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1.1. Complementary and Alternative Medicinal System and Ayurveda.   

Globally the healthcare system is in crisis, majority of the heath care needs is a dream for 

common people (WHO, Geneva, 2005 and Tilburt et al., 2008). Pharmaceutical research 

also facing lots of problems while discovering, developing and launching new drug in to 

market, average cost and time required for the development of new drug is influenced by 

several factors (Riddiough et al., 1984). Due to this unbalancing economy the typical 

diseases of the low social community are neglected. In this modern age despite of the 

popularity, power and promises given by modern medicine, large population of the world 

away from its benefits. More than 80% of developing countries people cannot afford even 

basic medical procedures, drugs, and vaccines. Among wealthier populations in both 

developed and developing countries, complementary and alternative practices are popular 

although proof of their safety and effectiveness is modest. Complementary and alternative 

practices are parallel or alternative to the conventional medicine or therapies (Roberti di 

Sarsina et al., 2012). These complementary and alternative practices are originated 

through Indigenous people and spread through migration. The U.S. National Institutes of 

Health have categorized complementary and alternative medicine into five types 

(National Health Institute, Disease Control and Priority report, US, 2007). Biologically 

based practices includes source of vitamins, minerals and natural products derived from 

animals, plants and from unconventional diets. Manipulative and body-based 

approaches include massage therapy and chiropractic medicines. Mind-body medicine 

includes spiritual, meditative and relaxation techniques. Energy medicines includes 

biofield- or bio electromagnetic-based interventions, such as Reiki, and lastly Alternative 

medical system includes acupuncture, Traditional Chinese medicine (TCM), 

homeopathic medicine and traditional Indian medicine i.e. Ayurveda. Now a day’s people 

from the entire globe are attending TCM and Ayurveda largely (Bodekar et al., 2002).  
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Complementary and alternative medicines is “A very good place to start” for a new drug 

development (Patwardhan et al., 2005). The agents that are having history of therapeutic 

activity can be used as starting point for drug discovery (Mukharjee et al., 2010). As a 

traditional or herbal medicine is generally the complex mixture of phyto-compounds and 

it synergistically reveals the relation in between pharmacological effect and complex 

compounds (Patwardhan et al., 2004). This traditional medicine inspired tactics for new 

drug development starts with exploratory study on the basis of its traditional uses and its 

pharmacological mechanism. This “Reverse pharmacology” approaches for the 

development of from complementary and alternative medicines can gives new insights for 

the development of new drugs or formulations (Vaidya et al., 2010, Patwardhan et al., 

2008).   

Ayurveda is one of the oldest health care system in the world and widely accepted in 

Asian subcontinent. In India, traditional herbal medicines or Ayurvedic medicine is 

routinely practiced. However, these Ayurvedic and traditional herbal medicines is gaining 

appreciation from global scientific and medical community. These Ayurvedic and 

traditional herbal medicines are formulated and marketed without lack of standardization 

and quality control still it has wide acceptance and support from general public. Therefore 

there is a wide need to promote Ayurvedic medicines by scientific and modern 

technologies without disturbing its originality (Raj et al., 2011).      

In drug development, everyone is travelling with inventions to develop new drug 

molecules, some new inventions are coming up with old theories (Patwardhan et al., 

2004, King et al., 1992). All coming inventions have science as a backbone with highly 

sophisticated technology and instrumentations. Even our Indian traditional medicinal 

system i.e. Ayurveda could not remain untouched and now exploring as a gold mine with 

advance science (Dahanukar et al., 2000, Chopra et al., 2002). This advancement in 
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Ayurvedic research gives ground to explore new drug entities to fight against varies 

disease conditions and to restore the healthy life of human beings (Patwardhan et al., 

2009a, Patwardhan et al., 2009b). This exploration of Ayurvedic medicine on scientific 

ground, bring them to the main stream of science and make them available to more and 

more health conscious people. Newer technology and instrumentation help to bridge the 

gap between Ayurvedic medicine and Western modern medical science (Lele et al., 2010, 

Patwardhan et al., 2010).      

"Ayurveda is a science, which describes the beneficial (hita) and the non-beneficial    

(ahita) aspects of life, the happiness and pain in life, their quality and quantity” 

The Ayurvedic system of medicine has been prevalent in India since the Vedic period 

(about 5000 years before), and still remains popular alternative system of medical relief to 

over 70% population in India, and around 40% western population using herbal medicine 

for the treatment of various disease (Pandey et al., 2013). In Sanskrit, Ayurveda means 

“The science of life”. Ayurveda is considered as “Mother of All Healings”. Ayurveda 

remains an influential system of medicine in Asia. Earliest literature record of Ayurveda 

appeared during the Vedic period in India. Ayurvedic literature also found in the Vedas, 

Upanishads, Bhagavat Gita and in other ancient texts. Out of all Vedas i.e. Rig Veda, 

Yajur Veda, Sama Veda and Adharva Veda, Ayurveda is known as Upaveda or branch of 

Adharva Veda. The Charak Samhita and Sushruta Samhita were influential works on 

traditional medicine during this era (Vaidya Jadava Ji Trikamji Acharya 1941 & 2002). 

Ayurvedic practitioners also claim to have identified a number of medicinal preparations 

and surgical procedures for treating various ailments and diseases. Ayurveda is the most 

ancient science of life having a holistic healthcare approach. The concept of Ayurvedic 

medicine is to promote health, rather than to fight disease. Ayurveda in daily life aims at 

maintaining harmony between nature and the “Individual” to ensure optimal health. A 
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holistic method of healing using remedies offered by nature, Ayurveda, which when 

followed can restore, rejuvenate and revitalize body, mind and soul.  

During Vedic period, the practitioners of Ayurveda (Vaidya) were personally involved in 

collection, identification of herbs and other ingredients and preparing medicines. In 

ancient practice of compounding Ayurvedic medicine was a personal mission without any 

money motive and dedicated to serve and cure patient. For the purpose of acquiring raw 

materials Vaidya’s are now depend on multiple commercial herbal pharmacies and herbal 

organizations for crude herbal drugs. Likewise, with passage of time a number of 

Ayurvedic Pharmaceutical units have taken up manufacturing of Ayurvedic drugs and 

formulations on commercial scale. Quality of raw material and final products including 

compound formulations are well defined and routinely practiced. Each and every 

procedure since collection of raw plant material to final product was used for the welfare 

of humanity.  

Bhaishjya Kalpana comprised a vast treasure of Ayurvedic medicine. It describes plants, 

minerals, metal and animal products in great details almost equivalent to today’s 

monograph of drugs. During the Samhita period, Bhaishjya Kalpana was not a distinct 

branch, it was considered to have evolved latter in the Sharandhar’s era. Bhaishajya 

Kalpana is composed of two words, Bhaishjya i.e. Drug and Kalpana i.e. Processing. 

Processing means Sanskar done in order to set qualities/properties of drug either by 

inducing a new property or improving the existing one and finally making drug safe and 

more effective. Objective of this branch was to design and develop Ayurvedic 

formulations, which are useful to resolve the complexity or severity of the diseases and 

formulation having a multidirectional potential without causing any adverse effects 

(Angadi et al., 2009, Prabhakar Rao et al., 2008).     

The Ayurvedic preparations progressed gradually from simple to highly complex forms 
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based on the herbs and herbal-mineral combinations. All Ayurvedic formulations 

intended for internal or external use, or in diagnosis, treatment or mitigation or prevention 

of disease or disorder and manufactured exclusively in accordance with the formulae 

mentioned in the authorative books of Ayurvedic Systems of medicine specified in the 

first schedule of the Drug and Cosmetic act 1940. Ayurvedic preparations obtained from 

the natural source are from animal, plant and mineral worlds. Since ancient time, 

specifically in Charakacharya’s time, the pharmaceutical preparations were primarily in 

five simple forms, which were collectively termed as “Pachavdha Kashaya Kalpanas”. 

This Kalpanas denote the fundamental operations involve in modification of a drug. 

Other Kalpanas like Avaleha Kalpana, Sneh Kalpana, Sandhan Kalpana stand testimony 

to the efforts of ancient Indian mind to make drug more acceptable to the patient, to suit 

the drug in particular disease conditions, to make the drug easily available in off season, 

to utilise previous source more efficiently and to have all-seasons accessibility and more 

subtly to have a committed synergistic action of a group of drugs as a single formulations. 

Apart from this number of different dosage forms were described in Charak Samhita such 

as Churna, Kshara, Vatika, Varti, Taila, Ghra, Lepa, Mantha, Arka etc. for various 

purposes.       

1.2. Ayurvedic Kalpana’s      

1.2.1. Avaleha Kalpana (AvalaoAvalaoAvalaoAvalaohhhh    klpanaaklpanaaklpanaaklpanaa)))) is also considered as a Ayurvedic semisolid 

preparation used in the prevention, treatment of disease, and for healthy person to 

maintain his health. Avaleha or Lehya is a semi-solid preparation of drugs, prepared with 

addition of jaggery, sugar or sugar-candy and boiled with prescribed juices or decoction. 

Essential ingredients for Avaleha preparation generally need 1. Drava Dravya (liquids) 

like Kashaya; kxaayakxaayakxaayakxaaya (decoction), Swarasa; svarsasvarsasvarsasvarsa (expressed juice) and Phant; fanzfanzfanzfanz    (hot 

infusion) ect. 2. Madhur Dravya (Sweetening agents) like jaggery, sugar, sugar candy and 
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honey ect. 3. Prakshepa dravyas; pa/qa//opa w/vyapa/qa//opa w/vyapa/qa//opa w/vyapa/qa//opa w/vya (Additives) these are herbals added to the 

Avaleha to increase its potency, palatability or to improve organoleptic properties. There 

are two types of Prakshepa Dravya Kasthoushadhis (herbal) and Rasoushadhis (metallic) 

4. Sneh Dravyas (fats) like ghee, oil etc. (Sharangdhar Acharya’s Sharangdhara Samhita, 

2005, Bairagi et al., 2008).  

Method of preparation for Avaleha: Jaggery, sugar or sugar-candy is dissolved in water 

and strained to remove suspended particles. This solution is boiled over a moderate fire. 

When pressed between two fingers if it (paka) becomes like thread (Tantuvat tantaUvatatantaUvatatantaUvatatantaUvata), or 

when it sinks in water without getting easily dissolved, it should be removed from the 

fire. Fine powders of drugs are then added in small quantities and stirred continuously to 

form a homogenous mixture. Ghee or oil, if mentioned, is added while the preparation is 

still hot and mixed well. Honey, if mentioned is added when the preparation becomes 

cool and mixed well. The Lehya (laohyalaohyalaohyalaohya) should neither be hard nor a thick fluid. When pulp 

of the drugs is added and ghee or oil is present in the preparation, this can be rolled 

between fingers. When metals are mentioned, the bhasmas of the metals are used. In case 

of drugs like Bhallataka, purification process is to be followed. The Lehya should be kept 

in glass or porcelain jars. It can also be kept in a metal container, which does not react 

with it. Normally, Lehyas should be used within one year. Examples of some Avaleha are 

Dashamulaharitaki, Bilvadileha, Vasavaleha, Citraka Haritaki, Chyavanaprasa, 

Kusmandaka Rasayana, Vyaghri Haritaki ect.  

1.2.2. Sneh Kalpana (Singh et al., 2011, Dhruve et al., 2007) is one of the commonly 

prescribed Ayurvedic dosage form in day to day pratice. Although, lot of varieties of oils 

and fats are described in classical Ayurvedic texts, the most common amongst them are 

Taila and Ghrita kalpana. ‘Sneha kalpana’ is a pharmaceutical procedure to prepare 

oleaginous medicine from substances like kalka (bolus of the drugs) and dravya (liquid 
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material). They are prepared in specific proportions by subjecting them to uniform 

heating pattern and duration to fulfil certain pharmaceutical parameters as per the 

requirement of the therapeutics. Sneh Kalpana is a unique dosage form in Ayurvedic. 

‘Sneh kalpana’ gives mass transfer of the aqueous and lipid soluble active compounds 

from all treated herbal drugs, material of animals and mineral origin.   

Sneha Kalpana is a special mixture of ghee and other medicinal drugs. Ghee has several 

important medical properties, which can help increase the element of Agni without 

causing imbalance in Pitta. It increases the essence of energy. Especially suitable for Vata 

related ailments, Sneha Kalpana is successfully used for treating various disorders of the 

nerves and the mind, skin conditions etc. Almost all the classics of Ayurveda very 

systematically defined manufacturing process that belongs to Sneh Kalpana. Charaka 

Samhita, Sushruta Samhita, and Ashtanga Hridaya. Sharangdhar Samhita has described 

all the aspects of the Sneh Kalpana very saliently for optimum understanding. According 

to Sharangdhar Samhita, Sneha Kalpana may be defined as “the medicament prepared by 

using one part of Kalka dravya (paste of indicated herbal ingredients), four parts of 

oil/ghee (commonly sesame oil/cow ghee) and sixteen parts of Drava dravya (liquid 

media mostly kwatha ‑ decoction of herbs).”Drava dravya may be other than kwatha such 

as jala (water), swarasa (self‑expressed herbal juice), kanji (fermented herbal beverage), 

mansa rasa (meat juice), gomutra (cow urine), etc.    

Method of preparation: one part of herb + four parts of cow's ghee + sixteen parts of 

water should be cooked, till the water evaporates. Or first make the decoction of the herb 

and then add equal amount of ghee to the water and boil the mixture, till the entire 

decoction is evaporated. While preparing formulations from Sneh Kalpana some 

precautions need to be taken such as to maintain the intensity of fire throughout the 

operation in order to get desirable grade of temperature. Gentle boiling of sneha is to be 
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maintained continuously. The mixture is stirred constantly and carefully to ensure that the 

kalka does not stick to the bottom of the vessel resulting into carbonization.  Care should 

be taken to determine the proper stages of Sneha paka. Sneh Kalpana is medicate ghee of 

Ayurvedic dosage form, are used in both topically and systematically. therefore variety of 

uses of Sneh Kalpana mentioned in the literature. Examples of Sneh Kalpana are Nasya 

Kalpana; nasya klpanaanasya klpanaanasya klpanaanasya klpanaa (e.g., Shadabindu Taila, Anu Taila), Mukha Kalpana (e.g., Irimedadi 

Taila), Netra Kalpana (e.g., Triphala Ghrita), Abhyanga (e.g., Dashamula Taila), 

Anuvasana Basti (e.g., Saindhavadi Anuvasana Taila), Uttarbasti (e.g., Mushakadya 

Taila), Snehana (snaohnasnaohnasnaohnasnaohna) in Panchakarma therapy (e.g., Pancha prasritiki peya), internal 

administration (e.g., Panchtikta ghrita, Kshira bala taila) for shodhana/nourishment, In 

nonhealing ulcer (e.g., Jatyadi ghrita). 

1.3. Sandhan Kalpana Vigyan; sanWaana klapnaasanWaana klapnaasanWaana klapnaasanWaana klapnaa (Ayurvedic Fermentation Technology) 

(Sharangdhara Samhita by Pandit Parashuram Sastry 2002, Chaudhari et al., 2011). 

Ayurveda indicates availability of a variety of alcoholic beverages named generally as a 

Madya (mawyamawyamawyamawya). Fermentation technology, as mentioned in the literary texts, is practiced in 

Ayurveda since thousands of years. The fermentation technology employed a variety of 

processes and was put to a large number of uses. It also laid the foundation of alchemy 

and chemistry. Fermentation has very long history in human food production and 

consumptions. As various dosage forms in Ayurvedic medicinal system formulated 

through the transference of active ingredients by different manufacturing process. 

Ayurveda contains 8 branches of sciences and 10 different diagnostic tools based on 

tridosha theory (three humours of body). Ayurveda comprises of various types of 

medicines including the fermented forms namely Arishtas (fermented decoctions) and 

Asavas (fermented infusions). These are regarded as valuable therapeutics due to their 
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efficacy and desirable features (Mishra et al., 2010).     

Sandhan Kalpana is very closely associated with the fermentation process (Nandre et al., 

2012). Fermentation is a biological and biochemical process in which metabolic changes 

take place. Microorganisms are responsible for the fermentation changes in organic 

substances by enzymatic activity released in there surrounding. Sandhan Kalpana proves 

highly beneficial over other processes in Ayurveda as this process having medicinal as 

well as nutritional values (Sekar et al., 2007, Sekar et al., 2008). Self-generated alcohol 

produced during fermentation process act as a solvent to extract the active principles from 

raw drugs and also act as a preservative. Thus Sandhan Kalpana plays very important role 

to make formulations more superior from pharmaceutical and therapeutic point of view. 

Sandhan Kalpana in Ayurveda was described as a decoction or to a cold infusion. 

Wherein a defined amount of sweetening agent is added, along with certain Inoculum 

bearing herbs are added to this solution and are allowed to ferment for a significantly 

longer time, by anaerobic method to attain a particular level of self-generated alcohol 

content. Then the product is further allowed to mature for some more time. This process 

represents a dynamic phase of pharmaceutical evolution in ancient India. The method 

speaks of using inoculum bearing herbs such as Woodfordia fructicosa and Madhuka 

latifolia microbes that drives the fermentation process (Srikanthamurthy et al., 1994, 

Pratap et al., 2007, Kroes et al., 1993). Although, least understood, this phenomenon can 

potentially alter solubility, bioavailability and ultimately improves overall efficacy of the 

formulation. The self-generated alcohol content acts as an effective flavoring the liquid 

orals. Each of fermented formulation (mostly Asava or Arishta) contains certain 

flavouring herbs such as cardamom, cinnamon etc. Composition of flavoring herbs differs 

from product to product. Possibly, there is a scope to alter the kinetics of the product by 

virtue of alcohol content and selective flavoring agents. Over and above, it offers a scope 
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for hydro-alcoholic extraction of flavoring herbs, since they are added at the time of 

fermentation or during maturation. Sura, Sidhu, Varuni, Asava, Arishta, Sukta, Kanjika, 

Sandaki are some important fermented formulations mentioned in Ayurvedic literature. 

Among all, Sandhan (fermented) formulations Asavas and Arishtas are very popular due 

to its pleasant organoleptic properties.  

        “स�धीयत ेआधीयत,े त तोयि�नसि�नकषरद� स�ंकार�दना ग�ुनांतरा�न याि�मन तत सधंानाम ।”  

i.e. in which with the help of special process (fermentation) different types of properties 

are produced is known as Sandhan Kalpana (Vaidya Jadava Ji Trikamji Acharya Sushruta 

Samhita, 2002).   

 1.3.1. History of Sandhan Kalpana  

• In Rug Veda, Soma Rasa Kalpana is mentioned and fermentation process for 

Soma rasa is also known as Abhishava Kalpana.   

• In Atharv Veda “Madya” can be health promoting and can be used for the 

treatment of many disease conditions and also popularly known as “Arishta”.   

• Separate chapter on Sandhan Kalpana was given in Arthasastra. 6 types of Sura 

are listed, viz Maitreya, Asava, Medaka, Prasanna, Arishta and Madhu.    

• In Charak Samhita, 9 yonis of Asava and its 84 examples are given.  

• In Susruta Samhita, Madya, Sura, Prasanna, Jagala, Madhvasava, Sukta and 

Dhanyamla are explained. Susruta also mentioned that Madya can be used as 

anaesthetic agent to the patients prior to the  operation.  

• In Ashtang Sangraha, Sutrasthana, panchvidha madya yonis were mentioned in 

class of Madya. 17 Asava and arishta were mentioned.   
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• Acharya Kashyapa used Abhishava term for “Madya” and listed in group of basic 

Kalpana’s such as Churna, Sita Kashaya, Svarasa, Abhishava (Madya), Phanta, 

Kalka and Kvath.  

• Acharya Shodhala in his classical text mentioned innovative approaches for 

Kalpanas. Total 60 Asava and Arishta are mentioned in 1
st
 part, 6

th
 chapter of 

Gadanigraha, classical text by Acharya Shodhala in 12
th

 century. 

• Sharangdhar Samhita describes Asava and Arishta in detailed, total 13 Asava and 

Arishta have been described. Acharya Sharangdhar scientifically involved in 

Sandhan Kalpana of Asava and Arishta. Sharangdhar was systematically 

differentiate Asava and Arishta, as a separate Kalpanas. Sharangdhar explores that 

Asava is based on cold infusion (Anagni Siddha) and Arishta is based in hot 

infusion i.e. decoction.         

• Arishtas are more powerful because of their Laghu Guna as mentioned by 

Acharya Bhavmishra. He also defines Asavas are “Anagni Siddha” preparations 

and Arishta are “Sagni Siddha”. 

Apart from this description about Sandhan Kalpana in Asava-Arishta, classical texts like 

Bhaishajya Ratnavali, Sahasrayoga and Yoga Ratnakara have given great importance to 

Asava and Arishta in the treatment of many diseases (Sekar et al., 2008). Total number of 

Asava and Arishtas given in Bhaishajya Ratnavali, Sahasrayoga are 50 and 45, 

respectively. Many books have been published on Sandhan Kalpana in different 

languages such as ‘Asavarishta Vigyana Sangraha’ in Kannada language written by Sri 

Krishna Subbanna Bhatt and ‘Asavaristha Vigyana’ in Hindi  

A) Vedic period  
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Evidences found in various literature gives a clear idea about fermentation process existed 

during Vedic period. In Rigveda, Yajurveda, and Atharvaveda, fermentation process have 

been highlighted with different perspective, formulation involving fermentation process 

can be prepared in wooden containers. Unique fermented formulations such as Somarasa 

were mentioned in Vedic time. In Rigveda, along with Somarasa, another alcoholic 

formulation ‘Sura’ was prepared through fermentation process. Since Vedic period, it is 

considered that Somarasa was used as an offering to the God and Sura was for human 

consumption. The people in this period were also aware of acidic fermented milk ‘Curd’ 

which was routinely used in daily diet.   

Sandhan Kalpana products can be derived from fruit juices and molasses after keeping it 

for certain period of time. In Kautilya Arthashastra addressed some technologies for the 

preparation of Medaka, Prasanna, Asava and Arishta. It gives an indication of the 

fermentation technique that was in use for preparing these products.   

B) Post-Vedic period:         

After the Vedic period, certain new technologies were developed for the betterment of 

Sandhan Kalpana and products associated with this process. Fermented products from 

grape and sugarcane, juice of Kharjura, bark of herbal trees, etc were introduced. 

Fermented products prepared through cereals like rice, barley and millets were prescribed 

as medicines. The use of Dhayati flowers (Woodfordia fruticosa L. Kurz), Madhuka 

flowers (Madhuca longifolia Koen.) and honey were introduced to initiate the process of 

fermentation.      

C) Vrihat trayee (Three great classics of Ayurveda)  

Fermented formulations such as Asava, arishta, sura, prasanna, maitriyee proposed to 

have medicinal importance. The importance and adverse effects of Sandhana (fermented) 
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formulations are elaborated here in details. These formulations were biologically 

evaluated and well documented in Vrihat trayee. Charak Samhita, Sushruta Samhita and 

Ashtanga Hridaya are three major classics were considered as Vrihat trayee. In these 

scripts information regarding classical methods of fermented formulations and other 

relevant information were documented (Joshi et al., 2008).  

D) Charak Samhita: 

During this era, several different formulations were introduced as a medicine, among 

them Asava and Arishtas were very popular and many physicians recommends these 

formulations. Charak Samhita explains role of nine herbals in the preparation of 

fermented formulations such as Asava-Arishta. Mainly these herbal source are Phala 

(fruits), Dhanya (cereals), Mula (roots), Pushpa (flowers), Twak (bark), Sara (exudate), 

Kanda (branches), Patra (leaves), and Sharkara (sugar) given by Vaidya Jadhavji Trikamji 

Acharya in 2002.  

E) Sushruta Samhita:  

Sushruta Samhita is a well-known for description of surgical procedures. A number of 

fermented formulations were reported in Sushruta Samhita as anaesthetic agent as well as 

medicine to treat the several disease conditions. A total of 21 Asava-Arishta’s were 

reported in this classical text, also 46 Madya products such as Madya, Sura, Prasanna, 

Jagala, surasava, Madhvasava, Shukta and Dhanyamala are well documented in Sushruta 

Samhita. In this it is also suggested that botanical ash (Apamarga, Palasha ash) can be 

used as ingredient for Asava and Arishta. Fermented formulations were categorised as per 

their therapeutic potential (Vaidya Jadhavji Trikamji Acharya in 2002). 

 F) Ashtanga Hridaya and Sangraha  
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Innovations related to herbal medicines were at its high this period of time. Different 

formulations based on Sandhan Kalpana were explored in this period. Use of Dhataki and 

Madhuka pushpa were used to initiate the fermentation was first time documented in 

Ashtanga Hridaya. This use of Dhayati and Madhuka flowers has given a new dimension 

to fermentation process. Physicians were well introduced with the fermentation process in 

Asava-Arishta, ingredients, container, fermentation time, completion of fermentation and 

its criteria for its use. In Ashtanga Hridaya, for better fermentation material such as 

‘Draksha (grapes), Ikshu (sugar cane), Makshika (honey), Shali (rice), Vrihi (grains) were 

mentioned to prepare Madya and Sandhan Kalpana by Murthy et al., (2005). Draksha is 

widely acclaimed herbal material in fermentation process, its use is explored as a sugar 

material and also yeasts present on surface can be useful to initiate the fermentation (Joshi 

et al., 1989). 

G) Kashyapa Samhita 

The term Abhishava was used for the “Madya”, Abhishava was considered to be the basic 

Kalpanas to indicate biomedical fermented formulations. Many different formulations 

were explored during this period of time in which Sandhan Kalpana exists (Kashyap 

Samhita by Vrddha, 1976) 

H) Chakradatta  

Ayamakanjika for the treatment of grahani and siddhamla Kalpana for the treatment of 

amavata and many more products of the Asava- Arishta category are quoted in 

Chakradatta. This may be considered as a prominent contribution of Acharya Chakrapani 

(Bhavarth Sandeepani, 1961). 

I) Gada Nigraha 
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In this classical text, few ideas was put forward to formulate various herbal compound 

medicines. The wide use of these formulations was seen in the treatment of diseases. A 

total of 60 Asava-Arishtas (fermented drugs) are mentioned in the chapter Asavadhikar. 

Different pharmacodynamic actions of drugs are elaborated, wherein the therapeutic 

potential of Sandhana Kalpana is also mentioned (Gada Nigraha by Sri Vaidya Sodhala 

1969). 

J) Sharangdhar Samhita  

This was the very important time for fermented formulations. Due to incresed need of 

many herbal medicines, all the herbal medicines were properly understood, studied, 

compiled and written properly in this classical text. Process of Sandhan Kalpana 

described scientifically to improve the process of fermentation in it. Sandhan process is 

largely depend on many factors such as container, environmental conditions inoculum 

proportion, sugar, temperature, duration and herbs present, all these factors were studied 

and reported here. It also explains difference in between the acidic and alcoholic 

fermentations. Sharangdhar Samhita explains the properties and role of different 

fermented formulations of medicinal use. Other types of formulations can be prepared 

from group of diverse herbal material such as barley, rice, sugar cane juice and grape 

juice, etc. This book also properly discusses pharmaceutical aspects as well as therapeutic 

efficacy of fermented formulations. The most significant contribution of this treatise is 

establishing a rule to prepare Asava-Arishta where definite proportions of ingredients are 

not quoted (Sharangadhar Samhita by Pandit Parasuram Sastry 2002) 

K) Yogaratnakara  

In Yogaratnakar, a detailed description of Asava–Arishtas in Madya Kalpana is given in 

Sastri et al., 1983. All these descriptions are similar to the narrations given about Asava-
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Arishta in the previous classical treatise. However, it is interesting to note that the total 

number of formulations of Sandhana Kalpana in this book is larger as compared to the 

earlier. It may be interpreted as a greater acceptability of these formulations among 

physicians and patients in this period.  

L) Bhaishajya Ratnavali 

The information regarding Sandhana formulations is found here in a manner as an 

handbook, which can be simpler in routine use for the physicians. In the preparation of 

these drugs, the ingredients, the specific duration to keep the container ect is mentioned. 

In this book, a total of 50 Sandhan Kalpanas are quoted, of which 15 are Asava, 29 

Arishta, 2 Chukra, 2 Sura, 1 Shukta, and 1 is of Kanji Kalpana (Choudhary et al., 2006).  

M) Ayurvedic Formulary of India   

Parts I and II of Ayurvedic Formulary of India published by Department of AYUSH, 

Government of India describes 40 Asava–Arishta, with complete detail of their 

pharmaceutics and therapeutics. The manufacturing process of Asava–Arishta are 

described in the beginning of the chapter and the ingredients and proportion of every 

formulae are described systematically (Ayurvedic Formulary of India, 2000).  

N) Ayurvedic Pharmacopoeia of India (API)  

The monograph of several formulations has mentioned in this official book by 

Government of India. API is divided in to two volumes. API describes 09 Asavas and 15 

Arishtas with complete description, formulation composition, method of preparation, 

physiochemical-organoleptic description and identification by thin layer chromatography, 

biochemical assay, microbial limit, storage, therapeutic uses, and its prescribed dosage 

mentioned in API (Ayurvedic Pharmacopoeia of India, 2008).  
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1.3.2. Classification of Sandhan Kalpana (Sharangdhar Samhita by Tripathi 

Bramhanand, 2004) 

Sandhan Kalpana is classified mainly into two types i.e. Madya Kalpana and Sukta 

Kalpana based on the taste of the final product. They are again divided into five 

subgroups as follows. Among all these types of Sandhan Kalpanas, Asava and Arishta 

highly acceptable by patients. Asava-Arishtas have very good organoleptic properties. 

Kanjika, one of the Sukta Sandhan is very much useful in shodhana of metals and also 

helpful in parada samskars.  

A) Madya Kalpana (Murthy et al., 1994) 

A drug which causes derangement of the mind due to the prominence of tamoguna 

(madakari) is called as Madya. Madya Kalpana is in which Madya is prepared by keeping 

fermentation of drakshadi drugs. Commonly a drink which produces mada is called as 

Madya. Madya is Ubhaya Pradhana i.e. having both drava and dravya pradhana 

properties. Madya is promoted to be the a useful drink since Vedic period. Acharya 

Vagbhata praised madya as a beneficial product for health. Acharya Arundatta further 

strengthened this claim with evidence that this property is attributed to the Prabhava of 

the Madya. Madya is known for its properties like inducing elevated mood or happiness. 

Madya under Arishta Varga that carries therapeutic effect is known to be best variety of 

Madya (Vaidya Jadava Ji Trikamji Acharya 1941). 

 

 

 

 



Chapter 1 

18 
 

Figure No. 1.1. Classification of Sandhan Kalpana 
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Draksha, Ikshu, Makshika, Shali Dhanya and Vrihi Dhanya are some source material for 

Madya preparation. Madya is generally exhilarating and nourishing. It releavs fear, grief, 

and exhaustion. It promotes confidence, energy, intelligence, contentment, nourishment 

and strength. 

Guna Karm of Madya   

Rasa: Panch rasa except lavana, amala rasa pradhana with four anurasa.   

Guna: Tikshna, Sara, Vyavayi, Vikasi.    

Veerya: Ushna.   

Vipaka: Amla,   

Action of doshas: Vatasleshmahara, Pittaraktakara    

Karma: Balya, Bhedana, Brimhana, Hridya, Pachana, Rochana, BAsti Shodhana, 

Deepana, Indriya bhodana, Preenana, Vaak Vibhodhana.    

Dasha Gunas of Madya According to Vagbhata and Charaka: Laghu, Sukshma, 

Amla, Asukari, Vikasi, Teekshna, Ushana, Vyavayi, Ruksha and Vishada.  

B) Sukta Kalpana (Ayurvedic Pharmacopoeia on India, 2008) 

This is another group of fermented preparations. In this preparation, acid is produced 

predominantly instead of alcohol, hence its taste is mainly sour. Acidic fermented 

preparations are prepared indirectly or when the alcoholic preparations may turn acidic 

with the passage of time, then these are also included under Sukta varg. According to 

Dalhana, when Madya group of preparations turn into acidic on keeping for longer period 

and masking other tastes then these are known as Sukta and according to Sharangdhar, in 

addition to above when liquid associated with kanda, mula phala ect. Substances and 

sneha and lavana and allow to ferment them that liquid is called as Sukta. Yadavaji also 

has defined Sukta further that any madya group of preparations or any sweet liquid when 
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become spoiled and develop acidic taste or prepared in acidic liquid by fermentation i.e. 

known as Sukta.  

Table No. 1.1. Comparison between Madya Kalpana and Sukta Kalpana   

Sukta Kalpana Madya Kalpana 

• Fermentation is carried out by acid 

bacilli. 

• Usually period within 15 days 

• Fermenting media is generally 

carbohydrate 

• Fermentation is carried out by yeast 

cells/enzymes secreted by micro 

flora 

• Duration taken for fermentation 

ranges from 15 days to 6 months 

• Sweeting agents are added in all the 

preparations except sura 

  

1.3.3. Significance of Sandhan Kalpana  

The term fermentation is derived from the latin word Fermentum that means boiling. 

Biochemically, fermentation is incomplete oxidation. In absence of molecular oxygen, 

microbes can switch to a pathway wherein glucose is broken down into carbon dioxide 

and alcohol. In India, record of fermentation date back to 5000 years. The process of 

fermentation and was discovered and practices to all the ancient civilization of the world. 

However, Ayurveda is unique, where fermentation is employed in making Asava-Arishta 

with role objective to cure most of all the culture produced wine and drinks where the 

objective is to sense enjoyment. 

Fermentation technology or Sandhan Kalpana used since ancient period of Indian 

civilization i.e. from Vedic period to till date. Biomedical fermented formulations are one 

of the best dosage forms of Ayurveda even today practiced since thousands of years. 
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‘Sandhan Kalpana’ is a unique dosage form in which acidic and alcoholic fermented 

formulations are prepared. Self-generated alcohol is a product of microbial fermentation 

and is not added from outside, exploiting its beneficial value to improve the overall 

efficacy of the formulation. Ethyl alcohol is one of the many organic/aromatic 

compounds produced during fermentation process, which leads to extraction of 

biologically active compounds from raw herbs and gives improved organoleptic 

properties (Mishra et al., 2008, Sekar et al., 2008). In Sandhan Kalpana Asava and 

Arishta considered as a best formulations due to contribution of fermentation to 

preservation. Enhanced biological activities, which may be due to microbial 

biotransformation of the initial ingredients of Asava, Arishta into more effective end 

product. Due to microbial interference, self-generated alcohol in these formulations adds 

longer shelf life, improved absorption and action compared to other dosage forms, high 

patient acceptance due to excellent organoleptic properties. Microbial fermentation 

potentially eliminates the undesirable sugars and anti-nutritional factors from raw herbs 

thus eliminating side effects such as gas, bloating and nausea, extract of fermented 

formulation contains wide range of active compounds from herbs than any other 

extraction process. Heavy metals and pesticide residues are eliminated by fermentative 

yeasts cells, so this process also called as natural cleansing system. Microbes play very 

important role to enzymatic breakdown herbal cells to leaching phytomolecule into 

hydro-alcoholic milieu (Sekar et al., 2007, Sekar et al., 2008, Bhondave et al., 2013).  

1.4. Asava and Arishta (Ayurvedic Pharmacopoeia of India 2008, Ayurvedic formulary 

of India 2000, Vaidya Yadavji Trikamji Acharya 2002). 

Asava and Arishta as are medicinal preparations made by biomedical fermentation. They 

are hydro-alcoholic medicaments prepared by soaking of raw herbs either in coarse 
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powder form or in the form of decoction. This undergoes into fermentation with addition 

of sugars or sweetening agents mainly jaggery, sugar or fresh fruit then it keep for a 

specified period of time. Asavas are prepared by directly using fresh herbal juices or 

infusions, while Arishtas are generally made with decoction of different herbs together. 

Fermentation process mediated by special microorganisms comes from nectoriferous 

region of flowers of Woodfordia fruticosa and Madhuka indica (Pratap et al., 2007, Kroes 

et al., 1993). Additional spices were added in these formulations for improving their 

organoleptic properties. Asava-Arishta formulations are better known as hydro-alcoholic 

formulations, self-generated alcohol during this biomedical fermentation process can 

reach in between 4-12% v/v, and due to its improved aromatic properties and palatability 

these formulations has better patient acceptability. These traditionally fermented 

formulations has several merits over other Ayurvedic medicines, like due to self-

generated alcohol has better preservation quality with ageing therapeutic value of Asava, 

Arishta is improved, improvement in the extraction of drug molecules from herbs during  

fermentation, as this formulation is hydro-alcoholic, gives extraction of both water 

soluble and alcohol soluble phytocompounds in Asava and Arishta, microbes involve in 

this fermentation process give rise to improvement in drug delivery in to specific sites. 

1.4.1. Asava (Ayurvedic Pharmacopoeia of India 2008, Nadkarni et al., 1976, Dash et al., 

2002, Srikanthamurthy et al., 1998, Mishra et al., 2010)  

Asava’s are made by soaking the drugs in the course powder or in the form of fresh juice 

of herbs, in a solution of sugar or jaggery as the case may be. The required quantity of 

water, to which jaggery or sugar as prescribed in the formula is added, boiled and cooled. 

This is poured into the fermentation pot, vessel or barrel. Fine powders of the drugs 

mentioned in the formula are added, for specified period of time, during which it 
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undergoes process of fermentation generating alcohol, thus facilitating the extraction of 

active principles contained in the drugs. 

या�पा�वॊमषधाबु!या "स# म�य स आसव: ।। 

It means “Asava is that in which fermentation is allowed to proceed for generating 

alcoholic liquids and drugs kept without boiling” 

Definitions of Asava  

• As per Sharangdhara Asava is Madya which is prepared with apakwa Aushada 

(Sharangdhara). 

• The compound which is prepared by ‘asuta prakriya’ is called as Asava (Charaka 

Samhita, Charaka Agnivsha 2002) 

• Asava is a type of Madya, which contains decoction of different drugs, guda, and 

dhataki, described by Sushruta.  

• Asava is defined as that which is prepared from ikshurasa, described by Sushruta. 

• Vagbhata also defined Asava as Madya prepared using fresh tubers, roots, fruits 

ect. 

• Madya with medicinal properties is called as Asava.   

Properties of Asava   

Asavas are palatable, pleasant and good smelling. They probably subsides kapha and 

vata. They are Drava pradhan preparations. Acharya Dalhana describes, Asavas are 

teeksna, pleasant and diuretic and subsides kapha and vata.  

1.4.2. Arishta (Ayurvedic Pharmacopoeia of India 2008, Nadkarni et al., 1976, Dash et 

al., 2002, Srikanthamurthy et al., 1998, Mishra et al., 2010).  
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The drugs/herbs are coarsely powdered and kashay is prepared. The kashaya is strained 

and kept in the fermentation vessel. Sugar, jaggery or honey, according to the formula, is 

dissolved, boiled, filtered and added. Drugs mentioned as praksepa dravyas are finely 

powdered and added. At the end, dhataki pushpa is added to initiates the fermentation 

process. The mouth of the vessel is sealed. The container is kept either in a special room 

(Alternatively, in an underground cellar or in a heap of paddy, so as to ensure that for the 

duration of fermentation, as far as possible, a warm constant temperatures are maintained, 

which may impede or accelerate the fermentation). 

अ%र&ट: �वाथ"स#: �या)तयोमान ंपलोि�मतम ।। 

It means that “Arishta is that in which fermentation is allowed to proceed for generating 

alcohol in the liquids and drugs kept after boiling” 

Definitions of Arishta.  

Alcoholic preparation made with the help of Kwath is called as Arishta.  

• Arishtas are Dravya Pradhan preparations 

• Arishta is defined as Madya prepared with Aushada kwath,  madhu etc.  

• According to Yadavji, formulation, which can stay for long period of time without 

spoiling is called as Arishta.  

• As per Charaka Samhita, Arishta prepared without involving extraction of Kwath 

is mentioned on the context of Grahani roga chikitsa, Ex. Madvarishta.  

Properties of Arishta  

Arishta possesses the properties of different ingredients in it and thus it is superioir 

among the Madya Kalpanas. It alleviates many doshas. It is deepana, kapha vata hara, 

sara and dose not vitiate the pitta. It cures Shoola, Adhmana (Pain), Udara, Pleeha, Jwara, 

Ajeerna (Indigestion) and Arshas. Arishta when used as intoxicating drink possesses 
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properties of the materials from which it is prepared, and is more intoxicating of all 

alcoholic beverages, it cures disease of Duodenum, Anaemia, Leprosy and other skin 

diseases, Haemorrhoids, Shopha, Consumption, enlargement of abdomen, Fever, Gulma, 

worms, and disorders of spleen.  

1.4.3. Important aspects in Asava and Arishta preparation (Chaudhari et al., 2011).  

Sandhan Kalpana is a complex process involving different pharmaceutical, 

microbiological and biotechnological aspects. Sandhan Kalpana is the classical example 

combination of physical and chemical engineering. Sandhan Kalpana is association with 

different process such infusion, decoction, inoculum development, generation of alcohol, 

extraction of different drug molecules during fermentation, filtration, ageing of 

formulation and many more. Some of these processes are briefly discussed here for easy 

understanding of Sandhan Kalpana in Asava and Arishta. 

A) Decoction  

Decoction is the process where specified specific amount of different herbs are boiled in 

specified amount of water for defined time period. After cooling, it is filtered for further 

formulation preparation. This filtered solution is also call as a “quath” or “Kwath”. Ratio 

for decoction is pre-defined generally it is 1:4 or 1:16. The volume is then brought down 

to one-fourth to its original volume by boiling. This procedure is typically used for the 

extraction of water soluble and heat stable phytoconstituents. This process is frequently 

used in the prepation of Ayurvedic medicines. Vessels used for the prepation of decoction 

have its own importance. Generally copper vessels are avoided for the preparation of 

decoction to prevent possible interaction in between container and phytocompounds. 

However, now a day, tin coated copper vessels, coated metallic vessels, wooden and 

stainless steel vessels used for the decoction purposes. 
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B) Infusion.  

Preparation of Infusions is simple process as compared to the decoction and can be used 

for the unstable compounds or easily degradable drugs, heat sensitive compounds are 

extracted using this process. Infusions are prepared by macerating the crude drug for a 

short period of time with cold or boiling water and soaking of herbs for a specified 

period. An infusion usually contains, the readily soluble constituents of crude drugs. 

C) Prakshepa Dravya  

Herbal drugs other than Drava dravya, Sandhan dravya and Madhura dravya are called as 

Prakshep dravya added in to the formulations. Although, prakshepa dravya are one of the 

major drug portion in Asava-Arishta, it does not play significant role in fermentation 

process. Lavanga, ela, twak, patra, nagakesara, trikatu are commonly used as prakshepa 

dravyas, and these are processed into Yavakuta (coarse powder) form and added after 

boiling. Prakshepa dravya are designed toimprove the organoleptic proparties and color 

appearance to the finished product apart from having desired therapeutic action.  

D) Importance of Sandhan Dravya (Kinva)  

The heart of Sandhan Kalpana is sandhan dravya, which is used to initiate the Sandhan 

Prakriya. Commonly used Sandhan Dravya are Dhataki pushpa, Madhuka pushpa, 

Surabeeja, Puga phala, Badara twak and Babool twak, above mentioned drugs plays very 

important role in Sandhan Prakriya. Except few formulations, all the fermented 

formulations contain either of these Sandhan dravyas. All these Sandhan Dravyas act as 

depot of microorganisms, which collectively initiates the fermentation process.  

E) Dhataki (Woodfordia fruticosa) (Ayurvedic Pharmacopoeia of India 2008, Pratap et 

al., 2007, Kroes et al., 1993).  
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Dhataki is mainly used in the preparation of Asava, Arishta. Acharya Vagbhata who 

explored the use of Woodfordia fruticosa flowers in the preparation of Asava and Arishta. 

The fermentation process would be incomplete without using inoculum bearing herbs 

such as Woodfordia fructicosa and Madhuka latifolia. W. fruticosa are commonly 

regarded for its active yeast content in its nectaries that are useful in fermentation of 

Asava and Arishta formulations. Flower nectar is known for high sugar content must be 

the most plausible site for osmophile yeasts. W. fruticosa flowers not only contributes in 

fermentation process as a source of active yeasts cells in media but may also contributes 

valuable phytocompounds. Presence of endogenous invertase enzyme (β-

fructofuranosidase) in flowers of W. fruticosa facilitate hydrolysis of sucrose, which was 

speculated to promote alcohol production. Several species of yeast were reported from the 

flowers of W. fruticosa such as Pichia anomola, Aspergillus niger and Saccharomyces 

cerevisiae, although, role of these isolates and associated microbial biotransformation in 

Asava/Arishta remains to be explored (Vohra et al., 2004, Vohra et al., 2001). However, 

until recently the occurrence of active yeast could not be confirmed especially after failed 

attempts to isolate them. The role of these flowers therefore remained elusive and thought 

to contribute bioactive tannins as well active enzymes like invertase.  

F) Madhuka Pushpa  

Madhuka indica is also used to initiate fermentation, like W. fruticosa flowers it also 

contain sweet nectars in it, due to high sugar contain flowers are normally used to give 

sweet taste to formulation. Madhuka flowers are also used to give fine color to the final 

product with sweet taste. However, Madhuka flowers are used for limited number of 

Asava and Arishta formulations. 
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G) Surabeej/Kinwa 

The residue remained after filtration of fermented asava and arishta formulations is called 

as Surabeeja/Kinwa. This filtrate is dried and preserved for further use to initiate the 

fermentation. Sandhan Prakriya is found to be accelerated after addition of Surabeej. It is 

better to use same Surabeej for one particular asava, arishta for the further preparation of 

same asava arishta otherwise it may alter the taste. 

H) Fermentation process time:  

The literature review elucidates the gross variation of Sandhan Avadhi (fermentation 

time) depending on fermentation time, it varies from 7 days to 180 days. After completion 

of fermentation process vessel is left undistributed for a month and then opened, this 

month long process for to settle down the herbal materials. There are lots of chances to 

change in fermentation time, this may be due to change in climatic conditions. It is 

reported that fermentation time found to be vary during autumn, summer and winter. It is 

also assumed that change in fermentation time may be due to change in process 

parameters such as microbial inoculum variation, change in jaggery or sugar source.   
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Table 1.2. Benefits of Asava-Arishta formulations 

  

 

Benefits of Asava-Arishta formulations 

• Self-generated alcohol and hydrolyzing enzymes released by yeasts aids 

extraction of phytochemicals from raw herbals   

• Self-generated alcohol gives pleasing organoleptic properties and dramatically 

improves palatability of the preparation 

• Palatability improvement ensures patient compliance and hence clinical outcome 

• Alcohol is considered as “Yogvahi” meaning facilitate faster and even distribution 

of drug in body 

•   Self-generated alcohol improves bioavailability of drug molecules 

• Self-generated alcohol act as a preservative, Asava-Arishta preparation last for 

several years, without special storage conditions  

• Preservation benefits availability of herbs independent of seasonal availability of 

the botanical drugs 

• Microbial transformation may reduce toxicity of phyto ingredients  

•  Microbial transformation increases chemical diversity in the formulation, which 

is crucial for its clinical action over the raw drug 

• Biochemical transformation makes the drug available in its metabolized or 

activated form, which translates into quick action   
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Table 1.3. Problems often encountered by manufacturers     

 

Table 1.4. Non-standard practices adopted by manufactures to circumvent the 

fermentation related problems     

 

 

Problems often encountered by manufacturers 

• No fermentation 

• Acidic taste 

• Bad organoleptic properties (appearance, color and odor) 

• Fungal growth and fungal toxins  

• Discoloration 

• Low alcohol 

• Spoiled bottles/cork due to gas generation  

 

Non-standard practices adopted by manufactures 

• Addition of external alcohol 

• Use of bread yeast 

• Use of limited number of herbs 

• Addition of external sugar 

• Addition of preservative such as Sodium benzoate ect.  

• Addition of alkali to neutralize acidic taste  
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1.4.4. Observations during fermentation process  

a) At initial stage:  

Color of syrup will be brown. If jaggery is used then media shows dark brown color. At 

initial stage consistency of the formulation is thicker than water and gives smell similar to 

sweetning agents used i.e. jaggery. Before fermentation Prakshepa Dravya floats on 

Sandhan Dravya.    

b) After onset of fermentation:  

Prakshepa Dravyas are floating during fermentation. Characteristic bubbling sound along 

with effervescences is visible. Sandhan Dravya give mild alcoholic odour. Temperature 

of Sandhan Dravya rises by 1-2
0
C. If we keep burning candle at the mouth of the vessel it 

extinguishes due to release of CO2.   

c) Test for fermentation completion:  

Completion and in-process testing of Asava-Arishta formulations are indicated in many 

scriptures such as Sharangdhar Samhita, which must be routinally followed. Prakshepa 

Dravyas will sink completely. No sound of bubbling and effervescence. Formulation 

gives strong alcoholic odour due to significant accumulation of alcohol. Burning candle 

continues to burn as release of CO2 is stopped. Temperature of formulation remains near 

about 32
0
C. 

1.4.5. Storage conditions  

After filtration of Asava-Arishta, it should become clear without frothing at the top. Final 

formulation should not be sour. The Asava-Arishta  has its own characteristic odour. 
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Asava-Arishta can be stored indefinitely. They should be kept in well stoppered bottles or 

jars. 

1.4.6. Dose (Ayurvedic Pharmacopoeia of India, 2008, Tripathi Bramhanand 2004) 

The dose of both the formulations i.e. Asava-Arishta is up to one Pala (up to 48ml), 

according to Sharangdhar Samhita, medicinal dose of Asava-Arishta are same as that of 

water taken in at a single time. Dose mention in Ayurvedic formulary of India is 15-30ml 

with equal amount of water.  Person should take Asava-Arishta in such a dose as would 

not cause intoxicated movement of eye balls and preservation of mental activity.     

1.5. Expected failures in fermentation process  

As Sandhan Prakriya (fermentation process) depends on different factors such as 

microbial flora associated with flowers of W. fruticosa, environmental factors such as 

changes in weather and temperature and sweetening substances and there reaction with 

vessels etc. Sometimes initiation of fermentation could not achieved and often gives batch 

to batch variations. Spoiled batches gives acidic taste, changed color, due to incomplete 

fermentation percentage of alcohol is found to be low, there might be growth of unwanted 

fungal, which shows cotton like growth release of fungal toxins and final formulation 

with thick consistency. All these problems can occurred due to lack of defined process. 

1.6. Method to overcome the failures associated with fermentation  

Problems associated with fermentation can be corrected scientifically. Sandhan in 

Asava/Arishta has to be prepared during hot seasons, if manufactures want to formulate in 

all seasons, than fermentation has to be prepared in controlled temperature conditions. In 

literature there are many trouble shooting methods are given some of them are mentioned 

below. If fungal growth is noticed, it can be used after filtration and heating up to 60
0
C. 
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Spoiled color of formulation can be restored after adding caramelized sugar until it 

become red. Spoiled taste can be corrected by addition of honey or sugar. To increase the 

percentage of alcohol in Asava-Arishta, fermentation process can be restarted after adding 

jaggery, yeasts and dhataki Pushpa. 

1.7. Abuse of Asava-Arishta formulations  

Asava-Arishta formulations contain around 5-15% v/v self-generated alcohol still sold 

across the India without prescription. The drug abusers take advantage of this conditions 

and are involved in the preparation of spurious preparations containing alcohol, chloral 

hydrate, morphine, and other drugs of addiction as well as sedatives like potassium 

bromide (Rao et al., 1979). These harmful compounds never present in such preparations 

until and unless adulterated. Sometimes, Asava-Arishta formulations have more 

percentage of alcohol than recommended, addition of intoxicating material in formulation 

are the most concerned abuses of Asava-Arishta. However, preparation were found to 

contain unacceptable limits of microbial load, this may also produce harmful effects to 

the patients (Kalaiselvan et al., 2010).  

1.8. Comparison of Asava-Arishta by Literary Aspects.  

Arishtas are made with decoctions of herbs in boiling water while Asavas are generally 

prepared by directly using fresh herbal juices. These are unique liquid dosage form that 

contains self-generated alcohol. Sandhan Kalpana is one of the most important Kalpana 

among all five Kalpanas. Asava-Arishta comes under Madya Kalpana and based on 

Sandhan Kalpana. Both, Asava-Arishta are interrelated to each other. Initially Acharya 

Chakrapani had tried to differentiate Asava-Arishta. Acharya Sharangdhara scientifically 

differentiates in between Asava-Arishta. The differentiation of Asava-Arishta is based 

upon the difference in the preparation method. Since there is difference in preparation 
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method of Asava-Arishta naturally there may be difference in its pharmaceutical 

properties and potency.    

