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ABSTRACT 

Plants have always played an integral part of life due to the fact that it contains 

various secondary metabolites as a defense mechanism against various stress and 

diseases. These secondary metabolites can also be utilized by humans against 

numerous therapeutic purposes. Researchers have been showing keen interest in 

plant originated novel drugs due to its safety, efficacy, and cost-effectiveness. The 

search for naturally occurring medicines could be explored primarily by 

documenting the traditional knowledge of herbal practitioners who have been 

learning and practicing this therapy over the centuries. The medium of passing this 

knowledge is still merely confined to verbal interaction from one generation to the 

next. Due to the lack of interest in younger generation in this field and the presence 

of modern healthcare system in the society, this knowledge is depleting gradually. A 

comprehensive documentation of this knowledge has become an utmost priority for 

the conservation of ethnic knowledge from a socio-cultural aspect as well as for its 

utilization in the development of modern medicine. 

 Sikkim is one of the smallest and less populated states of India with more 

than 80% of its geographical area covered by forest with rich flora and fauna with a 

large storehouse of medicinal plants. The indigenous people of Sikkim have 

developed their traditional knowledge of ethnomedicine over the years due to 

necessity in the early days when there was a lack of modern medicine. This study 

has focused on documentation of traditional knowledge of herbal medicine from the 

herbal practitioners who have the experience of several years. The area selected for 

this study was West district of Sikkim because of the fact that the area was less 

explored in terms of ethnomedicinal survey as compared to the rest of the state. 

After the survey conducted in 9 different villages of the west district of Sikkim, the 

few important observations were the confinement of traditional knowledge amongst 

elderly people (above the age of 60 years old) and no younger generations were 

found to be carrying forward the legacy. The literacy rate was low with only 64.29% 

while the rest of the healers being completely illiterate. The educational qualification 

is important to understand the importance of merits and demerits of using the plants 

for treatment of diseases such as conservation of the endangered species along with 

adopting appropriate safety measures during therapeutic procedures. Data was 

collected from 14 herbal practitioners in total and 36 medicinal plants were collected 
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which were used for the preparation of 46 herbal formulations. On the basis of 

effectiveness and availability, 11 formulations for selected for further study. 

 The demand and supply of large amount of medicinal plants in the market as 

well as in traditional therapeutic system could lead to adulteration specially when 

they are in dry or powder form. A standard has to be established for any powder 

drugs or herbal formulations to check the quality control and authentication of the 

same. We have carried out some simple and basic yet effective standardization 

techniques for these 11selected formulations through pharmacognostic study. 

Organoleptic tests, powder microscopy, physicochemical analysis (ash values, 

extractive values, pH etc.), fluorescence analysis, thin layer chromatography (TLC) 

were performed and a standard for each of the formulations were established. 

 The therapeutic effect of plants is due to the presence of various active 

phytoconstituents present in them. Hence, preliminary study for phytochemical 

estimation was carried out through qualitative methods to detect the 

phytoconstituents such as amino acids, steroids, flavonoids, and resins. It was done 

on the 10 different solvent extracts of each of the 11 different herbal formulations. 

The extracts were prepared through successive extraction method in 10 different 

solvents from low to high polarity. It was basically done to find out the solvent 

which is most suitable for the extraction of a particular formulation.Results showed 

the presence of these active phytoconstituentsin almost all the formulations varying 

in the amount depending on the various solvent extracts. On the basis of this result, 

9 formulations were selected for further study. 

 The fact that overwhelming generation of free radicals or reactive oxygen 

species (ROS) in the body from various cellular processes lead to oxidative stress in 

cells and may promote several diseases such as cardiovascular diseases, diabetes, 

arteriosclerosis, cancer etc. Antioxidants act as defense mechanism against oxidative 

stress. Several synthetic antioxidants are there but they do come with harmful side 

effects. Plants are source of safe and natural antioxidants thus in this study, we have 

evaluated the antioxidant activity of the herbal formulations we have selected. The 

results were outstanding in some solvent extracts of all the formulations. However 

the extract that stood out was, aqueous extract of Fraxinus floribunda with highest 

phenol (712.130±0.26mg GAE/g EW), flavonoids (56.330±0.22 mg QE/g EW), 
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tannin (823.450±0.65 mg TAE/g EW) and steroid content(1.29±0.05 mg SE/g EW). 

The same extract also showed lowest IC50 in radical scavenging assays such as 

DPPH, superoxide, nitric oxide and in metal chelation as well as ferric reducing 

antioxidant potential.  

 Antimicrobial activity of these formulations (aqueous and alcoholic extracts) 

against two Gram negative and three Gram positive bacteria were evaluated 

comparing it with standard streptomycin. Some of the selective extracts showed 

potential antimicrobial activity with the best activity shown by an herbal formulation 

used for the treatment of food poisoning prepared from the roots of Plumbago 

zeylanica. Hence, it supports the use of this formulation in traditional medicine since 

food poisoning could also be caused by a bacterial contamination.  

  Cancer is another alarming threat globally in the recent time and there is a 

huge demand of anticancer lead molecules especially from a natural source. We 

attempted to access a preliminary anticancer activity of these formulations in some 

selective solvent extracts which had already showed better antioxidant activity.  On 

the basis of human liver cell line (WRL-68) and MTT assay, the cytotoxic activity 

of the formulation was not very impressive but amongst all, the formulation used for 

the treatment of arthritis prepared from three different plants (Viscum articulatum, 

Rheum acuminatum and Astilbe rivularis)  showed better activity than the rest with 

lowest IC50 value (173.44±9.82 μg/ml). 

 Diabetes is one more common metabolic disorder causing significant 

morbidity and mortality due to microvascular and macrovascular complications. The 

discovery of natural antidiabetic agent would be a boon to the world considering the 

present scenario of its growth. From the result of the in vitro antidiabetic assay 

based on inhibition of α-glucosidase enzyme, it could be concluded that the 

formulation was having remarkable antidiabetic activity. However, the aqueous 

extract of F. floribunda bark showed the highest activity with lowest IC50 value 

(0.011±0.002 mg/ml). 

 Hypertension is another concerning medical condition in the recent times 

leading to increasing risk of cardiovascular diseases with high mortality and 

morbidity worldwide. In this study we have evaluated the anti-hypertensive activity 

of the formulations on the basis on the inhibition of angiotensin converting enzyme. 
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Out of all, only two formulations i.e. F. floribunda bark and a formulation used for 

the treatment of hypertension prepared from Berberis asiatica (abbreviated as BP) in 

traditional system could inhibit the enzyme with highest activity in the latter with 

lowest IC50 value (55.25±5.59 mg/ml) thereby supporting the use of the formulation 

in traditional therapeutic system. 

 Based on the result of in vitro assays, F. floribunda was selected for the in 

vivo assays. In addition, F. floribunda bark was extracted through four different 

methods such as normal boiling, pressure boiling, Soxhlet extraction and through 

cold percolation to obtain the extract with highest bioactivity. Based on the above 

assays to measure antioxidant activity, the extract obtained through pressure boiling 

was the best extract with highest bioactivity. It was selected to evaluate in vivo anti-

inflammatory, hepatoprotective and antidiabetic activity. Anti-inflammatory activity 

was observed in the extract with significant (p < 0.05) reduction of paw oedema 

formation (0.833 ± 0.01 ml) compared with standard, aspirin at 100mg/kg body 

weight of the extract. For hepatoprotective activity, the liver injury indicators 

(SGOT, SGPT, ALP, bilirubin levels) were significantly reduced after treatment 

with the extract showing a potential hepatoprotective activity. For antidiabetic 

activity, streptozotocin induced diabetic rats were taken and of bodyweight, glucose 

levels, lipid profile (TGL, TCL, LDL and HDL) and liver histopathology were 

studied. Based on these parameters, the F. floribunda extract was considered as a 

potential antidiabetic agent in favour of supporting its use in traditional system.  

 The compound responsible for the above bioactivity was isolated with partial 

purification through column chromatography and TLC followed by GC-MS and 

NMR analysis. The GC-MS analysis revealed the presence of 10 bioactive 

compounds some of which were flavones (antibacterial, antidiabetic, antioxidant), 

Coumarin,6-amino-3-phenyl (anti-inflammatory, antibacterial), Acacatechin 

(anticancer, antibacterial), some fatty acids and 2(1H)-Quinolinone hydrazone 

(antidiabetic, antimicrobial, anti-inflammatory). The compound with high 

abundance was 2(1H)-Quinolinone hydrazone also known as 2-hydrazinoquinoline 

with 25.7% occupancy. Hence the extract was again analysed through H1 NMR 

analysis to obtain a specific compound responsible for bioactivity. The extract was 

separated through TLC and the bands observed in the TLC plate were subjected to 

antidiabetic assays. The bands with highest activity extracted and used for NMR 
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analysis along with the NMR study of the standard, 2-hydrazinoquinoline to 

compare their structures. From the spectra generated through H1 NMR analysis, the 

peaks from both the extract and the standard were compared and studied which lead 

the conclusion that the extract possessing high antidiabetic activity contained 2-

hydrazinoquinoline in it. Thus, it is possible that antidiabetic activity of F.floribunda 

extract could possibly be due to the presence of 2-hydrazinoquinoline in it.  

 From the overall study it was observed that traditional knowledge of herbal 

medicine requires a high priority for documentation and conservation. Some of the 

formulations were very impressive in terms of the pharmacological activities and 

these should be studied further in details with more attributes and sophisticated 

purification techniques for better understanding and to find out the lead compound 

responsible for their bioactivity.   
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Chapter 1 

INTRODUCTION 



1 

 

1. INTRODUCTION 

Since ancient times, people are dependent on plants not only as a source of food 

but also to fulfill their medicinal needs. Human beings were reported to know the 

medicinal properties of plants from around 5000 years ago (Sofowora, 1996). 

According to WHO, about 80% of world population still rely on traditional medicines 

for their primary health care needs (Farnsworth et al., 1985). The use of different plants 

as traditional medicines is well known in rural areas of many developing countries 

(Sandhu and Heinrich, 2005), where low-income people of small isolated villages and 

native communities depend on folk medicine for the treatment of common diseases 

(Rojas et al., 2006). It has become the most affordable and easily accessible way of 

treatment in the primary health care system of poor communities especially in remote 

areas. People in the remote villages are mostly deprived of modern medical facilities 

because of the difficulty in reaching the nearest healthcare centre. Thus they are highly 

dependent on traditional medicine for treatment of common ailments in their day-to-day 

life. This has led to more faith in traditional medicine by the people residing in villages. 

Despite of alongside co-existence of modern medicine, certain factors such as cost, 

accessibility along with some historical as well as cultural perspectives are responsible 

for maintaining the popularity of herbal medicines (Vishwakarma et al., 2013). This is 

not only used as primary health care in rural areas of developing countries but is equally 

popular in developed countries too (Selvaraj et al., 2009).  

Ethnomedicine has contributed immensely in modern system of medicine as 

these are used by the pharmaceutical industry in finding new and effective therapeutic 

agents in the field of medicine (Cox and Balick, 1994). Medicinal plants are natural 

wealth which can provide new products and bioactive compounds for drug development 

(Gangwar et al., 2010). Approximately 25% of prescribed drugs and 11% of drugs 

listed to be essential by WHO are obtained from plants. Similarly, numerous synthetic 

drugs are also derived from precursor compounds originating from plants (Rates, 2001). 

Ethno-botanical studies are often significant in finding locally important plant species 

which could be used for the discovery of new plant based drugs (Cotton, 1996). 

Numerous plant-originated drugs found in clinical medicine today were recorded to be 

derived from traditional medicine (Li-Weber, 2009). Morphine was the first 
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pharmacologically active compound that was isolated in pure form from a plant 

although its structure was later elucidated after 1923 (Sneader, 2005). In 19
th
 century, 

numerous alkaloids were isolated from plants which were used as drugs. Some of these 

are atropine (Atropa belladonna), cocaine (Erythroxylum coca), caffeine (Coffea 

arabica), ephedrine (Ephedra species), morphine and codeine (Papaver somniferum), 

quinine (Cinchona cordifolia Mutis ex Humb.) etc. Some other well known drugs 

derived from plants are taxol from Taxus brevifolia (Wani and Horwitz, 2014); 

curcumin from Curcuma longa L. (Fu and Lin, 2015); artemisinin from Artemesia 

annua L. (Zhao et al., 2012) etc. Fabricant and Farnsworth (2001) studied the 

correlation between the medicinal plants used in traditional medicine and medicines 

used in modern healthcare discovered from those plants. He revealed that 88 single 

chemical entities isolated from 72 medicinal plants have been introduced into modern 

therapy, many of which have the same or a similar therapeutic purpose as their original 

ethnomedicinal uses. These plant-derived compounds such as atropine (anticholinergic), 

codeine (cough suppressant), colchicine (antigout), ephedrine (bronchodilator), 

morphine (analgesic), physostigmine (cholinesterase inhibitor) etc are still widely used 

as single-agent or combination formulations in prescription drugs (Sneader, 1996). 

The extensive demand of medicinal plants either for research or for commercial 

purposes might lead to the random collection of plants. Plant materials are likely to be 

at high risk of adulteration. It may get adulterated with inorganic substances, or with 

some other plants parts which might be toxic sometimes or may not meet the quality of 

the drug with its bioactivity. Thus quality assessment by standardization of any herbal 

formulation or plant materials to be used is of vital importance in order to justify their 

acceptance in modern system of medicine (Kokare et al., 2014). Standardization is a 

code of conduct which ensures the correct substance at correct amount for a desired 

therapeutic activity with the guarantee of quality, safety, and efficacy (Nikam et al., 

2012; Ekka et al., 2008). For basic study, pharmacognostic study serves as a useful tool 

with some simple methods such as physicochemical analysis with powder microscopy 

(to identify plants in dried form), fluorescence tests etc. Chromatographic methods such 

as TLC, HPTLC, GC-MS etc can also authenticate a plant sample by the identification 

of active phytoconstituents and observing/comparing their Rf values. The word 
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‘standardization’ covers the entire field of study from the beginning with the cultivation 

of medicinal plant to its clinical application (Sahil et al., 2011). It also focuses all 

aspects of research of medicinal plants from its traditional medicinal use, utilization for 

curing a particular disease, isolation and identification of active constituents for safety 

and efficacy of a formulation along with clinical evaluation (Chanda, 2014).      

A single herbal formulation may contain many beneficial phytochemical 

constituents, such as alkaloids, flavonoids, terpenoids etc which are responsible for 

desired pharmacological effect (Parasuraman, 2014). These are secondary metabolites 

produced by plant which are mainly used for defense purposes as well as for colour and 

odour. In addition to this, the positive health effects of plants for managing disease 

related with oxidative stress is credited to these bioactive substances which often 

exhibited a wide range of biological and pharmacological activities such as 

antimicrobial, antioxidant, anti-inflammatory, anti-diabetic and anti-carcinogenic 

activities (Rasineni et al., 2008). It has been reported that phytochemicals protect the 

cell constituents against destructive oxidative damage, inhibition of hydrolytic and 

oxidative enzymes including lipid peroxidation thus reducing the risk of various 

degenerative diseases caused by oxidative stress (Patel et al., 2010). Most of the 

distinguished drugs used in modern medicines are produced indirectly from medicinal 

plants (Gangwar et al., 2010) and about 90% of raw materials come from wild sources. 

The ethnopharmacological approach is helpful in exploring wild under-utilized plants 

which are traditionally used for the treatment of different ailments, and till now, which 

are not being recognized in modern medicine. 

Recently there has been an increasing interest in the therapeutic potentials of 

plants as antioxidants for reducing free radical mediated tissue injury. These free 

radicals are either produced by physiological or biochemical processes or by pollution, 

exposure to UV radiation etc. Free radicals are highly reactive molecules capable of 

reacting with membrane lipids, nucleic acids, proteins and enzymes and other small 

molecules, resulting in cellular damage (Shivaprasad, 2005). Main class of free radicals 

generated in living organism was derived from oxygen, such as superoxide, hydroxyl 

ion, etc and are called reactive oxygen species (ROS) (Fang et al., 2002; Valko et al., 

2007). Another major radical are radical nitrogen species (RNS) such as nitric oxide 
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(NO) and nitrogen dioxide (NO2). The damage or decrease in function of lipid, proteins, 

DNA etc in biological processes by ROS and RNS is called an oxidative stress or 

nitrosative stress. Organisms produce antioxidant molecules to protect cells from the 

oxidative stress by scavenging the free radicals (Ayoola et al., 2008). At a low 

concentration in the body, antioxidants could protect the cells and its content like 

proteins, lipids, carbohydrates, and DNA significantly (Gupta et al., 2006). However in 

higher concentration, supplementary antioxidant should be taken to protect the body. 

Although several synthetic antioxidants such as butylated hydroxytoluene (BHT) are 

commercially available, but are quite unsafe and their toxicity is a matter of concern due 

to which there is a trend to substitute them with naturally occurring antioxidants. 

Natural antioxidants increase the antioxidant capacity of the plasma and reduce the risk 

of certain diseases such as cancer, heart diseases and stroke (Prior and Cao, 2000). 

Moreover, they also find their use as nutraceutical and phytoceuticals components as 

they have significant impact on the status of human health and disease prevention 

(Haque et al., 2004).  The secondary metabolites like phenolics and flavonoids from 

plants have been reported to be potent free radical scavengers. They are found in all 

parts of plants such as leaves, fruits, seeds, roots and bark (Mathew and Abraham, 

2006).  

India has been recognized by herbal practitioners for over 3000 medicinal plants 

having therapeutic potentials (Dubey et al., 2004). In rural India, 70% of the population 

is dependent on the traditional system of medicine. Medicinal plants have met the 

healthcare need for a million of the ethnic and indigenous people living in the rural 

sectors of India. According to a study conducted by the Ministry of Environments and 

Forest, Government of India, tribal communities in India are utilizing over 1,0000 wild 

plants for primary health care (Unial et al., 2011; Pushpangadan, 2002). The Indian 

Himalayan Region (IHR) has been the highest source of medicine for the people of this 

region including people living in the other parts of India. The pharmaceutical sector in 

India is using 280 medicinal plants, of which 175 are found in the IHR (Dhar et al., 

2000). In India around 16000 species of higher plants are found and out of these 7500 

species are used for medicinal and health care purpose by different ethnic communities 

(Arora, 1987). North East India harbours many precious medicinal plants and most of 
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the communities living in this region rely on ethno-medicine for their health care 

practices. The local tribal people utilize different parts of plants to deal with common 

illness. The study on traditional health care practices of the North Eastern tribes 

revealed that the same plant is used by different communities to heal different diseases 

(Bhuyan, 2015). In India the importance of 2,416 plants for ethno-medicinal purposes 

has been recorded; among which about 1,963 plants are used by different tribal societies 

of North East India alone (Sajem and Gosai, 2006).  

Sikkim is one of the North-Eastern states of India situated in the eastern 

Himalayas with 80% of its geographical area under forest with over 4500 species of 

flowering plants consisting of many medicinally important plants (Rai and Sundriyal, 

1997). It is identified as one of the biodiversity hotspots of Eastern Himalayas. 

Himalayan region is estimated to constitute over 10,000 species of aromatic and 

medicinal plants, 490 species of which are present in Sikkim (Lachungpa, 2009). 

Precipitation throughout winter and summer season has contributed to the lush green 

vegetation of this region and it has a rich diversity of flora and fauna. The immensely 

rich flora of Sikkim has a number of raw drugs described in Ayurvedic texts. Among 

420 plants used by the tribal people to cure various diseases in Sikkim Himalayan 

region, only a few have been exploited commercially (Panda and Misra 2010). The 

present local inhabitants of Sikkim use numerous herbal remedies for treatment of 

various ailments which have remained unexplored (Gurung, 2002). Over the ages, 

Sikkim has developed rich cultural practices of folk medicines. Folk medicine is known 

as the treatment of diseases outside clinical medicine by plants or simple remedies 

based on experience and knowledge transferred from generation to generation (Sherpa 

et al., 2015). It is an unofficial health practice in Sikkim existing traditionally and has 

been learned verbally or through demonstration and observation. Plant is a major 

constituent of folk medicines. A particular plant used by a practitioner is usually 

selected after countless hits and trials of treatments to achieve its medicinal value. This 

as a result has led to numerous advantageous medicinal plants to be treasured as 

medicine. Extensive studies and systematic documentation of traditional knowledge 

have globally been recognized as high priority especially in the past couple of decades 
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as a tool to explore newer novel properties and highlighted pharmaceutical potential of 

various species (Badola and Pradhan 2013). 

Though the folk medicine has strong impact on the people of rural areas but 

modernization is gradually affecting this field with the introduction of modern medicine 

even in rural areas. The folk medicinal practices are slowly declining with fear of 

extinction in near future. There are other factors also that are responsible of this 

declination such as threats to valuable medicinal plants by increasing commercialization 

of medicinal plants leading to their deterioration and lack of knowledge of traditional 

healers for the conservation of such plants. Due to increasing national and international 

demand, medicinal plants are facing continuous exploitation from their natural habitat. 

The uncontrolled exploitation along with several other factors like destruction of 

habitat, overgrazing, forest fire, tourism development, expansion of agriculture, 

urbanization etc. are leading to deterioration of important plant habitats and selective 

eradication of commercially more valuable plants (Badoni and Badoni, 2000). The 

traditional herbal knowledge is passed from generation to generation in the verbal form 

by herbal practitioners. However, since cultural systems are dynamic, the skills are 

fragile and easily forgettable as most of the indigenous knowledge transfer in the 

country is based on oral transmission (Koleva et al., 2002). Today majority of world’s 

population is running behind the herbal medication system because of their efficacy, 

safety and lesser side effects. Higher study as well as advanced research on the 

traditional medicines is the demand for today. Proper documentation of this knowledge 

is extremely essential before its complete depletion from our regions.  

Some ample amount of surveys on ethnomedicinal uses of plants have been 

done in Sikkim by various researchers. Most of them have focused on some ethnic 

groups such as Lepchas, Sherpas, Limboos etc (Pradhan and Badola 2008; Jha et al., 

2016; Dwivedi, 2016). After critically passing through existing literature review, some 

lacunas were traced regarding the study of ethnomedicinal plants of Sikkim. Firstly, 

most of the studies are mainly focused on the documentation of traditional uses of 

medicinal plants while lacking the study on phytochemical evaluation and 

pharmacological importance of these plants with scientific validation. Secondly, there 

was not a single report on standardization of herbal formulation used by the 
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practitioners. Thirdly, most of the areas or villages of Sikkim were documented by 

various authors during survey but scanty reports were available from the West district of 

Sikkim despite having numerous tribal communities residing and practicing the 

traditional herbal healing system in this region for long period. Sikkim is comprised of 

four districts (East, West, North and South). Most of the surveys were done in North 

and East Sikkim with few areas of South. As discussed above, it is highly necessary to 

standardize any herbal formulation before giving a human trial for the safety and 

authentication. Evaluation of pharmacological activity and phytochemical content are 

equally important for scientific validation for the use of these plants in traditional 

system. The documentation of medicinal plants used in traditional system can also be 

useful for spreading awareness among the villagers especially the herbal practitioners 

considering their importance for conservation of valuable medicinal plants. This study 

might introduce some new plants with possibly new novel compounds for the discovery 

of new drugs. Therefore an attempt was made on collecting comprehensive data from 

the villages of West Sikkim particularly and carried out the phytochemical analysis 

present in them followed by judging their pharmacological potential and purification of 

the best performing herbal formulation for the identification of the bioactive 

phytoconstituents present in them.  

 

The main objectives of this research work are: 

1. Ethnomedicinal survey of West Sikkim along with recognition of formula and 

process of traditional phytotherapy 

2. Screening of antioxidants of ethnomedicine and their herbal counterparts 

3. Quantitative profiling and optimization of different free-radical scavenging 

potential under various solvent extraction systems 

4. Evaluation of bioactive phytochemicals of ethnomedicine 

5. Evaluation of antibacterial activity of ethnomedicine 

6. Determination of other in vitro and in vivo pharmacological properties of 

ethnomedicine 

7. Pharmacognostic characterisation of powdered plant samples 

8. Measuring alteration of bioactivity of phytomedicine through process variation 
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9.      Isolation and purification of bioactive substances for their effective use in 

nutraceutical industry 



 

 

 

 

 

 

Chapter 2 

LITERATURE REVIEW 
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2. LITERATURE REVIEW 

2.1 IMPORTANCE OF ETHNOMEDICINAL SURVEY 

Ethnomedicinal surveys provide information about traditional uses of medicinal 

plants by indigenous communities of a particular area (Ford et al., 1994; Verpoorte et 

al., 2005). These surveys also focus on the development of drugs using plant products. 

In recent years, the studies on medicinal plants have gained immense attention among 

the scientific communities (Tripathi et al., 2017) because they serve as an alternative for 

high cost synthetic drugs used for personal health care (Hoareau and DaSilva, 1999). 

Recently WHO (World Health Organization) has also recognized the significance of 

traditional medicine in the healthcare sector (Ekor, 2014 and Yigezu, 2014).  

Ethnomedicinal plants when scientifically evaluated, provides evidence-based 

alternative medicines which establish the basis of herbal drug industry along with the 

discovery of drug targets in the pharmaceutical industry (Patwardhan, 2005). 

Traditional medicine is regarded as one of the important parts of the primary health care 

system in most of the developing countries (Akerele, 1998). It is therefore necessary to 

understand the concept of traditional medicine to meet our health needs now and in the 

future (Omosehindemi, 2006).  

There are several advantages of traditional medicine for the people of rural areas 

as the healers are usually found within a close proximity to their homes. They are also 

familiar with the patient's culture and environment and the costs of such treatments are 

very less (Cheikhyoussef et al. 2011). However, indigenous knowledge of medicinal 

plants used for healing human ailments is in risk of gradually becoming perished, 

because it is generally passed from one generation to another orally without any written 

records (Kaido et al., 1997). Most of the ethnic cultures possess a vast store of 

undocumented traditional knowledge of herbal remedies for the treatment of various 

ailments (Offiah et al., 2011). Thus it has now become more important than ever to 

document and conserves the traditional herbal knowledge, in order to support the 

development of new drugs and possibly to find enhanced applications of traditional 

medicine (Kone and Atindehou, 2008). Documentation of traditional medicine may also 
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help to protect a vital part of an indigenous people's cultural heritage of a particular area 

for future generations. Ethnomedical study is regarded as the most useful method of 

identification of new medicinal plants or refocusing on those plants documented earlier 

for the extraction of beneficial bioactive compounds (Thirumalai et al., 2009). Modern 

medicinal facilities are now taking high interest in plants’ herbal medicines. Such 

activities may lead to disappearance of traditional use and knowledge of herbal wealth. 

It is therefore important to record and conserve the valuable knowledge of the medicinal 

uses of locally available plants to treat different diseases. 

2.2 ETHNOMEDICINE IN SIKKIM WITH EMPHASIS ON WEST DISTRICT 

Sikkim is a small hilly state in the Eastern Himalayas of India. Hooker (1871-

97) was the first to study the flora of Sikkim, which was later followed by Biswas 

(1956) with a comprehensive study on medicinal plants of Darjeeling and Sikkim. A 

varied topography of Sikkim has resulted in harboring a large biodiversity and is known 

to be a biodiversity hotspot (Hajra and Verma, 1996). The geographical area of the state 

has about 80% of forest which consists of an estimated of over 4500 species of 

flowering plants including many important medicinal plants. The Himalayas have 

attracted many researchers with its enormous ethno-medicinal wealth which have been 

used by the ethnic people for thousands of years.  Jha et al. (2004) recorded medicinal 

plants commonly used by the Lepcha people of Sikkim. About 118 plants used by the 

Lepcha tribe of Sikkim inhabiting in the Dzongu valley was documented (Badola and 

Pradhan, 2008).    They also documented traditionally useful medicinal plants used by 

Limboos residing in southwest of Khangchendzonga Biosphere Reserve (Badola and 

Pradhan, 2013). Similarly, Panda (2012) has reported 26 medicinal plants used in the 

primary healthcare sector of Sikkim. Das et al (2012) also enumerated the use of 79 

plant species by the rural people of Sikkim. 

Medicinal plants against gastrointestinal tract disorders used by the herbal 

healers of Sikkim were recorded by Chanda et al, 2007 which included 36 plants. It was 

reported that the indigenous people of Rangit valley, South Sikkim use around 45 plant 

species distributed across 36 families curing about 20 ailments (Idrisi et al., 2010). Dash 
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(2009) discussed the uses of 167 plants species for dealing with 27 major ailments 

among ten rural communities of Sikkim. 

Some recent work was done by Jha and Jha (2016) on Sherpas of Sikkim who exploited 

ten medicinal plants which were also used in traditional Tibetan medicines along with 

modern medication systems. 

West district of Sikkim is the second largest district situated between 27°00’46” 

-28°07’48” N latitude and 88°00’58- 88°55’25” longitude covering an area of 1166 Sq. 

Km. The altitude ranges from 300m to 8,568m above sea level. The landscape of West 

Sikkim is a hilly region covered mostly by forest and large population settling in the 

forest fringe areas. The district comprises of two sub-division viz., Soreng and 

Gyalshing and nine blocks. The major ethnic communities of district are Lepcha, Bhutia 

and Nepali. Despite being the second largest district it was noted that the work 

regarding ethnomedicinal survey in this region was negligible. Only few reports were 

found including the 36 anti-hypoglycemic plants of west district of Sikkim by Gurung 

et al., (2014). Another ethnobotanical survey was done on the threatened medicinal 

plants of West Sikkim (Tamang et al., 2017). The medicinal plants in Sikkim only exist 

in the wild and are not cultivated in private fields. In current scenario, the collection of 

medicinal plants has been highly harvested not only for personal use but to sell to local 

markets as well as in bigger markets. The problem is the people who use these herbs are 

not taking any action to regenerate them. This gradually will result in loss of precious 

and valuable plants. Considering the seriousness of the situation, the Forest Department 

of the Government of Sikkim has restricted the collection of some important medicinal 

plants such as Swertia chirata, Heracleum wallichii, Picrorhiza kurrooa, Nardostachys 

jatamansi, Orchis latifolia etc. The Forest Department has also taken initiative of 

planting some of the medicinal plant species in their natural habitat. The G.B. Pant 

Institute of Himalayan Environment and Development, Sikkim Unit, is also carrying out 

research on conservation and development of these endangered plant species (Singh et 

al., 2002).  
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2.3 NECESSITY OF PHARMACOGNOSTIC STUDIES  

Recently there is a huge interest growing in drugs originated from natural 

sources as they are considered to be safer than the synthetic ones. The main advantages 

of natural drugs are their easy availability, low cost with less or no side effects. 

However the disadvantage is that they are having high risk of adulteration. If a natural 

drug is effective, its demand will increase which in turn increases the chances of non-

availability. Thus to meet the growing demand, the plants used for making these drugs 

are collected randomly as well  as the drugs can easily be adulterated with low grade 

materials. Therefore it is necessary to maintain reproducible efficacy and safety of these 

natural drugs if they have to be considered as rational drug for which they should be 

standardized and their pharmaceutical quality must be approved (Bauer et al., 1993). 

Adulteration is replacing original plant with another plant or presence of foreign 

substances which could have been done either intentionally to gain more profit or due to 

careless handling during the preparation time. Therapeutic value of medicinal plants 

depends upon the presence of chemical constituents in it. Herbal medicine or natural 

products can be misused due to wrong identification of wild plants. One of the major 

reasons is one common vernacular name given to two or more totally different species 

(Kumar, 2007). Reports are there about poisoning due to confusion in herbal drugs and 

have raised international concern. These problems can be overcome by 

pharmacognostic studies of medicinal plants. It is very essential to carry out 

pharmacognostic studies of medicinal plants which are used for preparing various 

drugs. Unlike taxonomic identification, pharmacognostic study helps in identifying 

plants even in dry powder form when it has lost its morphological identity as well as to 

identify the adulterants present in it. Such studies can be useful in authentication of the 

plants ensuring the quality of herbal products leading to safety and efficacy of natural 

products. 

At present, plenty of methods are available to authenticate crude drugs, from 

simple morphological investigation to physical and chemical assessment. However, 

microscopic analysis is still the most easy and useful method for primary authentication 
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(Zhao, 2010). It is the most commonly used technique to authenticate herbal medicines 

in India and many other countries because it is fast, requires low cost and small amount 

of sample (Singh et al., 2018). Industry also put emphasis on powder microscopy as 

these tests are approved in pharmacopoeial monographs. Moreover, minimum expertise 

and equipment is required and the botanical identity of the plant can be established 

within seconds (Narayana 2010; Dobriyal and Ananthanarayana, 2009). Besides, herbal 

medicines are known for its low cost so the price should not be increased because of 

unnecessary highly sophisticated methods used for authentication. Although powder 

microscopy has been provided in various pharmacopoeias, but description of characters 

is not extensive in nature and very small amount of information is provided about 

microscopic characterization of herbal drugs in powder form.  

Some recent pharmacognostic studies were done on Eranthemum nigrum stem 

(Prasanth and Rao, 2018), Limonium stocksii (Kanakiya et al., 2018), Trianthema 

portulacastrum L. (Pande et al., 2018), Andrographis echioides Nees. and Tridax 

procumbens L. leaf and stem (Pande et al., 2018), leaves of Wedelia trilobata L. 

(Karthika and Manivannan, 2018). The parameters they have used and the standards 

they have established for these plants can be used to compare and authenticate the drugs 

prepared from them as future reference. 

2.4 FREE RADICALS AND OXIDATIVE STRESS 

A free radical is a chemical species either an atom, a molecule or an ion 

containing unpaired electron in an atomic orbital. There are mainly three sources of free 

radicals: internal, external and physiological. Internal sources include mitochondria, 

enzyme oxidases, xanthine, phagocytes, reactions involving iron and other transition 

metals, peroxisomes, inflammation etc. Some external sources of free radicals 

generation are smoking, environmental pollutant, ultraviolet light, radiations, ozone, 

pesticides, certain drugs, anesthetics and industrial solvents. The physiological sources 

are mental status like emotion, stress etc. and disease conditions (Halliwell et al., 2006). 

However one for the most common sources is the mitochondria using 90% of the O
2 

in 

human body (Wickens, 2001). Many free radicals are unstable and reactive in nature. 
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They donate or accept an electron from other molecules, thus acting as oxidants or 

reductants (Cheeseman and Slater 1993). These are highly reactive species, capable in 

the nucleus, and in the membranes of cells of damaging biologically relevant molecules 

such as DNA, proteins, carbohydrates and lipids (Young and Woodside, 2001). The 

majority of free radicals that damage biological systems are oxygen-free radicals, and 

these are known as “reactive oxygen species” (ROS). The most important oxygen free 

radicals are hydroxyl radical, superoxide anion radical, hydrogen peroxide, oxygen 

singlet, hypochlorite, nitric oxide radical etc. ROS can cause various damages to 

biological macromolecules such as nucleic acids, proteins and lipids. Oxidation of the 

nucleic acids (DNA and RNA) causes mutations in mitochondrial as well as nuclear 

genomes (Hekimi, 2011). Almost all amino acids of a protein or an enzyme can be 

oxidized by ROS. This oxidation can cause modifications which lead to alteration or 

elimination in their function (Ugarte, 2010). The term “oxidative stress” represents a 

shift towards the pro-oxidants in the pro-oxidant/antioxidant balance which have 

occurred due to an increase in oxidative metabolism. ROS not only cause lipid 

peroxidation and oxidative DNA damage, but also cause regulation of intracellular 

signal transduction and physiologic adaptation phenomena. Oxidative stress causes the 

highest risk in central nervous system of the body. Confirming the function for ROS in 

nervous system especially in brain aging (Poon et al., 2004), many studies point out 

ROS level and neurodegenerative diseases of neural cells specifically causing death of 

astrocytes (Rouach, 2004) and neurons (Sonee et al., 2003) by both necrosis and 

apoptosis. There are many more evidences of ROS involved in degenerative disorders 

and neuronal aging. Some studies also show the role of oxidative stress in degeneration 

of dopaminergic cells in Parkinson’s disease (Jenner, 2003). Oxidative stress was found 

to be one of the first observed processes in Alzheimer’s disease (Honda et al., 2004). 

Considering the studies carried out up to this time, we can say that there is a strong 

relationship between free radical induced oxidative stress and lifestyle-related diseases.  

2.5 PLANTS AS NATURAL ANTIOXIDANTS 

An antioxidant is “any substance that slows down, prevents or removes any 

damage caused by oxidative stress to a target molecule” (Halliwell, 2007). Humans 
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have evolved a highly sophisticated and complex antioxidant protection system to 

protect the cells and organ systems of the body against ROS. Antioxidants inhibit the 

oxidation process even at small concentration thus contributing in various physiological 

systems in the body. Their function is neutralizing or deactivating free radicals before 

ROS could attack any cells or sub-cellular compartments (Jacob, 1995). Free radicals 

and other ROS are produced in human body by various biochemical and physiological 

processes (Halliwell, 1994); however, their overproduction could lead to the 

development of numerous diseases. Antioxidants act at different levels by (i) prevention 

of chain initiation caused by scavenging initiating radicals, (ii) decreasing localized 

oxygen concentration, (iii) decomposition of lipid peroxides to peroxyl and alkoxyl 

radicals, (iv) decomposition of peroxides by converting them to non radicals products, 

and (v) breaking chain to prevent continued hydrogen abstraction (Miguel, 2010). 

Sometimes antioxidant system present in our body is not enough to decrease the free 

radicals produced in our body. This problem can be overcome by taking supplementary 

antioxidants. Synthetic antioxidants such as BHT and BHA have been widely used 

(Lalas and Tsaknis, 2002; Gunstone, 2004). However, recent studies have provided 

proof for their role as carcinogens (Ardabili et al., 2010). Natural antioxidants are 

considered to be more potent, efficient and safer than synthetic ones (Tavasalkar et al., 

2012). Thus, the search for natural, effective, and non-toxic compounds having 

antioxidative activity has been increased in recent years (Gupta and Sharma, 2006). The 

basic source of natural antioxidants is plants and plant-derived products. Phenolics 

present in plants are multifunctional and can act as free radical terminators, reducing 

agents, singlet oxygen quenchers and metal chelators (Mathew and Abraham, 2006). In 

addition, they have antimicrobial activity (Rauha et al., 2000). Some aromatic plants 

have showed anti-inflammatory, antimutagenic, antithrombotic, antiallergic, antiviral 

and vasodilatory actions (Hollman et al., 1996). Antioxidant constituents of plant are 

capable of scavenging radical and convert them to less reactive species (Devi and 

Ganasoundari, 1999). A variety of antioxidants are found in dietary sources like fruits, 

vegetables, spices, herbs, tea etc. Regular consumption of vegetables and fruits with 

antioxidants reduces the risk of chronic diseases (Dembinska-Kiec et al., 2008). Studies 

revealed that antioxidant rich diet improves the health in the long run (Sin et al. 2013 
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and Willis et al., 2009). Medicinal plants are one of the important sources of natural 

antioxidants. It reduces the risk of certain diseases such as cancer, heart diseases etc. 

Phenolics and flavonoids are the secondary metabolites present in plants which have 

free radical scavenging property. These secondary metabolites are found in all parts of 

plants such as fruits, seeds, leaves, roots and bark. Nature has a wide variety of 

antioxidants which are different in their physical and chemical properties, composition, 

mechanism and site of action. Some of the recent works in the antioxidant activity were 

carried out on 64 organic extracts from 37 species, belonging to 23 botanical families of 

plants used in the folk medicine of southern Ecuador by DPPH and ABTS
+
 method 

(Armijos et al., 2018). Antioxidant activity with DPPH, ferric reducing power and β-

carotene bleaching assay were evaluated on the ethanolic extract of Calendula 

suffruticosa ssp. suffruticosa Vahl (Sofiane et al., 2018). Similar studies were done on 

water and methanolic extracts of Phyllanthus species (Zain and Omar, 2018).  

2.6 PHYTOCHEMICAL STUDIES IN PLANTS 

Recently herbal medicines have gained considerable attention as an alternative 

source to compensate for the deficiencies in pharmacotherapy worldwide (Arika et al., 

2015). The therapeutic property of these medicinal plants can be attributed to the 

phytochemicals present in them especially the alkaloids, flavonoids, terpenoids, sterols, 

phenolics, tannins, lignins, and saponins (Nyamai et al., 2016). Phytochemicals are 

considered as non-nutritive, chemical compounds which occur naturally in plants during 

metabolic processes and they are believed to have diverse positive properties or disease 

defensive action. Plants are known to produce phytochemicals to protect themselves. 

Recent studies demonstrate that they can also play a vital role in fighting human 

diseases. Some of these plants have been in use in traditional medicine for centuries 

now (Minakshi et al., 2016). Phytochemical constituents are credited to be useful for 

healing as well as for curing of human diseases (Nostro et al., 2000). Studies have 

shown that many of these phytochemicals have useful properties as being antioxidant, 

anti-inflammatory, antitumor, antiatherosclerotic, anticarcinogenic, antimutagenic, 

antibacterial, and antiviral (Sala et al., 2002; Rice-Evans et al., 1998 action.  More than 

4,000 phytochemicals have been recorded and are classified according to their defensive 
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function, physical and chemical characteristics (Meagher and Thomson, 1999). 

Phytochemicals are neither essential nutrient nor required by the human body for 

sustaining life, but they have important properties which might help to prevent or to 

fight some common diseases (Holst and Williamson, 2008). Phytochemicals are 

categorized as primary and secondary compounds. Primary compounds include 

chlorophyll, proteins and common sugars while secondary compounds are terpenoid, 

alkaloids and phenolic compounds (Krishnaiah et al., 2007). Secondary compounds are 

the chemicals that work with nutrients and fibers to form an integrated part of defense 

system to fight against various diseases and stress conditions (Thilagavathi et al., 2015). 

These chemical compounds are called secondary metabolites. Relationship between the 

phytoconstituent and the bioactivity of plant can be studied to understand the synthesis 

of compounds with particular activities to treat various common as well as chronic 

diseases (Pandey et al., 2013). No wonder plant products have been part of 

phytomedicines since a long time. It is important to study about the chemical 

constituents of plants because such information facilitates the synthesis of complex 

chemical substances (Mojab et al., 2003; Parekh and Chanda, 2007 and 2008). Thus 

there is a widespread interest in evaluating drugs obtained from plant sources. This 

interest has grown from the belief that green medicine is safe and dependable as 

compared to costly and harmful synthetic drugs. A knowledge of the phytochemicals of 

plants is advantageous not only for the discovery of therapeutic agents but also because 

of its usefulness in disclosing new sources of such economic materials such as tannins, 

flavonoids, gums, essential oils, precursors for the synthesis of complex chemical 

substances etc. Phytochemical substances vary from species to species and even from 

plant to plant, depending on the age and various ecological and climatic factors (Baquar 

1989).  

2.7 PHARMACOLOGICAL ACTIVITES OF HERBAL FORMULATIONS 

2.7.1 Anti-inflammatory activity 

Inflammation is a defensive mechanism of the body to the host and it’s an 

essential immune response that helps the body to survive during injury or infection and 
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maintains tissue homeostasis in toxic conditions. The characteristic symptoms of 

inflammation are pain, redness, heat, swelling and loss of function resulted from 

dilation of the blood vessels which is further leading to an increased blood circulation 

and increased intercellular spaces predominantly due to the movement of leukocytes, 

protein and fluids towards the inflammed regions (Medzhitov, 2008; Parham, 2000). A 

series of biochemical events propagate the inflammatory response involving the 

immune system, local vascular system and various cells within the injured tissue. 

Chronic inflammation causes a progressive shift in the cell types present at the 

inflammation region and is distinguished by simultaneous destruction along with 

healing of the tissue inflammation (Yogesh et al., 2013). Inflammation is also 

considered as a primary physiological defense mechanism of the body to protect itself 

against injury, infection, toxic chemicals, burn and allergens. However an uncontrolled 

and consistent inflammation may act as a sign of much chronic illness (Kumar et al., 

2004). 

During inflammation, the reactive oxygen species produced from the action of 

free radicals increase abnormally. It causes an imbalance in the oxidizing molecules 

with antioxidant system of the body. This oxidative stress in turn causes inflammatory 

mechanism that damages the cellular components (Seril et al., 2003). The cellular and 

humoral mechanisms of inflammation are complex and numerous. Gene regulatory 

factors such as the nuclear factor-kappa B (NF-κB) are involved and signaling 

substances are synthesized by cells of immune system such as prostaglandins and 

cytokines (Ahmed, 2011). Cyclooxygenase (COX) is the vital enzyme for the synthesis 

of prostaglandins, prostacyclins and thromboxanes involved in pain, inflammation and 

platelet aggregation (Pilotto et al., 2010). Steroidal anti-inflammatory drugs (SAIDS) 

and Non-Steroidal Anti-inflammatory Drugs (NSAIDS) are used during inflammation. 

These drugs work by blocking COX-1 and COX-2 enzyme activity. Steroids are highly 

effective in the treatment of inflammatory diseases, but their adverse effects cannot be 

ignored due to which it cannot be used for a long period of time. Prolonged use of 

NSAID may have reverse side effects (Miller, 1983). Their use is often associated with 

adverse effects such as gastrointestinal bleeding, capillary fragility, renal damage, 

peptic ulcers, hypertension and hyperglycemia (Corley et al., 2003). Besides these side-
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effects, the greatest demerit of these drugs is reappearance of symptoms after 

discontinuation of drugs. Therefore it is extremely necessary to develop new sources of 

anti-inflammatory agents with smallest amount of side effects. In this regard, there are 

evidences of secondary metabolites present in various medicinal plants to be useful in 

the treatment of inflammation and pain (Sheir et al., 2001). During the last decade, 

researchers are using in vitro and in vivo models of inflammation which have led to the 

identification of numerous natural extracts with anti-inflammatory activity (Sultana & 

Saify 2012; Orlikova et al. 2014).Several reports are there where the different plant 

parts as fruits, galls and oil have pharmacological effects including anti-inflammatory 

activities (Bahmani et al., 2015; Heidarian et al., 2017; Minaiyan et al., 2015; Tanideh 

et al., 2014).  

2.7.2 Antimicrobial activity  

The use of antibiotics is well known in the fields of clinical medicine, 

agriculture, and veterinary research. The widespread use of antibiotics may promote the 

development of microbial strains with antibiotic resistances which could be infectious in 

nature.  This creates a very serious trouble in the treatment of pathogenic microbes 

(Kapil, 2005). Infectious diseases are regarded as one the major reasons for the 

morbidity and mortality in the general population, mainly in developing countries. In a 

developing country like India, farmers and people of small villages and native 

communities particularly with low income use folk medicine to treat common infections 

in their day to day life (Fabricant and Farnsworth, 2001). Patients from rural areas have 

a lesser risk of getting infected from resistant pathogens than the people from urban 

areas who have been treated with modern antibiotics. So, instead of depending only on 

synthetic antimicrobial agents, people of urban areas should also explore natural 

resources which are non-synthetic in nature for the treatment of pathogenic infections. 

Natural extracts of some medicinal plants are considered to be more efficient than 

synthetic antibiotics to treat infectious diseases as claimed by traditional practitioners 

(Mathur et al., 2010). Medicinal plant extracts are beneficial for treating infections as 

they are abundant source of antimicrobial molecules. Natural products such as 

secondary metabolites produced by plants are widely used in the pharmaceutical 
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industry for their extraordinary structural diversity and variety of pharmacological 

activities (Ernst, 2005).  

Apparently, bacterial species have developed genetic ability to acquire as well as 

transmit resistance against antibacterial drugs currently available in the market. There 

are many reports on the isolation of bacteria which are sensitive to regularly used drugs 

and became multi-resistant to other drugs available in the market (Nascimento et al., 

2000; Sakagami and Kajimura, 2002). Thus, pharmaceutical companies have begun to 

look for new antimicrobial drugs in recent years, due to the continuous appearance of 

microorganisms resistant to commonly used antimicrobials. Some of the strategies 

adopted by pharmaceutical companies to deal with this problem include change in the 

molecular structure of the existing medicines so as to make them more efficient and to 

recover the activity vanished due to bacterial resistance mechanisms (Chartone-Souza, 

1998). 

It is known that plants have been used for a long time to treat infections and are 

considered as an important source of antimicrobial agents (Cowan, 1999). Several 

works have been reported regarding the antimicrobial property of plants extracts from 

roots, stem, leaves or flowers (Abu-Shanab et al., 2004; Abbassi and Hani, 2012). 

Today, various antimicrobial agents from plant sources are known to treat various 

infectious diseases (Kingston, 2008). Since there is a rapid global spread of resistant 

clinical isolates, it is highly necessary to find new antimicrobial agents. However, there 

are evidences that even new range of antimicrobial agents have a short life expectancy 

(Coates et al., 2002). Hence researchers are giving more attention to herbal products in 

search of new leads to develop alternative drugs against MDR (multiple drug resistance) 

microbe strains (Braga et al., 2005). The antimicrobial efficiency of some plants in 

treating common diseases has been beyond belief. However it is estimated that about 

10% of all flowering plants used by local communities to treat various infections, only 

1% have been recognized by modern scientists (Kafaru, 1994). A wide variety of 

secondary metabolites produced by plants such as tannins, alkaloids and flavonoids 

have found to possess antimicrobial properties (Lewis and Ausubel, 2006). Many 

phytotherapy manuals have mentioned a number of medicinal plants for treating 
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infectious diseases because of their availability, less side effects and toxicity (Lee et al., 

2007). There are numerous reports on the antimicrobial activity of different plant 

extracts (Bonjar, 2004; Islam, 2008; Boer et al., 2005). Ethanolic extracts of five plants 

showed antimicrobial activities against MDR strains of Escherichia coli, Klebsiella 

pneumoniae and Candida albicans (Khan et al., 2009). Some plants were recorded 

which were known to cure gastrointestinal disorders, respiratory diseases, urinary tract 

infections and cutaneous infections (Brantner and Grein, 1994; Somchit et al., 2003). 

Crude extracts of Arisaema flavum, Debregeasia salicifolia, Carissa opaca, Pistacia 

integerrima, Aesculus indica, and Toona ciliata were tested against three Gram positive 

and two Gram negative ATCC bacterial species. Among them, P. integerrima and A. 

indica were active against all tested bacterial strains while other four plant extracts were 

active against different bacterial strains (Bibi et al., 2011). Extracts of root barks of 

Berberis vulgaris, Cinnamomum cassia peels, Cistus monspeliensis aerial parts, Punica 

granatum fruit peels, Rhus tripartita aerial parts and Withania frutescens leaves have 

potential antibacterial effects on bacterial strains tested, especially S. aureus (Bereksi et 

al., 2018). Antimicrobial activity of some Indian medicinal plants against the soil 

bacteria was also recorded (Jangra et al., 2018).   

2.7.3 Hepatoprotective activity  

Liver is the largest and one of the vital internal organs in the human body. It is 

the most important site for enhanced metabolism and excretion. It plays important role 

in maintenance, and regulation of homeostasis of the body. It is involved in almost all 

biochemical pathways for growth, nutrient supply and to fight against diseases, 

reproduction and energy production (Ward and Daly, 1999). It is connected to 

interactive metabolism of fats, proteins and carbohydrates. It also plays vital role in 

synthesis of number of plasma proteins such as fibrinogen, albumin and various other 

enzymes along with formation and excretion of bile (De et al., 2017). The liver 

regulates many important metabolic functions and hepatic injury is mainly related with 

alteration of these metabolic functions. The toxins absorbed in the intestine first reaches 

to liver, causing a variety of liver ailments. Thus, liver diseases are still one of the 

serious existing health issues. About 20,000 people die every year suffering from liver 
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disorders (Bhardwaj et al., 2011). It is a global concern affecting people of almost every 

age group (Dhiman et al., 2012). There are numerous disorders associated with liver 

(Wolf et al., 1999). Jaundice and hepatitis are two major liver disorders which have 

caused high death rate (Pang et al., 1992). The most common reason for withdrawal of a 

drug from the market is because it is reported that more than 900 drugs are responsible 

for hepatic injury (Friedman et al., 2003). Several chemicals are there which induce 

hepatotoxicity. Carbon tetrachloride (CCl4), thioacetamide, galactosamine, d-

galactosamine/lipopolysachharide, paracetamol, arsenic, antitubercular drugs etc., are 

used to induce hepatotoxicity in laboratory animals for experiments. Drug-induced liver 

injury creates problem not only in health care profession but also the people working in 

drug regulatory agencies and pharmaceutical industry are affected adversely. According 

to the United States Acute Liver Failure study group, more than 50% of acute liver 

failure is caused by overdose of acetaminophen (39%) along with idiosyncratic liver 

injury caused by other drugs (13%) are due to drug-induced liver injury (Holt and 

Cynthia, 2006).  

Improvement in hepatic disease is less with modern medicines. Approximately 

160 phytochemicals and other phytoconstituents produced from plants have been 

claimed to acquire hepatoprotective activity (Jannu et al., 2012). In India, about 40 

polyherbal commercial formulations are known to have hepatoprotective property. 

These herbal drugs contain a variety of chemical compounds like phenols, carotenoids, 

glycosides, coumarins, lignans, essential oil, monoterpenoids and xanthines. Plant 

extracts of several crude drugs are also used for the treatment of liver disorders. Extracts 

of different plants of about 25 plants have been reported to cure liver disorders (Sharma 

et al., 2002). Hepatoprotective potential of the methanolic shoot extract of Bambusa 

bambos was also reported (Patil et al., 2018). Stachys pilifera extract could provide 

considerable protection against CCl4 hepatotoxicity in rats (Kokhdan et al., 2017). The 

crude extract of Origanum majorana produced significant hepatoprotective activity 

(Kamble and Rao, 2018). 
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2.7.4. Antidiabetic activity  

Diabetes mellitus is an assembly of metabolic changes characterized by 

hyperglycemia which have resulted from the defects in secretion and action of insulin. It 

is of two type viz. Type I and Type II. Type I diabetes is insulin dependent and have 

affected only 5% of the diabetic population. Type II is non-insulin dependent which 

usually develops in adults from the age of 40. Diabetes mellitus is the third greatest 

cause of death all over the world. If it is not treated, it may lead to numerous 

complications affecting various organs in the body (El-Hilaly et al., 2007). Chronic 

diabetes is associated with serious damage, dysfunction and failure of various organs 

(Lyra et al., 2006). It may lead to long term complications such as neuropathy, 

retinopathy and angiopathy (Kristova et al., 2008). It is currently affecting around 143 

million people (Mentreddy et al., 2005) and the number of those affected is increasing 

day by day, by 2030 it is predicted to reach 366 million population worldwide 

(Ponnusamy et al., 2011). It is projected to become one of the world’s main disablers 

and killers within the next 25 years.  

Many factors are responsible for the on-set of diabetes such as environmental factors 

whether it is diet, obesity and inactive life style. Other risk factors include old age, 

insulin resistance, nutritional status, and lifestyle change due to urbanization 

(Deepashree and Prakash, 2007). The complete management of diabetes is a global 

issue and successful treatment is not yet developed (Malviya et al., 2010). Currently 

available treatment for diabetes includes insulin injection and other common oral 

hypoglycemic agents such as metformin, sulfonylureas, glucosidase inhibitors, 

troglitazone, etc. However, these therapies are known to produce adverse side effects 

such as liver problems, diarrhoea and lactic acidosis (Rajalakshmi et al., 2009). The side 

effects of such drug treatment are sometimes not satisfactory in maintaining blood 

glucose levels.  Many medicinal plants used for the treatment of diabetes mellitus in 

various traditional system of medicine worldwide. It has provided a safe and potential 

source of antidiabetic principle many of which are known to be effective against 

diabetes.   
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Blood glucose level in the body is controlled by pancreatic endocrine hormones, insulin 

and glucagon. Insulin is secreted by the β-cells in response to high blood sugar level and 

it also potentiates the ability of muscle, fat cells and red blood cells to absorb sugar 

from blood and using it in metabolic processes making the sugar levels normal. On the 

other hand, glucagon is secreted by α- cells present in pancreas. It stimulates the liver 

and other muscles cells to release stored glucose from the body (Gupta and De. 2012). 

Postprandial hyperglycemia plays a key role in the onset of type 2 diabetes with its 

complications. Decreasing of blood glucose rise after a meal is a chief therapeutic 

approach so that the absorption glucose could be delayed by inhibiting the carbohydrate 

hydrolyzing enzymes, α-glucosidase and α-amylase (DeFronzo, 1999; Chiasson et al, 

2002). Alpha-glucosidase inhibitors like miglitol, acarbose and voglibose are oral drugs 

commercially used for lowering blood glucose. They lower postprandial hyperglycemia 

without inducing insulin secretion. Although these compounds do not induce 

hypoglycemia but side effects such as gastrointestinal trouble may limit long-term 

fulfillment to therapy (Neuser, 2005).            

The research for natural products especially from traditional medicines has 

become an attractive approach for the treatment of postprandial hyperglycemia. 

Published research suggests that there is a direct relationship between of phenolic 

compound, flavonoids, and condensed tannin in the plant extract and the ability to 

inhibit α-glucosidase and α-amylase activities (Tadera et al., 2006; Disakwattana and 

Chanathong, 2011). Many phenolic compounds such as flavonoids and anthocyanin 

have positive effects on diabetes, by inhibiting these enzymes (Lo Piparo et al., 2008; 

Jo et al., 2010; Rubilar et al., 2011; Sales 2012; Wongsa et al., 2012). From the 

literature available, more than 800 plants species have been reported to possess 

hypoglycaemic activity (Rajagopal and Sasikala, 2008). In Sikkim and Darjeeling 

Himalayan region, about 37 plant species belonging to 28 families were used for 

treating diabetes in the folk medicinal practices (Chhetri et al., 2005). Of these, 30 

species of plants (81%) have not been reported as hypoglycemic agents in the 

Dictionary of Indian Folk Medicine and Ethnobotany (Jain, 1991). Calamus erectus, a 

common wild fruit found in Sikkim and Darjeeling Himalayas, was reported to be a 

good source of antidiabetic agent by experimenting in streptozotocin induced diabetic 
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rats (Ghosal and Mandal, 2013). Some recent works reported antidiabetic activity of 

polyherbal formulations. Combination of alcoholic extract of Tribulus terrestris fruits, 

Boerhavia diffusa roots and Azadirachta indica leaves showed potential antidiabetic 

property in Wister albino rats (Saxena and Argal, 2018). Similarly, formulation 

prepared from seven plants (Curcuma caesia, Evolvulus alsinoide, Citrullus lanatus, 

Gymnema sylvestre, Tinospora cordiofolia, Withania coagulans and Caesalpenia 

bonduc) proved to be a promising antidiabetic agent (Mahajan et al., 2018).  

2.7.5 Cytotoxic activity 

Cancer is an uncontrolled production of the cells in any part of the body causing 

a bulge of organ or tumor resulting into a risk to the body (Neerugatti et al., 2016). It is 

the second leading disease which is growing largely causing deaths around the world 

after cardiovascular disease. It mainly affects the parts of the body such as lungs, ovary, 

liver, oral, breast, stomach, etc (WHO, 2014). Medicinal plants have various advantages 

over chemical products to deal with cancer because plant derived compounds are more 

tolerant and less harmful to normal human cells. Already available anticancer therapies 

for the treatment of cancer are radiotherapy and chemotherapy which comes with 

harmful effects as neurological, cardiac, renal and pulmonary toxicity, seriously 

damaging the health of the person. At present, chemotherapy is mostly used for 

treatment of cancer which uses alkylating agents, antimetabolites, antitumor antibiotics, 

platinum analogs, all of which may indirectly leads skin or lung cancer with undesirable 

side effects in a long-term use. Therefore, an alternative treatment needs to be 

developed which include less toxic and more effective anticancer drug as compared to 

the drugs available in the market. So, identifying new molecules for the treatment of 

cancer could be helpful in many ways by providing safe, low cost and highly efficient 

treatment. The natural medicinal plants have been using for the treatment of many 

diseases including cancer since ancient time (Cragg and Newman, 2005). The 

International Agency for Research on Cancer estimates that 184 countries of the world 

revealed 14.1 million new cancer cases, 8.2 million cancer deaths, and 32.6 million 

people living with cancer (within 5 years of diagnosis) in 2012 worldwide. By 2030, it 

is estimated to have 26 million new cancer cases and 17 million deaths caused by cancer 
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per year (Thun et al., 2009). Today, despite extensive efforts, cancer still remains an 

aggressive killer worldwide. Furthermore, during the last decade, novel synthetic 

chemotherapeutic agents currently in use clinically have not succeeded in fulfilling 

expectations despite the considerable cost of their development. Approximately 35,000 

plant species are screened by National Cancer Institute with anticancer activity and 

among them, 3000 plant species were found to have potential anticancer activity (Desai 

et al., 2008). There are several reports on the anticancer activity of numerous plants. 

The extracts of Urtica membranacea, Artemesia monosperma and Origanum dayi 

exhibited dose and time dependent killing capacity in human derived tumor cell lines 

and primary cultures collected from patients’ biopsies. The killing capability was 

particularly towards tumor cells and these extracts had no effect on healthy human cells 

(Solowey et al., 2014). Ethyl acetate extract of Aerva lanata showed a strong cytotoxic 

activity against Mcf-7 breast cancer cell line (Krishnamoorthi and Elumalai, 2018). 

Aporphine alkaloid isolated from medicinal plant Alphonsea sclerocarpa showed 

remarkable cytotoxic activity against K562 (CML-chronic myeloid Leukaemia blood 

cancer) cells (Joshi et al., 2018).  

2.7.6 Anti-hypertensive activity 

Hypertension, commonly called high blood pressure is also known as arterial 

hypertension. It is a chronic medical condition characterized by increase of blood 

pressure in the arteries. It is one of the most common cardiovascular diseases which 

have become a major health issue in public. According to WHO, 1.5 billion people will 

suffer from hypertension by 2025 and that more than 7 million deaths yearly are likely 

to be caused by hypertension (Guilbert, 2003). Recent studies have reported that the 

prevalence of hypertension in Indian subcontinent is elevating in high rate. In the last 

three decades, this elevation was found to be about 30% and 10% in urban and rural 

population respectively (Gilbert, 2014). Hypertension leads to major risk for 

cardiovascular diseases such as atherosclerosis, renal insufficiency, heart failure, 

coronary artery disease and stroke (Alamgeer et al., 2013). It is one of the leading 

causes of death in developed countries due to lifestyle (Rout et al., 2010). The 

worldwide impact of hypertension has led to the investigation of antihypertensive 
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medications and more new therapeutic substitutes (Shi et al., 2017; Pal and Shukla, 

2003). Antihypertensive medications include angiotensin-converting enzyme (ACE) 

inhibitors, calcium channel blockers and beta-blockers as blood pressure controls many 

physiological mechanisms such as cardiac output, peripheral vascular resistance, and 

circulating blood volume (Niaz et al., 2017; Page, 1982). These antihypertensive drugs 

available for the treatment of hypertension are reported to have adverse side effects as 

well. ACE inhibitor, angiotensin receptor blockers, and calcium channel blockers cause 

abstraction and angioedema in upper respiratory track in adults and children (Hom et al. 

(2012). Calcium channel blockers were found to be involved in development and 

progression of cancer due to the inhibition of vascular cell growth and angiogenic 

growth factors stimulated by the increase of apoptosis (Shapovalov, 2013). Other side 

effects these drugs are dyspnea, hair loss, cough, headache, edema and flushes 

(Kumbhare et al., 2014; Ozkaya and Yazganoglu, 2014). Thus, an alternative therapy 

especially from herbal products is preferred as medicinal plants are considered to 

provide more safety. Recent attention has been inclined towards these natural products 

which have been traditionally used for prevention and management of cardiovascular 

diseases (Bhatt et al., 1998). Medicinal plants have been reported to be effective against 

hypertension since a long time (Oh et al., 2008; Prahalathan et al., 2012). It is believed 

that antihypertensive activity of plants is credited to their antioxidant property as 

oxidative stress is a major risk factor in hypertension and cardiovascular diseases 

(Adefegha et al., 2015; Schiffrin, 2010). Various ethnomedicinal surveys have reported 

treatments of cardiovascular disorders. Plants like Syzygium guineense, Passiflora 

nepalensis Wall, Ginko biloba, Stephania tetandra and Uncaria rhynchophylla have 

been used in hypertension to lower high blood pressure (Mahady, 2002; Yohannes et 

al., 2010). Supplements of potassium, magnesium, amino acids like arginine and 

taurine, vitamins C and E and omega-3 fatty acids have found to be effective in the 

treatment of cardiovascular diseases, including hypertension (Agrawal et al., 2010). 

Previous studies have also claimed that alkaloids in plants can reduce the blood pressure 

through vasorelaxation caused by production of increased prostacyclin and nitric oxide 

(Hussain et al., 2012).  Similar study was done by Alamgeer et al., (2013) on Berberis 

orthobotrys where it was explained that the presence of alkaloid berbenine is 
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responsible for antihypertensive and vasorelaxation effects. Some researchers have also 

reported improvement of vascular functions by lipid lowering and thus exhibiting the 

hypotensive property (Aikawa et al., 2002; Bilanda et al., 2018). Quercetin present in 

plants was also considered as one of the reasons of antihypertensive effect as the 

experiment being carried out with Centella asiatica (Intharachatorn and Srisawat, 

2013). High K
+
 is another factor that may decrease the risk of stroke, reduces blood 

pressure, inhibits formation of free radical, arterial thrombosis and proliferation of 

vascular smooth muscle. Haji et al., (2016) reported that leaf extract of Thymus 

schimperi contains higher concentration of K
+
 which might be responsible for induction 

of hypertensive activity. Numerous plants have been reported to possess 

antihypertensive property in traditional medicine, some of which have been even proven 

scientifically through standard methods. These documents could be used for the 

development of newer molecules to obtain safer and efficient drugs.  

