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Abstract 

 

Secondary metabolites of medicinal plants are a reservoir of naturally active compounds which 

contributing to fulfill the needs of effective treatment of diseases. To accomplish these demands 

new analytical techniques have been introduced in the past to determining the current drug. 

Biological activities are used to provide evidences about presence of active compounds. At present 

plant-derived drugs are used to be more operative than modern drugs as they are less toxic to 

human health but effective in cure. 

Cucumis sativus, Portulaca oleracea, Malus baccata, Saxifraga flagillaris, Geranium 

wallichianum and Monotheca buxifolia were collected from local flora based on ethno botanical 

significance. The extracts of these plants were obtained in 70% ethanol and their subsequent 

fractions were made on polarity based with n-hexane, dichloromethane and ethyl acetate. The 

extracts were screened through various biological activities like antifungal, antimicrobial, 

phytotoxic, anticancer and anti-oxidant. These plants were also subjected to heavy metal, nutrients 

and phytochemical analysis with compound isolation and its application. 

Agar well diffusion method was used to evaluate the antifungal activity. All the tested 

fungal strains Alternaria, Acremonium, Verticellium, Pythium and Tricoderma were susceptible to 

the crude extracts and their fractions of selected medicinal plants. The crude extract of Geranium 

wallichianum was most active against all selected fungal strains with zone of inhibition from 

12.83± 0.95 to 16.06± 0.97, followed by Portulaca oleracae with zone of inhibition ranging from 

10.33± 0.88 to 17.00± 0.58. Saxifraga flagillaris showed zone of inhibition ranging from 7.90± 

0.66 to 15.33± 1.129.  

Antibacterial activity was carried out using agar well diffusion method against 

Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Shigella flexneri and 

Salmonella typhi. Crude extract of Saxifraga flagillaris was most active against all selected 

bacterial strains showing zone of inhibition ranging from 11.67± 0.67 against Shigella flexneri to 

17.67± 0.33 against Escherichia coli. Crude extract of Portulaca oleracae was very potent against 

Staphylococcus aureus with 26.17± 0.73 while showed mild activity against rest of the bacterial 

strains. Malus baccata crude extract also showed mild activity ranging from 11.00± 0.58 against 

Staphylococcus aureus to 13.41± 0.46 against Pseudomonas aeruginosa. Selected bacterial strains 

were resistant to Cucumis sativus crude extract showing least activity of 2.12± 0.12 against 

Salmonella typhi and 4.89± 2.47 against Shigella flexneri. Among the fractions, Saxifraga 

flagillaris n-hexane and DCM fractions were most potent against all selected bacterial strains. 

Zone of inhibition ranging with least value from 21.67 ±0.882 against Salmonella typhi by n-

hexane fraction and high value of 25.33 ±1.4534 against Salmonella typhi by DCM fraction. It 

showed that both fractions have different secondary metabolites which affect the bacteria having 

different zones of inhibition. Fractions of rest of the medicinal plants have potent to mild 

antibacterial activity.  

Antioxidant activity was carried out with DPPH and ABTS assays. The ethyl acetate 

fractions of Saxifraga flagillaris, Malus baccata, Geranium wallichianum and hexane fraction of 
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leaves of Monotheca buxifolia showed strongest activity with IC50 of 18.44, 15.11, 15.52 and 20.89 

respectively. It suggested that the plants possess active antioxidant complexes for curing diseases.  

The results of preliminary phytochemical analysis of the crude extract of selected 

medicinal plants showed that the potentials of curing diseases are due to the presence of alkaloids, 

saponins, glycosides, flavonoids and phenols from low to moderate amounts. 

The heavy metals determination showed that very small amounts of Pb, As, Cd, Hg and Zn 

were present in these plants.  

The proximate analysis showed that these plants have considerable amounts of basic 

nutrients like carbohydrate, proteins, fat, ash and moisture.  

Sandwich method was used for determining phytotoxicity of these plants in terms of radicle 

and plumule length of Lactuca sativa seeds with different concentrations, i.e.  10, 20, and 40mg 

of powdered plant material. The 20mg concentration was more effective then 10 and 40mg.  

Anticancer activity was determined with different concentrations against HepG2 cancer 

cell line using MTT bioassay. All fractions of these plants were active against the HepG2 cancer 

cell line which showed varying degrees of cell viability due to the differences in secondary 

metabolites present in fractions of plants. The n-hexane, DCM and water fraction of Cucumis 

sativus were active anticancer fractions with 26.84%, 56.35% and 60.76% effectiveness. n-hexane 

fraction of Portulaca oleracae with 23.68 % effective. Saxifraga flagillaris n-hexane and DCM 

frictions were the most active with 8.31% and 10.06% cell viability having 92 and 90 % 

effectiveness respectively. N-hexane fraction of Geranium wallichianum showed 21.5% activity 

and leaf n-hexane fraction of Monotheca buxifolia showed 40.9% activity. 

One compound was isolated from extract of Saxifraga flagillaris named adlumine with 

molecular formula C21H21NO6 and molecular weight 383.400. This compound was for the first 

time isolated from Saxifraga flagillaris and was screened for cell viability activity, Apoptosis, 

ROS generation, Caspase-3 and western immunoblotting assays against cancer cell lines. 

The isolated compound was tested for anticancer activity.  The compound adlumine reduce 

the cell viability of HCT 116 and PC3 cells. 20 µg/ml of adlumine individually killed 19.58% HCT 

116 cells. In case of PC3 cells, adlumine caused 35.19% cell death at 10 µg/ml concentration. This 

compound proved toxic for HCT 116 and PC3 cell lines at ≥ 20 µg/ml and ≥ 10 µg/ml 

concentrations respectively. Adlumine increased early apoptosis to 16.8%, while boosted late 

apoptosis to 11.3%. Adlumine induced ROS generation in HCT 116 which may contribute in 

apoptosis induction. Adlumine induced caspase-3- dependent apoptosis in HCT 116 and PC3 cell 

lines. It is sured from the present study that this compound possess potent anticancer activity. The 

present findings suggested that Saxifraga flagillaris plant has potential secondary metabolites for 

curing cancer and other microbial and infectious diseases.  
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Chapter I 

INTRODUCTION AND REVIEW OF LITERATURE 

Plants are considered as one of those substances that are critical to human life on the earth. They 

can meet all the indispensable necessities of the human and also animals either as food, energy, 

medication, ligneous, clothing, shelter, gums and lubricants etc. Plants are massive treasures not 

only from the global environmental perspective but also from the medicinal point of view. Plants 

are embodied with extraordinary and miraculous capabilities that make them remedial, 

ornamental and edible components at the same time. They are valued in any perspective of life. 

All plants ranging from a thorny bush to a tall evergreen tree are playing their role in serving the 

human someway. These medicinal and aromatic plants (MAPs) are of great importance which 

are serving as therapeutic agents since ancient times (Adnan et al., 2010). 

 Nature is the home of medicinal principles provided to the humanity through plants which 

work as the most valuable and diverse source of phytochemicals since ancient times (Panda, et. 

al., 2012). Medicinal aromatic plants accompanied the mankind at every pace of history but no 

specific definition has been presented for this specific group of plants. Usually medicinal plants 

can be defined as those wild or cultured plants that can be directly or indirectly used for curing 

based on their traditional and literary records. Basically these plants contain active components 

that affect the physiological processes of animals and humans (Mathe, 2010).  Conferring to 

World Health Organization (WHO, 1977) medicinal plant can be defined as any plant having 

certain compounds in its parts that can be used as healing mediators or they may act as indicators 

for the preparation of antimicrobial drugs (Okigbo et al., 2009). Moreover, WHO (2001) 

describes medical plant as herbal products shaped by exposing plant ingredients to abstraction, 

partition, purification, corporal and natural progressions, these might be manufactured for 

ingesting as a foundation of plant medication (Okigbo et al., 2009). Marshall (2011) defines 

medicinal plants as products that equip people with medication to check sickness, sustain better 

vigor or treat illnesses. When a plant is said to be medicinal it means that it can be used as drug 

or healing agent or is an integral component of any remedial research. Hence, these represent an 

assembly of plants which hold distinct qualities that succeed them as items of preparations for 

therapeutic purposes (Sani et al., 2014). Aromatic plants have characteristic fragrance which is 

due to their essential oil (Okigbo et al., 2009).  It is estimated that 2 to 5 lacs species of plants 

exist globally (Borris, 1996). Humans and animals use only a slight fraction (1 to 10%) of plants 
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for food but largly used for therapeutic purposes (Moerman, 1996). About 80 thousands of plant 

are used for medicinal purposed (Borris, 1996). Currently more than 1340 plants are 

acknowledged as potential sources of antimicrobial compounds (Gould, 1996; Hayashi et al., 

2014).  

1.1 History of Medicinal Plants 

The history of plants as medicines runs parallel with the creation of life on earth. The 

practice of plants as medication is as ancient as anthropoid evolution. For the long period of time, 

plants were the sole and valuable resource of natural products for maintaining human health. 

These plant stocks have been used for the curing of serious diseases around the sphere earlier 

then the beginning of contemporary drugs.  Medicinal plants served as principal basis of 

healthiness at the very beginning when human beings started to live on this earth and still they 

are used as traditional medicine. It is a long journey from a wild useless plant to the therapeutic 

agent used for the treatment of diseases.  Subsequent interpretations and investigations make 

medicinal plants as an imperative reliable sources of medicines.  Any plant organ, either that is 

leaf, shoot, root, fruit and seed can act as medicinal part. In the begining there was no knowledge 

about phytochemistry of plants but ancient people were of the view that these plants have 

astringent power for treatment of diseases. 

The world most primitive manuscript relating to medicinal plants dates back to 60,000 

BC and was found at the oldest archaeological remains at Shanidar IV, an archeological site in 

current Iraq (Gurib-Fakim, 2006; Ortega, 2009).This record showed that the medicinal plant are 

serving as curing agents from Neanderthal man to the modern man. Pollen of many plants like 

Centaurea solstitialis (Asteraceae), Ephedra altissima (Ephedraceae), Althea spp. (Malvaceae) 

amongst others are used as medication (Gurib-Fakim, 2006). The earliest analgesic “Alcohol” 

was prepared as far back as 6400 BC by fermenting grapes and berries in warm place (Ortega, 

2009). Approximately 5,000 years old Sumerians clay tablet from Nagpur comprised of 12 drug 

methods denoting about 250 plants, several of them were alkaloids like poppy, henbane, and 

mandrake (Petrovska, 2012). The Babylonians and Assyrians also recorded such prescriptions 

on clay tablets. The legendary Chinese Emperor Shen Nung in his pharmacopeia on roots and 

grasses “Pen T’Sao,” mentioned 365 drugs, few of them are still in use such as Rhei 

rhisoma, Theae folium, Phodophyllum, the great yellow gentian, ginseng, jimson weed, camphor, 

Cinnamon bark, and Ephedra (Gurib-Fakim, 2006). Middle East was the seat of culture and 



3 
 

civilization and it is considered that most of the modern plants were first cultivated there. The 

Egyptians documented pharmaceutical records as wall canvases of graves and on papyrus 

(Cyperus aquaticus). Among these the ebers papyrus documented during 1500BC which is 

comprised of over 800 prescriptions from before 3000 BC related to 700 plant species such as 

pomegranate, castor oil plant, aloe, senna, garlic, onion, fig, coriander, juniper etc (Kelly, 2009; 

Petrovska, 2012). So Egyptian pharmaceuticals documented the herbal drugs from mouthwashes, 

prescriptions and mixtures to balms (Dias et al., 2012). Egyptians mostly contributed in creating 

a preservation method- mummification and dentistry along with other works (Kelly, 2006). 

The recorded history of Indus Valley Civilization exposed proofs in provision of the 

practice of herbal drugs by its inhabitants. In the history of Indian system of medicine, the period 

between 800 BC-1000 AD is considered as the Golden Era of Indian Medicine when Ayurveda 

medicine flourished with its full glory and even nowadays it is considered as the best herbal 

healthcare system. Indian history of medicine reflects the great advances in surgical methods 

especially plastic surgery (Kelly, 2006). Alternative to Ayuverda, the most popular healthcare 

system among Muslims is Unani-tib which is deeply rooted in the Greek mythology (Gurib-

Fakim, 2006). Greeks owed the ideas about medicine and healthcare from ancients Egyptians 

and today they are transferring it to the modern man (Kelly, 2006). Greeks were the first who 

regarded medicine as science and freed it from the realm of superstitions and speculation. Of 

them most important figures is Hippocrates (460 BC) called father of medicine. His most 

important work Materia Medica document over 300 medicinal plants. Certain of the remedial 

plants he demarcated are wormwood and common centaury (Centaurium umbellatum) for 

temperature; garlic for intestine fleas; opium, henbane, deadly nightshade, and mandrake as 

sadative; scented hellebore and haselwort as emetics; sea onion, celery, parsley, asparagus, and 

garlic as diuretics; oak and pomegranate as astringents. Theophrastus (371-287) classified the 

known plants at that time into many groups in his manuscript, Historia Plantarium. Successively, 

Greek Philosphers enriched the world of medicine to a great extent with their contribution 

(Petrovska, 2012).  Hippocrates adopted patient centered philosophy (Kelly, 2006). 

The Father of Pharmacognosy “Discorides”, a Greek physicians studied many medicinal 

plants while travelling with the Roman army. In his work De Materia medica (77 AD) he 

described 940 drugs, 657 are of plant origin. This book has been translated in many languages 

and is considered as most the authentic work on drugs and is still valued in many European 



4 
 

countries. He appreciated the domestic plants such as willows, garlic, onions etc. Another 

outstanding figure is a pharmacist Galen (131-200 AD) who provided such a foundation to 

medicine, which became a magnificent edifice with the work of Arab scholars later on 

(Petrovska, 2012).   

The middle ages addresses the influence of religious traditions on the practice of medicine 

and eventually with the establishment of many universities (Kelly, 2006).  Approximately 1000 

years ago, Baghdad was a principal place of homoeopathic education for all the people 

irrespective of their traditions and religions; Muslims, Christians and Jewish intellectuals 

collaborated in assembling a treasure of scripts, written by Persian-Mesopotamian, Byzantine-

Greek and Indian traditions (Ortega, 2009). It was the era when Arab scholars enlightened the 

world with their scientific thinking and discoveries, they were the first who run their privately 

owned pharmacies such as Ibn-e-Sina (Dias et al., 2012).  Arabs introduced many new planst to 

the field of medicine which are still used throughout the world. With the advancement in 

technology, herbalism took a new turn, the simple use of herbal prescriptions from decoctions, 

infusions and teas was converted to the isolation of modern drugs. The discovery of alkaloids 

from plants called the commencement of scientific pharmacy (Petrovska, 2012). Earliest drug 

from traditional folklore that became a modern drug by the end of the 18th century was Digitalis 

purpurea L. This great achievement directed to the innovation of different modern drugs and 

paved the way for the inauguration of the modern pharmacology (Gold man, 2001).  

1.2 Medicinal Plants: An Islamic Perspective 

Life and diseases go side by side with each other. They are like flowers and thorns, day 

and night, hilarity and sorrow, heaven and hell. Where there is life, there will be diseases. Some 

diseases are considered fatal for life such as cancer. But still there is a solution to this problem 

as there is a shining star or a beam of light in the middle of darks. In the similar way the medicinal 

plants produce compounds for the treatment of many diseases and act as rain drops in the hot 

deserts after a long famine. The Holy Prophet said “Allah has made a disease along its cure, 

excluding single illness, that is old age” (Al-Qadr, 2007). In Islam two methods are used to treat 

a diseases. 

Therapy of soul with prayers 

Therapy of diseases with medicinal plants (Al-Hilai & Khan, 1985). 
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The Holy Quran is the everlasting and never ending center of Islam which is full of symbols and 

sections which provide guidance to the societies of diverse eras and of disparate intellectuals and 

of academic experiences that have faith in Islam. The Holy Quran shelters all feature of life and 

has complete insight knowledge. It states “Nothing has been ignored in this Document, The Al-

Quran” (Surah An- Nahl, Verse # 89). It is reported that recitation of Surah Fatiha is useful in 

the treatment of about 99 different diseases.   

Medicinal uses of the plants have been explored through the observations and 

experimentations of different communities of the world. The Holy Quran is the best orientation 

book unfolding the significance of herbs for treating diseases in several Surah’s. Honey sweetest 

tasty and a product of different plant species, is mentioned in the Holy Quran to evaluate its 

medicinal importance (Ahmad et al., 2009). Honey results due to the sucking of sweet juices of 

flowers and fruits by bees and forms within their bodies. Science proves this fact that honey 

comes from the belly of bees only two or three centuries ago but Holy Quran has clarified this 

fact 1400 years ago. According to the Holy Quran “every issue has its solution in a different way, 

which is remedial for creatures” (Surah An-Nahl, Verse # 69). Science has now proved that honey 

has healing ability and is also mild antiseptic (Naik, 2012). Medicinal plants mentioned in the 

Holy Quran include onion, garlic, pomegranates, grapes, bottle gourd, dates, cucumber, figs, 

lentils, olives, ginger and sweet basil (Ahmad et al., 2009; Marwat et al., 2009). Treatment of 

illnesses with plants is a significant element of Islamic instructions and campaigns. The journey 

of Islamic medicines remained underway from Hazrat Adam (Alaihe Salaam) and was 

accomplished by Hazrat Muhammad (PBUH) but hunting and accumulating of plants for 

medicines is still continued even after the departure of the Holy Prophet Mohammad (PBUH) 

round the globe. Al-Quran is the greatest reference book about the plants as healers in various 

Surah’s as in Al-Moamenoon, Ar-Rehman, Al-Baqra and Al-Inam (Nasir, 1976). The importance 

of these plants for healing is currently accepted by all the communities of the world which is 

supported by scientific research. 

The botanical research of the muslim scholars dates back to 7th century AD. This not only 

covered the studies to classify and describe plants but also the study of their healing properties 

and many other uses. Their keen interest in this field opened the door of the study of medicinal 

and agricultural aspects of the floral kingdom (Naik, 2012). The compilation of the Islamic 

medicine also started from 2nd era of Hijri (7th century AD) when “Tib-e-Nabvi” was compiled 
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by Abdul Malek Ben Habeb Undlesi.  Then many Muslim scholars like Ali ben Mosa and Imam 

Kazem Ben Jafar and many other Muslim scholars and physicians also worked on Islamic 

medicines (Ghaznavi, 1987). 

1.3 Universal Use of Medicinal Plants 

Throughout the ages, plants were used for remedial purposes along with other uses. They 

were used mostly in any type of disease (minor wound to chronic heart disease). A big fraction 

of the world population, particularly in the developing countries relies on the habit of traditional 

plant system of remedy for the handling of various health problems. Peoples in the rural areas 

have no knowledge about the different phytochemicals present in these medicinal plants. But 

they have a belief, that these medicinal plants possess astringent power for the diseases which is 

also used by their forefathers. Several hundreds plants genera are utilized for medicinal purposes. 

These acts as key sources for effective and useful drugs (Ahmad et al., 1998).  Health care and 

botany have grown as close dominions of human activity: the medicine man (shaman) is often 

stared is the first botanical expert in human history. While western medication, is imparted in 

most medical schools round the world, has largely converted from natural to industrial drugs 

(Van-Seters, 2003).From the former eras the drift is shifting from contemporary medicines to 

customary medicinal system that make use of herbal drugs and remedies, also in developed 

countries. Conferring to a fresh study in Member States of the European Union, 1400 herbal 

provisions are in extensive use. In Belgium, France, Germany and the Netherlands herbal 

preparations are of prior importance in healthcare needs. The popularity of herbal preparations 

can be judged from their increasing importance in cosmetic industry such as skin muscle re-

generators, anti-wrinkling agents, antiage creams, in maintaining the individual fitness and 

comfort (Hoareau and DaSilva, 1999). According to another analysisof (Organization for 

Economic Co-operation and Development -OECD), above 25% of all medicine in the developed  

countries and up to 60% of those in Eastern Europe are herbal products either unchanged or 

slightly changed (Van-Seters, 2003).  

The custom of therapeutic floras in developing countries as a normative root for worthy 

vigor has been generally observed. The cumulative dependence on medicinal plants in the 

industrial citizens has been drawn to the abstraction, growth of numerous drugs and Chemo-

therapeutics from these plants and from generally used rural remedies. Furthermore, in these 

cultures, plant medicines are normally use in the cure of slight sicknesses and also on version of 
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the increased expenditures of individual health maintenance (Okigbo et al., 2009).  According to 

an estimate, nowadays, about one third of the world inhabitants rest on medicinal plants for their 

primary healthcare needs. According to World Health Organization (W.H.O), 70% of the world 

population uses medicinal plants to cure diseases through their traditional local practitioners. 

Presently, the production and processing of these plants to get cheaper and effective medicines 

is encouraged all over the world including developed countries like China, Germany, France, 

Japan, USA and UK. Similarly in rising countries like Pakistan and India, most of the people 

depend upon traditional system of medicine. Very low percentage of population takes benefits 

from the modern medicines and healthcare (Ahmad et al., 2009). Medicinal plants prevailed for 

centuries in the treatment of different diseases. These are reasonably guarantee their great 

medicinal value, efficiency and safety. Their universal involvement in the medicine sector is 

evident from a widespread use in all the major systems of medicine. Now a days Ayurvedic, 

Hoemoeo and Unani, physicians’ use numerous species of medicinal plants in herbal remedies 

and their remedies chiefly depend on these plants (Narayana and Thammanna, 1987). Herbal 

medicines have typically been practice in the shape of fruits or vegetables, flowers, leaves, root 

stem, preparations or decoctions for curing the sicknesses and for maintaining healthiness (Sahito 

et al., 2003). Some common health problems in our rural areas such as skin disease, diarrhea, 

diabetes, malaria, respiratory infections, fungal and bacterial infections have treated by using 

numerous herbal and traditional remedies. Any part of the plant can act as medicinal agent. The 

difference is some important healing compounds are abundant in one organ as compared to the 

other organ/part of the plant body (Pinn, 2000).  

Use of herbal traditional remedies in the Asia a long history with the nature. According 

to a survey conducted by World Health Organization (WHO), traditional practitioners treat 65% 

patients in Srilanka, 60% in Indonesia, 75% in Nepal, 85% in Mayanmer, 80% in India, and 90% 

in Bangladesh. In Pakistan 60% of the population, especially in rural areas relies on the herbal 

preparations, prescribed by their traditional local practitioners (Hakims) for their health care 

needs (Gilani et al., 2001; Ahmed et al., 2004). According to Planta and Gundersen (2000) about 

56% lower income world population relies on herbal medicine and supplementation for their 

primary health care needs. In China about 40% of herbs are used in medication. In Thailand, 

mostly legumes are used in medication belong to the caesalpiniaceae, the fabaceae and the 
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mimosaceae. In Japan, the demand for herbal therapeutic products is more than conventional 

pharma-cological products (Hoareau and DaSilva, 1999). 