1.9. Asava/Arishta in the treatment of different disease (Ayurvedic Pharmacopoeia of 

India, 2008).  

The products under the category of Asava-Arishta are around 79 products, of which 37 

falls into category of Asava and 38 into Arishta and remaining four Arishta are Amirtha 

(Sekar et al., 2008). Most of the Asava-Arishtas are commercialised and marketed. All 

these formulation are used for the treatment of various disease condition in Paediatrics, 

nervous system, blood and circulatory system, respiratory system, digestive and excretory 

system, urinary system, reproductive system, immune system, skin problems, worm 

infections, general illness, and infectious disease etc. Important Asava and Arishta used in 

the treatment of different disease conditions are listed below.   
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Table 1.5. Categorization of Asava-Arishta in relation to human system of disease 

 

 

1.10. Commercial importance of Asava-Arishta  

Asava-Arishta have been used as medicines for over 3000 years to treat various diseases 

and also taken as appetiser and stimulant. Due to their high medicinal value and excellent 

palatability, people have no hesitation to consume Asava-Arishta even for longer period 

of time. The manufacturing and sale of Asava-Arishta occupies an important place in the 

Name of the Asava-Arishta 

Ailments relation to human system of 

disease 

Dasamoolarishta, Draksharishta, 

Lohasava, Kumaryasava, Khadirarishta. 

Blood and circulatory system 

Parthdyarishta, Dasamoolarishta, 

Sudarsanasava, Draksharishta 

Cardiac disorders 

Bringarajasava, Vasarishta, 

Babularishta, Kanakasava 

Respiratory system 

Mrigamadasava, Chavikasava, 

Chitrakasava, Madhukasava, 

Pippalyasava, Balarishta, Arvindasava 

Digestive and excretory system 

Ashvagandharishta, Arvindasava, 

Lohasava, Chandanasava, 

Rohitakarishta 

Immune system 

Balarishta, Devadarvyarishta, 

Nimbamrithasava, Sarivadyarishta, 

Sarivadhyasava 

Rheumatism 
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Ayurvedic pharmaceutical industry. Various Ayurvedic pharmaceutical companies in 

India manufacture almost 50 different formulations falling under this category. Some of 

these formulations are also being exported to other countries. To an estimate, every year 

Rs. 2000 million worth of Asava & Arishta group of formulations are being consumed in 

India alone. There are several Asava-Arishta formulations having high demand in India 

such as Dashamoolarishta, Ashokarishta, Ashvagandharishta, Arjunarishta, Draksharishta 

and Kumariasava and the reason is also obvious that they have useful in obstetrics, 

gynaecological, cardiovascular, inflammatory disorders. Arvindasava, Balarishta, 

Babularishta, Khadirarishta, Lohasava, Kutajarishta, etc are some of other famous Asava-

Arishta formulations are also well established in market in India and abroad. In India, 

different manufactures are involve in Asava-Arishta manufacturing such as Baidyanath, 

Dabur, Sandu, Dhootpapeswar, Arkshala, Himalaya, Sharangdhar Pharmaceuticals, 

Charak Pharma ect are leading in Asava-Arishta manufacturing. Arya Vaidya Sala, 

Ayurvedic Seva Sangh, KAPL, Kerala, Ayurvedic Rasashala are other emerging players 

in the field of Asava-Arishta and also promoting it internationally. Many practitioners of 

Ayurveda also make Asava-Arishta in small quantities to treat their patients. Ayurveda is 

now growing internationally and acceptability is rising globally, it is therefore expected 

that the demand of Asava-Arishta will rise in future. Regulations imposed different 

governments across the world such as Health Australia, US food and Drug 

Administration (USFDA), UK medicines and Healthcare Products Regulatory Agency 

(UKMHRA) for manufacturing sales and distribution of Ayurvedic medicine 

contemporary to their standard of pharmaceutical products and requirement of their 

citizens. Asava-Arishta need to qualify on these parameters.              
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 Figure 1.2. Some Asava-Arishta formulations available in market.  
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1.11. Significance of the work 

Ayurveda is an ancient science of life and has a rich heritage of therapeutic knowledge. In 

today’s world of globalization, challenging problems of Ayurveda are standardization of 

various formulations, herbal products, method of manufacture, identifying the key areas 

in the manufacturing process of Ayurvedic formulations, optimization of process, 

modernization and mechanization wherever possible, yet adhering to the basic principles 

and without altering the core basic structure of the ancient system. Therefore considering 

the need of globalization, a project on Asava and Aristha’s was taken in the Department 

of Pharmaceutical Biotechnology, Poona College of Pharmacy, Bharati Vidyapeeth 

Deemed University, in collaboration with Vasantdada Sugar Institute, Department of 

Alcohol Technology. The aim was to study the basic concepts in formulation 

development of Asava and Arishta and to utilize this knowledge for standardization, 

development and optimization of process so as to get a quality product. Asava and 

Arishta are one of the important Rasa (a fermented preparation) mentioned in Ayurveda.   

Asava and Arishta are medicinal preparation made by soaking the drugs either in powder 

form or in the form of decoction (Kashaya) in a solution of sugar and jaggery as the case 

may be for a specified period of time during which it undergoes a process of fermentation 

and generating alcohol. Thus facilitating the extraction of the active principle contained in 

the raw drugs. The alcohol so generated also serves as a preservative. Because of the 

natural hydro-alcoholic extraction process, it may improve the bioavailability of the final 

fermented products. In-spite of all these beneficial role of Asava and Arishta, these 

traditional alcoholic preparations face common challenges such as natural inoculum 

variation (W. fruticosa), lack of surface sterilizarion which may lead to contamination by 

other yeast or bacteria, may contribute to increase volatile acidity, carbon source variation 

(jaggery, honey, sugar) may lead to also affect the quality as well therapeutics of the 
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preparation, undefined processing parameters, chances of microbial contamination, 

further time required may change the active component generation kinetics and may 

increase the level of volatile acidity in the form of higher alcohols, which may affect 

bioavailability of the active ingredient and thus therapeutic activity of the Asava and 

Arishta. The processing time for complete fermentation may vary from 30 to 50 days 

depending upon source and reason. In view of these problems there is a strong need to 

enhance scientific understanding of the Ayurvedic fermentation process and products. 

The fermentation inoculum is in the form of Woodfordia fruticosa. The major objective 

was standardization and optimization of the traditional fermentation process with modern 

pharmaceutical and biotechnological perspectives, to improve the quality, bioavailability, 

acceptance of these traditional valuable beverages. It is further important to apply the 

modern science to understand the traditional system of human life. The tradition of 

Ayurveda requires multifaceted approach of research for validation. To cite, the 

traditional beverages and their medicinal properties can be investigated by modern 

scientific approach, there is strong need to understand the microbes involve in these 

biomedical fermentations, the chemistry of fermentation and associated biotransformation 

processes have to be studied in details so as to validate the living great tradition of 

Ayurveda. Further assessment of the quality of beverages in terms of organoleptic 

properties, pH, self-generated alcohol, total reducing sugar, presence of methanol, 

specific gravity and extraction of phytocompounds have to be performed in order to use 

them medicinally.  

Advantages of our proposed work are, optimized process with modern physicochemical 

parameters will deliver improved extraction, solubility and active drug kinetics. Further it 

will also deliver optimized product with batch to batch uniformity, optimized processing 

time, minimal volatile acidity and enhanced medicinal potential.  
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 The following objectives were set for the present work 

1.12. Objectives   

� Isolation, identification and characterization of different yeasts from 

Woodfordia fruticosa flowers. 

� Characterization of isolated yeasts for their sugar and alcohol tolerance 

capacity.  

� Fatty Acid Methyl Esters (FAME’s) analysis of isolated yeasts to check its 

fatty acid producing capacity using Gas chromatography.   

� Formulation development of Arishta formulations using W. fruticosa flowers 

and consortium of isolates yeasts.  

� To physico-chemical analysis of Arishta formulations, physicochemical 

parameters such as physical appearance, pH, total reducing sugar, self-

generated alcohol, specific gravity and presence of methanol.  

� Chromatographic evaluation of phytocompounds from Asava-Arishta 

formulations by High performance thin layer chromatography (HPTLC)  

� Pharmacological evaluation of developed Arishta formulations using suitable 

biological animal model.  

� Isolation and characterization of phytocompounds from Arishta formulation.  
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1.13. Plan of Work  

1. Literature survey will be carried out using web based techniques and using 

various institutional libraries. 

2. Collection and identification of W. fruticosa flowers  

3. Isolation of wild yeasts from flowers of W. fruticosa.  

4. Identification and characterization of yeasts isolated from W. fruticosa flowers 

a. Morphological identification of yeasts using light and scanning 

electron microscopy (SEM). 

b. Molecular identification by using 18s rRNA sequencing. 

c. Fatty Acid Methyl Esters (FAMES)   

� Isolated yeasts are also characterized for high sugar tolerance and alcohol 

tolerance.    

� Development of inoculum on jaggery media for the preparation of Arishta 

formulation.  

� Preparation of Ashvagandharishta using W. fruticosa and consortium of the 

isolated yeasts from W. fruticosa.  

� Determination of Physicochemical parameters of Ashvagandharishta, 

parameters such as Physical appearance, organoleptic properties, pH, total 

reducing sugar, percent self-generated alcohol, specific gravity, presence of 

methanol.  

� Ashvagandharishta formulations are analyzed for certain phytoconstituents 

using chromatographic methods such as HPTLC.  

� In-vivo studies - Dose determination studies of optimized formulation, will be 

done in laboratory animals. In-vivo screening of optimized Ashvagandharishta 

formulation on suitable chronic biological animal models, the animals models 
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will be selected on the basis of traditional use of Ashvagandharishta. 

Ashvagandharishta will be screened after molecular studies, molecular 

screening will be done with varies biochemical assays, histopathology, and 

differential gene expression studies. 

� Extraction of Ashvagandharishta formulation using different solvent systems 

and using different chromatographic methods such as column chromatography, 

preparative-HPTLC for isolation of phytocompounds.  

� Isolated phytocompounds will be identify using different analytical and 

spectral techniques such as FTIR, Mass spectroscopy,
 1

H
 
NMR,

 13
C

 
NMR, 

DEPT, COSY, HMBC, HSQC, NOESY, specific optical rotation and Mass 

spectroscopy.   

� Docking study of isolated compound  

� In vitro cell viability and anti-inflammatory study of isolated compounds.    

� Data analysis and report writing. 

  

 

 

 

 

 

 

 

 

 

 



Chapter 1 

43 
 

1.14. References  

1. Acharya Chakrapani, Chakradutta, Bhavartha Sandeepani. Hindi Commentary by 

Jagdishwar Prasad Tripathi. Part 1, 3rd ed. Chapter 4/64- 8, 25/81-5. Varanasi, 

Chowkhamba Sanskrit Series Office; 1961, 69, 233.  

2. Acharya Pakshadara Jha., 1997. Asavarishta Vigyana by published by Chaukamba 

Bharati Academy, Varanasi, 3rd ed., 29.   

3. Agnivesha, Charaka, Charaka Samhita, Vimana Sthana, Rasa Vimana Adhyaya, 

1/4, text with English translation and Critical exposition based on 

Chakrapanidatta's Ayurveda Dipika by Sharma R.K. and Bhagwan Dash. Vol. 2. 

Varanasi: Chaukhambha Sanskrit Series Office; 2002. p. 129.  

4. Angadi R., 2009. A text book of Bhaisajya Kalpana Vijnanam (Pharmaceutical 

sciences). 1
st
 ed. Varanasi, Chaukhambha Surbharati Prakashan, 263. 

5. Ayurvedic Formulary of India (English version), 1
st
 ed. 2000. Department of 

AYUSH, Ministry of Health and Family Welfare, Government of India,  

6. Bairagi P., Patgiri B. J., Prajapati P. K., 2008. Neutraceuticals in Ayurveda with 

special reference to Avaleha Kalpana. Ancient Science of Life, 28 (2), 29-32.   

7. Bhondave P., Burase R., Takale S., Paradkar A., Patil S., Mahadik K., Harsulkar 

A., 2013. Yeast consortium isolated from Woodfordia fruticosa flowers proved to 

be instrumental for traditional Ayurvedic fermentation. International Journal of 

Pharmaceutical and Biomedical Research, 4(1), 37-45. 

8. Bodeker G., Kronenberg F., 2002. A Public Health Agenda for Traditional, 

Complementary and Alternative Medicine. American Journal of Public Health, 

92(10), 1582–1591. 

9. Chaudhary A. K., Kanjiv L., 2006. Bhaishjya Ratnawali of Govinda Dasji. 1
st
 ed. 

3. Varanasi: Chaukhambha Sanskrit Sansthana, 54, 365-370, 100.  



Chapter 1 

44 
 

10. Chaudhary A., Singh N., Dalvi M., Wele A., 2011. A progressive review of 

Sandhana kalpana (Biomedical fermentation): An advanced innovative dosage 

form of Ayurveda. AYU, 32 (3), 408-417. 

11. Dahanukar S. A., Kulkarni R. A., Rege N. N., 2000. Pharmacology of medicinal 

plants and natural products. Indian Journal of Pharmacology, 32, S81-S118.  

12. Dash V. B., Hashyap V. L., 2002. Chemistry of Ayurveda, 9, 79. 

13. Dhruve K., Chaudhary A., 2007. Sneha kalpana‑ A probable pharmaceutical 

explanation. Aryvaidyan, 20, 181‑189 

14. Joshi D., Jha C. B., 1989. Critical study of the Asavarista preparation of 

Brihattrayee. Ancient Science of Life, 9(3), 125-133.  

15. Kalaiselvan V., Shah A. K., Patel F. B., Shah C. N., Kalaivani M., Rajasekaran 

A., 2010. Quality assessment of different marketed brands of Dasamoolarishtam, 

an Ayurvedic formulation. International Journal of Ayurveda Research, 1, 10-13. 

16. Katiyar C. K., 2006. Aqueous alcoholic extraction of Maps by fermentation 

process, South-East Asian (SEA) Regional Workshop on “Extraction 

Technologies for Medicinal and Aromatic Plants” PPP. Central Institute of 

Medicinal and Aromatic Plants (CIMAP) Lucknow, India. 

17. King S., 1992. Medicines that changed the world. Pacific Discovery, 45, 23-31.  

18. Kroes B. H., Vanden B. A. J. J., Abeysekera A. M., De Silva K. T. D., Labadie R. 

P., 1993. Fermentation in traditional medicine: the impact of Woodfordia fruticosa 

flowers on the immunomodulatory activity and the alcohol and sugar contents of 

Nimba arishta. Journal of Ethnopharmacology, 40, 117-125. 

19. Lele R. D., 2010. Four new approaches for validation of Ayurvedic herbal drugs. 

International Journal of Ayurveda Research, 1(3), 136-137. 



Chapter 1 

45 
 

20. Mishra A. K., Gupta A., Gupta V., Sannd R., Bansal P., 2010. Asava and Aristha: 

An Ayurvedic Medicine – An Overview. International Journal of Pharmaceutical 

& Biological Archives, 1(1), 24 –30.  

21. Mishra A. K., Gupta A., Gupta V., Sannd R., Bansal P., 2010. Asava and Aristha: 

An Ayurvedic Medicine – An Overview. International Journal of Pharmaceutical 

& Biological Archives, 1(1), 24-30.  

22. Mishra B. S., 2008. Bhavaprakasha of Bhavaprakasha. Poorvakhanda sandhana 

varga, verse 22, 10th Ed. Varanasi: Chaukamba Orientalia, 1, 785. 

23. Mukherjee P. K., Venkatesh P., Ponnusankar S., 2010. Ethnopharmacology and 

integrative medicine-Let the history tell the future. Journal of Ayurveda and 

Integrative Medicine, 1 (2).  

24. Murthy S. K., 2005. Astanga Sangraha of Vagbata. 9th ed. Varanasi: 

Chaukhambha Orientalia, Sutra Sthana verse 06/127, 111. 

25. Nadkarni K. M., 1976. Indian Materia Medica, Popular Prakashan, Mumbai 2, 

489. 

26. Nandre B. N., Bakliwal S. R, Rane B. R., Pawar S. P., 2012. Traditional 

Fermented Formulations-Asava and Arishta. International Journal of 

Pharmaceutical & Biological Archives, 3(6), 1313-1319. 

27. National Institutes of Health, Bill & Melinda Gates Foundation, 2007. 

Complementary and Alternative Medicine May Reduce Risk of Some Diseases. 

Disease Control Priorities Project, Fogarty International Center of the U.S., 1-4.  

28. Pandey M. M., Rastogi S., Rawat A. K. S., 2013. Indian Traditional Ayurvedic 

System of Medicine and Nutritional Supplementation. Evidence-Based 

Complementary and Alternative Medicine, 1-12.   



Chapter 1 

46 
 

29. Pandit Parasuram Sastry. Sharangadhar Samhita with commentary of Adhmalla’ s 

Dipika and Kashiram’ s Gudartha- Dipika. 5th ed. Madhyam Khanda, 10/01. 

Varanasi: Chaukhambha Orientalia, 2002. 232.  

30. Pandit Parasuram Sastry. Sharangadhar Samhita with commentary of Adhmalla’ s 

Dipika and Kashiram’s Gudartha- Dipika. 5th ed. Madhyam Khanda,. Varanasi: 

Chaukhambha Orientalia; 10/01, 232.  

31. Patwardhan B., 2005. Ethnopharmacology and drug discovery. Journal of   

Ethnopharmacology, 100 (1-2), 50-52. 

32. Patwardhan B., Mashelkar R. A., 2009b. Traditional medicine-inspired 

approaches to drug discovery: can Ayurveda show the way forward? Drug 

Discovery Today, 14(15/16), 804-811. 

33. Patwardhan B., Vaidya A. D. B., Chorghade M., 2004. Ayurveda and natural 

products drug discovery. Current Science, 86 (6), 789-799. 

34. Patwardhan B., Vaidya A. D. B., Chorghade M., Joshi S., 2008. Reverse 

Pharmacology and Systems Approaches for Drug Discovery and Development. 

Current Bioactive Compounds, 4, 1-12. 

35. Patwardhan B., Vaidya A. D. B., 2009a. Ayurveda: scientific research and 

publications. Current Science, 97(8), 1117-1121. 

36. Patwardhan B., Vaidya A. D. B., 2010. Natural products Drug Discovery: 

Accelerating the clinical candidate development using reverse pharmacology 

approaches. Indian Journal of Experimental Biology, 48, 220-227.   

37. Prabhakar Rao G., 2008. A text book of Bhaisajya Kalpana Vijnanam. 1sted. New 

Delhi: Chaukhambha Publication, 275-277. 

38. Prahst A., 2007. Liquid Fermented Tinctures - A Natural choice. Available from 

http://www.vistamagonline.com. 



Chapter 1 

47 
 

39. Pratap K. D., 2007. Woodfordia fruticosa: Traditional uses and recent findings. 

Journal of Ethnopharmacology, 110, 189–199. 

40. Raj S., Karthikeyan., Gothandam K. M., 2011. Ayurveda- A glance. Research in 

Plant Biology, 1(1), 1-14.  

41. Rao R. B., Varadarajan T. V., Sathivasan K., Saraswati G., Purushotaman K., 

1979. Tests to detect adulteration in Asavas and Arishtas. Journal of Research in 

Ayurveda and Siddha, 3, 209-215.  

42. Riddiough M. A., 1984. Major issues facing the pharmaceutical industry and their 

relationship to clinical pharmacy. Drug intelligence & clinical pharmacy, 18(1), 

59-61.  

43. Roberti di Sarsina P., Alivia M., Guadagni P., 2012. Traditional, complementary 

and alternative medical systems and their contribution to personalisation, 

prediction and prevention in medicine—person-centred medicine. The EPMA 

Journal, 3(1), 15, 1-20.  

44. Sastri L., 1983. Yoga Ratnakar with Vidyotini Hindi Commentary. 3rd ed. 

Varanasi: Chaukhambha Sanskrit Sansthan.  

45. Sekar S., 2007. Traditional alcoholic beverages from Ayurveda and their role on 

human health: Indian Journal of Traditional Knowledge, 6 (I), 144-149. 

46. Sekar S., Mariappan S., 2008. Traditionally fermented biomedicines arishtas and 

asavas from Ayurveda. Indian journal of traditional knowledge, 7(4) 548-556.  

47. Sharangadhara Acharya’s, Sharangadhara Samhita, with commentary of 

Adhamalla’s Dipika and Kasirama’s Gudartha Dipika, edited with notes by Pandit 

Parasurama Shastri, sixth edition, 2005, Published by Chaukhamba Orientalia, 

Varanasi, 221001. Madyama Khanda, 8/1:206, 8/2:206, 9/18:215, 8/1:206, 

8/4:207, Prathama Khanda, 1/52:13.  



Chapter 1 

48 
 

48. Singh N., Chaudhary A., 2011. A comparative review study of Sneha Kalpana 

(Paka) vis‑a‑vis liposome, AYU, 32(1), 103-108. 

49. Sri Bhisagacharya S. Kashyap Samhita by Vrddha Jivaka with The Vidyotini 

Hindi Commentary and Hindi translation of Sanskrit introduction. 2nd ed. 

Varanasi: Chaukhambha Sanskrit Sansthan, 1976. Khila Sthana 3/38, 158.  

50. Sri Vaidya Sodhala. Gada Nigraha with The Vidyotini Hindi Commentary by Sri 

Indradeva Tripathi. Sri Ganga Sahaya Pandeya, editor. Part-I (Prayog Khanda), 

1st ed. Chapter 6. Varanasi: Chowkhamba Sanskrit Series Office; 1969. 346-401.  

51. Srikanthamurthy K. R., 1994. Astanga Hrdayam. Varanasi: Krishnadas Academy. 

68-73 

52. Srikantmurty K. R., 1998. Bhavprakash of Bhavamisra, 1, 479-484. 

53. The Ayurvedic Pharmacopoeia of India, 2008, Part-II (Formulations), vol. II, 

Government of India, Ministry of Health and FamilyWelfare, Department of 

Ayurveda, Yoga & Naturopathy, Unani, Siddha and Homeopathy, New Delhi.  

54. Tilburt J. C., Kaptchuk, T. J., 2008. Herbal medicine research and global health: 

an ethical analysis. Bulletin of the World Health Organization, 86 (8), 594-599.  

55. Tripathi Bramhanand. In: Revised edition. 2004. Adhyaya, Purvakhanda, 

Sharangdhar Samhita., editors. Varanasi: Choukhambha Surbharati Prakashan, 18.  

56. Tripathi Brmhanand. In: Revised edition. 2004. Adhyaya, Purvakhanda, 

Sharangdhar Samhita., editors. Varanasi: Choukhambha Surbharati Prakashan, 18.  

57. Vaidya A. D. B., Vaidya R. A., 2010. Roots of Modern Drugs in Reverse 

Pharmacology. Medicine Bulletin, 871-874. 

58. Vaidya Jadava JI Trikamji Acharya. Charak Samhita with commentary of 

Cakrapanidatta. New Delhi: Rashtriya Sanskrita Sansthan (Deemed to be 



Chapter 1 

49 
 

University); 1941 and reprinted in 2002, Sutra Sthana 25/49, p. 134, Chikitsa 

Sthana verse 14/138-43, p. 507, 16/111-3, p. 531.  

59. Vaidya Jadava Ji Trikamji Acharya. Sushruta samhita with commentary of 

Dalhana. 7th ed. Varanasi: Chaukhambha Orientalia; 2002. Sutra Sthana 45/ 170-

216, p. 210-3, Chikitsa Sthana 6/15, p. 433, 10/7, p. 449. 

60. Vohra A., Satyanarayana T., 2001. Phytase production by the yeast, Pichia 

anomala. Biotechnology Letters, 23(7), 551-554.   

61. Vohra A., Satyanarayana T., 2004. A cost-effective cane molasses medium for 

enhanced cell-bound Phytase production by Pichia anomala. Journal of Applied 

Microbiology, 97, 471–476.  

62. World Health Organization, Geneva, 2005. National Policy on Traditional 

Medicine and Regulation of Herbal Medicines - Report of a WHO Global Survey.  

   

 



                                                                                                                              Chapter 2 

 

 50 

 

2. Isolation, identification and characterization of yeasts from Woodfordia fruticosa 

flowers. 

2.1. Drug Profile (Woodfordia fruticosa)  

Woodfordia fruticosa is an important traditional medicinal plant belonging to the family 

Lythraceae. It is the key ingredient used in the preparation of “Asavas-Arishtas”. The 

flowers of W. fruticosa (L.) are commonly used for the treatment of several ailments, 

which includes rheumatism, leucorrhea, menorrhagia, asthma, liver disorder, and 

inflammatory conditions (Finose et al., 2011)  

 

(http://en.wikipedia.org/wiki/Woodfordia_fruticosa) 

Botanical Name: Woodfordia fruticosa (L.) Kurz and Woodfordia floribunda (L.) Kurz 

2.1.1. Scientific classification   

Kingdom:  Plantae   

Division: Magnoliophyta   

Class:  Magnoliopsida     

Order:  Myrtales     
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Family:  Lythaceae     

Genus:  Woodfordia  

Species:  fruticosa   

Vernacular Names: Dhayati, Agnijwala, Fire flame Bush, Red Bell Bush and Dowari.    

Useful part:  Flowers  

2.1.2. Ayurvedic Properties       

Rasa:   Kashay     

Guna:   Laghu and Ruksha       

Veerya:  Sita       

Vipaka:  Katu         

Dosha:  It balances Kapha and Pitta 

2.1.3. Geographical distribution  

The plant is abundantly present throughout India up to the sub Himalayas, ascending up 

to an altitude of about 1500 m, and also in a majority of the countries of South East and 

Far East Asia like Malaysia, Indonesia, Sri Lanka, China, Japan and Pakistan as well as in 

tropical Africa. (Kirtikar et al., 1935). 

2.1.4. Morphological features (Shome et al., 1981, Khare et al., 2004)  

Dhataki (Fire Flame Bush) is a spreading, leafy shrub, small in size but very conspicuous 

on dry, rocky hillsides from December to May, when the masses of little fiery bells give a 

bright touch of color to the drab terrain.  It is a deciduous shrub, usually with a much-

fluted stem. The grey bark is exceedingly thin and peels off in flakes. When in flower the 

bush appears twiggy and formless but entirely swathed in red. This is because the small 
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flowers grow singly or in groups all the way along the branches and side twigs, and it is at 

this time that the leaves fall.  

2.1.5. Traditional and local use (Atal et al., 1982, Dymock et al., 1995, Oudhiya et al., 

2003). 

The plant is a well-known non-wood forest produce that has long been in regular demand 

amongst practitioners of traditional medicines in different South East Asian countries. In 

India, it is a much-used medicinal plant in Ayurvedic and Unani systems of medicines. 

Although, all parts of this plant possess valuable medicinal properties, there is a heavy 

demand for the flowers, both in domestic and international markets specialized in the 

preparation of herbal medicines. According to the Indian Systems of Medicine, this 

flower is pungent, acrid, cooling, alexiteric, uterine sedative and anthelmintic, and is 

useful in thirst, dysentery, leprosy, erysipelas, blood diseases, leucorrhoea, menorrhagia 

and toothache. It is considered as ‘Kapha’ (mucilage type body secretion) and ‘Pitta’ 

(energy-dependent metabolic activity) suppressant in the Ayurvedic concepts of 

medicine. The flowers are being used in the preparation of Ayurvedic fermented drugs 

called ‘Aristha’s and ‘Asava’s. 

2.1.6. Principal chemical constituents (Chauhan et al., 1979, Das et al., 2007) 

Extracts of W. fruticosa flowers showed presence of carbohydrates, gums, flavonoids, 

sterols and phenolic compounds/tannins. Woodfordins A, B, C, D, E, F, G, H and I were 

identified from the flowers. A large number of new and known hydrolysable tannins have 

been isolated from the flowers. 
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2.1.7. Role of W. fruticosa flowers in Asava Arishta 

A special use of flowers of this plant has been emphasized for the preparation of 

Ayurvedic ‘Aristha’s and ‘Asava’s, wherein a decoction of plant materials, sugar (cane 

sugar, jaggery, sucrose) and dried flowers of Woodfordia fruticosa is mixed and  

fermented in predefined vessels. Of the 18 ‘Aristha’s mentioned in the Indian Ministry of 

Health & Family Welfare’s monograph , 17 are reported to use W.  fruticosa.  (Ayurvedic 

Pharmacopoeia of India, 2008). According to Sandhan kalpana (a fermentation process) a 

defined amount of W. fruticosa flowers are added to initiates the fermentation process. 

The flowers of W. fruticosa are generally considered as a source of yeasts. W. fruticosa 

flower produce nectar in its tubular flowers, which is known to contain high sugar, an 

ideal thriving site for osmophilic yeasts. The flowers are bright in color with tubular 

corolla. At the base of the stiga a swollen nectoriferous tissue is present, which secretes 

nectar. Several bees, butterflies, wasps and small birds regularly visit the flowers to 

collect the nector, thereby pollinating the flowers. The nectar is sugar rich syrup that 

sustains and support growth of wild yeast species. Many of the yeast cells are also 

transferred by pollinating insects from flower to flower in an attempt of collecting nectar. 

A large variety of yeast and fungi can therefore be expected to be present in the flowers. 

However till date, there is no conclusive experimental evidence of presence of yeast in 

these flowers. Moreover, several failed attempts to isolate active yeast in W. fruticosa 

flower questioned its role in Asava-Arishta fermentation. It was postulated by 

Weerasooriya et al., (2002) that presence of endogenous invertase enzyme (β-

fructofuranosidase) (and not yeasts) in flowers of W. fruticosa contributes to the 

hydrolysis of sucrose, which was speculated to promote alcohol production.  
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2.1.8. Previously isolated Micro-flora from Woodfordia fruticosa 

Vohra et al., (2001), Vohra et al., (2004) reported several species of yeast from the 

flowers of W. fruticosa such as Pichia anomola, Aspergillus niger and Saccharomyces 

cerevisiae, although, role of these yeast isolates are yet to be explored in the preparation 

of different Asava and Arishtas. Pichia anomala was also isolated from nectoriferous 

region of Woodfordia fruticosa, which was used to produce high activity of intracellular 

cell-bound Phytase; however, this enzyme has no relevance with Asava-Arishta 

fermentation. Kroes et al., (1993) stated that possible biotransformation and secretion of 

some enzymatic products are introduced into the formulation by microbes coming from 

flowers of W. fruticosa. Shastri et al., (1968), Mishra et al., (2010) also asserted that 

inoculum of yeasts coming from the dhataki flowers contain wild species of yeasts. Khare 

et al., (2004) reported in their book that Saccharomyces cerevisiae was isolated from 

Woodfordia fruticosa responsible for producing self-generated alcohol. Manwar et al., 

(2013) could isolate alcohol producing yeasts from these flowers; especially 

Saccharomycopsis fibuligera and Saccharomyces cerevisiae. They further reported that 

Saccharomyces cerevisiae produced alcohol more than any other isolated yeast species. 

Moreover, the ambiguity about W. fruticosa as source of yeast that are useful in 

fermentation of Asava-Arishta is persistent.  

We therefore, began our research with isolation of yeast from W. fruticosa flowers, 

identified those using molecular techniques and further conclusively demonstrated that 

these yeasts prove instrumental in fermenting Asava-Arishta individually as well as in 

consortium mode (Bhondave et al., 2013). 
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2.2. Material and methods 

2.2.1. Materials  

• MGYP (Malt extract, Glucose, Yeast extract, Peptone)   

These are essential constituents for media preparation and are procured from 

HiMedia chemicals Pvt. Ltd. Mumbai, India.    

• Yeast Carbon Base (HiMedia)  

• Yeast Nitrogen Base (HiMedia) 

• Glutaraldehyde (2% w/v)    

Glutaraldehyde was procured from Siga Aldrich, USA. 

• Ethanol  

Ethanol was procured from Loba Chemicals, Mumbai, India. 

• Hydrochloric acid 

Hydrochloric acid was procured from Merck, India. 

 

2.2.2. Instrumentation  

• Autoclave (Equitron Autoclave, Medica Instruments Mfg. Co. Ltd. Mumbai) 

• Refrigerated Incubator Shaker (New Brunswik Scientific, Excella E24 

Incubator Series, Germany)  

• High speed centrifugation (Eppendorf Centrifuge 5804 R) 

• Scanning electron Microscopy (The surface morphology of the proliposome 

powder was investigated by scanning electron microscope (SEM) (JSM-6510, 

JEOL, JFC-1600 Auto fine coater). Sufficient amount of formulation was weighed 

and mounted on the stub. This specimen was then coated with platinum particles 
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and observed with scanning electron microscope. Images were recorded using the 

back scattered electron (BSE) compositional signal with an accelerating voltage of 

5KV) 

• Gas Chromatography (Auto System XL Gas Chromatograph (Perkin Elmer, 

USA) equipped with SP-2330, Supelco capillary column 30 meter long and 0.32 

mm in diameter, with FID detector) 

2.3. Collection of W.  fruticosa flowers 

The dried flowers of W. fruticosa were procured from green pharmacy, Pune identified 

and authenticated in the Department of Dravya Guna Vigyan, College of Ayurved, 

Bharati Vidyapeeth Deemed University, Pune, India. 

2.4. Isolation of yeasts from the dried flowers of the W.  fruticosa flowers. 

The flowers collected from the Green pharmacy were washed twice with sterile distilled 

water to remove soil or any particulate matter present on flowers. Flowers were 

aseptically added to the 100 ml sterilized MGYP broth and incubated in the rotary 

incubator shaker at the 32+0.5
o
C and 121 rpm. After 24 h incubation, a loop full 

suspension was transferred to sterilized 100 ml MGYP media, and incubated at 32+0.5
o
C 

and 121 rpm for 48 h. After 48 h of incubation a loop full suspension was streaked on 

MGYP agar plates. Colonies obtained after 48 h were further transferred to new MGYP 

plate until pure culture were obtained. These isolated cultures were maintained at 4
o
C on 

MGYP slants.  
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2.5. Cultural and Biochemical characterization of isolated wild yeasts  (Kreger-Van et 

al., 1984) 

These isolated yeasts were characterised for its cultural and biochemical methods. Yeasts 

may vary in their cellular morphology and its mode of reproduction may also be different. 

For cultural identification, morphological features of colony and cells of isolated yeasts 

were characterised for texture, color, surface, elevation and magin. Isolated yeasts were 

characterised with several biochemical methods such as usability of carbohydrates, 

assimilation of carbon and nitrogen compounds. Production of ammonia from urea 

(Urease test) was also applied for identification of yeasts. 

2.6. Morphological characterization of isolated wild yeasts by scanning electron 

microscopy. 

In morphological study, isolates were grown on defined media. An impression method 

was used to study the morphology of these yeasts. Scanning electron microscopy was 

used for observation of structure and cellular arrangement of yeast isolates. The method 

used for preparation of culture was as described by Wiliams et al., (1967). An impression 

technique were used for scanning electron microscopic imaging. In brief, the cultures 

were taken on a coverslip, fixed by using 2% w/v glutaraldehyde. The level of 

glutaraldehyde was maintained above the sample for 18 h. Followed by dehydration in 

serially increasing concentrations of alcohol. First 5% v/v alcohol was added and samples 

were kept at 4
o
C for 15 min, alcohol was then removed by aspiration and further 10% v/v 

alcohol was added and kept at 4
o
C for 15 min, same treatment was followed for 20, 30, 

40, 50, 60 and 70% v/v alcohol. These samples were kept in 70% v/v alcohol at 4
o
C. 

Further dehydration was performed using 80, 90 and 95 % v/v alcohol grades. After 

complete of dehydration, the cultures were exposed to air and subjected to platinum 
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coating. With the cultures upper most coverslips were attached by durofix adhesive to 

solid metal specimen stubs, which had a circular face. The upper surface of each coverslip 

was coated under vacuum with a platinum film of about 2 to 3 nm thickness. The 

specimens thus prepared were examined under scanning electron microscope. The metal 

stubs with their coated coverslips were placed in the specimen chamber. The field areas 

with clear and intact spore structure were selected for examination at higher 

magnification (×1000 to ×50,000) imaging. 

2.7. Molecular Identification of yeast isolates by Internal Transcribed Spacer (ITS) 

gene sequencing. 

2.7.1. PCR Template preparation 

The yeast isolates were grown in 50 ml of sterile potato dextrose broth for 48 h to 72 h at 

30
o
C. The biomass was harvested by centrifugation, decanted on blotting paper to remove 

traces of media. The Cell pellets were washed twice with sterile distilled water. 

Approximately 500 mg of biomass was placed in sterile petri dish containing 

approximately 500 mg of sterile sand and 400 µl of extraction buffer. The mixture was 

crushed with pestle until a fine paste was formed. Mixture was transferred to 2 ml micro 

centrifuge tube and 10 µl of proteinase K (20 mg/ml) was added followed by incubation 

at 55
o
C for 2 h or until the sample is clear. The sample was cooled to room temperature 

and equal volume of PCI solution (phenol, chloroform and isoamyl alcohol in ratio of 

24:25:1) was added. It was mixed gently for 5 min and centrifuged at 10,000 rpm for 10 

min at room temperature in a mini centrifuge (Eppendorf, Centrifuge 5804 R). Aqueous 

layer containing DNA was transferred to a new micro centrifuge tube; PCI mixture was 

added and processed as above. The aqueous layer was again transferred to a new tube and 

2 to 2.5 volume of ice-cold absolute ethanol was added for precipitation. It was mixed 
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and placed at -20
o
C for 24 h. Centrifuged at 10,000 rpm for 10 min and ethanol was 

discarded. One ml of 70% ethanol was added for washing off salts, the pellet was 

vortexed briefly followed by centrifugation at 10,000 rpm for 10 min. Ethanol was 

discarded and the pellets were allowed to air-dry. The DNA pellets were suspended in 20 

to 50 µl of TE buffer (Tris-EDTA, pH 8) for dissolution.  

2.7.2. Amplification of ITS region of rDNA 

The PCR amplification was done in Eppendorf Gradient Master Cycler System 

(Eppendorf AG, Hamburg, Germany). For PCR amplification of internal transcribed 

spacer (ITS) region DNA, domain specific primers, ITS1 (5’– 

TCCGTAGGTGAACCTGCGG- 3’) and ITS4 (5’- TCCTCCGCTTATTGATATGC- 3’) 

(White et al., 1990) were used. The reaction mixture of 50 µl contained approximately 1X 

PCR buffer, 2.5 mmol /l MgCl2, 200 µmol /l of each deoxynucleotide phosphate (dNTPs), 

50 mM KCl, 10 mM Tris-HCl (pH 9.0), 25 pmol of each primer ITS 1 and ITS 4, 0.1% 

(v/v) Triton X-100, 1 unit of Taq DNA polymerase (Chromous Biotech Pvt. Ltd, 

Bengaluru, India) and approximately 10 ng of DNA. The thermal cycling conditions were 

set with the following program: an initial 3-min denaturation at 95°C, 35 cycles of 

denaturation (1 min at 94°C), annealing (1 min at 55°C) and extension (1 min at 72°C), 

and a final 10-min extension at 72°C.  

The PCR products were analyzed on 1.2 % agarose gel electrophoresis containing 0.5 µg 

/ml safeview dye (G Biosciences, USA), at 60V for about 2 h using 1X standard TAE 

buffer, pH 8.3 and along with 1 Kb DNA standard marker (Chromous Biotech Pvt. Ltd, 

Bengaluru, India). The PCR products were purified using Gen Elute post PCR clean-up 

kit (Siga Aldrich, MO, USA). 

2.7.3. Sequencing of ITS region of rDNA and sequence analysis  
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ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction kit (Applied 

Biosystem, Foster City, CA, USA) was used to carry out the sequencing reactions using 

PCR products as template. The purified sequencing products were detected by capillary 

gel electrophoresis and analyzed by the ABI 3730XL Genetic Analyzer. All the partial 

sequences obtained were aligned with the sequences of primers for the construction of 

final nucleotide sequences of ITS region of rDNA. These nucleotide sequences were 

compared with the sequences available at NCBI Gene bank database and searched for 

similarity online using BLAST search program. Neighbour Joining tree method was used 

for the construction of phylogenetic tree in MEGA 5.05 software. 

2.8. Characterization of isolated yeasts for sugar and alcohol tolerance 

2.8.1. Screening of isolated yeasts for sugar tolerance   

In this experiment, isolated yeasts were characterized for its sugar tolerance. This is an 

important feature since these yeasts were isolated from nectoriferous glands of flowers of 

W. fruticosa. The procedure by Ekunsanmi et al., (1990) was employed for estimating 

sugar tolerance. The MGPY media was sterilised by autoclaving at 121
o
C for 15 min, 

after cooling, flasks were inoculated with cell suspension of each isolated strain. An 

additional flask was also inoculated with consortium of all the yeasts. Flasks were 

incubated at 30±0.5
o
C at 150 rpm. Media contains filter sterilized glucose solution added 

in concentration of 10-70% w/v (Table No. 2.1). Turbidity of cultures was measured at 

600 nm at the intervals of 24 h for 72 h (Osho et al., 2005).  

2.8.2. Screening of isolated yeasts for ethanol tolerance  

MGYP media was prepared and sterilized at 121
o
C for 15 min, cooled and 2-14% 

absolute ethanol was aseptically added to these flasks (Table No. 2.1). The flasks were 
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transferred to rotatory shaker at 150 rpm at 30±0.5
o
C for 72 h. Turbidity was measured by 

spectrophotometer at intervals of 24 h for 72 h at 600 nm.    

 

Table 2.1. Media composition for the Sugar and Ethanol tolerance test  

Ingredients for 

Media 

Composition of Media for 

Sugar tolerance 

Composition of Media for 

Ethanol tolerance 

Malt Extract 0.3 g 0.3 g 

Yeast Extract 0.3 g 0.3 g 

Peptone 0.5 g 0.5 g 

Glucose 10-70 g 2 g 

Ethanol -- 2-14% v/v 

Distilled Water 100 ml 100 ml 

 

2.9. Fatty Acid Methyl Esters (FAMEs) analysis using Gas chromatography  

For analysis of fatty acids, the yeast cell biomass was mixed with 5 ml of 3 N 

Methanolic-HCL for esterification, incubated at 80
o
C for 2 h and extracted in 3 ml of 

hexane. The hexane extracts were dried in argon current and reconstituted in 200 µl of 

chloroform. The fatty acid methyl esters (FAMEs) were analyzed in Auto System XL Gas 

Chromatograph (Perkin Elmer, USA) equipped with SP-2330, Supelco capillary column 

30 meter long and 0.32 mm in diameter. The temperature program was 150
o
C for 10 min, 

followed by 10
o
C rise/min up to 220

o
C and hold for 10 min. Helium (1mL/min) was used 

as a carrier gas, injector port was maintained at 240
o
C and FID detector temperature was 

275
o
C. Appropriate fatty acid standards were purchased from Siga (MO, U.S.A.) and the 

fatty acid peaks were identified by integrating with the standards profile. The area under 

the peak was expressed as percent fatty acid content. Estimation of each sample was 

repeated at least three times.  
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2.10. Results  

2.10.1. Isolation of Yeasts from the flowers of Woodfordia fruticosa (L.).  

We have successfully isolated 6 different yeasts from the dry flowers of W. fruticosa after 

several enrichments by sub-culturing using strake plate method. We named this isolated 

cultures as WF1, WF2, WF3, WF4, W5, and WF6 (Figure 2.1 and Figure 2.2). These 

isolated cultures were stored at 4
o
C on MGYP slant in Department of Microbiology, 

Vasantdada Sugar Institute (VSI), Pune. Reviving of the cultures is routinely performed 

after every three months. 

2.10.2. Morphological and Cultural characteristics of isolated yeasts (Kreger-Van et 

al., 1984) 

The isolated Yeast cultures showed marked variation in their colony characteristics, 

cellular morphology as studied under light-microscopy as well as under electron 

microscopy. It is important to characterize the isolated colonies for their size, shape, 

color, pigent production, opacity and margin, etc. Colonies appeared to be spheroidal, 

subglobose, circular, ellipsoidal, ovoid, cylindrical, botuliform, elongate, filamentous, 

apiculate, ogival, lunate, and triangular in shape and may be characteristics of particular 

genera or species. Most of the isolates produced circular, opaque, moist appearing 

colonies of about 2 mm size (in 48 h). The colonies showed regular margin and convex 

elevation. Except all WF5, this produced pink colored colonies.  The presence of yellow, 

orange, pink and red color carotenoid pigent is for instance, characteristic of the genera 

Rhodutorula, Sporobolomyces, Phaffia, Rhodosporidium and Sporidiobolus. In scanning 

electron microscopy, our samples of isolated yeasts were exhibited as cluster, short chains 

and budding. At all places budding is on agreement with standard observation of yeasts. 

Multilateral and cluster type budding is found in WF1 and WF2. A typical mother 
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daughter budding pair is found in WF3, WF4, WF5 and WF6. All SEM images are shown 

in Figure 2.3. 

Figure 2.1. Streak plates of isolated and purified yeasts from W. fruticosa flowers 
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Figure 2.2. Individual isolates from W. fruticosa flowers (WF1, WF2, WF3, WF4, WF5 

and WF6) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



                                                                                                                              Chapter 2 

 

 65 

 

Figure 2.3. Scanning electron microscopic view (SEM) of WF1, WF2, WF3, WF4, WF5 

and WF6 isolates.  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WF1, ×2700 WF3, × 650 

WF4, ×1800 WF5, ×9500 

WF2, × 4300 

WF6, ×7500 
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2.10.3. Biochemical identification of isolated yeasts  

The ability of yeast isolates to ferment and assimilate different sugars was studied as 

standard biochemical feature to classify them. Sugars such as galactose, glucose, sucrose, 

maltose, lactose, soluble starch, treahalose, raffinose, rhamnose and D-xylose were used. 

Potassium nitrate, sodium nitrite and L-lysine were used to study nitrogen assimilation of 

isolates. Any change in color of media due to acid production was observed. WF1, WF4 

and WF6 were shown similarity by fermenting galactose, glucose, sucrose and maltose. 

WF2 and WF3 do metabolize glucose, sucrose, maltose and raffinose a comparative 

extent. WF1 and WF2 assimilated galactose, maltose and treahalose, whereas WF3, WF4 

and WF5 assimilated. galactose, sucrose, maltose, treahalose and raffinose. WF6 also 

assimilate galactose, sucrose, maltose and raffinose but could not use treahalose. In 

nitrogen assimilation study, WF1 could not assimilate any of the given nitrogen source, 

while WF2 assimilated nitrate as a nitrogen source, remaining all yeast isolates were 

utilizes nitrite as a nitrogen source. All these isolates gave negative result to urease test 

except for WF5, which produced ammonia from urea. WF5 was unable to use any of the 

sugars, and showed no fermentation of carbohydrates. WF5 therefore appeared different 

from other yeasts, it also produced carotenoid like color pigent, due to which the colonies 

were pink to red in color (Table 2.2).  
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Table 2.2. Biochemical characterization of yeasts using fermentation of carbohydrates and assimilation of carbon and nitrogen compounds.  

 

Yeast 

 

Isolates 

Fermentation of Carbohydrates 

 
Assimilation of Carbon compounds 

Assimilation of 

Nitrogen 

compounds 

Gal Glc Suc Mal Lac SS Tre Raf Xyl Gal Glc Suc Mal Lac SS Tre Raf Xyl SN PN  Ll 

WF1 + + + + - - - - - + - - + - - + - - + - - 

WF2 + - + + - - - + - + - - + - - + - - - + - 

WF3 + - + + - - - + - + - + + - - + + - + - - 

WF4 + + + + - - - - - + - + + - - + + - + - - 

WF5 - - - - - - - - - + - + + - - + + - + - - 

WF6 + + + + - - - - - + - + + - -  + - + - - 

 

Gal: Galactose; Glc: Glucose; Suc: Sucrose; Mal: Maltose; Lac: Lactose; SS: Soluble Starch; Tre: Trehalose; Raf: Raffinose; Xyl: D- xylose.       

SN: Sodium nitrite (NaNO2); PN: Potassium nitrate (); Ll: L-lysine.  
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2.10.4. Sequences of ITS region of the yeast isolates  

Table 2.3. Nucleotide Sequences and similarities of WF1  

 

Accession Description 
Query 

coverage 

Max 

identification 

EU595876.1 
Saccharomyces cerevisiae isolate Klingelberg 

18S ribosomal RNA gene, partial sequence 
100% 100% 

EU011664.1 

Saccharomyces cerevisiae strain NRRL Y-

12632 18S ribosomal RNA gene, partial 

sequence 

100% 100% 

EF212442.1 
Saccharomyces cerevisiae strain HDW6 18S 

ribosomal RNA, partial sequence 
100% 100% 

BR000309.1 

TPA: TPA_inf: Saccharomyces paradoxus 

NRRL Y-17217 genes for 25S rRNA, 5S 

rRNA, 18S rRNA, 5.8S rRNA, complete 

sequence 

100% 100% 

EF153844.1 
Saccharomyces cerevisiae strain FJU-YS4 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

EF175961.1 
Saccharomyces cerevisiae strain KMS0510 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

AB278124.1 
Saccharomyces cerevisiae gene for 18S rRNA, 

partial sequence 
100% 100% 

DQ345280.1 
Saccharomyces sp. WW-W23 18S ribosomal 

RNA gene, partial sequence 
100% 100% 

AY251630.1 

Saccharomyces cerevisiae isolate MA2 18S 

ribosomal RNA gene, and internal transcribed 

spacer 1, complete sequence 

100% 100% 

AY251629.1 

Saccharomyces cerevisiae isolate MA1 18S 

ribosomal RNA gene, and internal transcribed 

spacer 1, complete sequence 

100% 100% 
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Table 2.4. Nucleotide Sequences and similarities of WF2  

Accession Description 
Query 

coverage 

Max 

identification 

EU011664.1 

Saccharomyces cerevisiae strain NRRL Y-

12632 18S ribosomal RNA gene, partial 

sequence 

100% 99% 

BR000309.1 

TPA: TPA_inf: Saccharomyces paradoxus 

NRRL Y-17217 genes for 25S rRNA, 5S 

rRNA, 18S rRNA, 5.8S rRNA, complete 

sequence 

100% 99% 

EF153844.1 
Saccharomyces cerevisiae strain FJU-YS4 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

EF175961.1 
Saccharomyces cerevisiae strain KMS0510 

18S ribosomal RNA gene, partial sequence 
100% 99% 

AB278124.1 
Saccharomyces cerevisiae gene for 18S rRNA, 

partial sequence 
100% 99% 

DQ345280.1 
Saccharomyces sp. WW-W23 18S ribosomal 

RNA gene, partial sequence 
100% 99% 

AY251630.1 

Saccharomyces cerevisiae isolate MA2 18S 

ribosomal RNA gene, and internal transcribed 

spacer 1, complete sequence 

100% 99% 

AY251623.1 

Saccharomyces cerevisiae isolate DO1 18S 

ribosomal RNA gene, and internal transcribed 

spacer 1, complete sequence 

100% 99% 

AY218891.1 
Saccharomyces cerevisiae strain GK3 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

Z73326.1 
S.cerevisiae chromosome XII reading frame 

ORF YLR154c 
100% 99% 

. 
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Table 2.5. Nucleotide Sequences and similarities of WF3  

 

Accession Description 
Query 

coverage 

Max 

identification 

EU011664.1 
Saccharomyces cerevisiae strain NRRL Y-12632 

18S ribosomal RNA gene, partial sequence 
100% 99% 

BR000309.1 

TPA: TPA_inf: Saccharomyces paradoxus 

NRRL Y-17217 genes for 25S rRNA, 5S rRNA, 

18S rRNA, 5.8S rRNA, complete sequence 

100% 99% 

EF153844.1 
Saccharomyces cerevisiae strain FJU-YS4 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

EF175961.1 
Saccharomyces cerevisiae strain KMS0510 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

AB278124.1 
Saccharomyces cerevisiae gene for 18S rRNA, 

partial sequence 
100% 99% 

AB271043.1 
Uncultured bacterium gene for 16S rRNA, 

partial sequence, clone: OTU-23 
100% 99% 

DQ345280.1 
Saccharomyces sp. WW-W23 18S ribosomal 

RNA gene, partial sequence 
100% 99% 

AY046224.1 
Saccharomyces cariocanus 18S ribosomal RNA 

gene, partial sequence 
100% 99% 

AY218891.1 
Saccharomyces cerevisiae strain GK3 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

Z73326.1 
S. cerevisiae chromosome XII reading frame 

ORF YLR154c 
100% 99% 
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Table 2.6. Nucleotide Sequences and similarities of WF4 

Accession Description 
Query 

coverage 

Max 

identification 

EU011664.1 
Saccharomyces cerevisiae strain NRRL Y-12632 

18S ribosomal RNA gene, partial sequence 
100% 100% 

BR000309.1 

TPA: TPA_inf: Saccharomyces paradoxus 

NRRL Y-17217 genes for 25S rRNA, 5S rRNA, 

18S rRNA, 5.8S rRNA, complete sequence 

100% 100% 

EF153844.1 
Saccharomyces cerevisiae strain FJU-YS4 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

EF175961.1 
Saccharomyces cerevisiae strain KMS0510 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

AB278124.1 
Saccharomyces cerevisiae gene for 18S rRNA, 

partial sequence 
100% 100% 

DQ345280.1 
Saccharomyces sp. WW-W23 18S ribosomal 

RNA gene, partial sequence 
100% 100% 

AY218891.1 
Saccharomyces cerevisiae strain GK3 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

Z73326.1 
S. cerevisiae chromosome XII reading frame 

ORF YLR154c 
100% 100% 

X97806.1 S. paradoxus 18S rRNA gene 100% 100% 

X97777.1 S. bayanus 18S rRNA gene 100% 100% 

  

 

 

 

 

 

 

 

 

  



                                                                                                                              Chapter 2 

 

 72 

 

Table 2.7. Nucleotide Sequences and similarities of WF5 

Accession Description 
Query 

coverage 

Max 

identification 

FJ645257.1 
Rhodotorula mucilaginosa 18S ribosomal RNA 

gene, partial sequence 
100% 99% 

EU978454.1 
Rhodotorula mucilaginosa strain gaoyan1wei2 

18S ribosomal RNA gene, partial sequence 
100% 99% 

DQ832199.1 

Rhodotorula mucilaginosa AFTOL-ID 1548 18S 

small subunit ribosomal RNA gene, partial 

sequence 

100% 99% 

AB042787.1 
Rhodotorula mucilaginosa gene for 18S rRNA, 

partial sequence 
100% 99% 

EF218987.1 
Rhodotorula mucilaginosa strain L10-2 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

FJ217818.1 
Rhodotorula glutinis strain HK29-3 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

EU978453.1 
Rhodotorula mucilaginosa strain WC53-2 18S 

ribosomal RNA gene, partial sequence 
100% 99% 

DQ781315.1 
Rhodotorula sp. W500 18S ribosomal RNA gene, 

partial sequence 
100% 99% 

AB073275.1 
Rhodosporidium sphaerocarpum genes for 18S 

rRNA, ITS1, partial sequence, strain:JCM 8202 
100% 99% 

AB021869.1 
Rhodotorula glutinis gene for 18S rRNA, partial 

sequence 
100% 99% 
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Table 2.8. Nucleotide Sequences and similarities of WF6 

 

Accession Description 
Query 

coverage 

Max 

identification 

EU011664.1 
Saccharomyces cerevisiae strain NRRL Y-12632 

18S ribosomal RNA gene, partial sequence 
100% 100% 

BR000309.1 

TPA: TPA_inf: Saccharomyces paradoxus NRRL 

Y-17217 genes for 25S rRNA, 5S rRNA, 18S 

rRNA, 5.8S rRNA, complete sequence 

100% 100% 

EF153844.1 
Saccharomyces cerevisiae strain FJU-YS4 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

EF175961.1 
Saccharomyces cerevisiae strain KMS0510 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

AB278124.1 
Saccharomyces cerevisiae gene for 18S rRNA, 

partial sequence 
100% 100% 

DQ345280.1 
Saccharomyces sp. WW-W23 18S ribosomal RNA 

gene, partial sequence 
100% 100% 

AY218891.1 
Saccharomyces cerevisiae strain GK3 18S 

ribosomal RNA gene, partial sequence 
100% 100% 

Z73326.1 
S. cerevisiae chromosome XII reading frame ORF 

YLR154c 
100% 100% 

X97806.1 S. paradoxus 18S rRNA gene 100% 100% 

X97777.1 S. bayanus 18S rRNA gene 100% 100% 
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Figure 2.4. Neighbour joining phylogenic tree of WF1, WF2, WF3, WF4 and WF6 yeast 

isolated from W. fruticosa  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 WF 1 ISOLATE

 WF 2 ISOLATE

 WF 3 ISOLATE

 WF 4 ISOLATE

 WF 6 ISOLATE 

 EU595876.1 S. cerevisiae isolate Klingelberg 

 EU011664.1 S. cerevisiae NRRL Y-12632    

 BR000309.1 S. paradoxus NRRL Y- 17217  

 EF153844.1 S. cerevisiae FJU-YS4. 

