in 1 mL Ginger decoction 

IV – Test group at high 

dose level 

LM at 110 mg/kg b. wt suspended in 1 mL Ginger 

decoction 

V – Test group at high 

dose level (Satellite or 

Reversal) 

LM at 110 mg/kg b. wt suspended in 1 mL Ginger 

decoction 

 

 

5.2.5.5. Observations 

The experimental animals in all groups were observed throughout the course of 

period of 90 days treatment of drug. But in Satellite group, the animals were observed 

further 28 days without the treatment of drug to determine the cumulative toxicity of 

test drug. 

 

Body weight 

 Each animal was weighed and recorded on 0 day, at weekly intervals through-

out the course of study period and at the sacrifice day. Mean body weight and 

percentage of body weight gain were calculated for each group of both sexes. 

 

Food consumption 

 The quantity of food consumed by the animals in each cage was recorded at 

weekly intervals. The mean value of food consumption was calculated for each group 

of both sexes. 
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Clinical signs 

 After one hour of treatment on each day throughout the study course, all 

animals were observed for signs of toxicity. The clinical signs were examined at the 

same time in each day. If any clinical signs were observed, the time of onset, intensity 

and duration were recorded. The observations include general behavior, respiratory 

pattern, cardiovascular signs, motor activities, reflexes and changes in skin and fur 

texture, changes in eyes and mucous membrane of oral cavity, salivation, lethargy, 

sleep, coma, convulsion, tremors and diarrhea. 

 

Mortality 

 All the experimental animals were observed for mortality and morbidity twice 

daily during the entire course of study. 

  

5.2.5.6. Functional observations 

The functional observations were done using the Functional Observational 

Battery (FOB) designed by Moser. The protocol for conducting FOB was used with 

some modification from McDaniel and Moser (1993)
(11)

. The FOB consists of home-

cage, on removal from cage, handling, open-field and stimulus reactivity measures. The 

details of procedure and scoring criteria were cited in Annexure. The FOB was done on 

twenty animals of control and high dose group at 91 day and high dose satellite groups 

at 119 day.  For each rat, the tests were completed within 10 min.  During this study, 

the observer was blind with respect to the group. 

 

5.2.5.7. Motor activity 

The tests for motor activity were done on twenty animals of control and high 

dose group at 91 day and high dose satellite groups at 119 day. An open field was 

designed using card board box of 50 cm x 50 cm x 60 cm and the floor of the box was 

divided into 12 cm x 12 cm squares marked by lines. With in this box, each animal was 

kept for 15 min and observed for following activities for first, second and third five 

minutes.  .  

Number of squares entered with all four paws 

Number of times of rearing  

Number of times of grooming 

Number of times of excreting fecal bolus 
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5.2.5.8. Neurological Examinations 

 The neurological screenings were done on twenty animals of control and high 

dose group at 91 day and high dose satellite groups at 119 day. Tests such as flexion 

reflex, grasping reflex, placing reactions, righting reflex, equilibrium tests, pupillary 

reflex, corneal reflex, auditory startle, head shaking and toe spreading were conducted. 

The procedure and scoring criteria for these tests were followed from Tupper and 

Wallace (1980)
 (12)

. 

 

5.2.5.9. Urinalysis 

 Animals of control, high dose and high dose satellite groups were kept in 

metabolic cages in last 7 days of observation. 1 mL of urine sample was collected with 

out fecal contamination from each animal and used for urinalysis. The following 

parameters were analyzed using routine appropriate methodology.  

Colour, Transparency 

Specific gravity 

pH 

Presence of Protein, Glucose, Bilirubin, Ketones, Blood and Urobilinogen  

 

5.2.5.10. Terminal studies 

Euthanasia  

Animals of control, low, intermittent and high dose groups were fasted over-

night at the end of 90 day of treatment and observation period and on 91 day animals 

were sacrificed under CO2 inhalation. Animals of high dose satellite group were fasted 

over-night at the end of 120 day of observation period and on 119 day they were 

sacrificed under CO2 inhalation. 

 

Blood collection 

 After scarification, immediately a volume of 5 mL blood was collected from 

each animal by a sterile disposable syringe through cardiac puncture. Immediately 

clotting time was estimated by capillary tube method. 2 mL of blood was transferred 

into a tube containing anticoagulant Potassium EDTA (1.5 mg/mL) and used for 

haematological investigations. 3 mL of blood was transferred into a tube without 

anticoagulant and serum was used for biochemical investigations. 
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5.2.5.11. Haemotological Investigations 

The following haematological parameters were analysed using Erba 

Mannhein® haematology analyser.  

Haemoglobin (Hb) 

Red Blood Cell count (RBC) 

White Blood Cell count (WBC) 

 WBC Differential count - Lymphocyte, Monocyte and Granulocyte 

Haematocrit (HCT) 

Mean Corpuscular Volume (MCV) 

Mean Corpuscular Haemoglobin (MCH) 

Mean Corpuscular Hemoglobin Concentration (MCHC) 

Platelet count 

The reticulocyte count was estimated microscopically. 

 

5.2.5.12. Biochemical Investigations 

 The following biochemical parameters were analysed using Erba system Pack 

kits in Fully Automated Biochemistry analyzer. 

Glucose 

Cholesterol 

Triglyceride (TG) 

Protein 

Urea 

            Creatinine  

 Bilirubin 

Serum glutamic-oxaloacetic transaminase (SGOT) 

Serum glutamic pyruvic transaminase (SGPT) 

Alkaline Phosphatase (ALP)  

 

Electrolytes such as Sodium and Potassium content were estimated using digital 

flame photometer, Deep Vision, Model: 381.  
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5.2.5.13. Necropsy study 

 After blood collection, body weights of all animals were recorded. All rats were 

dissected for gross necropsy study.  Cranial, thoracic and abdominal cavities were 

opened and viscera‟s were dissected out. Organs such as brain, trachea, lungs, heart, 

liver, kidney, stomach, spleen, intestine, testis, uterus and ovaries were studied for 

gross study by viewed under magnification glass to find the presence of macroscopic 

pathological lesion. Each organ was weighed and expressed in terms of absolute organ 

weight. With respect to body weight, relative organ weight was calculated by the below 

formula. 

% Relative organ weight = [Absolute organ weight / Body weight] x 100 

 

5.2.5.14. Histo-pathological study 

Collection of organs 

Since no abnormalities found during necropsy study, the organs of one animal 

showing high value of blood renal and hepatic parameters among the animals from 

control, high dose and high dose satellite groups were subjected to histo-pathological 

studies. Organs such as cerebrum, sciatic nerve, liver, kidney, trachea, lungs, stomach, 

small intestine, heart, spleen, seminal vesicles, testis and uterus were collected and 

placed in 10 % Formalin. 10 % Formalin was prepared by mixing 100 mL of 40 % 

Formaldehyde in 900 mL of 0.9 % Normal Saline. Further below procedures were 

carried out in Central University Laboratory, Tamil Nadu Veterinary and Animal 

Sciences University (TANUVAS), Chennai, India as per the method cited in the book 

Histo Pathological and Clinical Pathological Techniques published by the department 

of Veterinary Pathology, Madras Veterinary College, TANUVAS, Chennai, India. 

 

Collection of tissues 

 Thin pieces of 3 – 5 mm thickness of tissues were cut from the organs collected. 

 

Fixation 

 The collected tissues were kept in 10 % Formalin at room temperature for 48 h 

to harden the tissues by coagulating the cell protein, to prevent the structure and to 

prevent the shrinkages. The volume of formalin added was 10 times the volume of the 

tissues.  
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Hydration 

 After fixation, the tissues were washed completely in running water. 

 

Dehydration 

 The tissues were dehydrated by passing it in ascending grades of alcohol as 

below to prevent undue shrinkage of tissues. 

 Ethyl alcohol 50 % for 8 h 

Ethyl alcohol 70 % for 2 h 

Ethyl alcohol 90 % for 2 h 

Absolute alcohol – I for 1 h 

Absolute alcohol – II for 1 h 

 

Clearing 

 After dehydration, the tissues were cleared from alcohol by keeping in Xylol – I 

and II each with 30 min. 

 

Infiltration 

 The tissues were completely impregnated with Paraffin wax (Melting point 50 - 

56ºC) kept in the cups and melted in a paraffin oven. The tissues were kept for 30 min 

in each cup.  

 

Embedding  

 Two L shaped moulds were arranged in the form of a rectangle over a porcelain 

slab. The melted paraffin was poured into the mould and the tissue was so oriented that 

the cutting surface of the tissue faces the porcelain slab. The moulds were removed as 

soon as paraffin sets and the blocks were sectioned. 

 

Sectioning 

 The blocks were trimmed by removing the excess paraffin all around. Sections 

of 4 – 5 µm thickness were cut in a Rotary microtome. The sections were transferred 

from the cutting edge of the microtome knife with the help of spatula to a tissue 

floatation bath having warm water (40 - 45ºC). Then the sections were spread out 

uniformly and were taken on the clean glass slides coated with Meyer‟s albumin – 

glycerine mixture. 



57 
 

Staining of sections 

 Haematoxylin and eosin method of staining (H & E) was employed. 

 

H & E staining procedure 

1. Deparaffinised the sections by passing in Xylol for 5 to 10 min. 

2. Removed the Xylol by passing in Absolute alcohol. 

3. Washed in tap water. 

4. Stained with haematoxylin for 3 to 4 min. 

5. Washed in tap water. 

6. Allowed the sections in acid alcohol for 15 to 30 sec. 

7. Washed in tap water for 5 to 10 min. 

8. Counterstained with 0.5 % Eosin until the sections appeared light pink (15 – 30 

sec). 

9. Washed in tap water. 

10. Dehydrated in alcohol. 

11. Cleared with Xylol for 15 to 30 sec. 

12. Mounted in DPX mountant 

13. Slides were dried and cover slipped without the presence of air bubble. 

14. Examined under a light microscope (Deep Vision, DV-45T 11210) attached 

with a camera (Nikon Coolpix L20 10.0 Megapixels) and microscopic features 

were observed and photographed. 

 

5.2.5.15. Estimation of Mercury Content in Organs 

The procedures recommended for analysis of Mercury and Arsenic in AOAC, 

2013 and study was done at Bureau Veritas Consumer Products Services (I) Pvt. Ltd, 

Chennai using Aglient Inductively Coupled Plasma Optical Emission Spectrometer 

(ICP-OES) following their SOP-053.  

 

Organs tested 

Organs such as Liver and Kidney collected from the sacrificed animals involved 

in histopathological study subjected for the estimation of mercury content.  
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Procedure 

1 g of dry tissue excised from the organs was homogenized in 5 mL normal 

saline and taken into microwave digestion vessel. To this, 2.0 mL of Concentrated 

supra pure nitric acid (69%) and 0.5 mL of Hydrogen peroxide (30%) and kept on hot 

plate until this mixture reduced to 5 mL. The samples were cooled and made up to 25 

mL with MilliQ water. Process blank duplicate and spike samples were prepared. Then 

the sample digestion, standard preparation, instrument operation, calculation of 

mercury concentration was done by the procedure already illustrated in ICP-OES study 

methodology for physicochemical characterization in this thesis.   

 

5.2.5.16. Statistical analysis 

All data were expressed as mean ± standard error of mean (SEM). The test 

groups were compared with control for testing significance by one way ANOVA 

followed by Dunnet test using GRAPH PAD INSTAT version 3 software programmes. 

P values less than 0.05 were considered significant. 
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5.3. EFFICACY STUDIES OF LINGA MATHIRAI IN ANIMAL MODEL 

All studies were conducted after obtaining prior approval 

(1545/PO/a/11/CPCSEA/1-4/2012) for animal studies from CPCSEA, Government of 

India through the Institutional Animal Ethics Committee (IAEC) of Sairam group of 

Institutions and conducted at animal house, Sairam Advanced Centre for Research, Sri 

Sairam Siddha Medical College and Research Centre, Chennai, Tamil Nadu, India.  

 

5.3.1. Animals and its maintenance 

Experiment animals  

Species/Strain: Albino rat / Sprague Dawley (SD) 

Sex: Male and Female, Female rats were nulliparous and non-pregnant 

Weight: 150 - 200 g 

Source of procurement: Sri Venkateshwara Enterprises, Bengaluru, India 

 

The animals were maintained in the animal house of Sairam Advanced Centre 

for Research, Sairam group of Institution, Chennai following the guidelines for care 

and use of animals in scientific research drafted by Indian national Science Academy, 

New Delhi, India. 

 

Laboratory condition maintained 

Room temperature: 22±2°C 

Relative humidity: 40 – 65 % 

Ventilation: Air cycles: 15/min; 70:30 Exchange ratio 

Illumination: By Fluorescent Lamp 60 Lumens/Watt (325 Lux) 

Photoperiod: 12-h light/dark cycle by time controlled lighting system 

Noise control: Constructed with Concrete walls 

 

Husbandry 

Housing: Same sex of three animals were housed in polypropylene cages 

Bedding: With husk 

Feed: Amruth Rodent pellet, Pranav Agro Industries Ltd, Sangli, Maharastra, India 

Water: Purified water by Reverse Osmosis procedure was supplied ad libitum by 

Rodent water feeder. 
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Identification 

Cage: Cage card was tagged in each cage and indicated with animal numbers, markings 

and sex. 

Animal: Each animal has marked with picric acid on the fur for identification (Head, 

Neck, Body and Base of tail) and it was indicated in cage card along with number. 

 

5.3.2. Preparation of Vehicle Ginger decoction 

The dried rhizome of Ginger 10 g was coarsely powdered and taken in a 500 

mL glass jar. To this 200 mL of water was added and heated over the hot plate up to the 

reduction of water into 50 mL. Then the extract was filtered to get Ginger decoction. 

For each study freshly prepared decoction was used. 

 

5.3.3. Preparation of test sample  

A sufficient quantity of Linga Mathirai was grounded into fine powder in a 

mortar and stored in air tight sterile container. For mode of administration of LM to the 

human, the literature cited 1 pill (60 mg) LM should be suspended in the adjuvant 10 

mL Ginger decoction for two times daily. For each study and daily, freshly prepared 

test sample (LM suspension) was prepared by suspending powdered LM 60 mg in the 

adjuvant Ginger decoction 10 mL (6 mg LM in 1 mL decoction). Test sample‟s dosage 

fixation to rat was done by conversion of human dose to rat dose by multiplying with 

conversion factor 0.018 with respect to body surface ratio as already mentioned in 

safety studies
(10)

. 
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5.3.4. Efficacy of Linga Mathirai against Coagulation 

5.3.4.1. In vitro clot lysis activity 

The study was performed by the basis of clot dissolution method
(13)

. 

 

Materials 

Micro pipettes 100 µL,`200 µL, 500 µL & 1000 µL (Labserve) 

Eppendorf tubes 1.5 ml 

Heparin – LMWX (Enoxaparin Sodium) 40 mg in 0.4 mL (Gland PharmaLtd, 

Hyderabad) 

Normal Saline,  

Test sample – LM suspension 

Two male and two female healthy Sprague dawley rats were randomly selected and 

allotted as A, B, C & D.  

 

Procedure 

1. Six sterile Eppendorf tubes were weighed, recorded as W1 and numbered as A1, A2, 

A3, A4, A5 and A6.  

2. Sprague dawley rat coded as „A‟ was sacrificed under CO2 inhalation.  

3. Immediately, 3 mL of fresh blood was syringed out though cardiac puncture.  

4. To each tube, the volume of 500 µL blood was added.  

5. The blood filled tubes (A1 – A6) were kept in incubator at 37˚C for 45 min. 

6. After 45 min, the serum was aspirated out without disturbing the clot formed. 

7. The tubes with clot were weighed and recorded as W2.  

8. Clot weight (W3) before treatment was calculated as W2 – W1. 

9. The below tabulated treatment was done in all tubes with clot. 

10. The treated tubes were incubated at 37˚C for 90 min.  
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Table 5.3.1: Treatment details forclot lysis activity 

Tube with clot Treatment Volume treated 

A1 (Control) Normal Saline 100 µL 

A2 (Standard) Heparin 100 µL 

A3 (Test sample – I) LM suspension 100 µL 

A4 (Test sample – II) LM suspension 200 µL 

A5 (Test sample – I) LM suspension 500 µL 

A6 (Test sample – I) LM suspension 1000 µL 

 

Observations 

 The clot found in the tubes were diluted (Lyses) and the liquid floated as 

supernatant was aspirated from the tubes without disturbing the clot. Immediately the 

tubes were weighed and recorded as W4 (Weight of the tube with clot after treatment).  

 

The weight of the clot after treatment (W5) was calculated by W4 – W1.  

The percentage of clot lysis was determined by the formula 

  % Clot Lysis = [(W3 – W5) / W3 x 100]  

        Where, W3 denote Clot weight before treatment  

                 W5 denote Clot weight after treatment 

 

 The same above procedure was carried out on the other three blood samples with 

drawn from rats B, C & D.  

 The weight of the clot was observed in four blood samples before and after 

treatment of control, standard and different concentrations of test samples.  The 

percentage of clot lysis was observed. 
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5.3.4.2. Platelet aggregation assay 

The inhibitory activity of test sample LM at different concentration was tested 

separately on Thrombin and Adenosine diphosphate (ADP) induced platelet 

aggregation
(14)

. 

 

Materials 

3.8% Sodium citrate 

Adenosine diphosphate (ADP) – 5 mM 

Thrombin 5 U/mL 

Micro pipettes 100 µL,`200 µL, 500 µL & 1000 µL (Labserve)  

Centrifuge tubes 

Heparin – LMWX (Enoxaparin Sodium) 40 mg in 0.4 mL (Gland PharmaLtd, 

Hyderabad) 

Washing buffer (pH: 6.5 & 7.4) 

Test sample – LM suspension 

Sprague dawley rats – 4 (2 Male & 2 female) coded as A, B, C & D 

 

Procedure 

1. Sprague dawley rat (A) was sacrificed under CO2 inhalation. 

2. Immediately collection of 4.5 mL blood was done through cardiac puncture  

3. Transferred the blood into a centrifuge tube containing 3.8% sodium citrate (9:1 v/v).  

4. Blood was centrifuged at 1200 rpm for 15 min and 2200 rpm for 3 min 

consecutively.  

5. Supernatant was collected from the tube and again centrifuged at 3200 rpm for 15 

min.  

6. Discarded the supernatant formed. 

7. 5 mL of washing buffer (pH: 6.5) was added to the sediment. 

8. Sediment was centrifuged at 3000 rpm for 15 min  

9. Discarded the supernatant formed. 

10. Platelets were collected as sediment. 

11. Again suspended the sediment in 0.5 ml of washing buffer (pH: 7.4) and stored in 

deep freezer.  

12. By the same above procedure, Platelets were collected from the blood samples of 

rats B, C & D 
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12. The stored platelets were used within 4 h for the study. 

13. 100 µL platelets of collected from rat A were pipette and dropped in 12 wells of the 

96 well Micro-titre plate and the loaded wells were coded as A1 – A12. Likewise, 

platelets of rat B, C & D were loaded in the well and coded as B1 – B12, C1 - C12 and 

D1 – D12 respectively.  

14. The coded wells in the plate were treated by the following treatment mentioned in 

the below table and the plate was incubated at 37ºC for 5 min. 

15. After addition of inducing agent ADP/Thrombin, again the plate was incubated at 

37ºC for 5 min. 

 

Table 5.3.2: Treatment details for Platelet aggregation assay 

Well Treatment Volume treated Inducing agent 

A1, B1, C1, D1 

(Control) 

Distilled water 100 µL 20 µL ADP 

A2 (Standard) Heparin 100 µL 20 µL ADP 

A3 (Test sample – I) LM suspension 100 µL 20 µL ADP 

A4 (Test sample – II) LM suspension 200 µL 20 µL ADP 

A5 (Test sample – III) LM suspension 500 µL 20 µL ADP 

A6 (Test sample – V) LM suspension 1000 µL 20 µL ADP 

A7 (Control)  Distilled water 100 µL 20 µL Thrombin 

A8 (Standard) Heparin 100 µL 20 µL Thrombin 

A9 (Test sample – I) LM suspension 100 µL 20 µL Thrombin 

A10 (Test sample – II) LM suspension 200 µL 20 µL Thrombin 

A11 (Test sample – III) LM suspension 500 µL 20 µL Thrombin 

A12 (Test sample – V) LM suspension 1000 µL 20 µL Thrombin 

 

Observations 

 The rate of platelet aggregation was determined by following the increase of the 

absorbance at 412 nm using microplate reader (SFRI IRE 96 reader) for 20 min at 

interval of 30 s. The percentage of formation of Platelet aggregation induced by 

Thrombin and ADP and inhibition of Platelet aggregation in four blood samples were 

observed.  
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5.3.4.3. Statistical analysis 

All data were expressed as mean ± standard error of mean (SEM). All groups 

were compared among them for testing significance by one way ANOVA followed by 

Tukey-Kramer Multiple Comparison test using GRAPH PAD INSTAT version 3 

software programme. Values of p<0.05 were considered significant. 

 

5.3.5. Efficacy of Linga Mathirai against Isoproterenol Induced Myocardial 

Necrosis  

5.3.5.1. Pilot study for the Isoproterenol dose fixation 

 On review of literature, many studies reported various doses for Isoproterenol 

(ISO) to induce myocardial infarction in rat.  The doses cited were 200 mg/kg, 85 

mg/kg, 10 mg/kg and 8.5 mg/kg. The primary objective of our study was to screen the 

efficacy of the test drug for the prevention of Myocardial Infarction. So preliminary 

work has been carried out on minimal number of animals and the dose of Isoproterenol 

was fixed by observing the myocardial infarction without causing immediate death.  

 

Animals 

 Since no mortality and signs of toxicity observed during acute toxicity study, 

the six female rats used in that study were utilized for this preliminary study after wash 

out period of three months. 

 

Chemicals 

 (-) - Isoproterenol hydrochloride (16504 – 1G) was procured from Sigma 

Aldrich, USA, Lot No: SLBK3425V. 

 

Experiment details 

 Three rats were injected with ISO at the dose of 85 mg/kg and other three rats 

were injected with ISO at the dose of 8.5 mg/kg as subcutaneous. All the animals were 

observed for mortality for 7 days. 

 

Dose fixation of Isoproterenol 

The animals treated with ISO 85 mg/kg were died within 24 h after the 

administration of ISO. But no mortality was observed while treated at 8.5 m/kg. So, 

further study was carried out at the maximum dose of 8.5 mg/kg for the induction of 

myocardial infarction. 
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5.3.5.2. Induction of Myocardial Necrosis 

The procedure for induction was followed by the method cited in Anand et 

al(2011)
 (15)

 and Rona et al (1959)
 (16)

. 

Chemical used         :  Isoproterenol hydrochloride  

Number of Dose   : Two 

First dose    : 5.25 mg/kg  

Second dose    : 8.5 mg/kg  

Time interval between the doses : 24 h  

Vehicle    : 0.9% Normal Saline  

Route of administration  : Subcutaneous 
 

 

5.3.5.3. Experimental design 

Grouping details 

Number of groups    :  6 

Total number of animals used   : 36 

Number of animals allotted in a group  : 6 (3 male + 3 female)  

 

Treatment details 

Standard drug – Tablet Deplatt (Clopidogrel I.P. – 75 mg, Torrent Pharmaceuticals 

Ltd., India) administered at the dose of 10 mg/kg/day suspended in 0.5 mL distilled 

water. 

Test drug – LM suspension administered at the dose of 1.8 mL/kg/day. 1.8 mL 

constituted 11 mg of LM. This dose was considered as therapeutic dose in rat which has 

been arrived from the conversion of human therapeutic dose 120 mg/day and from 

safety studies
(10)

. 

Treatment period with drugs - Eight days 

Route of administration – Oral 
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Table 5.3.3: Experimental design for evaluating the efficacy of Linga Mathiraion  

Isoproterenol induced myocardial infarction SD Rats  

 

Group Treatment details 

A 

(Negative control) 

Treated with Vehicle – 0.5 mL Ginger decoction. No 

induction done. 

B 

(Positive control) 

On Day 1 to Day 8, rats were received vehicle 0.5 mL 

ginger decoction and on 9
th

& 10
th

 day, Isoproterenol 5.25 

and 8.5 mg/kg was injected respectively at an interval of 

24 h. No treatment was done on last two days. 

C 

(Standard – Pre treated) 

Rats were treated with Clopidogrel for first eight 

consecutive daysand on 9
th

& 10
th

 day, Isoproterenol 5.25 

and 8.5 mg/kg was injected respectively at an interval of 

24 h. No treatment was done on last two days. 

D 

(Test drug – Pre treated) 

Rats were treated with LM suspension for first eight 

consecutive daysand on 9
th

& 10
th

 day, Isoproterenol 5.25 

and 8.5 mg/kg was injected respectively at an interval of 

24 h. No treatment was done on last two days. 

E 

(Standard – Post treated) 

On day 1 & day 2, rats were injected with Isoproterenol 

5.25 and 8.5 mg/kg at an interval of 24 h respectively. No 

treatment was done on these two days. For next eight 

consecutive days, rats were treated with Clopidogrel.  

F 

(Test drug – Post treated) 

On day 1 & day 2, rats were injected with Isoproterenol 

5.25 and 8.5 mg/kg at an interval of 24 h respectively. No 

treatment was done on these two days. For next eight 

consecutive days, rats were treated with LM suspension. 

 

5.3.5.4. Observations 

Euthanasia  

Animals of all groups were fasted over-night at the end of the above treatment 

and on next day they were sacrificed under excess CO2 inhalation.  

 

Blood collection 

 After scarification, immediately the abdomen cavity was opened and a volume 

of 5 mL blood was collected from each animal by a sterile disposable syringe through 

puncturing abdominal aorta. The blood was transferred into a tube containing 

anticoagulant Potassium EDTA (1.5 mg/mL) and plasma was separated by 

centrifugation at 2500 rpm. The plasma was analyzed for cardiac diagnostic markers. 
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5.3.5.4.1. Estimation of Cardiac Biomarkers 

The procedures for below tabulated assays were done by Colorimetric method. 

The absorbance was read by UV 1100 Spectrophotometer (Mapada). 

 

Table 5.3.4: List of assays done by Colorimetric method for the estimation of 

Cardiac Biomarkers 

Assay Expression unit Absorbance Method 

Aspartate Amino 

transferase (AST ) 

µmole 540 nm Mohur and Cook 

(1957)
 (17)

 

Alanine amino 

transferase (ALT) 

µmole pyruvate 

liberate d/h/L 

540 nm Mohur and Cook 

(1957)
 (17)

 

Creatine phosphokinase 

(CPK) 

µmole Creatine 

liberate d/h/L 

520 nm Okinaka et al 

(1961)
 (18)

 

Acid phosphatase  

(ACP) 

IU/L 640 nm King (1965)
 (19)

 

Alkaline phosphatase  

(ALP) 

IU/L 640 nm King (1965)
 (19)

 

Lactate dehydrogenase 

(LDH) 

µmole pyruvate 

liberate d/h/L 

540 nm King (1965)
 (19)

 

 

Troponin T 

 The analysis of Cardiac Troponin T (cTnT) level was done in Hitech Laboratory 

(NABL Accredited), Chennai, India. 

 Method: Electrochemiluminescence immunoassay (ECLIA) 

Analyzer: Cobas 6000 e601 analyzer (Roche) 

 

Homocysteine 

 The analysis of Homocysteine (Hcy) was done in Hitech Laboratory (NABL 

Accredited), Chennai, India. 

Method: Enzyme Immuno Assay (EIA)  

Analyzer: Roche Cobas 6000 using Diazyme Homocysteine Enzymatic Assay 

kit 

  

Immediately after blood withdrawn, heart of all rats was immediately dissected out 

and washed with ice-cold saline.  
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5.3.5.4.2. Histo-Morphological studies on heart 

These studies were carried out by the Veterinary Pathologist at Centre for 

Laboratory Animal Technology & Research (CPCSEA approved), Sathyabama 

University, Chennai. India. 

 

Selection of hearts 

 Among six animals in each group, heart of the first three animals which showed 

the presence of higher levels of cardiac troponin T (ctT) were selected from their 

respective grouping in descending order of ctT levels. In the group F alone, which had 

two same levels of ctT, an additional fourth animal was chosen. 

 Group A, B, C, D & E   - 3 hearts were studied 

   Group F - 4 hearts were studied 

 

Studies done 

1. Macro Study – Circumference analysis of gross section of heart samples – 

Estimation of Total Infarct Area in Percentage. 

2. Microscopic study - Inter Myocardial fibre distance analysis. 

3. Histopathological study of  H&E sliced ventricles at lower and higher 

magnifications  

4. Cardioprotective Evaluation by Histological and Fibrosis Score
(20)

. 
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Table 5.3.5: Histological scoring for the estimation of Myocardial damage 

Score Myocardial Damage 

0 No lesions 

0.5 

Slight derangement of muscle fibers, few inflammatory cells and 

vacuoles 

1 

Focal lesions of the subendocardial portion of the apex and 

mid‐ventricle, inflammatory cells, interstitial edema, vacuolization of 

myocytes 

1.5 

Focal lesions of the subendocardium of the apical and mid ventricular 

region with right ventricular involvement 

2 Focal lesions extending over a wider area of both ventricles 

2.5 

Focal lesions extending over a wider area of both ventricles, extensive 

inflammatory cell infiltration, interstitial edema, rupture of myofibers 

3 

Confluent lesions of the apex, mid‐left ventricle and right ventricle, 

extensive inflammatory cell infiltration, profuse edema 

4 Confluent lesions throughout the heart 

 

Table 5.3.6: Fibrosis score in myocardial infarction 

Score Collagen deposition 

0 No damage 

0.5 Few scattered collagen fibers throughout the heart 

1 Patchy fibrosis in 1 to 5 areas (<20% of the field) 

2 Patchy fibrosis in more than 5 areas (>20% of the field) 

3 Contiguous subendocardial fibrosis of less than half the circumference 

4 Contiguous subendocardial fibrosis of more than half the circumference 

5 Transmural fibrosis of less than half the circumference 

6 Transmural fibrosis of more than half the circumference 

7 Total transmural fibrosis 
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Histopathological study
(21)

 

Reagents 

1. Neutral buffered formalin: To 900 ml distilled water, 4g of sodium dihydrogen 

phosphate, 6.5g of disodium hydrogen phosphate anhydrous and 100 ml of 40% 

formalin was added and the pH was adjusted to 7.4.  

2. Harris‟s haematoxylin: 1 gm of haematoxylin stain was dissolved in 10 ml of 

absolute alcohol and mixed with a solution containing 20 gm of potassium alum 

which was previously dissolved in hot distilled water. After bringing this mixture to 

boiling point, 0.5 gm of mercuric oxide was added. This mixture was cooled rapidly 

under cold water. This was then filtered and stored in an amber colored bottle.  

3. Eosin stain (0.5%): 500 mg of eosin yellow powder was dissolved in 100 ml of 

distilled water, filtered and stored. 

 

Chemicals 

1. Alcohol (50, 60, 70, 80, 90, 100%) 

2. Xylene   

3. Paraffin wax 

4. Mayer‟s albumin – Adhesive agent for microscopic slides  

5. 1% acid alcohol        

 

Tissue processing procedure  

After fixation the tissue sample were washed thoroughly in running water 

overnight. It was dehydrated by ascending rates of alcohol (50, 60, 70, 80, 90 and 100% 

I and 100% II) each for 60 minutes. Then the tissues were cleared with two changes of 

xylene each with 30 minutes. Embedding was done with two changes of molten 

paraffin for 30 min to remove xylene. Mounted in L blocks with molten paraffin and 

solidified. The solidified blocks were trimmed to small size and sectioned using 

microtome (Spencer U.S.A) 3 to 5 micron thickness. Transverse sections of tissue were 

taken from the organs showing lesions.  
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H&E staining procedure 

1. The sections were deparaffinised by xylene I and II each with 5-10 minutes  

2. Xylene was removed by descending grades of alcohol each with 5 minutes 

3. Washed in tap water 

4. Stained with harris‟s haematoxylin for 3-4 minutes 

5. Washed in tap water 

6. Differentiated it with acid alcohol (15-30 seconds) 

7. The sections were kept in tap water 5-10 mins 

8. Counterstained with eosin 0.5% until section appeared light pink  

(15 to 30 seconds) 

9. Washed in tap water 

10. Blotted 

11. Dehydrated in ascending grades of alcohol each with 1 minute 

12. Cleared with xylene I and II each for 5 minutes  

13. Mounted in DPX Mountant and cover slipped 

14. Viewed under light microscope  

 

5.3.5.4.3. Estimation of Antioxidants  

The remaining hearts in each group were analyzed for antioxidant activity. In 

the group F, the additional animal which was chosen for morphological study, the 

ventricle was sectioned and a portion of heart tissue was utilized for the study of 

antioxidant analyses.  This was done to compensate for the single animal which was 

used in the morphological studies. 

10% (w/v) tissue homogenates from each heart was prepared by homogenizing 

the tissues in ice cold phosphate buffer saline (50 mM, pH 7.4) and centrifuged.  The 

obtained clear supernatant was assayed for the estimation of antioxidants. The 

procedures were carried out at Sairam Advanced Centre for Research, Chennai, India. 