2.8 INFLUENCE OF EXTRACTION METHODS ON EXTRACTION OF 

BIOACTIVE COMPOUNDS FROM PLANTS 

Natural products particularly from plant extracts are a major source for the 

development of new therapeutic agents (Cosa et al., 2006). Approximately 20% of 

plants used in pharmaceutical studies have helped the healthcare system by treating 

harmful diseases such as cancer (Naczk and Shahidi, 2006). The therapeutic ability of 

plants is mainly due to the presence of a wide range of chemical compounds which can 

treat various diseases (Duraipandiyan et al., 2006). For obtaining these biological 

components from plants, extraction method is a key step (Jadhav et al., 2009). Better 

quality and high efficiency of extraction can be obtained after optimizing the methods 

with better efficiency. Extraction efficiency can vary significantly when different 

extraction methods are applied on same plant material with same solvent. Mode of 

extraction plays an important role in the amount and type of biomolecules present in the 

extract (Das et al., 2010). Thus it is necessary to select the most appropriate extraction 

method for obtaining desirable compounds (Gupta et al., 2012). In addition, the selected 

method also needs to be standardized properly to achieve acceptable degree of 
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reproducibility as it contributes significantly to the final quality of the herbal drug 

(Dhanani et al., 2017).  

Researchers are making effort to develop best extraction methods in order to get 

high efficiency and efficacy. Efficiency means the yield of extraction while efficacy 

refers to the potency of the extract. The selection of extraction method to obtain active 

components with best yield and purity from plants is dependent mainly on the nature of 

compounds and raw material that is going to be used (Kothari et al., 2009). 

Phytochemical processing of plant materials is necessary to optimize the concentration 

of known constituents and also to maintain their activities (Aziz et al., 2003). Dietary 

phytochemicals are available in fruits, vegetables, legumes, whole grains, nuts, seeds, 

fungi, herbs and spices (Saxena et al., 2013). They have antioxidant, anti-inflammatory, 

anti-cancer, anti-bacterial properties etc (Majekodunmi, 2015).  

There are various kinds of plant extraction methods; some are traditional or 

conventional while some are advanced. Maceration, percolation, decoction, soxhlet etc 

are some of the conventional extraction methods. The advanced methods are 

supercritical fluid extraction, microwave assisted, ultrasound-assisted extraction and 

accelerated solvent extraction etc (Azwanida, 2015; Raaman, 2006).  

Conventional methods are simple, standard and easy to use, but these methods 

have some demerits being insufficient and slow, cause damage of heat labile 

constituents and consume large quantities of organic solvents. It also has quality related 

problems such as lack of consistency, safety and efficacy. The benefits of modern 

processes are elimination of additional sample clean-up and concentration steps before 

chromatographic analysis; improvement in extraction efficiency and selectivity are 

some of them (Kothari et al., 2010). Modern extraction methods have better than 

conventional methods in terms of less solvent consumption and in minimizing sample 

degradation.  The undesirable and insoluble components from the extract can also be 

eliminated in these methods (Gupta et al., 2012). The best extraction technique should 

be able to obtain high yield extracts with minimal changes to the quality in terms of 

functional properties of the extract required (Quispe et al., 2008).  
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Numerous studies have reported variations in the biological activities of extracts 

prepared using different extraction techniques. Antioxidant activity of thyme, cinnamon 

and cumin extracts obtained through heating method was higher than cold method 

probably due to the increase of the phenolic content in the hot extract (Abdelfadel et al., 

2016). Thermal treatment is believed to break the cell wall and the subcellular 

compartments of plants to liberate more components which could be potent radical-

scavengers (Maeda et al., 1992). Variation in extraction methods can also affect the 

physical properties of the extract, particularly its solubility in solvents. It was also 

observed that heat based methods yield more extracts than that of cold based extraction 

methods. When antimicrobial activity was studied, the extracts obtained from cold 

method exhibited better activity than Soxhlet extracts (Abah and Egwari, 2011). 

Mechanical agitation, a conventional extraction method uses high energy, time, and 

huge solvent-consumption (Patil and Shettigar, 2010). However, microwave assisted 

extraction (MAE) is a method of extraction which can overcome these demerits (Ali et 

al., (2013). Nana et al., (2015) reported that MAE gave the best yield with shortest 

extraction time and highest antioxidant activity but lower antiplasmodial activity. Thus, 

MAE was suggested to be the best choice for the extraction of compounds from 

Trichilia roka. During evaluation of antioxidant activity of Quercus infectoria galls, 

supercritical CO2 method showed much better activity when compared with soxhlet 

method but the extraction yield was better in the latter (Hasmida et al., 2014).There are 

many more reports on the effect of extraction method of plants on biological activity 

which makes it important to look for a better extraction procedure for particular plant 

extracts. 

2.9 ISOLATION OF BIOACTIVE PHYTOCONSTITUENTS FROM PLANTS 

AND BIOASSAY GUIDED PURIFICATION 

In ancient times, plant and its products were the only source of medication in 

crude or partially purified form for the treatment of human and animal diseases. This 

generated an idea that the effect of a drug in human body could be credited to an 

interaction of drug with biological molecules. This was the beginning of using pure, 

isolated chemicals, instead of extracts for treatment of diseases. At present, there is 
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countless number of bioactive compounds which has been isolated from crude extracts, 

the chemical structures of which were elucidated (Bajpai and Kang, 2011). Moreover, 

plants have always produced secondary metabolites with potential pharmacological 

properties (Russell and Duthie, 2011). Plants contain polyphenolic compounds which 

have many beneficial health effects due to their pharmacological activity such as 

antioxidant, anti-inflammatory, anticancer activity etc (Li et al., 2014). The 

phytochemicals such as alkaloids, saponins, steroids, flavonoids, lipids, carbohydrates, 

tannins, proteins and vitamins etc, have many positive effects on human and animal 

system. Discovery of new drugs from natural products can play a key role in 

conservation and sustainable economic development especially in non industrialized 

countries that have poor economy but are rich in natural resources (David and Emma, 

2011). Natural products are mainly categorized into three groups as primary and 

secondary metabolites and high molecular weight polymeric materials (Hanson, 2003). 

The technique of purification and isolation of bioactive compounds from plants has 

undergone new development in recent years (Altemimi et al., 2015; Altemimi et al., 

2015). Some modern techniques are useful for the development and availability of many 

advanced bioassays which can provide precise techniques of isolation, separation and 

purification. The main objective while searching for bioactive compounds is to develop 

an appropriate method that can check the source material for bioactivity such as 

antioxidant, antibacterial activity or cytotoxicity with simplicity, specificity, 

reproducibility and speed (Mulinacci et al., 2004). Selection and collection of plant 

materials are primary but key step during this process. The next step is the recovery of 

ethno-botanical information to distinguish possible bioactive molecules. Extracts can be 

prepared with various solvents to isolate and purify the active compounds that are 

responsible for the bioactivity. Column chromatographic technique is preferred for 

isolation and purification of the bioactive compounds. Sophisticated instruments such as 

High Pressure Liquid Chromatography (HPLC) accelerate the process of purification of 

the bioactive molecules.  
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2.10 IDENTIFICATION OF BIOACTIVE COMPOUND OF INTEREST 

Over the last decade, the interest in nutraceuticals and the consumption of 

nutraceutical products have largely increased owing to their proven health benefits 

(Daliu et al., 2019). This has brought the natural products into the attention of public, 

researchers and pharmaceutical industries. The demands of new compounds as well as 

the information on the sources of their bioactivity, advanced techniques are required to 

investigate it (Valentino et al., 2020). 

Different varieties of spectroscopic techniques like UV-visible, Infrared (IR), 

Nuclear Magnetic Resonance (NMR), and mass spectroscopy can identify the purified 

compounds (Popova et al., 2010).  
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3. MATERIALS AND METHODS 

3.1 STUDY AREA 

Sikkim is a small hilly but naturally very beautiful northeastern state of India. It 

measures 7,069 sq. km. in size and ranges between 300m to 8,568m above sea level. It 

comprises of four districts viz. East, West, North and South. The present investigation 

was carried out in West district of Sikkim. West district is the second largest district of 

Sikkim situated in the south western part of the State between 27000’46” -28007’48” N 

latitude and 88000’58- 88055’25” longitude covering an area of 1166 Sq. Km.  

3.1.1 Temperature 

Temperature varies sharply with altitude and slope. The mean temperature varies 

from about 26.80°C in September to 20.70°C in the month of January. Mean daily 

minimum temperatures are around 7.50°C in January to 13.30°C in October. The mean 

monthly wind speed varies from as low as 43.52 km/day from July to September to high 

of 98.4 km/day in the month of April.  

3.1.2 Rainfall 

The area experiences a heavy rainfall during the monsoon season due to it being 

very close to the Bay of Bengal. The annual rainfall ranges from less than 5 mm to 

nearly 4000 mm. For most of the period in a year, the climate is cold and humid as 

rainfall occurs in each month. The river Rangit and its tributaries are the main channels 

of drainage, run nearly north-south. The valleys cut by this river and their chief feeders 

are very deep. District is mainly formed of Precambrian rock of young age constituting 

hard massive gneissose rocks. The total forest cover of the district is 56.31 per cent of 

the total geographical area (Envis). 

3.1.3 Sunshine Hours 

Average daylight hours are shorter during the months of November, December, 

January, February and March but the average sunshine hours in these months is higher 

than rest of the months of a year. From April daylight light hours increases, reach the 

highest during the month of June and July and gradually start to decrease from the 

month of August. However the average sunlight hours stars decreasing from the month 
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of April and reaches minimum in July and August. Average sunshine starts increasing 

again from the month of October.   

 

3.2 SURVEY  

Prior to the survey, extensive literature review was carried out including the 

internet search. Following steps were taken to carry out the survey: 

a) Different villages were selected from all four blocks of West district of Sikkim. 

b) Information was collected from the local inhabitants with informal interviews 

regarding their primary healthcare and existing herbal healers in their region. 

c) The herbal healers were shortlisted according to the information collected from the 

local people on the basis of their reputation of healing the patients. 

 d) The herbal healers were visited and interviewed following a questionnaire regarding 

their knowledge of medicinal plants and their healing experiences. 

e) Medicinal plants were collected from the nearby areas with the help of the healers. 

f) Plants were identified from the Taxonomy and Biosystematics Laboratory, 

Department of Botany, University of North Bengal. 

g) Available information of the identified plants was reviewed in literature. The plants 

on which no experimental work has been done were shortlisted. The shortlisted plants 

were again compared with the information related with traditional knowledge and 

therapeutic activity collected from healers. 

h) The ethnomedicine on which there was no report of any scientific study were 

selected on the basis of their effectiveness and availability. 

3.3 PHARMACOGNOSTIC STUDY 

The fresh plants or plant parts collected from the herbal healers were washed 

and sun dried for few days. After the samples were completely dried, it was ground to 

powder form. For pharmacognostic study, powdered samples were used except for 

anatomy where fresh plant parts were used to cut the sections. 
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3.3.1 Organoleptic Tests and Powder Microscopy 

The colour, odour, texture and taste of the powdered samples were noted down 

(Kokate et al., 2002). Powder microscopy was done following the standard method of 

Lala (1981). The fine dried powder of sample was mounted in 80% glycerin on a glass 

slide to observe general structures of plant tissues. To observe starch granules, a pinch 

of powder sample was stained with (N/50) Iodine solution. It was then mounted on 

glycerin and observed under a microscope. Starch granules were stained with blue 

colour. For lignified tissues, powder sample was stained with phloroglucinol solution 

(0.1% in 90% ethanol). It was allowed to dry which was followed by addition of few 

drops of concentrated HCl on the slide and observed under microscope. Red to pinkish 

colour was taken up by the lignified tissues. To observe any fixed oil or fat globules, the 

powder sample was mounted in Sudan III (0.01g in 5ml 90% ethanol). The slide was 

warmed gently but it should not be completely dried out. A few drops of glycerin were 

added and orange to brownish coloured fat globules were observed under a microscope. 

3.3.2 Physicochemical Study 

The following physicochemical attributes were analyzed following the methods 

of Harborne (2005): 

3.3.2a Determination of total ash  

It is the method of measuring the amount of inorganic residual substance when 

the sample is ignited. Powder sample (2 g) was weighed and placed in silica crucible 

which was already ignited for removal of moisture and cooled and then weighed to take 

the initial weight. The silica crucible containing powder sample was ignited for 15 min 

after reaching 450°C with gradually increasing the heat but not exceeding 450°C. The 

crucible was taken out and cooled in a desiccator. After cooling it was weighed again to 

calculate the ash percentage. At least two consecutive constant weights were taken and 

the results were expressed as range of mean values ± SD.  
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3.3.2b Determination of acid insoluble ash 

The ash obtained from total ash is boiled for 5 min in 25 ml of diluted HCl 

(2M). It was filtered on a filter paper and the insoluble matter was collected. Hot water 

was poured to wash off the remaining acid. The filtered ash on filter paper was put in a 

crucible and ignited. The ash was taken to weigh after cooling. The percentage of acid 

insoluble ash was calculated with reference to the air dried powder. 

𝐴𝑠 % =  
𝑙𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔𝑡

𝑊
 𝑥100 

𝐿𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔𝑡 = 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔𝑡 − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔𝑡 

W= Weight of air-dried powder 

3.3.2c Determination of water soluble ash 

The ash obtained from total ash determination was boiled for 5 min in 25 ml of 

distilled water. The insoluble matter was collected after filtration and put in a crucible to 

be ignited for 15 min with the temperature not exceeding 450°C. The crucible was 

cooled down and weighed to get the final weight.  

𝐴𝑠 % =  
𝑤𝑎𝑡𝑒𝑟 𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑎𝑠

𝑊
 𝑥100 

𝑊𝑎𝑡𝑒𝑟 𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑎𝑠 = 𝑤𝑒𝑖𝑔𝑡 𝑜𝑓 𝑎𝑠 − 𝑤𝑒𝑖𝑔𝑡 𝑜𝑓 𝑖𝑛𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 

                    W= weight of air dried powder 

3.3.2d Determination of solvent extractive values 

3.3.2d (i) Alcohol soluble extractive value  

To 5 g of powder sample, 100 ml ethanol was added in a closed conical flask. It 

was kept for 24 hours (6h frequent shaking and 18h in rest). The mixture was filtered 

through a filter paper and 25 ml of filtrate was evaporated to be completely dried in a 

beaker (already weighed to get initial weight). The beaker with dried sample was 
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weighed again to get the final weight. Extractive percentage was calculated with 

reference to air-dried powder. 

3.3.2d (ii) Water soluble extractive value  

Powder sample (5g) was macerated in chloroform water in a closed conical flask 

for 24 hours (6 hr shaking and 18 hr standing). The mixture was filtered and 25 ml of 

filtrate was evaporated to dryness at 105°C and final weight was taken. The percentage 

extractive value was calculated with reference to air-dried powder.  

3.3.2e Loss on drying  

Powdered sample (1g) was put in a glass plate (weigh initially if the glass plate 

was already taken). It was kept in an oven at 105°C to 110°C for 5 hours. After 30 min, 

it was cooled at room temperature in a desiccator. The three constant weights were 

taken.  

𝐿𝑜𝑠𝑠 𝑜𝑛 𝑑𝑟𝑦𝑖𝑛𝑔 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
𝐿𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔𝑡

𝑊
 𝑥100 

𝐿𝑜𝑠𝑠 𝑖𝑛 𝑤𝑒𝑖𝑔𝑡 = 𝐹𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔𝑡 − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔𝑡 

W = Weight of the fresh powder 

3.3.2f Determination of pH values 

Crude powder (1g) was put in 1% and 10% HCl w/v separately and kept at 24°C 

for 10 mins shaking gently. pH values were taken in a pH meter and the values were 

noted down.  

3.3.3 Fluorescence analysis 

The powder sample as such and after treatment with various chemical reagents 

was subjected to fluorescence analysis. Observations were made under visible light and 

under UV light of short (254 nm) and long wave length (365 nm) separately (Dave et 

al., 2010). The colours were identified according to the standard colour chart of RAL. 
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3.4 THIN LAYER CHROMATOGRAPHY (TLC) 

For the identification of plant drugs on the basis of its active phytoconstituents, 

TLC was performed. It was done to analyze the variation in bioactive phytoconstituents 

present in the ethnomedicinal plants (Wagner and Bladt, 2009). The experiment was 

carried out in a readymade TLC plates (Silica Gel 60 F254 coated on aluminium sheets) 

purchased from Merck Germany. The powdered plant samples were extracted with 

different procedures which were specific to each of the active phytoconstituents i.e. 

alkaloids, arbutin, anthraglycosides, bitter principles, cardiac glycosides, coumarins, 

flavonoids and saponins. The solvent systems for mobile phase were also varied 

according to the phytoconstituents. For the detection of arbutin, anthraglycosides, bitter 

principles, cardiac glycosides and alkaloids; ethyl acetate: methanol: water 

(100:13.5:10) was used. Ethyl acetate: formic acid: glacial acetic acid: water 

(100:11:11:26) was taken for identification of flavonoids. For saponin identification, 

chloroform: glacial acetic acid: methanol: water (64:32:12:8) was used while for the 

identification of coumarins, toluene: ethyl acetate (93:7) was used. When 

chromatograms were developed, they were analyzed for presence of different 

phytochemicals by spraying with a particular group reagent/s. The various detecting 

reagents used were 10% ethanolic KOH for anthraglycosides and coumarin, Berlin blue 

reagent for arbutin, vanillin sulphuric acid reagent for bitter principles, antimony 

chloride (SbCl3) reagent for cardiac glycoside, NP/PEG reagent for flavonoids and 

Dragendorff reagent for alkaloids. After detection, the chromatograms were observed 

under visible, UV-254 nm and UV-365 nm light. Photographs were taken with DSLR 

Nikon camera (D-3200) and the Rf values were calculated with the following formula. 

𝑅𝑓 𝑣𝑎𝑙𝑢𝑒 =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝑠𝑜𝑙𝑢𝑡𝑒

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑 𝑏𝑦 𝑠𝑜𝑙𝑣𝑒𝑛𝑡
 

3.5 QUALITATIVE PHYTOCHEMICAL ESTIMATION 

The fresh plants or plant parts were sun dried and ground to powder in a mixture 

grinder. The powder was extracted through Soxhlet apparatus in ten different solvents 

according from non-polar to polar nature (Hexane< Heptane< Benzene< Ethyl acetate< 
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Chloroform< Acetone< Butanol< Ethanol< Methanol< Water). All the extracts were 

dried and dissolved in methanol except the extract obtained in water. Desired volume 

was measured and stored in brown bottles for further analysis. 

3.5.1 Test for amino acids  

The amino acids present in plants were detected with Ninhydrin test (Saxena and 

Saxena, 2012). With 0.5 ml of extract, equal amount of methanol was poured. Few 

drops of Ninhydrin reagent (30 mg ninhydrin in 10 ml n-butanol put in 0.3 ml 98% 

acetic acid). The mixture was heated in water bath for a minute. Appearance of purple 

colour indicates the presence of amino acid. 

3.5.2 Test for anthraquinones  

Methanolic extract (1 ml) was evaporated in a test tube to make it completely 

dry; 2 ml of chloroform was added to it followed by the addition of 2 ml ammonia. Red 

or orange colour on the bottom appears to be anthraquinones (Kumar et al., 2009). 

3.5.3 Test for phytosterol  

Methanolic extract of the sample (0.5 ml) was completely evaporated and 

dissolved in 2 ml chloroform. Concentrated sulphuric acid (H2SO4) was added to it 

gently from the side of the test tube. Red colour ring in the middle of the mixture 

indicates the presence of phytosterol in the extract (Ngbede et al., 2008).   

3.5.4 Test for tannin  

Presence of tannin in an extract can be done by lead acetate test (Kumar et al., 

2009). In 0.5 ml of the extract, 0.5 ml of methanol was added followed by adding 1% 

lead acetate (dissolved in methanol). Brownish to slightly yellow coloured precipitate 

indicates the presence of tannin. 
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3.5.5 Test for triterpenoids  

About 0.5 ml of the sample extract was evaporated and dissolved in 1 ml 

chloroform and 1 ml of acetic anhydride was added. The mixture was cooled down by 

keeping it in a beaker filled with ice cubes. After cooling, 2 ml concentrated H2SO4 was 

added. The reddish violet colour of the mixture indicates the presence of triterpenoids 

(Kumar et al., 2009). 

3.5.6 Test for cardiac glycosides  

About 0.5 ml of extract was evaporated and dissolved in 1 ml glacial acetic acid. 

Few drops of 10% ferric chloride were supplemented and 1 ml of concentrated H2SO4 

was added slowly from the side of the test tube. The upper layer (acetic acid layer) 

appears to be green in colour and a brown ring at the interface was formed which 

showed the presence of cardiac glycosides in the extract (Ngbede et al., 2008). 

3.5.7 Test for alkaloids  

Alkaloids were detected in an extract with Dragendorff’s reagent (Kumar et al., 

2009). Firstly Dragendorff’s reagent was prepared for which 0.6 g bismuth subnitrate in 

2 ml conc. HCl and 10 ml water and 6g potassium iodide was dissolved in 10 ml water. 

After mixing these two solutions, 7 ml conc. HCl and 15 ml water added to the mixture. 

The mixture was finally diluted with 400 ml of water. The Dragendorff’s reagent is 

prepared and stored in dark bottle for few days. For the experiment, 0.2 ml of 

Dragendorff’s reagent was added to 0.5 ml extract. After shaking gently, if the mixture 

produced orange to red precipitate it indicated the presence of alkaloids in the extract. 

3.5.8 Test for glycosides  

To 0.5 ml methanolic extract, 2 ml of 50% HCl was added. It was hydrolysed in 

a water bath for 2 hours. Then 1 ml pyridine was added followed by few drops of 1% 

sodium nitroprusside solution and 5% sodium hydroxide solution. Appearance of pink 

to red colour showed the presence of glycosides (Kumar et al., 2009). 
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3.5.9 Reducing sugar  

Presence of reducing sugar in an extract was determined by Fehling’s test 

(Ibrahim and Ibrahim, 2009). For this test, Fehling’s A and B solution were prepared. 

For Fehling’s A solution, 7 g copper sulphate was dissolved in water and the total 

volume was made up to 10 ml. For Fehling’s B, 24 g of potassium hydroxide and 34.4 g 

sodium potassium tartarate were dissolved in water and volume was made up to 100 ml. 

For the experiment, 1ml each of Fehling’s A and B solutions were added to 0.5 ml of 

methanolic extract. The mixture was boiled in a water bath for 2 min. Brick red 

precipitate in the mixture indicated the presence of reducing sugar in the extract. 

3.5.10 Test for flavonoids  

To 1 ml of methanolic extract, few drops of 10% ferric chloride were added. 

Blue green colour in the mixture indicates the presence of flavonoids (Ibrahim and 

Ibrahim, 2009).  

3.5.11 Test for resin  

First of all, 0.5 ml of extract was evaporated and dissolved in 1 ml petroleum 

ether. After dissolving, 2 ml of 2% copper acetate was added and shaken vigorously for 

mixing the layers. Green colour in the lower layer indicated the presence of resin 

(Kumar et al., 2009). 

3.6 QUANTITATIVE ESTIMATION OF PHYTOCHEMICALS 

3.6.1 Total alkaloid content (TAC)  

TAC was determined by the method of Manjunath et al (2012) based on the 

reaction between alkaloid of the sample with Bromocresol green (BCG). BCG was 

prepared by dissolving 0.007 g BCG in 2(N) NaOH and 5 ml water was added followed 

by heating until BCG was completely dissolved. The final volume was made up to 100 

ml by adding distilled water. For experiment, 0.5 ml methanolic extract was evaporated 

and dissolved in 0.5 ml 2(N) HCl. The solution was filtered and washed with 2 ml 

chloroform. 2.5 ml BCG solution and 2.5 ml phosphate buffer (pH-4.7) were added to 
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the filtrate. The solution was thoroughly vortexed to mix uniformly. The chloroform 

part appeared to be yellow if alkaloids were present thus it was taken to obtain OD 

values at 470 nm in a UV-visible spectrophotometer. TAC was expressed as solasodine 

equivalents (SE). 

3.6.2 Total tannin content (TTC)  

TTC was determined by the method using Folin-Denis reagent (Thimmaiah, 

1999). Folin-Denis reagent was prepared by mixing 10 g sodium tungstate and 2 g 

phosphomolybdic acid dissolved in 75 ml distilled water followed by adding 5 ml 

phosphoric acid. The mixture was refluxed for 2 hours and volume was made up to 100 

ml. The reagent was stored in dark by covering it and stored in refrigerator. Sodium 

carbonate solution was also prepared by dissolving 35g sodium carbonate in 100 ml 

distilled water at 70°C to 80°C. The solution was allowed to stand overnight at room 

temperature and it was filtered before use. To 0.1 ml of extract, 5 ml distilled water and 

0.5 ml of Folin-Denis reagent were added. To the mixture, 1 ml of sodium carbonate 

solution was added. After 30 min incubation at room temperature, the solution appeared 

dark blue in colour. Absorbance was taken at 700 nm for OD values. Tannic acid was 

used as standard and TTC was expressed as Tannic acid equivalents (TAE).  

3.6.3 Total steroid content (TSC)  

Steroid present in extracts was estimated by the method of Liebermann 

Burchard’s reagent (Naik and Mishra, 2015). The reagent was prepared by adding 0.5 

ml H2SO4 in 10 ml acetic anhydride. To 1 ml of sample extract, 4 ml of chloroform was 

added and mixed thoroughly. After that, 1 ml chloroform layer was taken and 

evaporated completely. Then 2 ml Liebermann Burchard’s reagent was added and 

mixed thoroughly in a vortex. The mixture was kept in dark for 20 min to incubate. The 

formation of green colored complex in the mixture showed the presence of steroids in 

the extract. Absorbance was taken at 640 nm. The values were expressed as SE. 

 

 



47 
 

3.6.4 Total phenol content (TPC)  

It was estimated by using Folin-Ciocalteau reagent (Singleton and Rossi, 1965). 

To 1 ml methanolic extract, 1 ml 95% ethanol and 5 ml distilled water was mixed well. 

To the mixture, 0.5 ml 50% Folin-Ciocalteau reagent was added. After 5 min 

incubation, 1 ml 5% sodium carbonate was added. The mixture was then incubated for 

an hour at room temperature. The green color in mixture showed the presence of phenol 

in the extract. OD values were taken at 725 nm. Values were expressed as quercetin 

equivalents (QE). 

3.6.5 Total flavonoid content (TFC)  

To determine TFC, 0.5 ml methanolic extract was diluted in 4 ml distilled water. 

Then 0.3 ml 5% sodium nitrite was added and incubated at room temperature for 5 min. 

After incubation, 0.3 ml 10% aluminium chloride was added and again incubated for 6 

min at room temperature. Lastly, 2 ml 0.1 M sodium hydroxide was added to the 

mixture and diluted with 2.4 ml distilled water. The mixture was shaken well as a result 

pink colour appeared and absorbance was taken at 510 nm (Zhishen et al., 1999). 

3.6.6 Total orthodihydric phenol (TOPC)  

The method of Kim et al (2003) was used to estimate TOPC in the extracts by 

using Arnow’s reagent. To prepare the reagent, 10 g of sodium nitrite and 10 g of 

sodium molybdate were dissolved in 100 ml distilled water and stored in a dark bottle. 

The experiment was followed by adding 0.5 ml 0.05 N HCl and 0.5 ml Arnow’s reagent 

in 0.5 ml extract. The mixture was vortexed and 5 ml distilled water was added and 

vortexed again to mix well. To the mixture, 1 ml sodium hydroxide 1 (N) was added 

and mixed thoroughly. Appearance of pink colour indicated the presence of 

orthodihydric phenol. Absorbance was taken at 515 nm. The TOPC was expressed in 

terms of Catechol equivalents (CE).  
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3.7 ANTIMICROBIAL ACTIVITY 

Total of five bacterial strains belonging to Gram positive and Gram negative 

species were used for this study. Escherichia coli (ATCC 14169) and Salmonella typhi 

(ATCC 51812) were Gram negative bacteria and Bacillus subtilis (ATCC 11774), 

Bacillus megaterium and Staphylococcus aureus (ATCC 11632) were Gram positive. 

All the strains were purchased from HiMedia. Due to their ability to survive in harsh 

conditions and their multiple environmental habitats, these bacterial organisms 

including Gram positive and Gram negative are the main source to cause severe 

infections in humans (Ahameethunisa and Hoper, 2010). 

The method used to determine antimicrobial activity of the herbal formulation 

extracts was disc diffusion method. Antibacterial activity of tested plants parts was 

carried out by the disc diffusion method (Gulluce et al., 2007). First, each herbal 

medicine was extracted in ethanol and distilled water separately in a soxhlet apparatus. 

Agar media was prepared and 20 ml was poured into a petriplate. The plate was filled 

with 100 µl bacterial strain prepared in a broth. It was left to incubate for 24 hrs at 37°C 

for bacterial growth. The sterile disc of 6 mm diameter made from Whatman no.1 filter 

paper was dipped in an extract of different concentration. The solvent absorbed by the 

disc was completely evaporated in laminar airflow and placed on the surface of agar 

plate. The plate was incubated for 12 hrs at 37°C. One control plate was used containing 

streptomycin with four concentrations (25, 50, 100 and 500µg/ml). The diameters of 

inhibition zones around the discs were measured (Rahmoun et al., 2014). 

3.8 IN VITRO CYTOTOXIC ACTIVITY 

The effect of powder plant samples on human liver cell line (WRL-68) was 

measured by following the MTT assay method described by Denizot and Lang (1986) 

with some modifications. The reduction of yellow tetrazolium MTT [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] by metabolically active cells by 

the action of dehydrogenase enzymes  generates NADH and NADPH. The intracellular 

formazan (purple) thus produced can be solubilized and quantified by 

spectrophotometric method. MTT assay is a colorimetric, fast economical and 
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nonradioactive method which can be used to measure cell viability as well as 

proliferation of mammalian cells. ACHN, the cancerous cell line was seeded in 96 well 

plates containing 5 × 10
3 

cells/well in 100 µl culture medium. It was incubated for 24 hr 

at 37ºC in a humified incubator with 5 % CO2. After incubation cells were attached on 

the well and were washed with PBS (Phosphate-buffered saline) twice and treated with 

different aliquots of the selected plant extracts and kept for 24 hrs. MTT solution 

prepared in PBS (10 µl of 5mg/ml/well) were put in wells after 24 hrs of treatment 

which is again incubated for 3 hours at 37ºC. Formazan crystals were solubilized by 

adding 50 µl isopropanol. The plates were then gently shaken for 1 min and the 

absorbance was measured at 620 nm by microliter plate reader (BMG LABTECH 

SPECTRO star
Nano

 Germany). Absorbance values lower than control cells indicate a 

decrease in the rate of cell proliferation. While a higher absorbance rate shows the 

increase in cell proliferation. 

3.9 IN VITRO ANTIDIABETIC ACTIVITY 

In vitro antidiabetic activity of the herbal formulation extracts was determined 

by their ability to scavenge alpha glucosidase enzyme (Oki et al., 1999). 2.5 ml of 

sodium phosphate buffer (6.8 pH), 0.1 ml reduced glutathione (3 mM) and 0.1 ml (50 

µg/ml) α-glucosidase enzyme were mixed well in a vortex and incubated for 15 min at 

37°C. After incubation, 0.5 ml inhibitor (extract or standard) and 0.25 ml ρ-nitrophenyl-

α-D-glucopyranoside (p-NPG) solution were added to the reaction mixture and again 

incubated for 15 min at room temperature. Sodium carbonate (4 ml) was added to 

terminate the reaction and the absorbance was taken at 405nm. Inhibition percentage 

was calculated by the following formula. 

𝐼𝑛𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 𝑥100 

Control- Absorbance with enzyme and p-NPG without inhibitor 

Test sample- Absorbance with enzyme, p-NPG and inhibitor 
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3.10 ANTIOXIDANT ACTIVITY 

3.10.1 1,1-diphenyl-2- picrylhydrazyl scavenging assay (DPPH)  

To observe the ability of extracts to scavenge DPPH was performed by the 

method of Blois (1958). 2 ml DPPH solution and 0.2 ml methanolic extract were mixed 

together. The purple colour of DPPH was scavenged by the extracts and the variation in 

the colour due to different concentration of extract was measured at 517 nm. IC50 values 

were calculated by plotting a standard curve from the inhibition percentage against 

concentration. Percentage inhibition was calculated by the following formula: 

𝐼𝑛𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
(𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒  𝑜𝑓  𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒  𝑜𝑓  𝑠𝑎𝑚𝑝𝑙𝑒 )

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒  𝑜𝑓  𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑥 100          

3.10.2 2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt 

scavenging activity (ABTS
+
) 

ABTS solution was prepared by mixing 10 ml ABTS (7 mM) and 10 ml 

potassium persulphate (2.4 mM) and kept in dark for 12 hr. The solution was diluted 8 

times before use. ABTS
+
 solution (2 ml) was added to 1 ml extract and incubated for 

10mins. The scavenging activity was measured at 734 nm (Re et al, 1999). Inhibition 

percentage was calculated. 

3.10.3 Superoxide scavenging activity (SO)  

SO of extracts was determined by the reduction of nitro blue tetrazolium 

chloride (NBT) by the method of Nishikimi et al (1972). 0.1 M phosphate buffer was 

prepared (pH-7.4). 312 μM NBT, 936 μM Nicotinamide dinucleotide trihydrochloride 

(NADH) and 120 μM phenazine methosulphate (PMS) were prepared by dissolving 

them in buffer. A reaction mixture containing 1 ml sample and 1 ml NBT (312 µM) was 

kept for 5 min. NADH (1 ml) was added to the mixture and again kept for 5 min. To the 

reaction mixture, 1μl PMS was added and incubated for 30 min under exposure to 

fluorescent light. Absorbance was taken at 560 nm. Inhibition percentage was 

calculated. 
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3.10.4 Nitric oxide scavenging activity (NO)  

Sodium nitroprusside produce nitric oxide which reacts with oxygen to generate 

nitrite ions. These ions are detected by Greiss reagent turning the reaction mixture dark 

purplish pink in colour (Marcocci et al., 1994). Nitric oxide scavengers compete with 

oxygen to decrease the production of nitrite ions. 2 ml of 20 mM sodium nitroprusside 

and 0.5 ml phosphate buffer (pH-7.4) were added to 0.5 ml of extract. The mixture was 

incubated for 150 min at 25°C. After incubation, 3 ml Greiss reagent was added and 

again incubated for 30 min at room temperature. The scavenging activity of nitric oxide 

was measured at 540 nm. Percentage inhibition was calculated. 

3.10.5 Metal chelating activity (MC)  

Chelation of ferrous ion by extracts was measured following the method of 

Dinis et al (1994). Methanolic extract (0.4 ml) was diluted with 1.6 ml of methanol. To 

the mixture, 0.04 ml of ferrous chloride (2 mM) and 0.80 ml of ferrozine (5 mM) were 

added. The reaction mixture was incubated for 10 min at room temperature. Absorbance 

was taken at 562 nm. Inhibition percentage was calculated.  

3.10.6 Ferric reducing antioxidant power (FRAP)  

Methanolic extract (1 ml) was taken to which 2.5 ml sodium phosphate buffer 

(0.2 M) and 2.5 ml potassium ferricyanide (1%w/v) were added followed by incubation 

for 20 min at 50°C. To the mixture, 2.5 ml 10% trichloroacetic acid (TCA) was added 

and the mixture was cooled down by keeping the test tubes on a beaker with ice cubes. 

It was then centrifuged at 3000 rpm for 10 min. The upper layer was collected and 2.5 

ml distilled water was added to it followed by adding 0.25 ml ferric chloride (0.1%). A 

green colored complex was formed by the reaction among potassium ferricyanide, 

trichloroacetic acid and ferric chloride. Increase in colour indicates more antioxidant 

activity. The OD values were taken at 700 nm (Oyaizu, 1986). 
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3.11 ANTI-HYPERTENSIVE ACTIVITY (AHA)  

AHA was determined by angiotensin converting enzyme (ACE) inhibiting 

activity of the extracts followed by the method of Lin et al (2012) with some 

modifications. This assay is composed of phosphate buffer (pH-8.3), 8 mM Hippuryl-

histidyl-leucine (HHL), ACE from rabbit lung of 2 U/mg protein, 1 N HCl and ethyl 

acetate. 110 μl HHL was added in 25μl ACE (5 mU/mg) followed by adding plant 

extract and allowed to incubate for 1hr. After incubation, the reaction was terminated by 

adding 250 μl HCl. During this reaction, Gly-His bond of HHL was cleaved and the Bz-

Gly (hippuric acid) was produced. The hippuric acid was extracted with 1ml ethyl 

acetate (upper layer). Ethyl acetate was then evaporated completely and the remains 

were dissolved in 1ml distilled water. The absorbance was taken at 228 nm. ACE 

inhibiting activity of the extracts was calculated by obtaining inhibition percentage by 

the following formula. 

𝐴𝐶𝐸 𝑖𝑛𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =  
𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛 𝑚𝑖𝑥𝑡𝑢𝑟𝑒

𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑏𝑙𝑎𝑛𝑘
 𝑥100 

Control- absorbance with HHL and enzyme without extract (no inhibition). 

Reaction mixture- absorbance with HHL, enzyme and extract. 

Blank- absorbance with HHL without enzyme and extract. 

 

3.12 INFLUENCE OF EXTRACTION METHODS ON THE BIOACTIVITY OF 

FRAXINUS FLORIBUNDA 

The aqueous decoction of bark of Fraxinus floribunda Wallich was used for 

treating diabetes by some herbal practitioners. This study was done to observe the 

influence of variation in extraction methods in the bioactivity of the same plant. Four 

different types of extraction methods were used as follows:  

i) Normal boiling (NB) The dried powder of bark was boiled for 2 hr at room 

temperature through refluxing which was similar to the traditional method used by the 

folk healers.  
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ii) Soxhletion (S): The dried powder bark was extracted in a soxhlet apparatus for 8 hrs 

which is a conventional method of plant extraction.  

iii) Autoclave pressure boiling (AB): The dried powder plant sample was kept in an 

autoclave for 15 min under high pressure (1.5 kg cm-2) and high temperature (121 ̊C). 

iv) Cold percolation (CP): The bark powder was kept in water in a beaker at below -4°C 

for 48 hr. The sample was filtered and used for analysis.  

All the extracts were filtered and volume was made for 100 mg/ml FWT (fresh 

weight tissue) and stored in plastic bottles in a refrigerator. The parameters used to 

determine the bioactivity were quantitative phytochemical estimation (TPC, TFC, 

TOPC) and antioxidant activity (DPPH, ABTS, SO, NO, MC, FRAP) by the methods as 

described before.  

3.13 IN VIVO PHARMACOLOGICAL ACTIVITY 

The herbal formulation which showed the best activity in terms of the 

experiments performed above was subjected to some pharmacological activities in 

animal model.   

3.13.1 Antidiabetic activity in streptozotocin-induced diabetic rats  

The animals used for this study were Wistar albino rats (150-250 g). They were 

bred in Animal House of Columbia Institute of Pharmacy, Raipur. Large propylene cage 

were used to house these animals and they were kept at 22 ± 2°C in 12 hours dark light 

cycle of 12:12 hours with relative humidity 55-65%. They were fed with pellet food and 

water ad libitum. The experiments were approved by Institutional Animal Ethics 

Committee of Columbia Institute of Pharmacy, Raipur, India (Regd. No. 

1321/PO/ReBi/S/10/ CPCSEA). All the animals were acclimatized for at least 1 week 

before the experimental session. 
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3.13.1a Acute toxicity study  

The acute toxicity study of the plant extract was evaluated according to the 

CPCSEA guideline no 420 (fixed dose method). The aqueous extracts were orally fed to 

the rats at the dose level of 5, 50, 300, and 1000 mg/kg, respectively. The test showed 

no mortality even at maximum dose of 1000 mg/kg body weight (b.w.). Hence, 200 

mg/kg and 400 mg/kg doses were selected for further study. 

3.13.1b Oral glucose tolerance test (OGTT) 

The oral glucose tolerance test was performed in overnight fasted (18 hr) normal 

rats. Rats were divided into three groups (n = 6). First group were administered with 

drinking water, second with plant extract of 200 mg/kg and third group with 400 mg/kg 

extract. Glucose (0.5 mg/ kg) was given to the animals 30 min prior to the 

administration of extracts. At 30 and 90 min of extract administration, blood was 

withdrawn from the retro orbital sinus and the plasma obtained after centrifugation at 

3000 rpm was taken for the estimation of fasting plasma glucose levels using a glucose 

oxidase-peroxidase glucose estimation kit.  

3.13.1c Induction of non-insulin dependent Diabetes mellitus (NIDDM)  

NIDDM was induced in overnight fasted adult Wistar albino male rats weighing 

150-220 gm by a single intraperitoneal injection of 60 mg/kg streptozotocin (STZ), 15 

min after the i.p. administration of 120 mg/kg of nicotinamide. STZ was dissolved in 

citrate buffer (pH 4.5) and nicotinamide dissolved in normal saline. Hyperglycemia in 

rats was confirmed by the elevated glucose levels in plasma determined at 72 hr and 

then on day 7 after injection. The starting value of fasting plasma glucose to identify 

diabetes was taken as > 126 mg/dl. Only those rats which were found to have permanent 

NIDDM were used for the study.  

3.13.1d Bodyweight  

The animals were divided into five groups with six rats each. The extract was 

administered for 12 days. Group I considered as normal control in which rats were 
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given drinking water daily for 12 days; Group II consisted of STZ induced diabetic 

control rats administered drinking water daily for 12 days; Group III was diabetic rats 

administered standard drug Glibenclamide (0.50 mg/kg) for 12 days; Group IV diabetic 

rats administered plant extract of 200 mg/kg b.w.; Group V had diabetic rats 

administered 400 mg/kg body weight extract. The fasting glucose levels were 

determined on day 0, 7, 14 and 28 of extract administration. Throughout the 

experimental period, the rats were weighed daily and the average change in body weight 

was calculated (Singh et al., 2011; Sharma et al., 2010). 

3.13.1e Estimation of biochemical parameters  

On day 12, the animals were sacrificed by cervical dislocation to determine the 

biochemical parameters. The tests carried out were total cholesterol (TCL), triglycerides 

(TGL), high-density lipoprotein (HDL), low-density lipoprotein (LDL) by glucose 

oxidase method using auto-analyzer (Nyarko et al., 1993; Barham and Trinder, 1972).
 

3.13.1f Histopathology  

Liver were isolated from the sacrificed animals and were subjected to 

histopathological studies and microscopical findings were noted. 

3.13.2 ANTI-INFLAMMATORY ACTIVITY 

Anti-inflammatory activity of carrageenan-induced paw edema was performed 

according to the method described by Winter and Porter (1957). Wistar albino rats were 

divided into three groups (n=6). Group 1 (control) was administered with 0.9% solution 

of NaCl at a dose of 0.1 ml/100 g. Group 2 consisted of rats administered with extract at 

100 mg/kg b.w. and group 3 with standard drug aspirin at the dose of 10 mg/kg b.w. 

Carrageenan solution (1%) was injected the planter surface of rat hind paw after 30 min 

of drug administration at the dose of 0.1 ml/100 g b.w. to induce acute inflammation. 

The paw edema volume was measured at the intervals of 30, 60, 120, and 180 min using 

plethysmometer. The paw edema among different groups was compared and percentage 

inhibition was calculated by the formula,   
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𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑖𝑛𝑖𝑏𝑖𝑡𝑖𝑜𝑛 𝑜𝑓 𝑝𝑎𝑤 𝑒𝑑𝑒𝑚𝑎 =  
𝑉𝑐 − 𝑉𝑡

𝑉𝑐
 𝑥100 

Vc = Paw edema of control animals,  

Vt = Paw edema of drug-treated animals. 

3.13.3 HEPATOPROTECTIVE ACTIVITY  

Hepatoprotective activity of the plant extract was determined by CCl4 (carbon 

tetraclroride) -induced hepatotoxicity in Wistar rats (150-200 g). Before the experiment, 

the animals were fasted overnight. Plant extracts were dissolved in purified water. The 

animals were divided into four groups with with each group consisting of 6 rats. They 

were kept on standard diet and water ad libitum. Group 1 (CONT) was fed CCL4 (1 

ml/kg) as a vehicle for 10 days by oral route; Group 2 normal control (NOR CONT) 

was given purified water only. Group 3 was administered with plant extract at dose of 

100 mg/kg by oral route for 10 days and Group 4 (Liv-52) was administered marketed 

formulation, Liv-52 syrup at the dose of 2.5 ml/ kg b.w. by oral route for 10 days only 

(Tasaduq, 2003). Liv-52 was taken as a standard because it is a popular poly herbal 

formulation containing Ayurvedic herbal remedy against viral hepatitis and is 

commonly prescribed for infective hepatitis (Mukerjee and Dasgupta, 1970). Group 1, 3 

and 4 were injected with CCl4 at a dose of 0.75 ml/kg b.w. on 3rd, 6th, and 10th day by 

i.p. route. On 10th day, 1 hr after the last dose of CCl4 injection, the blood was collected 

by retro-orbital route. The blood sample was centrifuged and used for the estimation of 

various biochemical parameters, serum glutamic oxaloacetic transaminase (SGOT), 

serum glutamic pyruvic transaminase (SGPT), alkaline phosphatase (ALP) and bilirubin 

levels which are the markers of liver damage.  

3.14 BIOASSAY-GUIDED PARTIAL PURIFICATION 

3.14.1 Sample preparation 

Fresh bark of Fraxinus floribunda was washed properly in tap water and cut into 

small pieces. It was dried under sunlight and dried bark was ground in a mixer grinder 

make powder. One kg of dried bark powder of Fraxinus floribunda was extracted in 
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water under pressure in an autoclave. The extract obtained was separated through a 

separating funnel in six solvents from low to high polarity (hexane < diethyl ether < 

ethyl acetate < chloroform < butanol < water). All the separated extracts were subjected 

for preliminary screening. 

3.14.2 Preliminary screening  

For preliminary screening of the extracts, phytochemical estimation (TPC, TFC) 

and free radical scavenging assay (DPPH, ABTS
+
) were performed. The extract which 

showed better activity on the basis of above assays was further subjected to column 

chromatography for purification. 

3.14.3 Column chromatography 

From the result of preliminary screening, butanol extract showed better radical 

scavenging activity as well as phytochemical content.  Thus the butanol fraction was 

selected to run through column chromatography. A cylindrical column (600x40 mm) 

was made to stand firm on a column chromatography stand. At first, a small piece of 

cotton was put into the column and let it stay at the bottom of the column by slowly 

pushing it with a glass rod to prevent the silica gel to strain out from the column along 

with the solvent. For the uniform deposition of silica, a little amount of sea sand was 

deposited on cotton that was kept earlier.  Silica gel 200-400 M was utilized as the 

stationary phase and mobile phase was prepared from the different combination of 

solvents from low to high polarity. The slurry of 100 g silica gel and 250 ml petroleum 

benzene was poured carefully into the column. The tap of the column was kept open 

while pouring the slurry to let the solvent flow freely. The solvent was drained until a 

clear solvent without carrying traces of silica gel or cotton wool was obtained. When the 

solvent was completely drained, the tap of the column was closed and allowed to stand 

for 24 hr for solidification. The butanol extract (7 g) was mixed with dry silica gel in a 

glass beaker gently heating and stirring continuously until the extract turns into fine 

powder after sticking with the grains of silica gel. When the silica gel in the column is 

solidified and stabilized, the dry powder of butanol extract prepared earlier was put into 

the solidified column. Firstly petroleum benzene was poured carefully into the column. 
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Different solvent systems used were: Petroleum benzene: ethyl acetate 100: 0, 90:10, 

80:20, 70:30, 60:40, 50:50, 40:60, 30:70, 20:80, 10:90, 0:100; ethyl acetate: methanol 

99:1, 98:2, 97:3, 95:5, 92.5:7.5, 90:10, 70:30; 50:50, 30:70, 10:90, 0:10; methanol: 

water  90:10, 70:30, 50:50, 30:70, 10:90, 0:10. 200 ml of each solvent combination was 

poured gently by the side of the column mouth. Tap of the column was kept open to 

allow the flow of eluent at the rate of 40 drops per minute. The eluted samples were 

collected in test tubes (10 ml in each test tube). A total of 596 sub fractions were 

obtained of which DPPH scavenging activity and total flavonoid content were 

determined. The fractions showing best free radical scavenging activity and 

phytochemical content were selected for TLC analysis.  

3.14.4 Thin layer chromatography (TLC) and merging of fractions 

TLC was performed on aluminium plates pre-coated with silica gel 60 F254 made 

in Merck, Darmstadt, Germany. The plate was cut into small strips 2×8 cm in which 20 

µl of concentrated sub fraction was loaded. The sample spot on the plate was then dried 

by applying hot air with a drier. The plate was carefully kept in a chromatographic 

chamber made of glass that that contained mobile phase (ethyl acetate: methanol: water) 

in a ratio of 100: 13.5: 10. The jar was closed with a lid to prevent the evaporation of 

solvent from the chamber. After the complete run of solvent on the plate, it was 

removed from the chamber and dried with a drier to evaporate the remaining solvent on 

the plate. Dried plate was observed under UV lamp at 254 and 365nm. On the basis of 

TLC profiles, sub fractions showing similar bands with same Rf values were merged 

together consequently forming 6 main fractions viz. F1, F2, F3, F4, F5, F6. The merged 

fractions were subjected to in vitro antidiabetic activity by the inhibition of alpha- 

glucosidase enzyme (method mentioned earlier) by the fractions. The fraction F-1 

showed the best antidiabetic activity thus it was subjected to GC-MS analysis for 

identification of the active compounds present in the extract.  

3.14.5 Gas Chromatography - Mass Spectrometry analysis 

GC-MS is a general confirmation technique to make an effective chemical 

analysis. It will provide a spectral output of the compounds that get separated from the 
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extract. The GC-MS analysis was carried out in SAIF, Madras IIT, India. The fraction 

F1 was subjected to GC-MS analysis. For this analysis, GC and MS JOEL GC mate 

equipped with secondary electron multiplier was used. It is a high resolution, double 

focusing instrument. The sample was dissolved in HPLC grate methanol, before 

injecting into the instrument. The column (HP5) was fused silica 50 m × 0.25 mm i.d. 

The analysis conditions were 20 min at 100°C, 3 min at 235°C for column temperature 

and 240°C for injector temperature. The carrier gas was helium and split ration was 5:4. 

The sample (1μl) was evaporated in a splitless injector at 300°C and run time was 22 

min. The compounds were identified GC coupled with MS. Interpretation on mass 

spectrum obtained from GC-MS was done using the database of National Institute 

Standard and Technology (NIST). Identification was based on comparison of their mass 

spectra present in the library. The name, molecular weight and structure of the 

components separated from the extract were ascertained (Dhabhai et al., 2012). 

3.14.6 Nuclear magnetic resonance spectroscopy (NMR) 

3.14.6a Sample preparation 

The bands resulted from TLC analysis of the six fractions on the TLC plates 

were scratched out from the plates and dissolved in methanol. After stirring for few 

minutes, the mixture was filtered through Whatman no1 filter paper to obtain extracts in 

the bands. The sample extracted from the bands on TLC plates was again analyzed to 

determine antidiabetic activity. There were five bands observed in F1 fraction all of 

which showed antidiabetic activity which were better than other fractions. The five 

bands were grouped into two on the basis of nearly similar Rf values and these two 

group of bands were scratched out from the plates for NMR analysis to identify a 

probable compound which might be responsible for the antidiabetic activity of the 

extract. Also, from the GC-MS analysis, ten different compounds were identified from 

the NIST library. The most abundant compound out of these ten was 2(1H)-

Quinolinone, hydrazone with 25.7 %. This compound was found to possess 

pharmacological activities such as, anti cancer, anti-arteriosclerosis, antimicrobial, anti-

malarial and antidiabetic. Thus a standard 2(1H)-Quinolinone, hydrazone was 
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purchased from Sigma-Aldrich and this was also subjected to NMR analysis along with 

the two bands of the extract to compare whether it was the same compound present in 

the TLC bands which was accountable for antidiabetic activity. 

3.14.6b NMR analysis 

1-H NMR spectra were recorded on ECZR Series 600 MHz NMR 

spectrophotometer (JEOL, Japan) in SAIF, Bombay IIT.  Samples were prepared by 

dissolving in methanol d-4. Hydrogen-hydrogen correlation were analysed to observe 

the proton coupling with the structure of the isolated compound (Aue et al., 1976 and 

Ernst et al., 1987).  
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4. RESULTS 

4.1 SURVEY AND DOCUMENTATION OF ETHNOMEDICINE USED BY 

THE TRADITIONAL HERBAL PRACTITIONERS 

Sikkim has four districts viz. East, West, North and South. The area of our 

study covers the West district since it was the least explored district in terms of 

ethnomedicinal survey. This district comprises of four sub divisions, viz. Gyalshing, 

Soreng, Dentam and Yuksom. Some villages were shortlisted from these areas 

which is given in table 4.1.1. The image of the villages where the survey was 

conducted along with the verbal interaction with the herbal practitioners is presented 

in figure 4.1.1.a to 4.1.1.d. The list of herbal practitioners who were interviewed is 

given in table 4.1.1 along with their gender and age.  Due to advancement of modern 

medication and establishment of primary healthcare centers nearby, it was observed 

that traditional herbal therapy was depleting gradually.  

In total, 14 traditional practitioners in total agreed to be interviewed. Out of 

them, 28.5% were female and 71.43% were male (figure 4.1.2). It was observed that 

maximum numbers of the healers were elderly people (senior citizens) above the age 

of 60 years old with 42.86 % falling between the ages of 60-69 years and 35.75 % 

between 70-79 years. The younger generation was observed to be less interested in 

the traditional medicine. The educational qualification of the herbal healers is an 

important aspect as it is necessary to be aware about pros and cons of the use of 

medicinal plants as well as to understand the role of ethnomedicine in the modern 

world. From figure 4.1.2, we could also analyze that most of the herbal healers were 

illiterate (64.29%) and those who had studied were also not above the secondary 

level. Since the practice of traditional therapy has less scope for income, we also 

surveyed the occupation of the healers. It was found that most of them were farmers 

(51.12%) and were dependent on agriculture to earn for their living (figure 4.1.3). 

All the female practitioners appeared to be homemakers (28.57 %). Only one person 

among them had a government job and one was a restaurant owner.  

From the survey, 36 medicinal plants were used which we collected under 

the supervision of the herbal healers. These plants were identified and the 
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herbariums were prepared which are presented in figure 4.1.4 and 4.1.5. There were 

ethnomedicines which could also be stored in dry powder form for few months 

while some of the formulations were prepared instantly and used in fresh condition. 

Total 46 herbal formulations were documented out of which 9 were polyherbal and 

37 were monoherbal formulations (table 4.1.2). All the medicinal plants belonged to 

29 different families (figure 4.1.6) with each of the plants belonging to each 

different family except for Polygonaceae, Oleaceae, Combretaceae and 

Asparagaceae with 2 medicinal plants in each of these families. To prepare these 

formulations, different parts of the plants were used like roots (48 %), shoot (19%), 

whole plant (13%), leaf (13%), flower, bark and seed with 2% each (figure 4.1.7). 

All of these formulations had different mode of administration which is illustrated in 

figure 5.1.8. Most of the formulations were used in the form of juice (29.73%) after 

which they were used in powder form (27.03%), 18.92% were used in their fresh or 

raw form, 16.22% were used as paste, 5.41 % were used after decoction and 2.70% 

were used after infusion. All the ailments cured by the herbal healers of West 

Sikkim were categorized in 19 numbers in which it was observed that there were 

majority of 6 formulations for gastritis and stomach related disorders (table 4.1.3). 

There were other ailments such as tonsillitis (5 formulations), arthritis and bone 

related disorders (4 formulations), food poisoning (3 formulations) etc. All the 

plants involved in preparation of these formulations were collected for identification 

and accession numbers were taken. Depending upon their effectiveness in traditional 

system of medicines as suggested by the herbal healers, some of the formulations 

(both polyherb and monoherb) were shortlisted for literature review. Only those 

formulations were selected which lack appropriate scientific study. The selection of 

the formulations for further study was also dependent on the sufficient availability of 

the plant parts used for the preparation of ethnomedicines used by the healers. 

After all the study, 11 formulations were selected, out of which 4 were 

polyherbal formulations and 7 were monoherbal formulations. The list of selected 

formulations is given in table 4.1.4 along with the diseases involved and each of the 

formulations was given a particular abbreviations. 

 

 



Figure 4.1.1.a: Areas under survey. A: Dentam Tar; B: Sankhu; C: Yuksom; D: Hee
Yangthang; E: Uttarey; F: Tesenthang
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Figure 4.1.1.b: Areas under survey (A: Malbasey; B: Darap) and the herbal practitioners
who were interviewed for traditional knowledge of herbal medicines (C: Mr. Nar
Bahadur Subba; D: Mr. Suk Bahadur Subba; E: Mr. Monarath Dahal; F: Mr. Tulshi Ram
Sharma)
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A B

C D

E F

Figure 4.1.1.c: The herbal practitioners who were interviewed for traditional knowledge
of herbal medicines. A: Buddhi Maya Subba; B: Dilmaya Subba; C: Yadu Ram Chettri; D:
Bahadur Basnett; E: Lek Bahadur Subba; F: Ram Maya Basnett.
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Figure 4.1.1.d: Herbal practitioners (A: Lt. Phiprani Subba; B: Lt. Lakpa Lepcha); C and D:
Conservation of medicinal plants in nursery; E: Herbal formulations stored in powder
form; F: Traditional wooden grinder used to crush / grind medicinal plants for
preparation of herbal formulations.
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Figure 4.1.2: Information of the traditional herbal practitioners about their
age, gender and educational qualifications

Figure 4.1.3: Occupational status of the herbal practitioners
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Asparagus filicinus Buch.-
Ham. ex. D.Don
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Continued…
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Fraxinus floribunda Wall. Gloriosa superba L.
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Gonostegia hirta
(Blume ex Hassk.)Mq.

Houttuynia cordata Thunb.Hedyotis scandens
Roxb.

Malvaviscus arboreus Cav.

Nyctanthes arbor-
tristis L.

Phytolacca acinosa Roxb.Ocimum americanum L. Paris polyphylla Sm.

Plantago erosa Wall. Plumbago zeylanica L. Rheum acuminatum
Hook. f. & Thomson

Rubia cordifolia L.

Rubus ellipticus Sm. Saurauia napaulensis
DC.

Stephania glabra
(Roxb.) Miers

Terminalia bellirica
(Gaertn.) Roxb. 
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Terminalia chebula Retz. Trigonella foenum-graecum L. Valeriana jatamansi Jones

Viscum articulatum Burm. f. Zingiber officinale Rosc.

Figure 4.1.4.: Medicinal plants collected from the survey  area which were 
used to prepare the herbal formulations
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(Hook.) Rchd. ex Meisn.

Clematis buchanania DC. Costus speciosus (J.Koenig)Sm.

Continued….

Astilbe rivularis Buch.-
Ham. ex D. Don 
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Dicentra scandens (D.Don)Walp. Drymaria diandra Blume

Fallopia convolvulus (L)A. Love Fraxinus floribunda Wall. Gloriosa superba L.

Gonostegia hirta (Blume ex 
Hassk.)Mq.

Houttuynia cordata Thunb.Hedyotis scandens Roxb.

Continued….

Cynodon dactylon (L.) Pers.
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Ocimum americanum L.

Paris polyphylla Sm. Phytolacca acinosa Roxb. Plantago erosa Wall.

Plumbago zeylanica L. Rheum acuminatum Hook. f. 
& Thomson

Rubia cordifolia L.

Nyctanthes arbor-tristis L.

Continued….

Malvaviscus arboreus Cav.
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Stephania glabra (Roxb.) Miers

Terminalia bellirica (Gaertn.) Roxb. Terminalia chebula Retz. Valeriana jatamansi Jones

Viscum articulatum Burm. f.

Saurauia napaulensis DC.

Figure 4.1.5.: Digital herbarium with authenticated accession numbers of medicinal
plants collected during survey submitted at the Taxonomy & Environmental Biology
Laboratory, Department of Botany, University of North Bengal

Rubus ellipticus Sm.
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Figure 4.1.6: List of the families of all the medicinal plants collected during
survey used for the preparation of herbal formulations
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Figure 4.1.7: Plant parts used for the preparation of herbal formulations

Figure 4.1.8: Mode of administration of the herbal formulations
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Block Village Name of herbal 
practitioners

Gender Age

Dentam Dentam Tar Lakpa Lepcha Male 70

Dentam Tar Monarath Dahal Male 65

Sankhu Tulshi Ram Sharma Male 60

Hee Yangthang Phiprani Subba Female 72

Uttarey Nar Bahadur Subba Male 61

Yuksom Yuksom busty Mangal Bir Subba Male 60

Soreng Soreng bazar Yadu Ram Chettri Male 36

Malbasey Ram Maya Basnett Female 73

Malbasey Lek Bahadur Subba Male 61

Malbasey Bahadur Basnett Male 60

Gyalsing Darap Suk Bahadur Subba Male 59

Darap Phul Bir Limbu Male 73

Darap Buddhi Maya Subba Female 40

Tesenthang Dil Maya Subba Female 70

Table 4.1.1: List of the herbal healers interviewed from the different villages of West 
Sikkim

78



79 
 

Table 4.1.2: List of ethnomedicine used by the herbal practitioners of West Sikkim 

Sl. 

No. 
Ailment 

No. of 

plants 

used 

Scientific name and 

accession number 
Family Local name Part used Mode of treatment 

1 Acidity 1 

Fallopia convolvulus 

(L)A. Love 

09720 

Polygonaceae Rato tamarke Root Root is washed, cut into small pieces and 

crushed into powder and consumed with 

water 

2 Acne 1 

Rubia cordifolia L. 

10666 

Rubiaceae Majito Shoot along 

with leaf 

Stem and leaf of the plant is dried and 

crushed to powder. The dried powder is 

soaked in a small amount of water to make 

a paste which is applied on the affected 

area. 

3 Arthritis 3 

a) Viscum articulatum 

Burm. f. 09727 

a) Santalaceae 

 

a) Harchur 

 

a) Whole plant 

 

The parts of all the three plants are washed 

thoroughly, cut into small pieces and 
sundried. The dried parts are then crushed 

to powder form. 

b) Rheum acuminatum 
Hook. f. & Thomson 

6501 

b)Polygonaceae 

 

b) Khokim 

 

b) Root 

 

c) Astilbe rivularis 

Buch.-Ham. ex D. Don 

6502 

c) Saxifragaceae c) Buro okhati c) Rhizome   

4 Asthma 2 

a) Asparagus filicinus 

Buch.-Ham. ex. D.Don 

09724 

a) Asparagaceae 

 

a) Sotar 

 

a) Root 

 

Roots of the plants are washed, cut and 

sundried. The dried parts are then ground 

to powder form and consumed with water. 

b) Fallopia convolvulus 

(L)A. Love 09720 

b) Polygonaceae b) Rato 

tamarke 

b) Root 
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5 Black fever 1 

Aconitum 

heterophyllum Wall. ex 

Royle 

10673 

Ranunculaceae Bikhuma 

 

Root The roots are cleaned and cut into small 

pieces and dried to be stored. 

6 

 

Bodyache 1 

Astilbe rivularis Buch.-

Ham. ex D. Don 

6502 

Saxifragaceae Buro okhati Rhizome The rhizome is cleaned, the outer layer is 

peeled off and the inner part is chewed. 

7 
Cuts and 
wounds 

3 

a) Plantago erosa Wall. 

10667 

a) Plantaginaceae 

 

a) Makai jhar 

 

a) Shoot All the plant parts mentioned are crushed 

and applied on the cut areas and covered 
with a cloth. 

b) Drymaria diandra 

Bl. 

10664 

b) Caryophyllaceae b) Abijalo b) Shoot 

 

c) Cynodon dactylon 

(L.) Pers. 

10680 

c) Poaceae c) Dubo c) Whole plant 

8 
Cuts and 

wounds 
1 

Gonostegia hirta 

(Blume ex Hassk.)Mq. 

10670 

Urticaceae Chipley jhar Leaf The fresh leaves are crushed and applied 

on the cut area and covered with a cloth. 

9 

 

Cuts and 

wounds 
1 

Gonostegia hirta 

(Blume ex Hassk.)Mq. 

10670 

Urticaceae Chipley jhar Whole plant The fresh plant is taken and crushed to 

obtain juice which is applied on the 

affected area for small cuts and wounds. 
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10 Diabetes 1 

Fraxinus floribunda 

Wall. 