 EF175961.1 S. cerevisiae KMS0510 

 AB278124.1 S. cerevisiae gene for 18s rRNA 

 AY251630.1 S. cerevisiae   isolate MA2

 AY251629.1 S. cerevisiae MA1 

 EF212442.1 S. cerevisiae strain HDW6 

 AY251623.1 S. cerevisiae   isolate DO1

 AY218891.1 S. cerevisiae   isolate GK3  

 X97777.1 S.bayanus 18S rRNA gene 

 X97806.1 S.paradoxus 18S rRNA gene 

 DQ345280.1 Saccharomyces sp. WW-W23

 Z73326.1 S.cerevisiae chromosome XII 

reading frame ORF YLR 154C. 
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Figure 2.5. Neighbour joining by phylogenic tree of WF5 isolated from W. fruticosa 

 

 

 

 

 

 

 

  

 DQ832199.1 Rhodotorula mucilaginosa AFTOL-ID 1548

 DQ781315.1 Rhodotorula sp. W500

 AB042787.1 Rhodotorula mucilaginosa gene 

 AB073275.1 Rhodotorula mucilaginosa gene 

 WF 5 ISOLATE

 FJ645257.1 Rhodotorula mucilaginosa spp.

 EU978454.1 Rhodotorula mucilaginosa strain gaoyan1wei2 

 EU978453.1 Rh. mucilaginosa strain WC53-2

 EF218987.1 Rhodotorula mucilaginosa strain L10-2 

 FJ217818.1 Rhodotorula glutinis strain HK29-3 

 AB021869. Rhodotorula glutinis gene
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2.10.5. Sugar and ethanol tolerance of isolated yeasts in individual and consortium 

mode. 

All the yeast isolates showed high sugar tolerance except WF5 i.e. Rhodotorula 

mucilaginosa (Figure 2.6). Interestingly, consortium of all yeast isolates can easily 

tolerate 50% of sugar and showed very good osmophilic properties. These sugar tolerant 

yeasts, can therefore selectively initiate the fermentation process while restricting growth 

of other unwanted microbes and prevents spoilage of Asava-Arishta. Figure 2.7 

represents the ethanol tolerance of isolated yeasts, WF2 can tolerate 8-10% v/v ethanol, 

which is highest among all the isolates, followed by WF1, which can tolerate 8% v/v 

ethanol significantly. Among all the yeasts WF5 showed poor ethanol tolerance (less than 

4%). The consortium of all the yeast had showed sugar and ethanol tolerance up to 50% 

and 10%, respectively, suggesting favorable interaction among the yeast community in 

the fermentation.         
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Figure 2.6. Sugar tolerance capacity of isolated yeasts in individual and in consortium 

mode 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.7. Ethanol tolerance capacity of isolated yeasts in individual and consortium 

mode 
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2.10.6. The Fatty Acid Methyl Esters (FAMEs) analysis 

The calculated total fat content in yeasts cells are not more than 0.08 g/g of dry cell. We 

have presented the FAME data as a % content of fatty acids present in total fats. In the 

present study, isolated wild yeasts were selected for the FAMEs analysis.  The yeast 

isolates found to produce Palmitic acid, Palmitoleic acid, steric acid, oleic acid, and 

Docosahexaenoic acid as major fatty acids as presented in Table 2.9. Several other fatty 

acids were also produced by these yeasts in minor quantities.  

Table 2.9. Representation of % content of some important fatty acids using gas 

chromatography.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

% Content of  Fatty Acids 
Yeasts isolates 

WF1 WF2 WF3 WF4 WF5 WF6 

Myristic Acid 0.0 0.0 0.0 1.03 0.0 0.0 

Myristoleic Acid 0.0 0.0 0.0 0.0 0.0 0.0 

Palmitic Acid 15.07 0.28 2.25 7.33 2.61 11.46 

Palmitoleic Acid 5.30 0.11 0.91 1.32 0.0 3.63 

Steric Acid 8.60 0.0 1.81 2.63 1.09 6.46 

Oleic Acid 11.22 0.0 1.89 15.51 0.34 8.81 

Linoleic Acid  3.02 0.0 0.61 2.46 0.0 1.70 

γ-Linolenic Acid 0.0 0.0 0.0 0.71 0.0 0.96 

α-Linolenic Acid 0.0 0.0 0.0 0.0 0.0 0.0 

Arachidonic Acid 0.0 0.47 3.75 0.0 3.61 4.43 

Cis-Eicosapentanoic acid 0.0 0.0 0.0 0.0 0.0 5.09 

Nervonic Acid 0.0 0.0 0.0 0.0 0.0 0.0 

Docosahexaenoic acid 0.0 21.67 44.22 69.01 45.32 0.0 
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2.11. Discussion  

Microbial flora present in the nectoriferous region of W. fruticosa flowers was 

successfully isolated to establish pure culture and further characterized. As the principal 

objective of the study, we also have studied their influence on the process of fermentation 

in Asava-Arishta.  

Flower Nectar usually contains more than 50% of sugar, which selectively allows growth 

of sugar-tolerant microbes. This is an important characteristic feature that these yeasts can 

tolerate more than 50% w/v sugar since they have been thriving in the flower nectar, 

which contain as high as 50 to 70% sucrose. It is also highly interesting to note here that 

about 50% jaggery is added to the decoction used for Asava-Arishta fermentation. The 

ancient wisdom must be appreciated here to start the fermentation at such a high sugar 

concentration to avoid growth of contaminating microbes as well as by sourcing the sugar 

tolerant yeast form W. fruticosa flowers. This could be even more respected considering 

the fact that Asava-Arishta formulations were designed in the times when existence of 

micro-organisms was not even discovered. 

As could be expected, geographical location and climatic conditions have great impact on 

population of microbes present in the nectoriferous region of W. fruticosa flowers. After 

discussion with several Asava-Arishta manufacturers, we understood that a microbial 

inoculum variation is the major challenge for commercial production of Asava-Arishta 

formulations. Clearly, microbes greatly influence organoleptic and physico-chemical 

properties of the final product as well as its biological properties.  

We could isolate and identify 6 different species initially on the basis of colony and 

morphological features. Biochemical characteristics as well as 18s rRNA nucleotide 

sequence was employed further to confirm this identification. Initial characterization 
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proved that Saccharomyces spp are dominantly present in the nectoriferous region of W. 

fruticosa flowers. The genera Saccharomyces is known as brewer’s yeast and 

commercially important as alcohol producing yeasts. 

Internal transcribed spacer region of genomes (ITS) refers to the area of non-functional 

RNA situated between structural ribosomal RNAs (rRNA). This polycistronic rRNA 

precursor contains the 5' external transcribed sequence (5' ETS), 18s rRNA, ITS1, 5.8s 

rRNA, ITS2, 28S rRNA and finally the 3' ETS segent. Sequence comparison of the ITS 

region is widely used in taxonomy and molecular phylogeny of organisms because 

several reasons, it is easy to amplify the targeted amplicons even from small quantities of 

DNA due to the high copy number of rRNA genes. Furthermore, the ITS region has low 

selection pressure and the thus become hyper variable being non-functional. The ITS 

region has a high degree of variation even between closely related species.    

Molecular characterization of yeast isolates was therefore carried out with 18s rRNA on 

the basis of sequence similarity and to find out closest related species. For WF1, WF2, 

WF3, WF4 and WF6, 15 species were identified from four genera i.e. Saccharomyces 

spp. identified species with nucleotide sequence is matching are S. cerevisiae isolate 

Klingelberg (EU595876.1), S. cerevisiae NRRL Y-12632 (EU011664.1), S. paradoxus 

NRRL Y- 17217 (BR000309.1), S. cerevisiae FJU-YS4 (EF153844.1), S. cerevisiae 

KMS0510 (EF175961.1), S. cerevisiae gene for 18s rRNA (AB278124.1), S. cerevisiae   

isolate MA2 (AY251630.1), S. cerevisiae MA1 (AY251629.1), S. cerevisiae strain 

HDW6 (EF212442.1), S. cerevisiae   isolate DO1 (AY251623.1), S. cerevisiae   isolate 

GK3 (AY218891.1), S. bayanus 18s rRNA gene (X97777.1), S. paradoxus 18S rRNA 

gene (X97806.1), Saccharomyces sp. WW-W23 (DQ345280.1), S. cerevisiae 

chromosome XII reading frame ORF YLR 154C  (Z73326.1) and for WF5 10 species 
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were identified from two genera i.e. Rhodotorula mucilaginosa and Rhodotorula glutinis. 

The Phylogenic analysis by neighbor joining tree was also constructed using parsimony 

and neighbor joining algorithm. The genus Saccharomyces revealed 100% resemblance to 

WF1, WF2, WF3, WF4 and WF6. WF5 shows 99% identical to both genera of 

Rhoodotorula spp.      

Fatty acid profile has been suggested as a useful tool for yeast classification 

Gangopadhyay et al., (1979) and Viljoen et al., (1986) could distinguish three groups 

based on 1) presence of oleic acid, 2) oleic and linoleic acid or 3) by a significantly higher 

percentage of Palmitoleic acid. Wherein, the group I consist of the species from family 

Saccharomycetaceae by Von Arx et al., (1981). This observation correlates with the fatty 

acid composition of WF1, WF3, WF4 and WF6 with the exception of WF2, which are 

further confirmed to be members of Saccharomyces. 

In conclusion, considering the colony characteristics, morphology of yeast cells, 

biochemical characterization, WF1, WF2, WF3, WF4 and WF6 seems to belong to genera 

Saccharomyces.  However, certain differences could also been noted especially in their 

biochemical characters, indicating these isolates to be different form each other.   Further, 

BLAST search of all the isolates revealed five of them to have 100% sequence identity 

with Saccharomyces cerevisiae. Whereas, WF5 showed 99% sequence identity with 

Rhodotorula mucilaginosa spp. Usefulness of these yeast isolates in Asava-Arishta 

fermentations has been demonstrated further as discussed in next chapter. The isolation of 

these isolates and its utility in Asava-Arishta preparation has proven the fundamental 

principles of Ayurvedic fermentation. Part of this work is published as Bhondave et al., 

(2013).    
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3.1. Ashvagandharishta (Ayurvedic Pharmacopoeia of India 2008, Prabhakar Rao et al., 

2008) 

As stated earlier, Ashvagandharishta is a fermented liquid preparation containing 5-10% 

of self-generated alcohol. The yeast cultures isolated form the W. fruticosa flowers have 

been described in the earlier chapter.  This chapter is dedicated to the detailed discussion 

of the process of perpetration of Ashvagandharishta using these yeasts. The methodology 

followed was strictly as described in Ayurvedic Pharmacopeia of India. All the 

ingredients were exactly in their prescribed proportions to make the pre-fermentation 

Kwath, which was divided in equal parts. In one, W. fruticosa flowers was added and 

another was inoculated by the yeast consortium. These two formulations were compared 

with several physicochemical and analytical parameters, which are presented in this 

chapter. 

3.1.1. Pharmaceutical composition of Ashvagandharishta (Ayurvedic Pharmacopoeia 

of India 2008, Prabhakar Rao et al., 2008)   

Ashvagandharishta composition as per Bhaishjya Ratnavali (Chaudhary et al., 2006) 
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Ashvagandharishta composition as per Ayurvedic Pharmacopoeia of India.  

Kwath dravya: Ashvagandha (Withania somnifera), Musali (Chlorophytum tuberosum), 

Manjishta (Rubia cordifolia), Haritaki (Terminalia chebula), Haridra (Curcuma longa), 

Daruharidra (Berberis aristata), Madhuka (Glycyrrhiza glabra), Rasana (Pluchea 

lanceolata), Vidari (Pueraria tuberosa), Arjuna (Terminalia arjuna), Mustaka (Cyperus 

rotundus), Trivrt (Ipomoea turpethum), Ananta (sveta sariva), Sveta chandana (Santalum 

album), Rakta chandana (Pterocarpus santalinus),Vaca (Acorus calamus), Citraka 

(Plumbago zeylanica). Prakshepa dravya Guda (Jaggery), Dhataki (Woodfordia 

fruticosa), Sunthi (Zingiber officinale), Marica (Piper nigrum), Pippali (Piper longum), 

Tvak (Cinnamomum zeylanicum), Ela (Elettaria cardamomum), Patra (Tejapatra), 

Priyangu (Callicarpa macrophylla) and Nagakesara (Mesua ferrea) 

3.1.2. Preparation protocol as per Ayurvedic Pharmacopoeia of India   

Following is the most accepted protocol for Arishta preparation. Some variations in the 

protocol are also practiced but the main theme is more or less the same.  Authenticated 

herbal raw materials of pharmacopeial quality should be taken. Clean, dry and powder 

Kvatha dravyas individually and pass through the sieve number 44 to obtain coarse 

powder. Clean, dry and powder Prakshepa dravya of the formulation composition 

individually and pass through the sieve number 85 to obtain finer powder. Add specified 

amounts of water to the Kvatha dravya, soak overnight, heat and bring it boil to reduce to 

one eighth of the original volume. Cool and filter through muslin cloth to obtain Kvatha. 

Transfer the filtrate to a clean container; add specified amount of jaggery or honey and 

Woodfordia fruticosa flowers of the formulation composition. Finally, add the powdered 

Prakshepa dravyas and seal the mouth of the container. Shift the container to the 
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fermentation room or to an isolated corner away from direct sun. Frequently check for the 

signs of completion of fermentation process. Filter the fermented material through a clean 

muslin cloth. Pack in air tight containers and allow maturing (Ayurvedic Pharmacopoeia 

of India, 2008). 

3.1.3. Storage of Asava-Arishta  

Prepared Asava-Arishta formulations to be stored in a cool place in tightly closed amber 

coloured bottle, protect from light and moisture. For large volume storage, wooden casks 

are preferred however, use of stainless steel tanks are also common at manufacturing 

units. 

3.1.4. Therapeutic uses  

Pharmaceutical value of Ashvagandharishta is reviewed in details in the next chapter, 

while pharmacological significance of the constituent drugs is given in this chapter.  

According to the Ayurvedic Pharmacopoeia of India, Ashvagandharishta is prescribed for 

following conditions.  

Murccha (syncope), Apasmara (epilepsy), Sosa (cachexia), Unmada (mania/psychosis), 

Karsya (emaciation), Arsa (piles), Agnimandya (digestive impairment), Vataroga 

(neurological disorders).  

3.1.5. Human dose (Ayurvedic Pharmacopoeia of India, 2008) 

About 15–30 ml orally with equal amount of water after meals twice a day 
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3.1.6. Ashvagandharishta: Physico-chemical parameters (Ayurvedic Pharmacopoeia 

of India, 2008)  

Table 3.1. Physico-chemical parameters of Ashvagandharishta as per Ayurvedic 

Pharmacopoeia of India.  

Sr. No Physico-chemical parameters Standard values of Ashvagandharishta 

1. Appearance 
Clear brown liquid without frothing and 
significant sedimentation with aromatic odour 
and astringent taste. 

2. 
pH 3.50 to 4.50, 

3. 
Specific gravity (at 25

o
C) 1.05 to 1.20 

4. 
Total solids Not less than 18.5 per cent w/v, 

5. 
Alcohol content 5-10 percent v/v, 

6. 
Presence of Methanol Absent 

7. 
Reducing sugars Not less than 13 per cent w/v, 

8. 
Non-reducing sugar Not more than 0.70 per cent w/v, 

9. Total Phenolic content 0.104 to 0.260 per cent w/v, equivalent to Tannic 
acid 
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3.2. Review on Pharmacological significance of the constituent drugs used in 

Ashvagandharishta 

Ashvagandharishta is composed of around 28 different herbs and honey or jaggery as 

sugar or a media for fermentation. These herbs are contributing for medicinal potential of 

Ashvagandharishta. At individual level these herbs represents diverse biological 

activities. From Phytochemistry point of view, Ashvagandharishta is an association of 

several different phytocompounds from different herbs, which thought to work in synergy 

and uniquely contributes to immunomodulatory, anti-inflammatory, neuroprotective and 

antioxidant activity. Important individual herbs are summarized for its Ayurvedic 

importance, chemical composition and pharmacological value. 

3.2.1. Ashvagandha (Nadkarni et al., 1976, Umadevi et al., 2012)  

Ashvagandha or Indian winter cherry is considered one of the most important herbs in 

Ayurvedic system of medicine. Ashvagandha is widely recognised for its ability to boost 

the immune system and help to ward off illness and disease.   
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(http://www.frlht.org/rasayana/node/45 and globalherbsandbotanicals.com)    

Botanical name:  Withania somnifera (L.) Dunal.   

Classification: 

Kingdom  Plantae  

Order   Solanales  

Family  Solanaceae 

Genus   Withania  

Species  fruticosa 

Vernacular names: Ashvagandha, Indian ginseng or Winter cherry, Ashwagandha.    

Useful part: Roots and leaves  

Ayurvedic Properties 

Rasa:   Tikta  

Guna:   Laghu  

Veerya:  Usna  

Vipaka:  Madhura  

Dosha:  Pacifies Kapha and Vata doshas 

Chemical composition:  

The whole plant as well as specific parts (roots, stems, leaves) of plant extract and its 

active constituents have been used for the treatment of large number of human ailments. 

The main constituents of ashwagandha are alkaloids and steroidal lactones (Mirjalili et 

al., 2009). Withanine, somniferine, somnine, somniferinine, withananine, pseudo-

withanine tropane, pseudo-tropine, choline, anaferine, anahydrine, isopelletierine are 

chemical constituents present in it (Kaur et al., 2001). The leaves contain a group of 

steroidal lactone, which are commonly called as "Withanolides". Withaferine A has been 

receiving good deal of attention because of its antibiotic and anti-tumor activity. The 
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paste prepared out of its leaves is used for curing inflammation of tubercular glands. 

Fruits and seeds are diuretic in nature.  

Pharmacological values (Mishra et al., 2000, Varma et al., 2011)  

Since Vedic times, Ashvagandha is regarded as wonder herb for its pharmacological 

value, as an antibiotic, adaptogen, abortificient, aphrodisiac, anti-inflammatory, sedative 

and as a nerve tonic. Ashvagandha also has been found to be potent antioxidant, stimulate 

immune system cells such as lymphocytes and phagocytes. Also counteract the effects of 

stress and generally promote wellness. 

Important formulations of Ashvagandha (Ayurvedic Pharmacopoeia of India, 2008)  

Ashvagandha is extensively used in Ayurvedic formulations such as Ashvagandha 

powder, Ashvagandha extract, Ashvagandha ghruta, Ashvagandharishta, Ashvagandha 

rasayana etc.     

Ashvagandha dosage (Monograph of Withania somnifera, 2004) 

The most popular method is to take the Ashwagandha churna (root powder) 3 to 6 g or 

300-500 mg of an extract standardised to contain 1.5% withanolides. Ashwagandha 

extract in tablet form (2-4 tabs. of 250 mg daily).   

Ashwagandha side effects (Kushwaha et al., 2012)  

Excessive doses of ashvagandha have been reported to cause abortions, so pregnant 

women should avoid this herb. Do not take this herb with other sedatives or anti-anxiety 

drugs. Large doses can cause diarrhea, stomach upset and vomiting.  

3.2.2. Safed musali (Desale et al., 2013, Singh et al., 2012)      
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Safed musali is native to parts of Africa and India one of several species known for its 

pharmacological activity. It has historical uses in Ayurveda  

 

 

 

  

 

 

 

 (http://www.naturalaphrodisiacs.net/herbs  and plants/safed-musli-chlorophytum-

 borivilianum)      

Botanical name: Chlorophytum tuberosum (Roxb.) Baker     

Classification:          

Kingdom  Plantae          

Order   Asparagales         

Family  Asparagaceae          

Genus   Chlorophytum          

Species   tuberosum        

Useful part:  Roots, leaves          

Vernacular names:   Safed musali, Kuli, Musali, Dravanti, Kucchela   

Ayurvedic Properties        

Rasa:   Madhura             
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Guna:   Guru, Snigdha         

Veerya:  Sita         

Vipaka:  Madhura          

Dosha:  It alleviates vata and pitta doshas and aggravates the kapha doshas  

Chemical composition (Deore et al., 2010) 

Safed Musli contains carbohydrates (35-45%), fiber (25-35%), alkaloids (15-25%), 

saponins (2-20%), and proteins (5-10%). It is a rich source of over 25 alkaloids, vitamins, 

proteins, carbohydrates, steroids, saponins, potassium, phenol, resins, mucilage, and 

polysaccharides and also contains high quantity of simple sugars, mainly sucrose, 

glucose, fructose, galactose, mannose and xylose.  

Pharmacological values  

Roots and leaves are used in the treatment of diabetes and known to boosts the general 

immune system. It is increasingly being used as a health tonic (Khanam et al., 2013). 

Safed musali traditionally used for its aphrodisiac activity, in male impotency or in 

oligospermia. It is also widely used as a general health promotive agent and for delaying 

ageing process. Some of the proven pharmacological activities are immunomodulatory, 

anthelmintic, antiulcer, anti-stress, anti-cancer, anti-microbial and also have larvicidal 

activity (Singh et al., 2012).   

Important formulations of Musali 

Safed musali power, Safed musali tablets, Safed musali capsules and also used in 

common.  

Dosage (Singh et al., 2012) 
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The appropriate dose of Safed musali depends on several factors such as the user’s age, 

health, and digestive conditions.   

3.2.3. Manjishta (Lavekar et al., 2008) 

Rubia cordifolia L. is a climbing or scrambling herb, with red rhizomatous base and 

roots. It is an essential raw drug for the traditional herbal formulations such as 

Ashvagandharishta, Jaatyaadi ghrita, Madhookasavam, Majishthaadi taila, Useerasavam 

etc. 

 

 (bibliotheque.bordeaux.fr and envis.frlht.org)   

  Botanical name: Rubia cordifolia (L.)      

Classification:          

Kingdom  Plantae          

Order   Gentianales          

Family  Rubiaceae          

Genus   Rubia          
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Species  cordifolia        

Useful part:  Roots.           

Vernacular names: Manjishta, Mantha, Tamaralli, Manditti    

Ayurvedic Properties        

Rasa:   Tikta, Kashaya       

Guna:   Guru, Ruksha          

Veerya:  Usna        

Vipaka:  Katu         

Dosha:  Kapha-Pitta Shamaka  

Chemical composition (Akhtar et al., 2006, Deshkar et al., 2008)  

Characteristic chemical constituents of the rootstock of this plant are anthraquinone and 

cyclic peptides. Main anthraquinone constituents are munjistin, purpurin, and 

pseudopurpurin. Newly reported anthraquinones namely 1-hydroxy-2, 7-

dimethylanthraquinone, 2-hydroxy-6-methylanthraquinone, 2,6-dihydroxyanthraquinone, 

1-hydroxy-2-methylanthraquinone, nordamnacanthal, physcion, 1,4-dihydroxy-6-methyl-

anthraquinone,1,4-dihydroxy-2-methylanthraquinone,1,5-dihydroxy-2-thylanthraquinone, 

3-prenylmethoxy 1,4-naphthoquinone, 1-hydroxy-2-methoxy anthraquinone, 1,4-

dihydroxy 2-methyl-5-methoxy anthraquinone or 1,4-dihydroxy 2-methyl 8-methoxy 

anthraquinone, 1,3-dimethoxy 2-carboxy anthraquinone and rubiadin have been isolated 

from Rubia cordifolia roots. Three new anthracene derivatives, rubiasins A–C, were 

isolated from the combined roots and stems of Rubia cordifolia 

Pharmacological values (Bhat et al., 2013)   

Powdered dried roots and fruits are taken internally for the treatment of skin diseases and 

disorders of spleen. It is used for the treatment of major burns, ulcers and bone fractures. 
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It is considered tonic, antitussive, and useful in chronic low fevers. The roots are used 

internally in the treatment of abnormal uterine bleeding, internal and external 

hemorrhage, bronchitis, rheumatism, kidney stones, bladder and gall stones, dysentery 

etc. The plant is used in the treatment of blood disorders. The roots are anodyne, 

antiphlogistic, astringent, diuretic, expectorant, styptic and vulnerary. 

Important formulations of Manjishta (Sharma et al., 2012) 

Manjishta is found in many traditional Ayurvedic formulations such as Arishta, 

Chandanasava, Jatyadi ghrut, Kvatha Curna, Manjishtadi taila, Phala Ghrit and Pinda 

taila.  

Dosage 

About 1-3 g of powder, 56-112 ml decoction one to three times a day or as directed.   

3.2.4. Haritaki (The Ayurvedic Pharmacopoeia of India, 2002) 

The chebulic myrobalan is of great importance in Ayurvedic medicine. It is known as 

haritaki in Sanskrit because it is sacred to Shiva (hara). It is an important ingredient of 

Triphala, a rasayana, which also contains Terminalia belerica and Phyllanthus emblica.  
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(shardanagarflora.com and health5049.rssing.com)  

Botanical name: Terminalia chebula Retz.      

Classification:          

Kingdom  Plantae          

Order   Myrtales         

Family  Combretaceae          

Genus   Terminalia          

Species  chebula         

Useful part:  Fruits, Leaves and Bark          

Vernacular names:  Yellow Myrobalan, Haritaki, Hirada Kadukkai    

Ayurvedic Properties        

Rasa:   All but salty, mainly astringent, bitter, hot, sweet.     

Guna:   Light, dry        

Veerya:  Usna          

Vipaka:  Sweet          

Dosha:  Pacifies tridosha (Vata, Pitta, Kapha)  

Chemical composition (Yadav et al., 2011, Gupta et al., 2012)  

Researchers have isolated a number of glycosides from Haritaki, including the 

triterpenes arjunglucoside I, arjungenin, and the chebulosides I and II. Other constituents 

include a coumarin conjugated with gallic acids called chebulin, as well as other phenolic 

compounds including ellagic acid, 2,4-chebulyl-β-D-glucopyranose, chebulinic 

acid, gallic acid, ethyl gallate, punicalagin, terflavin A, terchebin, luteolin, and tannic 

acid. Chebulic acid is a phenolic acid compound isolated from the ripe fruits. Luteic 
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acid can be isolated from the bark. T. chebula also contains terflavin B, a type of tannin 

while chebulinic acid is found in the fruits.   

Pharmacological Value (Yadav et al., 2011, Gupta et al., 2012)  

Haritaki is a rejuvenative, laxative (unripe), astringent (ripe), anthelmintic, nervine, 

expectorant, tonic, carminative, and appetite stimulant. It is used in people who 

have leprosy (including skin disorders), anaemia, narcosis, piles, chronic, 

intermittent fever, heart disease, diarrhoea, anorexia, cough and excessive secretion of 

mucus, and a range of other complaints and symptoms. Haritaki is used to mitigate Vata 

and eliminate ama (toxins), indicated by constipation, a thick greyish tongue coating, 

abdominal pain and distension, foul faeces and breath, flatulence, weakness, and a slow 

pulse. The fresh fruit is dried and the powdered, made into a paste and taken with jaggery 

is mala shodhana, removing impurities and wastes from the body. Haritaki is an effective 

mild purgative when taken as a powder, but when the whole dried fruit is boiled the 

resulting decoction is grahi, useful in the treatment of diarrhea and dysentery. The fresh or 

reconstituted fruit taken before meals stimulates digestion, whereas if taken with meals it 

increases intelligence, nourishes the senses and purifies the digestive and genitourinary 

tract. Taken after meals Haritaki treats diseases caused by the aggravation of Vayu, Pitta 

and Kapha as a result of unwholesome food and drinks. Haritaki is a rasayana to Vata, 

increasing awareness, and has a nourishing, restorative effect on the central nervous 

system. Haritaki improves digestion, promotes absorption of nutrients, and regulates 

colon function. Some pharmacological activities are antioxidant and free radical 

scavenging activity, anti-mutagenic, radioprotective activity. Also shows hepatoprotective 

potential, cardioprotective cytoprotective, anti-bacterial, anti-diabetic, anti-protozoal 
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activity effect also shown by haritaki. Haritaki has a demonstrated strong anti-

inflammatory and anti-arthritic activity.  

Important formulations of Haritaki (The Ayurvedic Pharmacopoeia of India, 2008, 

The Ayurvedic Pharmacopoeia of India, 2002) 

Harikati is used in many Ayurvedic formulations such as Dashmula Haritaki, Gomutra 

Haritaki, Triphala churna, Triphala guggule. Also Haritaki used in different Asava-

Arishta and Ghrut.  

Dosage 

 For Adults1 g to 1.25 g once daily or divided equally into 2 doses after food even 

recommended in pregnancy.  

3.2.5. Haridra (Turmeric) (The Ayurvedic Pharmacopoeia of India, 2002)   

Turmeric is a very popular herb in Ayurveda and in Indian cooking due to its multitude of 

health benefits.   



Chapter 3  

 

 

 100 

 

 (www.nhsjs.com and www.indiamart.com)    

Botanical name:  Curcuma longa (L.)      

Classification:          

Kingdom  Plantae          

Order   Zingiberales          

Family  Zingiberaceae          

Genus   Curcuma          

Species  longa         

Useful part:  Rhizomes (tuber)        

Vernacular names:  Haridra, Haldi.     

Ayurvedic Properties       

Rasa:   Katu and Tikta     

Guna:   Laghu and Ruksha        

Veerya:  Usna       

Vipaka:  Katu          

Dosha:  Tridoshic at normal dosages.  

Chemical composition (Aggarwal et al., 2007)  

Turmeric has hundreds of molecular constituents, each with a variety of biological 

activities. For instance, there are at least 20 molecules that are anti-biotic, 14 that are 

known cancer preventatives, 12 are anti-tumor, 12 are anti-inflammatory and there are at 

least 10 different potent anti-oxidants. The list goes on and on with addition of more 

research and evidences. Turmeric is a veritable pharmacy in its own right, with literally 

hundreds of molecules and activities on its shelves. This is also the testimony to the use 

of whole herbs and not just isolated molecules. And speaking of molecules, by far the 
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most of research in Turmeric spins around three gold-coloured alkaloids Curcuminoids: 

Curcumin, Demethoxy-curcumin, and Bisdemethoxy-curcumin. Most of the research 

done is with a 95% Curcuminoid extract of Turmeric, though in its raw state Turmeric 

contain only 3-5% Curcuminoids. The rhizome is 70% carbohydrates, 7% protein, 4% 

minerals, and at least 4% essential oils. It also has vitamins, other alkaloids, and is about 

1% resin. 

Pharmacological value (Gargevi et al., 2011)  

Indigestion, flatulence, poor circulation, cough, amenorrhea, pharyngitis toothache, chest 

pain, blood urine, hemorrhage, skin disorders, diabetes, arthritis, anemia, wounds, 

bruises, to strengthen the stomach and promote its action, and also as a tonic and blood 

purifier. Turmeric Poultices is often applied locally to relieve inflammation and pain. 

Turmeric acts on the imbalanced processes of digestion, metabolism and nutrition and 

restores the normal function of the gastro-intestinal system. It is also considered to have 

excellent natural antibiotic and antibacterial actions. It not only purifies the blood (Rakta 

dhatu shuddhi), but also warms it and stimulates formation of new blood cells (Rakta 

dhatu vardhaka). 

Important Ayurvedic formulations of turmeric  

Turmeric is widely used in different Ayurvedic or herbal preparations such as Asava-

Arishta, Eladya Modaka, Ghrita (Tiktaka Ghrit). 

Dose (The Ayurvedic Pharmacopoeia of India, 2000)  

1-3 g of drug in powder form 
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3.2.6. Woodfordia fruticosa  

Detailed review of W. fruticosa and its Pharmacognostic and Pharmaceutical information 

is given in Chapter 2.1.    

3.2.7. Jaggery (Jagannadha Rao et al., 2007) 

 

 

 

 

 

 

 

 

 (www.trekearth.com and www.organicfacts.net)   

The scientific or technical definition of jaggery is an amorphous form of unrefined and 

non-distilled sugar prepared from the sap or the juice of plants that contains a 

considerable amount of sucrose or sugar. This includes things like sugar cane and certain 

palms like date palm and Palmyra. Sometimes, it is also called country sugar, since it is 

prepared in rural households of certain countries. It is also called molasses due to its 

semi-solid state. Jaggery is extensively used in different Indian cuisine and in various 

Ayurvedic medicines. It is a good substitute for sugar. Not only that, it comes with a 

bunch of its own unique health benefits. Jaggery forms the backbone of Asavas and 

Arishtas, fermented liquid Ayurvedic medicines.    
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Ayurveda explains two types of jaggery i.e.    

1. Dhauta-washed/semi-refined     

2. Adhauta-unrefined/unwashed    

Common names of jaggery  

Guda, Gud, Gula and gulam in Ayurveda.  

Important Ayurvedic formulation of jaggery.  

Jaggery widely used in Asava-Arishta. In the preparation of Syrups. Example: Raktansoo 

syrup. Used in herbal jams. Example: Kalyanka Guda and Shatawari Gulam. Jaggery 

based tablets, for example: Pranada Gutika and Vyoshadi Vatakam. Herbal decoctions 

(Kashayam), example: Pathyaksha Dhatryadi kashayam. Guda Varti: Guda varti is 

ancient equivalent to modern rectal suppositories. 

Chemical composition of jaggery (Harish Nayaka et al., 2009) 

The jaggery contains approximately 60-85% sucrose, 5-15% glucose and fructose. Along 

with 0.4% of protein, 0.1 g of fat and 0.6 to 1.0 g of minerals (8 mg of calcium, 4 mg of 

phosphorus, and 11.4 mg of iron). It is also found to contain traces of vitamins and amino 

acids. 100 g of jaggery gives 383 kcal of energy. In Ayurveda, jaggery is considered as 

the best base material for the preparation of medicines. In contrast, the white crystal sugar 

contains only sucrose to the tune of 99.5% without any minerals and regarded as white or 

sweet poison.  

Benefits of Jaggery  

• The conventional process of making jaggery does not involve any chemical agents 

will have all natural mineral and salts retained in it. 



Chapter 3  

 

 

 104 

 

• Cleansing Agent: Jaggery is one of the best natural cleansing agents for our body, 

which effectively cleans the respiratory tracts and digestive system.  

• Better Digestion: Jaggery improves digestion. Jaggery activates various digestive 

enzymes and itself gets converted to acetic acid, thus speeding up digestion. 

• Jaggery is complex than sugar as it is made up of longer chains of sucrose.     

• It is digested slower than sugar releasing slow energy.  

• Unlike empty calories in sugar, jaggery is source of Fe, Ca, K and Phosphorus.  

• Mineral Source: It is considered as a nutrients storehouse. It has minerals like 

iron, magnesium, phosphorus, potassium, etc. Jaggery is a rich source of many 

vital minerals that are required by the body for normal growth and functioning. 

• Jaggery is used since many decades as medicine to treat dry cough, cold and 

asthma. 

• Jaggery helps in treating conditions like indigestion and constipation. 

• Jaggery helps in promoting relaxation of muscles, nerves and blood vessels, thus 

enhancing their functions. 

• Jaggery is also a good source of magnesium, which is beneficial for the muscles, 

nerves and blood vessels and also helps relieve fatigue. 

• Jaggery helps to relieve the most uncomfortable and painful headaches, Migranes. 

• Jaggery is a rich source of iron and is therefore, very good for anaemic patients, as 

it increases the haemoglobin level in the blood.  It helps regulate menstruation.  

• Jaggery has strong antioxidant properties and protects our body cells from the 

damage caused by free radicals due to oxidative stress. 

• Jaggery has the ability to purify blood and helps in regulating liver function. 
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• A mixture of jaggery and dry ginger powder (Suthi) taken with warm water can 

stop hiccups. 

• Jaggery helps in maintaining blood pressure and also helps the body to flush all 

the toxins. 

• Jaggery is loaded with many essential nutrients such as vitamins and minerals that 

play a key role in many metabolic processes. 

• Jaggery has potassium that helps in reducing bloating and water retention. 

3.3. Literature Review   

3.3.1. Pharmaceutical and Phytochemical Review of Ashvagandharishta  

Ayurvedic Pharmacopoeia of India, 2008 has described the details about 

Ashvagandharishta. Specifics composition, method of preparation, description, physico-

chemical parameters, TLC for identification, storage, therapeutic uses and dose were well 

mentioned. 

In Ayurvedic Pharmacopoeia of India (2008) describes the methodology for the 

chromatographic identification of phytocompounds from Ashvagandharishta. Method 

describes as follow, Measure (50 ml) and lyophilises the formulation under vacuum to 

remove alcohol and reconstitute to 50 ml by adding distilled water. The resulting solution 

is partitioned successively with n-hexane (50 ml x 3) and chloroform (50 ml x 3). Filter 

and concentrate the chloroform extract under vacuum and weigh. Dissolve 20 mg of 

residue in 1 ml of chloroform and carry out the thin layer chromatography. Apply 

separately 10 µl of solution prepared as above and 5 µl of standard solution prepared by 

dissolving 1 mg of withanolide D in 1 ml of methanol, on TLC silica plate and develop 

the plate to a distance of 8 cm using toluene: ethyl acetate : acetic acid (5 : 4 : 1) as 
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mobile phase. After development, allow the plate to dry in air and spray with 

anisaldehyde-sulphuric acid reagent followed by heating at 1050 for about 10 minutes and 

examine under ultra violet light (366 nm). It shows major spots at Rf 0.27 (dark purple), 

0.44 (purple) corresponding to withanolide D, 0.61 (light grey), and 0.70 (dark brown). 

Kushwaha et al., (2011) has prepared Ashvagandharishta, using Musali, Yashtimadhuka 

Vidari, Shatavari, Brahmi, Shankhapushpi, Daruharidra, Arjuna, Sarkara, Dhataki, 

Sunthi, Pippali, Nagkeshara and curcuma. They have used sugar (cane sugar), jaggery and 

honey for the preparation of formulation and also suggested that either of it can be used in 

pure form, jaggery should be very old. The earthen pot or jar intended for fermenting the 

medicine is tested for weak spot and cracks and similarly a perfect lid is chosen. 

However, prepared subjected to physiochemical, phytochemical and chromatographic 

analysis. Parameters such as pH, specific gravity, total ash value, Acid insoluble ash, 

water soluble ash sulphated ash and moister content were determined. Present study has 

standardized by HPTLC, HPLC and pharmacokinetic profiling methods by using 

markers. Kushwaha et al., (2011) Ashvagandharishta was extracted with methanol and 

subjected to TLC using Benzene: Ethyl acetate (9:1 v/v) with iodine vapours as detecting 

agent. Blackish-brown spot was found with Rf 0.8. Kushwaha et al., (2011) aimed to 

understand the benefits of Asava-Arishta and need to sterilise them. They also 

commented that in current scenario there is great importance of Asava-Arishta as these 

products can undergo transformation during maturation, which help to enhance 

therapeutic activity. 

Tiwari et al., (2011) prepared two different Ashvagandharishta formulations to compare 

its diuretic activity in experimental rats. Traditional formulation was prepared using the 
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procedure mentioned in Ayurvedic Pharmacopoeia of India, 2008. Ashvagandharishta 

using modern methodology have similar method of preparation, only W. fruticosa flowers 

were replaced with Yeast for inducing fermentation, Yeast source is not mentioned in 

their research article.  

Singh et al., (2013) has estimated naturally produced water soluble vitamins in different 

Asava-Arishtas such as Drakshasava, Ashokarishta, Dhashmulrishta, Khadirarishta, 

Lauhasava, Arjunarishta and Ashvagandharishta. This study revealed that these 

preparations contain water soluble Vitamins B1, B2, B3 and B6 in significant 

concentrations.   Singh et al., 2013 has used water, methanol and acetic acid in the ratio of 

73:26.5:0.5 with 1.92 pentane sulphonic acid and 0.9 ml triethylamine were used in the 

study. Ashvagandharishta contains very less amount of Vitamin B1 and highest amount of 

Vitamin B2. Presence of these water soluble vitamins in different concentrations justifies 

the claimed benefits of these Ayurvedic preparations.  

Jirage et al., (2010) have standardised commercial formulations and extracts, which 

contain Ashvagandha as a main constituent. Extract and formulations such as Momordica 

charantia Linn extract, Ashvagandha vati, Ashvagandha churna, Ashvagandha capsule, 

Ashvagandha tablet and Ashvagandharishta were analysed for determination of β-

sitosterol-D-glucoside. The mobile phase consisted of toluene: ethyl acetate: formic acid 

(5:5:0.5 v/v/v) were optimised and validated for the determination of β-sitosterol-D-

glucoside in above mentioned formulations. All Ashvagandha formulations contain 

measurable amount of β-sitosterol-D-glucoside. Jirage et al., (2010) also suggested 

usefulness of this method to estimate β-sitosterol-D-glucoside in different Ayurvedic or 

Herbals formulations.  
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Tiwari et al., (2012) developed and validated new HPTLC method for quantification of 

gallic acid and ellagic acid in Ashvagandharishta. Two different Ashvagandharishta were 

prepared using traditional method and modern methodology and also compared with 

marketed Ashvagandharishta. Traditionally Ashvagandharishta was prepared using 

method given in Ayurvedic Pharmacopoeia of India and Ashvagandharishta with their 

methodology was prepared by replacing the W. fruticosa flowers by commercially 

available Yeast. The developed HPTLC method was validated in terms of precision, 

accuracy, LOD, LOQ and specificity. The amount of gallic acid in Ashwagandharishta- 

T, M and its marketed formulation was found to be 0.0281, 0.0279 and 0.0280 % w/w, 

respectively, while ellagic acid was found to be 0.0191, 0.0189 and 0.0188 % w/w, 

respectively. This is the first report for quantification of gallic acid and ellagic acid from 

Ashvagandharishta. 

Tiwari et al., (2012) developed a simple, precise and accurate HPTLC method for the 

determination of quercetin and rutin in Ashwagandharishta-T and Ashwagandharishta-M 

prepared by traditional and modern methods, respectively and also in its marketed 

formulations. The amount of quercetin in Ashwagandharishta-T, M and its marketed 

formulation was found to be 0.0021, 0.00192 and 0.00197 % w/w, respectively, while 

rutin was found to be 0.00469, 0.00441 and 0.00464 % w/w, respectively. The developed 

HPTLC method was validated in terms of precision, accuracy, LOD, LOQ and 

specificity. This was the first HPTLC report, which claimed, quantification of quercetin 

and rutin in Ashvagandharishta. 

Manwar et al., (2012) developed HPLC method using DAD and ELSD detector, which 

was developed for simultaneous determination of Withaferine A and Withanolide A from 
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the roots and its formulations such as Ashvagandharishta. Ashvagandharishta formulation 

was simultaneously by extracted with chloroform and ethyl acetate after drying these 

extracts were combined and again reconstituted with methanol. Retention time for 

Withaferin A (3.74, 3.84 min) and withanolide A (4.51, 4.60 min) with DAD and ELSD 

detector, respectively. Finally Manwar et al., (2012) concluded that their HPLC method is 

suitable for the determination of withaferin A and withanolide A from roots and herbal 

formulations of Ashvagandha (Withania somnifera). 

Ashvagandha (W. somnifera) is one of the most important herbs that have long been 

considered as an excellent rejuvenator and immunomodulatory agent (Sharma et al., 

1999, Chatterjee et al., 1995, Bone et al., 1996). Several formulations are prepared using 

Ashvagandha. It is also scientifically proven that Ashvagandha extract has strong 

antioxidant and anti-inflammatory effect attributed mainly to the biologically active 

compounds such as alkaloids (ashwagandhin, cuscohygrine anahygrine and tropine) and 

steroids (β-sitosterol-D-glucoside, withaferin A, withasomniferin-A, withasomidienone, 

withasomniferols A-C and withanone) (Rastogi et al., 1998, Abraham et al., 1975, Ali et 

al., 1997). In the present work, simple, precise and rapid HPTLC method for 

simultaneous estimation of β-sitosterol-D-glucoside, gallic acid, withaferin A and 

withanolide A from Ashvagandharishta has been described. Previously, different methods 

have been reported for HPTLC analysis for individual estimation of β-sitosterol-D-

glucoside, gallic acid, withaferin A and withanolide A. To the best of our knowledge this 

is the first report on a method for concurrent analysis and estimation of these marker 

compounds. 
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3.4. Phytocompound Profile 

3.4.1. β-Sitosterol-D-Glucoside  

 

 

 

 

 

 

Chemical name  5, 20 alpha-Dihydroxy-6 alpha, 7 alpha-epox-1-oxowitha-2, 24    

CAS Number  32911-62-9 

Molecular formula  C28H38O6  

Molecular Weight  470.602 

Appearance   White to Off-white solid   

Solubility   Soluble in methanol and ethanol  

Melting point  305-308oC 

Category   Anti-convulsive, Anti-inflammatory, Antioxidant and Anti-tumor  

Storage   Sample should be kept at -20oC   
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3.4.2. Gallic acid          

  

 

 

 

 

 

 

Chemical name  3,4,5 Trihydroxybenzoic acid  

CAS Number  149-91-7 

Molecular formula  C7H6O5  

Molecular Weight  170.12 

Appearance   White powder  

Solubility   Soluble in methanol and ethanol  

Melting point  251oC 

Category   Antioxidant, Anti-inflammatory, Antifungal  

Storage   Sample should be kept at room temperature   
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3.4.4. Withanolide-A 

 

 

 

 

 

 

Chemical name  5, 20 alpha-Dihydroxy-6 alpha, 7 alpha-epox-1-oxowitha-2, 24  

   dienolide    

CAS Number  32911-62-9 

Molecular formula  C28H38O6  

Molecular Weight  470.602 

Appearance   White to Off-white solid   

Solubility   Soluble in methanol and ethanol  

Melting point  305-308oC 

Category   Anti-convulsive, Anti-inflammatory, Antioxidant and Anti-tumor  

Storage   Sample should be kept at -20oC   

  



Chapter 3  

 

 

 113 

 

3.4.4. Withaferin-A  

 

 

 

 

 

 

 

Chemical name  4b, 27-dihydroxy1-oxo-5b, 6b-epoxywith-2,24-dienolide  

CAS Number  5119-48-2 

Molecular formula  C28H38O6  

Molecular Weight  470.60 

Appearance   White prisms   

Solubility   Soluble in methanol, ethanol and dimethylsulfoxide   

Melting point  252-253oC 

Category   Anti-convulsive, Anti-inflammatory, Antioxidant and Anti-tumor  

Storage   Sample should be kept at -20oC   
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3.5. Reported methods for chromatographic analysis of β-sitosterol-D-glucoside, 

Gallic acid, Withaferin-A and Withanolide-A. 

Sharma et al., (2007) has developed, A simple, rapid and sensitive HPTLC method for 

estimation of Withaferin-A and Withanolide-A in different part of W. somnifera plants 

using toluene: ethyl acetate: formic acid (5:5:0.1 v/v/v) mobile phase. Quantitative 

evaluation of the plate was performed in the absorption reflection mode at 530 nm. This 

method was validated for precision, repeatability, accuracy and with excellent 

reproducibility. Sharma et al., (2007) finally concluded that novel method can be useful 

for routine analysis as well as for quality control of raw materials and herbal 

formulations. 

Gallic acid and ellagic acid are two widely occurring phenolic compounds of plant origin, 

to which many biological activities including anticancer and antiviral activity have been 

attributed. A simple, rapid and sensitive HPTLC method was developed by Baqul et al., 

(2005) for simultaneous estimation of gallic acid and ellagic acid and in different herbal 

raw materials using toluene: ethyl acetate: formic acid: methanol (3:3:0.8:0.5 v/v/v/v) 

mobile phase. Detection and quantification was performed at 280 nm. 

Nayak et al., (2009) has developed a densitometric HPTLC method for analysis of 

withaferin-A in Withania somnifera. The analyte was extracted with methanol. 

Withaferin-A standard and sample was spotted by use of a sample applicator. The plates 

were developed with toluene: ethyl acetate: formic acid 5:5:1 as mobile phase. 

Quantitative evaluation was performed by measuring the absorbance of the analyte zones 

at 200 nm in reflectance mode.    
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Jirage et al., (2011) developed a new simple, precise, rapid and selective high‐

performance thin‐layer chromatographic (HPTLC) method for the simultaneous 

determination of Withaferin-A and β‐sitosterol‐D‐glucoside in Ayurvedic formulations 

containing Ashwagandha. The mobile phase consisted of Chloroform: Methanol (8:2 v/v) 

and densitometric scanning was performed with Camag TLC scanner III in the reflectance 

absorption mode at 207 nm and operated by WINCAT software (1.3.0 Camag). The 

retention factors of withaferin A and beta‐sitosterol‐D‐glucoside were 0.59 and 0.21, 

respectively. Linearity was obtained in the range of 5‐50 µg/ml‐1 for beta sitosterol‐ D‐

glucoside and 0.5‐5 µg ml‐1 for withaferin-A. The developed and validated method was 

employed for standardization of four Ayurvedic formulations for their content of the two 

markers. This developed and validated method can be used for the determination of batch 

to batch variation and routine analysis of different herbal formulations containing 

Ashvagandha.     