The absorbance was read by UV 1100 Spectrophotometer (Mapada). 
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Table 5.3.7: List of assays done for the antioxidant activity of Linga Mathirai on 

SD rat’s heart tissue 

Assay Method Expression Unit Absorbance Reference 

Lipid 

Peroxides 

(LPO) 

Thiobarbituric 

acid reaction 

n mol MDA/mg 

Protein 

532 nm Ohkawa et 

al(1979)
(22)

 

Reduced 

Glutathione 

(GSH)  

Reaction with 

5, 5‟-dithiosbis 

(2-nitrobenzoic 

acid) DTNB 

µmol/g wet tissue 412 nm Ellman 

(1959)
 (23)

 

Glutathione 

peroxidase 

(Gpx)  

Non enzymatic  nmol GSH 

oxidase/min/mg 

protein 

412 nm Paglia and 

Valentine 

(1967)
 (24)

 

Glutathione-S-

transferase 

(GST)  

Reaction with 

1-chloro-2, 4-

Dinitrobenzene 

(CDNB) 

µmol CDNB 

conjugate 

formed/min/mg 

protein 

340 nm Habig et al 

(1974)
 (25)

 

Catalase 

(CAT)  

Enzymatic 

reaction with 

H2O2 

nmol H2O2 

decomposed/min/mg 

protein 

240 nm Takahara et 

al (1960)
 (26)

 

Superoxide 

dismutase 

(SOD)  

Enzymatic 

oxidation of 

epinephrine-

adrenochrome 

transition  

Units 480 nm Misra and 

Fridovich 

(1972)
 (27)

 

 

 

5.3.5.5. Statistical analysis 

All data were expressed as mean ± standard error of mean (SEM). All groups 

were compared among them for testing significance by one way ANOVA followed by 

Tukey Kramer Multiple Comparison test using GRAPH PAD INSTAT version 3 

software programmes. P values less than 0.05 were considered significant. 

 

 

 

 

 

 

 

 



74 
 

5.3.6. Efficacy of Linga Mathirai against Atherogenic diet induced Atherosclerosis  

5.3.6.1. Induction of atherosclerosis 

The induction of atherosclerosis was done by the administration of Olive oil 

based atherogenic diet
(28,29)

.
 

 

Preparation of atherogenic diet (Olive oil solution) 

 Arachitol – 6L (Cholecalciferol I.P – 600,000 IU, Batch No: JACB5001, Abbott 

India Ltd, India)  

 Cholesterol Extra Pure – 10367201001730, ML 9M 573042 (Merck Specialities 

Pvt. Ltd., Mumbai, India, CAS No: 57-88-5)  

 Figaro Olive oil (Lot. No. 6068665, deoleo S.A., Spain) 

 

The solution of Olive oil was prepared by mixing 1 mL of Olive oil with 0.5 mL 

of Arachitol (Cholecalciferol – 3,00,000 IU) and 40 mg of Cholesterol.   

 

Dose of Olive oil solution  : 1.5 mL/kg body weight 

Frequency of administration  : Single time per day 

Duration of administration  : 5 days 

Route of administration  : Oral 

Feed     : Normal Rodent pellet 

Water     : RO purified water ad libitum 

 

5.3.6.2. Experimental design 

Grouping details 

Number of groups    :  6 

Total number of animals used   : 36 

Number of animals allotted in a group  : 6 (3 male + 3 female)  

 

Treatment details 

After treatment with Olive oil solution for 5 days, atherosclerosis was 

developed in the rat. From next day onwards, the following treatment was done. 
 

Standard drug - Atorvastatin at the dose of 10 mg/kg/day suspended in 0.5 mL 

distilled water. 

Test drug – Test suspension at the dose of 1.8 mL/kg/day. 1.8 mL constituted 11 

mg of LM. This dose was considered as therapeutic dose in rat which has been arrived 

from the conversion of human therapeutic dose 120 mg/day and from safety studies. 

Route of administration – Oral 
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Table 5.3.8: Experimental design for evaluating the efficacy of Linga Mathiraion 

Atherogenic diet induced Atherosclerosis in SD Rats  

Group Induction of 

atherosclerosis 

Treatment Duration 

A 

(Negative Control) 

Nil Vehicle – 0.5 ml Ginger decoction 14 days 

B 

(Positive Control) 

Done Vehicle – 0.5 ml Ginger decoction 14 days 

C (Standard) Done Atorvastatin 10 mg/kg/day 14 days 

D (Test drug – I) Done LM suspension 1.8 mL/Kg/day 14 days 

E (Test drug – II) Done LM suspension 1.8 mL/Kg/day 07 days 

 

5.3.6.3. Observations 

Euthanasia  

Animals of all groups were fasted over-night at the end of the above treatment 

and on next day they were sacrificed under excess CO2 inhalation.  

 

Blood collection 

 After scarification, immediately the abdomen cavity was opened and a volume 

of 5 mL blood was collected from each animal by a sterile disposable syringe through 

puncturing abdominal aorta. The blood was transferred into a tube and allowed to clot 

and then serum was separated by centrifugation at 2500 rpm.  

 

5.3.6.3.1. Estimation of Atherosclerosis Biomarker 

The serum was analyzed for Lipid profile by Colorimetric method using suitable 

biochemical diagnostic kids done in Microprocessor Photo Colorimeter, ESICO Deep 

Vision Model 1313.  

 Total Cholesterol (TC) and High Density Lipoprotein cholesterol (HDL-c) 

levelswere estimated using Pariksha Neochem Cholesterol and HDL 

Cholesterol Kit (Lot No: PCH 1504) by Cholesterol oxidase – Peroxidase 

(CHOD-POD) Phosphotungstate method.  

 Triglycerides (TG) levels were estimated using Diatek Triglycerides Kit (Lot 

No: TGL 1501) by Glycerin – 3- phosphatoxidase, Peroxidase (GPO-POD) 

method. 
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 Low Density Lipoprotein cholesterol (LDL-c) and Very Low Density 

Lipoprotein cholesterol (VLDL-c) levels were estimated using Friedewald‟s 

formula
(29)

. 

VLDL-c = TG ÷ 5 

LDL-c = TC – (VLDL-c + HDL-c) 

 Atherogenic Index (AI) was calculated by the formula 

  AI = TG ÷ HDL-c 

 

Immediately after blood withdrawn, aorta of all rats was immediately dissected out 

and washed with ice-cold saline and fixed in 10 % Neutral buffered formalin. 

 

5.3.6.3.2. Histo-Morphological studies on aorta 

These studies were carried out by the Veterinary Pathologist at Centre for 

Laboratory Animal Technology & Research (CPCSEA approved), Sathyabama 

University, Chennai. India. 

 

Selection of aorta 

 Among six animals in each group, aorta of the first three animals which showed 

the presence of higher levels of AI was selected from their respective grouping in 

descending order of AI. 

 Group A, B, C, D & E   - 3 aortas were studied   

 

Studies done 

1. Histomorphometric analysis on Circumference of the Aorta. 

2. Percentage of Atheroma (% Plaque formation). 

3. Planimetric Analysis of Aortic wall and its layers (Total Wall area, Intima, 

Media and Adventitia) 

4. Lumen Width Analysis. 

5. Histopathological study of  H&E stained aorta slice at lower and higher 

magnifications  
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Procedure for Planimetry study of aortic wall and its layers 

At the of the study aorta sample was collected from the experimental animals 

and was subjected to tissue processing and stained with H&E staining as per the 

standard protocol already mentioned in 5.3.5.4.2. Histo-Morphological studies on heart. 

Parameters including total wall area along with percentage area of intima, media and 

adventitia were been calculated by using image J software.Circumference of the lumen 

along with width of the intima, media and adventitia layers on aortic wall was 

calculated by using Aperio Image Scope. Distant arrangement and presence of various 

layers of aorta with respect to basal epithelium of the lumen was calculated by using 

the gradient measurement analysis of Leica image software. 

 

Table 5.3.9: Grading of atherosclerosis by Duff & Mc Millon method
(30)

. 

Grade Features in Aorta 

0 Gross inner surface of aorta was smooth and shining. 

1 Gross-small, pin head size elevations on intimal surface which could be 

easily separated from intimal surface. 

2 Fibrous plaques one or more often elongated in shape and their size varied 

from pin head to few mm elevated from surface and could not be detached 

easily. 

3 Irregular map like patches of 10-15 mm in size with yellow colour. 

4 Big whitish yellow areas with marked deposition of calcium 

 

 

5.3.6.4. Statistical analysis 

All data were expressed as mean ± standard error of mean (SEM). All groups 

were compared among them for testing significance by one way ANOVA followed by 

Tukey Kramer Multiple Comparison test using GRAPH PAD INSTAT version 3 

software programmes. P values less than 0.05 were considered significant. 
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Table 5.3.10: Instrument details used for the Histomorphometric analyses of heart 

and aorta slices 

 

S.No Name of the Instrument Model and Make 

1.  Tissue processor - Prepare tissue samples for 

analysis by fixing 

Leica TP1020 tissue 

processor 

2.  Embedding station – For embedding tissue 

for Histopathological  Analysis 

Leica EG1150 modular 

tissue embedding center 

3.  Rotary Microtome - sectioning of paraffin-

embedded specimens 

Leica RM2255 - Fully 

Automated Rotary 

Microtome 

4.  Autostainer – For staining the 

histopathological slides  

Leica AutoStainer XL – 

Automated slide stainer 

5.  Microscope – Microphotographic analysis Olympus CX31, Trinocular 

Biological Microscope 

Leica DM 2500 – Slide 

viewer 

 

Table 5.3.11: Software details used for the Histomorphometric analyses of heart 

and aorta slices 

 

S. No Analysis Software 

1. Histomorphometric Analysis of Heart for 

infarction 

A.Image analysis software 

(version 3.5.0) 

B.Image Processing and 

Analyzing software Image J 

2. Planimetric Analysis Aperio Image Scope 
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6. RESULTS AND ANALYSIS 

 
6.1. COMPARATIVE PHYSICOCHEMICAL ANALYZES OF RAW AND 

PURIFIED LINGAM 

6.1.1 Physical properties  

 The results of table 6.1.1 show the similarities and differences in the physical 

observations among the raw and purified samples. It was observed that Sample S 

differs in its lustre (decreased adamantine), hardness (increased – Penny) and change in 

colour (Blackish red) on compared with Sample R. After purification, sample S loss its 

10.34 g% weight and qualitatively indicated that the concentrations of mercury and 

sulphur was reduced better on compared with Sample E. 

 

Table 6.1.1: Physical parameters of Lingam before and after purification processes 

Parameters Sample R* Sample E* Sample S* 

Cleavage Perfect Perfect Perfect 

Colour Cochineal red towards 

brownish red 

Blackish red Blackish red colour 

 

Crystal form Trigonal Trigonal Trigonal 

Fracture Brittle Brittle Brittle 

Hardness Finger nail 2.5 Finger nail 2.5 Penny 3 

Luster Adamantine Dull, having a plain 

looking surface that 

is not submetallic 

Adamantine but 

decreased on 

compared to Sample A 

Magnetism Not attracted Not attracted Not attracted 

Reaction to HCl No effervescence No effervescence No effervescence 

Streak Bright red Brownish red Bright red 

Luminescence Non fluorescent Non fluorescent Non fluorescent 

Loss of weight  - 10.26 g % 10.34 g % 

 

*Sample R – Raw Lingam before purification, Sample E – Purified Lingam by 

Erippu method,    Sample S - Purified Lingam by Surukku method 
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6.1.2. Functional groups analyzes  

 The results of table 6.1.2 show the functional groups present in the samples. By 

Raman Spectroscopy of Sample R, Raman shifts have been observed at 11 peaks. 

Among 11 peaks, prominent band at 253.40 cm
-1

 was observed representing strong 

υ(Xmetal-O) group and has other bands representing the presence of lattice vibrations 

in crystals indicating storage of heat in the form of oscillatory energy, strong υ(S-S), 

strong υ(C-S) aliphatic, medium υ(C-O-C) and medium υ(CC) alicyclic groups 

aliphatic chain vibrations.  Nine peaks were observed in Sample Ehaving prominent 

band at 255.72 cm
-1 

representing strong υ(Xmetal-O) group. The other bands in Sample 

E indicate the presence of lattice vibrations in crystals, strong υ(S-S) and strong υ(C-S) 

aliphatic groups. In Sample S, Raman shifts have been observed at 6 peaks and 

prominent bands are seen at 253.52 and 345.18 cm
-1 

representing the presence of strong 

υ(Xmetal-O) group. On compared with Sample E and R, no υ(S-S) and υ(C-S) aliphatic 

groups were not found in Sample S. υ(CC) alicyclic group with aliphatic chain 

vibration was eliminated in both purified samples. Sample S has two bands 

representing lattice vibrations in crystals and stretching of medium vibrations of υ(C-O-

C).  

 

Table 6.1.2: Analyzes of functional groups present in Lingam before and after 

purification processes done by Raman spectroscopic studies 

 

Functional  

Group/Vibration 

Region Sample R* 

(Band cm
-1

) 

Sample E* 

(Band cm
-1

) 

Sample S* 

(Band cm
-1

) 

Lattice vibrations 

in crystals 

10-200 cm
-1 

69.59,     81.12,   

103.46, 164.35,  

73.83,      

104.85,       

168.32,        

38.30,       

101.87 

υ(S-S) 430 -550 cm
-1

 446.85 435.04 - 

υ(Xmetal-O) 150-450 cm
-1

 253.40,  226.69,     

255.72,    

319.28,    

351.37,     

253.52,     

291.50,     

345.18 

υ(C-S) aliphatic 630 - 790 cm
-1

 771.44, 690.61, 

681.61,  

654.11 - 

υ(C-O-C) 800 -970 cm
-1

 914.14 - 808.41 

υ(CC) alicyclic, 

aliphatic chain 

vibrations 

600 - 1300 cm
-1

 617.73 - - 

*Sample R – Raw Lingam before purification, Sample E – Purified Lingam by 

Erippu method, Sample S - Purified Lingam by Surukku method 
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6.1.3. Mercury and Sulphur contents  

The concentrations of mercury and Sulphur estimated using ICP-OES in 

different samples were shown in the table 6.1.3. 83.20 % of mercury was reduced in 

sample S and 33.30 % of mercury was reduced in sample E on compared with sample 

R. 66.66 % of sulphur was reduced in sample S and 11.06 % of sulphur was reduced in 

sample E on compared with sample R. 

 

Table 6.1.3: Estimation of Mercury and Sulphur content in Lingam before and 

after    purification processes 

 

Element Wave length (nm) Sample R* Sample E* Sample S* 

Mercury 253.652 150.250 mg/L  

(150.422 ppm) 

100.215 mg/L 

(100.329 ppm) 

25.247 mg/L 

(25.275 ppm) 

Sulphur 180.731 450.024 mg/L  

(450.538 ppm) 

400.245 mg/L 

(400.702 ppm) 

150.024 mg/L 

(150.195 ppm) 

*Sample R – Raw Lingam before purification, Sample E – Purified Lingam by 

Erippu method, Sample S - Purified Lingam by Surukku method. 

 

From the results of table 6.1.1, 2 & 3, it is inferred that purified Lingam by 

Surukkumethod (Sample S) is superior in quality than purified Lingam by 

Erippumethod. 

 

6.2. PHYSICOCHEMICAL CHARACTERIZATION OF LINGA MATHIRAI 

6.2.1. Qualitative analyzes of Linga Mathirai 

Linga Mathirai has bright red colour, less pungent odour and tasteless 

properties. 

 

6.2.1.1. Ash values  

 The results of ash values were shown in the table 6.2.1, 2 & 3. Linga Mathirai 

has high value of ash particularly water soluble ash. It is inferred that 39 % of inorganic 

compounds might be transformed into organic compounds due to the continuous 

trituration with breast milk during the preparation of Linga Mathirai. 



82 
 

Table 6.2.1: Total ash value of Linga Mathirai 

Weight of 

LingaMathirai 

taken (g) 

Weight of Ash 

obtained (g) 

Percentage w/w 

Total ash 

Mean ± S.D  % 

3.0 

3.0 

3.0 

1.122 

1.186 

1.176 

37.40 

39.53 

39.20 

 

38.71 ± 1.15 

 

Table 6.2.2: Acid insoluble ash value of Linga Mathirai 

Weight of 

LingaMathirai 

taken (g) 

Weight of acid 

insoluble ash 

obtained (g) 

Percentage w/w 

acid insoluble ash 

Mean ± S.D  % 

3.0 

3.0 

3.0 

0.150 

0.180 

0.172 

5.00 

6.00 

5.73 

 

5.58 ± 0.52 

 

 

 

Table 6.2.3:  Water soluble ash value of Linga Mathirai 

Weight of 

LingaMathirai 

taken (g) 

Weight of Water 

soluble ash 

obtained (g) 

Percentage w/w 

water soluble ash 

Mean ± S.D  % 

3.0 

3.0 

3.0 

1.055 

1.142 

1.112 

35.16 

38.06 

37.06 

 

36.76 ± 1.47 

 

 

 

6.2.1.2. Extractive values  

The results were shown in the table 6.2.4 & 5 and inferred that Linga Mathirai 

has poor extractive values and poor solubility in solvents. 

 

Table 6.2.4:  Alcohol soluble Extractive value of LingaMathirai 

Solvent 

(100 mL) 

Weight of 

LingaMathiraitaken 

(g) 

Weight of 

Alcohol soluble 

Extract (g) 

Extractive 

Value (%) 

Mean ± S.D  

% 

Ethanol 

Ethanol 

Ethanol 

5.0 

5.0 

5.0 

0.058 

0.073 

0.065 

1.14 

1.46 

1.30 

 

1.30 ± 0.16 
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Table 6.2.5:  Water soluble Extractive value of Linga Mathirai 

Solvent 

(100 ml) 

Weight of 

LingaMathiraitaken 

(g) 

Weight of 

Water soluble 

Extract (g) 

Extractive 

Value (%) 

Mean ± S.D  

% 

Water 

Water 

Water 

5.0 

5.0 

5.0 

0.468 

0.672 

0.534 

9.36 

13.44 

10.68 

 

11.16 ± 2.08 

 
 

6.2.1.3. Loss on drying value  

From the results of table 6.2.6, it is inferred that Linga mathirai has less 

moisture content and have better stability period. 

Table 6.2.6: Moisture and solid content of Linga Mathirai 

Weight of 

LingaMathiraitaken (g) 

Loss of weight at 105°C 

(g) 

Moisture 

content % 

Solid content 

% 

2.0 

2.0 

2.0 

0.27 

0.32 

0.29 

13.5 

16.0 

14.5 

86.5 

84.0 

85.5 

Mean ± S.D  % 14.67 ± 1.26 85.33 ± 1.26 
 

6.2.1.4. Size of the pill  

 The result of the diameter of the LM samples determined using Vernier Caliper 

was shown in the table6.2.7. The average diameter for Linga mathirai was calculated as 

3.97 mm.  
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   Table 6.2.7: Estimation of diameter of the Pill – Linga Mathirai 

Sample 

No. 

PSR HSC Observed 

Reading 

Zero error 

corrected reading 

1 3 30 3.30 3.25 

2 3 76 3.76 3.71 

3 4 43 4.43 4.38 

4 3 93 3.93 3.88 

5 4 32 4.32 4.27 

6 4 51 4.51 4.46 

7 3 73 3.73 3.68 

8 3 60 3.60 3.55 

9 4 52 4.52 4.47 

10 4 35 4.35 4.30 

11 4 10 4.10 4.05 

12 3 74 3.74 3.69 

13 3 83 3.83 3.78 

14 4 15 4.15 4.10 

15 4 11 4.11 4.06 

16 3 84 3.84 3.79 

17 4 0 4.00 3.95 

18 4 05 4.05 4.00 

19 4 56 4.56 4.51 

20 3 62 3.62 3.57 

Mean 3.9725 mm 

Standard deviation 0.35115 mm 

 

PSR – Pitch Scale Reading, HSC – Head Scale Coincidence, Zero error – 0.5 

6.2.1.5. Disintegration time  

 The results of the disintegration time test for LM were shown in the table6.2.8. 

The average disintegration time for Linga mathiraiwas calculated as 14 min 45 sec and 

passes the Indian Pharmacopoeia criteria for tablets i.e., Less than 15 min. 

Table 6.2.8: Estimation of disintegration time for LingaMathirai 

Sample No. Disintegration time (Sec) 

1 757 

2 842 

3 946 

4 960 

5 920 

Mean 885 

Standard deviation 84.86 

The average disintegration time for Linga mathirai was calculated as 14 min 45 sec 
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6.2.1.6. Weight Uniformity  

 The result of the weight uniformity test conducted on twenty LM was depicted 

in the table6.2.9. 11 pills were within ±10% weight variation but minimum 18 pills are 

accepted within ±10% weight variation.More than 6 pills i.e., 9 pills were outside the 

±10%. 17 pills were within ±20% weight variation but maximum 2 pills are allowed 

within ±20% weight variation.The above results were not suited for the acceptance of 

weight variation as per the criteria designed by Indian Pharmacopoeia. So LM was 

failed in the weight variation test.  

 

Table 6.2.9: Weight Uniformity test for Lingamathirai 

Sample No. Weight of Pill 

(mg)  

% Weight 

variation  

Within ± 10% 

variation 

Within ± 20% 

variation 

1 73 +1.67 Yes Yes 

2 60 -16.43 No Yes 

3 60 -16.43 No Yes 

4 65 -9.47 Yes Yes 

5 68 -5.29 Yes Yes 

6 96 +33.7 No No 

7 85 +18.38 No Yes 

8 76 +5.85 Yes Yes 

9 78 +8.64 Yes Yes 

10 90 +25.35 No No 

11 69 -3.89 Yes Yes 

12 72 +0.28 Yes Yes 

13 60 -16.43 No Yes 

14 50 -30.36 No No 

15 85 +18.38 No Yes 

16 78 +8.64 Yes Yes 

17 80 +11.42 No Yes 

18 71 -1.11 Yes Yes 

19 76 +5.85 Yes Yes 

20 77 -6.69 Yes Yes 

Mean 73.45 No. of Pills 11 17 

SD 11.19 
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6.2.1.7. Physical Parameters 

The concise results of physical parameters of LM were shown in the table 

6.2.10. 

           Table 6.2.10: Physical Parameters of LingaMathirai 

Parameter Result 

Total Ash % 38.71 ± 1.15 (n = 3) 

Acid Insoluble ash % 5.58 ± 0.52 (n = 3) 

Water soluble ash % 36.76 ± 1.47  (n = 3) 

Alcohol soluble extract % 1.30 ± 0.16 (n = 3) 

Water soluble extract % 11.16 ± 2.08  (n = 3) 

Moisture content % 14.67 ± 1.26  (n = 3) 

Solid content % 85.33 ± 1.26 (n = 3) 

Pill diameter (mm) 3.97  ± 0.35 (n = 20) 

Weight (mg) 73.45 ± 11.19 (n = 20) 

Disintegration time (sec) 905.00 ± 113.80 (n = 5) 

Weight uniformity Negative 

Values were expressed as Mean±S.D 

 

6.2.1.8. Functional groups analyzes 

The results of table 6.2.11 show the functional groups present in LM. By Raman 

Spectroscopy of LM, Raman shifts have been observed at 13 peaks. Among 13 peaks, 

prominent bands at 250.27, 293.52and 338.74cm
-1

were observed representing strong 

υ(Xmetal-O) group and prominent bands at 630.30 and 735.09cm
-1

 were observed 

representing strong υ(C-S) aliphatic group. LM also has prominent band at 500.39cm
-1

 

indicating the presence of strong υ(S-S) group. The other bands particularly 99.55cm
-1

 

indicates the presence of lattice vibrations in crystals indicating storage of heat in the 

form of oscillatory energy. 

 

 

                     Table 6.2.11: Analyzes of Functional groups present in Linga 

Mathiraidone by Raman Spectroscopic studies 

 

Functional  

Group/Vibration 

Region LingaMathirai 

(Band cm
-1

) 

Lattice vibrations 

in crystals 

10-200 cm
-1 

75.93, 99.55, 141.06, 

185.45 

υ(S-S) 430 -550 cm
-1

 500.39 

υ(Xmetal-O) 150-450 cm
-1

 250.27, 293.52, 338.74, 

417.29 

υ(C-S) aliphatic 630 - 790 cm
-1

 630.30, 671.50, 735.09, 

783.67 



87 
 

 

6.2.2. Quantitative analysis of Linga Mathirai after one week preparation 

6.2.2.1. Heavy metals concentration 

The concentration of heavy metals such as Mercury, Arsenic, Lead and 

Cadmium present in the LM prepared after one week were shown in the table 6.2.12. 

Mercury and Arsenic contents were found to be more in this sample. 

 

Table 6.2.12: Estimation of Heavy Metals Concentration in LingaMathirai 

(on 8
th

 day after preparation) 

 

S. No. Heavy metal Concentration Methods/Instrument used 

1 Lead 1.48 ppm WHO, 1998 & AOAC, 

2005/Thermo Fisher AAS 2 Cadmium BDL 

3 Mercury 5484.00 ppm BVCPSCH/INS/SOP-053 by 

Agilent ICP -OES 4 Arsenic 1894.00ppm 

               BDL – Below deduction limit 

6.2.2.2. Concentration of Elements in Oxide form 

 The elements found in the oxide form were depicted in the table 6.2.13.   The 

LM sample has major concentration of Mercuric oxide and Sulphur trioxide in 3 : 1 

ratio. The other oxides were found to be in traceable amount. 

 

Table 6.2.13: Elemental analyzes of LingaMathirai(on 8
th

 day after preparation) 

S. No Elements Concentration 

(%) 

Instrument used 

1 Mercuric oxide 73.536  

 

 

 

EDXRF 

2 Sulphur trioxide 17.567 

3 Sodium oxide 3.542 

4 Arsenic trioxide 2.124 

5 Silicon dioxide 0.858 

6 Boron 0.784 

7 Calcium oxide 0.632 

8 Potassium oxide 0.450 

9 Zinc oxide 0.300 

10 Ferric oxide 0.208 

 

 

6.2.3. Quantitative analysis of Linga Mathirai after four month preparation 

6.2.3.1. Trace and heavy metals concentration 

After four month of LM preparation, the heavy metal such as Mercury was very 

much reduced and Arsenic, Lead and Cadmium were below the deduction limit in LM. 

The result of ICP-OES study was shown in the table 6.2.14. 
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          Table 6.2.14:  Elemental Concentration in Linga Mathirai 

 (On 121
st
 day after preparation) 

 

S.No Element Wave length  

(nm) 

Concentration 

(mg/L) (ppm) 

1 Arsenic 188.979 BDL BDL 

2 Boron 249.678 0.015 0.015 

3 Calcium 315.807 74.31 74.394 

4 Cadmium 228.802 BDL BDL 

5 Iron 238.204 15.53 15.547 

6 Mercury 253.652 3.012 3.015 

7 Potassium 766.491 70.251 70.331 

8 Sodium 589.592 15.31 15.327 

9 Lead 220.353 BDL BDL 

10 Sulphur 180.731 81.024 81.116 

11 Zinc 206.200 3.315 3.318 

 

6.2.3.2. Microbial concentration 

The result of microbial load test was shown in the table 6.2.15. Due to reduced 

moisture content, total bacterial and fungal concentrations were found to be in minimal 

count and their presence does not affect the quality and safety of LM. 

 

Table 6.2.15: Estimation of Microbial Load in Linga Mathirai 

(On 121
st
 day after preparation) 

 

S. 

No. 

Parameter Result Permissible Limit 

for Internal use 

1 Total Bacterial count 2 x 10
2
cfu/g 10

5 
cfu/g 

2 Total Fungal count Less than 10 cfu/g 10
3 

cfu/g 

3 Enterobacteriaceae Absent 10
3 

cfu/g 

4 Escherichia coli Absent 10cfu/g 

5 Salmonella Spp Absent Absent 

6 Staphylococcus aureus Absent Absent 
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6.3. ACUTE TOXICITY STUDY OF LINGA MATHIRAI 

All animals were survived throughout the observation period of 14 days at the 

single dose of LM at 2000 mg/kg and they were in good health and active. All animals 

got comparable body weight gain over the period of 14 days. Gross necropsy study was 

not performed due to the absence of mortality and morbidity. 

 

Table 6.3.1: Allocation of Animal Identification code for acute 

toxicity study 

Step Animal code 

I LM/F1 

LM/F2 

LM/F3 

II LM/F4 

LM/F5 

LM/F6 

 

 

 

Figure 6.3.1: Effect of Linga Mathirai on body weight of SD rats at single dose of  

2000 mg/kg 
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 Table 6.3.2: Cage side observation for the effect of Linga Mathirai at 2000 mg/kg  

Observation LM/F1 LM/F2 LM/F3 LM/F4 LM/F5 LM/F6 

General behaviour N N N N N N 

Respiration N N N N N N 

Cardiovascular signs N N N N N N 

Motor activities N N N N N N 

Skin N N N N N N 

Fur N N N N N N 

Eyes N N N N N N 

Mucous membrane N N N N N N 

Salivation N N N N N N 

Lethargy Nil Nil Nil Nil Nil Nil 

Sleep N N N N N N 

Coma Nil Nil Nil Nil Nil Nil 

Convulsion Nil Nil Nil Nil Nil Nil 

Tremors Nil Nil Nil Nil Nil Nil 

Diarrhoea Nil 1 episode Nil Nil Nil Nil 

Morbidity Nil Nil Nil Nil Nil Nil 

Mortality Nil Nil Nil Nil Nil Nil 

N – Normal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



91 
 

6.4. 90 DAY - REPEATED ORAL TOXICITY STUDY 

6.4.1. Randomization, Numbering and Grouping of Sprague Dawley Rats 

The rats allotted to different groups are noted in the table 6.4.1. 

Table 6.4.1: Allocation of Animal Identification code for 90 day Repeated oral 

toxicity study 

Group Sex Animal code 

I – Control Male C/M1 - C/M10 

Female C/F1 - C/F10 

II – Test group at low 

dose level 

Male LM/LD/M1 - LM/LD/M10 

Female LM/LD/F1 - LM/LD/F10 

III – Test group at 

intermittent dose level 

Male LM/ID/M1 - LM/ID/M10 

Female LM/ID/F1 - LM/ID/F10 

IV – Test group at 

high dose level 

Male LM/HD/M1 - LM/HD/M10 

Female LM/HD/F1 - LM/HD/F10 

V – Test group at high 

dose level (Satellite) 

Male LM/HDR/M1 - LM/HDR/M10 

Female LM/HDR/F1 - LM/HDR/F10 

 

6.4.2. Body weight 

All animals involved in the study gained comparable body weight throughout 

the study period. 

 

In male SD rats 

 Among the test drug groups, LM at 11 mg/kg b.wt exhibited more 

significant increase in body weight from day 56 onwards to the end of study (P<0.01) 

and significant increase in body weight gain on day 35 and day 49 (P<0.05). LM at 55 

mg/kg b.wt exhibited significant increase in body weight from day 49 onwards to the 

end of study (P<0.05) and significant increase in body weight gain during the treatment 

of first two weeks (P<0.05). LM at 110 mg/kg b.wt exhibited significant increase in 

body weightat the end of study only (P<0.05)oncompared with control group. In the 

Satellite group at LM 110 mg/kg, significant increase in body weightwas noted from 

day 14 to day 56 (P<0.05) and during the recovery period of 28 days after dosing, all 

rats were in normal body weight. But both high dose and high dose Satellitegroups 

exhibited more significant decrease in body weight gain from day 42 onwards to the 

end of study (P<0.01). The results were shown in the tables 6.4.2 & 3. 
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 At the end of 90 days treatment with LM at different dosage, the therapeutic 

dose group gained most significant increase (P<0.01) in body weight i.e., gained 112 

g% of body weight at the end of dosing period. Even though the bodyweight was 

gained in other groups, it was observed that in the high dose and high dose Satellite 

groups, the weight gained was significantly decreased on compared with control group 

(Table 6.4.4).  

 

In female SD rats 

 

 Among the test drug groups, LM at 11 mg/kg b.wt exhibited more significant 

increase in body weight from day 49 onwards to the end of study (P<0.01) and 

significant increase in body weight gain on day 35 (P<0.01) and day 63 (P<0.05). LM 

at 55 mg/kg b.wt exhibited more significant increase in body weight from day 42to day 

84 (P<0.01) and more significant increase in body weight gain on day 35 (P<0.01).  

LM at 110 mg/kg b.wt exhibited more significant increase in body weight from day 

14to day 56 (P<0.01)on compared with control group. In the Satellite group at LM 110 

mg/kg, more significant increase in body weightwas noted from day 14 to day 70 

(P<0.01) and during the recovery period of 28 days after dosing, all rats were in normal 

body weight. On first three weeks and last three weeks of treatment in both high dose 

and high dose Satellite groups,more significant increase in body weight gain was 

observed (P<0.01).The results were shown in the tables 6.4.5 & 6. 