9632 

Oleaceae Lakuri Bark The bark of the plant is washed in tap 

water, cut into small pieces and boiled in 

water. The aqueous decoction of the bark 

is consumed orally. 

11 Diabetes 1 

Nyctanthes arbor-tristis 
L. 

10660 

Oleaceae Parijat Leaves Fresh leaves are washed and crushed to 
obtain juice which is consumed orally. 

12 
Food 

poisoning 
1 

Plumbago zeylanica L. 

10659 

Plumbaginaceae Dudey Root Root of the plant is washed thoroughly and 

dried under sunlight which is later crushed 

into powder form to be consumed orally 

with water. 

13 
Food 

poisoning 
3 

a) Hedyotis scandens 

Roxb. 

10657 

a) Rubiaceae a) Kali lahara 

 

a) Root 

 

Roots of all the three plants are taken in 

equal proportion, washed properly and 

crushed to obtain juice. The freshly 

prepared juice is consumed orally. 

b) Aconitum 

heterophyllum Wall. ex 

Royle 

10673 

b) Ranunculaceae 

 

b) Bikhuma 

 

b) Root 

 

c) Phytolacca acinosa 
Roxb. 

10663 

c) Phytolaccaceae c) Jaringo c) Root 

14 
Food 

poisoning 
1 

Aconitum 

heterophyllum Wall. ex 

Royle 

10673 

Ranunculaceae Bikhuma Root The cut pieces are then dried and stored to 

be used. 
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15 Gastritis 4 

a) Terminalia chebula 

Retz. 09727 

a) Combretaceae a) Harra a) Fruit All the plant parts are washed and dried 

completely. They are crushed to powder in 

okhli (a wooden traditional grinder). The 

powder is consumed orally with warm 

water. 
b) Terminalia bellirica 

(Gaertn.) Roxb. 09726 

b) Combretaceae b) Barra b) Fruit 

c) Zingiber officinale 

Rosc. 

c) Zingiberaceae c)Adhuwa c) Rhizome 

d) Trigonella foenum-

graecum L. 

d) Fabaceae d)Methi d) Seed 

16 Gastritis 1 

Rubus ellipticus Sm. 

10669 

Rosaceae Aiselu Tender shoot The tender shoot of the plant is taken and 

the outer layer is peeled and the inner part 

is chewed to consume the juicy part. 

17 
Heart 

palpitation 
2 

a) Asparagus filicinus 

Buch.-Ham. ex. D.Don. 

09724 

a) Asparagaceae 

 

a) Sotar 

 

a) Root 

 

Roots of both the plants are washed, dried, 

ground into powder and mixed together 

into 1:1 ratio and orally consumed with 

warm water. 

b) Asparagus officinalis 

L. 09723 

b) Asparagaceae b) Kurilo b) Root 

18 
High blood 

pressure 
1 

Berberis asiatica Roxb. 
ex DC. 

09722 

Berberidaceae Tinsurey Whole plant Whole plant is washed and cut into small 
pieces. After complete drying under 

sunlight, the plant is crushed into fine 

powder. The powder is consumed with 

water. 

19 
High blood 

pressure 
1 

Nyctanthes arbor-tristis 

L. 

10660 

Oleaceae Parijat Leaves Fresh leaves of the plant were soaked in 

water. The juice obtained is consumed 

orally. 
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20 
Indigestion, 

dysentery 
1 

Valeriana jatamansi 

Jones 

10675 

Caprifoliaceae Jatamansi Root The dried roots are crushed to powder 

which is consumed orally. 

21 Indigestion 1 

Hedyotis scandens 

Roxb. 

10657 

Rubiaceae Kali lahara Root The roots are washed and cut into small 

pieces and dried. 

22 Jaundice 1 

Stephania glabra 

(Roxb.) Miers 

10661 

Menispermaceae Pahelo 

tamarke 

Root Root is cut into small pieces and dried 

which is chewed directly. 

23 Jaundice 1 

Boenninghausenia 
albiflora (Hook.) Rchd. 

ex Meisn. 

09724 

Rutaceae Mirmirey jhar Whole plant Fresh plant is washed and crushed with 
little amount of water. The juice obtained 

is orally consumed. 

24 Jaundice 1 

Boenninghausenia 

albiflora (Hook.) Rchd. 

ex Meisn. 

09724 

Rutaceae Mirmirey jhar Whole plant Fresh plant is washed and crushed with 

little amount of water. The juice obtained 

is orally consumed. 

25 Jaundice 1 

Stephania glabra 

(Roxb.)Miers 

10661 

Menispermaceae Pahelo 

tamarkey 

Twig The twigs are washed and chewed 

26 
Loss of 

appetite 
1 

Rubia cordifolia L. 

10666 

Rubiaceae Meda Stem Stem of the plant is washed and dried 

under sunlight. The dried stem is crushed 

to powder which is consumed orally. 
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27 Pneumonia 3 

a) Drymaria diandra 

Blume 

10664 

a) Caryophyllaceae 

 

a)Abijalo 

 

a)Whole plant All the fresh plant parts are washed and 

crushed to obtain juice which is consumed 

orally. 

 

b) Achyranthes aspera 

L. 

10658 

b) Amaranthaceae 

 

b)Rato 

aankhley 

 

b) Root 

c) Plantago erosa Wall. 

10667 

c) Plantaginaceae c) Kaney jhar c) Root 

28 Pneumonia 1 

Drymaria diandra 

Blume 

10664 

Caryophyllaceae Abijalo Root Fresh roots are washed, crushed and 

soaked in water for few hours. The root is 
consumed along with water. 

29 Septic 1 

Gloriosa superba L. 

10677 

Colchicaceae  Root Fresh root is collected and crushed to make 

paste which is applied on the affected area 

and is bandaged. 

30 Sinusitis 1 

Clematis buchanania 

DC. 

10656 

Ranunculaceae Pinase lahara Stem The outer layer of the stem is peeled off 

and the inner part is cleaned and chewed in 

raw form 

31 Skin allergy 1 

Ocimum americanum 

L. 

10681 

Lamiaceae Babari Shoot The fresh shoot is crushed to make a paste 

and applied on the skin at the affected area. 
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32 Skin infection 1 

Houttuynia cordata 

Thunb. 

10678 

 

Saururaceae Gandey jhar Leaves Fresh leaves are crushed and applied on 

the affected area and covered with a cloth. 

33 
Skin rashes in 

infants 
1 

Drymaria diandra 

Blume 

10664 

Caryophyllaceae Abijalo leaves The fresh leaves are crushed applied on the 

affected area. 

34 Sprain 

2 

a) Rheum acuminatum 

Hook. f. & Thomson 

6501 

a) Polygonaceae 

 

a) Khokim 

 

a) Rhizome 

 

The parts of these two plants are dried and 

ground to powder form and is consumed 
orally. 

 

b) Viscum articulatum 

Burm. f. 

09727 

b) Santalaceae b) Harchur b) Whole plant 

35 Stomachache 1 

Saurauia napaulensis 

DC. 

10668 

Actinidaceae Gagoon Tender shoot The bark of the tender shoot is removed 

and the inner shoot is chewed and the juice 

is swallowed. 

36 Sprain 1 

Rheum acuminatum 

Hook. f. & Thomson 

6501 

Polygonaceae 

 

Khokim Rhizome Root is dried and ground to powder and 

stored for use. 

37 Throat pain 1 

Rubus ellipticus Sm. 

10669 

Rosaceae Aiselu Root Root of the plant is washed, crushed and 

boiled to obtain decoction. 
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38 

To boost the 

immune 

system 

1 

Paris polyphylla Sm. 

10674 

Melanthiaceae Paris whole plant Whole plant is washed and crushed to 

obtain juice which is orally consumed. 

Mode of treatment: The juice is obtained 

once a day. 

39 Tonsilitis 1 

Boenninghausenia 

albiflora (Hook.) Rchd. 

ex Meisn. 

09724 

Rutaceae Mirmirey Root Root of the plant is washed, cut into small 

pieces and sun dried until the moisture is 

completely drained off. The dried pieces 

are chewed and swallowed without water. 

40 Tonsilitis 1 

Achyranthes aspera L. 

10658 

Amaranthaceae Rato aankhley Root The fresh roots of the plant are cleaned and 
chewed to swallow the juice. 

41 Tonsilitis 1 

Rubus ellipticus Sm. 

10669 

Rosaceae Aiselu Tender shoot The tender shoot of the plant is taken and 

the outer layer is peeled and the inner part 

is chewed to consume the juicy part. 

42 Tonsilitis 3 

a) Achyranthes aspera 

L. 

10658 

a) Amaranthaceae 

 

a) Rato 

ankhley 

 

a) Root 

 

Plant parts are washed and crushed to 

make paste. The paste is soaked in water 

for 2-3 hours and filtered through strainer. 

The juice is consumed orally. 

b) Rubus ellipticus Sm. 

10669 

b) Rosaceae b) Aiselu b) Root 

 

c) Drymaria diandra 

Blume 

10664 

c) Caryophyllaceae c) Abijalo c) Leaf 

43 Toothache 1 

Malvaviscus arboreus 

Cav. 

10665 

Malvaceae Rato phool Flower Fresh flower is chewed. 
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44 

Ulcer in 

throat or 

stomach 

1 

Dicentra scandens 

(D.Don)Walp. 

10662 

Papaveraceae Angurey Root Root of the plant is washed in tap water 

and dried under sunlight.  The dried root is 

crushed to powder and consumed with 

water 

45 
Urinary 

infection 
1 

Costus speciosus 

(J.Koenig)Sm. 

10682 

Costaceae Bet lauri Stem Stem is crushed with water and the juice is 

consumed orally. 

46 
Urinary tract 

infection 
1 

Costus speciosus (J. 

Koeing)Sm. 

10682 

Costaceae Bet lauri Root Root is washed and crushed then soaked in 

water for a night. The juice is taken orally. 

 



Sl. NO. LIST OF AILMENTS
NUMBER OF 
FORMULATIONS

1 Gastritis, stomachache and indigestion 6

2 Sore throat and tonsilitis 5

3 Arthritis, body ache and sprain 4

4 Food poisoning 3

5 Skin diseases 3

6 High blood pressure 2

7 Urinary infection 2

8 Cuts and wounds 2

9 Diabetes 2

10 Toothache 1

11 Heart palpitation 1

12 Pneumonia 1

13 Septic 1

14 Loss of appetite 1

15 Weak immune system 1

16 Jaundice 1

17 Asthma 1

18 Sinusitis 1

19 Black fever 1

Table 4.1.3: List of number of formulations used for the treatment of various ailments
by the traditional healers of West Sikkim
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SL NO AILMENTS NAME OF THE PLANTS ABBREVIATION

1 Heart palpitation
i) Asparagus filicinus Buch.-Ham. ex. D.Don

HP

ii) Asparagus officinalis L.

2 Arthritis

i) Viscum articulatum Burm. f. 

AR
ii) Rheum acuminatum Hook. f. & Thomson

iii) Astilbe rivularis Buch.-Ham. ex D. Don 

3 Gastritis

i) Terminalia chebula Retz. 

GS
ii) Terminalia bellirica (Gaertn.) Roxb. 

iii) Zingiber officinale Rosc.

iv) Trigonella foenum-graecum L. 

4 Asthma
i) Asparagus filicinus Buch.-Ham. ex. D.Don

AS

ii) Fallopia convolvulus (L.) A. Love

5 High blood pressure
Berberis asiatica Roxb. ex DC.

BP

6 Food poisoning Plumbago zeylanica L. FP

7 Tonsilitis
Boenninghausenia albiflora (Hook.) Rchd. ex 

Meisn.
TS

8 Diabetes Fraxinus floribunda Wall. FF

9
Indigestion and 
stomachache Hedyotis scandens Roxb.

HS

10 Sinusitis Clematis buchanania DC. CB

11 Throat infection Achyranthes aspera L. AA

Table 4.1.4: List of the herbal formulations selected for analysis
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4.2.PHARMACOGNOSTIC STUDY 

4.2.1Organoleptic study 

Organoleptic test is a basic and a simple parameter to authenticate any herbal 

formulations in their powder form by merely using our senses. The result of 

organoleptic test of powder formulations is given in figure 4.2.1 and table 4.2.1.  

4.2.2 Powder microscopy 

Power microscopy is another simple method to authenticate any crude drugs in their 

powder form. Under a compound microscope, various plant tissues can be observed 

with or without the treatmentthrough particular staining procedure. From the results, 

sample HP revealed the presence of collenchyma, some starch granules, spiral xylem 

vessels, stone cells and cork cells (figure 4.2.2.a). In figure 4.2.2.b, powder 

microscopy of AR revealed the presence of spiral xylem vessels, medullary rays 

with fibers and starch grainswith many clusters of calcium oxalate crystals 

prominently scattered. Sample AS showed the presence of plenty of sclereids and 

some crystals, epidermal cells, stone cells and parenchymatous cells were also 

observed (figure 4.2.2.c). Sample GS showed the presence of parenchymatous cells, 

xylem vessels, stone cells, starch grains and crystals (figure 4.2.2.d). There were 

plenty of sclereids in sample BP along with cork cells, parenchymatous cells, stone 

cell, xylem vessels and starch granules (figure 4.2.2.e). In sample TS, starch 

granules were abundantly scattered and some xylem vessels as well as stones cells 

were also observed (figure 4.2.2.f). Sample FP revealed the presence of scalariform 

tracheid stained with phluroglucinol, stone cells, pitted vessels, starch grains, and oil 

globule (figure 4.2.2.g). In sample FF, sclereids, stone cells, cork cells and 

medullary rays were observed (figure 4.2.2.h). Powder microscopy of AA is 

presented in figure 4.2.2.i, which showed the presence of stone cells, numerous 

pitted vessels, starch grains, calcium oxalate crystals in cluster form and some 

phloem fibers. Powder microscopy of CB showed the presence of starch granules 

with prominent hilum, spiral xylem vessels, trichome, phloem fibers and 

parenchymatous cells (figure 4.2.2.j). In figure 4.2.2.k, powder microscopy of HS 

revealedthe presence of starch grains, xylem vessels, stone cells, pitted vessels and 

parenchymatous cells. 



FF
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Figure 4.2.1: Herbal formulations in dry powder form for organoleptic study.
HP: heart palpitaion; AR: Arthritis; GS: Gastritis; AS: Asthma; BP: High blood pressure; FP: Food
poisoning; TS: Tonsilitis; FF: Fraxinus floribunda for diabetes; HS: Hedyotis scandens for food
poisoning; CB: Clematis buchanania for sinusitis; AA: Achyranthes aspera for throat infection
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Sl. 
No.

Formulation Colour Odour Taste Texture

1 HP Blackish brown Characteristic 
smell

Slightly bitter Coarse

2 AR Light brown No odour Slightly  bitter 
and sour

Coarse

3 GS Blackish brown No odour Tasteless Coarse

4 AS Dark green No odour Slightly bitter Coarse

5 BP Brown and 
green

Characteristic 
smell

Bitter Coarse

6 FP Brown No odour Slightly bitter Coarse

7 TS Grey No odour Tasteless Coarse

8 FF Light brown Characteristic 
smell

Slightly bitter Coarse

9 HS Yellowish brown No odour Tasteless Coarse

10 CB Copper brown No odour Tasteless Coarse

11 AA Blackish brown No odour Tasteless Coarse

Table 4.2.1: Organoleptic study of herbal formulations

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS:
Gastritis; FP: Food poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens
(Indigestion and stomachache); AA: Achyranthes aspera (Throat infection); CB: Clematis
buchanania (Sinusitis).
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Figure  4.2.2.a:  Observation in powder microscopy of a herbal formulation used for the 

treatment of heart palpitation which is abbreviated as HP.

A: Collenchyma cells; B: Starch granules; C: Xylem vessels; D: Stone cells; E: Cork 

cells; F: Oil globule. 

A B

C D

E F
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Figure  4.2.2.b:  Observation in powder microscopy of a herbal formulation used for the 

treatment of arthritis which is abbreviated as AR. 

A: Spiral xylem vessels; B: Medullary ray with fibers; C: Calcium oxalate crystal; D: 

Starch grains; E: Vessels with pits; F: Stone cells. 

A B

C D

E F

94



Figure 4.2.2.c: Observation in powder microscopy of a herbal formulation used for

the treatment of asthma which is abbreviated as AS.

A: Calcium oxalate crystal; B: Epidermal cells; C: Sclereids; D: Parenchymatous cells;

E: Stone cells; F: Starch grain.

A B

C D

E F
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A B

C D

E F

Figure 4.2.2.d: Observation in powder microscopy of a herbal formulation used for the

treatment of gastritis which is abbreviated as GS.

A: Parenchymatous cell; B: Spiral xylem vessel; C: Stone cells; D: Clustered starch

grains; E: Calcium oxalate crystal; F: Starch granules.
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Figure 4.2.2.e: Observation in powder microscopy of a herbal formulation used for

the treatment of high blood pressure which is abbreviated as BP.

A: Sclereids; B: Cork cells; C: Stone cells; D: Xylem vessels; E: Starch granules; F:

Parenchymatous cells.

A B

C D

E F
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Figure 4.2.2.f: Observation in powder microscopy of a herbal formulation used for

the treatment of tonsilitis which is abbreviated as TS.

A: Scalariform tracheids; B: Stone cells; C: Starch granules; D: Starch granules

(magnified); E: Parenchymatous cells; F: Sclereids.

A B

C D

E F
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Figure 4.2.2.g: Observation in powder microscopy of a herbal formulation used for

the treatment of food poisoning which is abbreviated as FP.

A: Scalariform tracheids; B: Stone cells; C: Parenchymatous cells; D: Pitted vessels; E:

Clustered starch granules; F:Oil globule.

A B

C D

E F
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Figure 4.2.2.h: Observation in powder microscopy of Fraxinus floribunda bark used

for the treatment of diabetes which is abbreviated as FF.

A: Sclereid; B: Stone cells; C: Cork cells; D: Medullary rays with fibers; E: Vessels; F:

Parenchymatous cells.

A B

C D

E F

100



Figure 4.2.2.i: Observation in powder microscopy of Achyranthes aspera root used for

the treatment of throat infection which is abbreviated as AA.

A: Stone cells; B: pitted vessels; C: Starch grains; D: Calcium oxalate crystals in a

cluster; E: Sclereids; F: Phloem fiber.

A B

C D

E F
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Figure 4.2.2.j: Observation in powder microscopy of Clematis buchanania root used

for the treatment of sinusitis which is abbreviated as CB.

A: Starch grain; B: Spiral xylem vessel; C: Pitted vessel; D: Phloem fiber; E: Vessel; F:

Trichome.

A B

C D

E F
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Figure 4.2.2.k: Observation in powder microscopy of Hedyotis scandens root used for

the treatment of indigestion and stomachache which is abbreviated as HS.

A: Starch grain; B: Xylem vessel; C: Stone cells; D: Pitted vessels; E: Cork cells; F:

Parenchymatous cells.

A B

C D

E F
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4.2.3 Physicochemical analysis 

The result of physicochemical analysis is presented in table 4.2.3. 

Determination of ash values is necessary for the evaluation of the purity of crude 

drugs. From the table, it was revealed that the total ash values of the powder 

formulations varied from approximately 12 to 29% which indicated the presence of 

some impurities or adulterants which might have been present due to carelessness 

during the preparation. Acid insoluble ash indicated the presence of earthy matter or 

silica in the sample which was found to be less than 10% in all the samples except in 

case of HP (16.01 %) and AR (19.55 %). Water soluble ash indicates the presence 

ofinorganic matters in the sample which was clearly highest in AS (21.34 %) and FF 

(21.33 %). The lowest water soluble ash was in sample AA (2.93%). Extractive 

value mainly shows the better solvent for the extraction of any samples to obtain 

higher amount of bioactive compounds. Water and alcohol was used in this case as 

these are two commonly used solvents for extraction. In the samples, water soluble 

extractive values were higher than alcohol soluble extractives indicating water as 

ideal solvent for extraction of these samples. Loss on drying percentage is evaluated 

to determine the moisture content in the crude drugs. It was revealed that all the 

samples had less than 14% moisture content because it is standard moisture content 

and if it exceeds more than that, it is not suitable for oral consumption as there might 

be a probability of microbial growth in the sample. To find whether the formulation 

is suitable for consumption, pH of the samples was determined. The pH of the 

formulations ranged between 4 to 7 which was not very acidic and could not be 

harmful for oral consumption. The percentage of foreign matter present in the 

powder formulations was all less than 1.5 %. 

4.2.4. Fluorescence study 

All the powder formulations were subjected to fluorescence analysis under 

UV short wavelength (254 nm), UV long wavelength (365 nm) and visible light. All 

the samples exhibited variation of colours under these lights which is illustrated in 

details from table 4.2.4.a to table 4.2.4.k. The different chemical reagents exhibited 

different colours as well as fluorescence under different wavelengths of light. This 

method is useful for the authentication of powder drugs because all the chemical  



Parameters HP AR GS AS BP FP TS FF HS CB AA

Total Ash(%) w/w 20.24 28.60 17.73 19.73 20.84 21.52 21.25 20.35 12.58 19.59 13.73

Acid insoluble ash(%) w/w 16.01 19.55 3.24 2.20 6.45 1.17 3.34 2.00 0.15 0.12 1.36

Water soluble ash(%) w/w 14.01 14.68 13.30 21.34 18.71 18.12 13.29 21.22 12.42 11.08 2.93

Alcohol soluble extractive 
value(%) w/w

0.44 3.16 3.99 0.85 7.50 3.02 1.03 0.94 2.05 0.95 1.18

Water soluble extractive 
value(%) w/w

3.21 6.21 8.91 1.93 7.63 6.20 2.82 1.82 5.78 2.08 5.05

Loss on drying(%) w/w 10.52 8.61 7.38 4.44 8.83 3.77 3.8 3.03 3.05 6.13 3.44

pH (1% w/v) 6.79 6.38 4.17 6.48 4.25 5.15 4.1 6.34 6.21 6.26 5.14

pH (10% w/v) 6.38 6.02 4.07 6.06 6.75 4.82 6.41 5.63 6.39 5.13 4.67

Foreign matter (%) 0.8 0.6 0.4 1.1 0.9 0.7 0.8 1.4 0.5 0.8 0.6

Table 4.2.3: Physicochemical analysis of the herbal formulations

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS: Gastritis; FP: Food poisoning; FF:
Fraxinus floribunda (Diabetes); HS: Hedyotis scandens (Indigestion and stomachache); AA: Achyranthes aspera (Throat infection);
CB: Clematis buchanania (Sinusitis).
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Table 4.2.4.a: Fluorescence analysis of herbal formulation, HP (treatment of Heart 

palpitation) 

Sl. No. REAGENTS VISIBLE UV-254 UV-365 

1 Powder + distilled water 

   

 

 

 Green beige Azure blue Brilliant blue 

2 Powder + 50% KOH 

 

 

 

 
 

 

 

 Red orange Colourless Black green 

3 Powder + Benzene 

 
 

 
 

 
 
 

 Sulphur yellow Curry yellow Broom yellow 

4 Powder + 50% Benzene 

 
 

 
 

 
 

 Fern green Colourless Raspberry red 

5 Powder +Chloroform 

 
 

 
 

 
 

 

 Colourless Colourless Distant blue 

6 Powder + 50% Chloroform 

 

 

 

 

 

 
 

 

 Fern green Pearl blackberry Rose 
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Sl. No. REAGENTS VISIBLE UV-254 UV-365 

7 Powder + Nitric acid (conc.) 

 
 
 

 
 

 
 

 

 Broom yellow Colourless Colourless 

8 Powder + 50% Nitric acid 

 
 

 
 

 
 

 Broom yellow Colourless Colourless 

9 Powder + 10% Ferric chloride 

 
 

 
 

 
 
 

 Broom yellow Colourless Colourless 

10 Powder + Methanol 

 
 

 
 

 
 
 

 Colourless Cobalt blue Ultramine blue 

11 Powder + 50% Methanol 

 
 

 
 

 
 

 

 Khaki grey Grey blue Gentian blue 
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Sl. No. REAGENTS VISIBLE UV-254 UV-365 

12 Powder + Ethanol 

 
 

 
 

 
 
 

 Colourless Cobalt blue Ultramine blue 

13 Powder + 50% Ethanol 

 
 

 
 

 
 
 

 Olive grey Pearl night blue Traffic blue 

14 
Powder + Glacial acetic acid 

(conc.) 

 
 

 
 

 
 

 

 Reed green Yellow olive Brown beige 

15 
Powder + 50% Glacial acetic 

acid 

 
 

 
 

 
 
 

 Green beige No colour Ultramine blue 

16 Powder + Sulphuric acid (conc.) 

 
 

 
 

 
 
 

 Ochre brown Colourless Blue grey 
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Sl. No. REAGENTS VISIBLE UV-254 UV-365 

17 Powder + 50% sulphuric acid 

 
 

 
 

 
 
 

 Ochre yellow Colourless Grey blue 
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Table 4.2.4.b: Fluorescence analysis of herbal formulation, AR (treatment of arthritis) 

SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

1 
Powder + distilled 

water 

 
 

 
 

 
 
 

 Yellow orange Colourless Violet blue 

2 Powder + 50% KOH 

 
 

 
 

 
 
 

 Brown red Colourless Fir green 

3 Powder + Benzene 

 
 

 
 

 
 
 

 Colourless Colourless Signal violet 

4 
Powder + 50% 

Benzene 

 
 

 
 

 
 
 

 Lemon yellow Honey yellow Broom yellow 

5 Powder + Chloroform 

 
 

 
 

 
 
 

 Lemon yellow Broom yellow Ochre yellow 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

6 
Powder + 50% 

Chloroform 

 
 

 
 

 
 
 

 Broom yellow Curry yellow Grey beige 

7 
Powder + Nitric acid 

(conc.) 

 
 

 
 

 
 
 

 Daffodil Colourless Colourless 

8 
Powder + 50% Nitric 

acid 

 
 

 
 

 
 
 

 Honey yellow Colourless Colourless 

9 
Powder + 10% Ferric 

chloride 

 
 

 
 

 
 

 Curry yellow Colourless Colourless 

10 Powder + Methanol 

 
 

 
 

 
 
 

 Honey yellow Curry yellow Grey beige 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 
 
 

 Broom yellow Brilliant blue Violet blue 

12 Powder + Ethanol 

 
 

 
 

 
 
 

 Daffodil yellow Curry yellow Grey beige 

13 Powder + 50% Ethanol 

 
 

 
 

 
 
 

 Broom yellow Sapphire blue Ultramine blue 

14 
Powder +Glacial acetic 

acid (conc.) 

 
 
 

 
 

 
 

 Lemon yellow Curry yellow Broom yellow 

15 
Powder + 50% Glacial 

acetic acid 

 
 

 
 

 
 
 

 Lemon yellow Honey yellow Azure blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

16 
Powder + Sulphuric 

acid (conc.) 

 
 

 
 

 
 
 

 Copper brown Granite grey Azure blue 

17 
Powder + 50% 
Sulphuric acid 

 
 

 
 

 
 
 

 Beige Capri blue Azure blue 

 



114 
 

Table 4.2.4.c: Fluorescence analysis of herbal formulation, GS (treatment of gastritis) 

SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

1 
Powder + Distilled 

water 

 
 

 

 
 
 

 Broom yellow Colourless Violet blue 

2 Powder + 50% KOH 

 
 

 

 
 
 

 Yellow orange Colourless Fir green 

3 Powder + Benzene 

 
 

 

 
 
 

 Colourless Colourless Violet blue 

4 
Powder + 50% 

Benzene 

 
 

  
 
 

 Colourless Colourless Violet blue 

5 
Powder + 

Chloroform 

 
 

  
 
 

 Colourless Colourless Concrete grey 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

6 
Powder + 50% 

Chloroform 

 
 

 
 

 
 
 

 Ochre yellow Colourless Sapphire blue 

 
Powder + Nitric acid 

(conc.) 

 
 

 
 

 
 
 

 Ochre brown Colourless Colourless 

8 
Powder + 50% nitric 

acid 

 
 

 
 

 
 
 

 Honey yellow Colourless Colourless 

9 
Powder + 10% Ferric 

chloride 

 
 
 

 
 

 
 

 Green beige Colourless Colourless 

10 Powder + Methanol 

 
 

 

 
 
 

 Broom yellow Colourless Sapphire blue 



116 
 

SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 

 Lemon yellow Colourless Gentian blue 

12 Powder + Ethanol 

 
 

 
 

 
 
 

 Pale green Colourless Traffic blue 

13 
Powder + 50% 

Ethanol 

 
 

 

 
 
 

 Honey yellow Colourless Violet blue 

14 
Powder + Glacial 
acetic acid (conc) 

 
 

  
 
 

  Olive green Grey blue Brilliant blue 

15 
Powder + 50% 

Glacial acetic acid 

 
 

 

 
 

 Honey yellow Colourless Sapphire blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

16 
Powder + Sulphuric 

acid 

 
 

 

 
 
 

 Khaki grey Chrome green 
Pearl gentian 

blue 

17 
Powder + 50% 
Sulphuric acid 

 
 

 

 
 
 

 Sand yellow Colourless Green blue 

 



118 
 

Table 4.2.4.d: Fluorescence analysis of herbal formulation, AS (treatment of asthma) 

SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

1 Powder + Distilled water 

   
 
 

 Colourless Grey blue Violet blue 

2 Powder + 50% KOH 

   
 
 

 Pastel yellow Colourless Pearl gentian blue 

3 Powder + Benzene 

   

 Green beige Wine red Raspberry red 

4 Powder + 50% Benzene 

   
 
 

 Fern green Red violet Raspberry red 

5 Powder + Chloroform 

   
 
 

 Colourless Colourless Traffic purple 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

6 
Powder + 50% 

chloroform 

 

 

 
 
 

 Fern green Claret violet Raspberry red 

7 
Powder + Nitric acid 

(conc.) 

 

 

 
 
 
 
 

 Broom yellow Colourless Colourless 

8 Powder + 50% Nitric acid 

   
 
 

 Colourless Colourless Colourless 

9 
Powder + 10% ferric 

chloride 

 
 
 

 
 
 

 
 
 

 Lemon yellow Colourless Colourless 

10 Powder + Methanol 

   
 
 

 Pale green Colourless Raspberry red 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

11 Powder + 50% Methanol 

   

 Colourless Sapphire blue Gentian blue 

12 Powder + Ethanol 

  

 

 
 

 Colourless Ultramine blue Ultramine blue 

13 Powder + 50% Ethanol 

   
 
 

 Colourless Sapphire blue Signal blue 

14 
Powder + Glacial acetic 

acid (conc.) 

 
 

 
 

 
 
 

 Curry yellow Colourless Grass green 

15 
POWDER + 50% GLACIAL 

ACETIC ACID 

 
 

 
 

 
 
 

 Green beige Sapphireblue Signal blue 
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16 
Powder + Sulphuric acid 

(conc.) 

 
 

 
 

 
 
 

 Clay brown Pine green Azure blue 

17 
Powder + 50% Sulphuric 

acid 

 
 

 
 

 
 
 

 Pale brown Colourless Distant blue 
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Table 4.2.4.e: Fluorescence analysis of herbal formulation, BP (treatment of high blood 

pressure) 

SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

1 
Powder + Distilled 

water 

 
 

 
 

 
 
 

 Green beige Azure blue Violet blue 

2 Powder + 50% KOH 

 
 

 
 

 
 
 

 Yellow orange Fir green Pine green 

3 Powder + Benzene 

 
 

 
 

 
 
 

 Colourless Colourless Ultramine blue 

4 
Powder + 50% 

Benzene 

 
 

 
 

 
 
 

 Green beige Violet blue Blue grey 

5 Powder +  Chloroform 

 
 

 
 

 
 
 

 Colourless Colourless Silver grey 



123 
 

SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

6 
Powder + 50% 

chloroform 

 
 

 
 

 
 
 

 Broom yellow Olive yellow Moss grey 

7 
Powder + Nitric acid 

(conc) 

 
 

 
 

 
 
 

 Ochre brown Colourless Colourless 

8 
Powder + 50% Nitric 

acid 

 
 

 
 

 
 
 

 Golden yellow Colourless Colourless 

9 
Powder + 10% Ferric 

chloride 

 
 

 
 

 
 
 

 Green brown Colourless Colourless 

10 Powder + Methanol 

 
 
 

 
 

 
 

 Curry yellow Sapphire blue Signal blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 
 
 

 Ochre yellow Sapphire blue Signal blue 

12 Powder + Ethanol 

 
 

 
 

 
 
 

 Green beige Sapphire blue Signal blue 

13 
Powder + 50% 

Ethanol 

 
 

 
 

 
 
 

 Ochre brown Sapphire blue Signal blue 

14 
Powder + Glacial 

acetic acid 

 
 

 
 

 
 
 

 Pale green Emerald green Mouse grey 

15 
Powder + 50% Glacial 

acetic acid 

 
 

 
 

 
 
 

 Ochre brown Sapphire blue Capri blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365 nm 

16 
Powder + Sulphuric 

acid (conc.) 

 
 

 
 

 
 
 

 Olive brown Pine green Azure blue 

17 
Powder + 50% 
sulphuric acid 

 
 

 
 

 
 
 

 Sand yellow Colourless Patina green 
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Table 4.2.4.f: Fluorescence analysis of herbal formulation, FP (treatment of food poisoning) 

SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

1 
Powder + Distilled 

water 

 
 

 
 

 
 
 

 Pastel yellow Colourless Blue green 

2 Powder + 50% KOH 

 
 

 
 

 
 
 

 Yellow orange Blue green Blue green 

3 Powder + Benzene 

 
 

 
 

 
 
 

 Green beige Colourless Grey beige 

4 
Powder + 50% 

Benzene 

 
 

 
 

 
 

 Lemon yellow Colourless Blue lilac 

5 Powder + Chloroform 

 
 

 
 

 
 
 

 Pale green Pearl violet Pearl blackberry 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

6 
Powder + 50% 

Chloroform 

 
 

 
 

 
 
 

 Broom yellow Colourless Sapphire blue 

7 
Powder + Nitric acid 

(conc.) 

 

 
 

 
 
 

 Yellow orange Colourless Colourless 

8 
Powder + 50% Nitric 

acid 

 
 

 
 

 
 
 

 Broom yellow Colourless Colourless 

9 
Powder + 10% Ferric 

chloride 

 
 
 

 
 

 
 

 Lemonyellow Colourless Colourless 

10 Powder + Methanol 

 
 

 
 

 
 
 

 Broom yellow Colourless Sapphire blue 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 
 
 

 Ochre brown Sapphire blue Gentian blue 

12 Powder + Ethanol 

 
 

 
 

 
 
 

 Broom yellow Sapphire blue Violet blue 

13 
Powder + 50% 

Ethanol 

 
 

 
 

 
 
 

 Broom yellow Sapphire blue Gentian blue 

14 
Powder + Glacial 

acetic acid (conc.) 

 
 

 
 

 
 
 

 Fern yellow Violet blue Azure blue 

15 
Powder + 50% Glacial 

acetic acid 

 
 

 
 

 
 
 

 Ochre brown Colourless Blue green 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

16 
Powder + Sulphuric 

acid (conc.) 

 
 

 
 

 
 
 

 Green brown Green blue Azure blue 

17 
Powder + 50% 

Sulphuric acid 

 
 

 
 

 
 
 

 Beige grey Colourless Pearl gentian blue 
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Table 4.2.4.g: Fluorescence analysis of herbal formulation, TS (treatment of tonsilitis) 

SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

1 
Powder + Distilled 

water 

 
 

 
 

 
 
 

 Colourless Sky blue Traffic blue 

2 Powder + 50% KOH 

 
 

 
 

 
 
 

 Sand yellow Azure blue Traffic blue 

3 Powder + Benzene 

 
 

 
 

 
 
 

 Colourless Steel blue Capri blue 

4 Powder + 50% Benzene 

 
 

 
 

 
 
 

 Reed green Colourless Platinum grey 

5 Powder + Chloroform 

 
 

 
 

 
 
 

 Colourless Mint turquoise Concrete grey 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

6 
Powder + 50% 

Chloroform 

 
 

 
 

 
 
 

 Curry yellow Brown beige Luminous yellow 

7 
Powder + Nitric acid 

(conc.) 

 
 

 
 

 
 
 

 Ochre brown Colourless Colourless 

8 
Powder + 50% Nitric 

acid 

 
 

 
 

 
 
 

 Sand yellow Colourless Colourless 

9 
Powder +10% Ferric 

chloride 

 
 
 

 
 

 
 

 Broom yellow Colourless Colourless 

10 Powder + Methanol 

 
 

 
 

 
 
 

 Pale green Signal blue Platinum grey 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

11 
Powder + 50%   

Methanol 

 
 
 

 
 
 

 
 
 

 Sand yellow Signal blue Signal blue 

12 Powder + Ethanol 

 
 
 

 
 
 

 
 
 

 Colourless Cobalt blue Cobalt blue 

13 Powder + 50% Ethanol 

 
 
 

 
 
 

 
 
 

 Green beige Signal blue Traffic blue 

14 
Powder + Glacial acetic 

acid (conc) 

 
 
 

 
 
 

 
 
 

 Khaki grey Colourless Olive grey 

15 
Powder + 50% Glacial 

acetic acid 

 
 
 

 
 
 

 
 
 
 

  Khaki grey Signal blue Olive grey 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

16 
Powder + Sulphuric acid 

(conc) 

 
 
 

 
 
 

 
 
 

 Yellow grey Colourless Cobalt blue 

17 
Powder + 50% Sulphuric 

acid 

 
 
 

 
 
 

 
 
 

 Yellow grey Colourless Broom yellow 
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Table 4.2.4.h: Fluorescence analysis of herbal formulation, FF (Fraxinus floribunda for the 

treatment of diabetes) 

SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

1 
Powder + Distilled 

water 

 
 

 
 

 
 
 

 Pale green Sky blue Light blue 

2 Powder + 50% KOH 

 
 

 
 

 
 
 

 Broom yellow Colourless Patina green 

3 Powder + Benzene 

 
 

 
 

 
 
 

 Colourless Colourless Ultramine blue 

4 Powder+ 50% Benzene 

 
 

 
 

 
 
 

 Pale green Umbra grey Window grey 

5 Powder + Chloroform 

 
 

 
 

 
 
 

 Colourless Colourless Capri blue 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

6 
Powder + 50% 

Chloroform 

 
 

 
 

 
 
 

 Colourless Traffic blue Sky blue 

7 
Powder + Nitric acid 

(Conc.) 

 
 

 
 

 
 
 

 Pale green Colourless Colourless 

8 
Powder + 50% Nitric 

acid 

 
 

 
 

 
 
 

 Curry yellow Colourless Colourless 

9 
Powder + 10% Ferric  

chloride 

 
 
 

 
 

 
 

 Golden yellow Colourless Colourless 

10 Powder + Methanol 

 
 

 
 

 
 
 

 Colourless Sky blue Light blue 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 
 
 

 Pale green Sky blue Turquoise blue 

12 Powder + Ethanol 

 
 

 
 

 
 
 

 Pale green Sky blue  Turquoise blue 

13 Powder + 50% Ethanol 

 
 

 
 

 
 
 

 Pale green Sky blue Turquoise blue 

14 
Powder + Glacial acetic 

acid (Conc.) 

 
 

 
 

 
 
 

 Yellow grey Gentian blue Traffic blue 

15 
Powder + 50% Glacial 

acetic acid 

 
 

 
 

 
 
 

 Olive grey Capri blue Sky blue 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

16 
Powder + Sulphuric acid 

(Conc.) 

 
 

 
 

 
 
 

 Copper brown Colourless Capri blue 

17 
Powder + 50% Sulphuric 

acid 

 
 

 
 

 
 
 

 Olive grey Steel blue Signal blue 
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Table 4.2.4.i: Fluorescence analysis of herbal formulation, HS (Hedyotis scandens for the 

treatment of indigestion and stomachache) 

SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

1 
Powder + Distilled 

water 

 
 

 
 

 
 
 

 Yellow orange Violet blue Violet blue 

2 Powder + 50% KOH 

 
 

 
 

 
 
 

 Brown red Colourless Colourless 

3 Powder + Benzene 

 
 

 
 

 
 
 

 Colourless Colourless Signal violet 

4 
Powder + 50% 

Benzene 

 
 

 
 

 
 

 Lemon yellow Honey yellow Broom yellow 

5 
Powder + 

Chloroform 

 
 

 
 

 
 
 

 Lemon yellow Broom yellow Ochre yellow 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

6 
Powder + 50% 

chloroform 

 
 

 
 

 
 

 Broom yellow Curry yellow Grey beige 

7 
Powder + Nitric acid 

(Conc.) 

 
 

 
 

 
 

 Daffodil Colourless Colourless 

8 
Powder + 50% Nitric 

acid 

 
 

 
 

 
 

 Honey yellow Colourless Colourless 

9 
Powder + 10% 
Ferric chloride 

 
 

 
 

 
 

 Curry yellow Colourless Colourless 

10 Powder + Methanol 

 
 

 
 

 
 
 

 Honey yellow Curry yellow Grey beige 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 
 

 Broom yellow Brilliant blue Violet blue 

12 Powder + Ethanol 

 
 

 
 

 
 

 Daffodil yellow Curry yellow Grey beige 

13 
Powder + 50% 

Ethanol 

 
 

 
 

 
 

 Broom yellow Sapphire blue Ultramine blue 

14 
Powder + Glacial 

acetic acid (Conc.) 

 
 
 

 
 
 

 
 

 Lemon yellow Curry yellow Broom yellow 

15 
Powder + 50% 

Glacial acetic acid 

 
 

 
 

 
 

 Lemon yellow Honey yellow Azure blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

16 
Powder + Sulphuric 

acid (Conc.) 

 
 

 
 

 
 

 Copper brown Granite grey Azure blue 

17 
Powder + 50 % 
sulphuric acid 

 
 

 
 

 
 

 Beige Capri blue Azure blue 
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Table 4.2.4.j: Fluorescence analysis of herbal formulation, CB (Clematis buchanania for the 

treatment of sinusitis) 

SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

1 
Powder + Distilled 

water 

 
 

 
 

 
 

 Colourless Blue Green Opal Green 

2 Powder + 50% KOH 

 
 

 
 

 
 

 Light Ivory Saphire Blue Turquoise Green 

3 Powder + Benzene 

 
 

 
 

 
 

 Colourless Steel Blue Gentian Blue 

4 
Powder + 50% 

Benzene 

 
 

 
 

 
 

 Colourless Saphire Blue Capri Blue 

5 Powder + Chloroform 

 
 

 
 

 
 

 Colourless Steel Blue Pearl Night Blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

6 
Powder + 50% 

Chloroform 

 
 

 
 

 
 

 Colourless Ultramine Blue Signal Blue 

7 
Powder + Nitric acid 

(Conc.) 

 
 

 
 

 
 

 Light ivory Black blue Pearl gentian blue 

8 
Powder + 50% nitric 

acid 

 
 

 
 

 
 

 Light Ivory Black Blue Blue Green 

9 
Powder + 10% Ferric 

chloride 

 
 

 
 
 

 
 

 Dahlia Yellow Black Blue Black Red 

10 Powder + Methanol 

 

 

 

 

 

 

 Colourless Sky Blue Light Blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 
 

 Colourless Sky Blue Light Blue 

12 Powder + Ethanol 

 
 

 
 

 
 

 Light Ivory Sky Blue Light Blue 

13 
Powder + 50% 

Ethanol 

 
 

 
 

 
 

 Light Ivory Sky Blue Light Blue 

14 
Powder + Glacial 

acetic acid (Conc.) 

 
 

 
 

 
 

 Light Ivory Pearl Night Blue Traffic Blue 

15 
Powder + 50% Glacial 

acetic acid 

 
 

 
 

 
 

 Light Ivory Traffic Blue Sky Blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

16 
Powder + Sulphuric 

acid (Conc.) 

 
 

 
 

 
 

 Signal Brown Cobalt Blue Azure Blue 

17 
Powder +50 % 
Sulphuric acid 

 
 

 
 

 
 

 Light Ivory Signal Blue Gentian Blue 
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Table 4.2.4.k: Fluorescence analysis of herbal formulation, AA (Achyranthes aspera for the 

treatment of throat infection) 

SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

1 
Powder + Distilled 

water 

 
 

 
 

 
 

 Colourless Green blue Signal blue 

2 Powder + 50% KOH 

 
 

 
 

 
 

 Saffron yellow Black blue Turquoise    green 

3 Powder + Benzene 

 
 

 
 

 
 

 Colourless Jet black Pearl night blue 

4 
Powder + 50% 

Benzene 

 
 

 
 

 
 

 Colourless Black blue Signal blue 

5 Powder + Chloroform 

 
 

 
 

 
 

 Colourless Cobalt blue Gentian blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

6 
Powder + 50% 

Chloroform 

 
 

 
 

 
 

 Colourless Black blue Pearl night blue 

7 
Powder + Nitric acid 

(Conc.) 

 
 

 
 

 
 

 Colourless Colourless Colourless 

8 
Powder + 50% Nitric 

acid 

 
 

 
 

 
 

 Colourless Colourless Colourless 

9 
Powder + 10% Ferric 

chloride 

 
 

 
 

 
 

 Daffodil yellow Colourless Colourless 

10 Powder + Methanol 

 
 

 
 

 
 

 Colourless Sky blue Light blue 
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SL NO REAGENTS VISIBLE UV-254 nm UV-365nm 

11 
Powder + 50% 

Methanol 

 
 

 
 

 
 

 Colourless Sky blue Light blue 

12 Powder + Ethanol 

 
 

 
 

 
 

 Colourless Signal  blue Sky blue 

13 Powder + 50% Ethanol 

 

 

 

 

 

 

 Colourless Signal blue Light blue 

14 
Powder + Glacial acetic 

acid (conc.) 

 

 

 

 

 

 

 Colourless Signal blue Patina green 

15 
Powder + 50% Glacial 

acetic acid 

 

 

 

 

 

 

 Curry yellow Traffic blue Patina green 
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SL NO REAGENTS VISIBLE UV-254nm UV-365nm 

16 
Powder + Sulphuric 

acid (conc.) 

 

 

 

 

 

 
 

 Copper brown Colourless Colourless 

17 
Powder + 50% 
Sulphuric acid 

 

 

 

 

 

 

 Colourless Cobalt blue Steel blue 
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compounds present in plants exhibit a particular colour of fluorescence under 

different wavelengths of light after treating with certain chemical reagents.  This 

parameter is another simple yet useful tool to check the purity of the any 

formulations or drugs in their powder form when it is difficult to identify with naked 

eye. The colours varied from blue, green, red, yellow and some were colourless. All 

these colours were identified and noted down using the standard colour chart of 

RAL. 

4.2.5. Thin layer chromatography 

Thin layer chromatography (TLC) is another method which can be used to 

check the quality control of the drugs or formulations in their powder form. The 

extracts of all the herbal formulations were run in TLC plates in specific solvent 

system followed by spraying with their specific detecting reagents. The colour of the 

bands was observed under UV and visible light. The Rf values of each bands were 

noted down which can be used in future to compare with similar formulation for the 

authentication of the same. In this study, the observation after detection revealed the 

presence of anthraglycosides in all the herbal formulations (figure 4.2.5.a). The 

presence of arbutin was observed under visible light as blue bands and it was present 

in all the formulations with maximum bands in HP, AR, BP, FP and FF (figure 

4.2.5.b). Bitter principles were detected with vanillin-sulphuric acid reagent as were 

observed as blue, yellow, red and orange colour. It was present in all the 

formulations except HS, AA and CB with more bands found in AR, TS and FF 

(4.2.5.c). Flavonoids were indicated with green and yellow bands after spraying with 

NP/PEG reagent and it was present in all the formulations except HS, AA and CB 

(figure 4.2.5.d). Cardiac glycoside was observed under visible light after detection 

with antimony tri-chloride reagent which was present in HP, AR, AS, TS, GS and 

FP (figure 4.2.5.e) Alkaloids was also observed under visible light and it was 

detected with Dragendorff reagent. It was found to be present in AR, BP, AS, TS, 

GS and HS with TS showing prominent and abundant bands (figure 4.2.2.f). 

Coumarins were detected under UV-365 nm after spraying with detecting reagent 

ethanolic KOH and all the formulations showed the presence of coumarins in blue 

bands with TS and FF showing maximum number of bands (figure 4.2.2.g).  



Phyto-constituents: Anthraglycosides
Light: UV-365 nm
Colour of bands: Red and yellow
Solvent system: Ethyl acetate:Methanol:Water (100:13.5:10)
Detecting reagent: 10% ethanolic KOH
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Figure 4.2.5.a: Thin layer chromatography of herbal formulations for the detection of
anthraglycosideswith Rf values.
HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS:
Gastritis; FP: Food poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens
(Indigestion and stomachache); AA: Achyranthes aspera (Throat infection); CB: Clematis
buchanania (Sinusitis).
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Phytoconstituent: Arbutin
Light: Visible
Colour of bands: Blue
Solvent system: Ethyl acetate:Methanol:Water (100:13.5:10)
Detecting reagent: Berlin blue reagent
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Figure 4.2.5.b: Thin layer chromatography of herbal formulations for the detection of arbutin with Rf
values.
HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS: Gastritis;
FP: Food poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens (Indigestion and
stomachache); AA: Achyranthes aspera (Throat infection); CB: Clematis buchanania (Sinusitis).
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Phytoconstituent: Bitter principles
Light: UV-365 nm
Colour of bands: Blue, yellow, red, orange
Solvent system: Ethyl acetate:Methanol:Water (100:13.5:10)
Detecting reagent: Vanillin sulphuric acid reagent

0.70

FP

Figure 4.2.5.c: Thin layer chromatography of herbal formulations for the detection of bitter principles with Rf
values.
HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS: Gastritis; FP: Food
poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens (Indigestion and stomachache); AA:
Achyranthesaspera (Throat infection);CB: Clematis buchanania (Sinusitis).
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Active phytoconstituent: Flavonoids
Light: UV-365 nm
Colour of bands: Yellow and green
Solvent system: Ethyl acetate:Formic acid:Methanol:Glacial acetic acid (100:11:11:26)
Detecting reagent: NP/PEG [diphenylborinic acid aminoethylester (Natural product) and polyethylene
glycol mixture]

Figure 4.2.5.d: Thin layer chromatographyof herbal formulations for the detection of flavonoids.
HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS: Gastritis; FP: Food
poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens (Indigestion and stomachache); AA:
Achyranthesaspera (Throat infection);CB: Clematis buchanania (Sinusitis).
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Active phytoconstituent: Cardiac glycosides
Light: Visible
Colour of bands: Blue
Solvent system: Ethyl acetate:Methanol:Water (100:13.5:10)
Detecting reagent: Antimony chloride reagent

Figure 4.2.5.e: Thin layer chromatography of herbal formulations for the detection of cardiac glycosides
with Rf values.
HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS: Gastritis; FP:
Food poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens (Indigestion and stomachache);
AA: Achyranthes aspera (Throat infection);CB: Clematis buchanania (Sinusitis).
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Active phytoconstituent: Alkaloids
Light: Visible
Colour of bands: Brown and orange
Solvent system: Ethyl acetate:Methanol:Water (100:13.5:10)
Detecting reagent: Dragendorff reagent

Figure 4.2.5.f: Thin layer chromatography of herbal formulations for the detection of alkaloids.
HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS: Gastritis; FP: Food
poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens (Indigestion and stomachache); AA:
Achyranthesaspera (Throat infection);CB: Clematis buchanania (Sinusitis).
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Active phytoconstituent: Coumarins
Light: UV-365 nm
Colour of bands: Blue
Solvent system: Toluene: ethyl acetate (93:7)
Detecting reagent: Ethanolic KOH

Figure 4.2.5.g: Thin layer chromatography of herbal formulations for the detection of coumarins with Rf
values.
HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; AS: Asthma; TS: Tonsilitis; GS: Gastritis; FP: Food
poisoning; FF: Fraxinus floribunda (Diabetes); HS: Hedyotis scandens (Indigestion and stomachache); AA:
Achyranthesaspera (Throat infection);CB: Clematis buchanania (Sinusitis).
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The Rf values of all the bands were noted down which can be used as a tool for the 

authentication of these formulations in future to avoid any kind of adulterations.  

4.3. ESTIMATION OF PHYTOCHEMICALS CONTENT 

Phytochemicals are the natural bioactive compounds present in plants which 

are considered to have major contribution in defense system of plants against 

various diseases and stress conditions which are also the reason for the therapeutic 

activity of the plants. 

4.3.1Qualitative estimation of phytochemicals 

Qualitative estimation of phytochemicals was carried out with standardized 

methods in all the herbal formulations and presented in figure 4.3.1.a to figure 

4.3.1.k.Presence of these phytochemicals determines the therapeutic activity of 

plants thus it is regarded as a preliminary step before exploring their 

pharmacological activities. All the formulations were successively extracted in ten 

different solvents according to their non polar to polar nature. The results revealed 

that the formulation HP is presented in figure 4.3.1.a which contains cardiac 

glycosides and flavonoids in all the ten extracts with more concentration in HPAc 

(acetone extract) and HPAq (aqueous extract). Phytosterol was present in HPHp 

(heptane) and HPAc (acetone) and HPBu (butanol). Triterpenoids was present in 

HPAc, HPBu, HPEt, HPMt and HPAq while amino acids and resins were present 

only in HPAq and HPAc respectively. Tannins, glycosides, reducing sugars and 

alkaloids were absent in HP. The result of phytochemical determination of 

formulation AR is presented in figure 4.3.1.b. From the figure, it is clear that all the 

extracts of AR showed the presence of phytosterol and reducing sugars. 

Triterpenoids was present in all the extracts except ARHp, ARBz and ARCl while 

cardiac glycosides and flavonoids were preset in all the extracts except ARHp and 

ARCl. Glycosides were also found in these extracts of AR except for ARHx, ARHp, 

ARBz and ARCl. Tannins and alkaloids were absent in all the extracts and amino 

acid was present only in ARAq. The result of phytochemical estimation tests of 

formulation BP is presented in figure 4.3.1.c. It can be clearly observed that BP 

contained phytosterol, cardiac glycosdies, glycosides, flavonoids, tannins and 

reducing sugars. Phytosterol was highly concentrated in BPBz, BPAc and BPBu 
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while reducing sugar was mainly concentrated in BPBz and BPAc. Amino acid was 

present only in methanol extract (BPMt) and resin was present in BPBz and BPAq. 

Triterpenoids and alkaloids were not detected in BP from the tests performed for 

phytochemical determination. The phytochemical estimation of formulation AS is 

given in figure 4.3.1.d where it can be observed that active phytochemicals such as 

phytosterol, triterpenoids, alkaloids, cardiac glycosides, glycosides, flavonoids, 

tannins, reducing sugars and anthraquinones were present in AS but amino acids and 

resins were found to be absent in all the extracts. These phytochemicals were highly 

concentrated in ASEa, ASAc and ASAq. Phytochemical estimation of formulation 

TS is presented in figure 4.3.1.e. The figure presented that TSCl (chloroform 

extract) did not show the presence of any of the phytochemicals from the tests 

performed. Amino acid was absent but alkaloid was present in some non-polar 

solvent extracts (TSHx, TSBz, TSEa), glycosides was present only in aqueous 

extract (TSAq) and flavonoids were present in TSBu and TSEt only. Active 

phytoconstituents such as phytosterol, triterpenoids, cardiac glycosides, tannins and 

anthraquinone were highly concentrated in benzene (TSBz) and ethyl acetate (TSEa) 

extracts. Qualitative phytochemical estimation of formulation, GS is presented in 

figure 4.3.1.f. Phytosterol and reducing sugar were present in all the extracts of 

GSwith more concentration in GSEa, GSAc and GSEt. Resins were also 

concentrated highly in GSEa and GSAc but were not observed in hexane, heptanes 

and benzene extracts. AS also contained other phytochemicals such as tannins, 

terpenoids (in GSHx, GSBz), cardiac glycosides and flavonoids (in GSEt and 

GSMt). Glycosides and alkaloids were not observed in GS from the tests performed. 

Phytochemical estimation of formulation AA is given in figure 4.3.1.g and it was 

found that only phytosterol was present in all the extracts and phytochemicals such 

as anthraquinone, cardiac glycosides, glycosides, alkaloids, flavonoids and resins 

were found to be absent. Tannin and reducing sugar were present in AAMt and 

AAAq, triterpenoids was present in AAAc, AAEt, AAMt and AAAq, amino acid 

was present only in AAAq.The result of qualitative phytochemical tests of 

formulation CB is presented in figure 4.3.1.h which revealed that CB contained 

phytosterol, tannin, triterpenoids, flavonoids, reducing sugar, resin and amino acid 

but only in methanolic and aqueous extracts (CBMt and CBAq). Phytochemical 

estimation of formulation HS is given in figure 4.3.1.i and this formulation also  



Phytochemicals ARHx ARHp ARBz AREa ARCl ARAc ARBu AREt ARMt ARAq

Phytosterol + + + ++ + ++ +++ ++ +++ ++

Tannin - - - - - - - - - -

Triterpenoids + - - + - + ++ + ++ +

Cardiac

glycosides
+ - + ++ - ++ + + + +

Glycosides - - - + - ++ + + + +

Alkaloids - - - - - - - - - -

Flavonoids + - + ++ - ++ ++ + ++ +

Reducing sugar + + + ++ + ++ ++ ++ ++ +

Resin - - - ++ - + - - + +

Amino acids - - - - - - - - - +

Phytochemicals HPHx HPHp HPBz HPEa HPCl HPAc HPBu HPEt HPMt HPAq

Physterol - + - - - ++ + - - -

Tannin - - - - - - - - - -

Triterpenoids - - - - - + + + + +

Amino acid - - - - - - - - - +

Resin - - - - - + - - - -

Glycosides - - - - - - - - - -

Cardiac 

glycosides
+

+ + + +
++ + + ++ ++

Reducing sugars - - - - - - - - - -

Flavonoids + + ++ ++ + +++ + + + +++

Alkaloids - - - - - - - - - -

Low Medium High

Figure 4.3.1.a: Qualitative estimation of phytochemicals of herbal formulation used for the treatment of
heart palpitation (HP)
HPHx: Hexane extract; HPHp: Heptane extract; HPBz: Benzene extract; HPEa: Ethyl acetate extract; HPCl:
Chloroform extract; HPAc: Acetone extract; HPBu: Butanol extract; HPEt: Ethanol extract; HPMt:
Methanol extract; HPAq: Aqueous extract

Figure 4.3.1.b: Qualitative estimation of phytochemicals of herbal formulation used for the treatment of
arthritis (AR)
ARHx: Hexane extract; ARHp: Heptane extract; ARBz: Benzene extract; AREa: Ethyl acetate extract; ARCl:
Chloroform extract; ARAc: Acetone extract; ARBu: Butanol extract; AREt: Ethanol extract; ARMt:
Methanol extract; ARAq: Aqueous extract

Low Medium High
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Phytochemials BPHx BPHp BPBz BPEa BPCl BPAc BPBu BPEt BPMt BPAq

Amino acid - - - - - - - - + -

Phytosterol + + +++ + + +++ +++ + + ++

Triterpenoids - - - - - - - - - -

Alkaloids - - - - - - - - - -

Cardiac 

glycosides

+ - ++ + - ++ ++ + + +

Glycosides - - + - - + + - + ++

Flavonoids - - ++ + - + + - + ++

Tannin - - ++ - - + - - - ++

Reducing sugar ++ - +++ - - +++ ++ - - +

Resins - - ++ - - - - - - +

Figure 4.3.1.c: Qualitative estimation of phytochemicals of herbal formulation used for the treatment of 
high blood pressure (BP)
BPHx: Hexane extract; BPHp: Heptane extract; BPBz: Benzene extract; BPEa: Ethyl acetate extract; BPCl:
Chloroform extract; BPAc: Acetone extract; BPBu: Butanol extract; BPEt: Ethanol extract; BPMt: Methanol
extract; BPAq: Aqueous extract

Low Medium High

Phytochemicals ASHx ASHp ASBz ASEa ASCl ASAc ASBu ASEt ASMt ASAq

Amino acid - - - - - - - - - -

Phytosterol + + + +++ + +++ +++ +++ ++ +++

Triterpenoids + - + +++ - +++ ++ ++ ++ ++

Alkaloids + - + + + + + - - -

Cardiac 

glycosides

+ - + ++ + +++ ++ + ++ +++

Glycosides - - - + - ++ + + + ++

Flavonoids - - - ++ - ++ ++ ++ + ++

Tannin + - + +++ - +++ ++ ++ ++ +++

Reducing sugar + - + ++ - +++ + + + +

Resins - - - - - - - - - -

Anthraquinones - - - ++ - ++ + + + ++

Low HighMedium

Figure 4.3.1.d: Qualitative estimation of phytochemicals of herbal formulation used for the treatment of 
asthma(AS)
ASHx: Hexane extract; ASHp: Heptane extract; ASBz: Benzene extract; ASEa: Ethyl acetate extract; ASCl:
Chloroform extract; ASAc: Acetone extract; ASBu: Butanol extract; ASEt: Ethanol extract; ASMt: Methanol
extract; ASAq: Aqueous extract
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Phytochemicals TSHx TSHp TSBz TSEa TSCl TSAc TSBu TSEt TSMt TSAq

Amino acid - - - - - - - - - -

Phytosterol + + ++ +++ - ++ + ++ ++ -

Triterpenoids + + ++ +++ - ++ + + + ++

Alkaloids + - + + - + - - - -

Cardiac 

glycosides

+ + +++ +++ - ++ - + + -

Glycosides - - - - - - - - - +

Flavonoids - - - - - - + + - -

Tannin + + +++ +++ - ++ + ++ ++ ++

Reducing sugar - - ++ ++ - - - - + +

Resins + - + ++ - + - - + +

Anthraquinones - - + +++ - + - + + ++

Low Medium High

Figure 4.3.1.e: Qualitative estimation of phytochemicals of herbal formulation used for the treatment of
tonsilitis (TS)
TSHx: Hexane extract; TSHp: Heptane extract; TSBz: Benzene extract; TSEa: Ethyl acetate extract; TSCl:
Chloroform extract; TSAc: Acetone extract; TSBu: Butanol extract; TSEt: Ethanol extract; TSMt: Methanol
extract; TSAq: Aqueous extract

Phytochemicals GSHx GSHp GSBz GSEa GSCl GSAc GSBu GSEt GSMt GSAq

Tannins - - - ++ - ++ + + + +

Phytosterol ++ + ++ +++ + +++ ++ ++ ++ ++

Triterpenoids + - + - - - - - - -

Cardiac 

glycosides

+ - + ++ - - ++ + + +

Flavonoids - - - ++ - ++ ++ ++ ++ +

Alkaloids - - - - - - - - - -

Amino acids - - - - - - - + + -

Reducing sugar ++ ++ ++ ++ + +++ ++ +++ ++ ++

Glycosides - - - - - - - - - -

Resins - - - ++++ - +++ + ++ + ++

Low Medium High

Figure 4.3.1.f: Qualitative estimation of phytochemicals of herbal formulation used for the treatment of 
gastriti(GS)
GSHx: Hexane extract; GSHp: Heptane extract; GSBz: Benzene extract; GSEa: Ethyl acetate extract; GSCl: 
Chloroform extract; GSAc: Acetone extract; GSBu: Butanol extract; GSEt: Ethanol extract; GSMt: Methanol 
extract; GSAq: Aqueous extract 
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Phytochemicals AAHx AAHp AABz AAEa AACl AAAc AABu AAEt AAMt AAAq

Phytosterol + + + + + + + + + +

Anthraquinones - - - - - - - - - -

Tannin - - - - - - - - + +

Triterpenoids - - - - - + - + + +

Cardiac 

glycosides

- - - - - - - - - -

Glycosides - - - - - - - - - -

Alkaloids - - - - - - - - - -

Flavonoids - - - - - - - - - -

Reducing sugar - - - - - - - - + +

Amino acids - - - - - - - - - +

Resins - - - - - - - - - -

Low Medium High

Figure 4.3.1.g: Qualitative estimation of phytochemicals of Achyranthes aspera root used for the treatment 
of throat infection (AA)
AAHx: Hexane extract; AAHp: Heptane extract; AABz: Benzene extract; AAEa: Ethyl acetate extract; AACl:
Chloroform extract; AAAc: Acetone extract; AABu: Butanol extract; AAEt: Ethanol extract; AAMt: Methanol
extract; AAAq: Aqueous extract

Phytochemicals CBHx CBHp CBBz CBEa CBCl CBAc CBBu CBEt CBMt CBAq

Phytosterol - - - - - - - - + +

Anthraquinones - - - - - - - - - -

Tannin - - - - - - - - - +

Triterpenoids - - - - - - - - + ++

Cardiac 

glycosides

- - - - - - - - - -

Glycosides - - - - - - - - - -

Alkaloids - - - - - - - - - -

Flavonoids - - - - - - - - - -

Reducing sugar - - - - - - - - + +

Resins - - - - - - - - - +

Amino acids - - - - - - - - + ++

Figure 4.3.1.h: Qualitative estimation of phytochemicals of Clematis buchananiana root used for the 
treatment of sinusitis (CB)
CBHx: Hexane extract; CBHp: Heptane extract; CBBz: Benzene extract; CBEa: Ethyl acetate extract; CBCl:
Chloroform extract; CBAc: Acetone extract; CBBu: Butanol extract; CBEt: Ethanol extract; CBMt: Methanol
extract; CBAq: Aqueous extract

Low HighMedium
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Phytochemicals HSHx HSHp HSBz HSEa HSCl HSAc HSBu HSEt HSMt HSAq

Phytosterol - - - - - - + + + ++

Anthraquinones - - - - - - - - - -

Tannin - - - - - - - - + +

Triterpenoids - - - - - - - - + +

Cardiac glycosides - - - - - - - - - -

Glycosides - - - - - - - - - -

Alkaloids - - - - - - - - - -

Flavonoids - - - - - - - - - -

Reducing sugar - - - - - + + + + +

Resins - - - - - - - - - -

Amino acids - - - - - - - - - -

Low Medium High

Figure 4.3.1.i: Qualitative estimation of phytochemicals of Hedyotis scandens root used for the treatment of
indigestion and stomachache (HS)
HSHx: Hexane extract; HSHp: Heptane extract; HSBz: Benzene extract; HSEa: Ethyl acetate extract; HSCl:
Chloroform extract; HSAc: Acetone extract; HSBu: Butanol extract; HSEt: Ethanol extract; HSMt: Methanol
extract; HSAq: Aqueous extract

Phytochemicals FFHx FFHp FFBz FFEa FFCl FFAc FFBu FFEt FFMt FFAq

Phytosterol + + + + + ++ ++ ++ ++ ++++

Anthraquinones - - - + - ++ + + + ++

Tannin + + + ++ - +++ + + ++ +++

Triterpenoids + + + + + + + + + ++

Cardiac 

glycosides

- - - - - + - - + +

Glycosides - - - - - + - - + +

Alkaloids - - - - - - - - + +

Flavonoids + + + ++ + +++ + + ++ +++

Reducing sugar + + + + - + + + + ++

Resins - - - - - - - - - +

Amino acids - - - - - - - - + +

Low Medium High

Figure 4.3.1.j: Qualitative estimation of phytochemicals of Fraxinus floribunda bark used for the treatment
of diabetes (FF)
FFHx: Hexane extract; FFHp: Heptane extract; FFBz: Benzene extract; FFEa: Ethyl acetate extract; FFCl:
Chloroform extract; FFAc: Acetone extract; FFBu: Butanol extract; FFEt: Ethanol extract; FFMt: Methanol
extract; FFAq: Aqueous extract
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Phytochemicals FPHx FPHp FPBz FPEa FPCl FPAc FPBu FPEt FPMt FPAq

Anthraquinones + - + ++ + ++ + ++ + ++

Phytosterol ++ + ++ +++ + +++ + ++ + ++

Tannin ++ - +++ +++ ++ +++ ++ +++ ++ ++

Triterpenoids +++ + +++ ++ ++ +++ + ++ + +

Flavonoids - - - + - ++ + ++ + +

Cardiac 

glycosides
+ - ++ ++ + +++ + ++ - ++

Amino acid - - - - - - - - - -

Resins - - - - - - - - - -

Alkaloids ++ - ++ + + + + - - -

Glycosides - - + + - ++ - + - +

Reducing sugar - - + + - ++ - + - +

Low Medium High

Figure 4.3.1.k: Qualitative estimation of phytochemicals of herbal formulation used for the treatment of food
poisoning (FP)
FPHx: Hexane extract; FPHp: Heptane extract; FPBz: Benzene extract; FPEa: Ethyl acetate extract; FPCl:
Chloroform extract; FPAc: Acetone extract; FPBu: Butanol extract; FPEt: Ethanol extract; FPMt: Methanol
extract; FPAq: Aqueous extract
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showed the presence of some phytochemicals in few extracts only. Phytosterol was 

present in HSBu, HSEt, HSMt and HSAq. Tannin and triterpenoids were present in 

HSMt and HSAq only. Reducing sugar was observed in HSAc, HSBu, HSEt, HSMt 

and HSAq. Result of phytochemical determination of formulation FF is presented in 

figure 4.3.1.j. Phytosterol was present in all the extract but was concentrated highly 

in aqueous extract (FFAq). Tannin and flavonoids were also present with high 

concentration in the extracts, FFAc and FFAq. Alkaloids and amino acids were 

present inFFMt and FFAq only while cardiac glycosides and glycosides were 

present in FFAc, FFMt and FFAq. Resin was also observed but only in aqueous 

extract. The phytochemicals present in herbal formulation FP is presented in figure 

4.3.1.k. All the tested phytochemicals were present in FP in different solvent extract 

except for resins and amino acid which were absent. 

