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1.INTRODUCTION 

 

“If the body perishes, Prana departs 

 Nor will the light of truth be reached  

 I learned the way of preserving my body 

 And so doing my Prana too.” 

- Thirumanthiram
1
 

Human race in different regions of the world have their own traditional or indigenous 

forms of healing which are firmly rooted in their culture and history.
2
 The theories and 

applications of traditional medicines are absolutely varying from conventional medicine. 

They are extremely localized and their secretive, mystic knowledge and practices has been 

taught orally by gurukula method of education. It is based on prominent physical sings or 

perceptible mystical powers.
3-5

 Therefore, WHO defines “Traditional medicine (TM) as 

including diverse health practices, approaches, knowledge and beliefs incorporating plant, 

animal, and/or mineral based medicines, spiritual therapies, manual techniques and exercises 

applied singularly or in combination to maintain well-being, as well as to treat, diagnose or 

prevent illness.”
4,5

 

 

It has played a vital role in fulfilling the requirement of primary health care in many 

developing nations and also its use has expanded widely in many developed nations.
6.

 The 

essential role of conventional medicine in competing the acute disease and trauma is 

imperative. At the same time longer life years of human beings increased the risk of 

developing chronic, degenerative diseases and disability adjusted life years
7
 which needs a 

comprehensive care and management which is lack in conventional therapy as they are more 

mechanistic and organ specific in nature.
8
 Traditional medicine provides an unambiguous 

care in affordable cost which is based on the needs of individual to improve the quality of 

life.
4-6

 

 

India has a rich source of traditional medical systems and some of them date back to 

5000 years BC.
9
 Siddha system of medicine is one among them which is flourished in the 

southern part of India especially in Tamilnadu. 
9-11

 It is holistic in nature and preserves the 

complete philosophy of health. The word „Siddhi‟ means attainment of perfection.
12 

Siddhars 

were the men who achieved supreme knowledge and supernatural powers in the field of 
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medicine and yoga 
13,14

  They were well aware that the physical body is transient and that is 

the only instrument by which a person can reach the ultimate goal of life „The salvation‟. 

Hence Siddhars considered as a symbol of psychosomatic perfection and Siddha medicine is 

a combination of Medicine and Yoga. 
13,15

 

Siddhars were poly-pharmacists and their knowledge in the field of Iatro-chemistry is 

equal to alchemy and medicine. They have described many meticulous processes including 

calcinations, sublimation, distillation, fusion, amalgamation, solidification, fixation i.e. 

bringing to a state of noncombustible form of an inorganic substance, extraction and so on. 

These methods are not only useful to prepare medicine but also helpful in alchemical 

processes (transmutation of basic metals into gold).
16, 17

   

The drug resources of Siddha medicine classified in to three groups namely Mooligai 

(drugs from plant origin), Thathu (drugs from inorganic materials) and Jeevam (drugs from 

animal origin). 
18,19

 The raw drugs were characterized by means of their suvai (taste), 

gunam(quality), veeriyam(potency), pirivu(post digestive taste), and prabavam (specific 

action).
13

 Raw drugs, purification process, preparation methods, dosage form, administration 

methods and indications were cleared described in classical Siddha literatures. 

 

The medicines were classified into 32 Agamarunthu (Internal medicine) and 32 

Puramarunthu (external medicine). Powders (chooranam), medicated oils (thylams), liquids 

(manapagu), decoctions (kudineer) are the examples for simple dosage forms and kattu 

(fixation) urukku (solidification), kazhangu (amalgam) chunnam (calcined caustic 

compounds) are few examples for higher order dosage forms.
18

 Usually, simple dosage forms 

are used to control the disease, however if it could not show a good result, higher order 

dosage forms are prescribed..  

 

Siddha physiology based on equilibrium maintained between the three humours 

namely Vali, Azhal and Iyyam and any derangement in this lead to „Disease‟ or „Noi nilai‟.
19, 

10
 So, the restoration of deranged humour is the treatment. The diagnosis of disease involves 

the study of the whole person as well as the diseases. It was done through the eight fold type 

of examinations i.e the examination through pulse, tongue, colour of the body, eyes, speech, 

faeces and urine.
10, 19, 20
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Siddha management is not only focused on illness but also paying attention to the 

patient, his/her mental frame, physical condition, physiological constitution, habitat, the 

climatical condition, etc.
19

  This means that the treatment should be individualistic, which 

ensures a very minimal mistake in diagnosis and treatment. 

4448 types of diseases were mentioned by Sage Agathiyar under various 

classifications in Agathiyar Vaidhya Rathina Churukka Naadi nool.
19,21

 But the disease 

Swasakasam was explained by Sage Yugi under classification of Kasam in Yugi Vaidhya 

chinthamni.
22

 

The disease Swasakasam was characterized by chest discomfort, tightness of chest, 

chest pain, and difficulty in breathing. In addition the expiration will be strenuous producing 

sounds mimicking those of musical instruments like yaazh or veena. It is difficult to 

expectorate the accumulated mucus in the chest.
22,23

 The signs and symptoms of Swasakasam 

can be compared with the disease Bronchial asthma in modern medicine. 

Bronchial asthma is a serious non communicable disease 
24, 25

 described by repeated 

episodes of breathlessness and wheezing, which differ in severity and occurrence from 

individual to individual.
26,27

 It affects all ages with raising prevalence in many developing 

nations, escalating medical expenses and burden of patients and community.
28

 India is facing 

a growing burden of non communicable diseases due to exposure of people to various social 

and environmental influences which made  them to adopt unhealthy behaviors/lifestyles.
29 

The economic expenditure connected with asthma was calculated to go beyond the total 

expense of Tuberculosis and HIV.
24.

 

 

Between 100 and 150 million people suffer from asthma globally. All around the world, 

the asthma mortality has reached over 1,80,000 people per year.
24

  An approximate 

calculation shows that the people suffer from asthma might increase an addition of 100 

million people by 2025. The current available data showed that 15 million people loss their 

disability adjusted life years (DALYs) due to asthma all over the world which is equal to 

Diabetes and Liver Cirrhosis.
28

 In India, there is no standard data available on asthma 

prevalence. A prevalence of between 10-15% was roughly pointed out in 5 to 11 year old 

children in India. India has an estimated population of 15-20 million asthmatics. 
24 

 



4 
 

There are two types of bronchial asthma intrinsic and extrinsic asthma.
27, 30

 The 

disease is often found in association with atopy. The key pathogenesis of bronchial asthma is 

air way inflammation. The T-lymphocytes initiate the liberation of inflammatory mediators 

from eosinophils, mast cells, and lymphocytes. Despite of triggering factors, the recurrent 

process of inflammation and pulmonary tissue injury followed by restoration may create 

structural airway remodeling.
27,30,31

  

 

In conventional treatment, a multilevel treatment plan is recommended according to 

the disease severity. Based on the clinical control of asthma, Global Initiative for Asthma 

(GINA), has classified the severity of the disease ranging from „controlled‟ to „partially 

controlled‟ to „uncontrolled‟. Numerous drugs are available for bronchial asthma which gives 

a good relief, but they are symptomatic and transient. Almost all currently available drugs 

such as steroids, b2- agonists, anticholinergics and phosphodiesterase (PDE) inhibitors have 

lot of adverse effects. Hence continuous efforts are going on all over the world to find out 

effective and safe remedies for bronchial asthma preferably of natural origin. 
32

 

 

 In spite of technological advances, new drug discovery is a challenging task for the 

pharmaceutical industry. But, a significant hope remains in the field of ethno pharmacology 

and traditional medicine which may offer a good base as an attractive discovery engine. The 

path of observational therapeutics and reverse pharmacology led to significant hits, which 

will help to identify new therapeutic drug candidates for many diseases. In this process, 

„safety‟ remains first and the efficacy becomes a matter of Validation.
33,34

 

 

In Siddha system of medicine a wide range of medicines are available for treating 

bronchial asthma. Herbs play a vital role in treating Bronchial asthma. Justicia Adhatoda, 

Piper longum, Clerodendrum serratum, Alpinia officinarum,  Solanum surrettense, Solanum 

trilobatum are some of the herbs very much useful for treating Swasakasam.
35

 Herbo-mineral 

and herbo-metalic preparations are advised if the disease is not responding to herbal therapy. 

There are a number of effective formulations indicated for Swasakasm in Siddha literature. 

Thuthuvelai nei, Adathodai manapagu, Thippili rasayanam, Swasakudori mathirai, Sombu 

theeneer, Thalaga parpam, Swasakasa chendooram
36,37 

and Pavala veera chunnam
38

 are 

some of the valuable examples.  



5 
 

The word chunnam means sublimate of calcium. It is an alkaline product similar to 

lime.
39

 The word chunnam is coined from the word “chunn” which means white colour. So, 

chunnam is a white coloured fine processed powder. Chunnam is considered to be more 

efficacious than parpam and chendooram, but they are seldom used by the Siddha 

physicians.
17

 

 

In Siddha, Pavalam (coral) is one of the common mineral drugs used for upper 

respiratory diseases and nervous disorders.
40

It is gleaned that Pavalam was used to prepare 

many parpam and chunnam. Narpavala chunnam (NPC) is a commended dosage form 

which is made from Narpavalam indicated for bronchial asthma. As said earlier, chunnam is 

one among the commended dosage forms which is applauded in literature but used 

infrequently.  

 

Extensive research work has been conducted in drugs of plant origin but very little 

research has gone into drugs of animal and marine origin. Some of the Pavalam based 

medicines are evaluated against atherosclerosis, gastric ulcer, osteoporosis and hepatitis.  But, 

so far no scientific data is available on this preparation for Swasakasam (Bronchial asthma). 

Hence, the author has chosen the drug Narpavala chunnam for evaluation.   

 

 This study has been designed to assess the safety and efficacy of Narpavala chunnam 

for Swasakasam as a reverse pharmacological approach.  
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2. AIM AND OBJECTIVES 

AIM 

 To standardize the drug preparation and scientifically evaluate the preclinical safety 

and efficacy of Narpavala chunnam for Swasakasam (Bronchial asthma) 

The objectives of the present work are as follows: 

Standardisation of the study drug 

 Identification and authentication of the ingredients 

 Preparation of the drug in two batches and analyze them 

 Analysing the drug as per the specified protocol given by CCRAS, AYUSH 

 Analyzing the elemental composition of the drug by ICP-OES and EDS 

 Particle size analysis by DLS and SEM methods 

 Analyzing the chemical nature of the drug by FTIR, XRD 

 Thermo gravimetric analysis (TGA) of the study drug 

Animal experiments 

Safety studies 

  Evaluating the study drug‟s  safety by conducting acute and long term toxicity studies 

in animals 

Efficacy studies 

 Effect of NPC in Milk induced leucocytosis in mice 

 Effect of NPC in  Histamine induced bronchospasm in guinea pigs 

 Effect of NPC in Ovalbumin induced lung damage in experimental rats  

 Effect of NPC in Histamine induced contractions in isolated guinea pig ileum 

 Effect of NPC in C48/80 induced mast cell degranulation in rat mesentery 

 Effect of NPC in Neutrophil adhesion test in rats 

 Effect of NPC in Cyclophosphamide induced neutropenia  in rats 

 Effect of NPC in Carrageenan induced paw edema in rats 

 Effect of NPC in Cotton pellet induced granuloma in rats 
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3. REVIEW OF LITERATURE 

 In the present work literature review was carried out by using various resources like 

Siddha literatures, modern literatures, various guidelines like WHO, AYUSH, CPCSEA, 

internet resources like Pubmed, Science direct, Springer and Scopus journals etc. The review 

was documented in the following aspects.  

  Fig.3.1 Schematic representation of Review of Literature 

 

SIDDHA ASPECT 

 Siddha Basic principles 

 Swasakasam 

Siddha Basic principles 

According to Siddha, the primordial universe has two opposite but mutually 

complimentary entities called Shiva (matter) and Shakthi (energy).
13

 They coexist with each 

other and produce the current structure of the universe. The human body (microcosm) is a 

miniature of the world (macrocosm) which is formed by Pancha bhoothams ( Five elements).                                                                                                                                                                                                                                                                                                                                                                                                                        

The human body is a conglomeration of 96 thathuvams (basic principles) which includes 

pancha bhoothams as first section. All earthy beings live, move, grow, and die to be resolved 

• Basic principles 

• Swasakasam 
Siddha aspect 

• Disease details 

• New therapies in Asthma 
Bronchial asthma 

• Siddha review 

• Scientific approach 
Drug review 

• Principles 

• Applications 
Modern analytical 

techniques 
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into the 96 thathuvams again after death.
19

 This is mentioned by the Siddhar Satta muni as 

“Andatthil ulathe pindam Pindatthil ulathe andam ” which  could be translated as, 

    

“Elements of macrocosm exists in microcosm 

   Elements of microcosm exists in macrocosm” 

       (Satta muni gnanam) 

 All matter in the universe are formed by panchabhoothams (five elements) mann 

(earth), neer(water), theyu(fire), vayu(air) and akaayam(ether). These five elements undergo 

fractionation and re-assortment among themselves in a peculiar manner to form various 

substances.
19

This can be well understood by the following words  

“Nilam neer thee vali visumbhodainthum kalantha mayakkam ulagam aathalin” 

The physical components formed by five elements and the basic characterization of 

five elements are listed in table 3.1. 

Table 3.1 Qualities of five basic elements 

Elements Physical components
13

 Qualities 

Earth Skin, hair, nerves, bone and muscles Heaviness, solidity, growth and 

development
41

 

Water Blood, semen,urine, fat and brain Chillness, greasy, wetting and 

oozing
41

 

Fire Motion, vigor, vitality of body Heat, sharpness, clarity
41

 

Air Sitting, walking, running, lying and standing Laxity, dryness, lightness, 

producing tiredness
41

 

Ether Desire, vengeance, lust, cheating etc Subtleness, appeasing nature, 

occupying empty space
41

 

Siddha physiology 

Vali (motion), Azhal (energy) and Iyyam (inertia) are the functional units of human 

body as they control and maintain all physiological processes of human body.
13,19

 The 
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pathogenesis of various diseases is also controlled by these Uyir thathus. As said earlier they 

are also made up of   

Vali= Air (Katru) + Space (Agayam) 

Azhal=  Fire (Thee)   

Iyyam= Earth (Mann) + Water (Neer)    

Usually, the normal ratio between Vali, Azhal, Iyyam is 1:1/2:1/4, respectively. 

Environment, climate, dietary habits, physical and mental disturbances are some of the 

factors influence the above equilibrium which may result in disease. The physical components 

which are indistinguishable to the different types of body tissues are described as Udal Thathus (body 

constituents). They are Saaram (Primary Nourishing Fluid), Chenneer (Blood), Oon (Muscle), 

Kozhuppu (Fat), Enbu (Bone) Moolai (Bone Marrow) and Sukkilam (semen/ovum). For a normal 

health, functional cooperation of Uyir thathu and Udal thathu are essential.  

Siddha pathology
10,13 

 

The equilibrium of these three biological humours is good health, and any interruption 

or disproportion in this equilibrium may create disease or sickness. 

Diagnosis in Siddha
13

 

In Siddha, the diagnosis of diseases based on   

 Poriyaal therthal (diagnosis through sense organs) 

 Pulanaal arithal (diagnosis through five senses) 

 Vinathal (Interrogation) 

                                      Fig 3.2.  Siddha diagnostic methods 

               

 

Siddha 

Diagnosis 

Poriyaal therthal  

Pulanaal arithal  

Vinaathal 
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The method for above diagnosis is done through eight fold type of examination which 

include examination of tongue, colour, speech, eye, feaces, urine, pulse and touch. 

Examination of pulse plays a vital role in identifying the activities of Uyir (Life Principle) in 

the individual body.
13

 Analysis of individual constitution helps to reestablish the equilibrium 

with their surroundings thus generating a favorable internal atmosphere helpful to encourage  

healing. Neer kuri (study of urine) is also a special method used to diagnose the diseases. A 

drop of gingely oil is left over a small bowl containing patient's urine. The spreading speed 

and shape of the oil is assessed to diagnose the disease.  

 

Classification of Siddha treatment
42 

 

 As said earlier, disharmony of the three humours is the cause of disease. Hence, the 

aim of the treatment is to keep these humours in equilibrium and to upkeep the seven physical 

constituents. The treatment is classified into three types namely, 

 

 Deva maruthuvam (Divine treatment) 

 Manida maruthuvam (Human treatment) 

 Asura maruthuvam (Surgical treatment) 

 

    Fig. 3.3 Classification of Siddha treatment methods 

 

 

 

• Supreme medicine which has longer 

life and needs great expertise like 

guru, kuligai, muppu etc. 

Deva 

Maruthuvam 

• Comprisese of simple preparation 

prepared from herbs like chooranam, 

manapagu etc. 

Maanida 
Maruthuvam 

• Surgical techniques, heat applications, 

blood letting method etc. 

Asura 
Maruthuvam 
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Siddha medicines
13,40

 

 The drug resources have been categorized into Mooligai (plant products), Thathu 

(metals and minerals) and Jeevam (animal products). The medicines are classified in to 

 

   Fig 3.4. Classification of Siddha medicines 

 

 

Herbal preparations are the first line of treatment in Siddha. When the herbal 

treatment is not sufficient metals and minerals are used. It is mentioned in the Siddha classics 

as    

 “Veru paru thazhai paru minginakkal  

   Mella mella parpam chenduram paare”
 
 

The drugs were characterized by means of their suvai (taste), gunam (quality), 

veeriyam (potency), pirivu (post digestive taste), and prabavam (specific action). According 

to the elemental composition of taste, the drug was chosen for treatment.
13

 

 

Line of treatment in Siddha
13

 

 The line of treatment in Siddha is done by following either one of the concept. 

Oppurai (Similar action) 

 A cure employed by the drugs which stimulate the symptoms similar to those of the 

disease. 

Ethirurai (Opposite action) 

 A cure by those drugs, which acts against and suppress the symptoms of the disease. 

Kalappurai (Mixed action) 

 A cure by the combination of both Oppurai and Ethirurai methods, whichever 

required as per the condition of the disease. 

Internal 
medicines 

• Chooranam, Vadagam, Mathirai, Parpam, Chendooram, 

Chunnam 

External 
medicines 

• Kattu, Pattru, Ottradam, Pottanm, Poochu 
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SIDDHA LITERATURE ON SWASAKASAM
22,43

 

The disease Swasakasam is placed under the topic Kasam by Sage Yugi. As per the 

text Siddha Maruthuvam, the disease was classified into five types based on predominant 

humour affected. Sage Agathiyar, Yakobu and Bogar have mentioned a variety of medicines 

for Swasakasam in their work. 

Synonyms: 

Iraippu noi, Eluppu noi, Iraippu irumal, Isivu irumal. 

Definition:  

The disease Swasakasam is characterized by chest discomfort, tightness of chest, 

chest pain, and difficulty in breathing. In addition the expiration will be strenuous producing 

sounds mimicking those of musical instruments like yaazh or veena. It is difficult to 

expectorate the accumulated mucus in the chest.  

Etiology: 

 Dietary factors (Intake of allergic and cold food items) 

 Exposure to allergic fumes and cold climates  

 Activities which may aggravate the Iyyam humour eg. daytime sleep after taking oil 

bath 

 Inhalation of pollen grain 

 Emotional disturbance 

Etiological influence according to Siddha literature in developing Swasakasam  

  As per Siddha literature seasons, habitat, the food and life style plays vital role in the 

development as well as the prognosis of a disease. There are 6 seasons (Perum pozhuthu) in a 

year. Likewise a whole day is also divided in to 6 parts which is mentioned as 

Sirupozhuthu.(time segments)
44

. Kaar (rainy) Koothir (cold windy period) Munpani (early 

winter) and Pinpani (Late winter) are the major seasons which aggravate the disease. In 

Sirupozhuthu, early morning (vaigarai) aggravates the disease. 
45 
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                         Fig  3.5 Seasonal variation of humours  

 

 

 

       

Thinai (habitat):
45

 

In hilly tract (Kuringi nilam) Iyya diseases will be aggravated. 

Suvai:  

Excessive intake of sweet will increase Iyyam humour. 

Pathogenesis of Swasakasam 

As per Sage Theran derangement of Iyyam humour is the basic reason for 

Swasakasam. He mentioned it as follows 

„Kabatthinai yandri Kasaswasam Kaanaathu” 

 The variation in environmental condition, seasonal variations, food habits and 

emotional disturbances leads to vitiation of Iyyam humour. Cold, pallor, secretion of 

lubricating material, fatigue are some of the properties of Iyyam humour. When the Iyyam 

humour is vitiated, mucosa of the respiratory passage is affected and it causes the 

inflammation of throat, nose, lungs etc.  

Slowly the inflammation is increased and produces lot of mucosal secretion which 

leads to difficulty in breathing and cough. When the deranged Iyyam humour combines with 

Vali or Azhal it increases the severity of the disease. Melnokkunkaal (Upward air) and 

Nadukkaal (Homeostatic air/Digestive air) are affected initially, when the severity of disease 

progresses the Uyirkaal, (Life force) and Paravukaal (Centrifugal air) are also affected. The 

influence in the Uyir thathu automatically affects the seven Udal thathu (physical 

constituents). 

 

No Season Affected humour 

1. Kaar In situ growth of Azhal, Ectopic growth of vali 

2. Koothir Ectopic growth of  Azhal 

3. Pinpani Ectopic growth of Iyyam 
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Fig 3.5 Pathogenesis of Swasakasam 

 

 

 

 

 

 

  

 

 

 

 

 

Premonitory symptoms (Noi murkuri)
22,43

 

 Running nose,  sneezing  

 Chest pain,  tightness of chest 

 Difficulty in normal respiration  

 Pain in the flank with suffocation 

 Flatulence, sweating 

Signs and symptoms of Swasakasam(Noi kurikunangal) 

The signs and symptoms of Swasakasam is as follows 

 “Vanmayai kozhai katti irumi veezhum 

 Maanaagam polave vaangum swasam 

Life style and environmental condition 

            Excessive mucosal secretion 

 

      Dearngement of Udhanan and Samanan 

Deranged Iyyam humour 

Difficulty in breathing, cough 

 

Mucosal inflammation of nose, throat, lungs 

 

Swasakasam 
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 Thinmayaai serumal undaam adikkadikku 

 Seeranam ilamale vairum oothum 

 Nanmayaai naasiyathu thanal polagum 

 Nalinthu udambu vatrivarum kuralum kammum 

 Unmayam unnakkil oorum keni 

Yuzhanthume swasakasathi noppe”
23

 

 Cough with expectoration, dificulty in breathing (snake‟s snort),  throat irritation, 

indigestion with flatulence, hoarseness of voice, excessive mucosal secretion and general 

debility are the major symptoms of Swasakasam. 

Classification of Swasakasam
22

 

Swasakasam is placed under the topic Kasam in Yugi Vaidhya Chinthamani. 

Kuppusamy Mudaliar, the author of Siddha Maruthuvam text book, explained five types of 

Swasakasam according to the humour affected. They are  

 Vali Iraippu noi  

 Iyya Iraippu noi  

 Iyya Vali Iraippu noi  

 Mukkutra Iraippu noi  

 Melnokku Iraippu noi 

Vali Iraippu noi
22

 

 Intake of food items which increase the Vali humour is the root cause for this disease. 

The normal respiration is affected due to indigestion. Tightness of chest and wheezing are the 

major symptoms. This type can be managed easily. It is also called as Chitriraippu. 
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Iyya Iraippu noi
22

 

 Sudden changes in the climatic condition and dietary factors influence this type of 

Iraippu noi. It is also known as Manthara Iraippu. The major symptoms are sneezing, nasal 

block, chest tightness and pain while expiration, orthopnoea, difficulty in expectoration, 

dryness of the tongue and cold extremities.  

Iyya Vali Iraippu noi
22

 

 In this type, the Iyyam and Vatha humour (Melnokkungal) both are affected. The main 

symptoms are sneezing, nasal block, difficulty in breathing, abdominal distension due to 

retention of urine and faeces, dryness of the tongue and psychological disturbances. The 

disease is also called as Periraippu. 

Mukkuttra Iraippu noi
22

 

 All the three humours are affected.  The detoriation of seven Udal thathu and five 

senses are noted in this type.  Dyspnoea, shivering of the body, mood changes are the earlier 

symptoms.  Later the patient develops chest tightness, respiratory sound resembles like  

cow‟s respiration, abdominal distention, retention of urine and faeces, slurring of speech, 

body pain and excessive sweating over the forehead. This is also called as Maha Eraippu. 

Mel nokku Iraippu noi
22

 

  Prolonged history of any types of Iraippu noi which are mentioned above will lead to 

Melnokku Iraippu otherwise called as Mel Iraippu. The major symptoms are severe dysnoea, 

protrusion of the eyeball, dryness of mouth and excessive sweating. The condition may 

become fatal, if proper treatment is not given. 

Diagnostic methods (Noi kanippu) 

 Diagnosing methods in Siddha system is very unique and are solely dependent upon 

the clinical expertise of the physician. Poriyal arithal (examination by the five sense organs), 

Pulanaal arithal (examination by the sense organs), Vinaathal (interrogation) are the basic 

methods used for diagnosis. These are done with through eight fold type of examination. 

These are explained as follows 
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1. Naa( examination of Tongue)
45

 

 Niram (colour) - Pale/red/cyanosis in acute severe illness 

 Thanmai (character) - Coated 

 Pulan (sense)  - Saliva tend to taste sweet/sour 

 Salivary secretion - Increased 

2. Niram theru (examination of colour) - pale/red/pink 

3. Mozhi thervu (examination of speech)- Low pitched. Wheezing sound heard 

    (snake‟s snort) along with speech 

4. Vizhi thervu(examination of eye)  

 Niram(colour)  -  Pale/black 

 Thanmai(character) - Normal 

 Pulan(sense)  - Normal 

5. Malam thervu(examination of eye) 

Niram(colour)    - Pale 

Nurai(froth)    - Present 

Elagal/Enjal(consistency)  - Elagal(loose stools) 

6. Moothiram thervu(examination of urine) 

a. Neerkuri 

 Niram(colour)   - Straw colour 

 Adarthi(specific gravity)  - Decreased 

 Manam(odour)   - Flesh smell 

 Nurai(froth)   - Increase 
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 Enjal(Deposits)  - Absent  

b. Neikuri    -Iyya neer(Oil stands in the form of Pearl).  

 The oil drop spreads like the shape of  Sieve. 

7. Sparisam thervu (examination of touch) -cold/clammy/ tenderness  in the throat 

        

8. Naadi thervu (examination of pulse) 

Thanmai (character)    - rapid and thin 

Nadai (pattern)    - Iyya naadi and Vali Iyya naadi 

 

 

 

 

 

 

 

Diagnosis by sputum
22

 

By examining the sputum we can diagnose the type of Iraippu noi 

 Excessive, frothy and light sputum indicates the Vali noi 

 Hard, black sputum which smells like meat indicates the  Iyya noi 

 White with pus mixed in colour and yellow colour indicates the Azhal noi 

Siddha line of treatment
22,45

 

The Siddha medical treatment is intended to maintain the three humours (Uyir 

thathukkal) and seven physical constituents (Udal thathukkal) in equilibrium. Deranged 

Iyyam is the predominant humour which is responsible for the development of Swasakasam. 