1.4 Medicinal Plants and Modern Synthetic Antibiotics 

The herbal products symbolize safety as compared to synthetic compounds which are 

nither safe and not environment friendly. Throughout the ages plants have been valued for their 

medicinal, nutritive, aromatic and flavoring qualities. The advent of modern synthetic drugs 

staged the era of modern synthetic medicines which for a while completely bypassed the herbal 

medicines. Now the people are coming back to the natural curing substances as synthetic 

medicines are unsafe. The use of herbal antimicrobials is because of several side effects of 

allelopathic medicines. Plant’s derived drugs are fairly safe than synthetic medicines, posing 

reflective beneficial effects and reasonable treatment (Okigbo et al., 2009).  

Herbal products are preferred over the modern synthetic drugs. As compared to synthetic 

medications built on solitary chemicals formula, many plant based drugs apply their useful effects 

by the preservative or mutualistic act of numerous biochemical complexes, working solitary or 

many spots related with a functional process (Okigbo et al., 2009). Population is increasing day 

by day globally with a rapid speed due to poor health hygiene new resistant infectious agents and 

diseases have arised. Modern synthetic medicines becoming insufficient to control these 

problems. In such circumstances the use of herbal drugs are the best alternative oppertunity. 

Comparatively, herbal medicines are easily available, more effective, chemically balanced and 

not too much expensive and with less harmful effects on human and environment. Numerous 

herbal remedies are used to control infectious diseases. Plant materials used in local medicines 

are freely available in country sides economically than current medicines (Mann et al., 2008). 

These are environment friendly. The demand of herbal drugs are increased. Therefore the need 

for the search of plants having miraculous medicinal abilities also increased. Every plant 

produces useful phytochemicals but which needed is to explore it (Panda et al., 2012). Even the 

deadly poisonous plants are helpful in controlling diseases when used carefully in specified 

conditions. Great example is of Digitalis species which are used in the medicines for curing heart 

diseases. 

1.5 Use of Medicinal Plants in Pakistan  

  Pakistan has rich in natural flora including twittering mosses, blooming fields, lush green 

woodlands, charming, attractive and fragrant flowers, delicious fruits and the natural economy 
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of medicinal plants. Pakistan has diverse climatic regions and an exceptional biodiversity of 

about 6,000 species of higher plants (Shinwari et al., 2002). It has been described that 600 to 700 

species are used medicinally (Ali and Qaiser, 1986; Khan et al., 2012) which makes up to 12% 

of the total flora (Shinwari et al., 2011). The native groups of diverse regions of Pakistan have 

century’s old familiarity and information of customary usages of plants growing in the regions. 

The indigenous knowledge about medicinal plants has been transferring after generation to 

generation.  These plants cure almost all types of illnesses i.e. headache to serious stomach 

diseases and cut to wound (Bhardwaj and Gakhar, 2005). In early 1950 about 84% of Pakistanis 

rely on herbal drugs for health practices. Presently due to the changing trends in resources and 

culture people in the far-away rural areas use herbal drugs for medication (Alam et al., 2011). 

Some of the essential therapeutic herbs are commercially cultivated for isolation of various types 

of active components while some are used as phytomedicine by the local communities. Though 

changed systems of Unani, Ayurvedic medicines (Eastern medicines) used different medicinal 

plants in their herbal remedies and have largely preserved this precious wealth about the floristic 

resources yet it is in the threat of being lost. Likewise the therapeutic herbs are chief source of 

earnings for poor people as well as for medicinal plants traders and ex-porters and yet no farming 

of these therapeutic plants are experienced in Pakistan (Shinwari, 2010). Tibbia Dawakhana 

(herbal centers of homegrown doctors known as hakims) mostly produce plant based products. 

Unani medication is playing a major role for treating diseases. Pakistan remain among those 

states where normal Unani medication is extensively experienced amongst its population (Khan 

et al., 2012). The doctors’ exercises these methods are called as “Hakims”. It initiated in Greece, 

created by prehistoric Greek philosophers and during the era of Islamic civilization muslims used 

it and muslim scholars and physicians brought to the Indo-Pak subcontinent. These muslims 

scholars and physicians practiced herbal medicines for a long period of time. Old-fashioned 

Unani medication greatly reley on curative foliage plants (Ahmad et al., 2003). 

According to an estimate Pakistan is the 8th leading country in respect of medicinal plants. 

Some 2000 medicinal plant species are found in Pakistan, 456 medicinal plants are traded and 

used in more than 350 traditional preparations to treat numerous diseases. Among these Ephedra 

procera used to cure bronchial asthma, hay fever and as a heart stimulant. Baluchistan is consider 

as a major Ephedra procera supplier to the world. Northern areas of Pakistan have rich diversity 

of medicinal plants. There are some 273 endemic species which are 4% of the total flora (Rizvi 
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et al., 2007). These thrive the peak regions of northern areas of Pakistan. Mostly in the Chitral, 

Kashmir, and northern Baluchistan.  In which some of the medicinal plants include Glycrrhiza 

glabra, Valeriana officinalis, Atropa belladonna etc. Medicinal plants are also exported to other 

countries of the world. Many herbal industries work in Pakistan. These herbal industries include 

Qarshi, Hamdard etc. They produce a wide range of products from jam jellies to medicines. 

Due to inexperience collectors, these medicinal plants are decreasing day by day. To get 

more money in less time these collectors sometime uproot the plant which is very dangerous. 

There are no rules and regulations for the collection of these medicinal plants in Pakistan. Also 

the government does not pay attention to this sector. People heartlessly uproot these plants from 

the soil and use that area for commercial purposes. Due to this practice some of the valuable 

species have become threatened while some endemic. Although the country has ironic legacy of 

knowledge on the use of plants drugs but slight devotion had been given to cultivate them as field 

harvests in the country till the latter part of the nineteenths century (Khan et al., 2012). More 

than 10% of the Pakistani vegetation is threatened (Shinwari et al., 2002). The knowledge is 

partial on the protection of native plant species; but, there is a ration of debate in the existing 

data. Many researchers reported 709 plants are vulnerable and threatened in Pakistan while some 

researchers reported about 580-650 vulnerable plants (Haq, 2011). Ali and Qaiser (2010) 

reported only 21 flowering plants that are vulnerable in Pakistan. Some plant species (about 12% 

of the total) have been expected as vulnerable or threatened due to deficiency of satisfactory 

rainfalls in last years, habitat destruction, over-utilization of monetary plants, induction of 

unacquainted species and ecological pollution. Presently no one appears to be involved in 

preserving the vegetation which might verify to be irresistible in long run. For example the old 

Juniper forests in Ziarat (Baluchistan) which are deteriorating due to deforestation. 

Table 1.1 Utilization and Wastage of medicinal plants in Pakistan 

Availability of quality material Questionable 

Price difference  (collector to consumer) Above 100% 

Species available in market Above 300 

Species used as medicine Above 2000 

Total species of valuable plants Above 6000 

Trained collector None 

Wastage from collector to consumer Above 50% 

http://www.pakistanpaedia.com/oth/OTH.html
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1.6 Threats to Medicinal Plants 

Owing to current emergence of new diseases and use of new drugs, medicinal plants have 

gained much scientific and commercial attention which has implicated great pressure on the wild 

medicinal biodiversity. Overharvesting, habitats destruction and bio-prospecting for novels has 

put medicinal plants at extermination. Previously, near 15,000 medicinal plant might be 

vulnerable with extermination universally. Specialists’ estimated that the Globe is trailing at least 

one main possible medicine each two years (Shinwari & Qaiser, 2011). Furthermore 

anthropogenic events counting deforestation, overgrazing, overexploitation and unscientific 

means of collections of plants have also exhausted the plentiful of medicinal capital (Qamar et 

al., 2010). In the past decades, it is thought that near 43% of the forest ecology has been vanished 

by human actions (Odugbemi, 2008). According to a report by the medicinal plant specialist 

group of the world conservation union (IUCN) minimum 15, 000 plant types are consumed in 

plant harvests might be vulnerable, several have uninterrupted effect of unmanageable gathering 

experiences (Marshall, 2011). 

1.7 Development of Modern Medicine 

The great treasure of knowledge of traditional medicine relying on plants, before arriving 

to the modern man and to take form of modern medicine, herbal medicine has passed through 

many phases and generations. First Generation: The first generations of plant medication were 

simple vegetal ingredients working either in the crude form. These prescriptions like Cinchona, 

Opium, Belladonna and Aloe were choosen on the basis of experiential proofs, gathered by 

traditional practitioners. Second Generation:  second generation emerged due to the industrial 

revolution which encompassed the systematic handling of the plant excerpts for isolation of their 

dynamic ingredients. The second-generation of phyto-pharmaceutical proxies were 

unadulterated particles which complexes vary from the synthetic healing mediator  in their source 

of origin, for instance taxol from Taxus spp., quinine from Cinchona and reserpine from 

Rauvolfia spp. Third Generation: the expansion of third generation of phyto medication, the 

preparation is built on skillful double-blind experimental and biological trainings with phyto-

medicine to increases the superiority, efficiency, constancy and security of the folmulations 

(Okigbo and Mmek, 2006; Iwu et al., 1999). 
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1.7.1 Medicinal Plants as Antifungal Agents  

Medicinal plants denote to the group of plants applied for healing or to have 

pharmacological activities for human and animal (Kusuma et al., 2014). Pathogenic fungi are the 

transmissible proxies causing various diseases. Fruits and vegetables,there are  varied diversity 

of fungiform types producing harms to product worth linked to feature, nutritious worth, 

physiognomies charecters and restricting shelflife. Furthermore, incidentally mycological strains 

are liable in ceertain circumstances for allergic or lethal complaints amongst users due to the 

mycotoxins or allergens produced by them (Dellavalle et al., 2011). Biochemical fungicides has 

often been used to switch fungal infections, but this is related to adverse ecological influences, 

possible human contact to insecticides, and statement of remains on the fruits. Nevertheless, the 

efficiency of synthetic fungicides has been condensed by the recurrent growth of resistance by 

the pathogens. Therefore, there is a pronounced call for harmless substitute and effective chemo-

therapeutic mediators (Sales et al., 2016). Bio-active plant products can be obtained from species 

with good antifungal activity, such as leaf pulp of Aloe vera (De Rodrıguez,et.al., 

2005), Barbaloin is C-glucoside isolated from Aleo (Patel et al., 2012), and Allium sativum L. 

can ihibit the growth of Mycosphaerella eumusae causing leaf spot disease of banana 

(Thangavelu et al., 2013) as well as from Myroxylon balsamum  (balm of Tolu), by different 

extraction methods. Still, the balm of Tolu is used in drug as an antiseptic, antiparasitic, and 

cicatrizant mediator (Sales et al., 2016). 

1.7.2 Medicinal Plants as Antibacterial Agents 

Medicinal plants products as unalloyed complexes or as homogenous extracts, offer 

infinite chances for new drugs discovery due to the incomparable availability of biochemical 

variety (Sasidharan et al., 2011). 25% of the medications approved universally originate from 

medicinal plants, about 121 compounds are in active use and 252 prescriptions thought as 

elementary and important by the World Health Organization (WHO), a substantial number of 

synthetic medicines acquired from natural ancestors. For instances medicines acquired from 

herbal sources are digoxine of Digitalis spp., quinin and quinidin of Cinchona spp., vincristrins 

and vinblastin of Catharanthus roseus, atropine of Atropa belladona and morphine and codeine 

of Papaver somniferum. So, it was expected that 60 percent of medicine of against tumor and 

infectious are present in the marketplace and scientific trials are plant based (Rates, 2001). 

Antibiotics mostly fight against infective orgnisms causing diseases. The constraint of losing 
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efficiency of drugs against microbial stains is the progressive increase of immune in microbes 

and thier hostility is increasing all over the world, consequently therapy failure are increasing. 

Infectious diseases are the cause of deaths about one-half of all demises in worldwide. In 1981 

deaths from infections was on 5th grade while it has turn into the 3rd principal reason of death in 

1992 (increase of 58%) (Pinner et al., 1996). Above hundreds of herbal products are used 

traditionally in medicines to cures the bacterial diseases (Martin et al., 2003). Though numerous 

have been cured by pharmaceutical methods, still there is a rising concern in the use of natural 

products by the locals. In addition to the medicinal industry remains to scrutinize their potential 

as bases of novel growth aspect, immune-modulatory and antimicrobial activity (Ghose et al., 

2003). Quinine (cinchona) and berberine (Berberis) are the antibiotics medicies extremely 

effective against microorganisms (Staphylococcus aureus and Escherichia coli) (Mareedass and 

Britto, 2008).  

Henry et al., (2015) reported that toxins secreted by S. aureus and S. pneumonia can be 

cured with liposomes which can be used singly or in combination with other antibiotic against 

bacterial agents. Chrysothol, madreporanone and stachytriol isolated from Azorella cryptantha 

showed strong antimicrobial activities against enterobacteria E. coli and S. enteritidis (Lima et 

al., 2015). Catharanthus roseus leaf extracts displayed maximum antibacterial activity against 

E.coli, Pseudomonas spp and Streptococcus spp. (Shanmugaraju & Bhakyaraj, 2016).  

1.7.3 Medicinal Plants as Phytotoxic Agents  

Germination of seeds and plant development is altered by allelopathy. Therefore 

germination is important way for the learning of allelopathy. Allelopathy has a significant part 

in agriculture which disturbs the progress and magnitude of the crops by the exchange of 

chemicals among crops, weeds and trees. Allelochemicals secreted by unknown plants 

significantly affect the intrinsic plants regardless of native species secreted allelochemicals or 

not (Ramgunde & Chaturvedi, 2016). Allelochemicals can alter the contents of plant growth 

hormones or make inequalities in many phyto-hormones, which hinders plant growth and 

development, for instance, with respect to germination of seed and sapling growth. 

Allelochemicals of phenolic nature can motivate IAA oxidase activity and obstruct the reaction 

of POD with IAA, unavoidable GA or IAA to effect endogenous hormone stages (Cheng and 

Cheng, 2015). Fujii et al., (2003) evaluated the allelopathic activities of 239 medicinal species 

using the sandwich method and 223 species of them were found to inhibit the seeds germination. 
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While 17 species were found to stimulate lettuce radicle growth. Fujii et al., (2003) reported the 

allelopathic effect from leaf mess leachates on lettuce seed germination and found inhibitory 

action determined by the sandwich method. Gilani et al., (2010) screened 81 Pakistani medicinal 

plants and found that plants with allelopathic potentials also have stimulatory effects side by side 

with inhibition. 

1.7.4 Medicinal Plants as Anti-Cancer Agents 

Ethno-medicinal plants have made a marvelous input in the finding of new medications 

against diverse diseases including cancer. Recent surveys with plant products have recovered 

fame for their natural implication and utility of their fundamental variety. Documentation of 

conventionally active anticancer plants and assessment of their essential mechanisms could be 

supportive in finding of novel anticancer drugs (Akash et al., 2015). The struggle to novelty of 

anticancer proxies from vegetation was initiated by the US National Cancer institute (NCI) in 

1957. Subsequently the beginning of program by NCI about 35,000 plant species had inspected 

and rose in the finding of anticancer drugs like Vincristine, Vinblastine, Taxol, Indicine–N-oxide, 

Etoposide analogs, Camptothecin and analogs etc. (Shaikh et al., 2016). Cancer is amongst the 

foremost causes of illness and death universally. Recorded in 2012 that 8.2 million cancer deaths 

and about 14 million new cases were reported. The figure might be rise to 70% by the next two 

decades. In 2012 lung, prostate, colorectum, stomach and liver cancer were most common 

amongst men. While breast, colorectum, lung, cervix and stomach cancers mostly diagnosed in 

women. It has predicted that yearly the cancer reports may increase from 14 million in 2012 to 

22 in the subsequent two decades (Friedlander et al., 2015). Plant-derived complex like vinca 

alkaloids, Taxol disturbs role of microtubule (Xiao et al., 2006), Curcumin (diferuloyl-methane) 

is the best noticeable chemo-preventive proxy and a polyphenol (Jackson et al., 2013), 

Catharanthus roseus have more than 95 alkaloids such as vinblastine and vincristine. The genus 

Taxus (Taxaceae), as the main source for paclitaxel. Colchicine and demecolcine are isolated 

from Colchicum autumnale, Podophyllotoxin is obtained from May apple, “Podophyllum 

hexandrum” and Pelargonium peltatum (Berberidaceae). Camptothecin is primarily obtained 

from the Happy tree (Camptotheca acuminate) (Khani et al., 2012). The alkaloids harmine, 

emetine, and sanguinarine persuade cell cycle detention is dose and time dependent mode against 

human cancer cells, including breast cancer cell MCF-7, cervical cancer cell HeLa and SiHa 

(Zhao, 2010). Flavopiridol, a flavonoid presently in cancer scientific experiments, hinders cycle 
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reliant on kinases (CDKs) through reasonable obstructive in their ATP-binding sites. But, still 

the pathway of action of flavopiridol against cancer cell has not been totally explained (Lam et 

al., 2001). Medicinal plants are still remained a very useful entity for new drugs discoveries 

treating cancer and many other diseases. 

1.7.5 Medicinal Plants as Antioxidant Agents 

Antioxidant is a constituent, while existing in little amounts comparative to the oxidizable 

substance expressively interrupt or decreases oxidation of the substance. Antioxidants are 

naturally present in herbs which fight oxidative impairment in living individuals. Antioxidant 

succeeds this by reducing or averting the oxidation course which could hurt cells in livingbiengs. 

Thus it fixes by oxidizing it-self in organelles of cells in organisms. So antioxidant may also be 

designated as a dropping mediator. Antioxidants contest against destruction caused by open 

radicals formed because of oxidative strain. Even the living organims have their own resistance 

in contrast to oxidative strain, but become feeble with oldness or with illness. Antioxidants are 

hydrophilic either hydrophobic. Water soluble or hydrophilic antioxidants are energetic in the 

blood plasma whereas the water insoluble antioxidants shelter cell casings (Halliwell et al., 

1995a; Halliwell et al., 1995b). Plants produce a large number of secondary metabolites. The 

secondary metabolites are alkaloids, terpenes, phenols, flavonoids etc. Phenols are low molecular 

weight substances and high molecular weight are polyphenols. These amount and types vary with 

plant species (El Gharras, 2009). Human diseases like cardiac problems, molecular degeneration, 

diabetes, cancer and other infectious diseases are all subjective to oxidative impairment occur in 

cells. That’s why there is increase interest to know the antioxidants mechanism of action which 

actually said to interrupt or eliminate free radicals from cells. Ames et al., (1993) described that 

antioxidants prevent damage to membranes, improve blood stream to heart and brain, check DNA 

damage, and lower the risks of cancer. Jo et al., (2006) also showed that antioxidants either inhibit 

or slow the oxidative impairment connected with too many diseases like cancer, alzhmir and 

aging. Chromogenic acid, which is present in coffee, is stated to have useful result in heart disease 

(Bonita et al., 2007) and also decline the danger of diabetes type II (Bidel et al., 2008). It is 

reported that the reactive oxygen species (ROS)  are complicated in chronic diseases so these 

diseases can be arrested or check by defensive complexes which have potential to hinder the 

formation of reactive oxygen species (ROS), scavenge free radicals, or chelate metals these 

complexes are termed as antioxidants (Panteleon et al., 2008). The human body have natural 
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antioxidant systems which deal with free radicals produce internally. These are divided into 

enzymatic and non-enzymatic clusters. Superoxide dismutase, gluthathione peroxidase and 

catalase are the examples of enzymatic antioxidants and β-carotene, vitamin C, and vitamin E 

are non-enzymatic antioxidants (Moon & Shibamoto, 2009). Medicinal plants have substantial 

quantities of antioxidants which are flavonoids, phenols and polyphenolics compounds to avoid 

the body from oxidative strain that may be triggered by reactive oxygen and nitrogen species. So 

antioxidants combat these reactive species in good well of human health (Seifu et al., 2012). 

1.7.6 Heavy Metals and Medicinal Plants 

Many elements existing in the living organisms and metabolic retorts are accredited to 

them. Nature has provided to the human herbal medications in diverse situations and 

environment. Possibly all basic doctrines relating to human remedy have been resultant from 

plants and herbs (Shirin et al., 2010). Human are stimulated to ingest more veggetables, fruits 

and herbs which are the springs of vitamins, minerals, fiber and other valuables for health. Plants 

have both toxic and non-toxic metals at different concentration. Plants absorbing water along 

minerals and metals from soil and deposits these in its different parts. Medicinal plants are 

universally used in cure of innumerable diseases in herbal, Ayurveda, Unani and homeopathic 

systems of medicines in various forms and standardized extracts. Plants contain secondary 

metabolites which not only produce substances (alkaloids) but they also contaminated with 

pollutants like heavy metals, which are dangerous to living organisms (Cereda and Mattos, 1996). 

Chen (2005) reported the concentration on cadmium, cobalt, copper, iron, manganese, nickel, 

lead, zinc and mercury in 42 Chinese herbal medicinal plants. All the models had comparative to 

the other metal, higher concentrations of iron, manganese, and zinc. Few samples were found to 

comprise quite higher concentrations of the toxic metals such as cadmium, lead, and mercury. 

This was perhaps triggered by adulteration in air-drying and preservation. The most common 

heavy metals concerned in human toxicity contain lead, mercury, arsenic, and cadmium, though 

aluminum and cobalt may also cause toxicity. The world health organization commends that 

medicinal plants, which form the fresh materials for most herbal mixtures, must be tested for the 

incidence of heavy metals. But, most of the people, living in that parts where these plants breed, 

crop them locally for individual or domestic use without testing for heavy metal accumulation. 

The over all concept that medicinal plants are harmless and less heavy metal toxicity could be 

misinterpreted (Anon et al., 2013). The metals like As, Cd, Hg, Pb are very lethal to individuals 
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and environment. Plants are proposed as possible bio-sorbents for essential and non-essential 

metals from the soil. The World Health Organization (WHO, 1998) endorses that medicinal 

plants which are the producers of raw materials for the complete final products, must be tested 

for the incidence of heavy metals, bacterial or fungal adulteration. But, there is an intrinsic health 

hazard related with countless of these plants due to presence of heavy metal adulteration (Jena et 

al., 2012). 