4.3.2. Quantitative estimation of phytochemicals 

Quantitative estimation of some phytochemicals present in ten different 

solvent extracts of eight studied herbal formulations was carried out and presented in 

figure 4.3.2.a to 4.3.2.f and table 4.3.2.a to 4.3.2.f.  From the figures and tables, it 

was observed that the aqueous extract of F. floribunda (FFAq) showed highest 

phenol (712.130±0.26mg GAE/g EW), flavonoids (56.330±0.22 mg QE/g EW), 

tannin (823.450±0.65 mg TAE/g EW) and steroid content (1.29±0.05 mg SE/g 

EW).Total ortho-dihydric phenol content was found to be highest in heptane extract 

of HP (88.859±0.018 mg CE/g EW). Alkaloid content was highest in ethyl acetate 

extract of TS (2.870±0.06 mg SE/g EW). It was observed that alkaloid content was 

mostly found to be present in non-polar solvent extracts except for sample BP and 

FF. Only in FF, alkaloid content was detected in all the solvent extracts while most 

of the herbal formulations revealed the presence of alkaloids mostly from hexane to 

ethyl acetate. 

4.4. ANTIMICROBIAL ACTIVITY  

The antimicrobial activities of ethanol and aqueous extracts of eight formulations 

were screened against two gram negative (Escherichia coli and Salmonella typhi) 

and three gram positive bacteria (Bacillus megaterium, Bacillus subtilis and  



Solvents used HP AR BP GS FP AS TS FF

Hexane 4.353±0.074 NA 46.948±0.119 10.602±0.006 NA 41.078±0.001 38.262±0.001 67.340±0.21

Heptane 361.413±0.003 20.483±0.027 70.063±0.056 NA NA 98.595±0.001 73.295±0.001 45.210±0.56

Benzene 139.200±0.082 93.887±0.069 152.044±0.236 82.238±0.120 44.014±0.088 74.794±0.002 24.580±0.001 187.450±0.12

Ethyl acetate 176.077±0.239 152.486±0.371 166.166±0.039 618.130±0.121 125.011±0.054 103.617±0.002 15.899±0.002 234.660±0.56

Chloroform 100.849±0.046 91.183±0.082 210.117±0.045 120.342±0.041 45.802±0.036 51.325±0.001 8.972±0.001 65.120±0.93

Acetone 272.988±0.201 321.453±0.556 38.024±0.251 399.231±0.126 95.192±0.032 73.975±0.002 23.298±0.001 456.190±0.11

Butanol 111.389±0.088 188.636±0.516 55.022±0.222 414.122±0.059 162.941±0.049 51.833±0.002 20.300±0.001 397.590±0.07

Ethanol 24.419±0.085 80.781±0.511 360.33±0.148 475.341±0.041 128.524±0.073 47.740±0.002 27.702±0.001 456.200±0.82

Methanol 39.162±0.263 106.796±0.412 105.290±0.306 406.193±0.073 341.637±0.039 41.730±0.001 30.889±0.001 521.320±0.51

Water 122.434±0.169 64.539±0.530 224.080±0.347 279.372±0.091 68.244±0.063 45.624±0.001 22.992±0.001 712.130±0.26

Solvents used HP AR BP GS FP AS TS FF

Hexane 12.627±0.042 NA 17.847±0.065 1.204±0.008 12.572±0.001 13.169±0.001 8.803±0.001 4.560±0.02

Heptane NA 14.022±0.025 6.644±0.028 NA 7.342±0.001 NA 3.210±0.001 10.380±0.17

Benzene 15.459±0.046 24.804±0.057 27.654±0.102 7.102±0.002 15.067±0.002 8.904±0.001 7.456±0.001 15.660±0.94

Ethyl acetate 7.326±0.033 34.525±0.069 6.212±0.031 13.050±0.002 28.119±0.001 5.256±0.001 12.387±0.001 23.920±0.37

Chloroform NA 8.229±0.023 10.563±0.014 2.547±0.017 19.138±0.002 3.215±0.001 NA± 5.010±0.07

Acetone 15.387±0.072 24.680±0.155 4.812±0.063 4.622±0.032 20.409±0.001 7.249±0.001 2.453±0.001 38.560±0.27

Butanol NA 15.262±0.016 5.903±0.084 9.841±0.032 23.153±0.002 3.044±0.001 NA 25.610±0.48

Ethanol 1.126±0.007 4.578±0.130 16.635±0.036 2.027±0.011 13.952±0.001 1.211±0.001 2.520±0.001 32.110±0.11

Methanol 1.716±0.032 0.120±0.037 0.120±0.087 0.120±0.003 23.748±0.002 0.120±0.002 4.699±0.001 41.780±0.39

Water 10.053±0.112 3.412±0.063 8.166±0.039 1.086±0.009 13.304±0.002 4.309±0.001 1.553±0.001 56.330±0.22

Table 4.3.2.a: Total phenol content of studied eight herbal formulations in different solvent extracts (mg Gallic acid eq./g EW)

Table 4.3.2.b: Total flavonoid content of studied eight herbal formulations in different solvent extracts (mg quercetin eq./g EW)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning;AS: Asthma; TS: Tonsilitis; FF: Fraxinus floribunda
(Diabetes)
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TOPC HP AR BP GS FP AS TS FF

Hexane 18.983±0.011 NA NA 1.691±0.023 12.371±0.001 14.867±0.001 4.089±0.001 3.410±0.09

Heptane 88.859±0.018 0.060±0.01 NA NA 8.235±0.001 13.306±0.001 6.861±0.001 1.230±0.12

Benzene 14.128±0.004 0.269±0.059 20.589±0.154 7.109±0.019 10.820±0.002 14.061±0.001 3.112±0.001 5.660±0.38

Ethyl acetate 19.021±0.005 0.625±0.065 NA 21.733±0.021 19.834±0.095 3.799±0.002 6.617±0.001 12.940±0.21

Chloroform 33.443±0.02 0.056±0.023 NA 14.868±0.027 16.989±0.001 7.312±0.002 0.390±0.001 1.950±0.29

Acetone 17.406±0.044 1.109±0.006 4.039±0.055 7.743±0.012 12.963±0.032 3.597±0.001 3.273±0.001 28.750±0.14

Butanol 13.628±0.019 1.159±0.009 6.431±0.063 15.501±0.002 22.188±0.007 2.225±0.001 0.738±0.001 21.390±0.33

Ethanol 5.902±0.007 0.264±0.038 19.182±0.018 13.626±0.027 9.656±0.001 1.285±0.001 2.115±0.002 19.010±0.07

Methanol 3.742±0.022 0.488±0.062 12.862±0.070 9.950±0.012 19.692±0.007 1.406±0.001 2.251±0.002 17.840±0.12

Water 13.556±0.077 0.284±0.038 16.116±0.041 6.934±0.006 6.704±0.002 4.339±0.001 1.618±0.002 21.120±0.19

Solvents  used HP AR BP GS FP AS TS FF

Hexane 0.120±0.01 0.340±0.150 NA 0.020±0.001 0.260±0.18 0.450±0.01 1.230±0.01 0.34±0.001

Heptane 0.290±0.002 0.630±0.101 NA NA NA 0.760±0.02 2.320±0.12 0.21±0.002

Benzene 0.350±0.007 1.800±0.203 NA 0.020±0.004 0.160±0.01 1.650±0.04 2.560±0.04 0.31±0.008

Ethyl acetate 1.220±0.01 1.240±0.187 NA 0.040±0.002 0.090±0.03 2.310±0.05 2.870±0.06 0.49±0.003

Chloroform NA NA NA NA NA NA NA 0.68±0.004

Acetone NA NA 0.010± 0.010±0.006 NA NA NA 0.71±0.002

Butanol NA NA 0.010± 0.030±0.001 NA NA NA 0.61±0.005

Ethanol NA NA 0.110± NA NA NA NA 0.54±0.007

Methanol NA NA 0.120± NA NA NA NA 0.87±0.012

Water NA NA NA NA NA NA NA 1.12±0.035

Table 4.3.2.d: Total alkaloid content of studied eight herbal formulations in different solvent extracts (mg solasodine eq./g EW)

Table 4.3.2.c: Total ortho-dihydric content of studied eight herbal formulations in different solvent extracts (mg catechol eq./g EW)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning;AS: Asthma; TS: Tonsilitis; FF: Fraxinus floribunda
(Diabetes)
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Solvents used HP AR BP GS FP AS TS FF

Hexane 86.340±0.12 NA 0.034±0.002 0.027±0.014 0.023±0.035 45.090± 41.240±0.02 76.230±0.21

Heptane 301.290±0.98 77.190±0.010 58.630±0.006 73.002±0.010 NA 112.490± 82.010±0.13 56.090±0.32

Benzene 121.030±1.21 180.619±0.046 98.672±0.191 137.906±0.019 57.954±0.085 83.140± 34.510±0.45 213.160±0.15

Ethyl acetate 188.130±0.45 343.231±0.331 95.981±0.043 249.613±0.065 212.786±0.178 127.810± 20.430±0.28 254.720±0.42

Chloroform 109.110±0.28 191.220±0.017 101.142±0.014 1397.472±0.084 105.613±0.053 65.090± 15.010±0.13 77.090±0.98

Acetone 265.870±0.72 394.423±0.306 19.104±0.148 143.662±0.094 221.411±0.338 82.340± 29.040±0.67 523.280±0.56

Butanol 120.120±0.82 217.096±0.213 38.930±0.106 311.996±0.341 621.674±0.076 59.150± 25.610±0.28 425.080±0.71

Ethanol 19.010±0.38 97.544±0.087 306.214±0.056 388.812±0.187 188.452±0.166 51.020± 37.240±0.17 477.170±0.28

Methanol 45.390±0.19 89.822±0.135 79.188±0.059 370.446±0.234 257.924±0.130 43.160± 43.290±0.33 542.210±0.18

Water 132.200±0.27 6.835±0.017 86.013±0.288 160.946±0.241 72.893±0.166 47.090± 28.180±0.21 823.450±0.65

Solvents used HP AR BP GS FP AS TS FF

Hexane 0.320±0.001 0.350±0.099 0.210±0.001 0.350±0.01 0.412±0.001 0.220±0.001 0.780±0.02 0.12±0.07

Heptane 0.120±0.01 0.330±0.013 0.110±0.003 0.330±0.002 NA 0.240±0.003 0.990±0.31 0.26±0.006

Benzene 0.270±0.002 0.850±0.063 0.320±0.002 0.850±0.003 0.522±0.002 0.450±0.004 0.590±0.26 0.31±0.09

Ethyl acetate 0.650±0.004 0.250±0.069 0.410±0.001 0.250±0.012 0.303±0.004 0.340±0.002 0.820±0.17 0.72±0.19

Chloroform 0.620±0.001 0.120±0.019 0.100±0.004 0.120±0.032 0.011±0.006 0.120±0.004 0.450±0.31 0.09±0.003

Acetone 0.130±0.008 0.070±0.037 1.230±0.021 0.070±0.02 0.904±0.001 0.040±0.002 1.120±0.19 1.09±0.006

Butanol 0.220±0.005 0.080±0.044 0.980±0.002 0.080±0.011 0.321±0.003 0.270±0.001 0.690±0.28 0.89±0.007

Ethanol 0.340±0.004 0.040±0.043 0.870±0.005 0.040±0.041 0.287±0.02 0.380±0.005 0.360±0.06 0.79±0.03

Methanol 0.250±0.002 0.150±0.044 0.730±0.001 0.150±0.011 0.276±0.03 0.270±0.002 0.810±0.07 0.89±0.02

Water 0.210±0.007 0.030±0.055 0.380±0.005 0.030±0.011 0.102±0.006 0.170±0.005 0.490±0.06 1.29±0.05

Table 4.3.2.e: Total tannin content of studied eight herbal formulations in different solvent extracts (mg tannic acid eq./g EW)

Table 4.3.2.f: Total steroid content of studied eight herbal formulations in different solvent extracts (mg solasodine eq./g EW)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning;AS: Asthma; TS: Tonsilitis; FF: Fraxinus floribunda
(Diabetes)
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Figure 4.3.2.a : Total phenol content of studied eight herbal formulations.

HP: heart palpitaion; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP: Food
poisoning; TS: Tonsilitis; FF: Fraxinus floribunda for diabetes

Figure 4.3.2.b : Total flavonoid content of studied eight herbal formulations

HP: heart palpitaion; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP: Food
poisoning; TS: Tonsilitis; FF: Fraxinus floribunda for diabetes
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Figure 4.3.2.c: Total orthodihydric phenol content of studied eight herbal formulations

HP: heart palpitaion; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP:
Food poisoning; TS: Tonsilitis; FF: Fraxinus floribunda for diabetes

Figure 4.3.2.d: Total alkaloid content of studied eight herbal formulations

HP: heart palpitaion; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP:
Food poisoning; TS: Tonsilitis; FF: Fraxinus floribunda for diabetes
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Figure 4.3.2..f: Total steroid content of studied eight herbal formulations

HP: heart palpitaion; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP:
Food poisoning; TS: Tonsilitis; FF: Fraxinus floribunda for diabetes

Figure 4.3.2.e: Total tannin content of studied eight herbal formulations

HP: heart palpitaion; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP:
Food poisoning; TS: Tonsilitis; FF: Fraxinus floribunda for diabetes
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Staphylococcus aureus).From the results presented in figure 4.4.1 to 4.4.17 and table 

4.4, it was found that some extracts were active against the tested bacteria while 

some showed no inhibition zone or no antimicrobial activity. Antibiotic 

streptomycin was used as standard and the concentration taken for it were 25 mg/ml, 

50 mg/ml, 100 mg/ml and 500 mg/ml. It showed prominent inhibition zones against 

all the tested bacterial isolates. The highest antimicrobial activity of streptomycin 

was recorded against E.coli as 3.67 cm. It was interesting to observe that both 

ethanol and aqueous extracts of sample FP showed antimicrobial activity against all 

the above bacterial isolates with highest activity against S.typhi by aqueous extract 

and against B. megaterium by ethanol extract. The sample HPEt, ARAq, BPEt, 

BPAq, ASEt and TSAq showed no inhibition of anti-bacterial strains up to 500 

mg/ml FWT. The aqueous extract of HP showed inhibition against E.coli and 

B.subtilis. AREt also showed inhibition against two isolates namely E. coli and S. 

aureus. In case of AS, the aqueous extract showed antimicrobial activity against two 

gram +ve bacteria, B. subtilis and S. aureus. TSEt and FFAq inhibited E. coli only 

while there was no inhibition for the rest of the isolates. Sample GS was also seen to 

have potential antimicrobial activity with ethanol extract inhibiting all the bacterial 

strains except S. typhi and the aqueous extract inhibiting all the bacterial isolates 

except S. typhi as well as B. subtilis. Overall the inhibition zones did not exceed 2 

cm in all the extracts and some herbal formulations showed potential antimicrobial 

activity especially by sample FP which is also used for the treatment of food 

poisoning in traditional system. 

4.5. IN VITRO CYTOTOXIC ACTIVITY 

For the study of anti-proliferative activity of the herbal formulations, all the 

extracts were taken in five different concentrations (50μg/ml, 100μg/ml, 150μg/ml, 

200μg/ml, 250 μg/ml) and the cell viability percentage were calculated. MTT assay 

was performed for this study to determine the cytotoxic effect of the extracts on 

human liver cell line (WRL-68). WRL-68 cells generally exhibit a similar 

morphology of hepatocytes and can express several liver-specific enzymes like 

alkaline phosphatase, gamma-glutamyl transpeptidase, aspartate amino transferase 

and alanine transferase. Interestingly PCR-based DNA profile study has proved that 

WRL-68 cell lines are indistinguishable from HeLa and were originally collected  



Figure 4.4.1: Antimicrobial activity of

standard antibiotic streptomycin in

various bacterial strains labeled as A,

B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus

A B

C D

E
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Figure 4.4.2: Antimicrobial activity of

ethanolic extract of herbal formulation

AR in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.3: Antimicrobial activity of

aqueous extract of herbal formulation

AR in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.4: Antimicrobial activity of

ethanolic extract of herbal formulation

BP in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.5: Antimicrobial activity of

aqueous extract of herbal formulation BP

in various bacterial strains labeled as A, B,

C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.6: Antimicrobial activity of

aqueous extract of herbal formulation AS

in various bacterial strains labeled as A, B,

C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.7: Antimicrobial activity of

ethanolic extract of herbal formulation

AS in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.8: Antimicrobial activity of

aqueous extract of herbal formulation

FP in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus

181



A B

C D

E

Figure 4.4.9: Antimicrobial activity of

ethanolic extract of herbal formulation

FP in various bacterial strains labeled

as A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.10: Antimicrobial activity of

aqueous extract of herbal formulation

GS in various bacterial strains labeled

as A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.11: Antimicrobial activity of

ethanolic extract of herbal formulation

GS in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.12: Antimicrobial activity of

aqueous extract of herbal formulation

HP in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.13: Antimicrobial activity of

ethanolic extract of herbal formulation

HP in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.14: Antimicrobial activity of

aqueous extract of herbal formulation

TS in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus

A B
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Figure 4.4.15: Antimicrobial activity of

ethanolic extract of herbal formulation

TS in various bacterial strains labeled as

A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.16: Antimicrobial activity of

aqueous extract of herbal formulation

FF in various bacterial strains labeled

as A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Figure 4.4.17: Antimicrobial activity of

ethanolic extract of herbal formulation

FF in various bacterial strains labeled

as A, B, C, D and E.

A: Bacillus megaterium

B: Bacillus subtilis

C: Escherichia coli

D: Salmonella typhi

E: Staphylococcus aureus
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Sample 
Concentration 

(mg/ml) 

Inhibition zone diameter (cm) 

Escherichia  

coli 

Salmonella 

typhi 

Bacillus 

megaterium 

Bacillus 

 subtilis 

Staphylococcus 

aureus 

Streptomycin 

(standard) 

25 1.17±0.15fgh 2.07±0.06c 2.47±0.15d 1.97±0.15d 1.50±0.10e 

50 2.10±0.10c 2.23±0.06bc 2.77±0.06c 2.33±0.06c 1.87±0.06c 

100 2.60±0.10b 2.50±0.10b 3.03±0.06b 2.53±0.06b 2.20±0.10b 

500 3.67±0.06a 3.00±0.10a 3.27±0.0.15a 2.80±0.10a 2.70±0.10a 

HPEt 

100 

NI NI NI NI NI 
200 

300 

500 

HPAq 

100 0.57±0.06pq 

NI NI 

0.63±0.06jk 

NI 
200 0.70±0.10nop 0.83±0.06i 

300 0.80±0.10lmno 0.87±0.06i 

500 0.93±0.06jkl 1.07±0.12h 

AREt 

100 1.1±0.06hij 

NI 
NI 

NI 

0.63±0.06lmno 

200 1.3±0.06f 0.77±0.06ijkl 

300 1.5±0.06e 0.87±0.06hi 

500 1.7±0.15d 0.77 ± 0.06ijk 1.07±0.06g 

ARAq 

100 

NI NI NI NI NI 
200 

300 

500 

BPEt 

100 

NI NI NI NI NI 
200 

300 

500 

BPAq 

100 

NI NI NI NI NI 
200 

300 

500 

ASEt 

100 

NI NI NI NI NI 
200 

300 

500 

ASAq 

100 

NI NI NI 

0.57±0.06k 0.57±0.06no 

200 0.80±0.10i 0.80±0.10hijk 

300 0.87±0.15i 0.87±0.15hi 

500 1.03±0.06h 1.03±0.06g 

Table 4.4: Antimicrobial activity of ethanol and aqueous extracts of the herbal formulations against 
the some bacterial isolates with disc diffusion method 
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Sample 
Concentration 

(mg/ml) 

Inhibition zone diameter (cm) 

Escherichia  

coli 

Salmonella 

typhi 

Bacillus 

megaterium 

Bacillus 

 subtilis 

Staphylococcus 

aureus 

TSEt 

100 0.47±0.06q 

NI NI NI NI 
200 0.67±0.06op 

300 0.80±0.10lmno 

500 0.90±0.06q 

TSAq 

100 

NI NI NI NI NI 
200 

300 

500 

GSEt 

100 0.60±0.10pq 

NI 

0.67±0.06kl 0.57±0.06k 0.70±0.06jklmn 

200 0.87±0.06klm 0.83±0.06hi 0.77±0.06i 0.87±0.10hi 

300 1.10±0.10ghi 0.93±0.06gh 0.87±0.06i 1.03±0.06g 

500 1.23±0.06fg 1.30±0.10f 1.37±0.06f 1.27±0.06f 

GSAq 

100 0.60±0.10pq 

NI 

0.53±0.06l 

NI 

0.53±0.06o 

200 0.80±0.10lmno 0.63±0.06kl 0.60±0.10mno 

300 0.87±0.06klm 0.73±0.06ijk 0.73±0.06ijklm 

500 1.30±0.10f 0.83±0.06ijk 0.93±0.06gh 

FPEt 

100 0.57±0.06pq 0.73±0.06g 0.63±0.06kl 0.73±0.06ij 0.70±0.06jklmn 

200 0.77±0.12mno 0.87±0.06fg 0.70±0.10ik 0.80±0.10i 0.87±0.06hi 

300 0.90±0.10klm 0.63±0.46g 1.27±0.06f 0.87±0.06i 1.07±0.10g 

500 1.23±0.06fg 1.30±0.10e 1.53±0.06e 1.27±0.06fg 1.30±0.06f 

FPAq 

100 0.80±0.10lmno 0.87±0.06fg 0.83±0.06hi 0.83±0.06i 0.67±0.10klmno 

200 0.93±0.06jkl 1.07±0.06ef 1.03±0.06g 1.03±0.06h 0.83±0.06hij 

300 1.23±0.12fg 1.30±0.10e 1.27±0.06f 1.23±0.06g 1.20±0.06f 

500 1.63±0.12d 1.70±0.10d 1.60±0.10e 1.70±0.10e 1.67±0.06d 

FFEt 

100 

NI 
NI NI NI NI 

200 

300 

500 0.97±0.06ijk 

FFAq 

100 0.83±0.06klmn 

NI NI NI NI 
200 0.93±0.06jkl 

300 1.23±0.06fg 

500 1.60±0.10de 

HPEt and HPAq: Ethanolic extract and aqueous extract of HP (formulation for the treatment of heart palpitation); AREt and ARAq : Ethanolic and aqueous 

extract of AR( formulation for the treatment of arthritis); BPEt and BPAq: Ethanolic and aqueous extract of BP (formulation for the treatment of high blood 

pressure); ASEt and ASAq: Ethanolic and aqueous extract of AS (formulation for the treatment of asthma); TSEt and TSAq: Ethanolic and aqueous extract of 

TS (formulation for the treatment of tonsillitis); GSEt and GSAq: Ethanolic and aqueous extract of GS (formulation for the treatment of GS); FPET and FPAq: 

Ethanolic and aqueous extract of FP (formulation for the treatment of food poisoning); FFEt and FFAq: Ethanolic and aqueous extract of FF (Fraxinus 

floribunda for the treatment of diabetes); NI: No inhibition. 
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from Human Cervix Carcinoma. Results of the cytotoxicity evaluation are presented 

in figure 4.5.1 and 4.5.2. Cell viability percentage was determined and presented in 

figure 4.5.1 where it was observed that all the extracts showed anti-proliferative 

activity in different concentration. Highest cell viability percentage was shown by 

HP extract at 250 μg/ml concentration (61.04%). Extracts of AS and GS at 250 

μg/ml concentration and TS at both 200 and 250 μg/ml concentration showed cell 

viability percentage above 30%. In case of AR, BP, GS, FP, FF and TS, cytotoxic 

activity was observed only at concentration of 150μg/ml and above. Atjanasuppat et 

al. (2009) categorized the anti-proliferative activities of the extracts into four 

groups: ≤ 20 μg/ml, active; >20–100 μg/ml, moderately active; >100–1000 μg/ml, 

weakly active; and >1000 μg/ml, inactive. Based on the report, IC50 values of cell 

viability of the herbal formulations (figure 4.11.2) fall under the range of extracts 

having anti-proliferative activity but none on active category. Extract of AR showed 

highest cytotoxic activity with lowest IC50 value (173.44±9.82 μg/ml) which falls 

under weakly active category along with rest of the formulations falling under the 

same category too. The overall result from MTT assay showed that the IC50 values 

of cell viability against human liver cancer cell line (WRL-68) ranged from 100 to 

1000μg/ml and were categorized as weakly active. 

4.6 IN VITRO ANTIDIABETIC ACTIVITY 

In vitro antidiabetic activity of all the formulations was determined by α-

glucosidase inhibiting activity of the extracts. All the formulations exhibited 

antidiabetic activity but not by all the solvent extracts. A variation in anti-diabetic 

activity was observed according to the polarity of solvents in which they were 

extracted. The percentage inhibition of the enzyme by the extracts was calculated 

and IC50 values were obtained and presented in figure 4.6.1 to 4.6.8. From the 

figures it was revealed that acetone extract exhibited highest antidiabetic activity in 

case of HP (0.02±0.001 mg/ml), AR (0.013±0.001 mg/ml), FP (0.05±0.002 mg/ml) 

and TS (0.5±0.06 mg/ml) while in case of BP (0.34±0.09 mg/ml), GS (0.02±0.002 

mg/ml) and AS (0.10±0.02 mg/ml), ethanol extract showed the highest activity. 

Only in case of FF (Fraxinus floribunda) which is also used for treating diabetes in 

traditional system, aqueous extract exhibited highest antidiabetic activity (0.01 

mg/ml).  It was also observed that the non polar solvent extracts showed less  



Figure 4.5.1: Anticancer activity of herbal formulation extracts against WRL-68 cell line

AS: Asthma; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning; HP:
heart palpitaion; FF: Fraxinus floribunda for diabetes; TS: Tonsilitis
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Figure 4.5.2: IC50 values of MTT assay of herbal formulation extracts against WRL-68 cell

line

AS: Asthma; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning; HP:
heart palpitaion; FF: Fraxinus floribunda for diabetes; TS: Tonsilitis
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Figure 4.6.1: Alpha glucosidase inhibiting activity of herbal formulation HP for heart
palpitation
HPHx: Hexane extract; HPHp: Heptane extract; HPBz: Benzene extract; HPEa: Ethyl
acetate extract; HPCl: Chloroform extract; HPAc: Acetone extract; HPBu: Butanol
extract; HPEt: Ethanol extract; HPMt: Methanol extract; HPAq: Aqueous extract
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Figure 4.6.2: Alpha glucosidase inhibiting activity of herbal formulation AR for
arthritis
ARHx: Hexane extract; ARHp: Heptane extract; ARBz: Benzene extract; AREa: Ethyl
acetate extract; ARCl: Chloroform extract; ARAc: Acetone extract; ARBu: Butanol
extract; AREt: Ethanol extract; ARMt: Methanol extract; ARAq: Aqueous extract
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Figure 4.6.4: Alpha glucosidase inhibiting activity of herbal formulation GS for gastritis.
GSHx: Hexane extract; GSHp: Heptane extract; GSBz: Benzene extract; GSEa: Ethyl
acetate extract; GSAc: Acetone extract; GSBu: Butanol extract; GSEt: Ethanol extract;
GSMt: Methanol extract; GSAq: Aqueous extract

Figure 4.6.3: Alpha glucosidase inhibiting activity of herbal formulation BP for high
blood pressure
BPHx: Hexane extract; BPHp: Heptane extract; BPBz: Benzene extract; BPEa: Ethyl
acetate extract; BPCl: Chloroform extract; BPAc: Acetone extract; BPBu: Butanol
extract; BPEt: Ethanol extract; BPMt: Methanol extract; BPAq: Aqueous extract
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Figure 4.6.5: Alpha glucosidase inhibiting activity of herbal formulation AS for asthma
ASHx: Hexane extract; ASHp: Heptane extract; ASBz: Benzene extract; ASEa: Ethyl 
acetate extract; ASCl: Chloroform extract; ASAc: Acetone extract; ASBu: Butanol
extract; ASEt: Ethanol extract; ASMt: Methanol extract; ASAq: Aqueous extract 

Figure 4.6.6: Alpha glucosidase inhibiting activity of herbal formulation FP for food
poisoning
FPHx: Hexane extract; FPHp: Heptane extract; FPBz: Benzene extract; FPEa: Ethyl
acetate extract; FPCl: Chloroform extract; FPAc: Acetone extract; FPBu: Butanol
extract; FPEt: Ethanol extract; FPMt: Methanol extract; FPAq: Aqueous extract
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Figure 4.6.7: Alpha glucosidase inhibiting activity of herbal formulation TS for tonsilitis
TSHx: Hexane extract; TSHp: Heptane extract; TSBz: Benzene extract; TSEa: Ethyl
acetate extract; TSCl: Chloroform extract; TSAc: Acetone extract; TSBu: Butanol
extract; TSEt: Ethanol extract; TSMt: Methanol extract; TSAq: Aqueous extract

Figure 4.6.8: Alpha glucosidase inhibiting activity of herbal formulation FF (bark of
Fraxinus floribunda) for diabetes
FFHx: Hexane extract; FFHp: Heptane extract; FFBz: Benzene extract; FFEa: Ethyl
acetate extract; FFCl: Chloroform extract; FFAc: Acetone extract; FFBu: Butanol
extract; FFEt: Ethanol extract; FFMt: Methanol extract; FFAq: Aqueous extract
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antidiabetic activity and chloroform extracts of all the formulation showed no 

inhibition of the enzymes. Overall, the lowest IC50 value was exhibited by aqueous 

extract of FF (0.011±0.002 mg/ml).  

4.7 FREE RADICAL SCAVENGING ACTIVITY 

Free radicals such as superoxide, hydroxyl, peroxyl etc are derived from 

oxygen generated in living organism during metabolic processes (Fang et al., 2002 

and Valko et al., 2007) and are known as reactive oxygen species (ROS). Another 

group of radicals are nitric oxide and nitrogen dioxide which are derived from 

nitrogen also known as reactive nitrogen species (RNS). Both ROS and RNS are 

normal products of metabolic processes and function as defence for body from 

infectious agents and also play roles in some cellular signalling system in low 

concentration. However over production of ROS and RNS are harmful and can 

damage and decrease the function of cellular lipid, proteins, and DNA in biological 

process causing oxidative stress or nitrosative stress. In this study we have evaluated 

free radical scavenging activity along with metal chelating potential and ferric 

reducing antioxidant power of the eight herbal formulations. The figures and tables 

are presented in figure 4.7.1 to 4.7.6 and table 4.7.1 and 4.7.6.  

DPPH scavenging assay is a simple and efficient way to find out the free 

radical scavenging potential of any sample and it is presented in figure and table 

4.7.1. All the extracts of herbal formulation showed DPPH scavenging activity 

except for heptanes extract of BP and also heptane and chloroform extract of TS. 

The results are given in IC50 values and the lowest value showed the highest activity. 

From the figure and table, it was found that the lowest IC50 value was found in the 

aqueous extract of FF (0.01±0.002 mg/ml). In all the formulations, the lowest IC50 

values were exhibited by different solvent extracts. 

ABTS
+
 scavenging activity is another simple method to find out the free 

radical scavenging activity and it is presented in figure and table 4.7.2. In this study, 

ethyl acetate extract of GS showed lowest IC50 value (0.005±0.001 mg/ml). There 

are other extracts also which showed potential ABTS scavenging activity such as 

FPBu (0.008±0.001 mg/ml), FFAq (0.01±0.001 mg/ml), FFAc (0.011±0.001 

mg/ml), FPMt (0.012±0.001 mg/ml), FPAc (0.011±0.001 mg/ml), FPEt  
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(0.017±0.001 mg/ml) andFPMt (0.012±0.001 mg/ml). From figure 4.7.2, it was 

observed that among all the herbal formulations, HP, BP, GS and FP were potential 

ABTS scavengers. 

Superoxide scavenging activity of the herbal formulation is presented in 

figure and table 4.7.3. The results revealed that all the formulations were able to 

scavenge superoxide radical. In case of HP (0.369±0.151 mg/ml), AR (0.149±0.136 

mg/ml), AS (0.275±0.039 mg/ml), TS (10.54±0.17 mg/ml) and FF (0.02±0.001 

mg/ml), aqueous extract showed lowest IC50 values and highest scavenging activity. 

In case of AR, butanol extract exhibited lowest IC50 value (0.327±0.083 mg/ml) and 

in case of GS, heptane extract showed highest activity (0.238±0.79 mg/ml) while for 

GS, ethyl acetate extract showed lowest IC50 value (0.034±0.001 mg/ml). Among 

all, the highest superoxide scavenging activity was shown by FFAQ. 

Nitric oxide scavenging activity is presented in figure and table 4.7.4. It was 

seen that some of the extracts could not scavenge nitric oxide except for FP and FF 

in which all the solvents extracts showed nitric oxide scavenging activity. Among all 

the other extracts, extracts of FF showed the most potent nitric oxide scavenging 

activity with low values. The lowest IC50 value was revealed by the aqueous extract 

of FF (0.98±0.003 mg/ml). 

Chelation of ferrous ions by the extracts of herbal formulations was 

determined and presented in figure and table 4.7.5. The results showed the metal 

chelating activity was exhibited by only some selective extracts of the formulations 

except for AS and FF which showed metal chelating activity by the solvent extracts. 

In case of HP and AR, heptane extract showed the highest metal chelating activity as 

0.328±0.036mg/ml and 0.83±0.031mg/ml respectively. Methanol extract showed the 

highest activity in case of BP (0.852±0.483 mg/ml) and FP (1.049±0.104 mg/ml). 

Benzene extract was showed strong chelating activity by AS (0.904±0.168 mg/ml) 

and TS (1.279±0.143 mg/ml). Among all the formulations, aqueous extract of FF 

was the strongest metal chelator (0.65±0.007 mg/ml).  

Ferric reducing antioxidant power or electron donating ability of extracts of 

herbal formulations was determined and presented in figure and table 4.7.6. The 

results revealed that some of the extracts showed remarkable reducing power such as  
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Figure 4.7.1: DPPH˙ scavenging activity of herbal formulations (IC50 mg/ml)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis;  AS: Asthma; FP: Food 

poisoning; TS: Tonsilitis; FF: Fraxinus floribunda (Diabetes)
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Figure 4.7.2: ABTS˙ scavenging activity of herbal formulations (IC50 mg/ml)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis;  AS: Asthma; FP: Food 

poisoning; TS: Tonsilitis; FF: Fraxinus floribunda (Diabetes)
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Figure 4.7.3: Superoxide scavenging activity of herbal formulations (IC50 mg/ml)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP: Food

poisoning; TS: Tonsilitis; FF: Fraxinus floribunda (Diabetes)
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Figure 4.7.4: Nitric oxide scavenging activity of herbal formulations (IC50 mg/ml)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis;  AS: Asthma; FP: Food 

poisoning; TS: Tonsilitis; FF: Fraxinus floribunda (Diabetes)
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Figure 4.7.5: Metal chelating activity of herbal formulations (IC50 mg/ml)

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; AS: Asthma; FP: Food

poisoning; TS: Tonsilitis; FF: Fraxinus floribunda (Diabetes)
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Figure 4.7.6: Ferric reducing antioxidant power of herbal formulations (mg AAE/gEW) [AAE: 

Ascorbic Acid Equivalent]

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis;  AS: Asthma; FP: Food 

poisoning; TS: Tonsilitis; FF: Fraxinus floribunda (Diabetes)
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HPAc (896.655±0.029mg AAE/g EW) and FFAq (954.12±0.88mg AAE/g EW). 

Other solvent extracts of HP and FF also showed potential reducing power as 

compared to the formulations. 

4.8 ANTI-HYPERTENSIVE ACTIVITY  

Anti-hypertensive activity of the extracts of herbal formulations was 

determined by the inhibiting activity of angiotensin converting enzyme. It was found 

that only two formulations were able to inhibit the enzyme and the result is 

presented in figure 4.8. Fraxinus floribunda was used for the treatment of diabetes 

and BP is the formulation used for the treatment of high blood pressure. 

Antihypertensive activity was exhibited only by the acetone and aqueous extracts of 

FF as well as benzene and ethanol extracts of BP. Overall, the lowest IC50value was 

shown by the benzene extract of BP (55.25±5.59 mg/ml). Other extracts showed 

IC50 values in ascending order as 64.41 mg/ml (FFAq), 110.845 mg/ml (FFAc) 

and265.21±4.79 mg/ml (BPEt). 

4.9 CORRELATION 

4.9.1 Pearson correlation 

Analysis of relation between phytochemical content, free radical scavenging 

activity and α-glucosidase inhibiting activity was determined by Pearson corelation 

coefficient. Table 4.9.1 represents the Pearson correlation analysis of the above 

assays in the extracts of the studied herbal formulations.  The result suggested that 

DPPH has significant positive correlation (p< 0.01) with ABTS, superoxide and 

nitric oxide scavenging activity which means the IC50 value of DPPH will increase 

with the increase of IC50 values in ABTS, SO and NO scavenging assays. DPPH 

showed significant negative correlation with TPC, TTC (p<0.01) and FRAP 

(p<0.05) which means that the increase in phenol, tannin content and reducing 

power will increase the DPPH scavenging activity of the studied herbal 

formulations. ABTS also showed significant positive correlation (p<0.01) with SO 

and significant negative correlation (p<0.01) with TPC and TTC. Superoxide and 

nitric oxide scavenging activity were also positively correlated with each other. 

Nitric oxide scavenging activity showed significant negative correlation with FRAP  



Solvents used HP AR BP GS FP AS TS FF

Hexane 2.156±0.148 3.087±0.218 3.946±0.094 6.9±0.023 8.995±0.27 3.921±0.332 10.115±1.594 1.23±0.002

Heptane 0.653±0.003 2.501±0.025 NA 19.636±0.021 44.221±0.109 5.258±0.049 NA 2.35±0.012

Benzene 1.094±0.256 2.615±0.065 15.029±1.278 2.827±0.055 1.507±0.01 1.870±0.295 11.991±0.074 0.98±0.003

Ethyl acetate 0.465±0.1667 0.328±0.026 0.433±0.139 0.018±0.002 0.217±0.008 0.514±0.027 1.555±1.128 0.67±0.005

Chloroform 1.511±0.057 0.986±0.019 2.173±0.044 0.903±0.016 0.406±0.004 0.777±1.33 NA 3.61±0.001

Acetone 0.256±0.034 0.085±0.005 0.846±0.285 0.026±0.002 0.046±0.001 0.607±0.017 18.573±2.312 0.06±0.001

Butanol 0.612±0.023 0.145±0.009 1.009±0.256 0.049±0.006 0.171±0.044 1.047±0.089 10.038±2.474 0.56±0.06

Ethanol 3.288±0.594 0.331±0.048 0.207±0.009 0.09±0.006 0.069±0.006 1.041±0.067 5.083±1.355 0.77±0.01

Methanol 1.243±0.148 0.231±0.009 0.267±0.072 0.098±0.013 0.075±0.157 1.424±0.039 2.712±0.543 0.54±0.05

Water 0.412±0.015 0.588±0.069 0.203±0.185 0.247±0.027 0.491±0.157 1.721±0.191 6.978±1.189 0.01±0.002

Solvents used HP AR BP GS FP AS TS FF

Hexane 0.171±0.003 1.813±0.329 0.411±0.041 0.634±0.097 0.793±0.049 2.15±0.002 8.12±0.61 0.98±0.001

Heptane 0.089±0.001 0.684±.009 NA NA 1.573±0.295 4.76±0.007 NA 1.21±0.12

Benzene 0.091±0.012 0.372±0.079 0.091±0.006 0.942±0.055 0.143±0.039 1.56±0.001 9.31±0.82 0.65±0.004

Ethyl acetate 0.062±0.001 0.079±0.029 0.182±0.035 0.005±0.001 0.019±0.002 0.33±0.003 0.87±0.06 0.45±0.002

Chloroform 0.065±0.003 0.277±0.032 0.101±0.009 0.101±0.03 0.055±0.006 5.98±0.01 NA 2.11±0.023

Acetone 0.037±0.004 0.043±0.01 0.368±0.011 0.013±0.001 0.011±0.001 0.34±0.003 15.45±0.34 0.02±0.008

Butanol 0.106±0.012 0.084±0.038 0.195±0.023 0.015±0.004 0.008±0.001 0.98±0.008 7.89±0.48 0.34±0.006

Ethanol 0.249±0.002 0.127±0.019 0.038±0.006 0.024±0.004 0.017±0.001 0.76±0.007 3.78±0.05 0.32±0.002

Methanol 0.094±0.006 0.115±0.005 0.072±0.016 0.025±0.004 0.012±0.001 1.12±0.001 1.34±0.01 0.24±0.004

Water 0.134±0.012 0.138±0.016 0.079±0.005 0.044±0.002 0.043±0.007 1.54±0.034 4.99±0.09 0.01±0.001

Table 4.7.1: DPPH˙ scavenging activity of herbal formulations (IC50 mg/ml): NA: Not applicable

Table 4.7.2: ABTS˙ scavenging activity of herbal formulations (IC50 mg/ml): NA: Not applicable

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning; AS: Asthma; TS: Tonsilitis; FF: Fraxinus floribunda
(Diabetes)
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Solvents used HP AR BP GS FP AS TS FF

Hexane NA 2.352±0.056 1.954±0.224 NA 15.66±0.67 1.228±0.176 NA 3.23±0.01

Heptane NA NA NA NA 67.83±1.34 0.559±0.003 NA 5.79±0.007

Benzene 7.147±0.073 0.461±0.039 0.238±0.79 0.722±0.051 7.44±0.45 5.284±0.078 16.45±0.21 2.13±0.003

Ethyl acetate 1.197±0.276 0.613±0.197 1.26±0.277 0.034±0.001 3.24±0.02 0.632±0.216 12.66±0.45 1.65±0.007

Chloroform 3.379±0.079 1.883±0.038 0.901±0.138 0.842±0.167 5.99±0.04 30.503±0.196 NA 7.67±0.04

Acetone 0.782±0.311 0.904±0.022 4.337±0.064 0.119±0.016 1.23±0.006 0.903±0.094 NA 0.67±0.03

Butanol 0.833±0.178 0.327±0.083 4.256±2.074 0.239±0.0565 5.12±0.02 2.339±0.042 NA 1.95±0.09

Ethanol 4.482±0.511 1.005±0.034 0.719±0.066 0.259±0.04 3.45±0.03 3.192±1.136 28.98±0.66 2.12±0.06

Methanol 12.331±0.158 0.402±0.108 1.465±0.625 0.296±0.059 4.23±0.07 4.198±0.774 NA 0.26±0.002

Water 0.369±0.151 0.149±0.136 NA 0.134±0.002 4.34±0.012 0.275±0.039 10.54±0.17 0.02±0.001

Table 4.7.3: Superoxide˙ scavenging activity of herbal formulations (IC50 mg/ml): NA: Not applicable

Solvents used HP AR BP GS FP AS TS FF

Hexane 2.990±0.145 NA NA NA 23.45±0.67 54.669±0.077 NA 18.79±0.21

Heptane NA NA NA NA 77.34±1.01 3.381±0.009 NA 12.03±0.05

Benzene NA 2.139±0.021 13.077±4.964 7.242±0.385 15.66±0.32 20.651±0.154 19.563±1.519 7.82±0.05

Ethyl acetate 3.516±0.379 NA 7.387±0.251 4.59±2.059 34.68±0.12 2.097±0.129 14.746±0.445 5.34±0.13

Chloroform NA NA NA NA 86.54±0.45 NA NA 15.61±0.56

Acetone 5.046±0.476 2.479±0.018 39.236±2.159 6.942±0.926 5.24±0.22 6.770±0.413 NA 2.32±0.01

Butanol 9.224±0.010 5.381±0.439 15.221±1.901 8.592±1.987 15.67±0.87 11.776±0.925 NA 3.56±0.04

Ethanol 6.832±0.0568 7.399±0.377 2.265±0.029 6.119±0.068 10.11±0.09 10.817±0.531 33.398±1.228 3.91±0.02

Methanol NA 3.699±0.423 11.504±0.684 2.498±0.667 27.86±0.36 18.656±0.457 NA 2.78±0.007

Water 29.608±0.416 NA 13.032±1.048 13.1±0.584 23.41±0.67 8.332±0.884 13.633±0.271 0.98±0.003

Table 4.7.4: Nitric oxide˙ scavenging activity of herbal formulations (IC50 mg/ml): NA: Not applicable

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning; AS: Asthma; TS: Tonsilitis; FF: Fraxinus floribunda
(Diabetes)
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Solvents used HP AR BP GS FP AS TS FF

Hexane 0.976±0.084 2.312±0.069 2.45±0.131 NA NA 2.598±0.275 NA 2.67±0.004

Heptane 0.328±0.036 0.83±0.031 5.751±0.312 NA NA 1.385±0.008 2.143±0.054 1.46±0.006

Benzene 4.067±0.094 NA NA NA 0.904±0.168 1.279±0.143 1.21±0.12

Ethyl acetate NA NA NA NA NA 29.791±0.461 8.479±1.097 0.98±0.09

Chloroform 1.272±0.061 NA NA NA NA 3.151±0.181 NA 4.21±0.03

Acetone 4.278±0.193 NA NA NA 58.427±o.66 16.214±1.826 NA 0.74±0.001

Butanol NA NA NA NA 1.886±0.245 1.729±0.079 NA 1.07±0.004

Ethanol NA NA 1.23±0.015 NA 6.223±1.628 16.361±1.135 NA 1.22±0.002

Methanol NA 2.889±0.408 0.852±0.483 NA 1.049±0.104 4.867±0.776 NA 0.89±0.003

Water 3.10±0.946 1.047±0.414 6.424±0.259 NA 1.051±0.322 9.690±1.938 NA 0.65±0.007

Table 4.7.5: Metal chelating activity of herbal formulations (IC50 mg/ml): NA: Not applicable

FRAP HP AR BP GS FP AS TS FF

Hexane 102.555±0.031 19.585±0.365 NA 60.778±1.104 NA 14.136±0.226 15.146±0.228 98.12±1.23

Heptane 316.949±0.006 NA NA 76.51±0.011 NA 11.283±0.006 8.185±0.104 324.66±3.21

Benzene 189.339±0.088 NA 2.088±0.031 6.007±0.012b 6.981±0.014 9.409±0.064 24.327±0.482 452.11±3.56

Ethyl acetate 487.822±0.084 2.636±0.011 8.212±0.016 0.659±0.001 0.585±0.004 333.73±0.127 4.066±0.034 476.34±0.98

Chloroform 95.185±0.011 3.444±0.063 NA 6.541±0.046 3.205±0.244 15.857±0.106 NA 77.21±1.98

Acetone 896.655±0.029 0.667±0.001 12.762±0.029 34.133±0.015 0.638±0.006 4.021±0.119 11.548±0.153 778.43±2.76

Butanol 273.469±0.038 1.284±0.006 8.835±0.142 0.437±0.011 0.371±1.058 4.960±0.050 33.901±0.265 632.42±1.23

Ethanol 65.711±0.12 2.725±0.152 2.645±0.013 0.328±0.012 1.185±0.008 6.314±0.117 NA 734.12±0.97

Methanol 121.847±0.482 6.773±0.071 4.101±0.018 0.535±0.017 NA 7.951±0.129 6.426±0.038 698.23±1.56

Water 579.099±0.028 5.710±0.002 3.456±0.021 5.359±0.779 NA 5.293±0.025 8.585±0.011 954.12±0.88

Table 4.7.6: Free radical antioxidant power (FRAP) of the eight herbal formulations (mg AAE/g EW): NA: Not applicable

HP: Heart palpitation; AR: Arthritis; BP: High blood pressure; GS: Gastritis; FP: Food poisoning; AS: Asthma; TS: Tonsilitis; FF: Fraxinus floribunda
(Diabetes)
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Figure 4.8: Angiotensin converting enzyme inhibiting activity of extracts of herbal formulations.
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(p<0.05), TPC (p<0.01) and TTC (p<0.01) which indicates the influence of phenols 

and tannin on nitric oxide scavenging activity of extracts of herbal formulations. 

Total steroid content showed significant positive correlation (p<0.01) with total 

flavonoids content.  

4.9.2 Principal Component Analysis 

 Principal component analysis (PCA) explains the differences among samples 

and obtaining information among variables influencing the quality attributes of 

samples (Samec et al., 2016). To obtain the inter-relationship among different 

variables, PCA was applied on original variables of antioxidants (DPPH, ABTS, SO, 

NO) and responsible phytochemicals (TPC, TFC, TOPC) to reduce and optimize in 

a much smaller number of principal components (underlying variables). The first 

(PC1) and second (PC2) principal component accounted for 26.29 % and 14.63 % of 

the total variance respectively.  

The factor loadings and squared cosine of antioxidant, antidiabetic and 

phytochemical variables for the first two components of ten different solvent 

extracts of eight formulations were shown in figure 4.9. As the bioactivity and 

phytochemical density extracts are dependent on hydropathic property of extracted 

solvents for analyzing their inter-relationship, the data dimensionality was reduced 

from 13 partially co-related variables to underlying principal components with 

almost 59.08 % loss of variation. When the bioactivity and phytochemical were 

analyzed together in different solvent extracts, free radical scavenging activities like 

DPPH, SO, reducing power (FRAP) and phytochemicals like TPC, TFC and TTC 

were heavily loaded in PC1 and bears active association among them. PCA plot 

(figure 4.9.2) indicates that these components are far from ordinates along x-axis 

(F1) and antioxidants and phytochemicals are clustered in two opposite directions 

indicating better extraction of bioactive phenolic phytochemicals is associated with 

lowering of IC50 values (better antioxidant activity) for free radical scavengers like 

DPPH, superoxide and ABTS
+
. On the other hand, antidiabetic activity (alpha 

glucosidase assay) is associated with scavengers of nitric oxide as they are heavily 

loaded on PC2 and diverged in two different directions along y-axis; indicating that 

nitric oxide accumulation might be related with complex metabolic disorders like  



DPPH ABTS SO NO MC FRAP TPC TFC TOPC TAC TTC TSC

ABTS 0.489**

SO 0.848** 0.412**

NO 0.499** 0.139 0.596**

MC -0.175 -0.122 -0.133 -0.192

FRAP -0.252* -0.205 -0.238 -0.288* -0.149

TPC -0.374** -0.316** -0.370** -0.378** -0.212 0.483**

TFC -0.129 -0.229 -0.182 -0.101 -0.121 0.596** 0.557**

TOPC -0.120 -0.226 -0.140 0.003 -0.205 0.132 0.473** 0.552**

TAC 0.262 0.444** 0.337 -0.118 0.486* 0.093 -0.203 0.052 -0.201

TTC -0.307** -0.254* -0.286* -0.333* -0.110 0.391** 0.604** 0.482** 0.339** -0.034

TSC 0.195 0.311** -0.006 -0.175 0.021 0.089 0.099 0.340** 0.048 0.245 0.087

AGI 0.266 0.264 0.176 0.075 0.183 0-.212 -0.329* -0.239 -0.302* 0.450* -0315* 0.030

**. Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).

Table 4.9.1: Pearson correlation matrix of phytochemical content, antioxidant and antidiabetic activity of solvent extracts of
eight studied herbal formulations

ABTS: ABTS+ scavenging activity; AGI: Alpha glucosidase activity; DPPH: DPPH scavenging activity; FRAP: Ferric reducing

antioxidant potential; MC: Metal chelating activity; NO: Nitric oxide scavenging activity; SO: Superoxide scavenging activity; TAC:

Total alkaloid content; TFC; Total flavonoid content: TOPC: Total orthodihydric phenol content; TPC: Total phenol content; TSC: Total

steroid content; TTC: Total tannin content
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Figure 4.9 : Principal component analysis of phytochemical content, antioxidant

activity and antidiabetic activity of the studied eight herbal formulations.

ABTS: ABTS+ scavenging activity; AGI: Alpha glucosidase activity; DPPH: DPPH

scavenging activity; FRAP: Ferric reducing antioxidant potential; MC: Metal chelating

activity; NO: Nitric oxide scavenging activity; SO: Superoxide scavenging activity; TAC:

Total alkaloid content; TFC; Total flavonoid content: TOPC: Total orthodihydric phenol

content; TPC: Total phenol content; TSC: Total steroid content; TTC: Total tannin content
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Variable
Factor loading Squared cosine

PC1 PC2 PC1 PC2

DPPH -0.594 -0.322 0.353 0.104

ABTS -0.463 0.308 0.214 0.095

SO -0.525 -0.513 0.276 0.263

NO -0.367 -0.582 0.135 0.339

MC -0.003 -0.339 0.000 0.115

FRAP 0.646 -0.039 0.418 0.002

TPC 0.813 -0.169 0.675 0.028

TFC 0.671 -0.108 0.451 0.012

TOPC 0.487 -0.311 0.236 0.097

TAC 0.068 0.505 0.005 0.255

TTC 0.737 -0.149 0.544 0.022

TSC 0.204 0.454 0.042 0.206

AGI -0.264 0.604 0.069 0.365

% of variance

Table 4.9.2: Principal components loadings of variables for the ten solvent extracts of 
eight herbal formulations

PC: Principal component; DPPH: DPPH scavenging assay; ABTS: ABTS scavenging activity; SO:
Superoxide scavenging activity; NO: Nitric oxide scavenging activity; MC: Metal chelating
activity; FRAP: Ferric reducing antioxidant power; TPC: Total phenol content; TFC: Total
flavonoid content; TOPC: Total orthodihydric phenol content; TAC: Total alkaloid content;
TTC: Total tannin content; TSC: Total steroid content; AGI: Alpha glucosidase inhibiting
activity.
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diabetes. As a whole, the inter-relationship among phenolic components and 

pharmacological properties are important to cluster the variables and PCA analysis 

is required for better understanding of how these variables (bioactive 

phytochemicals) contribute to pharmacological properties of different solvent 

extracts obtained from herbal formulation. 

4.10 INFLUENCE OF EXTRACTION METHODS ON THE BIOACTIVITY 

OF FRAXINUS FLORIBUNDA 

From the studies above, it was found that out of all the herbal formulations, 

one formulation that stood out in terms of antioxidant potentiality, phytochemical 

content and antidiabetic activity was aqueous extract of Fraxinus floribunda. It also 

showed cytotoxic activity as well as antimicrobial activity against some pathogenic 

bacteria. Thus this formulation was selected among all other formulations for some 

pharmacological activities in animal model.  

          The bark of Fraxinus floribunda (BOFF) is traditionally used in the form of 

decoction to reduce blood sugar in diabetic patients. During survey, it was found 

that BOFF is boiled in water and the decoction is consumed orally for treatment. 

The bark material is used until the colour of the water becomes faint which mean it 

is successively boiled until the colour as well as the bitterness remains.  

Thus in this study we have extracted BOFF in four different methods viz. 

autoclave boiling under pressure (AB), in a soxhlet (S), boiling at normal pressure 

through reflux similar to traditional method (NB) and in cold condition under -4ºC 

(CP). This was done to observe the influence of variation in extraction methods in 

their bioactivity. We also carried out the process for thrice successively and labeled 

as 1
st
 and 3

rd
 boiled so as to observe the retention of colour of the bark as well as 

bioactivity in the different methods. 

4.10.1 Antioxidant activity 

The aqueous extracts of BOFF showed potential antioxidant activity and 

phytochemical content. However our focus was to observe the variation in 

bioactivity of BOFF due to the change in extraction methods. The box plots (figure 
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4.10.1.a to figure 4.10.1.f) clearly illustrate the changes in the bioactivity as well as 

retention of this activity in BOFF extracted through various methods after their 

successive extraction. From the box plots we have observed that soxhletion process 

could extract a concentrated amount of bioactive components at the 1
st
 stage of 

boiling which then rapidly decreases in the 2
nd

 and the 3
rd

 stages due to which the 

IC50 values in DPPH scavenging activity ranges from low (2.17 mg/ml) in the 1
st
 

stage to high (486.61 mg/ml) in the 3
rd

 stage (figure 4.10.1.a). Similar results were 

found in ABTS
+ 

(figure 4.10.1.b), superoxide (figure 4.10.1.c), nitric oxide 

scavenging activity (figure 4.10.1.d) along with metal chelating activity (figure 

4.10.1.e) and reducing power (figure 4.10.1.f). In case of normal boiling, autoclave 

boiling and cold percolation, the bioactivity has gradually decreased from 1
st
 to 3

rd
 

stage showing more retention and gradual extraction of bioactive compounds from 

the extracts. Among all the processes, autoclave boiling showed highest antioxidant 

capacity with on the basis of DPPH, ABTS
+
 and NO scavenging activity. It has also 

showed higher retention of bioactivity until 3
rd

 stage of extraction. 

4.10.2 Phytochemical content 

We also carried out the quantitative estimation of phytochemicals such as 

total phenol, total flavonoid and total orthodihydric phenol content from the aqueous 

extract of BOFF and illustrated the results in figure 4.10.2.a to figure 4.10.2.c. The 

total phenol content in extracts ranged from 1.706 to 26.979 (mg GAE /g FWT) and 

the highest phenol content was found in the extract obtained through pressure 

boiling at first stage. Similarly the flavonoid and orthodihydric phenol content 

ranged from 0.0461 to 5.9236 (mg QE /gm FWT) and 0.0632 (mg CE/gm FWT) 

respectively. In the present experiment it was observed that the potential antioxidant 

activity of the sample was retained till 2
nd

 boiling stage. From the third stage the 

antioxidant potentiality was found to be very less particularly in case of soxhletion.  

4.10.3 In vitro antidiabetic activity 

In vitro antidiabetic activity was determined with the inhibiting activity of α-

glucosidase enzyme. The result of inhibiting activity the enzyme by BOFF is 

presented in figure 4.10.3.  Since the sample was extracted through four different 

methods to observe the variation in the bioactivity, it was found that extraction  
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Figure 4.10.1.a: DPPH radical scavenging

activity of process variation extracts of BOFF

Figure 4.10.1.b: ABTS+ radical scavenging

activity process variation extracts of BOFF
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Figure 4.10.1.c: Superoxide scavenging

activity process variation extracts of BOFF
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Figure 4.10.1.d: Nitric oxide scavenging

activity process variation extracts of BOFF
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Figure 4.10.1.e: Metal chelating activity

process variation extracts of BOFF

Figure 4.10.1.f: Ferric reducing antioxidant

power process variation extracts of BOFF
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Figure 4.10.2.a: Total phenol content process variation extracts of BOFF
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Figure 4.10.2.b: Total flavonoid content process variation extracts of BOFF

AB S NB CP

0

0.5

1

1.5

2

2.5

3

3.5

4

To
ta

l o
rt

h
o

d
ih

yd
ri

c 
p

h
e

n
o

l 
co

n
te

n
t (

m
g 

C
E/

g 
FW

T)

Figure 4.10.2.c: Total orthodihydric phenol content process variation extracts of BOFF

AB: Autoclave boiling; S: Soxhletion; NB: Normal boiling; CP: Cold percolation; BOFF: Bark of 
Fraxinus floribunda
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Figure 4.10.3: α-glucosidase inhibiting activity of aqueous extracts of F. floribunda. NB: normal

boiling; AB: autoclave boiling; S: soxhletion; CP: cold percolation. Values with different letters

(a, b, c) are significantly (p < 0.05) different from each other by DMRT
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process has a great influence on the bioactivity of plant extracts. The extract 

obtained through pressure boiling (PB) has showed the highest activity with lowest 

IC50 values (10.25±4.56 mg/ml FWT). While the cold percolation extract (CP) 

exhibited the lowest antidiabetic activity. 

4.11 PHARMACOLOGICAL ASSAYS 

On the basis of in vitro studies, BOFF showed best antioxidant and 

antidiabetic activity in the extract obtained through pressure boiling. Thus the same 

extract was used to carry out in vivo pharmacological activities. 

4.11.1 Anti-inflammatory activity 

The process of Carrageenan-induced mice paw edema has two phases. 

During early hyperemia, which occurs 0-2 hours after the carrageenan injection, 

there is an increase in vascular permeability due to the release of histamine, 

serotonin and bradykinin. The inflammatory edema reaches its highest level after 2 

hr and then will start to decline. In our study, paw edema was increased and reached 

a maximum at 2 hr after carrageenan injection. Treatment with BOFF extract at the 

100 mg/kg b.w. significantly (p < 0.05) reduced paw edema formation (0.833 ± 0.01 

ml) after 2 hr as shown in Table 4.11.1.  Percentage inhibition of paw oedema was 

55% by BOFF which was close to the standard formulation aspirin (59%) which is 

illustrated in figure 4.11.1.a. The experimental procedures are along with animal 

model is given in figure 4.11.1.b. 