Dighe et al., (2011) developed simple, sensitive HPTLC method for quantitation of β-

sitosterol from herbal mixture using toluene: ethyl acetate: glacial acetic acid (6:1.5:0.1 

v/v/v) as the mobile phase. Plates were scanned densitometrically in the reflectance-

absorbance mode at 580 nm. The method was also validated for linearity, precision, limit 

of detection (LOD), limit of quantitation (LOQ), and accuracy. This method was found to 

be accurate to evaluate percent recovery of β-sitosterol at three different levels and it was 

found to be 98.52. This method can also be useful for the different plants and herbal 

formulations. 

Shinde et al., (2011) developed and validated a simple, rapid, precise and accurate 

HPTLC method for simultaneous method for determination of withanolide A and 
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bacoside A in combined dosage form. The mobile phase used was mixture of ethyl 

acetate: methanol: toluene: water (4:1:1:0.5 v/v/v/v). The detection of spots was carried 

out at 320 nm using absorbance reflectance mode. The method was validated in terms of 

linearity, accuracy, precision and specificity. The calibration curve was found to be linear 

between 200 to 800 ng/spot for withanolide A. As per Shinde et al., (2011) purpose of 

this method was achieved and it can be useful to determine withanolide A in marketed 

herbal formulations.   

Mohan Kumar et al., (2013) have estimated and validated gallic acid content in 

polyherbal formulation by HPTLC analysis, which is claimed to be cost efficient. The 

developed mobile phase was Toluene: Methanol: Ethyl acetate: Formic acid 30:5:55:10 

(v/v/v/v). The plates were scanned at 280 nm using CAMAG densitometer with 

WINCAT software. Mohan Kumar et al., (2013) also concluded that their method for 

estimation of gallic acid was accurate, linear, rugged, simple and rapid than the reported 

methods and, therefore can be used for routine quality-control analysis and quantitative 

determination of gallic acid in formulations. 

Patil et al., (2012) has developed, A novel, simple and rapid HPTLC method and 

developed method was developed for gallic acid estimation from Triphala churna extract.  

The mobile phase was Ethyl acetate: Methanol: Formic acid 8:2:1 (v/v/v). The plates 

were scanned at 280 nm using CAMAG densitometer with WINCAT software. This 

method can be useful in the estimation of gallic acid in different herbal extract, herbal 

formulations and in Ayurvedic formulations.  
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Standardization of Ayurvedic formulations: Need of the hour 

Ayurveda is best known for the poly-herbal formulations. Poly-herbalism in Ayurveda is 

of a peculiar view, although it is challenging to explain it in terms of modern parameters 

(Yadav et al., 2008, Klein et al., 2013). Ayurvedic literature vouches for the phenomenon 

of synergism behind polyherbal formulations and admired for its clinical prophesies 

(Wagner et al., 2009).  

However, the concerns linked with quality of the formulations have become an important 

issue, considering the increasing demand and large scale production of formulations 

(Mosihuzzaman et al., 2008). It is also a pressing need to abide by modern standards of 

evaluation using rapid, economic and reliable methods of evaluation (Patwardhan et al., 

2003, Fabricant et al., 2001). It is therefore important to quantify number of markers in 

such herbal formulations through which the quality of the formulation may be assessed. 

The key challenge in integrating Ayurvedic medicines with the current clinical practice is 

lack of validated scientific data and better understanding of efficacy and safety of the 

herbal formulations. The need of the hour is to evolve a systematic approach and to 

develop well-designed methodologies for standardization of raw material as well as the 

final products (Vaidya et al., 2003, Marcus et al., 2002). As reviewed earlier, several 

workers have developed methods to assess specific markers form formulations containing 

Ashvagandha.  Many have even attempted to achieve multiplexing by developing single 

method for assessing multiple compounds. However, are there is no method developed to 

simultaneously estimate β‐sitosterol‐D‐glucoside, gallic acid, withaferin A and 

withanolide A. It is therefore thought useful to develop our own method useful for 

standardization of Ashwagandharishta formulation.   
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3.6. Material and Methods 

3.6.1. Materials 

The plant material used for preparation of Ashwagandharishta was as per the Ayurvedic 

Pharmacopoeia of India. The materials were procured from Green pharmacy, Pune, India. 

All the herbal material was authenticated in the Department of Dravya Guna Vigyan, 

College of Ayurved, Bharati Vidyapeeth Deemed University, Pune, India. Withaferin A, 

Withanolide A and β-sitosterol D-glucoside was purchased from Natural Remedies Ltd. 

Bangalore, India. Gallic acid was purchased from Siga Chemicals Co. Mumbai.  

3.6.2. Preparation of yeast inoculum.  

Jaggery solution was prepared as a media for inoculation, adding 12 g of jaggery in 100 

ml of distilled water this gives 12o Brix of jaggery solution. Prepare 12o Brix solution of 

jaggery then sterilized by autoclaving at 121oC for 20 min. After cooling aseptically 

inoculate 100 µl each of all isolated yeasts i.e. (WF1, WF2, WF3, WF4, WF5 and WF6). 

The flask was incubated at 30o ± 0.5oC with 110 rpm for 48 hrs. After 48 hr, Arishta 

formulations were inoculated with 5% v/v of yeasts consortium to initiate fermentation 

process in Arishta formulations.   

3.6.3. Preparation of Ashvagandharishta using (W. fruticosa and consortim of 

isolated yeasts) 

All the raw material required for Ashvagandharishta for 10 L as given in Table 3.2, were 

properly weighed, cleaned and grouped according to Kvatha dravya and Prakshepa 

dravya. All the grouped material was powdered as mentioned in Ayurvedic 

Pharmacopoeia of India. Distilled water 160 L was added to Kvatha dravya to soak 
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overnight and heated to boil on gas burner until the final volume was reduced to one 

eighth of its original volume. Allowed to cool, and was filtered through muslin cloth. The 

Kvath thus prepared was then transferred to clean and dry container, 23.5 Kg of jaggery 

was added and stirred till all jaggery was dissolved, before transferring to fermentation 

vessel, fine powder of Prakshepa dravya was added. The Kvath thus prepared was 

divided in two equal volumes (10 L each) and transferred to plastic container of 15 L 

capacity. One container received W. fruticosa flowers and another container was 

inoculated with 5% yeast consortium. The containers were shifted to dark room for 

maintaining its temperature conditions. The container was loosely capped for breathing. 

Fermentation process was frequently monitored for the signs of completion of 

fermentation process. Formulation prepared using W. fruticosa flowers is referred to as 

“Ashvagandharishta-A” and 5% yeast consortium based Ashvagandharishta formulation 

is referred as “Ashvagandharishta-C”     
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Table 3.2. Formulation composition of Ashvagandharisha as per Ayurvedic 

Pharmacopoeia of India 

Sr. No. Herbal ingredients Parts used Quantity used 

1. Ashvagandha API Root 1.953 Kg 

2. Musali API Root 781 g 

3. Manjishta API Root 391 g 

4. Haritaki API Pericarp 391 g 

5. Haridra API Rhizomes 391 g 

6. Daruharidra API Stem 391 g 

7. Madhuka (Yasti) API Root 391 g 

8. Rasna API Root 391 g 

9. Vidari API Root tuber 391 g 

10. Arjuna API Stem bark 391 g 

11. Mustaka API Rhizomes 391 g 

12. Trivrth API Root 391 g 

13. Ananta API Root 312 g 

14. Syama API Root 312 g 

15. Sveta chandana API Heart wood 312 g 

16. Rakt chandana API Heart wood 312 g 

17. Vaca Rhizomes 312 g 

18. Citraka Root 312 g 

19. 

Jala API for decoction and 

 

reduced to 

Water 

80.00 L 

 

10.00 L 

Prakshepa dravya 

20. Jaggery - 11.71 Kg 

21. W. fruticosa flowers Flowers (625 g) 

500 ml 5% yeast 

consortium/10 L 

batch 

22. Sunthi Rhizomes 78.1 g 

23. Pippali Fruit 78.1 g 

24. Tvak Stem bark 156.2 g 

26. Ela Seed 156.2 g 

27. Tejpatra Leaf 156.2 g 

28. Priyangu Flower 156.2 g 

29. Nagkeshar Stamens 78.1 g 
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3.6.4. Determination of physiochemical parameters 

3.6.4.1. Preliminary evaluation of Ashvagandharishta formulations  

Determination of organoleptic characteristics viz. odour, taste, colour and clarity of 

prepared Ashvagandharishta was carried out. 

3.6.4.2. pH  

Digital pH meter was used to check the pH of formulations. Prior to use the pH meter was 

calibrated with standard Buffer tablets of pH 4.0 and 7.0. 

3.6.4.3. Determination of Specific gravity  

Fill the Pyknometer (Specific gravity bottle) with the distilled solution from 

Ashvagandharishta formulations.  

Dip the thermometer into the distilled liquid and note the exact temperature of the liquid 

in the pyknometer before the performed stopper is inserted then weigh the Pyknometer or 

specific gravity bottle with the alcoholic liquid this fill at toC. Calculate the net weight in 

grams of the alcoholic liquid at toC the Pyknometer by subtracting the weight of the 

empty Pyknometer.  Divide the weight so obtained by the ‘Water equipment’ that is the 

weight in air of same volume of water content in the Pyknometer at 15oC.  This gives the 

specific gravity of the alcoholic liquid in air at toC/15oC. Record temperature oC to the 

nearest 0.500. The Specific gravity at a particular temperature (oC) found by pyknometer 

of specific gravity bottle method can be converted into corresponding specific gravity at 

15oC/15oC. 

 



Chapter 3  

 

 

 122 

 

Calculations  

Specific gravity of distillate from Ashvagandharishta  

Specific gravity = W3-W1 / W2-W1  

3.6.4.4. Determination of Self-generated alcohol by dichromate method 

(spectrophotometrically) (Crowell et al., 1979) 

Preparation of reagent  

Potassium Dichromate Reagent preparation  

Potassium dichromate (34 g) is dissolved in 500 ml of distilled water in a 1L Volumetric 

flask. The volumetric flask is placed in ice bath and 325 ml of conc. H2SO4 is added drop 

wise so as to minimize the heat generated. The solution is thoroughly mixed, cooled and 

the volume is made to 1 liter.  

Protocol for self-generated alcohol determination  

One ml of fermentable broth is added to the distillation flask. Ashvagandharishta sample 

was diluted with addition of 25-30 ml distilled water. 50 ml volumetric flask with 25 ml 

of dichromate reagent is used for the collection of about 20 ml of the distillate. The flask 

is incubated at 60oC for 20min in warm water bath, the mixture is cooled and the volume 

is made to 50 ml. the standard curve is prepared by using 2 to 12 % ethanol (v/v). The 

blank is prepared with distilled water the amount of ethanol in the test sample is 

determined from the Standard curve at 620 nm. 

3.6.4.5. Test for the absence of methanol 
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Take 1 drop of the Ashvagandharishta in a 15 ml test tube. Add 1 drop of water with 1-

drop dilute phosphoric acid (10 % w/v of water) followed by 1 drop of potassium 

permanganate solution (1% w/v of water). Add sodium bisulphate solution drop wise 

until the permanganate solution is discoloured. If brown color remains add 1 drop of 

dilute phosphoric acid followed by 5 ml of chromotropic acid solution (5 mg 

chromotropic acid Na salt in 10 ml mixture of 9 ml H2SO4 & 4 ml water) and heat to 

60oC for 10 min. If no violet color is produced it indicates the absence of methanol.  

3.6.4.6. Determination of total reducing sugars (TRS) (Lane et al., 1923) 

Preparation of reagent  

Fehling’s solution ‘A’ 

Dissolve 34.64 g of copper sulphate (CuSO4 5H2O) in water and make up the volume up 

to 500 ml. 

Fehling’s solution ‘B’ 

Dissolve 173 g of sodium potassium tartarate in approximately 300 ml of distilled water. 

Dissolve separately 50 g of sodium hydroxide in 50ml of distilled water. After cooling, 

add it to the solution of sodium potassium tartarate and make up the volume to 500 ml 

with water. 

Methylene Blue Solution  

Dissolve 0.2 g of pure methylene blue in water and make the volume up to 100 ml with 

distilled water 

Methodology for TRS calculation 
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Pipette 5 ml of fermented broth with clean and sterilized pipette, dilute by adding 40 ml 

of distilled water and slowly add 3 ml of conc. HCL, shake well and heat to boil. After 

cooling to room temperature, neutralize with anhydrous Na carbonate. Dilute it further 

with distilled water up to 100 ml. Rinse and fill into a burette and titrate against 10 ml of 

Fehling’s solution (5 ml Fehling’s ‘A’ and 5 ml Fehling’s ‘B’). Methylene blue serve as 

indicator, end point is change in color from deep blue to the red of the cuprous oxide.    

% TRS = 5.128 / B.R × F.F × D.F   

B.R- Burette reading; F.:- Fehling’s Factor; D.F- Dilution Factor  

3.6.5. Phytochemical Screening of Ashvagandharishta formulations (Khandelwal et 

al., 2006) 

Both Ashvagandharishta formulations were extracted using various solvents in succession 

for preliminary phytochemical identification and to detect presence of major classes of 

phytochemicals like carbohydrates, protein, steroids, glycosides, flavonoids, alkaloids, 

tannins and amino acids.   

3.7. Estimation of β-sitosterol-D-glucoside, gallic acid, withaferin A and withanolide 

A in Ashvagandharishta using the novel High performance thin layer 

chromatography (HPTLC) method 

A novel HPTLC method for simultaneous estimation of β-sitosterol-D-glucoside, gallic 

acid, withaferin A and withanolide A was developed with an objective to standardize 

Ashvagandharishta. Following is the description of this method, which is published in 

Journal of Applied Pharmaceutical Science (Bhondave et al., 2014). 
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3.7.1. Instrumentation 

Test samples were spotted in the form of bands of width 6 mm with a Camag 100 µL 

sample syringe (Hamilton, Bonaduz, Switzerland) on a pre-coated silica gel aluminium 

plate 60 F254, (20×10 cm) with 250 µm thickness, (Merck, Darmstadt, Germany). The 

plates were prewashed by methanol and activated at 110oC for 5 min prior to 

chromatography. A constant application rate of 0.1 µl/s was employed and space between 

two bands was 6 mm. The slit dimension was kept at 5 × 0.45 mm and 10 mm/s scanning 

speed were employed. Linear ascending development was carried out in 20×10 cm twin 

trough glass chamber (supplied by Anchrom Technologists (Mumbai, India) Camag 

Linomat IV, Switzerland). Top of chamber was covered tightly with the lid. The 

optimized chamber saturation time for mobile phase was 25 min at room temperature 

(25oC ± 2) at relative humidity of 60% ± 5. The length of chromatogram run was 9 cm for 

approximately 30 min. Densitometric scanning was performed on Camag TLC scanner III 

in the reflectance-absorbance mode for all measurements and operated by CATS software 

(V 3.15, Camag). Deuterium lamp emitting a continuous UV spectrum between 190 to 

400 nm and tungsten lamp between 400 to 800 nm was the source of radiation.  

3.7.2. Preparation of standard solutions 

Standard stock solutions of β-sitosterol-D-glucoside, gallic acid, withaferin A and 

withanolide A were prepared separately by dissolving 10 mg each in 10 mL methanol to 

get a stock solution of 1000 µg/ml. From the resulting solutions 1 mL solution, was 

further diluted with methanol to obtain a working solution of 100 µg/ml.  
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3.7.3. Development of the optimised mobile phase 

HPTLC procedure was optimised with the aim to develop as assay method. Initially, 

mobile phase was selected on the basis of previous reports, which was subsequently 

modified for better resolution of all the markers. The mobile phase containing toluene: 

ethyl acetate: formic acid: methanol (6:3:0.1:0.6, v/v/v/v) gave good resolution of 

compounds. The identities of the bands from the Ashvagandharishta extract were 

confirmed by overlapping the densitograms of standard with that of samples. 

3.7.4. Method Validation  

The HPTLC method was validated as per International conference on Harmonization 

(ICH) guidelines, 2005. 

3.7.4.1. Linearity and range  

Linearity was evaluated by applying working solutions on HPTLC plate in the range of 

50-400 ng/band for β-sitosterol-D-glucoside, 150-500 ng/band for gallic acid, 50-450 

ng/band for withaferin A and 50-500 ng/band for withanolide A. Peak area versus 

concentration was subjected to calculate least square linear regression analysis and the 

slope, intercept and correlation coefficient for the calibration were estimated. Correlation 

coefficient alone is not suitable to prove linearity, therefore residual analysis was also 

performed.  Sensitivity of the method was determined by estimating the limit of detection 

(LOD) and limit of quantitation (LOQ). They were calculated as 3.3 σ/S and 10 σ/S, 

respectively, where σ is the standard deviation of the response (y-intercept) and S is the 

slope of the calibration plot. 
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3.7.4.2. Selection of analytical wavelength  

After HPTLC development and derivatization, bands were scanned over the range of 400 

-700 nm and the spectra were overlaid. All marker compounds showed considerable 

absorbance at 474 nm and hence was selected for further densitometric analysis (Figure 

3.1). 

3.7.4.3. Precision studies 

Precision of the method was verified by intra and intermediate precision studies. 

Repeatability studies were performed by analysing three different concentrations 100, 

200, 300 ng/band, of the compounds, six times on the same day. Intermediate precision of 

the method was checked by repeating the study with above mention concentrations on 

three successive days.  

3.7.4.4. Accuracy studies 

Both Ashvagandharishta-A and Ashvagandharishta-C were spiked with a known amount 

of standard markers and the percent ratios between the recovered and expected 

concentrations were determined. The analyzed samples were spiked with 80, 100 and 120 

% of 100 ng/band of β-sitosterol-D-glucoside, withaferin A and withanolide A and 200 

ng/band of gallic acid (standard addition method). Accuracy was calculated by the 

following equation:  

[(spiked concentration - mean concentration) / spiked concentration] × 100. 
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Figure 3.1. Overlain visible spectra of β-sitosterol-D-glucoside, gallic acid, withaferin A 

and withanolide A. 

 

 

3.7.4.5. Robustness of the Method  

Robustness of an analytical method is a measure of its capacity to remain unaffected by 

small but deliberate variation in the experiment. Variation in retention factor and peak 

areas of the four compounds was examined. Factors changed were mobile phase 

composition (±0.1 ml), amount of mobile phase (±5%), time from banding to 

chromatography (+ 10 min) and time from chromatography to scanning (+ 15 min), one 
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factor was varied at a time, to study the effect. The robustness of the HPTLC method was 

studied at concentration of 200 ng/band for β-sitosterol-D-glucoside, gallic acid, 

withaferin A and withanolide A in triplicate. The standard deviation of peak areas and % 

relative standard deviation (% RSD) were calculated for each variable. 

3.7.4.6. Specificity  

Specificity is a measure of the degree of freedom from other active ingredients, 

excipients, impurities and possible degradation products. In specificity studies, β-

sitosterol-D-glucoside, gallic acid, withaferin A and withanolide A solutions and the 

Ashvagandharishta sample solutions were applied on a HPTLC plate and the plate was 

developed, derivatized and scanned as described above. The peak purity of β-sitosterol-D-

glucoside, gallic acid, withaferin A and withanolide A was assessed by comparing the 

visible spectra of markers at peak start, peak apex and peak end positions of the band i.e., 

r (start, middle) and r (middle, end).  

3.7.4.7. Solution Stability 

The stability of standard solutions was verified after 0, 6, 12, 24 and 48 h of storage. The 

stability of the standard solutions was determined by comparing peak area percentage and 

peak purity at 200 ng/band.  

3.7.5. Extraction of Ashvagandharishta formulations for estimation of β-sitosterol-

D-glucoside, gallic acid, withaferin A and withanolide A 

Both of the Ashvagandharishta formulations were analysed with an in-house developed 

method for simultaneous estimation of β-sitosterol-D-glucoside, gallic acid, withaferin A 

and withanolide A. Ashvagandharishta (50 ml) was subjected to rotary evaporation to 
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remove the self-generated alcohol. Distilled water (50 ml) was added to re-dissolve the 

residue. Extract was then partitioned successively with n-hexane (3 x 50 ml) followed by 

chloroform (3 x 50 ml). The chloroform extracts were combined, dried over anhydrous 

sodium sulphate and evaporated under vacuum. The extract was weighed and dissolved in 

chloroform (CHCl3) for further analysis.  

3.8. Results 

3.8.1. Fermentation time 

Ashvagandharishta formulation based on traditional methodology took around 30 days to 

complete the fermentation, while the process of fermentation in Ashvgandharishta using 

consortium of yeasts was completed within 10 days of inoculation, with no further sign of 

fermentation. Both formulations were filtered with muslin cloth and again centrifuged, 

clear formulation was bottled and kept for maturation. 

3.8.2. Preliminary and physicochemical evaluation of Ashvagandharishta 

formulations 

The visual evaluation of Ashvagandharishta formulations revealed that the formulations 

were pleasantly aromatic, clear and dark brown in colour. There was no frothing or 

release of gases. Both Ashvagandharishta formulations were with characteristics bitter 

taste with astringent properties. No sediment was found even after ageing for 6 months or 

more (Table 3.3). For Ashvagandharishta-A and Ashvagandharishta-C, final pH value 

was found to be 3.98 and 3.77, respectively, which was within the range given in API. 

Gradual shift in pH form about basic to acidic value is considered to be indicative of 
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progression in fermentation. This feature was quite reproducible as similar pH change 

was observed in our earlier formulation using same yeasts. 

In our earlier work, we have prepared a model formulation using turmeric using the same 

yeasts consortium (Bhondave et al., 2013), pH shifts was very similar with that 

fermentation indicating reproducibility of pattern. Coherent with the sugar tolerant test 

results, the yeast consortium could successfully utilize the high amount of jaggery. 

Finally, the total reducing sugar in Ashvagandharishta-A and Ashvagandharishta-C were 

found to be 23.5% and 17.5% w/v, which was well within the range given in API. The 

self-generated alcohol in Ashvagandharishta-A and Ashvagandharishta-C were found to 

be 4.25% and 7.75% v/v respectively,  according to API, the alcohol content should be in 

the range of 5 to 10% v/v. Specific gravity of the Ashvagandharishta-A and 

Ashvagandharishta-C were found to be 0.9938 and 0.9991. Methanol is absent in both 

Ashvagandharishta formulations. 
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Table 3.3. Physicochemical parameters of Ashvagandharishta formulations   

 

 

 

 

 

 

 

 

 

 

Sr. No 

 

Physico-chemical  

parameters 

 

Ashvagandharishta-A 

 

 

 

Ashvagandharishta-C 

 

1. Appearance 

Clear, dark brown in color. 
Fragrant liquid with Bitter 
taste. 
No sediment found. 
Without frothing or release 
of gases 

Clear, dark brown in color. 
Fragrant liquid with Bitter 
taste. 
No sediment found. 
Without frothing or release 
of gases 

2. pH 3.98 3.77 

3. Specific gravity 0.9938 0.9991 

4. 
Self-generated alcohol  (% 

v/v) 
4.25 % v/v 7.75 % v/v 

5. 
Total reducing sugars (% 

w/v) 
23.5 % w/v 17.5 % w/v 

6. Presence of Methanol Absent Absent 
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3.8.3. Preliminary phytochemical description 

Both Ashvagandharishta formulations were subjected to preliminary phytochemical 

screening for the presence of types of phytoconstituents. These formulations were found 

to contain carbohydrates, proteins, steroids, flavonoids, alkaloids and tannins. The results 

of the preliminary phytochemical screening were expressed in Table 3.4.  

Table 3.4. Preliminary phytochemical description of Ashvagandharishta formulations.  

 

Sr. no. Phytoconstituents 

Ashvagandharishta-A | Ashvagandharishta C 

Extracts 

n-hexane Chloroform Aqueous 

1 Carbohydrate - | - + | + + | + 

2 Protein - | - + | + - | - 

3 Steroid + | + + | + + | + 

4 Glycosides - | - - |+ - | - 

5 Flavonoids - | - - | - + | + 

6 Alkaloids - | - + | + + | + 

7 Tannins - | - + | + + | + 

8 Amino acid - | - - | - - | - 
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3.8.4. HPTLC method for simultaneous estimation of β-sitosterol-D-glucoside, gallic 

acid, withaferin A and withanolide A in Ashvagandharishta.  

3.8.4.1. HPTLC method optimization  

A simple HPTLC method was optimized with the view to develop an assay method for 

simultaneous estimation of β-sitosterol-D-glucoside, gallic acid, withaferin A and 

withanolide A. Initially, different mobile phases were tried containing various ratios of 

toluene, ethyl acetate and methanol. The mobile phase consisting of toluene: ethyl 

acetate: formic acid: methanol in the ratio of (6:3:0.1:0.6, v/v/v/v), gave good resolution 

and reproducible results and was selected for further study. The optimum wavelength 

selected for detection and quantitation was 474 nm. The retention time for β-sitosterol-D-

glucoside, gallic acid, withaferin A and withanolide A were found to be 0.18 ± 0.01, 0.26 

± 0.02, 0.37 ± 0.02 and 0.57 ± 0.02, respectively (Figure 3.2). 
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Figure 3.2. Densitogram obtained from mixed standard solution of β-sitosterol-D-

glucoside, gallic acid, withaferin A and withanolide A.  
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3.8.4.2. HPTLC method validation 

Linearity, limit of detection and limit of quantitation  

The results were found to be linear in the range of 50 - 400 ng/band for β-sitosterol D-

glucoside, 150 - 500 ng/band for gallic acid, 50 - 450 ng/band for withaferin A and 50 - 

500 ng/band for gallic acid. The square of correlation coefficients (r2) for the plots of β-

sitosterol-D-glucoside, gallic acid, withaferin A and withanolide A were found to be 

0.9998, 0.9983, 0.9994 and 0.9996, respectively. Linearity of the method was ascertained 

by residual analysis (Data not shown here). Slope was significantly different from zero. 

The LOD and LOQ values indicate good sensitivity of the HPTLC method Table 3.5. 

Precision 

Precision of the developed method was investigated with respect to both repeatability and 

reproducibility. It was performed by using sample concentration of 100, 200 and 300 

ng/band. The results are shown in Table 3.5. The developed method was found to be 

precise as the % RSD values for repeatability and intermediate precision were less than 

2%, as recommended by ICH guidelines.  

Specificity  

Assessment of peak purity of β-sitosterol-D-glucoside, gallic acid, withaferin A and 

withanolide A was done by comparing the visible spectra of marker compounds at peak 

start, peak apex and peak end positions of the band, which were found to be. r (start, 

middle) = 0.998, 0.998 and r (middle, end) = 0.998, 0.998 respectively. Good correlation 

was also obtained between markers and sample spectra of β-sitosterol-D-glucoside, gallic 

acid, withaferin A and withanolide A.   
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Table 3.5: Summary of Validation parameters of proposed method 

Parameters A B C D 

Linearity 

range
a
 (n=6) 

50-400 150-500 50-450 50-500 

Correlation 

coefficient (r) 
0.9998 0.9991 0.9996 0.9997 

LOD
a
 7.4299 17.7444 12.0487 11.0456 

r
2 0.9998 0.9983 0.9994 0.9996 

Slope 5.657 6.235 7.251 6.994 

Intercept 295.3 429.94 182.01 188.19 

LOQ
a
 22.5150 53.7711 36.5114 33.4717 

Precision (% RSD)  

Intra-day 

(n=3) 
0.61 - 0.73 0.64 - 0.78 0.80 - 0.89 0.86 - 0.91 

Inter-day 

(n=3) 
0.66 - 0.74 0.66 - 0.79 0.81 - 0.93 0.87 - 0.94 

Robustness Robust Robust Robust Robust 

Specificity Specific Specific Specific Specific 

 

a) 
a Concentration in ng/band 

b) A: β-sitosterol D-glucoside, B: Gallic acid, C: Withaferin A, D: Withanolide A.  

Accuracy 

Accuracy study showed recoveries of 99.04 - 102.67, 98.77 - 101.96, 99.64 - 102.67 and 

100.07 - 101.96% for β-sitosterol-D-glucoside, gallic acid, withaferin A and withanolide 

A, respectively, indicating the reliability of the proposed densitometric method Table 3.7 

and Table 3.8.  
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Robustness  

Robustness of the given method was checked after measured alterations of the analytical 

parameters indicated that areas of peaks of interest and retention factor remained 

unaffected by small changes in the operational parameters (% RSD < 2). The summary of 

validation parameters of proposed method are given in Table 3.5.   

3.8.5. Per cent Analysis of β-sitosterol-D-glucoside, gallic acid, withaferin A and 

withanolide A Ashvagandharishta formulations  

Suggested validation methodology was applied for standardization of Ashvagandharishta 

formulations. The shape of the peaks was not altered by other substances present in 

Ashvagandharishta. The percent content of β-sitosterol-D-glucoside, gallic acid, 

withaferin A and withanolide A in Ashvagandharishta-A and Ashvagandharishta-C were 

found to be 0.0102, 0.0600, 0.0151, 0.300 and 0.0122, 0.0641, 0.0163 and 0.313%, 

respectively (Table 3.6). The value obtained by peak analysis after HPTLC showed that, 

phytocompounds in Ashvagandharishta-C were comparatively higher than in 

Ashvagandharishta-A.    

Table 3.6. (%) content of β-sitosterol-D-glucoside, gallic acid, withaferin-A and 

withanolide-A in formulation A and C by HPTLC.     

 

 

Ashvagandharishta 

formulations 

  

Drug content (%) 

 

β-sitosterol D-

Glucoside 
Gallic acid Withaferin A Withanolide A 

Ashvagandharishta A 0.010±0.175 0.060±0.087 0.015±0.094 0.300±0.012 

Ashvagandharishta C
 0.012±0.174 0.064±0.014 0.016±0.080 0.313±0.012 



Chapter 3  

 

 

139 

 

Table 3.7. Result of recovery studies for Ashvagandharishta-A (n=6)  

 

 

a) 
a Concentration in ng/band 

b) A: β-sitosterol D-glucoside, B: Gallic acid, C: Withaferin A, D: Withanolide A.  

  

 

 

  

Amount added
 a
 Amount found

 a
 / ±S.D. % Recovery / ±% R.S.D. 

A B C D A B C D A B C D 

80 160 80 80 80.96 / ±1.47 161.20 / ±1.12 80.5 / ±1.39 80.77 / ±1.08 101.20 / ±1.82 100.75 / ±0.69 100.62 / ±1.61 100.96 / ±1.33 

100 200 100 100 100.5 / ±1.46 200.38 / ±1.14 101.68 / ±1.58 100.86 / ±1.31 100.05 / ±1.45 100.19 / ±0.56 101.68 / ±1.55 100.86 / ±1.29 

120 240 120 120 120.12 / ±1.44 240.72 / ±1.88 119.18 / ±1.90 119.72 / ±1.32 100.1 / ±1.20 100.03 / ±0.78 99.31 / ±1.59 99.76 / ±1.10 
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Table 3.8. Result of recovery studies Ashvagandharishta-C (n=6)  

 

 

a) 
a Concentration in ng/band 

b) A: β-sitosterol D-glucoside, B: Gallic acid, C: Withaferin A, D: Withanolide A.  

  

 

Amount added
 a
 Amount found

 a
 / ±S.D. % Recovery / ±% R.S.D. 

A B C D A B C D A B C D 

80 160 80 80 80.70 / ±1.20 160.86 / ±1.42 81.14 / ±1.37 80.52 / ±1.56 100.87 / ±1.48 100.53 / ±0.88 101.42 / ±1.68 100.65 / ±1.93 

100 200 100 100 101.23 / ±1.41 201.81 / ±1.33 100.68 / ±1.51 99.63 / ±1.47 101.23 / ±1.39 100.90 / ±0.65 100.68 / ±1.49 99.63 / ±1.47 

120 240 120 120 119.84 / ±1.31 239.61 / ±1.18 120.19 / ±1.93 120.95 / ±1.93 99.86 / ±1.09 99.83 / ±0.49 100.15 / ±1.60 100.79 / ±1.59 
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Figure 3.3. HPTLC chromatogram of Ashvagandharishta-A  

 

 

 

 

 

 

 

Figure 3.4. HPTLC chromatogram of Ashvagandharishta-C   

 

 

 

 

 

 

 

 1: β-sitosterol D-glucoside, 2: Gallic acid, 3: Withaferin A, 4: Withanolide A. 
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3.9. Discussion  

Yeast cultures isolated from W. fruticosa showed consistent fermentation process in 

Ashvagandharishta with acceptable organoleptic and physiochemical properties. Since the 

yeasts exhibited excellent sugar tolerance and can ferment high amount of added jaggery. 

All the studied physicochemical parameters were within the range as given in The 

Ayurvedic Pharmacopoeia of India Table 3.3.  

One of the important advantages of using our yeast consortium is dramatic reduction in 

time required for fermentation. The consortium based fermentation was completed within 

10 days while the fermentation initiated using W. fruticosa flowers took almost 30 days. 

This feature may be industrially exploited where faster fermentation can translate into 

more productivity form the same setup available.   

Another advantage of faster fermentation time is avoidance of contamination. Asava-

Arishta fermentation is designed to minimize contamination by using high sugar content 

and employing sugar tolerant yeasts for fermentation. However, fungal contamination is 

of common occurrence and that can potentially spoil commercial Asava-Arishta batches. 

Unwanted fungal contamination shows cotton like growth that forms a crust on the 

surface and finally spoils the formulation with undesirable properties like acidic taste, bad 

colour and offensive odour. These problems could be solved by using 5% inoculum of 

consortium where the yeast cells outnumber the contaminating microbes and jump-start 

fermentation. Once alcohol production begins, contamination is potentially ruled out. 

Another common problem with Asava-Arishta production is incomplete fermentation, 

which often leads to less percentage of alcohol. Lesser alcohol content may leads to poor 
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extraction dynamics of phytocompounds, besides providing a window of opportunity for 

contaminating microbes to grow.   

Batch to batch variation is another awkward issue often faced by the manufacturers. 

Variations in quality of raw materials and fermenting microbes are the two principal 

source of this variation. Since the batch of flowers used each time is different the yeast 

flora associated with the flowers is also different. This gives rise to unstandardized 

parameters in fermentation and sets in the batch to batch variation. These problems could 

be circumvented with use of yeasts consortium isolated from W. fruticosa. Due to defined 

yeasts used for Asava-Arishta batch to batch variation could be minimised can be 

overcome with predictable fermentation time and quality. 

The HPTLC densitometric method developed for the simultaneous determination of β-

sitosterol-D-glucoside, gallic acid, withaferin A and withanolide A was validated as per 

ICH guidelines. The low % RSD values (below 2%) obtained in intra-day and inter-day 

conditions revealed that the method is precise for the determination of β-sitosterol-D-

glucoside, gallic acid, withaferin A and withanolide A. Specificity of the method was 

ascertained by spectral matching of β-sitosterol-D-glucoside, gallic acid, withaferin A and 

withanolide A standards with respective peaks in Ashvagandharishta sample. The % 

recovery values studied at three levels (80%, 100% and 120%) speaks about accuracy of 

the method. The low % RSD values of peak areas obtained by slight changes in 

composition and volume of mobile phase showed that the method is robust. The method 

proved to be useful in determination of β-sitosterol-D-glucoside, gallic acid, withaferin A 

and withanolide A from Ashvagandharishta prepared by using yeast consortium, W. 

fruticosa flowers or any marketed Ashvagandharishta. The developed HPTLC method 
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will be useful to check the majority of important compounds in Ashvagandharishta, 

which has good commercial potential. 

Both of the Ashvgandharishta formulations prepared by using W. fruticosa flowers or the 

consortium of isolated yeasts revealed equivalent levels of marker compounds, suggesting 

similarity in the process of fermentation. The most noticeable differences between 

Ashvagandharishta A and Ashvagandharishta C were time taken for fermentation and 

alcohol percentage within the fermentation time. Both of these parameters are closely 

linked with the activity of yeasts, which is strongly in favour of Ashvagandharishta C. 

This study shows clear advantages of using yeast consortium for Asava-Arishta 

fermentation with equivalent or perhaps better quality of final product. 

In this chapter, we concluded that, utility of the yeasts isolated from W. fruticosa in 

Asava-Arishta fermentation and in producing Ashvagandharishta with excellent quality. 

We have developed a method for simultaneous estimation of marker compounds and 

employed that method to validate our formulations.  The next chapter deals with 

pharmacological testing of Ashwagandharishta C. 
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4.1. Introduction           

In the previous chapter, we have prepared and standardized Ashvagandharishta C using 

yeast consortium and have compared it with Ashvagandharishta A, which is prepared 

using W. fruticosa flowers. We found both of these formulations quite comparable on 

quality parameters, suggesting that the yeasts can be exploited for production of Asava-

arishta. In this chapter we have evaluated the Ashvagandharishta C (henceforth 

mentioned only as Ashvagandharishta) for its potential to alleviate the CCl4 induced 

hepatotoxicity in a rat model.  

Liver plays an essential role in regulating and balancing various catabolic and anabolic 

processes in human body (Nguyen et al., 2008). It has a wide range of functions such as 

detoxification, protein and lipid metabolism and production of digestive enzymes (Wolf 

et al., 1999). Specialized tissues in liver regulate a wide variety of high-volume 

biochemical reactions, including synthesis and breakdown of small and complex 

molecules, many of which are essential for vital functions and homeostasis. The liver is 

an important site of metabolism of drugs, xenobiotics and phytochemicals.   

Liver is subjected to toxic injuries more often than any other organ. The portal vein brings 

blood directly from the absorptive surface of the intestinal tract exposing liver to all 

ingested substances absorbed form the intestine. Liver is responsible for detoxification 

and protects the entire body however; liver tissue becomes the first site of toxic insults 

from these agents. Pathogenesis of liver involves all cell types in the liver via death and 

regeneration processes and may progress into chronic hepatitis, fibrosis, steatosis, 

cirrhosis and hepatocellular carcinoma. It is also demonstrated that reactive oxygen 

species (ROS) and free radicals plays a critical role in pathogenesis of various liver 
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diseases (Upur et al., 2009). These ROS and other highly reactive molecules are 

generated by stressed hepatocytes, Kupffer cells and neutrophils during detoxification 

reaction and finally results into damage to macromolecules like DNA, lipids and proteins 

disrupting the cellular functions (Cogger et al., 2004). It has been adequately proved that 

ROS production is linked to oxidative stress, which may be due to imbalance in the 

generation of oxidants and antioxidant defence. Fortunately, advances in food safety and 

workplace chemical exposures have reduced liver injury through these sources. However 

chronic exposure to prescription drugs may injure the organ. Drug-induced hepatotoxicity 

has now become a significant cause of acute liver failure that account for 50% of cases in 

the world (Russmann et al., 2009). Liver toxicity is most frequently caused due to 

pharmaceutical drug candidates and this has been the major cause of withdrawals of 

approved drugs from market. Liver injury can be classified through different mechanisms. 

Some mechanisms are based on the histologic lesions such as inflammation, necrosis, 

cholestatic and cytotoxic. With current advances at molecular level in a mechanistic way 

liver injury is being focussed in renewed views (Lee et al., 2003). Figure 4.1 shows some 

basic mechanisms or site of action for liver injury.   
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Figure 4.1. Basic mechanisms and site of action for liver injury      

 

Source: http://www.liverfoundation.org/education/info/progression  

4.1.1. Basic mechanisms or site of action for liver injury     

Cholestatic liver disease (Cullen et al., 2005)       

Cholestatic liver disease is a condition that results from an impairment of bile formation 

or bile flow to the gallbladder and duodenum. It can be produced by chemicals that 

damage the structure and function of bile canaliculi. A key component of bile secretion 

involves a series of ATP-dependant export pumps such as the canalicular bile salt 

transporter, that moves bile salts and other transporters that export other bile constituents 

from the hepatocyte cytoplasm to the lumen of the canaliculus. Some drugs bind these 
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canalicular transporter molecules and arrest bile formation or movement within the lumen 

of the canalicular system (Trauner et al., 1998). Cholestatic evolve in cell membrane 

damage, injure biliary epithelium or hepatocytes in area of cholestasis. In an advanced 

stage of cholestasis AST, ALT and bilirubin secretion may be elevated due to liver 

damage.      

Mitochondrial injury (Fromenty et al., 1995, Cullen et al., 2005)    

Chemicals that can potentially damage mitochondrial structure, enzymes and DNA 

synthesis, can disrupt β-oxidation of lipids and oxidative energy production within 

hepatocytes. Extended interruption in β-oxidation leads to microvesicular steatosis within 

hepatocytes. In severe cases of microvesicular steatosis, necrosis and cell death may also 

results. Pharmaceutical agents such as asprin, valproic acid, tetracyclines and others may 

interrupt oxidative phosphorylation alone or in addition depleting the hepatocytes of 

energy. Certain drugs such as antiviral dideoxynucleoside analogues (i.e., FIAU) can 

potentially harm mitochondrial DNA synthesis through inhibition of DNA polymerase 

gamma, leading to depletion of mitochondrial replication finally leading to cell death. 

Disruption of calcium homeostasis and cell membrane injury (Cullen et al., 2005) 

Ability of a cell to maintain required amount of intracellular calcium concentration is 

called as calcium homeostasis. Generally cytosolic free calcium is required to maintain a 

very low concentration compared to the extracellular levels in the healthy liver cells. 

Energy consuming processes such as Ca2+ and Mg2+ATPases is essential to balance 

intracellular ions. Bioactivation of certain drugs by the cytochrome p450 system can 

instigate reactive intermediates, which can bind to various cellular proteins leading to 

widespread cellular dysfunction. Drug-induced damage to cellular proteins involved in 

ion balance can lead to an influx of calcium disrupting other processes, normal actin 
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filament assembly and impairs ATP production. The resulting dispersal of the 

cytoskeleton leads to leaking of the cell membranes. If cell membrane disruption is of 

sufficient magnitude, irreversible cell injury and cell lysis can occur.    

Stimulation of Autoimmunity (Cullen et al., 2005)       

Liver toxicity may occur due direct damage to cellular proteins, nucleic acids and 

complex formation leading to immune medicated liver injury. Complex formation 

between drug metabolites and cellular proteins/nucleic acid result into neoantigens. These 

antigens formed on the cell surface by interactions of chemicals with certain cell 

membrane receptors or they may be processed, transported to the cell surface and 

presented as antigens. This mainly happen with the drugs that form complex with the 

isoforms of cytochrome P450. Depending on MHC context of antigen, either cellular or 

humoral immunity may involve in cellular damage. Injury may be of different types i.e. 

direct cellular toxicity and antibody depending cellular toxicity. Hepatic toxicity may be 

intensified by involvement of inflammatory cells such as neutrophils and activation of 

sinusoidal lining cells specially Kupffer cells (Jaeschke et al., 2000).   

Stimulation of Apoptosis           

Prompt removal of unwanted cells, such as senescent, damaged, genetically mutated, or 

virus infected cells, is crucial for the maintenance of liver health. This process is naturally 

achieved through a highly regulated programmed form of cell death called apoptosis. In 

addition, “physiological” apoptosis allows the removal of cells with virtually no release 

of proinflammatory cytokines and minimal immune response. However, in 

pathophysiological situations, the balance between cell proliferation and cell death is 

often altered, with the consequent loss of tissue homeostasis and the onset of several liver 

diseases (Guicciardi et al., 2005). Insufficient apoptosis, or necrosis along with failure of 
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removal of cells carrying mutated genes, and unregulated proliferation within the context 

of a persistent inflammatory milieu, can promote development of liver and biliary cancer. 

Death receptors, especially Fas (TNF receptor superfamily, member 6), are widely 

expressed in all liver cell types, mostly in response to the evolutionary pressure to 

eliminate hepatotropic viruses (Faubion et al., 1999). The Fas/FasL system is the most 

commonly pathway used by immunocytes to kill virally infected cells. High level of death 

receptor expression in hepatocytes, apoptosis in the liver occurs mainly via the extrinsic 

pathway. However, in both hepatocytes and cholangiocytes, mitochondria are also 

engaged by the death receptor pathway via activation of Bid (BH3 interacting domain 

death agonist) (Scaffidi et al., 1998, Yin et al., 1999), and therefore alterations in the 

intrinsic pathway are often reported in liver diseases. In apoptosis, intact cell organelles 

and cell membranes are fragented into small membrane bound bodies destined for 

Phagocytosis. Cellular DNA is cleaved by endonucleases into 120-180 base pair fragents. 

Two basic mechanisms are involved in hepatic apoptosis i.e. interactions between death 

ligands (Fas-ligand, TNF) and death receptors (Fas and TNFR-1) that trigger caspase-8 

activation or damage to mitochondrial inner membranes releasing cytochrome C that 

following Apaf-1 activation, leading to downstream activation of caspase-9. Certain drugs 

are directly able to trigger apoptosis by direct stimulation of pro-apoptotic pathways in 

the hepatocytes. Alternatively, apoptosis can be stimulated by several other pathways 

including immune-mediated events that lead to the release of tumor necrosis factor alpha 

or activate Fas pathways. Chemicals that damage mitochondria can also stimulate 

apoptosis through the release of cytochrome C. Cholestasis also stimulate apoptosis by 

pro-apoptotic bile acids such as glycodeoxycholic acid (GCDC) (Bissel et al., 2001). This 

type of cellular injury by toxicant induced transport of death receptors represents the form 
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of hepatic injury. Additional pathways may involve triggering of apoptosis by protein 

kinase captivation and mitochondrial injury. In addition, bioactivation by the cytochrome 

P450 system can produce reactive molecules that engender oxidative stress, which can 

then be a stimulus to induce synthesis of Fas ligand and increase the susceptibility of 

hepatocytes to apoptosis.  

Metabolic bioactivation by cytochrome P450 enzymes   

Cytochrome P450 superfamily is a large and diverse group of enzymes, which is actively 

involved in metabolism or bioactivation of different chemicals. CYP P450 enzymes are 

mainly present in the inner membrane of mitochondria or in the endoplasmic reticulum of 

liver cells. CYP P450 actively metabolizes endogenous and exogenous toxins, drugs, 

xenobiotics and other potentially harmful molecules. Under certain circumstances, such 

as over dosage, the high-energy reactive metabolites can form adducts with other cellular 

constituents such as proteins and nucleic acids. In acute toxicity, these adducts can form 

with essential cellular enzymes leading to cell injury or death. The site of toxic cellular 

injury within the hepatic acinus reflects the site of bioactivation of the certain chemicals 

into more injurious form. For instance, carbon tetrachloride is metabolized by the 

cytochrome P450 system to CCl
•
3, a free radical that induces cell membrane injury. 

Lesions induced by carbon tetrachloride are most severe in the periacinar (centrilobular) 

areas, since this area is rich in smooth endoplasmic reticulum, where active form of the 

chemical accumulates in higher concentration. Consequently, the centre lobular region of 

the hepatic lobule is by far the most common site of acute toxic injury. Acetaminophen 

toxicity is another and more commonly encountered example of this mechanism of liver 

injury (Zhang et al., 2002).  

4.1.2. Drug-induced hepatotoxicity        
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Drug induced hepatotoxicity is a frequent cause of liver injury. The predominant clinical 

presentation is acute hepatitis and/or cholestasis although, almost any clinical 

pathological pattern of acute or chronic liver disease can occur. More than 1000 drugs 

have reported to be hepatotoxic for more than one occasion. This represents an important 

diagnostic and therapeutic challenge for physicians (Kaplowitz et al., 2004). Many drugs 

such as statins commonly cause asymptomatic elevation of hepatic enzymes (ALT, AST, 

alkaline phosphatase). However, clinically significant liver injury or impaired liver 

functioning, results in deficient protein synthesis. Some of the potential hepatotoxic drugs 

are enlisted in Table 4.1 with associated toxic effects.    

Table 4.1. Some Potential Hepatotoxic Drugs (Navarro et al., 2006) 

Recognized Hepatotoxic drugs 
Hepatotoxic effects 

observed 

Acarbose, Acetoaminophen, Allopurinols, Baclofen, 

Isoniazid, Lisinopril, Methotrexate, Omeprazole, 

Pyrazinamide, Rifampin, Trazodone and Valproate  

 

Hepatocellular elevated ALT  

Amoxicillin, Chlorpromazine, Clopidogrel, Estrogens,   

and Mirtazapin 

Cholestatic: Elevated alkaline 

phosphatase and total 

bilirubin 

Azathioprine, Amitriptyline, Captopril, Carbamazepine, 

Clindamycin, Sulfamethoxazole, Enalapril, 

Phenobarbital, Phenytoin, Trazodone and Veramapil.     

 

Elevated alkaline 

phosphatase and ALT 

 

4.1.2.1. Hepatocellular damage from Non-steroidal Anti-inflammatory Drugs 

(NSAIDs) (O’Connor et al., 2003)  

NSAIDs are wildly used in the management of rhematological disorder, and as analgesic 

and antipyretics. Hepatotoxicity is relatively uncommon with NSAIDs, liver toxicity 
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occurs within 12 weeks of starting therapy. It can occur with all NSAIDs, but it more 

often with diclofenac and particularly with sulindac. Female patients aged >50 years, with 

autoimmune disease, and those on other potentially hepatotoxic drugs, appear to be 

particularly susceptible. Liver function test abnormalities generally settle within 4–6 

weeks of stopping the causative drug. However, some patients may develop acute liver 

failure and successful orthotropic liver transplantation may require in such patients. 

Recent animal studies, explores the mechanism of diclofenac toxicity, related to 

impairment of ATP synthesis by mitochondria and to production of active metabolite, 

particularly n, 5-dihydroxy diclofenac, which causes direct toxicity. Mitochondrial 

permeability transition (MPT) has also been shown to be important in diclofenac induced 

liver toxicity, this also results into generation of reactive oxygen species (ROS), and 

oxidation of NADP and protein thiols. Physicians and hepatologists must be alert to the 

hepatotoxic potential of any NSAID, as increased awareness, surveillance and reporting 

of these events will lead to a better understanding of the risk factors and the 

pathophysiology of NSAID-related hepatotoxicity. The new more selective COX-2 

inhibitors i.e. celecoxib, rofecoxib, nimesulide, are also associated with hepatotoxicity, 

although celecoxib is said to have less potential for hepatotoxicity.   

4.1.2.2. Hepatocellular damage from Antidepressant agents (De Santy et al., 2007)  

The antidepressants are some of the most commonly prescribed medications in current 

use. They are also important causes of drug induced liver injury accounting for up to 5% 

of clinically apparent cases. The antidepressants can be further grouped into four 

categories: monamine oxidase inhibitors, tricyclic antidepressants, selective serotonin 

reuptake inhibitors, and miscellaneous agents. MAO inhibitors are currently not widely 

used, having been replaced by the tricyclic antidepressants and selective serotonin 
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reuptake inhibitors, which have greater potency and fewer adverse side effects. The MAO 

inhibitors can cause serum aminotransferase elevations and rarely lead to clinically 

apparent liver injury, generally with a hepatitis-like clinical presentation 1 to 3 months 

after starting therapy. The various tricyclic antidepressants are capable of causing 

transient serum aminotransferase elevations to varying degrees and, in rare instances, 

clinically apparent acute liver injury. Various pattern of hepatic injury have been 

associated with different tricyclic antidepressants. Miscellaneous antidepressants include 

tetracyclic agents that act by inhibition of reuptake of norepinephrine and serotonin, 

aminoketones and triazolopyradine derivatives. Both agents, but particularly nefazodone, 

have been linked to cases drug induced acute liver injury that can be of severe magnitude 

and lead to liver failure and death. Several antidepressant medications have been 

withdrawn because of their hepatotoxicity.  For example, initial MAO inhibitor and 

hydralazine derivative iproniazid was introduced into clinical use in 1956, but withdrawn 

in 1961 because of multiple reports of acute hepatic injury more than 10% of which were 

fatal.  Amineptine is a tricyclic antidepressant that was introduced in 1978 in Europe, but 

subsequently withdrawn because of several reports of prolonged cholestatic hepatic injury 

associated with its use in rates higher than with other tricyclic antidepressants.  Finally, 

nefazodone, an antidepressant related in structure to trazodone that was approved for use 

in 1997, was withdrawn by the sponsor in 2003 after multiple reports of acute liver failure 

arising in patients treated for more than 4 to 6 months.  Nefazodone, however, remains 

available in generic forms.  