“Thanamulla sethumam thaan ilakil veppu 
19 

 

Cyameelai irumal mantharakaasam” 

 

“Paangana vaathathil sethuma naadi 

------------------------------------------------- 

Vaangatha eelai mantharakaasam”
 19
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It is also combined with Vali or Azhal humour. When there is a derangement in Iyyam 

humour alone it is easier to restore back. But, if it influences the other humours, the treatment 

should be given in step wise procedure from cleansing therapy to life style changes. The 

drugs used in Siddha medicine have been described according to the suvai(taste), 

gunam(character), veeriyam(potency), pirivu(class) and mahimai(action).  

Sweet, sour and saline tastes increase the Iyyam humour and the pungent, astringent 

and bitter tastes alleviate the Iyyam humour to normal condition. So, the medicines will act 

according to the taste, compatible and incompatible of the ingredients. 

Purgative therapy: 

 Drugs which are neutralizing the vitiated Iyyam humour and Melnokkukaal can be 

administered like Uttamani ennai, Meganatha kuligai and decoctions prepared from 

Mukirattai ver (Boerhaavia diffusa). To alleviate the altered Azhal vomiting can be induced 

by using Karisaalai (Eclipta prostata) juice and Sangankuppi (Clitoria ternatia) juice. 

Kudineer: (Decoction) 

 Adathodai kudineer 

 Nochi kudineer 

Chooranam (Powder) 

 Maha sudarsana chooranam  

 Moongilathi chooranam  

Vadagam (Lozenge) 

 Thalisathy vadagam 

Nei (Medicated ghee) 

 Thuthuvelai nei 

 Kandankathiri ghritham 

Rasayanam (Dainties) 

 Pippilathy rasayanam 

 Elai erumal rasayanam 
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Legium (Eleccturary) 

 Arathai legium 

 Manthara kasa legium 

 Surapunga vilvathy legiyam 

Mathirai (Pill) 

 Karuppu vishnu chakkara Mathirai  

 Mahavasanthakusumahara Mathirai 

 Swasakudori Mathirai 

Theeneer (Distilled extract) 

 Thennangal theeneer 

 Sombu theeneer 

Thiravagam (Distilled acidic) 

 Arunelli Thiravagam 

Pathangam (Sublimates) 

 Thalaga pathangam 

Chenthuram (Calcined red oxides) 

 Poornachandrothayam 

 Swasakudori chenthuram 

 Velli chenthuram 

 Thooya kulanthaga chenthuram 

Karuppu 

 Thalaga karuppu 

 Kasthuri karuppu 

Parpam (Calcined oxide) 

 Muthuchippi parpam 

 Pavala parpam  

 Pithalai parpam 

 Thambira parpam 
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Kattu (Non combustile form of an inorganic substance) 

 Thalaga kattu 

Chunnam (calcined caustic oxide) 

 Pavala veera chunnam 

 Narpavala chunnam 

 Muthu chunnam 

Karpam (Rejuvenating drug) 

 Bavana kadukkai  

 Narayana mandooram 

Diet: 

 Food items which increases kabam humour should be avoided. Heavy, oily, cold, 

sweet, sour and salty foods should be restricted. Fresh fruits and vegetables, legumes, dry and 

warm foods have to be taken. 

REVIEW OF MODERN LITERATURE ON BRONCHIAL ASTHMA 

 
Definition 

24, 27
  

 

 Bronchial asthma is a chronic inflammatory airway illness illustrated by paroxysm of 

wheezing, breathlessness, tightness of chest and cough that differ from person to person in 

their onset, severity and recurrence.  

 

History of Bronchial asthma 

 Bronchial asthma is considered an idiosyncrasy or peculiarity of the human 

constitution and is familiar to the Greek, Roman and other ancient authors. The name asthma 

had been used by the ancient doctors Hippocrates, Galen, Aretaeus, Celsus, and others to 

describe various forms of dyspnoea.
46

 The clinical description of asthma was explained 

by Aretus of Cappadocia (100 AD) and later by Moses Maimonides (1135-1204 AD). 
47 

Many famous personalities including Charles Dickens, Theodore Roosevelt, Bill Clinton, 

Baruj Benacerraf, Elizabeth Taylor, Raj Kapoor suffered from asthma. However, the 

available modes of therapy control the symptoms only. 
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Epidemiology 

 The asthma occurs early in life. In childhood the boys are more affected than 

girls. But, in adults it equalizes around the age of 30.
27

 

 The prevalence of asthma is comparatively higher in developed countries.
28

 

 In United States about 8.2% of adults and 9.4% of children suffer from 

asthma.
48

 

 About 8% of population in Swiss suffer from asthma
28

 

 In Japan 3 million people suffer from asthma in which 7% of people have 

severe form of asthma.
24

 

  In India, only limited data is available in asthma epidemiology due to lack of 

standard methodologies and data analysis. A rough assessment showed a 

prevalence between 10- 15 % of asthma in 5 to 7 year old children in India. 

India has an estimated population of 15-20 million asthmatics.
24

 

 

Aetiology 
27, 31

  

 Allergens like house dust mite, cockroach, pollen grains, moulds 

 Respiratory infection by rhinovirus, respiratory syncytial virus (RSV) and 

parainfluenza virus 

 Tobacco smoke 

 Air pollution 

 Diet and obesity 

 Low intake of antioxidants 

 

Anatomy of respiratory system
27,30,49,50

 

The respiratory system comprises of lungs, airway conducting pathways, the 

diaphragm and chest muscles. Lungs are the major respiratory organs situated in the thoracic 

cavity which are divided by the mediastinum. The right lung has three lobes and the left lung 

has two lobes which are further divided as segments.  

The trachea bifurcates into right and left bronchi at the level of carina. Then, the right 

and left bronchi divided into secondary bronchi, tertiary bronchi, bronchioles, fine network of 

alveolar ducts, alveolar sac and finally in to alveoli. The complete set up mimics an inverted 

tree; hence it is called as bronchial tree. 
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 The respiratory bronchiole, alveolar duct and alveolar sac are the terminal unit of 

respiration where the gaseous exchange is taking place. An individual branch of pulmonary 

artery supplies the every broncho pulmonary segment. 

        Fig 3.6 Anatomy of respiratory system 

 

  

 

Mechanism of respiration
50

 

 

The respiratory process can be explained as follows 

 Pulmonary ventilation. 

 Diffusion of oxygen and Co2 between alveoli and tissues. 

 Transportation of oxygen and Co2 between cells and bodily fluids 

 Regulation of respiration 

 The respiratory stimulus is initiated by medulla and pons. Air is inspirited from the 

external environment passes through the respiratory passage, diffuses through the wall of the 

alveolus and enters into the capillary. Rapid exchange of gases was taken place by passive 

diffusion along concentration gradients. A surface area of 70 – 80 m
2
 involves in the gaseous 
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exchange. The regulation of respiration is maintained by mechanoreceptors and chemo 

receptors. Mechanoreceptors prevent the over inflation of the lungs and the chemo receptors 

regulate the respiration according to the changes in PO2, PCO2 and P
H
. The definition of 

volumes related to respiration. 

Expiratory Reserve Volume (ERV): Maximal volume of gas expelled at the end of a normal 

respiration.  

Inspiratory Reserve Volume (IRV): The maximum amount of gas inhaled after a normal 

inhalation.  

Tidal Volume (TV): Quantity of air inspired or expired in a normal breath. (usually around 

500–800 ml) 

Vital Capacity (VC): The maximum volume of air that can be expelled followed by a 

powerful inhalation. It is calculated as the sum of inspiratory and expiratory reserve volumes 

with tidal volume. After a maximum expiration, the volume of gas expelled with maximum 

effort is defined as Forced Vital Capacity (FVC).   

Residual Volume (RV): The amount of air remains in the lungs subsequent to compulsory 

expiration. 

Total Lung Capacity (TLC): The maximal lung volume at maximal end respiration.  

Functional residual capacity: The amount of gas present in the lungs followed by a normal 

respiration. Except functional residual capacity and residual volume the others can be 

measured by spirometry. 

Pathophysiology and pathogenesis of bronchial asthma 
30, 31

 

 Bronchial asthma is a heterogenous genetically complex disease which cannot be 

explained easily.
51

 Recurrent airway limitation is common in asthma which is created by 

bronchoconstriction, airway edema, airway hyper responsiveness and airway remodeling. The 

inflammation plays the key role in asthma pathogenesis and more than 100 inflammatory 

mediators involved in the in the process of inflammation.
31,51

 Initiation of inflammatory 

process of asthma is quiet complex and still under investigation. Allergens and environmental 

exposures trigger an abnormal immune response due to interplay between host factors and 

environment. Airborne allergens and viral respiratory infections have a major impact in the 

incident and progression of illness. 
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Microbes, pollutants and oxidants induce the respiratory epithelium to produce 

numerous mediators which can alter the immune signal transduction pathways, activate and 

recruit various inflammatory cells. Infiltration of inflammatory cells in the lungs initiates a 

perpetual cycle of chronic inflammation results in bronchoconstriction, mucus hyper 

secretion, edema, airway hyper responsiveness and slowly airway remodeling.
31

 

The various inflammatory cells involved in the pathophysiology of asthma are 

lymphocytes, mast cells, eosionophils, neutrophils, dentric cells, macrophages and 

fibroblasts. Histamine, prostaglandins, thromboxane, reactive oxygen species, nitric oxide, 

leukotrienes and IgE are some of the mediators involved in the inflammatory process.
52

 

Though different types of asthma exist; the pattern of airway inflammation stays constant. 

But the response to asthma management depends on the distinct phenotype.
31

 

     Fig 3.7 Pathogenesis of Asthma 
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Types of bronchial asthma
27,30

 

 Extrinsic asthma 

 Intrinsic asthma 

Extrinsic asthma (allergic, atopic) 

 Most common type, generally begins in childhood.  

 Often associated with a history of allergic condition for instance rhinitis, 

urticaria, and eczema.  

 Classical IgE mediated hypersensitivity reaction.  

 In acute stage, IgE attached mast cells result in the production of  primary  and 

secondary inflammatory mediators (leukotrienes, cytokines and neuro-peptide)  

 Recruited leukocytes in acute phase leads to late phase which is characterized 

by constant bronchospasm and edema, infiltration of leukocytes and epithelial 

cell injury.  

Intrinsic asthma (non atopic, idiosyncratic) 

 Common in adults  

 Mixed etiology 

 Normal serum IgE and patients found to be non allergic 

 Air pollution, climatic variation and respiratory viral infection may influence the 

disease 

Clinical features of bronchial asthma 

  Expiratory Wheeze 

 Shortness of breath 

 Chest pressure sensation 

  Cough  

 Increased mucus 

 Tachycardia  

 



27 
 

Diagnosis
26, 54 

 

Bronchial asthma is diagnosed by assessing the clinical symptoms and detail history 

of the patients. These findings are correlated with the laboratory investigations. 

History  

 With the clinical picture, a detailed medical history will reveal the underlying cause of 

the disease. History of allergy, family history of atopy, recurrent respiratory infection, 

allergic to fumes, animal fur, dust mite, smoke and emotional disturbances reveal the 

underlying pathology.  

Physical examination 

Wheeze during auscultation, prolonged expiratory phase, tachypnoea and orthopnoea 

are some important findings through physical examination.  

 

Laboratory investigations
26,27,54

  

Spirometry: It is a method of measuring airflow limitation and its reversibility. It quantifies 

the FEV and FVC in a second. An increase in forced expiratory volume ≥ 12% and ≥ 200ml 

after administration of bronchodilator indicates reversibility of asthma. 

Peak exploratory flow (PEF): The peak exploratory flow measurement can be useful to 

monitor the disease progression as well as  treatment efficacy. The diurnal variation of PEF 

<20% suggests the diagnosis of asthma. 

Other investigations
55,56

 

 The following findings are highly sensitive but they are not necessarily correlate with 

the intra pulmonary events. 

 Measurement of airway responsiveness to methacholine and histamine  

 Nitrous oxide (NO) concentration in exhaled air 

 Skin test to various allergens 

 Measurement of serum IgE level 

 Sputum and blood eosinophilia 

 Chest x-ray 

 Arterial blood gas analysis (ABG), determination of diffusion capacity 
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Differential diagnosis
27,55

 

 Upper respiratory tract obstruction by tumor or laryngeal edema  

 Endobronchial disease such as neoplasm or bronchial stenosis  

 Acute left ventricular failure 

  Recurrent pulmonary emboli  

 Eosinophilic pneumonias 

 Gastro esophageal reflex disorder 

 Chronic obstructive pulmonary disease (COPD) 

Treatment of bronchial asthma
26,54

 

Pharmacotherapy 

Suppression of inflammation and reduction of bronchial hyperactivity and airway 

obstruction are the main goal.  

 Relievers (Medicines used for symptomatic management e.g short acting 

anticholinergics, short acting beta2 –agonist bronchodilators(SABA)) 

 Controllers (Medicines useful for prevention and maintenance e.g inhaled 

corticosteroids (ICS), inhaled long-acting beta2 agonists (LABA) and delayed-

release theophylline) 

Non pharmacotherapy 

In addition to treatment some other pharmacotherapies are also advised to control 

asthma. Some useful therapies are 

 Breathing techniques as a supplementary therapy with medications 

 Advice to stop smoking 

 Identifying the allergen and avoidance 

 Physical activity 

According to GINA (Global Initiative for Asthma), the effectiveness of asthma management 

has been categorized into
57
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 Controlled  

 Partially controlled 

 Uncontrolled 

The categorization was done according to course of illness and the treatment response.  

 No trouble shooting symptoms during day and night 

 Active physical life including exercise 

 Need minimal or nil symptomatic medications 

 Normal or near normal PFT 

 Nil  asthma exacerbation. 

NEW THERAPIES IN ASTHMA 

Pharmacogenomic therapy
48

 

 Successful mapping of human genome helps in the advancement of pharmacogenomic 

therapy in Bronchial asthma. Patient response to pharmacotherapy can successfully linked 

with homozygous polymorphism. 

 Weschler 2009 explored the association between genotype variation (Arg16 and Gly 

16) and their treatment response to pharmacotherapy.
58

 

 Kim et al revealed the beneficial effect of the combination of inhaled corticosteroids 

and LABA in Arg/Arg genotype patients.
59

 

 Chung et al., 20011 demonstrated the synergistic mechanism between corticosteroid 

therapy and ADRB2 activation.
 60

 

Emerging therapies 

 Bronchial thermoplasty: Thomason 2011  described this method as“The distribution 

of radio frequency energy in to the airways by flexible bronchoscopy may helpful to 

reduce air way smooth muscle mass and decrease bronchoconstriction”
61

 

 Oligoneucleotide agents switch over the Th1 response against th2 immune response 

and inhibit IgE production.
62

 

 Monoclonal antibodies targeting IL4, IL5, IL9 and IL13 and predominantly acts on 

eosinophils and blocks airway hyper responsiveness.
63
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Oxidative stress in Bronchial asthma 

 The lungs are more prone for oxidative stress because of their anatomical position and 

function.
63

 ROS can be produced endogenously by normal internal cellular metabolism and 

exogenously from environmental pollutants. This may lead to increased inflammatory 

response which results in epithelial cell damage and lung injury.
64,65

 Many authors have 

explained the various mechanisms behind the oxidative stress and the development of 

asthma. SOD, GPx, GSH and Catalase are some of the antioxidant defenses against the 

oxidative stress.
66

  

Fig 3.8 Oxidative stress in Bronchial asthma 
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 DRUG REVIEW OF NARPAVALA CHUNNAM 

Table 3.2 Ingredients of Narpavala chunnam 
 
 

No Tamil name Botanical/zoological name Part used Quantity 

1. Narpavalam Corallium rubrum Linn Hard coral 200gm 

2. Kattralai Aloe vera (L.) Burm.f. Gel Sufficient quantity 

3. Keezhanelli Phyllanthus amarus Schum& Thonn Whole plant Sufficient quantity 

 

Narpavalam 

Synonyms in Siddha 
40, 67

  

 

Vidhrumam, Thukir, Thuppu, Pravalam, Senthandu maalai, Varithi thandu 

Vernacular names
68

  

   Table 3.3 Vernacular names of Pavalam 

No Language Names 

1. English  Sardinia coral  

2. Hindi  Parvara, Munga 

3. Tamil Pavalam  

4. Bengali Pravala  

5. Kannada Havala 

6. Telugu Pagadamu  

7. Punjabi Marjan 

 

The meaning for Narpavalam means Nallapavlam i.e good coral (precious coral). It is 

one among the five Kadalpadu thiraviyangal.
   

Sage Thirumoolar compared Pavalam with 

„Shakthi‟ (Lord Parvathy i.e energy)
 
and Sulphur (Shakthi beesam). Two types of Pavalam 

were mentioned in Siddha literature. But clear descriptions between them are not described in 

the Materia medica. As per the sangam literature Hindu puranam, the blood of Valan was 

converted to Kodipavalam and the flush of Valan was converted to Narpavalam during the 

war of Valan with lord Indiran.
40

 Thiruvilayadar puranam mentioned the names of good 

qualities as well as the bad qualities of coral. It also insists the use of good quality coral. 
69

 As 

per Silapathigaram the good coral should not be twisted, porous and must possess bright red 

in colour.
40
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       Fig 3.9 Classification of Pavalam as per Siddha Materia medica 

 
 

 

Action: 

Nervine tonic, diuretic, laxative, astringent
40,68

 
 

 Uses of Pavalam
40

 

“Surathodam Iyya muthooda suram kaasam 

 Arusi keedathaalam aalam –peruvinthu 

 Nattam athithaagam naavaratchi pomoliyum 

 Kittum Pavalatthal kael” 

 

Pavalam is used to treat Iyya diseases, tuberculosis, insect bites, fever,  

spermatorrhoea, tastelessness, dyspepsia, dryness of mouth. It is also very much helpful in 

the treatment of Azhal aggravated diseases, excessive Iyaam and eye disorders.    

SIDDHA MATERIA 
MEDICA 

Mooligai 

(Herbs) 

Thathu 

(Inorganics) 

Ulogangal 

(Metals) 

Kaarasaram 

( Salts) 

Paasaanam 

(Arsenic compounds) 

Uparasam 

(Secondary minerals) 

Navarathinangal 

(Nine gems)) 

 

Pavalam 

(Coral) 

Narpavalam 

(Precious coral) 

Kodipavalam 

(Semi precious coral) 

Jeevam 

(Animal products) 
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A variety of medicines like parpam, chendooram and chunnam were prepared by 

using Pavalam in Siddha. Most of the preparations are mentioned for bleeding disorders, 

respiratory disorders and for bone diseases.
70

 

Modern literature on Narpavalam (Corallium rubrum)  

Zoological classification
71

 

Kingdom  -  Animalia 

Subkingdom  - Radiata 

Phylum  - Cnidarians 

Subphylum  - Anthozoa 

Class   - Anthozoa 

Subclass  - Octacorallia 

Order   - Alcyonaceae  

Suborder  - Scleraxonia 

Family  - Coralliidae 

Genus   - Corallium 

Species  - Corallium rubrum (Linnaeus 1758) 

 

 Corallium rubrum, otherwise called as precious red coral has been used by diverse 

culture all over the world since time immemorial.
72

 It was widely used as amulets against evil 

eye almost all part of the Mediterranean region. In Greek and Rome, it was strongly believed 

as Medusa‟s blood and fertility. Gradually it was translated to early Christian religious 

symbol as they considered as the blood of Hebrew forfeit or of Christ, as fire of salvation and 

“tree of life”. The coral beads were very much in demand in middle ages, not only for their 

supernatural and protecting qualities but for its fascinating colour which bonded it with rose 

and rose garden. The connection was correlated with the sacred identity of Virgin Mary in 

Christian iconography. Historically, Italy is the main centre in coral harvesting, 

manufacturing and trading.
73

 

 

Habitat and biology: 

A rocky bottom, slow growing (a few centimeters per year) and long living species
74

 

inhabiting a wide depth range from 7-200 m. They are living in compact colonies of many 
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identical individual polyps. The members of individual coral polyps grow continuously by 

budding of the polyps and build the reef's limestone or calcium carbonate structure.
75

  

 

Morphology
68,74 

It is a small shrub/ tree like in appearance. It occurs in slender, cylindrical and 

generally branched with consistently red in colour. It is made up of numerous minute pieces 

and longitudinally furrowed. In smell it resembles frankincense. With a crackling sound it 

easily breaks. In a raw state a cortical substance is covered over the stems and branches of 

soft small polyp which is the habitat of the polyp.  

 

Microscopic character 

In an axial view, a circular domain made up of concentric rings can be visualized in 

the medullary zone of the skeleton.
76

 The precious coral can be identified by using 

sophisticated techniques like FTIR, SEM and Raman spectroscopy. But simple microscopic 

finger prints can also be helpful in identifying the precious one. The classical microscopical 

characters of Corallium rubrum are 

 A hard texture with a small number of minute pits or with perceptible craters 

on the outer surface.  

 Parallel longitudinal striations on the branching surface, and scalloped 

arrangement seen in cross-section.
74

 

 

Constituents: 

 The skeleton of the red coral contains mainly of calcite form of calcium carbonate 

around 85% of wet weight. 5% of other elements also present which includes Iron, 

Magnesium, Lead, Zinc, Pottasium, So4, P2O5 SiO2 and an organic matrix.
77

 

Medicinal uses: 

  The soft and hard coral both provide medicinal uses. The coral calcium is used as 

bone graft, Now-a-days, many components are extracted from various corals namely 

Eleutherobin, Sarcophytols A, B and Calcium78. Eleutherobin prevents breast and ovarian cancer. 

79Sarcophytols A and B are also found to have anti cancer property.   Calcium isolated from coral 

is known as coral calcium. This is used as calcium supplements for several diseases instead of 

synthetic calcium.78  
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Pharmacological studies: 

Velpandian et al., (2013) evaluated the clinical efficacy of KodiPavala chunnam in 

hepatitis patients. KodiPavala chunnam normalize the raised liver parameters  after a course 

of treatment.
80

 

 

Velpandian et al., 2013 studied the acute and sub acute toxicity studies on Kodi Pavala 

chunnam according to OECD guidelines. Kodi pavla chunnam did not reveal any toxicity in 

both acute and sub acute toxicity study.
81 

 

Velpandian et al.,  (2013) reported the hepato protective activity of kodi Pavala 

chunnam in experimental rats. The liver damage was induced by CCl4 in Wistar rats. The 

haematological, biochemical parameters are near normal in treated group. 
82

 

 

Thanigaivelan et al., (2011) evaluated the haemostatic activity of Pavala parpam in 

Swiss albino mice. Pavala Parpam showed marked reduction in both bleeding and clotting 

time. The significant reduction in bleeding was comparable to that of standard.
78

 

Himanshu S et al., (2008) clinically studied the effect of pravala bhasma in hyperacidity 

patients. It showed better results.
83

 

 

Prabhakara N. Reddy et al., (2003) had evaluated the anti osteoporotic activity of pravala 

bhasma by inducing progressive bone loss in female Sprague-Dawley rats by ovariectomy 

followed by low calcium diet. The CT scan revealed significant increase in combined cortical 

thickness and cortical and periosteal area ratio. The calcium and phosphorus, excretion in 

urine is comparatively decreased in treated group. 
84

 

Rosalind Marita et al., (1988) had evaluated the anti atherosclerotic activity of Anna 

Pavala chendooram, on experimentally induced atherosclerosis on Rabbits. It was evaluated 

by separation of plasma and aortic phospholipids into individual lipids and incorporating 

radiolabel from 
14

C-acetate into phospholipids. The plasma cholesterol level was reduced up 

to 65% and the HDL level was increased. The atheroma formation and the plasma 

sphingomyelin levels were also reduced.
85,86

Meena Devi 2010 studied the Infrared spectral 

studies on Pavala parpam for standardization.
87
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Ethnobotanical information on plants in Narpavala chunnam 

 

       Table 3.4 Ethnobontanical information of plants in NPC 

No Botanical 

name 

Aloe vera Phyllanthus 

amaraus 

1. Vernacular names
35

 

Tamil Kattralai Keezhanelli 

English Indian aloes Indian phyllanthus 

Hindi Ghikauvar Bhuinanvalah 

Sanskrit Kumari Bhumyamalaki 

2. Family
88

 Liliaceae Euphorbiaceae 

3. Part used
35

 Pulp, root, juice, 

milk 

Whole plant 

4. Suvai
35

 Mild bitter Astringent, bitter, 

sour, sweet 

5. Veeriyam
35

 Thatpam Thatpam 

6. Pirivu
35

 Sweet Sweet 

 

 

Kattralai -Aloe vera linn 

Geographical distribution and habitat 

It distributed most of the part of Africa, Saudi Arabia, Madagascar and all over India. 

It has become completely naturalized specially in the hot dry valley of North-western 

Himalaya. It is a perennial herb, with 0.5 m length succulent leaves and possess saw like 

teeth along their margins.
89

  

Ethno botanical uses 

 It possess tonic, alterative, purgative and emmenagogue activity 

 It is used as kayakarpa medicine in Siddha system. 
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 The leaf juice is used to relieve headache, inflammation, dysuria and wounds 

 Aloe vera gel is used as a soothing agent (topical application) for sunburns and minor 

burns, abrasions and acne. 

 The gel is used to reduce the eye diseases, body heat. 

 The latex is applied externally to treat the ulcer in the palpabrae. 