4.11.2 Hepatoprotective activity 

To evaluate the hepatoprotective activity of BOFF, liver damage and 

recovery from damage was assessed on 10
th
 day by measuring serum marker 

enzymes to evaluate the biochemical changes in liver. Hepatotoxicity by CCl4 

occurs due to enzymatic activation to release free radical state. CCl4 is bio-

transformed in liver by Cyp-P450 enzyme to form CCl3 active free radical with 

oxygen, which then covalently binds with cellular macromolecules and creates loss 

of cellular integrity and hepatic damage. CCl4 causes a range of histological changes 

to the liver including inflammation and cellular swelling. Therefore, antioxidant and 

anti-inflammatory efficacy are regarded as some important parameters indicating  



Table 4.11.1: Effect of aqueous extract of BOFF on anti – inflammatory activity on
carrageenan induced rat oedema with time and percentage of inhibition

Dose 30 mins 60 mins 120 mins 180 mins

NaCl Control 

Gr
1.59 ± 0.07b 1.84 ± 0.05c 1.9 ± 0.04b 1.86 ± 0.06b

Standard Gr

(Aspirin) 

100 mg/kg 

b.w.
1.37 ± 0.02a 1.28 ± 0.06a 1.19 ± 0.05a 0.77 ± 0.04a

% Inhibition 12.9 % 30.6 % 37.3 % 59 %

Fraxinus

floribunda

100 mg/kg 

b.w.
1.5 ± 0.02b 1.43 ± 0.02b 1.25 ± 0.04a 0.833 ± 0.01a

% Inhibition 5.2 % 22.1 % 34.1 % 55 %

Values are expressed as mean ± S.E.M (n=6). p values were analyzed using Tukey's test. p < 0.05

were considered to be significant when treated groups were compared with the control group. ‘a’

is more significant than ‘b’ and ‘c’

BOFF: Bark of Fraxinus floribunda

0

10

20

30

40

50

60

70

1 2 3 4

%
 In

h
ib

it
io

n

Hours

FF 100mg/kg b.w

Aspirin 100mg/kg b.w.

Figure 4.11.1.a: Percentage inhibition of paw oedema by BOFF extract compared with
aspirin

219



Figure 4.11.1.b: Anti-inflammatory
activity of F. floribunda by rat paw edema
method.
A: Rat being fed; B: Carrageenan
induced swollen paw of rat; C:
Measurement of inflammation of the
paw.
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Figure 4.11.2.a: Effect of BOFF extracts on SGOT level in hepatotoxic rats
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Figure 4.11.2.b: Effect of BOFF extracts on ALP level in hepatotoxic rats

CONT: Control group fed with CCl4; NOR CONT: Normal control fed with water only; FF100: Rats

fed with F.floribunda extract 100mg/ml LIV52: Stadard; BOFF: Bark of Fraxinus floribunda; SGOT:

Serum Glutamic Oxaloacetic Transaminase; ALP: Alkaline phosphatase. Values are expressed as

mean •± S.E.M. p values were analyzed using Tukey’s test. p < 0.05 were considered to be

significant when treated groups were compared with the control group.
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Figure 4.11.2.c: Effect of BOFF extracts on SGPT level in hepatotoxic rats
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Figure 4.11.2.d: Effect of BOFF extracts on Bilirubin level in hepatotoxic rats

CONT: Control group fed with CCl4; NOR CONT: Normal control fed with water only; FF100: Rats

fed with F.floribunda extract 100mg/ml LIV52: Stadard; BOFF: Bark of Fraxinus floribunda; SGPT:

Serum Glutamic Pyruvic Transaminase. Values are expressed as mean •± S.E.M. p values were

analyzed using Tukey’s test. p < 0.05 were considered to be significant when treated groups were

compared with the control group.
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possible mechanism of hepatoprotection. The increased level of SGOT, ALP, SGPT, 

and bilirubin is conventional indicator of liver injury (Grigonisa et al., 2005; 

Michieles et al., 2012; Lee et al., 2007). In this study, it was found that 

administration of CCl4 elevated the levels of serum marker enzymes SGOT, ALP, 

SGPT and serum bilirubin in CONT Gr as represented in figure 4.11.2.a to figure 

4.11.1.d respectively. The experimental results of pretreatment with BOFF through 

autoclave boiling and Liv-52 treated groups showed to lower the levels of SGPT, 

SGOT, ALP and bilirubin as compared to CCl4‐treated group indication the 

inhibition of CCL4 induced elevation of SGOT, SGPT, ALP and bilirubin levels in 

hepatic rats. 

4.11.3 In vivo antidiabetic activity 

4.11.3.a Acute toxicity study  

The acute toxicity study of aqueous extract of FF bark was evaluated as per 

the CPCSEA guideline no 420 (fixed dose method). The aqueous extracts were 

orally fed to the rats at the dose level of 5, 50, 300, and 1000 mg/kg, respectively. 

The test showed no mortality even at maximum dose of 1000 mg/kg body weight 

(b.w.). Hence, 200 mg/kg and 400 mg/kg doses were selected for further study. 

4.11.3.b Oral glucose tolerance test (OGTT) 

Results obtained from OGTT is given in table 4.11.3.a where it can be 

observed that there is significant increase of blood glucose concentration (p<0.05) in 

diabetic control group compared to the normal control at the end of 12
th

 day 

experiment duration. The elevated glucose level was significantly lowered (p<0.05) 

by the aqueous extracts of bark of FF while comparing with the diabetic control. The 

significant reduction in plasma glucose level in glucose loaded rats by 200 and 400 

mg/kg extract of FF bark was observed and it came down to normal level after 90 

min. 

4.11.3.c Effect on fasting blood glucose 

Administration of streptozotocin induced hyperglycemia in rats with 

significant (p<0.05) elevation of blood glucose as compared to normal control to the 

level greater than 250 mg/dl (table 4.11.3.b). However it was significantly (p<0.05) 
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lowered by the oral administration of glibenclamide (0.05 mg/kg) and aqueous 

extract of FF bark (200 and 400 mg/kg). As expected, 400 mg/kg of extract showed 

more significant antidiabetic property. The glucose level in streptozotocin induced 

diabetic rats lowered to normal after day 14 in case of glibenclamide and 400 mg/kg 

extract while the 200 mg/kg extract could lower the glucose level to normal after 

day 28.  

4.11.3.d Body weight 

Effect of standard drug and bark extract of FF on the body weight of diabetes 

induced rats is shown in table 4.11.3.c. In normal control rats, it was observed that 

bodyweight continuously increased. Diabetic control rats showed significant 

decrease (p<0.05) in bodyweight compared to normal control. The diabetic rats 

administered with glibenclamide and extract of FF bark (200 and 400 mg/kg) 

showed significant increase (p<0.05) in bodyweight when compared to diabetic 

control. 

4.11.3.e Effect of extracts on lipid profile 

Lipid profile of the streptozotocin induced diabetic rats is presented in table 

4.11.3.d. It can be observed that TGL, TCL and LDL level were significantly 

increased (p<0.05) in diabetic rats as while HDL level was significantly decreased 

as compared to normal control. The bark extracts of FF (200 and 400 mg/kg) 

significantly decreased the serum TGL, TCL and LDL and increased the HDL when 

compared with the diabetic control. As expected, standard glibenclamide 

administered rats significantly prevented the increase of TGL, TCL and LDL and 

decrease of HDL compared to diabetic control. The extracts were able to restore the 

lipid profile of diabetic rats to almost normal level.  

4.11.3.f Histopathology 

The effect of bark extracts of FF on the histological architecture of liver is 

given in figure 4.11.3.e. Liver sections of normal group showed normal hepatic 

structure in the figure. Normal hepatic cells were observed distinctively forming a 

network around central veins with peripheral portal areas in the surrounding. 

However liver sections of diabetes induced rats showed hepatocellular injury with  



Group
Plasma glucose concentration (mg/dl)

0 min 30 min 90 min

Normal control 73.15±3.24 76.42±2.73 74.83±4.51

Glucose control 76.61±6.17 221.28±5.38# 155.19±3.64#

Glucose + Glibenclamide (0.5 mg/kg) 78.34±4.42 90.71±3.25* 75.52±5.18*

Extract (200 mg/kg) 75.58±3.71 128.21±4.86* 96.17±4.43*

Extract (400 mg/kg) 74.83±5.36 108.47±3.18* 78.63±3.29*

Table 4.11.3.a: Effect of different extracts on oral glucose tolerance test

Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at
#P<0.05 when compared with normal control group, *P<0.05 when compared with diabetic

control group

Group
Fasting plasma glucose concentration (mg/dl)

Day 0 Day 7th Day 14th Day 28th

Normal Control 78.62±2.15 75.39±5.12 80.17±3.41 74.69±5.28

Diabetic control (Streptozotocin) 149.29±3.62# 208.34±2.57# 249.48±5.62# 287.11±2.71#

Diabetic + Standard 

Glibenclamide (0.50 mg/kg)

134.43±2.83 112.65±4.32* 90.29±2.39* 75.38±4.68*

Diabetic  + Extract (200 mg/kg) 129.51±4.34 132.74±3.51* 113.68±4.73* 92.76±2.15*

Diabetic  + Extract (400 mg/kg) 132.24±3.05 118.43±4.26* 97.36±2.86* 78.42±3.52*

Table 4.11.3.b: Effect of different extracts on fasting plasma glucose level in rats

Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at
#P<0.05 when compared with normal control group, *P<0.05 when compared with diabetic

control group
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Table 4.11.3.c: Effect of extracts on changes in body weight in rats

Group

Change in Body weight (gm)

Before Induction After Induction After Treatment

Normal control 182.32 ±2.14 171.49±3.28 177.83±2.63

Diabetic control (Streptozotocin) 185.21±1.98 139.67±2.68# 112.38±3.86#

Diabetic + Standard Glibenclamide

(0.50 mg/kg) 168.19±3.05 132.72±3.14 175.31±4.56*

Diabetic  + Extract (200 mg/kg) 176.15±3.53 142.59±2.43 151.84±2.49*

Diabetic  +  Extract (400 mg/kg) 173.64±2.79 146.12±1.54 169.76±2.18*

Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at
#P<0.05 when compared with normal control group, *P<0.05 when compared with diabetic

control group

Table 4.11.3.d: Determination of biochemical parameters after treatment with different extracts

Group

Lipid Profile (mg/dl) 

TGL TCL HDL LDL

Normal control 79.24±3.28 76.654.36 72.842.68 56.284.53

Diabetic control 

(Streptozotocin)
186.37±3.69# 198.412.72# 31.564.25# 165.695.74#

Diabetic + Standard 

Glibenclamide (0.50 

mg/kg)

78.53±4.17* 72.844.69* 76.296.43* 63.822.28*

Diabetic  + Extract (200 

mg/kg)
96.52±2.69* 101.622.81* 51.353.79* 85.264.15*

Diabetic  +  Extract (400 

mg/kg)
83.41±2.47* 79.955.24* 70.164.41* 58.643.26*

Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at
#P<0.05 when compared with normal control group, *P<0.05 when compared with diabetic

control group
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Figure 4.11.3.e: Liver histopathology of Streptozotocin induced rats and effects of bark of

Fraxinus floribunda (FF) on it. A: Normal control, B: Diabetic control, C: Diabetic +

glibenclamide, D: Diabetic + 200 mg/kg extract, E: 400 mg/kg extract. s:sinusoids; h:

hepatocytes; Cv: central vein; Pa: portal area.
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Figure 4.11.3.f: Images of in vivo antidiabetic
study. A: Rats caged in groups; B: Weighing rats
on a scale; C: Blood withdrawal for antidiabetic
assays; D: Glucometer; E: Measuring serum
glucose level of rats.
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the loss of normal architecture of the liver as compared to normal group 

(Diagram A). Inflammation and vacuolization of cytoplasm was observed. There 

was dilation in central vein along with dilation and congestion of blood sinusoids. 

There was also an enlargement of the space between the hepatocytes and sinusoidal 

dilation. This hepatic injury was observed to be almost recovered to normal by the 

extracts (200 and 400 mg/kg) of FF bark (Diagram D and E). The sinusoids were 

restored with the reduction of enlargement, inflammation of central veins were also 

reduced. Administration of glibenclamide on diabetic rats was able to repair the 

hepatic injury to almost like normal control (Diagram C). The various experimental 

methods performed for antidiabetic activity are given in the images presented in 

figure 4.11.3.f. 

4.12 BIOASSAY GUIDED PARTIAL PURIFICATION OF BARK OF 

FRAXINUS FLORIBUNDA 

4.12.1 Column and Thin layer chromatography 

Medicinal plants have played a vital role in primary healthcare as well as have 

contributed in the development of several novel drugs. Fraxinus floribunda is a tree 

which is usually found in the Eastern Himalayas and has been used as a medicinal 

plant in some parts of Sikkim. This is very popularly used in traditional system of 

medicine for various ailments but the literature review has revealed no any extensive 

work on it. There are some evidences of the leaves of F. floribunda possessing free 

radical scavenging activity (Lingadurai et al., 2009), anti-nociceptive as well as anti-

inflammatory activity (Lingadurai et al., 2007). From the study we have performed, 

BOFF showed a significant free radical scavenging activity, phytochemical content, 

antidiabetic activity as well as in vivo anti-inflammatory, antidiabetic, 

hepatoprotective activities. F. floribunda is a tall tree, thus the bark can be easily 

taken out in large quantity and at the same time it was found to have high medicinal 

properties which validate its selection for bio-assay guided purification to 

phytochemicals. Phytoconstituents which were present in BOFF were extracted 

through pressure boiling method in distilled water. The aqueous extract was then 

separated successively in six solvents in increasing polarity (hexane < diethyl ether 

< ethyl acetate < chloroform < butanol < water). All six extracts obtained after 

successive separation were screened for the phytochemical content (TPC and TFC)  
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and antioxidant activity (DPPH and ABTS
+
 scavenging assays). The entire steps of 

purification are summarized in a flowchart given in figure 4.12.1.a. 

 From the results of preliminary screening of the various solvent extracts, 

butanol extract showed the highest DPPH and ABTS
+
 scavenging activity (figure 

4.12.1.b) as well as total phenol (figure 4.12.1.c) and flavonoid content (4.12.1.d) 

amongst all other solvent extracts. On the basis of these activities, butanol extract of 

BOFF was run through silica gel column chromatography. A total of 596 fractions 

(10 ml each) were collected and subjected for screening with DPPH and total 

flavonoid content assays (figure 4.12.1.e). The fractions which exhibited high 

antioxidant activity were subjected to TLC and the TLC profiles of these fractions 

are presented in figure 4.12.1.f). On the basis of TLC profiles the fractions with 

merged into 6 sub-fractions (F-1, F-2, F-3, F-4, F-5, F-6). These fractions were 

further subjected to in vitro antidiabetic assay on the basis of α-glucosidase 

inhibiting activity (figure 4.12.1.g). Among all the fractions, F-1 showed highest 

antidiabetic activity and thus this fraction was selected for GC-MS analysis to find 

out a elucidated data of phytochemicals present in the extract which could help in 

explaining the structure of the compounds which might be responsible for the 

bioactivity of the extract.  

4.12.2 GC-MS analysis 

GC-MS technique was performed on the F-1 and the chromatogram is shown in 

figure 4.12.2.a. A total of ten compounds were identified through NIST library 

matching and the chromatogram of each of the ten compounds is presented in figure 

4.12.2.b to figure 4.12.2.k. From table 4.12.2, it is clear that 2(1H)-Quinolinone, 

hydrazone was the most abundant compound in the extract with the amount 25.7%. 

It is a heterocyclic aromatic organic compound which was found to have many 

pharmacological activities such as anti cancer, anti-arteriosclerosis, antimicrobial, 

anti-malarial and antidiabetic. Flavone was present in 2.2 % which has antibacterial, 

anti-inflammatory and antidiabetic activity. Coumarin, 6-amino-3-phenyl was 

present in 1.9% with anti-inflammatory, antibacterial, antineoplastic. Some fatty 

acids (Heptadecanoic acid, 10-Octadecenoic acid, methyl ester) were also present in 

5% which has anticancer and hypoglycemic activity. Acacetin was also present in 

the extract which is a flavones having antimicrobial as well as anti –tumour effect.  
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Figure 4.12.1.a: Schemes of fraction for bioassay guided purification of Fraxinus

floribunda bark. F= fractions obtained from column chromatography.
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Figure 4.12.1.f: TLC profiling of bioactive sub-fractions of F. floribunda bark obtained from column chromatograph
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Figure 4.12.1.g: Alpha glucosidase inhibiting activity of merged fractions from TLC 
profiling
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Figure 4.12.2.a: HR- GCMS scanning chromatogram  of fraction  FF-1 of F. floribunda
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Figure 4.12.2.b: Structure and MS spectrum of Dec-5-ene-3,7-

diyne-2,9-dimethyl compared with NIST Library Spectral

Database

Figure 4.12.2.c: Structure and MS spectrum of 2(1H)-

Quinolinone, hydrazone compared with NIST Library

Spectral Database
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Figure 4.12.2.d: Structure and MS spectrum of 3-cyclohexen-

1-ol,4-methyl-1-(1-methylethyl) compared with NIST Library

Spectral Database

Figure 4.12.2.e: Structure and MS spectrum of Flavone

compared with NIST Library Spectral Database
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Figure 4.12.2.f: Structure and MS spectrum of Coumarin,6-

amino-3-phenyl compared with NIST Library Spectral

Database

Figure 4.12.2.g: Structure and MS spectrum of

Heptadecanoic acid compared with NIST Library Spectral

Database
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Figure 4.12.2.h: Structure and MS spectrum of Acacetin

compared with NIST Library Spectral Database

Figure 5.12.2.i: Structure and MS spectrum of 10-

Octadecenoic acid, methyl ester compared with NIST Library

Spectral Database
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Figure 4.12.2.j: Structure and MS spectrum of Palustric acid

compared with NIST Library Spectral Database

Figure 4.12.2.k: Structure and MS spectrum of Elaidic acid

isopropyl ester compared with NIST Library Spectral

Database
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Sl.

No.

Compound name RT Molecular

formula

Molecular

weight

Percentage

amount

Compound nature Activities

1 Dec-5-ene-3,7-diyne-

2,9-dimethyl

12.58 C12H6 160.25 g/mol 4% - -

2 2(1H)-Quinolinone,

hydrazone

12.93 C9H9N3 159.19 g/mol 25.7 % Hydrazone derivative

(Heterocyclic aromatic

organic compound)

Anti-inflammatory (Almasirad et al., 2005), anti-arteriosclerosis

(Uno et al. (1995), anti-arterostenotic agent (Koga et al., (1998),

antimicrobial (Khodair et al., 1998), antidiabetic (Smalley et al.,

2006).

3 3-cyclohexen-1-ol,4-

methyl-1-(1-

methylethyl)

13.72 C12H20O2 196.29 g/mol 6.9% Terpene

4 Flavone 14.82 C15H10O2 222.24 g/mol 2.2% Flavonoid Antimicrobial (Goker et al., (2005), anti-inflammatory 

(Moroney and Somanchi, 1999), antidiabetic (Shin et al., 1999), 

antioxidant (Chen et al., 2004).

5 Coumarine, 6-amino-

3-phenyl

16.2 C15H11NO2 237.25 g/mol 1.9% Coumarin Antibacterial Canning et al., 2013), anti-inflammatory 

(Witaicenis et al., 2014), anti-neoplastic activity (Nasr et al., 

2014: Bronikowska et al., 2014).

6 Heptadecanoic acid 17.25 C17H34O2 270.5 g/mol 5% Saturated fatty acid Hypoglycemic (Forouhi et al., 2014), anti-cardiovasular (Khaw

et al., 2012), anticancer (Xu et al., 2019).

7 Acacetin 18.48 C16H12O5 284.26 g/mol 1.5% Flavonoid Anti-tumour (Kim et al., 2013), antimicrobial (Bi et al., 2016).

8 10-Octadecenoic acid,

methyl ester

18.98 C19H36O2 296.5 g/mol 5.1% Long chain fatty acid Enhance immunity (Yamada et al., 2009), 

9 Palustric acid 20.38 C20H30O2 302.5 g/mol 1.8% Resin -

10 Elaidic acid isopropyl

ester

23.25 C21H32O2 322.5 g/mol 2.3% Unsaturated fatty acid

Table 4.12.2: List of phytochemicals present in Fraction-1 and their activities 
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4.12.3 NMR ANALYSIS  

The extract of F. floribunda bark obtained from column chromatography 

which was subjected to GC-MS analysis was further subjected to 
1
H NMR analysis 

to find out the functional group present in the crude extract. All the six fractions 

merged from TLC were again run through a readymade TLC plate in the solvent 

system, ethyl acetate:methanol:water (100:13.5:10). Each bands formed on the TLC 

plates were scratched and filtered to determine antidiabetic activity (figure 4.12.3.a 

and figure 4.12.3.b). F-1 showed a strong inhibition of alpha glucosidase enzyme by 

all the five bands observed on the plate. The same extract was run in high quantity 

on larger TLC plates and two bands were scratched, filtered and dried (figure 

4.12.3.c and figure 4.12.3.d). The most abundant compound in the extract obtained 

through GC-MS analysis was 2-hydrazinoquinoline. Thus commercially available 2-

hydrazinoquinoline from Sigma was used to compare it with the extract of the plant. 

Two TLC purified extracts and standard, 2-hydrazinoquinoline was subjected to 1H 

NMR analysis.  

The result of NMR spectroscopy of the two bands obtained from TLC plates 

of extracts and NMR spectra of the standard (2-hydrazinoquinoline) are presented in 

figure 4.12.3.e, 4.12.3.f and 4.12.3.g. The estimation of 
1
H NMR of the same was 

done and the possible spectra and the functional group with the chemical structure 

are presented in figure 4.12.3.h, 4.12.3.i and 4.12.3.j. On comparing the three 

spectra (figure 4.12.3.e, 4.12.3.f and 4.12.3.g), it is apparent that the down field 

region is identical in all the spectra but the sharp peak at around δ (2.0) is new in the 

spectra of extracts in both the cases. In order to understand the origin of new peak, 

we stimulated the NMR spectra of the protonated isomers as well as that for 2-

hydrazinoquinoline. In figure 4.12.3.h, the simulated spectra of 2-

hydrazinoquinolinone indicated the presence of −NH and −NH2 peaks at 4.0 and 2.0 

ppm (δ) respectively which might have totally exchanged in methanol-d4. However 

in figure 4.12.3.i and 4.12.3.j, it was observed that the spectra of first and second 

band, the peak at 2.0 ppm (δ) is clearly visible. Comparing with the simulated 

spectra, this peak can be assigned as -NH2- and absence of any peak at 4.0 ppm (δ) 

indicates that there is no protonation at terminal NH2. However -NH2- proton may 

have stabilized by bridge formation with the imine atom.  
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One more conspicuous thing is the appearance of a sharp peak at 9.0 ppm (δ) 

in figure 4.12.3.e and 4.12.3.f. This might have originated due to some 

rearrangement or degradation of the reference compound in which proton at 9.0 ppm 

have originated. From the 1-H NMR spectra analysis, it can be concluded that 

similar peaks were observed in the standard 2-hydrazinoquinoline and the TLC 

purified extracts which indicates that the extract of F.floribunda bark contain 2-

hydrazinoquinoline. 
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Figure 4.12.3.b: Alpha glucosidase inhibiting activity of each scratched bands from the TLC 
profiling of the merged fractions
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Figure 4.12.3.c: TLC profiling of Fraction-1 to obtain extract for NMR analysis 
(UV-365 nm) 

1st band

2nd band

Figure 4.12.3.d: TLC profiling of Fraction-1 to obtain extract for NMR analysis 
(visible light) 
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Figure 4.12.3.e: 1-H NMR spectra of commercially available 2-hydrazinoquinoline purchased from
Sigmadissolved in methanol

Figure 4.12.3.f: 1-H NMR spectra of column and TLC purified extract (FIRST BAND) of Fraxinus
floribunda bark dissolved in methanol
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Figure 4.12.3.g: 1-H NMR spectra of column and TLC purified extract (SECOND BAND) of Fraxinus
floribunda bark dissolved in methanol
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Figure 4.12.3.h: Possible NMR spectrum and the functional group with the structure of 2-
hydrazinoquinoline and the prediction of the 1-H NMR
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Figure 4.12.3.i: Possible NMR spectrum and the functional group with the structure of the
first band of the extract of Fraxinus floribunda bark and the prediction of 1-H NMR
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Figure 4.12.3.j: Possible NMR spectrum and the functional group with the structure of the
second band of the extract of Fraxinus floribundabark and the prediction of 1-H NMR
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5. DISCUSSION 

5.1 SURVEY OF ETHNOMEDICINE IN WEST SIKKIM 

In ethnobotany, the major contribution has been achieved in the field of 

medicine. A huge amount of knowledge regarding the medicinal plants has remained 

endemic to certain regions due to the lack of awareness as well as communication (Das 

et al., 2012). Documentation of traditional knowledge which are undisclosed can be 

useful in understanding the biodiversity (Ramakrishnappa, 2002) as well as making 

policies for conservation of valuable medicinal plants (Singh, 1999) and this can also be 

helpful for drug development and natural product research. 

In present study, we have compiled the knowledge of medicinal plants used in 

traditional system by the herbal practitioners of West district of Sikkim due to richness 

in floral and ethnic diversity of this region. Some villages that came under the four 

subdivisions of West Sikkim were surveyed. There were many herbal practitioners but 

14 of them agreed to share their knowledge for documentation after convincing them. 

They believe that sharing their herbal knowledge to people other than their family 

members would make the medicines ineffective. Similar difficulty was faced by Khan et 

al., (2015) when they had conducted survey among the traditional herbal practitioners in 

Garo Hills, Bangladesh. They have also mentioned that the people of local community 

were not willing to disclose the name of the plants used to prepare the formulations used 

by them and they only believe to transfer their knowledge to their next generations.  

It was also observed during the survey that in each village some herbal 

practitioners were available and the people from the surrounding area visited them for 

treatment of some common illnesses despite having primary health centers in their 

areas. It might be due to the belief of the people who have probably experienced 

positive effect of those herbal medicines (Ameade, 2015). Among 14 practitioners 

interviewed, there was a majority of male noted down as compared to female 

practitioners who were only 28.5 % in that particular region. This might be due to the 

fact that females of the house are mostly busy with household responsibilities and 

raising their children while the male go to search for medicinal plants which are mostly 
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found in forest or jungle areas. Severe ailments were dealt by the male practitioners 

while the female members were mostly found to be familiar to medicinal plants or 

herbal formulations related with common illnesses which they told that they had learnt 

so as to cure their family members mostly their children when they fell sick with minor 

health issue.  

Most of the practitioners were found to be above the age of 60 years which 

indicates that the younger generation is not keen on learning the tradition of herbal 

healing. This might be due to less earning or sometimes no earning from this profession 

and the younger generation are more interested in higher studies and look for other 

better source of income (Kala, 2005). Another reason could be the dominance of 

modern medicinal practice as the educated mass prefers to be treated in hospitals or 

healthcare centers rather than traditional therapy (Namsa et al., 2011). The traditional 

herbal practitioners are mostly farmers and through our survey also it was found that 

most of them were dependent on agriculture for their source of income (Kala, 2005) and 

most of them fell under illiterate category as well. The herbal practitioners provide their 

services free of cost and the people getting treated by them offer their contribution in 

the form of vegetables, cereals or some other basic essentials which could be used by 

them and even if they take the fee that would be in a very less amount as they believe 

that taking high charges for treatment would deprive the poor from the treatment. Thus 

the low income from this profession has discouraged the younger generation to carry 

forward this tradition from their forefathers (Kala, 2005). 

From the survey, the total of 36 medicinal plants were documented which were 

used to prepare 46 herbal formulations. Some of the formulations were prepared from 

one plant while some comprised of more than one. Altogether there were 9 polyherbal 

formulations and rest was mono-herbal medicines. Same plant was used in different 

ailments as well as one plant was used to prepare more than one formulations. The 

therapeutic activity of plants is credited to the active phyto-components present in the 

plant parts (Phondani, 2011). In this study, majority of herbal formulations were 

prepared from root (48 %) followed by other plant parts such as shoot, whole plant, leaf, 

flower, bark and seed. Roots being used as a main plant part in traditional medicine of 
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West Sikkim supports the fact that roots are the reservoirs of water and mineral uptake 

and thus is rich with a number of secondary metabolites such as alkaloids, terpenes, 

steroids and volatile organic compounds (Rasmann et al., 2000). Use of roots has an 

advantage that it can be available throughout the year regardless of seasonal changes 

(Mahwasane et al., 2013).  

Each herbal formulation has to be prepared in a particular method depending on 

the nature of illness. In this study, most of the herbal formulations were prepared by 

crushing the fresh plant and obtaining the juice from them (29.73 %) followed closely 

by dry powder (27.02 %) and remaining formulations were used in fresh form, paste, 

decoction and infusion. Use of fresh juice could be useful during an emergency such as 

cuts, rashes, sore throat etc which are very common but also not severe enough to visit a 

healthcare centre. Some other researchers have also reported frequent use of fresh plants 

during their survey which could be useful for plants containing volatile oils which are 

likely to deteriorate if dried or heated (Wilson and Demmig-Adams, 2007; Shetty et al., 

2006; Namsa et al., 2011).  Use of dry powder is also quite common as it is a 

convenient method for storing those medicinal plants which are not available in the 

surrounding areas. Those plants can be collected in one field visit and stored in powder 

form so that it can be available throughout the year regardless of change in seasons.  

Overall herbal formulations collected from the field were categorized according 

to the ailments they were associated with. The result revealed that the most prevalent 

medicines used were related to stomach, indigestion and gastritis which was followed 

by tonsillitis or sore throat, arthritis and bone related problems, food poisoning etc. 

There was immense knowledge of herbal medicines which could cure minor to major 

illnesses. This rich cultural and traditional heritage must be preserved for the future 

generations to come and it will also enrich the database for researchers who are working 

on the discovery of new drugs from natural source.  

5.2 PHARMACOGNOSTIC STUDY 

 Herbal medicine has gained a major interest in the recent days as it is considered 

as a green medicine due to its safety and it is nowadays preferred over the synthetic 
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drugs which apparently come with harmful side effects. According to recent surveys, 

almost 50% of the prescribed drugs have originated from natural sources and raw 

materials (Ranjith, 2018). However there are both merits and demerits of natural drugs. 

The advantage of naturally obtained medicines is that they are easily available, safe and 

economic as compared to modern synthetic drugs. The disadvantage of natural drugs is 

that their growing demand leads to poor quality and adulteration. It might happen due to 

random collection of the medicinal plants or intentional adulteration with foreign matter 

to gain more profit. In both ways, it is harmful and may also lead to major health 

problems while some may not be effective due to collection of wrong plants. Therefore 

standardization of each herbal formulation is essential in order to check the quality of 

drugs and avoid adulteration with harmful substances. Standardization can be done 

using different techniques and methodology such as pharmacognostic study and 

phytochemical analysis which includes various parameters (Akbar et al., 2014). These 

processes can be helpful in standardization and authentication of the plants or herbal 

formulations. Authentication for quality assurance of any raw material is necessary to 

ensure reproducible quality of any herbal materials to provide or justify its efficacy and 

safety (Ahmad et al., 2006; Willow, 2011; Benzie and Wachtel-Galor, 2011; 

Odugvumi, 2008).  

5.2.1 Organoleptic tests 

Organoleptic test is the most basic and easy method for the identification of any 

powder drugs as it is done by the help of sense organs. Since it evaluates the shape, 

colour, texture, odour and taste of any powder drugs, it can be considered as the 

quickest and simplest method to ensure the quality and purity of any drugs (Chanda, 

2014). In this study we were able to establish a standard for the herbal formulations that 

we have studied through organoleptic tests so that it can be used as a reference for the 

authentication of these formulations if it is used in future. Each of the formulation had 

specific characteristic features which are noted down in table 5.2.1. All of them were 

odourless but they can be identified through their colour, texture and taste each of which 

varied from one formulation to the other. 
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5.2.2 Powder microscopy 

 Various modern tools are available for the evaluation of plant drugs, but powder 

microscopy is still considered as the cheapest and simplest method for identification of 

the plant materials used to prepare the herbal drugs (Kumar and Mannem., 2012). 

Various plant tissues are observed under microscope after staining powder drugs with 

particular stains. In this study, there were 11 herbal formulations which were evaluated 

and all the images of the plant tissues are illustrated in figure 5.2.2.a to figure 5.2.2.k. 

Some of the prominent features were noted down such as abundant starch granules in 

TS after staining with iodine solution, cluster of calcium oxalate crystal in stellate shape 

in AR, plenty of scalariform tracheids in FP, a trichome was also observed under 

microscope in CB. From these characteristics, it will be easy to compare and 

authenticate the same formulations as future reference. Powder microscopy is highly 

recommended parameter for pharmacognostic study because Ayurvedic industries 

mostly prefer to purchase plants materials or medicinal herbs in dried powder form. 

Thus it is extremely essential to check the botanical identity of the powdered herbs at 

first stage as there are higher chances of adulteration in the powder form of herbs. 

Powder microscopy is economic as well as effortless method to check the quality of 

drugs at a preliminary stage. This method does not require sophisticated equipment or 

any expertise required for sectioning and the results are also obtained instantly (Singh et 

al., 2020).  

5.2.3 Physicochemical analysis 

 Physicochemical study is one of the major parameters for the quality control of 

powder drugs. It evaluates the ash values of the herbal drug along with pH, moisture 

content and extractive values in water and alcohol. Determination of total ash values 

indicates the presence of impurities in the formulation due to adulteration or careless 

processing during the time of drying or storage (Subba and Mandal, 2015). 

Determination of water soluble ash indicates the presence of inorganic matters, sugars 

and acids in the powder drugs. On the other hand, acid insoluble ash shows the presence 

of sand, silica and contamination of the powder drugs with earthy materials which 
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might have caused due to the inappropriate processing during collection and drying 

(Ansari, 2006). In this study total ash values of herbal formulations did not exceed 29% 

but still more improvement can be done and proper care should be taken during the 

processing time. For water soluble ash, maximum range was at around 23% which 

shows the presence of inorganic matters present in the plant materials. Acid insoluble 

ash percentage should be as less as possible and all the formulations had less than 10% 

acid insoluble ash except for AR and HP indicating the presence of impurities in the 

form of soil, silica etc which is not acceptable in any herbal drugs that shall be 

consumed orally. Both these formulations are polyherbal with a mixture of two or more 

plants and compared to single plant, polyherbal formulation faces more difficulty for 

standardization (Bhatt et al., 2017).  

Extractive values were measured in both alcohol (ethanol) and water. These 

values are helpful in evaluating the chemical constituents present in any herbal drug and 

to find out which solvent is better to obtain maximum amount of these chemical 

constituents from the plant materials. Water and alcohol soluble extractive values can be 

used as standardization parameter as the less extractive values indicates the presence of 

adulterants (Nisha et al., 2017). The extractive value of AA was quite low (2.93 %) 

which gives a hint of addition of exhausted materials in the formulation. In addition to 

this, the extractive value also determined that water is a better solvent than alcohol to 

gain more amounts of extractive weight or phytochemicals from all the studied herbal 

formulations.  

The moisture or loss on drying percentage was also measured to determine water 

content in the herbal formulations. For higher stability of any herbal formulation, it is 

essential to have low moisture content. Standard moisture content percentage for any 

crude drug should not exceed 14% (African Pharmacopoeia, 1986). High content of 

moisture in herbal formulations encourages the growth of microorganisms such as fungi 

making it unsuitable for consumption. Moisture content in all the studied herbal 

formulations were less than 10% which made them suitable for oral consumption. Some 

herbal drugs can be acidic in nature which is not preferable for consumption and pH of 

each formulation was measured to ensure the safety of the herbal drugs. As from the 



261 
 

results pH of the formulations did not drop below 4, it was not harmful thus it can be 

approved for oral consumption. 

5.2.4 Fluorescence analysis 

 Fluorescence is an important phenomenon shown by the phytochemicals present 

in plants (Gupta and De, 2012). This analysis is based on this behavior of plant 

constituents which exhibit various fluorescent colours in visible daylight. If they do not 

attain fluorescence in visible light, they can be illuminated under ultraviolet light 

because ultraviolet light can produce fluorescence in many natural products and the 

fluorescent colour is specific to each plant compound. Moreover, some 

phytoconstituents can be converted into fluorescent derivatives only after they are 

treated with various chemical reagents (Janchen and Issac, 1988). Since chemicals are 

not fluorescent, hence we can use this fluorescence behavior of plant compounds to 

assess the crude drugs qualitatively for pharmacognostic evaluation (Alagaret al., 2014; 

Gupta, 2006; Ansari, 2006). Each of the formulations had specific colours which were 

noted down along with the images so that it can be used as a reference to authenticate 

these formulations if ever used in future. 

5.2.5 Thin layer chromatography 

 Thin layer chromatography (TLC) of the herbal formulations was done to 

identify the active phytoconstituents present in them. The therapeutic activity of any 

drug is attributed to the presence of secondary metabolites in plants. It is essential to 

separate and identify those bioactive phytochemicals with any appropriate method. TLC 

technique is a simple, economical, quick and reproducible method for a preliminary 

biological and chemical screening of plant extracts. It also provides a fundamental idea 

about the polarity of the identified chemical constituents (Dutta, 2013).The separation 

of phytoconstituents is based on their polarity and migration on the mobile phase (Stahl, 

2013). The herbal formulations were separated in TLC plates and developed with 

appropriate reagents after which the presence of various phytoconstituents such as 

arbutin, anthraglycosides, flavonoids, coumarins, alkaloids etc was observed. The bands 

were formed on the TLC plates in either visible light or under UV- light (according to 
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standard methods). These bands were quantified as retention factor (Rf) which is a 

general characteristic value and it depends or can be changed according to the mobile 

phase or solvents used for separation (Stoddard et al., 2007). The pattern of bands on 

TLC plates can be used as a fundamental data to display the stability and consistency of 

herbal components. It is an effective and rapid technique to distinguish the 

phytochemical classes that may not be fulfilled by other pharmacognostic parameters 

such as microscopic and macroscopic analysis (Folashadeet al., 2012). Hence, TLC is 

the most suggested technique for authentication by creating the fingerprints of herbal 

medicines due to its specific sensitivity, simplicity, versatility and effortless sample 

preparation (Mohammad et al., 2010)It is also regarded as one of the most convenient 

method to determine the quality of any herbal drugs and possibly also to identify 

adulteration in it. The Rf values are specific in a particular mobile phase which could be 

used as a tool for standardization.  

 In this study various samples showed the presence of different bioactive 

phytoconstituents which we have already discussed in results. All the herbal 

formulation extracts showed the presence of anthraglycosides. It is mainly known for 

the laxative property in plants thus it can also be useful for the discovery of alternative 

source of laxative drugs. Researchers have been working for the better source of 

anthraglycosides in plants. Six anthraglycosides were isolated from Rhubarb (a popular 

Chinese medicinal herb) made from the root of Rheum palmatum L., R. officinale Baill. 

and R. tanguticum Maxim (Pharmacopeia, China, 2012; Wang et al., 2013). All of these 

anthraglycosides have revealed to have potential antioxidant activity along with major 

protective effects during cerebral ischemic injury (Li et al., 2004).  Similarly, high 

content of anthraglycosides was observed in the fresh leaves and decoction leaf extracts 

of Cassia fistula and the authors have discussed that it could be useful for exploring a 

good alternative laxative drugs from natural sources (Sakulpanich and Gritsanapan, 

2009).  

In some herbal formulations (HP, AR, BP, FP and FF), arbutin was clearly 

observed as prominent blue bands under visible light. Arbutin is a naturally occurring 

phenolic glycoside found in many plant species of various families such as Asteraceae 
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(Achillea millefolium), Ericaceae (Vaccinium spp., Arctostaphylos spp.),Rosaceae 

(Pyrus communis L.) etc. Arbutin is commonly used for urinary disorders and it is very 

popular as a skin whitening agent (Tomita et al., 1990).  

Bitter principles are the compounds found in plants which possess a 

characteristic bitter taste (Evans, 2005). They stimulate all digestive secretions such as 

saliva, bile, acids, hormones, enzymes, and so forth. Numerous works has been done on 

therapeutic property of bitter principles. Some of the most commonly known bitter 

principles are quinine (antimalarial activity), chiratin (antihypertensive activity), 

calumbin (diarrhea, intestinal gas), boldine (liver disease) etc. (Sharma and Bachwani, 

2013). Bitter principles were detected in all the formulation we have studied except 

three, AA, HS and CB.   

Similar to bitter principles, flavonoids were also present in all the formulations 

except AA, HS and CB. Flavonoids represent as the most widely and commonly 

distributed phenolic group present in plants (Harborne, 1988). It is the largest group of 

phenolics compounds occurring naturally in plant parts either in a free state or as 

glycosides (John et al., 2013). These are beneficial for human health system due to their 

various medicinal properties such as antimicrobial, antioxidant, antiulcer, anticancer 

activity etc. (Rao et al., 2016)  

Cardiac glycoside was also detected in the herbal formulations except AA, CB 

and HS under visible light with blue spots on the TLC plates. Cardiac glycosides occur 

naturally in plants and venom of a toad species (Steyn and Heerden, 1998) which are 

steroids that has a powerful action on cardiac muscles which could be helpful for 

producing beneficial simulation in heart disease thus treating congestive heart failure 

(Morsy, 2017). Cardiac glycosides have extracted from plant parts have been reported 

as an anticancer agent by various studies (Kometianiet al., 2005; Zhang et al., 2008; 

Prassas et al., 2011; De et al., 2016). Digitoxin is one of the most popular cardiac 

glycosides extracted from plants (Digitalis purpurea).  

Alkaloids were also observed in herbal formulations except AA and CB but the 

most prominent and maximum number of alkaloid bands was observed in TS. Alkaloids 
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are naturally occurring group of compounds found mainly in flowering plants 

containing basic nitrogen atoms and some of which also possess a neutral and a weakly 

acidic properties (Girdhar et al., 2015). Many therapeutic effects of alkaloids have been 

recorded in previous studies. Many plant derived alkaloids are popular for 

antispasmodic, analgesic, bactericidal effects (Stary, 1996). It also affects human 

nervous system with their involvement in the action of chemical transmitters such as 

dopamine, serotonin, acetylcholine etc (Roberts et al., 1998). Some alkaloids such as 

berberine, sanguinarine have antibiotic activity due to which these are used as 

antiseptics (Manosalva et al., 2014; Croaker et al., 2016). Kaur et al., 2017 has listed all 

the plant derived alkaloids and their pharmacological activities such as anticancer, anti-

inflammatory, anti-arthritic, anti-diabetic, antioxidant and anti-malarial action.   

 Coumarins were also detected but only in TS and FF.  Coumarins are a large 

group of plant compounds which are mainly found in higher plants with a major role as 

natural products, medicinal chemistry and organic chemistry (Monga et al., 2012). It is 

mainly used in pharmaceutical industry as a precursor for the synthesis of 

anticoagulants (Barcellona et al., 2008). Many drugs derived from coumarins 

compounds have been studied with potential pharmacological activity to treat various 

types of ailments and these are preferred due to their efficacy, availability, low toxicity, 

broad spectrum etc (Wang et al., 2009). Researchers have been working on the 

development of coumarins based anticoagulant, antimicrobial (Matos et al., 2012; 

Matos et al., 2013), antioxidant (Bubols et al., 2013), anticancer (Kapoor, 2013; 

Vazquez-Rodriguez et al., 2013; Xia et al., 2013), antidiabetic and anti-inflammatory 

agents (Bansal, 2013; Matos et al., 2013). 

Similar TLC technique was used as preliminary step for identifying the presence 

of phytoconstituents in various studies such as in liverworts (Mukhia et al., 2017), some 

species (aromatic plants) of  Lauraceace family (Mandal et al., 2016), some herbal 

formulations used by Rajbanshi community of West Bengal to treat dysmenorrheal pain 

(Roy et al., 2018). 
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5.3 PHYTOCHEMICAL CONTENT 

 Phytochemicals are chemical compounds which are non-nutritive and occur 

naturally in plants during metabolic processes. They have diverse therapeutic properties 

against various diseases (Minakshi et al., 2016). Due to its potential bioactive 

properties, it has gained a huge attention by pharmaceutical industries. Before exploring 

bioactivity of any plants, preliminary phytochemical screening is essential to identify 

new sources of therapeutically as well as industrially important compounds such 

steroids, alkaloids, phenols, tannins, saponins, terpenoids etc (Akindele and Adeyemi, 

2007). In this study, we have determined the presence of phytochemicals in the eleven 

herbal formulations both qualitatively and quantitatively. Instead of using a single 

solvent for the extraction of these phytochemicals from plant materials, we have 

performed successive extraction procedure in ten different solvents which we have 

discussed in details in ‘Methodology’ and ‘Results’ section earlier. Extraction is a 

crucial step for the extraction of bioactive compounds from plant materials and many 

studies have supported the influence of variation in extraction processes and solvents 

used during extraction (Grigonisa et al., 2005; Michiels et al., 2012). Due to the diverse 

chemical structure, solubility and polarity of the phytoconstituents, one solvent cannot 

be considered as standard solvent for extraction and a wide range of extraction solvents 

with varying polarity is preferred over single solvent extraction (Al-Farsi and Lee, 

2008). Quality and quantity of crude extracts, phytochemical content and their 

biological activities are highly dependent on the polarity of extraction solvent (Do et al., 

2014; Rafińska et al., 2019). 

 In this study, phytochemicals such as phytosterol, tannin, terpenoids, amino 

acids, resin, glycosides, cardiac glycosides, reducing sugars, flavonoids and alkaloids 

were estimated qualitatively.  It was observed that most of the phytochemicals were 

present in moderate to high polar solvents like acetone, butanol, methanol and among 

non-polar solvents, ethyl acetate and benzene were found to be productive. Phytosterol 

was detected in herbal formulations; AR, BP, AS, TS and GS with highest quantity in 

acetone and ethyl acetate extracts. Biological activities of phytosterols have attracted a 

huge attention in recent times. They have the capacity to inhibit the absorption of LDL 
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cholesterol from the small intestine and reduce its level in plasma thus lowering the risk 

of atherosclerosis and protect the body against cardiovascular disease (Calpe-Berdiel et 

al., 2009). There are numerous studies on the dietary phytosterols due to its protective 

activity against one of the most common but lethal diseases like cancer. Study shows 

that it decreases the risk of colon and prostate cancer (Jones and Abu-Mweis, 2009) as 

well as it has immune-modulatory and anti-inflammatory properties (Bouic, 2002). 

Tannin was detected in BP, AS, TS, GS and FF which was present in high concentration 

in ethyl acetate, acetone and aqueous extracts. In a similar study, it was found that 

among polar organic solvents, acetone extract showed highest tannin content in three 

species of Acacia (Elgailani and Ishak, 2016). Tannins can be therapeutically used as 

anti-diarrheal, anti-hemorrhoidal, homeostatic and anti-inflammatory compounds. In 

addition to healing burns and stop bleeding of wounds, tannins also help in preventing 

infection and healing of wound internally (Cheng, 2002). Amino acids were also tested 

and only few formulations showed its presence which was in limited quantity and it was 

also seen that mainly water extract and in some cases, methanol and ethanol extract 

showed the presence of amino acids. This might be due to the better solubility of amino 

acids in polar solvents. In a previous study, it was established that water is the model 

solvent for the solubility of amino acids followed by methanol and ethanol (Ji and Feng, 

2008). Alkaloids were not detected in any of the formulation except few such as TS. 

Formulations, FF and AS were also found to contain alkaloids but in a very less 

quantity and it was extracted mostly in non-polar to medium polar solvents (hexane, 

benzene, ethyl acetate, acetone), except for FF in which alkaloid was detected in 

methanol and aqueous extract. We can justify the variation in solvents for extraction of 

alkaloids on the basis of the fact that there is a variation in polarity of each monomer of 

total alkaloids thus solvents with different polarity index has to be used to extract total 

alkaloids. Alkaline alkaloids might have dissolved in water or acidic water and 

lipophilic alkaloids might have dissolved in non-polar solvents (Yubin et al., 2014). 

Reducing sugars were detected in all the formulations and cardiac glycosides and 

flavonoids were also detected in all the formulations except for AA, CB and HS. We 

have already discussed the therapeutic importance of different groups of flavonoids and 

we have observed in our study that herbal formulations, AA, CB and HS were proved to 
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be very poor in terms of the presence of different phytochemicals evidenced through 

TLC technique or qualitative phytochemical estimation. Thus, these three formulations 

were not taken for further quantitative studies. Another observation in these tests was 

that the aqueous extract of FF was very consistent for the phytochemical estimation and 

almost all the higher quantity of phytochemicals were detected in its aqueous extract. 

As a whole some important phytochemicals such as flavonoids, tannins and glycosides 

were present in higher concentration in acetone, water and in some cases ethyl acetate. 

Similar result was observed in the leaf extracts of Terminalia bellerica and Phyllanthus 

emblica where acetone, ethyl acetate, water and methanol extracts showed positive 

results for the presence of the above phytochemicals (Patel et al., 2013). 

Qualitative tests were done to detect the secondary metabolites present in the 

herbal formulations but to measure the quantity of these plant compounds, it is essential 

to proceed further for the determination of other biological properties so that we can 

sort out those samples which show low concentration of these phytochemicals. 

Quantitative phytochemical estimation was done on the ten different solvent extracts of 

eight herbal formulations for the determination of total phenol (TPC), total flavonoid 

(TFC), total orthodihydric phenol (TOPC), total tannin (TTC), total alkaloids (TAC) 

and total steroids (TSC) content. Amongst all the formulations, aqueous extract of FF 

(F. floribunda) revealed highest phytochemicals content (TPC, TFC, TTC and TSC). 

This result is supported by the results of qualitative tests where aqueous extract of FF 

was found to be the best among other solvent extracts. TOPC was highest in heptane 

extract of HP while in case of alkaloid content, TS showed highest level of TAC in its 

ethyl acetate extract. In TLC and qualitative tests also, it was clearly visible that TS has 

a high quantity of alkaloids and as discussed earlier, it might contain the alkaloids 

which were lipophilic due to which highest TAC was obtained through ethyl acetate 

extract. Similarly, in other formulations also which showed alkaloid content, mainly 

non-polar solvents showed positive impact which again supports the fact that there were 

higher total amount of lipophilic alkaloids in the studied herbal formulations. On 

contrary, FF was the only one where TAC was obtained in higher quantity in aqueous 

extract which indicates the presence of water soluble alkaloids in it.  
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5.4 ANTIMICROBIAL ACTIVITY 

 Traditional herbal medicines have been found to have antimicrobial activity and 

have been dealing with infectious diseases over the years which have led to the search 

of natural sources of antimicrobial agents and isolate the compounds responsible for 

antimicrobial activity to replace the synthetic ones. Many phytochemicals derived from 

plant parts are useful for the development of less toxic and more efficient medicines to 

control the growth of pathogenic microorganisms including bacteria, fungi and viruses 

(Kelmanson et al., 2000; Ahmad and Beg, 2001). Numerous studies have been done on 

the antimicrobial activity of various plants extracts and a fair amount of new 

antimicrobial agents were also discovered (Guleria and Kumar, 2006; Zakaria et al., 

2007).  

 Recently the multiple drug resistant strains of microorganism have become a 

serious trouble in medical field which have been created due to the overuse of 

antibiotics (Harbottle et al., 2006). To reduce the threats of antibiotic resistance 

microorganisms, discovery of natural antibiotic resistance inhibitors derived particularly 

from plants is necessary (Kim et al., 1995; Alagesaboopathi, 2011). Plants are known to 

protect themselves from various pathogens by producing various secondary metabolites. 

In this study, antimicrobial activity of herbal formulation extracts (ethanol and water) 

were conducted against two gram negative bacterial stains (Escherichia coli and 

Salmonella typhi) and three gram positive bacterial strains (Bacillus megaterium, 

Bacillus subtilis and Staphylococcus aureus). Streptomycin was used as a standard 

antibiotic to compare the zone of inhibition by the extracts of herbal formulations 

against the mentioned bacterial strains. The antimicrobial activity was done through 

disc diffusion method which is the basic and simple method. The results showed the 

inhibition of E. coli by both extracts of GS and FP and the highest zone of inhibition 

was exhibited by ethanol extract of AR though aqueous extract of AR did not show any 

inhibition for E. coli. Pathogenic E. coli is responsible for various diseases such as 

diarrhea, meningitis, urinary tract infections and sepsis which if not treated can even 

lead to death (Nataro and Kaper, 1998; Gyles, 2007). S. typhi was inhibited only by FP 

extracts only. Overall study revealed that the extracts of FP and GS were the most 
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potent antimicrobial agents and especially FP which showed inhibition of all the studied 

bacterial strains while GS also inhibited all the bacterial strains except S. typhi. 

Interestingly, these two formulations were traditionally used for the treatment of food 

poisoning (FP) and gastritis (GS). Both E. coli and S. typhi are the bacterial pathogens 

which are responsible for major food poisoning and gastroenterititis infecting millions 

of people worldwide each year (Grassl et al., 2008). S. typhi causes the infection in 

intestinal tract and further infecting vital organs such as spleen and liver (Coburn et al., 

2007). Bacteria of Bacillus species are also associated with food borne diseases causing 

diarrhea, vomiting, nausea, stomach infection etc (Logan, 2011). S. aureus is the most 

common reason for infective endocarditis and also cause   skin and soft tissue, 

pleuropulmonary, osteoarticular infections (Tong et al., 2015). The result of 

antimicrobial activity supports the use of FP and GS in traditional system of medicine 

for the treatment of food poisoning and gastritis. 

5.5 IN VITRO CYTOTOXIC ACTIVITY 

When a new drug is investigated either from natural sources or synthetic, it 

should be examined to confirm the safety to the host cell which is known as cytotoxic 

effect in cancer cell and it is known as cell viability test (Bahuguna et al., 2017). Cancer 

is considered as one of the most alarming disease in recent times being second leading 

cause of death worldwide (Nataru et al., 2014). It is identified by uncontrollable cell 

growth (Krishnamurthi , 2007) and due to the lack of comprehensive detection methods 

in early stage, poor prognosis of the cancer patients in late stages and its rapid growth in 

recent times, it is considered as one of the major health threats or a challenge to 

mankind in the present scenario (Divisi et al., 2006). Treatment of cancer involves 

surgery, hormonal therapy, chemotherapy, radiation therapy which comes with 

numerous hazardous health side effects such as hair loss, bone marrow depression, 

weak immunity, vomiting, headache, anaemia, infertility etc. Natural sources of cancer 

treatment drugs from traditional herbal medicine are an economical and time saving 

process instead of screening random plant species (Tan et al., 2006). About 50 % of 

anticancer drugs derived from natural products are already in clinical trials (Cragg and 
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Newman, 2000). Some popular anticancer agents obtained from plant sources are taxol, 

podophyllotoxin, camptothecin and vincristine (Pezzuto, 1997).  

There are various methods to determine the cell viability of any drugs but MTT 

assay is the most frequently used method which is based determining cell viability using 

colorimeter (Mosmann, 1983). Thus we have evaluated the anticancer activity of the 

bioactive extracts of the eight studied herbal formulations with MTT assay on human 

liver cell line (WRL-68). MTT assay is the most commonly used in vitro assay for the 

estimation of anticancer activity from plant extracts. This assay is based on the decrease 

of yellow coloration i.e. MTT and tetrazolium dyes depending on the cellular metabolic 

activity of NAD(P)H-dependent cellular oxido-reductase enzymes (Berridge, 2005). 

The healthy cells show a rapid reduction of MTT into formazan while dead or inactive 

cells have slow rate or no reduction. The end product of MTT reduction gives a purple 

colour formazan which is dissolved in DMSO and the absorbance of this colour is 

associated with enzyme activity and to the number of viable cells. High absorbance 

indicates higher cell viability while less intensity of colour signifies the reduced cell 

number showing cytotoxic activity of the drug (Berridge, 2005). 

In this study, highest cytotoxicity was exhibited by extract of AR amongst all 

the other herbal formulations with lowest IC50 value (173.44±9.82 μg/ml). Studies have 

indicated that apoptosis, a serious molecular target for prevention of cancer which could 

be achieved by dietary bioactive agents (Thakkar et al., 2014). Since we have already 

discussed the potential anticancer activity of various phytochemicals present in plants, 

we may say that the phytochemicals that have been observed and quantified in the 

phytochemicals determination above could be credited for the cytotoxic activity of these 

extracts. The cytotoxic activity of plant extracts having < 100 μg ml
− 1

 IC50 value is 

usually considered to be therapeutically effective (Hendra et al., 2011). Since the lowest 

IC50value exhibited the extract of herbal formulations against WRL-68 (liver cell line) 

was 173.44 μg/ml, these herbal formulations would be categorized as weakly active. All 

the formulations may have exhibited cytotoxic activity but it was not strong enough to 

be considered as potential anti-cancer agents. 
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5.6 IN VITRO ANTIDIABETIC ACTIVITY 

 Diabetes mellitus (type-I and II) is a chronic metabolic disorder characterized by 

the abnormal increase in the concentration of blood glucose level in postprandial and 

fasting state also known as postprandial hyperglycemia (PPHG) (Klein et al., 2007). 

PPHG is increased by the action of two enzymes, α-amylase and α-glucosidase. Alpha 

glucosidase is an enzyme present in small intestine which catalyzes the conversion of 

starch and disaccharides into monosaccharides (Manohar et al., 2002). Inhibitors of 

these enzymes can slow down the carbohydrate breakdown which can be beneficial for 

diabetic patients (Kwon, 2007). Diabetes is a major health concern worldwide in the 

present scenario (Gershell, 2005). One of the effective strategies to cure diabetes is by 

finding 𝛼-glucosidase inhibitors from natural products to avoid adverse effects of 

synthetic drugs that exist in the market (Mccue, 2005). Numerous 𝛼-amylase and 𝛼-

glucosidase inhibitors have already been isolated from plant extracts (Matsui et al., 

2006; Matsuda et al., 2002).  

 In vitro antidiabetic activity of ten different solvent extracts of eight herbal 

formulations was evaluated with 𝛼-glucosidase inhibiting activity of these extracts. 

Lower IC50 values indicated higher antidiabetic activity and all the herbal formulations 

inhibited 𝛼-glucosidase depending on the various solvent extracts. Acetone, ethanol and 

aqueous extracts were the most potential solvents for the extraction bioactive 

compounds which possess antidiabetic activity. The literature review has showed the α-

glucosidase inhibitory activity of various phytochemicals such as alkaloids, flavonoids, 

phenol, terpenes, tannins etc (Yin et al., 2014). From the estimation of phytochemical 

and antidiabetic activity, it was not possible to exactly point out which particular 

compound or group of phytochemical is responsible for antidiabetic activity. Different 

solvent extracts of each herbal formulation exhibited variation in antidiabetic activity. 

More study is required to isolate and identify the antidiabetic agents from the herbal 

extracts. Among all the herbal formulations, aqueous extract FF showed highest 

antidiabetic activity which could be compared with the phytochemical content where 

aqueous extract of FF was the most potential extract. Interestingly FF was the herbal 

formulation which was used as potential antidiabetic agent in the traditional system of 
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medicine which shows that the traditional system of medicine is not random selection of 

plants and there is a basis of such belief. Both in traditional system and in this study, 

aqueous extract was the most beneficial solvent and the advantage of using water is that 

it does not have risk during consumption. Similar result was illustrated by Kazeem 

(2013) where aqueous extract of Morinda lucida demonstrated high inhibition of α-

glucosidase enzyme.  

5.7 ANTIOXIDANT OR FREE RADICAL SCAVENGING ACTIVITY 

 Accumulation of free radicals increases oxidative stress which is related with 

various pathological disorders and diseases including ageing, diabetes, cancer, 

cardiovascular diseases and neurodegenerative disorders, inflammation, and others 

(Jadhav HR, Bhutani. 2002; Gulcin, 2002). The most common free radicals or reactive 

oxygen species (ROS) are hydroxyl radical, nitric oxide, superoxide and lipid peroxyl 

(Yildirim et al., 2000). These ROS lead to radical chain reaction causing the 

degradation of biomolecules such as DNA, proteins and lipids leading to 

pathophysiology (Exarchou et al., 2002; Afanasev, 2010). These free radicals are 

trapped by antioxidants thus reducing the damage caused by oxidative stress to the 

biological molecules (Bektas et al, 2005).  Recently there is growing interest for the 

search of natural antioxidants particularly obtained from various plant parts due to the 

fact that consumption of natural antioxidants lower the risk of oxidative stress related 

disorders and diseases without countering harmful side effects resulted from the 

synthetic antioxidants (Baek et al., 2004).  

 Depending on the existence of various free radicals, a single method cannot be 

sufficient for the determination of radical scavenging activity and /or antioxidant 

activity in a sample (Erel, 2004). Hence more than one free radical scavenging activity 

and antioxidant activity were conducted in the solvent extracts of herbal formulations.  

 DPPH scavenging capacity of the extracts was performed which is based on the 

ability of a stable free radical, DPPH to decolorize in presence of antioxidants (Hasan et 

al., 2009). DPPH is the most frequently used method because it is easy, rapid and 

efficient (Mishra et al., 2012). This assay determines the ability of a compound to act as 
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hydrogen donor or free radical scavenger (Kedare and Singh, 2011). All the extracts 

showed potential DPPH scavenging activity particularly aqueous extract of FF which 

exhibited lowest IC50 value i.e. highest scavenging activity. When an electron is donated 

by an antioxidant compound, the violet colour of DPPH solution is decolorized. 

Absorbance of this decolorization is measured to quantify the DPPH scavenging activity 

of the extracts. It has been determined that the free radical scavenging activity is 

associated with the antioxidant property of phenolic compounds present in the plants 

such as polyphenols, flavonoids, tannins , terpenes (Rahman and Moon, 2007). It was 

observed in phytochemical estimation that aqueous extract of FF was the most potential 

extract for the extraction of phytochemicals such as phenols, flavonoids and tannins. 

Thus it might be possible that these phytoconstituents could be responsible for the 

DPPH scavenging activity. Other herbal formulations were also potential DPPH 

scavengers and the solvent that exhibited the best DPPH scavenging activity varied for 

each formulation. This result is supported by Roby et al., 2013 who concluded in his 

work on Thymus vulgaris that the antioxidant activity of a plant extract or radical 

scavenging activity are highly affected by the solvents used for extraction of plant 

compounds 

ABTS is another method for the screening of antioxidant activity which could be 

applicable for both hydrophilic and lipophilic antioxidants because it can be used in 

both aqueous and organic solvent systems (Samarth and Krishna, 2007). Similar to 

DPPH assay, this method is based on the decolorization or reduction of ABTS cation by 

antioxidants (Re et al., 1999). It is necessary to perform both the assays because there is 

a sensitivity differences for capturing these two free radicals depending on the chemical 

nature of the compounds present in the extract (Faitanin, 2018). This may be justified 

by the steric blockage phenomenon which may delay or prevent DPPH assay reaction. 

In this case, when hydroxyl groups in an extract or a sample are closer to the unpaired 

nitrogen of DPPH radical, there will be a greater ease of reaction which specify that the 

DPPH scavenging activity can be affected by the variation in structural characteristic of 

the antioxidant molecules involved (Alisiet al., 2012).  
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The results of ABTS cation scavenging activity were almost similar to DPPH 

assay and all the extracts of studied herbal formulations were potential ABTS
+
 

scavengers. In this assay, the highest scavenging activity was exhibited by ethyl acetate 

extract of GS. Phytochemicals such as alkaloids, phenols, flavonoids and orthodihydric 

phenols could possibly be responsible for this activity as it was observed that these 

phytochemicals were obtained in highest quantity in the ethyl acetate extract of GS. 

Other than GS, FP and FF also showed potential ABTS
+
 scavenging activity in 

moderately polar (acetone) to highly polar solvent extracts. Polar solvents are mainly 

used for obtaining polyphenols from plant matrix. Aqueous mixtures containing ethyl 

acetate, acetone, ethanol and methanol are considered as most suitable extraction 

solvents of plant extracts (Peschel, 2006).  

Superoxide anion is known to be a very harmful ROS to cellular components in 

biological systems as it act as a precursor of more other reactive species (Halliwell and 

Gutteridge, 2007). Superoxide is produced either in auto-oxidation reactions by 

enzymatic systems or by non-enzymatic electron transfers where molecular oxygen are 

reduced in univalent form. It may also reduce iron complexes like cytochromes 

(Balamurugan et al., 2013). They are mildly reactive species but it can be transformed 

into more reactive and harmful hydroxyl radical in Fenton and Haber Weiss reactions 

(Aust et al., 1985; Babbs, 1985; Deby and Goutier, 1990). Superoxide is mainly 

produced excessively during inflammation while healthy cells can balance its 

production (Sies, 1993). However, the over-production of superoxide radicals can be 

reduced or balanced by chemical or biochemical defenses, otherwise it may lead to the 

damage of cells involving inflammation and age related diseases (Aust and Svingen, 

1982; Tien et al., 1982). Thus the role of superoxide in the production of more reactive 

molecules and its effect in cells suggests the search for potential superoxide scavengers 

particularly from natural sources (Murakami et al., 2000; Perry et al., 2000).  