1.7.7 Nutritional and Proximate Value of Medicinal Plants  

Natural surroundings is providing plentiful vegetal-capital for all organisms, which have 

therapeutic benefits. The significant standards of certain herbs have been printed however a bulky 

sum of these still persist unknown. So, it is a need to discover their usages and to check for 

medicinal and biological studies to establish their healing charecters (Mushtaq et al., 2009). The 

basic nutritional importance of plants is assessed by their component of protein, carbohydrate, 

fats and oils, minerals, vitamins and water which are accountable for the development and growth 

in living organims (Waziri & Akinniyi, 2011; Waziri & Saleh, 2015). Carbohydrates, fats and 

protein are the indispensable nutrition for exisitance. Quality and quantity of proteins in the seeds 

are the basic aspects, which is imperative in the assortment of plants for nutritious worth, 

taxanomic classification and plant development courses (Latif et al., 2005; Shinwari et al., 2002; 

Nisar et al., 2009). Alongside with pharmacologicall and phytochemical significance, every plant 

has its peculiar nutrient composition. These nutrients are vital for the physical and biological 

functioning of the body. Such nutrition like carbohydrates, fats and proteins play a significant 

part in nourishing plants as well as human needs of energy and life sustaining processes (Adnan 

et al., 2010).                                                                                       

1.8 Phytochemistry of Medicinal Plants 

The study of chemistry of plant metabolites and their derivatives is called 

Phytochemistry. Metabolism in any living organism can be group into primary and secondary 

metabolism. Primary metabolism comprises all that process which are critical for survival of 

living being. It includes photosynthesis, glycolysis, citric acid cycle, electron transport chain, 

energy regulation and management. Primary and secondary metabolism are linked in the sense 

that biosynthesis of secondary metabolites rooted in the ubiquitous primary metabolites (Gurib-

Fakim, 2006). Primary metabolites are of immense importance and are necessary for the survival 

of the plant. It includes chlorophyll, lipids, proteins, carbohydrates and nucleotides that play 
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significant role in different processes like photosynthesis, heredity, differentiation, nutrient 

translocation, growth and development of the plant body. Secondary metabolites does not take 

part directly in the growth and development of the plants. Their absence does not lead to 

immediate death of the plant but long term impairment in functionality of different processes. 

Secondary metabolites include terpenoids, alkaloids, glycosides, and phenols. Elementary prime 

metabolites are present all over the plant kingdom but the specific secondary metabolites are 

restricted to a single plant or a group of related plants (Taiz and Zeiger, 2006). 

According to the World Health Organization, a remedial herb is any plant that contains 

such remedial substances in either of its structures which are therapeutically important and can 

be used chemo-pharmaceutical semi-synthesis. Parts of such plant including leaves, stem, root, 

rhizome, bark, flowers, fruits, grains or seeds are rich in medicinally active compounds and are 

are used in combating a variety of health conditions (Doughari, 2012). A green plant synthesis 

preserves a variety of biochemical compounds normally termed as phytochemicals or 

phytoconstituents (Preethi et al., 2011).  Phytochemicals are exactly the compounds formed by 

plants. The plants usually contain 10 phyto-constituents namely anthraglycosides, arbutin, bitter 

drugs, flavonoids, alkaloids, saponins, coumarins, phenol carboxylic acids, terpenes and 

valepotriates. These phyto-constituents discourse explicit characters and properteis of plants 

(Sharma and Paliwal, 2013).  Phytochemicals can be extracted and used as precursors for the 

synthesis of different types of medicines. Drugs isolated from the plants are being widely 

preferred than synthetic drugs in medicine discipline. The remedial part of a medicinal plant is 

not simply its arboreal stem or fresh green leaves but the quality and quantity of the 

phytochemicals present in part of the medicinal plant. These phytochemicals are produced by the 

plants for their own benefits. Some of the phytochemicals are used for the growth and 

development of the plant body, some act as toxins and protect plants from the attack of parasites 

and pathogens. These phytochemicals contain certain chemical constituents such as 

carbohydrates, proteins, derivatives of carbohydrates, gums mucilages, pectins and numerous 

shapes of glycosides, tannins, phenolic compounds, lipids, fixed and also volatile oils, resins, 

various kinds of alkaloids etc. These phytochemicals are of great importance to human 

nutritionally and also medicinally (Preethi et al., 2011).  

Phytochemicals are existing in different plants consumed as essential components of both 

human and animal foods. These include fruits, seeds, herbs and vegetables. Foods comprising 
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plenty of fruits and vegetables, which are defensive against a number of diseases, mainly 

cardiovascular diseases. Herbs and spices are healthy sources for gaining natural antioxidants 

(Okigbo et al., 2009). Phytochemicals are separated and categorized obtained from fruits like 

grapes and apples, vegetables like broccoli and onion, spices (turmeric), beverages (tea and wine) 

and also from numerous additional sites (Doughari, 2012). Plants have been endowed with a 

marvelous ability to synthesize aromatic substances in a large quantity. Most of these fragrant 

constituents are phenols or its oxygen replaced products (Geissman, 1963). These aromatic 

substances are formed as secondary metabolites by the plants. Approximately 12000 of the 

secondary metabolites have been successfully isolated. Less than 10% of the total secondary 

metabolites take part in plant defense strategy and protect them against predation by 

microorganisms, insects and herbivores (Schultes, 1978).  

Secondary metabolites are produced by the plants for many reasons. These metabolites 

protect plants from the attack of herbivores, microorganism like bacteria, viruses, fungi from the 

harmful effects of climatic factors like too intense temperature, ultraviolet rays and other 

physiological stress (Wink, 1999). They are also used in initiation of symbiotic relationship and 

also help in pollination of flowers. These secondary metabolites are of abundant importance to 

commercial and health point of view as they form the basis of many pharmaceutical compounds. 

Some secondary metabolites, like terpenoids offer plants their sweet or pungent odors. Others 

such as quinines and tannins are accountable for the plant flavor and aroma (for example the 

terpenoid capsicum from chili pepper).  Some of the herbs and spices used by humans for food 

flavor and aroma from ancient times also yield useful medicinal compounds such as ginger, 

cardamom, coriander etc (Cowan, 1999). Most of the plant compounds important therapeutically 

are secondary metabolites. In comparision to primary metabolites, secondary metabolites show 

extensive ecological, taxonomic, biochemical differentiation and diversity. The molecular 

diversity of secondary metabolites throughout the plant flora provide a base for the detection of 

new drugs that greatly helps in drug development for treating a variety of ailments (Gurib-Fakim, 

2006). It has been described that the use of active ingredients obtained from the plants are found 

to be more effective than chemical fungicides. These phytochemicals are non-toxic, efficient and 

biodegradable (Gottlieb et al., 2002). Many plant species possess the preservative effect. It 

proposes the existence of anti-oxidative and antimicrobial agents in the plant materials. Mostly 
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medicinal plants possess high quantities of antioxidants excluding vitamin C, vitamin E, and 

carotenoids (javanmardi et al., 2003).  

1.9 Classes of Phytochemicals 

Phytochemical constituents are effective bio-active complexes, present in parts of the 

medicinal plant which are forerunners for the production of beneficial medicines (Okigbo et al., 

2009). Some of the common phytochemical classes are summarized in the given Table.1.2. 

Table 1.2 Selected phytochemical classes of medicinal and aromatic plants 

Class Characteristic Use Action 

Alkaloids Unpleasant taste, colorless, 

Nitrogen containing bases, 

crystalline or liquid at 

room temperature. 

Raw material for the 

synthesis of useful 

drugs 

Analgesic, 

antispasmodiac, 

bactericidal effect 

Phenols Faintly acidic, Hydroxyl 

group attached directly to 

an aromatic ring. 

Disinfection Antiseptic, 

antiinflammatory, 

antimicrobial, anti-

tumor 

Flavonoids Water soluble, super 

antioxidant and free radical 

scavenger 

In prevention of 

oxidative cell damage, 

allergies free radicals, 

microbes. 

Antioxdant, 

anticarcinogens, 

antimicrobial, 

antitumour 

Saponins Unpleasant taste, foaming 

property, haemolytic effect 

on red blood cells. 

Emulsifying agent Expectorant, cough 

suppressant, 

haemolytic activity   

Essential 

Oil 

Typical scent, aroma and 

perfumed. 

In perfumes, additives 

and drugs 

Medicating, 

soothing relief 

Tannins Unpleasant taste, tans 

leather. 

In making of leather 

and ink; in cutting of  

wounds,ulcers,haemo-

rrhoids, frostbite and 

burns 

Soothing , 

regenerates skin, 

antiinflammatory, 

Diuretics 
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1.10 Medicinal Plants Studied in Present Study 

Cucumis sativus, Portulaca oleracea, Malus baccata, Saxifraga flagillaris, Geranium 

wallichianum and Monotheca buxifolia were selected for the present study on the basis of their 

traditional uses. Effort was made to analyze the antimicrobial and anticancerous activities of 

these medicinal plants. Some of the selected species which have not been evaluated against 

bacterial and fungal strains, while some of them have not been evaluated against the selected 

cancer cell lines yet. Moreover, Saxifrage flagillaris and Malus baccata was not investigated for 

their biological activities. 

1.10.1 Cucumis sativus Linn. (Cucurbitaceae) 

Cucumis sativus Linn. (Fig. 1.1) (Cucurbitaceae) is commonly known as Cucumber 

(English), Khira (Hindi), Sakusa (Sanskrit). It is found wildly in the Himalayan regions and also 

cultivated throughout Pakistan. It is a creeping vine that bears cylindrical fruits. It has hairy 

climbing, trailing, or creeping stem and is often grown on frames or trellises. Traditionally, this 

plant is used for headaches, seeds are cooling and diuretic, the fruit juice of this plant is used as 

nutritive and demulcent as anti-acne. The fruits contain an enzyme, erepsin, Vitamin B1 and C, 

ascorbic acid, proteolytic enzyme, rutin, oxidase, succinic and maleic dehydrogenases, etc. The 

seeds contain α- and β-amyrin, sitosterols and cucurbitasides, whereas, the leaves contain free 

cucurbitasides B and C and ferredoxin (Kumar et al., 2010). 

 

 

Figure 1.1: Cucumis sativus L.(www.agroatlas.ru/content/cultural ) 

 

 

http://en.wikipedia.org/wiki/Cylinder_(geometry)
http://www.agroatlas.ru/content/cultural
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1.10.1.1 Biological and Phytochemical Literature Review 

Gopalakrishnan and Kalaiarasi (2013) reported seven compounds which were recognized 

through GC-MS investigation. The 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 

(10.86 %), 5-(Hydroxyl methyl)-2-furancarboxaldehyde (64.69 %), 4-Hydroxy-3-methyl-2-

butenyl-acetate (3.08 %), 2-(2-Methylcyclohexylidene)-hydrazinecarboxamide (11.54 %),n-

Hexadecanoic acid (2.95 %), 1,2-Benzenedicarboxylic acid-diisooctyl ester (6.88 %) were the 

main phytoconstituents which are of biological importance. Jony and Roksana (2012) 

Investigated alkaloids, glycosides, saponins, flavonoids, steroids and tannins in ethanol extract 

of Cucumis sativus Linn. The plant showed cytotoxicity in brine shrimp, the LC50 (μg/ml) and 

LC90 (μg/ml) of the ethanol extract were 75μg/ml  250μg/ml respectively. Dawood et al., (2013) 

reported the antiseptic effect of common medicinal plants of Pakistan. Phyllantus emblica, 

Coriandrum sativum, Culinaris medic, Lawsonia alba and Cucumis sativus crude extract were 

tested for activity against various bacterial species by disk diffusion method. Crude extract of 

Phyllantus emblica fruit displayed strong activity. Lawsonia alba showed good activity, 

Coriandrum sativum was active only against Bacillus cereus, while Cucumis sativus and 

Culinaris medic showed poor activity against Pseudomonas aeruginosa only. It was suggested 

that Phyllantus emblica extract contains broad spectrum of bactericidal compounds.  

Ankita et al., (2012) screened extracts of plants for microbial activity and 

phytochemicals. Momordica charantia (Karella), Cucumis sativa(Cucumber), Praecitrullus 

fistulosus (Tinda), Cucurbita pepo (Kaddu), Lagenaria siceraria (loki) seeds extracts were very 

active against Serratia marcescens , E. coli, Streptococcus thermophilous, Fusarium oxysporium, 

Trichoderma reesei whereas some extracts displayed no inhibition against Aspergillus niger 

(Cucumis sativa), Candida albicans (Praecitrullus fistulosus, Cucurbita pepo, Lagenaria 

siceraria). Phytochemically they contained tannins, cardiac glycosides, incristin, carbohydrates, 

resins, saponins and phytosterols. While other alkaloids, flavonoids, glycosides, steroidal 

terpenes and phylobatamins were not found. Pradhan et al., (2013) designed to evaluate the 

ethanolic extract of Cucumis sativus anti-ulcer activity in rat model. Treatment with ethanolic 

extract cucumber shows important ulcer protective effect and concluded that ethanolic extract of 

cucumber has potent antiulcer agents. Fatema and Sayema (2014) investigated ethyl acetate, 

chloroform and n-hexane extracts of leaves of Cucumis sativus for antimicrobial and cytotoxic 

activity.  The extract was verified against important pathogenic bacteria and three fungi by disc 
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diffusion method. Cytotoxicity test of EAE, CE and HE was studied by brine shrimp lethality 

bioassay. The extracts (EAE, CE and HE) exhibited almost same antimicrobial potential against 

bacterial strains with mean value of 9-20mm. The extracts also presented reasonable antifungal 

activity with 9 -16 mm inhibition. The cytotoxic study exemplified substantial potential with 

LC50 7.17μg/ml, 12.29μg/ml and 15.03μg/ml for EAE, CE and HE, respectively. Georgios, 

et.al., (2010) identified 21 constituents of cucumber, Z-6-nonenol (61.54%), E-2-nonenal 

(6.98%), E,Z-2,6 nonadienal (47.08%), E-2-nonenal (17.39%), Z-3-nonenol (14.79%), 3-nonenal 

(7.32%), pentadecanal (43.47%), 9,12,15-octadecatrienal (14.52%) and 9,17-octadecadienal 

(12.33%). Moreover, numerous ingredients have been recognized from the dichloromethane and 

methanolic extract of fruits sample. Cucumber enclosed high concentration of L-(+) lactic acid 

use in cosmetology. It clarify the old-style custom of cucumber in skin cure. The antioxidant 

(DPPH [1,1-diphenyl-2-picrylhydrazyl] assay) and antimicrobial activity of the extracts reported 

good results.  

Kumar et al., (2010) reported the free radical scavenging and analgesic activities of 

Cucumis sativus fruit. The in vitro antioxidant readings at 250 and 500 μg/ml and analgesic 

reading at the doses 250 and 500 mg/kg, respectively. The C. sativus fruit extract exhibited 

maximum antioxidant and analgesic effect at 500 μg/ml and 500 mg/kg. Initial phytochemical 

screening proposed that flavonoids and tannins in the extract could be accountable for free radical 

scavenging and analgesic properties. Joshi (2003), Nadkarni and Nadkarni (2005) reported 

conventionally cucumber plant is used for nuisances; the seeds are chilling and diuretic, the fruit 

extract is used as a nourishing and as a demulcent in skin lotions. An enzyme, erepsin, Vitamin 

B1 and C, ascorbic acid, proteolytic enzyme, rutin, oxidase, succinic and maleicdehydrogenases, 

α- and β-amyrin, sitosterols and cucurbitasides while free cucurbitasides B and C and ferredoxin 

are present in fruit, seeds and leaves respectively. Jing et al., (2010) separated Three 

antimicrobial sphingolipids from chloroform portion of Cucumis sativus stem which were 

2S,3S,4R,10E)-2-[(2’R)-2-hydroxytetra-cosanoylamino]-1,3,4-octadecanetriol-10-ene(1),1-O-β-

D-glucopyranosyl(2S,3S,4R,10E)-2-[(2’R)-2hydroxytetracosanoylamino]-1,3,4-octad ecanetriol 

-10-ene (2) and soya-cerebroside I (3). These compounds showed positive antimicrobial activity. 

Budhiraja et al., (2014) presented the existence of total phenolic content (19.25 μg and 6.23 μg 

GAE) and flavonoid content (1.82 μg and 6.24 μg catechin in fresh and dried extracts. Fresh 

extract of Cucumis sativus showed encouraging antibacterial activity and mixture with tea tree 
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(Melaleuca alternifolia) oil and linseed (Linum usitatissimum) oil to make polyherbal cream 

(O/W) formulations (F1-F5). F5 cream design presented pH in range of 5-6 with good spread 

ability, steadiness with comfort of abstraction.  

Anum et al., (2013) screened the plant Cucumis sativus aqueous and methanolic extracts 

for antioxidant and antibacterial activity. Phytochemical results shown flavonoids, glycosides, 

tannic acid and saponins while alkaloids, steroids and anthraquinones were not detected. The 

extracts inhibit the bacterial growth (09.6±0.7 to 18.5±0.8 mm). Shah et al., (2013) reported the 

conventional procedures of Cucumis sativus which is used for enflamed eyes, anuria, dermatitis, 

scorching perception, blisters, skin bleaching, soothing and as a conditioner. The fresh set fruit 

is used in cure of dysentery and anthelmintic, Seed oil for insomnia and frontal headache. These 

activities are due to flavonoids, glycosides and tannins present in plants.  

1.10.2 Portulaca oleracea Linn. (Portularacaceae) 

Portulaca oleracea (Fig. 1.2) (Portulacaceae) (Purslane family) is commonly called as 

Common Purslane in English, Kurfa in urdu, Loni, Ghol in Gujrati, Kursa, Chhota Lunia in 

Hindi,as Lonak in Punjabi and Nunar in Kashmiri. It is a cosmopolitan weed found in warm 

temperate, tropical and subtropical regions of the world. It grows along waste lands and cultivated 

gardens. It contains carboxylic acids, some gums, fatty acids beta-carotene, volatile oil 

Portuloside A, monoterpene glucoside and phenolic alkaloids. In folk medicine it is reported that 

it can be used as a salad and cooked like soups. It is used to treat burns earache, insect stings, 

inflammation, skin sores, ulcers, pruritis (itching skin) eczema and abscesses, in treatment of 

cardiovascular disorders, dysuria, haematuria, gonorrhoea, dysentery, sore nipples and ulcers of 

mouth. It is used as blood purifier. Roasted seeds are reported to be diuretic and anti-dysenteric 

(Sabeeha and Nahida, 2013). 
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Figure 1.2: Portulaca oleracea L.(https://en.wikipedia.org/wiki ) 

1.10.2.1 Biological and Phytochemical Literature Review 

Ramesh and Hanumantappa (2011) investigated the chloroform and ethanol extracts of 

aerial part of Portulaca oleracea L. antimicrobial purpose 40mg/mL concentration extracts were 

analyzed for bacterial and fungil species using agar diffusion technique. Pseudomonas 

aeruginosa remained the resistant while Aspergillus fumigates and Nerospora Crassa were 

sensitive species to extracts. Sabeeha and Nahida (2013) studied the Phytochemical screening of 

Purtulaca oleracae contain alkaloids, tannins, glycosides carbohydrates, flavonoids, terpenes, 

phenolics, saponins, proteins and steroids. In acute oral toxicity, the animals displayed behavioral 

changes. 50% of the animals died at the dosage of 500 mg/kg and 100% animals died at the 

dosage of 1000, 1500 and 2000mg/kg b.w, thus representing that the dose less than 500mg.kg 

b.w is harmless for more studies. In hypoglycemic activity the dose of 400mg/kg b.w showed 

significant drop of serum glucose levels. Zhao et al., (2013) explored that Portulaca oleracea 

extracts effect on growth recital and microbial populations in the ceca of broilers. Effects 

exhibited that extracts have no distinctive effect on intestinal pH and that P. oleracea extract 

supplements changed the cecal bacterial community without touching the intestinal pH. Kamal 

et al., (2012) had reported the antioxidant activity of Portulaca oleracea by using 1,1-diphenyl-

2-picrylhydrazyl (DPPH), ferric-reducing antioxidant power (FRAP) assays and ascorbic acid 

content. A correlation was observed in the results of total phenol content 174.5±8.5 to 348.5±7.9 

mg GAE/100g and ascorbic acid. Same antioxidant activity 60.5±2.1 to 86.5±3.9 mg/100 g and 

between DPPH scavenging IC50 (1.30±0.04 to 1.71±0.04 mg/ml) and ferric- reducing anti-

oxidant power assays (r2>0.9). The amounts of Ca, Mg, K, Fe and Zn improved with plant 

https://en.wikipedia.org/wiki
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maturity. It was summed up that matured plants of Portulaca oleracea had high total phenol and 

antioxidant activities.  

Ahmad et al., (2007) investigated the effect of hydroalcoholic extract of Purslane leaves 

on serum lipids of rabbits served with a hypercholesterolemic food. The serum total cholesterol 

decreased in all groups tested with purslane extract. It is noted that the spread of cholesterol 

between lipoproteins were altered, so less dense lipoprotein cholesterol (LDL-C) reduced 

considerably in all groups tested with purslane extract. The results showed the plant can be used 

in the treatment of hypercholesterolemia. An et al., (2012) had reported the anti-diabetic activity 

in water extract of Portulaca oleracea in rosiglitazone induced diabetics. Extract noticeably 

dropped blood glucose, plasma triglyceride, plasma level of LDL- cholesterol and systolic blood 

pressure in diabetic mice and also increase plasma level of HDL-cholesterol and insulin level. 

The injury of Ach and SNP- induced vascular lessening of aortic rings were amended by PO 

action in diabetic db/db mice and it also revealed that over manifestation of VCAM-1, ICAM-1, 

E-selectin, MMP-2 and ET-1 were perceived in aortic tissues of untested db/db mice, which were 

inhibited by tested with PO. The study suggest that immune reactivity of the pancreatic islets 

strangely increased in tested diabetic mice matched with untested diabetic mice. Thus it is 

decided that PO suppresses the hyperglycemia and diabetic vascular inflammation stops the 

development of diabetic endothelial dysfunction for the development of diabetes and its vascular 

complications. Sudhakar et al., (2010) investigated cisplatin-induced hepatotoxicity in chick 

embryonic liver by   defensive role of water extract of Portulaca oleracea L. Dose-dependent 

increase occur in alanine transaminase, aspartate transaminase, alkaline phosphatase, lactate 

dehydrogenase, malondialdehyde levels and a reduction in antioxidant enzymes levels like 

superoxide dismutase, catalase, glutathione peroxidase, glutathione reductase, glutathione-s-

transferase and low glutathione were detected in cisplatin-treated animals, showing a fixed injury 

to the liver tissue. Pre-treatment with PO extract a significant protection was observed against 

cisplatin-induced hepatotoxicity as apparent by the improved levels of changes in the measured 

biochemical parameters.  