 The plant is used as a contraceptive and as an abortifacient
90

 

 

Phytoconstituents  

Aloe leaf gel contains nataloins, barbaloins, aloesin, aloeemodin, acemannan, 

aloeride, methylchromones, flavonoids, and saponin.
91

 p-Xylene, cyclohexane nitro, decane, 

limonene, undecane ,7-Tetradecene (E), hexadecane, dodecanoic acid, nonadecane, eicosane, 

tetradecanoic acid were also isolated from the plant. 
92 

 

Scientific Validation 

Kim K et al., (2009) evaluated the anti diabetic and hypolipidemic effect of 

processed Aloe vera gel in mice. The processed gel lowered the blood glucose level as well as 

triacylglyceride level.
93

 

Hutter JA et al., (1996) studied the anti inflammatory effect of C-glycosyl chromone 

which was isolated from the Aloe vera gel extract.  It inhibited the cycloxigeanase pathway 

and reduces prostaglandin E2. 
94

 

 Davis RH, et al., (1989) reported the wound healing activity of Aloe vera by 

increasing blood circulation, which improved oxygenation as an outcome.
95

 

David RH (1993) studied the anti aging activity of Aloe vera. He found that Aloe 

induced the formation of fibroblast which produces the collagen and elastin fibres and make 

the skin stretchier and less wrinkled.
96

 

Im SA et al., (2010) studied the immunomodulatory activity of processed Aloe vera 

gel (PAG) in mice. The PAG expressed immunomodulatory activity by increasing the 

production of ovalbumin (OVA)-specific cytotoxic T lymphocyte in diabetic induced mice.
97

 

Tai-Nin Chow J et al., (2005), Im SA et al., (2005) evaluated the immune 

modulating property of Aloe vera.  They concluded that the immunomodulating potency take 
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place through initiation of macrophages to form nitric oxide, cytokines (e.g., TNF-α, IL-1, 

IL-6 and INF-γ) which enhances the fibroblast formation.
98,99

 

Jyotsana Madan et al., (2008) Atul N Chandu et al., (2011) evaluated the 

immunomodulatory effect of Aloe vera in experimental animals. They proved that Aloe vera 

possess significant immuno modulatory effect. 
100,101

 

Oranzo- Barocio, A., et al. (1999) studied immunomodulatory activity of bitter 

yellow juice of Aloe vera in mice bearing murine Lymphoma. Restoration of immunological 

parameters was observed in this study. 
102

 

Keezhanelli (Phyllanthus amarus) 

Distribution and habitat 

It is generally distributed in all tropical and subtropical areas of the world. It is native 

to the rainforests of the Amazon and other tropical countries like India, China, and 

Bahamas.
103,104

 It is the major available variety of Phyllanthus species in India.
105

 

Phyllanthus amarus is an erect annual herb that grows well in moist, shady and sunny places, 

It is 10–60 cm tall; leaves elliptic oblong obovate, flowers minutes. The seed capsules on 

stalks are 1–2 mm long, round, smooth, 2 mm wide, with six seeds.
106,107

 Seeds are triangular 

in shape and hurls away when the fruits burst open.
108

 

 

Phytoconstituents 

A variety of secondary metabolites like alkaloids, sterols, flavonoids, polyphenols, 

lignans, triterpenes, ellagitannins, and volatile oil were isolated from Phyllanthus 

amarus.
109,110

 It contains Phyllanthin, hypophyllanthin, nirurin, niranthin, phyltetralin, 

niranthine, nirtetralin are some of the main active lignans in Phyllanthus amarus.
111

 

Quercetin, quercetrin, phyllanthenol, phyllanthenone, securinine, dihydrosecurinine, 

tetrahydrosecurinine securinol, phyllanthine, amarosterol-A and amarosterol-B were also 

isolated from Phyllanthus amarus.
112

 

Ethnobotanical use 
35

 

 It possess deobstruent, diuretic, astringent and cooling activity.  

 The root is used to treat  jaundice and menorrhagia 
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 The decoction of leaf and root is used to reduce fever. 

 The leaf paste is used as a poultice for skin allergies and scabies. 

 

Scientific Validation 

Kiemer et al., 2003 studied the anti-inflammatory effect of various extract of 

Phyllanthus amarus. The extracts inhibited the lipo polysaccharides (LPS) induced 

production of Nitric oxide and PGE in Kupffer cells and in RAW264.7. It also inhibited the 

(IL)- 1 β, IL-10,  and IL - γ  in human blood and reduced TNF production in mice. 
113

 

 

 Kassuya et al., 2003 proved the anti inflammatory activity and anti-oedematogenic 

activity of the various extract of Phyllanthus amarus in animal models. The result showed 

good anti inflammatory effect by reducing the carrageenan induced paw edema and  platelet 

activating factor (PAF) induced paw edema and good anti-oedematogenic activity by 

inhibiting complete Frenud‟s adjuvant (CFA) induced edema. 
114

 

Joshi and Parle et al., 2007 evaluated the effect of aqueous extract of leaves and 

stems of P. amarus on cognitive functions and brain cholinesterase activity in Swiss mice. P. 

amarus reversed the amnesia induced by scopolamine and diazepam and brain cholinesterase 

activity was also reduced.
115

  

Sen A et al., 2013 studied the free radical quenching activity of phyllanthin and 

Phyllanthus amarus extract by DPPH assay.  The result showed that phyllanthin possesses 

higher antioxidant activity than the extract. 116 

Evi Pl et al., 2011 demonstrated anti diabetic potential of hydro-alcoholic extract of 

Phyllanthus amarus in experimental rats.  He proved that the Phyllanthus amarus decreased 

the blood glucose level and malondialdehyde concentration.
117

 

Obianime AW, et al., 2008 evaluated the nephroprotective and cardioprotective 

effect of Phyllanthus amarus. Methanol extract of Phyllanthus amarus leaves caused a 

significant dose dependent reduction of total cholesterol, urea, total protein, uric acid, 

alkaline and acid phosphatases, aspartate transaminase (AST) and alanine transaminase 

(ALT).
118

 

Adegoke AA et al., 2010 evaluated the antimicrobial activity of Phyllanthus amarus 

against Pseudomonas aeruginosa, Klebsiella pneumonia, Proteus mirabilis, Streptococcus 

http://www.sciencedirect.com/science/article/pii/S0378874111007112#bib0425
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faecalis, Enterobacter species, Serratia marcescens, Staphylococcus aureus and Escherichia 

coli. They found that it possesses good antimicrobial activity against the pathogenic 

organisms tested.
119 

 

Krithika et al 2009 evaluated the antioxidant potential of Phyllanthus amarus by 

DPPH assay. 300µg/ml of ethanolic extract and 20 of phyllanthin showed a maximum 

antioxidant activity.
120 

 

3.5 DRUG STANDARDIZATION 

Drug is a substance used as a medicine. They are used in their raw state directly or 

after some processes or modifications.
121 A drug must be safe, effective and of noble quality. 

For satisfying the above requirements regulations are designed for drugs. Reproducibility of 

the drug generates confidence in the mind of the user and prescriber. Even though Siddha 

medicine has a long historical background, scientific research is mandatory to bestow 

additional evidence of its safety and efficacy. The quality control aspect of Siddha drugs has 

been considered from its inception itself by the great Siddhars later by the Vaidhyas.  But, in 

modern concepts it needs necessary changes in their approach. The standardization process 

can be carried out chemically, spectroscopically or biologically. The three main steps in 

standardization are crude drug standardization, standardization of pharmaceutical processes 

and finished product standardization. For process and finished product standardization 

various techniques have been used in the modern era for standardization.  

 

CHN Analyzer   

A CHN Analyzer is used to determine the elemental composition of a sample. 

Carbon (C), Hydrogen (H) and Nitrogen (N) are the three primary elements measured by the 

device.  Oxygen (O) and Sulfur (S) can also be measured by using this device.
122

 

Principle
123-125

 

The CHN analyzer is based on the classical Pregl Dumas method where samples are 

burnt in a clean oxygen environment; with the resultant combustion gases are automatically 

calculated.  The analyzer comprises four major zones: 

 Combustion Zone 

 Gas Control Zone 

http://en.wikipedia.org/wiki/Chemical_element
http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Oxygen
http://en.wikipedia.org/wiki/Sulfur
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 Separation Zone  

 Detection Zone 

The samples are automatically loaded in the combustion zone, completely combusted 

and trim down to the elemental gases CO2, H2O, N2 and SO2 in the presence of excess 

oxygen. The produced products are passed through a scrubber and the unwanted elements 

such as halogens and sulphur are removed. 

The combusted gases are entered in to the gas control zone. Here they are captured 

and quickly mixed and precisely maintained in a controlled condition to avoid external 

influences. The gases are mechanically homogenized to provide accurate results. The 

homogenate gases are depressurized and a partial separation was done in separation zone by 

following frontal chromatography technique. As the gases elute, a thermal conductivity 

detector is used to measure in detection zone of the CHN analyzer.  

Applications 

CHN elemental analyzer is used in analytical laboratories for a large variety of 

application in pharmaceutical analysis, chemical analysis, analysis of food and oil-related 

products and estimation of meat products. It is increasingly used now a  days to determine the 

nitrogen in grains to fix price. 

X-ray powder diffraction (XRD)
126 

Principle 

It is an instrumental procedure which is used to examine crystalline materials. A 

crystalline substance had a three dimensional structure defined by the arrangement of regular 

replicating planes of atoms that form a crystal lattice. If x-rays interact with this lattice, a 

portion of rays is transmitted, a portion of rays is absorbed, a portion is refracted and 

scattered, and a portion gives a diffraction pattern which is unique in nature. If a mixture of 

substances hit with x-rays each produces its pattern independently. The distance between the 

plans of atoms that constitute the sample can be measured by applying Bragg's Law.  

Bragg's Law is  nλ=2d sinθ, where the integer n is the order of the diffracted beam, λ 

is the wavelength of the incident X-ray beam, d is the distance between adjacent planes of 

atoms (the d-spacings), and θ is the angle of incidence of the X-ray beam. The x-ray 

diffraction pattern of a pure substance is, therefore, like a fingerprint of the substance.  
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        Fig 3.10 Diffraction of X-rays on crystalline materials 

   

Applications
126,127 

 The powder diffraction method is ideally suited for, chemical analysis 

characterization and identification of polycrystalline phases.  

 To phase identification, investigation of high/low temperature phases, solid 

solutions and determinations of unit cell parameters of new materials.  

 With a proper interpretation, the fingerprint of the sample can be identified by 

comparing its diffraction pattern with the reference standard. 

 To calculate the amount of crystalline material in polycrystalline substances.  

 It is used to calculate the residual stress and texture analysis of a material. 

 Presence of particular wide halo in the diffracted pattern indicates the 

existence of an amorphous material in the sample.  

 The crystalline materials ranging between 2-100nm can be determined through 

XRD. The broad peaks indicate the crystallites below 2-3nm size while the 

sharp peaks indicate the particle size above 100nm. The crystallite size and 

characteristic of diffractometer can be affected by defective sample and 

contamination of sample with microstrains. So, the sample should be free from 

microstrains and defects. 
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Advantages and Disadvantage 

XRD is the cheapest,  most suitable and widely used method. X-rays are not absorbed 

very much by air, so, the sample need not be in an evacuated chamber. They lack strong 

interaction with lighter elements. 

FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)
128-131

 

In Fourier transform infrared spectroscopy, the IR radiation is passed through a 

sample. Some of the infrared radiation is absorbed by the sample and some of it is passed 

through. The resulting spectrum corresponds to the molecular absorption and transmission, 

generating a unique molecular fingerprint of the sample. The quantity of the material present 

in the sample can be determined directly by analyzing the peak size of the spectrum. This 

makes infrared spectroscopy useful to identify the material as well as to determine the quality 

and quantity of the unknowm materials in the sample. 

        Fig 3.11 FTIR analysis of a sample 

     

  

Applications: 

 Detection of simple mixtures of organic and inorganic compounds both as solids or 

liquids. 

 Indirect verification of trace organic contaminants on surfaces. 

 Standard qualitative & quantitative analysis. 

 Determination of degrees of crystallinity in polymers. 
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 Analysis of unknown solvents, cleaning agents and detergents. 

 THERMOGRAVIMETRIC ANALYIS (TGA)
132

 

Principle 

 Thermo gravimetric Analysis (TGA) calculates the quantity and rate of change in the 

weight of a material according to time or temperature in a controlled atmosphere. 

Predominantly the measurements are employed to identify the composition of a sample and 

to forecast the thermal stability up to a temperature of 1000°C. The technique can 

characterize materials that exhibit weight loss or gain due to decomposition, oxidation, or 

dehydration. 

  By using TGA we can identify the composition of a material and its characteristic 

features like thermal stability, oxidative stability, estimated lifetime, decomposition kinetics 

of the material, the moisture content of the material and the effect of reactive or corrosive 

atmosphere on materials. 

 

Application 

 TGA is widely used as a quality control tool in the manufacture and use of 

Carbon Nano Tubes. 

 TGA is widely used to characterize materials which can be helpful to verify 

them. 

 It is used in various industries.  Food science, pharmaceutical and 

petrochemical applications are some of the mainstay of TGA.  

 

 

ICP-OES
133

 

ICP/OES is one of the most popular and potent analytical tool for the estimation of 

metals in different sample matrices. 

 

Principle 
134- 136

 

The procedure is based on the spontaneous emission of photons from atoms and ions 

that have been excited in a radio frequency discharge. The measurement of light emitted by 

the elements in a sample introduced into an inductively coupled plasma source. The obtained 
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results of sample intensities are then matchup to the known standard intensities to calculate 

the elemental concentration of the sample. 

 

No special procedures needed for liquids and gases and they can be injected directly. 

But, the solid samples require extraction or digestion procedure (open/microwave) to convert 

the sample into a solution. Samples are injected into a radio frequency induced argon plasma 

using a nebulizer or sample introduction techniques. The sample mist reaching the plasma is 

quickly dried, vaporized, atomized, energized through collisional excitation and ionized at 

high temperature. Single element measurements can be performed cost effectively with a 

simple monochromator/photomultiplier tube (PMT) combination, and simultaneous multi 

element determinations are performed for up to 70 elements with the combination of a 

polychromator and an array detector.  

 

Applications
136

 

 The ICP OES can be applied for the elemental analysis in various fields including 

agriculture, biology, clinical medicine, geology, environmental studies, metals and organic 

materials. 

  

Advantages 

 Multi element analyzing capability at a time (> 70) 

 Low background emission and low chemical meddling 

 Good accuracy and  outstanding detection limits 

 

Disadvantages 

 The argon plasma is inert when compared to the chemical reactivity of a flame 

 High concentration of easily ionized elements may interfere emission signals. 

 

 

SCANNING ELECTRON MICROSCOPE (SEM)
137,138

 

Scanning electron microscope images the given specimen by scanning with a high 

energy beam of electrons in a raster scan pattern. The high energy electrons interact with the 

sample and produces informative signals of the sample‟s constitution, surface topography and 

electrical conductivity. The signals produced by the sample were detected by various 
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detectors and converted as imaging signals and send them to a viewing screen. Then the 

image was digitally captured and visualized through a computer monitor. Electron-sample 

interaction at or near the surface of the sample produce varying signals like secondary 

electrons, back-scattered electrons, characteristic X–rays and cathodoluminiscence. Their various 

uses in analyzing the samples as follows 

 

Secondary electrons  - to analyze the surface topography of the sample 

Back-scattered electrons - to give the distribution details of the different elements 

  present in the sample 

 Characteristic X–rays  - composition identification and element measurement 

 Cathodoluminiscence  -optical activity of the sample 

 

SEM, is closely related to the electron probe, particularly designed for taking electron 

images and particle characterization, but can also be used for elemental microanalysis, and 

even point analysis, if an X-ray spectrometer is added. It is an ideal technique to take quick 

images with high resolution up to 2nm. Almost all the elements present in the periodic table 

can be identified if it is attached with EDS detector. 

 

EDS
139

 

It is an analytical method helpful to analyze the elements and their characterization of 

a given sample.  

Principle  

Each element produces a unique set of peaks on its X-ray emission spectrum 

according to its distinct atomic structure. EDS makes use of the X-ray spectrum emitted by a 

solid sample bombarded with a focused beam of electrons to receive a localized chemical 

analysis.(production of element distribution images/maps). Depends on the selection of 

mode, the surface topography of the sample can also be obtained from the sample images.    

From beryllium to Uranium, all elements in the periodic table can be found out by 

using this principle, but the instruments must be properly equipped. Quantitative analysis 

entails the identification of the lines in the X-ray spectrum and measures the line intensities 

of the each element. Then it was compared with the same elements in calibration standards of 

known composition. 
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Applications: 

 SEM is used in the various field of research for example Parasite study, plant 

diseases. 

 To monitor the biofilm formation in endotrocheal tubes 

 To visualize the dentric cell response( conversion of  immature DCs  to a “mature” 

state) followed by a pro inflammatory response. 

 Human embryo development by Scanning Electron Microscopy 

 Fig 3.12 Schematic diagram of SEM 

 

 

DYNAMIC LIGHT SCATTERING (DLS)
140,141

 

 Dynamic light scattering is a technique which measures the size distribution of the 

given suspension. It uses the principles of Brownian motion.  

Principle 

Usually, particles suspended in a liquid are continuously moving due to the collision 

of molecules with the liquid that surrounds around the particle. If a sample impinged by using 
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a light the particles scatter the light in all directions and the light intensity appears to 

fluctuate. A fast photon detector can be used to detect the scattered light fluctuations at a 

known scattered angle Ɵ. As, the size and speed of the particle is related with one another, 

the rate of the intensity fluctuation is used to calculate the particle size. Calculation of zeta 

potential can be done by determining the electrophoretic mobility and then applying the 

Henry equation. The electrophoretic mobility is obtained by performing an electrophoresis 

and measuring the velocity of particles.
140 

                     Fig 3.13 Schematic diagram of DLS analysis 

Applications:  .  

 The technique is best used for nano particles to submicron particles. 

 To measure the diffusion rate on protein in biology 

 To determine the molecular change in the cornea 

 Helps in material science department 
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5. MATERIALS AND METHODS 

5.1 Drug preparation 

Table 5.1 Ingredients of Narpavala chunnam (NPC)  

No Tamil name Botanical/zoological name Part used Quantity 

1. Narpavalam Corallium rubrum Linn Hard coral 200gm 

2. Kattralai Aloe vera (L.) Burm.f. Gel Sufficient quantity 

3. Keezhanelli Phyllanthus amarus Schum& Thonn Whole plant Sufficient quantity 

 

    Fig. 5.1 Steps involved in Processing and analysis of NPC 
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5.1.1 Procurement of raw material 

The different market sample of Narpavalam were procured from Chennai, Nagarkovil 

and Italy. The herbs were collected from the Botanical garden, National Institute of Siddha, 

Chennai  

 5.1.2. Authentication of Narpavalam 

  The officer in charge, Marine biology regional centre, Zoological Survey of India, 

Santhom, Chennai authenticate the Narpavalam samples by analyzing the microscopical 

characters under Stereo zoom microscope Leica M205A.  

5.1.3 Collection and Authentication of herbs 
141,142

 

The herbs Kattralai (30- 40 cm in height) and Keezhanelli (20- 30cm in height) were 

collected from the herbal garden, NIS, Chennai. The plants were authenticated by Asst. 

Professor, Department of Botany, NIS, Chennai. (Voucher no NISMB372012)  

 5.1.4. Cleaning and purification of ingredients
35, 143

 

Narpavalam was soaked in freshly prepared lemon juice in an earthern vessel. After 

24 h the raw material was washed thoroughly with hot water. Then it was air dried and 

weighed. The herbs which were used for triturating were wiped out with a clean cloth and 

used. 

5.1.5 Preparation of NPC
38

 

The trial drug NPC was prepared in the Gunapadam laboratory, National Institute of 

Siddha, Chennai. The purified Narpavalam was made into a coarse powder and placed in a 

mechanical mortar. It was ground well for 24hrs with Kattralai juice (Aloe vera gel). Then it 

was made in to villai (pellets) and dried in sunlight. The pellets were put into an earthen 

vessel which was closed with another vessel and 7 clay cloth made to the margin of earthen 

vessels and the set up was dried in sunlight for one day. After that, it was put in a deep pit 

and pudam process (calcination process) was done with 300 cow dung cakes (each cow dung 

cake weighs 175±20gms). Once it cools the pudam was opened and the pellets were taken out 

and weighed. They were again ground in the mortar with sufficient quantity of Keezhanelli 

(Phyllanthus amarus) juice for 48 hours followed by calcinization process with 300 cow 
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dung cakes.  The pellets were collected after cooling, weighed, finely powdered and stored in 

a clean, dry, airtight glass container. 

Route of administration: Oral 

Dose: 260 mg to 520 mg twice a day 

Anupanam  (Vehicle) : Ghee 

 

Duration: 45 days (one mandalam) 

 

Indication: Kasam, Swasam, Kshayam, Ushnathickam, Manjal noi and Enbu noikal. 

 

5.2. Quality control analysis of NPC 

 The quality control analysis of NPC was carried out by following methods. 

  Fig 5.20 Steps involving characterization of NPC  

 

5.2.1 Qualitative analysis of NPC for acid and basic radicals 

The qualitative analysis of NPC was carried out by using standard protocol. 5 gm of drug 

boiled with 100ml of distilled water for 10 minutes. After 24hrs it was filtered in Whatman 

filter paper and made up to 100ml with distilled water and used for analysis. 

Solubility: 

1. A small quantity of the sample was shaken well with distilled water.  

2. A little quantity of the sample was shaken well with con.HCl/ Con. H2So4 

 

 

2.1 
• Qualitative analysis for acid and basic radicals 

2.2 
• Preliminary phytochemical analysis 

2.3 
• Analytical specification of  NPC 

I2.4 
• Quality control analysis by using modern analytical tools 
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Action on Heat: 

  A small quantity of sample was taken in a dry test tube and heated gently and then 

strong to observe white or brown fumes. 

Flame Test: 

A small amount of the sample was made into a paste with con.HCl in a watch glass 

and introduced into non luminous part of the Bunsen flame to observe bluish green flame. 

Ash test: 

A filter paper was soaked into a mixture of sample and cobalt nitrate solution and 

introduced into the Bunsen flame and ignited to see yellow colour flame. 

Test for sulphate:  

 2ml of extract was taken and 2ml of 4% ammonium oxalate solution was put in to 

examine cloudy appearance. 

Test for chloride: 

2ml of extract was treated with diluted HNO3 till the effervescence ceases. Then 2ml 

of silver nitrate solution was put in and noted for cloudy appearance. 

Test for phosphate: 

2ml of extract treated with 2ml of ammonium molybdate solution and 2ml of con. 

HNO3 and observed for cloudy yellow appearance. 

Test for carbonate: 

2ml of the extract was taken and added with magnesium sulphate solution and 

observed for cloudy appearance. 

Test for nitrate: 

1 gm of the substance was heated with copper turnings and concentrated H2So4 and 

viewed the test tube vertically down for emerging brown gas. 

Test for sulphide: 
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1 gm of the substance was treated with 2ml of HCl and observed for rotten egg 

smelling gas. 

Test for fluoride and oxalate: 

2ml of extract was taken and added with 2ml of diluted acetic acid, 2ml calcium 

chloride solution and heated.  Observed for cloudy appearance. 

Test for borate: 

2 pinches of the substance was made into paste by using sulphuric acid and 95% 

alcohol and introduced into the blue flame to observe bluish green colour flame.  

Test for lead: 

2ml of the extract was treated with 2ml of potassium iodide solution and examined for 

yellow precipitate. 

Test for copper: 

2ml extract treated with excess of ammonia solution and noted for blue colour 

precipitate. 

Test for aluminium: 

2ml of extract was treated with sodium hydroxide in excess and observed for any 

characteristic changes. 

Test for iron: 

2ml extract was taken in a test tube. 2ml ammonium thiocyanate solution and 2ml 

con. HNO3 was added one by one in the test tube and examined for blood red colour. 

Test for zinc: 

2ml extract was treated with sodium hydroxide solution in excess and observed for 

white precipitate. 

Test for calcium 

2ml of extract was taken and added with 2ml of 4% ammonium oxalate solution and 

observed for cloudy appearance and white precipitate. 
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Test for magnesium: 

 2ml of extract was taken and added with sodium hydroxide drops in excess. The test 

tube was observed for white precipitate. 

Test for ammonium 

2ml of extract was treated with Nessler‟s reagent and excess sodium hydroxide 

solution and noticed for brown colour.  

Test for potassium 

 2ml of extract was treated with 2ml of sodium nitrite solution and then treated with 

2ml of cobalt nitrate in 30% glacial acetic acid. The test tube was observed for yellow 

precipitate. 

Test for sodium 

2 pinches of the substance is made into paste by using HCL and introduced in to the 

blue flame on Bunsen burner for appearance of yellow colour flame. 

Test for mercury 

 2ml of the extract treated with 2ml of sodium hydroxide solution and observed for 

brownish red precipitate. 

5.2.2. Preliminary phytochemical analysis
145,146

 

The preliminary phytochemical analysis of NPC was done as per standard procedures. 

Tannins: 

 1 ml of sample was treated with few drops of 0.1% ferric chloride and noticed for 

blue /brownish green colour formation. 

Saponins: 

1 ml of sample was treated with 2 ml of H2O (shaken vigorously) and viewed for any 

foaming appearance. 

Flavonoids: 
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        Conc. HCL and magnesium chloride was added  one by one with 1 ml of sample and 

noticed for pink tomato red colour. 

Alkaloids: 

           Few drops of dragandorff‟s reagent was put in with 1 ml of sample and observed for 

orange red colour. 

Proteins: 

  Few drops of Bradford reagent was put in to one ml of sample and examined for blue 

colour development.        

Steroids:  

10% conc. H2SO4 was added to 1 ml of sample and formation of green colour 

observed. 

Anthraquinones: 

1 ml of sample was treated with aqueous ammonia and shaking was done. The test 

tube was examined for any colour change (pink, red or violet). 

5.2.3 Analytical specification of Narpavala chunnam 
146,147

 

The analytical specification of chunnam was done according to the protocol given by 

Central Council for Research in Ayurvedha and Siddha, Dept of AYUSH, Ministry of Health 

and Family Welfare, New Delhi. All the physicochemical parameters were carried out as per 

WHO guidelines.           

   Table 5.2 Analytical specification of Narpavala chunnam  

 

            

 

 

 

 

Sl. No Tests 

1.  Description: 

            Colour 

            Odour 

            Taste 

2.  Identification  

3.  Assay of element(s) 

4.  Loss on drying at 105 degree  C 

5.  Total ash 

6.  Acid –Insoluble ash 

7.  pH 

8.  Particle size 
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Determination of moisture content (Loss on drying) 

Apparatus / Chemicals required 

1. Analytical balance range, 0 to 210 g 

2. Air circulated oven 

3. Beaker – 100 ml 

4. Desiccator 

 

Procedure 

4 g of accurately weighed (0.01 g accuracy) drug was placed in a pre weighed beaker. 

The drug was dried at 105º for 5 hours, and weighed. The drying process was continued and 

weight of the drug was checked at every one hour until the weight became constant (Two 

consecutive weighing difference should be less than 0.25%). Constant weight is arrived when  

two successive weighing after drying for half an hour and cooling for half an hour in a 

desiccator, express less than 0.01 g difference. The moisture content is expressed as 

percentage/w 

Calculation 

  % of loss on drying at 105
0
 C =       Weight loss in the sample × 100 

                                                             Weight of the sample taken 

Determination of total ash 

Apparatus/ chemicals required 

 Analytical balance range, 0-210 g, least count 0.0001 g 

 Muffle furnace 

 Water bath 

 Silica dish 

 Desiccator 

Procedure 

Incinerate about 2 – 3 g accurately weighed of the ground drug in a pre-weighed silica 

dish. Calculate the percentage of ash with reference to the air dried drug. 
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Calculation 

Percentage of total ash =      Weight of ash × 100 

                                        Weight of the sample taken 

Determination of Water soluble ash 

Apparatus / Chemicals required 

 Analytical balance, range 0 to 210 g 

 Muffle furnace 

 Silica dish 

 Whatman 41 filter paper 

 Distilled water 

Procedure 

The ash obtained from the above said method was boiled with 25ml of distilled water 

for few minutes and the boiling process was once again repeated. The insoluble matter was 

filtered on an ash less filter paper and it was ignited in a silica dish to a constant weight. The 

percentage of water soluble ash was calculated with reference to the air dried drug. 