4.1.2.3. Liver damage from chemotherapy used to treat cancer (King et al., 2001)    

Over the last few decades, many novel cytotoxic chemotherapeutic agents have been 

developed which prolong survival of patients with even advanced and metastatic tumor. 
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The American Cancer Society states that more than 100 different drugs may be used as 

part of a chemotherapy regimen. The medications are delivered intravenously or taken 

orally. The drugs used to kill cancerous cells are so potent that they damage healthy cells 

as well. Liver damage is a common side effect of chemo-therapy, due to inhibition of 

biliary excretion, hepatic dysfunction from liver metastasis. Chemo's effects on the liver 

include elevated levels of enzymes, higher-than-normal readings of bilirubin, and damage 

to the organ itself. More recently, specifically targeted antibodies and other biological 

agents have been introduced in various combinations with chemotherapy to further 

increase life expectancy. Administration of chemotherapy has always been complicated 

with many adverse effects. Another important aspect with liver injury is that, it may not 

always reflect due to hepatotoxic anticancer drugs, there is need to consider reactions to 

antibiotics, analgesics, antiemetics or other medications. Pre-existing medical problems, 

tumor, immunosuppression, hepatitis viruses due to and other infections, and nutritional 

deficiencies or total parenteral nutrition all may affect a host's susceptibility to liver 

injury.    

4.1.2.4. Hepatotoxicity of Antidiabetic drugs      

Recent epidemiological studies suggested that patients with diabetes are twice as likely to 

suffer hepatic failure compared to patients who do not have diabetes. Increased 

incidences of hepatotoxicity have been observed in patients with diabetes receiving drug 

therapies. Neither the mechanisms nor the predisposing factors underlying hepatotoxicity 

in patients with diabetes are clearly understood. While pharmacovigilance for 

hepatotoxicity is probably still warranted, the practitioner and patient can be fairly 

confident that these drugs are safe from a liver standpoint. However, it is recommended 

that liver enzymes such as alanine amino transferase should be monitored in patients 
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receiving antidiabetic drugs. Hepatotoxicity due to anti-diabetic drugs has now emerged 

as a common clinical complication and there is also an equivalent need to protect liver 

from exposure to anti-diabetic drugs. Hypoglycaemic agents are directed towards 

increasing insulin secretion, decreasing insulin resistance, and increasing insulin uptake 

into the cells. antidiabetic drugs with reported cases of hepatotoxicity include 

sulfonylureas, alpha-glucosidase inhibitors, biguanides, and thiazolidinediones. 

Sulfonylureas are first line anti-diabetic agents for type 2 diabetes since 1954. First-

generation sulfonylureas include tolbutamide (Orinase), tolazamide (Tolinase), and 

chlorpropamide (Diabinese). The latter two are well recognized for their hepatotoxicity 

(Nakao et al., 1985). Fortunately, hepatotoxicity has been reported infrequently with 

second generation Sulfonylurease. Alpha glucosidase inhibitors are frequently used as 

adjunctive therapies for diabetes type 2. The prototype of this class is acarbose (Precose). 

Because acarbose is minimally absorbed in unchanged form after oral administration, the 

drug is widely believed to be safe, with only flatulence as a commonly reported side 

effect, however several cases of hepatotoxicity have been reported (Madonia et al., 2001, 

Hsiao et al., 2006). Biguanides (Metformin hydrochloride) is widely used for the 

treatment of type 2 diabetes. A rare but serious side effect, “lactic acidosis”, is caused 

because of its interference with mitochondrial oxidative processes. Metformin (Fortamet, 

Glucophage, Riomet) hepatotoxicity has rarely been reported, with two cases of acute 

hepatitis and one of bland cholestasis (Deutsch et al., 2001, Desilets et al., 2001). A well-

documented case of acute hepatitis caused by an idiosyncratic adverse reaction to 

metformin or to one of its metabolites has also been reported (Deutsch et al., 2001). 

Thiazolidinediones (TZDs) are insulin sensitizers now widely used for the treatment of 

type 2 diabetes. Three TZDs have been used in clinical practice are troglitazone, 
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pioglitazone, and rosiglitazone. Troglitazone was an effective anti-diabetic drug with a 

fundamentally new mechanism of action. However, within a year after its widespread use, 

individual cases of liver injury and failure were reported. The mounting evidence for the 

idiosyncratic hepatotoxicity of troglitazone in the following years led to its withdrawal 

from the market in 2000 (Watkins et al., 2005, Chojkier et al., 2005, Faich et al., 2001). 

Pioglitazone and Rosiglitazone: After the withdrawal of troglitazone due to 

hepatotoxicity, only pioglitazone (Actos) and rosiglitazone (Avandia) can be used for the 

treatment of patients with type 2 diabetes. Fortunately, these two newer drugs in the TZD 

class have a much larger margin of safety as far as liver toxicity is concerned since liver 

toxicity is rarely reported. (Al Salman et al., 2000, Forman et al., 2000, Dhawan et al., 

2002). However, chronic exposure of these drugs in diabetic patients is still a cause of 

concern from the point of view of hepatotoxicity. Antidiabetic drugs with reported cases 

of hepatotoxicity include sulfonylureas, alpha-glucosidase inhibitors, biguanides, and 

thiazolidinediones are arranged in Table 4.2.   
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Table 4.2. Antidiabetic agents with Reported Hepatotoxicity (Vagula et al., 2008) 

Antidiabetic Class Drug (Trade Name) 

Sulfonylureas 

First generation 

Chlorpropamide (Diabenese) 

Tolazamide (Tolinase) 

Tolbutamide (Orinase) 

Second generation 

Glimepirids (Amaryl) 

Glipizide (Glucotrol) 

Glyburide 

Alpha-glucosidase inhibitor 
Acarbose (Precose) 

 

Biguanides 
Metformin (Fortamet, Glucophage, 

Riomet) 

Thiazolidinediones (TZDs) 

Pioglitazone (Actos) 

Rosiglitazone (Avandia) 

Troglitazone (Rezulin) 

 

4.1.3. Liver toxicity in diabetic (Hsieh et al., 2011)       

Over 40 million have now been diagnosed with diabetes in India, and about 90% of these 

will have type 2 diabetes. It means that India actually has highest number of diabetics of 

any one country in the entire world. Liver disease is important cause of death in type 2 

diabetes. Liver cirrhosis is most common cause for liver transplantation and the fourth 

leading cause of death and accounted for 4.4% of diabetes-related deaths. Various 

symptoms of liver disease can be seen in patients with type 2 diabetes. This includes 

abnormal liver enzymes, non-alcoholic fatty liver disease (NAFLD), cirrhosis, 

hepatocellular carcinoma, and acute liver failure. The management of diabetes in patients 

with liver disease is theoretically complicated by liver-related alterations in drug 

metabolism, potential interactions between the drugs, and a low, albeit real, incidence of 

hepatotoxicity (Tolman et al., 2007).     
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4.1.4. Liver toxicity in cardiovascular disease (Bhatia et al., 2012)    

‘Cardio-hepatic’ syndromes has been described several times in patients with heart 

failure. Passive hepatic congestion due to increased central venous pressure may cause 

elevations of liver enzymes and both direct and indirect serum bilirubin. Impaired 

perfusion from decreased cardiac output may be associated with acute hepatocellular 

necrosis with marked elevations in serum aminotransferases. The cardiac and hepatic 

disorders occur in three different grounds such as heart diseases affecting the liver, liver 

diseases affecting the heart, and cardiac-hepatic disorders with joint etiology. Heart 

disease affecting liver includes alteration in liver function tests cardiogenic ischemic 

hepatitis, congestive liver fibrosis and cardiac cirrhosis. The liver diseases affecting the 

heart include complications of cirrhosis such as hepato-pulmonary syndrome, porto-

pulmonary hypertension, pericardial effusion, and cirrhotic cardiomyopathy as well as 

non-cirrhotic cardiac disorders such as high-output failure caused by intrahepatic arterio-

venous fistulae. Cardiac and hepatic disorders with joint etiology include infectious, 

metabolic, immune, vasculitic, and toxic disorders. Non-alcoholic fatty liver disease 

(NAFLD) and cardiovascular disease (CVD) has very close pathological resemblance. 

NAFLD affects up to a third of the population worldwide and may confer increased 

cardio-metabolic risk with consequent adverse cardiovascular outcomes independent of 

traditional cardiovascular risk factors and the metabolic syndrome. NAFLD results into 

several deleterious pathophysiological processes including abnormal glucose, fatty acid 

and lipoprotein metabolism, increased oxidative stress, deranged adipokine profile, hyper-

coaguability, endothelial dysfunction, and accelerated progression of atherosclerosis.   

With this discussion on various drugs causing hepatotoxicity, it will be most interesting to 

see if any hepatoprotective therapy is available              
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4.2. Hepatoprotective agents (Pharmacotherapy for Hepatotoxicity) (Dhingra et al., 

2011) 

4.2.1. Allopathic Treatment: Urdeoxycholic Acid, UDCA (Ursodiol)  

At present UDCA is only compound approved by US FDA for the treatment of primary 

biliary cirrhosis (PBC) or hepatoprotection. Demand of UDCA is on rise as it promisingly 

increases liver in all cholestatic conditions. UDCA is a polar bile acid that may act by 

declining the hydrophobicity and toxicity of bile. UDCA is a dihydroxy bile acid, which 

is normally present in human bile in a little concentration of about 3% of total bile acids. 

Mechanism of Action UDCA        

1. Defence of Injured Cholangiocytes against Toxic Effect of Bile acid    

Hydrophobic bile acids damage cell membrane and use cytotoxicity at concentration that 

are present in bile. UDCA may also protect Cholangiocytes by falling apical uptake and 

UDCA encouraging basolateral efflux of bile acid from Cholangiocytes and the 

intracellular concentration of hydrophobic bile acid decreases thus reducing toxicity.     

2. Inspiration of Depollution of Hydrophobic Bile Acids.     

It has been proved that UDCA stimulates steroidal breakdown. UDCA activate PXR in rat 

hepatocyte and induces CYP3A4, which is a bile acid-metabolizing enzymes.    

3. Protection against bile acid induced apoptosis.     

Cell death by apoptosis is an important aspect in Cholestatic liver disease. 

Glycochenodeoxycholic acid induces apoptosis by ligand independent activation of fat 

receptors in hepatocytes. UDCA shrinks Fas ligand induced apoptosis in rat hepatocytes. 

It protect hepatocytes against bile acid induced apoptosis by preventing bile acid induced, 

c-Jun N-terminal kinase-dependant CD95 trafficking to the plasma membrane.      
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Clinical uses of UDCA          

1. Biliary cirrhosis           

2. Biliary Disease Secondary to cystic fibrosis   

3. Non-Alcoholic steatohepatitis, idiopathic chronic hepatitis      

4. Autoimmune hepatitis   

5. Primary sclerosing cholangitis         

6. Alcoholic Hepatitis        

4.2.2. Classification of herbal and Ayurvedic hepatoprotective agents.    

1. Anti-hepatotoxic agents: These are generally antagonize the effect of any 

hepatotoxins causing hepatitis or other liver disease.      

2. Hepatotoxic agents: These agents generally support or promote healing process of the 

liver. In practice these two activities cannot be easily distinguished from each other      

3. Hepatoprotective agents: These generally prevent various types of liver affections 

prophylactically. In general, any hepatoprotective agent can act as an anti-hepatotoxic or 

hepatotropic agent but the vice versa may not always be true emphasizing and urgent 

need of supportive and safe therapy to prevent liver damage.      

4.2.3. Herbs and Herbal/Ayurvedic formulations for Hepatoprotection (Roy et al., 

2012)  

Since immemorial, mankind has made use of plants in the treatment of various diseases. 

Several medicinal plants are also known to be a significant source of Hepatoprotective 

drugs. Some mono and poly-herbal preparations have been used in various liver disorders 

since ages. Clinical research has also shown that many herbals or herbal preparations 

have genuine utility in the treatment of liver diseases, also there are several Ayurvedic 

formulations mentioned in the treatment of hepatotoxicity. The Indian traditional 
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medicine like Ayurvedic, Siddha and Unani are largely based on the use of plant 

materials. Herbal drugs have gained importance and popularity in recent years because of 

their safety, efficacy and cost effectiveness. The association of medical plants with other 

plants in their habitat also influences their medicinal values in some cases. One of the 

important and well-documented uses of plant-products is their use a hepatoprotective 

agents. Hence, there is an ever increasing need for safe hepatoprotective agent. Medicinal 

herbs are significant source of hepatoprotective drugs. According to one estimate, more 

than 700 mono and poly-herbal preparations in the form of decoction, tincture, tablets and 

capsules from more than 100 plants are in clinical use. The use of natural remedies for 

treatment of liver diseases has a long history, starting with the Ayurvedic treatment and 

extending to the Chinese, European and other systems of traditional medicines. Many 

natural products of herbal origin are in use for the treatment of liver aliments. 

Polyphenolic compounds are widely distributed in plants and known to be excellent 

antioxidants in vitro and have the capacity to scavenge free radicals and protect and 

provide antioxidant defence (Sreelatha et al., 2009). In recent years, research on 

hepatoprotection is increasingly concentrated on many herbals, herbal formulations, 

Ayurvedic formulations and edible plant extracts that possess hepatoprotective activities. 

In view of pathology of liver disease, a single drug is inadequate and many times risks 

adverse side effects, whereas a complex mixture of phytochemicals from herbs could 

provide more protective and beneficial effects (Wang et al., 2008, Yang et al., 2008). 

Also, it has been postulated that dietary ingestion of natural antioxidants in the form of 

complex mixtures could provide a synergistic effect, which a single pure compound will 

unable to provide (Vitaglione et al., 2004). This suggests that complex substances in a 

mixture may possess a variety of biological activities rationally supporting use of 
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polyherbal formulations. Several epidemiological evidences suggest that intake of some 

vitamins, minerals and other food constituents may help to protect against liver disease 

and that antioxidant may have protective effect, either in preventing these disease or 

lessening the severity of the disease upon their onset (Gini et al., 2008). A large number 

of plants and formulations have been claimed to have hepatoprotective activity. Nearly 

160 phytoconstituents from 101 plants have been claimed by Pharmacopeia Foundation to 

possess liver protecting activity. In India, more than 87 plants are used in 33 patented and 

proprietary multi-ingredient plant formulations. In spite of the tremendous advances 

made, no significant and safe Hepatoprotective agents are available in modern 

therapeutics. Therefore, due importance has been given globally to develop plant-based 

hepatoprotective drugs, effective against a variety of liver disorders. Various active 

constituents isolated from plants are silymarin from Silybum marianum, andrographolide 

from Andrographis paniculata, picroliv from Picrorhiza kurroa, phyllanthin and 

hypophyllanthin from Phyllanthus niruri and methoxy benzoic acid from Capparis 

spinosa, which have been reported to be antihepatotoxic (Handa et al., 1990, Gupta et al, 

2007). These active constituents with antioxidative, antifibrotic, antiviral and other 

properties may serve as primary compounds for further development as hepatoprotective 

drugs (Subramonium et al., 1999). There are several commercial formulations available 

for the hepatoprotection (Girish et al., 2009), summarised in Table 4.3.     

In recent years, many researchers have become increasingly interested in herbs, herbal 

formulations, Ayurvedic formulations and edible plant extracts that possess potent 

antioxidant and hepatoprotective activities. In view of pathology of liver disease, it could 

be rationalised that a single drug is perhaps inadequate and may possesses non-targeted 

side effect, whereas a complex mixture of phytochemicals from herbs may provide more 
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protective and beneficial effects. In current work, we have evaluated the antioxidant and 

hepatoprotective potential of Ashwagandharishta in CCl4 induced hepatotoxicity in rats. 

There are no previous reports of systematic study about Ashwagandharishta on hepatic 

toxicity; however, interestingly every single herb from Ashwagandharishta has reported 

potential antioxidant and liver protective effect. Active constituents isolated from herbal 

ingredients such as Withanolides, curcuminoids, gallic acid, ellagic acid, anthraquinone 

glycosides, berberin, arjunolic acid are proved antioxidants and liver protective. It is 

therefore thought interesting to study potential of Ashwagandharishta liver protection.  
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Table 4.3. List of Commercially available hepatoprotective polyherbal formulations  

Sr. 
No. 

Name of the formulation Plant used in the formulation 

1.  Silymarin  
Silymarin is a flavono-lignan mixture 
obtained from seeds of Silybum 
marianum. 

2.  
Liv 52 (Himalaya Drug Co, 
Bangalore) 

Achillea millefolium, Capparis spinosa, 
Cassia occidentalis, Cichorium intybus, 
Solanum nigrum, Tamarix gallica, 
Terminalia arjuna 

3.  
Livergen 
(Standard Pharmaceuticals, 
Serampore, West Bengal) 

Andrographis paniculata, Apium  
raveolens, Asteracantha longifolia, 
Cassia angustifolia, Trachyspermum 
ammi, Trigonella foenumgraecum 

4.  
Livokin 
(Herbo-med, Kolkata) 

Andrographis paniculata, Apium 
graveolens, Berberis lycium, Carum 
copticum, Cichorium intybus, Cyperus 
rotundus, Eclipta alba, Ipomoea 
turpethum, Oldenlandia corymbosa, 
Picrrorhiza kurroa, Hygrophila 
spinosa, Plumbago zeylanica, Solanum 
nigrum, Tephrosia purpurea, 
Terminalia arjuna, Terminalia chebula, 
Trigonella foenumgraecum 

5.  
Octogen 
(Plethico Pharmaceuticals Ltd., 
Indore) 

Arogyavardhini rasa*, Phyllanthus 
niruri 

6.  

Stimuliv 
(Franco-Indian 
Pharmaceuticals 
Pvt. Ltd., Mumbai) 

Andrographis paniculata, Eclipta alba, 
Phyllanthus niruri, Justicia procumbens 

7.  
Tefroliv 
(TTK Pharma Pvt. 
Ltd.,Chennai) 

Andrographis paniculata, Eclipta alba, 
Ocimum sanctum, Phyllanthus niruri, 
Picrrorhiza kurroa, Piper longum, 
Solanum nigrum, Tephrosia purpurea, 
Terminalia chebula 
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4.3. Literature review    

4.3.1. Carbon tetrachloride induced liver toxicity       

Carbon tetrachloride (CCl4) is a potent hepatotoxic agent causing hepatic necrosis, and is 

widely used in animal models for induction of acute and chronic liver injury. Boll et al., 

2001 has studied the mechanism of carbon tetrachloride for induction of hepatoxicity, 

Boll et al., 2001 modelled liver damage in monolayer culture of rat primary hepatocytes 

with a focus on involvement of covalent binding of CCl4 metabolites to cell components 

and peroxidative damage as the cause of injury. Following observations for CCl4 damage 

was noted. 1] Covalent binding of 
14

C-labeled metabolites was detected in hepatocytes 

immediately after exposure to CCl4. 2] Low oxygen partial pressure increased the 

reductive metabolism of CCl4 and thus resulting in covalent binding. 3] [
14

C]-CCl4 was 

bound to lipids and proteins throughout the subcellular fractions. Binding occurred 

preferentially to triacylglycerol and phospholipids, with phosphatidylcholine containing 

the highest amount of label. 4] The lipid peroxidation potency of CCl4 revealed subtle 

differences compared to other peroxidative substances, viz., ADP-Fe
3+

 and cumol 

hydroperoxide, respectively. 5] CCl4, but not the other peroxidative substances, decreased 

the rate of triacylglycerol secretion as very low density lipoproteins. 6] The anti-oxidant 

vitamin E (α-tocopherol) blocked lipid peroxidation, but not covalent binding, and 

secretion of lipoproteins remained inhibited. 7] The radical scavenger piperonyl butoxide 

prevented CCl4-induced lipid peroxidation as well as covalent binding of CCl4 

metabolites to cell components, and also restored lipoprotein metabolism. Boll et al., 

2001 finally concluded that that covalent binding of the CCl3* radical to cell components 

initiates the inhibition of lipoprotein secretion and thus cause steatosis, whereas reaction 

with oxygen, to form CCl3-DOO*, initiates lipid peroxidation. CCl4 intoxication results in 
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adduct formation and ultimately, initiating malignancy and also results in loss of calcium 

homeostasis and, apoptotic cell death.    

Cabre et al., (2000) reported that treatment with CCl4 in mice and rats caused release of 

AST and ALT, hepatocellular necrosis, decreased levels of anti-oxidative enzymes and 

increased lipid peroxidation products.       

Gini et al., (2008) has mentioned that CCl4 induced liver damage is a classical model for 

the screening of hepatoprotective drugs, CCl4 induced hepatocellular necrosis in rat 

adequately represent experimental model of human cirrhosis.     

Aliyu et al., (1995), Bishyee et al., (1995) differentiate liver damage by drugs like 

tetracyclines, sulphonamides and antihypertensive drug methyldopa and finally suggested 

CCl4 as a classical hepatotoxic agent in animals to evaluate hepatoprotective action of 

plants and other compounds.            

Adesanoye et al., (2010) has mentioned implication of several drugs, chemicals and other 

agents in the etiology of liver disease and concluded that the mechanism of action of 

carbon tetrachloride (CC14) is well established to explore the hepatoprotective role of 

several herbs, herbal formulation and synthetic compounds such as bromobenzene, 

chloroform, paracetamol, ethanol and polycyclic aromatic hydrocarbons has been 

established. Adesanoye et al., (2010) mentioned the mechanism of CCl4 liver toxicity. 

CC14 is activated by CYP2E1, CYP2B1or CYP2B2, CYP2A and possibly CYP3A to its 

intermediate trichloromethyl radical CCl3
●

 and further converted to trichloromethyl 

peroxy radical, CCl3O2
●
, a highly reactive species in the presence of oxygen. CCl3

●
 binds 

to cellular molecules such as nucleic acid, lipid and protein, impairing very important 

cellular activities, while CCl3O2
●
, a more reactive radical, reacts with polyunsaturated 

fatty acids (PUFA) to propagate a chain reaction, leading to lipid peroxidation which 
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attacks and destroys polyunsaturated fatty acids, or binds covalently to lipids and 

proteins, resulting in the destruction of cell membranes and also induction of liver 

damage.     

Yang et al., (2008) also selected CCl4 model as hepatotoxicant and investigated the ability 

of Pycnogenol
R
 PYC to protect against carbon tetrachloride (CCl4)-induced oxidative 

stress and hepatotoxicity.      

4.3.2. Reports of Ashvagandharishta in different ailments    

Ashvagandharishta is popularly known for its multi-facetted medicinal benefits with 

better patient acceptance. Due to its medicinal properties Ashwagandharishta is wildly 

use to correct metabolism, to provide proper nutrition and also found to be effective in 

mental disorder and inflammatory conditions. There are several reports available on for 

Ashwagandharishta on different ailments.           

4.3.2.1. Protective role of Ashwagandharishta in maximal electroshock induced 

Seizers.  

Ashwagandharishta, an Ayurvedic classical formulation, is the remedy for Apasmara 

(epilepsy), Murchha (syncope), Unmada (psychosis), etc. Recent studies in animal models 

have shown that n-3 PUFAs can raise the threshold of epileptic seizures. Tanna et al., 

(2012), explored the protective role of Ashvagandharishta with flax seed oil as a 

anticonvulsant. Both flax seed oil and Ashwagandharishta significantly decreased 

convulsion phase. Pre-treatment with flax seed oil exhibited significant anticonvulsant 

activity by decreasing the duration of tonic extensor phase. Contrary to the expectations, 

pre-treatment with flax seed oil as an adjuvant to Ashwagandharishta failed to decrease 

the tonic extensor phase; however, it significantly decreased the flexion phase (P<0.001) 

and duration of the convulsions (P<0.05). Both the drugs exhibited an excellent anti-
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postictal depression effect and provided complete protection against mortality.   

4.3.2.2. Antidiabetic activity of Ashwagandharishta        

Tiwari et al., (2010) was evaluated the role of Ashvagandharishta to reduce 

cardiovascular risk associated with the diabetic conditions. They have prepared two types 

of Ashvagandharishta i.e. with traditional method and modern methodology and 

evaluated for fasting blood sugar, blood glutathione levels and serum biochemical 

parameters in alloxan induced diabetic rat. They found Ashwagandharishta to 

promisingly restore all the parameters studied.     

4.3.2.3. Diuretic activity of Ashvagandharishta (Tiwari et al., 2011)    

Tiwari et al., 2011 has formulated Ashvagandharishta using traditional and modern 

methodology and subjected to testing its diuretic effect. Oral administration of 

Ashwagandharishta-T, Ashwagandharishta-M and its marketed formulation at the dose of 

2.0 ml/kg over a period of 5 h showed a significant increase in urine volume as compared 

to control group. All the test formulations of Ashwagandharishta as Ashwagandharishta-

T, Ashwagandharishta-M and its marketed formulation showed significant rise in sodium, 

potassium and chloride level in urine sample as compared to control group. The 

maximum diuretic effect was produced by Furosemide. Thus, both types of 

Ashwagandharishta showed significant diuretic, natriuretic and kaliuretic effects.  

4.3.2.4. Cardioprotective activity of Ashvagandharishta  (Tiwari et al., 2012)   

Further on Tiwari et al., 2012 has reported testing cardioprotective effect of 

Ashwagandharishta preparations on Isoproterenol induced Myocardial Infarction in 

albino rats. All the test preparations of Ashvagandharishta significantly prevented ISO-

induced adverse change in the level of serum marker enzymes as creatine kinase (CK-

MB), lactate dehydrogenase (LDH), aspartate aminotransferase (AST) and alanine 
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aminotransferase (ALT) and also improved serum lipid profile. Ashvagandharishta 

formulation showed strong antioxidant activity, as Ashvagandharishta significantly 

increases glutathione (GSH) content and significantly reduces the malonyldialdehyde 

(MDA). Thus Tiwari et al., finally concluded that the cardio protective activity of 

Ashwagandharishta-T, M and its marketed preparation may be due to an augentation of 

endogenous antioxidants as GSH and inhibition of lipid peroxidation at cardiac 

membrane.  

4.3.2.5. Gastric mucosal protective role of Ashvagandharishta     

Somuvel et al., (2011) evaluated the role of Ashvagandharishta on gastric ulceration by 

pylorus ligation ulcer model in albino Wistar rats. Gastric mucosal protection was 

evaluated by measuring the ulcer index, gastric secretion volume, total acidity and free 

acidity.  Ashwagandharishta showed significant reduction in ulcer index, gastric volume, 

free acidity and total acidity at 2.7ml/kg and 8.1ml/kg compared to control group animals. 

Protection index was found to be 77.77 % and 83.33 % for 2.7ml/kg and 8.1ml/kg, 

respectively. Omeprazole (20 mg/kg) showed protection index of 86.66 %. Somuvel et 

al., (2011) concluded that active compounds present in Ashvagandharishta formulation 

possess gastric ulcer healing property via multiple mechanisms.      

4.3.2.6. Antioxidant potential of Ashvagandharishta  

Manwar et al., (2013) has pointed that despite the variation in withanolide concentration 

in different Ashvagandharishta formulations, all the formulations showed significant in 

vitro antioxidant activity by different methods such as DPPH scavenging assay, Hydrogen 

peroxide scavenging assay and total reduction capability assay. Manwar et al., 2013 also 

proposed that this incresed antioxidant activity can be due to presence of higher amount 

of jaggery on Ashvagandharishta formulation.     
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Ashvagandharishta was often prescribed for the immune function, digestive impairment, 

liver condition, neurological disorder and also used as general health promoting tonic.   

However, scientific evidences of its hepatoprotective potential are lacking except for a 

few reports (Gune et al., 2005) where its use for boosting liver function is advocated. 

Besides, the ingredients of Ashvagandharishta possess the strong antioxidant, anti-

inflammatory, cholesterol lowering, anti-stress and rejuvenating properties. Each and 

every ingredient of Ashvagandharishta possess the strong antioxidant activity, these are 

some important herbal ingredients of Ashvagandharishta formulations Withania 

somnifera (Gupta et al., 2003, Bhattacharya et al., 2001), Chlorophytum tuberosum 

(Govindarajan et al., 2005), Rubia cordifolia (Deoda et al., 2011, Rawal et al., 2004), 

Terminalia chebula (Subramaniyan et al., 2005), Curcuma longa (Aggarwal et al., 2007), 

Berberis aristata (Singh et al., 2009), Glycyrrhiza glabra (Kanimozhi et al., 2011), 

Terminalia arjuna (Gauthaman et al., 2001), Pterocarpus santalinus (Narayan et al., 

2005), Honey (Erejuwa et al., 2012), Jaggery (Harish Nayaka et al., 2009, Raghuvanshi et 

al., 2014), Woodfordia fruticosa (Verma et al., 2012), Zingiber officinale (Rasyidah et al., 

2014), Cinnamomum Zeylanicum (Khaki et al., 2013), Ellectaria cardamomum all these 

ingredients have potential to scavenge the free radicals generated during intoxication 

process. Antioxidant profile of some herbs gives in Table 4.4.      
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Table 4.4.  Effect of Ashvagandharishta ingredients on Antioxidant profile. 

Ashvagandharishta 
composition 

Antioxidant enzymes 

SOD GPx CAT GSH 

Withania somnifera - + + + 

Chlorophytum 
tuberosum 

+ + + + 

Rubia cordifolia + + + + 

Terminalia chebula + + + + 

Curcuma longa + + + + 

Berberis aristata + + + + 

Glycyrrhiza glabra + + + + 

Terminalia arjuna + + + + 

Pterocarpus 
santalinus 

+ + + + 

Honey + + + + 

Jaggary + + + + 

Woodfordia 
fruticosa 

+ + + + 

Zingiber officinale  + + + + 

Cinnamomum 
Zeylanicum 

+ + + + 

Ellectaria 
cardamomum 

+ + + + 

SOD; superoxide dismutase, GPx; glutathione peroxidase, CAT; catalase, GSH; glutathione   

4.3.2.7. Ashvagandharishta on Lipid profile    

Tiwari et al., (2010) evaluated the Anti-hyperlipidemic activity of the Ashvagandharishta 

prepared using traditional and modern methodology. Atorvastatin was used as standard 

drug. Hypolipidemic activity was evaluated with cholesterol fed rats, Ashvagandharishta 

T and Ashvagandharishta M at the dose of 2.0ml/kg body weight orally significantly 

reduced serum cholesterol (47% and 46%), serum LDL (66% and 65%), and serum 
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triglycerides (35% and 34%). Increase in serum HDL was 19% when compared to control 

with both the Ashwagandharishta-T and M and reduction in atherogenic index was found 

1.25 and 1.29 in Ashwagandharishta-T and Ashwagandharishta-M treated groups 

respectively.  Tiwari et al., 2010 finally concluded that both Ashvagandharishta 

formulations have strong Anti-hyperlipidemic activity and it also supports strong Anti-

atherosclerotic properties. Every ingredient of Ashvagandharishta has effect on lipid 

profile activity and previously shown Anti-hyperlipidemic acrivity. These are some 

important herbal ingredients of Ashvagandharishta formulations Withania somnifera 

(Andallu et al., 2000, Rasool et al., 2007), Chlorophytum tuberosum (Oudhia et al., 

2001), Rubia cordifolia (Somani et al., 2007), Terminalia chebula (Maruthappan et al., 

2010), Curcuma longa (Aggarwal et al., 2007), Berberis aristata (Razzaq et al., 2011), 

Glycyrrhiza glabra (Visavadiya et al., 2006), Terminalia arjuna (Patil et al., 2011), 

Pterocarpus santalinus (Halim et al., 2011), Honey (Münstedt et al., 2009), Jaggary 

(Khogare et al., 2012), Woodfordia fruticosa (Khera et al., 2012), Zingiber officinale 

(Yiming et al., 2012), Cinnamomum Zeylanicum (Ranasinghe et al., 2012, Javed et al., 

2012), Ellectaria cardamomum all these ingredients have potential to balance the lipid 

profile during disease condition. Lipid profile of some herbs given in Table 4.5.     
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Table 4.5.  Effect of Ashvagandharishta ingredients on Lipid profile.   

 

Ashwagandharishta 
composition 

Action on Lipid profile  

TG C VLDL LDL HDL 

Withania somnifera ↓ ↓ ↓ ↓ ↑ 

Chlorophytum tuberosum ↓ ↓ - - - 

Rubia cordifolia ↓ ↓ - - ↑ 

Terminalia chebula ↓ ↓ - - ↑ 

Curcuma longa ↓ ↓ ↓ ↓ ↑ 

Berberis aristata ↓ ↓ ↓ ↓ ↑ 

 Glycyrrhiza glabra ↓ ↓ ↓ ↓ ↑ 

Terminalia arjuna ↓ ↓ ↓ ↓ ↑ 

Pterocarpus santalinus ↓ ↓ ↓ ↓ ↑ 

Honey ↓ ↓ ↓ ↓ ↑ 

Jaggary ↓ ↓ ↓ ↓ ↑ 

Woodfordia fruticosa ↓ ↓ ↓ ↓ ↑ 

Zingiber officinale  ↓ ↓ ↓ ↓ ↑ 

Cinnamomum Zeylanicum ↓ns ↓ns ↓ns ↓ns ↑ns 

Ellectaria cardamomum - - - - - 

TG; triglyceride, C; cholesterol, VLDL; very low density lipoprotein, LDL; low density lipoprotein. ns; non-significant 
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4.3.2.8. Hepatoprotective role of W. somnifera        

Ahmad et al., (2010) explored the Anti-hepatotoxic effect of Withania somnifera extracts 

on carbon tetrachloride-induced hepatotoxicity in rats. Anti-hepatotoxic activity was 

assessed by the measuring aspartate transaminase (AST), alanine transaminase (ALT), 

lactate dehydrogenase (LDH), alkaline phosphatase (ALP), glutathione peroxidase (GPx), 

glutathione  reductase (GR), glutathione S-transferase (GST), reduced glutathione (GSH), 

tissue content and malondialdehyde (MDA) as well as histopathological examination. In 

this experiment, W. somnifera extract with 500 mg/kg showed significant Anti-

hepatotoxic activity by significantly reducing levels of AST, ALT and LDH. However, 

ALP levels decreased non-significantly. W. somnifera exhibited significant effect by 

increasing GPx, GR, and GST activities with incresed GSH tissue content and with 

decresed MDA level. Furthermore, W. somnifera extracts protect the rat liver against 

CCl4 induced hepatotoxicity.  Ahmad et al., (2010) concluded that hepatoprotective effect 

was attributed due to antioxidant activity of these extracts. Paracetamol-induced hepatic 

failure is the second leading cause of liver transplantation and accounts for considerable 

levels of morbidity and mortality (Cooper et al., 2009).    

Sabina et al., (2010) has shown hepatoprotection of W. somnifera in clinically relevant 

paracetamol induced hepatic failure in rat model. The estimation of enzymes in the serum 

is a useful quantitative marker of the extent and type of hepatocellular damage. The rise 

in serum AST and ALT levels has been attributed to the damaged structural integrity of 

the liver because these are cytoplasmic in location and are released into circulation after 

cellular damage. In this model single dose of paracetamol (900 mg/kg, i.p) cause 

significant elevation of liver marker enzyme namely aspartate transaminase, alanine 

transaminase, alkaline phosphatase, and total bilirubin. As this elevation indicate 
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deterioration of hepatic functions due to liver membrane damage resulting release of these 

enzymes into circulation. After Ashvagandha administration, restoration of liver enzyme 

activity was observed indicating that Ashvagandha effected significant recuperation of 

liver from paracetamol intoxication. W. somnifera also helped in significantly decreasing 

bilirubin thus bringing liver to function normally. W. somnifera also significantly restored 

the levels of reduced antioxidants status (Superoxide dismutase, Catalase, Reduced 

glutathione and Glutathione-S- Transferase). Sabina et al., 2010 proved that W. somnifera 

has promising hepatoprotective and antioxidant effect.    

In another experiment, Sultana et al., (2012) also proved the hepatoprotective role of W. 

somnifera against gentamycin induced liver damage in rats. In this, serum levels of AST 

and ALT were found significantly high in gentamycin control animals, whereas, rats 

treated with W. somnifera significantly (p<0.001) reduces the circulating level of AST 

and ALT. Higher level of bilirubin was found in gentamycin control animal, while 

bilirubin level of W. somnifera treated rats were significantly (p<0.01) reduced. 

Histological examination of liver also revealed abnormal findings in gentamycin 

intoxicated animals, again 84.62 % of rats in gentamycin treated group almost showed 

normal structure in liver. Finally Sultana et al., 2012 concluded that some active anti-

inflammatory compounds from W. somnifera may be responsible for the hepatoprotective 

role.     

Malik et al., (2013) demonstrated benefits of aqueous root extract of W. somnifera in 

paracetamol induced liver damage in mice. Paracetamol (500 mg/kg) significantly 

increased level of serum AST, ALT, ALP and bilirubin accompanied with significant 

decrease in total serum protein level. Paracetamol intoxication also significantly reduced 

the level of glutathione, catalase, glutathione reductase and glutathione peroxidase in 
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liver. Treatment with W. somnifera root extract (500 mg/kg) notably decresed AST, ALT, 

ALP, bilirubin and total protein level. In addition to this W. somnifera root extract 

significantly reduced hepatic lipid peroxidation, enhanced antioxidant enzyme activity 

and GSH levels in the liver of mice. Finally Malik et al., 2013 concluded that W. 

somnifera root extract revealed hepatoprotective effect through its antioxidant potential. 

However, the authors highlighted need of molecular studies in order to support clinical 

use of W. somnifera. 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 4 

 

 

186 

 

4.4. Material and Methods     

4.4.1. Chemicals    

Carbon tetrachloride (CCl4) was purchased from Siga Chemicals Co.  Olive oil was 

purchased from local market and Silymarin was obtained through Limarin-140 capsules, 

marketed by Serum Institute of India Ltd. For Biochemical investigation of serum 

albumin, bilirubin, total protein levels, serum aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and serum alkaline phosphate (ALP) commercial kits were 

obtained from Accurex Biomedical Pvt. Ltd. India, following manufacturer's instructions. 

Cholesterol, triglyceride, low density lipoprotein (LDL) and high density lipoprotein 

(HDL) estimation kits (Accurex Biomedical Pvt. Ltd., India) were purchased from 

respective vendor.      

For gene expression studies, total RNA from liver tissues was extracted using TRIZOL 

reagent (Invitrogen CA, USA) along with PureLink RNA mini kit (Invitrogen CA, USA). 

TaqMan gene expression assays (Applied Biosystems, CA, USA) and TaqMan gene 

expression master mix (Applied Biosystems, CA, USA). The Taqman gene expression 

assays used in this study were CAT (Cat; Rn00560930_m1), GPx (GPx1; 

Rn00577994_m1) and IL-6 (IL-6; Rn01410330_m1). The relative amount of the RNA 

was normalized to the amount of endogenous control i.e. GAPDH (Glyceraldehyde- 3-

phosphate dehydrogenase) (Gapdh; Rn01775763_g1).  

4.4.2. Apparatus            

Epitubes (1.5 and 2 ml), centrifuge tubes (15 ml), micro tips, tip boxes purchase from 

Tarson, India. Micro-pipettes (2-20 µl, 20-200 µl and 100-1000 µl) of Eppendorf, India 

were used.  Tissue paper, fine capillaries, hand gloves, anaesthetic chamber, test tubes, 
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label paper, markers. 1.5 ml RNase–free micro-centrifuge tubes and RNase–free pipette 

tips.     

4.4.3. Instrumentations            

UV/Visible spectrophotometer, (Model Jasco V-530, Japan), Refrigerated centrifuge 

(Model 5304R, Eppendorf), Tissue homogenizer (Remi motors, India), Deep freezer, -

80
0
C (Thermo fisher scientific deep freezer), Laminar air cabinet unit, The qPCR analysis 

was performed with the help of a StepOne real-time PCR system (Applied Biosystems, 

CA, USA). DataAssist ver. 3.0 (Applied Biosystems, CA, USA) and the ∆Ct method 

(Schmittgen et al., 2008). Micro-centrifuge capable of centrifuging at 12,000×g.  

4.5. Hepatoprotective activity in carbon tetrachloride (CCl4) induced liver toxicity in 

male Wistar rats.    

The objective of present study was to investigate the hepatoprotective activity of 

Ashvagandharishta and Silymarin as a standard drug in carbon tetrachloride (CCl4) 

induced liver toxicity in Wistar rats.  

4.5.1. Dose selection of Ashvagandharishta and Acute oral toxicity study.    

As per Ayurvedic Pharmacopoeia of India, the dose of Ashvagandharishta mention is 15-

30 ml/day, considering an average, rat dose was calculated. The rat dose was calculated 

by translating human equivalent dose (HED) to animal dose on the basis of body surface 

area (Shannon et al., 2007). After extrapolation, Ashwagandharishta dose for animal 

experiment was calculated to be 2.31 and 1.15 ml/kg of rat body weight. Every dose of 

Ashvagandharishta was given with equal amount of water, as prescribed in Ayurvedic 

Pharmacopoeia of India. Acute toxicity study using three doses (2.31, 1.15 and 0.577 

ml/kg of body weight) of Ashwagandharishta did not show any clinical sings of mortality, 
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toxicity and behavioural changes during and after dosing.     

4.5.2. Vehicle.           

Distilled water was used as a vehicle; formulation was given to animals with equal 

amount of water.    

4.5.3. Method of dose preparation         

Dose of Ashvagandharishta was prepared freshly on the day of experiment and 

immediately given to animals.    

4.5.4. Route of administration              

The Ashvagandharishta was administered orally (using oral gavage needle).    

4.5.5. Experimental animals          

Male Wistar rats (200-250 g) were purchased from National Institute of Biosciences, 

Pune, India. Animals were acclimatised for the period of 1 week. Animals were housed in 

air-conditioned room at temperature 25±1
o
C and relative humidity of 45-55 % under 12-h 

light: 12 hr dark cycle. The animals had free access to food pellets (Chakan Oil Mills, 

Pune, India). Water was provided ad libitum.     

4.5.6. Research protocol approval.        

The experimental protocol was approved by the Institutional Animal Ethics Committee 

(IAEC) constituted in accordance with the rules and guidelines of the Committee for the 

Purpose of Control and Supervision on Experimental Animals (CPCSEA).    

4.5.7. Experimental design and protocol    

Male Wistar rats (200-250 g) were randomly divided into five groups comprising of six 

animals per group.            

Group I:  Healthy control group, animals received distilled water and normal feed for 35 

days (n=6).             
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Group II: CCl4 control group, animals received distilled water orally for 35 days and 

CCl4 (1 ml/kg body weight) was administered to animals on the 1st and 4th day of every 

week until the 35th day of the experiment by intraperitonial injection with equal amount 

of olive oil.      

Group III: Silymarin control, silymarin (25 mg/kg) was suspended in 1% w/v Na-CMC 

and administered orally with intra-gastric cannula for 35 days and CCl4 (1 ml/kg body 

weight) was administered to animals on the 1st and 4th day of every week until the 35th 

day of the experiment by intraperitonial injection with equal amount of olive oil.   

Group IV: Received Ashvagandharishta (2.31 ml/Kg) orally with intra-gastric cannula 

for 35 days while CCl4 (1 ml/kg body weight) was administered to animals on the 1st and 

4th day of every week until the 35
th

 day of the experiment by intraperitonial injection 

with equal amount of olive oil.         

Group V: Received Ashvagandharishta (1.15 ml/Kg) orally with intra-gastric cannula for 

35
th

 days and CCl4 (1 ml/kg body weight) was administered to animals on the 1st and 4th 

day of every week until the 35
th

 day of the experiment by intraperitonial injection with 

equal amount of olive oil.        

4.5.8. Survival study          

Mortality and general conditions of the animals were observed daily throughout the 

experimental period.     

4.5.9. Biochemical investigations         

After 24 hr of last dose to all groups (i.e. Silymarin, Ashvagandharishta), blood was 

withdrawn from the retro orbital plexus of each rat under mild anaesthesia for 

determination of biochemical parameters. Serum was separated using cryocentrifuge at 

4
o
C at 7000 rpm for 15 min. Serum samples were analyzed for Serum albumin, bilirubin, 
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total protein, and activities of enzymes such as serum aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), and serum alkaline phosphate (ALP).  

4.5.10. Determination of serum lipid profile       

Serum samples were collected as mentioned in above section. Collected serum samples 

were analyzed for serum triglycerides, cholesterol, High-density lipoprotein (HDL), and 

LDL-C were quantified. 

4.5.11. Serum very low density lipoprotein-cholesterol (VLDL)     

Serum VLDL-C was calculated using Frieldwald’s equation (Frieldwald et al., 1972). 

VLDL-C=TG/5.    

4.5.12. qPCR        

For gene expression studies, total RNA from liver tissues was extracted using TRIZOL 

reagent (Invitrogen CA, USA) alongwith PureLink RNA mini kit (Invitrogen CA, USA). 

Quality of the isolated RNA was determined using denaturing agarose gel electrophoresis, 

and quantity was determined by UV absorbance at 260 nm. The cDNA was synthesized 

from 1 µg of total RNA using the SuperScript first-strand synthesis system for 

quantitative real-time PCR (Invitrogen CA, USA). The qPCR analysis was performed 

with the help of a StepOne real-time PCR system (Applied Biosystems, CA, USA) along 

with TaqMan gene expression assays (Applied Biosystems, CA, USA) and TaqMan gene 

expression master mix (Applied Biosystems, CA, USA). The cycling conditions used 

were 50°C for 2 min; 95°C for 10 min; and 40 cycles of 95°C for 15 s, 60°C for 1 min. 

The Taqman gene expression assays used in this study were CAT (Cat; 

Rn00560930_m1), GPx (GPx1; Rn00577994_m1) and IL-6 (IL-6; Rn01410330_m1). 

The relative amount of the RNA was normalized to the amount of endogenous control i.e. 
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GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) (Gapdh; Rn01775763_g1) using 

StepOne software ver. 2.2.2 (Applied Biosystems, CA, USA), DataAssist ver. 3.0 

(Applied Biosystems, CA, USA) and the ∆ Ct method (Schmittgen et al., 2008).      

4.5.13. Histopathology of Liver tissue.         

Liver tissues were washed with sterile saline and fixed in 10% buffered neutral formalin 

solution. After fixation, the liver tissues were processed by embedding in paraffin. The 

paraffin blocks were sectioned and stained with hematoxylin and eosin (H&E). 

Histological observation such as hepatic damage and fibrosis was observed. The sections 

were examined under high power microscope (40×) and representative photographs were 

taken.   

4.5.14. Statistical Analysis      

Statistical analyses were carried out by using GraphPad Prism software version 5.0 

(GraphPad Software Inc., CA, USA). The data was expressed as mean ± SEM, All data 

were analyzed by one way ANOVA followed by Dunnet’s post–test, *p<0.05, **p<0.01 

and ***p<0.001 when compared to CCl4 control and 
###

 p<0.001 when compared to 

Healthy control.   
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4.6. Results            

4.6.1. Effect of Ashvagandharishta and silymarin on serum albumin in rats after 

CCl4 induced liver toxicity.            

The serum albumin was 3.73±0.08, 2.03±0.141, 3.27±0.27, 3.33±0.20 and 3.43±0.23 g/dl 

in healthy control, CCl4 control, silymarin+CCl4, Ashwagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) decrease the activity of serum albumin 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.01) increase the activity of serum albumin to that in 

CCl4 alone group. However, significant (p<0.01) increase was observed in case of 

Ashvagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4 compared to 

that of CCl4 alone group Figure 4.2.     

4.6.2. Effect of Ashvagandharishta and silymarin on serum bilirubin in rats after 

CCl4 induced liver toxicity.        

The serum bilirubin was 0.73±0.01, 0.333±0.03, 1.87±0.02, 1.70±0.01 and 1.70±0.02 g/dl 

in healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found respectively. CCl4 alone treated 

group of animals showed significant (p<0.01) increase the activity of serum bilirubin 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.01) decrease the activity of serum bilirubin to that in 

CCl4 alone group. Equivalent, decrease was also observed (significant p<0.01) in case of 

Ashwagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4 compared 

to that of CCl4 alone group Figure 4.3. 
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4.6.3. Effect of Ashvagandharishta and silymarin on serum total protein in rats after 

CCl4 induced liver toxicity.        

The serum total protein was 9.38±0.57, 8.17±0.008, 9.50±0.20, 9.67±0.17 and 9.80±0.32 

g/dl in healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + 

CCl4 and Ashvagandharishta (1.15 ml/kg) + CCl4 was found respectively. CCl4 alone 

treated group of animals showed significant (p<0.05) decrease in serum total protein 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.05) increased, the level of serum total protein to that in 

CCl4 alone group. However, there was also significant (p<0.05) increase in case of 

Ashvagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4 compared to 

that of CCl4 alone group Figure 4.4.  

 

 

 

 

 

 

 

  



Chapter 4 

 

 

194 

 

Figure 4.2. Effect of Ashvagandharishta on serum albumin in rats after CCl4 induced 

hepatotoxicity.  

 

 

 

 

        

        

 

Figure 4.3. Effect of Ashvagandharishta on serum bilirubin in rats after CCl4 induced 

hepatotoxicity.      
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Figure 4.4. Effect of Ashvagandharishta on serum total protein in rats after CCl4 induced 

hepatotoxicity.     

         

 

 

 

 

 

 

Values are expressed as Mean±SEM. One way ANOVA followed by Dunnet’s post-test, 

*
p< 0.05, 

**
p< 0.01 and 

***
p< 0.001 when compared to CCl4 control. 

###
p< 0.001 when 

compared to healthy control.  
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4.6.4. Effect of Ashvagandharishta and silymarin on serum aspartate transaminase   

(AST) in rats after CCl4 induced liver toxicity.         

The serum AST was 65.5±2.83, 90.0±2.92, 65.6±2.49, 67.2±2.44 and 73±1.46 IU/l in 

healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found, respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) increase the activity of serum AST 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.001) decreased the level of serum AST to that in CCl4 

alone group. However, significant (p<0.001 and p<0.01) decrease was observed in case of 

Ashwagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4 group, 

compared to that of CCl4 alone group Figure 4.5.    

4.6.5. Effect of Ashvagandharishta and silymarin on serum alanine transaminase   

(ALT) in rats after CCl4 induced liver toxicity.         

The serum ALT was 261±19.9, 478±14.7, 359±18.2, 335±28.2 and 329±14.4 IU/l in 

healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found, respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) increase the activity of serum ALT 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.01) decrease the level of serum ALT to that in CCl4 

alone group. However, there was significant (p<0.01) decrease in case of 

Ashvagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4, compared to 

that of CCl4 alone group Figure 4.6.    
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4.6.6. Effect of Ashvagandharishta and silymarin on serum alkaline phosphatase   

(ALP) in rats after CCl4 induced liver toxicity.         

The serum ALP was 243±9.54, 507±11.7, 337±20.5, 328±14.2 and 361±30.8 IU/l in 

healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) increase the activity of serum ALP 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.001) decreased, the level of serum as compared to 

ALP in CCl4 alone group. However, significant (p<0.001) decrease was observed in case 

of Ashvagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4, 

compared to that of CCl4 alone group Figure 4.7.  
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Figure 4.5. Effect of Ashvagandharishta on serum aspartate transaminase (AST) in rats 

after CCl4 induced hepatotoxicity.     

 

 

 

 

 

 

   

Figure 4.6. Effect of Ashvagandharishta on serum alanine transaminase (ALT) in rats 

after CCl4 induced hepatotoxicity.      

 

 

 

 

 

 

    



Chapter 4 

 

 

199 

 

Figure 4.7. Effect of Ashvagandharishta on serum alkaline phosphatase (ALP) in rats 

after CCl4 induced hepatotoxicity.      

 

 

 

 

 

 

 

 

Values are expressed as Mean±SEM. One way ANOVA followed by Dunnet’s post-test, 

*
p< 0.05, 

**
p< 0.01 and 

***
p< 0.001 when compared to CCl4 control. 

###
p< 0.001 when 

compared to healthy control.   
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4.6.7. Effect of Ashvagandharishta and silymarin on serum triglyceride (TG) in rats 

after CCl4 induced liver toxicity.         

The serum TG was 69±4.93, 141.2±19.69, 64.32±6.16, 75.66±1.56 and 68.37±6.66 mg/dl 

in healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) increased the level of serum TG compared 

to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 induced 

animals significantly (p<0.001) decreased the level of serum as compared TG in CCl4 

alone group. However, significant (p<0.001) decrease was observed in case of 

Ashvagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4, compared to 

that of CCl4 alone group Figure 4.8.  

4.6.8. Effect of Ashvagandharishta and silymarin on serum cholesterol in rats after 

CCl4 induced liver toxicity.         