Gholamreza et al., (2010) reported the nephroprotective influence of water and ethanolic 

extract of Portulaca oleracea against cisplatin- tempted renal toxicity in rats. After 5 days of 

investigation of the possible protective effect of Portulaca oleracea was administered as highest 

dose (0.8 and 2g/kg) for 6-12h before cisplatin injection and had BUN and SCR levels 
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considerably lesser than those getting cisplatin alone. The study concluded that the water extract 

of PO holds clear nephron-protective activity and have an encouraging role in the curing of acute 

renal damage swayed by nephrotoxins, cisplatin. Jagan et al., (2012) reported the anti-

nociceptive and the anti-inflammatory activities of the petroleum ether extract of Portulaca 

oleracea. The petroleum ether extract revealed noteworthy inhibition of the acetic acid- induced 

twisting, it reduced the paw- licking response time in the formalin test and it increased the 

withdrawal inactivity time in the tail immersion test. The Carrageenan induced hind paw oedema 

was reduced in rats. This study represented that the petroleum- ether extract of PO had possible 

anti-nociceptive and anti-inflammatorey activities. Purslane is accused of poisoning sheep and 

cattle, it is said to comprise up to 9% oxalic acid (dry weight) and continued assimilation of the 

herb was detailed to basis for in-coordination of gait and tetanic illnesses in sheep. Experiments, 

where three sheep were served with purslane containing 6.1 and 3.5% oxalic acid dry weight 

unsuccessful to produce any complaints in calcium metabolism analyses but post mortem 

findings were described. Oxalates and noradrenaline have also been isolated from P. oleracea 

indicating a possible hazard in the taking of its teas (Anthony, 2001). Ramesh and Hanumantappa 

(2011) investigated the Anti-implantation and Abortificient activity in rats using different 

extracts of Portulaca oleracea. The chloroform extract has shown 50% and 60% decrease in 

implantation activity at low and high dosages individually, while Ethanolic crude extracts have 

displayed 40% and 50% decrease in implantation sites with respect to low and high dosage of 

extract treatment. Ethanolic crude extract test has revealed abortificient activity and petroleum 

ether and chloroform extract tests to pregnant rats did not shown any such activity. 

Sanja et al., (2009) use methanolic extract for determining free radical scavenging 

activity of Portulaca oleracae by various methods like DPPH, reducing power by FeCl3, nitric 

oxide free radical scavenging activity, super oxide scavenging activity by alkaline DMSO 

method. Zhongzhe et al. (2012) developed an HPLC method for the immediate determination of 

hesperidin (HP), caffeic acid (CA), ferulic acid (FA) and p-coumaric acid (p-CA) in rat plasma 

after venous administration of Portulaca oleracea L. extract (POE). With the hyperoside as the 

internal standard, the sample pretreatment procedure involved simple single-step extraction with 

methanol of 0.2 mL plasma. The established process was appropriate for the pharmacokinetic 

study of HP, CA, FA and p-CA in rats after intravenous administration of POE. Naciye (2012) 

investigated phenolic complexes and antioxidant activity of Portulaca oleracea. Five fractions 
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were classified based on wavelength range of 200–400 nm. Fraction 3 showed greater absorption. 

The total quantity of phenols in this fraction was found to be fairly high related to the reaming 

fractions. Chlorogenic, caffeic, p-coumaric, ferulic and rosmarinic acids (free phenolic acids) 

and quercetin and kaempferol (flavonoids) identified in Fraction 3. IC50 value of crude extract 

was found to be 511.8 lg/ml while Fraction 3 showed an IC50 value of 154.1 lg/ml. Fraction 3 

was also found to show the highest lipid peroxidation inhibiting capacity. 

Maeda et al., (2011) reported the cytotoxic result of the aqueous extract of Portulaca 

oleracea. It wastested in vitro against the cancer cell AMN3 (Murine Mammary Adenocarcinoma 

cell line) and the normal cell REF (Rat Embryo Fibroblasts). Proliferation was considerably low 

at high concentration (300-1000 μg/ml) in first 24 hours of interaction on AMN3. The extract 

exhibited no prominent effect during different period time of contact as compared with control 

against REF cells. Hussain et al., (2014) evaluated anti-cancer effects of Purslane seed oil (PSO). 

Oral administration of Purslane seed oil (PSO) for 21 days to the carcinoma induced mice 

revealed a significant (P<0.01) reduction in tumor volume and a significant (P<0.01) progress in 

biochemical considerations related to the EAC control mice than any proxy alone. Okafor and 

Ezejindu (2014) studied the alkaloid, saponin, tannin, flavonoid, cardiac glycoside, terpenoid, 

steroid, phobatannin, protein and starch in Portulaca oleracae qualitatively while flavonoid, 

tannin alkaloid and saponin were determined quantitatively and no contain steroid and 

phobatanin but enclosing 32% of saponin followed by 26% alkaloid. Okafor et al., (2014) 

reported that Purslane earlier give defense against wicked spirits. The drink may be used to clear 

third-eye and to wash the quartz ball or mirror and as an aphrodisiac agent.  

1.10.3 Malus Baccata (Linn.) Borkh (Rosaceae) 

Malus baccata (Linn.) Borkh. (Fig.3.1) (Rosaceae) is widely known as crab apple which 

is a fast growing wild plant. Malus Baccata is shrubby tree inhibited in northern hilly areas of 

Pakistan. It is commonly found as mixed forests on hilly slopes at elevations up to 1500 meters. 

It is locally called Beehey or small apple. Its height is about 5-7m. Flowering occurs in spring, 

with fruits appearing in September–October. M. baccata tree has strong tolerance to cold even 

below −40 ◦C (Sher et al. 2010,; Wang et al., 2013). 
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Figure 1.3: Malus baccata L. Borkh. (https://en.wikipedia.org/wiki ) 

1.10.3.1 Biological and Phytochemical Literature Review 

Wang et al., (2013) investigated in vitro antioxidant and immune-modulation prospective 

of Malus baccata (Linn.) Borkh.  The efficacy of dissimilar solvent to get active mixtures by 

HPLC.  Acetone extract consist maximum quantity of phenols (975.7± 29.2 mg GAE/100 g) and 

flavonoids (824.9±27.7 mg CE/100 g), with highest abilities for scavenging ABTS+•· 

(136.49±1.16 mol TE/g), DPPH·(18.60±0.28 _molTE/g) and OH·(32.37±0.7 mg VCE/g). 

Extracts were permitted for splenocyte proliferation and stoped splenocyte apoptosis persuaded 

by radiation. HPLC studies of the solvent extracts exposed existence of the chlorogenic acid, 

quercetin 3-galactoside, phloridzin and cinnamic acid. Wei et al., (2009) reported the leaf extracts 

of M. baccata had high inhibitory capabilities on fatty acid synthase of chicken liver than that 

from green tea and the inhibitory ability is dependent on extracting solvent. Sher et al., (2010) 

reported Malus baccata (L). Borkh fruits and branches have medicinal value as anodyne and 

paste is used to relieve headache. 

1.10.4 Saxifraga flagillaris (Saxifragaceae) 

Saxifraga flagellaris (Fig.1.4) (Whiplash Saxifrage) (Saxifragaceae) is a plant native all 

over the high arctic and some areas of northern Mountains of Pakistan. It is not very common. It 

is also known as Spider Saxifrage or "spider plants. It is widely distributed throughout the 

subarctic regions of Europe and in Asian Himalaya. 

 

https://en.wikipedia.org/wiki
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Figure1.4: Saxifraga flagellaris Willd.exSternb (https://en.wikipedia.org/wiki/ ) 

1.10.4.1 Biological and Phytochemical Literature Review 

Chen et al., (2011) reported the Ca content of Saxifraga stolonifera Meerb was 

determined by ICP-MS after microware-assisted digestion. The results showed that there exist 

some relations between altitude and Ca. 

Agnihotri and Tariq (2013) reported the genus Saxifraga from Himalayan region. Sixty 

four species have been recorded, out of which twenty three are confined to Western Himalaya 

and 17 are to Eastern Himalaya. While 40 are commonly found. The extreme multiplicity has 

been observed between 4000-4500m asl. The genu forms the group of vegetation and are 

inhabitant of the most fragile ecosystem of Himalaya. It is immediately required to filed the 

diversity in the natural habitat and evaluate the preservative position of taxa of the genus 

Saxifraga L. Isabelle et al., (2000) reported thirteen compounds from the methanol extract of 

Saxifraga cuneifolia L. whole plant. These were identified as (E)-5-O-_-D-glucopyranosyl-

stilbene-3,3',4,5'-tetraol, (E)-4-O-_-D-glucopyranosyl-5-methoxy- stilbene-3,3',5'-triol, 4-[4'-O-

(6''-O-galloyl-_-Dglucopyranosyl)-3'-hydroxyphenyl]butan-2-one,3-O-(6''-O-galloyl-_-D-

glucopyra-nosyl)-epigallocatechin, 3-O--D-glucopyranosyl-epigallocatechin, 4-[4'-O-

Dglucopyranosyl-3'-hydroxyphenyl]-butan-2-one, (R)-rhododendrin, 1-O-galloyl-_-D-glucose, 

catechin,3-O-galloyl-epigallocatechin, gallocatechin, clitorin and rutin, by spectroscopic 

methods. Antioxidant activity were also mentioned. 

Fei et al., (2014) reported the HPLC fingerprints of Saxifraga umbellulata var. pectinata. 

The chromato-graphic fingerprint was useful to analyze the configuration analysis, the common 

crests and resemblance. Ten chromatographic peaks were recognized by fingerprint, displaying 

a little resemblances in ingredients and their diversity. Flavonoids and Saponins were the major 

https://en.wikipedia.org/wiki/
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constituents. The amount and extent of peaks were affected by gathering the means and 

technique. Procedure is simple, high-class, stable and repeated that it can convey alignment for 

identification of constituents in Saxifraga umbellulata var. pectinata. 

Masatoshi et al., (1983) isolated Norbergenin and C-glucoside from Saxijraga stolonifera 

and allotted configuration as 2/3-~glucopyranosylgallic acid d-lactone.  

Jun-Xi (2008) investigated Saxifraga montana H. and reported a new glucoside, methyl 6_-O-

(E)-p-hydroxycinnamoxyl-glucosyringate through spectroscopic procedures, particularly 

rigorous 2D-NMR (COSY, HMQC and HMBC), FAB-MS and HR-ESI-MS procedures, 

configurations were clarified. 

Wei-Sheng et al., (2010) reported the biological ingredients of Saxifraga stolonifera (L.) 

Mreeb. Isolated, purify the complexes. Their structures were established, based on 

physicochemical properties and spectral analysis as 5-O-methylnorbergenin(1), 3, 4-

dihydroxyallyl benzene-4-O-β-D-glucopyranoside (2), (7R, 8S)-4, 9, 9′-trihydroxyl-3-methoxyl-

7, 8- dihydrobenzofuran-1′-propylneolignan-3′-O-β-D-glucopyranoside (3), quercetin-3-O-β-D-

xylopyranosyl-(1→2)-β-D-galactopyranoside (4), kaempferol-3-O-α-L-rhamnopyranoside (5), 

(3S, 5R, 6R, 7E, 9R)-3, 5, 6, 9-tetrahydroxy-7-megastigmane (6), benzyl-O-α-L rhamno 

pyranosyl-(1→6)-β-D-glucopyranoside (7), p-hydroxyacetophenone(8), pyrogallic acid (9) and 

p-hydroxyphenol (10).  

1.10.5 Gerenium wallicianum D. Don (Geraniceae) 

Geranium wallichianum (Fig. 1.5) (Geraniaceae) is a tall multy branched procumbent 

perennial herb found in the Himalayas from Kashmir to Nepal at altitude of 7000-11000 feet. It 

is also found in Chitral, Dir, Swat, Hazara, Muree hills and Pounch. This herb evidently possesses 

astringent properties of genus to a marked degree. The rootstock is used as a substitute for that 

of Cotis teeta Wall in eyes troubles. This herb is also used in the treatment of toothache (Ismail 

et al., 2009). 
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Figure 1.5: Gerenium wallicianum D. Don (www.researchgate.net ) 

1.10.5.1 Biological and Phytochemical Literature Review 

Ismail et al., (2012) reported phytochemicals of the rhizomes and leaves extract of 

Geranium wallichianum. The effects showed the extracts and fractions of rhizomes and leaves 

exhibited wide-ranging of antimicrobial actions and enzyme inhibitions in different tests. 

Generally the rhizome extract and its fractions exhibited relatively better activities in numerous 

assays. Compounds were purified through chromatographic techniqes. Which were used in 

enzyme inhibition assays. The results revealed that lipoxygenase enzyme was meaningfully 

inhibited in contrast to urease. Chemical constituents the sterols (2–4) displayed no inhibition 

while ursolic acid (1) and benzoic ester (6) presented clear inhibition of urease enzymes. 

 Bashir et al., (2003) reported the antifungal, antibacterial, cytotoxic, insecticidal and 

phytotoxic activies of Geranium Wallichianum. The results showed moderate antifungal and 

antibacterial activity.  

Ismail et al., (2009) reported chemistry of Geranium wallichianum and isolated six 

compounds. These six compounds were identified as ursolic acid (1), _-sitosterol (2), 

stigmasterol (3), b-sitosterol galactoside (4), herniarin (5), and 2,4,6-trihydroxyethylbenzoate (6). 

These were isolated for the first time from Geranium wallichianum. The free radicle scavenging 

potentcy of Geranium wallichianum extracts was also studied by DPPH test and EtOAc extract 

was most effective with IC50 19.05 ug/mL. 

This herb clearly owns astringent properties to a noticeable point. The root in powdered 

form can be used for eye problems and cure of toothache (Watt.1972). The roots in powdered 

form can also be used in sore mouth, dysentery, diarrhea, inert hemorrhage, and leucorrhoea 

(Shinwari et al., 2003). 

 

http://www.researchgate.net/
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1.10.6 Monotheca buxifolia (Falc.) A.DC. (Sapotaceae) 

Monotheca buxifolia (Fig. 1.6) (Sapotaceae) is a broad-leaved evergreen small tree 

belonging to the family Sapotaceae. This species is found in the hilly regions of Afghanistan and 

in northern araes of Pakistan. It is used as fodder, wood lumber and roof thatching materials. It 

is also used as hedge around cultivated fields due to its barbed nature. This plant bears small 

fruits locally called Gurgura which is sold in the local markets in fresh and dried form. 

Medicinally this fruit has laxative and digestive properties and used in the treatment of urinary 

tract diseases. They are also used to reduce temperature in fevers and as a vermifuge (Irfanullah 

et al., 2016).  

 

 

 

Figure 1.6: Monotheca buxifolia (Falc.) A.DC.(https://twitter.com/zaland_botanist/status/ ) 

1.10.6.1 Biological and Phytochemical Literature Review 

Irfan ullah et al., (2016) investigated the hepatoprotective prospect of Monotheca 

buxifolia 70%-ethanolic extract, against isoniazid and rifampicin persuaded hepatotoxicity in 

rats. Phytochemically oleanolic acid and isoquercetin were isolated. Treatment with M. 

buxifolia extract renovated the isoniazid- and rifampicin boost up serum levels of alanine 

aminotransferase (p<0.001), aspartate aminotransferase (p<0.001 and p<0.05), alkaline phospha-

tase (p<0.001), billirubin (p<0.001) and total proteins (p<0.001) at 150 and 300 mg/kg and also 

possess marked protection of histopathological changes occur in liver. It is believable that M. 

buxifolia possess discerning caring effect against isoniazid- and rifampicin-induced 

hepatotoxicity, arbitrated in the existence of oleanolic acid and isoquercetin. 

https://twitter.com/zaland_botanist/status/
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Traditionally M. buxifolia fruit is used as hematinic, laxative, purgative, vermicidal, anti-

pyretic and in the controlling of gastrourinary complaints (Rehman, 2013; Shah, 2013). Jan et 

al., (2013) reported that M. buxifolia consists flavonoids, terpenoids, cardiac glycosides, 

anthraquinones, saponins, and polyphenolic composites. Flavonoids and polyphenolic 

complexes have effective antioxidant and hepatoprotective potential. Earlier in vitro antioxidant 

possiblity of its fruit has been explored. 

Ullah et al., (2016) reported that elution of MBHE along with various characterization 

techniques led to the isolation of oleanolic acid and isoquercetin. Significant attenuation of 

chemical induced nociception was observed with MBHE at tested doses of 50 mg/kg (P < 0.01, 

68.87 %), 100 mg/kg (P < 0.01, 68.87 %) and 150 mg/kg (P < 0.001, 83.02 %). MBHE also 

markedly improved the brewer's yeast induced pyrexic reaction once tried at dosages of 50 mg/kg 

(P < 0.05 in 2nd h), 100 mg/kg (P < 0.05, P < 0.01 and P < 0.001 in 1-5 h) and 150 mg/kg 

(P < 0.01 and P < 0.001 in 1-5 h). 

M. buxifolia contained isoquercetin and oleanolic acid. Isoquercetin is an effective anti-

oxidant and is accountable for antioxidant activity. Oleanolic acid showed to restore glutathione 

and constrain the initiation of CYP2E1 (Delnavazi, 2015). 

Manzoor et al., (2013) reported 50 medicinal plants which were used against stomach 

complaints (10%), cold/cough (8%), hepatitis (7%), diuretic (7%), sedative/narcotic (7%), tonic 

(6%), asthma (5%), cardiac complications (4%), and jaundice (4%).  Among parts of plants used 

for ethnic medicines leaves were (24%) then the fruit (15%), root (12%), seed (11%), whole plant 

(9%), aerial parts (8%), flower (6%), rhizome, bark and stem (4%), bulbs (2%) and pods (1%). 

Xanthium strumarium reported the highest use value i.e. 0.95.  

Ali et al., (2013) reported 16 species of medicinal plants which were tested by Agar well 

diffusion method for microbial inhibition. Crude extract and their fractions proved reasonable to 

good microbial inhibition. Methanol fraction was good in inhibition of microbes.  

Manzoor et al., (2013) reported fruit of Monotheca buxifolia is laxative, digestive and 

effective in urinary tract diseases. 
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1.11 Aims and Objectives 

1. Collection and identification of some ethno botanically important medicial plants of Khyber 

Pakhtunkhwa, Pakistan 

2. To study the biological activities (antibacterial, antifungal, phytotoxic, anticancer) of selected 

medicinal plants 

3. To perform phytochemical screening of selected medicial plants extracts i.e. alkaloids, cardiac 

glycosides, flavonoids, phenols, Saponins. 

4.  To determine heavy metal contents (lead, mercury, arsenic, cadmium and zinc) in these medicinal 

plants. 

5.  Proximate and nutritional analysis of selected medicinal plants. 

6.  Isolation of anticancerous compound by using different chromatographic techniques from the 

most active extract. 

7.  Characterising the structure of isolated compound by spectroscopic techniques. 
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Chapter 2 

MATERIALS AND METHODS 

Cucumis sativus, Portulaca oleracea, Malus baccata, Saxifraga flagillaris, Geranium 

wallichianum and Monotheca buxifolia were selected on the basis of their ethno botanical 

significance. 

2.1 Collection and Drying of Plant Material 

Plants were collected from different areas of Khyber Pakhtunkhwa Pakistan. The parts of 

each plant which were used locally for disease treatment were used for extraction with 70% 

ethanol. Parts of the plants were washed, material were dried, grouded to powder and use for 

extraction. 

2.2 Extraction and Fractionation 

Cold maceration technique was used for extraction (Azwanida, 2015). Powdered material 

(1.5kg) of each plant was dipped in 70% ethanol (2000ml) and kept at room temperature for 5 

days. From which filtrate was obtained. The process was repeated three times. Solvent from 

filtrates was evaporated at 40oC under vacuum by using rotary evaporator each time and get crude 

extract.  Different parts of selected medicinal plants were used for extraction (Table.2.1).  

Table.2.1. Medicinal plants parts used for extraction. 

  

S.No. Botanical name Part Used 

1 Cucumis sativus Linn. Seeds 

2 Portulaca oleracea 

Linn. 

Seeds 

3 Malus baccata (L). 

Borkh. 

Fruit 

4 Saxifraga flagillaris 

Willd. Ex Sternb. 

Rhizome  

5 Geranium 

wallichianum D.Don. 

Rhizome 

6 Monotheca buxifolia 

(Falc.) A. DC, 

Bark, leaves 
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Fractionation of crude ethanol extracts were carried out on the basis of increasing order 

of solvent polarity starting with the non-polar n-hexane. Gummy crude ethanolic extracts of each 

plant were dissolved in distilled water and fractionated with different organic solvents like n-

hexane, dichloromethane and ethyl acetate using separating funnel. n-hexane was used in a ratio 

of 1:2 in the Distilled water dissolve extract in the separating funnel. It was shaken vigorously 

and then let it to stand by to produce two layers, one of distilled water and another of n-hexane. 

n-hexane is less dense and produce an upper layer. The n-hexane layer was removed by allowing 

first the distilled water layer in a separate glass beaker or flask and collecting the n-hexane layer 

in a separate glassbeaker. The separated n-hexane layer was then concentrated by rotary 

evaporator to get the n-hexane fraction of the plant sample. This process was repeated many 

times until a colorless n-hexane layer was obtained.  

Similarly the remaining distilled water (aqueous) layer was again subjected to 

fractionation with dichloromethane and finally with ethyl acetate repeating the same process. 

Depending upon the solubility of compounds in each fraction of each plant the amount of solvent 

was different, thus fractionation resulted in three organic solvents and one aqueous fractions. 

2.3 Antifungal Activity  

2.3.1 Fungal strains used 

Alternaria, Acremonium, Verticellium, Pythium and Tricoderma were used for antifungal 

assessment. 

2.3.2 Media preparation for fungal growth 

Dissolve 39 g of Potato dextrose agar (PDA) in 1litre of distilled water, sterilized by 

autoclaved at 15psi (121oC) for 15 minutes. Cool to room temperature and pour into sterilized 

petriplates to soloidify. Kept at room temperature to solidify for 30 minutes. 

2.3.3 Agar well diffusion method 

Agar well diffusion method was followed as designated by Samie et al., (2010). Using 

the micropipette, 100μl of different fungal cultures in sterile distilled water (SDW) was 

positioned on the surface of an agar plate and spread with sterile inoculation loop. Using a sterile 

cork borer, hole) were made in each of the culture plates and suplimented with 75μl of crude and 

different fractions of selected plants. These plates were nurtured at 37°C, and the results were 

recorded after 24 hours depending on the fungal growth. The perfect zone round the each well 
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was calculated in mm, representing the activity of the plant extract against the fungus. Each test 

was triplicated and standard deviation was calculated. 