Calculation 

Percentage of water soluble ash  

= Weight of the total ash – weight of water insoluble residue x 100 

Weight of the sample 

Determination of Alkalinity 

Apparatus / Chemicals required 

 Conical flasks 

 Whatman 41 filter paper 

 Distilled water  

 Graduated pipette 10 ml 

 0.1 N Hydrochloric acid 

 Phenolphthalein indicatorProcedure 
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Few drops of phenolphthalein indicator was added to the filtrate collected from water 

soluble ash analysis. Titrate against 0.1 N Hydrochloric acid until the pin colour disappeared. 

Report the alkalinity per gram of the sample (ml of 0.1N HCl/g of the sample). 

Determination of acid insoluble ash 

Apparatus/ chemicals required 

 Analytical balance range, 0-210 g, least count 0.0001 g 

 Muffle furnace 

 Silica dish 

 Hydrochloric acid AR 

 Distilled water 

Procedure  

The ash obtained from the above method was boiled with 25ml of dilute hydrochloric 

acid for 5 minutes. The insoluble matter was filtered on an ash less filter paper, and washed 

with hot water. Then, it was ignited in a silica crucible to obtain a constant weight. The 

percentage of acid insoluble ash was calculated with the reference to the air dried drug. 

Calculation 

Percentage of Acid-insoluble ash  

= Weight of the acid insoluble residue x 100 

Weight of the sample 

Determination of pH 

10 gram of sample was weighed and mixed with 90 ml of distilled water. The mixture 

was stirred for three hours of time using rotary shaker. Then the pH was measured using pH 

meter. 

5.3. NPC fingerprinting with modern analytical tools 

5.3.1 CHN analysis 

The determination of carbon, hydrogen and nitrogen was done with PE 2400 Series II 

CHN/O analyzer. The sample was inserted by using an auto injector. Then it was oxidized in 

an oxygen rich environment and converted the sample elements to simple gases (CO2, H2O 
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and N2) in the combustion zone.  Products produced here were passed through the absorbent 

traps in order to elude unwanted elements like halogens and sulphur. The resultant gases were 

mechanically homogenized completely and maintained under control condition of pressure, 

temperature and volume. The pressure of the homogenized gases were released by using a 

column and steadily separated in a stepwise manner according to their thermal conductivities 

and detected. 

5.3.2 ICP-OES Analysis 

The digestion of NPC was done by adding 2ml of nitric acid with 3ml of hydrochloric 

acid with 100 mg of NPC in ANTONPAAR MULTIWAVE 3000 microwave digester. 

Assessment of metallic constitution was made by ICP OES analysis using Perkin-Elmer 

5300DV ICP-OES. The sample introduced as an aerosol through the centre of the doughnut 

by using a concentric nebulizer (0.5 L/min). Several wavelengths were used for each element 

to check for possible spectral interferences. Macro elements were determined radially and 

micro elements axially. 

5.3.3 FTIR Analysis 

Fourier transform infrared (FTIR) spectra were recorded on a Shimadu IR Affinity-1 

instrument using SPECAC attenuated total reflection (ATR) set-up. The spectra were 

collected from wavelength of 4000 cm-1 to 400 cm-1 with 4cm-1 resolution over 40 scans.  

5.3.4 XRD Analysis  

 X-ray diffraction (XRD) patterns of the samples were recorded using Bruker, 

advance D8 X-ray diffractometer.  Cu Kα radiation filtered by nickel foil over the range of 

diffraction angle 20-80˚ was used. The wavelength of the radiation used was 1.5405 A˚. X 

 

5.3.5 TGA Analysis  

Thermal properties of the drug samples were investigated on TA instrument Q-500 

model. The thermo gravimetric analysis (TGA) were carried out at the rate of 20°C/ min. 

TGA curves were obtained by heating the drug samples in the temperature range, room 

temperature – 900˚ C. The rate of nitrogen flow used was 50ml/min.  

 

5.3.6 DLS Analysis 

Particle size distribution in the bulk powder was analysed using ZEN 3600 (Nanozs 

ZEN 3600, Malvern Instruments Ltd., UK) analyser using dynamic light scattering 

technology.  The instrument uses a 4 mW He-Ne laser (λ = 633 nm) with backscatter 
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detection at 173° and a thermostatted sample chamber set to 25°C. The viscosity and 

refractive index of ghee at 25°C were used for all measurements. The derived count rate, in 

kilo counts per second (kcps) was recorded during particle size measurements.  

5.3.7 SEM-EDS Analysis 

The SEM images of the drug were taken using Carl Zeiss MA15/EVO 18 scanning 

electron microscope with a resolution of 3nm at 30 kV with SE detector. The bulk elemental 

composition of the samples was found out by Oxford Instruments Nano analysis INCA 

Energy Micro analysis system attached to the above instrument.  

5.4 ANIMAL STUDIES 

The preclinical animal studies were carried out in two categories i.e. safety studies 

and efficacy studies. 

5.4.1  TOXICITY STUDIES 

5.4.1a Acute toxicity study
148

 

The acute toxicity study was conducted as per the WHO guidelines 1993. As drug is 

administered through oral route in humans the same route was chosen for drug administration 

in animals. 

Study approval 

 The complete study procedure of the animal experiments has been approved by the 

Institutional Animal Ethics committee, National Institute of Siddha, Chennai. The approval 

number was NIS/IAEC/I/2011/9(A). 

Experimental animals 

 Healthy male and female Wistar albino rats weighing between 135-180gm were 

utilized for this study. The animals were procured from National centre for laboratory animal 

sciences (NCLAS), NIN, Hyderabad, India. 

Housing and caring of animals
149

 

  The animals were accommodated in polypropylene cages in a perfect ventilated room.  

They were maintained in an ambient temperature of 20±2˚, 50-70% of relative humidity with 

12 hour light/dark artificial photoperiod. Paddy husk was used as the bedding material. 
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Feed and water  

The animals were provided with standard pelleted diet (Nutrilab rodent, Provimi 

Animal Nutrition India Private Limited, Bengaluru, India) and purified RO water ( Kent RO 

water filter cum purifier) ad libitum. They were monitored regularly and acclimatized to 

laboratory condition for one week prior to the initiation of the study. 

Animal identification 

After one week period of acclimatization animals were weighed individually and   

individual marking was done in the fur by colouring and housed in cages with cage cards.  

Group allocation 

The animals were randomly divided into normal control, vehicle control and drug 

treated group. Each group consists of 10 animals (5/sex). 

Table 5.3.1  Acute toxicity grouping of animals 

 

 

      

 

 

 

 

Dose calculation
150

 

 With the help of conversion factors developed according to the body surface area, the 

rat dose of drug from the human dose was arrived and the toxic dose was fixed. 

 

Drug preparation: 

 The drug NPC was freshly prepared in a concentration of 100mg/ml of ghee (Aavin, 

The Tamilnadu Cooperation Milk Producers Federation Ltd, Chennai). 

 

No. Group No. of rats 

1 
Normal control  

(Normal saline 5ml/kg b.wt) 
10 (5 male, 5 female) 

2 
Vehicle control 

(Ghee 5ml/kg b.wt) 
10 (5 male, 5 female) 

3 
10X Therapeutic dose of NPC 

 (468 mg/kg b.wt) 
10  (5 male, 5 female) 
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Experimental details 

The animals were fasted overnight with water ad libitum. The group I (normal 

control) and group II (vehicle control) animals received 5ml/kg of normal saline and 5ml/kg 

of ghee respectively. The test group animals received one single dose of NPC  i.e. 10 times 

equivalent to the human dose (468mg/kg b.wt) with ghee via feeding tube. 

Observation  

The animals were monitored intensively for mortality and all wellness parameters for 

first 1 hour after drug dosing and observed continuously with special attention for the next 4 

hours. They were also observed in regular intervals for 72 hours of drug administration and 

observed daily for mortality and any signs of toxicity and behavioral changes.  

The food and water intake were also monitored and recordered for 14 days. Body 

weight was recorded for all animals once in a week till the end of the study.  

 On 15
th

 day, the overnight fasted animals (water permitted ad libitum) were 

sacrificed by excessive ether anesthesia and subjected to gross pathological examination of 

the content of cranial, thoracic and abdominal cavity. The external orifices, body surface and 

all major internal organs including brain, heart, lung, thymus, liver, spleen, stomach, kidney, 

adrenals and sex organs were examined carefully. 

 

For each animal individual record of observation was maintained. The changes in 

skin, fur, eyes, mucous membranes, salivation, motion and the neurological signs like 

tremors, convulsions, lethargy, sleep, coma and behavioral pattern were also observed and 

recorded.  

5.4.1b Long term toxicity study (90 days study)
148

 

The long term toxicity study was done as per the WHO guidelines 1993. As per the 

guidelines, a minimum period of 3 months is recommended for long term toxicity study for 

the trial drug which is given clinically for 45 days. Hence, a period of 3 months long term 

toxicity study was chosen. 
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Experimental animals: 

 Healthy Wistar albino rats of both sexes weighing between 140-175gm were used for 

this study. The animals procured from National centre for laboratory animal sciences 

(NCLAS), NIN, Hyderabad, India. They were accommodated in polypropylene cages and 

kept in perfect ventilated rooms. They were maintained in an ambient temperature of 20±2˚, 

50-70% of relative humidity with standard photoperiodic condition (12:12 h light:dark cycle). 

The animals were fed with standard rodent pellets and purified RO drinking water ad libitum.  

Group allocation: 

After one week period of acclimatization, the animals were weighed individually and 

marking was done in the fur. They were randomly divided into 6 groups with 10 animals in 

each group (5male and 5 female) except recovery group which consist of 3 male and 3 

female. 

               Table 5.3.2 Long term toxicity grouping of animals 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Group No. of rats 

1. 
Normal control  

(Distilled water 5ml/kg b.wt) 
10 (5 male, 5 female) 

2. 
Vehicle control 

(Ghee 5ml/kg b.wt) 
10 (5 male, 5 female) 

3. 
 Therapeutic dose of NPC 

 (46.8 mg/kg b.wt) 
10  (5 male, 5 female) 

4. 
5X Therapeutic dose of NPC  

(234mg/kg b. wt) 
10  (5 male, 5 female) 

5. 
10X Therapeutic dose of NPC 

 (468 mg/kg b.wt) 
10  (5 male, 5 female) 

6. 
10X Therapeutic dose of NPC (Recovery group) 

 (468 mg/kg b.wt) 
 6  (3 male, 3 female) 
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Dose selection: 

The dose range was selected according to human dose i.e. therapeutic dose of NPC, 5 

X therapeutic dose, 10 X therapeutic dose of NPC.   

Drug preparation and Dosing: 

 The test drug suspension was freshly prepared daily in the concentration of 150mg/ml 

of ghee and administered to the animals according to their individual body weight. 

 The drug was administered once daily for 90 days. Distilled water was given daily at 

the dose of 5ml/kg b.wt for the animals in the normal control group. The animals in group 2, 

3, 4, 5 received 5ml/kg of ghee, NPC 46.8mg/kg, NPC 234mg/kg and NPC 468mg/kg with 

ghee respectively. The sixth group was kept as recovery group which was also received NPC 

468mg/kg with ghee for 90 days. But they were planned for subsequent observation without 

NPC treatment for the next 21 days. 

 Animal observation 

 All animals in the groups were monitored daily for mortality, morbidity and clinical 

signs of toxicity up to the end of the study period. Preferably monitoring of animals was done 

daily at the same time.  

Weekly body weight changes of the animals were recorded once in a week. The 

amount of feed (gms) and water(ml) consumption were also noted to find out any variation in 

the intake of food and water.  

 

Animal sacrifice and organ harvesting 

Twenty four hours after the last dose of treatment (91
st
 day) following an overnight 

fasting (water ad libitum) blood samples were collected from the animals via retro orbital 

plexus under mild anesthesia in two test tubes one containing EDTA for hematological 

analysis and the other one without any additives and centrifuged at 4000rpm for 10 min   to 

appreciate serum separation. The separated serum was kept in -20˚C until the biochemical 

analysis was carried out.  

After blood collection, the animals in group 1 to 5 were sacrificed on 91
st
 day except 

sixth group (recovery group).  The vital organs including brain, heart, thymus, lung, liver, 

spleen, kidney, stomach, testicles, and ovaries were dissected out form their adjacent tissues, 

grossly examined, weighed(wet weight) as soon as possible and stored in 10% formol-saline 
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for histopathology. The blood was collected from the recovery group animals after 

completing 3 weeks scheduled follow up period and vital organs were harvested for 

histopathology. 

 

Hematological analysis 

Hematological parameters such as total and differential white blood cells (WBC),  

Red blood cell count(RBC), hemoglobin (Hb), packed cell volume (PCV), platelet 

count(PLT), plateletcrit (PCT), mean corpuscular volume (MCV), mean corpuscular 

hemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), mean platelet 

volume (MPV), Hematocrit (HCT) were done in an fully automated Bayer haematology 

analyzer. 

 

Biochemical analysis 

The blood was allowed to coagulate for half an hour and it was centrifuged at a speed 

of 4000 rpm for 10 min to obtain serum. The separated serum was preserved at -20˚C until 

the biochemical analysis was carried out. The biochemical parameters glucose, urea, 

creatinine, total cholesterol, triglycerides (TGL), total protein, albumin, blirubin, aspartate 

aminotransferase (AST) and alanine aminotransferase (ALT) were analyzed by using a 

chemical analyzer RA 50. The concentration of serum electrolytes was determined by using 

Transasia electrolyte analyzer EC lyte transasia.  

Histopathological evaluation  

The various tissue samples collected from experimental animals were fixed in 10% 

neutral buffer formaline. They were dehydrated through a series of graded alcohol, fixed in 

paraffin, and routinely processed for histopathology assessment. The tissues cut into 4–5 μm 

thick sections and stained with Haematoxylin-eosin. Tissue slides were examined and 

photographs were taken by using N-400ME photomicroscope (CEL-TECH Diagnostics, 

Hamburg, Germany) in × 40, × 100, and × 400 objectives. 

 

Statistical analysis for toxicity studies 

            Statistical analyses were performed using statistical package for social science for 

windows version-18(SPSS inc. Chicago). To compare characteristics between groups, 

independent t-test and one way ANOVA were used to compare means between two groups 
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and more than two groups respectively. When ANOVO shows significant, Dunnett‟s post 

hock test was used to assess the difference between groups. P value of <0.05 was considered 

as significant. 

  

 5.5 EFFICACY STUDIES 

The preclinical efficacy of NPC against bronchial asthma was carried out in following ways 

 Bronchodilatory activity 

 Antihistaminic activity 

 Immunomodulatory activity 

 Anti-inflammatory activity 

Approval of the study 

The complete protocol for the above studies involving the animals were reviewed and 

approved by the Institutional animal ethics committee, National Institute of Siddha,  Chennai, 

India. The approval numbers were given below. 

        Table 5.4 IAEC approval numbers 

No Study IAEC No 

1. Brochodilatory activity 

Antihistaminic activity 

Immuno modulating activity 

1248/AC/09/CPCSEA-9/Dec2013/3. 

2. Anti inflammatory activity NIS/IAEC/I/2011/9(A). 

 

5.5.1 Bronchodilatory activity 

The bronchodilatory activity of NPC was evaluated by using following methods 

 Milk induced leucocytosis 

 Histamine induced bronchospasm 

 Bronchoalveolar lavage and lung histology 
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5.5.1a Effect of NPC in Milk induced leucocytosis in mice
151,152

 

Chemicals and reagents used 

Dexamethasone (Wochardt India Pvt Ltd) 

Experimental animal husbandry 

 Male Swiss albino mice, between the weight range of 25-30 g were purchased from 

the Centre for animal health studies, TANUVAS, Madhavaram, Chennai. They were 

quarantined in a standard laboratory conditions (22±1
0
 C, Humidity 60±5% and light 12h 

dark 12h light cycle) for at least 1 week before use. The animals provided free access to food 

(Nutrilab rodent, The Provimi India Pvt Ltd, Bengluru) and water. 

     Table 5.4.2 Group allocation and treatment 

No. Group 

 
No. of rats 

1. Normal control 

(Normal saline 5ml/kg b.wt) 

6 

2. Vehicle control 

(Ghee 5ml/kg b.wt) 

6 

3. Standard (Dexamethasone 50mg/kg i.p) 

 

6 

4. Drug treatment I ( NPC 67.6mg/kg b.wt) 

 

6 

5. Drug treatment I ( NPC 135.2mg/kg b.wt) 

 

6 

 

 The animals randomly divided into 5 groups with 6 in each group. The blood samples 

were collected from the animals via retro-orbital plexus under mild ether anesthesia and total 

WBC and eosiniphil count were determined before drug treatment.  

The group I kept as normal control which received normal saline 5ml/kg b.wt. per 

oral. The group II kept as vehicle control which received ghee 5ml/kg b.wt. per oral. The III
rd

 

group kept as standard and received Dexamethasone 50mg/kg b.wt. i.p. The fourth and fifth 

group received the NPC at the dose of 67.6 mg/kg, and 135.2 mg/kg b.wt with ghee 

respectively. After 30 minutes of drug administration, all groups were injected with 4ml/kg 

b.wt. of boiled and cooled milk subcutaneously. 
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After a period of 24h, blood samples were collected again and total WBC and 

eosinophil count were determined. Difference between the values (before and after milk 

injection) were calculated and statistically evaluated. 

 

5.5.1b Effect of NPC in Histamine induced bronchospasm 

 

Chemicals used 

Histamine di hydrochloride (Sigma Aldrich Ltd. India), Normal saline 

 

Housing and caring of animals 

Healthy male guinea pigs weighing between 350-500gm were used for this study. The 

animals were purchased from National centre for laboratory animal sciences (NCLAS), NIN, 

Hyderabad, India. They were housed and maintained in an ambient temperature of 20±2˚, 50-

70% of relative humidity with 12 hour light/dark artificial photoperiod. The animals were 

provided with fresh vegetables (carrot, cabbage), lucern grass, pelleted diet and purified RO 

water ad libitum. Additionally vitamin C was given through water in the recommended dose.  

After one week period of acclimatization, 18 guinea pigs divided into 3 different groups 

(n=6) by simple randomization method. 

5.5.1b Induction of bronchospasm in guinea pigs 

 Histamine dihydrochloride was used to induce bronchospasm in guinea pigs. Guinea 

pig is a good proposed model for bronchial asthma. It is highly sensitive to histamine (1000 

times more sensitive) and very susceptible to anaphylactic shock.
150

   

 

     Table 5.4.3 Group allocation and treatment 

 

 

 

 

 

Induction of bronchospasm using histamine
153,154,155

 

The guinea pigs were fasted overnight and challenged with 1% histamine (histamine 

dihydrochloride dissolved in normal saline) aerosol in a constant pressure (1kg/cm
2
) in an 

aerosol chamber prior to drug treatment.  The end point pre convulsive dysnoea (PCD) was 

calculated from the time of aerosol exposure to the start of dysnoea leading to the 

No Group  Treatment  No of animals 

1. Group I   Normal saline 5m/kg b.wt 6 

2. Group II NPC 40.3mg/kg b.wt 6 

3. Group III NPC 80.6 mg/kg b.wt 6 
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development of convulsions (sitting position, increase of chest muscular activity, more 

frequent breathing).  The PCD was noted as day 0. Group I kept as normal control which 

received normal saline 5ml/kg b.wt. Group II and III received NPC in the dose of 40.3mg/kg 

b.wt. and 80.6mg/kg b.wt. respectively with ghee once daily for 14 days. Two hours after 

drug administration, bronchospasm was stimulated in guinea pigs by exposing them to 1% 

histamine aerosol in an aerosol chamber (Inco Ltd., Ambala, India) on day 1 and day 14. The 

normal control animals were exposed to normal saline aerosol.  When the animals started 

dyspnoeic they were taken out from the chamber and recovered by placing them in fresh air. 

The histamine challenge was done on 0
th

 day, 1
st
 day and 14

th
 day and the duration for the 

commencement PCD was noted.  The percentage increase in the time of PCD was calculated 

as follows. 

Percentage increase in time of PCD = ( 1- T1/T2)× 100 

 

5.5.1c Effect of NPC in Ovalbumin induced bronchospasm 

 

Chemicals used  

The chemicals used for this study were of analytical grade and they were procured as 

follows Ovalbumin from Sigma Aldrich Ltd, India, Aluminium hydroxide from S.D fine 

chemicals Mumbai, India,  

 

Housing and caring of animals 

36 Male Wistar albino rats (150 - 175 gm) were purchased from Centre for Animal 

Health Studies, TANUVAS, Madhavaram, Chennai. They were housed and maintained in a 

standard laboratory conditions (22±1
0
 C, Humidity 60±5% and 12:12 dark, light cycle) with 

free access to water and rodent chow.   The animals were acclimatized for one week before 

start of the study. 

Induction of lung damage by ovalbumin  

 Ovalbumin induced lung damage was used to assess the bronchodilatory activity in 

rats. Rat models are very much useful in enabling the production of IgE as well as long 

lasting effect of airway hyperactivity.
156
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Tab 5.4.4 Group allocation and treatment 

No Group 
No of 

animals 

1. Normal control  6 

2. Negative control 6 

3. Vehicle control (Ghee 5ml/kg) 6 

4. Drug treatment  I (NPC 46.8 mg/kg) 6 

5. Drug treatment  II ( NPC 70.2 mg/kg) 6 

6. 
Drug treatment  III (NPC 93.6 

mg/kg) 
6 

 

Details of induction and treatment 

36 Wistar albino rats divided into 6 groups (n=6) randomly. The induction of lung 

damage with OVA and treatment was as follows 

Group I: Normal control  

Group II: Negative control (1mg of ovalbumin (OVA) and 50mg Al(OH)3 i.p) 

Group III: Vehicle control Ghee 5ml/kg + (OVA and 50mg Al(OH)3 i.p. 

Group IV:  NPC 46.8 mg/kg with ghee p.o + OVA and 50mg Al(OH)3 i.p  

Group V: NPC 70.2 mg/kg b.with ghee p.o  + OVA and 50mg Al(OH)3 i.p  

Group VI: NPC 93.6 mg/kg with ghee  p.o + OA and 50mg Al(OH)3 i.p  

 

Details of sensitization
157

 

Except the group I all the other group animals were injected (i.p) with 1mg of 

ovalbumin (OVA) and 50mg Al(OH)3 dissolved in 0.5ml of saline on day 0. After one week 

(On Day 7
th

 ) a booster injection of 0.02mg of OVA and 50mg Al(OH)3 mixture was given 

i.p. From 15
th

 day, 4% OVA aerosol exposure was given to the animals by placing them in a 

perspex chamber (30X20X20 cm
3
) daily for 5 min up to 32

nd
 day. Aerosol was delivered 

through an nebulizer. (NE-C25, Omron Healthcare, Netherlands) driven by an airflow of 4 

l/min providing with an nebulization output of 0.2ml/min.  Normal Control animals were 

exposed to saline aerosol instead of OVA solution. The animals received the respected 

treatment simultaneously (0 to day 32) to OVA sensitization. 
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Collection of lung lavage
158,159

 

  At the end of the study period, i.e. 24 h after the last OVA exposure, i.p. injection of 

Thiopental sodium (50 mg/kg b.wt) was given to each animal and blood samples were 

collected from the retro-orbital plexus. The chest cavity was carefully opened; trachea and 

lungs were exposed. A catheter was introduced in to the trachea and lung lavaging was done 

with 2ml of ice cold phosphate buffer saline (PBS). The process was repeated carefully to 

obtain approximately 8ml of bronchoalveolar lavage fluid (BALF). 

  

Analysis of TWBC and DC
160

 

The cell suspension was concentrated by centrifugation (1000 rpm, 10 min at 4°C), 

and the cell pellet was resuspended in 1 ml of saline. The total leucocyte as well as the 

differential leucocyte count was determined.  0.1ml of cell suspension was transported to a 

glass slide and stained with Wright-Giesma stain. Then it was viewed under a microscope to 

examine nucleated cells. The lungs were dissected out and preserved for histopathology. 

 

Histopathology 

 Lungs were inflated and immersed (1 ml) in 10% formalin. Lung tissues were 

embedded in paraffin and cut into 4–5 μm thick sections.  For staining Haematoxylin-eosin 

stain was used and viewed through photomicroscope. (N-400ME photomicroscope,  CEL-

TECH Diagnostics, Hamburg, Germany). 

  

Analysis of anti oxidant enzymes in lung homogenate
161

 

 A small portion of lung from all groups were carefully dissected out and washed with 

cold saline. 10% lung homogenate was prepared with 0.1M Tris HCl buffer ( pH 7.4). 

Estimation of SOD, Malondialdehyde (MDA), reduced glutathione (GSH) and catalase 

(CAT) were done from the homogenate.  

Estimation of protein in the BALF (Lowry‟s method) 

Principle 

 

Under alkaline condition, the reaction between the peptide nitrogen and copper ions in 

reduce to polymolybdenum blue by aromatic acids.
162
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Chemicals 

 

 Reagent I 48ml 2% Na2CO3 in 0.1 N NaOH, 1ml 1% NaK Tartrate in H2O and 1ml 

of 0.5% CuSO4.5 H2O in H2O 

 Reagent II 1 part Folin-Phenol [2 N]: 1 part water 

 Bovine serum albumin (Standard) - 1 mg/ ml 

 

Procedure: 

 

 0.2ml of Bovine serum albumin was taken in different test tubes and made into 1ml 

by distilled water. Test tube containing 1ml of distilled water was kept as blank. 4.5 ml of 

Reagent I was added and incubated for 10 minutes. Then 0.5ml Reagent II was added and 

incubated for half an hour. The absorbance was measured at 660nm and standard graph was 

plotted. The protein content in the lung homogenate was estimated from the graph. 

 

Estimation of Superoxide dismutase
163

 

 

SOD was assayed by the method of Marklund 1974. “The inhibition of pyrogallol in 

alkaline pH by SOD was used as the measure of enzyme activity. 

Chemicals 

 Tris-HCL buffer (0.1M, pH 8.2 contains 2mM EDTA):1.211g of Tris was 

dissolved in 100 ml of distilled water and the pH was adjusted to 8.2 with few 

drops of conc. HCL. Then 58.45mg of EDTA was added. 

 Tris-HCL buffer (0.05M, pH 7.4):605.7mg of Tris was dissolved in 100ml of 

distilled water and the pH was adjusted to 7.4 with few drops of con. HCl. 

 Pyrogallol (2mM): 3.78mg of pyrogallol was dissolved in 15ml of 0.5M Tris-

HCL buffer of pH 7.4 

 Absolute ethanol 

 Choloroform 

Procedure 

 1ml of sample was mixed with 0.25ml of ethanol and 1.25ml of chloroform, kept in a 

mechanical shaker for 15 minutes and centrifuged. To 0.5ml of the supernatant 2ml of 0.1M 

Tris-HCL buffer, 1.5ml of distilled water and 0.5ml of pyrogallol were added. Change in 
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optical density at 0, 1 and 3 min was read at 420nm. Control tubes containing 0.5ml of 

distilled were also treated in similar manner against the buffer blank. 