  

At the end of 90 days treatment with LM at different dosage, the therapeutic 

dose group gained most significant increase (P<0.01) in body weight i.e., gained 122 

g% of body weight at the end of dosing period (Table 6.4.7).  
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Table 6.4.2:  Effect of Linga Mathirai on body weight in male Sprague Dawley rats 

- 90 day repeated oral toxicity study 

 

Treatment 

period 

Control 

(Dry 

Ginger 

decoction 

1 mL) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 
110 mg/kg 

(Satellite) 

0 day (g) 133.8±2.99 138.6±3.49 134.0±3.21 136.3±3.36 142.2±4.04 

7 day (g) 141.8±3.16 148.6±3.72 145.6±2.84 146.0±3.49 153.1±4.29 

14 day (g) 151.0±3.33 157.9±3.83 157.4±2.60 156.9±3.55 164.6±4.37* 

21 day (g) 159.5±3.44 167.0±2.55 168.1±2.55 168.8±4.02 175.2±4.21* 

28 day (g) 169.2±3.12 178.6±4.15 180.3±2.95 180.1±4.56 188.2±4.01** 

35 day (g) 179.0±3.29 191.7±4.15 191.4±3.29 189.5±4.25 200.0±4.26** 

42 day (g) 188.9±3.31 204.5±4.29* 203.3±3.20 196.4±4.47 211.1±4.66** 

49 day (g) 197.9±3.50 217.6±4.11 215.3±2.92* 203.8±4.93 219.5±4.70** 

56 day (g) 208.0±3.90 229.9±4.19** 225.9±3.15* 210.6±5.17 226.7±4.73* 

63 day (g) 218.6±4.27 242.7±4.52** 236.6±3.24* 217.8±5.43 233.3±4.33 

70 day (g) 228.7±4.76 255.5±4.31** 247.8±3.79* 223.7±5.79 238.2±4.20 

77 day (g) 238.8±5.62 269.3±4.44** 258.3±4.28* 230.1±6.34 242.7±4.21 

84 day (g) 249.9±6.05 282.3±4.64** 269.6±4.87* 235.3±6.38 247.0±4.16 

91 day (g) 262.4±6.72 293.4±4.52** 282.1±5.22* 239.8±19.67* 250.6±3.80 

98 day (g) - - - - 258.6±3.96 

105 day (g) - - - - 271.1±4.46 

112 day (g) - - - - 283.7±4.77 

119 day (g) - - - - 296.3±5.04 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 
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Table 6.4.3:  Effect of Linga Mathirai on body weight gained in male Sprague 

Dawley rats - 90 day repeated oral toxicity study 

Treatment 

period 

Control 

(Dry 

Ginger 

decoction 

1 mL) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 
110 mg/kg 

(Satellite) 

7 day (g%) 5.98±0.40 7.23±0.56 8.76±0.59** 7.14±0.68 7.68±0.58 

14 day (g%) 6.49±0.22 6.28±0.41 8.17±0.66* 7.50±0.48 7.55±0.22 

21 day (g%) 5.64±0.31 5.78±0.42 6.82±0.48 7.56±0.50* 6.52±0.62 

28 day (g%) 6.15±0.60 6.96±0.31 7.25±0.60 6.67±0.51 7.48±0.40 

35 day (g%) 5.80±0.40 7.37±0.32* 6.14±0.42 5.29±0.50 6.27±0.32 

42 day (g%) 5.55±0.39 6.69±0.46 6.24±0.50 3.64±0.35** 5.53±0.29 

49 day (g%) 4.76±0.44 6.45±0.46* 5.93±0.36 3.74±0.35 3.99±0.21 

56 day (g%) 5.08±0.26 5.66±0.26 4.92±0.43 3.33±0.41** 3.29±0.16** 

63 day (g%) 5.08±0.28 5.56±0.28 4.74±0.34 3.41±0.35** 2.95±0.37** 

70 day (g%) 4.60±0.40 5.30±0.25 4.70±0.33 2.68±0.23** 2.11±0.20** 

77 day (g%) 4.36±0.35 5.40±0.11 4.22±0.47 2.82±0.36** 1.89±0.28** 

84 day (g%) 4.63±0.47 4.82±0.10 4.35±0.29 2.27±0.29** 1.78±0.21** 

91 day (g%) 4.96±0.41 3.95±0.33 4.63±0.41 1.94±0.30** 1.48±0.32** 

98 day (g%) - - - - 3.19±0.25 

105 day (g%) - - - - 4.81±0.24 

112 day (g%) - - - - 4.64±0.33 

119 day (g%) - - - - 4.44±0.32 

 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 
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Table 6.4.4:  Effect of Linga Mathirai on total body weight gained in male Sprague 

Dawley rats - 90 day repeated oral toxicity study 

 

Treatment 

period 

Control 

(Dry 

Ginger 

decoction 

1 mL) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 
110 mg/kg 

(Satellite) 

91 day (g) 128.6±5.72 154.8±2.29** 148.1±5.76* 103.5±4.87** 108.4±2.94* 

91 day (g%) 96.46±4.77 112.26±3.06* 111.46±5.78 76.24±3.82** 77.04±3.69* 

91 – 119 day (g) - - - - 45.7±2.19 

91 – 119 day 

(g%) 

- - - - 18.22±0.80 

 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 

 

Table 6.4.5:  Effect of Linga Mathirai on body weight in female Sprague Dawley 

rats - 90 day repeated oral toxicity study 

 

Treatment 

period 

Control 

(Dry 

Ginger 

decoction 

1 mL) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 
110 mg/kg 

(Satellite) 

0 day (g) 133.8±2.99 138.6±3.49 139.0±2.76 138.9±4.17 139.9±3.07 

7 day (g) 141.8±3.16 148.6±3.72 147.9±2.86 153.1±4.02 153.6±2.79 

14 day (g) 151.0±3.33 157.9±3.83 158.3±3.21 167.6±4.48** 167.2±2.93** 

21 day (g) 159.5±3.44 167.0±3.98 168.9±3.55 181.4±4.38** 180.7±2.56** 

28 day (g) 169.2±3.12 178.6±4.15 180.8±3.88 193.5±5.06** 193.4±2.46** 

35 day (g) 178.3±3.37 191.9±4.24 194.6±4.19 203.4±4.77 205.2±2.59 

42 day (g) 188.8±3.67 206.2±4.35* 207.5±4.20** 213.3±5.02** 217.7±3.11** 

49 day (g) 199.0±3.95 220.4±4.28** 220.4±4.10** 222.4±5.30** 226.4±3.18** 

56 day (g) 209.6±4.77 234.3±4.53** 233.6±3.92** 229.7±5.50* 235.1±3.79** 

63 day (g) 219.8±5.39 248.8±4.68** 246.1±3.99** 236.4±5.52 244.3±4.33** 

70 day (g) 230.0±6.08 263.2±4.75** 258.3±3.53** 243.9±5.72 251.6±5.19* 

77 day (g) 241.6±6.85 277.6±4.97** 270.9±4.20** 249.6±5.6 257.9±5.98 

84 day (g) 252.3±7.32 292.4±5.01** 281.0±5.00** 255.5±5.56 262.5±6.95 

91 day (g) 264.5±7.30 307.5±5.10** 291.7±5.99* 260.7±5.69 267.1±7.33 

98 day (g) - - - - 274.2±7.96 

105 day (g) - - - - 283.5±8.75 

112 day (g) - - - - 294.6±8.47 

119 day (g) - - - - 306.9±8.03 

 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 
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Table 6.4.6:  Effect of Linga Mathirai on body weight gained in female Sprague 

Dawley rats - 90 day repeated oral toxicity study 

 

Treatment 

period 

Control 

 
Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 110 mg/kg 

(Satellite) 

7 day (g%) 5.98±0.40 7.23±0.56 6.42±0.53 10.34±0.60** 9.88±0.57** 

14 day (g%) 6.49±0.22 6.28±0.41 7.03±0.59 9.47±0.64** 8.88±0.64** 

21 day (g%) 5.64±0.31 5.78±0.42 6.68±0.36 8.31±0.64** 8.15±0.78** 

28 day (g%) 6.15±0.60 6.96±0.31 7.06±0.70 6.63±0.65 7.05±0.29 

35 day (g%) 5.37±0.32 7.47±0.24** 7.63±0.20** 5.19±0.43 6.11±0.45 

42 day (g%) 5.89±0.71 7.47±0.28 6.65±0.29 4.87±0.57 6.08±0.55 

49 day (g%) 5.40±0.49 6.92±0.33 6.25±0.36 4.26±0.22 4.00±0.27 

56 day (g%) 5.27±0.44 6.30±0.16 6.02±0.38 3.28±0.21** 3.81±0.37* 

63 day (g%) 4.82±0.32 6.19±0.24* 5.36±0.36 2.93±0.22** 3.90±0.58 

70 day (g%) 4.59±0.33 5.80±0.26 5.00±0.48 3.17±0.31 2.95±0.58* 

77 day (g%) 4.99±0.26 5.47±0.20 4.86±0.61 2.36±0.30** 2.47±0.53** 

84 day (g%) 4.41±0.38 5.34±0.12 3.70±0.50 2.38±0.31** 1.72±0.42** 

91 day (g%) 4.88±0.44 5.17±0.18 3.77±0.53 2.03±0.19** 1.73±0.22** 

98 day (g%) - - - - 2.62±0.24 

105 day (g%) - - - - 3.36±0.66 

112 day (g%) - - - - 3.97±0.46 

119 day (g%) - - - - 4.24±0.47 

 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 

 

Table 6.4.7:  Effect of Linga Mathirai on total body weight gained in female 

Sprague Dawley rats - 90 day repeated oral toxicity study 

Treatment 

period 

Control 

 
Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 110 mg/kg 

(Satellite) 

91 day (g) 130.7±7.04 168.9±2.14** 152.7±6.06

* 

121.8±3.98 127.2±7.30 

91 day (g%) 98.22±5.90 122.34±2.50** 110.43±5.1

8 

88.39±3.93 91.52±6.03 

91 – 119 day (g) - - - - 39.8±2.94 

91 – 119 day 

(g%) 

- - - - 14.98±1.19 

 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 
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6.4.3. Food consumption 

 The amount of pellets consumed by SD rats from different test dose groups 

during the period of 90 days was found to be comparable with that by control group. 

Data were not shown here since no significant difference was observed. 

 

6.4.4. Clinical observations 

All male and female rats of Group I – IV were free from abnormal clinical signs 

throughout the period of test drug administration period of 90 days. In Group V, all rats 

including male and female were free from toxic signs throughout the period of test drug 

administration period of 90 days and also during the recovery period of 28 days. 

 

6.4.5. Mortality and morbidity 

All male and female rats of Group I – IV were survived and had good health 

throughout the period of test drug administration period of 90 days. All rats of Group V 

were survived and had good health throughout the period of test drug administration 

period of 90 days and also during the recovery period of 28 days. 

 

6.4.6. Functional observations 

The FOB conducted on the SD rats of control, high dose and high dose 

(Satellite) groups revealed nil abnormality. The results were recorded in table 6.4.8. 

 

6.4.7. Motor activity 

The motor activity test conducted on the SD rats of control, high dose and high 

dose (Satellite) groups revealed nil abnormality. The results were recorded in table 

6.4.9. 

 

6.4.8. Neurological Examinations 

The reflex tests conducted on the SD rats of control, high dose and high dose 

(Satellite) groups exhibited positive response and inferred that no lesions in the levels 

of Central Nervous System. The results were recorded in table 6.4.10. 
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Table 6.4.8: Effect of Linga Mathirai on Functional Observational Battery in 

Sprague Dawley rats - 90 day repeated oral toxicity study 

Parameters Control 

(Dry Ginger 

decoction 

1 mL) 

Linga Mathirai 

110 mg/kg 110 mg/kg 

(Satellite) 

A. Home cage Observations 

1. Normal Posture (D) % 100 100 100 

2. Involuntary movements (D) % 0 0 0 

3. Vocalizations (B) % 0 0 0 

4. Palpebral closure (R) 1 1 1 

B. Hand held observations 

1. Ease of removing rat from cage (R) 1 2.5 2.4 

2. Reactivity to being handled (R) 1.5 2 2 

3. Lacrimation (R) 1 1 1 

4. Palpebral closure (R) 1 1 1 

5. Salivation (R) 1 1 1 

6. Piloerection (D) % 0 0 0 

C. Open field measurements 

1. Rearing (C) 2.25 1.75 3.0 

2. Involuntary movements (D) % 0 0 0 

3. Gait score (R) 1 1 1 

4. Mobility score (R) 1 1 1 

5. Arousal (R) 4.0 3.6 3.55 

6. Stereotypy  (D) % 60 40 55 

7. Bizarre behavior (D) % 0 5 0 

8. Defecation (C) 0.75 0.5 1 

9. Diarrhoea (B) % 0 0 0 

10. Urination (Mean Count) 1.5 0.5 0.75 

D. Stimulus reactivity 

1. Approach response (R) 1.6 2.05 1.95 

2. Touch response (R) 1.6 2.25 2.05 

3. Click response (R) 2.0 2.4 2.3 

4. Tail pinch response (R) 2.5 2.55 2.85 

5. Pupil response (B) % 100 100 100 

6. Righting reflex (R)  1 1 1 

7. Hind limb landing foot splay (C) cm 9.36 9.76 9.44 

 

B – Binary and D – Descriptive data are expressed as percentage of incidence, R – 

Rank data are expressed as the Mean score of the scale used, C – Continuous data are 

expressed as Mean value. 
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Table 6.4.9: Motor activityof Sprague Dawley rats evaluated in the open field after 

90 day repeated oral toxicity study of Linga Mathirai 

Observations Control 

(Dry Ginger 

decoction 

1 mL) 

Linga Mathirai 

110 mg/kg 110 mg/kg 

(Satellite) 

A. Number of squares entered with all four paws 

First five minutes 9.25 10.75 8.75 

Second five minutes 3.25 1.25 1.75 

Third five minutes 3.25 2.25 2.25 

B. Number of Rearing 

First five minutes 6.25 7.75 6.5 

Second five minutes 3.25 1.00 1.25 

Third five minutes 1.75 1.00 2.75 

C. Number of Grooming 

First five minutes 4.75 9.25 2.25 

Second five minutes 3.75 3.25 2.25 

Third five minutes 3.80 2.75 4.25 

D. Number of fecal bolus 

First five minutes 3.25 3.50 2.00 

Second five minutes 1.20 2.25 1.70 

Third five minutes 1.45 1.20 0.90 

 

 

Table 6.4.10: Neurological examination of Sprague Dawley rats - 90 day repeated 

oral toxicity study of of Linga Mathirai 

 

Test Control 

(Dry Ginger decoction 

1 mL) 

Linga Mathirai 

110 mg/kg 110 mg/kg 

(Satellite) 

Flexion reflex 100 100 100 

Grasping reflex 100 100 100 

Placing reactions 100 100 100 

Righting reflex 100 100 100 

Equilibrium tests 100 100 100 

Pupillary reflex 100 100 100 

Corneal reflex 100 100 100 

Auditory Startle 100 100 100 

Head shaking 100 100 100 

Toe spreading 100 100 100 

 Data are expressed as percentage of response score. Response score – 1, No response 

score – 0 
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6.4.9. Urine analysis 

Dark coloured urine was observed in four rats of control group, two rats of high 

dose group and three rats of high dose Satellite group. The specific gravity more than 

1.02 was observed in three urine samples of control, two of high dose and five of high 

dose Satellite groups. pH was found higher than 7.4 in five urine samples of control, 

three of high dose and eight of high dose Satellite groups. Trace amount of protein was 

observed in four urine samples of control, four of high dose and six of high dose 

Satellite groups. The glucose, bilirubin, ketones, blood and urobilinogen were found nil 

in the urine samples of three groups. The data of urinalysis of control, high dose and 

high dose Satellite groups were notshown since any specific abnormalities not 

observed. 

 

6.4.10. Haematology 

 The results of analyzes of haematological parameters were shown in the figures 

6.4.1 to 6.4.11. The results obtained reflected some significant changes in the values of 

various parameters assayed when compared with those of corresponding controls. 

Nevertheless, the decrease or increase in the values obtained was within normal 

physiological limits and the effect was not observed to be dose dependent. 

 

Male SD rats 

 Decreased values of Lymphocyte were obtained for rats in the dose groups 

administered 11 mg/kg and 110 mg/kg b.wt of LM sacrificed on day 91 

(p<0.05). (Figure 6.4.1) 

 Decreased values of Haemoglobin were obtained for rats in the dose group 

administered 110 mg/kg b.wt of LM sacrificed on day 91 (p<0.05). (Figure 

6.4.3) 

 Decreased values of total RBC were obtained for rats in the dose groups 

administered 110 mg/kg b.wt of LM sacrificed on day 91 (p<0.05) and 110 

mg/kg b.wt of LM sacrificed on day 119 (p<0.05). (Figure 6.4.4) 

 Decreased values of Hematocrit were obtained for rats in the dose group 

administered 110 mg/kg b.wt of LM sacrificed on day 91 (p<0.01). (Figure 

6.4.5) 
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 Increased values of MCH were obtained for rats in the dose groups administered 

55 mg/kg b.wt of LM sacrificed on day 91 (p<0.05) and 110 mg/kg b.wt of LM 

sacrificed on day 119 (p<0.01). (Figure 6.4.7) 

 Increased values of MCHC were obtained for rats in the dose groups 

administered 11 mg/kg and 110 mg/kg b.wt of LM sacrificed on day 91 

(p<0.05). (Figure 6.4.8) 

 

Female SD rats 

 Decreased values of Monocyte were obtained for rats in the dose groups 

administered 11 mg/kg (P<0.01) and 110 mg/kg b.wt of LM sacrificed on day 

91 (p<0.05). (Figure 6.4.2) 

 Increased values of Granulocyte were obtained for rats in the dose group 

administered 55 mg/kgb.wt of LM sacrificed on day 91 (p<0.05). (Figure 6.4.2) 

 Increased values of MCV were obtained for rats in the dose group administered 

55 mg/kgb.wt of LM sacrificed on day 91 (p<0.05). (Figure 6.4.6) 

 Increased values of MCH were obtained for rats in the dose group administered 

55 mg/kgb.wt of LM sacrificed on day 91 (p<0.01). (Figure 6.4.7) 

 Increased values of Clotting time were obtained for rats in the dose groups 

administered 55 mg/kgb.wt of LM sacrificed on day 91 (p<0.01) and 110 

mg/kgb.wt of LM sacrificed on day 119 (p<0.01). (Figure 6.4.11) 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Figure 6.4.1: Effect of Linga Mathirai on White blood Corpuscles in male Sprague 

dawley rats - 90 day repeated oral toxicity study. 

 WBC: White blood count  

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 on 

compared with control group. 

 

 

 

 

 

 



 

 

 

Figure 6.4.2: Effect of Linga Mathirai on White blood Corpuscles in female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

 WBC: White blood count  

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 and 

**p < 0.01 on compared with control group. 

 

 

 

 

 

 



 

 

Figure 6.4.3: Effect of Linga Mathirai on Haemoglobin in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 on 

compared with control group. 

 

 

 

 

 

 

 



 

 

Figure 6.4.4: Effect of Linga Mathirai on Red blood Corpuscles in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 on 

compared with control group. 

 

 

 

 

 

 

 



 

 

 

Figure 6.4.5: Effect of Linga Mathirai on Hematocrit in male and female Sprague 

dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as **p < 0.01 on 

compared with control group. 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.6: Effect of Linga Mathirai on Mean Corpuscular volume in male and 

female Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as **p < 0.01 on 

compared with control group. 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.7: Effect of Linga Mathirai on Mean Corpuscular Haemoglobin in male 

and female Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 and 

**p < 0.01 on compared with control group. 

 

 

 

 

 

 



 

 

 

 

Figure 6.4.8: Effect of Linga Mathirai on Mean Corpuscular Haemoglobin 

concentration in male and female Sprague dawley rats - 90 day repeated oral 

toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 on 

compared with control group. 

 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.9: Effect of Linga Mathirai on Platelets in male and female Sprague 

dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 



 

 

Figure 6.4.10: Effect of Linga Mathirai on Reticulocytes in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.11: Effect of Linga Mathirai on Clotting time in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as **p < 0.01 on 

compared with control group. 
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6.4.11. Serum Biochemistry 

 The results of analyzes of biochemical parameters were shown in the figures. 

The results obtained reflected some significant changes in the values of various 

parameters assayed when compared with those of corresponding controls. Nevertheless, 

the decrease or increase in the values obtained was within normal physiological limits 

and the effect was not observed to be dose dependent. 

 

Male SD rats 

 Increased values of Triglyceride were obtained for rats in the dose group 

administered 55 mg/kg b.wt of LM sacrificed on day 91 (p<0.01). (Figure 

6.4.14) 

 Decreased values of Urea were obtained for rats in the dose groups administered 

55 mg/kg (P<0.05) and 110 mg/kg b.wt of LM sacrificed on day 91 (p<0.01). 

(Figure 6.4.16) 

 

Female SD rats 

 Decreased values of Protein were obtained for rats in the dose group 

administered 55 mg/kgb.wt of LM sacrificed on day 91 (p<0.01). (Figure 

6.4.15) 

 Increased values of SGPT were obtained for rats in the dose group administered 

110 mg/kgb.wt of LM sacrificed on day 91 (p<0.05). (Figure 6.4.20) 

 Decreased values of Potassium were obtained for rats in the dose group 

administered 11 mg/kgb.wt of LM sacrificed on day 91 (p<0.05). (Figure 

6.4.23) 
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Figure 6.4.12: Effect of Linga Mathirai on blood glucose in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 

 

 

 



 

Figure 6.4.13: Effect of Linga Mathirai on blood cholesterol in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 

 

 

 



 

Figure 6.4.14: Effect of Linga Mathirai on blood triglycerides in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as **p < 0.01 on 

compared with control group. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.4.15: Effect of Linga Mathirai on blood protein in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as **p < 0.01 on 

compared with control group. 

 

 

 

 

 

 

 

 

 

 



 

 

Figure 6.4.16: Effect of Linga Mathirai on blood urea in male and female Sprague 

dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 and 

**p < 0.01 on compared with control group. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 6.4.17: Effect of Linga Mathirai on blood creatinine in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 

 

 

 



 

 

 

Figure 6.4.18: Effect of Linga Mathirai on blood bilirubin in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.19: Effect of Linga Mathirai on Serum Glutamic Oxaloacetic 

Transaminase in male and female Sprague dawley rats - 90 day repeated oral 

toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.20: Effect of Linga Mathirai on Serum Glutamic Pyruvic Transaminase 

in male and female Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 on 

compared with control group. 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.21: Effect of Linga Mathirai on Serum Alkaline Phosphatase in male 

and female Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure 6.4.22: Effect of Linga Mathirai on blood sodium in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. No significance found on compared with 

control group. 

 

 

 

 

 

 

 

 



 

 

 

 

Figure 6.4.23: Effect of Linga Mathirai on blood potassium in male and female 

Sprague dawley rats - 90 day repeated oral toxicity study. 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance was indicated as *p < 0.05 on 

compared with control group 
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6.4.12. Necropsy study 

 Gross pathological examination of organs such as brain, trachea, lungs, 

heart, liver, kidney, stomach, spleen, intestine, testis, uterus and ovaries of SD rats in 

all groups did not reveal any abnormalities.Particularly, the gross necropsy study on the 

organs of control, high dose and high dose satellite groups revealed no abnormal 

pathological morphology.  

 

6.4.13. Organ weight 

The results of absolute and relative organs weight gained of SD rats in all 

groups were shown in the tables 6.4.11 - 6.4.14. The organ weights of SD rats treated 

with LM at different dosages and SD rats of Satellite group was gained comparable 

with control rats. 

 

Absolute organ weight 

 Brain weight in the groups of both sexes treated with LM at 11, 55 and 110 

(Satellite) mg/kg b.wt increased significantly when compared with those in the 

vehicle control group (P<0.01). 

 Combined weight of Heart, Trachea and Lungs in the male group treated with 

LM at 110 (Satellite) mg/kg b.wt increased significantly when compared with 

those in the vehicle control group (P<0.05) and in the female groups treated 

with LM at 11, 55 and 110 (Satellite) mg/kg b.wt increased significantly when 

compared with those in the vehicle control group (P<0.01). 

 Liver weight in the groups of both sexes treated with LM at 11 and 110 

(Satellite) mg/kg b.wt increased significantly when compared with those in the 

vehicle control group (P<0.01). 

 Kidney weight in the groups of both sexes treated with LM at 11 and 110 

(Satellite) mg/kg b.wt increased significantly when compared with those in the 

vehicle control group (P<0.01, P<0.05). 

 Spleen weight in the groups of both sexes treated with LM at 11, 55 and 110 

(Satellite) mg/kg b.wt increased significantly when compared with those in the 

vehicle control group (P<0.01, P<0.05). 
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 Stomach weight in the male groups treated with LM at 11 and 110 (Satellite) 

mg/kg b.wt increased significantly (P<0.01) and at 110 mg/kg b.wt decreased 

significantly (P<0.05) when compared with those in the vehicle control group 

and in the female groups treated with LM at 11 and 110 (Satellite) mg/kg b.wt 

increased significantly when compared with those in the vehicle control group 

(P<0.01). 

 Small Intestine weight in the male group treated with LM at 110 mg/kg b.wt 

decreased significantly when compared with those in the vehicle control group 

(P<0.05) and in the female groups treated with LM at 11, 55 and 110 (Satellite) 

mg/kg b.wt increased significantly when compared with those in the vehicle 

control group (P<0.01).  

 Testis weight in the groups treated with LM at 11 and 110 (Satellite) mg/kg 

b.wt increased significantly (P<0.01) and at 110 mg/kg b.wt decreased 

significantly (P<0.01) when compared with those in the vehicle control group. 

 Combined weight of Uterus and Ovaries in the groups treated with LM at 11, 55 

and 110 (Satellite) mg/kg b.wt increased significantly (P<0.01) when compared 

with those in the vehicle control group. 

 

Relative organ weight 

 Brain weight in the groups of male treated with LM at 55, 110 and 110 

(Satellite) mg/kg b.wt increased significantly when compared with those in the 

vehicle control group (P<0.01) and in female groupstreated with LM at 110 and 

110 (Satellite) mg/kg b.wt increased significantly when compared with those in 

the vehicle control group (P<0.01). 

 Combined weight of Heart, Trachea and Lungs in the male group treated with 

LM at 11 mg/kg b.wt decreased significantly when compared with those in the 

vehicle control group (P<0.05). 

 Liver and Spleen weight in the group of both sexes treated with LM at 110 

(Satellite) mg/kg b.wt increased significantly when compared with those in the 

vehicle control group (P<0.05). 
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 Small Intestine weight in the groups of both sexes treated with LM at 11 and 

110 (Satellite) mg/kg b.wt decreased significantly (P<0.01) and in the female 

group treated with LM at 55 mg/kg b.wtdecreased significantly (P<0.01) and at 

110 mg/kg b.wt increased significantly (P<0.05) when compared with those in 

the vehicle control group.  

 Testis weight in the groups treated with LM at 11, 55 and 110 (Satellite) mg/kg 

b.wt decreased significantly (P<0.05, P<0.01) when compared with those in the 

vehicle control group. 

 Combined weight of Uterus and Ovaries in the group treated with LM at 11 

mg/kg b.wt increased significantly (P<0.05) when compared with those in the 

vehicle control group. 

 

Table 6.4.11:  Effect of Linga Mathirai on absolute organ weight gained in male 

Sprague Dawley rats - 90 day repeated oral toxicity study 

 

Organ Control 

(Dry Ginger 

decoction  

1 ml) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 110 mg/kg 

(Satellite) 

Brain (g) 1.58±0.04 1.78±0.03** 1.80±0.05** 1.60±0.04 1.92±0.07** 

Heart, 

Trachea with  

lungs (g) 

3.80±0.07 3.97±0.07 3.94±0.04 3.63±0.04 4.04±0.05* 

Liver (g) 8.97±0.40 10.75±0.39** 9.34±0.32 7.98±0.16 11.14±0.47** 

Kidney (g) 1.83±0.03 2.04±0.05** 1.88±0.04 1.73±0.02 2.02±0.05* 

Spleen (g) 0.60±0.01 0.79±0.04** 0.75±0.04* 0.51±0.02 0.88±0.02** 

Stomach 1.63±0.03 1.81±0.03** 1.70±0.04 1.49±0.01* 1.80±0.03** 

Small 

Intestine (g) 

3.78±0.07 3.98±0.03 3.93±0.06 3.53±0.04* 3.94±0.06 

Testis (g) 2.06±0.04 2.25±0.02** 2.04±0.03 1.85±0.03** 2.24±0.03** 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 
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Table 6.4.12:  Effect of Linga Mathirai on absolute organ weight gained in female 

Sprague Dawley rats - 90 day repeated oral toxicity study 

Organ Control 

(Dry Ginger 

decoction  

1 ml) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 110 mg/kg 

(Satellite) 

Brain (g) 1.59±0.03 1.86±0.04** 1.86±0.03** 1.73±0.05 1.98±0.06** 

Heart, 

Trachea 

with  

lungs (g) 

3.83±0.06 4.16±0.02** 4.07±0.05** 3.94±0.01 4.18±0.04** 

Liver (g) 9.04±0.21 11.26±0.35** 9.65±0.16 8.67±0.24 11.53±0.40** 

Kidney (g) 1.84±0.02 2.13±0.04** 1.94±0.06 1.88±0.02 2.09±0.03** 

Spleen (g) 0.60±0.02 0.82±0.04** 0.77±0.03** 0.55±0.02 0.91±0.04** 

Stomach 1.64±0.02 1.89±0.07** 1.75±0.04 1.61±0.02 1.86±0.05** 

Small 

Intestine (g) 

3.81±0.03 4.17±0.05** 4.06±0.03** 3.83±0.08 4.08±0.06** 

Uterus with 

ovaries (g) 

0.97±0.04 1.23±0.04** 1.13±0.03** 0.93±0.02 1.16±0.04** 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 

Table 6.4.13:  Effect of Linga Mathirai on relative organ weight gained in male 

Sprague Dawley rats - 90 day repeated oral toxicity study 

 

Organ Control 

(Dry 

Ginger 

decoction  

1 ml) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 110 mg/kg 

(Satellite) 

Brain (g%) 0.60±0.00 0.60±0.00 0.64±0.01** 0.67±0.00** 0.64±0.01** 

Heart, 

Trachea with  

lungs (g%) 

1.45±0.05 1.35±0.02* 1.40±0.01 1.51±0.02 1.36±0.01 

Liver (g%) 3.41±0.12 3.65±0.08 3.30±0.05 3.34±0.07 3.74±0.10* 

Kidney (g%) 0.70±0.02 0.69±0.04 0.66±0.02 0.72±0.06 0.68±0.03 

Spleen (g%) 0.22±0.01 0.26±0.00 0.26±0.02 0.21±0.03 0.29±0.01* 

Stomach 

(g%) 

0.62±0.02 0.61±0.04 0.60±0.01 0.62±0.00 0.60±0.02 

Small 

Intestine 

(g%) 

1.44±0.00 1.35±0.00** 1.39±0.03 1.47±0.01 1.32±0.02** 

Testis (g%) 0.78±0.00 0.76±0.00* 0.72±0.00** 0.77±0.00 0.75±0.01** 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group.  
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Table 6.4.14:  Effect of Linga Mathirai on relative organ weight gained in female 

Sprague Dawley rats - 90 day repeated oral toxicity study 

 

Organ 

Control 

(Dry 

Ginger 

decoction 

1 ml) 

Linga Mathirai 

11 mg/kg 55 mg/kg 110 mg/kg 
110 mg/kg 

(Satellite) 

Brain (g%) 0.60±0.01 0.60±0.02 0.63±0.00 0.66±0.01** 0.64±0.00* 

Heart, 

Trachea 

with  

lungs (g%) 

1.44±0.03 1.35±0.04 1.39±0.02 1.51±0.03 1.36±0.00 

Liver (g%) 3.41±0.08 3.66±0.11 3.31±0.09 3.32±0.06 3.75±0.08* 

Kidney (g%) 0.69±0.01 0.69±0.02 0.66±0.01 0.72±0.00 0.68±0.02 

Spleen (g%) 0.23±0.00 0.26±0.02 0.26±0.00 0.21±0.01 0.29±0.02* 

Stomach 

(g%) 

0.62±0.00 0.61±0.02 0.60±0.01 0.62±0.00 0.60±0.02 

Small 

Intestine 

(g%) 

1.44±0.01 1.35±0.00** 1.39±0.01** 1.47±0.00* 1.32±0.01** 

Uterus with 

ovaries (g) 

0.37±0.01 0.40±0.00* 0.39±0.01 0.36±0.01 0.38±0.00 

Values were expressed as Mean± S.E.M. (n = 10). P value was calculated using one 

way ANOVA followed by Dunnett test. Significance is indicated as *p < 0.05 and **p 

< 0.01 vs control group. 

 

6.4.14. Mercury contents in Organs 

The concentrations of mercury accumulation estimated using ICP-OES in in the 

liver and kidney of SD rats of control, high dose and high dose satellite groups were 

shown in the table 6.4.15.  74.23 % of mercury was reduced in the kidney of high dose 

group and 94.76 % of mercury was reduced in the kidney of high dose satellite group 

when compared with control. Mercury in the liver of high dose satellite group was 

found not detected and in high dose group the level was found minimal. 