2.4 Antibacterial Activity  

2.4.1 Antibacterial activity of crude extracts and fractions 

The agar well diffusion method (Perez et al., 1990) was implemented to display the 

antibacterial activity. The activity was done with crude extracts and fractions of all plants. 

2.4.2 Microorganisms used 

Staphylococcus aureus (Gram-positive), Pseudomonas aeruginosa, Escherichia coli, 

Shigella flexneri and Salmonella typhi, (Gram-negative) bacteria were used for antibacterial 

activity. 

2.4.3 Media for bacterial culture  

LB Broth, miller medium was made by melting 25 g/l in sanitized water. pH of media 

was in tune to 7.0. In 250 ml flask 100 ml of LB broth was distributed and autoclaved. Bacterial 

strains were inoculated in flasks and kept at 37ºC in shaker incubator at 150rpm overnight. LB 

Agar was organized by liquefying 40 g of LB agar in 1liter of sterilled water, pH was tuned and 

autoclaved.  

2.4.4 Preparation of inoculum  

Selected bacteria strains from 24-hour old culture in LB broth (Miller) were mixed with 

physiological normal saline solution untill to get a McFarland turbidity standard [106 colony 

forming unit (CFU) ml-1] was obtained. Then the inoculum was used to seed in LB Agar Medium. 

2.4.5 Preparation of Agar Plates  

LB agar was left at room temperature to cool, then before to solidify it was poured into 

sterilized petriplates. The agar well diffusion method (Perez et al. 1990) was used. With a 

disinfected fiber brush cultures bed of the test organisms were prepared on agar plates. Five wells 

were made per plate using a sterile borer under sterile conditions.  

2.4.6 Preparation of extract for activity 

20mg crude extracts and fractions of all plant samples were completely dissolved in 1 ml 

of DMSO. Solution of a standard antibiotic (2 mg/ml of Cefotaxime) was used as positive control 

and DMSO as negative control. 
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2.4.7 Pouring of test solution, incubation and measurement of zone of inhibition 

With micropippete, 75 μl of plant samples solution were dispensed in labeled wells. Each 

of the labeled plate was delivered with samples of extracts, cefotaxime as positive standard and 

di methyl sulphoxide (DMSO) as negative standard. Incubation was done at 37ºC.  After 24 h of 

incubation, the diameter of clear zones, showing no bacterial growth around each well was 

measured. Activity was repeated three times and average of zone of inhibition with standard 

deviation was calculated. 

2.5 Phytotoxicity Activity 

2.5.1 Bioassay 

For allelopathic studies, sandwich method of Fujii et al., (2003 & 2004) was adopted with 

slight modification. In this method 15g agar was dissolved in 1liter of sterilled water and was 

autoclaved. The agar gel was left to cool at room temperature but before to solidify completely, 

the agar solution was poured into sterilized petriplates leftward to solidify. Dehydrated plant 

material of each test species of 10mg, 20 mg and 40 mg were placed on the agar bedding and 

again were roofed by a shrill coating of agar solution. After complete solidification, ten seeds of 

lettuce (Lactuca sativa L.) were employed on agar gel in the plate. Plates were then wrapped with 

the tape and incubated for 72 h at 24ºC in gloomy environments. The lengths of radicle and 

plumules were documented in cm. In the control treatment, only agar gel without any plant 

material was used as a seed bed for lettuce seeds. 

Esperiments wer repeated three times. Means of radicle and plumule lengths of each 

medical plant were measured by associating with control. The normal distribution pattern was 

calculated for the 10 mg, 20 mg and 40 mg of plant materials with radicle and plumule lengths 

of each medical plant. 

2.6 Anticancerous Activity 

Cell viability assay was performed to check the anticancerous activity of plant extracts 

by using MTT reagent (Carmichael et al., 1987). HePG2 Liver cancer cell lines was used in 

anticancer activity. 

2.6.1 Principle of MTT assay 

Cytotoxicity of medicinal plants extracts can be find out by using this technique. This 

technique can only be apply to living cells as mitochondrial enzymes are functional. In this 

technique mitochondrial reductase (mitochondrial enzyme) is involve. Here the yellow colour of 



40 
 

MTT reagent is changed to blue due to the formation of formazan. These complexes are involved 

in cell toxicity, deregulation of metabolic process and hence decreased performance in the 

bioassay. Yellow MTT reagent ((3-(4, 5-Dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium 

bromide, A tetrazole) reduce to purple formazan in living cells by means of mitochondrial 

reductase (Mosmann, 1983). DMSO and ethanol is used to dissolve the insoluble purple 

formazan product.  

2.6.2 Media preparation  

Foetal Bovine Serum (FBS) and Dulbeccos Modified Eagle Medium (DMEM) (Fischer 

Scientific) were heated at 37ºC.  Penicillin and streptomycin were used for preparation of 

antibiotic solution. 200 mM L-Glutamine, 10000 unit penicillin and 10 mg/ml streptomycin were 

prepared and 5ml of this solution and 50 ml of FBS were added into 500 ml of DMEM. The 

media was stored at 2-8 ºC till for further use. 

2.6.3 Defrosting cells  

One hour before use, culturing media for the cells DMEM was warmed up to 37ºC. Cells 

frozen in liquid nitrogen were takeout and the vials containing cells were placed in an incubator 

(Thermo Hera cell 150) at 37ºC. Vial was sprayed with 70% IMS (Industrial Methylated Spirit) 

earlier to the opening, to eliminate chances of contamination. Cells in the vial were centrifuged 

(Centrifuge Thermo scientific legend RT+) for 5 min at 1000 rpm. Supernatant was removed and 

pellet was suspended in 8-10 ml of media. In 25 ml labelled (cell type, date, initials and passage 

number) cell culture flask, suspension was shifted. Flasks were incubated overnight at 37°C. h, 

media was refreshed after 24. 

2.6.4 Trypsinisation of cells  

Trypsanisation is require to each cell to get maximum nutrients and environment provided 

during the experiments. When they confluent was about 80-100% trypsanisation is necessary. 

After removing media cells were washed using 10 ml of PBS (Phosphate Buffer Saline) to partly 

remove the dead cells as they do not attach to the flask surface. Warmed trypsin-EDTA (2 ml per 

25 ml flask) at 37°C for 1-3 min was use and then pour into the culture flask. Flask was pour out 

gently to break the cell masses and observed under inverted microscope (Leica DMIL inverted 

microscope). When the cells were fully separated from the flask surface, 8 ml of the arranged 

media was poured into the flask. Media was pipetted up and down several times to break up any 

cell masses. This solution was divided into two new flasks. About 5 ml of DMEM media was 
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added to each flask and retained it in the incubator at 37°C. After 24 h, from each flask to remove 

trypsin, media was decanted and refreshed with new media. 

2.6.5 Freezing cells  

When the cells were 80-100% confluent they were freezed. Cells were pour out as already 

explained. After displacing cells, about 5 ml of media was added to break the activity of trypsin 

if still present. Cells were centrifuged for 1 min at 1000 rpm and pellet was suspended in a 

mixture of 90% FCS (Foetal Calf Serum) and 10% DMSO and transferred to cryovial tube. The 

tubes were stored at -80°C to freeze overnight. After 24 h, the cells were shifted to liquid nitrogen. 

2.6.6 Cell counting 

Cells were trypsinised as stated earlier. DMEM was added and cells were centrifuged in 

falcon tube for 1 min at 1000 rpm and pellet was resuspended in 1 ml of DMEM. 10 μl of the 

cell suspension and 90 μl of trypan blue were added. Several times cells were pipetted up and 

down to mix the trypan blue systematically. 10 μl of suspension was poured to the prepared 

hameocytometer slide. Cells were counted in each of 5 squares and mean was calculated. Number 

of cells was calculated using the following equation: 

Number of cells/ml = Mean of cells x 104 x 10 (dilution factor) 

2.6.7 Preparing MTT solution: 

MTT solution was prepared at concentration of 5 mg/ml in PBS (Phosphate Buffered 

saline Solution) as stock solution. This solution was diluted depending upon the concentration of 

cells needed to use. Stock solution was diluted to 1:5 in media (RPMI 1640). 

2.6.8 Dilution of plant extracts 

Plant extracts were weighed as needed and dissolved in DMSO to make stock solution of 

each extract sample. Required dilutions (10, 50 and 100 μg/ml) of extracts were then carried out 

in sterile conditions in laminar flow hood by adding calculated amounts of DMEM to the stock 

solution. 

2.6.9 MTT assay methodology 

Cells were seeded in 96-well plates at the density of 5,000 cells/well in 100 μl medium 

(RPMI 1640), allowed to attach overnight and then various concentrations of the plant extracts 

were added in respective wells. After 24 h incubation at 37°C, 10 μl MTT reagent was added to 

each well and incubated for further 4 h. Then 100 μl of DMSO solution was added to the wells 
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to solubilize the MTT crystals. The plates were incubated overnight at 37°C. Results were 

expressed in terms of percentage inhibition. 

Percentage inhibition was calculated by the following formula 

Percentage inhibition= (B-A)-(C-A) × 100 

(B-A) 

A= Average absorbance of media 

B= Average absorbance of media with cells 

C= Average absorbance of extract sample 

2.6.10 Statistical analysis 

All the tests were performed as individual triplicate experiment. Results obtained from 

crude extract activity were calculated for average % inhibition while data obtained from the 

results of activity of fractions was statistically analyzed by ANOVA and SPSS. 

2.7 Antioxidant Assays  

2.7.1 DPPH free radicals scavenging activity  

For DPPH free radicals scavenging activity the method of Brand-Williams et al., (1995) 

was followed with some modifications. DPPH (24 mg) was dissolved in 100 ml of methanol to 

prepare DPPH solution. The stock solutions of plant samples were prepared in methanol having 

concentrations of 1 mg/ml and then diluted to the concentrations 1000, 500, 250. 125and 62.5 

μg/ml. DPPH and sample solutions were mixed in a ratio of 1:1 and were incubated at 23°C for 

30 min. Finally, absorbance was measured at 517 nm using UV spectrophotometer (Thermo 

electron corporation USA). Ascorbic acid was used as positive control. Percent radical 

scavenging activity was measured using the following equation;  

Scavenging effect % = control absorbance - sample absorbance/control absorbance x100 

2.7.2 ABTS free radicals scavenging activity  

Antioxidant potentials of selected medicinal plants fractions were investigated using the 

free radicals of 2, 2-azinobis [3-ethylbenzthiazoline]-6-sulfonic acid (ABTS) (Re et al., 1999). 

ABTS (7 mmol) and potassium persulfate (2.45 mmol) solutions were prepared and thoroughly 

mixed. For production of free radicals, the solution was kept in the dark for 8 h at room 

temperature. Prior to use, ABTS solution was diluted with Phosphate buffer (0.01 M), pH 7.4. 

The absorbance of ABTS solution was adjusted to 0.7 at 745 nm by the addition of 50% 

methanol. Radical scavenging ability of the fractions was analyzed by mixing 300 μl of each test 
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sample with 3.0 ml of ABTS solution in a cuvette. The absorbance of the solution was measured 

using a double beam spectrophotometer for 6 min. Ascorbic acid was used as positive control. 

The experiment was repeated three times and percent ABTS scavenging activity was calculated 

as follows;  

Scavenging activity %age = control absorbance−sample absorbance/ control absorbance  x 100 

2.8 Heavy Metals Analysis 

Heavy metal analysis was done according to AOAC 1995 using flame atomic absorption 

spectroscopy. Using wet digestion method (Meena et al., 2010; Helaluddin et al., 2016). 

2.8.1 Acid digestion of samples  

Wet digestion method was used for sample analysis. 0.5 g to 1.0 g of the each plants 

sample was weighed for analysis and digested with 15 ml of 20 % sulphuric acid solution in test 

tube. Now the test tube with sample in it was left for 24 hours so that the sample can be fully 

dissolved in the solution. For better digestion each test tube was heated for 10 to 15 minute. The 

solution of each test tube was filtered by using the whatman-42 filter paper and a filtrate was 

obtained of each plant sample. Distil water was added to each filtrate to make the final volume 

of the solution 30 ml. Flame Atomic Absorption Spectrophotometric techniques were used to 

measure the concentration of Lead, Mercury, Arsenic, Cadmium and Zinc in the each extract of 

plant sample solution. 

2.9 Proximate Analysis 

The proximate analysis (carbohydrates, fats, proteins, moisture and ash) of all plant 

samples were determined by using AOAC methods (AOAC, 1990; AOCS, 2000). 

2.9.1 Determination of moisture 

Petri plates were washed and placed in oven for about 30 minute at 1050C.  Petri 

plates were then removed, cooled in desiccators and then weighed. 3 gram of dry plant 

material was taken in a Petri plate and placed in oven at about 1050C for 6 hours. Plates were 

then removed, cooled in desiccators and weighed. This process was repeated two times. The 

moisture content was calculated using the following formula. 

Moisture (%) = Weight of fresh sample – Weight of dry sample × 100 

             Weight of sample  

 

 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3877414/#CR6
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2.9.2 Determination of ash 

 The crucible ware washed and placed in furnace at 550 0C for 30 minute in ordered to dry 

it. The crucible was then removed and placed in desiccators for cooling.  1.0±.01 gm of dried 

plant materials was taken in a crucible. The sample was burnt over a low flame. The crucible was 

then placed in a Muffle furnace at about   5500C and left for 3 hours until white ash was obtained. 

The crucibles containing ash was taken out and placed in desiccators for cooling. The crucible 

was weight. The percent ash was calculated as (Awan and Salim, 1997; AOCS, 2000).  

Ash (%) = (%)   weight of sample after ashing ×  1 0 0  

                                                Weight of sample 

2.9.3 Determination of curd fat 

        About 5g of powder plant materials was taken in the paper thimble and connecting to a 

goldfish of soxhlet extractor. 250 mL of n-hexane or petroleum eather solvent was poured on the 

top of the thimble, and run for six hours on heating mantle. Crude fat was extracted and thimble 

was removed. The flask was cooled in a desicator and weighed. The percent crude fat was 

determined by using formula (AOCS, 2000). 

Crude Fat (%) =     Weight of beaker with fat – Weight of empty beaker × 100 

              Weight of original sample 

2.9.4 Determination of protein 

The protein determination in plants sample is divided into three steps: 

1. Digestion. 

2. Distillation.  

3. Titration. 

i. Digestion  

1 g of the dried plant material was taken and transferred to a digestion flask. About 2 g 

of the digestion mixture (copper sulphate: Potassium sulphate: ferrous sulphate: 1:18.5:0.25 

(w/w/w) and 20 mL of concentrated sulphuric acid was added to the flask. The solution was 

heated till it appears clear. It was boiled for another 2 hours, cooled and to the digest about 30 ml 

distil water was added in 5ml portions with mixing. The digest was transferred to a 100 mL 

volumetric flask and made the volume up to the mark. 
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ii. Distillation 

  The parnas Wagner distillation assembly was set. About 40 mL of 4% boric acid was taken 

and 2 drops of methyl red indicator was added, and pink colored appear. Five milliliter of the 

digest was transferred to the distillation assembly and 10 mL of 40% sodium hydroxide solution 

was added to the digest in the assembly. The process of distillation was completed in 10 mints 

indicated by change of color of boric acid to yellow due to formation of ammonium borate. 

iii. Titration 

               The boric acid having trapped ammonia was titrated with 0.1N hydrochloric acid, the 

color of boric acid containing ammonia changed again to pink. The percent protein was 

calculated by the following formula. 

Protein (%) =1.4 × 6.25 × 0.1N HCl × Vol OF H2 SO4 (used) 

                                 Weight of sample 

Where 1.4 = Weight of Nitrogen expressed in gram in the formula 

       6.25 =   Protein factor for vegetable 

2.9.5 Determination of carbohydrate 

Carbohydrate was determined by using the following formula (Müller and Tobin, 1980). 

Carbohydrate (in grams) = 100-(%crude fat + %crude fiber + %Ash + %Protein) 

2.10 Phytochemical Analysis of Plant Material 

Phytochemical screening of crude ethanolic extracts was carried out for chemical classes 

like alkaloids, glycosides, flavonoids and saponins (Sopowara. 1993; Trease & Evans, 

1996:Iyengar.1995; Evan et al., 2002; Deshpande & Kadam. 2013). 

2.10.1 Test for alkaloids  

Mayer’s reagent 

0.3555 g of mercuric chloride was dissolved in 60 ml of water and 5 g of potassium iodide 

was dissolved in 20 ml of water. Two solutions were mixed and volume was made up to 1000 

ml with distilled water. 

Dragendorff’s reagent 

Solution A: 1.7 g of basic Bismith nitrate and 20 g of tartaric acid was dissolved in 80 

ml of distilled water. 

Solution B: 16 g of Potassium iodide was dissolved in 40 ml of distilled water 

Solution A and B were mixed in ratio of 1:1 
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0.5-0.6 g of plant extract was mixed with about 8 ml of 1% HCl, warmed and filtered. 2 ml of 

filtrate were treated separately with Mayer’s Reagent and Dragendorff’s reagent. Turbidity or 

precipitation was observed to indicate the presence of alkaloids. 

2.10.2 Test for flavonoids 

0.5 g of prepared extract was shaken with pet ether to remove the fatty materials. The 

defatted residue was dissolved in 20 ml of 80% of ethanol and filtered. The filtrate was used for 

the following test 

a) 3 ml of filtrate was mixed with 4 ml of 1% AlCl3 in MeOH in a test tube. Formation of yellow 

color was observed to indicate the presence of flavonols, flavones and/or chalcones. 

b) 3 ml of the filtrate was mixed with 4 ml of 1% KOH.A dark yellow colour was observed to 

indicate the presence of flavonoids. 

2.10.3 Test for saponins 

0.5 g plant extract was dissolved in boiling water in a test tube. The solution was allowed 

to be cool down. It was shaked until and unless a Forth appeared which indicating the presence 

of saponins. 

2.10.4 Test for glycosides 

Killer kiliani test –the extract [50mg] was dissolved in distilled water and then filtered. 

To 2 ml of filtrate 1ml of glacial acetic acid and a drop of ferric chloride and a drop of 

concentrated sulfuric acid was added. Green blue color to upper layer and reddish brown color 

at the junction of two layers indicates the presence of cardiac glycosides 

2.10.5 Test for phenols  

The extract (500mg) was dissolved in 5ml of distilled water. To this, few drops of neutral 

5% ferric chloride solution were added. A dark green colour indicated the presence of phenolic 

compounds. 

2.11 Isolation of Compounds 

After fractionation and on the basis of results of preliminary activities DCM 

(dicholoromethane) fraction of Saxifraga flagillaris was used for compound isolation. Column 

chromatography was used for isolation. 

2.11.1 Methodology of column chromatography  

Silica 60 (Sigma-Aldrich) with pore size 0.035-0.070mm was used for column 

Chromatography. First of all glass column was washed and dried. The column was adjusted in 
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the stand and was fitted in it. Sufficient amount of n-hexane was added to the column. The tap of 

the column was closed. Then slowly sufficient quantity of silica was poured in the column very 

carefully up to 5-6cm. Then before the column to be loaded with the extract slurry, the column 

was allowed to drain by adding more n-haxen to the column in order to reduce chances of air 

bubbles in the silica slurry. Weighted extract which was DCM fraction was completely dissolved 

in small amount of distilled water. Dry silica was added and a fine slurry of extract was prepared. 

Sample was adsorbed on silica and kept to dry at room temperature to a fine powder. When 

sample was completely dried then it was carefully loaded over the silica slurry, preloaded in the 

glass column which form a uniform layer. Few grams of dry silica was added over the sample in 

the column to protect the uniformity of sample layer and keep its evenness during the further 

process. Elution of column was started 100% n-hexane. Column was eluted with mobile phase 

of organic solvents systems of polarity basis.  Two solvent systems were used in the whole 

process. First was of n-haxane and ethylacetate system and the other second was of chloroform 

and methanol system. Firat of all 100% n-haxane was run through the column. And elutions were 

collected in glass vials. Then each glass vial was subjected to TLC and the elutions of similar Rf 

values were combined. The slowly the polarity of the system was changed to 90%n-haxane and 

10% ethyleacetate. Elutions were collected in glass vials, subjected to TLC and vials of similar 

Rf values were combined. The process was repeated with slowly and gradually increasing the 

polarity of the solvent system as 80%n-haxane with 20% EA, 70% Hxn/30% EA, 60% Hxn/40% 

EA, 50% Hxn/50% EA, 40% Hxn/60% EA, 30 Hxn/70% EA, 20% Hxn/80% EA, 10% Hxn/90% 

EA and finally 100% EA were used. In all these elutions spots with similar Rf vales were 

combined. 

Same process was repeated with solvent system two (chloroform and methanol). Organic 

solvent system two was started with 100% chloroform, then slowly and gradually the polarity of 

the system was changed (90%ClC/10% M, 80%ClC/20% M, 70% ClC/30% M, 60%ClC/40% 

M,50%ClC/50% M, 40%ClC/60% M, 30%ClC/70% M, 20%ClC/80% M, 10% ClC/90%M & 

finally 100%M) and the elutions collected in each ratio were subjected to TLC and spots having 

similar Rf values, were combined. 

2.11.2 Thin layer chromatography 

Thin layer Chromatography (TLC) was carried out on TLC Plates, silica 60 F254 with 

Fluorescent indicator, precoated aluminium cards (0.2 mm thickness) from Merck (Germany). 
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TLC was performed for all elutions of all ratios, collected from the column. Elutions having spots 

with similar Rf values were then combined together for further isolation. Following procedure 

was adopted for TLC. 

2.11.3 Spotting and developing the TLC plate 

TLC plates of required size were cut by using sharp cutter. A pencil line was drawn on 

one end of the cutted TLC card. Cards were marked for application of elution spot. Using pointed 

capillary tube on the pencil line marked a spot of the sample was inject there, at one side of the 

card. Samples were applied at equal distance from each other. 

Different mobile phases (solvent systems) were prepared for different elutions depending 

on the mobile phase percentage during collecting elutions through the column.  Then TLC cards 

were placed in the TLC tank and allowed to develop. After some time when mobile phase reached 

at upper end, the cards were removed. Solvent front was marked and cards were dried. TLC plates 

were visualized using ultra violet (UV) light at 254nm and visualized spots were marked for the 

determination of Rf values. If the spots are not clear then H2SO4 spray was used and dry on hot 

plate, holding with forecep. Then see in the UV box and distances covered by mobile phases and 

compound, were measured and Rf value was calculated as, 

Rf = Distance travelled by visualized spot/Distance travelled by the solvent front 

Elutions with best separation and enough quantity were again and again subjected to column 

chromatography using pencil column to get pure compound. 