 The enzyme activities expressed as Unit/mg protein. One enzyme unit corresponds to 

the amount of enzymes required to bring about 50% of inhibition of pyrogallol auto-

oxidation.” 

Calculation 

% of inhibition= Control OD-Sample OD   X100 

Control OD 

One unit is 50% inhibition 

% of enzyme activity = 1 × 50/ % of inhibition 

Assay of Lipid peroxidation (Malondialdehyde)
164

 

 Lipid peroxidation (LPO), a well established mechanism of cellular injury is used as 

an indicator of oxidative stress. The method described by Aruoma OI 1989 was adopted to 

estimate the Malondialdehyde level. 

Principle 

“Malondialdehyde (MDA) formed from the breakdown of polyunsaturated fatty acids 

serves as a convenient index for the determination of the extent of peroxidation reaction. 

MDA, product of lipid peroxidation reacts with TBA (thiobarbituric acid) to give a pink 

colour product having absorption maxima at 535nm. 

Chemicals 

 TBA (0.375%) 

 TCA (15%) 

 Hydrochloric acid (0.25N) 

 Malondialdehyde (working standard 2µ/ml) 

Procedure 

Test tubes were labeled as S1-S5 and different concentration of working standard 

solution were added as 0.1µg,  0.3µg, 0.6µg, 0.8µg, 1.2µg/ml The lung homogenate sample 

was added as the test solution in tube T1 as 1ml. 1ml distilled water  added in each test tube. 
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Then 1ml of TBA-TCA-HCL reagent was added into all the tubes. The contents were 

incubated in a boiling water bath for 15 minutes and the pink colour development was 

observed. The test tubes were cooled and centrifuged. Absorbance was measured at 535nm 

by using spectrophotometer. 

Calculation 

Absorbance of sample X l/extinction coefficient of enzyme X total volume of sample 

taken X1000
”
. 

Assay of Reduced Glutathione
165

 

 Reduced glutathione was determined by the method of Moron et al., 1979 

Principle  

“Reduced glutathione on reaction with DTNB (5,5‟-dithiobis nitro benzoic 

acid)produces a yellow colored product that absorbs at 412nm. 

Chemicals used 

 TCA (10%) 

 Tris-HCL (400mM) 

 DTNB (2.5mM) 

10% w/v lung homogenate was used to estimate the reduced glutathione value.  Cold 

phosphate buffered saline containing heparin was used to remove the blood contamination. 

by perfusion. The GSH concentration was normalized to the protein concentration of the 

homogenate. 

Procedure 

The sample was centrifuged at 4000rpm for 10min at 10˚C.Pellet was discarded and 

supernatant was used for assay. The supernatant (0.1ml) was made up to 1ml with 10% TCA. 

700µl of 400mM Tris-HCL was added (pH8.9) and incubated at room temperature. Then 

100µl of 2.5mM DTNB dissolved in Tris-HCL buffer was added. Again the sample was 

incubated for 10 minutes at room temperature. The absorbance was read at 412nm. 
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Calculation 

% of enzyme activity =Absorbance of sample X Total volume mixture X Dilution factor/ 

Extinction coefficient X Volume of sample tested”. 

Assay of catalase
166

 

Catalase activity was assayed by the method of Sinha et. al.,1972. “This method is 

based on the dichromate in acetic acid is reduced to chromic acetate when heated in the 

presence of H2O2 the formation of perchloric acid as an unstable intermediate. 

Reagents 

 Phosphate buffer (0.01M, pH 7.0) 

 0.2M Hydrogen peroxide 

Procedure 

 In 0.1ml of cell supernatant, 1ml of buffer and 0.5mlof H2O2 were added and the time 

noted. The tubes heated in a boiling water bath for 10 min. The green colour developed was 

read at 610nm. Catalase activity is expressed as nano moles of H2O2 consumed/min/mg 

protein.” 

 

5.5.2. Evaluation of antihistaminic activity of NPC 

 

 The antihistaminic activity  of NPC was evaluated by using following methods 

 Mast cell stabilizing activity 

 Isolated guinea pig ileum assay of histamine 

 

5.5.2a Mast cell stabilizing activity 

Chemicals and reagents used 

 Compound 48/80 (Sigma Aldrich, India),  o-Toluidine blue (S.D.Fine Chemicals, 

India) and  DSCG (Cipla, India). The other salts were purchased from Nice Chemicals India. 
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Experimental animals 

The male Wister rats were used for this study.  12 Wistar albino rats (150 - 175 gm) 

were purchased from the Centre for Animal Health Studies, TANUVAS, Madhavaram, 

Chennai. Animals were acclimatized to standard laboratory conditions one week prior to 

initiation of experiments. (22±1
0
 C, Humidity 60±5% and 12:12 light: dark cycle) and 

provided with rodent chow and water ad libitum.   

Details of experiment
167,168

 

 Overnight fasted animals were euthanized and the abdominal cavity was cut open to 

expose the intestine. Mesentery was identified and carefully separated from the adjacent 

tissues and cut in to small pieces. They were placed in a beaker possessing Ringer-locke 

solution (NaCl154 mM,  5.6 mM of KCl, 2.2 mM of CaCl2, 6 mM of NaHCo3 6.0 and 

dextrose 5.5 mM) for 30 ±1min. The test drug was prepared in distilled water different 

dilutions and the mesentery pieces were incubated with 0.8 µg/ml of Compound 48.80 for 30 

± 1 min. Then, mesentery pieces were kept on fresh slide and trimmed. Then they were 

placed in 4% formaldehyde solution with 0.1% o-Toluidine blue for 20-30min followed by 

the stain was removed by using acetone and xylene (each 2 times) for 5 ± 1 min. The 

mesentery pieces were viewed through a light microscope to count the mast cells. The intact 

as well as the de-granulated mast cell were counted. A mast cell was considered to be 

fragmented if four to five granules were detected around the mast cells. The proportion of de-

granulated or disrupted and whole mast cells was determined. For each concentration six 

pieces of mesentery were used. 

 

5.5.2b Isolated guinea pig ileum assay of histamine. 

 The animals which were used for the histamine induced bronchospasm were reused 

for this study.   Six animals were divided into two groups which contains 3 per group. The 

first group kept as control and the second group received NPC in the dose of 40.3mg/kg b.wt. 

with ghee for five days.   
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        Table 5.4.5 Groups and treatments  

No Treatment  No of animals 

1. Normal control 3 

2. Drug treated 40.3mg/kg 3 

 

Experiment detail
150,169

    

 The guinea pigs were fasted overnight and sacrificed by cervical dislocation. The 

ileum was immediately removed and cut into 2 to 2.5 cm segments. The ileum was trimmed 

from the mesentery and it was placed in a carbogen-aerated organ bath which maintains in a 

constant temperature (37˚C). The organ bath contains modified Tyrode solution and it was 

replaced in 15 min intervals. The ileum piece was mounted and a tension of 1 gm was applied 

and it was allowed to equilibrate for 45 min before the addition of any drug. Normal rhythmic 

contraction was recorded in a student physiograph (Bio devices INCO Ambala). Dose 

response curves were obtained for histamine di hydrochloride in normal control animal‟s 

ileum at various concentrations. Later the dose response curves for drug treated animal‟s 

ileum were obtained. Experiments were conducted in thrice (n=3). The IC50 was determined 

for various doses of histamine, in control and treated animals and statistically evaluated.  

5.5.3 Effect of anti inflammatory activity of NPC 

The anti inflammatory activity of NPC was evaluated in following methods 

1. Acute study   2. Chronic study 

Experimental animals 

 Wistar albino rats of male sex (150-175 g) were procured from NCLAS, NIN, 

Hyderabad, India.  The animals were maintained in standard laboratory conditions and 

provided free access to water and rodent chow.  

5.5.3a Carrageenan-induced Paw Edema in Rats:
  
(Acute Study) 

 The method described by Winter et al 1962 was adopted to study the anti 

inflammatory effect of NPC. 
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Chemicals used 

Carageenan (Nice chemicals, India), Indomethacin (Zydus Cadila Healthcare, India) 

Table 5.4.6 Group allocation    

Group Drug treatment No of animals 

I Normal control 6 

II Vehicle control (5ml/kg) 6 

III 
Standard 

Indomethacin (10mg/kg) 
6 

IV NPC (46.8mg/kg) 6 

V NPC (93.6mg/kg) 6 

 

After one week period of acclimatization, animals were randomly allocated to five 

different groups (n=6). “The animals were kept fasting overnight (water allowed ad libitum) 

prior to initiation of the experiment. The lateral malleolus of left paw of animals were  

marked individually. The initial paw volume was measured by using a Plethysmometer by 

volume displacement method. Then the animals in the control group received normal saline 

5ml/kg b.wt. The vehicle control group received ghee orally in the dose of 5ml/kg b.wt, while 

other groups (3,4,5) received  Indomethacin (standard) 10mg/kg, NPC 46.8mg/kg, NPC 93.6 

mg/kg  respectively. After one hour, carrageenan of 1% solution was injected sub cuateously 

into the plantar region of left hind paw. The animals paw volumes were observed at one hour 

interval up to 5 hours. The basal paw volume and the paw volume increase was compared 

and % increase in paw volume was calculated.  The variations between the means of different 

groups in every time interval were calculated and statistically evaluated.  

% of edema inhibition = [1- (Vt / Vc)] X 100  

Vt –Volume of edema in treatment group 

Vc-  Volume of edema in control group.”170 

 



80 
 

5.5.3b Cotton Pellet-Induced Granuloma formation in rats:
 
 

Grouping and treatment 

 30 Wistar albino rats (150-160gm) randomly allocated to five groups (n=6). The 

animals were kept overnight fasting (water ad libitum) before the initiation of the experiment. 

The control group received normal saline 5ml/kg b.wt. The vehicle control group received 

ghee orally in the dose of 5ml.kg b.wt., while the third, fourth and fifth group received  

Indomethacin (standard) 5mg/kg b.wt NPC 46.8mg/kg and NPC 93.6 mg/kg respectively.   

     Table 5.4.7 Grouping and treatment 

   

 

  

 

 

 

 

 

 “The overnight fasted animals were anesthetized, and a small incision was made in 

the abdomen. In each side of the groin, 20mg of sterile cotton pellet was implanted with 

aseptic precautions and sutured. All animals received their respective treatment once daily for 

seven days through oral route. On 8
th

 day, the animals were euthanized and the inserted 

pellets were detached carefully from the surrounding tissues. After removal of extraneous 

tissues from the pellets, the wet weights were noted immediately. Then, they were dried 

continuously for 18 h in a temperature of 60°C till their weight turned to constant. The mean 

weights of wet and dry cotton pellets were calculated and inhibition % of granuloma was 

determined”. 
171

 

 

 

Group Drug treatment No of animals 

  I Normal control 6 

 II Vehicle control (5ml/kg) 6 

III Standard 

Indomethacin (5mg/kg) 

6 

IV NPC (46.8mg/kg) 6 

V NPC (93.6mg/kg) 6 
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5.5.4 Immunomodulatory Activity
   

The immunomodulatory activity of NPC was carried out by following methods 

 Neutrophil adhesion test 

 Cyclophospamide induced neutropenia 

Experimental animals 

Male Wistar rats of 150 to 160gm were purchased from the Centre for animal health 

studies, TANUVAS, Madhavaram, Chennai. They were housed under standard laboratory 

conditions (22±1
0
 C, and 12:12 artificial photoperiod). They provided with free access to 

food (Nutrilab rodent, The Provimi India Pvt Ltd, Bengluru) and water.  

5.5.4a Neutrophil adhesion test: 

 After 7 days of acclimatization, 24 rats were allocated to four groups and each group had 

6 rats. 

                            Table 5.4.8 Group allocation and treatment  

Group Drug treatment No of animals 

  I Normal control 

(Normal saline 5ml/kg) 

6 

 II Vehicle control (5ml/kg) 6 

III NPC (46.8mg/kg) 6 

IV NPC (93.6mg/kg) 6 

 

. The group I was kept as control which received  saline 5ml/kg, The II, III,  and IV group  

animals received ghee orally in the dose of 5ml.kg b.wt., while the third, fourth group 

received  NPC 46.8mg/kg and NPC 93.6 mg/kg with ghee respectively for 14 days. “After 

two weeks of drug treatment (14
th

 day), blood was collected from all animals via retro orbital 

plexus in heparinized vials.   
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The blood smear was fixed in a clean slide, stained with Leishmann‟s stain and analyzed 

for TLC and DLC. After that, the blood samples were treated with nylon fibres (80mg/ml) for 

10 min and incubated at room temperature (37 ºC). After incubation TLC and DLC were 

determined again. The incubated blood samples were again analyzed for TLC and DLC. The 

product of TLC and % of neutrophil before and after incubation of blood sample with nylon 

fibers was determined. The difference was taken as neutrophil inex and neutrophil adhesion 

% was arrived by following this calculation 

  % of Neutrophil adhesion  = NIu-NIt   X 100 

                                                                    NIu 

NIu – Neutrophil index untreated blood 

NIt – Neutrophil index treated blood”
172,173

  

5.5.4b Cyclophosphamide induced neutropenia: 

Chemicals used 

Cyclophospamide (Cycloxan, Biochem Pharmaceutical Ltd, India) 

Experimental animals 

Male Swiss mice of 25-30 g were purchased from the Centre for animal health 

studies, TANUVAS, Madhavaram, Chennai. They were housed in standard laboratory 

conditions (22±1
0
 C, 12:12 light:dark cycle). The animals had free access to food (Nutrilab 

rodent, The Provimi India Pvt Ltd, Bengluru) and water. After 7 days of acclimatization, 24 

mice allocated to four groups and each group consists of 6 rats. 

     Table 5.4.8.Grouping and treatment details  

 

Group Drug treatment No of mice 

  I Normal control (Normal saline 5ml/kg) 6 

 II Vehicle control (5ml/kg) 6 

III NPC (67.6mg/kg) 6 

IV NPC (135.2mg/kg) 6 

 



83 
 

 The group I kept as normal control which received normal saline 5ml/kg b.wt. per 

oral. The Group II kept as vehicle control which received ghee 5ml/kg per oral. The third and 

fourth group was administered with NPC 67.6 mg/kg and 135.2 mg/kg with ghee respectively 

for 10 days. “On 10
th

 day, a neutropenic dose of cyclophosphamide (200mg/kg)
174

 was 

injected subcutaneously to all animals. This day was considered as day 0 and blood was taken 

via retro orbital plexus and total WBC count and differential count (DC) were determined. 

On  3
rd

 day of cyclophosphamide injection TWBC and DC were performed again and 

compared with  group I (control)”
175,176. 

 

Statistical analysis for efficacy studies 

Statistical analyses of efficacy studies conducted in experimental animals were 

performed using statistical package for social science for windows version-18(SPSS inc. 

Chicago). To compare characteristics between groups, independent t-test and one way 

ANOVA were used to compare means between two groups and more than two groups 

respectively. When ANOVO shows significant, Dunnett‟s post hock test was used to assess 

the difference between groups. P value of <0.05 was considered as significant. 
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6. RESULTS  

6.1 Preparation of Narpavala chunnam 

6.1a Authentication of Narpavalam 

Four different market samples of Narpavalam was procured and given for 

authentication. The microscopical characters of the samples were analyzed and the 

Narpavalam sample was identified (fig 5.3, 5.4). Out of four samples, three of the samples 

were adulterated with bamboo coral in varied ratios. The sample which was bought from Italy 

was free from adulteration. 

6.1b Purification of ingredients 

  Narpavalam was purified in three batches and each batch contains 200 gms.  After 

purification, the external surface was coated with lemon juice and the surface lost its classical 

pink colour as shown in fig. 5.7. At the same time, the internal surface did not show any 

difference in its colour. Less than 6% of weight loss was seen in each batch of purification.   

     Table 6.1 Batch wise details of purification of Narpavalam 

S.No Quantity of  

lemon juice (ml) 

Quantity of raw material (gm) % of weight  

loss Before purification After purification 

1. 230 ml 200 gms 188. 53 gms 5.73% 

2. 235 ml 200 gms 189.02 gms 5.49% 

3. 230 ml 200 gms 188.25 gms 5.87% 

 

6.1c Preparation of Narpavala chunnam 

 Two batches of NPC were prepared to analyze the batch variation. The quantity of 

Narpavalam used in each batch was 200gms and the yield of finished product was 156.68, 

and 148.56.  Approximately 74 to 78% of final product was obtained. There was no much 

difference noted between the batches in processing. 
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Table 6.2 Batch wise details of preparation of NPC 

Batch 

No 

Quantity of 

purified 

Narpavalm 

Name of 

the juice 

Quantity 

of juice 

Time of 

grinding  

   (Hrs) 

Before 

pudam 

pellet 

weight in 

gms 

After 

pudam

(gms) 

Finished 

product 

(gms) 

Finished 

drug 

I 200 Kattrazhai 

Keezhanelli 

860 

1680   

24 

48 

190.75 

198.05 

168.34 

158.72 

-- 

156.68 

78.34% 

 

II 200 Kattrazhai 

Keezhanelli 

850  

1760 

24 

48 

195.19 

203.83 

173.45 

148.56 

-- 

148.56 

74.2% 

 

6.2 Quality control analysis of NPC 

6.2.1 Siddha specification of chunnam 

As per the literature the chunnam was prepared and the Siddha specification of 

chunnam and physicochemical analysis were done as per the guidelines given by CCRAS, 

AYUSH, Govt of India. According to literature the chunnam must be white or ivory in 

colour, odourless, lusterless, smokeless on heating, micro fine in nature and weightless. The 

taste of the chunnam would be similar to lime i.e alkaline in nature and turns red when a 

small pinch of drug was added with turmeric and few drops of water. The observed Siddha 

parameters of NPC are listed below. 

          Table 6.3 Organoleptic characters of NPC   

No Parameter NPC I NPC II 

1. Colour Slight ash White 

2. Odour No odour No odour 

3. Taste 
Viruviruppu 

(similar to lime) 

Viruviruppu 

(similar to lime) 

4. Touch Smooth Smooth 

5. Appearance Powder Powder 
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                         Table 6.4 Siddha specifications of Narpavala chunnam 

No Parameter NPC I NPC II 

1. Odour Odourless Odourless 

2 Luster Nil Nil 

3. Smoke ( heating) Nil Nil 

4. Weight (sprinkle test) Floats in the water  Floats in the water  

5. Reaction with turmeric Turned to red Turned to red 

 

6.2.2 Physicochemical properties of NPC 

The loss on drying at 105˚C was 0.4% for both batches. The NPC I contains 95.3%  of 

total ash and the NPC II contains 99.6% of total ash. The water soluble ash was 5.3 and 

10.4% respectively. The alkalinity (ml 0.1N HCl/g) was 15.8 for the NPC I and 30.2 for the 

NPC II. The both batches of NPC contains 0% of acid insoluble ash which means that, the 

drugs were completely acid soluble. The pH (10% solution) of NPC I was 9.9 and it was 

12.55 for NPC II.  

Table 6.5 Physicochemical analysis of NPC  

 

 

 

 

 

 

 

6.2.3 Qualitative analysis of NPC 

Test for acid and basic radicals is a very basic study which helps to identify the 

presence of elements qualitatively and helps in the quantitative estimation of the same. The 

No Parameter NPC I NPC II 

1 Loss on drying at 105˚C 0.4% 0.4% 

2. Total ash 95.3% 99.6% 

3. Water soluble ash 5.3% 10.4% 

4. Alkalinity(ml 0.1N HCl/g) 15.8 30.2 

5. Acid insoluble ash 0% 0% 

6. pH
 
(10% solution) 9.90 12.55 
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acid radicals present in the two batches of the drug were chloride, carbonate, sulphide and 

nitrate. The basic radicals present in the drug were Iron, calcium, magnesium, potassium and 

sodium.  

Table 6.6 Qualitative analysis of NPC for acid and basic radicals  

                                             

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

   

 

Sl. No Test NPC I NPC II 

1. Test for sulphate - - 

2. Test for chloride + + 

3. Test for phosphate - - 

4. Test for carbonates + + 

5. Test for sulphide + + 

6. Test for nitrate + + 

7. Test for fluoride and oxalate _ _ 

8. Test for lead _ _ 

9. Test for copper _ _ 

10. Test for aluminium _ _ 

11. Test for iron + + 

12. Test for zinc _ _ 

13. Test for calcium + + 

14. Test for magnesium + + 

15. Test for ammonium - - 

16. Test for potassium + + 

17. Test for sodium + + 

18. Test for mercury - - 

19. Test for arsenic - - 

20. Test for starch - - 
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Table 6.7 Acid and basic radicals present in NPC 

 

 

6.2.4 Preliminary Phytochemical analysis of NPC 

As Narpavalam was ground with Aloe vera and Phyllanthus amarus juice the 

preliminary phytochemical analysis was done to identify any phyto-constitutents present in 

the finished product. The study revealed that the drug possess tannin, saponin, alkaloid and 

protein.  

Table 6.8 Preliminary phytochemical analysis of NPC 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acid radicals present Chloride, carbonate, sulphide, nitrate 

Basic radicals present Iron ,calcium, magnesium, potassium, sodium  

No Name of the test Result 

1 Test for Tannin Positive 

2 Test for Flavonoid Negative 

3 Test for Saponin Positive 

4 Test for Protein Positive 

5 Test for Anthraquinones Negative 

6 Test for Steroids Negative 

7 Test for Phenol Negative 

8 Test for Triterpenoids Negative 

9 Test for Glycosides Negative 

10 Test for reducing sugar(Fehling‟s test) Negative 

11 Test for Quinones Negative 

12 Test for Alkaloids Positive 
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6.3 NPC finger printing with Modern analytical tools 

6.3.1 CHN analysis of NPC 

 The carbon, hydrogen and nitrogen present in the Narpavalam and Narpavala 

chunnam were shown in the table 6.9.      

Table 6.9 Carbon, Hydrogen and Nitrogen present in NP and NPC  

    

      Fig 6.1 Presence of Carbon, Hydrogen and Nitrogen in NP and NPC 

 

The carbon, hydrogen and nitrogen % of Narpavalam before and after purification 

showed slight variation in the carbon, hydrogen and nitrogen level. The hydrogen present in 

the raw drug was found to be absent in the final product NPC I and II. There was no much 

difference noted in the carbon and nitrogen levels in before and after purification of 

Narpavalam.  

No Sample Carbon % Hydrogen % Nitrogen % 

1. Narpavalam (Before purification) 12.26 0.20 0.09 

2. Narpavalam (After purification) 11.01 0.01 0.05 

3. NPC I 10.69 0.0 0.05 

4 NPC II 10.75 0.0 0.04 
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6.3.2 Elemental of composition of NPC  

The elemental composition of NPC was studied with the instrument of ICP OES. The 

results are shown in the table 6.9. 

           Table 6.10 Elemental composition of NPC 

No Elements NPC I NPC II 

1. Mg 280.225 370.30 

 

2. Si 1.115 20.305 

 

3. K 58.360 91.050 

 

4. Ca 3565.20 3473.90 

 

5. Fe 4.785 17.905 

 

6. Cu 0.380 0.235 

 

7. Mn 0.835 0.605 

 

8. P 7.540 17.810 

 

9. Cr 0.070 0.11 

 

10. Zn 0.615 0.275 

 

11. Na 48.280 18.12 

 

12. B BDL BDL 

 

13. Sr 29.170 27.685 

 

14. Se BDL BDL 

 

15. V BDL BDL 

 

16. Pb 0.085 0.10 

 

17. Hg BDL BDL 

 

18. As BDL BDL 

 

19. Cd BDL BDL 

 

20. Cl 3475 15633 
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The ICP-OES results of NPC I and NPC II revealed that the toxic elements like 

mercury, arsenic, cadmium are below detectable limit. The lead was only 0.085 ppm in NPC 

I and 0.1ppm in NPC II. The major elements present in the drug are calcium followed by 

magnesium, potassium, sodium, strontium, iron and phosphorus.  Silica, copper, manganese, 

zinc and chromium are also present minimally. 

6.3.3 FTIR analysis of NPC 

Both NPC I and NPC II samples exhibit similar spectral features which match with 

that of calcite. In the spectra, the peak at 1390 cm
-1

 can be correlated to C-O stretching 

vibration of carbonate ions. The peaks at 871 and 711 cm
-1

 can be associated with out-of-

plane and in-plane C-O bending vibrations of carbonate ions respectively. The expanded 

region of the FTIR spectra between 4000 - 1500 cm
-1

 looks complex as there are many peaks 

present in this region. The probable functional groups which can be correlated to some of the 

peaks present in the region are given in Table 6.11. The presence of these peaks indicates that 

apart from inorganic calcite part, some other organic compounds are also present in NPC.  

Fig 6.2 FTIR spectrum of NPC 
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     Table 6.11 FTIR spectral details of NPC 

FTIR peaks (cm
-1

)          Assignment 

3695, 3603 OH stretch 

 

3396 N-H stretch 

 

2908, 2868 C-H stretch 

 

2345 CO2 asymmetric stretch 

 

1799, 1737 C=O stretch 

 

1080 C-N stretch 

 

 

6.3.4 XRD analysis of NPC 

   Fig 6.3 X ray diffraction pattern of NPC 

 

The patterns of the samples match with that of calcite (Calcium carbonate, JCPDS 

No. 00-005-0586) and indicate the presence of rhombohedral crystal structure with R-3c 

space group. The position of the peaks in the XRD patterns of NPC samples were found to 

shift towards higher 2Ѳ values compared to that of calcite. This kind of shift in the peak 

position indicates decrease in the unit cell volume. This decrease in the unit cell volume can 

be due to substitution Ca
2+

 in calcite with a cation of smaller ionic radius
 
such as Mg

2+
. This 
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postulation matches with elemental analysis results in which co-presence of Mg with Ca is 

evident and suggests that NPC is mainly magnesium substituted calcite.  

6.3.5 TGA analysis of NPC 

TGA plots of NPC I and II were shown in the Fig. The weight loss percentage was 

given in the table 6.12. Weight loss of 1.883% of NPC I was observed at 350
0 

C followed by 

37.70%   in 765
0
 C and 1.446% in 910

0
 C. For NPC II, the weight loss was 4.833% in 450

0
 C 

followed by 31.44% in 760
0 

C and 1.819% in 910
0
 C.  In NPC I and II the percentage loss at 

910
0
 C is almost the same. There is slight % variation of weight loss between the batches in 

the temperature 760
0
. But the initial loss of weight was minimal in NPC I in 350

0
 but it was 

increased in NPC II and the weight loss also noticed in 450
0
.
   