The serum cholesterol was 63.3±4.82, 134±8.42, 93.1±3.45, 99.1±3.52 and 96.2±3.48 

mg/dl in healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) 

+ CCl4 and Ashvagandharishta (1.15 ml/kg) + CCl4 was found, respectively. CCl4 alone 

treated group of animals showed significant (p<0.001) increase the activity of serum 

cholesterol compared to the control group. Simultaneous treatment of Silymarin (25 

mg/kg) in CCl4 induced animals significantly (p<0.001) decreased the level of serum 

cholesterol as compared to CCl4 alone group. However, significant decrease (p<0.01 and 

p<0.01) was observed in Ashwagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 

ml/kg) + CCl4 simultaneously, compared to that of CCl4 alone group Figure 4.9.  
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4.6.9. Effect of Ashvagandharishta and silymarin on serum high density lipoprotein 

(HDL) in rats after CCl4 induced liver toxicity.         

The serum HDL was 49±2.82, 24.8±2.11, 48.1±3.06, 47±1.49 and 42.9±2.10 mg/dl in 

healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found, respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) decrease the activity of serum HDL 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) and 

Ashvagandharishta (2.31 ml/kg) in CCl4 induced animals significantly (p<0.001) 

increases the level of serum HDL to that in CCl4 alone group. However, there was 

significant increase (p<0.01) in case of Ashvagandharishta (1.15 ml/kg) + CCl4 

simultaneously, compared to that of CCl4 alone group Figure 4.10.    

4.6.10. Effect of Ashvagandharishta and silymarin on serum low-density lipoprotein 

(LDL) in rats after CCl4 induced liver toxicity.         

The serum LDL was 46.2±3.37, 82.8±3.76, 58.4±3.26, 52±2.74 and 56.9±4.08 mg/dl in 

healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found, respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) increase the activity of serum LDL 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.001) decrease the level of serum LDL to that in CCl4 

alone group. However, there was significant decrease (p<0.001) in Ashvagandharishta 

(2.31 ml/kg) and Ashwagandharishta (1.15 ml/kg) + CCl4 simultaneously, compared to 

that of CCl4 alone group Figure 4.11.  
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4.6.11. Effect of Ashvagandharishta and silymarin on serum very low density 

lipoprotein (VLDL) in rats after CCl4 induced liver toxicity.        

The serum VLDL was 16.1±0.98, 30±2.11, 23.9±1.33, 20±1.71 and 20.3±1.28 mg/dl in 

healthy control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 

and Ashvagandharishta (1.15 ml/kg) + CCl4 was found, respectively. CCl4 alone treated 

group of animals showed significant (p<0.001) increase the activity of serum VLDL 

compared to the control group. Simultaneous treatment of Silymarin (25 mg/kg) in CCl4 

induced animals significantly (p<0.05) decrease the level of serum VLDL to that in CCl4 

alone group. However, there was significant decrease (p<0.01) observed in 

Ashvagandharishta (2.31 ml/kg) and Ashvagandharishta (1.15 ml/kg) + CCl4 

simultaneously, compared to that of CCl4 alone group Figure 4.12.       
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Figure 4.8. Effect of Ashvagandharishta on serum triglyceride (TG) in rats after CCl4 

induced hepatotoxicity.      

 

 

 

 

 

 

    

 

Figure 4.9. Effect of Ashvagandharishta on serum cholesterol in rats after CCl4 induced 

hepatotoxicity.      
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Figure 4.10. Effect of Ashvagandharishta on serum high density lipoprotein (HDL) in 

rats after CCl4 induced hepatotoxicity 

 

 

 

 

 

 

    

 

Figure 4.11. Effect of Ashvagandharishta on serum low density lipoprotein (LDL) in rats 

after CCl4 induced hepatotoxicity 
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Figure 4.12. Effect of Ashvagandharishta on serum very low density lipoprotein (VLDL) 

in rats after CCl4 induced hepatotoxicity 

 

 

 

 

 

 

 

 

Values are expressed as Mean±SEM. One way ANOVA followed by Dunnet’s post-test, 

*
p< 0.05, 

**
p< 0.01 and 

***
p< 0.001 when compared to CCl4 control. 

###
p< 0.001 when 

compared to healthy control.   
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4.6.12. Effect of Ashvagandharishta and silymarin on hepatic expression of catalase 

(CAT) in rats after CCl4 induced liver toxicity.            

The hepatic expression (relative mRNA quantity) of catalase (CAT) gene was 

0.621±0.201, 0.219±0.111, 0.437±0.109, 0.422±0.0728 and 0.419±0.174 in healthy 

control, CCl4 control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 and 

Ashvagandharishta (1.15 ml/kg) + CCl4 was found, respectively. Hepatic expression of 

catalase was lowered by 2.83 folds in CCl4 group of animals when compared to healthy 

animals. With silymarin treatment, hepatic catalase expression was improved by ~1.99 

fold, while in Ashvagandharishta-2.31 ml/kg and 1.15 ml/kg, hepatic expression of 

catalase was up-regulated by ~1.92 and ~1.91-folds, respectively (Figure 4.13A). All 

three treatment groups showed similar effect on expression of catalase gene. 

 4.6.13. Effect of Ashvagandharishta and silymarin on hepatic expression of 

Glutathione peroxide (GPx) in rats after CCl4 induced liver toxicity. 

The hepatic expression (relative mRNA quantity) of Glutathione peroxide (GPx) gene 

was 1.1±0.077, 0.66±0.11, 1.2±0.32, 0.99±0.12 and 1.0±0.22 in healthy control, CCl4 

control, silymarin+CCl4, Ashvagandharishta (2.31 ml/kg) + CCl4 and Ashvagandharishta 

(1.15 ml/kg) + CCl4 was found, respectively. Due to CCl4 toxicity, hepatic expression of 

GPx was lowered by ̴1.66-folds as compared to healthy animals. With silymarin 

treatment, hepatic GPx expression was up-regulated by ~1.81 folds, while in 

Ashvagandharishta- 2.31 ml/kg and 1.15 ml/kg groups, hepatic expression of catalase was 

up-regulated by ~1.50 and ~1.51-folds, respectively (Figure 4.13B). All three treatment 

groups showed similar effects on expression of catalase gene.    
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4.6.14. Effect of Ashvagandharishta and silymarin on hepatic expression of 

Interleukin-6 (IL-6) in rats after CCl4 induced liver toxicity.          

The hepatic expression of Interleukin-6 (IL-6) gene was 1.1±0.077, 0.66±0.11, 1.2±0.32, 

0.99±0.12 and 1.0±0.22 in healthy control, CCl4 control, silymarin+CCl4, 

Ashvagandharishta (2.31 ml/kg) + CCl4 and Ashvagandharishta (1.15 ml/kg) + CCl4 was 

found respectively. By CCl4 induced tissue injuries; hepatic expression of IL-6 was up-

regulated (p<0.05) by ~3.85- fold when compared to healthy animals. In animals 

receiving standard drug silymarin, hepatic expression of IL-6 were down regulated by 

~1.54-folds; however, this change was found to be non-significant. Interestingly, hepatic 

expression of IL-6 was down-regulated by ~7.43 and ~3.59 folds after treatment with 

Ashvagandharishta-2.31 ml/kg and 1.15 ml/kg respectively, this down-regulation was 

found to be highly significant (p<0.01) and was dose dependent Figure 4.13C. 
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Figure 4.13A.  Effect of Ashvagandharishta formulation on hepatic expression of 

Catalase (CAT) gene in CCl4 induced hepatotoxicity in rats.  

 

  

 

 

 

 

 

Figure 4.13B.  Effect of Ashvagandharishta formulation on hepatic expression of 

Glutathione peroxide (GPx) gene in CCl4 induced hepatotoxicity in rats.  
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Figure 4.13C.  Effect of Ashvagandharishta formulation on hepatic expression of 

Interleukin-6 (IL-6) gene in CCl4 induced hepatotoxicity in rats.  

 

 

 

 

 

 

 

 

Values are expressed as Mean±SEM. One way ANOVA followed by Dunnet’s post-test, 

*
p< 0.05, 

**
p< 0.01 and 

***
p< 0.001 when compared to CCl4 control. 

###
p< 0.001 when 

compared to healthy control.    
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4.6.15. Effect of Ashvagandharishta and silymarin on histopathology of liver tissue 

of rats after CCl4 induced liver toxicity.           

The histopathology of the liver of healthy control group showed normal and healthy 

hepatocytes with absence of inflammation, hepatocellular degeneration, necrosis, fatty 

changes and cellular infiltration (Figure 4.14A). After administration of CCl4 to rats, liver 

tissue showed extensive cellular injuries, characterized by moderate to high 

hepatocellular degeneration and necrosis around the vein, fatty changes, cellular 

infiltration, congestion and sinusoidal dilation (Figure 4.14B). In Silymarin control group, 

in which silymarin was simultaneously administrated in CCl4 rats, showed normalization 

of fatty changes, cellular infiltration and necrosis (Figure 4.14C). Moderate to high 

hepatocyte protection from CCl4 was achieved in Ashvagandharishta with dose of 2.31 

ml/kg and showing normal hepatocyte cells, this group showed improved liver structure 

with minimal cellular necrosis (Figure 4.14D). Rats treated with Ashvagandharishta (1.15 

ml/kg) also remarkably protects the liver tissue from CCl4 damage, Ashvagandharishta 

(1.15 ml/kg) moderately protects liver tissue (Figure 4.14E).    
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Figure 4.14. Effects of Ashvagandharishta on histopathological change in rat liver in 

CCl4-induced hepatic injury. Histological examination was performed under a light 

microscope (magnification×40) with haematoxylin and eosin staining. (A) Healthy liver 

showing normal structure of hepatic cells. (B) Marked hepatocellular necrosis, 

microcellular fatty changes, and extensive vacuolization with disappearance of nuclei and 

disordered liver structure after CCl4 administration. (C) Liver section after administration 

of CCl4+25 mg/kg of silymarin (D) Liver section after administration of CCl4+2.31ml/kg 

of Ashvagadharishta (E) Liver section after administration of CCl4+1.51ml/kg of 

Ashvagadharishta.  

 

 

 

 

 

 

 

 

 

 

NH: Normal hepatocytes, FC: Fatty changes, CI: Cellular infiltration, N: Hepatocellular necrosis and EV: Extensive vacuolization.     
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4.7. Discussion       

Carbon tetrachloride (CCl4) is a potent hepatotoxic agent. It is well demonstrated that 

CCl4 is metabolized by liver into the highly toxic, CCl3
*
 free radicals. These radicals bind 

covalently to cell components and inhibit the lipoprotein secretion and react with free 

oxygen to form CCl3-OO
*
 radicals, thereby resulting in lipid peroxidation (Boll et al., 

2001). Liver injuries induced by CCl4 are best evaluated in this rat model, and extensively 

used for the screening of hepatoprotective and related antioxidant profile of drugs (Weber 

et al., 2003). Many researchers have recorded biochemical values such as serum albumin, 

bilirubin, total protein, AST, ALT and ALP as useful indicators of CCl4 hepatotoxicity 

(Rajesh et al., 2004). Increased serum level of these cytoplasmic enzymes as well as 

decresed levels of cellular antioxidant enzymes can be correlated with the 

histopathological observations in the liver (Drotman et al., 1978, Ploa et al., 1989). In the 

present study, reduction in serum albumin and total protein after induction with CCl4 is 

another evidence of liver toxicity.      

 Decresed albumin in serum indicated hepatic dysfunction. Whereas improved 

levels of albumin (p<0.01) and total protein (p<0.05) after administration of 

Ashvagandharishta benefits regeneration and restoration of hepatocytes (Lan et al., 2011, 

Rip et al., 1985, Tadeusz et al., 2001). In the present study, a dose of 1ml/kg CCl4 with 

regular interval for 5 weeks, showed significant (p<0.001) elevation of serum AST, ALT, 

ALP and bilirubin, indicating an injury to liver cells. Administration of 

Ashvagandharishta-2.31ml/kg and 1.15ml/kg could significantly attenuated levels of 

these enzymes, suggesting a recovery of hepatic integrity. This restoration of functional 

integrity and stability of the cell membrane and decresed hyperbilirubinemia indicates 

improved liver metabolism (Lalitsingh et al., 2010, Rajesh et al., 2004).   
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Administration of CCl4 dramatically increased (p<0.001) serum levels of TG, cholesterol, 

VLDL and LDL, and decreased (p<0.001) HDL. Administration of Ashvagandharishta 

(2.31ml/kg and 1.15ml/kg) normalised the values of TG, LDL and cholesterol, VLDL at a 

significant level (p<0.001 and p<0.01, respectively). Moreover, the level of HDL was 

increased in both doses. Cholesterol lowering effect could be a synergistic contribution of 

all herbs in Ashvagandharishta, mentioned in Figure 4.9. Withanolides, gallic acid, ellagic 

acid, curcuminoids, arjunolic acid, chebulic acid, catechins, naringenin, kaempferol, 

berberin and traces of several compounds like iron, vitamins, flavonoids, tannins and 

minerals possibly extracted during fermentation and all they have known 

hypocholesteremic effect (decresed TG level, cholesterol, LDL, VLDL and increased 

HDL) and synergistically protects liver damage. This lipid lowering effect could be 

attributed to its strong ability to negate oxidative damage and lipid peroxidation produced 

due to CCl4 (Makni et al., 2008). Moreover, W. somnifera roots also contain glycol-

withanolides, higher amounts of catechins, naringenin, kaempferol, berberin, which 

synergistically give additional benefit to reduce, lipid peroxidation and protection from 

free radical damage (Bhattacharya et al., 2001, Nadia et at., 2011).  

Cellular antioxidant enzymes constitute the innate defence system of human body; these 

enzymes effectively scavenge free radicals and limit their toxicity (Vitaglione et al., 

2004). Hepatic antioxidant enzymes such as catalase and GPx are found to be inactivated 

following CCl4 intoxication, lipid peroxidation and free radical damage. Catalase is an 

important enzyme with prosthetic group as haematin is predominantly presents in all 

aerobic cells in the cytochrome system. It is adequately available in the liver and 

responsible for normal function of hepatocytes (Blake et al., 1987). Both GPx and CAT 

along with SOD are known to detoxify superoxide anion flux and H2O2, through catalytic 
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decomposition (Yang et al., 2008, Nagata et al., 2007). In the present study, hepatic CAT 

and GPx activity was found to be decreased after CCl4 administration. Animal groups 

administered Ashvagandharishta showed incresed level of CAT and GPx activity, which 

is concurrently supported by their increased gene expression. As a consequence of the 

oxidative stress, pro-inflammatory mediators such as IL-6 and TNF-α also get activated. 

In case of acute toxicity, IL-6 serves as an inducer of inflammation and is commonly 

associated with hepatic injury. As could be expected from improved oxidative status by 

both doses of Ashvagandharishta, significant (p<0.05) lowering of IL-6 expression was 

observed. Furthermore, IL-6 is also known to play a critical role in hepatic inflammation 

with in vivo synthesis of collagen, leading to fibrosis (Choi et al., 1994). The IL-6 

lowering effect by Ashvagandharishta coupled with significant increase in antioxidant 

enzymes indicates effective reduction of hepatic inflammation. Histopathological 

observations were in good agreement with the biochemical parameters, lipid profile and 

gene expression studies. Liver of healthy animals showed normal architecture revealing 

healthy hepatocytes with dark stained nuclei and granular cytoplasm. On the other hand, 

incresed fatty degeneration, necrosis, disappearance of nuclei and extensive vacuolization 

provided a strong evidence for hepatic injury in CCl4 treated group. Hepatocytes were 

found normalised with minimum cellular necrosis, fatty changes and cellular infiltration 

with 2.31ml/kg and 1.15 ml/kg of Ashvagadharishta treatment, thus suggesting that 

Ashvagandharishta was able to alleviate liver toxicity produced by CCl4 in rats.   

As discussed before, several drugs prescribed for a range of different ailments induced 

hepatotoxicity from mild to severe magnitude. Fortunately, many drugs induced 

hepatotoxicity is only transient and the symptoms are released soon after the drug is 

discontinued. However, chronic drug exposure, typical in degenerative diseases may 
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cause more irreversible damage. Careful review of different toxic mechanisms reveals 

that generation of reactive oxygen species is one of the first cell responses, which further 

results in inflammation or more severe immune response thereby magnifying the toxicity.  

Ayurvedic agents like Ashwagandharishta as demonstrated comprehensively in this work 

are potent scavengers of ROS, controls inflammation by modulating gene expression of 

key pro-inflammatory genes and perhaps can effectively prevent cellular injury. It is 

therefore could be proposed that Ashwagandharishta can be very effectively used as 

complementary therapy to protect liver damage along with the drug therapy. 

Administration of Ashwagandharishta may be beneficial even after the discontinual of 

drugs to effectively mop the ill effects caused by the drug exposure.    

The pharmacological benefits of Ashvagandharishta observed in this study attributed to 

the collective action of several bioactive molecules present in this formulation. In fact, it 

could be hypothesized that biotransformation of molecules by fermenting yeasts leads to 

accumulation of novel chemical entities in the formulation, which makes the formulation 

clinically superior. To test this hypothesis we have attempted isolation of active 

molecules from our Ashvagandharishta formulation and used spectral techniques to 

identify them. This efforts and results thereof are presented in the next chapter. 

  



Chapter 4 

 

 

216 

 

4.8. References:  

1. Adesanoye O. A., Farombi E. O., 2010. Hepatoprotective effects of Vernonia 

amygdalina (astereaceae) in rats treated with carbon tetrachloride. Experimental 

and Toxicologic Pathology, 62, 197-206.  

2. Aggarwal B. B., Sundaram C., Malani N., Ichikawa H., 2007. Curcumin: The 

Indian Solid Gold. Advances in Experimental Medicine and Biology, 595, 1-75.  

3. Ahmed A. E., Fathalla M. H., Salah A. G., Ayman A. N., Salah A. G., Mansour I. 

S., Essam A. S., 2010. Antihepatotoxic effect of Marrubiumvulgare and Withania 

somnifera extracts on Carbon tetrachloride-Induced Hepatotoxicity in Rats. 

Journal of Basic and Clinical Pharmacy, 1 (4), 247-254.   

4. Aliyu R., Okoye Z. S. C., Shier W. T., 1995. The hepatoprotective cytochrome P-

450 enzyme inhibitor Isolated from Nigerian medicinal plant 

CochlospermumPlanchonii is a zinc salt. Journal of Ethnopharmacology, 48(2), 

89-97.   

5. Al-Salman J., Arjomand H., Kemp D. G., Mittal M., 2000. Hepatocellular injury 

in a patient receiving rosiglitazone. Annals of Internal Medicine, 132, 121-124.  

6. Andallu B., Radhika B., Dawar R., 2000. Hypoglycaemic, diuretic and 

hypocholesterolemic effects of winter cherry Withania somnifera (L.) Dunal root. 

Indian Journal of Experimental Biology, 6, 607-609.  

7. Bhatia L. S., Curzen N. P., Calder P. C., Byrne C. D., 2012. Non-alcoholic fatty 

liver disease: a new and important cardiovascular risk factor? European Heart 

Journal, 33, 1190-1200. 

8. Bhattacharya A., Ghosal S., Bhattacharya S. K., 2001. Anti-oxidant effect of 

Withania somnifera glycowithanolides in chronic footshock stress-induced 



Chapter 4 

 

 

217 

 

perturbations of oxidative free radical scavenging enzymes and lipid peroxidation 

in rat frontal cortex and striatum. Journal of Ethanopharmacology, 74 (1), 1-6. 

9. Bishayee A., Sarkar A., Chatterjee M., 1995. Hepatoprotective activity of carrot 

(Daucuscarota L) against carbon tetrachloride intoxication in mouse liver. Journal 

of Ethnopharmacology, 47, 69-74.  

10. Bissel D. M., Gores G. J., Laskin D. L., Hoofnagle J. H., 2001. Druginduced liver 

injury: mechanisms and test systems. Hepatology, 39, 1009-1013. 

11. Blake D. R., Allen R. E., Lunee J., 1987. Free radicals in biological systems: a 

review oriented to the inflammatory process. British Medical Bulletin, 43, 371-

385 

12. Boll M., Weber L. W. D., Becker L. E., Stampfl A., 2001. Pathogenesis of carbon 

tetrachloride in hepatocyte injury. Bioactivation of CCl4 by cytochrome P450 and 

effects on lipid homeostasis. Zeitschrift Naturforsch, 56c, 111–121. 

13. Cabre M., Camps J., Paternain J. L., Ferre N., Joven J., 2000. Time-course of 

changes in hepatic lipid peroxidation and glutathione metabolism in rats with 

carbon tetrachloride-induced cirrhosis. Clinical and Experimental Pharmacology 

and Physiology, 27, 694-699. 

14. Choi I., Kang H. S., Yang Y., Pyun K. H., 1994. IL-6 induces hepatic 

inflammation and collagen synthesis in vivo. Clinical and Experimental 

Immunology, 95, 530–535. 

15. Chojkier M., 2005. Troglitazone and liver injury: in search of answers. 

Hepatology, 41, 237-246. 



Chapter 4 

 

 

218 

 

16. Cogger V. C., Muller M., Fraser R., McLean A. J., Khan J., Le Couteur D. G., 

2004. The effects of oxidative stress on the liver sieve. Journal of Hepatology, 41, 

370-376. 

17. Cooper S. C., Aldridge R. C., Shah T., Webb K., Nightingale P., Paris S., Gunson 

B. K., Mutimer D. J., Neuberger J. M., 2009. Outcomes of liver transplantation for 

paracetamol (acetaminophen)-induced hepatic failure. Liver Transplantation, 15 

(10), 1351-1357. 

18. Cullen J. M., 2005. Mechanistic Classification of Liver Injury. Toxicologic 

Pathology, 33 (6), 6-8.  

19. Deoda R. S., Kumar D., Bhujbal S. S., 2011. Gastroprotective Effect of Rubia 

cordifolia Linn. on Aspirin Plus Pylorus-Ligated Ulcer. Evidence-Based 

Complementary and Alternative Medicine, 1-5. 

20. DeSantyK. P., 2007. Anti-depressant Induced Liver Toxicity. The Annals of 

Pharmacotherapy, 41 (7-8), 1201-1211.  

21. Desilets D. J., Shorr A. F., Moran K. A., Holtzmuller K. C., 2001. Cholestatic 

jaundice associated with the use of metformin. American Journal of 

Gastroenterology, 96, 2257-2258.  

22. Deutsch M. M., Kountouras D., Dourakis S. P., 2004. Metformin hepatotoxicity. 

Annals of Internal Medicine, 140, W25.  

23. Dhawan M., Agrawal R., Ravi J., 2002. Rosiglitazone induced granulomatous  

hepatitis. Journal of Clinical Gastroenterology, 34, 582-584. 

24. Dhingra M., Nain P., Nain J., Malik M., 2011. Hepatotoxicity v/s 

Hepatoprotective agents- A Pharmacological Review. International Research 

Journal of Pharmacy, 2(3), 31-37. 



Chapter 4 

 

 

219 

 

25. Drotman R. B., Lawhorn G. T., 1978. Serum enzymes are indicators of chemical 

induced liver damage. Drug and Chemical Toxicology 1, 163-171. 

26. Erejuwa O. O., Sulaiman S A., Wahab M. S. A., 2012. Honey: A Novel 

Antioxidant. Molecule, 17, 4400-4423. 

27. Faich G. A., Moseley R. H., 2001. Troglitazone (Rezulin) and hepatic injury.   

Pharmacoepidemiology and Drug Safety, 10, 537-547. 

28. Faubion W. A., Gores G. J., 1999. Death receptors in liver biology and 

pathobiology. Hepatology, 29, 1-4.  

29. Forman L. M., Simmons D. A., Diamond R. H., 2000. Hepatic failure in a patient 

taking rosiglitazone. Annals of Internal Medicine, 132, 118-121. 

30. Friedewald W. T., Levy R. I., Fredrickson D. S., 1972. Estimation of the 

concentration of low-density lipoprotein cholesterol in plasma, without use of the 

preparative ultracentrifuge. Clinical Chemitry, 18, 499-502. 

31. Fromenty B., Pessayre D., 1995. Inhibition of mitochondrial beta-oxidation as a 

mechanism of hepatotoxicity. Pharmacology and therapeutics 67, 101-54. 

32. Gauthaman K., Maulik M., Kumari R,.Manchanda S. C., Dinda A. K., Maulik S. 

K., 2001. Effect of chronic treatment with bark of Terminalia arjuna: a study on 

the isolated ischemic-perfused rat heart. Journal of Ethnopharmacology, 75, 197-

201.  

33. Gini K. C., Muraleedhara K. G., 2008. Antioxidant activity of Aulosirafertilisima 

on CCl4 induced induced hepatotoxicity in rats. Indian Journal of Experimental 

Biology, 46 (1), 52-59.  



Chapter 4 

 

 

220 

 

34. Girish C., Koner B. C., Jayanthi S., Rao K. R., Rajesh B., Pradhan S. C., 2009. 

Hepatoprotective activity of six polyherbal formulations in paracetamol induced 

liver toxicity in mice. Indian Journal of Medicinal Research, 129, 569-578. 

35. Govindarajan R, Vijayakumar M., Pushpangadan P., Antioxidant approach to 

disease management and the role of ′Rasayana′ herbs of Ayurveda. Journal of 

Ethnopharmacology, 99, 165-178.  

36. Guicciardi M. E., Gores G. J., 2005. Apoptosis: a mechanism of acute and chronic 

liver injury. Gut: An International Journal of Gastroenterology and Hepatology, 

54(7), 1024-1033.   

37. Gune, G. G., 2005, Ayurvediy Aushadhigundharmshastra, Vaidyak Granth 

Bhandar, Pune, India, Part 1–5, pp. 619–621. 

38. Gupta A., Kumar R., Upadhayay N K., Pal K., Kumar R., Sawhney R. C., 2007. 

Effects of Rhodiolaimbricata on dermal wound healing. Planta Medica, 73, 774–

777. 

39. Gupta S. K., Dua A., Vohra B. J., 2003. Withania somnifera (Ashwagandha) 

attenuates antioxidant defense in aged spinal cord and inhibits copper induced 

lipid peroxidation and protein oxidative modifications. Drug Metabolism and 

Drug Interaction, 19 (3), 211-222. 

40. Halim M. E., Misra A., 2011. The effects of the aqueous extract of 

Pterocarpussantalinus heartwood and vitamin E supplementation in 

streptozotocin-induced diabetic rats. Journal of Medicinal Plant Research, 5 (3), 

398-409.  



Chapter 4 

 

 

221 

 

41. Handa, S. S., Sharma A., 1990. Hepatoprotective activity of andrographolide from 

Andrographispaniculata against carbon tetrachloride. Indian Journal of Medical 

Research, 92, 276-283. 

42. Harish Nayaka M. A., Sathisha U. A., Manohar M. P., Chandrashekar K. B., 

Dharmesh S. M., 2009. Cytoprotective and antioxidant activity studies of jaggery 

sugar. Food Chemistry, 115, 113-118. 

43. Hsiao S. H., Liao L. H., Cheng P. N., Wu T. J., 2006. Hepatotoxicity associated 

with acarbose therapy. Annals of Pharmacotherapy, 40, 151-154. 

44. Hsieh P. S.,Hsieh Y. J., 2011. Impact of liver diseases on the development of type 

2 diabetes mellitus. World Journal of Gastroenterology, 17 (48), 5240-5245.  

45. Jaeschke H., 2000. Reactive oxygen and mechanisms of inflammatory liver injury. 

J Gastroenterology and Hepatology 15, 718–24. 

46. Javed I., Faisal I., Rahman Z., Khan M. Z., Muhammad F., Aslam B., Ahmad M., 

Shahzadi A., 2012. Lipid lowering effect of Cinnamomum zeylanicum in 

hyperlipidaemic albino rabbits. Pakistan Journal of Pharmaceutical Sciences, 25 

(1), 141-147. 

47. Kanimozhi P., Karthikeyan J., 2011. A study on antioxidant potential of 

Glycyrrhiza glabralinn. in 1,4-dichlorobenzene induced liver carcinogenesis. 

Journal of Chemical and Pharmaceutical Research, 3(6), 288-292. 

48. Kaplowitz N., 2004. Drug induced liver injury. Clinical Infectious Disease, 38 (2), 

44-48.  

49. Khaki A., Bayatmakoo R., Nouri M., Khaki A. A., 2013. Remedial Effect of 

Cinnamon Zeylanicum on serum anti-oxidants levels in male diabetic Rat. Life 

Science Journal, 10 (4), 103-107. 



Chapter 4 

 

 

222 

 

50. Khera N., Bhatia A., 2012. Anti-hyperlipedemic Activity of Woodfordia fruticosa 

Extract in High Cholesterol Diet Fed Mice. Indian Journal of Pharmaceutical and 

Phytopharmacological Research, 2(3), 211-215. 

51. Khogare D. T., 2012. Effect of dietary fiber on blood lipid profile of selected 

respondent. International Food Research Journal, 19 (1), 297-302.  

52. King P. D., Perry M. C., 2001. Hepatotoxicity of Chemotherapy. The Oncologist, 

6(2), 162-176.  

53. Lalitsingh R., Jigar B., Jagruti P., 2010. Hepatoprotective activity of ethanolic 

extracts of bark of Zanthoxylumarmatum DC in CCl4 induced hepatic damage in 

rats. Journal of Ethnopharmacology, 127, 777–780. 

54. Lee W. M., 2003. Drug-induced hepatotoxicity. The New England Journal of 

Medicine, 349, 474–85.  

55. Madonia S., Pietrosi G., Pagliaro L., 2001. Acarbose-induced liver injury in an 

anti-hepatitis C virus positive patient. Digestive and Liver Disease, 33, 615-616.  

56. Makni M., Fetoui H., Gargouri N. K., Garoui M., JaberMakni  H. J. T. B., Zeghal 

N., 2008. Hypolipidemic and hepatoprotective effects of flax and  pumpkin seed 

mixture rich in omega-3 and omega-6 fatty acids in  hypercholesterolemic rats. 

Food and Chemical Toxicology, 46, 3714–3720. 

57. Malik T., Pandey D. K., Dogra N., 2013. Ameliorative Potential of Aqueous Root 

Extract of Withania somnifera Against Paracetamol Induced Liver Damage in 

Mice. Pharmacologia, 4 (2), 89-94. 

58. Manwar J., Mahadik K., Sathiyanarayanan L., Paradkar A., Patil S., 2013. 

Comparative antioxidant potential of Withania somnifera based herbal 



Chapter 4 

 

 

223 

 

formulation prepared by traditional and non-traditional fermentation processes. 

Integrative Medicine Research, 2, 56-61.   

59. Maruthappan V., Shree K. S., 2010. Hypolipidemic activity of haritaki (terminalia 

chebula) in atherogenic diet induced hyperlipidemic rats. Journal of Advance 

Pharmaceutical Technology and Research, 1 (2), 229-235. 

60. Münstedt K., Bargello M., Hauenschild A., 2009a. Royal jelly reduces the serum 

glucose levels in healthy subjects. Journal of Medicinal Food, 12, 1170-1172. 

61. Nadia A., Monzur H., Md I. K., Mohammed, M., Siti A. S., Siew H. G., 2011. 

High catechin concentrations detected in Withania somnifera (ashwagandha) by 

high performance liquid chromatography analysis. BMC Complementary and 

Alternative Medicine, 11 (65), 1–8. 

62. Nagata K., Suzuki H., Sakaguchi S., 2007. Common pathogenic mechanism in 

development progression of liver injury caused by non-alcoholic or alcoholic 

steatohepatitis. Journal of Toxicological Science, 32 (5), 453–468. 

63. Nakao N L., Gelb A. M., Stenger R. J., Siegel J. H., 1985. A case of chronic liver 

disease due to tolazamide. Gastroenterology, 89, 192-195.  

64. Narayan S., Devi R. S., Srinivasan P., Shyamala Devi C. S., 2005. 

Pterocarpussantalinus: a traditional herbal drug as a protectant against ibuprofen 

induced gastric ulcers. Phytotherapy Research, 19 (11), 958-962.  

65. Navvaro V. J., Senior J R., 2006. Drug-Related Hepatotoxicity. The New England 

Journal of Medicine, 354, 731-739.    

66. Nguyen P., Leray V., Diez M., Serisier S., Le Bloc'h J., Siliart B., Dumon H., 

2008. Liver lipid metabolism. Journal of Animal Physiology and Animal 

Nutrition, 92(3), 272-83.  



Chapter 4 

 

 

224 

 

67. O’Connor N., Dargan P. I., Jones A. L., 2003. Hepatocellular damage from non-

steroidal anti-inflammatory drugs. QJM: An International Journal of Medicine, 96, 

787-791.   

68. Oudhia P., 2001. Problems percieved by Safed musli (Chlorophytum 

borivilianum) growers of Chhattisgarh (India) region: A study. Journal of 

Medicinal and Aromatic Plant Sciences, 22/4A, 23/1A, 396-399. 

69. Patil S. H., Prakash K., Maheshwari V., L., 2011. Hypolipidemic effect of 

Terminalia arjuna (L.) in experimentally induced hypercholesteremic rats. 

ActaBiologicaSzegediensis, 55 (2), 289-293. 

70. Ploa G. L., Hewitt W. R., 1989. In: Wallace Hyes (Ed.), Principle and Methods of 

Toxicology, second ed. Raven Press A. (Ed.), New York, pp. 399–628. 

71. Raghuvanshi S., Shukla S., 2014. Therapeutic potential of jaggery against silica 

nanoparticles induced toxic manifestations in Sprague-dawley rats. International 

Journal of Pharma and Bio Science, 5 (2), 418-426. 

72. Rajesh M. G., Latha M. S., 2004. Protective effect of Glycyrrhiza glabra Linn. On 

carbon tetrachloride-induced per-oxidative damage. Indian Journal of 

Pharmacology, 36, 284–286. 

73. Ranasinghe P., Perera S., Gunatilake M., Abeywardene E., Gunapala N., 

Premakumara S., Perera K., Lokuhetty D., Katulanda P., 2012. Effects of 

Cinnamomum zeylanicum (Ceylon cinnamon) on blood glucose and lipids in a 

diabetic and healthy rat model. Pharmacognocy Research, 4 (2), 73-79. 

74. Rasool M., Varalakshmi P., 2007. Protective effect of Withania somnifera root 

powder in relation to lipid peroxidation, antioxidant status, glycoproteins and bone 



Chapter 4 

 

 

225 

 

collagen on adjuvant-induced arthritis in rats. Fundamental and Clinical 

Pharmacology, 21 (2), 157-164.  

75. Rasyidah T. I., Suhana S., Nur-Hidayah H., Kaswandi M. A., Noah R. M., 2014. 

Evaluation of Antioxidant Activity of ZingiberOfficinale (Ginger) on Formalin-

Induced Testicular Toxicity in Rats. Journal of Medical and Bioengineering, 3(3), 

149-153.  

76. Rawal A. K., Muddeshwar M. G., Biswas S. K., 2004. Rubia cordifolia, 

Fagoniacreticalinn and Tinospora cordifolia exert neuroprotection by modulating 

the antioxidant system in rat hippocampal slices subjected to oxygen glucose 

deprivation. BMC Complementary and Alternative Medicine, 4 (11), 1-9. 

77. Razzaq F. A., Khan R. A., Feroz Z., Afrose S., 2011. Effect of Berberisaristata in 

lipid profile and coagulation parameters. African Journal of Pharmacy and 

Pharmacology, 5 (7), 943-947. 

78. Roy S. D., Das S., Shil D., Datta K. N., 2012. Herbal Hepatoprotective Agents: A 

Review. World Journal of Pharmaceutical Research, 1(2), 87-99. 

79. Russmann S., Kullak-Ublick G. A., Grattagliano I., 2009. Current Concepts of 

Mechanisms in Drug-Induced Hepatotoxicity. Current Medicinal Chemistry, 

16(23), 3041–3053.  

80. Sabina E. P., Rasool M., Vedi M., Navaneethan D., Ravichandar M., Parthsarthy 

P., Thella S. R., 2013. Hepatoprotective and Antioxidant potential of Withania 

somnifera against paracetamol induced liver damage in rats. International Journal 

of Pharmacy and Pharmaceutical Sciences, 5 (2), 648-651. 

81. Scaffidi C., Fulda S., Srinivasan A., 1998. Two CD95 (APO-1/Fas) signalling 

pathway s. Embo J, 17, 1675–1687.  



Chapter 4 

 

 

226 

 

82. Schmittgen, T.D., Livak, K.J., 2008. Analyzing real-time PCR data by the 

comparative C(T) method. Nature Protocols, 3, 1101–1108. 

83. Shannon, R.S., Minakshi, N., Nihal, A., 2007. Dose translation from animal to 

human studies revisited. The FASEB Journal, 22, 659–661. 

84. Singh J., Kakkar P., 2009. Antihyperglycemic and antioxidant effect of 

Berberisaristata root extract and its role in regulating carbohydrate metabolism in 

diabetic rats. Journal of Ethanopharmacology, 123 (1), 22-26. 

85. Somani R. S., Jain K. S., Singhai A. K., 2007. Hypoglycaemic activity of roots of 

Rubia cordifolia in normal and diabetic rats. Pharmacologyonline, 1, 162-169. 

86. Somuvel U., Venugopalan R., Jayakumar V., Kuttappan N. V. K., Palem R. P. V.,  

Perumal P., 2011. Effect of a Polyherbal liquid formulation on pylorus ligated 

gastric mucosal damage in albino Wistar rats. Journal of Pharmacy Research, 4 

(4), 1115-1117. 

87. Sreelatha S., Padma P. R., 2009. Antioxidant activity and total phenolic content of 

Moringaoleifera leaves in two stages of maturity. Plant Foods for Human 

Nutrition, 64 (4), 303-311. 

88. Subramaniyan S., Srinivasalu C., Devi S., 2005. Antioxidant activity of ethanolic 

extract of Terminalia chebula fruit against isoproterenol induced oxidative stress 

in rats. Indian Journal of Biochemistry and Biophysics, 42, 246-249. 

89. Subramonium A., Pushpangadan P., 1999. Development of Phytomedicines for 

liver diseases. Indian Journal of Pharmacology, 31, 166-175. 

90. Sultana N., Shimmi S. C., Parash M. T. H., Akhatar J., 2012. Effects of 

Ashwagandha (Withania somnifera) Root Extract On Some Serum Liver Marker 



Chapter 4 

 

 

227 

 

Enzymes (AST, ALT) In Gentamicin Intoxicated Rats. Journal of Bangladesh 

Society of Physiologist, 7 (1), 1-7. 

91. Tanna I. R., Aghera H. B., Ashok B. K., Chandola H. M., 2012. Protective role of 

Ashwagandharishta and flax seed oil against maximal electroshock induced 

seizures in albino rats. Ayu, 33 (1), 114-118. 

92. Tiwari P., Patel R. K., 2010. Chances of Reduction in Cardiovascular Risk by 

Ashwagandharishta in Induced Diabetic Condition. Research Journal of 

Pharmacognocy and Phytochemistry, 2 (2), 171-174. 

93. Tiwari P., Patel R. K., 2011. Diuretic activity of Ashwagadharishta prepared by 

traditional and modern methods in experimental rats. Pharmacologyonline, 1, 740-

747. 

94. Tiwari P., Patel R. K., 2012. Cardioprotective activity of Ashwagandharishta on 

Isoproterenol Induced Myocardial Infarction. Research Journal of Pharmacology 

and Pharmacodynamics, 4 (5), 294-298.  

95. Tolman K. G., Dalpiaz A. S., 2007. Treatment of non-alcoholic fatty acid liver 

disease. Therapeutics and Clinical Risk Management, 3(6), 1153-1163.  

96. Trauner M., Meier P. J., Boyer J. L., 1998. Mechanisms of Disease (F. H. Epstein, 

ed.), Molecular pathogenesis of cholestasis. The New England Journal of 

Medicine, 339, 1217–1227. 

97. Upur H., Amat N., Blazekovic B., Talip A., 2009. Protective effect of Cichorium 

glandulosum root extract on carbon tetrachloride-induced and 

galactosamineinduced hepatotoxicity in mice. Food and Chemical Toxicology, 47, 

2022–2030. 



Chapter 4 

 

 

228 

 

98. Vagula M., Devi S. S., 2008. Hepatotoxicity of Antidiabetic Drugs. US 

Pharmacist, 33 (5), 3-9. 

99. Verma N., Amresh G., Sahu P. K., Rao C. V., Singh A. P., 2012. 

Antihyperglycaemic activity of Woodfordia fruticosa (Kurz) flowers extracts in 

glucose metabolism and lipid peroxidation in streptozotocin induced diabetic rats. 

Indian Journal of Experimental Biology, 50, 351-358. 

100. Visavadiya N. P., Narasimhacharya A. V., 2006. Hypocholesterolaemic and 

antioxidant effects of Glycyrrhiza glabra (Linn) in rats. Molecular Nutrition and 

Food Research, 50 (11), 1080-1086. 

101. Vitaglione P., Morisco F., Caporaso N., Fogliano V., 2004. Dietary antioxidant 

compounds and liver health. Critical Reviews in Food Science and Nutrition, 44, 

575–586.     

102. Wang N., Wang Li P., Peng W., 2008. Hepatoprotective effect of 

Hypricumjaponicum extract and its function. Journal of Ethanopharmacology, 

116, 1-6 

103. Watkins P. B., 2005. Idiosyncratic liver injury: challenges and approaches. 

Toxicologic Pathology, 33, 1-5. 

104. Weber J. M., Ruzindana-Umunyana A., Imbeault L., Sircar S., 2003. Inhibition 

of adenovirus infection and adenain by green tea catechins. Antiviral Research, 58 

( 2), 167-1 73 

105. Wolf P. L., 1999. Biochemical diagnosis of liver diseases. Indian Journal of 

Clinical Biochemistry 14, 59–90. 

106. Yang Y. S., Ahn T. H., Lee J. C., Moon C. J., Kim S. H., Jun W., Park S C., Kim 

H. C., Kim J. C., 2008. Protective effects of Pycngenol® on carbon tetrachloride-



Chapter 4 

 

 

229 

 

induced hepatotoxicity in Sprague-Dawley rats. Food and Chemical Toxicology, 

46, 380-387. 

107. Yiming Li., Tran V H., Duke C. C., Roufogalis B. D., 2012. Preventive and 

Protective Properties of Zingiberofficinale (Ginger) in Diabetes Mellitus, Diabetic 

Complications, and Associated Lipid and Other Metabolic Disorders: A Brief 

Review. Evidence-Based Complementary and Alternative Medicine, 2012, 1-10. 

108. Yin X. M., Wang K., Gross A., 1999. Bid-deficient mice are resistant to Fas-

induced hepatocellular apoptosis. Nature, 400, 886–891. 

109. Zhang J., Huang W., Chua S. S., Wei P., Moore D. D., 2002. Modulation of 

acetaminophen-induced hepatotoxicity by the xenobiotic receptor CAR. Science, 

298, 422–24. 

  

 



   Chapter 5 

 

230 

 

5. Isolation and characterization of phytocompound from Ashvagandharishta. 

5.1. Introduction  

Biochemically, fermentation is anaerobic extracellular digestion. The fermenting yeasts 

release several enzymes that can hydrolyse, reduce or oxidize several complex molecules 

so as to derive energy for the growing cells. The sugar molecule for example is broken 

down into alcohol and carbon dioxide. Yeast enzymes can lead to liquefaction of 

mucilaginous cell wall substrates like cellulose and pectin. Proteins and lipids are also 

hydrolysed, so as to break down most of membrane structures effectively releasing 

cellular contents form the crude drugs. More complex reactions like methanogenesis, 

acetogenesis, acidogenesis sulphate reduction, acetate conversion are of common 

occurance during fermentation.  It could be thus believed that yeast fermentation may 

results into biochemical transformation of several phytocompounds, either rendering 

them less toxic or more potent, and also help for faster assimilation.  Biochemical 

changes were reported during fermentation process in Asava-Arishta, has not been 

studied so far to its deserving details. Chemical changes during fermentation of herbal 

medicines like Arjunarishta (Lal et al., 2009), Abhayarishta (Lal et al., 2010), 

Jirakadyarishta (Lal et al., 2010) and Kutajarista (Kumar et al., 2013) have been 

postulated. These studies have also led to identification of chemical markers, which can 

be a characteristic fingerprint of plant or constituents of these herbal preparations. 

However, there are very limited or no studies highlighting the microbial biochemical 

actions during these fermentation processes.   

The fermentation aspects of Asava-Arishta formulations are dealt with in previous 

chapter. Ashvagandha extract has its antioxidant and anti-inflammatory effect attributed 

mainly to the biologically active compounds such as alkaloids (ashwagandhin, 
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cuscohygrine anahygrine and tropine) and steroids (β-sitosterol-D-glucoside, withaferin 

A, withasomniferin-A, withasomidienone, withasomniferols A-C and withanone) 

(Rastogi et al., 1998, Abraham et al., 1968, Ali  et al., 1997). Safed-musali also contains 

different saponins and alkaloids and gives medicinal importance to Musali. Musali also 

contains carbohydrates, fibres and proteins. It is a rich source of over 25 alkaloids, 

vitamins, proteins, steroids, saponins, phenol, resins and high quality of simple sugars are 

present in safed musali (Deore et al., 2013). Haritaki (Terminalia chebula) contains the 

triterpenes arjun glucoside 1, arjungenin and the hebulosides 1&2. Other constituents 

contains tannins up to 30%, chebulic acid 3-5%, chebulinic acid 30%, tannic acid 20-

40%, ellagic acid, 2,4-chebulyi–β-D-glucopyranose, gallic acid, ethyl gallate, punicalagin 

terflavin A, terchebin, some purgative of the nature of anthraquinone, flavonoids like 

luteolin, rutins, and quercetin etc. Main chemical constitutes of Arjuna are tannins, 

triterpenoid saponins (arjunic acid, arjunolic acid, arjungenin and arjunic acid), 

flavonoids, gallic acid, ellagic acid and phytosterols (Dwivedi et al., 2007).  

However, we hypothesize that this chemical diversity can dramatically goes high after the 

fermentation. Moreover, these secondary metabolites are converted into tertiary products, 

which give the Asava-Arishta its unique curative action. It is however difficult to prove 

this hypothesis with the current data and it may warrants different experimental designs.  

To investigate the Asava-Arishta and its Phytochemistry requires multifaceted approach 

for validation. Possible microbial biotransformation of phytocompounds makes the 

Asava-Arishta the “mystery potion” and most importantly the potential source of novel 

drugs.  

Transformation of phytocompounds by the application of whole cell microorganisms is 

more beneficial than isolated enzymes (Muffler et al., 2011, Baiping et al., 2010). These 
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days, microbial transformation is considered to be the inexpensive, eco-friendly green 

technology by the biotechnology specialists who are looking for new methods to produce 

useful chemicals, pharmaceutical, and agrochemical compounds (Patel et al., 2008). 

Microbial transformation has been extensively used, to create new and useful metabolites 

of almost all classes of terpenes, as a substitute of chemical synthesis for preparation of 

pharmacologically active compounds (Demyttenaere et al., 2001). They have advantages 

of high stereoselectivity, regioselectivity and milder operating conditions compared to 

chemical synthesis and corrosive reactions. Metabolites generated by various reactions 

through the biological systems certainly needed toxicological evaluation, especially in the 

context of safety testing. Because chemical metabolite synthesis can be laborious and 

hazardous, various biological approaches have been developed. In that microbe mediated 

synthesis is one of the important and economical methods. Many microorganisms can 

transform drugs and other xenobiotics in a manner similar to that of mammals, and the 

utilization of microbial systems as models for mimicking and predicting the metabolism 

of drugs in humans and animals has received considerable attention. Many mammalian 

phase I metabolic reactions (introduction of a functional group) and phase II metabolic 

reactions (conjugation with endogenous compounds), including hydroxylation, O and N- 

dealkylation, dehydrogenation, glucuronidation and sulphate conjugation, which also 

occur in microbial models (Lu Sun et al., 2005). It may be interesting to note here that 

human gut microflora is also involved in metabolism of several drugs.  

We therefore thought interesting to study the diversity of phytocompounds present in 

Ashvagandharishta it is produced thought assimilation of known microbes and assuming 

that the major phytocompounds in the formulation are metabolic products of fermentation 

and perhaps have undergone microbial biotransformation. In present research work, we 
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have focussed on purification of the phytocompounds in Ashvagandharishta prepared 

using consortium of isolated yeasts from W. fruticosa.  

5.2. Literature Review  

Kushwaha et al., (2011) has prepared Ashvagandharishta and analysed physicochemical 

and chromatographical parameters and reported that these self-fermented products can 

undergo continues chemical transformation, which essentially goes on beyond hydro-

alcoholic extraction. Kushwaha also mention the need to explore natural molecules with 

enhanced therapeutic activity that may results due to microbial fermentation.    

Lal et al., (2009) have standardized Arjunarishta by HPLC method and identified five 

phenolic compounds such as gallic acid, ethyl gallate, ellagic acid, quercetin and 

kaempferol with this chromatogram showing several unidentified peaks. Interestingly, 

there were marked differences in chromatograms of decoction and formulation indicating 

that new chemical species including gallic acid and ellagic acid incresed substantially 

during fermentation. It was also reported that incresed concentration of monomeric 

phenolics can be ascribed to possible hydrolysis of ellagitannins and gallotannins during 

microbial fermentation. This work suggested that microbes do play an important role in 

converting phytocompounds into its active form. In another work, Lal et al., (2010) 

studied chemical changes occurred during fermentation in Abhayarishta with respect to 

selected markers such as chebulagic and chebulinic acid. In this work comparison 

between decoction and final processed formulation revealed that major polyphenolics 

(chebulagic and chebulinic acid) of T. chebula were hydrolyzed to their respective 

monomers and, consequently, there was an increase in the amount of chebulic acid, gallic 

acid, ellagic acid and ethyl gallate after fermentation. 5-Hydroxymethyl furfural (5-HMF) 

was also found in the formulation. Lal et al., (2010) emphasized the need of 
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standardization of fermented formulations in most of Ayurvedic formulations. After 

experiment on Jirakadyarishta, Lal et al., (2010) presented RP-HPLC analysis of the 

decoction and the final processed formulation revealing that apigenin-7-O-[galacturonide 

(1>4)-O-glucoside] and luteolin-4'-O-glucoside-7-O-galacturonide) were the two major 

constituents of the decoction. It was postulated that selective hydrolysis of 7-O-

glucosides of luteolin and apigenin during fermentation resulted in increased amount of 

luteolin and apigenin. The 4'-O-glucoside-7-O-galacturonide of luteolinand galacturonide 

derivative of apigenin were not hydrolyzed during fermentation. Monomeric phenolics, 

together with 5-hydroxymethyl furfural (5-HMF), were also introduced into the 

formulation through the jaggery and other plant materials during fermentation. This 

process of microbial fermentation suggests exploring and identifying the compounds 

generated during fermentation process. This scientific exploration of Asava and Arishtas 

can be further extended towards new drug development. 

Kumar et al., (2013) has recovered Lactobacillus sp., Acinetobacter sp., Alcaligenes sp., 

and Methylobacterium sp. From Kutajarishta formulation during initial states of 

fermentation, but later these microbes disappeared during fermentation. Kumar et al., also 

reported dominance of Aeromonas sp., Pseudomonas sp., and Klebsiella sp. till 30 day of 

fermentation and Predominance of γ- Proteobacteria and presence of gallolyl derivatives 

at the saturation stage of fermentation implies tannin degrading potential of these 

microbes. This was the first study to highlight the microbial role in Ayurvedic herbal 

product fermentation       

5.3. Material and Methods  

5.3.1. Chemical and reagents  
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n-hexane, chloroform, ethyl acetate, acetone, methanol, ethanol (Merck, India) of GR 

grades were purchased from respective venders. Silica gel (60-120 mesh) purchased from 

Merck, India.  

5.3.2. Apparatus and Instruments  

Silica gel column chromatography was performed using Borosil glass columns of 

different dimensions such as 3×60cm and 1.5×30cm. Columns were purchased from Yash 

enterprises, Pune, India. Precoated HPTLC silica gel plates (Merck, Kieselgel 60, F-254, 

0.2mm) and these silica plates were used for preparative thin layer chromatography. 

5.3.3. Ashvagandharishta and its extraction  

Ashvagandharishta was used for extraction and isolation of phytocompounds using 

column chromatography. Self-generated alcohol was removed from Ashvagandharishta 

(2.5 L) using rotary evaporator with vacuum at 40oC. After removal of self-generated 

alcohol, same volume of distilled water (2.5 L) was added to dissolve the dried material 

and subjected to partition successively with n-hexane (1000 ml ×3) and chloroform (1000 

ml ×3). Both fractions were concentrated at 40oC and weighed.  

5.3.4. Preparation of column packing material  

Accurately weighed 50 g of silica (60-120 mesh) was added to a beaker containing 

petroleum ether and stirred with glass rod to prepare slurry. 