2.12 Identification and Spectral Analysis of Compounds 

Isolated compounds were subjected to identification and spectral analysis. 

2.12.1 Nuclear magnetic resonance spectroscopy (NMR) analysis 

Isolated compounds were dried, weighed (5-10mg) and dissolved in (2ml) deutrated 

solvent (Merck) for NMR. Compound isolated from DCM fraction of saxifrage flagilaris was 

dissolved in Deutrated chloroform as it was soluble in that and the compounds are also soluble 

in DMSO. The solutions were then pipetted in clean NMR tube by the help of Pasteur pipette to 

a height of 5.2cm. Proton HNMR, Carbon C13NMR, DEPT 90 and 135 and correlation 

experiments were run on NMR. NMR spectra were recorded using a JEOL Eclips 400 NMR 

Spectrometer with JeoL Delta Version 7.2 control and processing software was used to perform 

different NMR experiments, where peak position were quoted on the scale relative to an internal 

standard. 
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2.13 Anticancer Activity of Pure Isolated Compounds 

2.13.1 Chemicals and reagents 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was purchased 

from Sigma-Aldrich (Hamburg, Germany). Dichlorofluorescein diacetate (DCFHDA) was 

obtained from Molecular Probes (Eugene, USA). Annexin V-FITC Apoptosis Detection Kit 

(ab14085) and Caspase 3 Assay Kit (Colorimetric, ab39401) were obtained from abcam (330 

Cambridge Science Park, Cambridge, UK). Antibodies (cleaved caspase-3, cleaved PARP, and 

β-actin) were purchased from Santa Cruz Biotechnology (Texas 75220, USA). All chemicals 

were used as prescribed by the manufacturers. 

2.13.2 Cell culture 

HCT 116 (ATCC® CCL-247™), and PC-3 (ATCC® CRL-1435™) cell lines were 

cultured in DMEM medium. Medium was supplemented with 10% FBS, 1% penicillin 

streptomycin, and cells were maintained at 37˚C in a humidified atmosphere of 5% CO2. 

2.13.3 MTT assay 

Cell viability was measured by the MTT assay (Carmicheal et al., 1987). Cells were 

seeded into 96-well plates at a density of 2 × 105 cells/well. Triplicate wells were treated with 

vehicle and different concentrations of Adlumine for indicated times. After incubation at 37°C 

in 5% CO2, medium was removed, and 200 μl fresh medium with 20 μl, 5 mg/ml MTT solution 

was added. After 4 hours, the medium with MTT was removed and 200 μl DMSO was added to 

each well. The plates were then gently agitated until the color reaction was uniform, and the 

OD540 (optical density at a wavelength of 540 nm) was determined using a 96-well plate reader. 

Microsoft® Excel 2007 was used for data analysis. Vehicle treated cells served as the indicator 

of 100% cell viability. 

2.13.4 Measurement of ROS generation 

To detect ROS generation after treating cells with Adlumine, 5 μM DCFHDA was added 

to the cell culture medium for 30 min in the dark. DCFHDA is a non-fluorescent dye that is 

converted to highly fluorescent DCF when oxidized by intracellular ROS and peroxides, and it 

has an excitation and emission wavelengths of 480 nm and 520 nm, respectively. The cells were 

washed with 1X PBS and then analyzed on a confocal laser scanning platform (DM/R-TCS, 

Leica) coupled to a microscope (Leitz DM REB) (Wu & Yotnda, 2011). 
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2.13.5 Annexin-V-FITC apoptosis detection assay 

Apoptosis assay was performed as prescribed by the manufacturer (abcam: ab14085 

protocol). Briefly cells were seeded in 6 wells plate (2 × 105/well), and incubated with Adlumine 

for indicated time. Next, cells were gently trypsinized, collected by centrifugation and re-

suspended in 500 µl of 1X Binding Buffer. Finally, cells were incubated with 5 µl each of 

Annexin-V-FITC and Propidium Iodide (PI: 50mg/ml) at room temperature for 10 min in the 

dark, and analyzed by flow cytometry (BD FACSARIA III, BD Biosciences, USA) (Bucur, et 

al., 2012). 

2.13.6 Caspase-3 activity assay 

Cells were treated with Adlumine for specified time and cell lysates were prepared using 

cell lysis buffer. Protein concentration was measured and adjusted to 50 – 200 µg protein per 50 

µL cell lysis buffer for each assay (well). Further, assay was performed according to the 

manufacturer’s protocol, and output (OD 400 - 405 nm) was measured on a microplate reader 

(Looi et al., 2013). 

2.13.7 Western immunoblotting 

Cells were collected using a cell scraper and cell lysates were prepared by cell lysis buffer 

for protein extraction. The protein concentration of the cell lysates was measured using the Bio-

Rad Protein Assay, and subsequently, samples were prepared in SDS sample buffer containing 

60 mM Tris–HCl (pH 6.8), 2% SDS, 10% glycerol, and 5% β-mercaptoethanol. Samples were 

then separated on a 10% SDS-polyacrylamide gel electrophoresis (PAGE) gel, and transferred 

onto a nitrocellulose membrane (Amersham). The blotted membranes were blocked using 3% 

albumin solution in distilled water (Gendepot, USA) for 1 h at room temperature. Next, the 

membranes were incubated with the primary and secondary antibody for the indicated time, and 

washed three times with washing buffer (20 mM Tris–HCl pH 7.5, 500 mM NaCl, and 0.1% 

Tween-20). Signals were detected using an ECL Prime Western Blotting Detection Reagent 

(Amersham) following the manufacturer's protocol (Kurien & Scofield, 2015). 
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Chapter 3 

RESULTS 

3.1 Collection and Drying Of Plant Material 

Plants were collected from different areas of Khyber Pakhtunkhwa Pakistan. The parts of 

each plant which were used locally for disease treatment were used for extraction with 70% 

ethanol. Plant parts were washed, material were shade dried and dried, grinded to powder and 

used for extraction. 

3.2 Extraction  

Cold maceration technique was used for extraction. Powdered material (1.5kg) of each 

plant was dipped in 70% ethanol (2000ml) and stored at room temperature for 5 days then filtrate 

was obtained. The process was repeated three times. Filtrates were evaporated at 400C under 

vacuum using rotary evaporator to obtain crude dry extract and the process was repeated three 

times. Quantity of final crude extract after vacuum drying is given in the Table.3.1. 

Crude ethanolic extracts were then subjected to further fractionation with n-hexane, 

dichloromethane (DCM) and ethyl acetate on polarity basis.  

Table.3.1. Crude Ethanolic Extract of selected medicinal plants  

S.No. Botanical name Part Used Crude extract (g) 

1 Cucumis sativus Linn. Seeds 30 

2 Portulaca oleracea Linn. Seeds 25 

3 Malus baccata (L). Borkh. Fruit 35 

4 Saxifraga flagillaris Willd. Ex Sternb. Rhizome  35 

5 Geranium wallichianum D.Don. Rhizome 30 

6 Monotheca buxifolia (Falc.) A. DC, Bark, leaves 30 

 

3.3 Antifungal activity 

Medicinal plants are enriched sources of compounds working against microbial 

organisms and due to this reason the WHO promoted that both developed and underdeveloped 

countries use the traditional medicine with a view of safe and effective remedies of various 

ailments. Plants have substantial medicinal activities and are usually used as a source of medicine 

worldwide. These plant species is chief source of various valuable and prevailing crude drugs. A 

huge number of medicinal plants have gained recognition due to their biological and 
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antimicrobial potential (Walter et al., 2011; Shinwari et al., 2015). Raw drugs are generally 

extracted from various parts of medicinal plants due to their different medicinal properties. The 

diverse plant organs include leaves, root, stem, flower, fruit and various other modified parts of 

plant are used. These different parts of plants are gathered in small amount for local use and in 

bulk quantity they are collected for trading as well as for manufacturing of herbal products in 

herbal industries (Uniyal et al., 2006). In this connection the present study was undertaken to 

evaluate the antifungal activity of medicinal plants selected in this study. The results shown in 

Table.3.3.1 (Fig.3.3.1). 

Table 3.3.1 Antifungal activity of crude extracts of selected medicinal plants against selected 

fungal stains 

Plant Alternaria Acremonium Verticellium Pythium Trichoderma 

Cucumis 

sativus 

6.89± 0.11 16.50± 1.89 13.44± 0.53 10.67± 

1.30 

11.78± 1.75 

Portulaca 

oleracae 

10.33± 0.88 14.12± 0.192 17.00± 0.58 16.17± 

0.93 

16.41± 0.82 

Malus 

baccata 

10.90± 0.58 9.89± 0.63 13.62± 0.87 9.17± 

1.01 

14.77± 1.13 

Saxifraga 

flagillaris 

9.77± 1.65 15.33± 1.129 7.90± 0.66 10.23± 

0.96 

13.14± 1.03 

Geranium 

wallichianum 

14.50± 1.25 13.57± 0.87 12.83± 0.95 14.27± 

1.22 

16.06± 0.97 

Monotheca 

buxifolia 

11.00± 1.00 10.33± 0.88 12.33± 1.86 10.00± 

3.60 

12.00± 2.08 

Standerd 17.3±0.01 19.4±0.04 18.5±0.02 18.1±0.01 19.1±.0.04 

 

The results of antifungal activity (table.3.3.1,Fig.3.3.1) showed that CEE (Crude 

Ethanolic Extract) of all selected medicinal plants were active against all selected fungal species 

and showed different range of zone of  inhibition. The most active among the medicinal plants 

was Portulaca oleracae with 17.00mm zone of inhibition. Cucumis sativus against Acremonium 

with 16.50mm zone of inhibition, followed by Portulaca oleracae against Trichoderma with 

zone of inhibition of 16.41mm. Geranium wallichianum was most activie against Trichoderma 
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with 16.06mm of zone of inhibition. Saxifraga flagillaris showed 15.33mm zone of inhibition 

against Acremonium, Malus baccata showed 14.77mm inhibition zone against Trichoderma 

while Monotheca buxifolia showed 12.33mm zone of inhibition against Verticellium. Canestine 

used as standerd.   

 

Fig.3.3.1 Antifungal activity of crude extracts of selected medicinal plants against selected fungal 

strains using agar well diffusion method. Canestin used as standred Bars representing Standard 

errors and letters representing significant difference between mean data (Duncun’s Test p > 0.05). 

 

 3.3.1 Antifungal activity of fractions  

The crude ethanolic extract was fractionated on polarity based into n-haxan, DCM and 

ethylacetate fraction. The three fractions of each medicinal plants were tested against the fungal 

strains (Table.3.3.2).  

Table.3.3.2 Antifungal activity of fractions of selected medicinal plants 

Plant Fraction Alternaria Acremonium Verticillium Pythium Trichoderma 

Cucumis sativus n-haxane 7.00  

± 0.57 

15.67  

± 1.20 

14.67 

± 1.85 

20.00 

± 0.57 

16.33 

± 1.20 

DCM 10.33 

± 1.764 

20.33 

± 0.882 

15.83 

± 0.726 

11.17 

± 0.441 

15.83 

± 1.093 

Ethyle 

acetate 

8.50 

± 1.500 

15.00 

± 1.000 

16.50 

± 3.500 

9.75 

± 1.250 

9.25  

± 0.750 
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Portulaca 

oleracae 

n-haxane 16.50  

± 3.547  

14.17 

± 1.922 

16.83 

± 0.440 

14.67  

±0.333 

17.33 

± 1.481 

Ethyle 

acetate 

14.17 

± 2.522 

16.50 

± 1.802 

18.17 

± 2.167 

18.67 

±1.452 

18.67 

± 1.452 

Malus baccata n-haxane 18.67 

± 1.452 

13.33 

± 3.844 

15.67 

±0.763  

10.67 

± 1.763 

14.00 

± 1.732 

DCM 18.33 

± 1.763 

11.00 

± 1.732 

15.83 

± 1.302 

9.67 

± 0.882 

15.00 

± 1.547 

Ethyle 

acetate 

12.83 

± 1.093 

09.17 

± 0.441 

12.17± 

0.441 

6.50 

± 0.289 

17.67 

± 0.882 

Saxifraga 

flagillaris 

n-haxane 10.833 

±1.879 

15.83 

± 0.601 

12.33± 

3.527 

11.67 

± 2.728 

10.67 

± 0.667 

DCM 8.67± 

1.763 

13.50 

±0.289 

09.67± 

1.856 

10.17 

± 0.441 

13.50 

± 2.291 

Geranium 

wallichianum 

n-haxane 11.83 

± 1.302 

11.33 

± 2.028 

06.83 

± 0.601  

09.00 

± 0.577  

14.17 

± 1.482 

DCM 20.50 

± 1.041 

28.83 

± 1.481 

22.00  

± 1.732 

19.67 

± 0.333 

20.00 

± 0.577 

Ethyle 

acetate 

14.83 

± 1.302 

12.17 

± 1.922 

10.17 

± 1.364 

11.33 

± 1.826 

12.17 

± 0.726 

Monotheca 

buxifolia 

n-haxane 10.50 

± 0.500 

10.33 

± 2.404 

07.17 

± 0.441 

09.33 

± 0.667 

14.50 

± 1.443 

DCM 16.67 

± 1.667 

19.67 

± 0.882 

17.67 

± 0.333 

17.33 

± 0.333 

18.67 

± 0.882 

Ethyle 

acetate 

12.33 

± 1.453 

10.33 

± 1.453 

09.33 

± 1.202 

9.67 

± 0.667 

09.67 

± 0.333 

Standerd  25.1±0.03 30.4±0.7 27.4±0.3 25.2±0.7 27.2±0.7 

 

Fractions of Cucumis sativus was active against the fungal strains showed maximum 

activity by DCM fraction with 20.33mm of zone of inhibition against Acremonium. 20.00mm 

inhibition zone was recorded for Pythium by n-haxane fraction. 16.50mm by ethyl acetate 

fraction against Verticellium and 16.33 for Trichoderma by n-haxane fraction. Alternaria showed 

least susceptibility against all fractions with 7.00mm, 10.33mm and 8.50mm against n-haxane, 

DCM and ethylacetate respectively (Fig.3.3.2).  



55 
 

Results showed in table 3.3.2 that ethylacetate fraction of Portulaca oleracae was most 

active against Verticellium, Pythium and Tricoderma with 18.17mm, 18.67mm and 18.67mm 

zone of inhibition respectively while rest of the fugal components were moderately inhibited by 

the fraction extracts. DCM showed no activity (Fig.3.3.3). 

The fractions of Malus baccata were active against all fungi showing maximum activity 

by n-haxane fraction against Alterneria with 18.67mm and 15.67mm against Verticellium. DCM 

fraction was active against Alternaria, Verticellium and Tricoderma with a zone of inhibition of 

18.33, 15.33 and 15mm respectively. Ethylacetate fraction showed maximum activity against 

Trichodrma with 17.67mm. Pythium was least susceptible sps. Against all fractions of Malus 

baccata (Fig.3.3.4). 

Fractions of Saxifraga flagillaris were moderate in action against all fungal components 

showing max. Inhibition against Acremonium with 15.83mm by n-haxan fraction, 13.50mm 

against the same fungi by DCM faction and 15.30mm inhibition by DCM fraction against 

Trichoderma. Alternaria and Verticellium were susceptible with 8.76 and 9.67mm inhibition 

zone. Ethyl acetate fraction showed no activity (Fig.3.3.5). 

Geranium wallichianum fractions DCM fraction was most active against all fungi 

showing 20.50mm for Alternaria, 28.83mm for Acremonium, 22.00 for Verticellium , 19.67mm 

for Pythium and 20.00mm for Tricoderma were recorded. n-haxane fraction was max. active 

against Trichoderma with 14.17mm inhibition zone. While rest of the species showed moderate 

inhibition and Verticellium was susceptible with 6.83mm inhibition zone (Fig.3.3.6). 

DCM fractions of Monotheca buxifolia was most active against all fungi with highest 

zone of inhibition of 19.67mm of Acremonium, followed by 18.67mm for Trichoderma and 

17.67mm for Verticellium was recorded. Rest of the fractions showed moderate activity against 

fungal components (Fig.3.3.7). Canestin was used as standred. 

3.3.2 Antifungal activity of Plant extracts against each Fungus 

The results (Table.3.3.2) of antifungal activity of selected medicinal plants tested against fungi 

indicated that that fungi is susceptible to specific fraction.  

Alternaria is most susceptible to DCM fraction of Geranium wallichianum with 

inhibition zone of 20.50mm. n-hexane and DCM fraction of Malus baccata (18.67& 18.33 

respectively). n-hexane fraction of Portulaca oleracae showed 16.50mm zone of inhibition. n-

hexane fraction of Saxifraga flagillaris recorded 10.833mm inhibition for the Alternaria,  
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Fig. 3.3.2. Antifungal activity of Fractions of Cucumis sativus against selected fungal strains 

using agar well diffusion method. Bars representing Standard errors and letters representing 

significant difference between mean data (Duncun’s Test p > 0.05).  

 

 

Fig. 3.3.3 Antifungal activity of Fractions of Portulaca oleracae against selected fungal strains 

using agar well diffusion method. Bars representing Standard errors and letters representing 

significant difference between mean data (Duncun’s Test p > 0.05). 
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Fig. 3.3.4 Antifungal activity of Fractions of Malus baccata against selected fungal strains using 

agar well diffusion method. Bars representing Standard errors and letters representing significant 

difference between mean data (Duncun’s Test p > 0.05). 

 

 

 

Fig. 3.3.5 Antifungal activity of Fractions of Sexifraga flagillaris against selected fungal strains 

using agar well diffusion method. Bars representing Standard errors and letters representing 

significant difference between mean data (Duncun’s Test p > 0.05). 
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Fig. 3.3.6 Antifungal activity of Fractions of Geranium wallichianum against selected fungal 

strains using agar well diffusion method. Bars representing Standard errors and letters 

representing significant difference between mean data (Duncun’s Test p > 0.05). 

 

 

 

Fig. 3.3.7 Antifungal activity of Fractions of Monotheca buxifolia against selected fungal strains 

using agar well diffusion method. Bars representing Standard errors and letters representing 

significant difference between mean data (Duncun’s Test p > 0.05). 
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Monotheca buxifolia DCM fraction showed 16.67mm and ethyl acetate fraction showed 12.33mm 

zone of inhibition.  The lowest zone of inhibition was recorded as 7.00mm by n-hexane fraction 

of Cucumis sativus (Fig.3.3.8). 

Acremonium showed 28.83mm zone of inhibition to DCM fraction of Geranium 

wallichianum and 20.33mm to DCM fraction of Cucumis sativus. Again the DCM fraction of 

Monotheca buxifolia showed inhibition of 19.33mm against Acremonium. It means that the DCM 

fraction of these extracts have chemical active ingredients against Acremonium either similar or 

different. While the rest showed mild activity. 16.50mm by Portulaca oleracea ethyl acetate 

fraction, 13.33mm by Malus baccata n-hexane fraction and n-hexane fraction of Saxifraga 

flagillaris showed 15.83mm zone of inhibition (Fig.3.3.9).  

In the Table.3.3.2 results of Verticellium showed that the fungus showed low to mild 

susceptibility to fraction extracts. It is highly susceptible to DCM fraction of Geranium 

wallichianum (22.00mm), 18.17, 16.83 and 17.67mm zone of inhibition to ethyl acetate and n-

hexane fractions of Portulaca oleracae and DCM fraction of Monotheca buxifolia respectively. 

16.50 and 15.83 mm by ethyl acetate and n-hexane fraction of Cucumis sativus. Malus baccata 

DCM and n-hexane fractions showed 15.83 and 15.67mm, 12.33mm inhibition showed by n-

hexane fraction of Saxifraga flagillaris. 09.67mm inhibition was recorded by DCM fraction of 

Saxifraga flagillaris and 06.83mm was the lowest inhibition zone recorded for Verticellum by n-

hexane fraction of Geranium wallichianum (Fig.3.3.10). 

The Table.3.3.2 (Fig.3.3.11) showed that Cucumis sativus n-hexane fraction is most 

active against Pythium with 20.30mm zone of inhibition. Portulaca oleracea n-hexane fraction 

showed 16.83mm inhibition, Geranium wallichianum DCM fraction have 19.67mm zone of 

inhibition, Monotheca buxifolia DCM fraction showed 17.33mm zone of inhibition, Saxifraga 

flagillaris n-hexane and DCM fractions showed mild activity with 11.67 and 10.17mm zone of 

inhibition. Malus baccata showed low to mild activity in n-hexane 10.67mm, DCM 9.67mm and 

ethyl acetate showed 6.50mm zone of inhibition. 

Trichoderma showed susceptibility 20.00mm to Geranium wallichianum DCM fraction, 

18.67mm to DCM fraction of Monotheca buxifolia and 18.67mm inhibition to ethyl acetate 

fraction of Purtulaca oleracea. Cucumis sativus n-hexane and DCM fractions showed 16.33mm 

and 15.83mm inhibition, ethyle acetate fraction of Malus baccata showed 17.67mm zone of 

inhibition, while the ethyl acetate fractions of Cucumis sativus, Geranium wallichianum and  
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Fig. 3.3.8 Effect of different plant extracts on growth of Alternaria against selected fungal strains 

using agar well diffusion method. Bars representing Standard errors and letters representing 

significant difference between mean data (Duncun’s Test p > 0.05). 

 

 

 

 

Fig.3.3.9 Effect of different plant extracts on growth of Aceromonium against selected fungal 

strains using agar well diffusion method. Bars representing Standard errors and letters representing 

significant difference between mean data (Duncun’s Test p > 0.05). 
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Fig. 3.3.10 Effect of different plant extracts on growth of Verticelium against selected fungal 

strains using agar well diffusion method. Bars representing Standard errors and letters 

representing significant difference between mean data (Duncun’s Test p > 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.3.11 Effect of different plant extracts on growth of Pythium against selected fungal strains 

using agar well diffusion method. Bars representing Standard errors and letters representing 

significant difference between mean data (Duncun’s Test p > 0.05). 
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Fig. 3.3.12 Effect of different plant extracts on growth of Tricoderma against selected fungal 

strains using agar well diffusion method. Bars representing Standard errors and letters 

representing significant difference between mean data (Duncun’s Test p > 0.05). 