The results were shown in the 

table 6.12  

 

                               
Fig. 6.4 TGA report of NPC I 
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   Fig. 6.5 TGA report of NPC II 

 

 

 

Table 6.12 Weight loss % of  NPC 

Drug       Temperature (C˚) Weight loss % 

 

NPC I 

350 1.883 

765 37.70 

910 1.446 

 

NPC II 

450 4.833 

760 31.44 

910 1.819 
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6.3.6 DLS analysis of NPC 

Analysis by Dynamic Light Scattering was carried out to screen the particle size 

distribution of the drug NPC in different batches. The dynamic light scattering study of NPC 

II with ghee revealed that majority of the particles fall between the ranges of 500 – 800nm. 

The average particle size is 616nm.  

          Fig 6.6 DLS analysis of NPC 
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6.3.7 Scanning Electron Microscopic study (SEM) of NPC 

 SEM images of NPC I and II showed difference in size and morphology of the 

particles. The SEM pictures with 3.00 KX, 5.8KX, 10.00 KX and 15.00 KX resolutions were 

taken for NPC I. It was observed that the morphology of the particle of NPC I was 

heterogeneous and there was aggregation of particles. The particles size differs from 

1.172µm to 3.810 µm, 303nm to 1.052 µm, 290nm to 322.3nm, 193nm to 683.9nm 

respectively.  

The SEM pictures with 6K, 10KX and 14.69KX resolutions were taken for NPC II. It 

was observed that the agglomeration of particles were more than that of NPC I.  The particles 

are distributed heterogeneously. The particle size differs from 223.1nm to 263.7nm in 10KX 

resolution. In 14.69KX the .particle size is 279.9 nm to 423nm. The agglomeration can be 

visualized in figure. 
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Fig 6.7 SEM image of NPC I in 3.00 KX  

  

    

 

Fig 6.8 SEM image of NPC I in 5.88 KX  
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  Fig 6.9 SEM image of NPC I in 10.00 K X  

 

     

Fig 6.10 SEM image of NPC I in 15.00 K X  
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Fig 6.11 SEM image of NPC II in 2.94 K X  

           

 

Fig 6.12 SEM image of NPC II in 6.00 K X  
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Fig 6.13 SEM image of NPC II in 10.00 K X  

    

 

 Fig 6.14 SEM image of NPC II  in 14.69 K X  

 

    

 



100 
 

6.3.8 EDS analysis of NPC 

        Fig. 6.15 Elemental composition of NPC I 

   

In NPC I the mass percentage of Calcium, Magnesium, Chlorine, Sulphur, Potassium, 

Copper, Iron and Sulphur are 29.22, 3.39, 0.63, 0.33, 0.43, 0.29 and 0.13 respectively. 

Table 6.13 EDS report of NPC I 

Element App Intensity Weight% Weight% Atomic% 

    Conc. Corrn.   Sigma   

O  27..07 0.5382 65.28 0.29 81.58 

Mg 1.62 0.6196 3.39 0. 09 2.79 

Si  0.19 0.8200 0.30 0.05 0.22 

S  0.10 0.9457 0.13 0.05 0.08 

Cl  0.41 0.8454 0.63 0.05 0.36 

K  0.29 1.1517 0.33 0.04 0.17 

Ca  22.94 1.0183 29.22 0.24 14.58 

Fe 0.18 0.8059 0.29 0.07 0.10 

Cu 0.26 0.7843 0.43 0.11 0.14 

  

Quantitative results
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         Fig. 6.16 Elemental composition of NPC II 

  

   The mass percentage of Calcium, Magnesium, Chlorine, Sulphur, Potassium and Iron 

in NPC II are 34.21, 3.30, 0.64, 0.46 and 0.25 and 0.07 respectively. The mass percentage of 

NPC I and II did not show much difference. The Silica present in NPC I is 0.19% and NPC II 

is  0.23. 

Table 6.13: EDS report of NPC II 

Element 

    

App 

Conc. 

Intensity 

Corrn. 

Weight% 

  

Weight% 

Sigma 

Atomic% 

  

O  25.03 0.4645 60.52 0.30 78.37 

Mg  1.84 0.6279 3.30 0.08 2.81 

Si  0.17 0.8293 0.23 0.04 0.17 

S  0.34 0.9562 0.40 0.04 0.26 

Cl  0.48 0.8533 0.64 0.04 0.37 

K  0.47 1.1700 0.46 0.04 0.24 

Ca  31.17 1.0232 34.21 0.26 17.68 

Fe 0.18 0.8046 0.25 0.07 0.09 

 

  

Quantitative results
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6.4 ANIMAL EXPERIMENTS 

6.4.1 TOXICITY STUDY 

6. 4.1a Acute toxicity study 

 Acute toxicity study of NPC was conducted as per WHO guidelines. No mortality or 

treatment related toxicity was noted in any animals during the experimental period. The 

animals gained bodyweight normally. There was no difference between groups in food and 

water intake throughout the study period. No other significant changes were noted in skin, 

fur, eyes, mucous membranes, salivation, and sleep in control and treated animals. No other 

signs like tremors, convulsions, lethargy, coma, diarrhoea were observed during the study 

period. No pathological changes were observed in the vital organs of all groups during 

necropsy. 

  Table 6.15 Body weight changes (gm) in acute toxicity 

Group 0
th

  day 7
th

 day 14
th

 day 

Normal control 149.10±3.02 162.90±2.98 183.80±3.21 

Vehicle control 151.80±1.29 163.10±1.62 172.60±1.65 

10 X TD of NPC  157.60±2.47 175.30±2.03 196.80±2.54 

 

6.4.1b Long term toxicity study (90 Days) 

 There were no mortality and treatment associated toxicity noted in all groups during 

the experimental period. 

Body weight gain 

The animals in all groups gained body weight throughout the study period. There 

were no significant differences observed in the body weight of control and the treated groups  

Influence of NPC in food and water intake 

Water intake and feed intake of the control and drug treated animals were found to be 

normal throughout the study period. NPC treatment did not influence any changes in the 

intake of food and water. 
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                              Table 6.16 Body weight changes in Long term toxicity 

Gro

up 
Treatment 

Week 

I 

Week 

2 

Week 

3 

Week 

4 

Week 

5 

Week 

6 

Week 

7 

Week 

8 

Week 

9 

Week 

10 

Week 

11 

Week 

12 

Week 

13 

Week 

14 

1. 
Normal 

control 

170.20±

9.97 

187.60±

10.97 

203.70±

12.02 

220.90±

13.65 

228.20±

11.97 

233.40±

11.96 

249.10±

14.45 

252.70±

15.32 

252.90±

15.37 

259.10±

16.99 

263.20±

18.07 

266.50±

17.26 

271.80±

18.42 

272.40±

18.36 

2 

Vehicle 

control 

(Ghee) 

145.60±

2.66 a 

167.00±

5.30 

180.60±

5.80 

197.80±

8.47 

210.10±

8.68 

222.00±

10.60 

226.50±

11.6 

234.30±

11.15 

227.30±

10.02 

244.10±

13.60 

242.80±

15.29 

248.60±

14.37 

252.70±

14.35 

254.50±

14.85 

3 

Therapeuti

c dose of 

NPC 

(46.8mg/kg 

) 

145.90±

4.46 a 

172.80±

7.60 

180.40±

7.49 

200.80±

10.55 

208.90±

11.12 

222.90±

12.83 

228.40±

13.77 

237.40±

14.68 

235.30±

14.91 

249.20±

16.92 

259.00±

18.22 

265.00±

21.26 

263.40±

21.03 

273.40±

22.45 

4 

5 × TD of 

NPC 

(234mg/kg) 

144.40±

5.44 a 

168.10±

6.79 

181.40±

7.36 

200.00±

8.94 

204.50±

8.74 

214.90±

11.31 

223.10±

11.86 

232.30±

13.57 

230.00±

13.80 

239.40±

15.53 

243.70±

15.69 

249.10±

17.25 

253.30±

18.57 

253.80±

19.16 

5 

10  ×TD of 

NPC 

(468mg/kg) 

149.90±

4.53 

169.60±

5.25 

184.10±

6.50 

200.50±

7.73 

208.50±

8.75 

216.40±

10.64 

224.40±

9.99 

231.90±

11.27 

222.30±

9.60 

239.80±

13.46 

247.60±

14.22 

252.90±

14.69 

258.40±

15.73 

257.40±

16.64 

6 

10 × TD of 

NPC 

(Recovery 

group)(468

mg/kg) 

196.17±

12.80 

187.00±

8.11 

179.67±

6.97 

199.00±

10.67 

206.83±

13.07 

207.83±

16.10 

218.17±

15.03 

215.50±

16.12 

212.17±

14.29 

223.67±

18.10 

227.17 

±18.45 

227.83±

20.53 

231.83±

17.55 

233.33±

19.7 

Data expressed as mean± SEM  a(p<0.05), b(p<0.01), c (p<0.001) compared with group I 
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Fig 6.17 Feed intake in gms 

 

             Fig 6.18 Water intake ml 

   

Effect of NPC on Organ weight 

The absolute organ weight of the animals weighed after sacrifice is given in table 

6.17. NPC didn‟t show any significant weight change in the internal organs like brain, heart, 

lungs, liver, spleen, thymus, kidneys, testis and ovaries. 
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                                     Table 6.17 Effect of NPC on organ weight 

Group Treatment Brain Heart Lung liver Spleen Thymus Testis Ovaries Kidney (Rt) Kidney (Lt) 

1 Normal control 1.62±0.04 0.88±0.06 1.63±0.13 8.87±0.58 0.84±0.08 0.41±0.03 2.77±0.10 0.11±0.00 1.11±0.10 1.08±0.09 

2. Vehicle control 

(Ghee 5ml/kg)) 

1.72±0.11 0.87±0.12 1.56±0.21 7.35±0.65 0.79±0.05 0.39±0.03 2.81±0.09 0.16±0.03 1.01±0.07 0.99±0.09 

3. Therapeutic 

dose of NPC 

(46.8mg/kg ) 

1.79±0.09 0.73±0.06 1.44±0.07 7.85±.62 0.69±0.05 0.37±0.04  2.93±0.06 0.18±0.03 0.94±0.07 0.92±0.08 

4. 5 × TD of NPC 

(234mg/kg) 

1.68±0.04 0.85±0.04 1.78±0.28 7.25±0.59 0.79±0.04 0.34±0.03 2.82±0.15 0.13±0.03 1.07±0.11 0.96±0.07 

5. 10 × TD of NPC 

(468mg/kg) 

1.69±0.06 0.85±0.04 1.63±0.13 7.53±0.69 0.85±0.06 0.34±0.02 2.84±0.09 0.12±0.02 0.92±0.07 0.94±0.09 

6.  Recovery 

group 

10 × TD of 

NPC(468mg/kg) 

1.68±0.05 0.82±0.07 1.78±0.44 7.08±0.65 0.68±0.08 0.34±0.03 2.77±0.08 0.10±0.01 0.88±0.10 0.83±0.08 

 Data expressed as mean± SEM  
a
(p<0.05), 

b
(p<0.01), 

c
 (p<0.001) compared with group I 
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Effect of NPC on Haematological parameters 

The haematological parameters of drug treated animals showed following significant 

changes after the 90 days oral treatment of NPC.  

There was a significant (p< 0.01) rise seen in MCV, MPV, PDW values of ghee 

administered animals (MCV: 48.71±0.40, MPV: 6.30±0.18, PDW: 15.36±0.18) compared to 

normal control animals. (MCV: 46.52±0.35, MPV: 5.70± 0.04, PDW: 14.68±0.07). MCHC 

value of ghee treated animals (33.24±0.36) is significantly (p<0.05) decreased than normal 

control animals (34.40±0.21). 

        Table 6.18a Effect of NPC in haematological parameters 

 

 

Group 

Treatment 

WBC 

(10
3
/uL) 

LYM 

(10
3
/uL) 

MO 

(10
3
/uL) 

GR 

(10
3
/uL) 

LY% MO% GR% 

 

RBC 

(10
6
/uL) 

HB% 

1 

Normal control 

7.03± 

0.76 

3.97± 

0.34 

0.24± 

0.04 

2.81± 

0.38 

57.36± 

1.42 

3.66± 

0.14 

38.97± 

1.34 

5.63± 

0.26 

9.01± 

0.43 

2 
Vehicle control 

(Ghee) 

6.17± 

0.80 

3.67± 

0.45 

0.21± 

0.03 

2.46± 

0.38 

58.43± 

1.79 

3.57± 

0.13 

37.98± 

1.78 

5.50± 

0.47 

8.84± 

0.70 

3 Therapeutic dose 

of  NPC 

(46.8mg/kg ) 

6.16± 

0.70 

3.71± 

0.47 

0.22± 

0.02 

2.23± 

0.24 

59.45± 

1.53 

3.62± 

0.15 

36.91± 

1.47 

5.69± 

0.45 

9.34± 

0.72 

4 5 × TD NPC 

(234mg/kg) 

7.24± 

0.68 

3.96± 

0.24 

0.21± 

0.02 

3.06± 

0.45 

55.75± 

2.54 

3.50± 

0.20 

40.74± 

2.58 

6.05± 

0.50 

9.81± 

0.78 

5 10 × TD NPC 

(468mg/kg) 

6.60± 

0.68 

3.76± 

0.39 

0.25± 

0.02 

2.57± 

0.32 

57.27± 

1.65 

3.79± 

0.15 

38.91± 

1.65 

6.61± 

0.63 

10.82± 

1.09 

6 10 × TD NPC 

(Recovery 

group)(468mg/kg) 

10.80± 

1.27
 a
 

6.02± 

0.54
b
 

.34± 

0.05 

4.44± 

0.98 

57.00± 

4.51 

3.30± 

0.09 

39.68± 

4.53 

7.93± 

0.57
 b
 

13.20± 

0.88
 c
 

Data expressed as mean± SEM  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared with group I 
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The MCV, MCH, MPV, PDW values (MCV: 48.50±0.62, MCH: 16.46 ± 0.16, MPV: 

6.21± 0.20, PDW: 15.21±0.17) were significantly (p<0.05) raised in the animals treated with 

46.8mg/kg of drug than normal control animals (MCV: 46.52±0.35, MCH: 15.93± 0.15, 

MPV: 5.70± 0.04, PDW: 14.68±0.07). 

MPV, PCT values were significantly (p<0.05) raised in the animals treated with 248 

mg/kg b.wt of drug (MPV: 6.51± 0.25, PCT: 0.15±0.01) than normal control animals (MPV: 

5.70± 0.04, PCT: 0.12±0.01). PDW value (15.54±0.17) was also significantly (p<0.001) 

increased than normal control animals (PDW: 14.68±0.07). 

MPV and PDW values of animals treated with 468mg/kg of NPC (MPV: 6.25±0.24, 

PDW: 15.27±0.20) were showed a significant raise (p<0.05) than normal control values 

(MPV: 5.70± 0.04, PDW: 14.68±0.07).  

  Table 6.18b Effect of NPC on Haematological parameters 

Group 

Treatment 

HCT 

% 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g/dl) 

RDW 

% 

PLT 

(10
3
/uL) 

MPV 

(fl) 

PDW  

% 

PCT 

% 

1 

Normal control 

26.13± 

1.19 

46.52± 

0.35 

15.93± 

0.15 

34.40± 

0.21 

11.28± 

0.40 

207.50± 

15.45 

5.70± 

0.04 

14.68± 

0.07 

0.12± 

0.01 

2 Vehicle control  

(Ghee 5ml/kg) 

26.70± 

2.29 

48.71± 

0.40
 a
 

16.12± 

0.22 

33.24± 

0.36
 a
 

11.47± 

0.32 

225.00± 

21.57 

6.30± 

0.18
b
 

15.36± 

0.18
 b
  

0.14± 

0.01 

3 Therapeutic dose of  NPC 

(46.8mg/kg ) 

27.39± 

2.08 

48.50± 

0.62
 a
 

16.46± 

0.16
 a
 

34.10± 

0.44 

11.28± 

0.25 

216.30± 

12.17 

6.21± 

0.20
 a
 

15.21± 

0.17
 a
 

0.13± 

0.01 

4 5× TD NPC 

(234mg/kg) 

29.34± 

2.56 

48.50± 

0.68
 a
 

16.19± 

0.25 

33.56± 

0.44 

11.73± 

0.27 

236.25± 

12.36 

6.51± 

0.25
 a
 

15.54± 

0.17
 c
 

.15± 

0.01
 a
 

5 10 ×TD NPC 

(468mg/kg) 

31.73± 

3.46 

47.83± 

0.82 

16.36± 

0.25 

34.40± 

0.43 

11.66± 

0.26 

214.50± 

12.46 

6.25± 

0.24
 a
 

15.27± 

0.20
 a
 

0.13± 

0.01 

6 
10 ×TD NPC (Recovery 

group) (468mg/kg) 

38.70± 

2.85
 c
 

48.83± 

0.50
 b
 

16.65± 

0.25
 a
 

34.15± 

0.31 

11.28± 

0.51 

264.50± 

21.61
  a

 

5.82± 

0.08 

14.92± 

0.08 

0.15± 

0.01
a
 

Data expressed as mean± SEM  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared with group I 
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  The WBC, MCH, PLT, PCT levels of the recovery group animas which were treated 

with 468mg/kg b.wt of NPC for 90 days and left without treatment for 21 days (WBC: 

10.80±1.27, MCH: 16.65±0.25, PLT: 264.50±21.61, PCT: 0.15±0.01) were significantly 

(p<0.05) increased when compared to normal control animals (WBC: 7.03±.76, MCH: 

15.93± 0.15, PLT: 207.50± 15.45,  PCT: 0.12±0.010.).  There was also a significant (p<0.01) 

increase in the leukocytes, RBC, and MCV values (LYM: 6.02±0.54, RBC: 9.19±0.77, MCV: 

48.83± 0.50) as compared to normal control animals (LYM: 3.97 ± 0.34, RBC: 7.93± 0.57, 

MCV: 48.71±0.40) There was also a significant (p<0.001) rise in the Hb and HCT values ( 

Hb: 13.20± 0.88, HCT: 38.70±2.85) as compared to normal control animals (Hb: 9.01±0.43, 

HCT: 26.13±1.19). Although these changes are statistically significant they all fall in the 

normal physiological range of experimental rats.   

 

Effect of NPC on biochemical parameters 

Serum cholesterol and serum bilirubin level in vehicle control animals were 

significantly (p<0.01) raised i.e. treated with ghee 5ml/kg for 90 days (Serum cholesterol: 

115.90±4.17±5.83, Serum bilirubin: 0.60± 0.05) orally compared with normal control 

animals (S erum cholesterol: 62.11±6.59, Serum bilirubin: 0.38±0.03). The blood sugar level 

was significantly (p<0.05) reduced in ghee treated group animals (82.70±3.80) compared 

with normal control animals (98.78±5.41). 

There was a significant (p<0.01) rise seen in serum cholesterol level in drug treated 

animals with NPC 46.8mg/kg orally for 90 days (89.10±5.83) compared with normal control 

animals (62.11±6.59). There was a significant (p<0.05) decrease noted  in the blood sugar 

level tin the same group (75.10±8.79) as compared with normal control animals 

(98.78±5.41).  

There was a significant (p<0.001), (p<0.05), increase seen in serum cholesterol and 

serum bilirubin level in animals treated with 234mg/kg of NPC orally for 90 days (Serum 

cholesterol: 108.40±4.30, Serum bilirubin: 0.49± 0.03) compared with normal control 

animals (Serum cholesterol: 62.11±6.59, Serum bilirubin: 0.38±0.03). 

Effect of NPC on biochemical parameters 

Serum cholesterol, SGOT levels had a significant raise (p<0.01)  and serum 

creatinine, serum bilirubin, Na
+
, K

+
 level had also significantly (p<0.05) increased in the                                                                               
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animals treated with 468mg/kg of NPC orally for 90 days (serum cholesterol: 108.40±4.30, 

SGOT: 172.89±7.5,  serum creatinine 0.69±0.03, serum bilirubin: 0.49± 0.03, Na
+
: 

135.88±0.58, K
+
:7.28±0.27) than normal control animals (serum cholesterol: 62.11±6.59, 

SGOT: 134.44±6.16, serum creatinine: 0.60±0.02 serum bilirubin: 0.38±0.03, Na
+
: 

132.67±1.00, K
+
: 6.60±0.16). There was a significant (p<0.01) reduction seen in the blood 

urea level (25.80±0.94) as compared with normal control animals (32.11±1.59). 

In recovery group i.e animals treated with 468mg/kg of NPC for 90 days and left 

untreated for 21 days showed a significant (p<0.05) increase in blood sugar, triglycerides, 

serum bilirubin and significant(p<0.01) increase in  serum cholesterol and SGPT levels 

(Blood sugar: 119.83±7.99, triglycerides: 138.17±10.89, serum cholesterol: 93.50±7.09, 

serum bilirubin: 0.52±0.04, SGPT: 78±1.95) as compared with normal control animals 

(Blood sugar: 98.78±5.41, triglycerides: 95.00±13.57, Serum cholesterol: 62.11±6.59, serum 

bilirubin: 0.38±0.03, SGPT: 64.22±2.44). Serum creatinine, (0.50±0.04) and Cl
-
 level 

(25.80±0.94) was significantly reduced (p<0.05) than normal control animals (serum 

creatinine: 0.60 ±0.02, Cl-: 32.11±1.59). 

Though these levels are significant they all are fall in the normal physiological range 

of experimental rats. There was no significant change seen in total protein and albumin 

levels. 
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Table 6.19 Effect of NPC on biochemical parameters 

Data expressed as Mean± SEM  a(p<0.05), b(p<0.01), c (p<0.001) compared with group

Parameter  I
st
  Control   II  Ghee(5ml/kg)  III NPC (46.8mg/kg)  IV NPC (234mg/kg)  V NPC (468mg/kg) VI NPC (468mg/kg) 

Blood sugar (mg/dl) 98.78 ± 5.41 75.10±8.7
a
 82.70±3.80

 a
 115.50±19.00 107.80±7.43 119.83±7.99

 a
 

Blood urea (mg/dl) 32.11±1.59 30.00±1.28 31.30±1.35 32.90±7.10 25.80±0.94
 b
 29.67±1.43 

Serum creatinine (mg%) 0  .60±0.02 0.59±0.05 0.67±0.03 0.67±0.05 0.69±0.03
 a
  0.50±±0.04

 a
  

Serum cholesterol(mg/dl) 62.11±6.59 115.90±4.17
c
 89.10± 5.83

 b
 108.40±4.30

 c
 91.10±2.42

 b
 93.50±7.09

 b
 

TGL(mg/dl) 95.00±13.57 141.90±17.83 124.13±12.62 113.10±16.08 103.00±6.98 138.17±10.89
a
  

Total protein (mg%) 7.60±0.29 8.12±0.11 7.89±0.16 8.30±0.15 7.10±0.28 7.40±0.49 

Albumin (mg%) 3.34±0.18 3.41±0.11 3.48±0.11 3.08±0.15 5.49±2.61 3.10±2.0 

S.bilirubin (mg/dl) 0.38±0.03 0.60±0.05
 b
 0.40±0.04 0.49±0.03

 a
  0.50±05

 a
 0.52±0.04

 a
  

SGOT(IU/L) 134.44±6.16 161.88±11.96 149.00±7.37 149.10±9.07 172.89±7.5
 b
 145.80±11.43 

SGPT (IU/L) 64.22±2.44 71.00±3 65.80±2.38 65.50±2.84 100.70±16.71 78.00±1.95
 b
 

Na (mEq/L) 132.67±1.00 132.56±1. 133.00±1.14 134.33±0.80 135.88±0.58
a
 132.60±0.68 

K (mEq/L) 6.60±0.16 6.92±0.12 6.07±0.27 7.13±0.37 7.28±0.27
 a
  6.52±0.18 

Cl (mEq/L) 106.56±0.67 105.00±1.31 106.67±1.73 106.17±0.60 106.88±0.40 103.60±0.98
a
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Table 6.20 Histopathological changes on vital organs 

Sl. no Tissue Treatment Male Female 

1 Brain Normal control NAD NAD 

NPC(468mg/kg) NAD NAD 

Recovery group   

NPC(468mg/kg) 

NAD NAD 

2 Heart Normal control NAD NAD 

NPC(468mg/kg) NAD NAD 

Recovery group   

NPC(468mg/kg) 

NAD NAD 

3 Lung Normal control NAD NAD 

NPC(468mg/kg) NAD NAD 

Recovery group   

NPC(468mg/kg) 

NAD NAD 

4 Liver Normal control NAD NAD 

NPC(468mg/kg) NAD NAD 

Recovery group   

NPC(468mg/kg) 

NAD NAD 

5 Thymus Normal control NAD NAD 

NPC(468mg/kg) NAD NAD 

Recovery group   

NPC(468mg/kg) 

NAD NAD 

6 Stomach Normal control NAD NAD 

NPC(468mg/kg) Mild 

hyperplasia  

and focal 

infiltration of  

nonglandular 

stomach (n=1) 

 (n=2) 

NAD 

Recovery group   

NPC(468mg/kg) 

NAD NAD 
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6.4.3 ANTIASTHMATIC ACTIVITY: 

 6.4.3a Effect of NPC in milk induced leucocytosis in mice 

In the present study, leucocytosis was induced by giving subcutaneous injection of 

boiled and cooled milk. Total leukocyte and eosinophils were calculated in every animal prior 

to drug administration and 24hrs after milk injection.  

Variation between them were determined and statistically evaluated. The results are 

shown in the table 6.18. There was a maximum increase was observed in difference of 

leukocyte count (3108.3±354.1) and eosinophil count (116.7±9.3) in control group 24 h after 

administration of  milk (3108.3±354.1, 116.7±9.3). The animals treated with both doses of 

drug showed statistically significant (p<0.05) decrease in the leucocytosis and eosinophilia 

than normal control. But dose dependent variation between the drug treated groups was very 

minimal only.  

 

7 Spleen Normal control NAD NAD 

NPC(468mg/kg) NAD NAD 

Recovery group  

NPC(468mg/kg) 

NAD NAD 

8. Kidney Normal control NAD NAD 

  NPC(468mg/kg) NAD NAD 

  
Recovery group  

NPC(468mg/kg) 

NAD NAD 

9 Testis Normal control NAD ----- 

  NPC(468mg/kg) NAD ----- 

  
Recovery group  

NPC(468mg/kg) 

NAD ----- 

10. Ovary Normal control --- NAD 

  NPC(468mg/kg) --- Normal 

  
Recovery group  

NPC(468mg/kg) 

--- Normal 

NAD- No abnormality detected 
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            Table 6.21 Effect of NPC in milk induced leucocytosis 

Group 

(n=6) 

      Treatment  Difference in number of 

 Leukocytes (per cu mm) 

Difference in number of 

eosinophils (per/cu mm) 

1.        Control          3108.3±354.1                     116.7±9.3 

2. Vehilcle control 

Ghee (5ml/kg) 
2508.3±286.5 113.3±10.1 

3. Standard 

(Dexa 50mg/kg 

i.p) 

1433.3±248.6
a
 55.0±6.7

 b
 

4. NPC 67.6 mg/kg 

 
1691.7±284.1

 a
 74.8±7.5

 a
 

5. NPC 135.2 mg/kg  

 
1861.7±270.0

 a
 76.3±5.5

 a
 

Values are expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared with group I 

 

6.4.2b Effect of NPC in histamine induced bronchospasm in guinea pigs 

 In the present study, bronchospasm was induced in male guinea pigs by 1% histamine 

aerosol under constant pressure in a histamine chamber. The time for the commencement for 

preconvulsive dyspnoea was noted before and after treatment. The % inhibition of PCD was 

shown in the table 6.22. 