The superoxide scavenging activity of various extracts of herbal formulations 

were measured by the reduction of nitro blue tetrazolium/NBT (Robak and Gryglewski, 

1988). In this study, the most potential superoxide scavengers were obtained through 

aqueous extract of FF. In fact in majority of the formulations, water was the most 
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suitable solvent for extraction of superoxide scavengers as aqueous extracts of HP, AR, 

AS, TS and FF showed highest scavenging activity. Polar solvent have always been 

considered to be suitable for the extraction of polyphenols from matrices and the 

extraction of polyphenols from natural products depends highly on their solubility in a 

particular solvent (Naczk and Shahidi 2006). On the other hand, ethyl acetate extract of 

GS and FP showed highest superoxide scavenging activity while for BP, benzene 

extract was the best for this activity. All the phenolic compounds particularly flavonoids 

are considered as potential superoxide scavengers (Robak and Gryglewski, 1988). 

Interestingly in these formulations, the same extracts exhibited highest total flavonoids 

content.  

Nitric oxide is another reactive free radical which plays a vital role in 

inflammatory processes and also involved in regulation of other various physiological 

processes. It is generated by endothelial cells, phagocytes, neurons (Gangwar et al., 

2014). Nitric oxide (NO), if produced continuously, causes cell injury and tissue 

toxicity leading to vascular collapse and when it is produced excessively, it causes 

various complications associated with different types of carcinomas and inflammatory 

condition along with arthritis, juvenile diabetes, ulcerative colitis, multiple sclerosis 

(Taylor et al., 1997). Biomolecules such as DNA or proteins may not be directly 

affected by the production of NO as its toxicity increases only when it reacts with 

superoxide to produce peroxynitrite anion which is considered to be genotoxic (Wink et 

al., 1991). The overproduction of NO intermediates can be balanced by the antioxidants 

preferably from natural sources such as plants. In this study only some herbal 

formulations were capable of scavenging NO radical which also varied according to 

solvents used for extraction. Among those extracts, aqueous extract of FF again stood 

out with highest scavenging activity. Flavonoids and phenolic compounds present in 

plants are known to possess NO scavenging property (Kim et al., 1999; Crozier et al., 

2000; Madson et al., 2000; Jagethia et al., 2004), thus we can speculate that 

phytochemicals present in the plant parts of the above herbal formulation might be 

accountable for the observed NO scavenging activity. 



276 
 

There are certain human diseases that require blood transfusion such as anemia, 

thalassemia for treatment and survival. Excess iron is released by the breakdown of red 

blood cells of the transfused blood and deposited as hemosiderin and ferritin in spleen, 

liver, endocrine organ and myocardium. Human body is unable to eliminate these iron 

storage complexes and the excess deposition of these iron complexes can cause damage 

of cells leading to complications such as hypothyroidism, liver failure, diabetes, heart 

failure(Taher et al., 2006; Rund and Rachmilewitz, 2005; Loukopoulos, 2005). When 

ferrozine reacts with Fe
2+

, iron complexes are formed which however can be disrupted 

by the presence of chelating agents. The metal chelating activity of an extract can be 

quantified from the absorbance taken when the pink colour complex is reduced by the 

action of chelator (Ebrahimzadeh, 2008). Phyoconstituents are known to have metal 

chelating potential which could have beneficial impact on metal catalyzed biochemical 

reactions like protein auto oxidative glycation, fragmentation and glycoxidation 

reactions (Ghous et al., 2015). It was observed in results that not all the herbal 

formulation we have studied had metal chelating activity. It was influenced by the 

solvents used for extraction as only few solvent extracts of some herbal formulations 

exhibited metal chelating activity. Only in case of AS and FF, all the extracts showed 

chelating activity. The most active extract which interrupted the complex of ferrozine 

and ferrous ion was aqueous extract of FF indicating that the compounds present in it 

could capture the ferrous ion before ferrozine.  

Ferric reducing antioxidant power (FRAP) is associated with the antioxidant 

activity and provide a reflection of antioxidant capacity (Oktay et al., 2003). FRAP 

assay measures the reducing power of an antioxidant by converting Fe
3+

/ 

ferricyanide complex formed in this assay to the Fe
2+

 form. In this method, yellow 

colour solution of reaction mixture changes to green or dark blue in colour depending 

on the reducing potential of the compound. The FRAP of a compound is measured by 

determining the absorbance of the colour of final product at 700nm in which higher 

absorbance indicates higher reducing power or antioxidant activity (Vijayalakshmi and 

Ruckmani, 2016).  In this study all the herbal formulations exhibited reducing power 

but in particular solvent extracts only except HP and FF in which all the solvent extracts 

showed tremendously high reducing power. In HP, acetone extract showed highest 
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reducing power and in FF, the aqueous extract exhibited the best. FRAP is an 

antioxidant determining assay and based on electron transfer, it is also known as redox 

linked colorimetric method. Thus, compounds  possessing  reducing  power  are 

recognized as electron  donors  as they can reduce  the  oxidized  intermediates  

produced from  lipid  peroxidation  processes (Pietta, 2000). The reducing potential of 

any compound could be due to the presence of polyphenols, flavonoids in plants as 

many researchers have widely reported the polyphenol structure and its relationship 

with ferric reducing capacity (Benzie and Strain, 1996; Parejo, 2003). Phenolic 

compounds are also known as antioxidants because of their capacity to reduce or 

prevent lipid peroxidation inhibition, scavenge free radicals and reducing effect 

(Maksimovic et al., 2005). 

5.8 ANTI-HYPERTENSIVE ACTIVITY  

 In recent time, hypertension is one of the major health concern worldwide 

causing mortality associated with coronary artery disease and its complications such as 

renal failure, heart failure, stroke and diabetes (Abegaz et al., 2017). To reduce the risk 

of hypertension and the health complication related to it, a dietary and lifestyle changes 

are recommended. However when the lifestyle changes do not improve the condition, 

drug treatment is essential for patients (Bazzano, 2008). Some of the common and 

effective antihypertensive drugs are β-blockers, diuretics and calcium antagonists but 

they are also associated with harmful side effects (Atkinson and Robertson, 1979). The 

activity of angiotensin-I converting enzyme (ACE) helps in the regulation of blood 

pressure (Gohlke et al., 1994). ACE converts an inactive decapeptide, angiotensin-I into 

angiotensin-II, bradykinin (hypotensive peptide) to inactive components (Skeggs et al., 

1956). This reaction is catalyzed by ACE and the inhibitors of ACE can prevent the 

formation of angiotensin-II by ACE leading to the reduction of vascular resistance and 

blood pressure. Inhibition of ACE is established as a therapeutic principle for the 

treatment of hypertension (Hansen et al., 1995). In this study, only two herbal 

formulations (BP and FP) out of eight formulations exhibited antihypertensive activity. 

Benzene extract of BP showed the highest antihypertensive activity and in case of FF, 

acetone and water extracts showed the best antihypertensive activity. Interestingly, BP 
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was traditionally used for the treatment of high blood pressure which justifies its use in 

tradition system as well as opens a scope for exploring antihypertensive drug for in vivo 

methods followed by purification of the extract to isolate compound responsible for its 

bioactivity. Many bioactive constituents present in plants have ACE inhibitory activity 

such as flavonoids, tannins, alkaloids, terpenoids (Somanadhan et al., 1999). 

5.9 CORRELATION 

5.9.1 Pearson correlation 

 Polyphenols are one of the most abundant compounds found in plants. Phenolic 

compounds are generally responsible for antioxidant property and other biological 

activities such as inhibition of certain enzymes involved in various diseases (Russo et 

al., 2015). The secondary metabolites such as tannins, flavonoids, glycosides etc present 

in plants or plant extracts have been reported to have antidiabetic property (Suba et al., 

2004). Pearson’s correlation coefficient was done to evaluate the relationship between 

polyphenolic compounds with antioxidant and antidiabetic activities. It was observed 

that radical scavenging activity such as DPPH showed a negative correlation with the 

amount of phenolic compounds such as TPC, TTC and reducing power (FRAP) which 

clearly indicates the effect of these compounds i.e. phenols and tannins in the 

scavenging activity of free radicals. The negative correlation between the IC50 values in 

radical scavenging assays and antioxidant activity shows that with the increase of 

phenolic compounds, its antioxidant potential to scavenge free radical will also increase. 

Several earlier studies have also showed similar correlation between polyphenols and 

antioxidant activities. Chaudhari and Mahajan (2015) showed correlation between the 

phenolic compounds present in 20 Indian medicinal plants and its reducing powder and 

its potential to neutralize DPPH free radical. More such results were shown in literature 

reviews where there is positive correlation between the amount of polyphenols and 

antioxidants in plant extracts (Sagar and Singh, 2011; Liu et al., 2009). The negative 

correlation between the IC50 values of DPPH free radical scavenging assay and phenol 

content was also reported by Quiroga et al., (2013) during the investigation of the 

essential oils of Lippia turbinata and oregano. Since antioxidants of phenolics have 
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been known for redox potentiality and thus are considered as hydrogen donors, free 

radical scavengers and also as redox agents (Macheix JJ, Fleuriet, 1998). The entire 

mechanism of phenol content evaluation by Folin-Ciocalteu method is based on the 

reducing properties of these compounds which is also evident in this study where a 

strong positive correlation was observed between TPC, TFC, TOPC, TTC, FRAP. 

Similar result was reported by Subba and Mandal (2019) in the study of a traditional 

herbal formulation where these variables were positively correlated with eachother.  

5.9.2 Principal Component Analysis 

 Principal component analysis (PCA) is a technique which uses multivariable to 

analyze a data and the results are described by various quantitative dependent variables 

that are inter-correlated with eachother. It basically transforms the measured variables 

to new uncorrelated variables known as principal components of similarity and 

differences between various groups (Cam et al., 2009). In this study PCA was plotted to 

determine the visual similarity among the phytochemical content, antioxidant and 

antidiabetic activity of the studied herbal formulations. In PC1, free radical scavenging 

activities like DPPH, SO, reducing power (FRAP) and phytochemicals like TPC, TFC 

and TTC were heavily loaded indication their inter-relationship with eachother. It was 

evident from the Pearson correlation also that these phytochemicals could probably be 

responsible for the free radical scavenging activity of the extracts. Similar result was 

obtained when PCA was conducted to observe the similarity and differences among 18 

different cereals on the basis of four variables such as FRAP, CUPRAC, phenols and 

flavonoids (Cam et al., 2009). In PC2, antidiabetic activity determined with IC50 values 

was found to be loaded along with NO diverged in two different directions indicating 

the complexities if diabetes related with NO scavenging activity. Several studies have 

reported earlier that hyperglycemia may enhance the production of NO (Adela et al., 

2015; Savino et al., 2006; Shahid and Mahboob, 2009). Overall, PCA in this study 

clearly suggests that the phenolic compounds and free radical scavenging activity are 

interrelated and determines the antioxidant properties of the these phenolic compounds.  



280 
 

5.10 INFLUENCE OF EXTRACTION METHODS ON THE BIOACTIVITY OF 

FRAXINUS FLORIBUNDA 

 Numerous active compounds such as alkaloids, tannins, steroids, glycosides, 

phenols, flavonoids, volatile oils are deposited in specific plant parts such as flowers, 

root, leaves, bark, fruits, seed etc and the therapeutic as well as other beneficial 

properties of plants are credited to these compounds and its combination 

(Tonthubthimthong et al., 2001). An appropriate extraction method and solvent system 

has to be followed to obtain the bioactive phytochemicals with high efficacy and 

efficiency. Efficacy refers to the bioactivity or potency of the extract while efficiency 

means the percentage yield of the extract (Jadhav et al., 2009). The selection of suitable 

method for the extraction or isolation of plant components with best yield and high 

purity from natural products is generally dependent on the nature of compounds or the 

plant material used (Kothari et al., 2009).There are numerous evidences of extraction 

methods influencing the bioactivity of the plants (Recknagel et al., 1989; Weber et al., 

2003). A strong positive correlation was found between antibacterial activity and 

extraction efficiency while investigating bioactivity of plant seed extracts (Kothari et 

al., 2010). The same plant samples may exhibit a variation in their bioactivity when 

processed through different extraction methods. Antioxidants activity of some spices 

was enhanced in cold percolation method while in the same plants materials, 

antimicrobial activity was higher in hot water extraction method (Abdelfadel et al., 

2015).  

 In this study, bark of Fraxinus floribunda (BOFF) was extracted through 

different methods to access the influence of bioactivity of the extracts. This plant was 

selected on the basis of the previous results where the aqueous extract of BOFF was the 

most potential herbal formulation as compared to the other formulations. As we have 

already discussed that there were four methods used in this study viz., autoclave boiling 

under pressure (AB), in a soxhlet apparatus (S), boiling at normal pressure (NB) and in 

cold condition (CP). We have evaluated the bioactivity of these extracts with 

phytochemical content, antioxidant activity and antidiabetic activity.  
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5.10.1 Antioxidant activity 

 Aqueous extract of F. floribunda has exhibited potential antioxidant activity and 

it was observed that the variation in extraction method has clearly influenced the 

bioactivity of BOFF. Another observation was the retention of bioactivity till the third 

stage since the same plant material was extracted successively for thrice. The highest 

antioxidant activity from overall study was shown by the extract obtained through AB 

(pressure boiling) with highest free radical scavenging activity, reducing power and 

total phenol content. This result is comparable with the phenol content observed in 

ginseng seeds which was three times higher when extracted through autoclaving at 

130°C than the untreated seeds (Bae et al., 2012). The phenolic compounds present in 

plant materials could have been diffused from the seed coats after applying continuous 

pressure for a long time leading to the elevation of tocopherols, tocotrienols, vanillin, 

ferulic acids, p-coumaric acids etc. (Bryngelssonet al., 2002). Flavonoid and SO 

scavenging activity were highest in NB while soxhletion was suitable extraction method 

for ortho-dihydric phenol content. Only the extract obtained through cold percolation 

was not impressive enough. The reason behind it could be because of the advantage of 

high temperature over cold for extraction of bioactive compounds. High temperature 

enhances the extraction process by the decrease in viscosity of liquid solvent resulting 

better penetration of matrix particles. High temperature disrupts the solute-matrix 

interactions caused by hydrogen bonding, Van der Waal forces, dipole attraction and 

active sites on the matrix (Kuzmanovica et al., 2015). However, when pressure is 

applied on high temperature, it enables the solvent to reach into certain areas of matrices 

which would not be reached under atmospheric condition (Casazza et al., 2012). 

Another advantage of high-pressure boiling is that it requires less time, energy and it 

has also been recognized as environment friendly technology by FDA (Food and Drug 

Administration) and very appropriate for large scale extraction in pharmaceutical, food 

and metallurgical industry (Heldman and Busta, 2000).  

 It is known that phytochemicals present in plant parts act as antioxidants, thus 

we have estimated the phenol, flavonoid and orthodihydric phenol content of all the 

process variation extracts of BOFF. All these three phytochemicals were obtained 
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through these extraction methods but highest phenol and flavonoid content was 

exhibited by pressure boiling. It has indicated the involvement of phenolics for the 

antioxidant activity above.  

 Although pressure boiling was found to be suitable for the recovery of 

antioxidants from BOFF but the retention of bioactivity was observed in extracts 

obtained through soxhlet as it retained the bioactivity till third stage. However, the 

pressure boiled extracts showed high bioactivity at first stage which could not be seen in 

that good amount till third stage. The first stage of pressure boiled extract was visibly 

darker in colour when compared with other extracts while the third stage extract from 

pressure boiling was very faint in colour. This might be due to high extraction yield at 

high pressure at the first stage itself. Extraction yield can be increased on applying high 

pressure (Dornenburg and Knorr, 1993) as high pressure can deprotonate charged 

groups and break salt bridges and hydrophobic bonds present in cellular membranes 

leading to higher permeability (Ahmed & Ramaswamy, 2006). Another observation 

during extraction was that the pressure boiled extract was the only extract which was 

clearly visible but all the other extracts were hazy and cloudy. Similar observation was 

reported in the fruit of Litchi chinensis where the pressure boiled extract was cloudy and 

very dark in comparison to other extracts (Prasad et al., 2009).He explained 

phenomenon on the fact that large molecules such as starch and proteins were denatured 

under the condition of high pressure and heat together and thus did not move into the 

solvent. A clear extract solution is highly preferred for experiments based on 

absorbance of the colour of a reaction mixture.  

5.10.2 In vitro antidiabetic activity 

 We have already discussed that aqueous decoction of the bark of F. floribunda is 

popularly used in traditional medicine for treating diabetic patients. Result of successive 

solvent extraction for in vitro antidiabetic activity done above also revealed that this 

formulation is a potential antidiabetic agent. Before proceeding towards the in vivo 

assays, the most suitable and productive extraction method to obtain compounds from 

BOFF with highest bioactivity on the basis of antioxidant and antidiabetic activity was 
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determined. For antioxidant activity, pressure boiled extract was the most productive 

method. In vitro antidiabetic activity was conducted by α-glucosidase enzyme inhibiting 

activity of the extracts. Similar to antioxidant activity, highest antidiabetic activity was 

also shown by the pressure boiled extract of BOFF. There are studies and clinical 

evidences that excessive ROS generation has been observed in diabetes (Type-I and 

Type-II). This indicates the association of diabetes occurrence with oxidative stress 

caused mainly through oxidation, oxidative degradation of glycated proteins and non-

enzymatic protein glycation (Johansen et al., 2005; Rosen et al., 2001). Increase of ROS 

in the body weakens the antioxidant defense mechanism which leads to enzymatic and 

cellular damage and lipid peroxidation ultimately causing the development of insulin 

resistance and hyperglycemia (Halliwell, Gutteridge, 1990). Numerous studies have 

reported the ability of antioxidants to improve insulin action (Paolisso et al., 1994; 

Paolisso et al., 1993; Faure et al., 1997). Various phytochemicals present in plants are 

known to possess antidiabetic effect (Malviya et al., 2010), particularly flavonoids 

which are suggested to be beneficial for managing diabetes mellitus (Ceriello, 2000; 

Nicolle et al., 2011). As we have mentioned above that pressure improves the 

permeability and solubility of plant tissue and also increases the diffusibility and better 

movement through the cellular components, it is suggested that this extraction method 

was useful for the extraction of antidiabetic compounds for the extract.  

5.11 PHARMACOLOGICAL ASSAYS 

 Pharmacological assays such as anti-inflammatory, hepatoprotective activity and 

antidiabetic activity were conducted in animal model. The extract obtained through 

pressure boiling was selected for these in vivo studies based on its performance during 

in vitro assays. Diabetes mellitus is a disease related with several complications 

associated with multiple organ systems leading to irreversible pathological conditions 

including liver congestion (hepatopathy) and inflammatory diseases (Reid, 2006; 

Donath and Shoelson, 2011; Zozulinska and Wierusz-Wysocka, 2006). Numerous 

studies have reported the association of diabetes mellitus with liver abnormalities such 

as fibrosis, cirrhosis, non-alcoholic fatty liver, hepatocellular carcinomas, viral hepatitis, 

abnormal elevated hepatic enzymes (Papatheodoridis et al., 2006; Pickup, 2004). 
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Hyperglycemia and a fatty liver can destroy the hepatocytes and increase the rate of 

morbidity and mortality among diabetic patients (Levinthal and Tavill, 1999). 

Inflammatory responses have contributed to the development of diabetes mellitus and 

some even argue that diabetes mellitus is a manifestation of an existing low-grade 

inflammation (Donath and Shoelson, 2011; Zozulinska and Wierusz- Wysocka, 2006). 

There was in fact a statistically significant relation of diabetes mellitus with the 

decreased occurrence of some common inflammatory diseases such as asthma, chronic 

hepatitis, chronic gastritis or ulcer, chronic gastroenterititis etc. (Zheng et al., 2015).  

 Since diabetes is associated with complications in liver and inflammatory 

diseases, natural antioxidants particularly from plants with a potential antidiabetic, 

hepatoprotective and anti-inflammatory diseases could serve as a solution for many life- 

threatening health conditions. 

5.11.1 Anti-inflammatory activity 

 Inflammation is condition which is caused due to the reaction of living tissues 

during injury. In this study, we have used the carrageenan-induced rat paw edema 

model for anti-inflammatory study which is believed to be a biphasic process. The 

initial phase of 1-2 hr inflammation is induced by carrageenan due to the synthesis of 

serotonin, histamine, and prostaglandins in the surrounding of the injured tissues. The 

second phase is continued by prostaglandin synthesis and mediated by leukotrienes, 

bradykinin, prostaglandins, and polymorphonuclear cells produced by tissue 

macrophages (Brito and Antonio, 1998). The leaves and the bark of F. floribunda are 

used for the treatment of gout, bone fracture and dislocation in folk medicine (Gurung, 

2002). Anti-nociceptive and anti-inflammatory activity was reported in the leaves of FF 

(Lingadurai et al., 2007) but there was not a single scientific report or study in the bark 

of this plant despite being popularly used on traditional medicine. The results showed 

potential anti-inflammatory activity by BOFF in the later stages after 2 hours which 

indicated that the activity might have been attained due to the inhibition of 

prostaglandins. The second phase of oedema is reported to be responsive to most 

clinically effective anti inflammatory drugs that are frequently used to access analgesic 
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effect of natural products (Loggia et al., 1986).Since flavonoids are reported to reduce 

or prevent prostaglandins synthesis (Middleton et al., 2000; Havsteen, 2002), the anti-

inflammatory activity of BOFF might be due to the flavonoids present in the sample as 

reported in quantitative estimation of total flavonoids. 

5.11.2 Hepatoprotective activity 

 Carbon tetrachloride (CCl4) is a common hepatotoxin which is popularly used to 

induce liver injury in laboratory animal models to study hepatoprotective effect of plant 

extracts or drugs (Osadebe et al., 2012). When CCl4 is activated, the free radical 

reactions are also initiated which causes oxidative stress and lipid peroxidation 

(Tirmestein et al., 2007) which is assumed to be the basis of the development of CCl4 

induced hepatotoxicity (Poly et al., 1987). CCl4 toxicity is caused due to the 

transformation of free radicals into trichlorimethyl radicals that binds with or attacks 

polyenoic fatty acid in liver membrane (Slater, 1984; Halliwell and Gutteridge, 1984). 

Damage or injury in hepatocytes is indicated by the increased level of serum SGOT, 

ALP, SGPT and bilirubin (Giannini et al., 2005). These enzymes are present in liver in 

high concentration mainly due to the necrosis of hepatocyte or abnormal membrane 

permeability and are released from cells to the blood (Nkosi et al., 2005). SGPT is a 

very sensitive indicator of severe liver damage and SGPT is more selectively a 

parenchymal enzyme of liver than SGOT (Shah et al., 2002). The elevated level of these 

enzymes was observed in group I i.e. CCl4 treated rats were caused due to the excessive 

liver damage by the toxins. Treatment of hepatic rats with the extract of BOFF at a dose 

level of 100 mg/kg b.w.was able to improve the hepatic damage caused by CCl4 when 

compared with standard formulation Liv-52. The level of SGPT, SGOT and bilirubin in 

hepatic rats after treatment with Liv-52 and BOFF extract were almost equal in quantity 

which indicated that the extract is a potential hepatoprotective agent. The reduced level 

of SGPT, SGOT and ALP in extract treated rats in this study might be due to the 

presence of flavonoids which we were observed in previous studies also. A number of 

flavonoids were accounted for anti-inflammatory activity in vitro and in vivo. The 

important mechanism of flavonoids for anti-inflammatory activity is due to the 

inhibition of eicosanoid generating enzymes such as cyclooxygenases, lipoxygenases 
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andphospholipase-A2 which in turn reduces the concentration of leukotrienes and 

prostanoids (Kim et al., 2004). Other mechanisms are inhibition of phosphodiesterase, 

protein kinases, histamine release and activation of transcriptase (Rathee et al., 2005). 

Bilirubin level is the most useful indicator to check the severity of liver damage and the 

decreased level of serum bilirubin in extract treated hepatic rats indicated the 

effectiveness and benefits of BOFF extract for a normal function of liver. 

Hepatoprotective drugs from plant sources contain a variety of phytoconstituents such 

as phenol, flavonoids, alkaloids, carotenoids, xanthenes, monoterpenes etc. (Gupta and 

Misra, 2006).  

5.11.3 In vivo antidiabetic activity 

 In vitro antidiabetic assay have already revealed the potential antidiabetic 

activity of BOFF extract. In present work, we have further investigated the antidiabetic 

property of BOFF extract in animal model which was performed on the streptozotocin 

(STZ) induced diabetic rats. The STZ induced diabetes mellitus in rat model is a 

commonly used and widely accepted method due to its resemblance with diabetes 

mellitus (Adisa et al., 2011). 

There was an improvement in glucose tolerance test with the reduction of 

plasma glucose level which indicates the insulin-mimetic activity or improvement of 

glucose utilization mechanism by the extract (Singh et al., 2018). The antidiabetic 

activity of FF extract might be credited to the decrease in damage of pancreatic β-cells, 

thus improving the production of insulin from the β-cells of the pancreas. Numerous 

plants have been previously reported to have anti-hyperglycemic activity by insulin 

stimulating effect. (Jia et al., 2009; Gireesh et al., 2009). The mechanisms of actions for 

plants with anti-hyperglycemic activity mainly include the increase of insulin secretion, 

control in glucose absorption by the intestine, more glucose absorption by muscle and 

fat tissues, and control in the production of glucose from liver cells (Krishnamurthy et 

al., 2011). One of the characteristic features of diabetes is the inability of glucose 

uptake by the muscle cells because of low insulin production which consequently 

causes muscle wasting and decrease in bodyweight. Induction of STZ in rats will 
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destroy the pancreatic β-cells due to low levels of insulin (Baruah et al., 2017). Thus, 

there was a decrease in bodyweight in diabetic control rats as compared to normal 

control ones, which indicate theexcessive breakdown of tissue proteins causing the loss 

of body weight in diabetes (Sajeesh et al., 2011; Kumar et al., 2011; Poongothai et al., 

2011; Mishra et al., 2011). It was clearly observed that the administration of BOFF 

improved the loss of bodyweight which indicated the control on wastage of muscle in 

diabetes. The BOFF extract has probably stimulated the pancreatic beta cells leading to 

the production of insulin. Diabetes affects lipid profile, and the most common lipid 

abnormalities are high TGL and high TCL. In this study, there was an increase in TCL 

and decrease in HDL in diabetic control rats. Deficiency of insulin may cause the failure 

to activate lipoprotein lipase resulting into hypertriglyceridemia (Appalaraju et al., 

2011). However, the bark extract of FF was able to control the lipid levels in diabetic 

rats. In diabetes, LDL brings cholesterol to the peripheral tissues to be deposited while 

HDL carries cholesterol to liver from peripheral tissues and helps its excretion. LDL is 

responsible for the deposition of fats in arteries. In this study, we have observed a 

significant decrease in TCL, TGL, and LDL, whereas HDL was significantly increased. 

The liver is important and helps the body in controlling blood glucose with 

glycogenesis and glycogenolysis. The liver sections of STZ-induced rats revealed 

various architectural changes in the liver with inflammation of sinusoids, changes in 

central veins, and portal area with vacuolization of cytoplasm. Similar findings were 

reported earlier by many researchers with histopathological changes in the liver 

(Aboonabi et al., 2014; Hassan et al., 2018; Ania et al., 2017). Unlike diabetic control, 

the liver sections of diabetic rats treated with glibenclamide and BOFF showed less 

histopathological changes and improved liver architecture. It indicates the protective 

effect of the extracts to control hepatic injury during diabetes. 

5.12 BIOASSAY GUIDED PARTIAL PURIFICATION OF BARK OF 

FRAXINUS FLORIBUNDA 

Bioassay guided purification by fractionation of plant extracts associated with 

chromatographic techniques of compound separation can direct the isolation of 

bioactive molecules. New strategies of fractionation for the discovery of principal 
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compounds which can be used as a potential source of new drugs are being developed in 

recent times. Numerous bioactive compounds have been isolated from the crude 

extracts of different groups of plants through bioassay guided purification. Hajdu et al. 

(2010) isolated three compounds Eudesmanolide sesquiterpene, sivasinolide 6-O-

angelate and centaureidin from Anthemis ruthenica M. which has anticancer activity. 

Similarly methyl protocatechuate, patuletin and patulitrin were isolated from Tagetes 

patula which was observed to havepotential antioxidant with analgesic properties (Faizi 

et al., 2011). Again, an anti-ulcer compound, Tagitinin C was isolated from Tithonia 

diversifolia Hemsl. (Sanchez-Mendoza et al., 2011). Among volatile components of 

Rhododendron arboretum; 9, 12-Octadecadienoic  acid, methyl ester was isolated which 

was found to possess hepatoprotective, hypocholesterolemic, antihistaminic  and   anti-

eczemic  properties (Painuli et al., 2016).  

 The traditional use of F. floribunda bark as an antidiabetic agent gave an idea to 

frame antioxidant and antidiabetic assay guided purification of bioactive substances 

from the extract of the same. It is known that plants’ extracts are the storehouse of 

numerous bioactive phytochemicals and each of them are varying with different polarity 

indices. Thus  in this work, solvent with lower polarity were sued first to separate lipids 

initially followed by higher polarity solvents to elute more polar substances from the 

extract. Lower to higher polarity solvents was also used by Jassbi et al., 2016 for 

isolation of bioactive phytochemicals. Kanagavalli and Mohamed Sadiq (2018) have 

performed similar techniques for isolation of bioactive compounds from Boerhavia 

diffusa Linn. by using different polarity solvent through column chromatography. After 

conducting various assays, one bioactive fraction was selected on the basis of high 

pharmacological activity and phytochemical content. When this fraction was passed 

through Gas Chromatography Mass Spectrometry (GC-MS), some active 

phytochemicals present in the extract of F. floribunda bark was detected. 

5.12.1 GC-MS analysis and identification of phytochemicals 

 GC-MS analysis of the extract of F. floribunda bark revealed the presence of 

various groups of phytochemicals such as hydrazone derivative, terpene, flavonoids, 
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coumarin along with resin and fatty acids. The potential antioxidant, antidiabetic, anti-

inflammatory and hepatoprotective activity of this plant could be attributed to the 

presence of these phytochemicals. 2(1H)-Quinolinone, hydrazone also known as 2-

hydrazinoquinoline is a heterocyclic aromatic organic compound which is a hydrazone 

derivative was found in F. floribunda extract. It was the most abundant compound in 

the extract. Many hydrazone derivatives have been reported to possess biological 

activities (Singh and Raghav, 2011; Saleem et al., 2011). We have already discussed 

that NSAIDS are largely used for the treatment of inflammation and pain. However, 

compared to NSAIDS, hydrazones which are inhibitors of both cyclooxygenase 

(COX)and 5-lipoxygenase (5-LO)are given more interest and being studied as a 

potential analgesic and anti-inflammatory agent (Almasirad et al., 2005).Various 

hydrazone derivatives were synthesized by Moldoven et al., (2011) which showed 

potential in vivo anti-inflammatory activity. Uno et al. (1995) synthesized 2(1H)-

quinolinone derivatives and was found to be a potent inhibitors of 12(S)-

hydroxyeicosatetraenoic acid (12-HETE) which has key role in the pathogenesis of 

numerous circulatory disorders and arteriosclerosis. A series of 2(1H)-quinolinone was 

synthesized by Koga et al., (1998) for the evaluation of anti-thrombotic and anti-

hyperplastic activities from which 1p (OPC-33509) was best for the anti-arterostenotic 

agent. Sugarhydrazones of 2-hydrazinoquinoline were evaluated and reported to have 

antimicrobial activity against some Gram +ve and Gram –ve bacteria such as 

Staphylococcus sp., Bacillus sp., Pseudomonas sp etc. (Khodair et al., 1998). Some 

hydrazone derivatives were also found to have potential anti-hyperglycemic activity. A 

set of heterocyclic hydrazones were synthesized to inhibit glycogen synthase kinase-3 

(GSK-3) which is a serine/threonine kinase associated with diabetes by inactivating 

glycogen synthase that converts glucose into glycogen (Smalley et al., 2006). GSK-3 

inhibitors are regarded as a new approach for the treatment of diabetes.  

 The extract also revealed flavones in it, which are a class of flavonoid. Flavones 

were associated with various pharmacological activities such as antioxidant, 

antidiabetic, antibacterial, and anti-inflammatory activities. Some flavones synthesized 

by Goker et al., (2005) showed potential antimicrobial activity against E. coli, S. 

aureus, S. faecalis etc. In the methanolic extract of Artocarpus heterophyllus, two 
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flavones 6-(3-methyl-1-butenyl)-5,2′,4′-trihydroxy-3-isoprenyl-7-methoxyflavone and 

5,7,2′,4′-tetrahydroxy-6-isoprenylflavone were identified which actively inhibited the 

growth of carcinogenic bacteria and plaque- forming streptococci (Sato et al., 1996).In 

another study, flavonol like santin was reported to have an inflammatory activity of 

Tanacetum parthenium leaves (Moroney and Somanchi, 1999). The isoflavones such as 

genistein was found to possess oestrogenic activity and in later research, another 

flavonone8-isopentenylnaringenin isolated from a crude drug which was derived from 

Anaxagorea lutzonensis wood was discovered to have better oestrogenic activity than 

genistein (Miyamoto et al., 1998). Many plant extracts containing flavones were 

reported to have hypoglycemic activity too. Some synthetic analogs of chrysin exhibited 

antidiabetic activity in diabetic mice (Shin et al., 1999). An aryloxypropanolamine 

derivative of 7-hydroxyflavones was synthesized by Pratap et al., 2009 which also 

showed significant glucose-lowering effect in db/db mice. Flavones have always been 

considered as potential antioxidants with polyphenolic flavones being superior free 

radical scavengers. Remarkable antioxidant activity of several flavones such as 

Wogonin (Chen et al., 2004), Apigenin (Oteiza et al., 2005), Luteolin (Shahidi et al., 

1992) have also been reported.  

 The next compound identified in the extract was Coumarin,6-amino-3-phenyl. 

Coumarins are large class of secondary metabolites found in higher plants and is 

considered to have various biological properties such as antibacterial (Canning et al., 

2013), anti-inflammatory (Witaicenis et al., 2014), anti-neoplastic activity (Nasr et al., 

2014: Bronikowska et al., 2014) etc. Coumarins have captured more attention in terms 

of biological activity for having several positive effects in diseases with less cell 

damage (Bilgin et al., 2011). Coumarins and its few derivatives are well known for 

various industrial and medical purposes. Coumarin, 6-amino-3-phenyl also known as 

2H-1-benzopyran-2-one is an oxygen heterocycliclic scaffold broadly distributed in 

plant kingdom (Pratap and Ram, 2014). It has shown a large range of biological activity 

such as anticancer which was investigated by Lacy and O’kennedy (2004) against two 

cell linesMCF-7, a breast carcinoma and A549, a lung carcinoma. Anti-inflammatory 

activity of coumarin derivatives was also determined by the inhibition of carrageenan-

induced hind paw edema and the compound was also active in reducing arthritis 
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induced by Freund’s adjuvant (Kontogiordis and Hadjipavlou-Litina, 2005). 

Antioxidant activity was also observed in coumarins and its derivatives mainly with 

heterocyclic rings (Fylaktadou et al., 2004). Anti-tubercular activity of phenyl 

substituted coumarin was reported against Mycobacterium tuberculosis (Kawate et al., 

2013). It was reported that 7-amino 2H-1-benzopyran-2- one derivatives was isolated 

from some plants such as Petroselinum crispum, Rutagraveolens,Loeselia Mexicana 

andAesculus paviahave anti-microbial activity (Navarro-Garcia, 2011).  

 The extract also contained saturated fatty acid such as heptadecanoic acid which 

is a C17 saturated fatty acid and is basically a trace component of fats in ruminants. 

Initially, it was considered to have no biological function but later the increase in 

circulating levels of these long chained fatty acids have been correlated with an 

improved insulin sensitivity (Pedersen et al., 2016). This further reduces the risk of 

diabetes type-2 (Forouhi et al., 2014) which can be associated with reduced risk of 

cardiovascular diseases (Khaw et al., 2012). In addition, heptadecanoic acid also 

inhibits cell proliferation in non-small-cell lung cancer clearly showing anticancer 

activity (Xu et al., 2019).  

 The next compound present in the extract was acacetin which is an abundant 

flavone found in various plants and some insects. Numerous pharmacological activities 

have been reported from this class of phytochemicals. Kim et al., 2013 studied the 

antitumor activity of acacetin in which the effects of acacetin was evaluated on prostate 

cancer in mice and it was found out that acacetin exert antitumor effects by targeting the 

Akt/NF-κB signaling pathway. Acacetin also exhibited antimicrobial activity in mice 

against Staphylococcus aureus (Bi et al., 2016). They demonstrated the protective 

ability of acacetin from renal abscess formation in mice induced by S. aureus thereby 

increasing the survival rates.  

 Another long chained fatty acid, 10-Octadecenoic acid, methyl ester was also 

found in the extract. It was found in the extract of Iris germanica also in GC-MS 

analysis (Asghar et al., 2011). It is found to enhance the immunity of hydroxyl 

unsaturated fatty acid (Yamada et al., 2009). 10-Octadecenoic acid, methyl ester was 
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found to be present in numerous plants extracts including Thesium humile (Belakhdar et 

al., 2015) and a well-known medicinal plant Terminalia arjuna root (Ramesh and 

Dhanaraj, 2016). 

5.12.2 NMR ANALYSIS 

 Nuclear magnetic resonance (NMR) is an advance technique for identifying the 

structure of natural products or compounds and it is an important tool in metabolomic 

research (Ward et al., 2007). It is a suitable method for this analysis as it allows the 

detection of not only the primary metabolites but also the diverse groups of secondary 

metabolites simultaneously (Kim et al., 2010). 
1
H NMR spectroscopy is a rapid method 

ideal for complex sample and it provides huge information without much cost and in 

less time. In addition, it provides a large quantity of data without previous 

chromatographic separation proving itself as an ideal technique for the analysis of crude 

extracts from plants (Pollesello et al., 1993). In this study, 
1
H NMR spectroscopy was 

used to analyze the structure of the compound which might be responsible for the 

bioactivity of Fraxinus floribunda. After the separation of the extract in column 

chromatography followed by thin layer chromatographic technique, the extract was 

subjected to 
1
H NMR analysis which was compared with the NMR spectra of standard 

2-hydrazinoquinoline as it was found to be the most abundant compound revealed 

through GC-MS analysis. 
1
H being the most sensitive and commonly occurring 

magnetic isotope, it is preferred for most of the metabolite fingerprinting and profiling 

on NMR analysis (Krishnan et al., 2005). The 
1
H NMR spectra of two bands obtained 

in TLC along with the spectra of standard was compared with the possible spectra with 

the functional group, it was observed that there were similar sharp peaks at the same 

region. Moreover, as discussed in result, the similarity in the peaks of spectra of the 

purified extract with the spectra of the standard, it was established that the purified 

extract of F. floribunda contained 2-hydrazinoquinoline. It is a hydrazine reagent 

mainly used in the preparation of hydrazone derivatives of carbonyl compounds such as 

sugar hydrazone have been prepared from it which exhibited antimicrobial activity 

(Khodair et al., 1998). It has also proved as novel derivatization agent for LC-MS based 

metabolomic investigation of diabetic ketoacidosis. It was demonstrated that 2-
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hydrazinoquinoline was compatible with biological samples such as urine, serum, liver 

extract samples and by using this approach, it was convenient to characterize the 

kinetics in diabetes-induced (type1) metabolic changes in streptozotocin-treated mice 

(Lu et al., 2013). Hydrazone derivatives are known for various biological activities 

which we have discussed above on GC-MS analysis. In this study, the NMR analysis 

was done to focus on the antidiabetic activity of the F. floribunda bark extract. In the 

study reported by Smalley et al., (2006), a set of novel heterocyclic pyrimidyl 

hydrazones could be used as antidiabetic agent by inhibiting glycogen synthase kinase-3 

(GSK-3). GSK-3 is a protein which serves as many functions in the human body, one of 

which is to mediate the conversion of glycogen to glucose. The diabetic patients with 

insulin resistance have GSK-3 activity in their body and it leads to rise in plasma 

glucose level in hyperglycemia. Thus, these hydrazone derivatives serve as GSK-3 

inhibitors therefore by serving as antidiabetic agents in hyperglycemic condition.  
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identification of bioactive compound responsible for its bioactivity.
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6. CONCLUSION 

The undeniable significance of ethnomedicine in the primary healthcare system 

as well as its importance in the development of naturally occurring drugs has led to 

the massive increase in research on traditional herbal medicines. Sikkim being one 

of the less populated states of India with a rich flora and fauna, there is a high 

existence of ethnomedicinal practices. This study has covered the west part of the 

state i.e. the West district of Sikkim as it was the most neglected area in terms of 

survey and documentation of the traditional herbal medicine. This study covered the 

documentation and data collection of the traditional knowledge of herbal medicines 

practiced by the herbal healers of the area followed by the preliminary studies 

regarding standardization along with the estimation of bioactive phytochemicals 

present in them. It also assessed some of the pharmacological activities of the 

collected herbal formulations and eventually identification of the bioactive 

compounds responsible for the bioactivity was carried out. From the overall study 

and the results recorded, following conclusions could be drawn or could be 

considered important. 

i. The traditional practices of herbal medicines in the West district of Sikkim is 

slowly depleting as the younger generations are least interested in learning 

the knowledge from their elders and also due to the availability of modern 

medicines. A comprehensive documentation as well as conservation 

strategies of traditional knowledge is required. 

ii. Amongst 46 herbal formulations collected, 11 were selected for further 

analysis and 8 of them were finalized for the preliminary studies. The 

pharmacognostic study based basic standardization was established for the 

11 herbal formulations. 

iii. Out of 11 fomulations, 9 of them showed potential pharmacological 

activities and phytochemical content. 

iv. The bark of Fraxinus floribunda which was used for the treatment of 

diabetes stood out from the rest of the formulations by exhibiting overall 

highest activities in the assays that were performed. 

v. F. floribunda bark showed potent anti-inflammatory, anti-diabetic and 

hepatoprotective activity also in animal model. 
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SUMMARY 

Ethnomedicine has been a vital part of human civilization. It has been a boon 

to primary healthcare specially in the rural sector where the modern facility could 

not reach. Ethnomedicine has not only contributed in the rural healthcare but it has 

also contributed in the development of naturally occurring modern drugs. Therefore, 

the documentation of traditional knowledge of herbal medicine is of high priority in 

the present scenario as there is a high possibility of depletion of this valuable 

knowledge due to various factors but the major factor being the lack of interest of 

the young generation in acquiring this knowledge from their elders. Other factors are 

the domination of modern medicine in the present world as well as due to the less 

scope of traditional medicine as a source of income.   

Sikkim is a state of India where many ethnic communities still reside and 

practice the traditional system of healthcare. Studies have suggested existence of 

numerous medicinal plants and herbal formulation in the state. This study has 

focused on the collection of data regarding herbal medicines from the traditional 

practitioners from the West district of Sikkim since this district has been neglected 

as compared to the rest of the districts. From the survey, about 46 herbal 

formulations were collected which were prepared from 36 different plants. These 

plants were identified and authenticated in the NBU Herbarium and recorded. The 

survey data has revealed that most of the herbal practitioners were above the age of 

50 years old and by the end of the completion of this work, it was found that 2 of the 

aged healers passed away due to old age health issues. Younger generations were 

not keen on learning this knowledge of herbal medicine from their elders.  

From all the herbal formulations collected, 11 were selected on the basis of 

effectiveness and availability. A basic standard was established for all the same for 

their quality control and authentication on the basis of pharmacognostic studies such 

as organoleptic tests, powder microscopy, fluorescence analysis, physicochemical 

study and thin layer chromatography. Further preliminary phytochemical estimation 

was carried out on all the formulations after extracting them in 10 different solvent 

on the basis of their polarity. On the basis of this test, 9 formulations were subjected 

to further pharmacological analysis. Free radical scavenging activity was carried out 

on the basis of DPPH, ABTS scavenging activity along with metal chelating and 
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reducing powder assays. Almost all the extracts showed a potential activity with 

some of the solvent extracts showing extremely impressive bioactivity.  

The in vitro pharmacological activity such as anti-hypertensive activity 

(angiotensin coveting enzyme inhibition, antidiabetic activity (α-glucosidase 

inhibition), cytotoxicty (human liver cell line, WRL-68) were also performed. 

Cytotoxic activity was average while very potential antidiabetic activities were 

observed from the extracts. From the overall study, bark of Fraxinus floribunda 

(BOFF) was selected for in vivo studies and purification depending on the overall 

highest activity exhibited by the same. Traditionally, BOFF was boiled in water and 

the water consumed for the treatment of diabetes. Before heading for further 

analysis, BOFF was subjected to four different extraction methods so as to compare 

their activity with each other and to find out the best extraction process for the same 

for the extraction of bioactive compounds. Four different methods of extraction 

were, normal boiling through reflux, soxhletion, autoclave pressure boiling and cold 

percolation. Antioxidant, quantitative phytochemical estimation and in vitro 

antidiabetic activity were performed on these extracts. The result of this showed that 

autoclave boiling is the best extraction method for BOFF for the bioactivity. Hence, 

the extract obtained through autoclave boiling was subjected to in vivo anti-

inflammatory, hepatoprotective and antidiabetic assays. Anti-inflammatory activity 

was done with the rat paw oedema method and the result showed that the extract of 

BOFF significantly reduced the paw oedema with 55% percentage inhibition which 

was very close to the standard drug aspirin that showed 59% inhibition. 

Hepatoactivity was performed on the CCl4 induced hepatic rats and the result was 

taken on the basis of biochemical parameters of liver such as SGOT, SGPT, ALP 

and bilirubin levels. The reduction of these in hepatic rats by the extract of BOFF 

showed its hepatoprotective activity. Similarly antidiabetic assay was also 

performed on the streptozoticin-induced diabetic rats. The parameters such as 

changes in body weight, oral glucose tolerance test, fasting blood glucose level, lipid 

profile and liver histopathology of diabetic rats were considered for the antidiabetic 

activity. The overall result revealed that the extract of BOFF at 400mg/kg b.w. 

exhibited a potential antidiabetic activity and was also able to reduce or repair the 

hepatic injury in diabetic rats.  
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The extract of BOFF was run for bioassay guided partial purification through 

column chromatography followed by GC-MS. The result of GC-MS showed the 

presence of 10 different compounds from the NIST library. The compounds with 

extablised bioactivity were flavones (antidiabetic, antimicrobial, anti-inflammatory, 

carcinogenic etc), Coumarin, 6-amino-3-phenyl (antibacterial, anti-neoplastic, anti-

inflammatory, anti cancer), acacetin (anti cancer, antimicrobial) and some fatty acids 

such as Heptadecanoic acid, 10-Octadecenoic acid, methyl ester has antimicrobial 

activity. The most abundant compound revealed in the GC-MS study was 2(1H)-

Quinolinone, hydrazone also known as 2-hydrazinoquinoline with 25.7 % in the 

extract. Various biological activities such as antithrombotic, anti-inflammatory, 

antidiabetic were observed in its derivatives. Some of the other derivatives were also 

helpful in the pathogenesis of circulatory disorders and arteriosclerosis. On the basis 

of its abundance and its biological activities, the extract used of GC-MS was futher 

purified through TLC and antidiabetic assay was performed on the TLC separated 

extracts. The separated extracts were subjected to H1 NMR analysis for the 

identification of the bioactive compound. On the NMR analysis it was revealed that 

there is a presence of 2-hydrazinoquinoline in the BOFF extract which could be the 

possible compound responsible for its bioactivity. Our study also supports the use of 

BOFF as an anti-diabetic agent in traditional system of medicine.   
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Petroleum benzene 

Petroleum ether 

Phloroglucinol 

Phospho molybdic acid 

Phosphoric acid 

PMS 

PNPG 

Potassium ferricyanide 

Potassium hydroxide 

Potassium iodide 

Potassium persulphate 

S 

Silica 

Sodium carbonate 

Sodium hydroxide 

Sodium molybdate 

Sodium nitrite 

Sodium nitroprusside 

Sodium potassium tartarate 

Sodium tungstate 

Streptomycin 

Streptozotocin 

Sudan III 

Sulphuric acid 

Superoxide 

T 

Tannic acid 

Toluene 

Tri-chloro acetic acid (TCA) 

V 

Vanillin 
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A 

 AAAc Acetone extract of formulation AA 

AAAq Aqueous extract of formulation AA 

AABu Butanol extract of formulation AA 

AABz Benzene extract for formulation AA 

AACl Cloroform extract for formulation AA 

AAEa Ethyl acetate extract for formulation AA 

AAEt Ethanol extract of formulation AA 

AAHp Heptane extract for formulation AA 

AAHx Hexane extract of formulation AA 

AAMt Methanol extract of formulation AA 

AB Autoclave boiling 

ABTS 2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt 

ACE Angiotensin converting enzyme 

AHA Anti-hypertensive activity 

ALP Alkaline phosphatase 

AR Formulation for arthritis 

ARAc Acetone extract of formulation AR 

ARAq Aqueous extract of formulation AR 

ARBu Butanol extract of formulation AR 

 

 

 

ARBz Benzene extract for formulation AR 

ARCl Cloroform extract for formulation AR 

AREa Ethyl acetate extract for formulation AR 

AREt Ethanol extract of formulation AR 

ARHp Heptane extract for formulation AR 

ARHx Hexane extract of formulation AR 

ARMt Methanol extract of formulation AR 

AS Formulation for asthma  

ASAc Acetone extract of formulation AS 

ASAq Aqueous extract of formulation AS 

ASBu Butanol extract of formulation AS 

ASBz Benzene extract for formulation AS 

ASCl Cloroform extract for formulation AS 

ASEa Ethyl acetate extract for formulation AS 

ASEt Ethanolic extract of formulation AS 

ASHp Heptane extract for formulation AS 

ASHx Hexane extract of formulation AS 

ASMt Methanolic extract of formulation AS 

ABBREVIATION 
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B 

 BCG Bromocresol green 

BOFF Bark of Frainus floribunda 

BP Formulation for High blood pressure 

BPAc Acetone extract of formulation BP 

BPAq Aqueous extract of formulation BP 

BPBu Butanol extract of formulation BP 

 

BPBz Benzene extract for formulation BP 

BPCl Cloroform extract for formulation BP 

BPEa Ethyl acetate extract for formulation BP 

BPEt Ethanol extract of formulation BP 

BPHp Heptane extract for formulation BP 

BPHx Hexane extract of formulation BP 

BPMt Methanol extract of formulation BP 

C 

 CB Formulation for sinusitis 

CBAc Acetone extract of formulation CB 

CBAq Aqueous extract of formulation CB 

CBBu Butanol extract of formulation CB 

CBBz Benzene extract for formulation CB 

CBCl Cloroform extract for formulation CB 

CBEa Ethyl acetate extract for formulation CB 

CBEt Ethanol extract of formulation CB 

CBHp Heptane extract for formulation CB 

CBHx Hexane extract of formulation CB 

CBMt Methanol extract of formulation CB 

CE Catechol equivalents 

CONT Control group 

COX Cycloxygenase 

CP Cold percolation 

D 

 DMSO Dimethyl Sufoixide 

DPPH 1,1-diphenyl-2- picrylhydrazyl 

E 

 EW Extractive weight 

F 

 FF Formulation of diabetes 

FFAc Acetone extract of formulation FF 

FFAq Aqueous extract of formulation FF 

FFBu Butanol extract of formulation FF 
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FFBz Benzene extract for formulation FF 

FFCl Cloroform extract for formulation FF 

FFEa Ethyl acetate extract for formulation FF 

FFEt Ethanol extract of formulation FF 

FFHp Heptane extract for formulation FF 

FFHx Hexane extract of formulation FF 

FFMt Methanol extract of formulation FF 

FP Formulation for food poisoning 

FPAc Acetone extract of formulation FP 

FPAq Aqueous extract of formulation FP 

FPBu Butanol extract of formulation FP 

FPBz Benzene extract for formulation FP 

FPCl Cloroform extract for formulation FP 

FPEa Ethyl acetate extract for formulation FP 

FPEt Ethanol extract of formulation FP 

FPHp Heptane extract for formulation FP 

FPHx Hexane extract of formulation FP 

FPMt Methanol extract of formulation FP 

FRAP Ferric reducing antioxidant power 

FWT Fresh weight tissue 

 

 

G 

GAE Gallic acid equivalent 

GC-MS Gas Chromatography- Mass Spectroscopy 

GS formulation for gastritis 

GSAc Acetone extract of formulation GS 

GSAq Aqueous extract of formulation GS 

GSBu Butanol extract of formulation GS 

GSBz Benzene extract for formulation GS 

GSCl Cloroform extract for formulation GS 

GSEa Ethyl acetate extract for formulation GS 

GSEt Ethanol extract of formulation GS 

GSHp Heptane extract for formulation GS 

GSHx Hexane extract of formulation GS 

GSK-3 Glycogen synthase kinase-3 

GSMt Methanol extract of formulation GS 

H 

 HDL High-density lipoprotein 

HP Formulation for heart palpitation 

HPAc Acetone extract of formulation HP 

HPAq Aqueous etxract of formulation HP 

HPBu Butanol etxract of formulation HP 
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HPBz Benzene extract for formulation HP 

HPCl Cloroform extract for formulation HP 

HPEa Ethyl acetate extract for formulation HP 

HPEt Ethanol etxract of formulation HP 

HPHp Heptane extract for formulation HP 

HPHx Hexane extract of formulation HP 

HPMt Methanol extract of formulation HP 

HPTLC High Performance Thin Layer Chromatography 

HS Formulation for indigestion and stomachahe 

HSBu Butanol extract of formulation HS 

HSBz Benzene extract for formulation HS 

HSCl Cloroform extract for formulation HS 

HSEa Ethyl acetate extract for formulation HS 

HSAc Acetone extract of formulation HS 

HSAq Aqueous extract of formulation HS 

HSEt Ethanol extract of formulation HS 

HSHp Heptane extract for formulation HS 

HSHx Hexane extract of formulation HS 

HSMt Methanol extract of formulation HS 

K 

 KOH Potassium hydroxide 

L 

 LDL Low-density lipoprotein 

M 

 MC Metal chelation 

MTT 3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyltetrazolium bromide 

N 
 

NADH Nicotinamide adenine dinucleotide hydrogen  

NADPH Nicotinamide adenine dinucleotide phosphate 

NaOH Sodium hydroxide 

NB Normal boiling 

NIDDM Non-insulin dependent diabetes mellitus 

NMR Nuclear Magnetic Resonance 

NO Nitric oxide 

NO2 Nitrogen dioxide 

NOR 

CONT Normal control group 

O 

 OD Optical density 

OGTT Oral Glucose Tolerance Test 
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P 

 PBS Phosphate Buffer  

PCA Principal Component Analysis 

pH Power of hydrogen 

PPHG Postprandial hyperglycemia 

Q 

 QE Quercetin equivalent 

R 

 RF Retention factor 

RNS Radical Nitrogen Species 

ROS Reactive Oxygen Species 

S 

 S Soxhletion 

SE Standard error 

SGOT Serum glutamic oxaloacetic transaminase 

SGPT Serum glutamic pyruvic transaminase 

SO Super oxide 

T 

 TAC Total alkaloid content 

TAE Tannic acid equivalents 

TCL Total Cholesterol 

TFC Total flavonoid content 

TGL Triglycerides 

TLC Thin Layer Chromatography 

TOPC Total orthodihydric phenol content 

TPC Total phenol content 

TS Formulation for tonsilitis 

TSAc Acetone extract of formulation TS 

TSAq Aqueous extract of formulation TS 

TSBu Butanol extract of formulation TS 

TSBz Benzene extract for formulation TS 

TSC Tannin Steroid content 

TSCl Cloroform extract for formulation TS 

TSEa Ethyl acetate extract for formulation TS 

TSEt Ethanol extract of formulation TS 

TSHp Heptane extract for formulation TS 

TSHx Hexane extract of formulation TS 

TSMt Methanol extract of formulation TS 

TTC Total Tannin content 

 



 

 

 

 

 

 

 

 

Appendix C 

 

LIST OF PUBLICATIONS FROM 

THE THESIS 



355 
 

LIST OF PUBLICATIONS 

 
A Subba, P Mandal. 2015. Antioxidant potential of Fraxinus floribunda Bark Extracted through 

Various Aqueous Processing. Free Radicals and Antioxidants. 5: 6-12. 

 

A Subba, P Mandal. 2015. Pharmacognostic studies and in vitro antioxidant potential of traditional 

polyherbal formulation of West Sikkim with Asparagus Spp. Pharmacognosy Journal. 7: 348-55. 

 

A Subba, B Dutta, RK Sahu, P Mandal. 2017. Antioxidant, anti-inflammatory, and hepatoprotective 

activity of Fraxinus floribunda bark and the influence of extraction process on their bioactivity. 11: 

983-90. 

 

A Subba, P Mandal. 2019. Standardization of a traditional polyherbal formulation with 

pharmacognostic study; its phytochemical content, antioxidant, and antidiabetic activity. Asian 

Journal of Pharmaceutical and Clinical Research. 12: 182-90. 

 

A Subba, RK Sahu, Bhardwaj S, P Mandal. 2019. Alpha glucosidase inhibiting activity and in vivo 

antidiabetic activity of Fraxinus floribunda bark in streptozotocin‑induced diabetic rats. 

Pharmacognosy Research. 11: 273-78. 

 

SEMINARS ATTENDED  

 
NATIONAL 

 

National conference of Plant Physiology, December 13-16, 2013. 

National symposium on Recent Trends in Plant and Microbial Research, March 22-23, 2013. 

National seminar on Plant and Microbe: Diversity and Utilization, March 19-20, 2016 

National seminar on Defining Modern Biology: Plants and Microbes. Match 10, 2016. 

 

INTERNATIONAL 

 

2
nd

 International conference on Bridging Innovations in Pharmaceutical, Medical and Biosciences, 

February 11-12, 2017. 

2
nd

 International conference on Frontier in Pharmaceutical Sciences and Research, 2017. 

 

 

 



 

 

 

 

 

 

Appendix D 

 

ANIMAL ETHICAL COMMITTEE 

CERTIFICATE 





 

 

 

 

 

 

Appendix E 

 

PUBLISHED ARTICLES 



Free Rad. Antiox. 

6  Free Radicals and Antioxidants Vol. 5 ● Issue 1 ● Jan-Jun 2015

Antioxidant potential of Fraxinus floribunda Bark Extracted 
through Various Aqueous Processing

Subba Arunika, Mandal Palash*

Plant Physiology and Pharmacognosy Research Laboratory, Department of Botany, University of North Bengal, 
Siliguri-734013, West Bengal, INDIA.

ABSTRACT

Introduction: Fraxinus floribunda Wallich (Oleaceae) is an ethno-medicinal plant found in Sikkim, India. The leaves of the 
plant are traditionally used in fracture, dislocation and other inflammatory conditions. From our survey, it was found that 
the successive aqueous decoction of the bark of this plant is prescribed to diabetic patients by herbal practitioners. In the 
present study the bark of Fraxinus floribunda was extracted through various boiling procedures and cold percolation method 
to assess the effect of process variation on the antioxidant activity. Methods: The dried bark sample of Fraxinus floribunda 
was subjected to three hydrothermal procedures and cold percolation method. The obtained extracts were investigated 
spectrophotometrically against DPPH, ABTS+, nitric oxide, superoxide and ferric reducing power. Metal chelating activity 
and anti-lipid peroxidation assay were also performed along with quantitative estimation of total phenolics, flavonols and 
ortho-dihydric phenol content. Results: The lowest IC50 values for DPPH (0.241 mg/ml), ABTS+ (0.0284 mg/ml), nitric 
oxide (5.3151 mg/ml), anti-lipid peroxidation assay (2.29 mg/ml) were exhibited by the extract obtained through pressure 
boiling. The same sample also showed highest ferric reducing power and total phenol content. Maximum total flavonol and 
ortho-dihydric phenol content were exhibited by the extracts obtained through normal boiling and Soxhletion respectively. 
Conclusion: The bark of Fraxinus floribunda contains potentially active antioxidants. Extracts obtained through pressure 
boiling showed significant antioxidant activity therefore it seems to be the most effective method of extraction for acquiring 
antioxidants. The providing data can enrich the existing comprehensive data of antioxidant activity of plant materials.

Key words: Hydrothermal processing, Lipid peroxidation, Metal chelation, Percolation, Phenolics, superoxide,

INTRODUCTION

Fraxinus floribunda Wallich is a tree occurring in the Eastern 
Himalayas, Sikkim and Khasi hills. The leaves of the plant 
have been traditionally used for the treatment of fracture 
and dislocation.1 To our knowledge, no studies are provided 
on the pharmacological properties of the bark of this plant. 
Hence the present study reveals free-radical scavenging 
activity and quantitative phytochemical screening on the bark 
of F.floribunda and their dynamic alteration during various 

thermal processing (boiling, pressure boiling and soxhletion) 
and cold percolation was also done to assess the effect of 
extraction process variation on antioxidant availability.

MATERIALS AND METHODS

Chemicals

Methanol, 2,2-diphenyl-1-picryl hydrazyl (DPPH), 
2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) 
diammonium salt (ABTS), nitro blue tetrazolium 
(NBT), phenazine methosulphate (PMS), reduced 
nicotinamide adenine dinucleotide sodium salt monohydrate 
(NADH), sulfanilamide, glacial acetic acid, naphthyl 
ethylenediamine dihydrochloride (NED), potassium 
ferricyanide [K3Fe(CN)6], (TCA), thiobarbituric acid (TBA), 
trichloroacetic acid,FeSO4.7H2O, potassium hydroxide 
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(KOH),potassium dihydrogen orthophosphate (KH2PO4), 
ethylene-diamine tetra acetic acid (EDTA), 2-deoxyribose, 
ferric chloride (FeCl3), ferrous chloride (FeCl2), ferrozine, 
sodium nitroprusside, gallic acid, catechol,quercetin, Folin-
Ciocalteau reagent, sodium carbonate (Na2CO3), sodium 
nitrite (NaNO2), aluminium chloride (AlCl3), sodium 
hydroxide (NaOH), hydrochloric acid and  potassium 
chloride. All these chemicals were either purchased from 
Himedia, India or of Merck, Germany made.

Plant material

The bark of Fraxinus floribunda Wallich was collected from 
Sankhu, Dentam, West Sikkim, India in the month of April, 
2012. The specimen was identified and authenticated by Dr. 
A.P. Das, Professor, Taxonomy & Environmental Biology 
Laboratory, Department of Botany, University of North 
Bengal. A voucher specimen was deposited at laboratory 
herbarium, Taxonomy and Environmental Biology 
Laboratory, University of North Bengal and identified 
against the accession number 9632/ Tag no E.S.03 for the 
further references.

Animal material

For anti-lipid peroxidation assay, goat liver used was 
collected from slaughter house immediately after slay and the 
experiment was conducted within an hour after collection.

Sample preparation

The bark of F. floribunda was sun-dried & reduced to coarse 
powder using laboratory grinder. Powdered bark (10 g) was 
extracted with 100 ml distilled water separately through 
boiling at atmospheric pressure, soxhlet apparatus, autoclave 
and cold percolation at low temperature. The extracts were 
collected & filtered through Whatman No. 1 filter paper and 
finally subjected to evaporation in a heating mantle. Final 
volume make up of each of the sample were done by adding 
distilled water. This process was repeated three successive 
times to obtain the extracts at three different stages. The 
samples were then kept in bottles and stored in refrigerator 
for further analysis.

Extraction procedures

• Soxhletion
The dried bark powder (10 g) was extracted successively 
with 100 ml distilled water in a soxhlet extractor (Merck, 
Germany) for 8 hours.

• Boiling at atmospheric pressure
The conventional extraction was done through boiling / 

refluxing the sample for 2 hours in a conical flask.

• High pressure boiling
The powered sample was put into an autoclave for 15 mins 
under high pressure (1.5 kg cm-2) and high temperature 
(121oC).

• Cold percolation
The powdered sample was placed in a glass beaker with 
water at below 40C in a refrigerator for 48 hours. The sample 
was then filtered with Whatman no 1 filter paper.

Evaluation of antioxidant activity

Determination of the free radical scavenging activity of each 
of the crude extract was carried using the following methods.

• DPPH radical scavenging activity
DPPH based radical scavenging activity was measured.2 

Aqueous extract (0.2 ml) was added to 1.8 ml of DPPH 
(0.1 mM). The mixture was shaken well and allowed to 
stand in dark at room temperature for 10 minutes. The 
absorbance was measured at 517 nm with UV-Visible 
Spectrophotometer (Systronics, 2201). A reaction mixture 
without test sample was considered as control.DPPH 
scavenging activity (%) was measured using the following 
formula:

Where, absorbance of the control and absorbance of the 
extract or standard.

Then IC50 was calculated from the graph of percentage 
inhibitions plotted against concentration.

• ABTS+ radical scavenging assay
ABTS+ assay was done by the method3 with few modifications. 
The reaction mixture contained 7mM ABTS+ radical cation 
(s) in methanol with 2.4 mM potassium per sulfate (K2S2O8) 
in water which was stored in the dark at room temperature 
for 12 hrs. Before usage, the ABTS+ solution was diluted 
8 times. Then, 2 ml of ABTS+ solution was added to 1 ml 
of the aqueous extract. After 10 mins, absorbance at 734 
nm was measured.