5.3.5. Packing of column  

A clean dry borosil glass column (height 60 cm; diameter 3 cm) was supported in  

vertical position with the help of clamps attached to metal stand. A piece of cotton soaked 

in mobile phase was placed at bottom of column and gently tamped down with a glass 
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rod. The column was slowly and evenly filed to about 60% capacity with gradual addition 

of silica gel (60-120) slurry. Side of the chromatographic column was gently tapped with 

a cork during the packing process to make the column compact. Further, petroleum ether 

was added up to 80% of column capacity. Stopcock was opened to drain out excess 

solvent. After initial washing with petroleum ether, excess solvent was drained out until it 

just reaches top level of the column. 

5.3.6. Application of sample  

The ethyl acetate extract (7 g) was adsorbed on silica gel (60-120 mesh, 15 g) and was 

loaded on silica gel column (60-120 mesh). Elution was carried out using petroleum ether 

followed by pet ether-acetone with increasing gradient of acetone. Fractions of 50 ml 

each were collected. The progress of the column chromatographic separation was 

monitored by thin layer chromatography of all the fractions. Fractions showing similar 

composition were combined together to obtain seven major fractions (A-H). The details 

of the chromatographic separation are summarized in Table 5.1.      
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Table 5.1. Chromatographic separation of constituents of chloroform extract of    

 Ashvagandharishta.   

Fraction 

No. 

Eluents Total volume 

collected 

Weight 

(g) 

Approximate 

composition 

A 
Acetone: Pet ether 

10:90 5×50 ml 1.1 
Mixture of unidentified 
compounds  

B 
Acetone: Pet ether 

20:80 4×50 ml 0.76 
Mixture of unidentified 
compounds 

C 
Acetone: Pet ether 

20:80 6×50 ml 0.70 
Mixture of unidentified 
compounds 

D 
Acetone: Pet ether 

30:70 7×50 ml 0.84 
Mixture of unidentified 
compounds 

E 
Acetone: Pet ether 

30:70 9×50 ml 0.77 
Mixture of unidentified 
compounds 

F 
Acetone: Pet ether 

40:60 8×50 ml 0.65 
Mixture of unidentified 
compounds 

G 
Acetone: Pet ether 

50:50 5×50 ml 0.96 

Mixture of unidentified 
compounds +  

Compound 1 

H 
Acetone: Pet ether 

60:40 4×50 ml 0.35 
Mixture of unidentified 
compounds 

 

5.3.7. Re-chromatography of fraction G  

Fraction G (0.96 g) was re-chromatographed on column chromatography using acetone: 

pet ether mixture with successive increase in percentage of acetone. Fraction 3 of this 

column showed partially pure compound, after preparative thin layer chromatography 

offered Compound 1. Details of the chromatography are summarised in Table 5.2.       
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Table 5.2. Re-column chromatographic separation of constituents of fraction G (0.96 g)  

Fraction 

No. 
Eluents 

Total volume 

collected 

Weight 

(mg) 

Approximate 

composition 

1 
Acetone: Pet ether 

10:90 2×10 ml 15.5 
Mixture of unidentified 

compounds 

2 
Acetone: Pet ether 

20:80 4×10 ml 70.5 
Mixture of unidentified 

compounds 

3 
Acetone: Pet ether 

20:80 6×10 ml 127.8 Impure compound 1 

4 
Acetone: Pet ether 

30:70 5×10 ml 140.7 
Mixture of unidentified 

compounds 

5 
Acetone: Pet ether 

30:70 5×10 ml 138.3 
Mixture of unidentified 

compounds 

6 
Acetone: Pet ether 

40:90 5×10 ml 209.3 
Mixture of unidentified 

compounds 

7 
Acetone: Pet ether 

50:50 6×10 ml 148.2 
Mixture of unidentified 

compounds 

 

5.3.8. Purification of compound I (G-I) 

Compound I (127.8 mg) was obtained in partial purified form above re-chromatographic 

column of fraction G (table). It was further purified by preparative thin layer 

chromatography using acetone: pet ether (30:70) solvent mixtures, to obtain compound I 

(13 mg) as a yellow liquid. Isolated Compound was denoted as Ashv-I.  

5.3.9. Characterization of purified compound Ashv-I. 

The vacuum dried compound I was further analysed for its identification and structural 

determination. The chemical structure of isolated compound was elucidated by UV, IR, 

1H-NMR, 13C-NMR, DEPT, COSY, HMBC, HSQC, NOESY, mass spectrum and 

specific optical rotation was recorded. Optical rotation was measured in CHCl3 solution 

using sodium light as a source on JASCO 1022 automatic polarimeter. All the spectral 
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data was recorded at Central NMR facility, National Chemical Laboratory, Pune, India. 

IR spectrum was recorded in CHCl3 solution on Perkin-Elmer FT-IR spectrophotometer.       

5.4. Docking Studies with COX-2 (Friesner et al., 2004, Halgren et al., 2004)  

Docking studies were carried out using Glide version 5.8, New York, NY: Schrödinger 

LLC; 2012. The crystal structure of COX-2 enzyme was obtained from Protein Data 

Bank (PDB: 1CX2). The protein was refined using the protein preparation wizard. The 

missing residues of the side chain were added using the prime interface module 

incorporated in Maestro. All the water molecules were deleted. H atoms were added to 

the protein, including the protons necessary to define the correct ionization and 

tautomeric states of the amino acid residues. Each structure minimization was carried out 

with the impact refinement module, using the OPLS-2005 force field to alleviate steric 

clashes potentially existing in the structures. Minimization was terminated when the 

energy converged or the root mean square deviation reached a maximum cutoff of 0.30 

Å. After preparation of the protein, a receptor grid was generated using the receptor grid 

generation panel. The ligand was selected to define the position and size of the active site. 

5.5. In vitro Anti-inflammatory potential of chloroform extract of 

Ashvagandharishta (CEA) and purified Ashv-I 

5.5.1. Isolation of rat synoviocytes fibroblast (RSF) 

RSF were isolated from synovial membranes of healthy wistar rats according to protocol 

approval by the Animal Ethics Committee of Bharati Vidyapeeth Deemed University 

(CPCSEA/53/12). Synoviocytes were obtained from healthy wistar rat as per Ding et al., 

with few modifications. Briefly, the tissue was cut in to small pieces, digested in 2mg/ml 

collagenase in DMEM supplemented with 1% penicillin–streptomycin in a shaking 

incubator at 37°C. The tissue was sheared using a sterile syringe, filtered using fine sterile 
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gauze, and then washed and re-suspended in DMEM containing 10% FBS and 1% 

penicillin–streptomycin. The cells seeded into 24-well plates to adhere, replaced with 

fresh DMEM and supplemented with 10% FBS. The prepared cell line was plated in 96-

well plates (1x105cells/ml) and grown overnight at 37°C in 5% CO2 and used for further 

studies. 

5.5.2. Cytotoxicity studies 

The cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylthiazolium 

bromide (MTT) assay on the above primary rat synoviocytes like fibroblast (RSF) cell 

line. Briefly, RSF cells were seeded at a density of 1 × 105 cells/ml density in 96-well 

plates. An untreated group was kept as a negative control. CEA and Ashv-I, were added 

at different concentrations 5, 25, 50, 100, 250, 500ng/ml and 1 µg/ml, in triplicates. The 

MTT solution (5 mg/ml) was added to each well, and the cells were incubated for another 

4 h at 37°C in 5% CO2 incubator. The formazan crystals were dissolved by addition of 

90µl of sodium dodecyl sulphate (SDS)-dimethyl formamide (DMF) (20% SDS in 50% 

DMF). After 15 min, the amount of coloured formazan derivative was determined by 

measuring optical density (OD) using the ELISA microplate reader (Biorad, Hercules, 

CA) at 570 nm (OD570-630 nm). The percent viability was calculated as: 

Viability % = [OD of treated cells/OD of control cells] ×100  

 5.5.3. Induction with LPS to measure cell mediated inflammatory response in vitro: 

RSF cells were plated in 96-well plates (1x105cells/ml) and grown overnight at 37°C in 

5% CO2. After 24h, cells were challenged with Lipopolysaccharide (LPS) (10µg/ml) for 

48h. After performing the toxicity studies with above mentioned concentrations (point 

No.2 in cytotoxicity), a dose, which has 100% cell viability with maximum activity was 

finalized. After 48h, RSF cells were treated with 5, 25 and 100ng/ml doses of CEA and 

Ashv-I. The conditioned media was collected after treatment and further stored at -20oC. 
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5.5.4. Nitric oxide (NO) release: 

Resealed NO levels were measured using Griess reaction (Sumantran et al., 2007). The 

conditioned media was appropriately diluted, and added with 1% sulphanilic acid and 

0.1% N, N-naphthylethylenediaminedihydrochloride prepared in 5% phosphoric acid in 

1:1 ratio. After incubation for 10min at room temperature, absorbance was measured at 

540nm in spectrophotometer (Biorad, Hercules, CA). Further calculations were done 

from a standard curve made with linear concentrations of sodium nitrate. 

5.5.5. Statistical Analysis 

All cell experiments were performed in triplicates and data were presented as Mean ± SD. 

GraphPad Prism 5.0 (San Diego, California, USA) statistical software was used for data 

analysis. All data were analyzed by one way ANOVA followed by Dunnet’s post–test, 

*p<0.05, **p<0.01 and ***p<0.001 when compared to LPS control.   

5.6. Results 

5.6.1. Identification and characterization of Ashv-I 

The compound-I was obtained as yellowish sticky liquid by repeated column  

chromatography and preparative TLC. The optical rotation found to be [α] D -3.450 

(chloroform). Molecular ion peak obtained through mass spectrum at m/z 216, suggested 

the possible molecular formula C10H6O5. This possible molecular formula was also 

supported by 1H NMR, 13C NMR, and DEPT spectrum. 13C NMR spectrum showed ten 

signals indicating presence of ten carbon atoms. Its IR spectrum (Figure 5.1) showed the 

absorption band at 3436.83 cm-1 revealing presence of hydroxyl group (-OH) in the 

structure of the compound I, alongwith the bands at 2925 cm-1 and 1605.59 cm-1 for CH2 

CH3 grouping of unsaturation and also characteristic band at 1261.53 cm-1 indication C-O 

stretching present in the chemical structure of compound I. The 1H NMR spectrum of this 

compound showed two downfield secondary methyl groups at δ 1.30 d (J=7.0Hz) and δ 
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1.37 d (J=6.5 Hz) and multiplates at δ 3.73 and δ 3.81. The 1H NMR further showed the 

presence of two olefinic protons at δ 6.25 (d. J=4.0 Hz) and 6.39 (d, J=4.0 Hz) alongwith 

two downfield singlet attached to oxygen function at δ 5.96 (1H) and δ 4.60 (2H), clearly 

indicating the presence of secondary hydroxyl group attached on a anomeric carbon and –

CH2-O- group (Figure 5.2). The 13C NMR showed two quartet signals at δc 16.52 and δc 

16.62 indicating two methyl groups present in the molecule (Figure 5.6, Table 5.3). It 

further showed two doublets at δc 108.25 and δc 109.40 indicating the presence of two 

olefinic proton and δc 151.68 and δc 154.75 vanishes in its DEPT spectrum suggested the 

quaternary nature of the carbon atom. Two downfield doublets at δc 78.25 and 80.02 and 

a triplet at δc 57.58, clearly indication that carbon atoms subtracted with an oxygenated 

function (Figure 5.7). 

The COSY spectrum specified correlation between H-C(2) (δH) 5.96 (s) and H-C (8) 

(δH) 6.39, H-C (10) δ H) 1.29 (d, J=6.5 Hz) and H-C (9) (δ H) 3.73 (m), H-C (12) δ H 

1.36 (d, J=6.0 H2) and H-C (11) (δ(H) 3.81 (m) and finally the concentration between H-

C (7) (δ(H) 6.25 (d, J=2.5 Hz) and H-C (8) (δ(H) 6.39 (d, J=2.5 Hz) (Figure 5.8). 

A HMBC experiment revealed the following correlation H-C (2), C (8), C (9), (10) and 

H-C (6), C (7), C (4) (Figure 5.9). 

In the NOESY experiment, H- (2), C (8), C (9), C (10), H-(7), C (6) and finally H-C (11) 

had correlation with C (12). On the basis of detailed 1D and 2D spectral studies, we have 

deduced the structure and steriochemistry of the novel compound I (Figure 5.11).  
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Table 5.3: 
1H and 13C NMR spectral data of Compound I in CDCl3, 400 MHz and 100 

MHz  

 

5.6.2. Docking studies 

Docking was carried out to study the binding mode of the compound Ashv-1 on active 

site of COX-2.The docking score of Ashv-1 was found to be -6.584, which showed that 

compound has good binding with COX-2. The results of docking studies are presented in 

Figure 5.15 and Figure 5.16. 

5.6.3. Anti-inflammatory activity of chloroform extract of Ashvagandharishta 

(CEA) and Ashv-I  

We initially performed MTT assay to define the optimal concentration at which 

chloroform extract of Ashvagandharishta was non-toxic to RSF cells. Up to 500ng/ml of 

both the fractions of CEA and Ashv-I concentration exhibited 100% survival for 24h 

(Figure 5.17). Inflammatory response of the cells was measured using NO as an 

inflammatory indicator. The RSF cells were treated with LPS for 24h followed by 

treatment with respective formulation for another 48h. Our results revealed that 

Chloroform extract of Ashwagandharishta at 25ng/ml and 100ng/ml reduced the 

inflammation by 2.5 and 5.7 fold, respectively (Figure 5.18). Whereas, Ashv-I reduced 

Proton Number Multiplicity Carbon Number Multiplicity 

H-1 -- C-1 -- 
H-2 5.96 (s) C-2 96.61 (d) 
H-3 -- C-3 151.68 (s) 
H-4 -- C-4 154.75 (s) 
H-6 4.62 (s) C-6 57.58 (t) 
H-7 6.25 (d, J=4.0 Hz) C-7 108.25 (d) 
H-8 6.39 (d, J=4.0 Hz) C-8 109.40 (d) 
H-9 3.73 (m) C-9 78.25 (d) 

H-10 1.30 (d, J=7.0 Hz) C-10 16.52 (q) 
H-11 3.81 (m) C-11 80.02 (d) 
H-12 1.37 (d, J=6.5 Hz) C-12 16.52 (q) 
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cellular inflammation by 2.9 and 4.7 fold, respectively as compared to untreated cells 

(Figure 5.19).   
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Figure 5.1. IR spectrum of compound I (Ashv-I) 

 

 



   Chapter 5 

 

246 

 

Figure 5.2. 
1H NMR spectrum of compound I (Ashv-I) 
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Figure 5.3. Elaborated 
1H NMR spectrum of compound I (Ashv-I) 
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Figure 5.4. Elaborated 
1H NMR spectrum of compound I (Ashv-I) 
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Figure 5.5. Elaborated 
1H NMR spectrum of compound I (Ashv-I)  
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Figure 5.6. 
13C NMR spectrum of compound I (Ashv-I)  
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Figure 5.7. Distortionless enhancement by polarization transfer (DEPT) spectrum of 

compound I (Ashv-I) 
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Figure 5.8. Correlation Spectroscopy (COSY) spectrum of compound I (Ashv-I)  
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Figure 5.9. Heteronuclear Multiple Bond Correlation (HMBC) spectrum of compound I 

(Ashv-I)  
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Figure 5.10. Heteronuclear Single Quantum Coherence (HSQC) spectrum of compound I 

(Ashv-I)  
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Figure 5.11. NOESY (Nuclear Overhauser effect spectroscopy) spectrum of compound I 

(Ashv-I) 
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Figure 5.12. The structure assigned to isolated compound using HMBC    

 

 

 

  

 

 

Figure 5.13. The structure assigned to isolated compound using NOESY    
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Figure 5.14. The structure assigned to isolated compound I (Ashv-I)  

 

 

 

 

 

 

Figure 5.15. Docking of compound Ashv-I in the active site of COX-2 enzyme. 
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Figure 5.16. Two-dimensional view of the binding interaction of the compound Ashv-I, 

with the active site of COX-2 enzyme  

 

 

 

 

 

 

 

Figure 5.17. % cell viability of Chloroform extract of Ashvagandharishta (CEA) and 

purified compound Ashv-I.    
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Figure 5.18. Effect of chloroform extract of Ashvagandharishta (CEA) on Nitric oxide 

(NO) concentrations in LPS induced inflammation of RSF cells.       

 

 

 

 

 

 

Figure 5.19. Effect of Ashv-I on Nitric oxide (NO) concentrations in LPS induced 

inflammation of RSF cells.      

 

 

 

 

 

 

Values are expressed as Mean±SEM. One way ANOVA followed by Dunnet’s post-test, 

*p< 0.05, **p< 0.01 and ***p< 0.001 when compared to LPS control    
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5.7. Discussion  

Microbial biotransformation of important phytocompounds is the most important, yet 

unexplored aspect of Ayurvedic fermentation. The microbial interface makes Asava-

Arishta formulations unique. Microbial biotransformation is a perhaps a combination of 

different biochemical reactions leading to transformation of phytochemicals and organic 

compounds. Microbial transformation has been extensively used for ages to create new 

and useful metabolites, starting from transformation of sugar to ethanol to almost all 

classes of terpenes, steroids and alkaloids. Biotransformation is the most desired 

substitute for chemical synthesis for preparation of pharmacologically active compounds 

for several factors. It is eco-friendly and hazard free yet can be specific, precise and 

contamination free. The plethora of enzymes produced by the microorganisms may 

produce unimaginable diversity of compounds in the formulation. As stated before, this 

chemical diversity gives the formulation their unique action, whereas it can be a very 

attractive contraption for drug discovery. 

The role of microorganism in Asava-Arishta formulations however, is not clearly 

demonstrated. It could be safely assumed that the enhanced therapeutic activity is due to 

microbial biotransformation of initial ingredients. The diversity of chemical compounds 

is directly controlled by the type of fermentation and microorganisms involved. In the 

present work, we have isolated a few compounds and have demonstrated its potential 

through purification and characterization of one molecule from Ashvagandharishta. This 

compound turned out to be novel and we have pride to report it for first time. 

Microbial biotransformation is respected economically and ecologically considered as 

green-technology. This is also a competitive tool for the biotechnological professionals 

who are in search of new techniques to manufacture clean valuable, pharmaceutically 
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important compounds. Many complex molecules could be transformed to a 

pharmacologically active molecule. These metabolites are sometime very difficult to 

obtain synthetically and perhaps microbes only have the ability to produce them. This is 

clearly evident as we have found a novel compound in Ashvagandharishta formulation, 

which is completely novel. We also have reported earlier another novel compound 

isolated through fermentation of turmeric using the same consortium. This novel 

compound gives new dimensions to this dissertation; there is high possibility that we can 

isolate many other compounds form Ashvagandharishta. The chromatogram of 

Ashvagandharishta indicated pattern many different phytocompounds.  Further 

fundamental and molecular studies of microbes and biotransformation in Asava-Arishta 

will no doubt provide more useful examples.   

In order to find out the binding interactions of the compound Ashv-1 with the active site 

of COX-2 we have carried out docking studies. As seen in Figure 5.15 and Figure 5.16 -

OH groups present on oxocine ring shows the hydrogen binding with amino acid Ser530. 

The -CH=CH region of Oxocine ring fits into hydrophobic pocket, which is formed by 

the amino acid Arg120 and Val349. The ethyl side chain fits into the pocket formed by 

amino acid Tyr,385, Trp387, Leu352. Also, the docking score of Ashv-1 was found to be 

-6.548. Thus from the docking score and other interactions studies it is clear that Ashv-1 

shows good binding interactions with the active site of COX-2. 

 Docking score of Ashv-1 with COX-2 turned out to be -6.548, interestingly, in a similar 

set of analysis the docking score of diclofenac was found to -7.299, which is a well-

known non-specific COX-2 inhibitor. Docking score of another compound SC-558 , a 

specific COX-2 inhibitor currently in phase III trial has is -10.823 (personal 

communication with Kulkarni V. M., 2014). From the docking score and other 

interactions studies it is clear that Ash-1 shows good binding interactions with the active 
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site of COX-2 enzyme. This in silico analysis explains our cell-line data where the Ashv-

1 shows inhibition of NO released form cells challenged with lipopolysaccharide.  

Chloroform extract of Ashvagandharishta (CEA) and Ashv-I presented safe for cells since 

it showed significant cell viability up to 500ng/ml concentrations. CEA and Ashv-I shows 

significant (p<0.001) NO inhibition in LPS treated cells. 

Successful isolation of a novel compound Asv-1, form Asvagandharishta is significant 

from different perspectives. It is the paradig of the ancient wisdom and vision of sears to 

have design such a mystic potion, which have not just the therapeutic but rejuvenating 

potentials.  In a stark contrast to today’s pharmacological world, which is facing 

challenges of drying pipelines of new drugs entities, Ayurveda knew several thousand 

years before how to create and tap the reservoirs of structural and chemical diversity. 

Goswami et al., (2002) in their review entitled, “Prospects of herbal drugs in the age of 

globalization” summarized National Pharmacopeia form several countries and enlisted 

120 distinct chemicals form different plants for utility as lifesaving drugs. The work in 

this chapter assures us that there is a huge treasure-trove of untapped and hidden wealth 

in our own Ayurveda.  
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6. Summary and Conclusions  

6.1. Thesis summary and conclusions   

The therapeutic success of synthetic drugs, antibodies, hormones and vaccines has created an 

illusion that conventional medicines can provide cure for all human ailments. However these 

assumptions proved futile for several diseases like arthritis, diabetes, obesity etc., which 

exasperated both the patients and physicians. Moreover, these synthetic drugs came along 

with a bundle of side effects including immune dysfunction, intestinal bleeding, and acute 

hepatotoxicity in a life threating proportion.  The symptomatic relief is often short lived and 

relapses are frequent.  On the other hand, Pharmaceutical sector is experiencing difficulty in 

identifying new lead structures, templates and scaffolds in the lessor word of chemical 

diversity.  

This rather bleak situation fuelled the renewed surge of interest in traditional medicinal 

systems. Traditional medicines have maintained its popularity in all regions of the developing 

world and its use is rapidly spreading in the industrialized countries as Complementary and 

Alternative Medicine (CAM). The World Health Organization (WHO) defines, traditional 

medicine, as ‘the sum total of the knowledge, skill, and practices based on the theories, 

beliefs, and experiences indigenous to different cultures, whether explicable or not, used in 

the maintenance of health as well as in the prevention, diagnosis, improvement or treatment 

of physical and mental illness’. Ayurveda is the most popular and widely practiced and living 

tradition. Ayurvedic pharmacy is very well developed and systematically describes various 

types of dosage forms, such as Lehyas, Leham and Avaleha, Ksharas, Sattva, Bhasmas, 

Churna, Taila, and Vati or gulika along with Arishta and Asava. Of all these dosage forms 
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Asava-Arishta is the unique paradigm of ancient wisdom that demonstrates some immaculate 

design and thoughtful concepts. 

Sandhan kalpana as described in Ayurveda is the process of fermentation. It is surprising to 

see how the Asava-Arishta fermentation was planned by the ancient seers when the existence 

of microbial world was not even known. They initiated the fermentation with sugar 

concentration as high as 50%, which eliminated possibility of growing most of microbes 

except for microbes having high sugar tolerance. Whereas, the sugar tolerant microbes are 

sourced form flower nectar, perhaps the only sure place to find them.  Traditionally, W. 

fruticosa is believed to provide inoculum for fermentation.  But, for lack of scientific studies, 

role of these flowers remained elusive. There were failed attempts to isolate microbes form 

the flowers, therefore other roles were thought for these flowers in Asava-Arishta, however 

that were not convincing. On the other hand, many workers reported isolation of different 

microbes that have poor connection with the Asava-Arishta fermentation. For example, two 

fungi were isolated from W. fruticosa flower and were identified as Rhizopus nigricans and 

Aspergillus niger, which does not have capacity to ferment sugar.  This would appear to rule 

out the possibility of W. fruticosa flowers being the source for the fermenting organisms. For 

the first time, we have successfully isolated six different yeasts identified them to be 

Saccharomyces cerevisiae, which are well known alcohol producers and have convincingly 

demonstrated their sugar and alcohol tolerance. Further, their utility in Asava-Arishta 

fermentation was shown by preparing Ashvagandharishta, compared it with traditionally 

produced formulation and proved this fact with hard evidences. This satisfied the primary 

objective of the present thesis.  

We have visited several manufacturing units of Asava-Arishta and have discussed the 

problems faced by the manufacturers. We found that the entire industry is suffering from 
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some nagging issues related to fermentation, the first and foremost is undefined inoculum due 

to which the fermentation is improper, batches get spoiled and they resort all sorts of bad 

tactics like use of preservatives or addition of external alcohol. This is essentially a breach of 

trusts and traditional practices. Our technology of using the isolated yeast as inoculum can 

potentially salvage this situation. 

Addressing standardization of polyherbal formulations is a vital aspect that needs broader 

consideration.  It is linked with the quality of formulations and must be executed for large 

scale commercial production. We also have standardised the Ashvagandharishta formulations 

chromatographically for qualitative and quantitative estimation of   β-sitosterol D-glucoside, 

gallic acid, withaferin A and withanolide A, all the phytocompounds were found in 

appreciable amount. A new HPTLC based method was coined, validated and used for this 

purpose. We found that both the Ashvagahdharishta formulations have very close 

phytocompound profiles. It could be concluded that, consortium of yeasts from W. fruticosa 

flowers showed consistent fermentation process in Asava-Arishta, with effective extraction of 

active constituents with acceptable organoleptic properties and stability. 

Pre-clinical studies for Ayurvedic medicines are important for validating its safety.  This is 

especially true if we are adapting to any new procedure or altered extraction process is 

involved. The significance to animal testing is thought not so crucial if the formulation is 

used in its traditional form. However, working with animal models is important to establish 

the mode of action of the formulation. In this thesis work,   CCl4 hepatotoxicity model was 

used to show the pharmacological action of Ashvagandharishta. Both the doses of 

Ashvagandharishta were able to ameliorate the biochemical changes and oxidative injuries 

associated with the effect of CCl4. The protective effects of Ashvagandharishta were further 
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revealed by up-regulation of CAT, GPx and down-regulation of IL-6 gene expression. Based 

on these findings, it could be concluded that Ashvagandharishta offers exploitable level of 

protection against CCl4-induced hepatotoxicity through both anti-oxidant and anti-

inflammatory effects.  This has become the first report where the effect of a formulation was 

shown at fundamental level on modulation of gene expression.  

The strength of traditional medicine is its long standing use for hundreds of years and thereby 

unquestionable safety and clinical dexterity. However, to bring much sought ‘evidence base’ 

to the medicines is the critical and vibrant challenge. At the onset, traditional claims need to 

be weighed critically and confirmed by systematic clinical trials. For Ayurveda, traditional 

processes, clinical experiences and patient observations become the starting point, which 

needs to be validated using modern scientific tools. Use of modern techniques such as qPCR 

is crucial to produce vital data on Ayurvedic formulations that alone can convince the modern 

world its utility and clinical relevance. Asava-Arishta has great potential in international 

market if we can claim its health benefits and sustain these claims with some hard data and 

evidences. We must be able to talk in a language that the today’s word will understand and 

should be able to produce safe, environmentally clean products with consistent quality of 

high standards.  That alone will bring respect to Ayurveda, economic stability to Ayurveda 

based industry and provide invaluable service to humankind.  

The drug discovery process is becoming a herculean task due to innumerable safety concerns, 

capital intensiveness, uncertainty and longer durations. The entire pharma sector appears to 

have stuck in this ‘target rich’ and ‘lead poor’ bottle neck. The hope apparently relies only on 

high throughput screening and combinatorial chemistry. However, the new molecules 

entering the drug-discovery pipeline are progressively dwindling.  Moreover, economic 
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burden has increased due to drugs failing at the end of this pipeline in phase II or phase III 

trials or worst even “drug recalls” is becoming nightmare for even pharma giants.  

Remoulding of the entire drug discovery process is therefore on cards at the global level. 

Many are therefore resorting to botanicals and natural products for their unmatched structural 

diversity. The Chinese medicine and Ayurveda is taken as respite to tap the lurking chemical 

diversity. In this thesis we attempted to work on products of microbial biotransformation 

evidently happening in Asava-Arishta fermentation. The poly herbal nature of 

Ashvagandharishta and biotransformation due to microbial enzymes may lead to phenomenal 

increase of chemical species in this mystic potion. And what more, they already have long 

history of use in human. Many complex molecules must have transformed to as 

pharmacologically active drugs. These metabolites are sometime very difficult to obtain 

synthetically and microbes only have the ability to transform or them. The recovery of novel 

compound in the form of Ahsv1 proves this fact. The safety of Ashv1 was demonstrated in a 

cell line study and in silico prediction indicated its affinity to bind to COX 2 protein. 

The main conclusions of research study are as follows. 

1. Five different yeast cultures were isolated from dried flowers of Woodfordia fruticosa 

(L). The yeasts were identified based on their colony characteristics, morphology of 

yeast cells, biochemical characterization shows WF1, WF2, WF3, WF4 and WF6 are 

belongs to Saccharomyces spp. 

2. The identification was further confirmed by 18s rRNA sequencing. WF1, WF2, WF3, 

WF4 and WF6 shows 100% similarity with the Saccharomyces cerevisiae spp. 

whereas WF5 shows 99% resemblance with Rhodotorula mucilaginosa sp  
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3. All isolated yeasts showed appreciable sugar and alcohol tolerance; individually as 

well as in consortium mode. It shows up to 60% (w/v) sugar and 14% (v/v) alcohol 

tolerance.    

4. Ashvagandharishta prepared using 5% of yeast inoculum significantly reduced time 

required for fermentation with comparable scores on parameters studied 

5. Thus prepared Ashvagandharishta formulations showed excellent organoleptic 

properties and physicochemical properties are also found to be in the range given in 

Ayurvedic Pharmacopoeia of India.  

6. A novel HPTLC method was developed for simultaneous estimation of β-sitosterol-

D-glucoside, gallic acid, withaferin A and withanolide A form the formulation.  

7. Pharmacological evaluation shows Ashvagandharishta with HED (human equivalent 

dose) protects CCl4 intoxicated liver with significant modulation of expression of 

genes for antioxidant and anti-inflammatory activity.   

8. Novel compound Ashv-1 was isolated from Ashvagandharishta and is structurally 

elucidated using different spectral techniques. A cell line study indicated it safety and 

anti-inflammatory potency. 

9. The entire work resulted so far into 3 published papers, 3 patents filled, one poster 

presentation in an international conference, one UGC major research project and one 

Senior Research Fellowship form CSIR. 

6.2. Future Directions  

1. Understanding the microbial fermentation process in Asava-Arishta formulations  

Interplay of several microbial communities brings about fermentation in Asava-Arishta 

formulations. Succession in these communities largely depends on their capacity to tolerate 

alcohol, the least tolerant will vanish first while the most tolerant will have a longer chance to 
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stay alive. It is very interesting to investigate the dynamics of these microbial communities 

that would essentially determine quality of the final product. Several molecular tools are 

available to address these issues.  Sequencing the 18S rRNA for batches under specific time 

interval will reveal the community dynamics of all the yeasts in the consortium. Role of non-

fermenting microbes may also need to be elucidated form this context. 

2. Preparing for Commercial endeavours 

Asava-Arishta have very good market in India, it goes around 2000 million per year. Certain 

formulations such as Dashamoolarishta, Ashvagandharishta, Arjunarishta, Drakshasava, 

Kumariasava and many more formulation have very good market demand in India. But 

unfortunately there are some problems associated with Asava-Arishta fermentation. We have 

shown that many of these issues can be effectively addressed with our technology. Use of 

yeasts consortium gives predictable fermentation with optimised product without need for 

any non-standard practices. 

For the international markets the Asava-Arishta needs to be optimised like traditional wines. 

All the famous wineries meticulously maintain quality of their products by rigorously 

controlling the raw materials and stringently maintaining the fermentation conditions.  Asava-

Arishta industry has lot to learn from them. Optimization of conditions could therefore be 

studies in details using software modules and stringent conditions. This is crucial to stay 

afloat in international markets.  

3. Asava-Arishta: Potential source of new drug molecules 

With the isolation of Asv1 we have demonstrated that novel molecules can be formed during 

Asava-Arishta fermentation. We can use the same platform to isolate newer molecules of 
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novel spectrum of activity. Asv1 itself can be tested for several other activities. However the 

first target will be to use techniques like radio-labelling to find out the origin of Asv1. 

Currently we have no ideas of parent molecule of Asv1. It is important and imperative to 

stress back its origin. In a nut shell, traditional medicine systems can provide newer 

opportunities to bioprospect diverse molecules that function as synergistic units and act on 

multiple targets with wider therapeutic spectrum. 

4. Clinical studies with Ashvagandharishta 

Within the tenure of the thesis, Ashvagandharishta was prepared characterized and preclinical 

studies have been completed. However, it is required to be evaluated on clinical basis. 

Ashvagandharishta is prescribed in host of degenerative diseases. It is out next target to plan 

a systematic clinical study to assess intervention in osteoarthritis using the already established 

network of clinicians by our lab.  

This, I truly believe an opportunity bestowed to me by the Almighty to serve the 

mankind. 
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a b s t r a c t

Ethanopharmacological relevance: Consortium of yeasts sourced from traditionally used Woodfordia
fruticosa flowers proved to be beneficial for fermenting Ashvagandharishta. It resulted in faster
fermentation, acceptable organoleptic properties and demonstrable hepatoprotective potential in CCl4
induced hepatotoxicity. To formulate Ashvagandharishta using consortium of yeasts and to investigate its
physiochemical parameters. Standardize the formulation with the help of standard withaferin-A and
withanolide-A and to evaluate its hepatoprotective potential in CCl4 induced hepatotoxicity in the
rat model.
Material and methods: Ashvagandharishta was prepared using a 5% consortium of yeasts and ascertained
its quality through physiochemical and phytochemical investigation. Withaferin-A and withanolide-A
was simultaneously estimated by HPLC for standardization. Hepatoprotective potential was evaluated by
administering 2.31 and 1.15 ml/kg doses while considering biochemical parameters like serum AST, ALT,
ALP and lipid profile. Gene expression study was carried out for the expression of antioxidant and
inflammatory genes such as CAT, GPx and proinflammatory gene IL-6. Histopathology of liver was also
studied with the help of H&E staining.
Results: Ashvagandharishta was found organolepticaly acceptable with optimized physiochemical para-
meters. Withaferin-A and withanolide-A in Ashvagandharishta estimated as 0.3711, 0.7426 (%w/v),
respectively. In the CCl4 induced hepato-toxicity model, Ashvagandharishta-2.31 ml/kg dose showed
significant decrease in elevated hepatic level of AST(po0.001), ALT(po0.01) and ALP(po0.001). Both
doses of Ashvagandharishta showed significant reduction of TG, Cholesterol, VLDL and LDL in serum, with
corresponding reduction of (po0.001) serum-HDL. Ashvagandharishta also showed increased serum
protein (po0.05) and albumin (po0.01) with decrease in bilirubin (po0.01). Additionally, Ashvagand-
harishta administration revealed up-regulation in antioxidant genes such as CAT and GPx in liver with
concomitant down-regulation in proinflammatory IL-6gene (po0.01). Histopathological parameters
revealed restoration of normal tissue architecture by both doses of Ashvagandharishta.
Conclusions: Consortium of yeasts fromWoodfordia fruticosa flowers showed better fermentation pattern
for Ashvagandharishta produced with acceptable organoleptic properties. Hepatoprotection shown by
Ashvagandharishta was mainly through prevention of oxidative damage. Up-regulation of CAT and GPx
genes and corresponding down regulation of proinflammatory IL6 gene was revealed as possible
mechanism of its action.

& 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Ashvagandharishta is one of the Ayurvedic fermented prepara-
tions with self-generated alcohol (Anonymous, 2008). In our
earlier publication, we have furnished conclusive evidences that
fermentation in Asava/Arishta formulation is a function of the
yeast derived from flowers of Woodfordia fruticosa, (Bhondave
et al., 2013). Ashvagandharishta is often prescribed to boost
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immune function, digestive impairments, liver conditions, neuro-
logical disorders, and also used as a general health promoting
tonic (Anonymous, 2008). However, scientific evidences of its
hepatoprotective potential are lacking except for a few reports
(Gune, 2005) where its use for boosting liver function is advo-
cated. Besides, the antioxidant, anti-inflammatory, cholesterol
lowering, anti-stress and rejuvenating properties of its major
ingredients such as Withania somnifera, Curcuma longa, Terminalia
chebula, Pterocarpus santalinus, honey and jaggery are proven in
many clinical conditions (Harish Nayaka et al., 2009; Elberry et al.,
2010). Withania somnifera has shown a strong anti-lipid peroxida-
tion effect in stress-induced animals, due to prevention of
oxidative damage by anti-oxidants (Dhuley, 1998). The beneficial
effect of Withania somnifera, which is the principal ingredient of
Ashvagandharishta is attributed to alkaloids and steroidal lactones,
commonly known as a Withanoloids. Out of these Withanoloids,
Withaferin-A, Withanolide-A and Withanolide-D are biologically
important and show a wide range of clinical actions such as anti-
inflammatory, antioxidant, strong hypocholesteremic, to name a
few (Ojha and Arya, 2009; Elberry et al., 2010; Nasareen and
Radha, 2011).

A healthy liver is crucial for maintaining overall health. How-
ever, liver is prone to various insults due to metabolic disorders,
viral infections, hepatitis, cirrhosis, diabetes, alcoholism and drug
abuse (Kumar et al., 2009; Lan et al., 2011). Oxidative stress is now
clearly demonstrated to be associated with various liver conditions
(Perry et al., 2000). Many of the deteriorating processes in liver
such as lipid peroxidation (LPO) involves ROS (reactive oxygen
species), which is generated during oxidative burst (Dröge, 2003;
Hye-Lin et al., 2010). Pathology of liver damage due to oxidative
damage can be effectively alleviated by boosting innate antiox-
idant enzymes such as superoxide dismutase (SOD), glutathione
peroxidase (GPx) and catalase (CAT). Various herbs and Ayurvedic
poly-herbal formulations such as Asava, Arishta, Kadha, Chavanprash
and Churna are often prescribed by practitioners as hepatoprotec-
tive agents. These formulations contain natural antioxidants in the
form of tannins, flavonoids, alkaloids, etc., which synergistically
provides protective and beneficial effect to liver cells (Ajay et al.,
2002; Wolf, 2005). In the present study, we report hepato-
protective properties of Ashvagandharishta formulated using con-
sortium of six different yeast cultures previously isolated from
Woodfordia fruticosa flowers that are traditionally used for Asawa/
Arishta fermentation. These yeast cultures were earlier identified
and characterized individually, and in consortium for their con-
tribution in fermentation of Asawa formulations (Bhondave et al.,
2013).

In the current study, the formulated Ashvagandharishta is
evaluated on the basis of physicochemical and phytochemical
parameters. Contents of withaferin-A and withanoloid-A was
estimated using HPLC. We have also investigated its potential to
protect liver against CCl4 induced toxicity. This toxicity is known to
induce oxidative stress and lipid peroxidation resulting in liver
damage. Expression of genes namely, catalase (CAT) glutathione
peroxidase (GPx) and pro-inflammatory cytokine, interleukin-6
(IL-6) were evaluated by measuring mRNA abundance in liver
tissue. In addition, the histopathology of the liver was done to
verify the hepatoprotective potential of Ashvagandharishta.

2. Materials and methods

2.1. Plant materials and chemicals

The plant material used for preparation of Ashvagandharishta
was as per the Ayurvedic Pharmacopoeia of India. The materials
were procured from Green pharmacy, Pune, India. All the herbal

material was authenticated in the Department of Dravya Guna
Vigyan, College of Ayurved, Bharati Vidyapeeth Deemed Univer-
sity, Pune, India. Carbon tetrachloride (CCl4) was purchased from
Sigma Chemicals Co. Withaferin A and Withanolide A was pur-
chased from Natural Remedies Ltd. Bangalore, India. Olive oil was
purchased from local market and Silymarin was obtained through
Limarins-140 marketed capsules.

2.2. Formulation of Ashvagandharishta using consortium of yeast
isolates

We previously have isolated, identified and characterized six
wild sugar-tolerant yeasts from Woodfordia fruticosa flowers and
have demonstrated their usefulness in the fermentation process of
Asava/Arishta (Bhondave et al., 2013). In the present work, we have
formulated Ashvagandharishta using 5% consortium of the isolated
yeasts (grown separately on 120 Brix of jaggery media with pH
4.5 for 48 h). The method described by Ayurvedic Pharmacopoeia
of India was followed to prepare Ashvagandharishta, except for
adding yeast inoculum in place of flowers of Woodfordia fruticosa.
The fermentation vessel was kept in cool and dark places and
monitored. After completion of fermentation, the formulation was
filtered through a double layered clean muslin cloth and stored in
an air-tight amber colored glass container.

2.3. Physico-chemical investigation of Ashvagandharishta

Physico-chemical parameters such as pH, total reducing sugar,
specific gravity, self-generated alcohol content and absence of
methanol were determined by the methods reported in Ayurvedic
Pharmacopoeia with some modifications. These parameters are
essential to determine the quality of Asava/Arishta formulations.

2.4. Phytochemical analysis of Ashvagandharishta

Ashwagandharishta was extracted using various solvents in
succession for preliminary phytochemical identification and to
detect the presence of carbohydrates, proteins, steroids, glyco-
sides, flavonoids, alkaloids, tannins and amino acid (data not
shown) (Khandelwal, 2010).

2.5. High performance liquid chromatography (HPLC) analysis

For the HPLC system (Jasco PU 1580), intelligent HPLC pump with
sampler programmed at 20 μl per injection was used. The detector
consisted of a UV/VIS (Jasco UV 1575) model operated at a wave-
length of 224 nm. Data was integrated using Jasco Borwin version 1.5,
LC-Net II/ADC system. The column used was Grace smart RP–C18
(250 mm�4.6 mm, 5.0 μm) from Grace, USA. A HPLC method
developed by Jyotsna et al., (Personal communication) was used for
simultaneous quantification of withaferin-A and withanoloid-A from
Ashvagandharishta (personal communication). The mobile phase
consisted of solvents methanol and 0.1 M ammonium formate in
the proportions 40:60 v/v while the flow-rate was maintained at
1 ml/min. Withaferin-A and withanolide-A were identified by com-
paring their retention time (Rt) and UV–vis spectra with those of
known standards. They were quantified by measuring peak areas
from these chromatograms. Linearity of the method was confirmed
by injecting six concentrations of the drug prepared in mobile phase
in triplicate by keeping the injection volume constant. The linear
regression data (n¼6) showed a good linear relationship over the
concentration range of 2–10 mg mL-1 (r27S.D.¼0.99570.10) and
2–10 mg mL-1 (r27S.D.¼0.99670.09) for withaferin-A and with-
anolide-A, respectively.
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2.6. Animals

Male Wistar rats weighing 200–250 g were obtained from the
National Institute of Biosciences, Pune, India. Animals were housed
in polypropylene cages at controlled conditions (2571 1C at 50%
relative humidity) with a 12 h light–12 h dark cycle. All animals
were fed with standard diet and tap water ad libitum. Animals
were acclimatised for the period of 1 week, and divided into five
groups of six animals each for the experiments described below.
The study was approved by the Institutional Animal Ethics
Committee (CPCSEA/98/12).

2.6.1. Selection of dose of Ashvagandharishta
The dose of Ashvagandharishta was calculated for animal

experiment by translating human equivalent dose (HED) to animal
dose on the basis of body surface area (Shannon et al., 2007). The
recommended human dose is 15–30 ml, considering an average,
the rat dose was calculated, which turned out to be 2.31 ml/kg of
body weight. Every dose of Ashvagandharishta was given with
equal amount of water, as per prescriptions in Ayurveda. Acute
toxicity study using Ashvagandharishta did not show any clinical
sings of mortality, toxicity and behavioral changes during and after
dosing. A previous short-term hepatotoxicity study was conducted
with three doses (2.31, 1.15 and 0.577 ml/kg body weight), which
were calculated according to the above formula. The doses of
2.31 ml/kg and 1.15 ml/kg used in the present study were selected
on the basis of findings of this short-term study (data of short-
term hepatoprotection is not shown here).

2.6.2. Experimental groups
Thirty rats were separated into five groups (n¼6) where Group

I served as the normal control group and received the normal feed
and water for 35 days. CCl4 (1 ml/kg body weight) was adminis-
tered to animals of all the remaining groups on the 1st and 4th day
of every week until the 35th day of the experiment by intraper-
itonial injection with equal amount of olive oil. Group II was a CCl4
control group and received only CCl4:olive oil (1:1). Group III
served as positive drug control group, where silymarin (25 mg/kg
body weight) was suspended in 1% w/v Na-CMC and administered
orally with intra-gastric cannula for 35 days. Group IV and V
received Ashvagandharishta, 2.31 and 1.15 ml/kg body weight
respectively with equal amount of water, both the formulations
were administered orally with intra-gastric cannula for 35 days.
On the 36th day blood was withdrawn from Retro Orbital Plexus
(ROP) and serum was separated by centrifugation at 7000 rpm for
15 min at 4 1C. Animals were sacrificed by cervical decapitation,
liver tissues were excised immediately and cut into several
portions washed with sterile saline and a part of the liver tissue
was flash frozen in liquid nitrogen and stored in �80 1C for gene
expression study.

2.6.3. Biochemical investigations
Serum samples were analyzed for Serum albumin, bilirubin,

total protein levels and activities of enzymes such as serum
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and serum alkaline phosphate (ALP) using commercial kits
by Accurex Biomedical Pvt. Ltd. India following manufacturer's
instructions.

2.6.4. Assessment of lipid profile
Lipid profile was determined by assessing Serum TG, Choles-

terol, VLDL, LDL and HDL levels using commercial kits obtained
from Accurex Biomedical Pvt. Ltd. India, following manufacturer's
instructions.

2.6.5. Liver histopathological assessment
Liver tissues were washed with sterile saline and fixed in 10%

buffered neutral formalin solution. After fixation, the liver tissues
were processed by embedding in paraffin. The paraffin blocks were
sectioned and stained with hematoxylin and eosin (H&E). Histo-
logical observation such as hepatic damage and fibrosis was
observed. The sections were examined under high power micro-
scope (40� ) and representative photographs were taken.

2.6.6. qPCR
For gene expression studies, total RNA from liver tissues was

extracted using TRIZOL reagent (Invitrogen CA, USA) along with
PureLink RNA mini kit (Invitrogen CA, USA). Quality of the isolated
RNAwas determined using denaturing agarose gel electrophoresis,
and quantity was determined by UV absorbance at 260 nm. The
cDNA was synthesized from 1 μg of total RNA using the Super-
Script first-strand synthesis system for quantitative real-time PCR
(Invitrogen CA, USA). The qPCR analysis was performed with the
help of a StepOne real-time PCR system (Applied Biosystems, CA,
USA) along with TaqMan gene expression assays (Applied Biosystems,
CA, USA) and TaqMan gene expression master mix (Applied Biosys-
tems, CA, USA). The cycling conditions used were 50 1C for 2 min;
95 1C for 10 min; and 40 cycles of 95 1C for 15 s, 60 1C for 1 min. The
Taqman gene expression assays used in this study were CAT (Cat;
Rn00560930_m1), GPx (GPx1; Rn00577994_m1) and IL-6 (IL-6;
Rn01410330_m1). The relative amount of the RNA was normalized
to the amount of endogenous control i.e. GAPDH (Glyceraldehyde-
3-phosphate dehydrogenase) (Gapdh; Rn01775763_g1) using StepOne
software ver. 2.2.2 (Applied Biosystems, CA, USA), DataAssist ver. 3.0
(Applied Biosystems, CA, USA) and the ΔCt method (Schmittgen and
Livak, 2008).

2.7. Statistical analysis

Statistical analyses were carried out by using GraphPad Prism
software version 5.0 (GraphPad Software Inc., CA, USA). The data
was expressed as mean7SEM, All data were analyzed by one way
ANOVA followed by Dunnet's post-test, npo0.05, nnpo0.01 and

Table 1
Physico-chemical parameters of Ashvagandharishta formulation.

Sr. No. Physicochemical parameters Standard values of Ashvagandharishta as per
Ayurvedic Pharmacopoeia

Ashvagandharishta formulation

1. Appearance Clear, dark brown liquid without frothing Clear, dark brown in color
Sedimentation with astringent taste Fragrant liquid with bitter taste
No release of gases No sediment found. Without frothing or release of gases.

2. pH 3.50–4.50 3.77
3. Self-generated alcohol (% v/v) 5–10 % v/v 7.75% v/v
4. Presence of methanol Absent Absent
5. Specific gravity 1.05–1.20 0.9991
6. Total reducing sugars (% w/v) 413% w/v 17.5% w/v
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nnnpo0.001 when compared to CCl4 control and ♯♯♯po0.001 when
compared to Healthy control.

2.8. Results

2.8.1. Physico-chemical parameters
Physicochemical parameters of the formulation play an impor-

tant role, not only in determining the appearance, test, texture and
feel of the finished product but also as an indicator of the progress
in the fermentation process. These parameters are shown in
Table 1. Gradual shift in pH was suggestive of progressive fermen-
tation. Initial pH in our experiment was measured as 4.9, which
steadily reduced to 3.77 and remained constant thereafter, even
after a year of bottling. Initial total reducing sugar (TRS) of
decoction made for Ashvagandharishta was 39.9% w/v. As the
fermentation progresses, the growing yeasts use up the total
reducing sugar, and hence the final amount was found reduced
to 19.3% w/v at the end of 6th day. This value did not reduce
further and therefore was taken as an indicator of completion of
fermentation. Specific gravity of Ashvagandharishta formulation
was found to be 0.9891. The self-generated alcohol content in
Ashvagandharishta was 7.75% v/v while methanol was absent.

2.8.2. Preliminary phytochemical analysis
A preliminary phytochemical investigation of Ashvagandhar-

ishta revealed the presence of carbohydrates, proteins, steroids,
flavonoids, alkaloids and tannins. In HPLC analysis, the retention
time of withaferin-A and withanolide-A was 10.900 and 12.458,
respectively (Fig. 1A). Withaferin-A and withanolide-A was esti-
mated as 0.3711, 0.7426% w/v (Fig. 1B).

2.8.3. Protective effect of Ashvagandharishta on CCl4 induced
hepatoxicity.

Administration of Ashvagandharishta formulation in doses,
2.31 ml/kg and 1.15 ml/kg significantly reduced the serum activity
levels of the AST, ALT and ALP (Fig. 2A–C). The standard drug
Silymarin and Ashvagandharishta (2.31 ml/kg) showed better
reduction (po0.001) of serum activity of AST than Ashvagandhar-
ishta (1.15 ml/kg) (po0.01). The increased serum level of ALT was
reduced to a similar extent (po0.01) by all the treatment groups.
Similarly, all groups show significantly (po0.001) reduced levels
of ALP.

Total serum protein and albuminwere significantly reduced in CCl4
administered animals, while bilirubin showed significant (po0.01)
elevation (Table 2A). Normal values of total protein and serum
albumin in all treatment groups were restored, (po0.01 and
po0.05, respectively), as compared to CCl4 treated animals. Bilirubin
level in hepatotoxic animals was increased (0.33370.06) compared to
healthy animals (0.17370.03), this elevationwas restored significantly
(po0.01) in all treatment groups, values found were 0.18770.03,
0.17070.02 and 0.17070.05 for Silymarin, Ashvagandharishta
(2.31 ml/kg), Ashvagandharishta (1.15 ml/kg) groups respectively.

2.8.4. Lipid profile
TG and cholesterol levels in healthy animals were found to be

6974.93 and 68.374.82, after CCl4 intoxication (Table 2B), these
values found elevated to 141.2719.69 and 13478.42, respectively
(po0.001). Ashvagandharishta doses of 2.31 ml/kg and 1.15 ml/kg
resulted in significant (po0.001) decrease in TGs (75.6671.56 and
68.3776.66) and cholesterol level (99.173.52 and 96.273.48), as
compared to CCl4 group (75.6672.716 and 68.37711.55 for TG and

Fig. 1. A, HPLC chromatogram of standard withaferin-A (1) and withanolide-A (2). B, HPLC chromatogram of Ashvagandharishta showing withaferin-A (1) and withanolide-A (2).
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cholesterol, respectively), wherein silymarin control group also
showed a significant (po0.001) decrease (64.3276.16, 93.173.45).
CCl4 administration significantly (po0.001) decreased serum HDL
levels (24.873.65); when compared to healthy animals (4974.89).
Administration of Silymarin and Ashvagandharishta in two doses
2.31 ml/kg and 1.15 ml/kg was effective in restoring serum HDL level.
This increase in HDL level was found to be (po0.001) similar in
Silymarin and in Ashvagandharishta-2.31 ml/kg. Ashvagandharishta-
1.15 ml/kg showed significant (po0.01) increase in HDL levels when
compared to CCl4 group. The LDL and VLDL levels found significantly
increased (po0.001) in CCl4 intoxicated animals, whereas Silymarin,
Ashvagandharishta-2.31 ml/kg and 1.15 ml.kg treated animals showed
significant (po0.001) decrease in LDL levels. VLDL levels were also
down-regulated by silymarin (po0.05), Ashvagandharishta-2.31 ml/kg
(po0.01) and Ashvagandharishta- 1.15 ml/kg (po0.01).