      Table 6.22 Effect of NPC in histamine induced bronchoconstriction 

Group Treatment 

PCD 

(Before 

treatment 

in min) 

PCD 

(1
st 

day 

after tmt 

in min) 

% 

inhibition 

PCD 

(14
th

 day 

in min) 

% 

inhibition 

1. 
Normal 

control 
1.85±0.3 1.96±0.15 0.0 2.0±0.3 0.0 

2. NPC40.3mg/kg 2.18±0.35 2.50±0.16 15.5±6.9
 b
 3.55±.62

a
 42.14±7.0

 b
 

3. 
NPC  

80.6mg/kg 
1.74±0.22 2.6±0.41 32.3±8.0

 b
 3.43±0.37

 a
 48.05±6.61

 b
 

Value expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared with group I 

PCD –Pre convulsive dyspnoea 
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Bronchospasm induced by 1 % histamine aerosol showed a significant (P < 0.05) and 

dose dependent increase in the time for the onset of dyspnoea in NPC treated animals. After 

14 days of treatment with NPC 40.3 mg/kg and 80.6mg/kg 42.1% and 48% of inhibition was 

noted respectively. While the single dose treatment of NPC (40.3mg/kg. 80.6mg/kg) did not 

show any significant changes in the time of pre convulsive dyspnoea. 

 

6.4.2c Effect of NPC in Ovalbumin induced lung damage in rats 

 In the present study, lung damage was induced by intra peritoneal injection of alum 

ovalbumin mixture followed by exposure of 4% ovalbumin aerosol for 5 minutes daily for a 

period of 18days. The bronchoalveolar lavage (BALF) was collected and analysed for total 

protein, nitric oxide, eosinophils, neutrophils, monocytes, macrophages, and lymphocytes. 

The lung damage was also assessed by the histopathological study of the lung tissues. The  

free radical scavenging potency was also assessed in lung homogenates of the control and 

drug treated groups and statistically compared. 

Effect of NPC on Body weight changes 

 The body weight of the control, ova induced and drug treated animals were recorded 

weekly and statistically compared. All the group animals gained weight throughout the study 

period. There was a statistically significant (p<0.05) weight reduction was seen in the 

negative control group. At the same time a statistically significant weight gain was noted in 

the group VI (NPC 93.6mg/kg).  No statistical significance was noted in the weight gain 

among group III, IV, V.  
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Table 6.23 Body weight changes in gms in OVA induced lung damage of rats  

Group Treatment WK I WK II WK III WK IV 

1. Control 166.50± 2.57 191.50±1.77 219.33±1.86 241.00±2.16 

2. OVA induced 164.33± 2.74 185.17±3.42 205.33±2.59
a
 226.0±4.07 

a
 

3. OVA + (Ghee 5ml/kg) 167.67±1.36 196.00±2.42 212.17±2.65 231.67±0.95 

4. NPC 46.8mg/kg 169.00± 1.73 195.00±1.86 221.83±2.50 243.17±2.60 

5. NPC 70.2mg/kg 170.50± 1.50 197.00±1.13 226.67±1.76 247.83±2.18 

6. NPC 93.6mg/kg 169.33± 2.42 196.50±2.16 229.33±2.76 
a
 249.50±3.21 

Data  shown as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), 

c
 (p<0.001) compared with group I 

 

OVA-challenged animals expressed statistically significant (p < 0.01) raise in total 

white blood cells (850.00±206.56), neutrophils (6.33±0.84),  macrophages (10.33±1.20) and 

also significant increase in (P<0.05) eosinophils (257.33±23.94) and lymphocytes (50.60± 

5.38) than saline control animals. Total white blood cells, neutrophils and macrophages count 

in NPC treated group of animals in the dose of 93.6mg/kg were significantly (p<0.05)  

decreased than OVA induced group. The animals treated with NPC in the dose of 46.2 and 

70.2mg/kg showed reduction in the total white blood cells, eosinophils, neutrophils, 

lymphocytes and macrophages. But they were statistically insignificant. 
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 Table 6.24 Number of TLC and DLC present in BALF 

Group Treatment TWBC 

(×10
3
 /µl) 

E 

(×10
3
 /µl)  

L 

(×10
3
 /µl)  

N 

(×10
3
 /µl)  

 

MAC 

(×10
3
 /µl)  

1. Control 

 

193.33± 

46.67
d
 

71.83± 

7.08
e
 

14.83± 

2.52
e
 

2.83± 

0.60
d
 

4.50 

1.09
a
 

2. OVA induced 850.00± 

206.56
a
 

257.33± 

23.94
b
 

50.60± 

5.38
b
 

6.33± 

0.84
a
 

10.33± 

1.20
a
 

3. OVA +Vehicle control 

(Ghee 5ml/kg) 

733.33± 

158.46
a
 

228.17± 

44.08
a
 

50.33± 

3.81
b
 

4.80± 

0.73 

8.17± 

1.22 

4. NPC 46.8mg/kg 

 

620.00± 

43.59 

192.00± 

12.00
a
 

46.20± 

4.33
b
 

4.17± 

0.60 

6.40± 

0.81 

5. NPC 70.2mg/kg 406.00± 

73.05 

190.00± 

31.87
a
 

45.33± 

5.35
b
 

 

3.67± 

0.49 

8.00± 

1.00 

6. NPC 93.6mg/kg 328.33± 

60.85
d
 

196.00± 

28.82
a
 

42.33± 

5.55
a
 

3.40± 

1.03
d
 

 

5.00± 

0.86
ad

 

 

    Data expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), 

c
 (p<0.001) compared with group I 

    
  d

(p<0.05), 
e
(p<0.01), 

f
 (p<0.001) compared with group II 

 

Effect of NPC on antioxidant enzymes in lung tissue 

 The antioxidant enzymes SOD, CAT, MDA and GSH in lung homogenate were 

analysed and shown in the table 6.25. The SOD levels of NPC treated groups (46.8mg/kg, 

93.6mg/kg) showed an increase which is found to be statistically significant (p<0.05) 

compared to control animals. When they were compared with the OVA challenged group 

they showed a significant increase in (p<0.05) in SOD levels. While Catlase and GRH levels 

of the drug treated animals did not show any statistically significant difference. But the 



117 
 

animals treated with NPC in the dose of 70.2mg/kg and 93.6mg/kg b.wt showed a significant 

(p<0.05) decrease in the MDA levels.  

Table 6.25 Antioxidant enzyme levels in BALF 

 

Effect of NPC on total protein and nitric oxide levels in BALF 

  In BALF, nitric oxide level was significantly reduced (p<0.05) than OVA challenged 

group.  The total protein levels were significantly reduced (p<0.05)(p<0.01) in NPC treated  

animals compared with OVA sensitized animals. 

   

Group Treatment 

Superoxide 

dismutase 

(U/mg) 

Catalase 

(U/mg) 

Malondialdehyde 

(μM/L). 

Glutathione 

reductase 

(mg/ml) 

1. 
Control 

 

0.34± 

0.06 

281.30± 

38.90 

0.90± 

0.15 

0.11± 

0.02 

2. OVA induced 
0.21± 

0.02 

267.37± 

44.13 

1.20± 

0.40 

0.33± 

0.25 

3. 

OVA +Vehicle 

control 

(Ghee 5ml/kg) 

0.50± 

0.17 

300.87± 

31.38 

0.77± 

0.23 

0.33± 

0.25 

4. 

NPC 

46.8mg/kg 

 

0.86± 

0.05
a
 

354.80± 

11.22 

1.13± 

0.07 

0.29± 

0.22 

5. 

NPC 

70.2mg/kg 

 

0.76± 

0.16 

273.47± 

11.75 

0.30± 

0.15
a
 

0.27± 

0.19 

6. 
NPC 

93.6mg/kg 

0.95± 

0.13
a
 

266.17± 

48.30 

0.37± 

0.12
a
 

0.25± 

0.18 

Results expressed as Mean± SEM  a(p<0.05), b(p<0.01), c (p<0.001) compared with group I; 

d(p<0.05), e(p<0.01), f (p<0.001) compared with group II 
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Table 6.26 Total protein and NO in BALF 

 

Effect of NPC on lung histopathology 

  In histopathology, infiltration of inflammatory cells was found to be more in the 

OVA aerosol group compared to other groups. The histopathology findings are shown in the 

table 6.24. 

Table 6.27 Histopathological changes in OVA induced lung damage 

No Treatment Findings 

1. Control No abnormalities detected 

2. OVA induced Severe congestion and oedema, perivascular lymphocytic 

infiltration, peribronchial mononuclear cell infiltration 

3. OVA +Vehicle 

control 

(Ghee 5ml/kg) 

Increased mononuclear cell accumulation in the peribronchial area 

and interstitium. Some alveoli filled with a few mononuclear cells 

4. NPC 46.8mg/kg Moderate infiltration of monnuclear cells and mild eosinophilic 

infiltration in the alveoli and interstitium 

5. NPC 70.2mg/kg Focal minimal mononuclear cell infiltration in the alveolai 

6. NPC 93.6mg/kg Multifocal moderate infiltration of mononuclear cells in the alveolai 

 

Group Treatment Nitric oxide 

(μMol/mg of Protein ) 

Total protein 

(mg/ml) 

1. Control 0.37±0.02 0.73±0.02 

2. OVA induced 0.50±0.03 1.70±0.03 

3. OVA +Ghee (5ml/kg) 0.44±0.03 1.83±0.02 

4. NPC 46.8mg/kg 0.35±0.03
a d

 1.02±0.03
 a
  

5. NPC 70.2mg/kg 0.38±0.01
 a d

 0.93±0.04
 a
  

6. NPC 93.6mg/kg 0.30±0.01
 b e

 0.89±0.01
 b
 

Data expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared with group I 
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 The histopathology of lung tissue of normal control animals did not show any 

abnormality. In ova induced group the lung tissue showed severe congestion and edema, with 

perivascular lymphocytic infiltration and peribronchial mononuclear cell infiltration. In ghee 

treated group the histopatholy revealed increased mononuclear cell accumulation in the 

peribronchial area, interstitium and some alveoli filled with a few mononuclear cells. 

Moderate infiltration of monnuclear cells and mild eosinophilic infiltration in the alveoli and 

interstitium was noted in NPC treated with 46.8mg/kg b.wt. The animals treated with 

70.2mg/kg b.wt showed focal minimal mononuclear cell infiltration in the alveolai. The 

group treated with NPC 93.6mg/kg b.wt showed multifocal moderate infiltration of 

mononuclear cells in the alveolai. 

6.4.3 EVALUATION OF ANTIHISTAMINIC ACTIVITY 

6.4.3a Effect of NPC in mast cell stabilizing activity in rat mesentery 

Degranulation of mast cells was promoted by Compound 48/80 (10 μg/ml). When the 

mesenteric pieces were incubated with C48/80, it produced significant mast cell 

degranulation (81.17±1.58). Different concentration of NPC prior to C 48/80 exposure did 

not produce any significant reduction in mast cell degranulation. 

         

 Table 6.28 Effect of NPC in mast cell degranulation  

 

 

 

 

 

S. 

No 

Treatment Dose 

(µg/ml) 

Inhibition %  of  mast cell  

Degranulation 

I Compound 48/80 0.8 13.48±1.58 

II Ketotifen 10 81.17±3.30
a
 

III NPC  250 15.41± 1.21 

IV NPC 500 15.72±2.23 

V NPC 1000 18.12±1.61 

 Results expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), 

c
 (p<0.001) compared with 

group 
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6.4.3b Isolated guinea pig ileum assay of histamine 

  

   Fig 6.24 Effect of NPC in histamine induced contractions of guinea pig 

  

 

 

Various doses of histamine di-hydrochloride induced the contraction in the ileum of 

control animals. 5 days treatment of NPC (40.3mg/kg) did not produce any significant up or 

down regulation in the histamine receptors in histamine induced contraction of guinea pig 

ileum 

 

6.4.4 ANTI INFLAMMATORY ACTIVITY 

 

6.4.4a Effect of NPC on carrageenan induced paw edema in rats 

An injection of 1% carrageenan was given in the sub plantar region of the left hind 

paw. The paw volumes and percentage of inhibition of the control, standard and test drug 

were shown in table 6.29. Gradual increase in the paw volume was noted in all the groups. 

The control animals expressed a maximum of 2.08 mm of paw edema and the standard group 

showed 1.02 mm of paw volume. The standard drug Indomethacin 10mg/kg b.wt 

significantly decrease the paw volume in 0,1,2,3,4 and 5
th

 hour.  In NPC treated group 

(46.8mg/kg) the paw volume was significantly (p<0.05) reduced in 4
th

 and 5
th

 hour of 

carrageenan challenge compared with control animals. The animals received 93.6mg/kg b.wt 

showed significant (p<0.05), (p<0.01) reduction in paw volume compared with control group. 

But they did not expressed significant decrease with standard drug. 
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Table 6.29 Effect of NPC in carrageenan induced paw edema in rats 

 

6.4.4b Effect of NPC on cotton pellet induced granuloma formation in rats 

Indomethacin (5mg/kg) the standard drug produced a significant inhibition of the 

granuloma formation (wet 49.1% and dry 52.34%) when compared to the control group. The 

NPC treated group showed dose dependent inhibition of granuloma weight when compared to 

the control group. (NPC 46.8mg showed wet 27.49% and dry 30.81%) (NPC 93.6mg/kg 

showed wet 32.97% and 37.9%). 

 

 

 

 

 

 

 

Group  Treatment  0hr  1hr  2hr  3hr  4hr  5hr  % 

inhibition 

1  Control  1.02±  

0.01
d 
 

1.27±  

0.02
e 
 

1.51±  

0.05
e 
 

1.74±  

0.04
e 
 

1.83±  

0.04
e 
 

2.08±  

0.04
e 
 

-- 

2  Vehicle ghee 

(5ml/kg)  

1.00±  

0.03
d 
 

1.26±  

0.01
e 
 

1.61±  

0.02
a,e 

 

1.68±  

0.05
e 
 

1.79±  

0.03
e 
 

1.86±  

0.02
a,e 

 

-- 

3  Standard  

(indomethacin 

10mg/kg)  

0.89±  

0.03
a 
 

1.03±  

0.02
b 
 

1.24±  

0.01
b 
 

1.18±  

0.06
c 
 

1.11±  

0.06
c
  

1.02±  

0.06
c
 

50.97% 

4  NPC 

(46.8mg/kg)  

0.97±  

0.02  

1.09±  

0.03
b
  

1.30±  

0.01
b
  

1.32±  

0.02
b
  

1.31±  

0.01
b
  

1.32±  

0.01
b
  

36.54% 

5  NPC 

(93.6mg/kg)  

0.96±  

0.02  

1.17±  

0.02
a,d 

 

1.23±  

0.01
b
  

1.25±  

0.01
b
  

1.26±  

0.01
b
  

1.25±  

0.01
b
  

39.91% 

Results expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), 

c
 (p<0.001) compared with group I. 

  

d
(p<0.05), 

e
(p<0.01), 

f
 (p<0.001) compared with group III 
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Table 6.30 Effect of NPC on cotton pellet induced granuloma formation in rats 

   

Group Treatment Wet weight of 

granuloma 

% of 

inhibition 

Dry weight of 

granuloma 

% of 

Inhibition 

1 Control 326.86± 

3.67 

-- 110.53± 

3.16 

-- 

2 Vehicle (5ml/kg) 275.53± 

20.16 

-- 97.38± 

6.12 

-- 

3 Standard 

(Indomethacin 

5mg/kg) 

166.38± 

16.52
a
 

49.1% 52.68± 

1.85
 b
 

52.34% 

4 NPC 

(46.8mg/kg) 

235.86± 

52.82
 d
 

27.49% 76.48± 

1.31
 a,d

 

30.81% 

5 NPC 

(93.6mg/kg) 

219.10± 

12.274
 a,d

 

32.975 68.65± 

2.02
a,d

 

37.9% 

Results expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared with group I 

d
(p<0.05), 

e
(p<0.01), 

f
 (p<0.001) compared with group III 

 

 

 

 

IMMUNOMODULATORY ACTIVITY OF NPC 

6.4.5a Effect of Narpavala chunnam on Neutrophil adhesion test in rats 

 Blood samples were treated with nylon fibres to appreciate adhesion of neutrophils. 

After treating with nylon fibers, the neutrophil count was found to be decreased. The NPC 

treated groups revealed an increase in the neutrophil adhesion compared with control but they 

were not statistically significant. 
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Table 6.31 Effect of Narpavala chunnam on neutrophil adhesion test in rats 

 

Group TLC 

10
3
mm

3 

(A) 

Neutrohil % (B) Neutrophil index 

(A×B) 

% of 

Neutrophil 

adhesion 

Untreated 

Blood 

Fibre 

treated 

blood 

Untreated 

Blood 

Fibre 

treated 

blood 

Untreated 

Blood 

Fibre 

treated 

blood 

Control 8.23±0.42 5.81±0.3 19.66±0.01 17.17±1.0 161.0±14.81 98.9±7.0 38.58 

Vehicle 

(Ghee 5ml/kg 

b.wt) 

5.8±0.83 4.33±0.7 20.66±0.01 20.17±0.9 118.96±21.0 86.6±16.5 

 

27.21 

NPC          

(46.8mg/kg 

b.wt.) 

7.53±0.96 5.4±0.9 20.83±0.02 16.5±1.0 164.2±39.0 93.0±24.2 43.37 

NPC          

(93.6mg/kg 

b.wt) 

7.15±0.99 4.8± 1.0 23.33±0.02 18±1.0 165.7±25.99 84.4±21.9 49.07 

  Results expressed as Mean± Standard error of mean  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared 

with group I 

 

6.4.5b Effect of NPC on Cyclophosphamide induced neutropenia 

 The neutropenic dose (200mg/kg) of cyclophosphamide reduced the total leukocytes 

count in control animals by 92.36%. Administration of NPC in the dose of 67.6 mg/kg, and 

135.2 mg/kg b.wt for 10 days before cyclophosphamide administration reduced the total 

leukocytes count 72.85% and 72.81% respectively. The neutrophil count (%) was reduced by 

55.57% and 40.37% in NPC treated groups.  
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 Table 6.28 Effect of NPC on cyclophosphamide induced neutropenia  

 

Group TC BT TC AT Reduction 

in cell 

number 

% 

reduction 

  P%  

BT 

P % 

AT 

Reduction in 

cell number 

1. 5673.33± 

50.44 

433.33± 

51.10 

5240.00± 

50.99 

92.36 18.50± 

1.59 

7.33± 

0.67 

11.17±1.49 

2. 5591.67± 

50.69 

668.33± 

37.90
a
 

4923.33± 

42.95
 a
  

88.05 16.50± 

0.92 

7.33± 

0.49 

9.17±1.17 

3. 5216.67± 

80.28
 b
  

1416.67± 

38.01
 b
  

3800.00± 

110.30
 b
 

72.85 19.17± 

0.54 

13.17± 

0.60
 b
 

6.00±0.45
 a
  

4. 6008.33± 

41.67
 a
  

1633.33± 

87.24
 b
 

4375.00± 

88.27
 b
 

72.81 20.50± 

1.18 

11.67± 

0.67
 b
 

8.83±1.40 

Results expressed as Mean± SEM  
a
(p<0.05), 

b
(p<0.01), c (p<0.001) compared with group I 
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7. DISCUSSION 

The earliest report on asthma was found in China (2700 BC).
47

 The term asthma 

comes from the Greek work aazein, which means „panting‟. 
177

It was named as asthma by 

Hippocrates and the disease description was explained by Aretus of Cappadocia (100 AD). In 

India, asthma was successfully treated since ancient times. In Yugi Vaidhya Chinthamani 

Swasakasam was described under the topic Kasam.  

   

High prevalence rate of asthma was seen in Western countries ( U.K, Canada, New 

zealand).
28

 Following hygienic hypothesis (limited exposure to infection switch over the Th1 

to Th2 immune response) was the reason behind the higher incidence in Western countries.
48

 

In India, limited data is available on asthma prevalence.
24

 The prevalence of asthma is 

comparatively low in India but, it was sharply increasing now because of fast urbanization 

and life style modification. Northeast region of India showed a highest prevalence rate. 

School going children are affected more than adults.
28 

 

Tripura, Himachal Pradesh, Sikkim and west Bengal had a higher prevalence
178

 of 

asthma as these states have extremely cold climates. So the cold climatical condition may be 

major reason for the higher prevalence. In Theran Piniyanuga Vithi it is clearly mentioned 

that “Kabatthinaiyandri kasam swasam kaanaathe ” which  means Kabam humour is the 

major reason for the development of  Swasakasam.
22  

 

Phytomedicines for Bronchial asthma 

 Bronchial asthma is an episodic yet chronic disease which influences the quality of 

life. Over the past few decades, scientific understanding of the disease and management was 

very much advanced. However control of the disease is still in distinct forte.
179

 Plants are 

always an exemplary source of drugs widely used all over the world since time immemorial.
 

Management of bronchial asthma with plants can be successfully integrated with 

conventional treatment for better treatment.
180,181 

 

  A variety of plants are indicated for managing bronchial asthma and some of them 

are scientifically validated too. Adhathoda vasica (Adathodai) and its isolates were 

extensively studied for its antiasthmatic effect. It reduced the OVA induced allergic 

reactions.
182

Solanum surrentense (Kandankatthiri) is a common plant which is very much 
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useful in controlling bronchial asthma. It reduced the OVA induced allergic asthma in mice 

by reducing the airway inflammation
183

. Clerodendron serratum (Siruthekku) effectively 

reduced the histamine induced contraction in isolated tracheal chain preparation, mast cell 

degranulation and milk induced leucocytosis in mice.
184

 Acalypha indica (Kuppaimei) is an 

another plant helpful in managing bronchial asthma by controlling the acetylcholine induced 

bronchospasm and mast cell degranulation.
185

 All these plants expressed their efficacy 

through bronchodilating, and anti histaminic activity. 

 

 Siddha medicine for Bronchial asthma 

  Swasakasam (Bronchial asthma) has been described by Yugi and the sub 

classifications were explained by Kuppusamy Mudhaliar. In the disease pathogenesis, Kabam 

is affected primarily and Vatham affected secondarily.  The Siddha drugs indicated for 

Swasakasam possess the antispasmodic and expectorant activity. Solanum 

trilobatum,(Thuthuvelai) Piper longum (Thippili), Ocimum sanctum (Thulasi), Piper 

betel(Vetrilai),  Vitex negundo (Nochi), Alpinia officnarum(Chitrarathai) 
35

are some of the 

plants indicated for Swasakasam.  

 

  Copper (Sembu), Tin (Velvangam), Silver (Velli) Alum (Padikaram) and Borax 

(Vengaram) are some of the mineral drugs indicated for Swasakasam. Kasthuri, Muthu chippi 

are drugs from animal origin. Other than these, many compound formulations in the form of 

Kudineer, Chooranam, Parpam and Chendooram are available from Siddha Literature. 

Metals and minerals are considered as the strength of Siddha system
40

. Metal/mineral based 

formulations exert higher efficacy in minimum quantity. Their greater shelf life and fast 

action helps to treat chronic debilitating diseases with maximal effort.
186

 These features insist 

the author to select a mineral based drug for evaluation.  

 

Narpavalam 

Narpavalam is one of the mineral drugs which is frequently used in day to day 

practice for various ailments. It possesses styptic and nervine tonic activity. It is very much 

useful in treating the Kaba diseases which can be clarified with the following words of 

Theran.
40

 

 „Pravala parpamathu prathani natpaam‟ 

As per Siddha literature drugs are selected according to their taste. The vitiated 

Kabam humour of Swasakasam can be restored with the drugs possess pungent/ astringent/ 
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bitter taste.
13

   Narpavalam possess astringent taste which helps to restore the vitiated Kabam 

humour.  Primarily it is made up of calcium followed by magnesium, sulphur, phosphorus, 

iron and zinc.
68 

It was scientifically evaluated for antiatherosclerotic, antiulcer, haemostatic 

and hepatoprotective activity. It was also evaluated that it increases the bone mineral 

density.
78,81-86 

 

As said earlier, chunnam is one of the higher order dosage forms, usually advised for 

chronic debilitating diseases. Sometimes, Vaidhyas used to add chunnam to other simple 

preparations to increase their therapeutic efficacy. It has greater shelf life too. By keeping this 

in mind, the author decided to choose a chunnam preparation made from Narpavalam.
17

 

 

Narpavala chunnam 

Narpavala chunnam is a herbomineral formulation. Narpavalam was the chief 

ingredient and Juices of Kattralai (Aloe vera) and Keezhanelli (Phyllanthus amarus) were 

used for grinding. Ghee was used as an anupaanam (vehicle). 

  

.Kattralai has mild bitter taste and has been evaluated for anti inflammatory, anti 

oxidant, wound healing and immunomodulatory activity.
 93-102

 Keezhanelli possess bitter and 

astringent taste and scientifically evaluated for anti inflammatory, anti diabetic, 

immunomodulatory, anti oxidant and nephroprotective activity.
113-120

 

 

The herbal juices added for processing might helpful for chemical reaction takes place 

during drug processing and enhancing the drug potency.
187

 

. 
 

Authentication of ingredients 

 Authentication is the first and critical step in drug preparation. Without identifying a 

correct raw material a study could not be considered as scientifically Valid. Unlike 

conventional pharmaceutics, the raw materials are natural products. Hence, authentication 

becomes an essential step to assure the quality and effectiveness of a drug.
188

  

 

 Four different market samples of Narpavalam were collected and authenticated by 

examining their morphological and microscopical characters. Out of four samples, three of 

them were adulterated with bamboo coral in varied ratios. The correct sample was identified 

through stereo zoom microscope by visualizing the definite characteristic features (fig 5.3) 
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mentioned in standard literatures. As, Narpavalam is an expensive raw material, adulterations 

are common. So, proper method of authentication helps us to choose the correct raw material 

and expected finished product. 

 

 The plants Kattralai and Keezhanelli were used for grinding the Narpavlam were 

authenticated by their morphological characters as specified by Linnaeus 1758. 

 

Purification of ingredients 

 Siddha literature insists every raw material should be purified before drug processing. 

The purification process removes the impurities as well as enhances the drug activity.
189

   

Scientific Validation behind the purification process supports this statement. Eg. Serankottai 

(Semicarpus anacardium), Naabi (Aconitum ferox),  Sembu (Copper), Gandhagam 

(Sulphur)
121

   The raw material Narpavalam was purified with the juice of lemon. After, 

purification Narpavlam lost its classical pink colour and odor. It is inferred that lemon juice is 

a week acid and it may remove the organic matter presents in the outer surface of Narpavlam. 