 

Table 6.4.15:  Effect of Linga Mathirai on accumulation of Mercury in the organs 

of Sprague Dawley rats - 90 day repeated oral toxicity study 
 

Organ Control 

(Dry Ginger decoction 1 mL) 

                    Linga Mathirai 

110 mg/kg 110 mg/kg (Satellite) 

Liver ND  

(LOQ: 0.25 mg/kg) 

1.70 mg/kg ND  

(LOQ: 0.25 mg/kg) 

Kidney 94.80 mg/kg 24.43 mg/kg 4.97 mg/kg 

ND – Not detected, LOQ - Limit of Quantification  
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6.4.15. Histopathology 

The results of histopathological changes observed during examinations were 

depicted in the table. The lesions observed were occurred spontaneously, and 

considered incidental and physiology related since abnormal changes were not 

established in blood parameters. H&E slice of organs were shown in the plates 

 

Table 6.4.16: Effect of Linga Mathirai on histopathological changes in organs of 

Sprague Dawley rats - 90 day repeated oral toxicity study 

 

Organ Control 

(Dry Ginger 

decoction 

1 ml) 

                    Linga Mathirai 

110 mg/kg 110 mg/kg (Satellite) 

Cerebrum NAD NAD Diffuse neurophilic 

vacuolation, 

multifocal 

lymphocyte 

aggregates with mild 

neuronal necrosis 

Sciatic Nerve NAD NAD Mild degenerative 

changes 

Trachea NAD NAD NAD 

Lung NAD NAD NAD 

Heart NAD NAD NAD 

Liver NAD NAD NAD 

Spleen NAD NAD NAD 

Kidney NAD NAD Mild diffuse vacuolar 

degenerative changes 

in tubular epithelial 

cells 

Stomach NAD NAD NAD 

Small Intestine NAD Desquamation of 

mucosal epithelium, 

mild infiltration of 

lymphocytes in 

submucosal layer 

NAD 

Testis NAD NAD NAD 

Uterus NAD NAD NAD 

Ovary NAD NAD NAD 

Sternum NAD NAD NAD 
 

NAD – No Abnormality Detected 

 

 

 



 

 

Plate 6.4.1: Effect of Linga Mathirai on Cerebrum in Sprague dawley rats - 90 day 

repeated oral toxicity study. M – Molecular Layer, GM – Grey matter, N – Neurophil 

 

 

Group Impression 

Control Grey matter, White matter and nerve cells found no changes 

High dose Grey matter, White matter and nerve cells found no changes 

High dose 

Satellite 

Diffuse neurophilic vacuolation, multifocal lymphocyte aggregates with 

mild neuronal necrosis 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.4.2: Effect of Linga Mathirai on Sciatic Nerve in Sprague dawley rats - 90 

day repeated oral toxicity study. N – Nerve fiber (Cylindrical) 

 

Group Impression 

Control No changes 

High dose No changes 

High dose Satellite Mild degenerative changes 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.4.3: Effect of Linga Mathirai on Trachea in Sprague dawley rats - 90 day 

repeated oral toxicity study. E – Epithelium containing pseudostratified ciliated 

columnar epithelium with goblet cells, L – Lamina propria, S – Submucosa, C – 

Cartilage 

 

Group Impression 

Control No changes in mucosal and submucosal region 

High dose No changes in mucosal and submucosal region 

High dose Satellite No changes in mucosal and submucosal region 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.4.4: Effect of Linga Mathirai on Lung in Sprague dawley rats - 90 day 

repeated oral toxicity study. A – Alveolus, B – Bronchiole, AS – Alveolar sac 

Group Impression 

Control No changes  

High dose No changes  

High dose Satellite No changes  

 

 

 

 



 

 

 

Plate 6.4.5: Effect of Linga Mathirai on Heart in Sprague dawley rats - 90 day 

repeated oral toxicity study 

Group Impression 
Control Normal myocardial architecture 

High dose Normal myocardial architecture 
High dose Satellite Normal myocardial architecture 

 

 

 

 

 



 

 

 

Plate 6.4.6: Effect of Linga Mathirai on Liver in Sprague dawley rats - 90 day 

repeated oral toxicity study. CV – Central vein, H – Hepatocytes, HC – Hepatic Cord 

cells radiating from Central vein 

 

Group Impression 
Control Normal hepatic architecture 

High dose Normal hepatic architecture 

High dose Satellite Normal hepatic architecture 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.4.7: Effect of Linga Mathirai on Spleen in Sprague dawley rats - 90 day 

repeated oral toxicity study. RP - Red Pulp, WP - White Pulp 

Group Impression 
Control Normal Splenic  architecture 

High dose Normal Splenic  architecture 
High dose Satellite Normal Splenic  architecture 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.4.8: Effect of Linga Mathirai on Kidney in Sprague dawley rats - 90 day 

repeated oral toxicity study. HL – Henle’s Loop, T – Tubule, G – Glomerulus 

Group Impression 
Control Normal Renal architecture 

High dose Normal Renal architecture 
High dose Satellite Mild diffuse vacuolar degenerative changes in tubular epithelial 

cells 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.4.9: Effect of Linga Mathirai on Stomach in Sprague dawley rats - 90 day 

repeated oral toxicity study. GP – Gastric Pits, M – Mucosa, SM – Submucosa, MM 

– Muscularis mucosa 

Group Impression 
Control Normal structure 

High dose Normal structure 
High dose Satellite Normal structure 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.4.10: Effect of Linga Mathirai on Small Intestine in Sprague dawley rats - 

90 day repeated oral toxicity study. G - Glands, M – Mucosa, SM – Submucosa, MM 

– Muscularis mucosa, L – Lamina propria, E – Epithelium (Simple columnar) 

Group Impression 
Control Normal structure 

High dose 1. Desquamation of mucosal epithelium, 
2. Mild infiltration of lymphocytes in submucosal layer 

High dose 

Satellite 
Normal structure 

 

 

 

 



 

 

 

Plate 6.4.11: Effect of Linga Mathirai on Testis in Sprague dawley rats - 90 day 

repeated oral toxicity study. S – Seminiferous tubules, Sc – Sertoli cells, Sp – Sperm, 

GE – Glandular epithelium 

Group Impression 
Control Normal structure 

High dose Normal structure 
High dose Satellite Normal structure 

 

 

 

 

 



 

 

 

Plate 6.4.12: Effect of Linga Mathirai on Seminal Vesicle in Sprague dawley rats - 

90 day repeated oral toxicity study. 

Group Impression 
Control Normal structure 

High dose Normal structure 

High dose Satellite Normal structure 

 

 

 

 

 

 



 

 

 

Plate 6.4.13: Effect of Linga Mathirai on Uterus in Sprague dawley rats - 90 day 

repeated oral toxicity study. E – Endometrium, M – Myometrium 

 

Group Impression 
Control Normal structure 

High dose Normal structure 
High dose Satellite Normal structure 

 

 

 

 

 

 



 

 

 

 

Plate 6.4.14: Effect of Linga Mathirai on Sternum in Sprague dawley rats - 90 day 

repeated oral toxicity study. P – Precursors of blood cells 

 

Group Impression 
Control Normal structure 

High dose Normal structure 
High dose Satellite Normal structure 

 

 

 

 

 

 



 

 

 

 

Plate 6.4.15: Effect of Linga Mathirai on Ovary in Sprague dawley rats - 90 day 

repeated oral toxicity study. G – Graafian follicle 

 

 

Group Impression 
Control Normal structure 

High dose Normal structure 
High dose Satellite Normal structure 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Plate 6.4.16: Effect of Linga Mathirai (High dose) on Thymus gland in Sprague 

dawley rats - 90 day repeated oral toxicity study. C – Cortex, M – Medulla. 

No abnormality observed 
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6.5. EFFICACY OF LINGA MATHIRAI AGAINST COAGULATION 

6.5.1. IN VITRO CLOT LYSIS ACTIVITY 

A representative picture of clot lysis activity on four blood samples was shown 

in the plates 6.5.1 & 2. The results of clot weight after treatment and clot lysis activity 

were shown in the figures 6.5.1 & 2 respectively. Addition of 1000 μL Linga Mathirai 

showed 24.12 % whereas 100 μL Heparin shows 24.69 % clot lysis activity. Whereas, 

when 100 μL Normal Saline was added to the control clot, 14.72 % clot lysis activity 

was observed. The mean percentage of clot lysis by different concentrations of Linga 

Mathirai was not statistically significant when compared to those of standard Heparin 

and control Normal Saline.  

 

 

 

Plate 6.5.1: Effect of Linga Mathirai on clot lysis of the blood samples of Sprague 

Dawley Rat ‘A’ and ‘B’. 
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Plate 6.5.2: Effect of Linga Mathirai on clot lysis of the blood samples of Sprague 

Dawley Rat ‘C’ and ‘D’. 

 
 

6.5.2. PLATELET AGGREGATION ASSAY 

 
 

The potential ability of the Linga Mathirai to prevent platelet aggregation was 

investigated on rat platelets. The anti-platelet aggregation activity of LM was separately 

tested on thrombin and ADP induced rat platelet aggregation.  The results were shown 

in the figures 6.5.3, 4 & 5. LM inhibited thrombin and ADP induced platelet 

aggregation in a dose-dependent manner. LM at 200, 500 & 1000 µL exhibited 

significant inhibition of thrombin and ADP induced platelet aggregation. Among 

various concentrations, LM at 1000 µL had maximal inhibitory effect on thrombin 

collagen (20 μL) and ADP (20 μL) induced platelet aggregation (P<0.001). However, 

Heparin at 100 µL had most significant inhibitory effect (P<0.001) when compared 

with the different concentrations of LM. 
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Figure 6.5.1: Effect of the different concentrations of Linga Mathirai (LM) 

on the clot weight of rat blood samples compared to normal saline and low 

molecular weight heparin. Data were expressed as mean ± SEM, where n = 4. 

No significant difference is observed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.5.2: Effect of the different concentrations of Linga Mathirai 

(LM)on percentage of clot lysis of rat blood samples compared to normal 

saline and low molecular weight heparin. Data were expressed as mean ± 

SEM, where n = 4. No significant differences were observed. 

 

 

 

 

 



 

 

Figure 6.5.3: Effect of the different concentrations of Linga Mathirai (LM) on 

percentage of aggregation formed on rat platelets induced by Thrombin and 

Adenosine diphosphate (ADP) compared to normal saline and low molecular 

weight heparin. 

 

Data were expressed as mean ± SEM, where n = 4; One way ANOVA: Tukey’s 

multiple comparison test. 

 
a3

p<0.001 significantly different compared with platelets treated with distilled water. 

 a2
p<0.01 significantly different compared with platelets treated with distilled water. 

b3
p<0.001 significantly different compared with platelets treated with heparin.  

c3
p<0.001 significantly different compared with platelets treated with 100 µL LM.  

d3
p<0.001 significantly different compared with platelets treated with 200 µL LM. 

e2
p<0.01 significantly different compared with platelets treated with 500 µL LM.  

e3
p<0.001 significantly different compared with platelets treated with 500 µL LM.  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Figure 6.5.4: Effect of the different concentrations of Linga Mathirai (LM) on 

percentage of inhibition of aggregation on rat platelets induced by Thrombin 

compared to normal saline and low molecular weight heparin. 

 

Data were expressed as mean ± SEM, where n = 4; One way ANOVA: Tukey’s 

multiple comparison test. 

a3
p<0.001 significantly different compared with platelets treated with distilled water. 

 a2
p<0.01 significantly different compared with platelets treated with distilled water.  

b3
p<0.001 significantly different compared with platelets treated with heparin.  

c3
p<0.001 significantly different compared with platelets treated with 100 µL LM.  

d3
p<0.001 significantly different compared with platelets treated with 200 µL LM.  

e2
p<0.01 significantly different compared with platelets treated with 500 µL LM.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.5.5: Effect of the different concentrations of Linga Mathirai (LM) on 

percentage of inhibition of aggregation on rat platelets induced by Adenosine 

diphosphate (ADP) compared to normal saline and low molecular weight heparin. 

Data were expressed as mean ± SEM, where n = 4; One way ANOVA: Tukey’s 

multiple comparison test.  

a3
p<0.001 significantly different compared with platelets treated with distilled water.

 

b3
p<0.001 significantly different compared with platelets treated with heparin.  

c3
p<0.001 significantly different compared with platelets treated with 100 µL LM.  

d3
p<0.001 significantly different compared with platelets treated with 200 µL LM.  

e3
p<0.001 significantly different compared with platelets treated with 500 µL LM.  
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6.6. EFFICACY OF LINGA MATHIRAI AGAINST ISOPROTERENOL 

INDUCED MYOCARDIAL NECROSIS  

 

6.6.1. Mortality 

 All ISO challenged SD rats at 85 mg/kg in the pilot study were died within 24 h. 

All animals challenged with ISO at 5.25 and 8.5 mg/kg and negative control animals 

were survived throughout the study period.  

 

6.6.2. Cardiac Biomarkers 

 The effects of LM on plasma cardiac marker enzymes AST, ALT, CPK, 

ACP, ALP, LDH,  ctT and Hct were shown in the figures 6.6.1, 2, 3, 4, 5, 6, 7 & 8. The 

groups injected with showed a significant increase in the activities of marker enzymes 

as compared to the normal group i.e. not treated with ISO. Pre and Post treatments with 

LM 11 mg/kg to ISO challenged animals decreased significantly (P<0.001) the 

activities of these enzymes elevated by ISO, though but not to the normal limit. 

Obviously the Clopidogrel 10 mg/kg has restored all the biochemical parameter levels 

significantly (P<0.001) to near normal levels.  

 

The grading results of the effect of LM and Clopidogrel on reducing the activities of 

cardiac marker enzymes in ISO treated groups from superior to inferior in descending 

manner was shown in the below table. 

Enzymes Grade 1 Grade 2 Grade 3 Grade 4 

AST Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

ALT Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

CPK Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

ACP Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

ALP Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

LDH Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

ctT Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

Hct Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

 

 



 

Figure 6.6.1: Effect of Linga Mathirai (LM) on the level of Aspartate Amino 

Transferase in Sprague dawley rat’s plasma of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a2
p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c3
p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d3
p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

e2
p<0.01 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6.2: Effect of Linga Mathirai (LM) on the level of Alanine Amino 

Transferase in Sprague dawley rat’s plasma of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c3
p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d2
p<0.01 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

d3
p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

e3
p<0.001 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  

 



 

 

Figure 6.6.3: Effect of Linga Mathirai (LM) on the level of Creatine phosphokinase 

in Sprague dawley rat’s plasma of control and Isoproterenol induced Myocardial 

Infarction experimental groups.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  
a2

p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 
a3

p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 
b3

p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  
c1

p<0.05 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
c3

p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
d2

p<0.01 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
d3

p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
e2

p<0.01 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  
 

 

  



 

Figure 6.6.4: Effect of Linga Mathirai (LM) on the level of Acid phosphatase in 

Sprague dawley rat’s plasma of control and Isoproterenol induced Myocardial 

Infarction experimental groups.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  
a2

p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 
a3

p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 
b3

p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  
c1

p<0.05 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
c3

p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
d2

p<0.01 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
d3

p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
e2

p<0.01 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  
 

 

 

 



 

 

 

Figure 6.6.5: Effect of Linga Mathirai (LM) on the level of Alkaline phosphokinase 

in Sprague dawley rat’s plasma of control and Isoproterenol induced Myocardial 

Infarction experimental groups.  

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  
a3

p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c1
p<0.05 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

c3
p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d2
p<0.01 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

d3
p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

e3
p<0.001 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  
 

 



 

Figure 6.6.6: Effect of Linga Mathirai (LM on the level of Lactate dehydrogenase 

in Sprague dawley rat’s plasma of control and Isoproterenol induced Myocardial 

Infarction experimental groups.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a1
p<0.05 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a2
p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c3
p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d3
p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
 

 

 



 

 

Figure 6.6.7: Effect of Linga Mathirai (LM) on the level of Troponin T in Sprague 

dawley rat’s plasma of control and Isoproterenol induced Myocardial Infarction 

experimental groups.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c3
p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d3
p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

e3
p<0.001 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  

 

 



Figure 6.6.8: Effect of Linga Mathirai (LM) on the level of Homocysteine in 

Sprague dawley rat’s plasma of control and Isoproterenol induced Myocardial 

Infarction experimental groups.  

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c2
p<0.01 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

c3
p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d3
p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

e3
p<0.001 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  
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6.6.3. Histo-Morphological studies on heart 

6.6.3.1. Infarction area 

The infarction area was calculated as percentage by the analysis of 

circumference of infarcted area with respected to the gross area. The clear visual 

representation of gross section of ventricles of all experimental groups and pilot group 

of ISO 85 mg/kg were illustrated in the plates 6.6.1, 2, 3, 4, 5, 6 & 7. The 

circumference analysis of infarcted area in the ventricles of all experimental groups and 

pilot group of ISO 85 mg/kg were illustrated in the plates 6.6.8, 9, 10, 11, 12, 13 & 14. 

ISO 85 mg/kg challenged ventricles showed mean value of 82.09 % of infarction which 

lead the SD rats to fatal. The results of extent of infarction occurred in the ventricles of 

the experimental groups challenged with ISO at 5.25 and 8.5 mg/kg were shown in the 

figure 6.6.9..Infarction area was significantly increased (P<0.001) in the ISO positive 

control group, Clopidogrel pre and post treated groups, and LM pre and post treated 

groups in comparison with the normal group. But the infarction area elevated by ISO 

was significantly decreased (P<0.001) in the Clopidogrel pretreated, Clopidogrel post 

treated,  LM pretreated and LM post treated groups when compared with ISO positive 

control group. These treatments could not restore the infarcted ventricles to normal.  

 

6.6.3.2. Inter Myocardial fiber distance 

 

The distance between the myocardial fibers in each ventricles were analysed 

through monchromic image analysis and the mean distance was calculated. The 

decrease in the space between myocardial fibers signifies the closed network of fibers. 

A clear representation of analyses were shown in the plates 6.6.15, 16, 17, 18, 19, 20, 

21 & 22 and their results were shown in the figure 6.6.10.  ISO 85 mg/kg challenged 

ventricles showed mean value of 20.36 µm of inter fiber distance. Inter myocardial 

fiber distance was significantly increased (P<0.01) in the ISO positive control group in 

comparison with the normal group. The distance elevated by ISO was significantly 

decreased in Clopidogrel post treated (P<0.01) and LM post treated (P<0.05) groups 

when compared with ISO positive control group. These treatments could not restore the 

network of fibers to normal.   

 

 

 



. Plate 6.6.1: Section of normal ventricle in Group A– Negative Control 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.2: Section of ventricle had myocardial necrosis induced with 

Isoproterenol 5.25 & 8.5 mg/kg in GroupB – Positive Control 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.3: Section of ventricle had myocardial necrosis induced with 

Isoproterenol 5.25 & 8.5 mg/kg in Group C – Clopidogrel (Pretreatment) 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



Plate 6.6.4: Section of ventricle had myocardial necrosis induced with 

Isoproterenol 5.25 & 8.5 mg/kg in Group D – Linga Mathirai (Pretreatment) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.5: Section of ventricle had myocardial necrosis induced with 

Isoproterenol 5.25 & 8.5 mg/kg in Group E – Clopidogrel (Post treatment) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.6: Section of ventricle had myocardial necrosis induced with Isoproterenol 

5.25 & 8.5 mg/kg in three SD rats in Group F – Linga Mathirai (Post treatment) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.7: Section of ventricle had myocardial necrosis induced with 

Isoproterenol 85 mg/kg in three SD rats of dose fixation group. No treatment done 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.8: Histomorphometric analysis of ventricles of normal control group 

 

Circumference Analysis A1 

 

 

 

 

 

 

      Circumference Analysis A2 

 

 

 

 

 

 

    

                           Circumference Analysis A3 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Plate 6.6.9: Histomorphometric analysis of ventricles of positive control group 

 

B1 

Circumference Analysis                                                     Area of Infarct Analysis 

 

B2 

Circumference Analysis                                                          Area of Infarct Analysis 

 

 

 

 



B3 

Circumference Analysis                                                          Area of Infarct Analysis 
 

 

 

Ventricle Total Infarct Area  

(%) 

B1 60.03 

B2 63.37 

B3 65.93 

Mean 63.11 

Std. Deviation 2.959 

Std. Error 1.708 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Plate 6.6.10: Histomorphometric analysis of ventricles of Clopidogrel  

pretreated group 

 

         C1 

 

    Circumference Analysis                                             Area of Infarct Analysis 

 

            C2 

 

Circumference  Analysis                                                         Area of Infarct Analysis 

 

 

 

 

 



C3 

 

       Circumference Analysis                                                  Area of Infarct Analysis 

 

 

 

Ventricle Total Infarct Area (%) 

C1 29.51 

C2 20.60 

C3 35.70 

Mean 28.60 

Std. Deviation 7.591 

Std. Error 4.383 

 

 

 

 

 

 

 

 

 

 

 



 

Plate 6.6.11: Histomorphometric analysis of ventricles of Linga Mathirai 

pretreated group 

 

D1 

         Circumference Analysis                                         Area of Infarct Analysis 

 

           

       D2 

           Circumference Analysis                                            Area of Infarct Analysis 

 



D3 

             Circumference Analysis                                  Area of Infarct Analysis 

 

 

Ventricle Total Infarct Area (%) 

D1 44.92 

D2 36.94 

D3 39.63 

Mean 40.50 

Std. Deviation 4.060 

Std. Error 2.344 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.12: Histomorphometric analysis of ventricles of Clopidogrel 

 post treated group 

 

            E1 

            Circumference Analysis                                              Area of Infarct Analysis 

 

 

      E2 

 

            Circumference Analysis                                           Area of Infarct Analysis 

 

 

 



               E3 

  Circumference Analysis                                    Area of Infarct Analysis 

 

Ventricle Total Infarct Area (%) 

 

E1 16.67 

E2 21.67 

E3 19.37 

Mean 19.24 

Std. Deviation 2.503 

Std. Error 1.445 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.13: Histomorphometric analysis of ventricles of Linga Mathirai  

post treated group 
 

F1 

                 Circumference Analysis                                   Area of Infarct Analysis 

 

               F2 

             Circumference Analysis                            Area of Infarct Analysis 

 

 

 



F3 

                Circumference Analysis                          Area of Infarct Analysis 

 

F4 

                      Circumference Analysis                          Area of Infarct Analysis 

 

 Ventricle Total Infarct Area (%) 

F1 30.60 

F2 37.66 

F3 36.87 

F4 37.76 

Mean 35.72 

Std. Deviation 3.438 

Std. Error 1.719 



Plate 6.6.14: Histomorphometric analysis of ventricles – 

Isoproterenol 85 mg/kg in pilot group 

 

ISO 85 – 1 

 

             Circumference Analysis                                        Area of Infarct Analysis 

 

 

ISO 85 – 2 

                Circumference Analysis                                   Area of Infarct Analysis 

 

 



 

ISO 85 – 3 

                  Circumference  Analysis                                       Area of Infarct Analysis 

 

 

Ventricle Total Infarct Area (%) 

G1 83.95 

G2 76.02 

G3 86.30 

Mean 82.09 

Std. Deviation 5.386 

Std. Error 3.110 

 

 

 

 

 

 

 

 



Figure 6.6.9: Effect of Linga Mathirai (LM) on the prevention and curation of 

necrosis in Sprague dawley rat’s ventricles of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F – 4; One way ANOVA: Tukey’s multiple comparison tests.  

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c1
p<0.05 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d3
p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

e2
p<0.01 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  

 

 

 

 

 

 



Plate 6.6.15: Monochromic image analysis of ventricles of normal control group 

 

View 

Number 

Inter cardiac fiber distance 

(µm) 

A1 A2 A3 

1 5 3.00 1.41 

2 3.16 1.00 2.23 

3 2.82 4.00 2.00 

4 5.83 1.00 2.82 

 

 

 



Plate 6.6.16: Monochromic image analysis of ventricles of positive control group 

 

B1 

 

 

 

 

 

 

 

 

 

 

B2 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 B3 

 

 

 

 

 

 

 

 

 

 

 

 

View 

Number 

Inter cardiac fiber distance (µm) 

B1 B2 B3 

1 14.42 26.83 23.36 

2 15.81 31.05 20.25 

3 18.68 41.62 21.02 

4 9.487 39.20 34.99 

 

 

 

 

 

 

 

 

 



Plate 6.6.17: Monochromic image analysis of ventricles of Clopidogrel 

 pretreated group 

 

 C1 

 

 

 

 

 

 

 

 

 

 

C2 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 C3 

 

 

 

 

 

 

 

 

 

 

 

 

View 

Number 

Inter cardiac fiber distance 

(µm) 

B1 B2 B3 

1 14.42 26.83 23.36 

2 15.81 31.05 20.25 

3 18.68 41.62 21.02 

4 9.487 39.20 34.99 

 

 

 

 

 

 

 

 

 



Plate 6.6.18: Monochromic image analysis of ventricles of Linga Mathirai 

pretreated group 

 

  D1 

 

 

 

 

 

 

 

 

 

 

 

       D2 

 

 

 

 

 

 

 

 

 

 

 

 



          D3 

 

 

 

 

 

 

 

 

 

 

 

 

 

View 

Number 

Inter cardiac fiber distance (µm) 

D1 D2 D3 

1 13.45 11.05 11.00 

2 12.04 12.00 7.071 

3 7.071 9.00 15.52 

4 21.59 11.70 21.02 

 

 

 

 

 

 

 

 

 



Plate 6.6.19: Monochromic image analysis of ventricles of 

Clopidogrel posttreated group 

 

E1 

 

 

 

 

 

 

 

 

 

 

 

E2 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

E3 

 

 

 

 

 

 

 

 

 

 

 

 

View 

Number 

Inter cardiac fiber distance 

(µm) 

E1 E2 E3 

1 5.000 5.831 2.828 

2 4.243 7.000 1.414 

3 5.385 4.243 1.414 

4 5.000 4.472 2.828 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.20: Monochromic image analysis of ventricles of  

Linga Mathirai post treated group 

 

F1 

 

 

 

 

 

 

 

 

 

 

 

F2 

 

 

 

 

 

 

 

 

 

 

 

 



                     F3 

 

 

 

 

 

 

 

 

 

 

 

             F4 

 

 

 

 

 

 

 

 

 

 

 

View 

Number 

Inter cardiac fiber distance 

(µm) 

F1 F2 F3 

1 6.708 7.211 5.657 

2 8.602 6.708 7.071 

3 18.03 6.325 4.123 

4 9.899 9.220 16.03 



Plate 6.6.21: Monochromic image analysis of ventricles of Isoproterenol  

85 mg/kg in pilot group 

 

ISO 85 - 1 

 

 

 

 

 

 

 

 

 

 

 ISO 85 - 2 

 

 

 

 

 

 

 

 

 

 

 

 

 



ISO 85 - 3 

 

 

 

 

 

 

 

 

 

 

 

 

View 

Number 

Inter cardiac fiber distance 

(µm) 

G1 G2 G3 

1 14.42 13.00 27.20 

2 15.52 25.00 13.89 

3 14.56 20.59 31.62 

4 35.85 14.42 18.25 

 

 

 

 



 

 

  

Figure 6.6.10: Effect of Linga Mathirai (LM) on the distance between myocardial 

fibers in Sprague dawley rat’s heart tissues of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  

a2
p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b1
p<0.05 significantly different compared with Group B positive control rats induced to 

infarction and treated with ginger decoction.  

b2
p<0.01 significantly different compared with Group B positive control rats induced to 

infarction and treated with ginger decoction.  
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6.6.3.3. Histopathology 

 Hematoxylin and Eosin (H&E) stained photographs of sliced ventricles of 

animals in the normal group, 5.25 and 8.5 mg/kg ISO challenged experimental groups 

and 85 mg/kg ISO challenged pilot study group were illustrated in the plates 6.6.22, 23, 

24, 25, 26, 27 & 28.  

 H&E sliced ventricles of normal control group showed normal architecture. 

Cardiac muscles had short cylindrical muscle fibers with branching patterns. Each 

muscle cell has a central oval nucleus. Intercalated disks were presented in cardiac 

muscles.  

 H&E sliced ventricles of 5.25 and 8.5 mg/kg ISO challenged positive control 

group showed moderate inflamed necrosis structure but 85 mg/kg ISO challenged 

group showed severe inflamed necrosis pattern. The muscle fibers (Myofibrils) were 

separated from each other, interstitial spaces were appeared increased, inflammatory 

cells were infiltrated in the myocytes and loss of striations was seen in the myofibrils.  

 H&E sliced ventricles of 5.25 and 8.5 mg/kg ISO challenged Clopidogrel 

pretreated and post treated groups, and LM pretreated and post treated groups showed 

normal and granulated areas in cardiac muscle fibers. Inflammatory cells infiltration 

was very much reduced and scattered. Moderate oedema was found. Many surviving 

myocytes were found. The integrity of myocardial cell membrane was maintained. 

Myofibrillar structures were intact with reduced interstitial spaces and continued with 

adjacent myofibrils. Normal striations were found in myofibrils. No significant 

difference in the features was observed between the standard and test groups in both pre 

and post treatment.  

 The specific features found in the slices of each animal were described in their 

respective plates.  

 The semi-quantitative histopathological score given to assess myocardial 

damage was higher at 2.67 in the 5.25 and 8.5 mg/kg ISO-treated positive control group 

versus 0.0 in the normal negative control group. In the Clopidigrel pretreatment and 

post treatment groups, the histologic score was 0.83. In the LM pretreatment group, the 

histologic score was 1.0 and in the LM post treatment group, the histologic score was 

0.875. Both Clopidogrel and LM groups exhibited significant decrease (P<0.001) in 

histologic score as compared to positive control group. Among LM treatment groups, 

the post treated group shows better reduction in score (Figure 6.6.11). 



Plate 6.6.22: Haematoxylin and Eosin stained Heart tissues of SD rats in 

Isoproterenol 5.25 & 8.5 mg/kg administered normal control group 

 

GROUP - A 

Animal Image Resolution Description 

A1 

 

40X Histology of 

typical cardiac 

fibers 

 

100X Normal 

cardiac 

myocytes with 

basement 

membrane 

Histological Score for A1 – 0.  Fibrosis Score for A1 – 0 

 

A2 

 

40X Normal 

cardiac fibers  

 
 

 



A2 

 

100X Cardiac myocytes 

– Normal cross 

striations 
 
 
 
 
 
 
 
 
 
 

Histological Score for A2 – 0.  Fibrosis Score for A2 – 0 
 

A3 

 

40X Normal cardiac 

fibers with 

intercalated discs 

 

100X Cardiac myocytes 

– Normal cross 

striations 

Histological Score for A3 – 0.  Fibrosis Score for A3 – 0 

 

 

 

 

 



Plate 6.6.23: Haematoxylin and Eosin stained Heart tissues of SD rats in 

Isoproterenol 5.25 & 8.5 mg/kg administered positive control group 

GROUP – B 

Animal Image  Resolution Description 

B1 

 

40X Image 

showing 

rearranged 

necrotic 

cardiac fibers 

(thin Arrow) 

along with 

normal areas 

of 

myocardium 

(Thick 

arrow). 

 

40X Wavy cardiac 

fiber with 

infiltration of 

mononuclear 

cells  

 

100X Many 

macrophages 

in-between 

the necrotic 

myocytes 



B1 

 

40X Few Collagen 

fibers 

associated 

with necrosis 

and loss of 

striation in 

cardiac fibers 

Histological Score for B1 – 2.5,  Fibrosis Score for B1 – 0.5 

B2 

 

100X Coronary 

artery – 

severe 

Intimal 

thickening 

with fibrous 

tissue and 

narrowing of 

lumen 

 

40X Fragmented 

necrotic 

myocytes 

with 

moderate 

infiltration of 

inflammatory 

cells 



B2 

 

40X Papillary 

muscle 

necrosis – 

Disrupted 

myocardial 

fibers   

 

40X Contracted 

myocytes 

with loss of 

nuclei and 

more 

intercellular 

space due to 

edema 

Histological Score for B2 – 3,  Fibrosis Score for B2 – 0.5 

B3 

 

100X Coagulative 

necrosis with 

prominent 

hyper 

contraction 

bands 



B3 

 

100X Coagulative 

necrosis – 

The cell 

integrity is 

maintained 

with loss of 

cytoplasm 

and nuclei 

 

100X Severe 

necrosis and 

loss of 

normal 

architecture 

due to rupture 

of myofibers 

 

40X Patchy 

fibrotic areas 

(thin Arrow) 

with edema 

(Thick arrow) 

and 

inflammatory 

cells   

Histological Score for B3 – 2.5,  Fibrosis Score for B3 – 0.5 

 

 

 

 

 

 



Plate 6.6.24: Haematoxylin and Eosin stained Heart tissues of SD rats in 

pretreated Clopidogrel experimental group and administered with Isoproterenol 

5.25 & 8.5 mg/kg. 

GROUP - C 

Animal Image  Resolution Description 

C1 

 

40X Well 

granulated 

tissue – patch 

of fibroblasts 

and few 

amount of 

collagen with 

surviving  

myocytes 

 

100X Well 

granulated 

tissue - 

Fibroblasts 

and 

macrophages 

with Few 

newly 

emerged 

blood vessels. 