• Superoxide anion radical scavenging activity
For superoxide radical scavenging activity method4 was 
followed with slight modifications. The solutions were 
prepared in 0.1 M phosphate buffer (pH-7.4). The reaction 
mixture contained 1 ml of NBT solution (312 µM prepared 
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in phosphate buffer, pH-7.4), 1 ml of NADH solution 
(936 µM prepared in phosphate buffer, pH-7.4), and 1 
ml of aqueous extract of different concentrations. After 5 
minutes of incubation, 20 µl of PMS (120 µM) was added 
to the reaction mixture. The reactant was illuminated by 
fluorescent lamp for 30 minutes. The absorbance was 
measured at 560 nm against control. The percentage 
inhibition of generation of superoxide anion was calculated 
by using the following formula:

• Metal chelating activity
The method5 was used for the estimation of chelating 
activity of the extracts for ferrous ions Fe2+.To 0.4 ml of 
aqueous extract, 1.6 ml of water was diluted and mixed with 
0.04 ml of FeCl2 (2 mM). After 30 minutes, 0.08 ml ferrozine 
(5 mM) was added. The mixture was shaken vigorously 
and left standing at room temperature for 10 minutes. The 
absorbance of the solution was measured at 562 nm. The 
chelating activity was calculated as:

• Ferric reducing antioxidant power assay
The ferric reducing antioxidant power (FRAP) can be 
determined.6 The reaction mixture was prepared by mixing 
1ml extract, 2.5 ml of phosphate buffer (200 mM, pH 6.6), 2.5 
ml of potassium ferricyanide (30 mM) and the mixture was 
incubated at 50°C for 20 minutes. To the reaction mixture, 2.5 
ml of trichloroacetic acid (600 mM was added and centrifuged 
for 10 minutes at 3000 rpm. The upper layer of solution (2.5 
ml) was mixed with 2.5 ml of distilled water and 0.5 ml of FeCl3 
(6 mM) and absorbance was measured at 700 nm in UV-VIS 
spectrophotometer. Ascorbic acid was used as control.

• Nitric oxide radical scavenging assay
Nitric oxide was generated according to the method of 
Marcocci et al. (1994) from sodium nitroprusside and 
measured by the Greiss reaction.7 The reaction mixture was 
prepared with 2 ml (15 mM) sodium nitroprusside, 0.5 ml 
PBS solution and 0.5 ml aqueous extract. After incubation 
at room temperature for 160 minutes, 3 ml Greiss reagent 
was mixed and again the mixture was left for incubation at 
25oC for 30 minutes. Lastly absorbance was taken at 546 
nm. Radical scavenging activity was expressed as percent 
inhibition from the given formula:

• Anti-lipid peroxidation assay
A modified thiobarbituric acid reactive species (TBARS) 
assay was used to measure the lipid peroxide formed using 

liver homogenates as lipid-rich media.8 FeSO4induces 
lipid peroxidation. Malondialdehyde (MDA), produced by 
oxidation of polyunsaturated fatty acids, reacted with two 
molecules of thiobarbituric acid (TBA) yielding a pinkish red 
chromogen with an absorbance maximum at 532 nm was 
measured. The inhibition percentage of lipid peroxidation 
by the extract at different concentration was calculated 
with the formula:

Where, A0= absorbance before reaction and A1= absorbance 
after reaction has taken place.

Quant i ta t ive  es t imat ion  o f  b ioac t ive 
phytochemicals

• Total phenol content 
The total phenolic content of the aqueous extract of F. 
floribunda was carried out with Folin-Ciocalteau reagent.9 

One ml of aqueous bark extract, 1 ml of 95% ethanol, 5 ml 
of distilled water, 0.5 ml 50% Folin-Ciocalteu reagent was 
mixed and after 5 mins 5% of sodium carbonate (Na2CO3) 
was added and after 1 hr the absorbance value was taken 
at 725 nm.

• Total flavonol content
Total flavonol content in the aqueous extract of F. floribunda 
was done by the method10 Sodium nitrite (0.5 ml) was mixed 
to form the reaction mixture. After 5 mins 0.3 ml 10% 
aluminium chloride (AlCl3), was added and diluted with 
2.5 ml of distilled water and mixed well. The absorbance 
was taken at 510 nm.

• Total ortho-dihydric phenol content
The determination of ortho-dihydric phenolics was based 
on the method.11 Firstly; 0.5 ml of aqueous extract was 
added to a mixture containing 0.5 ml of 0.05 (N) HCl and 
0.5 ml of Arnow’s reagent. After proper shaking, 5 ml of 
water was added, followed by the addition of 2 ml of 1 (N) 
NaOH. Finally, after 5 min the absorbance was recorded 
at 515 nm. The total ortho-dihydric phenolics content in 
different extracts was calculated as catechol equivalent 
(CE)/gm fresh weight tissue (FWT).

• Statistical analysis
The standard software SPSS (ver. 15.0) was used for all 
statistical analysis. One-way analysis of variance (ANOVA) was 
used to compare the differences and the means which were 
considered significant at p ≤ 0.05. Correlation and regression 
analysis was done by using Excel Software of MS Office 2009.



Arunika, et al.: Antioxidants of Fraxinus floribunda bark

Free Radicals and Antioxidants Vol. 5 ● Issue 1 ● Jan-Jun 2015 9

Figure 1: DPPH Scavenging Activity

Figure 3: Superoxide Scavenging Activity 

Figure 5: Nitric oxide Scavenging Activity

Figure 7: Ferric Reducing Antioxidant Potential Figure 8: Total phenol content

Figure 6: Antilipid Peroxidation Activity 

Figure 4: Metal Chelating Activity 

Figure 2: ABTS+ Scavenging Activity 
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RESULTS

From the results obtained, it might be stated that the bark 
of F. floribunda contains potentially active antioxidants. The 
radical scavenging activity of bark of F. floribunda obtained 
from different extraction procedures at three successive 
stages are presented in figure 1-6. In free radical scavenging 
assays such as DPPH (Figure 1), ABTS+ (Figure 2), nitric 
oxide (Figure 5) and anti-lipid peroxidation activity (Figure 
6), it was found that the extracts obtained from pressure 
boiling have shown lowest IC50 values in all cases as well as 
it has a good ferric oxide reducing potential (Figure 7) thus 
high antioxidant activity. But there are some cases where 
boiling has proved to be a better extraction method than 
other methods for superoxide scavenging activity (Figure 
3) while cold percolation method has shown superior 
restoration of metal chelating capacity (Figure 4). Along 
with the free radical scavenging activities, some bioactive 
phytochemicals were also estimated such as total phenol 
content, total flavonol content and total ortho dihydric 
phenol content. The highest phenol content was exhibited 
by extracts from pressure boiling (Figure 8) while elevated 

flavonol content (Figure 9) was obtained by extracts from 
boiling and optimum (Figure 10) orthodihydric phenol 
content was obtained from extracts through soxhletion. 
Along with four different extraction methods, the bark was 
extracted in three successive stages in each method. This was 
done to observe the retention of antioxidant properties at 
different successive stages. From the graphs, it is clear that 
the antioxidant activity of the bark of the plant was retained 
till third stage except in soxhletion method as the antioxidant 
activity was negligible in the third stage. From the Pearson 
correlation test (Table 1), insignificant negative correlation 
was obtained between phenolics content and antioxidant 
activity assayed by different free radicals scavenging assays 
while significant positive correlation was observed between 
various radical scavenging assays such as ABTS+, DPPH, 
superoxide and nitric oxide. Similarly phytochemical 
contents (phenol, flavonol and ortho dihydric phenol) were 
found to have significant positive correlation among them. 
Significant positive correlation was also observed between 
nitric oxide assay and metal chelation as well as between 

Figure 9: Total flavonol content  
Figure 10: Total orthodihydric phenol content. I, II and III 
represents first, second and third successive stages of  extraction. 
Values with different letters (a, b, c & d) are significantly (p < 
0.05) different from each other by Duncan’s multiple range test 
(DMRT). 

Table 1: Correlations between the IC50 values of antioxidant activities, phenolics, 
flavonoids and orthodihydric phenol content of bark of F. floribunda

DPPH ABTS TPC TFC TOPC FRAP SO MC NO
ABTS 0.985** - - - - - - - -
TPC -0.431 -0.381 - - - - - - -
TFC -0.301 -0.251 0.800** - - - - - -
TOPC -0.226 -0.167 0.842** 0.674* - - - - -
FRAP 0.279 0.132 -0.555 -0.432 -0.448 - - -
SO 0.870** 0.839** -0.576 -0.431 -0.377 0.380 - - -
MC 0.481 0.510 -0.544 -0.375 -0.418 0.137 0.532 - -
NO 0.975** 0.962** -0.490 -0.331 -0.297 0.317 0.908** 0.629* -
ALP -0.095 -0.215 -0.378 -0.460 -0.528 0.595* -0.071 0.248 -0.025
**.Correlation is significant at the 0.01 level (2-tailed).

*Correlation is significant at the 0.05 level (2-tailed).

DPPH1: 1-diphenyl-2-picrylhydrazyl; ABTS: 2,2ˊ-azinobis-3-ethylbenzo-thiozoline-6-sulphonic acid; TPC: Total phenol content; 
TFC: Total flavonol content; TOPC: Total orthodihydric phenol content; FRAP: Ferric reducing antioxidant power; SO: 
Superoxide; MC: Metal chelation; NO: Nitric oxide; ALP: Anti-lipid peroxidation.



Arunika, et al.: Antioxidants of Fraxinus floribunda bark

Free Radicals and Antioxidants Vol. 5 ● Issue 1 ● Jan-Jun 2015 11

anti-lipid peroxidation and reducing power.

DISCUSSION

Plants are the main source of natural antioxidants, which 
are greatly important for human health.12 Several natural 
antioxidants have already been isolated from various plant 
materials such as leafy vegetables, fruits, seeds, cereals13 
and had showed ROS (reactive oxygen species) scavenging 
activity and prevention of lipid peroxidation.14,15 The 
decoction of aqueous extracts of  fruits of Dilleniaindica 
used by the Assamese people in their cuisine was found to be 
an ideal source of antioxidants.16 This protection could have 
been acquired due to the presence of antioxidant molecules 
in plants and the products of secondary metabolites such 
as phenolics, flavonoids and polypropanoids which have 
the capacity to scavenge free radicals due to their ability 
to donate proton.

Extraction procedure is one of the crucial points for the 
extraction of various bioactive compounds. The influence 
of variation in extraction solvents and techniques on 
the content of natural antioxidants in extracts has been 
reported by many researchers.17,18 In the present study, the 
bark of Fraxinus floribunda has been extracted through four 
different methods including normal/conventional boiling, 
pressure boiling by using autoclave, soxhlet extraction and 
cold percolation. From the results, it was revealed that the 
bark of F. floribunda contains potentially active antioxidants 
and free radical scavenging activity. It was observed 
that the sample extracted through pressure boiling has 
exhibited highest free radical scavenging activity, reducing 
antioxidant power as well as highest total phenol content. 
Similar result was obtained in case of ginseng seeds where 
total amount of phenolic compounds were about three 
times higher when processed under high pressure through 
autoclaving at 1300 C than in seeds that were not treated.19 

Autoclaving for a longer time enhanced the diffusion 
of phenols from seed coats to cooking water and from 
there to cotyledons which caused increased levels of all 
tocopherols and tocotrienols along with the increase in 
vanillin and ferulic and p-coumaric acids.20 But in case of 
total flavonol content and superoxide radical scavenging 
assay, the sample extracted through normal boiling have 
showed the best result. Soxhletion has proved to be a 
good extraction procedure for the isolation of total ortho 
dihydric phenol content while cold percolation method has 

showed moderate result in all the assays. 

A statistically insignificant negative correlation was 
obtained between phenolic contents and various free 
radical scavenging activities. Hence this data indicated that 
the phenolic compounds might not be contributing for 
the high antioxidant activities in the aqueous bark extract 
of F. floribunda. Similar result was obtained in the aqueous 
extract of Brazilian mushroom and button mushroom as 
their aqueous extract showed no correlation between the 
phenolic compounds and antioxidant potential.21 Thus, 
it is reasonable to state that phenolics may not act as the 
most important antioxidant components in the aqueous 
extracts of bark of Fraxinus floribunda. There might be some 
active non-phenolic constituents that can be extracted in 
aqueous system. The presence of non-phenolic compounds 
like uronic acids and amino acids might also be suggested 
that can produce higher antioxidant capacity than those 
generated by polyphenols.22,23

CONCLUSION

The purpose of the present experiment was to compare 
changes in phytochemical content and antioxidant activities 
from the bark of Fraxinus floribunda and measuring alteration 
of bioactivity of the samples extracted through process 
variation (boiling at atmospheric pressure, pressure boiling, 
soxhlet decoction and cold percolation). Results indicated 
that various extraction methods have significant influence 
on the antioxidant property as well as phytochemical 
content of extracts. Based on the above presented results, 
various extraction methods might be applied to isolate 
pharmacologically active components from F. floribunda, 
especially the extracts obtained through pressure boiling 
exhibited the most significant antioxidant activities, and 
therefore it seemed to be the more efficacious method 
for acquiring antioxidants. The results and findings of this 
study support this view that the bark of Fraxinus floribunda 
is a promising source natural antioxidant which might 
help in preventing the progress of various oxidative stress 
mediated disorders.
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Pharmacognostic Studies and In Vitro Antioxidant Potential of 
Traditional Polyherbal Formulation of West Sikkim with   
Asparagus Spp

ABSTRACT
Introduction: The powder mixture of the two species of Asparagaceae 
(Asparagus filicinus and Asparagus officinalis) was found to be used tra-
ditionally for the treatment of heart palpitation in west Sikkim. Objective: 
Pharmacognostic characterisation was carried out for the authentication 
of the powder drug which included powder microscopy, fluorescence 
analysis and physicochemical characterisation. The presence of any thera-
peutic potential in HP was also determined by qualitative and quantitative 
estimation of phytochemicals along with free radical scavenging activity 
of various successive solvent extracts (based on their polarity). Thin layer 
chromatography (TLC) of the powdered HP was also done. The standard 
software SPSS (ver. 15.0) and XLSTAT 2009 (Addinsoft) and Smith’s Statis-
tical Package were used for different statistical analysis. Results: Powder 
microscopy of HP revealed the presence of calcium oxalate crystal, tra-
cheids, stone cells etc. Various fluorescence colours were exhibited by HP 
on UV after reacting with different chemical reagents. The analysis values 
were also obtained in a satisfactory way. TLC and qualitative phytochemical 
analysis revealed the presence of some active phytoconstituents. Among 
all the solvent extracts, acetone, heptane, ethyl acetate and benzene ex-
tracts showed higher antioxidant potential. Conclusion: The results sup-
port the use of HP as a traditional medicine and further purification should 
be done for the identification of bioactive phytoconstituents responsible for 
its antioxidant activity.

Key words: Antioxidant, Pharmacognostic evaluation, Phytoconstituents, 
Successive solvent extraction, Thin layer Chromatography.

SUMMARY
• HP powder prepared from the roots of Asparagus officinalis and Asparagus 

filicinus is used to cure heart palpitation in the traditional system at a village 
in west Sikkim.

• Powder was subjected for some pharamacognostic characterisation methods 
and the result of which might be helpful in authentication of the traditional 
drug.

• Some phytoconstituents such as anthraglycosides, arbutin, cardiac glyco-
sides, flavonoids, bitter principles and coumarins were revealed on the sam-
ple by separating through thin layer chromatography. Alkaloids and saponins 
were absent.

• Qualitative evaluation of phytochemicals revealed presence of cardiac glyco-
sides and flavonoids in all solvent extracts while amino acid and triterpenoids 
in few extracts only and showed absence of tannin, resin and alkaloids.

• Antioxidants potential varied in different solvent extracts but overall acetone 
and heptane extracts were better than other extracts.

PICTORIAL ABSTRACT

Abbreviations used: HP: powder polyherb for heart palpitation, HPHx: 
Hexane extract, HPHp: Heptane extract, HPBz: Benzene extract, HPEa: 
Ethyl acetate extract, HPCl: Chloroform extract, HPAc: Acetone extract, 
HPBu: Butanol extract, HPEt: Ethanol extract, HPMt: Methanol extract, 
HPAq: Aqueous extract, TLC: Thin layer chromatography, DPPH: 1, 1-diphe-
nyl-2-picrylhydrazyl scavenging activity, ABTS+: 2,2’-azinobis-3-ethylbenzo-
thiozoline-6-sulphonic acid scavenging activity, SO: Superoxide scavenging 
activity, NO: Nitric oxide scavenging activity, MC: Metal chelating activity, 
FRAP: Ferric reducing antioxidant power, TPC: Total phenol content, TFC: 
Total flavonol content, TOPC: Total orthodihydric phenol content, GAE/mg 
EW: Gallic acid equivalent/mg extractive weight, QE/mg EW: quercetin 
equivalent/mg extractive weight, AAE/mg EW: Ascorbic acid equivalent/
mg extractive weight.
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INTRODUCTION
Since ancient times, plants have been used as herbal medicines to heal 
various ailments. Recently, there is widespread interest growing on drugs 
derived from plants because they are reliable, safe and cost effective com-
pared with expensive synthetic drugs causing adverse effects in human 
health. Most of the noble drugs used in modern medicines are produced 
indirectly from medicinal plants1 and about 90% of raw materials come 
from wild sources. But ethnomedicinal knowledge has still now confined 
to certain areas or group of people due to the lack of effective scientific 
communication.2 Hence it is quite essential to establish the potential of 
herbal medicine and encourage the study of folk knowledge about me-
dicinal plants.3 In fact pharmaceutical and clinical investigations have 

raised the position of medicinal plants by identifying the active principle 
components present in them and elaborating their role in human and 
animal systems.4

Sikkim is a small Himalayan state (7096 km2 geographical area) in North-
east region of India harbouring an extremely rich diversity of medicinal 
plants. Over the ages, Sikkim has developed rich cultural practices of 
folk medicines.5 Asparagus officinalis Linn. and Asparagus filicinus Buch-
anon-Hamilton ex. D.Don., both belonging to family Asparagaceae are 
commonly used ethnomedicinal plants. Young stems of A. officinalis are 
used for the treatment of constipation and intestinal disorders.6 Tubers of 
A. filicinus is traditionally used for the treatment of diarrhoea, dysentery, 
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diabetes7 and it was also found to have antiviral activity against Influenza 
virus A.8 Our survey revealed that the polyherbal formulation (HP) is 
made by mixing the roots of both the plants by an herbal practitioner 
for the treatment of heart palpitation. However the medicine prepared 
by traditional methods may not have the desired quality and batch to 
batch consistency. Hence this formulation required standardization with 
scientific parameters including organoleptic characters, physicochemical 
analysis and microscopy.
Recently the role of medicinal plants in disease control or prevention 
has been credited to antioxidant properties of their constituents usually 
polyphenolic compounds.9 The intake of natural antioxidants are related 
to minimizing the risks of common but hazardous diseases like cancer, 
diabetes, cardiovascular problems, and many other diseases related with 
ageing.10,11 Natural antioxidants have been observed in various unexplored 
plant resources like wild fruits,12 leafy vegetables13 and even bryophytes.14

Extraction of antioxidants from a plant material can be done by using 
different techniques and different solvents as these compounds have 
diverse chemical nature and often unique distribution in the plant ma-
trix.15,16 Solvent extraction is the most commonly used method for recov-
ery of the plant antioxidants; however, the yields and antioxidant value 
of the plant extracts are strongly dependent on the polarity of the solvent 
plus the chemical nature of the isolated compounds.17

Literature survey did not yield any information about pharmacognos-
tic studies of the above polyherb. There were no records provided on 
the antioxidant activity also. Therefore this study was focused on the 
standardization of HP, which was made from the roots of A. officinalis 
and A. filicinus, by measuring various attributes such as powder micros-
copy, fluorescence analysis and physicochemical studies. To explore the 
presence of active phytoconstituents, qualitative and quantitative phy-
tochemicals content were also done along with free radicals scavenging 
activities of HP extracted in different solvents.

MATERIALS AND METHODS

Collection and authentication of plant material
A polyherbal powder sample prepared from the roots of A. officinalis 
and A. filicinus in equal ratio was collected from an herbal practitioner 
from Uttarey, West Sikkim in April, 2014. The herbarium specimen was 
identified and authenticated by Dr. A.P. Das, Professor, Taxonomy and 
Environmental Biology Laboratory, Department of Botany, University of 
North Bengal. The voucher specimens were deposited at laboratory her-
barium, Taxonomy and Environmental Biology Laboratory, University 
of North Bengal against accession no. 09724/Tag no. E.S. 05 and 09723/
Tag no. E.S. 04 for Asparagus filicinus Buchanon-Hamilton ex. D.Don., 
and Asparagus officinalis Linn. respectively.

Sample preparation
The powder sample was extracted through soxhlet apparatus in 10 dif-
ferent solvents based on their polarity. The solvent extracts were hex-
ane (HPHx), heptane (HPHp), benzene (HPBz), ethyl acetate (HPEa), 
chloroform (HPCl), acetone (HPAc), butanol (HPBu), ethanol (HPEt), 
methanol (HPMt) and water (HPAq). The samples were then evaporated 
and reconstituted in methanol. These extracted samples were used for 
qualitative and quantitative estimation of phytochemicals and determi-
nation of free radical scavenging activities. For TLC and pharmacognos-
tic studies, the sample was used in its powder form.

Pharmacognostic characterization
Organoleptic evaluation and Powder microscopy
The colour, odour, taste and texture of the powder of HP were observed 
and recorded.18 Microscopic examination was carried out in a standard 

method.19 A small amount of powder of HP was taken on glass slide and 
mounted on glycerine and observed under microscope. For the observa-
tion of lignified tissues, powder was stained with alcoholic solution of 
phloroglucinol followed by concentrated HCl. Similarly the powder was 
also stained with N/10 iodine solution to observe the starch granules and 
for the identification of fixed oil and fats, Sudan III were used.

Fluorescence behaviour
The powder sample as such and after treatment with various chemical 
reagents was subjected to fluorescence analysis. Observations were made 
under visible light and under UV light of short (254 nm) and long wave 
length (365 nm) separately.20

Physico-chemical parameters
Coarse powder of the plant root was used to perform quality control 
parameters such as total ash, acid insoluble and water soluble ash, water 
and alcohol soluble extractive values and loss on drying.21 Three deter-
minations were carried out for each parameter.

Preliminary photochemical studies
The HP powder extracted in various solvents were subjected for pre-
liminary phytochemical screening to observe the presence or absence of 
phytoconstituents like tannin, triterpeniods, amino acid, resin, cardiac 
glycosides and flavonoids by the standard methods.22-25

Thin layer chromatography
TLC was performed to analyse the variation in bioactive chemical 
constituents.26 Readymade TLC plates (coated with silica gel 60 F254 
on aluminium sheets) purchased from Merck Germany were used. 
The powdered sample was extracted with different procedures for the 
identification of each of the active constituents i.e. anthraglycosides, 
arbutin, cardiac glycosides, flavonoids, bitter principles, saponins, 
coumarins and alkaloids. The mobile phase solvent systems used were 
ethyl acetate: methanol: water (100:13.5:10) for the detection of anthra-
glycosides, arbutin, cardiac glycosides, bitter principles and alkaloids. 
The mobile phase ethyl acetate : formic acid : glacial acetic acid : water 
(100:11:11:26) was used for flavonoids identification and for the identi-
fication of saponin, the solvent system of chloroform: glacial acetic acid 
: methanol: water (64:32:12:8) was used while for the identification of 
coumarins, toluene : ethyl acetate (93:7) was used. The developed chro-
matograms were analyzed for presence of drug constituents by spray-
ing with an appropriate group reagent/s. The chromatograms were then 
observed under UV-254 nm and UV-365 nm light. Photos were taken 
with DSLR Nikon camera (D-3200) and the Rf values were calculated 
with the following formula.

  Rf=Distance travelled by solute
        Distance travelled by solvent

Quantitative evaluation of phytochemicals
Total phenol content (TPC)
Folin-Ciocalteu reagent was used to determine the TPC of HP.27 The 
absorbance was measured at 725 nm in UV-visible spectrophotometer. 
Total phenol values were expressed in terms of Gallic acid equivalent 
(GAE)/mg Extractive weight (EW).

Total flavonol content (TFC)
TFC was measured with the mixture consisted of methanolic extract 
with Sodium nitrite (NaNO2), Aluminium chloride (AlCl3) and So-
dium hydroxide (NaOH).17 The absorbance was measured at 510 
nm. TFC in different extracts was calculated as quercetin equivalent 
(QE)/mg EW.
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Total ortho-dihydric phenol content (TOPC)
TOPC was estimated according to standard method by using Arnow’s 
reagent.28 The OD values were taken at 515 nm. TOPC was calculated 
from a catechol standard curve.

Evaluation of antioxidants
DPPH radical scavenging activity
The free radical scavenging activity of all the solvent fractions of HP was 
evaluated using DPPH.29 Discoloration of these extracts was measured 
at 517 nm after incubation for 10 minutes in dark at room temperature. 
Percentage of inhibition was calculated with the following formula:

  I=A0-A1

        A0 
×100

 
  Equation (1)

where A0=absorbance of the control, A1=absorbance of the sample (dif-
ferent fractions of HP), I=percent inhibition of DPPH by the sample.

ABTS+ scavenging activity
The ABTS+ free radical scavenging activity of all the solvent fractions 
of HP was done.30 The diluted ABTS+ solution (2 ml) was added to 1 ml 
methanolic sample. The scavenging activity of sample was observed and 
absorbance was read at 734 nm after 10 minutes of incubation. The per-
centage inhibition was calculated by using Equation (1).

Superoxide scavenging assay (SO)
A standard method was used with some slight modifications to carry out 
SO scavenging activity.31 Superoxide anions are produced in the PMS/

NADH-NBT system. The decrease in absorbance shows the radical scav-
enging activity of the sample which was measured at 560 nm. The inhibi-
tion percentage was calculated by Equation (1).

Inhibition of nitric oxide production (NO)
At a physiological pH, aqueous sodium nitroprusside generates nitric 
oxide (NO) which produces nitrite after interacting with oxygen which 
can be estimated by Greiss reagent.32 The diazotization of nitrite with sul-
phanilamide following its coupling with naphthylethylenediamine forms 
chromophore, the absorbance of which was measured at 546 nm. Equa-
tion (1) was used to calculate the percentage inhibition.

Metal chelating assay (MC)
The chelation of ferrous ions by HP extracts was estimated.33 The colour 
complex formed by the chelation of Fe2+ by ferrozine was reduced by the 
chelating activity of sample competing with ferrozine was measured at 
562 nm. The inhibition percentage was calculated using Equation (1).

Ferric reducing antioxidant power (FRAP)
The FRAP of the HP extracts was determined on the ability of the sample 
to reduce ferric ions.34 Absorbance was measured in UV-VIS spectro-
photometer at 700 nm. Ascorbic acid was taken as standard.

Statistical analysis
The standard software SPSS (ver. 15.0) was used for different statistical 
analysis. One-way analysis of variance (ANOVA) was used to compare 
the differences and the means which were considered significant at 
p≤0.05. Correlation and regression analysis were done by using XLSTAT 
2009 (Addinsoft) and Smith’s Statistical Package.

Figure 1: Powder microscopy of polyherb, HP
a) Collenchyma b) Prismatic calcium oxalate crystal c) Oil globules d) Starch e) Stone cells f ) Parenchymatous 
cells g) Scalariform tracheid h) Cork cells i) Fiber
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RESULTS

Organoleptic and powder microscopic evaluation
The powder of HP was brown in colour, slightly rough in texture and 
slightly bitter in taste. It had a characteristic smell. Powder microscopy 
revealed calcium oxalate crystal, parenchymatous cells, fiber, collenchy-
ma, stone cells, cork cells and scalariform tracheid (Figure 1). 

Fluorescence analysis
The powder of HP exhibited different colours after treating with differ-
ent chemical reagents. The colours were observed in daylight and under 
ultraviolet (UV) light at 254 nm and 365 nm. The colours were identified 
and noted down in Table 1 using the standard colour chart of RAL.

Physicochemical characteristics
The results obtained from physicochemical studies were given in Table 
2. The result of total ash (20.24%) showed that the powder HP contains 
both organic and inorganic matter. Total ash is mainly essential to check 
the purity of drugs showing the presence or absence of metallic salts or 
silica35,36 which was found to be 20% w/w. The percentage of ash was cal-
culated with reference to the air-dried powder. The acid insoluble ash 
was noted as 16% w/w while the presence of material exhausted by water 
i.e. the water soluble ash was recorded to be 14% w/w. Determination of 
extractive values is another way of checking the purity of the herbal for-
mulation. The water soluble extractive value was found to be 3.21% w/w 
which signifies that more amount of constituents in HP was soluble in 

water than in alcohol (0.441% w/w). The percentage of loss on drying i.e. 
the moisture content in the powder was found to be 10.52% w/w.

Thin layer chromatography
Preliminary investigation of active constituents in plants was carried out 
by thin layer chromatography (TLC) technique. After applying specific 
spraying reagents for a particular active constituent, the results of TLC 
showed the presence of anthraglycosides, arbutin, flavonoids, cardiac 
glycosides and coumarins in HP. Rf values were calculated for all the 
spots and the results of this analysis are described in Table 3. 

Qualitative phytochemical analysis
The pharmacological activity of the crude drug mainly depends on the 
metabolites present in it. Thus preliminary screening of phytochemicals 
which was performed to establish a chemical profile of a crude drug was 
a part of chemical evaluation.37,38 These phytochemical tests (Table 4) re-
vealed the presence of cardiac glycosides and flavonoids in different ex-
tracts of HP obtained by using different solvents. Tannins, alkaloids and 
resins were absent while amino acid was found to be present in aqueous 
extract only and triterpenoids were found to be present in few extracts 
(acetone, butanol, ethanol, methanol and water).

Antioxidant activity
In the present study, various methods such as DPPH, ABTS+, SO, NO, 
MC, FRAP were used to evaluate the antioxidant potential of HP. The 
sample was prepared in a soxhlet apparatus successively in various sol-
vents (non-polar to polar). TPC, TFC and TOPC were also estimated 
quantitatively for HP (Table 5). The highest TPC was exhibited by hep-
tane extract (361.41 mg GAE/mg EW) followed by acetone (272.99 mg 
GAE/mg EW). The highest TFC content (15.45 mg GAE/mg EW) was 
shown by benzene extract. For the radical scavenging activity, it is very 
clear from Table 5 that the acetone extract of HP showed the lowest IC50 
values for DPPH, ABTS+ and superoxide scavenging assays along with 
highest ferric reducing power indicating the highest antioxidant activity. 
The same extract showed excellent quantity of TPC and TFC also.

DISCUSSION
Traditional medicine has always played an important role in primary 
health care. But for the proper utilization of this medicine, each and ev-
ery formulation mentioned in our indigenous knowledge of medicine 
should be scientifically evaluated.39 Therefore the powder of HP was 
subjected to certain standardization parameters. Despite of the availabil-
ity of various modern tools for the evaluation of plant drugs, powder 
microscopy is still considered as the simplest and cheapest method for 
identification of the source materials.40 When powder of HP was sub-
jected to microscopic analysis, starch granules were revealed after stain-
ing with iodine solution while Sudan III stain showed the presence of 

Table 1: Fluorescence analysis of powder HP

Reagents Visible UV-254 UV-365

Powder + distilled 
water Green beige Azure blue Brilliant blue

Powder + 50% KOH Red orange Colourless Black green

Powder + benzene Sulphur yellow Curry yellow Broom yellow

Powder + 50% 
benzene Fern green Colourless Raspberry red

Powder + chloroform Colourless Colourless Distant blue

Powder + 50% 
chloroform Fern green Pearl 

blackberry Rose

Powder + nitric acid 
(conc.) Broom yellow Colourless Colourless

Powder + 50% nitric 
acid Broom yellow Colourless Colourless

Powder + 10% ferric 
chloride Broom yellow Colourless Colourless

Powder + methanol Colourless Cobalt blue Ultramine blue

Powder + 50% 
methanol Khaki grey Grey blue Gentian blue

Powder + ethanol Colourless Cobalt blue Ultramine blue

Powder + 50% 
ethanol Olive grey Pearl night blue Traffic blue

Powder + glacial 
acetic acid (conc.) Reed green Yellow olive Brown beige

Powder + 50% glacial 
acetic acid Green beige No colour Ultramine blue

Powder + sulphuric 
acid (conc.) Ochre brown Colourless Blue grey

Powder + 50% 
sulphuric acid Ochre yellow Colourless Grey blue

Table 2: Physicochemical analysis of powder of HP

Parameter Value

Total Ash(%) w/w 20.243

Acid insoluble ash(%) w/w 16.011

Water soluble ash(%) w/w 14.01

Alcohol soluble extractive value(%) 
w/w 0.441

Water soluble extractive value(%) 
w/w 3.211

Loss on drying(%) w/w 10.52

pH (1% w/v) 6.79

pH (10% w/v) 6.38
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oil globules in the powder. Lignified tissues appeared pink in colour 
distributed abundantly after staining with phloroglucinol solution. 
Fluorescence study is also an important parameter for standardization 
of crude drug. Various chemical constituents present in plant materials 
exhibited fluorescence when suitably illuminated. Fluorescence colour 
of each compound is very specific. But if those chemicals itself are not 
fluorescent then they may be treated with different chemical reagents 
to attain fluorescence.41 The quality and purity of crude drugs can also 
be checked by ash values. It indicates the presence of various impurities 
in crude drugs due to adulteration or incorrect processing during dry-
ing or storage or formulation. The water soluble ash shows the amount 
of acid, sugars and inorganic matter present in the powder while acid 
insoluble ash shows mainly silica thus indicating the contamination 
with earthy materials.42 The extractive values are useful to evaluate the 
chemical constituents present in crude drug and also help for estima-
tion of specific constituents soluble in a particular solvent. For any drugs 
and herbal formulation, low moisture content is essential for higher sta-
bility of drugs. The general requirement for moisture in a crude drug 
should not be more than 14%.43 Excess moisture content may support the 
growth of fungi and may cause contamination by other microorganisms 

resulting into the degradation of drug. But HP powder showed 10% of 
moisture content i.e. loss on drying percentage (Table 2) which is not too 
high to encourage the growth of microorganisms. The pharmacological 
importance of a drug is attributed to the various secondary metabolites 
present in it and a particular compound might possess a clinical signifi-
cance. Therefore it is essential to separate the compounds present in the 
plants with an appropriate chromatographic method. TLC technique has 
proved its worth as a simple, inexpensive and reproducible method for 
the chemical and biological screening of plant extracts. It provides a ba-
sic idea of polarity of a particular chemical constituent.44 Development 
of TLC plates with appropriate group reagents indicates the presence of 
anthraglycosides, arbutin, flavonoids, cardiac glycosides and coumarins 
in HP powder. The pattern of bands on TLC plates provides fundamental 
data and is used to demonstrate the consistency and stability of herbal 
components. It is a potent and rapid way to distinguish between chemi-
cal classes which may not be fulfilled by macroscopic and microscopic 
analysis.45 TLC is most recommended technique to create the finger-
prints of herbal medicines because of its simplicity, versatility, specific 
sensitivity and easy sample preparation.46 Thus, TLC is a convenient 
method of determining the quality and possible adulteration of herbal 

¨1.16

Table 3: Detection of active phytoconstituents in powder HP by TLC method

Ethyl acetate: methanol: water (100:13.5:10)

Red band=Anthraglycosides Blue band=Arbutin Red band=Bitter Principles Blue band=Cardiac Glycosides

Ethyl acetate: Formic acid: glacial acetic acid: water (100:11:11:26) Toluene: Ethyl acetate (93:7)

Yellow to orange bands=Flavonoids Blue band=Coumarin

Chloroform: Glacial acetic acid: Methanol: Water (64:32:12:8) Ethyl acetate: methanol: water (100:13.5:10)

Violet band=Saponins (Absent) Brown band= alkaloids (Absent)

¨1.16
¨1.31
¨2.51

¨2.8

¨14
¨7

¨2

¨1.55 ¨1.5
¨1.75

¨1.5

¨2.62
¨3.23

¨2.8

¨10.5
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products. Over the ages, ethnomedicines have played a pivotal role in 
preventing and treating numerous human diseases and disorders. The 
credit of this ability may be given to the antioxidant potential of these 
plants used as ethnomedicine. For supporting the use of HP in tradition-
al healing system, in vitro antioxidant activity of the various solvent ex-
tracts of HP was investigated.  The previous studies have mentioned that 
no single method is sufficient to determine the antioxidant activity in a 
sample.47 Hence various free radical scavenging activities of different sol-
vent extracts of HP was evaluated. In DPPH, ABTS+ and FRAP, acetone 
extract showed better activity along with high amount of TPC and TFC. 
Similar findings were noticed in Bergenia ciliata leaves where the acetone 
extract had exhibited significant free-radical scavenging property when 
compared with other non polar and polar compounds.48 Heptane extract 
exhibited highest TPC and TOPC as compared to other extracts while 
TFC was found to be highest in the benzene extract. Chelation of metal, 
SO and NO scavenging activity was more in HPHp, HPHx and HPAq 
respectively. From the overall result, it was observed that the efficacy of 
each extract varied against different free radicals in specific assays indi-
cating the complexity of mechanisms and the diverse chemical nature of 
the active phytoconstituents present in plants.49 Qualitative phytochemi-
cal studies on the different solvent extracts of HP revealed that some 
solvents are good for extraction of phytoconstituents while some others 

are not so suitable. It is given in Table 4 that triterpenoids was present 
only in HPAc, HPBu, HPEt, HPMt and HPAq. Amino acids were found 
to be extracted only by the aqueous extract. Alkaloid was absent which 
was evidenced by the absence of Dragendorff ’s band in TLC method. All 
the extracts indicated the presence of cardiac glycosides and flavonoids 
particularly extracted by acetone and aqueous solvents in large amount. 
It could be assumed that the presence of the above phytoconstituents in 
some selected plant extracts alone or in combination might be credited 
for the antioxidant potential found in HP. To determine this view, Pear-
son correlation test was done between the phytochemical contents and 
the antioxidant activity of HP. The results in Table 6 showed a significant 
positive correlation between FRAP with DPPH and ABTS+ while FRAP 
showed significant negative correlation with TPC indicating that pheno-
lic content of HP might be responsible for causing ferric reducing poten-
tial. But there was no correlation between TPC, TFC and TOPC with the 
other radical scavenging activities of HP. Our observation supports the 
study of antioxidants on Fraxinus floribunda bark where no correlation 
was obtained between phenolics and antioxidant activity.50 Similar find-
ing was also reported in a number of medicinal plant extracts in which 
no correlation was found between total phenol content and antioxidant 
capacity.51 Therefore it might be possible that there were other non-phe-
nolic phytochemicals such as amino acids, uronic acids, ascorbic acid, 

Table 4: Preliminary phytochemical analysis of different solvent extracts of HP

HPHx HPHp HPBz HPEa HPCl HPAc HPBu HPEt HPMt HPAq

Tannin - - - - - - - - - -

Triterpenoids - - - - - + + + + +

Amino acid - - - - - - - - - +

Resin - - - - - - - - - -

Cardiac 
glycosides + + + ++ + ++ + + ++ ++

Flavonoids + + ++ ++ - +++ + + + +++

Alkaloids - - - - - - - - - -
(+++) appreciable amount; (++) moderate; (+) trace amount; (-) completely absent.

Table 5: In vitro antioxidant potential and quantitative phytochemical analysis of HP through successive solvents extraction

DPPH IC50 
(mg/ml)

ABTS IC50 
(mg/ml)

SO IC50

(mg/ml)
NO IC50

(mg/ml)
MC IC50

(mg/ml)
FRAP mg 

AAE/mg EW

TPC (mg Gallic 
Acid eq./mg 

EW)

TFC (mg 
quercetine 
eq./mg EW)

TOPC (mg 
catechol eq./

mg EW)

HPHx 2.156 ± 0.148d 0.171 ± 0.003f NA 2.990 ± 
0.145a 0.976 ± 0.084a 9.311 ± 0.030g 94.353 ± 0.074h 12.627 ± 0.042b 18.983 ± 0.011c

HPHp 0.653 ± 0.003ab 0.089 ± 0.001c NA NA 0.328 ± 0.036a 2.994 ± 0.006c 361.413 ± 0.00a NA 88.859 ± 0.018a

HPBz 1.094 ± 0.256bc 0.091 ± 0.012cd 7.147 ± 0.073e NA a 4.955 ± 0.088e 139.2 ± 0.082d 15.459 ± 0.045a 14.128 ± 0.004e

HPEa 0.465 ± 0.1667a 0.062 ± 0.001b 1.197 ± 0.276b 3.516 ± 
0.379a NA 1.889 ± 0.084b 176.077 ± 0.238c 7.326 ± 0.033d 19.021 ± 0.005c

HPCl 1.511 ± 0.057c 0.065 ± 0.003b 3.379 ± 0.079c NA 1.272 ± 0.061a 9.931 ± 0.011h 100.849 ± 0.046g NA 33.443 ± 0.02b

HPAc 0.256 ± 0.034a 0.037 ± 0.004a 0.782 ± 0.311ab 5.046 ± 
0.476b 4.278 ± 0.193c 1.064 ± 0.029a 272.988 ± 0.2b 15.387 ± 0.071a 17.406 ± 0.044d

HPBu 0.612 ± 0.023a 0.106 ± 0.012d 0.833 ± 0.178ab 9.224 ± 
0.010d NA 3.544 ± 0.038d 111.389 ± 0.088f NA 13.628 ± 0.019f

HPEt 3.288 ± 0.594e 0.249 ± 0.002g 4.482 ± 0.511d 6.832 ± 
0.0568c NA 14.001 ± 0.12i 24.419 ± 0.085j 1.126 ± 0.006f 5.902 ± 0.007h

HPMt 1.243 ± 0.148c 0.094 ± 0.006cd 12.331 ± 0.158f NA NA 6.942 ± 0.482f 39.162 ± 0.263i 1.716 ± 0.032e 3.742 ± 0.022i

HPAq 0.412 ± 0.015a 0.134 ± 0.012e 0.369 ± 0.151a 29.608 ± 
0.416c 3.10 ± 0.946b 1.726 ± 0.028b 122.434 ± 0.168e 10.053 ± 0.112c 13.556 ± 0.077g

Values with different letters (a, b, c, d, e, f, g, h & i ) are significantly (p < 0.05) different from each other by Duncan’s multiple range test (DMRT); NA: Not applicableAQ.



PALASH MANDAL et al.: Pharmacognostic studies and antioxidant of an herbal formulation of Sikkim

354 Pharmacognosy Journal, Vol 7, Issue 6, Nov-Dec, 2015

tocopherol, pigments etc which could be responsible for the antioxidant 
capacity.52,53 The strong positive correlation between DPPH and ABTS+ 
suggests that the same phytoconstituents might be causing these free 
radicals scavenging activity of HP. TPC, TFC and TOPC were also found 
to be strongly correlated with each other.

CONCLUSION
All the scientific investigations support the traditional use of the pow-
dered polyherb, HP for the treatment of heart problems which might 
be due to the accumulation of the free radicals. The Pearson correlation 
analysis suggested that the antioxidant potential possessed by HP was 
not due to phenolic compounds but it might be credited to other non-
phenolic compounds found in plants. Further studies should be carried 
out in future using the animal models to confirm its antioxidant poten-
tial and its in vivo effectiveness of ethno-medicinal use. The data of phar-
macognostic studies could be useful as a reference for the authentication 
and accurate identification of the polyherbal formulation, HP and also to 
differentiate it from its adulterants and alternatives.
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Antioxidant, anti-inflammatory, and hepatoprotective 
activity of Fraxinus floribunda bark and the influence of 
extraction process on their bioactivity
Arunika Subba1, Bhaskar Dutta2, Ram Kumar Sahu3, Palash Mandal1*

INTRODUCTION
Plants have played a significant role in human health 
since ancient times. They are known to possess various 
biological effects including antioxidant, antitumor, 
antidiabetic, anti-inflammatory, hepatoprotective 
properties, etc. Recent trend in medicine looks 
forward for natural sources for the treatment of 
various ailments. Traditional medicine is supported 
by various researchers based on their therapeutic 
potential with less side effects and cost effectiveness. 
Plants are the source of natural antioxidants which 
can control oxidative stress resulting from the 
generation of free radicals. Oxidative stress if not 
controlled may cause various harmful diseases 
such as neurodenerative diseases (Alzheimer’s and 

Parkinson’s disease), arthritis, cancer, rheumatoid.[1,2] 
Metabolism of certain commonly used drugs such 
as paracetamol produce free radicals, which induces 
liver damage.[3,4] Since there are limited treatment 
and prevention for liver diseases, it is considered to 
be one of the most serious health problems in the 
world.[5] Inflammation is another least noticed health 
issue that is of big concern. It is a defensive response 
of a body against stress that is characterized by 
redness, pain, heat, and swelling along with loss of 
function in the injured area. However, if inflammation 
is left unchecked, it may lead to onset of several 
diseases such as rheumatoid arthritis, vasomotor 
rhinorrhea, and atherosclerosis. It has been observed 
that several anti-inflammatory, neuroprotective, 
digestive, antinecrotic, and hepatoprotective drugs 
have recently been shown to have an antioxidant 
or free radical scavenging potential as part of their 
activity.[6] Most of the modern medicines belong to 
steroidal or non-steroidal anti-inflammatory chemical 

ABSTRACT

Objective: To observe the influence of extraction processes on the bioactivity of Fraxinus floribunda (FF) bark on the basis 
of antioxidant activity and assess the in vivo anti-inflammatory with hepatoprotective activity in the extracts which has 
showed better antioxidant potential. Materials and Methods: Antioxidant activity on the basis of phytochemical estimation, 
free radical scavenging, and antilipid peroxidation activity. Anti-inflammatory activity was observed through carrageenan-
induced paw edema, and hepatoprotective effect was studied using carbon tetrachloride induced liver damage in Wister 
albino rats. Results: Autoclave boiled extract showed highest antioxidant activity in assays of total phenol content (26.98 ± 
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therapeutics for the treatment of inflammation-related 
diseases. Although these drugs are very effective but 
long-term administration is required for treatment 
of severe diseases. Furthermore, these drugs have 
various adverse effects. However, naturally originated 
agents are shown to have very little side effects and 
are therefore preferred over chemical therapeutics. 
In recent days, the use of herbal natural products has 
gained attention among the world population. Many of 
the herbal supplements are claimed to assist in healthy 
lifestyle.[7]

Fraxinus floribunda (FF) Wallich belonging to 
Oleaceae family is a tree mainly found in the Eastern 
Himalayas, Khasi Hills, and Sikkim. The leaves and 
bark of the plant is considered as popular ethnomedicine 
used by the herbal healers in some villages of 
Sikkim for treating bone fracture, dislocation, and 
gout.[8] The leaves were found to possess potential 
anti-inflammatory and antinociceptive activity[9] but 
there was not a single report of anti-inflammatory 
activity on the bark of the plant in spite of being 
frequently used in folk medicine. Thus, this work 
has focused on the antioxidant activity of the bark of 
FF (BOFF) in its four differently processed extracts 
to compare the variation in their antioxidant activity 
through extraction methods. The extract showing 
better bioactivity was selected for further evaluation 
of in vivo anti-inflammatory and hepatoprotective 
activities.

MATERIALS AND METHODS
Plant Material
BOFF was collected from Sankhu, Dentam of West 
Sikkim. The herbarium of the plant was submitted in the 
NBU Herbarium which was identified by Dr. A.P. Das, 
Professor, Plant Taxonomy and Environmental Biology, 
Department of Botany, University of North Bengal. 
A voucher specimen, accession no. 9632/Tag no E.S.03 
was preserved for future reference.

Chemicals and Reagents
Methanol, 2,2-diphenyl-1-picryl hydrazyl (DPPH), 
2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt (ABTS), potassium 
ferricyanide (K3Fe(CN)6), nitro blue tetrazolium 
(NBT), phenazine methosulphate (PMS), reduced 
nicotinamide adenine dinucleotide sodium salt 
monohydrate (NADH), sulfanilamide, glacial acetic 
acid, naphthyl ethylenediamine dihydrochloride, 
trichloroacetic acid (TCA), sodium hydroxide 
(NaOH), ferrous chloride (FeCl2), thiobarbituric acid 
(TBA), trichloroacetic acid, FeSO4.7H2O, potassium 
hydroxide, potassium dihydrogen orthophosphate 
(KH2PO4), ethylene-diamine tetra acetic acid, 
2-deoxyribose, Folin–Ciocalteu reagent, ferric 
chloride (FeCl3), ferrozine, sodium nitroprusside, 

gallic acid, catechol, quercetin, sodium carbonate 
(Na2CO3), sodium nitrite (NaNO2), aluminium 
chloride (AlCl3), hydrochloric acid, and potassium 
chloride were used for antioxidant activity. Carbon 
tetrachloride (CCl4), L-alanine, 2,4 dinitro phenyl 
hydrazine, sodium pyruvate, L-aspartic acid, and 
aspirin. All these chemicals were either purchased 
from Himedia, Sigma and Merck, Germany made.

Plant Sample Preparation
The fresh BOFF was sun dried for 4-5 days. The dried 
bark was ground into fine powder. The powder specimen 
was then extracted through four different methods, 
namely, normal boiling (NB), boiling in autoclave under 
pressure (AB), soxhlation in a soxhlet apparatus (S), 
and cold percolation below −4°C (CP). This method 
was repeated for three successive times to observe the 
retention of the bioactivity of compounds in the extracts.

Animals
Wister albino rats (150-250 g) were used in this study. 
They were obtained from Animal House of Columbia 
Institute of Pharmacy, Raipur. They were housed in 
large propylene cage and kept 22 ± 2°C in 12 h dark 
light cycle of 12:12 h, relative humidity 55-65%. The 
animals were fed with pellet food and water. The 
experiments were approved by Institutional Animal 
Ethics Committee of Columbia Institute of Pharmacy, 
Raipur, India (Regd. No. 1321/PO/ReBi/S/10/
CPCSEA). All the animals were acclimatized for at 
least 1 week before the experimental session.

Antioxidant Activity
DPPH scavenging assay
Antioxidant activity was evaluated using DPPH.[10] 
The absorbance of color scavenging by the sample 
was measured at 517 nm in ultraviolet-visible 
spectrophotometer. Inhibitory concentration 50% 
(IC50) was calculated with the percentage inhibition 
versus concentration graph. IC50 value is the effective 
concentration that could scavenge 50% of the DPPH 
radicals. Inhibition percentage was calculated with the 
following formula.

Percentage inhibition = [Absorbance of DPPH 
solution by control – Absorbance of DPPH solution 
by plant extract/Absorbance of control] ×100

ABTS+ scavenging assay
ABTS+ free radical scavenging activity of the sample 
was determined according to the method of Re 
et al.[11] Absorbance was taken at 734 nm. Percentage 
inhibition and IC50 values were calculated.

Nitric oxide scavenging assay (NO)
Aqueous solution of sodium nitroprusside generates 
NO at physiological pH. The NO again interacts with 
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oxygen to produce nitrite which can be observed by 
Greiss reaction at 540 nm.[12] Percentage inhibition 
was calculated to measure the NO radical scavenging 
activity of the sample.

Superoxide scavenging activity (SO)
SO scavenging activity of the aqueous sample was 
done by the method of Chou et al.[13] The mixture of 
NBT chloride, NADH, and PMS along with the sample 
extract was exposed to fluorescence light for 30 min. 
Absorbance of color scavenged by the samples was 
measured at 560 nm and percentage inhibition was 
calculated.

Reducing power (RP)
The aqueous extract (1 ml) was mixed with 2.5 ml 
buffer (0.3 M), 2.5 ml potassium ferricyanide, and 
left for incubation at 50°C for 20 min. To the reaction 
mixture, 2.5 ml TCA was added which was left to 
cool down and then it was centrifuged. The upper 
layer (2.5 ml) was collected and 2.5 ml of water was 
mixed with it followed by addition of the 250 µl ferric 
chloride. The absorbance was taken at 700 nm.[14]

Metal chelating activity
This method was performed to estimate the chelating 
activity of the aqueous sample extract for ferrous 
ions Fe2+.[15] Aqueous extract of 400 µl was diluted in 
1600 µl methanol followed by the addition of 40 µl 
ferrous chloride (2 mM). Ferrozine (80 µl) was added 
to the mixture and left it for incubation for 10 min. 
Optical density (OD) value was taken at 562 nm. 
Percentage inhibition was calculated.

Anti-lipid peroxidation assay (ALP)
The thiobarbituric acid reactive species assay was used 
to measure FeSO4-induced lipid peroxidation in liver 
homogenates.[16] The oxidation of polyunsaturated 
fatty acids when reacts with two molecules of 
thiobarbituric acid (TBA) forms malondialdehyde 
yielding a pinkish-red which is measured with an 
absorbance at 532 nm.

Quantitative Estimation of Phytochemicals
Total phenol content (TPC)
Quantitative estimation of TPC was done by the 
method using Folin–Ciocalteu reagent.[17] Absorbance 
was taken at 725 nm and the phenol content was 
calculated as gallic acid equivalent/g fresh weight 
tissue (FWT).

Total flavonoids content (TFC)
TFC was determined as per the method of Sultana 
et al.[18] The aqueous extract was diluted in distilled 
water followed by the addition of sodium nitrate, 
aluminium chloride, and sodium hydroxide. The 
reaction mixture was vortexed and OD value was 

taken at 510 nm. TFC was calculated as quercetin 
equivalent/g FWT.

Total orthodihydric content (TOPC)
TOPC was estimated using Arnow’s reagent.[19] 
Absorption of pink coloration was measured at 515 nm. 
The total content was measured as catechol equivalent/g 
FWT.

In vivo Pharmacological Activity
Acute toxicity study
The acute toxicity study of aqueous extract of BOFF 
was determined as per the CPCSEA guideline no 420 
(fixed dose method). The aqueous bark extracts were 
orally given to the rats at the dose level of 5, 50, 
300, and 1000 mg/kg, respectively. It was observed 
that the test showed no mortality even at maximum 
dose, i.e., 1000 mg/kg body weight (b.w.). Hence, 
1/10th (100 mg/kg) of this dose was selected for further 
study.[20]

Anti-inflammatory activity of carrageenan-induced paw 
edema (acute model)
Anti-inflammatory activity was performed by the 
method described by Winter and Porter.[21] Acute 
inflammation was produced by injecting 1% solution 
of carrageenan into planter surface of rat hind paw 
at the dose of 0.1 ml/100 g b.w. Wistar albino rats 
were divided into three groups of six in each. A 0.9% 
solution of NaCl at a dose of 0.1 ml/100 g p.o. was 
administered to Group 1 (control). The test drug 
sample BOFF was administered to animals of Group 2 
(FF) at 100 mg/kg b.w. p.o. against the standard drug 
aspirin at the dose of 100 mg/kg b.w. p.o. to the 
Group 3 (aspirin). After 30 min, carrageenan solution 
was injected to the animals of the entire group. The 
paw edema was measured at the intervals of 30, 60, 
120, and 180 min using plethysmometer. The paw 
edema among different groups was compared, the 
percentage inhibition of paw edema was determined 
by the formula, percentage inhibition of paw edema= 
(Vc−Vt)/Vc) × 100

Vc = Paw edema of control animals,
Vt = Paw edema of drug-treated animals.

Hepatoprotective activity
The hepatoprotective activity in the aqueous 
extract of FF bark was determined by CCl4-induced 
hepatotoxicity. Acute toxicity studies were conducted 
using Wistar rat. The animals were fasted overnight 
before the experiment procedure. The purified 
water was used as a vehicle to dissolve the extracts. 
Wistar rats (150-200 g) of either sex were used for 
hepatoprotective activity. The rats were divided into 
four groups with six animals in each which were 
maintained on standard diet and water ad libitum. 
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Group 1 (CONT) was given purified water only; 
Group 2 normal control (NOR CONT) were kept at the 
dose of 1 ml/kg as a vehicle for 10 days only by oral 
route. Aqueous extract of BOFF were administered to 
Group 3 (FF) at a dose of 100 mg/kg by oral route 
for 10 days, Group 4 (Liv-52) was fed with marketed 
formulation, Liv-52 syrup only at the dose of 2.5 ml/
kg b.w. by oral route for 10 days only.[22] Liv-52 is 
a popular poly herbal formulation which contains 
Ayurvedic herbal remedy against viral hepatitis. It is 
widely prescribed for infective hepatitis.[23] CCl4 at a 
dose of 0.75 ml/kg b.w. was injected to Group 1, 3, and 
Group 4 on 3rd, 6th, and 10th day by intraperitoneum 
route. On 10th day, 1 h after the last dose of CCl4 
injection, the blood was collected by retro-orbital 
route. The blood sample was centrifuged and used 
for the estimation of various biochemical parameters 
(serum glutamic oxaloacetic transaminase [SGOT], 
serum glutamic pyruvic transaminase [SGPT], ALP, 
and bilirubin levels) which are the markers of liver 
damage.

Statistical Analysis
The standard software SPSS was used for different 
statistical analysis. The values were expressed as mean 
± standard error of mean. The data were analyzed 
using Tukey’s test. The means with P < 0.05 were 
considered as significant.

RESULTS
The aqueous extracts of BOFF showed potential 
antioxidant activity but we have focused more on the 
variation of bioactivity due to the change in extraction 
processes of the sample.

The box plots (Figures 1-10) clearly illustrate the 
changes in the bioactivity as well as retention of this 
activity in various processes after their successive 
extraction. From the box plots, we have observed 
that soxhlation process could extract a concentrated 
amount of bioactive components at the 1st stage of 
boiling which then rapidly decreases in the 2nd and 
the 3rd stages due to which the IC50 values in DPPH 
scavenging activity ranges from low (2.17 mg/ml) in 
the 1st stage to high (486.61 mg/ml) in the 3rd stage. 
Similar results were found in ABTS+ (Figure 2), 
SO (Figure 3), NO scavenging activity (Figure 4) 
along with metal chelating activity (Figure 5) and 
RP (Figure 7). In case of normal boiling, autoclave 
boiling and cold percolation, the bioactivity has 
gradually decreased from 1st to 3rd stage showing 
more retention and gradual extraction of bioactive 
compounds from the plant samples. Among all the 
processes, autoclave boiling has showed to be an 
ideal process for extraction of bioactive compounds 
from the BOFF as it has showed more antioxidant 
activity on the basis of DPPH, ABTS+, NO, ALP, RP, 

Figure 1: 2,2-diphenyl-1-picryl hydrazyl radical scavenging 
activity. AB: Autoclave boiling, S: Soxhlation, NB: Normal 
boiling, CP: Cold percolation

Figure 2: 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt radical scavenging activity. 
AB: Autoclave boiling, S: Soxhlation, NB: Normal boiling, 
CP: Cold percolation

Figure 3: Superoxide scavenging activity. AB: Autoclave 
boiling, S: Soxhlation, NB: Normal boiling, CP: Cold 
percolation

Figure 4: Nitric oxide scavenging activity. AB: Autoclave 
boiling, S: Soxhlation, NB: Normal boiling, CP: Cold 
percolation
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TPC, and TFC. It has also showed higher retention 
of bioactivity until 3rd stage of extraction. Therefore, 
extract obtained from autoclave boiling was further 

subjected for in vivo assays such as anti-inflammatory 
and hepatoprotective activity. The process of 
carrageenan-induced mice paw edema has two 
phases. During early hyperemia, which occurs 0-2 h 
after the carrageenan injection, there is an increase in 
vascular permeability due to the release of histamine, 
serotonin, and bradykinin. The inflammatory edema 
reaches its highest level after 2 h and then will start to 
decline. In our study, paw edema was increased and 
reached a maximum at 2 h after carrageenan injection. 
Treatment with FF bark extract at the 100 mg/kg b.w. 
significantly (P < 0.05) reduced paw edema formation 
(0.833 ± 0.01 ml) after 2 h as shown in Table 1. 
Percentage inhibition of paw edema was 55% by the 

Figure 5: Metal chelating activity. AB: Autoclave boiling, 
S: Soxhlation, NB: Normal boiling, CP: Cold percolation

Figure 6: Anti-lipid peroxidation activity. AB: Autoclave 
boiling, S: Soxhlation, NB: Normal boiling, CP: Cold 
percolation

Figure 7: Reducing power activity. AB: Autoclave boiling, 
S: Soxhlation, NB: Normal boiling, CP: Cold percolation

Figure 8: Total phenol content. AB: Autoclave boiling, 
S: Soxhlation, NB: Normal boiling, CP: Cold percolation

Figure 9: Total flavonoid content. AB: Autoclave boiling, 
S: Soxhlation, NB: Normal boiling, CP: Cold percolation

Figure 10: Total orthodihydric phenol content. 
AB: Autoclave boiling, S: Soxhlation, NB: Normal boiling, 
CP: Cold percolation

Figure 11: Percentage inhibition of paw oedema by bark of 
Fraxinus floribunda extract compared with aspirin
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BOFF which was close to the standard drug aspirin 
(100 mg/ml) as presented in Figure 11. To evaluate 
the hepatoprotective activity of BOFF, liver damage 
and recovery from damage was assessed on 10th day 
by measuring serum marker enzymes to evaluate the 
biochemical changes in liver. It is well-known that 
hepatotoxicity by CCl4 is due to enzymatic activation 
to release free radical state. CCl4 is biotransformed 
in liver by cytochromes P450 enzyme to form CCl3 
active free radical with oxygen, which then covalently 
binds with cellular macromolecules and creates loss 
of cellular integrity and hepatic damage. CCl4 causes 
a range of histological changes to the liver including 
inflammation and cellular swelling. Therefore, 
antioxidant and anti-inflammatory efficacy are 
regarded as some important parameters indicating 
possible mechanism of hepatoprotection. The 
increased level of SGOT, ALP, SGPT, and bilirubin is 
conventional indicator of liver injury.[24-26] In this study, 
it was found that administration of CCl4 elevated the 
levels of serum marker enzymes SGOT, ALP, SGPT, 
and serum bilirubin in CONT Gr as represented in 
Figures 12-15, respectively. The experimental results 
of pretreatment with BOFF through autoclave boiling 
and Liv-52 treated groups showed to lower the levels 
of SGPT, SGOT, ALP, and bilirubin as compared to 
CCl4-treated group indication the inhibition of CCL4-
induced elevation of SGOT, SGPT, ALP, and bilirubin 
levels in hepatic rats.

DISCUSSION
Plants are storehouse of various secondary 
metabolites which could be used as a natural source 
for developing novel drugs in the future. These 
secondary metabolites could be extracted from plants 
through different process variation and the type of 
solvents as well as extraction process could influence 
the bioactivity of these plants.[27,28] The plant sample 
we have collected, i.e., the BOFF was a commonly 
used ethnomedicine which was boiled in water until 
the color and the bitterness in the water was gone 
completely. In our study, we have tried to observe the 
influence of variation in the extraction process on the 
antioxidant activity of the sample as well retention 
of this bioactivity after successive extraction. The 
retention of bioactivity by AB and NB extracts 

Table 1: Effect of aqueous extract of BOFF on anti-inflammatory activity on carrageenan rat edema with time and 
percentage inhibition

Dose 30 min 60 min 120 min 180 min
NaCl control Gr 1.59±0.07b 1.84±0.05c 1.9±0.04b 1.86±0.06b

Standard Gr (aspirin) 100 mg/kg b.w. 1.37±0.02a 1.28±0.06a 1.19±0.05a 0.77±0.04a

% Inhibition 12.9 30.6 37.3 59
Fraxinus floribunda 100 mg/kg b.w. 1.5±0.02b 1.43±0.02b 1.25±0.04a 0.833±0.01a

% Inhibition 5.2 22.1 34.1 55
Values are expressed as mean±SEM (n=6). P values were analyzed using Tukey’s test. P<0.05 were considered to be significant when treated groups were 
compared with the control group, a more significant than b and c. SEM: Standard error of mean, BOFF: Bark of Fraxinus floribunda, b.w.: Body weight

Figure 12: Effect of bark of Fraxinus floribunda extracts 
on serum glutamic oxaloacetic transaminase level in 
hepatotoxic rats. Values are expressed as mean ± standard 
error mean. P values were analyzed using Tukey’s test. 
P < 0.05 was considered to be significant when treated 
groups were compared with the control group. FF: Aqueous 
extract of Fraxinus floribunda bark

Figure 13: Effect of bark of Fraxinus floribunda extracts 
on anti-lipid peroxidation level in hepatotoxic rats. Values 
are expressed as mean ± standard error mean. P values were 
analyzed using Tukey’s test. P < 0.05 was considered to be 
significant when treated groups were compared with the 
control group. FF: Aqueous extract of Fraxinus floribunda 
bark

as given in the box plots might be due to less time 
duration taken for extraction while soxhlation process 
has showed sudden decrease in bioactivity because 
this method took 6-8 h for extraction. The long 
duration of time might have been able to extract most 
of the bioactive compounds from the plant sample 
at the initial stage itself. Thus, pressure boiling 
method could be recommended for the extraction of 
antioxidants from the BOFF because it has showed 
better activity, less time-consuming, and retention of 
the activity for a longer duration.
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Inflammation is condition which is caused due to the 
reaction of living tissues during injury.