 

Monotheca buxifolia showed 9.25mm, 12.17 and 09.67mm zone of inhibition respectively 

(Fig.3.3.12). Canestine used as standerd. 
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Natural products have played an important role throughout the world in treating and preventing 
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requirement for the development of novel pharmaceuticals. This is particularly a vital task in the 
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Table 3.4.1. Antibacterial activity of crude ethanolic extracts of selected medicinal plants 

Plant  Staphylococcus 

aureus 

Shigella 

flexeneri 

Pseudomonas 

aeroginosa 

Escherchia 

coli 

Salmonella 

typhi 

Cucumis sativus      

Mean 3.57 4.89 3.30 3.58 2.12 

SE ± 0.83 ± 2.47 ± 0.35 ± 1.21 ± 0.12 

Portulaca 

oleracae 

     

Mean 26.17 14.75 12.74 15.00 20.00 

SE ± 0.73 ± 0.69 ± 0.63 ± 1.00 ± 0.58 

Malus baccata      

Mean 11.00 12.67 13.41 12.30 11.17 

SE ± 0.58 ± 0.88 ± 0.46 ± 0.70 ± 1.42 

Saxifraga 

flagillaris 

     

Mean 14.00 11.67 14.00 17.67 14.33 

SE ± 0.58 ± 0.67 ± 1.00 ± 0.33 ± 0.44 

Geranium 

wallichianum 

     

Mean 15.67 4.67 15.63 12.00 10.46 

SE ± 1.45 ± 1.76 ± 0.36 ± 0.58 ± 0.77 

Monotheca 

buxifolia 

     

Mean 16.00 12.67 14.67 15.33 15.67 

SE ± 0.58 ± 0.33 ± 0.33 ± 0.33 ± 0.33 

Standerd 28.4±0.4 21.2±0.1 20.8±0.5 20.5±0.03 22.3±0.31 

 

The results of antibacterial activity in table.3.4. 1 (Fig.3.4.1) showed that the selected medicinal 

plants were active against the bacterial strains.  Maximum zone of inhibition was observed against 

Staphylococcus aureus and Salmonella typhi with zone of inhibition of 26.17 and 20.00 mm 

respectively by Purtulaca oleracea. Sexifraga flagillaris showed 17.67 mm zone of inhibition 

against Escherichia coli, Monotheca buxifolia showed 16.00mm zone of inhibition against 

Staphylococcus aureuss.15.67mm inhibition against Salmonella typhi while the same value 

inhibition was recorded for Staphylococcus aureus by Geranium wallichianum. 
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Fig.3.4.1 Antibacterial activity of crude ethanolic extracts of selected medicinal plants against 

selected bacterial strains using agar well diffusion method. Means labeled with different letters are 

significantly different (Duncun’s Test p < 0.05). 

 

3.4.1 Antibacterial activity of different fractions of selected medicinal plants 

Crude ethanolic extract were fractionated into three fractions of n-haxane, DCM and 

ethylacetate on polarity bases. These fractons of each plant were also tested for antibacterial 

activity (Table.3.4.2). 

The results in Table.3.4.2. indicated that all fractions of Cucumis sativus were active 

against all bacterial strains. The n-hexane fractions showed max. activity of 23.33mm against 

Salmonella typhi, 18.67mm and 17.58mm was the inhibition zone of Staphylococcus aureus and 
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Table.3.4.2. Antibacterial activity of different fractions of selected medicinal plants 

Plant Fraction Staphyloc

occus 

aureus 

Shigella 

flexneri 

P. 

aerugino

sa 

Escherch

ia coli 

Salmonell

a typhi 

Cucumis 

sativus 

n-haxane 18.6 ±0.3 11.3 ±0.8 10.8 ±1.1 17.5 ±0.7 23.3 ±2.4 

DCM 09.9 ±0.3 11.9 ±0.5 10.8 ±2.3 17.2±0.6 16.6 ±1.3 

Ethyle 

acetate 

12.5±0.7 15.0 ±1.5 09.5 ±1.1 14.1±1.1 15.6±0.3 

Portulaca 

oleracae 

n-haxane 19.0 ±0.5  11.0 ±0.5 08.6 ±0.8 15.8±1.0 18.0 ±0.5 

DCM 22.0 ±0.5 08.0 ±1.1 11.5 ±0.3 13.0±2.5 10.6±1.20 

Ethyle 

acetate 

25.6 ±0.8 08.3 ±1.7 09.0 ±1.5 15.5±1.2 09.6±1.20 

Malus 

baccata 

n-haxane 20.6 ±0.6 27.2±0.8 18.6±0.6 17.6±0.8 10.6±0.6 

Ethyle 

acetate 

16.6 ±0.3 22.4±0.9 09.6± 0.3 10.0±0.0 09.6±0.3 

Saxifraga 

flagillaris 

n-haxane 24.5 ±1.3 24.0±0.5 23.0±1.5 24.6±1.4 21.6±0.8 

DCM 23.3±1.7 24.6±1.8 23.3±1.6 23.6±1.6 25.3±1.4 

Geranium 

wallichianu

m 

n-haxane 0.67 ±0.6 23.6±1.0 03.3±3.3 11.0±0.5 6.9±2.0 

DCM 16.0±0.5 22.0±2.5 13.0±2.5 14.3±1.2 07.6±0.3 

Ethyle 

acetate 

21.9 

±0.74 

18.9±4.2 01.3±0.6 11.0±2.8 05.0±1.1 

Monotheca 

buxifolia 

n-haxane 21.3±0.8 21.3±0.6 20.3±1.2 20.0±1.0 20.6±1.7 

DCM 20.0 ±0.5 20.3±1.2 20.6 ±1.4 20.0±0.5 20.0 ±0.5 

Ethyle 

acetate 

20.6 ±0.3 18.3 ±0.8 17.6 ±1.2 18.0±1.1 20.6 ±0.6 

Standerd  27.1±0.1 25.2±0.1 25.1±0.2 27.6±0.4 26.4±0.6 

 



66 
 

Escherchia coli respectively. While against Shigella flexneri and Pseudomonas aeruginosa 

showed mild activity. DCM fraction showed high activity against Escherchia coli and Salmonella 

typhi with inhibition zone of 17.25mm and 16.60mm respectively. Ethyl acetate fraction showed 

max. activity against Salmonella typhi, Shigella flexneri and Escherchia coli (15.67,15.00 & 14.17 

respectively) (Fig.3.4.2). 

Portulaca oleracea fractions showed max. activity of 25.67mm zone of inhibition of ethyl 

acetate fraction against Staphylococcus aureus, which followed by DCM and n-haxane fraction 

against same bacterial stain with 22.00mm and 19.00mm respectively. Salmonella typhi was 

susceptible to n-haxane fration with 8.00mm zone of inhibition. The rest of the bacterial strains 

showed mild activity (Fig.3.4.3). 

Shigella flexneri was the most susceptible strain to n-haxane and ethyl acetate fractions 

of Malus baccata. It showed 27.25 and 22.42mm zone of inhibition. Staphylococcus aureus 

showed 20.67mm zone of inhibition to n-haxane fraction of Malus baccata. Rest of the bacterial 

strains showed mild activity and DCM fraction show no activity (Fig.3.4.4). 

All of the bacterial strains were most susceptible to n-haxane and DCM fractions 

Saxifraga flagillaris where n-haxane fraction showed 24.5mm against Staphylococcus aureus, 

24.00mm for Shigella flexneri, 24.67mm against Salmonella typhi and the DCM fractions have 

highest activity of 25.33mm against Salmonella typhi, 24.67mm against Shigella flexneri and the 

rest of the starins also sowhed max. susceptibilty to its fraction and ethyle acetate fraction have 

no activity (Table.3.4.2, Fig.3.4.5). 

Shigella flexneri was the most susceptible among bacterial strains to all fractions of 

Geranium wallichianum having 23.67mm zone of inhibition to n-haxane fraction, 22.00mm to 

DCM and 18.93mm inhibition to ethyl acetate fraction. Staphylococcus aureus was resistant to 

n-hexane fraction h 0.67mm zone of inhibition, followed by Pseudomonas aeruginosa with 1.33 

to ethyl acetate fraction and Salmonella typhi have 05.00mm zone of inhibition (Table.3.4.2, 

Fig.3.4.6). 

All bacterial strains were susceptible to all fractions of Monotheca buxifoli. Max. 

inhibition was showed against Staphylococcus aureus and Shigella flexneri (21.33mm each) to 

 

 



67 
 

 

Fig. 3.4.2 Antibacterial activity of fractions of Cucumis sativus seeds against selected bacterial 

strains using agar well diffusion method. Means data labelled with different letters are 

significantly different (Duncun’s Test; p < 0.05). 

 

 

Fig.3.4.3 Antibacterial activity of fractions of Portulaca oleracea against selected bacterial 

strains using agar well diffusion method. Means data labelled with different letters are 

significantly different (Duncun’s Test; p < 0.05). 
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Fig.3.4.4 Antibacterial activity of fractions of Malus baccata against selected bacterial strains 

using agar well diffusion method. Means data labelled with different letters are significantly 

different (Duncun’s Test; p < 0.05). 

 

 

Fig.3.4.5 Antibacterial activity of fractions of Saxifraga flagillaris against selected bacterial 

strains using agar well diffusion method. Means data labelled with different letters are 

significantly different (Duncun’s Test; p < 0.05). 
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Fig.3.4.6 Antibacterial activity of fractions of Geranium wallichianum against selected bacterial 

strains using agar well diffusion method. Means data labelled with different letters are 

significantly different (Duncun’s Test; p < 0.05). 

 

 

Fig. 3.2.7 Antibacterial activity of fractions of Monotheca buxifolia against selected bacterial 

strains using agar well diffusion method. Means data labelled with different letters are 

significantly different (Duncun’s Test; p < 0.05). 

 

n-hexane fraction, followed by 20.00 to 20.67mm for all selected bacterial strains by 

DCM fraction  and low zone of inhibition was recorded by ethyl acetate fraction  for 

Pseudomonas aeruginosa (17.33mm) showed in Table.3.4.2. (Fig.3.4.7). 
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3.4.2 Antibacterial activity of Plant extracts against each bacterial strain 

` The antibacterial activity of selected medicinal plants fraction extracts (Table.3.4.2) 

indicated that same bacterial strain is differentially susceptible or resistant to the fraction extracts 

of the plants applied.  

Staphylococcus aureus showed highest zone of inhibition 25.67mm to ethyl acetate 

fraction of Purtulaca oleareceae. Geranium wallichianum inhibited the same with 21.92mm and 

Monotheca buxifolia inhibited 20.67mm with ethyl acetate fraction. Ethyl acetate fraction of 

Saxifraga flagilaris has no activity while the Cucumis sativus and Malus baccata showed 12.50 

and 16.67mm inhibition against it respectively. n-hexane fraction of Saxifraga flagillaris showed 

highest activity with 24.5mm zone of inhibition, followed by Monotheca buxifolia with 21.33mm, 

Malus baccata with 20.67mm, Cucumis sativus with 18.67mm, Portulaca oleracae with 19.00mm 

and lowest was recorded for n-hexane fraction of Geranium wallichianum with 0.67mm zone of 

inhibition. Saxifraga flagillaris DCM fraction showed 23.37mm zone of inhibition against 

Staphylococcus aureus which is followed by Purtulaca oleraceae with 22.00mm, Monotheca 

buxifolia 20.00mm. Geranium wallichianum have 16.00mm and Cucumis sativus have 9.95mm 

zone of inhibition (Fig.3.4.8).  

From the table.3.4.2 it is very clear that Shigella flexneri is very susceptible to Malus 

baccata fraction n-hexane with 27.25, followed by Saxifraga flagillaris n-hexane and DCM 

fraction with 24.00mm and 24.67mm zone of inhibition respectively. Malus baccata fraction ethyl 

acetate showed 22.42 and Geranium wallichianum DCM fraction showed 22.00mm inhibition 

against Shigella flexneri. All fraction of Cucumis sativus and Portulaca oleracea were mild active 

against Shigella flexneri (11.33 n-hexane inhibition, 11.00mm n-hexane respectively). 21.33mm 

inhibition was recorded by n-hexane fraction of Monotheca buxifolia (Fig.3.4.9). 

Saxifraga flagillaris n-hexane and DCM fractions were very active against Pseudomonas 

aeruginosa with 23.00 and 23.33mm zone of inhibition respectively. It is followed by Monotheca 

buxifolia with 20.67mm by DCM fraction, 20.00mm by n-hexane fraction and ethyl acetate 

fraction showed 17.67mm zone of inhibition. Pseudomonas aeruginosa was less susceptible to 

Cucumis sativus (n-hexane 10.80, DCM 10.85 and ethyl acetate 9.50mm inhibition), Portulaca 
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Fig. 3.4.8 Effect of different extracts of selected plants on Staphylococcus aureus using agar well 

diffusion method. Mean data labeled with different letter are significantly different (Duncun’s 

Test p < 0.05).  

 

 

Fig.3.4.9 Effect of different extracts of selected plants on Shigella flexineri using agar well 

diffusion method. Mean data labeled with different letter are significantly different (Duncun’s Test 

p < 0.05). 
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Fig.3.4.10 Effect of different extracts of selected plants on Pseudomonas aeruginosa using agar 

well diffusion method. Mean data labeled with different letter are significantly different (Duncun’s 

Test p < 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.4.11 Effect of different extracts of selected plants on Escherchia coli using agar well 

diffusion method. Mean data labeled with different letter are significantly different (Duncun’s Test 

p < 0.05). 
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Fig. 3.4.12 Effect of different extracts of selected plants on Salmonella typhi using agar well 

diffusion method. Mean data labeled with different letter are significantly different (Duncun’s 

Test p < 0.05). 

 

oleracea (8.67 n-hexane, 11.55 DCM and 09.00 mm ethyl acetate) and Malus baccata with 

09.67mm zone of inhibition by ethyl acetate fraction (Fig.3.4.10). 
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23.33mm while the DCM and ethyl acetate fractions showed 16.60 and 15.67mm activity. 

Portulaca oleraceae n-hexane fraction also has good activity of 18.00mm inhibition and DCM 

and ethyl acetate showed 10.67 and 9.67mm inhibition respectively. Malus baccata is less active 

against Salmonella typhi (10.67mm n-hexane & 9.67mm ethyl acetate). Salmonella typhi was least 

susceptible to Geranium wallichianum with inhibition of 6.98mm, 7.67 and 5.00mm by n-hexane, 

DCM and ethyl acetate fraction respectively (Fig.3.4.12).  

3.5 Phyto-toxicity of selected medicinal plants  

Medicinal plants have inhibitory or stimulatory effects on selected whether cultivated or 

weeds and it’s their allelochemicals inhibiting or promoting the plant growth. It is easy to screen 

allelopathic plants from medicinal plants than other plants  because they have the ability to 

accumulate certain metabolic compounds which cure many diseases of mankind (Nasrine et al., 

2014; Hemada and El-Darier, 2015; Algandaby & Salama, 2016). Studying medicinal plants 

helps to understand plant toxicity and protect human and animals from natural poisons 

(Hosseinzadeh et al., 2015). For allopathic study sandwich method of Fuji et al., (2003 & 2004) 

was followed, in which Lactuca sativa seeds were used in agar gel bedding with different amount 

of plants parts pieces. 

The results of the phytotoxicity of selected medicinal given in Table (3.5.1) indicated that seeds 

of Lactuca sativa respond differentially to different medicinal plants.  

At 10mg dose seeds of Lactuca sativa were very susceptible to leaves of Monotheca 

buxifolia with radicle length of 0.18cm, followed by Cucumis sativus seeds powder with radical 

length of 0.26cm and Malus baccata with radicle length of 0.64cm. Saxifraga flagillaris showed 

radical length of 0.72cm. Portulaca oleracea and Geranium wallichianum showed stimulatory 

effect on seeds of Lactuca sativa (Fig.3.5.1). 

Plumule growth was also inhibited by Cucumis sativus (0.22cm), Monotheca buxifolia 

(0.24cm) and Malus baccata with 1.18cm length of plumule. Saxifraga flagillaris, Portulaca 

oleracea and Geranium wallichianum showed stimulatory effects (Fig.3.5.2). 

Radicle length of selected seeds was inhibited at 20mg concentration by Monotheca 

buxifolia (0.04cm), Cucumis sativus (0.09cm) and Malus baccata (0.44cm). Saxifraga flagillaris 

(2.57), Portulaca oleracae gave 1.97cm and Geranium wallichianum effect was stimulatory with 

3.71cm (Fig. 3.5.3). 

 

http://www.sciencedirect.com/science/article/pii/S1319562X16000607#b0315
http://www.sciencedirect.com/science/article/pii/S1319562X16000607#b0315
http://www.sciencedirect.com/science/article/pii/S1319562X16000607#b0160
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Table.3.5.1 Phytotoxicity of selected medicinal plants on germination of seeds of Lactuca sativa. 

S.N

o 

Plants names 10mg 20mg 40mg 

  Radicl

e 

Plumul

e 

Radicl

e 

Plumul

e 

Radicl

e 

Plumul

e 

1 Cucumis 

sativus 

0.26 

±0.14 

0.22 

±0.12 

0.09 

±0.04 

0.16 

±0.07 

0.14 

±0.07 

0.09 

±0.04 

2 Portulaca 

oleracea 

3.86 

±0.23 

3.86 

±0.24 

1.97 

±0.16 

2.47 

±0.17 

1.74 

±0.11 

1.82 

±0.13 

3 Malus 

baccata 

0.64 

±0.07 

1.18 

±0.06 

0.44 

±0.02 

0.3 

±0.02 

0.63 

±0.07 

0.66 

±0.10 

4 Saxifraga 

flagillaris 

0.72 

±0.06 

1.38 

±0.091 

2.57 

±0.19 

1.54 

±0.16 

2.38 

±0.16 

2.30 

±0.11 

5 Geranium 

wallichianu

m 

3.083 

±0.15 

2.68 

±0.15 

3.71 

±0.17 

2.69 

±0.16 

1.82 

±0.11 

1.15 

±0.09 

6 Monotheca 

buxifolia 

0.18 

±0.09 

0.24 

±0.13 

0.04 

±0.01 

0.13 

±0.02 

0.12 

±0.01 

0.15 

±0.02 

 

At 20mg conc. Mallus baccatta reduces Plumule length and was 0.03cm.folowed by 

Monotheca buxifolia with 0.13cm and Cucumis sativus with 0.16cm. Saxifraga flagillaris, 

Portulaca oleracea and Geranium wallichianum showed 1.54, 2.47 and 2.69 cm length of 

plumule respectively (Fig. 3.5.4). 

At 40mg, radicle length of Lactuca sativa seeds was least Monotheca buxifolia (0.12), 

followed by Cucumis sativus (0.14) and Malus baccata (0.63). Portulaca oleracea, Geranium 

wallichianum and Saxifraga flagillaris showed 1.74, 1.82cm and 2.38cm length of radicle 

respectively (Fig.3.5.5). 

Plumule length at 40mg was least (0.09cm) with Cucumis sativus, followed by 

Monotheca buxifolia (0.15cm) and Malus baccata (0.66cm). Portulaca oleracea, Geranium 

wallichianum and Saxifraga flagillaris showed 1.82, 1.15cm and 2.30cm respectively (Fig.3.5.6). 
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Fig. 3.5.1. At 10mg concentration (dry powdered parts of plants), allelopathic effects of selected 

medicinal plants parts on Radical length of lettuce seeds. 

 

 

 

Fig.3.5.2 At 10mg concentration (dry powdered parts of plants), allelopathic effects of selected 

medicinal plants parts on Plumule length of lettuce seeds. 
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Fig. 3.5.3 At 20mg concentration (dry powdered parts of plants), allelopathic effects of selected 

medicinal plants parts on Radical length of lettuce seeds. 

 

 

 

Fig. 3.5.4 At 20mg concentration (dry powdered parts of plants), allelopathic effects of selected 

medicinal plants parts on Plumule length of lettuce seed. 
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Fig. 3.5.5 At 40mg concentration (dry powdered parts of plants), allelopathic effects of selected 

medicinal plants parts on Radical length of lettuce seeds. 

 

 

Fig. 3.5.6 At 40mg concentration (dry powdered parts of plants), allelopathic effects of selected 

medicinal plants parts on Plumule length of lettuce seeds. 
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3.6 Anticancer Activity 

 The present study was undertaken to find out the anticancer activity of selected 

medicinal plants using MTT bioassay against available cancer cell line (HePG2 Liver cancer cell 

line).  

Table. 3.6.1 Anticancer activity of different fractions of selected medicinal plants 

S.No. Plant Name Extract fraction control 10ug 50ug 100ug 

1 Cucumis 

sativus 

n-hexane  100 39.71 30.81 26.84 

2 Cucumis 

sativus 

DCM  100 98.40 90.85 56.35 

3 Cucumis 

sativus 

Ethyl acetate  100 78.01 99.08 85.94 

4 Cucumis 

sativus 

H2O  100 80.60 65.30 60.76 

   control 10ug 50ug 100ug 

5 Portulaca 

oleracea 

n-hexane  100 47.18 32.25 23.68  

6 Portulaca 

oleracea 

Ethyl acetate  100 83.18 77.43 64.56 

7 Portulaca 

oleracea 

H2O  100 82.39 77.86 75.91 

   control 10ug 50ug 100ug 

8 Malus 

baccata 

 H2O  100  94.3  88.1 

   control 10ug 50ug 100ug 

9 Saxifraga 

flagillaris 

n-hexane  100 8.81 7.12 8.31 

10 Saxifraga 

flagillaris 

DCM  100 8.06 6.5 10.06 
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11 Saxifraga 

flagillaris 

H2O  100 99.13 64.8 62.4 

   control 10ug 50ug 100ug 

12 Geranium 

wallichianum 

n-hexane  100 67.3 50.4 21.5 

13 Geranium 

wallichianum 

DCM  100  90.4 88.8 60 

14 Geranium 

wallichianum 

Ethyl acetate  100 79.2 73.5 65 

   control 10ug 50ug 100ug 

15 Monotheca 

buxifolia 

Leaf n-hexane  100 63.75 48.8 40.9  

16 Monotheca 

buxifolia 

 Stem Ethanolic  100 90.4  89.3 82.6  

17 Monotheca 

buxifolia 

Bark Ethanolic  100 90.5 87.4 77.625  

 

The anticancer activity of different fractions of Cucumis sativus seeds were carried out 

which  indicate that the n-hexane fraction gave 39.71 %, 30.81% and 26.84% cell viability with 

10µg, 50µg and 100 µg conc. which showed that the n-hexane fraction was the effective fraction 

of Cucumis sativus (Table.3.6.1, Fig.3.6.1). The DCM and Ethyl acetate showed 98.40% and 

78.01% viability at 10µg concentration and 90.85% and 99.08% viability by 50µg respectively.  

While at 100 µg DCM showed 56.35% and Ethyl acetate showed 85.94% cell viability. Aqueous 

portion of the extract showed 80.60% cell viability by10µg, 65.30% at 50µg and 60.76% cell 

viability at 100µg. All of the fractions showed dose dependent activity. 