 

40x Normal 

cardiac 

myocytes 

Histological Score for C1 – 1,  Fibrosis Score for C1 - 2 

 

 



C2 

 

10X Scar tissue – 

Fibrous tissue with 

more amount of 

collagen. The 

presence of 

surviving myocytes 

with reduced 

inflammatory cells 

 

100X Higher 

magnification of 

above  

Collagen – Thin 

arrow 

Fibroblast – Thick 

arrow 

Surviving myocyte 

– Arrow head 

 

40X Normal areas of 

cardiac myocytes  

Histological Score for C2 – 0.5,  Fibrosis Score for C2 - 1 

 



C3 

 

40X Reduced 

inflammatory cells 

and edema. The 

fibrous tiisue 

formation with 

normal cardiac 

fibers  

 

40X More areas of 

healed tissues with 

normal orientation 

of muscle fibers  

Histological Score for C3 – 1,  Fibrosis Score for C3 - 1 

. 

 

 

 

 

 

 

 

 

 

 

 



Plate 6.6.25: Haematoxylin and Eosin stained Heart tissues of SD rats in 

pretreated Linga Mathirai experimental group and administered with 

Isoproterenol 5.25 & 8.5 mg/kg. 

GROUP - D 

Anima

l 

Image Resolutio

n 

Description 

D1 

 

40X Scar tissue – A 

well formed scar 

tissue around 

perivascular area 

 

100X Granulation 

Tissue – 

Fibroblast with 

neovascularisatio

n  

 

40X Few areas of 

fibrous tissue 

along with 

edema. The 

architecture of 

myocytes are 

retained  

Histological Score for D1 – 1,  Fibrosis Score for D1 - 1 

 

 



 

D2 

 

100X Higher 

magnification- A 

junction of 

granulation tissue 

and normal cells 

with prominent 

fibroblast and 

scanty amount 

collagen 

deposition 

 

40X Intact cardiac cells 

slight derangement 

of muscle fibers  

 

40X Moderate amount 

of Inflammatory 

cells and 

macrophages with 

remaining 

surviving cardiac 

fibers 

Histological Score for D2 – 1.5,  Fibrosis Score for D2 - 2 

 

 

 

 



D3 

 

40X Areas of normal 

tissue with mild 

haemorrhage and 

edema 

 

40X Well formed 

fibrous tissue 

replacing necrotic 

cells with 

moderate amount 

of edema 

 

100X Proliferation of 

fibroblast with 

formation of 

granulation tissue 

which replaced 

the necrotic area 

Histological Score for D3 – 0.5,  Fibrosis Score for D3 - 1 

 

 

 

 



Plate 6.6.26: Haematoxylin and Eosin stained Heart tissues of SD rats in an 

experimental group administered with Isoproterenol 5.25 & 8.5 mg/kg and treated 

with Clopidogrel  

GROUP - E 

Animal Image Resolution Description 

E1 

 

40X More areas of 

normal intact 

cells with 

very mild 

inflammatory 

cells 

 

100X Higher 

magnification 

– Normal 

cardiac fibers 

with mild 

intercellular 

edema 

 

100X Formation of 

granulation 

tissue – The 

area is 

composed of 

fibroblast and 

few 

macrophages 

Histological Score for E1 – 1.  Fibrosis Score for E1 - 2 

 

 

 



E2 

 

100X Mild edema and 

few scattered 

neutrophil with 

normal myocytes 

 

40X A well formed 

granulation tissue 

intermingled with 

normal myocytes 

Histological Score for E2 – 1,  Fibrosis Score for E2 - 1 

 

 

 

 

 

 

 

 



E3 

 

40X Moderate edema 

and hemorrhage 

with regenerated 

cardiac fibers 

 

100X A well 

regenerated 

cardiac myocyte 

with normal cross 

striations 

 

40X A patch of fibrotic 

area well 

demarcated from 

intact cardiac 

fibers 

Histological Score for E3 – 0.5,  Fibrosis Score for E3 - 2 

 

 

 

 

 



Plate 6.6.27: Haematoxylin and Eosin stained Heart tissues of SD rats in an 

experimental group administered with Isoproterenol 5.25 & 8.5 mg/kg and treated 

with Linga Mathirai 

GROUP - F 

Anima

l 

Image Resolutio

n 

Description 

F1 

 

40X Hypertrophie

d myocardial 

cells with 

organising 

areas of 

regenerated 

tissue 

observed. 

Few well 

formed blood 

vessels with 

hypertrophied 

myocardial 

cells (Thick 

arrow).  

 

40X Scar tissue 

formation – A 

well formed 

fibroblasts 

with scattered 

collagen 

which sharply 

demarcated 

by normal 

viable cells 

 

40X Thick scar 

tissue with 

well formed 

collagen 

fibers 

Histological Score for F1 – 0.5.  Fibrosis Score for F1 - 1 

 



 

 

F2 

 

40X Papillary muscle – 

very few 

inflammatory cell 

population with 

normal cardiac 

fibers 

 

40X Patchy scar tissue 

formation 

 

100X Normal cardiac 

fibers with mild 

edema 

Histological Score for F2 – 1.  Fibrosis Score for F2 - 2 

 

 

 



F3 

 

40X Areas of fibrous 

tissue formation 

with moderate 

edema formation  

 

40X Fibrous tissue 

population readily 

demarcated from 

surrounding 

living myocytes 

 

100X Well intact 

cardiac fiber with 

normal cross 

striations and 

mild intercellular 

edema 

Histological Score for F3 – 1.  Fibrosis Score for F3 - 2 

 

 

 

 



F4 

 

40X Wavy cardiac 

fibers with fibrous 

tissue formation 

and very mild 

intercellular 

edema 

 

100X Coagulation 

necrosis – Area 

showing necrotic 

cell with loss of 

nucleus and cross 

striations 

 

100X Wavy cardiac 

fiber  

Histological Score for F4 – 1.  Fibrosis Score for F4 – 0.5 

 

 

 

 

 

 



 Plate 6.6.28: Haematoxylin and Eosin stained Heart tissues of SD rats in 

Isoproterenol dose fixation group administered with Isoproterenol 85 mg/kg  

ISO 85 

Animal Image Resolution Description 

1 

 

100X Severe 

myocardial 

necrosis – 

Coagulative 

necrosis and 

loss of cross 

striations 

with edema  

 

40X Intercellular 

edema 

separates the 

necrotic 

myocardial 

fiber  

Histological Score – 3.  Fibrosis Score  - 1 

2 

 

40X Compressed 

cardiac fibers 

with mild 

inflammatory 

cell 

infiltration 



2 

 

100X Severe 

myocardial 

necrosis – 

Coagulative 

necrosis and 

loss of cross 

striations 

with edema 

Histological Score  – 2.5  Fibrosis Score – 0.5 

3 

 

40X Intercellular 

edema and 

hemorrhage 

with necrotic 

muscle fibers 

 

100X Rupture of 

individual 

muscle fiber 

with severe 

coagulative 

necrosis 

Histological Score  – 2.  Fibrosis Score – 0.5 

 

 

 

 

 



 

 

Figure 6.6.11: Effect of Linga Mathirai (LM) on the score of infarction formed in 

Sprague dawley rat’s heart tissues of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  

a1
p<0.05 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

 

 

 

 



 

 

 

Figure 6.6.12: Effect of Linga Mathirai (LM) on the fibrosis formed in Sprague 

dawley rat’s heart tissues of control and Isoproterenol induced Myocardial 

Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  

a1
p<0.05 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  
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  In all the experiment groups except normal control group some extent of 

fibrosis was noticed and was scored. In the ISO treated positive control group, the 

myocardial damage was irreversible and attained the low fibrosis score 0.5. In the 

Clopidogrel post treatment and LM post treatment groups, the fibrosis scores were 

1.666 and 1.375 respectively and the healing process was significantly better (P<0.05) 

when compared with Clopidogrel and LM pretreated groups (Figure 6.6.12). In the 

pretreated groups, the rats were sacrificed 24 h after ISO challenged.  So there was the 

possibility in less collagen deposition over the lesions. So in that pretreated groups, the 

fibrosis formation was not significant as compared to post treated groups.  
 

6.6.4. Antioxidant effects 

The effects of LM as antioxidant biochemical paradigms were illustrated in the 

figures 6.6.13, 14, 15, 16, 17 & 18.  

MDA, the myocardial lipid peroxidation marker was significantly increased 

(P<0.001) in the ISO positive control group in comparison with the normal group. 

Animals treated with Clopidogrel as post treatment, MDA level was near to the level in 

normal animals. Clopidogrel pretreated, LM pretreated and LM post treated groups 

significantly decreased (P<0.001) the MDA levels elevated by ISO when compared 

with ISO positive control group, but these treatments could not restore them to normal. 
  

Significant decrease in myocardial GSH (P<0.001) was observed in ISO 

positive control group as compared to the normal negative control group. Animals 

treated with Clopidogrel as pre and post treatment, GSH level was near to the level in 

normal animals. LM pretreated (P<0.05) and LM post treated (P<0.001) groups 

significantly increased the GSH levels declined by ISO when compared with ISO 

positive control group, but these treatments could not restore them to normal.  

Significant decrease in myocardial GPx (P<0.001) was observed in ISO positive 

control group as compared to the normal negative control group. Animals treated with 

Clopidogrel as pre and post treatment, Gpx level was near to the level in normal 

animals. LM post treated (P<0.05) group significantly increased the GSH levels 

declined by ISO when compared with ISO positive control group. 
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Significant decrease in myocardial GST (P<0.001) was observed in ISO 

positive control group as compared to the normal negative control group. Animals 

treated with Clopidogrel as pre and post treatment, GST level was near to the level in 

normal animals. LM pretreated (P<0.05) and LM post treated (P<0.05) groups 

significantly increased the GSH levels declined by ISO when compared with ISO 

positive control group, but these treatments could not restore them to normal.  

Significant decrease in myocardial CAT (P<0.001) was observed in ISO 

positive control group as compared to the normal negative control group. Animals 

treated with Clopidogrel as pre and post treatment, CAT level was near to the level in 

normal animals. LM pretreated (P<0.01) and LM post treated (P<0.001) groups 

significantly increased the CAT levels declined by ISO when compared with ISO 

positive control group, but these treatments could not restore them to normal.  

Significant decrease in myocardial SOD (P<0.001) was observed in ISO 

positive control group as compared to the normal negative control group. Animals 

treated with Clopidogrel as pre and post treatment, SOD level was near to the level in 

normal animals. LM pretreated (P<0.01) and LM post treated (P<0.001) groups 

significantly increased the SOD levels declined by ISO when compared with ISO 

positive control group, but these treatments could not restore them to normal.  

 The grading results of the effect of LM and Clopidogrel on the activities of 

oxidants in ISO treated groups from superior to inferior in descending manner was 

shown in the below table. 

Antioxidants Grade 1 Grade 2 Grade 3 Grade 4 

LPO Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

GSH Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

GPx Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

GST Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

CAT Clopi (Post 

treated) 

Clopi (Pre 

treated) 

LM (Post 

treated) 

LM 

(Pretreated) 

 

 

 



 

Figure 6.6.13: Effect of Linga Mathirai (LM) on the level of Lipid peroxides in 

Sprague dawley rat’s heart tissues of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  

a1
p<0.05 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a2
p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c1
p<0.05 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d2
p<0.01 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

 

 

 



 

 

Figure 6.6.14: Effect of Linga Mathirai (LM) on the level of reduced Glutathione 

in Sprague dawley rat’s heart tissues of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  
a3

p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 
b1

p<0.05 significantly different compared with Group B positive control rats induced to 

infarction and treated with ginger decoction.  
b3

p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  
c2

p<0.01 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
c3

p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
d1

p<0.05 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
d3

p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
e3

p<0.001 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  
 

 

 



 

Figure 6.6.15: Effect of Linga Mathirai (LM) on the level of Glutathione 

peroxidase in Sprague dawley rat’s heart tissues of control and Isoproterenol 

induced Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  

a2
p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b1
p<0.05 significantly different compared with Group B positive control rats induced to 

infarction and treated with ginger decoction.  

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c1
p<0.05 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d2
p<0.01 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

 

 



 

 

Figure 6.6.16: Effect of Linga Mathirai (LM) on the level of Glutathione S 

transferase in Sprague dawley rat’s heart tissues of control and Isoproterenol 

induced Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  

a2
p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b1
p<0.05 significantly different compared with Group B positive control rats induced to 

infarction and treated with ginger decoction.  

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

 

 

 

 



 

 

Figure 6.6.17: Effect of Linga Mathirai (LM) on the level of Catalase in Sprague 

dawley rat’s heart tissues of control and Isoproterenol induced Myocardial 

Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  

a2
p<0.01 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

a3
p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 

b2
p<0.01 significantly different compared with Group B positive control rats induced to 

infarction and treated with ginger decoction.  

b3
p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  

c2
p<0.01 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  

d2
p<0.01 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.6.18: Effect of Linga Mathirai (LM) on the level of Superoxide dismutase 

in Sprague dawley rat’s heart tissues of control and Isoproterenol induced 

Myocardial Infarction experimental groups.  

 

Data are expressed as mean ± SEM. No. of heart tissues analyzed in group A, B, C, D 

& E  - 3, in group F - 4; One way ANOVA: Tukey’s multiple comparison tests.  
a1

p<0.05 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 
a3

p<0.001 significantly different compared with Group A negative control rats had no 

induction of infarction and treated with ginger decoction. 
b2

p<0.01 significantly different compared with Group B positive control rats induced to 

infarction and treated with ginger decoction.  
b3

p<0.001 significantly different compared with Group B positive control rats induced 

to infarction and treated with ginger decoction.  
c2

p<0.01 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
c3

p<0.001 significantly different compared with Group C rats pretreated with 

Clopidogrel for 8 d and then induced to infarction.  
d3

p<0.001 significantly different compared with Group D rats pretreated with Linga 

Mathirai for 8 d and then induced to infarction.  
e3

p<0.001 significantly different compared with Group C rats induced to infarction and 

then treated with Clopidogrel for 8 d.  
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6.7. EFFICACY OF LINGA MATHIRAI AGAINST ATHEROGENIC DIET 

INDUCED ATHEROSCLEROSIS  

6.7.1. Mortality 

 All animals challenged with atherogenic diet and negative control animals were 

survived throughout the study period.  

 

6.7.2. Atherosclerosis Biomarker 

 

 The effects of LM on serum lipid profileTC, TG, HDL-c, VLDL-c, LDL-c and 

AI were shown in the figures 6.7.1, 2, 3, 4, 5 &6. The groups administered 

withatherogenic diet to SD rats for 5 days increased activities of circulating lipids were 

occurred. LM11 mg/kg as suspension administration for 7 days and 14 days to 

atherosclerotic rats reduced the level of circulating lipidssignificantly (P<0.001) as 

compared to 14 days vehicle treated control, though but not to the normal limit.The 

atherogenic index was also declined significantly (P<0.001) when compared to positive 

vehicle control rats. Obviously, the group treated with Atorvastatin 10 mg/kg for 14 

days has restored all the lipids levelsignificantly (P<0.001) to the normal levels.  
 

The grading results of the effect of LM and Atorvastatin on reducing the activities of 

Lipids in atherosclerotic groups from superior to inferior in descending manner was 

shown in the below table. 

Lipids Grade 1 Grade 2 Grade 3 

TC Statin (14 d) LM (14 d) LM (7 d) 

TG Statin (14 d) LM (14 d) LM (7 d) 

HDL-c Statin (14 d) LM (14 d) LM (7 d) 

VLDL-c Statin (14 d) LM (14 d) LM (7 d) 

LDL-c Statin (14 d) LM (14 d) LM (7 d) 

AI Statin (14 d) LM (14 d) LM (7 d) 

 

 

 

 

 

 

 



 

Figure 6.7.1: Effect of Linga Mathirai (LM) on the level of total cholesterol in 

serum of control and atherogenic diet induced atherosclerotic Sprague dawley 

rats.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a1
p<0.05significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

a3
p<0.001significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

with atherosclerosis and treated withginger decoction.  

c3
p<0.001 significantly different compared with Group C rats induced with 

atherosclerosis and treated withAtorvastatin for 14 d.  

d3
p<0.001 significantly different compared with Group D rats induced with 

atherosclerosis and treated withLinga Mathirai for 14 d.  

 

 

 

 

 



 

 

 

Figure 6.7.2: Effect of Linga Mathirai (LM) on the level of triglyceride in serum of 

control and atherogenic diet induced atherosclerotic Sprague dawley rats.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a3
p<0.001significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

with atherosclerosis and treated withginger decoction.  

c3
p<0.001 significantly different compared with Group C rats induced with 

atherosclerosis and treated withAtorvastatin for 14 d.  

d3
p<0.001 significantly different compared with Group D rats induced with 

atherosclerosis and treated withLinga Mathirai for 14 d.  

 

 

 

 

 



 

 

 

 

 

  

 

 

Figure 6.7.3: Effect of Linga Mathirai (LM) on the level of high density 

Lipoprotein cholesterol in serum of control and atherogenic diet induced 

atherosclerotic Sprague dawley rats.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a2
p<0.01significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

a3
p<0.001significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

b2
p<0.01 significantly different compared with Group B positive control rats induced 

with atherosclerosis and treated withginger decoction.  

b3
p<0.001 significantly different compared with Group B positive control rats induced 

with atherosclerosis and treated withginger decoction.  

c3
p<0.001 significantly different compared with Group C rats induced with 

atherosclerosis and treated withAtorvastatin for 14 d.  

d3
p<0.001 significantly different compared with Group D rats induced with 

atherosclerosis and treated withLinga Mathirai for 14 d.  



 

 

Figure 6.7.4: Effect of Linga Mathirai (LM) on the level of very low density 

Lipoprotein in serum of control and atherogenic diet induced atherosclerotic 

Sprague dawley rats.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a3
p<0.001significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

with atherosclerosis and treated withginger decoction.  

c3
p<0.001 significantly different compared with Group C rats induced with 

atherosclerosis and treated withAtorvastatin for 14 d.  

d3
p<0.001 significantly different compared with Group D rats induced with 

atherosclerosis and treated withLinga Mathirai for 14 d.  

 

 

 

 



 

 

Figure 6.7.5: Effect of Linga Mathirai (LM) on the level of low density Lipoprotein 

in serum of control and atherogenic diet induced atherosclerotic Sprague dawley 

rats.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a3
p<0.001significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

with atherosclerosis and treated withginger decoction.  

c3
p<0.001 significantly different compared with Group C rats induced with 

atherosclerosis and treated withAtorvastatin for 14 d.  

d3
p<0.001 significantly different compared with Group D rats induced with 

atherosclerosis and treated withLinga Mathirai for 14 d.  

 
 

 

 

 

 



 

 

Figure 6.7.6: Effect of Linga Mathirai (LM) on atherogenic index of control and 

atherogenic diet induced atherosclerotic Sprague dawley rats.  

 

Data are expressed as mean ± SEM for 6 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  

a1
p<0.05significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

a3
p<0.001significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 

b3
p<0.001 significantly different compared with Group B positive control rats induced 

with atherosclerosis and treated withginger decoction.  

c3
p<0.001 significantly different compared with Group C rats induced with 

atherosclerosis and treated withAtorvastatin for 14 d.  

d3
p<0.001 significantly different compared with Group D rats induced with 

atherosclerosis and treated withLinga Mathirai for 14 d.  
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6.7.3. Histo-Morphological studies on heart 

6.7.3.1. Atheroma formation 

The formation of atheroma was calculated as percentage by the analysis of 

circumference of plaque formed area with respected to the gross area. The clear visual 

representation of gross section of aortas of all experimental groups was illustrated in 

the plates 6.7.1 & 2. The circumference analyses of plaque area in the aortas of all 

experimental groups were illustrated in the plates 6.7.3, 4, 5, 6 & 7. The results of 

extent of plaque formation occurred in the aorta of the experimental groups challenged 

with atherogenic dietwere shown in the figure 6.7.7. Plaque area was significantly 

increased in the atherosclerotic (Athero) positive control group (P<0.001), LM treated 

groups for 14 days (P<0.01) and 7 days (P<0.001) in comparison with the normal 

group. The plaque area elevated by atherogenic diet was significantly decreased in the 

Atorvastatin 14 days treated (P<0.001) and LM 14 days treated (P<0.05) groups when 

compared with Athero positive control group. These treatments could not restore the 

atherosclerotic areas to normal.   

 

6.7.3.2. Aortic wall and it’s layers thickness 

The thickness of the layers of T. intima, media and adventitia were analysed by 

planimetric study and the mean thickness of layers in each group was calculated. A 

clear representation of analyses were shown in the plates 6.7.8, 9, 10, 11 & 12 and their 

results were shown in the figure 6.7.8.  The results of the thickness of total wall area of 

theexperimental groups were shown in figure 6.7.8. The total wall area was 

significantly reduced in the Athero positive control group (P<0.001), and Atorvastatin 

and both LM groups (P<0.01), in comparison with the normal group. No significance 

reduction was observed between the treatment groups.The results of the thickness of 

intima of the experimental groups were shown in figure 6.7.9. In both LM treated 

groups, the intima thickness was significantly reduced (P<0.05) as compared to normal 

group.The results of the thickness of media of the experimental groups were shown in 

figure 6.7.10. The media was significantly reduced in the Athero positive control group 

(P<0.05), and Atorvastatin and both LM groups (P<0.01), in comparison with the 

normal group.The results of the thickness of adventitia of the experimental groups were 

shown in figure 6.7.11. The adventitia was significantly reduced in the Athero positive 

control group (P<0.01) and both LM groups (P<0.05), in comparison with the normal 

group. No significant effect of LM and Atorvastatin on atherosclerotic aortic wall 

layers was found. But on LM treatment, reduced intima area up to 2.613%, and media 

area 22.18%and increased adventitia area up to 62.10% was observed. Obviously, no 



Plate 6.7.1: Sections of normal aorta in Group A and atherosclerotic aorta in 

Group B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



Plate 6.7.2: Sections of treated atherosclerotic aorta in Group C, D and E 

 

 

 

  

 

 

 

 

 

 

 



 

Plate 6.7.3: Histomorphometric analysis of aortas in normal control group 

Circumference of the Aorta      

 

        Group A- A1 

 

 

 

 

 

 

 

Group A- A2 

 

 

 

 

 

 

 

Group A- A3 

 

 

 

 

 

 

 



 

Plate 6.7.4: Histomorphometric analysis of aortas in positive control group 

 

Group B-B1 

Circumference of the Aorta                           Percentage plaque formation 

 

Group B-B2 

Circumference of the Aorta                           Percentage plaque formation 

 

 

 



Group B-B3 

Circumference of the Aorta                     Percentage plaque formation 

 

Plate 6.7.5: Histomorphometric analysis of aortas in Atorvastatin  

14 days treated group 

 

Group C- C1 

 Circumference of the Aorta                             Percentage plaque formation 

 

 

 

 



Group C- C2 

Circumference of the Aorta                             Percentage plaque formation 

 

Group C- C3 

Circumference of the Aorta                             Percentage plaque formation 

 

 

 

 



Plate 6.7.6: Histomorphometric analysis of aortas in Linga Mathirai  

14 days treated group 

Group D- D1 

Circumference of the Aorta                                  Percentage plaque formation 
 

 

 

Group D- D2 

Circumference of the Aorta                             Percentage plaque formation 

 

 



Group D- D3 

Circumference of the Aorta                  Percentage plaque formation 

 

Plate 6.7.7: Histomorphometric analysis of aortas in Linga Mathirai  

7 days treated group 

 

Group E- E1 

        Circumference of the Aorta                            Percentage plaque formation 

 

 



Group E- E2 

 Circumference of the Aorta                              Percentage plaque formation 
 

 

Group E- E3 

                           Circumference of the Aorta           Percentage plaque formation 

 

 

 



Percentage of Atheroma (% Plaque formation) 

Animal Group B Group C Group D Group E 

1 37.08 9.47 15.27 20.22 

2 28.63 5.30 20.23 23.74 

3 36.59 8.94 24.00 33.47 

 

6.7.7. Effect of Linga Mathirai (LM) on the alteration in plaque in atherogenic diet 

fed atherosclerotic Sprague dawley rats  

Data are expressed as mean ± SEM. No. of aorta analyzed in group A, B, C, D & E  - 3; 

One way ANOVA: Tukey’s multiple comparison tests.  
a2

p<0.01 significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
a3

p<0.001 significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
b1

p<0.05 significantly different compared with Group B positive control rats induced to 

atherosclerosis and treated with ginger decoction.  
b3

p<0.001 significantly different compared with Group B positive control rats induced 

to atherosclerosis and treated with ginger decoction.  
c1

p<0.05 significantly different compared with Group C atherosclerotic rats treated with 

Atorvastatin for 14 d. 
c2

p<0.01 significantly different compared with Group C atherosclerotic rats treated with 

Atorvastatin for 14 d.  

 

 

 



Plate 6.7.8: Planimetric Analysis of Aortic wall and its layers in  

normal control group 

Group A – A1 

 

 

Group A- A2 

 

 

 



Group A- A3 

 

 

 

 

 

 

 

 

 

 

 

 

Plate6.7.9: Planimetric Analysis of Aortic wall and its layers in  

positive control group 

Group B - B1 

 

 

 

 

 

 

 

 

 

 

 

 



Group B - B2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group B - B3 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate6.7.10: Planimetric Analysis of Aortic wall and its layers in Atorvastatin 

14 days treated group 

Group C - C1 

 

      Group C - C2 

 



Group C -C3 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate6.7.11: Planimetric Analysis of Aortic wall and its layers in Linga Mathirai 

14 days treated group 

Group D - D1 

 

 

 

 

 

 

 

 

 

 



Group D - D2 

 

 

 

 

 

 

 

 

 

 

 

 

 

GROUP D - D3 

 

 

 

 

 

 

 

 

 

 

 

 

 



Plate6.7.12: Planimetric Analysis of Aortic wall and its layers in Linga Mathirai  

7 days treated group 

GROUP E - E1 

 

 

 

 

 

 

 

 

 

 

 

 

GROUP E - E2 

 

 

 

 

 

 

 

 

 

 

 

 



Group E - E3 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.7.8: Effect of Linga Mathirai (LM) on total aortic wall area of control and 

atherogenic diet induced atherosclerotic Sprague dawley rats.  

Data are expressed as mean ± SEM for 3 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  
a2

p<0.01significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
a3

p<0.001significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 



 

 

 

 

 

 

 

 

 

 

 

Figure 6.7.9: Effect of Linga Mathirai (LM) on T. intima of control and 

atherogenic diet induced atherosclerotic Sprague dawley rats.  

Data are expressed as mean ± SEM for 3 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  
a1

p<0.05significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
 

 

 



 

 

 

 

 

 

 

 

 

 

Figure 6.7.10: Effect of Linga Mathirai (LM) on T. media of control and 

atherogenic diet induced atherosclerotic Sprague dawley rats.  

 

Data are expressed as mean ± SEM for 3 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  
a1

p<0.05significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
a2

p<0.01significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
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Figure 6.7.11: Effect of Linga Mathirai (LM) on T. adventitia of control and 

atherogenic diet induced atherosclerotic Sprague dawley rats.  

 

Data are expressed as mean ± SEM for 3 rats; One way ANOVA: Tukey’s multiple 

comparison tests.  
a1

p<0.05significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
a2

p<0.01significantly different compared with Group A negative control rats had no 

induction of atherosclerosis and treated with ginger decoction. 
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Figure 6.7.12: Effect of Linga Mathirai (LM) on aortic lumen of control and 

atherogenic diet induced atherosclerotic Sprague dawley rats.  

Data are expressed as mean ± SEM for 3 rats; One way ANOVA: Tukey’s multiple 

comparison tests. No significance difference is observed between the groups. 
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significant effect of LM and Atorvastatin on the narrowing of lumen was also found 

(Figure 6.7.12). 
 

6.7.3.3. Histopathology 

 Hematoxylin and Eosin (H&E) stained photographs of sliced aorta of animals in 

the normal group, Atherogenic diet challenged experimental groups were illustrated in 

the plates 6.7.13, 14, 15, 16 & 17. 

 H&E sliced aortas of normal control group showed normal architecture. Aorta 

had circular lumen with widely patent space. T. intima was lined by smooth 

endothelium. T. media was thickened and rich in elastic fibers. T. adventitia was made 

up of loose connective tissue.  

 H&E sliced aortas of athero challenged positive control group showed extensive 

atherosclerotic plaque and necrotic area with calcification. T. intima was thickened and 

infiltrated with inflammatory cells. 

 H&E sliced aortas of athero challenged Atorvastatin14 days treated group 

showshealed atheromatous plaque with thick fibrous band and healed necrotic area. 

Inflammatory cells infiltration was very much reduced.H&E sliced aortas of athero 

challenged LM 14 days treated group shows better healed atheromatous plaque with 

minimal fibrous tissues and healed necrotic area. An inflammatory cells infiltration and 

foam cell was very much reduced.H&E sliced aortas of athero challenged LM 7 days 

treated group shows moderately healed atheromatous plaque with minimal fibrous 

tissues and minimal necrotic area. Complete absence of macrophages, foam cells and 

cholesterol cleft were found. No significant difference in the features was observed 

between the standard and test drug groups.  

 The specific features found in the slices of each aorta were described in their 

respective plates.  

 The results of grading the athermatous lesions in the SD rats of experimental 

groups were shown in the table 6.7.1. The lesions in the three SD rats receiving 

atherogenic diet for 5 days and treated with vehicle ginger decoction for 14 days were 

exhibited grade 3 atherosclerosis in two rats and grade 2 in one rat. Whereas, 

Atorvastatin treated 3 rats for 14 days after receiving atherogenic diet, on 20
th

 day 

exhibited grade 0 atherosclerosis in two rats and grade 1 in one rat. LM treated 3 rats 

for 14 days after receiving atherogenic diet, on 20
th

 day exhibited grade 1 

atherosclerosis in two rats and grade 2 in one rat. LM treated 3 rats for 7 days after 

receiving atherogenic diet, on 20
th

 day exhibited grade 1 atherosclerosis in one rat and 

grade 2 in two rats. 
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Table 6.7.1: Effect of Linga mathirai on atheromatous lesions in atherosclerotic 

Sprague dawley rats 

Group Aorta Atherosclerotic lesions (% of grade) 

Grade 0 Grade 1 Grade 2 Grade 3 Grade 

4 

A Negative 

control/Athero/Aorta 

1 

√ - - - - 

Negative 

control/Athero/Aorta 

2 

√ - - - - 

Negative 

control/Athero/Aorta 

3 

√ - - - - 

B Positive 

control/Athero/Aorta 

1 

- - - √ - 

Positive 

control/Athero/Aorta 

2 

- - - √ - 

Positive 

control/Athero/Aorta 

3 

- - √ - - 

C Atorvastatin 14 

days/ Athero/Aorta 1 

√ - - - - 

Atorvastatin 14 

days/ Athero/Aorta 2 

- √ - - - 

Atorvastatin 14 

days/ Athero/Aorta 3 

√ - - - - 

D LM 14 days/ 

Athero/Aorta 1 

- √ - - - 

LM 14 days/ 

Athero/Aorta 2 

-  √ - - 

LM 14 days/ 

Athero/Aorta 3 

- √ - - - 

E LM 7 days/ 

Athero/Aorta 1 

- - √ - - 

LM 7 days/ 

Athero/Aorta 2 

- - √ - - 

LM 7 days/ 

Athero/Aorta 3 

- √ - - - 

 

 

 

  



Plate 6.7.13: Hematoxylin & Eosin stained aortic slice of normal control group 

GROUP - A 

Aorta Image  Resolution Description 

A1 
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normal 

elastic 

fibers, 

Line – 

Tunica 

adventitia 

with loose 

connective 

tissue, 



A2 

 

4X  Typical 

normal  

aortic 

structure 

 

10X  

 

40X Arrow – 

Tunica 

intima, 

Double 

headed 

arrow – 

Tunica 

media with 

normal 

elastic 

fibers, 

Line – 

Tunica 

adventitia 

with loose 

connective 

tissue. 



 

 

 

A3 

 

4X Normal 

structure  of 

aorta 

 

10X  

 

40X Arrow – 

Tunica 

intima, 

Double 

headed 

arrow – 

Tunica 

media with 

normal 

elastic 

fibers, 

Line – 

Tunica 

adventitia 

with loose 

connective 

tissue. 



Plate 6.7.14: Hematoxylin& Eosin stained aortic slice of positive control group 

GROUP - B 

Aorta Image  Resolution Description 

B1 

 

4X Atherosclerotic 

plaque in aorta 

 

10X Core of 

necrotic cell, 

cholesterol 

cleft and foam 

cells 

surrounded by 

fibrous cap 

with 

haemorrhage 

in lumen due 

to rupture of 

fibrous cap. 

Thin arrow –  

fibrous cap, 

Arrow head  - 

Necrotic core, 

Thick arrow –

Haemorrhage. 

 

40X Arrow – 

fibrous cap. 

Arrow head  - 

Necrotic core 

with 

calcification 

and cholesterol 

clefts, 

Double arrow– 

Tunica media. 

 



B2 

 

4X Narrow 

luminal space - 

Eroded fibrous 

cap with  

calcified 

necrotic 

central part in 

atheromatous 

plaque  

 

10X Ruptured 

fibrous cap 

with 

calcification  

 

40X Calcium 

deposits 

necrotic core 



 

 

 

B3 

 

4X Moderate 

intimal 

thickening -  

atheromatous 

lesion with 

inflammatory 

cell infiltration 

along with 

necrotic core  

 

10X  

 

40X Thin Arrow – 

Inflammatory 

cell population 

Thick Arrow – 

Necrotic core 



Plate 6.7.15: Hematoxylin & Eosin stained aortic slice of Atorvastatin 14 days treated group 

GROUP - C 

Aorta Image  Resolution Description 

C1 

 

4X  

 

10X  

 

40X Healed 

atheromatous 

plaque with 

thick fibrous 

band with 

associated 

necrotic area. 