In this study, we have used the carrageenan-induced 
rat paw edema model for anti-inflammatory study 
which is believed to be a biphasic process. The 
initial phase of 1-2 h inflammation is induced 
by carrageenan due to the synthesis of serotonin, 
histamine, and prostaglandins in the surrounding of 
the injured tissue. The second phase is continued by 
prostaglandin synthesis and mediated by leukotrienes, 
bradykinin, prostaglandins, and polymorphonuclear 
cells produced by tissue macrophages.[29] The results 
showed that standard drug aspirin as well as BOFF 
extract (100mg/kg b.w.) showed significant anti-
inflammatory activity at later stages after 2 h (Table 1). 
Since flavonoids are known to prevent prostaglandins 
synthesis, the anti-inflammatory activity of BOFF 
might be credited to the flavonoids present in the 
sample as indicated in quantitative estimation of total 
flavonoids.[30,31] Prophylactic use of the extract of FF 
resulted in an inhibition of degree of hepatic necrosis 

and along with decrease of the intercellular enzyme 
leakage by stabilizing hepatic cellular membrane 
which may be due to its highest antioxidant and anti-
inflammatory property of the same plant as confirmed 
by our study. The evaluation of pharmacological 
assays showed that autoclave boiling extract of BOFF 
was good hepatoprotective agent at a dose level 
of 100 mg/kg b.w. when compared with standard 
formulation Liv-52.

This study revealed that autoclave boiled extract of FF 
bark exhibited highest antioxidant activity as well as 
retained its activity for a longer time. This extracts when 
was further subjected to in vivo anti-inflammatory and 
hepatoprotective activity showed effective results 
which were compared with the respective standards. 
The anti-inflammatory and hepatoprotective effects 
seem to be related to a modulation of antioxidant 
enzyme activity in the liver. The hepatoprotective 
mechanisms of FF when orally administered seemed to 
involve in maintaining the liver antioxidative defense 
systems in addition with scavenging of free radicals. 
Thus the BOFF acts as a pharmacological agent which 
can prevent inflammatory and liver disorders.
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ABSTRACT

Objective: Pharmacognostic study, evaluation of antioxidant and antidiabetic activity along with phytochemical contents of an ethnomedicine AR as 
it is mainly used for the treatment of arthritis and diabetes by some healers in the villages of West Sikkim.

Methods: The herbal formulation was extracted in a Soxhlet apparatus successively in ten solvents from low to high polarity. The extracts were 
subjected to antioxidant activity, qualitative and quantitative phytochemical estimation as well as in vitro antidiabetic activity. For pharmacognostic 
characterization, parameters such as fluorescence activity, physicochemical values, powder microscopy, and thin-layer chromatography (TLC) were 
performed. Mean values with p<0.05 were considered significant in statistical analysis.

Results: Pharmacognostic study revealed various plants tissues. Ash values suggested the presence of earthy materials and moisture content near 
to the maximum range. Variation of colors was exhibited by AR in fluorescence analysis. TLC expressed the presence of phytoconstituents and the 
Rf values were noted down to be used in the future for authentication of the sample. Potential antioxidant capacity was observed in AR, phenolics 
significantly contributing in 1,1-diphenyl-2-picrylhydrazyl scavenging activity, 2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)+ scavenging 
activity and reducing power. Non-polar solvent showed the presence of alkaloid and steroids. The antidiabetic activity was very high in some extracts 
of AR with acetone extract showing the highest enzyme inhibiting activity. IC50 of acetone extract was 0.26±0.003 mg/ml.

Conclusion: Overall study established a basic reference for the formulation AR. It was considered to possess antioxidant activity, but the interesting 
part of the study was its antidiabetic activity which is needed to be validated with in vivo studies and toxicity assessment.
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INTRODUCTION

Medicinal plants have always been an important part of human life. 
Numerous plants have established its identity in the development of 
novel drugs. The synthetic drugs are effective and have dominated 
the world of medicine, but it has also brought harmful side effects 
along with it. Natural sources of drugs are the only alternative to this 
problem which can be fulfilled through the search of medicinal plants 
with potential therapeutic activity. Reactive oxygen species (ROS) 
such as superoxide (SO) ions and hydroxyl radicals, and hydrogen 
peroxide when accumulated in the body initiates the development of 
various degenerative or pathological processes including aging, cancer, 
heart disease, Alzheimer’s disease, neurodegenerative disorders, 
atherosclerosis, and diabetes [1]. Antioxidants control the damage caused 
by ROS which scavenges and reduces the formation of free radicals [2]. 
The therapeutic property of several medicinal plants is generally credited 
to the secondary metabolites present in them bearing antioxidant 
activity. In fact, dietary intake of antioxidant-rich food is believed to be 
inversely related to the human disease [3]. Butylated hydroxytoluene 
and butylated hydroxyanisole are common synthetic antioxidants which 
along with beneficial properties give side effects that might cause health 
hazards in a long-term basis. Plant-based antioxidants are preferred 
over synthetic ones due to safety concern [4]. Hence, research regarding 
plants rich in antioxidants is vital as it not only provides information 
about antioxidant supplement but also helps in the selection of plants for 
the development of novel drugs from natural sources.

Sikkim is a small Himalayan state of Northeast India which is also 
considered to possess numerous medicinal plants with a large number 

of indigenous people still depending on traditional medicine mainly 
from plant sources. In the present study, we have collected a polyherbal 
formulation from an herbal practitioner of the West district of Sikkim 
which was used for the treatment of arthritis and high blood sugar. 
We have abbreviated the formulation as “AR.” It was prepared from 
three plants including the whole plant of Viscum articulatum Burm. f., 
rhizome of Rheum acuminatum Hooker. f., and Thomson and rhizome 
of Astilbe rivularis Buch.-Ham.ex D. Don. These plant parts were mixed 
and stored in powder form. It is a common fact that the collection of 
medicinal plants often faces the challenge of standardization. Since 
the therapeutic value of medicinal plants depends on the quality 
and quantity of chemical constituents, it is essential to standardize 
each and every ethnomedicine used by man. This can be achieved 
by a pharmacognostic study which includes parameters that help 
to authenticate the drug even in dry powder form after losing its 
morphological characteristics where there is a high risk of adulteration.

Considering the current need for research on ethnomedicine, this work 
has focused on the evaluation of the antioxidant activity of sample 
AR along with the pharmacognostic activity. An herbal formulation is 
considered to be multifunctional as it is usually found in folk medicine 
that a single plant may be used as a remedy for different ailments. 
Considering this fact, we have also carried out in vitro antidiabetic 
activity of the sample due to the growing demand of antihyperglycemic 
substance in the present world where diabetes has affected a large 
number of the population without any cure to it. Another important 
reason for carrying out the antidiabetic activity of AR is due to a 
considerable relation between diabetes and arthritis as people with 
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diabetes are more likely to have arthritis. A major effect of diabetes 
includes musculoskeletal changes leading to pain in joint and stiffness 
with swelling, nodules under the skin, painful shoulders, and feet. 
Diabetes for a longer period of time may cause joint damage called 
arthropathy. >26% of adults over 65 are estimated to have diabetes 
mellitus and diabetes is a key mortality predictor in patients with 
rheumatoid arthritis as reported by The Centers for Disease Control 
and Prevention [5,6]. Thus, control of diabetes may also be considered 
as a preventive measure to decrease the risk of arthritis.

MATERIALS AND METHODS

Plant material
A polyherbal formulation was prepared by mixing the rhizomes of R. 
acuminatum, A. rivularis, and whole plant of V. articulatum in equal 
ratio. This formulation was collected from Uttarey, West Sikkim from 
a herbal practitioner in March 2014. The herbarium specimens were 
identified and authenticated by Dr. A.P. Das, Professor, Taxonomy and 
Environmental Biology Laboratory, Department of Botany, University 
of North Bengal. The voucher specimens were deposited at laboratory 
herbarium; Taxonomy and Environmental Biology Laboratory, University 
of North Bengal against accession no 06502/Tag no. E.S. 08 for A. rivularis 
Buch.-Ham.ex.D.Don, 06501/Tag no. E.S. 06 for R. acuminatum Hook.f. 
and Thomson, and 09727/Tag no. E.S. 02 for V. articulatum Burm.f.

Extraction
Dry powder of AR was extracted through Soxhlet apparatus in ten 
different solvents successively beginning from non-polar solvent 
to polar. The extraction was started with hexane (ARHx), heptane 
(ARHp), benzene (ARBz), ethyl acetate (AREa), chloroform (ARCl), 
acetone (ARAc), butanol (ARBu), ethanol (AREa), methanol (ARMt), 
and aqueous (ARAq). These extracts were dried completely and 
reconstituted in methanol which afterward was stored in the brown 
bottle for qualitative and quantitative phytochemical estimation along 
with the antioxidant and antidiabetic activity. Dry powder was used for 
the pharmacognostic study.

Pharmacognostic study
Organoleptic tests
The powder of AR was tested with our sense organs for color, odour, 
appearance, texture, and taste [7].

Powder microscopy
The powder of AR was observed under a microscope after staining it 
with specific stains to observe the fragments of tissues on the basis of 
standard procedures [8]. The powder was mounted on a glass slide with 
glycerine and observed under a microscope. To identify the lignified 
tissues, the powder was stained with alcoholic phloroglucinol solution 
and conc. HCl. Starch grains were identified with iodine solution (N/10). 
Sudan III was used for staining any oil globules if present.

Physicochemical analysis
The determination of physicochemical constants such as ash values 
(total ash, water-soluble ash, and acid insoluble ash), extractive values 
(water and alcohol), pH values, and moisture content was evaluated [9].

Fluorescence analysis
The chemicals present in plants show fluorescence when it was exposed 
to ultraviolet (UV) light which can be used as a tool to identify plants 
even in powder form. AR was treated with some chemical reagents 
to attain fluorescence. The variation in colors was noted down under 
visible and UV (254 nm and 365 nm) light [10].

Thin-layer chromatography (TLC)
The protocol of Wagner and Bladt [11] was followed for the 
identification of active phytoconstituents present in AR. Readymade 
TLC plates coated with silica gel 60 F-254 purchased from Merck 

Germany was used. Specific detection reagents were used for the 
identification of compounds. The developed TLC plates were observed 
under UV-254 nm and UV-365 nm light. DSLR Nikon camera (D-3200) 
was used to take pictures and the Rf values of the appeared bands were 
calculated with the following formula:

  

Distance travelled by solute
Rf =

Distance travelled by solvent

Qualitative estimation of phytochemical
The presence of phytochemicals such as amino acids, tannins, triterpenoids, 
steroids, alkaloids, and flavonoids present in different solvent extracts of 
AR was detected according to the standard methods [12-15].

Quantitative estimation of phytochemical
Total phenol content (TPC)
TPC in AR was determined using the Folin–Ciocalteu assay [16]. The 
extracts of AR (1 ml) were used on which 1 ml 95% ethanol, 5 ml 
distilled water, and 0.5 ml 50% Folin–Ciocalteu were added. After 5 min 
of incubation, 1 ml 5% sodium carbonate was added. The mixture was 
incubated for 1 h and absorbance was taken in UV-spectrophotometer 
at 725 nm. The phenol content was calculated and expressed as mg 
gallic acid equivalents (GAE).

Total flavonoids content (TFC)
TFC of AR was calculated by the aluminum chloride colorimetric 
assay [17]. To 0.5 ml of methanolic sample, 4 ml of distilled water 
was added followed by 0.3 ml of 5% sodium nitrite. It was incubated 
for 5 min followed by the addition of 0.3 ml 10% aluminum chloride 
and incubated again for 6 min. At last, 2 ml of 1 M sodium hydroxide 
was added and the mixture was diluted with 2.4 ml distilled water. 
Absorbance was taken at 515 nm. Standard curve of quercetin was 
prepared for the calculation of TFC of the extracts which were expressed 
as mg quercetin/g extractive (QE) weight.

Total orthodihydric phenol content (TOPC)
The procedure of Kim et al. [18] was followed for the measurement of 
TOPC of AR. The methanolic extract (0.5 ml) was added in a test tube in 
which 0.5 ml of 0.05 N HCl and 0.5 ml of Arnow’s reagent was added. The 
mixture was shaken well in a vortex after which 5 ml of distilled water 
and 1 ml of 1 N sodium hydroxide was added. The appearance of pink 
color indicated the presence of TOPC, the absorbance of which was taken 
at 515 nm. The TOPC was expressed in terms of catechol equivalents.

Alkaloid content (AC)
AC was determined by the method based on the reaction between 
bromocresol green (BCG) and alkaloid of the sample [19]. The 
methanolic extracts were evaporated and 0.5 ml 2(N) HCl was added 
filtered and washed with 2 ml chloroform. BCG solution (2.5 ml) and 
phosphate buffer (2.5 ml, pH-4.7) were added to the chloroform. The 
mixture was thoroughly mixed by vortexing. The chloroform part 
(yellow color) was taken for measurement at 470 nm. AC was expressed 
as solasodine equivalents (SE).

Tannin content (TC)
It was determined in AR by the Folin-Denis reagent [20]. To 0.1 ml of 
extract, 7.5 ml of distilled water was added followed by 0.5 ml of Folin-
Denis reagent and 1 ml of sodium carbonate solution. After incubation 
of 30 min in room temperature, the absorbance of the blue color 
mixture was taken at 700 nm. Tannic acid was used for the preparation 
of standard curve and TC was expressed as tannic acid equivalents.

Steroid content (SC)
Steroid was estimated by the method of Naik and Mishra [21]. To 1 ml of 
the sample extract, 4 ml of chloroform was added and mixed thoroughly. 
Chloroform layer (1 ml) was taken and evaporated completely. 
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Liebermann–Burchard reagent (2 ml) was added to it and mixed well 
in a vortex. The mixture was kept in the dark for 20 min. The formation 
of a green colored complex confirmed the presence of steroids in the 
sample. Absorbance was taken at 640 nm. SC was expressed as SE.

Evaluation of antioxidant activity
1,1-diphenyl-2- picrylhydrazyl scavenging activity (DPPH)
The ability of the extracts to scavenge DPPH free radical was carried out 
by the method described by Blois [22]. DPPH solution (2 ml) was added to 
0.2 ml of methanolic extracts. Absorption was taken at 517 nm. IC50 values 
were calculated from the inhibition percentage against concentration 
curve. Percentage inhibition was calculated by the following formula:

 

(Absorbance of control -

Absorbance of sample)
Inhibition percentage = × 100

Absorbance of control

2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
diammonium salt scavenging activity 
ABTS+ solution (2 ml) was added to 1 ml of extract, incubated for 10 min 
and scavenging activity was measured by taking optical density (OD) 
values at 734 nm [23]. Inhibition percentage was calculated.

Superoxide (SO) scavenging activity
SO of AR was measured by the reduction of nitro blue tetrazolium (NBT) 
chloride according to the method of Nishikimi et al. [24]. The reaction 
mixture containing 1 ml sample, 1 ml NBT (312 µM), 1 ml nicotinamide 
dinucleotide trihydrochloride, and 10 µl phenazine methosulfate 
was incubated for 30 min under the exposure to fluorescent light. 
Absorbance was taken at 560 nm. Percentage inhibition was calculated.

Nitric oxide (NO) scavenging activity
Nitrite ions are generated when NO produced by sodium nitroprusside 
reacts with oxygen. These nitrite ions are detected by Greiss reagent 
turning the reaction mixture dark pink in color [25]. The scavenging 
activity of NO is measured at 540 nm. Percentage inhibition was calculated.

Metal chelating (MC) activity
Ferrous ion chelation activity of AR was measured by the method of Dinis 
et al. [26]. In the methanolic extract (0.4 ml), 1.6 ml of methanol was 

added. After that 0.04 ml of 2 mM ferrous chloride and 0.80 ml of 5 mM 
ferrozine were added. It was incubated at room temperature for 10 min. 
Absorbance was taken at 562 nm. Percentage inhibition was calculated.

Ferric reducing antioxidant power (FRAP)
A green colored complex was formed by the reaction among potassium 
ferricyanide, trichloroacetic acid, and ferric chloride. Increase in the 
absorbance indicates more antioxidant activity. The OD values were 
taken at 700 nm [27].

Antidiabetic activity
Alpha-glucosidase inhibiting (AGI) activity
The antidiabetic activity of AR extracts was determined by AGI 
activity [28]. The methanolic samples were dried completely and 
reconstituted in distilled water for the assay. Phosphate buffer (6.8 pH), 
0.1 ml 3 mM glutathione  reduced and 0.1 ml α-glucosidase  (1 U/ml) 
taken in a test tube was incubated for 15 min at 37°C. Extract (0.5 ml) 
and 0.25 ml ρ-NPG were added as a substrate, and it was incubated 
again for 15 min at 37°C. When the incubation was complete, 4 ml 
sodium carbonate was added on the reaction mixture. The absorbance 
was taken at 405 nm. Percentage inhibition was calculated.

Statistical analysis
The experiments were performed with triplicates. MS Excel 2007 
(Microsoft, Redmond, WA, USA) was used for determining antioxidant 
and antidiabetic attributes. The means were compared by Duncan’s 
multiple range test through DSAASTAT software (version 1.002). Values 
with p<0.05 were considered significant. IC50 values of antioxidants and 
antidiabetic activity and their standard error of estimates were done 
in Smith’s Statistical Package version 2.5 (prepared by Gary Smith, CA, 
USA). Correlation coefficient analysis was done using SPSS (Version 
12.00, SPSS Inc., Chicago, IL, USA) and principal component analysis 
(PCA) was conducted in XLSTAT 2014.

RESULTS

Pharmacognostic study
Organoleptic tests revealed that the powder of AR was brown in 
color, slightly bitter in taste; texture slightly rough and it had no 
characteristic odor. Microscopic analysis of the powdered sample 
showed various tissues such as starch granules, calcium oxalate 
crystals, xylem vessels, parenchymatous cells, sclereids, and stone cells 

Fig. 1: Powder microscopy of AR. (a) spiral xylem vessels, (b) vessels with pits, (c) scalariform tracheid, (d) oil globule, (e) starch grains 
with concentric hilum, (f) cluster of calcium oxalate crystals, (g) stone cells, (h) medullary rays with fibers, (i) cuboidal shaped crystal, 

(j) crystals, (k) sclereids, (l) parenchymatous cells

a b c d

e f g h

i j k l
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(Fig. 1). The physicochemical analysis showed the different parameters 
of quality control which is illustrated in Fig. 2. Table 1 represents the 
variation of colors exhibited by AR under UV light after treatment with 
different chemical reagents. TLC of AR revealed the presence of some 
phytoconstituents such as anthraquinone, arbutin, flavonoids, cardiac 
glycosides, coumarins, and bitter principles. The Rf values and relative 
abundance are calculated and are presented in Table 2 and Fig. 3.

Qualitative phytochemical estimation
Phytochemical screening of different solvent extracts of AR was performed 
based on standard tests. Some bioactive phytochemicals such as phytosterol, 
triperpenoids, cardiac glycosides, flavonoids, reducing sugar, resin, and 

amino acids were present in AR (Table 3). Phytosterol and reducing sugar 
were present in all the extracts of AR with AREa, ARAc, ARBu, AREt, and 
ARMt possessing the most concentrated amount of it. Tannins and alkaloids 
were not detected in the sample while amino acid was present only in ARAq.

Quantitative phytochemical estimation
Most of the phytochemicals present in plants possess medicinal 
properties which are useful during the treatment of ailments in 
traditional system of medicine. Even for the development of modern 
drugs, these phytochemicals are essential. We have, therefore, carried 
out the quantitative estimation of some phytochemicals such as phenol, 
flavonoids, orthodihydric phenol, alkaloids, tannin, and steroids which 

Fig. 2: Physicochemical study of powder polyherbal formulation, AR.

Table 1: Fluorescence analysis of AR under visible and UV light. Colors were compared to the standard color chart of 
RAL (Reichs‑Ausschuß für Lieferbedingungen and Gütesicherung)

S. No. Reagents Visible UV‑254 nm UV‑365nm
1 Powder+distilled water Yellow orange Colorless Violet blue
2 Powder+50% KOH Brown red Colorless Fir green
3 Powder+benzene Colorless Colorless Signal violet
4 Powder+50% benzene Lemon yellow Honey yellow Broom yellow
5 Powder+chloroform Lemon yellow Broom yellow Ochre yellow
6 Powder+50% chloroform Broom yellow Curry yellow Gray beige
7 Powder+nitric acid (conc.) Daffodil Colorless Colorless
8 Powder+50% nitric acid Honey yellow Colorless Colorless
9 Powder+10% ferric chloride Curry yellow Colorless Colorless 
10 Powder+methanol Honey yellow Curry yellow Grey beige 
11 Powder+50% methanol Broom yellow Brilliant blue Violet blue
12 Powder+ethanol Daffodil yellow Curry yellow Gray beige
13 Powder+50% ethanol Broom yellow Sapphire blue Ultramarine blue
14 Powder+glacial acetic acid (conc.) Lemon yellow Curry yellow Broom yellow
15 Powder+50% glacial acetic acid Lemon yellow Honey yellow Azure blue
16 Powder+sulfuric acid (conc.) Copper brown Granite grey Azure blue
17 Powder+50% sulfuric acid Beige Capri blue Azure blue
UV: Ultraviolet

Fig. 3: Relative abundance against Rf values graph of the phytoconstituents identified in thin‑layer chromatography plates of AR
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are known for their health benefits. The results in Table 4 have clearly 
illustrated that AR is enriched with these phytochemicals especially 
TPC which was found in highest quantity in ARAc (321.453±0.55 mg 
GAE/g EW). TFC was concentrated mainly in AREa (44.75±0.07 mg 
QE/g EW). SC, TC, and TOPC were also detected. Alkaloids were detected 
only in selective solvent extracts preferably in non-polar solvents such 
as hexane, heptane, benzene, and ethyl acetate with ARBz exhibiting 
higher AC (1.80±0.20 mg SE/g EW) than the rest of the solvents. TC was 
again highest in ARAc with 394.423±0.31 (mg TA/g EW).

In vitro antioxidant activity
Antioxidants are capable of scavenging free radicals and this radical 
scavenging activity of antioxidants present in AR is illustrated in 
Table 5. The activity as represented in IC50 values with the lowest IC50 
(highest antioxidant activity) in DPPH and ABTS+ scavenging assay 
was exhibited by ARAc. The acetone extract was also suitable for 
ferric reducing potentiality (1608.073±0.0002 mg AAE/g EW). MC 
(3.777±0.62 mg/ml) and SO scavenging potential (0.24±0.002 mg/ml) 
were found to be highest in ARAq.

Table 2: Detection of bioactive phytoconstituents in powder AR by TLC technique

Bioactive phytoconstituent Solvent system Detecting reagent Chromatogram with Rf values
Anthraglycoside (red and yellow band) Ethyl acetate: methanol: water 

100:13.5:10
KOH reagent

Arbutin (blue and brown bands) Ethyl acetate: methanol: water 
100:13.5:10

Berlin blue

Bitter principles (blue, red, yellow, 
brown, green bands)

Ethyl acetate: methanol: water 
100:13.5:10

VS reagent (vanillin-sulfuric acid)

Cardiac glycoside (blue) Ethyl acetate: methanol: water 
100:13.5:10

SbCl3reagent (Antimony chloride)

Coumarin Toluene: ethyl acetate 93:7 10% ethanolic KOH

Flavonoids Formic acid: glacial acetic 
acid: water 100:11:11:26

NP/PEG reagent

TLC: Thin-layer chromatography
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Antidiabetic activity
The antidiabetic activity of AR extracts was evaluated by the inhibition 
of  the  α-glucosidase  enzyme.  Some  of  the  extracts  showed  potential 
antidiabetic activity when compared with standard drug metformin 
(Fig. 4). Inhibition of enzyme by some extracts of AR were remarkable 
while some extracts showed no inhibition at all. Some of the extracts 
showing good inhibition were ARAc, AREa, and ARBu with ARAc 
exhibiting highest antidiabetic activity (0.26±0.003 mg/ml). The IC50 
value of metformin (standard) was 0.175±0.03 mg/ml.

DISCUSSION

Folk medicine is one of the oldest forms of health-care system that has 
proved its efficacy to the test of time. The growing interest in search 
of natural source of medicine has opened a scope for folk medicine to 
be recognized globally. The herbal medicine is usually found in a dried 

form where the parts of plants are either powder or are twisted and 
rolled which makes it impossible to be identified. Therefore, this work 
is an attempt to study an ethnomedicine (AR) which is a combination 
of three plants/parts which is traditionally used for the treatment of 
arthritic pain in a village of West Sikkim. First, we have tried to observe 
some diagnostic and diabetes characteristics of AR which could be used 
to establish a standard for this formulation for authenticity and quality 
control which could be helpful for preparing herbal monographs as 
emphasized by the WHO. Out of many tissues observed in powder 
microscopy, AR powder contained few prominent tissues such as a 
large number of starch granules with concentric hilum, different shapes 
of crystals, and spiral xylem vessels. The physicochemical study is 
another very important parameter for quality control. Total ash values 
are measured for the detection of adulterants such as stone, silica, and 
some other earthy materials [29]. Acid-insoluble ash represents the 

Table 3: Qualitative phytochemical screening of AR in different solvent extracts

Phytochemicals ARHx ARHp ARBz AREa ARCl ARAc ARBu AREt ARMt ARAq
Phytosterol
Tannin
Triterpenoids
Cardiac glycosides
Glycosides
Alkaloids
Flavonoids
Reducing sugar
Resins
Amino acids
Relative abundance

                                                       Low                                                                         Medium                                                                High

Table 4: Quantitative estimation of phytochemicals of AR

Solvent 
fractions

TPC (mg GAE/g EW) TFC (mg QE/g EW) TOPC (mg CE/g EW) AC (mg SE/g EW) TC (mg TA/g EW) SC (mg SE/g EW)

ARHx NA NA NA 0.340±0.14c NA 0.354±0.09b
ARHp 20.483±0.03i 18.95±0.02d 0.060±0.01e 0.636±0.10b 77.190±0.01h 0.334±0.013c
ARBz 93.887±0.07e 33.29±0.06b 0.269±0.06d 1.80±0.20a 180.619±0.04e 0.852±0.06a
AREa 152.486±0.37c 44.75±0.07a 0.625±0.07b 0.238±0.11d 343.231±0. 29b 0.251±0.069d
ARCl 91.183±0.08f 13.56±0.02f 0.056±0.02e NA 191.22±0.02d 0.121±0.019f
ARAc 321.453±0.55a 27.19±0.15c 1.109±0.01a NA 394.423±0.31a 0.073±0.037h
ARBu 188.636±0.52b 18.45±0.02e 1.159±0.01a NA 217.096±0.21c 0.080±0.043g
AREt 80.781±0.51g 6.05±0.13g 0.264±0.04d NA 97.544±0.09f 0.041±0.044i
ARMt 106.796±0.41d 0.12±0.04i 0.488±0.06c NA 89.822±0.14g 0.145±0.044e
ARAq 64.539±0.53h 4.6±0.06h 0.284±0.04d NA 6.835±0.02i 0.032±0.055j

Values with different letters (a, b, c, d, e, f, g, h, i and j) are significantly (p<0.05) different from each other by Duncan’s multiple range test (DMRT), NA: Not applicable, 
TPC: Total phenol content, TFC: Total flavonoids content, QE: Quercetin/g extractive, TOPC: Total orthodihydric phenol content, AC: Alkaloid content, TC: Tannin content, 
SC: Steroid content, SE: Solasodine equivalents, GAE: Gallic acid equivalents

Table 5: In vitro antioxidant activity of AR extracts

Solvent 
fractions

DPPH IC50 (mg/ml) ABTS+IC50 (mg/ml) SO IC50 (mg/ml) NO IC50 (mg/ml) MC IC50 (mg/ml) FRAP (mg AAE/g EW)

ARHx 3.087±0.22g 1.813±0.33e 2.352±0.06f NA NA 50.101±0.36h
ARHp 2.501±0.02f 0.684±0.01d NA NA NA NA
ARBz 2.615±0.07f 0.372±0.08c 0.461±0.04bc 2.139±0.02b NA NA
AREa 0.328±0.03c 0.079±0.03a 0.613±0.19c NA NA 343.706±0.01d
ARCl 0.986±0.02e 0.277±0.03bc 1.883±0.04e NA NA 294.514±0.06e
ARAc 0.085±0.004a 0.043±0.01a 0.904±0.02d 2.479±0.02b NA 1608.07±0.001a
ARBu 0.145±0.01ab 0.084±0.04a 0.327±0.08b 5.381±0.44d 16.681±0.55c 726.834±0.01c
AREt 0.331±0.05c 0.127±0.02a 1.005±0.03d 7.399±0.38e 15.162±0.01b 346.946±0.15c
ARMt 0.231±0.01bc 0.115±0.01ab 0.402±0.11b 3.699±0.42c 3.974±0.01b 130.082±0.07g
ARAq 0.588±0.07d 0.138±0.02ab 0.24±0.002a NA 3.777±0.61a 167.153±0.01f
STD 0.11±0.01ab (AA) 0.28±0.001bc (AA) 0.03±0.01a (AA) 0.03±0.002a (CC) 0.01±0.001a (BHT)
AA: Ascorbic acid; CC: Curcumin; BHT: Butylated hydroxytoluene, Values with different letters (a, b, c, d, e, f, g and h) are significantly (p<0.05) different from each other 
by Duncan’s multiple range test (DMRT), NA: Not applicable, STD: Standard, DPPH: 1,1-diphenyl-2- picrylhydrazyl scavenging activity, SO: Superoxide, NO: Nitric oxide, 
MC: Metal chelating, FRAP: Ferric reducing antioxidant power, ABTS: 2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)
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presence of these materials which was found to be 19.56% (w/w) and 
water soluble ash was 14.68% (w/w) which indicates that sample AR 
should be taken more care of while handling and preparation as the 
amount of acid insoluble ash should be as low as possible. The moisture 
content of AR was 8.61% (w/w) which was within the limit of the 
recommended range of not exceeding 14% and thus it can be stored 
for a longer period of time, and there is a less probability for microbial 
growth. The water-soluble extractive value was higher (6.23% w/w) 
than alcohol soluble extractive (3.17% w/w) which suggests that water 
is suitable to achieve the better amount of extracts than alcohol from 
AR. The pH values are almost alkaline which is >6 make the formulation 
safer for consumption. Fluorescence is a phenomenon which is 
exhibited by various phytochemicals. Each chemical has a specific 
color which if not attained directly may reveal colors after treating 
with particular chemical reagents [30,31]. Moreover, this parameter 
is regarded as one of the important methods for assessing the quality 
of powder drugs. The variation of colors from AR under visible and 
UV light (254 nm and 365 nm) is presented in Table 1. The variation 
in colors may also indicate the diversity of chemical compounds 
present in the sample [32]. Another parameter we have selected for 
standardization of AR is through TLC technique (Table 2 and Fig. 3). It 
is usually performed to develop a basic idea for the presence of some 
active phytoconstituents in the sample. The Rf values of the bands 
representing a compound are specific if carried out in the same solvent 
system and detection reagents. Thus, it can be useful for the quality 
check of the same formulation in the future. The detail of the solvent 
system and detection reagents along with the developed chromatogram 
images is summarized in Table 2. TLC has not only provided the 
qualitative data of the phytochemicals but also offer the quantitative 
profile of the phytoconstituents present with relative abundance as 
given in Fig. 3. Several bands of arbutin and bitter principles were 
observed, but coumarin showed the highest relative abundance which 
indicates the quantity of the particular phytoconstituent. Hence, TLC 
serves as an important tool for the preliminary evaluation of a crude 
drug [11]. Since the therapeutic activity of any medicinal plants is 
attributed to the various secondary metabolites present in it, thus we 
have carried out a qualitative screening of phytochemicals present in 
AR through standard tests. As the nature of phytochemical constituents 
present in plants is diverse, we cannot say that a particular solvent is 
suitable to extract all the bioactive compounds [33]. To fulfill the range 
of polarity we have extracted AR in 10 different solvents from non-
polar to polar as mentioned earlier. The results have also indicated that 
solvents play a crucial role in the extraction of compounds from plants. 
Table 3 justifies this point where it is clear that ethyl acetate, acetone, 
butanol, and methanol have concentrated the amount of phytochemicals 
while in case of amino acid, it was observed that only aqueous sample 
gave a positive result. Similarly, antioxidant activity was also highly 
influenced by solvent extraction methods. TPC was highest in acetone 
extract of AR which is supported by previous studies also [34]. AC was 
not detected in TLC and qualitative test with Dragendorff’s reagent, but 

it was quantitatively observed particularly in polar solvents up to ethyl 
acetate. It may also indicate that for a particular phytochemical, a single 
test is not efficient. More than one test should be performed for a single 
phytochemical test. The analysis of physicochemical and phytochemical 
attributes mainly helps to evaluate the phytoconstituents present in a 
particular extract and to find the solubility of a particular constituent 
in a specific solvent [35]. Plants produce antioxidants in the form of 
secondary metabolites such as phenolics and flavonoids to cope up 
with the stress caused by ROS [36]. The activity of these antioxidants 
of AR was evaluated through free radical scavenging activity where 
it was observed that some of the extracts of AR showed better DPPH 
and ABTS+ scavenging activity than standard ascorbic acid. Here 
again, acetone extract was found to be the best when compared to 
other extracts as it also showed the highest reducing powder. In case 
of reducing power, it was observed that the range of activity was 
aqueous<methanol<ethanol<acetone but after that, it again decreased 
as it proceeded further toward non-polar solvents. This may be due to 
the fact that the nature of compounds responsible for reducing power 
ranges in moderately polar solvents.

The antidiabetic activity was evaluated by hindering the absorption of 
glucose through inhibition of the carbohydrate hydrolyzing enzyme, 
α-glucosidase, in the digestive tract. Again acetone extract exhibited the 
highest  inhibition of  α  -glucosidase  enzyme  (Fig. 4) which was quite 
close to standard drug metformin. It shows that AR has a potential 
antidiabetic activity which could be further explored with broader 
parameters of toxicity and in vivo models.

Correlation
The Pearson correlation was analyzed to carry out the relationship 
amongst antioxidant activity, antidiabetic activity with its phytochemicals 
content (Table 6). It showed a significant positive correlation between 
DPPH and ABTS+ scavenging activity (p<0.01) and a significant negative 
correlation for DPPH to TPC and TOPC, respectively. Since this indicates 
that the increase in TPC and TOPC will decrease the IC50 values of DPPH, 
it is clear that the group of phenols present in AR is responsible for the 
scavenging activity of DPPH and ABTS+. Several such reports are available 
where phenols were considered having antioxidant activity with the 
scavenging potentiality of free radicals [37,38]. Antioxidant of phenolics is 
often attributed to its redox potentiality allowing them to act as hydrogen 
donors, singlet oxygen scavengers, and redox agents [39]. The mechanism 
of the Folin–Ciocalteu method is based on the reducing properties of 
phenolic compounds. This is evident in our study also where a strong 
positive correlation was observed between TPC, TOPC, and reducing 
power (FRAP) with significant p<0.01. TC showed a significant positive 
correlation with alkaloid and steroid content, but none of these showed 
any correlation with the antioxidant activity that we had carried out in 
our study. It is possible that the presence of these compounds was not 
particularly responsible for the antioxidant activity of AR. The antidiabetic 
activity was prominent in this study, but none of the phytochemicals we 

Fig. 4: Alpha‑glucosidase inhibiting activity of AR compared with standard drug metformin (MET). Values with different letters (a, b, c, d, e 
and f) are significantly (p<0.05) different from each other by Duncan’s multiple range test; ND: Not detected
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had tested showed any correlation for this activity. It, therefore, pointed 
toward the diverse and complex nature of phytochemicals which are 
present in plants performing their specific functions. Perhaps AR contains 
other active phytoconstituents compounds which were responsible for 
the antidiabetic activity as reported here.

PCA
PCA is the simplest of the multivariate statistical analyses through which 
the primary pattern of the multiple variables in an experiment can be 
visualized [40]. In this study, PCA was analyzed to observe the overall 
relationship of antioxidants, antidiabetic activities, and phytochemicals 
detected quantitatively in AR. First and second principal components 
(PC1 and PC2) accounted for 41.65% and 26.53 % of the variance, 
respectively, totalizing 68.18% (Fig. 5). The loading plot displays the 
association of different variables with each other. The loading plot showed 
that TPC, TOPC, and FRAP were loaded positively on PC1 with squared 
cosine values of 0.7712, 0.7949, and 0.6027, respectively. TFC, AC, TC, and 
SC were loaded positively on PC2 with squared cosine values of 0.7921, 
0.5624, 0.4831, and 0.3723, respectively. The cluster of DPPH and ABTS 

lies in the opposite direction to the cluster of TPC, TOPC, and FRAP which 
indicates that they are negatively correlated with each other. It is also 
supported by the above result of Pearson correlation analysis. Wang and 
Hu [41] performed PCA with antioxidant attributes of mulberry fruits 
where similar clusters were formed with TPC, ferric reducing power and 
oxygen radical absorbance capacity being positively loaded on PC1 [42].

CONCLUSION

Our study has attempted to establish a standard for an ethnomedicine 
AR. This can be used as a basic reference of this powder formulation 
which could be easily optimized, cheaper, and authentic and 
reproducible. Further standardization techniques might also be 
suggested which can be done with sophisticated analytical instruments 
such as gas chromatography-mass spectrometry, Fourier transform 
infrared, and nuclear magnetic resonance for the comprehensive study, 
but the cost of analysis would be much higher. We were also able to 
explore its antidiabetic activity along with the influence of solvents 
on the extraction compounds specifically for a particular activity. AR 

Fig. 5: Principal component analysis of antioxidant, antidiabetic activity, and quantitative phytochemical estimation of AR

Table 6: Pearson correlation matrix of antioxidant and antidiabetic activity of AR extracts

DPPH ABTS SO NO MC FRAP TPC TFC TOPC AC TC SC
ABTS 0.819**
SO 0.291 0.604
NO −0.467 −0.398 −0.174
MC −0.474 −0.330 −0.206 0.855**
FRAP −0.536 −0.375 −0.003 0.175 0.055
TPC −0.659* −0.603 −0.178 0.291 0.112 0.934**
TFC −0.112 −0.366 −0.300 −0.151 −0.253 0.409 0.562
TOPC −0.671* −0.555 −0.347 0.422 0.379 0.816** 0.897** 0.469
AC 0.709* 0.363 −0.302 −0.343 −0.356 −0.386 −0.442 0.152 −0.422
TC 0.577 0.120 −0.014 −0.379 −0.435 −0.315 −0.314 0.182 −0.493 0.690*
SC 0.615 0.169 0.008 −0.397 −0.431 −0.351 −0.361 0.154 −0.527 0.703* 0.998**
AGI −0.170 −0.167 −0.305 −0.239 0.027 −0.135 −0.186 −0.296 −0.127 −0.201 −0.251 −0.236
**Correlation is significant at the 0.01 level (2-tailed), *Correlation is significant at the 0.05 level (2-tailed), DPPH: 1,1-diphenyl-2- picrylhydrazyl scavenging activity, 
APTS: 2, 2’-azinobis (3-ethylbenzothiazoline-6-sulfonic acid), SO: Superoxide, NO: Nitric oxide, MC: Metal chelating, FRAP: Ferric reducing antioxidant power, 
TPC: Total phenol content, TFC: Total flavonoids content, TOPC: Total orthodihydric phenol content, AC: Alkaloid content, TC: Tannin content, SC: Steroid content, 
AGI: Alpha-glucosidase inhibiting
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showed potential antioxidant capacity along with antidiabetic activity 
which could further be explored in an animal model.
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ABSTRACT
Background: Diabetes mellitus is a serious health problem being the third 
largest cause of death worldwide. Natural sources of antidiabetic agents 
are of high demand due to side effects of modern drugs. Bark of Fraxinus 
floribunda  (FF) is conventionally used in Sikkim to treat diabetes, but there 
is not a single documented report on the same. Objective: The aim of 
this study is to evaluate in vitro and in vivo antidiabetic activity of FF bark. 
Materials and Methods: FF bark was extracted through four methods, 
namely normal boiling, pressure boiling  (PB), soxhlet, and cold percolation 
to be subjected to α‑glucosidase inhibiting assay. The extract showing the 
highest in  vitro antidiabetic activity was selected for in  vivo antidiabetic 
activity. Results: Extract from PB showed the highest antidiabetic activity 
(10.25 ± 4.56 mg/ml FWT); thus, it was selected for antidiabetic property 
in animal model. The extracts  (200 and 400 mg/kg) significantly  (P < 0.05) 
reduced plasma glucose concentration in streptozotocin‑induced diabetic 
rats. Glibenclamide  (0.50  mg/kg) was used as standard. Decrease in 
bodyweight during diabetes was significantly controlled by the extract which 
was comparable with the standard at the same concentration. Changes in 
lipid profile  (total cholesterol, triglycerides, high‑density lipoprotein, and 
low‑density lipoprotein) of the diabetic rats were also maintained almost 
to the level of normal rats by the extracts. Histopathology of liver sections 
of diabetic rats showed damage in the hepatic architecture  (swelling of 
sinusoids, vacuolization of cytoplasm, and inflammation of the central vein) 
which was controlled by the extracts. Conclusion: This study agrees with the 
traditional use of FF bark as an antidiabetic agent.
Key words: Antidiabetic, Fraxinus floribunda, lipid profile, liver 
histopathology, streptozotocin, α‑glucosidase

SUMMARY
•  The bark of Fraxinus floribunda Wallich is traditionally used for the treatment 

of high blood sugar/diabetes by the herbal practitioners of Sankhu, a village 
in West Sikkim, India. Since there was not any scientific report available 
on this plant, this study has been done to evaluate in  vitro and in  vivo 
antidiabetic activity on the bark of this plant. The bark was extracted through 
four different methods (boiling, soxhletion, pressure boiling  (PB) and cold 
percolation) to observe the influence on bioactivity due to the variation in 
extraction methods. Alpha‑glucosidase inhibiting the activity of the extracts 
was performed the result of which showed the extracts obtained through 
PB exhibited the highest antidiabetic activity. It further helped to select the 
extract for investing antidiabetic activity in animal model. Streptozotocin 
(STZ)‑induced rats were used for the same. The parameters taken for in vivo 
experiments were change in body weight, oral glucose tolerance test, 
fasting plasma glucose concentration, lipid profile, and liver histopathology. 

The results showed the control in loss of bodyweight, control in increase of 
glucose level and improved lipid profile of STZ‑induced diabetic rats by 200 and 
400 mg/kg extracts. The liver histopathology also revealed improvement in 
architectural changes noticed in diabetic rats by the same concentration of 
extracts. This study supports the use of the plant as antidiabetic agent in 
traditional medicine and also suggests further investigation in purifying the 
bioactive phytochemical responsible for the antidiabetic activity.

Abbreviations Used: FF: Fraxinus floribunda; DM: Diabetes mellitus; 
T2DM: Type  2 diabetes mellitus; PPHG: Postprandial hyperglycemia; 
NB: Normal boiling; PB: Pressure boiling; S: Soxhelation; CP: Cold percolation; 
OGTT: Oral glucose tolerance test; NIDDM: Noninsulin‑dependent Diabetes 
mellitus; STZ: Streptozotocin; TCL: Total cholesterol; TGL: Triglycerides; 
HDL: High‑density lipoprotein; LDL: Low‑density lipoprotein; DMRT: Duncan 
multiple range test.
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ORIGINAL ARTICLE

INTRODUCTION
Diabetes mellitus  (DM) simply known as diabetes is a condition of 
disordered metabolism characterized by abnormally high level of 
blood sugar  (hyperglycemia) in the body which mainly occurred 
either due to hereditary causes or sedentary lifestyle.[1] It is also 
represented by lipidemia and oxidative stress; it affects the patients 
to long‑term complications causing damage in the eyes, kidneys, 
nerves, skin, and blood vessels.[2] Other than hyperglycemia, it is 
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characterized by disturbances in the metabolism of carbohydrate, 
protein, and fat. Hyperlipidemia is another factor of DM which could 
develop micro and macrovascular complications of diabetes resulting 
mostly into morbidity or death.[3] Type  2 diabetes mellitus is the 
most common diabetes causing > 80% of the total cases of diabetes.[4] 
Insulin is the hormone released by β‑cells of the pancreas, which is 
responsible for glucose homeostasis.[5] Stimulation of hepatocytes, 
myocytes, and adipocytes by insulin leads to the uptake of glucose 
from the circulatory system. Glucose can either be used in glycolysis 
or stored inside muscle or liver cells in the form of glycogen. If 
insulin is inappropriately utilized, it results in insulin resistance 
or the inability of cells to respond to normal circulating insulin 
levels, thus leading to the incidence of the disease. Increased level 
of postprandial hyperglycemia  (PPHG) is one of the highest risk 
factors.[6] PPHG is elevated due to the action of α‑glucosidase and 
α‑amylase enzymes. Inhibition of these enzymes can manage PPHG 
in diabetic patients. Inhibition of α‑glucosidase enzyme activity can 
reduce disaccharide hydrolysis, which has useful effects on glycemic 
index control in diabetic patients.[7] Several α‑glucosidase inhibitors 
have been isolated from medicinal plants for the development of 
new drugs with increased potency and lower adverse effects than the 
existing drugs.[8,9]

Recently, diabetes is one of the most prevalent diseases in the world 
which is rapidly increasing worldwide. According to the WHO, the 
occurrence of diabetes might increase by 35% in the near future. 
Currently, over 150 million populations in the world are affected by 
diabetes, which is likely to increase over 300 million or more by the 
year 2025. In India, the number of diabetic people will increase from 15 
million in 1995 to 57 million in the year 2025, which is considered to be 
the highest number of diabetics in the world.[10] Despite considerable 
development in the treatment of diabetes by oral anti‑hyperglycemic 
agents, search for newer drugs is still persisting due to therapeutic 
limitations of existing synthetic drugs with some seriously harmful 
side effects after prolonged usage.[11,12] Therefore, proper management 
of diabetes without any drug‑mediated side effects is still being a big 
challenge.[13] However, the researchers are working to find safer, more 
efficient, and less expensive remedy for diabetes. Numerous medicinal 
plants have been reported to have antidiabetic property, and they 
have been used immensely as antidiabetic and antihyperlipidemic 
remedies.[14]

Fraxinus floribunda Wallich  (FF) belonging to family Oleaceae is a 
plant usually found in the Eastern Himalayas of India, particularly 
in Khasi Hills and Sikkim. The bark of this plant is conventionally 
used for the treatment of diabetes in the villages of West district of 
Sikkim. Earlier reports have suggested the presence of antioxidant, 
hepatoprotective, and anti‑inflammatory activity on the aqueous 
extract of the bark of FF.[15] Although it is popularly used as an 
antidiabetic agent in the traditional system, but there was not a single 
report on the scientific study of this plant. Thus, this work has been 
carried out to determine the antidiabetic activity of the bark of FF, 
which might also validate the use of this plant in traditional system 
of medicine.

MATERIALS AND METHODS
Plant material
The fresh bark of FF was collected from a village called Sankhu in 
Dentam constituency of West Sikkim. The herbarium of the plant was 
submitted in the NBU‑Herbarium which was identified by Dr.  A.P. 
Das (former Professor), Plant Taxonomy and Environmental Biology, 
Department of Botany, University of North Bengal. A voucher specimen, 
accession no. 9632/Tag no E.S.03 was preserved for future reference.

Animals
Wister albino rats (150–250 g) were used in this study. They were obtained 
from the Animal House of Columbia Institute of Pharmacy, Raipur. They 
were housed in large propylene cage and kept at 22°C ± 2°C in 12 h dark 
light cycle of 12:12  h, relative humidity 55%–65%. The animals were fed 
with pellet food and water ad libitum. The experiments were approved by the 
Institutional Animal Ethics Committee of Columbia Institute of Pharmacy, 
Raipur, India  (Regd. No.  1321/PO/ReBi/S/10/CPCSEA). All the animals 
were acclimatized for at least 1 week before the experimental session.

Preparation of plant sample
The fresh bark of FF was sun‑dried until the moisture was gone. The 
dried bark was ground into fine powder and further extracted through 
four different methods, namely normal boiling, autoclave under pressure 
boiling (PB), soxhlation in a Soxhlet apparatus (S) and cold percolation 
below − 4°C (CP). All the extracts were measured and a required volume 
was made up and the extracts were stored in a refrigerator.

Inhibition of α-glucosidase enzyme
A 0.2 M phosphate saline buffer  (pH  6.8) was prepared to dissolve 
α‑glucosidase enzyme in concentration of 0.2 U/ml, 3 mM 
glutathione  (reduced), and 10 mM p‑NPG  (substrate). To 2.5  ml of 
buffer, 0.1 ml gluthathione and 0.1 ml enzyme were added and incubated 
for 15 min at 37°C. After incubation, 0.5 ml of inhibitor (extract) was 
added except in control followed by 0.25 ml p‑NPG. The mixture was 
incubated for 15 min at room temperature and the reaction was inhibited 
by the addition of 4 ml sodium carbonate.[16] The absorbance of yellow 
color of reaction mixture was taken at 405 nm.
The percentage inhibition was calculated as:

Percentage inhibition
Test sample

Control
Control

=
−







 × 100

Oral glucose tolerance test
The oral glucose tolerance test  (OGTT) was performed in overnight 
fasted (18 h) normal rats. Rats divided into three groups (n = 6) were 
administered drinking water, the second group with aqueous extract 
of 200  mg/kg, and the third group with 400  mg/kg aqueous extract. 
Glucose (0.5 mg/kg) was fed 30 min prior to the administration of extracts. 
Blood was withdrawn from the retro‑orbital sinus at 30 and 90 min of 
extract administration, and the plasma obtained after centrifugation at 
3000 rpm was estimated for fasting plasma glucose levels using a glucose 
oxidase‑peroxidase glucose estimation kit.

Induction of noninsulin dependent diabetes 
mellitus
Noninsulin‑dependent diabetes mellitus  (NIDDM) was induced in 
overnight fasted adult Wistar albino male rats weighing 170–220 g by 
a single intraperitoneal injection of 60  mg/kg streptozotocin  (STZ), 
15  min after the i. p. administration of 120  mg/kg of nicotinamide. 
STZ was dissolved in citrate buffer with pH 4.5 and nicotinamide being 
dissolved in normal saline. Hyperglycemia in rats was confirmed by the 
elevated glucose levels in plasma, determined at 72 h and then on day 7 
after injection. The starting value of fasting plasma glucose to identify 
diabetes was taken as >126 mg/dl. Only those rats which were found to 
have permanent NIDDM were used for the study.

Experimental
The animals were distributed into five different groups with six rats 
each. The extract was administered for 12  days. Group  I served 
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Acute toxicity study
The acute toxicity study of aqueous FF bark extract was evaluated as per 
the CPCSEA guideline no. 420 (fixed dose method). The aqueous extracts 
were orally fed to the rats at the dose level of 5, 50, 300, and 1000 mg/kg, 
respectively. The test showed no mortality even at maximum dose of 
1000 mg/kg body weight (b.w.). Hence, 200 mg/kg and 400 mg/kg doses 
were selected for further study.

Oral glucose tolerance test
Results obtained from OGTT is given in Table  1 where it can 
be observed that there is a significant increase of blood glucose 
concentration (P < 0.05) in the diabetic control group compared to the 
normal control at the end of 12th day experiment duration. The elevated 
glucose level was significantly lowered (P < 0.05) by the aqueous extracts 
of bark of FF while comparing with the diabetic control. The significant 
reduction in plasma glucose level in glucose‑loaded rats by 200 and 
400 mg/kg extract of FF bark was observed after 30 min, and it came 
down to normal level after 90 min.

Effect on fasting blood glucose
Table  2 shows administration of STZ‑induced hyperglycemia in rats 
with statistically significant  (P  <  0.05) elevation of blood glucose 
as compared to normal control to the level  >250  mg/dl. However, 
it was significantly  (P  <  0.05) lowered by the oral administration of 
glibenclamide  (0.05  mg/kg) and aqueous extract of FF bark  (200 and 
400  mg/kg). As expected, 400  mg/kg of the extract showed the more 
significant antidiabetic property. The glucose level in STZ‑induced 
diabetic rats lowered to normal after day 14 in case of glibenclamide 
and 400 mg/kg extract, whereas the 200 mg/kg extract could lower the 
glucose level to normal after day 28.

Body weight
Effect of standard drug and bark extract of FF on the body weight of 
diabetes‑induced rats is shown in Table 3. In normal control rats, it was 
observed that bodyweight continuously increased. Diabetic control 
rats showed a significant decrease (P < 0.05) in bodyweight compared 
to normal control. The diabetic rats administered with glibenclamide 
and extract of FF bark  (200 and 400  mg/kg) showed a significant 
increase (P < 0.05) in bodyweight when compared to diabetic control.

Effect of extracts on lipid profile
Lipid profile of the STZ‑induced diabetic rats is presented in Table  4. 
It can be observed that TGL, TCL, and LDL level were significantly 
increased (P < 0.05) in diabetic rats as while HDL level was significantly 
decreased as compared to normal control. The bark extracts of FF 
(200 and 400 mg/kg) significantly decreased the serum TGL, TCL, and 
LDL and increased the HDL when compared with the diabetic control. 

Table 1: Effect of different extracts on oral glucose tolerance test

Group Plasma glucose concentration (mg/dl)

0 min 30 min 90 min
Normal control 73.15±3.24 76.42±2.73 74.83±4.51
Glucose control 76.61±6.17 221.28±5.38# 155.19±3.64#

Glucose + glibenclamide 
(0.5 mg/kg)

78.34±4.42 90.71±3.25* 75.52±5.18*

Extract (200 mg/kg) 75.58±3.71 128.21±4.86* 96.17±4.43*
Extract (400 mg/kg) 74.83±5.36 108.47±3.18* 78.63±3.29*

Values are expressed as mean±SEM (number of animals, n=6); Significantly 
different at #P<0.05 when compared with normal control group; *P<0.05 when 
compared with diabetic control group. SEM: Standard error of the mean

as normal control rats were given drinking water daily for 12  days; 
Group  II consisted of diabetic control rats administered drinking 
water daily for 12 days; Group III diabetic rats administered standard 
drug Glibenclamide (0.50 mg/kg) for 12 days; Group IV diabetic rats 
administered aqueous extract of 200 mg/kg body weight; and Group V 
diabetic rats administered aqueous extract of 400 mg/kg bodyweight. 
The fasting glucose levels were determined on day 0, 7, 14, and 28 of 
extract administration. During the experimental period, the rats were 
weighed daily, and the mean change in body weight was calculated.[17,18]

Estimation of biochemical parameters
On day 12, after the animals were sacrificed by cervical dislocation, the 
biochemical parameters were determined. The tests carried out were total 
cholesterol (TCL), triglycerides (TGL), high‑density lipoprotein (HDL), 
low‑density lipoprotein  (LDL) by glucose oxidase method using 
autoanalyzer.[19,20]

Histopathology
All the animals were sacrificed on the 12th day by cervical dislocation, 
liver were isolated and were subjected to histopathological studies, and 
microscopical findings were noted.

Statistical analysis
The data are expressed as a mean ± standard error of the mean of six 
independent experiments. Statistical significance between group was 
evaluated using one‑way analysis of variance followed by Dunnet’s test 
and Duncan multiple range test with P < 0.05 value was considered as 
statistically significant.

RESULTS
Alpha-glucosidase inhibiting assay
The result of α‑glucosidase inhibiting activity of aqueous extract of 
bark of FF is presented in Figure  1. Since the sample was extracted 
through four different methods to observe the variation in the 
bioactivity, it was found that the extraction process has a great 
influence on the bioactivity of plant extracts. The extract obtained 
through PB has showed the highest activity with the lowest IC50 
values (10.25 ± 4.56 mg/ml FWT). While the CP extract exhibited the 
lowest activity.

Figure 1: α-Glucosidase inhibiting activity of aqueous extracts of Fraxinus 
floribunda. Values with different letters (a, b, c) are significantly (P < 0.05) 
different from each other by Duncan multiple range test. NB: Normal 
boiling; PB: Pressure boiling; S: Soxhlet; CP: Cold percolation
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As expected, standard glibenclamide administered rats significantly 
prevented the increase of TGL, TCL, and LDL and decrease of HDL 
compared to diabetic control. The extracts were able to restore the lipid 
profile of diabetic rats to almost normal level.

Histopathology
The effect of bark extracts of FF on the histological architecture of the 
liver is given in Figure  2. Liver sections of the normal group showed 
normal hepatic structure  [Figure  2a]. Normal hepatic cells were 
observed distinctively forming a network around central veins with 
peripheral portal areas in the surrounding. However, liver sections 
of diabetes‑induced rats showed hepatocellular injury with the 
loss of normal architecture of the liver as compared to the normal 
group  [Figure 2b]. Inflammation and vacuolization of cytoplasm were 
observed. There was dilation in the central vein along with dilation and 
congestion of blood sinusoids. There was also an enlargement of the space 
between the hepatocytes and sinusoidal dilation. This hepatic injury was 
observed to be almost recovered to normal by the extracts  (200 and 
400 mg/kg) of FF bark [Figure 2d and e]. The sinusoids were restored 
with the reduction of enlargement, inflammation of central veins were 
also reduced. Administration of glibenclamide on diabetic rats was able 
to repair the hepatic injury to almost like normal control [Figure 2c].

DISCUSSION
We have already discussed that aqueous decoction of the bark of FF 
is popularly used in traditional medicine for treating diabetic patients 

in some villages of Sikkim. Since there is no scientific validation to its 
usefulness, this work was designed to ascertain the scientific base for 
this. In the traditional system, the simple boiling method is used to 
extract the therapeutic activity of the plant, but this work has focused 
on the other methods of extraction to observe the influence of various 
extraction methods on the bioactivity of the plant. Phytochemicals 
present in plants such as flavonoids, glycosides, terpenoids, alkaloids, 
and carotenoids are often implicated as having antidiabetic effect.[21] 
However, extraction method plays a crucial role in the productivity of 
these bioactive phytochemicals since such health promoters must be 
obtained sufficiently with minimum damage from the raw material.[22]

The samples extracted through four different methods were 
subjected to α‑glucosidase inhibiting assay. Alpha‑glucosidase is 
an enzyme that plays a vital role in modulating PPHG by breaking 
down α‑1,4‑glucosidic linkages of disaccharides. The effects of 
α‑glucosidase inhibitors and their use on delaying the generation 
of blood glucose after food uptake has been established by various 
authors.[23] A distinct variation in antidiabetic activity by the extracts 
was observed. The bark extract of FF obtained through PB showed 
the highest antidiabetic activity with IC50 value 10.25  mg/ml FWT. 
The range of IC50 value increased up to 170.27 mg/ml FWT exhibited 
by CP with lowest antidiabetic activity. Similar results were reported 
previously where boiling under high pressure has extracted the 
highest antioxidant activity in case of FF.[24] According to mass 
transfer phenomena and phase theories, pressure increases the 
permeability and solubility of plant tissue, and there is a diffusivity 

Table 2: Effect of different extracts on fasting plasma glucose level in rats

Group Fasting plasma glucose concentration (mg/dl)

Day 0 Day 7th Day 14th Day 28th

Normal control 78.62±2.15 75.39±5.12 80.17±3.41 74.69±5.28
Diabetic control (STZ) 149.29±3.62# 208.34±2.57# 249.48±5.62# 287.11±2.71#

Diabetic + standard glibenclamide (0.50 mg/kg) 134.43±2.83 112.65±4.32* 90.29±2.39* 75.38±4.68*
Diabetic + extract (200 mg/kg) 129.51±4.34 132.74±3.51* 113.68±4.73* 92.76±2.15*
Diabetic + extract (400 mg/kg) 132.24±3.05 118.43±4.26* 97.36±2.86* 78.42±3.52*

Values are expressed as mean±SEM (number of animals, n=6); Significantly different at #P<0.05 when compared with normal control group; *P<0.05 when compared 
with diabetic control group. SEM: Standard error of the mean

Table 3: Effect of extracts on changes in bodyweight in rats

Group Change in body weight (g)

Before induction After induction After treatment
Normal control 182.32±2.14 171.49±3.28 177.83±2.63
Diabetic control (STZ) 185.21±1.98 139.67±2.68# 112.38±3.86#

Diabetic + standard glibenclamide (0.50 mg/kg) 168.19±3.05 132.72±3.14 175.31±4.56*
Diabetic + extract (200 mg/kg) 176.15±3.53 142.59±2.43 151.84±2.49*
Diabetic + extract (400 mg/kg) 173.64±2.79 146.12±1.54 169.76±2.18*

Values are expressed as mean±SEM (number of animals, n=6); Significantly different at #P<0.05 when compared with normal control group; *P<0.05 when compared 
with diabetic control group. SEM: Standard error of the mean; STZ: Streptozotocin

Table 4: Determination of biochemical parameters after treatment with different extracts

Group Lipid profile (mg/dl)

TGL TCL HDL LDL
Normal control 79.24±3.28 76.65±4.36 72.84±2.68 56.28±4.53
Diabetic control (STZ) 186.37±3.69# 198.41±2.72# 31.56±4.25# 165.69±5.74#

Diabetic + standard glibenclamide (0.50 mg/kg) 78.53±4.17* 72.84±4.69* 76.29±6.43* 63.82±2.28*
Diabetic + extract (200 mg/kg) 96.52±2.69* 101.62±2.81* 51.35±3.79* 85.26±4.15*
Diabetic + extract (400 mg/kg) 83.41±2.47* 79.95±5.24* 70.16±4.41* 58.64±3.26*

Values are expressed as mean±SEM (number of animals, n=6); Significantly different at #P<0.05 when compared with normal control group; *P<0.05 when compared 
with diabetic control group. SEM: Standard error of the mean; TGL: Triglycerides; TCL: Total cholesterol; HDL: High‑density lipoprotein; LDL: Low‑density 
lipoprotein; STZ: Streptozotocin
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of cell components which results in the movement of cellular 
components out of the cell.[25]

The extract obtained from PB was selected for further investigation 
of antidiabetic activity in animal model. There was an improvement 
in glucose tolerance test with the reduction of plasma glucose level 
which indicates the insulin‑mimetic activity or improvement of glucose 
utilization mechanism by the extract.[26] The antidiabetic activity of 
FF extract might be credited to the decrease in damage of pancreatic 
β‑cell, thus improving the production of insulin from the β‑cell of 
the pancreas. Numerous plants have been previously reported to 
have antihyperglycemic activity by insulin stimulating effect.[27,28] The 
mechanisms of actions for plants with antihyperglycemic activity mainly 
include the increase of insulin secretion, control in glucose absorption 
by the intestine, more glucose absorption by muscle and fat tissues, and 
control in the production of glucose from liver cells.[29]

One of the characteristic features of diabetes is the inability of glucose 
uptake by the muscle cells because of low insulin production which 
consequently causes muscle wasting and decrease in bodyweight. 
Induction of STZ in rats will destroy the pancreatic β‑cells due to low 
levels of insulin.[30] Thus, there was a decrease in bodyweight in diabetic 
control rats as compared to normal control ones, which indicate the 
excessive breakdown of tissue proteins causing the loss of body weight 
in diabetes.[31‑34] It was clearly observed that the administration of FF 
extract improved the loss of bodyweight which indicated the control on 
wastage of muscle in diabetes. The FF extract has probably stimulated the 
pancreatic beta cells leading to the production of insulin.
Diabetes affects lipid profile, and the most common lipid abnormalities 
are high TGL and high TCL. In this study, there was an increase in 
TCL and decrease in HDL in diabetic control rats. Deficiency of 
insulin may cause the failure to activate lipoprotein lipase resulting 
into hypertriglyceridemia.[35] However, the bark extract of FF was 

able to control the lipid levels in diabetic rats. In diabetes, LDL brings 
cholesterol to the peripheral tissues to be deposited while HDL carries 
cholesterol to liver from peripheral tissues and helps its excretion. LDL 
is responsible for the deposition of fats in arteries. In this study, we have 
observed a significant decrease in TCL, TGL, and LDL, whereas HDL 
level was significantly increased.
The liver is important and helps the body in controlling blood 
glucose with glycogenesis and glycogenolysis. The liver sections of 
STZ‑induced rats revealed various architectural changes in the liver 
with inflammation of sinusoids, changes in central veins, and portal 
area with vacuolization of cytoplasm. Similar findings were reported 
earlier by many researchers with histopathological changes in the 
liver.[36‑38]

Unlike diabetic control, the liver sections of diabetic rats treated with 
glibenclamide and FF bark extracts showed less histopathological 
changes and improved liver architecture. It indicates the protective effect 
of the extracts to control hepatic injury during diabetes.

CONCLUSION
From the results of this study, it can be concluded that the aqueous extract 
of bark of FF possess antidiabetic activity along with antihyperlipidemic 
property against STZ‑induced hyperglycemia. We also suggest extraction 
of the FF bark with a method involving pressure to acquire better results. 
Our study supports the traditional use of this plant for the treatment of 
diabetes.
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