Lemon juice may helpful in the physical transformation of the drug. The weight loss after 

purification was found to be 6% in all the three batches. The plants were wiped out with a 

clean cloth to avoid the contamination of siliceous material.  

 

Process standardization of NPC 

Exponential growth of traditional medicines changed the pharmaceutics based on 

traditional medicine into large scale production of drugs. So, quality control standards were 

designed by WHO especially for traditional medicines. Thus, a systematic approach is 

mandatory for quality control of a drug. From procurement of raw material to preparation of 

finished product each and every step has to be documented.  

Usually chunnam were prepared by two distinguished methods. The first one is 

calcareous substances ground with herbal juice and calcinized. In the second method the 

products of minerals and mercury were combined and incinerated with bellows blower in a 

special crucible made with Pancha chunnam.
40,189

 NPC was prepared according to the 

calcinization method. Continuous grinding of raw material with the herbal juices may 

responsible for particle size reduction, trace elements conjugation, elimination of unwanted 

material and desirable form of finished product. The reduced particle size and desirable form 

of finished product might contribute to the specific therapeutic efficacy and better 

absorption.
187,190 
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The drug was prepared in two batches to compare the batch variation. The quantity of 

raw material before and after purification, the amount of herbal juice used for processing; the 

weight of drug intermediate and finished drug were recorded. Both batches of NPC 

processing revealed almost similar results. 

 

Siddha specification of NPC  

 The characteristic features specified for chunnam are given in the table 5.2. The 

specificity of prepared drug‟s  colour indicate that the drug was finished in appropriate 

manner.
187 

Generally the colour of chunnam is white and turned to red colour when it was 

mixed with a small pinch of turmeric with water which indicates the high alkaline nature of 

the drug. The taste of the drug should be similar to lime.
188

 The classical characterization of 

NPC was shown in the table 6.4. NPC (both batches) possess all the above features indicate 

that the drug was properly processed and correctly prepared.  

 

Physicochemical analysis of NPC 

Characterization of physicochemical properties of a drug is very much essential in 

lead finding phase of drug discovery.  

 

Analytical specifications of NPC 

Analytical specification of NPC values were given in the table 6.3, 6.4. They were 

white, fine powders, smooth to touch, and did not have any odor and luster.  

 

Drugs with low moisture content were highly appreciated as they may have higher 

stability.
190

The both batches of drug possess very low % (4%) of moisture. The shelf life of 

chunnam mentioned in Siddha literature is 500 years. As, NPC possess lower moisture 

content the stability of the drug is increased. Hence, NPC may have higher shelf life.   

 

Ash is an inorganic residue remains after heating of a drug. The measurement of ash 

provides an idea of mineral matter present in the drug. 
192.193

 The total ash was found to be 

high in both the batches indicate that NPC was almost an inorganic material.  Presence of 

acid insoluble ash was nil in NPC. This result gives an inference that the drug was prepared 

without any external contamination as this may affect the absorption of drug. The results of   

water soluble ash showed that the drug has a week solubility in water. 
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NPC showed an alkaline pH. The tradition testing (turmeric test) way of chunnam 

also confirmed the alkalinity. Hence it justifies the characteristic feature of chunnam. The 

higher alkaline nature of the drug may irritate the mucosa while consuming. But, ghee is 

advised as a vehicle for NPC. Hence the irritability will be absent during oral consumption. It 

is also confirmed with histopathological report of animals in long term toxicity. Even 90 days 

NPC (10x TD) administration did not affect the internal organs. 

. 

Preliminary phytochemical analysis of NPC 

 . As, Kattralai and Keezhanelli juices were used to prepare the drug the preliminary 

phytochemical analysis were done. The preliminary phytochemical analysis of NPC revealed  

the presence of tannin, saponin and alkaloid.  

 

 Tannins are biologically active secondary metabolites exert immunomodulating and 

antiviral property.
194,195

 Saponins possess antiviral, antimicrobial and anti inflammatory 

properties.
196

 They inactivate human type A and type B influenza virus. Alkaloids have 

antihypertensive, antiarrhythmic, anti inflammatory and anticancer effects. They have 

immunomodulataory activity too.
197 

 

Analysis of NPC for acid and basic radicals 

 NPC showed presence of acid radicals Sulphate, Chloride, Carbonate and Nitrate. The 

basic radicals present in NPC are Calcium, Magnesium, Iron, Pottasium and Sodium.  

 

Sodium, potassium and chloride regulate the acid –base balance of the body fluids. 

Potassium ions are essential for contraction of cardiac and skeletal muscles. It is essential for 

the activity of nerves.
 198 

  

Sulphur is an essential mineral present in all cells of the body. It is presents in certain 

hormones( insulin, anterior pituitary)and vitamins(thiamine and biotin)
198. 

 

Calcium present in body in great abundance. It is neceesay for muscle contraction and 

and normal transmission of nerve impulses. It is also played a vital role in the maintenance 

and regulation of acid-base balance.
198 
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Magnesium is one of the principle cation of soft tissues. Magnesium and calcium 

work in a reciprocal way in regulating the contraction and relaxation of smooth muscle. Iron 

is essential constituent of many enzymes and hemoglobin. It helps to maintain a healthy 

immune system.
198

 

Chemical characterization of NPC using sophisticated analytical techniques 

  Chunnam are fine processed powder with high alkalinity. They are considered as a 

commended dosage forms of internal medicine in Siddha system. They are prepared by 

grinding of metals/minerals with herbal juices and repeated process of calcination. They 

possess higher shelf life (500 years) and greater efficacy. Same medicine can be used to treat 

various ailments with different vehicle.
189

 Unlike olden days, Siddha medicines are being 

manufactured on large scale. Hence, it is imperative to mention the formula including the 

amount of excipients in the finished product to maintain the quality of a drug. But, chemical 

formula or the chemical constituent of the end product of a parpam, chendooram or chunnam 

is seldom ever stated.  Proper utilization of modern analytical tools can be helpful to 

overcome this problem.
185,189

  

Inductively coupled optical emission spectroscopy (ICP-OES), X-ray diffraction 

study (XRD), Fourier transform Infrared spectroscopy (FTIR), Scanning electron microscope 

(SEM), Dynamic light scattering (DLS) are some of the sophisticated analytical instruments 

which are very much helpful in the characterization of a metal/mineral drug.
 199,200

   Both 

NPC samples were analyzed by using these techniques to develop uniform standards and to 

avoid batch to batch variation. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

CHN analysis 

CHN is used to analyze the elemental composition of the sample. The results of 

Narpavala chunnam of both batches revealed the presence of carbon as the major element. 

They possess nil hydrogen and minute amount of nitrogen. The presence of nitrogen may be 

in the form of alkaloid as the preliminary phytochemical analysis revealed the presence of 

alkaloid. As Kattralai and Keezhanelli juices were used to process Narpavalam they may 

play as a medium for reaction in forming chunnam. 
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ICP-OES analysis of NPC 

 The ICP-OES results of NPC I and NPC II revealed that they have high content of 

Calcium. They also have physiologically important elements like Mg, Na, K, Fe, P, Cu, Mn, 

Sr and Zn. The toxic elements like mercury, arsenic, cadmium are found below detectable 

limit. The lead present in NPC I was 0.085 ppm and NPC II was 0.1ppm. It is under the 

permissible limit of WHO. The results correlated well with the EDS analysis report.  

  As said earlier, magnesium and calcium worked in a reciprocal way in controlling the 

smooth muscle action.
201

 Magnesium deficiency is common in asthmatic patients. Lower 

level of intra cellular magnesium increased the airway hyper reactivity.
202

 Ingestion of 

400mg/day of magnesium showed a subjective reduction of bronchial hyper reactivity as 

evident by a RCT. IV infusion of Magnesium sulfate helps to relieve the asthmatic symptoms 

and decrease the rate of status asthmaticus.
203,204

 Another study in pediatric patients revealed 

that infusion of magnesium sulfate resulted in greater improvement in PEF and FEV1 

level.
205 

 
The XRD report of NPC also confirmed that the NPC is a magnesium substituted 

calcite. Hence it may be useful to treat bronchial asthma. 

  A low level of plasma zinc was noted in asthmatic patients.
206

 The lower level of 

plasma zinc influences the balance between the Th1 and Th2 immune response and switch 

over the Th1 response towards Th2. 
207,208

 The imbalance results in the induction of 

subsequent formation of IL-4, IL-6 and IL-10. Another study in zinc deficient individuals 

showed a decrease in Th1 activity.
 209

 The zinc present in NPC may contribute in asthma 

management. 

 Copper is an essential mineral present in body in minute quantities. Along with iron, it 

helps in the synthesis of hemoglobin and maturation of RBC.
198

 

 Strontium has a close similarity in the action of calcium. It is widely used to treat 

osteoporosis.
210

 Potassium is an essential macro mineral in human nutrition. It is useful in 

maintaining acid balance and electrolyte balance in the body.
198

 

Manganese is involved in activating several enzymes including arginase, 

cholinesterase and mitochondrial respiratory enzymes.
198
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Phosphorus contributes to the formation of certain coenzymes, high energy bound 

compounds like ATP and ADP.
198

 

The ICP OES results revealed that the drug is free from heavy metal contamination 

and nontoxic. It also correlates with the results of EDS which can be used as a finger print of 

the drug. 

Minerals are essential for normal body metabolism to keep the body in a healthy 

status. The minerals present in NPC might helpful for therapeutic potency of the drug and 

fulfill the trace elements requirement. 

XRD analysis of NPC 

The XRD patterns of the samples were compared with the JCPDS databank and 

identified.  The two batches of NPC expressed an identical XRD pattern. The sharp peaks 

noted in the XRD suggested that the drugs are high crystalline material. 

The XRD patterns of coral, NPC I and NPC II are shown in Figure 6.3. The patterns 

of the samples match with that of calcite (Calcium carbonate, JCPDS No. 00-005-0586) and 

indicate the presence of rhombohedral crystal structure with R-3c space group. However the 

position of the peaks in the XRD patterns of NPC samples were found to shift towards higher 

2Ѳ values compared to that of calcite. This kind of shift in the peak position indicates 

decrease in the unit cell volume. This decrease in the unit cell volume can be due to 

substitution of Ca
2+

 in calcite with Mg
2+

, a cation of smaller ionic radius. This postulation 

matches with elemental analysis results in which co-presence of Mg with Ca is evident and it 

suggests that NPC is a magnesium substituted calcite. 

TGA analysis of NPC 

 .TGA confirms the absence of moisture content. The major percentage of weight loss 

was noted at 760˚C. This weight loss was attributed to decomposition of the carbonate and its 

removal as carbon dioxide.
191 

Heating NPC beyond this temperature may result in formation 

of oxide.  The weight loss observed from 270 to 400
o
C may be attributed to decomposition of 

organic matter present in NPC samples. 
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DLS analysis of NPC  

The particle size analysis of NPC was carried out by using dynamic light scattering 

technique. Ghee was used as medium to assess the influence of vehicle in the particle size 

variation. As the drug is found to be not dispersible in water it could not be used as a vehicle.  

It was seen that NPC II particle size varied from 500 nm to 800 nm. The average particle size 

of NPC II was 616 nm.  

FTIR analysis of NPC 

Both NPC I and NPC II samples exhibit similar FTIR spectral features which match 

with that of calcite (NIST FTIR library). In the spectra, the peak at 1390 cm
-1

 can be 

correlated to C-O stretching vibration of carbonate ions. The peaks at 871 and 711 cm
-1

 can 

be associated with out-of-plane and in-plane C-O bending vibrations of carbonate ions 

respectively.
210

The inset shown represents expanded view of the FTIR spectra between 4000 

- 1500 cm
-1

. The expanded region looks complex as there are many peaks present in this 

region. The probable functional groups which can be correlated to some of the peaks present 

in the region are given in Table 6.11. The presence of these peaks indicates that apart from 

inorganic part, some other organic compounds are also present in NPCs.  

Scanning Electron Microscopic study (SEM) of NPC 

  The surface topography of NPC samples were analyzed through SEM. SEM images 

of NPC I and II showed non uniform, spherical morphology. The SEM pictures taken in 

various resolutions revealed that the sizes of particles are varied in range.  

 EDS Analysis of NPC 

EDS analysis offers the information about the drug regarding its elemental composition 

though it is not a bulk analysis. The presence of Calcium, Magnesium, Chlorine, Sulphur, 

Potassium, Copper and Iron are found in both the batches of NPC during EDS analysis. The 

elemental composition of both the samples is almost same. 

Acute toxicity study of NPC 

In the acute toxicity study of NPC, the all the animals were found to be normal 

throughout the study periods. The 10 therapeutic dose of NPC (468mg/ kg) was administered 

as a single dose through oral route with ghee. The animals were monitored for any 

behavioural abnormalities for 14 days. No mortality or morbidity was observed immediately 
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after administration and also up to the end of the study period. The gross necropsy did not so 

any abnormality. There was no significant difference found in between groups in body weight 

gain. 

A similar study on toxicity in Wistar rats was carried out on Kodi Pavala chunnam 

(coral based chunnam).  At the end of the study, the animals were found to be safe on 

300mg/kg b.wt.
81

 Another study was carried out in Swiss mice to evaluate the safety of 

Pavala parpam. The results showed that the drug did not produce any toxic signs or mortality 

up to the dose of 2000mg/kg.
78

 

A similar study was conducted by Singh et al in  2010. The acute toxicity study done 

in albino mice revealed that the Pravala pishti was a non toxic drug up to 5000mg/kg. The 

oral dose administration (28 days) also revealed no toxicity.
211

 

Therefore with the present study reports, it can be concluded that the drug NPC, is 

safe for oral administration. 

Long term toxicity study of NPC (90 days)    

A 90 day repeated oral toxicity of NPC was performed as per WHO guidelines. The  

drug administration period for long term toxicity was defined by WHO according to the 

clinical drug administration period. Based on this, long term toxicity of NPC was carried out 

for a period of 90 days in both sexes of Wistar rats.  

Mortality and morbidity were observed twice a day throughout the study period since 

examination of clinical sings has a major role in toxicity testing. NPC did not produce any 

significant change in the feed and water intake and hence it did not affect the basic metabolic 

process of the experimental animals.  

 Haemopoietic system of humans and animals provide an essential target for toxic 

materials and gives a perceptive indicator for pathological changes.
212

 Other than recovery 

group except MCV, MPV and PDW values, other values did not show any significant 

variation. There was a significant increase seen in RBC and Hb% in recovery group 

compared with control group but falls within the physiological range of blood parameters of 

rats. There was no change in other hematological parameters, which indicate that NPC did 

affect neither the blood cells nor their production.  

 Clinical biochemistry statistics had a key role in determining the toxicity effects by 

drugs.
213 

There was no variation seen in total protein, albumin, and globulin levels in all the 
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groups.  A significant increase was seen in the serum cholesterol level of all groups compared 

with control. In recovery group, significant increase was noted in sugar, serum bilirubin and 

ALT levels.  Even these results were found to be significant; it falls under the normal 

physiological range of experimental rats. With this study, it is found that there were no 

treatment related abnormalities in renal functions and other biochemical parameters. These 

evidences suggest that the drug NPC is safe.  

Organ weight evaluation is an essential part of toxicological study
214

. The organ 

weight results didn‟t show any significant changes between the normal control and drug 

treated groups. There was no abnormality detected on gross examination too. 

 Histopatholgoical study is an obligatory step in toxicity evaluation as changes in 

histology is a principal outcome of toxicity exposure.
215

 Histopathological examination did 

not reveal any abnormality except mild hyperplasia in non glandular part of the stomach 

(n=2). Hence, no abnormality was noted with respect to hematology, clinical biochemistry 

and histopathology it is inferred that the trial drug NPC did not produce any toxic effects. 

 

Effect of NPC in milk induced leucocytosis 

  

Parental administration of milk induces the leukocyte count as well as eosinophils 

count after 24 h of milk injection.  Leukocytes play a major role in release of various 

mediators during asthmatic inflammation. The increased infiltration of leukocytes also 

promotes oxidative stress.
215

  Eosinophilia is recognized as a good marker of inflammation in 

asthma.
216

  There are so many documental evidences available that drugs reducing the 

eosinophil count were very much helpful in the asthma management.
217

 Administration of 

NPC significantly reduced the level of leukocytes and eosinophila. This inference revealed 

that potency of NPC against allergic inflammation in asthma. 

Effect of NPC in histamine induced bronchospasam 

 In the early stage of asthma, release of inflammatory mediators like histamine, 

acetylcholine, leukotrienes, and prostaglandins are triggered by exposure to allergens, 

irritants, cold air or exercise.
31

 The close similarity of pulmonary changes subsequent to 

histamine sensitization between guinea pigs and asthmatic patients were already 

established.
218

 In the present study, histamine is used as a spasmogen to induce 

bronchospasm in guinea pigs. The oral treatment of NPC significantly reduced the 
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bronchospasam which is evident by the increase in the onset of PCD. Thus, it can be 

concluded that NPC possess good bronchodilating effect. 

 

Effect of NPC in OVA induced lug damage 

 

Sensitization with ovalbumin results in the release of various inflammatory mediators 

and cellular infiltration.
219

 Bronchoalveolar lavage is a well-characterized technique for 

studying the cellular components of the airways. Bronchoalveolar lavage fluid mirrors the 

expression of secreted pulmonary proteins and their products.  The inflammatory cells were 

measured as total and differential cell count may reflect the asthmatic condition.
30 

 

Ovalbumin sensitization increases the migration of inflammatory cells, epithelial cell 

damage, mast cell degranulation and provoking the Th2 lymphocytes and inflammatory 

mediators. 
220

 NPC treatment significantly reduces the inflammatory cells compared to 

control. NO is synthesized from L arginine. Endogenous nitric oxide is a known smooth 

muscle relaxant.
221

 In BALF, nitric oxide level was significantly reduced than OVA 

challenged group.  The total protein levels were significantly reduced in NPC treated animals 

compared with OVA sensitized animals. 

 

Histolopatholoical examination of lung tissues revealed severe congestion, edema  

and inflammatory cell infiltration in OVA induced group. NPC treated rats showed a 

significant reduction in inflammatory cell infiltration and mucus production compared to 

asthmatic rats. Additionally, the total cell number in BALF of asthmatic rats was significantly 

higher than other groups and rats treated with NPC showed substantial decrease compared 

with asthmatic rats.  

Lung is one of the major organ exposed to  reactive oxygen species. Increased 

oxidative stress inactivates SOD and free radical damage. This causes damage of extra 

cellular damage and tissue injury. Therefore, antioxidant supplementation especially drug 

possess SOD activity may helpful in combating asthma.
222

 

NPC treated groups were compared with the OVA challenged group and they showed 

a significant increase in SOD levels. The animals treated with NPC showed a significant 

decrease in the MDA levels. Hence, the results showed the antioxidant potential of NPC. 

While Catalase and GSH levels of the drug treated animals did not show any statistically 
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significant difference. This report correlates with the previously published report of De Raeve 

HR et al., 1997 “The catalase level did not show any difference between control and 

asthmatic lung in the catalase.” 
223

 

Effect of NPC in isolated guinea pig ileum assay of histamine 

Guinea pig ileum has the spontaneous activity and its specificity is used to increase by 

histamine. Various doses of histamine di-hydrochloride induced the contraction in the ileum 

of control animals. 5 days treatment of NPC (40.3mg/kg) did not produce any significant up 

or down regulation in the histamine receptors in histamine induced contraction of guinea pig 

ileum. 

Effect of NPC in mast cell stabilization 

Mast cells play a key role in the induction of bronchial asthma through the release of 

mediators including histamine, arachidonate products, proteases and several cytokines. 

Different concentration of NPC prior to C 48/80 exposure did not produce any significant 

reduction in mast cell degranulation. 

Effect of NPC in carrageenan induced edema 

Inflammatory diseases cover a broad spectrum of conditions including autoimmune 

disorder, COPD, Allergic rhinitis, asthma etc. Although inflammation is a unifying factor, 

treatment approach for each inflammatory disease is often unique.
224

 The experimental tissue 

injury caused by carrageenan, induce the inflammation as a biphasic nature. The first phase is 

attributed to the release of histamine, 5 HT and kinin while the second phase is related to the 

release of prostaglandins.
225

In NPC treated groups the paw volume was significantly reduced 

compared with control animals.  

Effect of NPC on cotton pellet induced granuloma formation in rats 

The cotton pellet granuloma method has been commonly used to access the 

transudative, exudative and proliferative components of sub acute inflammation. 
226

 Usually 

steroidal drugs inhibit transudative and exudative weight of the granuloma, while NSAID 

showed minimal inhibition.
227

 Indomethacin (NSAID) the standard drug produced a 50% 

inhibition of the granuloma formation when compared to the control group. The NPC treated 

group showed dose dependent inhibition of granuloma weight when compared to the control 

group. This result revealed that NPC possess anti-inflammatory activity like NSAID but did 

not have any steroidal like anti inflammatory activity. 
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Effect of NPC in neutrophil adhesion test 

Blood samples were treated with nylon fibres to appreciate adhesion of neutrophils. 

This point outs the migration of neutrophils to the inflammatory cells.
172

NPC at both the 

doses in albino rats did showed a significant increase in the neutrophil adhesion to nylon 

fibres.  Hence, it can be inferred that NPC did not produce cell mediated immunity. 

Effect of NPC in cyclophosphamide induced neutropenia 

  The effect of Immuno therapy in asthma gives confounding results. Even, the 

immunotherapy gave better results in allergic rhinitis the role of immunotherapy in asthma 

was unclear.
228, 229

 Cyclophosphamide induces myelo suppression in the experimental 

animals.
176

 It is also used extensively as immunosuppressant. Administration of NPC in the 

dose of for 10 days before cyclophosphamide administration reduced the total leucocytes 

count 72.85% and 72.81% respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



140 
 

SUMMARY 

 The Narpavalam can be identified through Stereo microscope.   

 The Narpavala chunnam possess the specified characters of chunnam as mentioned in 

the literature 

 The physicochemical analysis of the prepared drug revealed it‟s quality of standard 

 The CHN analysis revealed that NPC has major amount of carbon and minimal 

amount of nitrogen which was confirmed by TGA. The hydrogen present in the 

Narpavalam was absent in the final product. 

 NPC has important elements like Ca, Mg, Na, K, Fe, P, Cu, Mn, Sr and Zn. The toxic 

elements like mercury, arsenic, cadmium were found below detectable limit. The 

Lead present in NPC was within the WHO permissible limit. 

 The XRD patterns of the samples match with that of calcite and indicate the presence 

of rhombohedral crystal structure. This matches with the results of elemental analysis 

which co-presence of Mg with Ca was evident and suggested that NPC was mainly 

magnesium substituted calcite. 

 The FTIR analysis revealed that both NPC I and NPC II samples exhibit similar 

spectral features which match with that of calcite. 

 NPC showed a particle size varied from 500 nm to 800 nm in DLS analysis. The 

average particle size of NPC II was 616 nm. 

 The SEM analysis of the drug revealed that the particles of the drug possess non 

uniform, spherical morphology.  

 The drug was found to be safe up to 10 times the therapeutic dose in experimental 

animals tested. 

 The long term toxicity study did not show any toxic effects in the animals. 

 Efficacy studies revealed good antiasthmatic activity as evidenced by the inhibition of  

milk induced leucocytosis in mice and histamine induced bronchospasm in guinea 

pigs. It also reduced the Ovalbumin induced lung damage in rats. 

 NPC increases the SOD level significantly and decrease the MDA level indicated its 

antioxidant potential. 

 NPC has also demonstrated anti inflammatory activity and immuno modulating 

activity which could also contribute for its antiasthmatic effect. 
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9. CONCLUSION 

The safety and efficacy studies with Narpavala chunnam (NPC) indicate that the 

drug was found to be safe and possess efficacy against Swasakasam (Bronchial asthma). 

Therefore this formulation will be a worthy medicine for a randomized clinical study in 

humans. 
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10. RECOMMENDATIONS 

 

 It is recommended that Narpavala chunnam can be evaluated for its efficacy in 

inflammatory cytokines and receptor expression in bronchial smooth muscles. 

 

 This study is lacking pharmacokinetic mechanism of Narpavala chunnam hence a 

pharmacokinetic study can be done to distinguish the effect of Narpavala chunnam. 

 

 

 It is also recommended to carry out a pilot study in asthmatic patients.  
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              Fig. 5.2 Different market samples of Pavalam  
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                    Fig. 5.3 Stereo zoom microscopic structure of Narpavalam 

 

      

          a. View of minute cavities 

   

    

  b. Longitudinal striations on the external surface of Corallium rubrum 
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                  Fig 5.4 Herb used to purify Narpavalam  

           

 

     Elumichai (Citrus lemon) 

 

     Fig 5.5 Herbs used for processing Narpavala Chunnam  

   

 Kattralai (Aloe vera Linn)   Keezhanelli (Phyllanthus amarus) 
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       Fig   5.6.  Narpavalam before purification 

 

     

Fig  5.7  Narpavalam after purification 

 



e 
 

 

Fig 5.8 Powdered Narpavalam     Fig. 5.9 Grinding with Kattralai juice 

        

    Fig 5.10 Villai dried in sunlight         Fig 5.11 Kavasam dried in sunlight 

   

             Fig 5.12 Pudam process   Fig 5.13 Villai after I
st
 pudam 
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Fig  5.14. Villai grinding with Keezhanelli juice       Fig 5.15 Villai dried in sunlight 

    

       Fig 5.16 Kavasam after pudam    Fig 5.17 Villai after pudam 

    

    Fig 5.18 Powdered Narpavalam         Fig 5.19 Reaction of NPC with turmeric 
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Fig 6.21 Body weight changes in gms (OVA induced bronchospasm) 

 

 

               Fig 6.22 Effect of NPC on recruitment of inflammatory cells in BALF  

 

 

        1.Control  2.Vehicle 3.OVA 4.OVA+ NPC dose I 5.OVA+ NPC dose II 6.OVA+NPC dose II 

       Data expressed as Mean±SEM *P<0.05 compared to group-1 **P<0.001 compared to group-1   
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Fig 6.23 Histopathology of lungs in OVA Induced lung damage   

   

a. Control group 

               

 

b. Vehicle control        

   

       

    Mononuclear cell infiltration   Alveolai filled with mononuclear cells 
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                 c. OVA induced without drug treatment 

 

    

Severe edema and congestion 

 

    

                      Mononuclear cell infiltration 

 

 

 

 



iv 
 

    d.   Drug treatment I (NPC 46.8mg.kg) 

          

        Moderate infiltration of mononuclear cells       

           e. Drug treatment II (NPC 70.2mg.kg) 

     
   

   

                                                  Mononuclear cells in alveolai 
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f. Drug treatment III (NPC 93.6mg/kg) 

    

 

   

 

 

 

 

 

 

 

 



Fig 6.19 Histopathology of vital organs in long term toxicity study 
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