Thin arrow – 

Fibrous band, 

Double 

headed arrow 

– Necrotic 

core. 



C2 

 

4X  

 

10X  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

40X Healed 

atheromatous 

plaque -

reduced 

inflammatory 

cells and 

cholesterol 

clefts with 

thick fibrous 

band. 

 

Thin arrow – 

Fibrous band. 

 



 

 

 

 

C3 

 

4X  

 

10X  

 

40X Healed 

atheromatous 

plaque with 

thick band of 

fibrous tissue 

and healed 

necrotic area. 

Thin arrow – 

Fibrous band, 

Double 

headed arrow 

– healed 

necrotic core. 



Plate 6.7.16: Hematoxylin & Eosin stained aortic slice of LingaMathirai14 days treated group 

GROUP - D 

Aorta Image  Resolution Description 

D1 

 

4X Healed 

atheromatous 

plaque  

 

10X  

 

40X The fibrous 

core with 

normal 

intimal 

surface 



D2 

 

4X  

 

10X  

 

40X Minimal 

fibrous tissue 

with reduced 

necrosis and 

foam cells 

and other 

inflammatory 

cells 

 



 

 

 

 

D3 

 

4X  

 

10X  

 

40X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Completely 

healed 

atheroma 

with fibrous 

tissue 



Plate 6.7.17: Hematoxylin & Eosin stained aortic slice of Linga Mathirai 7 days treated group 

GROUP - E 

Group Image  Resolution Description 

E1 

 

4X Moderately 

healed plaque 

– Minimal 

necrotic core 

and fibrous 

tissue 

formation 

 

10X  

 

40X Thin arrow – 

Necrotic core  

Thick arrow 

– Fibrous 

tissue 

formation 



E2 

 

4X  

 

10X  

 

40X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Repaired 

plaque – the 

complete 

absence of 

macrophages, 

foam cells 

and 

cholesterol 

clefts.  



 

 

 

 

E3 

 

4X Patent lumen 

with healed 

intimal 

surface 

 

10X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

40X 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A collagen 

rich plaque 

with the 

absence of 

necrotic area 
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7. DISCUSSION 

  

 Medicine is one of the greatest feats of mankind which bring health and 

happiness. All system of medicine is unique in their ways. Medicine has evolved along 

with human through changes and improvements in theory and practice. Siddha system 

of Medicine is one of the ancient medicine which systematically compiled by Siddhars 

who lives a spiritual life. This system is used not only to cure but also to prevent 

diseases and in turn to increase the life of human beings. Siddha system of medicine 

uses certain mineral preparations which are effective in chronic ailments even in very 

small doses and are used without loss of potency for many years
(1)

. In Siddha system, 

Thathu materials (Minerals) are classified into metals, salts, toxicants and secondary 

minerals
(1)

. Siddhars have converted potentially toxic heavy metals and its salts such as 

elemental mercury and its compounds, arsenic, copper sulphate, etc., into good 

medicines by removing their toxicity by a special process of Suddhi purification
(1)

.  

 

Lingam commonly known as Cinnabar is an insoluble form of Mercuric 

sulphide utilized extensively in the preparation of medicinal formulations in Siddha, 

Ayurveda, Unani and Chinese Medicine. Many preparations used Lingam as one of the 

ingredients to treat Vatha diseases
(2)

 (Diseases occurs due to aggravated wind humor, 

chronic inflammatory and infectious diseases). Before using Lingam, it should be 

purified completely to remove the toxicity. Improper purification and processing of 

cinnabar will result in toxicity such as inflammation of Gastro intestinal tract leading to 

ulcerations in the buccal floor, uvula, and inner portion of tongue, larynx and large 

intestine. There may be loss of taste, difficulty in eating, drinking water and speaking, 

foul odour from mouth, whitish viscous salivary secretion and burning sensation over 

the body
(1)

. The antidote for the Lingam toxicity is also mentioned in the literature as 

the  aqueous decoction made with 4 g Myristica fragrans (Nut meg), 4 g Piper cubeba 

(Cubeb), 4 g Root bark of Gossypium arboretum (Red Cotton) with 35 g rock candy
(1)

.  

In Ayurveda, it is cited that Lingam which has not undergone Suddhi is likely to cause  

mental disorders, blindness, weakness, fatigue, giddiness, delusion and urinary 

disorders
(3)

. The current research on Cinnabar reported on using ten folds of  human 

therapeutic dose (10 times more than 80 mg/kg day) results in neurotoxicity particularly 

in cerebellum and leads to dysfunction of Vestibulo Ocular reflex system due to 

accumulation of Mercury
(4)

. The Pharmacopoeia of China (2010) illustrate that 
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Cinnabar shall be administered at the doses of 0.1-0.5 g/day up to 10 days
(5)

. Chronic 

administration of cinnabar at its effective dosage causes anxiolytic effects due to 

decrease in brain Serotonin level
(6)

.
 

 

In the study, Cinnabar was detoxified by two purification processes and that 

purified samples were analyzed for physicochemical properties. Lingam purified by 

making it into consolidate state (Surukku method) has been considered as a better 

detoxified form than the lingam purified by burning process (Erippu method). Raman 

Spectrum study on the purified Lingam (Surukku method) infers that the sample is free 

from disulphide bond of Sulphide functional groups. The concentration of Mercury and 

Sulphur is very much reduced in this purified sample. This purified sample was utilized 

for the preparation of test drug Linga mathirai.  

 

Linga mathirai was prepared strictly following the procedure mentioned in the 

literature
(7)

. For the preparation of test drug, purified and detoxified form of Lingam 

and Vengaaram were used. Human breast milk has the property of detoxification by 

removing the dhoshas (impurities) and it is frequently used in many preparations for 

blending the compounds
(2)

. During the repeated trituration of the Lingam and 

Vengaaram with human breast milk, they were further detoxified and the particles were 

coated with lipid substances. On trituration some unidentified complexes are formed. 

Lingam and Vengaaram loses its original identity and get converted into fine powder 

chemically oxides or sulphides but their solubility was low and only micro 

concentration of the minerals enters into the systemic circulation and tissues. The 

quality of the test drug LM were confirmed by classical methods i.e. non stickiness, no 

cracks, and uniformly rolling over the plane surface. The moisture content was very 

low in LM prevents the degradation of efficacy and loading of microbial contaminants.  

 

Patchai vettu marunthu is a medicine which is not prepared by treating the 

ingredients in the heat procedures. Immediately after preparation, this type of medicine 

is not used for consumption. Certain periods of time are needed for acclimation while 

those period complexes interplay of physicochemical and biological changes occurred. 

After acclimation, this type of medicine shall be administered to the human for three 

days weekly to prevent the cumulative toxicity in organs.  Our test drug Linga mathirai 

is a patchai vettu marunthu since it is not processed by incineration or pudam process. 

The concentration of heavy metals and other elements present in the LM were varies on 
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the 8 day and 121 day after preparation. Immediately after preparation, mercury and 

arsenic were found in higher concentration (5484 and 1894 ppm respectively) tested 

using ICP-OES. After acclimation of 120 days, Arsenic was not detectable and mercury 

was in 3 ppm. Within the period of 120 days, changes in elemental concentration were 

noticed and the reason for the acclimation of Patchai vettu marunthu is justified. 

Raman spectroscopic and EDXRF studies inferred that LM contains elements in oxides 

form. Isolation and identification of impurities in the formulation beyond a certain level 

are required by most regulatory agencies worldwide. In this regard, ICH guidelines 

emphasize the importance of specification limits for purity of the formulation
(8)

. WHO 

laid down the permissible limit of heavy metals in the herbal drugs not for the mineral 

formulation? For validating the safety of mineral drugs, the toxicity study on animal 

model at least for the period of one month is needed and also the cumulative effect is to 

be studied.  

 

The purpose of acute toxicity testing is to obtain information regarding 

biological activity of a chemical to pave pathway for its mechanism of action. Acute 

toxicity is defined as the adverse change(s) occurring immediately or a short time 

following exposure to a substance or substances or as adverse effects occurring within a 

short time of administration of a single dose or multiple doses of a substance given 

within 24 h
(9)

. Acute toxicity profile includes the incidence of lethality and expressed as 

LD50 study. LD50 is defined as a statistically derived dose to cause death in 50% of 

the treated animals in a given period
(10)

. Laboratory species such as mice and rats are 

typically used for a classical LD50 study. Various toxicity classification systems have 

been followed in establishing LD50 for chemicals throughout the world
(10)

.The 

guidelines framed by Organization for Economic Co-operation and Development 

(OECD) are popular than classical LD50 test method. The classical method involves 

the usage of more number of animals, i.e., 10 animals/group, 10 doses, both sexes 

(Total 200 animals). OECD guidelines 401 (Limit test), 420 (Fixed dose procedure), 

423 (Toxic class method) and 425 (Up and Down method) describe well established, 

validated alternative procedures that reduce animal suffering and use fewer animals.  

For the current study, acute toxic class method was followed to establish the LD50 dose 

for Linga Mathirai since this method has been validated both nationally
(11)

 and 

internationally
(12)

. The acute toxicity study showed no mortality of rats up to the dosage 

of 2000mg/kg. No behavioural changes or abnormal clinical signs of toxicity were 
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observed up to the above dosage throughout the end of 14 day observed period. LD50 

value was found to be more than 2000 mg/kg body weight and therefore this test drug 

Linga Mathirai falls under (Unclassified) category V with reference to Globally 

Harmonized classification System (GHS)
(13)

. In this study, the dose of test drug 

administered in rat was 100 times more than that of the human therapeutic dose. It was 

clearly proved that the human therapeutic dose in rat 24 mg/kg/day was absolutely free 

from acute toxicity. 

 

Repeated dose toxicity studies are needs to estimate the cumulative toxic effects 

of a drug
(14)

.  For a period of 90 consecutive days of oral treatment of LM at 11, 55 & 

110 mg/kg/day body weight  in both sexes of rat, no treatment related toxicity signs or 

mortality were observed. Animal behavior was normal throughout the study period. 

Pellet and water consumption of treated groups were found not to be significantly 

affected or changed in both sexes compared to the vehicle treated rats. Consumption of 

toxic substances effect at least a minimal reduction in body weight gain and internal 

organs weight
(15)

. Alteration in body weight will respond to the therapy of drugs
(16)

. 

Significant increase in the body weight of test groups treated at 11 and 55 mg/kg and 

decrease in the body weight of rats treated at high dose were observed when compared 

with control group during the study.  

 

Haematological and biochemical parameters hold a key role in the 

determination of toxicity
(14)

. The changes observed in haematological parameters 

analyzed in laboratory animals provide the evidence of 91% risk of toxic effects on 

haematological system of human
(17)

. White blood cell parameters tested such as 

Lymphocytes, Monocytes and Granulocytes in both male and female rats showed no 

significant differences in relation to the control group. In male groups, LM at 48 mg/kg 

(high dose) induced to decrease the values of Hb, RBC count, HCT and MCV in 

relation to the control group. MCH value was decreased significantly in both AC 

treated low dose (12 mg/kg) and high dose (48 mg/kg). Administration of LM at 24 

mg/kg (Intermittent dose) in relation to the control male group, no significant alteration 

was observed in the haematological parameters analyzed. But in female rats, treated 

with LM at three doses compared with control group, no statistically significant 

difference was recorded in any of the haematological parameters examined. 

Haematopoiesis is the process of formation of blood cellular components which 
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includes leukopoiesis stage i.e. the formation of white blood cells in bone marrow 

(adults) and haematopoietic organs (foetus)
(18)

. However, the significant differences 

noted in the parameters at high and intermittent dose groups lies within normal 

physiological limits indicated that LM did not affect haematopoiesis or leukopoiesis in 

rats and that suggested LM did not produce any toxicity in the blood forming organs 

affecting the haematopoietic indices. Increased bilirubin concentration in the blood 

indicates the haemolytic hepatitis provides increased breakdown of RBC
(14)

. Significant 

decreased level in RBC is seen in the high dose treated groups when compared with 

control rats but lies in normal RBC limit. 

 

Liver and kidney plays a critical role in metabolism. Liver detoxifies the toxic 

substances and kidney helps in homeostasis by reabsorption of vital substances and 

excretion of wastes
(19)

. Estimation of SGOT, SGPT, Bilirubin and ALP levels are the 

useful indicators of hepatic function
(20)

 and Protein, Urea, Creatinine and electrolytes 

such as Sodium, Potassium and Chlorides are the useful indicators of renal function. In 

liver disorders, the above indicated parameters would rise to more than one fold of their 

value and in renal disorders; the parameters would rise over their normal limits
(21)

. The 

increased levels of both SGOT and SGPT in the blood are associated with injury of 

hepatocytes
(22,23)

. SGPT level related with the function of hepatic cells and increased 

SGPT synthesis is due to the biliary pressure
(24)

 but SGPT is not elevated in cholestasis 

or in intrabiliary obstructions
(25)

. SGPT is a cytoplasmic enzyme and increase as three 

folds in blood is an indices of mild injury to liver particularly hepatocellular damage
(25)

 

but significant increase in SGPT value is seen in female rats treated at high dose of LM 

but not high folds of elevation.  SGOT is a mitochondrial enzyme increased in severe 

tissue injury
(25)

 and no increase in this level is seen in the test drug treated groups. 

Hypoproteinaemia is a common finding seen in hepatic injury
(26)

 and significantly 

reduced protein level is seen in female rats treated at 55 mg/kg but lies in normal value. 

Increased levels of alkaline phosphatase and bilirubin more than a fold indicate the 

damage on biliary tract associated with intrahepatic bile ductules
(27)

. In this study, 

alkaline phosphatase and bilirubin were at normal level in all treated doses indicates the 

safety of LM in metabolic pathways
(14)

. High Cholesterol is an indirect marker to 

access the variations in liver function
(28)

. Among male rats, TG level was significantly 

increased in intermittent dose group (55 mg/kg) as compared to but lies in normal 

limits. 
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While administration of high dose of toxic drug, definitely there will be renal 

changes since kidney involves in the elimination of drugs and their metabolites
(29)

. 

Increase level of urea, uric acid and creatinine are established in the poor function of 

kidney, particularly in impaired renal function, Urea and Blood Urea Nitrogen levels 

are elevated
(30)

. In this study, BUN is not estimated. Urea is considered as a first maker 

for acute renal failure and creatinine is the most trustable marker to assess the severity 

of renal damage
(31)

. In contrast, Shatoor (2011) reported that urea concentration is 

considered as more reliable parameter for renal impairment since creatinine is 

influenced by certain factors such as muscle mass, intake of high protein diet, catabolic 

state, etc., in normal body
(32)

. Among renal parameters tested, only significantly 

decreased urea level is seen in male rats treated at high dose (110 mg/kg) and also at 

intermittent dose (55 mg/kg) in relation to the control group but creatinine showed no 

significant alteration in both sex at three dosages of LM. Moreover, the statistically 

significant changes noted in the biochemical parameters lay within the normal 

physiological limits which favours LM as a safer drug during metabolism and did not 

cause any major pathological lesions in vital organs. This was further confirmed by the 

gross necropsy studies that had been on the organs which revealed no abnormal 

pathological morphology.  

 

Alteration in absolute organ weight and relative organ weight at terminal day of 

the study indicates the disturbances in the physiological function of related organs, in 

phospholipid metabolism and in secretion of enzymes and hormones
(33)

. Alteration in 

the organ weight also found in hyper or hypoplasia and necrosis of organs
(33)

. On 

compared with absolute organ weight, relative organ weight is considered as good 

indicative of toxicity
(34)

.  The absolute and relative organs weight was also not altered 

by LM treatments.  

 

Mercury is a known toxic heavy metal causing damage to kidney, brain, liver, 

reproductive organs, etc
(35)

. Administration of heavy metal interfere the replication of 

cells and genetic sequences
(36)

. Chun – Fa Huang et al (2007) reported about the 

neurotoxic effects on administering raw cinnabar at 10 mg/kg dose per day for 11 

weeks due to the accumulation of mercury content in cerebral cortex and brain stem of 

mice
(37)

.  Histopathological changes found in organs are a corner stone for the evidence 

for drug toxicity
(38)

. H&E stained cerebrum and sciatic nerve slices of rats of LM high 
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dose satellite group showed changes in their architecture by the presence of minimal 

damage but this is not due to the drug LM. Mild effect of injury is seen in the H&E 

stained kidney of high dose satellite group but in liver, no evidence of such lesions was 

observed. No abnormal changes were observed in other Haematological and Eosin 

stained slices of organs.  

Kidney is regarded as a critical organ of toxicity for mercurial compounds
(39)

.  

Chun – Fa – Huang (2012) studied the concentration of mercury in mice treated with 

distilled water (Control) has 29.40 ng/g in kidney and 10.06 ng/g in liver
(40)

. ICP-OES 

estimation of mercury content in kidney was reduced in high dose and high dose 

satellite groups were reduced when compared with control kidney and in liver, mercury 

content was found below the deduction limit.  

 

From the above studies, it is inferred that LM at high dose (110 mg/kg) 

produced statistically significant variations in relation to the control group and lowest 

observed adverse effect level (LOAEL) were seen at high dose 110 mg/kg/day. The 

high dose of LM employed in this study is ten times more than the dose employed in 

humans for therapy. Moreover, the oral low dose 11 mg/kg/day (Similar to therapeutic 

dose in human) of LM administered for 90 consecutive days do not induce any 

biochemical, haematological, anatomical and histopathological signs of toxicity and the 

above dose produces no observed adverse effect level (NOAEL) for both the sexes 

under the experimental conditions used. 

 

Arteriosclerosis is the thickening, hardening and loss of elasticity of the walls of 

arteries. It is the major pathological cause for Coronary and Cerebral thrombosis leads 

to heart attack and stroke causing mortality and morbidity
(41)

. Current researches 

recommend focusing on the development of thrombolytic drugs from natural sources 

and traditional system of medicines since undesirable adverse effects are caused due to 

the available thrombolytic drugs. For the present study, a SiddhaSastric formulation 

Linga Mathirai (LM) has been chosen considering as an effective drug for the 

treatment of inflammation related to blood vessels which was cited in the literature. 

Clot lysis activity of Linga Mathirai at different concentrations was done on four blood 

samples of Sprague dawley rat and compared with the activity of Normal Saline as 

control and low molecular weight Heparin - Enoxaparin as standard. Enoxaparin is an 

anticoagulant drug acted by inhibiting thrombin indirectly by binding to a protease 
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inhibitor antithrombin III and also it inhibits platelet aggregation and it is an effective 

drug for in vitro studies
(42)

. After incubation of 500 µL of blood samples at 37ºC for 45 

min, clot weight was noted and recorded as clot weight on before treatment of test 

samples. On treating with test samples, again the blood samples were incubated at 37ºC 

for 90 min and clot weight was recorded as on after treatment. The blood samples 

treated with 100 µL Normal saline had shown in reduction of mean clot weight as 0.23 

g from 0.27 g and the difference was 0.04 g. The blood samples treated with 100 µL 

Heparin had shown in reduction of mean clot weight as 0.19 g from 0.26 g and the 

difference was 0.07 g. The blood samples treated with 100 µL LM had shown in 

reduction of mean clot weight as 0.24 g from 0.29 g and the difference is 0.05 g. The 

blood samples treated with 200 µL LM had shown in reduction of mean clot weight as 

0.22 g from 0.27 g and the difference is 0.05 g. The blood samples treated with 500 µL 

LM had shown in reduction of mean clot weight as 0.24 g from 0.29 g and the 

difference was 0.05 g. The blood samples treated with 1000 µL LM had shown in 

reduction of mean clot weight as 0.19 g from 0.25 g and the difference was 0.06 g. The 

mean percentage of clot lysis for normal saline and heparin was found 14.72% and 

24.69% respectively. But the mean percentage of clot lytic activity of 1000 µL LM was 

found 24.12% was not statistically significant on compared with control and standard.  

From the above result, we observed that 100 µL Heparin and 1000 µL LM had clot 

lysis activity rather than other group but no statistical significant in difference was 

observed in between the six groups. For negative control, besides using normal saline 

as treatment, distilled water should be chosen. Previous study reported that addition of 

100 µL distilled water to the clot, 2.56 % clot lysis formed
(43)

. Distilled water treated 

negative control group shall be a better option for the clot lysis activity study. Then 

only, the test drug activity will be compared statistically with the control. 

 

 Many studies have used Streptokinase for treatment in standard group and 

distilled water for treatment in normal group to determine the clot lysis activity. Low 

molecular weight heparin has not much inference in inhibiting thrombin and fibrin 

formation on compared with other thrombolytic agents. A study reported that on 

concomitant administration of heparin at its therapeutic dose with other thrombolytic 

agent Tissue- type plasminogen activator (t-PA), heparin did not inhibit thrombolysis 

on compared with only t-PA treated blood samples
(44)

.  We inferred that normal saline 
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has some extent of inhibition against thrombin and fibrin formation. Further studies on 

platelet aggregation assay, distilled water was used for treatment in normal group. 

 

Platelets play a vital role in hemostasis by interacting with activated plasma 

clotting factors at the site blood vessel injury and form a hemostatic plug
(45)

. Platelet 

aggregation is the process of adhesion of platelet to each other at the site of blood 

vessels injury and cause thrombosis. Platelet aggregation is induced by number of 

agonists such as Adenosine diphosphate (ADP), Collagen and Thrombin, etc
(46)

. In this 

study, the antiplatelet aggregation of LM was evaluated against thrombin and ADP 

induced platelet aggregation in blood samples of rat. The inhibitory activity of LM at 

different concentrations was tested on thrombin and ADP induced platelet aggregation. 

Distilled water treated blood samples did not show any activity against thrombin and 

ADP activity. Heparin had a highest inhibitory activity on compared with other test 

groups. LM exhibited a dose dependent inhibitory activity on platelet aggregation 

induced by Thrombin and ADP. Among the different concentrations of LM, 1000 µL 

exhibited more efficacious inhibitory activity (P<0.001) of platelet aggregation but not 

so as Heparin.  

 

The focus of the current research work is to evaluate the effects of Linga 

Mathirai for its cardioprotective property in isoproterenol-induced myocardial 

infarction and atherogenic diet induced atherosclerosis in rats by virtue of its 

membrane-stabilizing, antioxidant and antilipidemic properties. Isoproterenol (ISO) is a 

cardiotoxic agent causes destruction to cardiac myocytes
(47)

. ISO is a synthetic β – 

adrenergic agonists and has positive inotropic and chronotropic action. Due to this 

action, on administration of ISO in rat myocardial hypoxia can be produced by making 

myocardial hyperactive and reducing the coronary pressure which leads to ishcemic 

necrosis
(48)

. Coronary pressure is reduced due to cytosolic Ca
2+

 overload. Barolidi, 

1974 mentioned that ISO is a catecholamine group produces myocardial necrosis on 

administered at large dose in rats
(49)

. ISO model reflect acute myocardial infarction 

occurs in human. Catecholamines undergo autooxidation producing free radicals which 

are highly cytotoxic and leads to peroxidation of membrane bound PUFAs and have a 

delirious effect on cardiac function
(50,51)

. As a result,  in myocardial membrane changes 

in permeability, intracellular Ca2+ overload, irreversible damage, cellular necrosis and 

fibers failure to contract
(47,52)

.  Many pathophysiologic mechanisms behind the ISO 



129 
 

induced myocardial infarction (MI) have been described
(53,54)

. 1. Alteration of 

membrane permeability, 2. Increased Nor-epinepherine production, 3.Production of 

free radicals causing cellular toxicity, 4.Decreased blood pressure, 5.Myocardial 

hypoxia. 

 

Cardiac biomarkers are the protein substances present in the cells released into 

blood when myocardial injury occurs. These markers can be estimated in the systemic 

circulation. Raised level of cardiac markers in plasma is being used for the diagnosis of 

acute myocardial infarction. These cardiac markers are present in abundant 

concentration in myocardium and not in non-myocardial tissues. At the time of 

myocardial injury, the cardiac markers are rapidly released into the circulation and 

there is a directly proportion between the plasma level of the marker and the extent of 

myocardial injury. The markers are persisting in plasma for certain period and provide 

a convenient diagnosis of MI. The plasma cardiac marker enzymes have catalytic 

activity and tissue specificity. High concentrations of enzymes such as AST, ALT, 

CPK, ACP, ALP and LDH in plasma are a sensitive indicator to assess the severity of 

myocardial membrane necrosis
(55-57)

. Significant (p<0.001) increase in the levels of 

diagnostic marker enzymes in plasma of ISO administrated rats compared to normal 

control animals were noticed and indicate the severity of ISO-induced necrotic damage 

to the myocardial membrane. Treatment with LM in ISO administered rats‟ shows 

significant reduction in elevated plasma marker enzymes. The reduction of elevated 

enzymes might be due to the action of LM on the myocardium to maintain the 

membrane permeability and decrease the enzymes leakage.  

 

Troponin and homocysteine are the newly emerged specific diagnostic markers 

and widely used because of their high sensitivity, specificity and reliability. Troponin T 

(TnT) is a protein component of the contractile part of the striated muscles but 

exclusively take part in myocardial fibers contractility having high myocardial tissue 

specificity. There are three different troponins; Troponin C, I and T. Troponin T and I 

are only present in cardiac muscles. Cardiac TnT has 39.7 kD molecular weight which 

differs from skeletal muscles TnT. Due to its high myocardial tissue specificity, cTnT 

is a cardio specific, highly sensitive marker for myocardial necrosis. In acute 

myocardial infarction troponin T levels in plasma elevate about 3-4 h after the 

occurrence of cardiac symptoms and remain elevated for up to 14 days
(58,59)

. 
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cTnT is an independent prognostic marker to predict the outcome of patients with 

IHD
(60-64)

. O‟Brien et al. (1997) reported that troponin T is not only a sensitive but also 

a specific biomarker for detection of myocardial injury in rats
(65)

. Jaffe et al (2000) also 

mentioned that cTnT is a preferred standard diagnostic tool to assess the myocardial 

infarction due its high sensitivity and specificity to heart tissue
(66)

.  In our research, a 

significant (p<0.001) increased level in cTnT was observed in the ISO administrated 

rats compared to normal rats.  The increased level confirmed that ISO definitely cause 

damage to the myocardium accordance to the Padma et al (2006)
 (67)

 and Acikel et al 

(2003)
 (68)

. Interestingly, LC pre and post treated in ISO injected rats decreased 

significantly (p<0.001) the activity of cTnT and inferred that the test drug maintains the 

myocardial membrane integrity by maintaining the tonicity of myocytes and restrict the 

leakage of troponin T into blood stream.  

 

Homocysteine (Hcy) is a non-essential thiol compound having amino acid 

produced by the intracellular demethylation of methionine in methionine 

metabolism
(69)

. The amino acid formed has cellular toxic property.  Measurement of 

total homocysteine (tHcy) level denotes the total of all forms of Hcy (oxidized, protein 

bound and free). Raised level of tHcy is an important risk factor in the assessment of 

IHD
(70-72)

. While Hcy present in excess level in the blood, it cause inflammation and 

plaque formation in arteries due to its irritant nature. The total homocysteine can be 

increased by four factors viz., deficiency of enzymes genetically such as cystathionine 

betasynthase, methionine synthase, and methylenetetrahydrofolate reductase which are 

required for the Hcy metabolism, Vitamin B deficiency, renal failure and drug 

interactions such as methotrexate, phenytoin, nitric oxide etc. In Alziemer‟s disease and 

Osteoporosis, raised level of Hcy can be seen
(73)

. Elevated level of Hcy for long period 

of time in plasma is regarded as an independent risk for the cause of acute MI
(74,75)

. 

 

In our present study, a significant (p< 0.001) increased in the level of Hcy was 

observed in plasma of Group II ISO administered rats compared to Group I normal 

control rats. Senaratneer et al (2000) and Hagar (2002) reported that mild elevation of 

Hcy is an independent increased risk of CVD and correlated with our study
(76,77)

. Hcy 

can induce atherosclerosis by following factors such as impairment of dilation of 

coronary micro vascular structure
(78)

, proliferation of smooth muscles
(79) 

and activation 

of platelet and thrombi formation
(80)

. Hcy has been reported as a potent inducer of 
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endothelial cells inflammation with increased production of Interleukin in 

monocytes
(81-83)

. In our study on pre and post treatment of LM significantly (p<0.001) 

reduce the elevated Hcy level in plasma when compared to non-treated rat administered 

with ISO. This significant reduction was achieved by the inhibition of inflammatory 

markers such as monocytes/interleukins or by regulating the Hcy formation from 

methionine.  

 

Histological observation of sliced ventricle of normal rats showed well 

established myocardial membrane integrity with the absence of infiltration of 

inflammatory cells. The fibers were striated, branched and continued with adjacent 

myocardial fibers. ISO administered non treated rats showed high grade of myocardial 

damage with splitting of fibers and infiltration of inflammatory cells. These 

observations correlated with the previous studies reported by Benjamin et al (1989), 

Jalil et al (1989) and Sunanda panda (1987)
(84-86)

. Histology of ventricle section of LM 

treated rats induced with ISO Showed healed area of myocardial necrosis with mild 

infiltration of inflammatory cells and intact myofibrils on compared to destructed 

ventricle architecture of group-II ISO injected rats. The histo pathological observation 

done in the myocardium of controlled experimental rats confirmed the cyto protective 

action of LM in ISO induced myocardial infarction. 

 

LPO plays a critical role in the pathogenesis of myocardial damage
(87)

. LPO has 

been identified as one of the major factors in cellular destruction in myocardial 

ischemia
(88,89)

. In our study the LPO levels in heart tissue of ISO administered rats were 

significantly (p<0.001) increased compared with controlled heart. Nirmala and 

Puvanakrishnan (1996) reported that in ISO induced MI due to the lack of antioxidant 

defense system causes higher level of LPO and subsequently harmful effects happened 

in myocardial membrane
(90)

. ISO is a synthetic catecholamine and the have the property 

of free radical generation during its metabolism. The free radicals alters the redox 

homeostatsis and causes cellular damage
(91)

. In the present study the free radicals 

produced in the myocardium beyond the level of free radical scavenging enzymes and 

resulting in myocytes necrosis in the ISO induced MI rats. A myocardial membrane has 

abundant concentrations of poly unsaturated fatty acids and these fatty acids are easily 

susceptible to oxidative damage and leads to destruction of phospholipids in the 

membrane 
(92-94)

.  LM treatment in ISO induced MI rats significantly decrease the MDA 
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levels and prevent the formation of LPO from Fatty Acids. Meister and Anderson 

(1983) mentioned that glutathione antioxidant system found to be a major role in cyto 

protection against free radicals and other oxidant species such as H2O2, alkoxy radicals 

and super oxide anions GSH exerts antioxidant activity through a tripepetide enzyme 

system including GPX and GSD
(95)

. In the study ISO induced rats showed significant 

(p<0.001) reduction in the activity of GSH, GPX, GSD in heart tissue. Reduced level of 

GPX in infarcted heart is due to the more sensitivity of myocytes to oxidative damage 

and alters cellular composition and function. The reduced level of GSH&GSH subtract 

to the pathogenesis of ISO induced MI
(96,97)

. SOD and catalase are anti peroxidative 

enzymes. Significant (p<0.001) decreased level of SOD and catalase in heart tissue of 

ISO induced MI rats led to the formation of OH radical and cause damage to myocytes 

membrane. This observation is concurred with the earlier reports by Kumar et al., 2007 

and Gupta et al., 2004. LM treated rats significantly (p<0.001) prevented from the 

depletion of SOD and catalase on compared to non- treated rats
(98,99)

.  

 

Breast milk has the richest source of Taurine
(100,101)

. Taurine is a non-protein 

sulphur containing amino acids found in brain, heart, kidney, reproductive organs, and 

lens
(102,103)

.  It involves in various biological and physiological function in the body. 

Taurine mainly involves in stabilization of cell membrane
(104)

, auto oxidation
(105)

, 

detoxification
(106)

, osmoregulation
(107)

, neuromodulation and development of brain and 

retina
(108)

. Shiny et al (2005) reported that taurine has cardioprotective effect against Iso 

induced MI in rat due to its myocardial membrane stabilizing action and prevent the 

myocardial membrane against peroxidation damage by the reduction of LPO and 

strengthen the myofibril
(109)

. Taurine has antioxidant nature to counteract free radicals 

formed. During continuous trituration of Lingam and Vengaaram with breast milk in 

the preparation of test drug Linga Mathirai (LM), Taurine will definitely impart in LM.  

In myocardial damage, membrane rupture and leakage of enzymes are the important 

pathological features. The membrane rupture is induced by oxygen derived free 

radicals
(103,110)

. From the above evidence, LM might protect cardio myocytes membrane 

from ISO induced free radical mediated ischemic necrosis. 