2.8.5. Effect of Ashvagandharishta on hepatic gene expression in CCl4
induced hepatotoxicity animals

It is further interesting to study effect of Ashvagandharishta on
expression of key genes that modulates oxidative stress and
inflammation in our study. A qPCR experiment using gene specific
Taqman probe provides an accurate measure of specific mRNAs.
These data tells us about the underlining molecular mechanism
behind the beneficial action of Ashvagandharishta.

2.8.5.1. CAT (catalase). Hepatic expression of catalase was lowered
by 2.83-folds in CCl4 group of animals when compared to healthy
animals. With silymarin treatment, hepatic catalase expression

was improved by ̴1.99 fold, while in Ashvagandharishta-2.31 ml/kg
and 1.15 ml/kg, hepatic expression of catalase was up-regulated by
1̴.92 and ̴1.91-folds, respectively (Fig. 3A). All three treatment
groups showed similar effect on expression of catalase gene.

2.8.5.2. GPx (glutathione peroxidase). Due to CCl4 toxicity, hepatic
expression of GPx was lowered by ̴1.66-folds as compared to
healthy animals. With silymarin treatment, hepatic GPx expression
was up-regulated by ̴1.81 folds, while in Ashvagandharishta-
2.31 ml/kg and 1.15 ml/kg groups hepatic expression of catalase
was up-regulated by ̴1.50 and ̴1.51-folds, respectively (Fig. 3B). All
three treatment groups showed similar effects on expression of
catalase gene.

2.8.5.3. IL-6 (interleukin-6). By CCl4 induced tissue injuries;
hepatic expression of IL-6 was up-regulated (po0.05) by ̴3.85-
fold when compared to healthy animals. In animals receiving
standard drug silymarin, hepatic expression of IL-6 were down
regulated by ̴1.54-folds; however this change was found to be
non-significant. Interestingly, hepatic expression of IL-6 was
down-regulated by ̴7.43 and ̴3.59 folds after treatment with
Ashvagandharishta-2.31 ml/kg and 1.15 ml/kg respectively, this
down-regulation was found to be highly significant (po0.01)
and was dose dependent (Fig. 3C).

2.8.6. Histopathological findings
Observations of histopathological changes in liver due to CCl4

are shown in Fig. 4B. When compared with healthy animals
(Fig. 4A), liver tissue in the rats treated with CCl4 showed
extensive cellular injuries, characterized by moderate to high
hepatocellular degeneration and necrosis around the vein, fatty
changes, cellular infiltration, congestion and sinusoidal dilation.
Silymarin treated group showed normalization of fatty changes,
cellular infiltration and necrosis. Moderate to high hepatic protec-
tion from CCl4 was achieved in Ashvagandharishta with dose of
2.31 ml/kg. This group showed improved liver structure with
minimal cellular necrosis (Fig. 4C). Inflammatory changes induced
by CCl4 were remarkably reversed by treatment with both doses of
Ashvagandharishta-2.31 ml/kg and 1.15 ml/kg, as revealed in
Fig. 4D and E.

3. Discussion

In this experiment, we recorded different physicochemical
properties of Ashvagandharishta prepared using a consortium of
isolated yeasts (Table 1). The Ashvagandharishta we formulated

Table 2A
Effect of Ashvagandharishta on total serum protein, albumin and bilirubin in CCl4
induced hepatic toxicity in rats.

Groups/parameters Total
proteinb

Albuminb Bilirubinb

Healthy control 9.3870.57 3.7370.08 0.17370.01
CCl4 control 8.1770.088♯ 2.0370.141;♯♯♯ 0.33370.03♯♯

Silymarin control 9.5070.20n 3.2770.27nn 0.18770.02nn

Ashvagandharishta-2.31 ml/kg 9.6770.17n 3.3370.20nn 0.17070.01nn

Ashvagandharishta-1.15 ml/kg 9.8070.32n 3.4370.23nn 0.17070.02nn

Value expressed as mean7SEM of 4 values, one way ANOVA followed by Dunnet's
post-test.
nnnpo0.001 when compared to CCl4 control.
Unit: b gm/dl.

n po0.05 when compared to CCl4 control.
nn po0.01 when compared to CCl4 control.
♯♯♯ po0.001 when compared to Healthy control.

Fig. 2. Influence of Ashvagandharishta on CCl4 induced rise in serum aspartate transaminase (A), alanine transaminase (B) and alkaline phosphatase (C) levels in rats. Each
value represents mean7SEM (n¼4). One way ANOVA followed by Dunnet's post–test, npo0.05, nnpo0.01 and nnnpo0.001 when compared to CCl4 control. ♯♯♯po0.001
when compared to Healthy control.
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was palatable, gives pleasant test with fine aroma and have
effectively masked bitter taste of Ashvagandha. Interestingly, as
published earlier, the fermentation process was completed within
a week, with utilization of reducing sugar and alcohol accumula-
tion as high as 7.75%. The physicochemical parameters like pH,
TRS, methanol content, etc. were tested and found to be within the
permissible limits (Anonymous, 2008). The Ashvagandharishta
formulation thus showed acceptable physicochemical parameters
along with adequate keeping quality.

Withania somnifera roots is the principal constituent of
Ashvagandharishta, which is a valuable herb emphasized very well
in Ayurveda. We have determined withaferin-A and withanolide-A
as an active constituents from Ashvagandharishta using HPLC. The
amounts of withaferin A and withanolide A in chloroform extract
were found to be 0.3711 and 0.7426% w/v, respectively. These
compounds attributed to the superior free-radical scavenging
action and perhaps effectively modulated expression of beneficial
genes as seen in the present data.

Carbon tetrachloride (CCl4) is a potent hepatotoxic agent. It is well
demonstrated that CCl4 is metabolized in liver into the highly toxic,
CCln3 free radicals. These radicals bind covalently to cell components
and inhibit the lipoprotein secretion and react with free oxygen to
form CCl3�OOn radicals, thereby resulting in lipid peroxidation (Boll
et al., 2001). Liver injuries induced by CCl4 are best evaluated in this
rat model, and extensively used for the screening of hepatoprotective
and related antioxidant profile of drugs (Weber et al., 2003). Many
researchers have recorded AST, ALT, ALP and bilirubin as useful
indicators of CCl4 hepatotoxicity (Rajesh and Latha, 2004). Increased

serum level of these cytoplasmic enzymes as well as decreased levels
of cellular antioxidant enzymes can be correlated with the histo-
pathological observations in the liver (Drotman and Lawhorn, 1978;
Ploa and Hewitt, 1989). In the present study, a dose of 1 ml/kg CCl4
with regular interval for 5 weeks, showed significant (po0.001)
elevation of serum AST, ALT, ALP and bilirubin, indicating an injury to
liver cells (Fig. 2; Table 2). Administration of Ashvagandharishta-
2.31 ml/kg and 1.15 ml/kg could significantly attenuated levels of
these enzymes, suggesting a recovery of hepatic integrity (Fig. 2;
Table 2A). This restoration of functional integrity and stability of the
cell membrane and decreased hyperbilirubinemia indicates
improved liver metabolism (Rajesh and Latha, 2004; Lalitsingh
et al., 2010). Reduction in serum albumin and total protein after
induction with CCl4 is another evidence of liver toxicity. Decresed
albumin in serum indicated hepatic dysfunction. Whereas improved
levels of albumin (po0.01) and total protein (po0.05) after admin-
istration of Ashvagandharishta benefits regeneration and restoration
of hepatocytes (Rip et al., 1985; Tadeusz et al., 2001; Lan et al., 2011).
Administration of CCl4 dramatically increased (po0.001) serum
levels of TG, cholesterol, VLDL and LDL, and decreased (po0.001)
HDL. Administration of Ashvagandharishta (2.31 ml/kg and 1.15 ml/
kg) normalized the values of TG, LDL and cholesterol, VLDL at a
significant level (po0.001 and po0.01, respectively). Moreover, the
level of HDL was increased in both doses. The cholesterol lowering
effect could be a contribution of Withania somnifera, as withanoloids
present in roots are known to have the hypocholesteremic effect
(decreased TG level, cholesterol, LDL, VLDL and increased HDL). This
lipid lowering effect could be attributed to its strong ability to negate

Fig. 3. Effect of Ashvagandharishta formulation on hepatic expression of Catalase (CAT), Glutathione peroxide (GPx) and Interleukin-6 (IL-6) genes in CCl4 induced
hepatotoxicity in rats. All values are expressed as mean7SEM, (n¼3). One way ANOVA followed by Dunnet's post-test, npo0.05, nnpo0.01 and nnnpo0.001 when
compared to CCl4 control. ♯♯♯po0.001 when compared to Healthy control.

Table 2B
Effect of Ashvagandharishta on lipid profile in CCl4 induced hepatic toxicity in rats.

Groups/parameters TGa Cholesterola VLDLa LDLa HDLa

Healthy control 6974.93 68.374.82 16.170.98 46.273.37 4972.82
CCl4 control 141.2719.691;### 13478.421;### 3072.111;### 82.873.761;### 24.872.111;###

Silymarin control 64.3276.16nnn 93.173.45nnn 23.971.33n 58.473.26nnn 48.173.06nnn

Ashvagandharishta-2.31 ml/kg 75.6671.56nnn 99.173.52nn 2071.71nn 5272.74nnn 4771.49nnn

Ashvagandharishta-1.15 ml/kg 68.3776.66nnn 96.273.48nn 20.371.28nn 56.974.08nnn 42.972.10nn

Value expressed as mean7SEM of 4 values, one way ANOVA followed by Dunnet's post-test.
Unit: a mg/dl.

n po0.05 when compared to CCl4 control.
nn po0.01 when compared to CCl4 control.
nnn po0.001 when compared to CCl4 control.
### po0.001 when compared to Healthy control.
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oxidative damage and lipid peroxidation produced due to CCl4
(Makni et al., 2008). Moreover, Withania somnifera roots also contain
glycol–withanolides, higher amounts of catechins, naringenin and
kaempferol, which synergistically give additional benefit to reduce,
lipid peroxidation and protection from free radical damage
(Bhattacharya et al., 2001; Nadia et al., 2011).

Cellular antioxidant enzymes constitute the innate defense
system of human body; these enzymes effectively scavenge free
radicals and limit their toxicity (Vitaglione et al., 2004). Hepatic
antioxidant enzymes such as catalase and GPx are found to be
inactivated following CCl4 intoxication, lipid peroxidation and free
radical damage. Catalase, an important enzyme with prosthetic
group as hematin is predominantly present in all aerobic cells in
the cytochrome system. It is adequately available in the liver and
responsible for normal function of hepatocytes (Blake et al., 1987).
Both GPx and CAT along with SOD are known to detoxify super-
oxide anion flux and H2O2, through catalytic decomposition
(Nagata et al., 2007; Yang et al., 2008). In the present study,
hepatic CAT and GPx activity was found to be decreased after CCl4
administration. Animal groups administered Ashvagandharishta
showed increased level of CAT and GPx activity, which is concur-
rently supported by their increased gene expression.

As a consequence of the oxidative stress, pro-inflammatory
mediators such as IL-6 and TNF-α also get activated. In case of
acute toxicity, IL-6 works as an inducer of inflammation and is
commonly associated with hepatic injury. As could be expected
from improved oxidative status by both doses of Ashvagandhar-
ishta, significant (po0.05) lowering of IL-6 expression was
observed. Furthermore, IL-6 is also known to play a critical role
in hepatic inflammation with in vivo synthesis of collagen, leading

to fibrosis (Choi et al., 1994). The IL-6 lowering effect by Ashva-
gandharishta coupled with significant increase in antioxidant
enzymes indicates effective reduction of hepatic inflammation.

Histopathological observations were in good agreement with the
biochemical parameters, lipid profile and gene expression studies.
Liver of healthy animals showed normal architecture revealing
healthy hepatocytes with dark stained nuclei and granular cyto-
plasm. On the other hand, increased fatty degeneration, necrosis,
disappearance of nuclei and extensive vacuolization provided a
strong evidence for hepatic injury in CCl4 treated group. Hepatocytes
were found normalized with minimum cellular necrosis, fatty
changes and cellular infiltration with 2.31 ml/kg and 1.15 ml/kg of
Ashvagadharishta treatment, thus suggesting that Ashvagandharishta
was able to alleviate liver toxicity produced by CCl4 in rats.

4. Conclusions

It may be concluded that, consortium of yeasts from Woodfordia
fruticosa flowers showed consistent fermentation process in Asava/
Arishta, with effective extraction of active constituents with accep-
table organoleptic properties and stability. Both doses of Ashva-
gandharishta were able to ameliorate the biochemical changes and
oxidative injuries associated with the effect of CCl4. The protective
effects of Ashvagandharishta were further revealed by up-regulation
of CAT, GPx and down-regulation of IL-6 gene expression. Based on
these findings, it could be concluded that Ashvagandharishta offers
exploitable level of protection against CCl4-induced hepatotoxicity
through both anti-oxidant and anti-inflammatory effects.

NH

FC

N
EV

NH

CI

E

Fig. 4. Effects of Ashvagandharishta on histopathological change in rat liver in CCl4-induced hepatic injury. Histological examination was performed under a light microscope
(magnification �40) with haematoxylin and eosin staining. (A) Healthy liver showing normal structure of hepatic cells. (B) Marked hepatocellular necrosis, microcellular
fatty changes, and extensive vacuolization with disappearance of nuclei and disordered liver structure after CCl4 administration. (C) Liver section after administration of
CCl4þ25 mg/kg of silymarin. (D) Liver section after administration of CCl4þ2.31 ml/kg of Ashvagadharishta. (E) Liver section after administration of CCl4þ1.51ml/kg of
Ashvagadharishta. NH: Normal hepatocytes, FC: Fatty changes, CI: Cellular infiltration, N: Hepatocellular necrosis and EV: Extensive vacuolization.
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ABSTRACT  

Asava and Arishta are fermented formulations described in Ayurveda, containing self-generated alcohol and are unique 
for their higher stability, palatability as well as clinical outcome. Even today, these formulations are of significant 
commercial value and marketed by several leading manufacturers in India. Although, high-sugar fermentation is involved in 
their preparation, its microbiological aspects are not yet clearly studied. It is believed that the Woodfordia fruticosa flowers 
used in the preparation act as the source of yeasts, albeit without conclusive evidences.  Earlier, we have isolated six yeast 
cultures from these flowers and have identified them to be Saccharomyces cerevisiae and Rhodutorula mucilaginosa. In the 
present study, we prepared model turmeric formulations using W. fruticosa flowers (formulation A) and consortium of 
isolated yeasts (formulation C) as well as through fermentation by individual yeast isolates (WF1 to WF6). We recorded 
significantly less time to complete fermentation in all inoculum used formulations (7 days) as compared with the traditional 
process that use flowers and took 45days. The curcuminoid content of formulation A and C found to be 1.18% w/v and 
2.08% w/v, respectively. Surprisingly, WF5, R. mucilaginosa the non-fermenting yeast that produced as low as 4.2% alcohol, 
showed 2.38%w/v curcuminoids, suggesting that mobilization of active phytoconstituents was independent of alcohol 
generation and perhaps microbial biotransformation plays important role. Formulation A and formulation C showed 
equivalent anti-inflammatory activity based on inhibition of CFA induced paw edema 65.30% and 67.45%, respectively. 
Histopathological observations revealed correction of the tissue injury suggesting anti-inflammatory potential of 
formulations. 

Key words: Asava, Arishta, Biomedical fermentation, Curcuminoids, Anti-inflammatory potential 
  

1. INTRODUCTION  

Among several formulations described in Ayurvedic 
literature, Asava and Arishta are unique and economically 
important alcoholic dosage form. These self-generated 
alcoholic preparations are traditionally prescribed in many 
diseases [1-4]. As recently reviewed by Chaudhary et al. [5], 
Asava and Arishta is considered as best among the Ayurvedic 
formulations for better keeping quality as well as superior 
clinical   outcome.    Traditionally,   fermentation   of   these  

 
 
 

formulations is initiated with addition of sugar (jaggery) as 
well as dhataki (Woodfordia fruticosa Kurz) flowers. The 
whole approach is built upon traditional wisdom. In this 
fermentation process, high sugar concentration prevents 
growth of most bacterial and fungal contaminants while 
preferentially allowing fermentation by yeasts that can 
tolerate higher sugar concentration. The microbial flora from 
the nectaries of W. fruticosa flowers remains as a valuable 
source of sugar-tolerant yeasts that drives the fermentation 
[6,7]. However, the role of these flowers in Asava/Arishta 
fermentation is elusive. Kroes et al. investigated role of W. 
fruticosa flowers in Nimba-arishta fermentation and reported 
that the flowers contribute to the formulation by releasing 
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enzymes like invertase but not by yeasts [8]. Das et al.  
reviewed traditional uses of W. fruticosa flowers and opined 
that its role in fermentation needs a relook [9]. Although, 
some reports of isolation of yeasts form W. fruticosa flowers 
have been published [10,11], none have established 
usefulness of these isolates in Asava/Arishta fermentation 
and their role to extract-out active phytochemicals from herbs 
by virtue of self-generated alcohol. Interestingly, microbes 
responsible for fermentation process perhaps also bring about 
enzymatic bioconversion of the drug molecules from herbs 
and thus may modulate bioavailability or efficacy of the 
formulation [12-14].  

At present, Ayurvedic industries engaged in 
Asava/Arishta production are facing lots of problems such as 
varying fermentation time, batch to batch variability, and 
quality of final formulation which leads to unpredictable 
biological effects. Any Asava/Arishta formulation from 
different manufactures have different physiochemical 
properties and also vary in content uniformity, this may 
happen primarily due to variation in raw drugs as well as due 
to  undefined microbes which are sourced from flowers of W. 
fruticosa used for fermentation. Qualitative variation in 
microbial population can be attributed to different 
geographical locations from where these flowers are 
collected. The rate of fermentation changes finally results in 
unacceptable variation in products physiochemical and 
biological properties. It is therefore necessary to identify 
microbial flora from flowers of W. fruticosa. After 
considering this need, we have earlier isolated six yeasts 
cultures from flowers of W. fruticosa and characterized them 
by scanning electron microscopy (SEM), biochemical 
methods and by sequencing 18s rRNA (identification data not 
shown here). 

Curcuminoids are active polyphenols from the turmeric 
and probably one of the most widely studied molecules in 
modern literature [15,16]. It has been repeatedly stated that 
curcuminoids are profound water-insoluble and therefore 
poorly absorbed, when taken orally. Many pharmacokinetic 
studies demonstrated that only a minor quantity of curcumin 
was actually absorbed and major quantity passes unchanged 
through the gastrointestinal track [17-19]. 

In the present study we have demonstrated that the yeast 
cultures isolated from W. fruticosa flowers are capable of 
fermenting monoherbal turmeric model formulations 
individually as well as in consortium mode. A traditional 
formulation was also developed using W. fruticosa flowers 
for comparison, abiding to the Ayurvedic procedures. The 
final products were characterized based on different 
parameters [1]. Modulation of curcuminoids was studied in 
all the formulations. Finally, the traditional and consortium 
mediated formulations were evaluated for their anti-
inflammatory potential in the Complete Freund’s adjuvant 
(CFA) induced paw edema in rats [20,21]. 

 

2. MATERIALS AND METHODS 

2.1. Plant materials and chemicals 

Dried flowers of Woodfordia fruticosa (L.), dried 
rhizomes of Curcuma longa and jaggery used in this study 
were purchased from Green pharmacy (Pune, India), mixture 
of curcuminoids (curcumin, bisdemethoxycurcumin and 
demethoxycurcumin) was a gift from Laila Impex, 
Vijayawada, India. Chloroform, ethyl acetate were purchased 
from Merck, India Ltd. Mumbai. 

2.2. Yeasts isolated from Woodfordia fruticosa (L.)   

Previously, isolated six yeast cultures from the dried 
flowers of Woodfordia fruticosa were used individually and 
in consortium for fermenting model turmeric formulations. 
They were designated as WF1, WF2, WF3, WF4, WF5 and 
WF6. All these yeasts were characterised by using varies 
morphological and biochemical methods and identified as 
Saccharomyces cerevisiae by 18s rRNA sequencing, except 
for WF5, which was found to be Rhodotorula mucilaginosa. 
Interestingly all isolates except WF5 shown very strong 
osmophilic activity against high sugar concentration, in 
individual as well as in consortium mode (data not shown)   

2.3. Preparation of turmeric suspension with jaggery media 
for fermented formulations  

For every formulation, 20g of powdered dried rhizomes of 
turmeric was suspended in 300mL of distilled water. Jaggery 
500g was dissolved in 500mL of distilled water and filtered 
through muslin cloth. The 300mL turmeric suspension was 
added to jaggery solution in 2L conical flask and the volume 
was made up to 1L with distilled water, sterilized by 
autoclaving at 121°C, 15psi for 10min, and allowed to cool. 
In total, eight such preparations were prepared.  

2.3.1. Ayurvedic based fermented formulation (Formulation 
A) using Woodfordia fruticosa flowers containing turmeric  

Dried W. fruticosa flowers (32g) were added to the 1L of 
turmeric suspension in jaggery solution to initiate the 
fermentation process. Samples were removed periodically 
and aseptically for the estimation of changes in 
physiochemical parameters during the fermentation process. 
This formulation is referred to as “Formulation A” as 
procedure mention in Ayurvedic text was followed.  

2.3.2. Inoculum based fermented formulation using isolated 
yeast cultures in consortium (Formulation C) and individual 
mode, containing turmeric 

Total of six flasks containing 100mL of sterile 12 0Brix 
(Brix represents the amount of dissolved sugar present in 
aqueous solution, 1 0Brix approximately equal to 0.996% 
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(w/v) dissolved sugar) jaggery media fortified with urea as a 
nitrogen source, pH 4.5, were inoculated with previously 
isolated yeast cultures, archived as MGYP glycerol stocks. 
After inoculation, the flasks were incubated at 30°C, 181rpm 
for 48h. The yeast inoculums were thus primed for high sugar 
content in jaggery media. For consortium mode (Formulation 
C) 5mL of each of these inoculums was mixed and for 
individual mode 30mL of individual inoculum were used to 
inoculate in 970mL of turmeric suspension in jaggery. The 
individual formulations were designated as formulation WF1, 
WF2, WF3, WF4, WF5 and WF6, respectively. The whole 
set was incubated at room temperature till the completion of 
fermentation process. Samples were removed periodically 
and aseptically for the estimation of physiochemical 
parameters during the fermentation process.   

2.4. Monitoring fermentation process through 
physiochemical parameters  

The physiochemical parameters such as change in pH, 
change in total reducing sugar were determined by method 
reported by Lane and Eynon with some modification [22]. 
Level of alcohol generated in all the formulations was 
measured spectrophotometrically by dichromate oxidation 
method [23]. Calibration curve was prepared by measuring 
different concentrations (2-12%v/v) of absolute ethanol   
(99% v/v). Finally total viable yeast cell count was recorded. 
We have determined all these parameters in conventionally 
fermented turmeric preparation from 0 day to 45thday, at 
specific days interval, and in formulations based on 
consortium and individual isolates physiochemical 
parameters were determined after 24h till the utilization of 
total reducing sugar remained stable with self-generation of 
alcohol, which provided as useful marker to determine 
completion of fermentation process. 

2.5. Estimation of curcuminoids content of the formulations 
by HPTLC 

Curcuminoids contents of the formulations were analyzed 
by HPTLC by using ethyl acetate: methanol (9:1, v/v) solvent 
system. After vigorous mixing of ethyl acetate and methanol 
with formulation in equal proportion, the organic layer was 
aspirated in a fresh tube and evaporated. The extracted 
curcuminoids were again reconstituted with 0.2mL of HPLC 
grade methanol and aliquots of this solution were applied to 
the TLC plate in duplicate. Densitometric scanning was 
performed on CAMAG TLC scanner III in the absorbance 
mode at 420nm. The mean peak areas were considered for 
further calculation for quantification. 

The mobile phase consisted of chloroform:methanol 
(9.25:0.75, v/v), which was earlier described by Ansari et al. 
[24].  A  stock  solution of standard curcumin (1mg/mL) was  

 
 

prepared in methanol. Different volumes of stock solution 
ranging from 1, 2, 3, 4, 5, 6 and 7μL were spotted in 
duplicate on TLC plate to obtain concentrations of 500, 1000, 
1500, 2000, 2500, 3000 and 3500ng/spot, respectively. The 
data of peak height/area versus drug concentration were 
analysed by linear least-square regression. 

2.6. Determination of volatile acids generation by gas 
chromatography 

The analysis of total volatile acids in the fermented 
turmeric formulations was carried out by the distillation 
method described by Wadher et al. [25]. Gas chromatography 
was carried out on Hewlett- Packard 6890 plus GC equipped 
with a split-splitless inlet injector and flame ionization 
detector (FID) using column Stabilwax–DA PEG (60m × 
0.25mm ID × 0.25µm film thicknesses). Helium was used as 
a carrier gas at a flow rate of 1.5mL/min. The column 
temperature was maintained at 230 0C, while that of injector 
and detector at 240°C and 280°C, respectively. 
Chromatographic data were collected in HP Chemstation 
software. The standard volatile acids solution was prepared 
by mixing the pure distillate of ethanol, acetic acid, furfural, 
propioic acid, isobutyric acid, n-butyric acid, iso-valeric acid, 
caproic acid, iso-caproic acid and heptanoic acid. Each 
component of standard mixture was prepared at concentration 
800-1000µg/mL using absolute ethanol as solvent. 

2.7. Animals 

Female wistar albino rats weighing 200-250g were 
obtained from centralized animal house, BVDU’s Poona 
College of Pharmacy, Pune-38. They were housed in 
polypropylene cages and fed with standard diet and water ad 
libitum. All the animals were housed under standard 
laboratory conditions in a 12 h:12 h light and dark cycles and 
maintained under controlled temperature 27±20°C for 
acclimatization. This study got the approval from the 
Institutional Animal Ethics Committee (CPCSEA/10/10). 
Dose was calculated for the animal experiment by translating 
human equivalent dose (HED) to animal dose on the basis of 
body surface area [26]. The recommended human dose is 15-
30mL, average of this dose was used to calculate rat dose, 
which was calculated to be 2.31mL/kg of body weight. As 
every dose of Asava and Arishta is taken with equal amount 
of water, formulations A and C were also administered with 
equal amount of water. Each group consists of 6 female 
wistar rats. In previous acute toxicity study using calculated 
dose, we have observed animals for mortality, clinical signs 
for toxicity and behavioural changes for the period of 1 week 
during and after the dosing. After considering safety profile 
of formulations containing curcuminoids we have decided to 
evaluate the anti-inflammatory potential of both formulations 
with single dose i.e. 2.31mL/kg, with equal amount of water.      
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Fig.1.Comparative evaluation of physiochemical parameters during fermentation of turmeric formulation based on Woodfordia flowers, Consortium of isolates 
and formulation based on individual isolated yeasts, (A) Change in pH, (B) Change in total reducing sugar (TRS), (C) Self-generated alcohol (% v/v) and (D) 
Total viable yeast cell count 

 
 

2.8. Complete Freund’s adjuvant (CFA) induced 
inflammation   

Complete Freund’s adjuvant induced inflammation was 
produced by subcutaneously injecting the 0.1mL of CFA 
(Sigma Aldrich, USA) into the sub-planter region of the left 
hind paw. This animal model exhibits chronic inflammatory 
responses to the adjuvant [20,27]. Indomethacin was 
dissolved in 1% w/v Na-CMC made as suspension for 
dosing. Group 1 served as healthy control, Group 2 served as 
inflammatory control, Group 3 treated with Indomethacin 
10mg/kg, p.o, Group 4 & 5 were treated with formulation A 
and formulation C respectively. 

2.9. Assessment of anti-inflammatory potential of formulation 
A and C 

The progression of CFA induced inflammation was 
evaluated by measuring the change in paw volume on day 0, 
4, 7, 10, 12, 14, 17, 21, 24 and 28 after induction of 
inflammation. Dosing with Indomethacin (10mg/kg) and 
formulations was started on the 14th day of the study and 
continued till 28th day. The change in paw volume with 
percentage inhibition was determined [30,31]. Blood was 
collected in EDTA coated tubes for heamatological 
estimations and then animals were then euthanized on 29th 
day by cervical decapitation. The marker enzymes alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), serum albumin and serum acid 
phosphate were analyzed in serum separated from blood. 
Further, the ankle joints were removed and fixed in 10% 

formalin for histopathological studies. Sections stained with 
hematoxylin and eosin were examined microscopically for 
cellular infiltration, edema, connective tissue formation, bone 
necrosis and adjacent tissue involvement [28,29,32,33].  

2.10. Statistical analysis 

The change in paw volume was analyzed by two way 
ANOVA followed by Bonferroni test and all biochemical 
parameters were statistically analysed by one way ANOVA. 
The values of p<0.05 were considered statistically 
significant. Values are expressed as Mean±SEM (n=6).             
p value was considered significant when a = p<0.05,             
b = p<0.01, c = p<0.001 when compared to arthritic control         
# = p<0.001 when compared to healthy control. 

3. RESULTS 

3.1. Physiochemical parameters of fermented formulations 
containing turmeric 

Fig.1A Depicts shift in pH towards acidic side as the 
fermentation proceed in all formulations, slower change in 
pH was evident in formulation A, which can be correlated 
with initial latent phase. Slower shift in pH was also observed 
in R. mucilaginosa mediated fermentation, possibly due to its 
non-fermentating nature. In all other formulations, pH drop 
was noticed from 4.59 to 3.2 within 24-48h, little fluctuation 
was also observed within this range before pH get stabilised 
in all the formulations.  

A

C

B

D
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Fig.1B shows, initial total reducing sugar in jaggery 
media as 41.55% (w/v). In formulation based on W. fruticosa 
flowers (formulation A) slower utilization of the sugars was 
evident, moreover, initial period of sampling showed 
negligible utilization of reducing sugars.  At the end of 45th 
day, total reducing sugar remained in formulation A was 
29.24% (w/v). Meagre utilisation of sugar was also seen in 
WF5 (R. mucilaginosa) based fermentation, it utilizes only 
13.84% w/v reducing sugar during the fermentation process. 
On the contrary, many folds more rate of sugar utilization 
was observed in all other formulations, on an average                     
25-30%w/v of sugar was utilised within 3-4 days after 
inoculation. Formulation A, took up to 45days to utilise 
12.31% w/v of sugar. 

Self-generation of alcohol in Asava/Arishta formulation 
depends on sugar tolerance of yeasts and its ability to convert 
sugar into alcohol. Microbial flora from the flowers of W. 
fruticosa could generate 1.07%v/v, which correlates well 
with negligible viable-cells count in first 3days (Fig.1D). In 
the alcohol percentage rose to 4.91% v/v within 45days. On 
the other hand, all inoculum based formulations except WF5, 
showed rapid rise in amount of alcohol. At the end of 7thday 
self-generated alcohol found in all inoculum based 
formulation was formulation B (9.94), while in WF1-WF6 
are, 8.73, 8.38, 9.05, 8.05, 4.2, and 6.77% v/v respectively 
(Fig.1C). 

Increasing count of viable cells during the fermentation 
gave the clear idea about the progress of fermentation while 
reduction and absence of viable cells mark completion of the 
process. In formulation A, as could be expected the viable 
cells were a meagre number to begin with, which slowly rose 
as the cells build in number within 7-8days, viable yeast cells 
after 12thday of fermentation was 9 .2 ×107 cells/mL. In case 
of inoculum based formulations (Fig.D), yeasts cells rapidly 
proliferated and achieved maximum cell count within 2 days 
which further declined and completed the fermentation 
within 5 days. Viable cell count found in formulation A, B 
and WF1 to WF6 formulations respectively were 5.8, 0.3, 
3.3, 1, 0.33, 0.10, 0.10 and 0.6 ×107 cells/mL.           

3.2. Curcuminoids from various fermented turmeric 
formulations by using HPTLC 

A representative densitogram for curcuminoids generated 
is shown in (Fig.2A), the Rf of BDMC 
(bisdemethoxycurcumin), DMC (demethoxycurcumin), and 
C (curcumin) was found to be 0.47, 0.63 and 0.83, 
respectively. The calibration curve for the quantification of 
curcumin was plotted in a wide concentration range 
considering the possible variability of the percentage of 
curcumin present in different fermented extract samples. 

Amount of curcuminoids extracted during the 
fermentation process in all the formulations was found to be 
different. Curcuminoids in formulation A was found to be 
1.18% w/v at the end of 45 days. Surprisingly, highest 
amount of curcuminoids were recorded in R. mucilaginosa  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig.2A. HPTLC chromatogram of curcuminoids standard 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.2B. Curcuminoids (% w/v) generated during fermentation in Woodfordia 
flowers, Consortium of isolates and formulation based on individual isolated 
yeasts 
 
 
 
fermented formulation (2.38% w/v). This was interesting 
since R. mucilaginosa is known to be the non-fermenting 
type and could produce only 4.2% v/v of alcohol. The second 
highest curcuminoids was observed in the consortium based 
formulation 2.08%, which was significantly higher than the 
conventionally fermented formulation. Formulations based 
on single isolates such as WF1, WF2, WF3, WF4, WF5 and 
WF6 also showed significant extraction of curcuminoids than 
formulation A (Fig.2B). Interestingly, it took less than 7 days 
to achieve this. Inoculum based fermentation could attain 
almost two fold extraction of curcuminoids in significantly 
less time by using inoculum of yeasts isolated from W. 
fruticosa. 



Prashant Bhondave et al, Int J Pharm Biomed Res 2013, 4(1), 37-45 

 

42

Table 1 
Effects of formulation A and C on haematological and biochemical parameters in rats induced by CFA 
Groups/parameter Healthy control Inflammatory control Indomethacin (10mg/kg) Formulation A Formulation C 
Albumin (g/dL)  4.56±0.22  2.53±0.12#  3.86±0.06c  3.58±0.17b  3.83±0.16c  
Serum ALP (U/L)  267.83±12.8  881.50±34.3#  312.2±14.8b  544±30.13b  403.2±17.63b  
Serum Acid Phosphate (U/L)  3.66±0.21  8.83±0.19#  3.950±0.25c  6.18±0.54b  4.850±0.14b  
ALT (U/L)  59.17±1.92  85.17±1.83#  68.17±1.99c  74.50±1.17b  71.33±1.97c  
AST (U/L)  278.7±8.13  424.3±19.52#  343.3±14.17b  371.3±16.30a  367.8±8.42b  
WBC (/cumm)  10283.33±158.46  17739.830±293.6#  11881.170±274.6c  15999.33±296.02c  15024.83±140.12c  
RBC (million/ccm)  6.18±0.16  4.67±0.24b  6.23±0.27 b  6.84±0.27b  6.12±0.08 b  
Values are expressed as Mean±SEM of 6 values, One way ANOVA followed by Dunnet’s post-test a = p<0.05,   b = p<0.01, c = p<0.001 when compared to 
Arthritic Control. # = p<0.001 when compared to vehicle control  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3A. Chromatogram obtained with standard volatile acid mixtures at the 
optimum chromatographic conditions (Stabilwax- DA PEG) (1) Ethanol,                   
(2) Acetic acid, (3) Furfural, (4) Propionic acid, (5) Isobutyric acid, (6) n-
butyric acid, (7) Iso-valeric acid, (8) Caproic acid, (9) Iso-caproic acid,                           
(10) Heptanoic acid 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3B. Total volatile acids [g/L] in fermented turmeric preparations 
 
 

3.3. Volatile acid generation parameter for the quality of the 
fermented formulation 

Total volatile acids are well known as a major indicator of 
spoilage in fermented formulations. Although, at lower levels 
organic acids contribute to the specific aroma of the 
fermented formulation [34]. We found <12mg of total 

volatile acids in all fermented turmeric formulations 
(Fig.3B), which is within the well accepted limit for the in all 
fermented formulations. All the formulations have acceptable 
aroma which can be valuable for organoleptic properties and 
as an indicator of good quality. 

3.4. CFA induced inflammation and inhibition of paw edema  

After CFA induced inflammation, significant increase in a 
rat paw edema was observed in all groups as compared with 
the healthy control rats. Formulation A and C administration 
at the dose of 2.31mL/kg showed significant (p<0.001) 
reduction in paw edema compared with the disease control 
group. Fig.4A shows that mean changes in paw volume after 
administration of both the formulations. From the above 
study, it was deduced that Formulation C showed 67.45 % 
inhibition of paw edema while Formulation A showed 65.30 
%, which could be considered at par. Standard drug 
Indomethacin inhibited the paw-edema at the end of 28thday 
by 73.3 % (Fig.4B). 

3.5. Evaluation of haematological and biochemical 
parameters   

In the present study, we found significant decrease in 
serum albumin 2.53±0.12g/dL in CFA control group as 
compared with healthy animal’s 4.56±0.22g/dL. In 
Indomethacin and formulation C treatment groups, levels of 
serum albumin was significantly elevated with the values of 
3.86±0.06g/dL, 3.83±0.16g/dL), respectively. Also level of 
serum albumin restored by formulation A was 3.58±0.17g/dL 
(Table 1). We found significant increase in the level of the 
ALP in disease control group, 881.50±34.3 (U/L) (p<0.001) 
when compared to healthy animals, (Table 1). Indomethacin 
significantly (p<0.01) reduced level of serum ALP to 
312.2±14.8 (U/L), while reduction in ALP in groups 
receiving formulation A and C was 544.0±30.13 (U/L) and 
403.2±17.63 (U/L), respectively (p<0.01) (Table 1). The 
serum acid phosphatase in disease control group was 
8.83±0.19 (U/L) as compared to the healthy animals 
3.66±0.21 (U/L). The rise in serum acid phosphatase was 
significantly (p<0.001) restored in Indomethacin treatment 
group with the value of 3.950±0.25 (U/L), also the rise of 
serum acid phosphatase was significantly (p<0.01) reduced in 
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the formulation A and C, with values found to be 6.18±0.54 
(U/L) and 4.850±0.14 (U/L), respectively (Table 1). Drop in 
the levels of RBCs (red blood cells) is a result of the 
inflammation. In our study (Table 1), significant decrease in 
the level of RBCs was found in comparison with healthy 
control (6.18±0.16 million/ccm), formulation A (6.84±0.27 
million/ccm) and formulation C (6.12±0.08 million/ccm) and 
Indomethacin showed significant (p<0.01) restoration in the 
RBC levels (6.23±0..027 million/ccm). In disease control 
group the level of WBCs was significantly raised to 
17739.830±293.6/cumm with the signs of inflammation on 
CFA injected paw. Intervention with Indomethacin, 
formulation A and formulation C, revealed significant 
(p<0.001) decrease in level of WBCs, values were found to 
be 11881.170±274.6/cumm, 15999.33±296.02/cumm and 
15024.83±140.12/cumm, respectively (Table 1).  

4. DISCUSSION  

Slower fermentation in formulation based on Woodfordia 
fruticosa flowers was primarily due to availability of meagre 
number of active yeast cells from nectoriferous region, 
available to serve as inoculum. In fact, it took about a week 
to build an effective population of cells enough to begin 
fermentation. This lag may also be accounted for the anti-
invertase compounds present in W. fruticosa flowers that may 
contribute to slower fermentation in formulation A [8]. As 
fermentation in Asava/Arishta formulations starts with high 
sugar content, this high osmophilic condition serves as screen 
for microbes, which can tolerate high sugar concentration. As 
yeasts isolated from flowers showed increased rate of 
hydrolysis of sugar by several folds in all inoculum based 
formulations and in consortium, except in WF5 based 
formulation (Fig.1B). As could be anticipated from the total 
reducing sugar data, alcohol generation in inoculum based 
formulations was significantly higher than in formulation A. 
Higher generation of alcohol or higher utilization of reducing 
sugars in formulation C could be due to synergistic activity of 
different yeasts (Fig.1C). Being non-fermenting yeast, WF5 
stood out as the lowest producer of alcohol. In the 
conventionally fermented formulation, no viable yeast cells 
were observed till the end of week of fermentation. This 
latent phase is potential window for other contaminating 
micro-organisms to grow, provided they can withstand the 
high amount of sugar. Any such contaminating microbe can 
spoil the fermentation by producing toxic compounds and off 
flavours rendering the formulation unusable. However 
addition of 5% inoculum in the formulation, jump starts the 
fermentation, quickly get into a high proliferative phase, and 
increases the alcohol production several folds within short 
period of time, minimizing the problems of contamination 
and spoilage (Fig.1D). Yeast cells are killed as the increasing 
alcohol concentration reaches to their tolerance limit. At 
around 10-12% (v/v) alcohol, no viable cells could be found. 
At this stage, the formulation attains stability. In formulation 

A, viable cell count goes up day by day, which showed 
slower fermentation of formulation. 

It is surprising to note here that maximum extraction of 
curcuminoids was observed in fermentation of WF5. 
Interestingly WF5 is non-fermentative yeast which produced 
lowest amount of alcohol. this suggest that mobilization of 
active ingredients from the source drugs is not just depend on 
alcohol generation but perhaps biotransformation effected by 
the microorganism plays a crucial role. In the mixed culture 
fermentation, the non-fermenting microbes may get only a 
small window of time to grow before the alcohol content 
builds and inhibits its growth. However, within this window 
of opportunity, the non-fermenting yeasts can attain 
significant conversion of phyto-chemicals. This 
biotransformation may further modulate properties of the 
formulation making it superior in clinical action. For 
example, Okutsu et al. have pointed out differences in Asava 
made from ginger and its tincture [34]. They detected higher 
amount geraninol in ginger Asava and benzyl alcohol in 
Jujube Asava as compared to their respective tinctures and 
suggested that the glycosides were hydrolysed by the 
microbial action which might promote their absorption in the 
intestine.  

Volatile acids can be formed by yeast activity and by 
spoilage bacteria, during fermentation and later in the process 
of ageing. Testing for volatile acids is important, to maintain 
quality. U.S legal limits of volatile acidity are 120mg/100mL. 
Volatile acids found in our formulations were very much 
below the permissible limit of the wines and therefore our 
product should be safe for consumption. Furthermore, some 
amount of volatile acids can actually add to the stability of 
the products since they are known to be bacteriostatic. 

Curcuminoids from turmeric are well known to be strong 
antioxidant and anti-inflammatory agents [15,35]. It was 
therefore thought appropriate to assess the anti-inflammatory 
activity of the formulations A and C though rat paw edema. 
CFA induced rat paw edema model was selected and both the 
formulations were evaluated for anti-inflammatory properties 
through standard parameters. Antiflammatory activity shown 
by both formulations may be the direct results of the of 
curcuminoids extracted during fermentation process. 
Formulations A and C are therefore expected to show 
inhibition of paw edema and overall anti-inflammatory 
activity. Hypoalbuminemia is a result of higher inflammatory 
condition, this lowered albumin level can also be correlated 
to the decrease in body weight, due to CFA induced 
inflammatory condition. Higher serum ALP (alkaline 
phosphatase) is a biomarker for inflammation. Increased ALP 
level is an indication of morphological and functional 
derailment of the tissue. An increase in WBC (white blood 
cells) count is a representative of noxious stimuli and a part 
of inflammatory reaction, it is reported several times that rise 
in WBC is due to inflammatory conditions [36,21]. The 
histopathological observation of the tissue sections of the 
ankle joints from the entire CFA injected groups revealed 
macroscopical changes pertaining to inflammation. Massive 
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cellular infiltration, bone necrosis, connective tissue 
formation and adjacent tissue involvement was evident in 
inflammatory group when compare to healthy control group 
(Fig.5). The observed histopathological changes in ankle 
joint are shown in Fig.5. Healthy control animals showed 
normal architecture of ankle joint (Fig.5A). Inflammatory 
control animals showed prominent abnormalities such as high 
cellular infiltration, edema, connective tissue formation, bone 
necrosis and involvement of adjacent tissues (Fig.5B). 
Indomethacin treatment showed significant reduction in 
cellular infiltration and all other microscopical changes 
(Fig.5C). In animals treated with formulation A, moderate 
reduction in the joint injury as compared to disease control 
was observed (Fig.5D). Treatment with formulation C 
revealed marked reduction of the inflammation and injury to 
ankle joint (Fig.5E).   

5. CONCLUSIONS 

From our study, it is evident that nectoriferous region of 
Woodfordia fruticosa flowers contain wild yeasts, which can 
tolerate high sugar concentration and are clearly able to bring 
out the fermentation process in Asava and Arishta. It is also 
evident that the ancient wisdom to start fermentation with 
higher sugar concentration and use of osmophilic yeast 
proved to be the excellent way to prepare Asava & Arishta 
formulation. In the present investigation, we could clearly 
demonstrate that inoculum of these yeasts can appreciably 
reduce the time required for fermentation without 
compromise on quality parameters as well as their biological 
activity. Interestingly, an isolate WF5, a R. mucilaginosa 
showed highest amount of curcuminoids with marginal level 
of alcohol produced. This suggest a strong a possibility of 
bio-conversion of key molecules from the raw drugs. 
Different levels of curcuminoids could be obtained in model 
formulations according to fermentation/biotransformation 
capacity of individual yeasts. Level of volatile acids 
generated by these yeasts was in acceptable range, a major 
indicator of agreeable organoleptic properties of the final 
product. Faster fermentation process would suppress growth 
of unwanted bacteria, limiting levels of undesirable volatile 
acids. Ayurvedic formulation and consortium based 
formulation showed significant improvement in CFA induced 
inflammation, where consortium based formulation gives 
equivalent anti-inflammatory effect on all the studied 
parameters. The yeast isolates are therefore proved to be 
useful in Asava and Arishta fermentations with translational 
potential to industrial scale.  
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Objective: To provide as standard operating procedure for preparation of 

Ashvagandharishta dose. 

 

Procedure: 

1. Calibrate the micropipette.  

2. Accurately measure the Ashvagandharishta formulation. 

3. Calculate the dose as per rat body weight. 

4. Add equal amount of distilled water in to measured Ashvagandharishta 

6. Transfer this drug solution into a clean glass beaker. 

8. Administer the drug as per the body weight of the animals. 

 

 

 

     Prepared by          Checked by      Approved by 
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TITLE 

STANDARD OPERATING 

PROCEDURE 
SOP. No. 2  

Oral Drug Administration 

 

Objective: To provide a standard operating procedure for oral drug 

administration. 

Procedure: 

1. Use a hypodermic needle, bent by 300 around 1cm distance from tip, gauge 

blunted at the tip to avoid any injury to the inner surface of mouth and 

oesophagus. This is the feeding cannula. Attach the cannula to a calibrated 

syringe. 

2. Withdraw required amount of drug solution/suspension in the syringe. 

Remove air bubbles and readjust the volume of solution/suspension. 

3. Hold the rat/mouse by the nope by one hand thus making the animal to open 

its mouth. 

4. Insert the feeding cannula through the intra-dental space and gently push into 

oesophagus. 

5. Adjust the desired position of cannula. 

6. Gently push the piston of syringe to administer the accurate volume of drug 

solution/suspension. 

7. Note if by chance the drug enters into the lungs then hold the animal by tail 

and suspend in air. Give light pat on its back and try to expel the drug from 

lung. 

    Prepared by      Checked by                Approved by 

 

(Mr. P. D. Bhondave)         (Dr. A. M Harsulkar)        (Dr. S. L. Bodhankar) 
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TITLE 

STANDARD OPERATING 

PROCEDURE 

SOP. No. 3 
Intraperitoneal drug 

administration 

 

Objective: To provide a standard operating procedure for intraperitoneal drug 

administration. 

Procedure: 

1. Intraperitoneal injection in the rat is given in the lower left quadrant of the 

abdomen as there are no vital organs in this area. The quadrants are 

determined by the midline and a line perpendicular to it passing through 

the umbilicus. 

2. Fill the required amount of the drug solution in the syringe, remove air 

bubbles and re-adjust the volume of solution. 

3. Hold rat on its back by one hand, and the needle angled at 45˚ to the skin. 

4. Insert the needle through the skin; no resistance should be encountered to 

the passage of the needle. 

5. Gently push the piston of the syringe to administer the accurate volume of 

the drug solution. 

 

     Prepared by         Checked by    Approved by 

 

(Mr. P. D. Bhondave)         (Dr. A. M Harsulkar)        (Dr. S. L. Bodhankar) 
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TITLE 

STANDARD OPERATING 

PROCEDURE 

SOP. No. 4 
Withdrawal of blood by Retro 

Orbital Puncture (ROP) method. 

Objective:  

To provide a standard operating procedure for removal of blood by Retro Orbital 

Puncture (ROP) method from mice and rats. 

Procedure: 

1. Remove the animal from the cage. 

2. Anaesthetize the animal using anesthetic ether. 

3. Hold the animal’s ears within two fingers in such a way that the animal does 

not move its head. 

4. Pasteur pipette, micro-pipettes or micro-capillary tubes are pushed with in 

rotating movements through the conjunctiva laterally, dorsally or medially of 

the eye to the back wall of the orbit. 

5. Collect the blood sample flowing from the capillary into the ependorff tube. 

Collect about 0.5-1 ml of blood. 

6. Remove the capillary from the eyes after collecting the blood sample and stop 

the blood flow with the help of cotton. 

7. Mix it slowly 

Caution: do not shake the tube vigorously for it may lead to hemolysis of 

blood. 

8. Replace the animal in cage. 

9. Take the sample for analysis. 
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TITLE 

STANDARD OPERATING 

PROCEDURE 

SOP. No. 5 Preparation of 10% Formalin 

Solution 

  

 

Objective: To provide a standard operating procedure for preparation of 10% 

formalin for preservation of dissected organs for histopathology examination. 

 

Procedure: 

1. Measure 100ml of formaldehyde in a calibrated measuring cylinder and 

transfer it into a wide mouth bottle. 

2. Add 900 ml of distill water. 

3. Close the bottle and shake the solution vigorously. 
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TITLE 

STANDARD OPERATING 

PROCEDURE 
SOP. No. 6 

Preparation & administration of 

CCl4 solution   

 

Objective:  

To provide a standard operating procedure for the preparation & administration of 

Carbon tetrachloride CCl4.  

 

Procedure: 

1. Accurately measure the CCl4 using micropipette. 

2. Accurately measure the olive oil using micropipette  

3. Mix the CCl4 and olive oil equally and mixed by vortexing   

4. CCl4 (1ml/kg body weight) with equal amount of olive oil is administered to 

rat using intra peritoneal route as it is faster route of administration. 
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TITLE 

STANDARD OPERATING 

PROCEDURE SOP. No. 7 

Isolation of organs   

 

Objective:  

To provide a standard operating procedure for isolation of organs.  

Procedure: 

1. Sacrifice the rat by cervical dislocation. 

2. Disinfect the surgical working area and sterilize using 70% alcohol. 

3. Place the sacrificed rat in the working area. 

4. Dissect the abdominal skin of the rat using forceps and sharp scissors. 

5. Use another pair of scissors to cut down the inner skin layer so that the 

organs become accessible. 

6. Grasp hold of the desirable organ to be isolated with the help of blunt 

forceps, and pull it out. 

7. Place in a Petri-dish containing saline. 

8. Rinse thoroughly to take of blood or the fluid. 

9. Dry on a tissue paper, record dry weight and place in a suitable container. 
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TITLE 

STANDARD OPERATING 

PROCEDURE 
SOP. No. 8 

Weighing and preserving organ 

for histopathology examination. 

 

 

OBJECTIVE:  

 

To provide standard operating procedure for weighing and preserving organ for 

histopathology examination. 

 

PROCEDURE:  

1. After the completion of the blood withdrawal procedure.  

2. Give the longitudinal incision to expose the visceral organs of the rat by 

using a sharp scissors.  

3. Dissect the organ required for histopathology examination, without 

damaging and remove the fat and other adhering material.  

4. In case of stomach, a sharp incision is made to the greater curvature and 

inside material was allowed to wash with normal saline solution.  

5. Transfer the tissue carefully by holding gently with a blunt forceps to the 

normal saline solution to wash the organ, kept it on a tissue paper in order 

to soak the saline solution. 

6. Immediately weigh the organ and transfer the organ to the bottle 

containing 10% formalin solution. 

7. Repeat step 5 and 6 carefully for each organ. 

8. Keep the organ of the same animals in one bottle and label the bottle for 

identification. 

9. Change the formalin solution after each 24 hours. 
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