 

 Atherosclerosis (AS) is the 90% major risk for the manifestation of CVD 

causing high mortality and morbidity. A clear study has been reported that an elevated 

level of Lipids and their oxidative modification plays a critical role in the formation of 
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atherosclerotic lesions in aorta
(111)

. High cholesterol feeding in rats develops a 

significant elevation in TC, LDL-c, VLDL-c, TG and reduction in HDL-c in blood 

stream leads to increased risk of AS and IHD
(112)

. Estimation of TC concentration in 

aorta relates with the indirect measurement of severity of AS in high cholesterol treated 

rats
(113)

. For the direct measurement on atherosclerotic lesions can access by measuring 

the percentage of plaque area in aorta and grade of lesions in atherosclerotic rats
(111)

. 

Experimental rabbit model is generally considered for dyslipidemic studies but the 

rabbits are considered to be resistant to the formation atherosclerotic lesions. Minimum 

one month is required to induce hypolipidemia in rabbit
(111)

. Testa et al (1975) and 

Altman (1972) reported that atherosclerosis can be induced to rat in a short period on 

feeding with large doses of Cholecalciferol (Vitamin D3) and cholesterol
(114,115)

. Lata et 

al (1991) and Parke et al (1978) were also carried out and succeeded in the 

development of hyperlipidemia in rat model within five days by administering 

Cholecalciferol and Cholesterol for five days
(116,117)

.  

 

In our research work, on feeding with Cholecalciferol and Cholesterol 

suspended in Olive oil for five days resulted significant (p<0.001) elevated levels in 

Lipids observed on day 15 and hyperlipidemia were achieved in SD rats in five days. 

LM at 11 mg/kg treated for 14 days significantly (p<0.001) reduced the elevated levels 

of TC, TG, LDL-c, VLDL-c and AI and significant (p<0.001) increase HDL-c in Olive 

oil suspension administered arts compared to non-treated Olive oil suspension fed rats. 

Enzymes such as HMG-CoA reductase and lipoprotein lipase control the alteration of 

lipid profile during lipid metabolism
(111)

. Lipoprotein lipase is an atheroprotective 

enzyme which involve in TG lipoprotein metabolism. Elevated levels in TG rich 

lipoprotein causes progression in AS and leads to MI
(118)

. HDL-c is known as 

antiatherogenic vehicle, removes cholesterol by excretion in bile salts without 

transporting into liver and also prevents LDL-c oxidation by metal ions
(119)

. HMG-CoA 

reductase involves with cholesterogenesis which incorporated higher level of TC and 

LDL-c
(111)

.  This is clear that LM treatment inhibits HMG-CoA reductase evidenced by 

reduction of TC and LDL-c and increase the lipoprotein lipase activity and helpful in 

the removal of free fatty acid. Administration of LM for 14 days produced a significant 

amelioration in the lesions of AS (34.10%) as inferred by significant (p<0.05) depletion 

in the plaque area up to 19.83%. In H&E sliced aorta in rats fed with atherogenic diet, 

well defined calcification and infiltration of inflammatory cells were observed indicated 
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that complicated atherosclerotic plaques were formed. On LM treatment, section of 

aorta were found normal area and healed atherosclerotic and necrosis area. From the 

above evidences, it is concluded that LM decreases serum lipid profiles and lower the 

event of atherosclerosis by lowering plaque area and grade of atheromatous lesion in 

atherogenic diet fed rats. 
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8. SUMMARY 

 

Ischemic heart disease (IHD), otherwise known as Coronary artery disease (CAD) 

is a term for a group of closely related syndromes caused mainly due to atherosclerosis 

of Coronary artery causing ischemia of myocardium. Among IHD, Myocardial 

Infarction (MI) commonly known as heart attack occurs due to the blockage in any one 

of the coronary arteries and cause ischemic necrosis on myocardium. The most 

common triggering event is the disruption of an atherosclerotic plaque in an epicardial 

coronary artery leading to clotting cascade that result in occlusion of the lumen. 

Inflammation is known to be an important step in plaque formation. In Siddha 

medicine, purified Lingam (Cinnabar) based medicines have known to be a potent anti-

inflammatory drug and which cures the diseases that occurs in Naadi (Blood Vessel). In 

the literature Anuboga Navaneetham, Linga Mathirai (a compound pill) was indicated 

for treating Uruthira Vayvu (Cardiac pain) at the dosage of 60 mg/dose with the vehicle 

Ginger decoction. With the above background, the research work was carried out on 

Linga Mathirai (LM) to validate its safety and efficacy in the management of Ischemic 

Heart disease in both preventive and curative aspect in animal model. 

 

The test drug LM was prepared as per the traditional method cited in Anuboga 

Navaneetham with modification in the purification process of Lingam. LM was 

prepared by triturating equal proportion of purified powdered Lingam and purified 

powdered Vengaaram (Borax) in breast milk for 3 h.  

 

1. The test samples were analyzed for qualitative and quantitative estimation. 

Preliminary physical parameters such as total ash, moisture content and extractive 

values were analyzed. The functional groups were analyzed by FT-Raman 

Spectroscopic study. The content of lead and cadmium were analyzed using Atomic 

Absorption Spectroscopic study. The concentration of elements in oxide form was 

analyzed through Energy dispersive X-Ray Fluorescence. The concentration of trace 

and heavy metals were analyzed using Inductively Coupled Plasma – Optical Emission 

Spectrometer. From the result of above studies, we inferred that LM has long stability 

period having better quality but the concentrations of mercury and sulphur was beyond 

the WHO permissible limit. WHO framed the permissible limits of heavy metals in 

herbal raw drugs only but not for traditional compound drugs particularly herbo-
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metallic formulations. Linga Mathirai is a purely mineral formulation processed under 

continuous trituration with breast milk which has the properties of detoxifying as well 

as antagonist against the mercurial compounds. Even though LM contains high 

concentrations of mercury and sulphur, to validate its safety, the toxicity studies in 

animal model were carried out.  

 

2. An acute oral toxicity study was conducted on Sprague Dawley (SD) rats to 

determine the safety for Linga Mathirai (LM) to produce toxicity from a single dose of 

2000 mg/kg via oral route following OECD guidelines 423. Based on the results of this 

study, the single dose acute oral median lethal dose (LD50) of the LM is greater than 

2000 mg/kg of body weight in SD rat. 2000 mg/kg of body weight was administered to 

six healthy SD rats by oral gavage. No mortality, signs of toxicity and behavioural 

changes were observed at least once daily for 14 days. Body weights were recorded on 

initial day before LM administration and again on 7 day and 14 day. At the terminal 

period, since all rats appeared healthy, the rats were not sacrificed and necropsy study 

was not performed. 

 

3. To determine the target organ toxicity, no observed effect level (NOEL) and 

reversibility of signs and toxicity after recovery period for the test drug LM,  the sub 

chronic toxicity study of LM administered orally to SD rats for 90 days was conducted. 

For 90 days study, OECD guidelines No. 407 was followed with some modification in 

dose fixation of test drug using AYUSH protocol. SD rats of male and female in 

controlled age and body weight were selected and randomized and grouped into five 

groups. LM was administered 11, 55 and 110 mg/kg body weight as suspension 

prepared using ginger decoction to the three groups respectively. Control and LM 110 

mg/kg treated satellite groups were allotted. End points were body weight, functional 

observational battery including motor activity and neurological examination, 

haematogical and biochemical analysis. The results were recorded on day 91 and for 

satellite group on day 119. All rats participated in the study treated up to 110 mg/kg 

survived throughout the dosing period of 90 days and the recovery period of 28 days. 

No intoxication signs were observed in male and female rats from different dose groups 

during the dosing and recovery period. Male and female rats from all the treated dose 

groups had comparable gain in their body weight with that of control group throughout 

the dosing and recovery period. Comparable food consumption was found between 
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control and treated rats. Functional observation tests done before the scarification 

revealed no abnormalities. Haemotological, biochemical and urine analysis revealed no 

abnormalities attributable to the LM treatment. Organs weight of treated groups 

recorded on sacrificed day were found to be comparable with control. Gross study on 

the internal organs revealed no abnormalities. Histopathological examination of H&E 

sliced vital organs except cerebrum, kidney and small intestine showed normal 

architecture. The accumulation of mercury in kidney was studied and revealed that 

reduced amount of mercury was found in the LM treated groups when compared with 

control. So, the changes found in the cerebrum, kidney and small intestine in the high 

dose and high satellite groups were not specific to the treatment of LM.  

 

4. In vitro clot lysis and platelet aggregation assays were employed for the study on 

blood samples of rat. Whole blood and platelets obtained by centrifugation was used for 

clot lysis and aggregation assay.  Platelet aggregation was induced by agonists 

Thrombin and Adenosine diphosphate (ADP). The different concentrations of LM (100, 

200, 500, 1000 µL) was prepared with the adjuvant Ginger decoction for test samples 

and 100 µL low molecular weight heparin was used for treating standard group. 

Against clot and platelet aggregation, LM did not exhibit significant efficacy on 

compared with normal saline (control) and heparin. However, LM at its higher 

concentration 1000 µL exhibited significant inhibitory activity on platelet aggregation 

induced by both Thrombin and ADP when compared with distilled water (control).  

 

5.  The cardio-protective effect of LM at 11 mg/kg body weight, orally, daily for 8 days 

as pre and post treatment against myocardial infarction in SD rat‟s myocardium 

induced by Isoproterenol (ISO) injection subcutaneously at the dosage of 5.25 and 8.5 

mg/kg twice at an interval of two days was investigated on comparison with standard 

drug Clopidogrel. For the study, five groups of rats were allotted viz., normal control, 

ISO control, pretreated standard and test drug, and post treated standard and test drug 

groups. The biochemical cardiac markers such as Aspartate Amino transferase (AST), 

Alanine amino transferase (ALT), Creatine phosphokinase (CPK), Acid phosphatase 

(ACP), Alkaline phosphatase (ALP), Lactate dehydrogenase (LDH), cardiac Troponin 

T (cTnT) and Homocysteine (Hcy) in plasma were determined. The histo-

morphometric studies were done on the myocardium to estimate the infarction area, 

inter myocardial fiber distance and microscopic features in Hematoxylin and Eosin 
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stained ventricle slices. The antioxidant status on heart tissues were also evaluated by 

analyzing the activities of antioxidant enzymes such as Lipid peroxides (LPO), 

Reduced Glutathione (GSH), Glutathione peroxidase (Gpx), Glutathione-S-transferase 

(GST), Catalase (CAT) and Superoxide dismutase (SOD).In the positive control rats, 

ISO induced myocardial infarction was manifested by a significant increase in the 

levels of diagnostic markers such as AST, ALT, LDH, CPK, ACP and ALP  troponin T 

and homocysteine in plasma. The histo-morphological observation of myocardium also 

confirmed the necrotic damage induced by isoproterenol.No mortality and morbidity 

was observed in all groups during and after experiment.AST, ALT, CPK, ACP, ALP, 

LDH, Troponin T and Homocysteine levels were reduced significantly in group C 

(Standard Pretreated), group D (LM pre-treated), group E (Standard Post-treated) and 

group F (LM post-treated) as compared to group B (Iso control).LPO level were 

reduced significantly in group C (Standard Pretreated), group D (LM pre-treated), 

group E (Standard Post-treated) and group F (LM post-treated) on compared with group 

B (Iso control).GSH, GST, CAT and SOD levels were increased significantly in group 

C (Standard Pretreated), group D (LM pre-treated), group E (Standard Post-treated) and 

group F (LM post-treated) on compared with group B (Iso control).GPx level was 

increased significantly in group C (Standard Pretreated), group E (Standard Post-

treated) and group F (LM post-treated) on compared with group B (Iso control).The 

percentage of infarction was reduced significantly in group C (Standard Pretreated), 

group D (LM pre-treated), group E (Standard Post-treated) and group F (LM post-

treated) when compared with group B (Iso control).There was significant decrease of 

the distance of inter-myocardial fiber in group E (Standard Post-treated) and group F 

(LM post-treated) when compared with group B (Iso control).There was significant 

decrease of histological score in group C (Standard Pretreated), group D (LM pre-

treated), group E (Standard Post-treated) and group F (LM post-treated) when 

compared with group B (Iso control).There was significant increase of fibrosis score in 

group E (Standard Post-treated) and group F (LM post-treated) when compared with 

group B (Iso control). 
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6.  Anti-atherogenic effect of LM at 11 mg/kg body weight was studied in SD rat‟s 

atherosclerotic aorta induced by 5 days treatment of Vitamin D3 based Atherogenic 

diet. For the study, five groups of rats were allotted viz., normal control, atherosclerotic 

control, standard drug Atorvastatin and test drug LM groups treated for 14 days, and 

another test drug group treated for 7 days. At the end of treatment, blood samples of 

rats of different groups were analyzed for serum lipid profile estimation. The histo-

morphometric studies were done on the aorta to measure the atherosclerotic lesions. 

Percentage of atheroma formation, microscopic changes in Hematoxylin and Eosin 

stained aortic slices and grading of atherosclerotic lesions were done.No mortality and 

morbidity was observed in all groups during and after experiment. Total cholesterol, 

TG, VLDL, LDL levels and Atherogenic index were reduced significantly in group III 

(Standard 14d), group IV (LM 14d) and group V (LM 7d) when compared with group 

II (Athero control).HDL level was increased significantly in group III (Standard 14d), 

group IV (LM 14d) and group V (LM 7d) when compared with group II (Athero 

control).The percentage of atheroma formation was reduced significantly in group III 

(Standard 14d) and group IV (LM 14d) when compared with group II (Athero 

control).There was no significant difference of total wall area of aorta and thickness of 

intima, media and adventitia of group III (Standard 14d), group IV (LM 14d) and group 

V (LM 7d) when compared with group II (Athero control).There was no significant 

difference in aortic lumen size of group III (Standard 14d), group IV (LM 14d) and 

group V (LM 7d) when compared with group II (Athero control). 
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From the above studies, it can be concluded as follows 

1. Linga Mathirai has long shelf life period and free from toxins, and it contains 

metallic group specifically mercury attached with sulphur. 

2. Median lethal dose for Linga Mathirai was calculated as more than 2000 mg/kg body 

weight. 

3. No observed effect level (NOEL) of Linga Mathirai prepared by us to Sprague 

Dawley Rats through oral route over a period of 90 days was found to be 110 mg/kg 

body weight for both male and female rats.  

4. Linga Mathirai demonstrated no significant clot lytic property in different rat blood 

samples on compared with low molecular weight heparin but the study revealed that 

LM have antiplatelet aggregation property.  It can be concluded that Linga Mathirai 

show better thrombolytic activity but not so better efficacy as low molecular weight 

heparin.  

5. Administration of Linga Mathirai is effective in minimizing all the deleterious 

effects induced by isoproterenol, thereby justifying its use as a potent cardio-protective 

agent.  

6. Treatment of Linga Mathirai lowers the atherosclerotic formation in aorta and grade 

of atherosclerotic lesions and serum lipids. 

The overall cardioprotective effect of Linga Mathirai is probably related to its 

vasodilator effect and thrombolytic effect and antioxidant property evidenced by its 

ability to reduce lipid peroxidation and to maintain the activities of free radical 

enzymes and nonenzymatic antioxidants, its membrane stabilizing action and to its 

hypolipidemic property. 
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9. CONCLUSION 

 

IschemicHeart Disease remains the major cause of mortality in both developed 

and developing countries. Myocardial infarction is the rapid development of ischemic 

necrosis of myocardium. Atherosclerosis in coronary artery accounts for myocardial 

ischemia in more than 90% cases. The present research work is an attempt to 

characterize a Siddha Sastric formulation – Linga Mathirai and to validate the 

Cardioprotective effect of Linga Mathirai against Isoproterenol induced myocardial 

infarction and Vitamin B3 based atherogenic diet induced atherosclerosis in Sprague 

dawley rats by estimating the biochemical markers and histopathological studies. The 

data of the research showed that Linga Mathirai at the dosage of 11 mg/kg body weight 

in rats modulated most of the biochemical parameters and histopathological lesions to 

near to the normal status and assuring its cardioprotective role. 

 

Linga Mathirai has been scientifically studied and validated to use as a drug in 

the management of Ischemic Heart Disease at the intended therapeutic dose 130 mg/kg 

twice daily cited in the literature along with the adjuvant dried ginger decoction. 

 

RECOMMENDATIONS 

The future studies have to be carried out on Linga Mathirai on the following aspects  

1. Solubility studies on Linga Mathirai as per OECD guideline 105. 

2. Standardization of Linga Mathirai in all aspects and creating the standard 

physiochemical finger print by comparing the qualitative and quantitative analyzes of 

different batch preparations. 

3. Safety studies in Non Rodents. 

4. Mechanism of protective effect against cardiac cell death in myocardial infarction in 

the field of molecular biology. 

5. Pilot clinical studies on human healthy volunteers to assess the adverse events and 

mercury concentration in blood stream. 

6. Well controlled clinical trial on high risk patients to Cardiac diseases having end 

points such as protecting from the incidence of Ischemic heart disease and improving 

their quality of life. 



BIBILIOGRAPHY 

 

FOR INTRODUCTION 

1. Mathiazhagan M. Siddhar movement in Tamil Nadu: An Introduction. In: Jayaprakash 

Narayanan P, editor. Siddha Medicine History. Chennai: Tamil Valarchi Kazhagam; 

2010. p.14. 

2. Subramanian V. Muppu. In: Jayaprakash Narayanan P, editor. Siddha medicine 

fundamentals. Chennai: Tamil valarchi kazhagam; 2011. p. 267-271. 

3. Shanmugavelu M., editor. Noi Nadal Noi mudhal Nadal. Chennai: Department of 

Indian medicine and Homoeopathy department; 1967.  

4. Thenmozhi P, Ganapathy G. Medicine. In: Jayaprakash Narayanan P, editor. Siddha 

medicine fundamentals. Chennai: Tamil valarchi kazhagam; 2011. p. 195-212 

5. Ganapathy G. Metallic drugs in Siddha Medicine. In: Jayaprakash Narayanan P, editor. 

Siddha medicine fundamentals. Chennai: Tamil valarchi kazhagam; 2011. p. 195-212. 

6. Suryakantha AH. Community Medicine with Recent Advances, New Delhi: Jaypee 

Brothers Medical Publishers (P) Ltd; 2014. 

7. Indrayan A. Forecasting Vascular Disease Cases and Associated Mortality in India. 

Background papers.Burden of disease in India.National Commission on 

Macroeconomics and Health. New Delhi: Ministry of Health and Family Welfare. 

Government of India; 2005. 

8. Shraddha Chauhan, Dr. Bani Tamber Aeri. Prevalence of cardiovascular disease in 

India and it economic impact- A review. International Journal of Scientific and 

Research Publications 2013; 3(10):1-5.  

9. Badimon L, Padro T, Vilahur G. Atherosclerosis, platelets and thrombosis in acute 

ischaemic heart disease. European Heart Journal: Acute Cardiovascular Care. 2012; 

1(1):60–74. 

10. Vermylen J, Verstraete M, Fuster V. Role of Platelet Activation and Fibrin Formation 

in Thrombogenesis. J Am Coll Cardiol; 1986; 8:2B-9B. 

11. Umesh MK, Sanjeevkumar CB, Hanumantappa Bherigi Nayaka, Ramesh L Londonkar. 

Evaluation of in vitro anti-thrombolytic activity and cytotoxicity potential of Typha 

angustifolia L leaves extracts: Int J Pharm Pharm Sci. 2014; 6(5):81-85. 



12. Henry BL, Thakkar JN, Martin EJ, Brophy DF, Desai UR. Characterization o f the 

plasma and blood anticoagulant potential of structurally and mechanistically novel 

oligomers of 4 hydroxycinnamic acids: Blood Coagul Fibrinolysis. 2009; 20:27-34. 

13. Kojima S, Soga W, Hagiwara H, Shimonaka M, Saito Y, Inada Y. Visible fibrinolysis 

by endothelial cells: Effect of vitamins and sterols. Biosci Rep. 1986; 6:1029-1033. 

14. Matsuura H. Saponins in garlic as modifiers of the risk of cardiovascular disease: J 

Nutr. 2001; 131:1000S-1005S. 

15. Pietri S, Maurelli E, Drieu K, CulcasiM. Cardioprotective and anti-oxidant effects of 

the terpenoid constituents of Ginkgo biloba extract (EGb 761). J Mol Cell Cardiol.1997; 

29:733-742. 

16. Kuppusamy Mudhaliar KN. Siddha Maruthuvam General - Part I. Chennai: Department 

of Indian Medicine and Homeopathy; 2009. 

17. Thiyagarajan R. Pancha sootham. In: Anaivari Anandan R, Thulasimani M, editor. 

Siddha Materia Medica Mineral & Animal section. Chennai: Department of Indian 

Medicine and Homoeopathy; 2008. p. 222. 

18. Abdhula Sayubu PM. Anubhoga Vaidhya Navaneetham. IV Part. Chennai: Thamarai 

noolagam; 1995. 

19. Robert BSaper,  Stefanos N Kales, Janet Paquin, Michael J Burns, David MEisenberg 

Roger BDavis, et al. Heavy Metal Content of Ayurvedic Herbal Medicine Products. 

JAMA. 2004 Dec; 292(23):2868-2873. 

 

 

 

 

 

 

 

 

 

 

 



FOR REVIEW OF LITERATURE 

1. Thiyagarajan R. Pancha Sootham: Lingam. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 222-233. 

2. Veerasami nayadu, editor. Agathiyar Chendooram 300. Tamil Verse: 102-103. Chennai: 

Sabapathi Pillai. 

3. Agathiyar Paripooranam 400. Tamil Verse 182-185. Chennai: Rathna Nayagar & Sons; 

1964. 

4. Kuppusamy Mudaliyar KN, Uttaramayan KS, Kuppusamy Mudaliyar KN, Uttaramayan 

KS, editor. Siddha Vaitya Thirattu. Chennai: Department of Indian Medicine and 

Homoeopathy; 1998. 

5. Siddha Vaitya Thirattu. 

6. Agathiyar Pin 80. 

7. Kuppusamy Mudaliyar KN, Uttaramayan KS, Karuppu. In: Uttaramayan KS. editor. 

Siddha Vaitya Thirattu. Chennai: Department of Indian Medicine and Homoeopathy; 

1998. 

8. Sundaram VR. Theraiyar Karisal 300. Tamil Verse 21. Chennai: Shanmuga Mudaliyar; 

1915. 

9. Thirumalai Vaithiya Linga desigar. Agathiyar Vaitiya Kaaviyam 1500. Tamil Verse : 

387-389, Chennai : Chinnakanvinaiya Chettiyar & Sons; 1890.  

10. Kuppusamy Mudaliyar KN, Uttaramayan KS, Mezhugu Kulambu. In: Uttaramayan KS, 

editor. Siddha Vaitya Thirattu. Chennai: Department of Indian Medicine and 

Homoeopathy; 1998. p. 183-189. 

11. Rathana Mudaliyar. Yugi Karisal 151. Tamil Verse: 16-24. Chennai: Mangalam 

Shanmuga Mudaliyar; 1928. 

12. Kuppusamy Mudaliyar KN, Uttaramayan KS, Mezhugu Kulambu. In: Uttaramayan KS, 

editor. Siddha Vaitya Thirattu. Chennai: Department of Indian Medicine and 

Homoeopathy; 1998. p. 200. 

13. Kuppusamy Mudaliyar KN, Uttaramayan KS, Maathirai. In: Uttaramayan KS. editor. 

Siddha Vaitya Thirattu. Chennai: Department of Indian Medicine and Homoeopathy; 

1998. p. 3-4. 



14. Sundaram VR. Theraiyar Karisal 300. P.32. Chennai: Shanmuga Mudaliyar;  1915. 

15. Vaithiya Sillarai Kovai, p.249. 

16. Kuppusamy Mudaliyar KN, Uttaramayan KS, Veli maranthugal. In: Uttaramayan KS. 

editor. Siddha Vaitya Thirattu, p.307.  

17. Kannusami Pillai C. Sigicharatna deepam. Chennai: Rathina Nayagar & Sons. p. 161-

162 & 156. 

18. Himsagar Chandra Murthy P, editor. Rasasastra The Mercurial system. Varanasi: 

Chowkhamba Sanskrit Series Office; 2013.  

19.  Liang A, Wang J, Xue B, Li C, Liu T, Zhao Y, Cao C, Yi Y, et al. Study on 

hepatotoxicity and nephrotoxicity of cinnabar in rats: Zhongguo Zhong Yao Za Zhi. 

2009; 34:312–318. 

20. Jing-Zhen Shia, Feng Kanga, Qin Wub,Yuan-Fu Lub, Jie Liub, James Kangd Y, et al. 

Nephrotoxicity of mercuric chloride, methylmercury and cinnabar-containing Zhu-Sha-

An-Shen-Wan in rats: Toxicology Letters. 2011; 200:194-200. 

21. Xinrui Zhoub, Liming Wang, Xinming Sun, Xiuwei Yang, Chunying Chen, Qi Wang, 

Xiaoda Yang, et al. Cinnabar is not converted into methylmercury by human intestinal 

bacteria: Journal of Ethnopharmacology. 2011; 135:110-115. 

22. Yuan-Fu Lu, Qin Wub, Shi-Xia Liang , Jia-Wei Miao , Jing-Shan Shi, Jie Liu, et al. 

Evaluation of hepatotoxicity potential of cinnabar-containing An-Gong-Niu-Huang 

Wan, a patent traditional Chinese medicine: Regulatory Toxicology and Pharmacology. 

2011; 60:206-211. 

23. Feng Zhanga, Yuanfu Lua,Qin Wua,Junwen Yana,Jingshan Shia,Jie Liua,et al. Role of 

cinnabar and realgar of WSHFD in protecting against LPS-induced 

neurotoxicity:Journal of Ethnopharmacology. 2012; 139:822-828. 

24. Chun-Fa Huang, Chuan-Jen Hsu, Shing-Hwa Liu, Shoei-Yn Lin-Shiau, et al. Ototoxicity 

induced by cinnabar (a naturally occurring HgS) in mice through oxidative stress and 

down-regulated Na+/K+-ATPase activities: Neuro Toxicology. 2008; 29: 386-396. 

25. Chun-Fa Huang, Shing-Hwa Liu, Shoei-Yn Lin-Shiau,et al. Neurotoxicological effects 

of cinnabar (a Chinese mineral medicine, HgS) in mice: Toxicology and Applied 

Pharmacology. 2007; 224:192-201. 



26. Qi Wang, Xiaoda Yang, Baoxu Zhang, Xiuwei Yang, Kui Wang, et al. The anxiolytic 

effect of cinnabar involves changes of serotonin levels: European Journal of 

Pharmacology. 2007; 565:132-137. 

27. Qin Wua, Yuan-Fu Lua, Jing-Zhen Shic, Shi-Xia Lianga, Jin-Shan Shia, Jie Liua, et al. 

Chemical form of metals in traditional medicines underlines potential toxicity incell 

cultures.Journal of Ethnopharmacology.2011; 134:839-843. 

28. Sathyapriya E, Velpandian V,  Anbu J,  Ashwini Anjana. In vitro anti platelet 

aggregation activity and Thrombolytic activity of cheenalinga chendhuram.Int J Life 

Science Pharma Research. 2012; 2(4):1. 

29. Thiyagarajan R. Kaarasaram: Vennkaram. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 357. 

30. Sundaram VR, editor. Theraiyar Karisal 300, Tamil Verse: 18. Chennai: Shanmuga 

Mudaliyar; 1915. 

31. Kuppusami Mudaliyar KN, Uttaramayan KS, Chendooram. In: Uttaramayan KS, editor. 

Siddha Vaitiya Thirattu. Chennai: Department of Indian Medicine and Homoeopathy; 

1998. p.132. 

32. Veerasami nayadu, Agathiyar Chendooram 300, Tamil Verse: 102-103. Chennai: 

Sabapathi Pillai T. 

33. Amirthalingam Pillai TS. Agathiyar Nayana Vidhi – 500. Tamil Verse: 342- 343. 

Chennai: Sundaram VR; 1923. 

34. Kuppusami Mudaliyar KN, Uttaramayan KS, Padangam. In: Uttaramayan KS, editor. 

Siddha Vaitiya Thirattu. Chennai: Department of Indian Medicine and Homoeopathy; 

1998. p.165-166. 

35. Kuppusami Mudaliyar KN, Uttaramayan KS, Thylam. In: Uttaramayan KS, editor. 

Siddha Vaitiya Thirattu. Chennai: Department of Indian Medicine and Homoeopathy; 

1998. p.269. 

36. Ayodhidasa Pandithar, editor. Baala Vaagadam, Tamil Verse 316. Chennai: Department 

of Indian Medicine and Homoeopathy. 

37. Thiyagarajan R. Theraiyar Paadal thirattu, Chennai: Pandidar SS Anandam; 1975.  

38. Sundaram VR. Theraiyar Karisal 300. Chennai : Shanmuga Mudaliyar;1915. p.39. 



39. Sundaram VR. Theraiyar Karisal 300. Chennai : Shanmuga Mudaliyar; 1915. p.89.  

40. Kannusami Pillai C. Sigicharatna deepam. Chennai: Rathina Nayagar & Sons. p. 149- 

150. 

41. Thiyagarajan R. Milk and Milk Products. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 496. 

42. Shanti Ghosh, Editor. Nutrition and Child Care. A practical guide. Second Edition, New 

Delhi: Jaypee brothers medical publisher.  

43. Thiyagarajan R. Metals: Kaantham. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 111,118. 

44. Thiyagarajan R. Panchasootham: Lingam. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 224. 

45. Thiyagarajan R. Panchasootham: Pooram. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine a nd 

Homoeopathy; 2008. p. 236. 

46. Thiyagarajan R. Panchasootham: Veeram. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 240. 

47. Thiyagarajan R. Kaarasaram: Navauppu mezhigu. In: Anandan R, editor. Siddha 

Materia Medica (Mineral and Animal Sections). Chennai: Department of Indian 

Medicine and Homoeopathy; 2008. p. 334. 

48. Thiyagarajan R. Kaarasaram: Vennkaram. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 360. 

49. Thiyagarajan R. Uparasam: Indirakopam. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 439. 



50. Thiyagarajan R. Uparasam: Korosanam. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p.462. 

51. Thiyagarajan R. Uparasam: Sura. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 476. 

52. Thiyagarajan R. Metals. In: Anandan R, editor. Siddha Materia Medica (Mineral and 

Animal Sections). Chennai: Department of Indian Medicine and Homoeopathy; 2008. p. 

101,128,140,144. 

53. Thiyagarajan R. Paadanas: Gowri. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 268, 269. 

54. Thiyagarajan R. Metals: Kaara Saaram: Pachchai karpooram. In: Anandan R, editor. 

Siddha Materia Medica (Mineral and Animal Sections). Chennai: Department of Indian 

Medicine and Homoeopathy; 2008. p. 344. 

55. Thiyagarajan R. Metals: Nine Gem Stones: Muthu. In: Anandan R, editor. Siddha 

Materia Medica (Mineral and Animal Sections). Chennai: Department of Indian 

Medicine and Homoeopathy; 2008. p. 392, 393.  

56. Thiyagarajan R. Uparasam: Appiragam. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 399. 

57. Thiyagarajan R. Uparasam: Thurisu. In: Anandan R, editor. Siddha Materia Medica l 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 420, 421. 

58. Thiyagarajan R. Uparasam: Aamai. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 435, 436. 

59. Thiyagarajan R. Uparasam: Korosanam. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 462. 



60. Thiyagarajan R. Uparasam: Chanku. In: Anandan R, editor. Siddha Materia Medica 

(Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 473. 

61. Thiyagarajan R. Theraiyar Paadal thirattu. Chennai: Pandidar S.S. Anandam; 1975. p.38.  

62. Radhakrishnan K. Agathiyar Vaithiya rathna surukkam 360. Chennai: Rathna Nayagar 

and Sons; 1970. p.18. 

63. Thiyagarajan R. Theraiyar Sekarappa. New Delhi: Ayurvedic & Siddha Research 

Institute; 1979. p.162. 

64. Subramaniya Pandidar C.T. Theraiyar Thylavarkka Surukkam. Tamil Verse: 109, 115. 

Chennai: Devaraja Naaykar B; 1970.  

65. Rathana Mudaliyar. Yugi Karisal 151. Tamil verse: 16-24. Chennai: Mangalam 

Shanmuga Mudaliyar; 1928. 

66. Agathiyar Paripooranam 400. Tamil Verse: 182-185. Chennai: Rathna Nayagar & Sons; 

1964. 

67. Rathana Mudaliyar. Yugi Karisal 151. Tamil verse: 16-24. Chennai: Mangalam 

Shanmuga Mudaliyar; 1928. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



FOR MATERIALS AND METHODS 

 

1. Thiyagarajan R. Pancha Sootham: Lingam. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 224. 

2. Raman Data and Analysis. Available from:  

http://www.horiba.com/fileadmin/uploads/scintific/Documents/Raman/bands.pdf. 

3. Thiyagarajan R. Kaarasaram: Vennkaram. In: Anandan R, editor. Siddha Materia 

Medica (Mineral and Animal Sections). Chennai: Department of Indian Medicine and 

Homoeopathy; 2008. p. 357. 

4. Abdhula Sayubu PM. Anubhoga Vaidhya Navaneetham. IV Part. Chennai: Thamarai 

noolagam; 1995. 

5. Lohar DR. Ghaziabad: Government of India, Department of Ayush, Ministry of Health 

and Family Welfare, Pharmacopoeial Laboratory for Indian Medicines. Protocol for 

Testing, Ayurvedic, Siddha, Unani medicines; 2007.  

6. Sukalyan Sengupta. Stastical Evaluation of Pharmacopoeia Weight Variation Tests 

using a Ratio Statistic. Appl  Statist. 1988; 37(3):396-400. 

7. Anonymous. Quality control methods for medicinal plant materials. Geneva: World 

Health Organization, A.I.T.B.S; 1998.  

8. OECD. Guidelines for the Testing of Chemicals/Section 4: Health Effects Test No. 423: 

Acute Oral toxicity - Acute Toxic Class Method. Paris, France: Organization for 

Economic Cooperation and Development; 2002. 

9. Organization for Economic Cooperation and Development. OECD Guidelines for the 

Testing of Chemicals. Test guideline 408. Repeated dose 90-day oral toxicity study in 

rodent. Paris: OECD; 1995. 

10. Bhardwaj S, Deepika Gupta. Study of acute, Sub acute and chronic toxicity.IJARPB. 

2012; 2(2):103-129. 

11. Mc Daniel KL, Moser VC. Utility of a neurobehavioral screening battery for 

differentiating  the effects of two pyrethroids, permethrin and cypermethrin. 

Neurotoxicol Teratol. 1993; 15(2):71-83. 

http://www.horiba.com/fileadmin/uploads/scintific/Documents/Raman/bands.pdf


12. David E Tupper, Robert B Wallace. Utility of the neurological examination in the rats. 

ACTA Neurobiol  ELW. 1980; 40:999-1003. 

13. Sweta Prasad, Rajpal S Kashyap, Jayant Y Deopujari, Hemant J Purohit, Girdhar M 

Taori, Hatim F Daginawala. Development of an invitro model to study clot lysis activity 

of thrombolytic drugs.Thrombosis Journal. 2006; 4(14):[about 4pp.]. Available from: 

http://thrombosisjournal.biomedcentral.com/articles/10.1186/1477-9560-4-14 

14. Born G, Cross M. The aggregation of blood platelets. J Physiol.1963; 168:178-195. 

15. Anand A Zanwar, Mahabaleshwar V Hegde, Subhash L Bodhankar. Cardioprotective 

activity of flax lignan concentrate extracted from seeds of Linum usitatissimum in 

isoprenalin induced myocardial necrosis in rats. Interdiscip Toxicol. 2011; 4(2):90–97.  

16. Rona G, Chappel CI, Balzs T, Gaudry R. An infarct like myocardial lesion and other 

toxic manifestations produced by isoproterenol in the rat. Arch Path. 1959; 76:443-455. 

17. Mohur A, Cook IJ Y. Simple methods for measuring serum levels of glutamic-oxalo 

acetic and glutamic-pyruvic transaminase in routine laboratories. J Clin Pathol.1957; 

10:394-399. 

18. Okinaka S, Kumagai H, Ebashi S. Sugaita H, Momoi H, Toyokura Y, Fujie Y. Serum 

creatine phosphokinase Activity in progressive muscular dystrophy and neuromuscular 

diseases. Arch Neurol. 1961; 4:520-525. 

19. King J. Lactate dehydrogenase in practical clinical enzymology. London: Nostrand Co; 

1965. 

20. Jaspreet Sachdeva, Wangde Dai, Robert A Kloner. Functional and Histological 

Assessment of an Experimental Model of Takotsubo’s Cardiomyopathy. J Am Heart 

Assoc. 2014; 3:e000921. 

21. Suvarna SK, Layton C, Bancroft  JD. Bancroft’s theory and practice of histological 

techniques 7th  ed. Churchill Livingstone: London; 2013. 

22. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by 

thiobarbituric acid reaction. Anal Biochem.1979; 95:351-358. 

23. Ellman GL. Tissue sulfhydryl groups. Arch Biochem Biophys. 1959; 82:70-77. 

24. Paglia DE, Valentine WN. Studies on the quantitative and qualitative characterization of 

erythrocyte glutothione peroxidase.J Lab Clin Med. 1967; 70:158-169. 

http://thrombosisjournal.biomedcentral.com/articles/10.1186/1477-9560-4-14


25. Habig WH, Pabst MJ, J akoby WB. Glutathione-s-transferases.The first enzymatic step 

in mercapturic acid formation.J Biol Chem. 1974; 249:7130-7139. 

26. Takahara S, Hamilton BH, Nell JV, Kobra TY, Ogawa Y,  Nishimura ET.  

Hypocatalasemia: A new genetic carrier state. J Clin Invest. 1960; 29:610-619. 

27. Misra HP, Fridovich I. The role of superoxide anion in the autoxidation of epinephrine 

and a simple assay for superoxide dismutase.J Biol Chem. 1972; 247:3170-3175. 

28. Lata S, Saxena KK, Bhasin V, Saxena RS, Kumar A, Srivastava VK. Beneficial effects 

of Allium sativum, Allium cepa and Commiphora mukul on experimental 

hyperlipidemia and atherosclerosis-a comparative evaluation. J Postgrad Med [internet]. 

1991 [cited 2016 Mar 23];37-132. Available from: 

http://www.jpgmonline.com/text.asp?1991/37/3/132/776 

29. Mithun Singh Rajput, Neelam Balekar, Dinesh Kumar Jain. Lagenaria siceraria 

ameliorates atheromatous lesions by modulating HMG-CoA reductase and lipoprotein 

lipase enzymes activity in hypercholesterolemic rats. Journal of Acute Disease.2014; 14-

21. 

30. Duff GL, McMillan GC. The effect of alloxan diabetes on experimental cholesterol 

atherosclerosis in the rabbit. I. The inhibition of experimental cholesterol atherosclerosis 

in alloxan diabetes. II. The effect of alloxan diabetes on the retrogression of 

experimental cholesterol atheroselerosis. J Exp Med. 1949; 89:611-630. 

 

 

 

 

 

 

 

 

 

 

http://www.jpgmonline.com/text.asp?1991/37/3/132/776


 

FOR DISCUSSION 

 

1. Jayaprakash Narayanan P, Ganapathy G, Natarjan K, Krishnamurthi JR, Subramanian 

V, Rajeswari K, Nataraja Chokkalingam, Padmapriya M, Thenmozhi P. Siddha 

Medicine, Volume II, Fundamentals. Chennai:  Tamil Valarchi Kazhagam; 2011. 

2. Thiyagarajan R. Gunapaadam – Thathu & JeevaVaguppu. 1st ed.  Chennai: Department 

of Indian Medicine and Homeopathy; 2008.  

3. Himsagar Chandra Murthy P. Rasasastra The Mercurial system. 3rd ed., Varanasi; 

Chowkhamba Sanskrit Series Office: 2013. 

4. Yi-Ho Young, Jiunn-JyeChuu, Shing-Hwa Liu, Shoei-Yn Lin-Shiau. Neurotoxic 

mechanism of Cinnabar and Mercuric sulfide on the Vestibulo-Occular Reflex system of 

Guinea Pig.Toxicological Sciences. 2002; 67(2): 256-263. 

5. Wang Q, Yang X, Zhang B, Yang X, Wang K. Cinnabar is Different from Mercuric 

Chloride in Mercury Absorption and Influence on the Brain Serotonin Level. Basic & 

Clinical Pharmacology & Toxicology. 2013; 112(6): 412–417. 

6. Wang Q, Yang X, Zhang B, Wang K, The anxiolytic effect of cinnabar involves changes 

of serotonin levels. Eur J Pharmacol. 2007; 65(1-3): 132–137.  

7. Abdhula Sayubu P.M, AnubhogaVaidhyaNavaneetham, IV Part. Chennai: Thamarai 

noolagam; 1995. 

8. International Conference of Harmonization, Draft guidelines on impurities in new drug 

substances availability. Fed Reg. 1994; 59(183):48740-487044. 

9. Erik Walum, Acute Oral Toxicity. Environmental Health Perspective. 1998; 106 

(2):497-503. 

10. Oliver JA, Opportunities for using fewer animals in acute toxicity studies. In: Chemicals 

Testing and Animal Welfare, Solna, Sweden: The National Chemicals Inspectorate; 

1986. P. 119-142. 

11. Schlede E, Mischke U, Roll R, Kayser D. A National validation study of the acute toxic 

class method; an alternative to the LD50 test.Arch Toxicol.1992; 66:455-470. 

12. Schlede E, Mischke U, Diener W, Kayser D, The international validation study of the 

acute toxic class method (Oral). Arch Toxicol.1995; 69:659-670. 



13. OECD. Guidelines for the Testing of Chemicals/Section 4: Health Effects Test No. 423: 

Acute Oral toxicity - Acute Toxic Class Method. Paris, France: Organization for 

Economic Cooperation and Development. 2002.  

14. Chitra B, Ramaswamy RS, Suba V. Toxicity Evaluation of Purna Cantirotaya Centuram, 

a Siddha Medicine in Wistar Rats, Hindawi Publishing Corporation. International 

Scholarly Research Notices. 2015; Article ID 473296. 

15. Teo S, Strlig D, Thomas S, Hoberman A, Kiorpes A, Khetani V. A 90 days oral gavage   

toxicity study of d-methylphenidate and d,l-methylphenidate in Sprague Dawley rats. 

Toxicology.2002; 79:183–196. 

16. Winder, C.V., Lembke, L.A., Stephens, M.D., Comparative bioassay of drugs in 

adjuvant- induced arthritis in rats: fulfenamic acid, mefenamic acid and phenylbutazane.  

Arthritis Rheumatology.1969; 12:472–482. 

17. Olson H, Betton G, Robinson D, Thomas K, Monro A, Kolaja G, et al. Concordance of 

toxicity of pharmaceuticals in humans and in animals. Regulatory Toxicology and 

Pharmacology.2000; 32:56–67. 

18. Evan GO. Animal Hematotoxicology, A Practical Guide for  Toxicologists and 

Biomedical ReseLMhers.Boca Raton CRC Press; 2008.  

19. Greaves P. Histopathology of preclinical toxicity studies. In: Interpretation and 

Relevance in Drug Safety Evaluation. New York: Academic Press; 2007.  

20. Martin DW, Mayes PA, Rodwell YW. Harper’s Review of Biochemistry. CA: Lange 

Medical; 1981. 

21. Rebecca MA, Ishii Iwamoto EL, Grespan R, Cuman RK, CaparrozAssef SM, Mello JC,  

Bersani Amado CA. Toxicological studies on Stryphnodendronadstringens. Journal of 

Ethnopharmacology.2002; 83:101–104. 

22. Burger C, Fischer DR, Cordenunzzi DA, Batschauer AP, Cechinel Filho V, Soares   AR. 

Acute and subacute toxicity of the hydroalcoholic extract from Wedeliapaludosa  

(Acmelabrasiliensis) (Asteraceae) in mice.Journal of Pharmacy & Pharmaceutical 

Sciences. 2005; 8:370–373. 

23.  Witthawaskul P, Panthong A, Kanjanapothi D, Taesothikul T, Lertprasertsuke N. Acute 

and subacute toxicities of the saponin mixture isolated from ScheffleraleucanthaViguier, 

Journal of Ethnopharmacology. 2003; 89:115–121. 



24. Moss DW, Butterworth PJ. Enzymology and medicine. London: Pitman Medical; 1974.  

25. Awe and Banjoko, Biochemical and haematological assessment of toxic effects of the 

leaf ethanol extract of Petroselinum crispum (Mill) Nyman ex A.W. Hill (Parsley) in 

rats, BMC  Complementary and Alternative Medicine. 2013; 13:75.  

26. Larrey D. Epidemiology and individual susceptibility to adverse drug reactions affecting 

the liver, Semin Liver Dis. 2002; 22:145–155. 

27. Sacher RA, McPherson RA, Test of liver function. In: Widmann’s Clinical 

Interpretation of Laboratory Test. Philadelphia: FA Davis Company; 1991. p. 416–443. 

28. Hilaly EL, Israili ZH, Lyoussi B. Acute and chronic toxicological studies of Ajugaiva  in 

experimental animals. Journal of Ethnopharmacology.2004; 91:43–50. 

29. Hilaly EL, Israili ZH, Lyoussi B. Acute and chronic toxicological studies of Ajugaiva in 

experimental animals. Journal of Ethnopharmacology.2004; 91:43–50. 

30. Varley H. Practical Clinical Biochemistry. London: William Heinemann Medical 

Books: 1964. 

31. Borges LP, Borges VC, Moro AV, Nogueira CW, Rocha JB, Zeni G. Protective effect of 

diphenyldiselenide on acute liver damage induced by 2-nitropropane in rats, Toxicology. 

2005; 210:1-8. 

32. Shatoor AS. Acute and sub-acute toxicity of Crataegusaronia syn. Azarolus (L.) whole 

plant aqueous extract in wistar rats. The American Journal of Pharmacology and 

Toxicology. 2011; 6(2):37–45.  

33. Dhumal R, Patil P, Selkar N, Chawda M, Vahlia M, Vanage G. Sub-chronic safety 

evaluation of ayurvedic immunostimulant formulation ―immuforte‖ in rats in reverse      

pharmacology. Toxicology International. 2013; 20(1):87–94. 

34. Demma J, Gebre-Mariam T, Asres K, Ergetie W, Engidawork E. Toxicological study on  

Glinuslotoides: a traditionally used taenicidal herb in Ethiopia. Journal of  

Ethnopharmacology.2007; 111:451-457. 

35. Liu J, Goyer R, Waalkes, MP. Toxic effects of metals. In: Klaassen CD, editor. Casarett 

and Doull’s Toxicology—The Basic Science of Poisons. New York: McGraw    Hill; 

2008. P. 931–979.  

36.  Jesse B. Animal Anatomy and Physiology. USA: Reston Publishing Company; 1982.  



37. Chun-Fa Huan, ,Shing-Hwa Liu, Shoei-Yn, Lin-Shiau. Neurotoxicological effects of 

cinnabar (a Chinese mineral medicine, HgS) in mice. Toxicology and Applied 

Pharmacology. 2007;  (224):192–201. 

38. Mayne P, Mayne PD. Clinical Chemistry in Diagnosis and Treatment. London: A 

Hodder Arnold Publication; 1994. 

39.  Mukesh Kumar Sharma, Madhu Kumar, Ashok Kumar. Protection against mercury-

induced renal damage in Swiss albino mice by Ocimum sanctum.Environmental 

Toxicology and Pharmacology.2005; 19:161–167. 

40.  Chun-Fa Huang, Chuan-Jen Hsu, Shing-Hwa Liu, Shoei-Yn Lin-Shiau. Exposure to 

Low Dose of Cinnabar (a Naturally OccurringMercuric Sulfide (HgS)) Caused 

Neurotoxicological Effects in Offspring Mice. Journal of Biomedicine and 

Biotechnology. 2012; Article ID 254582.  

41. Ernest Palomeras Soler, Virgina Casado Ruiz. Epidemiology and Risk Factors of 

Cerebral  Ischemia and Ischemic Heart Diseases: S imilarities and Differences. Current 

Cardiology Reviews.2010; 6:138-149. 

42. Janet Fitzakerley. 2006. Hematopoiesis and Host Defences.  [Internet]. Available from:  

http://www.d.umn.edu/~jfitzake/Lectures/MedSchool/Downloads/2006Anticoagulants.p

df 

43. Sweta Prasad, Rajpal S Kashyap, Jayant Y Deopujari, Hemant J Purohit, Girdhar M 

Taori, Hatim F Daginawala. Development of an invitro model to study clot lysis activity 

of thrombolytic drugs.Thrombosis Journal. 2006; 4(14):[about 4pp.]. Available from:  

http://thrombosisjournal.biomedcentral.com/articles/10.1186/1477-9560-4-14 

44. Fry ETA, Sobel BE. Lack of interference by heparin with thrombolysis or binding of 

tissue- type plasminogen activator to thrombi. Blood. 1988; 71(5):1347–1352. 

45. Harker LA, Mann KG, Thrombosis and fibrinolysis. In: Fuster V, Verstraete M, editor. 

Thrombosis in Cardiovascular Disorders. Philadephia: WB Saunders; 1992. p. 1-16.   

46. Rumbaut RE, Thiagarajan P. Platelet-Vessel Wall Interactions in Hemostasis and  

Thrombosis. California: Morgan & Claypool Life Sciences Publisher; 2010.   

47. Abubaker Siddiq, Shanmukha I, Jyoti TM, Gupt Kamlesh.Cardioprotective effect of 

Spathodeacampanulata bark on isoproterenol- induced myocardial infarction in 

rats.Asian Pacific Journal of Tropical Disease.2012; S1-S5. 

http://www.d.umn.edu/~jfitzake/Lectures/MedSchool/Downloads/2006Anticoagulants.pdf
http://www.d.umn.edu/~jfitzake/Lectures/MedSchool/Downloads/2006Anticoagulants.pdf
http://thrombosisjournal.biomedcentral.com/articles/10.1186/1477-9560-4-14


48. Shanmukha Ittagi1, Vijay Kumar Merugumolu, Ramachandra Setty Siddamsetty. 

Cardioprotective effect of hydroalcoholic extract of Tecomastans flowers against  

isoproterenol induced myocardial infarction in rats. Asian Pac J Trop Dis. 2014; 

4(1):S378-S384. 

49.  Baroldi G. Myocardial necrosis: the need for definition. J Mol Cell Cardiol.1974; 

6:401–402. 

50. Nandade M, Ojsask, Joshis, Kumaris, Arya DS. Moringa oliefera leaf extract prevents 

isoproterenol induced myocardial damage in rats: evidence for an antioxidant,  

antiperoxidative and cardioprotective intervention. J Med Food. 2009; 12(1):47-55. 

51. Mahalaxmi Mohan, PankajPatankar, PrakashGhadi, Sanjay Kasture.Cardioprotective 

potential of Punicagranatum extract in isoproterenol- induced myocardial infarction in 

wistar  rats. J Pharm Pharmacotherap. 2010; 1(1):32-37. 

52. Rona G, Chappel CI, Balazs T, Gaudry R. An infarct-like myocardial lesion and other 

toxic   manifestations produced by isoproterenol in the rat. Arch Pathol.1959; 76:443–

445. 

53. Zanwar AA, Hegde MV, Bodhankar SL, Cardioprotective activity of flax lignin 

concentrate extracted from seeds of Linumusitatissimum in isoprenaline induced 

myocardialnecrosis in rats. InterdiscipToxicol. 2011; 4(2):90-97. 

54. Ramadoss S, Kannan K, Balamurugan K, Jeganathan NS, Manavalan R. Efficacy of 

cardioprotective effects in ethanolic extract of SidaRhombifolia Linn. on isoproterenol-

induced myocardial infarction in albino rats. Res J Pharm Biol Chem Sci 2012; 3:488-

493. 

55. Gunjal MA, Shah AS, Wakade AS, Juvekar AR. Protective effectof Moringaolifera 

Lamstembark on serum lipids, marker enzymes and heart antioxidant parameters in 

isoproterenol inducedcardiotoxicity in wistar rats. Indian J Nat Prod Resour. 2010; 

1(4):485-492. 

56. Mastan SK, Chaitanya G, Latha BT, Srikanth A, Sumalatha G, Kumar KE. 

Cardioprotective effect of methanolic extract of Syzygiumcumini seeds on 

isoproterenol- induced myocardialinfarction in rats. Der Pharmacia Lettre. 2009; 

1(1):143-149. 



57. SabeenaFarvin KH, Anandan R, Kumar SH, Shiny KS, Sankar TV, Thankappan TK. 

Effect of squalene on tissue defense system in isoproterenol- induced myocardial 

infarction in rats. Pharmacol Res. 2004; 50(3):231-236. 

58. Katus HA, Remppis A, Looser S, et al. Enzyme linked immunoassay of cardiac troponin 

T    for the detection of acute myocardial infarction in patients. Mol Cell Cardiol. 1989; 

21(7):1349-1353. 

59. Katus HA, Scheffold T, Remppis A, Zehelein J. Proteins of the troponin complex. 

Laboratory Medicine. 1992; 23(5):311-317). 

60. Hamm CW, Ravkilde J, Gerhardt W, Jorgensen P, Peheim E, Ljungdahl L, et al. The 

prognostic value of serum troponin T in unstable angina. N Engl J Med. 1992; 

327(3):146-  150. 

61. Ohmann EM, et al. Risk stratification with admission cardiac troponin T levels in acute   

myocardial ischemia. N Engl J Med. 1996; 335:1333-1334. 

62. Christenson RH, Duh SH, Newby LK, Ohman EM, Califf RM, Granger CB, et al. 

Cardiac troponin T and cardiac troponin I: relative values in short-term risk stratification 

of patients with acute coronary syndromes. Clin Chem. 1998; 44(3):494-501. 

63. Lindahl B, Diderholm E, Lagerqvist B, Venge P, Wallentin L, FRISC II investigators. 

Mechanisms behind the prognostic value of Troponin T in unstable coronary artery 

disease: a FRISC II substudy. J Am Coll Card. 2001; 38:979-986. 

64. Aviles RJ, Askari AT, Lindahl B, Wallentin L, Jia G, Ohman EM, Mahaffey KW, 

Newby LK, Califf RM, Simoons ML, Topol EJ, Lauer MS. Troponin T levels in patients 

with acute coronary syndromes, with or without renal dysfunction. N Engl J Med. 2002; 

346:2047-2052). 

65. O'Brien PJ, Dameron GW, Beck ML, Kang YJ, Erickson BK, Di Battista TH, Miller 

KE,  Jackson KN, Mittelstadt S. Cardiac troponin T is a sensitive, specific biomarker of 

cardiac injury in laboratory animals. Lab Anim Sci. 1997; 47:486-495. 

66. Jaffe AS, Ravkilde J, Roberts R, Naslund U, Apple F S, Galvani M, Katus H. It’s time 

fora change to a troponin standard. Circulation.2000; 102:1216-1220. 

67. Padma V, Devi CS, Ramkumar KM. Effect of fish oil pretreatment on isoproterenol 

induced   changes in myocardial membrane phospholipids. Nutrition.2006; 2:1171-1176. 



68. Acikel M, Buyukokuroglu ME, Aksoy H, Erdogan F, Erol MK. Protective effects of 

melatonin against myocardial injury induced by isoproterenol in rats. J Pineal Res. 2003; 

35:75-79. 

69. Christensen B, Refsum H, Vintermyr O, Ueland PM. Homocysteine export from cells 

cultured in the presence of physiological or superfluous levels of methionine: 

methionine loading of non-transformed, transformed, proliferating, and quiescent cells 

in culture. J Cell Physiol. 1991; 146:52-62. 

70.  Eikelboom JW et al. Ann Intern Med. 1999; 131:363-375. 

71. Scott J, Weir D.  Q J Med. 1996; 89:561–563. 

72. Nygard O. N Engl J Med. 1997; 337(4):230-236. 

73. Seshadri S et al. N Engl J Med. 2002; 346:477-483. 

74. Mayer EL, J acobsen DW, Robinson K. Homocysteine and coronary atherosclerosis. J 

Am Coll Cardiol. 1996; 27: 517-527. 

75. Stampfer MJ, Mailnow MR, Willett WC, Newcomer LM, Upson B, Ullmann D, Tishler 

PV, Hennekens CH. A prospective study of plasma homocysteine and risk of myocardial 

infarction in US physicians. JAMA.1992; 268:877-881. 

76. Senaratne MP, Griffiths J, Nagendran J. Elevation of plasma homocysteine levels 

associated with acute myocardial infarction. Clin Invest Med. 2000; 23:220-226. 

77. Hagar HH. Folic acid and vitamin B (12) supplementation attenuates isoprenaline 

induced myocardial infarction in experimental hyperhomocysteinemic rats. Pharmacol 

Res. 2002;   46:213-219. 

78. Tawakol A, Forgione MA, Stuehlinger M, Alpert NM, Cooke JP, Loscalzo J, Fischman 

AJ, Creager MA, Gewirtz H, Tawakol A, Forgione MA, Stuehlinger M, Alpert NM, 

Cooke JP, Loscalzo J, Fischman AJ, Creager MA, Gewirtz H. Homocysteine impairs 

coronary microvascular dilator function in humans. J Am Coll Cardiol. 2002; 40:1051-

1058. 

79. Tang L, Mamotte CD, Van Bockxmeer FM, Taylor RR. The effect of homocysteine on 

DNA synthesis in cultured human vascular smooth muscle. Atherosclerosis.1998; 

136:169-173. 

80. Rodgers GM, Kane WH. Activation of endogenous factor V by a homocysteine-

inducedvascular endothelial cell activator. J Clin Invest. 1986; 77:1909-1916. 



81. Roth J, Goebeler M, Ludwig S, Wagner L, Kilian K, Sorg C, Harms E, Schulze-Osthoff 

K, Koch H. Homocysteine inhibits tumor necrosis factor- induced activation of 

endothelium  via modulation of nuclear factor-kappa b activity. Biochim Biophys Acta. 

2001; 1540:154- 165. 

82. Shai 1, Stampfer MJ, Mab J, Manson JE, Hankinson SE, Cannuscio C, Selhub J, 

Curhanc G, Rimma EB. I-lomocysteine as a risk factor for coronary heart diseases and 

its association with inflammatory biomarkers, lipids and dietary factors. Atherosclerosis. 

2004; 177:375- 381. 

83. van Aken BE, Jansen J , van Deventer SJ, Reitsma PH. Elevated levels of 

homocysteineincrease IL-6 production in monocytic Mono Mac 6 cells. Blood Coagul 

Fibrinolysis.2000; 11:I59-164. 

84. Benjamin IJ, Jalil JE, Tan LB, Cho K, Weber KT, Clark WA. Isoproterenol-

inducedmyocardial fibrosis in relation to myocyte necrosis. Circ Res. 1989; 65:657-670. 

85. Jalil JE, Janicki JS, Pick R, Abrahams C, Weber KT. Fibrosis- induced reduction 

ofendomyocardium in the rat after isoproterenol treatment. Circ Res. 1989; 65:258-264. 

86. Sunanda Panda ,Anand Kar , Vilayanoor Ramamurthy. Cardioprotective effect of 

vincristine on isoproterenol- induced myocardial necrosis in rats.European Journal of 

Pharmacology.2014; 723:451–458. 

87. Lieber CS. Mechanisms of ethanol-drug-nutrition interactions. J Toxicol Clin 

Toxicol.1994; 32:631-681. 

88. Singal PK, Kapur N, Dhillon KS, Beamish RE, Dhalla NS. Role of free radicals 

incatecholamine induced cardiomyopathy. Can J Physiol Pharmacol. 1982; 60:1390-

1397. 

89. Rathore N, John S, Kale M, Bhatnagar D. Lipid peroxidation and antioxidant enzymes 

in   isoproterenol induced oxidative stress in rat tissues. Pharmacol Res. 1998; 38:297-

303. 

90. Nirmala C, Puvanakrishnan R. Protective role of curcumin against isoproterenol 

inducedmyocardial infarction in rats. Mol Cell Biochem.1996; 159:85-93. 

91. Kukreja RC, Hess ML. The oxygen free radical system: from equations through 

membrane- protein interactions to cardiovascular injury and protection. Cardio vascu 

Res. 1992; 26:641-  655. 



92. Chien, KR, Abrams J, Serroni A, Martin JT, Farber JL. Accelerated phospholipid  

degradation and associated membrane dysfunction in irreversible, ischemic liver cell 

injury. J Biol Chem. 1978; 253:4809-4817. 

93. Blasig IE, Blasig R, Lowe H. Myocardial lipid peroxidation during isoproterenol-

induced  blood flow reduction in rat myocardium. Biomed Biochim Acta. 1984;  

43:S171-S174. 

94. Roig-Perez S, Guardiola F, Moreto M, Ferrer R. Lipid peroxidation induced by 

DHAenrichment modifies paracellular permeability in Caco-2 cells: protective role 

oftaurine. J Lipid Res. 2004; 45:1418-1428. 

95. Meister A, Anderson ME. Glutathione.Annu Rev Biochem.1983; 52:711-760. 

96. Sathish V, Vimal V, Ebenezar KK, Devaki T. Synergistic effect of nicornadil and 

amlodipine on mitochondrial function during isoproterenol- induced myocardial 

infarction in rats. J Pharm Pharmacol.2002; 54:133-137. 

97. Farvin KHS, Anandan R, Kumar SHS, Shiny KS, Sankar TV, Thankappan TK. Effect of 

squalene on tissue defence system in isoproterenol- induced myocardial infarction in rats.   

Pharmacol Res. 2004; 50:231-236. 

98. Kumar SHS, Anandan R. Biochemical studies on the Cardioprotective Effect of 

Glutamine on Tissue Antioxidant Defense system in Isoprenaline-Induced Myocadial 

Infarction in Rats. J Clin Biochem Nutr.2007; 40:49-55. 

99. Gupta SK, Mohanty 1, Talwar KK, Dinda A, Joshi S, Bansal P, Saxena A, Arya DS. 

Cardioprotection from ischemia and reperfusion injury by Withania somnifera: 

ahemodynamic, biochemical and histopathological assessment. Mol Cell Biochem.2004; 

260:39-47. 

100. Rassin DK, Sturman JA, Guall GE.Taurine and other free amino acids in milk of man 

and other mammals. Early Human Development.1978; 2:1-13. 

101.  Agostoni C, Carratu B, Boniglia C, Riva E, Sanzini E. Free amino acid content in 

standard infant formulas: comparison with human milk. Journal of the American College 

of Nutrition.2000; 19:434-438. 

102.  Lombardini J B. Taurine depletion in the intact animal stimulates in vitro 

phosphorylation  of  44-kDa protein present in the mitochondrial fraction of the rat 

heart. J Mol Cell Cardiol.1996; 28:1957-1961. 



103. Huxtable RJ. Physiological actions of taurine. Physiol Rev. 1992; 72:101-163. 

104. Heller Stilb B, Van Roeyen C, Rascher K, Hartwig HG, Huth A, Seeliger W, et al. 

Disruption of the taurine transporter gene leads to retinal degeneration in mice. FASEB 

J. 2002; 16:231-233. 

105. Atmac G. Antioxidant effects of Sulfur containing aminoacids. Yonsei Med J. 2004; 

45:776-788.  

106. Timbrell JA, Seabra V, Waterfield CJ. The invivo and invitro protective properties of 

taurine. Gen Pharmacol. 1999; 26:453-462. 

107. Renteria RC, Johnson J, Copenhagen DR. Need Rods? Get glycine receptors and 

taurine. Neuron.2004; 41:839-841. 

108. Wright CE, Tallan HH, Lin YY, Gaull GE. Taurine: biological update. Annu Rev 

Biochem.1986; 55:427-453. 

109. Shiny KS, Kumar SHS, Farvin KHS, Anandan R, Devadasan K. Protective effect of  

taurineonmyocardial antioxidant status in isoprenaline- induced myocardial infarction in 

rats. J Pharm Pharmacol.2005; 57:1313-1317. 

110. Banks MA, Porter DW, Pailes WH, Schwegler-Berry D, Martin WG, Castranova V.  

Taurine content of isolated rat alveolar type I cells. Comp Biochem Physiol B. 1991; 

100:795-799. 

111. Mithun Singh Rajput, NeelamBalekar, Dinesh Kumar Jain. Lagenaria siceraria 

ameliorates   atheromatous lesions by modulating HMG-CoA reductase and lipoprotein 

lipase enzymes activity in hypercholesterolemic rats. Journal of Acute Disease.2014; 14-

21. 

112. Ram A. Effect of Plumbago zeylanica in hyperlipidaemic rabbits and its modification by 

vitamin E. Ind J Pharmacol. 1996; 28(3):161-166. 

113. Nielson LB, Novdenstgard BG, Stender S, Kieldness K. Aortic esterified cholesterol is 

not superior to total cholesterol as a measure of atherosclerosis severity in cholesterol 

fed rabbits. Atherosclerosis. 1993; 99(1):133-136. 

114. Testa R, Canestrini C, Oldani C. Experimental atherosclerosis in the rat: Biochemical 

evaluation. J Pharm Pharmacol. 1975; 27(9):699-700. 

115. Altman RF. A simple method for the rapid production of atherosclerosis in 

rats.Experientia. 1973; 29(2):256-257. 



116. Lata S, Saxena KK, Bhasin V, Saxena RS, Kumar A, Srivastava VK. Beneficial effects 

of Allium sativum, allium cepa and Commiphoramukul on experimental hyperlipidemia 

and atherosclerosis a comparative evaluation. J Postgrad Med. 1991; 37(1):132 

117. Parke DV, Sacra PJ, Thornton PC.Experimental atherosclerosis in the Wistar rat. British 

J Pharmacol. 1978; 63(2):346-347. 

118. Upaganlawar A, Balaraman R. Effect of Lagenariasiceraria fruit juice on lipid profile 

and glycoprotein contents in cardiotoxicity induced by isoproterinol in rats. Toxicol Int. 

2012; 19(1):15-19. 

119. Prasanth KG, Kalpana E, Dineshkumar B, Monogaran E, Geetha G, Venkatanarayanan 

R.Tetrahydrocurcumin: Beneficial effects on HMG-CoA reductase enzyme and 

lipoprotein lipase enzymes in high-fat diet-induced hypercholesteremia in rabbits. 

Pharmacog  Commun. 2012; 2(2):50-60. 

 


	Title page with out number
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24