Different concentrations of different fractions of Portulaca oleracae were tested for 

anticancer activity against cancer cell line HePG2 (Table.3.6.1).  The n-hexane fraction showed 

low viability at all conc. as 23.68% (100µg), 32.25% (50µg) and 47.18 %( 10µg). At 10µg, EA 

showed 83.18%, at 50µg EA showed 77.43% and at 100 µg EA gave 64.56% cell viability. H2O 

showed 82.39% cell viability at 10µg, 77.86% cell viability at 50µg and 75.91% cell viability at 
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100µg. The n-hexane fractions showed significant activity and were dose dependent activity 

against cancerous cells (Fig.3.6.2). 

Aqueous extract of Malus baccata showed of 94,3% at 50µg and 88.1% cell viability 

at100µg (Fig.3.6.3). The results are dose dependent. 

 

 

Fig. 3.6.1 Anticancer activity of different concentrations of Cucumis sativus Different extracts 

against HepG2 cell line using MTT-assay. 

 

 

 

Fig. 3.6.2 Anticancer activity of different concentrations of Portulaca oleracea Different extracts 

against HepG2 cell line using MTT-assay. 
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Fig. 3.6.3 Anticancer activity of Malus baccata extracts against HepG2 cell line using MTT-

assay. 

 

Anticancer activity of Saxifraga flagillaris were carried out by the n-hexane and DCM 

fractions which showed that different concentrations of n-hexane and DCM extracts have 

promising results with 90-94% effectiveness. N-hexane showed 8.81, 7.12 and 8.31 percent cell 

viability. While the DCM fraction also showed 8.06, 6.5 and 10.06 percent cell viability at 10 

µg, 50 µg and 100 µg concentrations respectively (Table.3.6.1, Fig.3.6.4).  

 

Fig. 3.6.4 Anticancer activity of different concentrations of Saxifraga flagillaris Different 

extracts against HepG2 cell line using MTT-assay. 
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Geranium wallichianum fractions were also tested for anticancer activity. The n-hexane 

fraction showed 21.5% cell viability at 100µg while reducing the dose the cell viability increased 

as 50.4% and 67.35 at 50 µg and 10µg respectively. The ethyl acetate fraction was moderate in 

activity and showed 60, 88.8 and 90.4% cell viability at 100µg, 50µg and 10µg. the DCM fraction 

was least effective with 65% at 100µg, 73.5% at 50µg and 79.2% at 10µg. though the activity 

was dose dependent but the extracts showed least effective ness (Fig. 3.6.5). 

 

Fig. 3.6.5 Anticancer activity of different concentrations of Geranium wallichianum Different 

extracts against HepG2 cell line using MTT-assay. 

 

 

Fig. 3.6.6 Anticancer activity of different concentrations of Monotheca buxifolia Different 

extracts against HepG2 cell line using MTT-assay. 
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In the present study we used extracts of different parts of Monotheca buxifolia which 

showed that the leaves extracts were the most potent as compared to the stem and bark ethanolic 

extracts. Leaves extract showed 63.75, 48.8 and 40.9% cell viability at 10µg, 50µg and 100µg 

concentrations. Stem and bark extracts showed high cell viability which indicated its least 

effectiveness against cancer cell line (Table. 3.6.1, Fig.3.6.6). 

3.7 Antioxidant Activity 

Antioxidant activity of selected medicinal plants in the present study was determined by 

ABTS and DPPH assays with IC 50. Ascorbic acid is used as standard drug for the activity 

(Table.3.7.5). 

I. ABTS and DPPH free Radical scavenging assay of Malus baccata 

Malus baccata ethyl acetate fraction was used for ABTS and DPPH scavenging assays. At 

1000 μg/mL concentration the scavenging activity of ABTS was 89.04±0.45% and of DPPH was 

92.99±0.06% with IC 50 of 13.60 and 15.11 respectively as shown in Table (3.7.1). 

Table.3.7.1 Antioxidant activity of Malus baccata 

 

II. ABTS and DPPH free Radical scavenging assay of Monotheca buxifolia 

  The Table (3.7.2) showed the antioxidant activity of Monotheca buxifolia. ABTS and 

DPPH free Radical scavenging assay of Monotheca buxifolia different fraction were carried out 

with different concentrations (1000-62.5 μg/mL). The leaves hexane extract was most effective 

with 86.80±0.40% inhibition in ABTS assay and 88.55±0.28% inhibition in DPPH assay with IC 

Samples Conc

. 

(μg/

mL) 

ABTS% 

inhibition 

(mean±SEM

) 

ABTS IC50 

(μg/ml) 

 

DPPH 

%inhibition 

(mean ± SEM) 

DPPH IC50 

(μg/ml) 

 

E.A. fraction 1000 89.04±0.45 13.60 92.99±0.06 15.11 

 500 81.04±0.35  85.00±0.86  

 250 76.63±1.79  79.90±0.50  

 125 71.82±0.60  76.00±0.34  

 62.5 66.92±0.01  68.33±1.20  
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50 of 19.53 (ABTS) and 20.89 (DPPH). The bark and stem (branch) ethanolic extract showed 

antioxidant activity with IC 50 of 290.02 and 525.25 respectively in ABTS assay. The DPPH 

assay showed IC 50 of 145.60 (Bark) and 384.29(Stem). The overall activity in all fractions was 

concentration dependent. 

 

Table. 3.7.2 Antioxidant activity of Monotheca buxifolia 

Samples Conc. 

(μg/mL) 

ABTS% 

inhibition 

(mean±SE

M) 

ABTS IC50 

(μg/ml) 

 

DPPH 

%inhibition 

(mean ± SEM) 

DPPH IC50 

(μg/ml) 

bark 

ethanolic 

extrct 

1000 63.29±0.73 290.02 67.78±0.17  145.60 

 500 54.77±0.57  61.46±0.47  

 250 47.77±0.46  56.65±0.68  

 125 41.53±0.75  48.78±0.71  

 62.5 35.30±0.25  41.00±0.46  

leaves n-

haxn 

1000 86.80±0.40 19.53 88.55±0.28 20.89 

 500 81.66±0.33  83.06±0.70  

 250 76.66±0.32  77.10±0.06  

 125 70.09±0.48  71.40±0.31  

 62.5 62.77±0.73  63.05±1.03  

stem 

ethanolic 

extrct 

1000 56.21±0.40    525.25 

 

59.64±0.32 384.29 

 500 49.53±0.85  51.44±0.29  
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III. ABTS and DPPH free Radical scavenging assay of Saxifraga flagillaris 

The antioxidant activity Table (3.7.3) showed that the ABTS and DPPH free Radical 

scavenging assay of Saxifraga flagillaris were carried out using different concentration of 

hexane, DCM and ethyl acetate fractions. The ethyl acetate fraction was the most potent fraction 

with percent inhibition of 91.99±0.585% (ABTS assay) and 89.20±0.40% (DPPH assay) at 1000 

μg/mL with IC 50 of 11.54 and 18.44 respectively. While hexane and DCM fractions were least 

effective with ABTS assay IC 50 of 2078.04 and 1992.03 respectively and DPPH assay IC 50 of 

1900.47 and 741.97 respectively. Overall the activity in the experiment was concentration 

dependent. 

 

Table. 3.7.3 Antioxidant Activity of Saxifraga flagillaris 

IV. ABTS and DPPH free radical scavenging assay of Geranium wallichianum  

 250 43.34±0.23  46.37±0.76  

 125 35.48±0.88  39.48±0.27  

 62.5 31.41±0.47  33..17±0.12  

Samples Conc. 

(μg/mL) 

ABTS% 

inhibition 

 (mean ±SEM) 

ABTS IC50 

(μg/ml) 

 

DPPH 

%inhibition 

(mean ± SEM) 

 

DPPH IC50 

(μg/ml) 

n-hexane 

fraction 

1000 

 

43.33±0.36 2078.04 44.54±0.30 1900.47 

 500 35.93±0.97  37.64±0.16  

 250 28.65±0.51  31.38±0.27  

 125 23.15±0.10  26.15±0.10  

 62.5 19.71±0.54  21.85±0.45  

DCM 

fraction 

1000 46.04±0.35  51.68±0.38  
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Table.(3.7.4) represent the scavenging assay of Geranium wallichianum where the ABTS 

and DPPH free Radical scavenging assay of Geranium wallichianum were carried out using 

different concentration (1000-62.5 μg/mL) of hexane, DCM, ethyl acetate and aqueous fractions. 

The activity in all fractions was concentration dependent. The ethyl acetate fraction gave best 

scavenging activity of 88.96±0.62% inhibition in ABTS assay and 90.94±0.50% inhibition in 

DPPH assay at 1000 μg/mL concentration with IC 50 of 22.64 (ABTS assay) and 15.52 (DPPH 

assay). DCM fraction was also effective with IC 50 236.76 (ABTS assay) and 186.77 (DPPH 

assay). The hexane and aqueous fractions were least effective with IC 50 of 376.46 and 1627.57 

in ABTS assay respectively and in DPPH assay with IC 50 of 271.76 and 1049.73 respectively. 

 

Table. 3.7.4 Antioxidant Activity of Geranium wallichianum 

 

 500 41.36±0.32  47.89±0.58  

 250 37.82±0.61 1992.03 41.47±0.73 741.97 

 125 33.92±0.01  36.78±0.29  

 62.5 29.99±0.58  31.48±0.33  

E.A. 

Fraction 

1000 91.99±0.58  89.20±0.40  

 500 83.66±0.33  84.89±0.34  

 250 79.11±0.80 11.54 77.49±0.26 18.44 

 125 75.45±0.45  72.13±0.19  

 62.5 69.69±0.49  65.14±0.12  

Samples Conc. 

(μg/mL) 

ABTS% 

inhibition 

 (mean 

±SEM) 

ABTS IC50 

(μg/ml) 

 

DPPH 

%inhibition 

(mean ± 

SEM) 

DPPH IC50 

(μg/ml) 

n-hexane 

fraction 

1000 59.64±0.1

8 

 

376.46 

64.27±0.20 271.76 
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Table 3.7.5. Ascorbic acid as standard 

 500 53.3±0.32  56.20±0.11  

 250 44.8±0.18  47.51±0.29  

 125 38.3±0.34  41.49±0.38  

 62.5 34.85±0.6

1 

 36.30±0.24  

DCM fraction 1000 61.6±0.88 

 

236.76 

 

65.22±0.57 186.77 

 500 56.5±0.27  59.37±0.30  

 250 51.5±0.43  53.79±1.19  

 125 44.7±0.32  45.85±0.39  

 62.5 37.8±0.50  39.36±0.13  

E.A. fraction 1000 88.9±0.62 22.64 90.94±0.50  15.52 

 500 81.8±0.47  83.36±0.79  

 250 75.8±1.08  77.23±0.26  

 125 69.1±0.43  72.49±0.03  

 62.5 63.6±0.42  67.77±0.39  

H2O fraction 1000 45.1±0.38 1627.57 49.84±0.16 1049.73 

 500 39.0±1.02  41.59±0.31  

 250 34.1±0.52  38.63±0.26  

 125 27.5±0.32  32.07±0.10  

 62.5 21.9±0.12  25.00±0.57  

Samples Conc. 

(μg/mL) 

ABTS% 

inhibition 

ABTS IC50 

(μg/ml) 

DPPH DPPH IC50 

(μg/ml) 
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3.8 Heavy Metal Analysis 

Plants contain both toxic and non-toxic metals over a wide range of concentration. It is 

known that plants absorbing metals from soil and deposits it in their parts of the plant’s 

environments. The concentration of Zn, Hg, As, Pb and Cd in selected medicinal plants are given 

in Table.3.8.1 (Fig.3.8.1). 

Table. 3.8.1. Heavy metal concentration of selected medicinal plants 

S.

No. 

Medicinal Plant Lead(Pb)

mg/g 

Arsenic(

As)µg/g 

CadmiumC

d)mg/g 

MercuryH

g)mg/g 

Zinc(Zn

)mg/g 

1 Cucumis sativus 0.229    

±0.11 

Not 

detected 

0.036   

±0.002 

0.041   

±0.01 

0.18 

±0.002 

2 Portulaca 

Oleracea 

0.017    

±0.01 

0.542± 

0.198 

Not 

detected 

0.0436 

±0.009 

0.149 

±0.020 

3 Malus baccata 0.191  

±0.104 

0.139± 

0.009 

Not 

detected 

Not 

detected 

0.135 

±0.040 

4 Saxifraga 

flagillaris 

Not 

detected 

0.330 

±0.198 

Not 

detected 

0.038 

±0.021 

0.118 

±0.008 

 (mean 

±SEM) 

 %inhibition 

(mean ± 

SEM) 

 

Ascorbic 

acid 

1000 87.68±0.35  

 

15.70 

89.23±0.30  

 

13.324 

 500 81.73±0.53  81.47±0.37  

 250 77.52±0.21  75.04±0.26  

 125 71.65±0.34  71.46±0.41  

 62.5 64.67±0.28  67.82±0.37  
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5 Geranium 

wallichianum 

0.038  

±0.021 

0.542 

±0.19 

Not 

detected 

Not 

detected 

0.209 

±0.13 

6 Monotheca 

buxifolia 

Not 

detected 

0.308 

±0.171 

0.030   

±0.001 

Not 

detected 

0.370 

±0.12 

 

 

 

Fig. 3.8.1. Heavy metal concentration in selected medicinal plants, Using wet digestion method 

I. Lead concentration 

The concentration of lead is 0.229 in Cucumis sativus and is highest among the selected 

medicinal plants. 0.191 is the lead concentration in Malus baccata, 0.038 is in Geranium 

wallichianum and 0.017 is in Portulaca oleracae. Saxifraga flagillaris and Monotheca buxifolia 

show no results (Fig.3.8.2). 

 

 

 

II. Arsenic concentration 
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Arsenic concentration was 0.542 in Portulaca oleracae and Geranium wallichianum. 

0.308 arsenic concentration was recorded in Monotheca buxifolia. Malus baccata showed 0.139 

and Saxifrage flagillaris showed 0.33 concentration of arsenic while no traces were found in 

Cucumis sativus (Fig.3.8.3). 

 

Fig. 3.8.2. Lead concentration in selected medicinal plants, Using wet digestion method 

 

Fig. 3.8.3. Arsenic concentration in selected medicinal plants, Using wet digestion method 

III. Cadmium concentration 

Cadmium was recorded in Cucumis sativus and Manotheca buxifolia which was 0.036 

and 0.03. Portulaca oleracae, Malus baccata, Saxifrage flagillaris and Geranium wallichianum 

gave no results (Fig.3.8.4). 
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Fig. 3.8.4. Cadmium concentration in selected medicinal plants, Using wet digestion method 

IV. Mercury concentration 

Portulaca oleracea showed 0.0436 conc. of mercury. 0.041 and 0.038 were the 

concentration of mercury in Cucumis sativus and Saxifrage flagillaris respectively. Malus 

baccata, Geranium wallichianum and Monotheca buxifolia showed no results (Fig.3.8.5).  

 

Fig. 3.8.5. Mercury concentration in selected medicinal plants, Using wet digestion method 

V.  Zinc concentration 

Concentration of zinc was high in Geranium wallichianum rhizome 0.209 which is 

followed by Cucumis sativus seeds with a concentration of 0.187, in Portulaca oleracea seeds 
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0.149 conc., Malus baccata fruit 0.135, Saxifraga flagillaris rhizome 0.118 conc. Of zinc was 

recorded.  Monotheca buxifolia leaves show low conc. of zinc in the selected medicinal plants 

(Fig.3.8.6). 

 

Fig. 3.8.6. Zinc concentration in selected medicinal plants, Using wet digestion method 

3.9 Proximate and Nutritional analysis 

Proximate composition of plants provides a valuable information about its medicinal and 

nutritional quality. The values of moisture, ash, fats, protein and carbohydrate of selected 

medicinal plants are shown in Table.3.9.1 (Fig.3.9.1).  

Table.3.9.1. Proximate composition of selected medicinal plants 

S.No. Plant Name %age 

of 

Ash 

%age 

Moisture 

%age 

Protein 

%age 

carbohydrate 

%age 

Fat 

1 Cucumis 

sativus 

20 16.26 2.55 47.19 14 

2 Portulaca 

oleracae 

26.44 11.41 1.66 57.49 3 

3 Malus 

baccata 

22.83 18.69 1.75 52.73 4 

4 Saxifraga 

flagillaris 

9.92 15.50 4.37 62.79 7.42 
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5 Geranium 

wallichianum 

17.67 10.27 3.39 64.68 4.07 

6 Monotheca 

buxifolia 

6.01 11.17 0.85 74.27 7.7 

 

 

Fig. 3.9.1. Proximate composition of selected medicinal plants, using AOAC methods. 

I.Determination of Percentage of Ash 

           Percentage of ash was determined by with help of furnace by taking temperature up to 600 

Co (Fig.3.9.2). The highest value of percentage of ash was found in Portulaca oleracae seeds and 

it was 26.44. Malus baccata fruit showed 22.83 and ash %age in Cucumis sativus seeds was 20. 

17.67%age was of Geranium wallichianum rhizome and 9.92 and 6.01 was the %ages of 

Saxifraga flagillaris rhizome and Monotheca buxifolia leaves respectively. 

II. Determination of Moisture 

            Fig.3.9.3 showing the moisture composition of selected medicinal plants. 18.69 was the 

highest percentage in Malus baccata fruit which is followed by Cucumis sativus seeds with 16.26 

%age and Saxifraga flagillaris rhizome showed 15.5 percent of moisture. Portulaca oleracae 

seeds, Monotheca buxifolia leaves and Geranium wallichianum rhizome showed 11.14, 11.17 

and 10.27 percent of moisture respectively.  
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Fig. 3.9.2. Ash composition in selected medicinal plants, using AOAC methods 

 

 

Fig. 3.9.3. Moisture composition in selected medicinal plants, using AOAC methods 
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Fig. 3.9.4. Protein composition in selected medicinal plants, using AOAC methods 

 

 

Fig. 3.9.5. Carbohydrate composition in selected medicinal plants, using AOAC methods 
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Fig. 3.9.6 Fat composition in selectededicinal plants, using AOAC method 

 

III. Determination of Protein  

             Protein content was high in Saxifrage flagillaris rhizome with a percentage of 4.37 and 

Geranium wallichianum rhizome with 3.39 %age. The remaining plants showed Cucumis sativus 

seeds 2.55, Malus baccata fruit 1.75, Portulaca oleracae seeds 1.66 and Monotheca buxifolia 

leaves 0.85 of protein content (Fig.3.9.4). 

IV. Determination of Carbohydrate 

            The carbohydrate composition of Monotheca buxifolia leaves was high with a percentage 

of 74.27. Geranium wallichianum rhizome have 64.68%, Saxifraga flagillaris  rhizome have 

62.79%, Portulaca oleracae seeds showed 57.49%, Malus baccata fruit have 52.73% and 

Cucumis sativus seeds have 47.19% of carbohydrate content (Fig.3.9.5). 

V. Determination of Fat 

           The fat content of Cucumis sativus seeds was the highest with a value of 14%. Saxifrage 

flagillaris rhizome and Monotheca buxifolia leaves showed 7.42 and 7.7% fat content. Geranium 

wallichianum rhizome, Malus baccata fruit and Purtulaca oleracae seeds have 4.07, 4 and 3% 

fat respectively (Fig.3.9.6). 

3.10 Phytochemical Analysis of selected Medicinal plants 

The results of phytochemical analysis (Table.3.10.1) showed that all medicinal plants 
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presence of Saponin, Glycosides, Flavonoids and Phenols to moderate level and alkaloids at low 

level. Portulaca oleracea showed high quantity of Flavonoids and Phenols, moderate level of 

alkaloids and low level presence of Saponin and Glycosides. Malus baccata showed the high 

presence of Saponin and Glycosides, low quantity of alkaloids, flavonoids and phenols. Saxifraga 

flagillaris showed the moderate presence of alkaloids, flavonoids and phenols while low presence 

of glycosides and Saponin. Geranium wallichianum showed the moderate levels of Saponin, 

flavonoids and phenols and low quantity of alkaloids and glycoside were not found in its crude 

extracts. Monotheca buxifolia showed the high presence of glycosides and flavonoids, moderate 

levels of alkaloids and phenols and low levels of Saponin.  

Table. 3.10.1 Phytochemical Analysis of selected medicinal plants 

Phytochemical 

Tests 

Cucumis 

sativus 

Portulaca 

oleracea 

Malus 

baccata 

Saxifraga 

flagillaris 

Geranium 

wallichianum 

Monotheca 

buxifolia 

Alkaloida +-- ++- +-- ++- +-- ++- 

Saponin ++- +-- +++ +-- ++- +-- 

Glycosides ++- +-- +++ +-- - +++ 

Flavonoids ++- +++ +-- ++- ++- +++ 

Phenols ++- +++ +-- ++- ++- ++- 

Key:   - : Not found, +:Low,  ++: Moderate,  +++: High. 

3.11 Compound Isolation and Identification 

            Saxifraga flagillaris was selected for isolation of compound based on its significant 

activity against cancer cell line HepG2 (Liver cancer cell line). The n-hexane and DCM fractions 

were appeared as potent anticancer extracts, so the DCM Fraction was selected for further 

compound isolation and characterization studies.   

Column chromatography of extract of Saxifraga flagillaris 

Saxifraga flagillaris ethanol extract was loaded for isolation process to column prefilled 

with silica gel wetted with n-hexane. Started with pure hexane to column then different percentages 

of hexane with ethyl acetate (first solvent system) and with different percentages of chloroform 

with methanol (second solvent system) were used in step wise elutions to the column that gave 

187 elutions in total (Table.3.11.1). TLC was carried out for all elutions and having similar Rf 

values were combined and termed as sub-fractions SF1-SF5. 
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Table.3.11.1 Column chromatography of ethanol extract of Saxifraga flagillaris 

Mobil phase ratio in column 

n-hxane:Ethyl acetate (%age) 

Elution Mobil phase ratio 

on TLC 

(EA:Hxane) 

Sub-Fraction 

100% n-hexane 1-15 4:1  SF1 

90% n-hexane, 10% ethyl 

acetate 

1-23 4:1 

80: 20 1-13 3.7 : 1.2 

70:30 1-16 3.7 : 1.2 

60:40 1-9 3.7 : 1.2 

50:50 1-11 3.1 : 1.9 SF 2 

40:60 1-15 2.5 : 2.5 

30:70 1-15 2.9 : 2.1 SF 3 

20:80 1-10 3:2 

10:90 1-10 3:2  

SF 4 100% EA 1-10 3:2 

95%chlorofom-05 methanol 1-15 4M:1ChlC  

SF 5 85%Chloroform-15methanol 1-10 Do 

80% choroform-20methanol 1-15 do  

 

Pencil Column chromatography of SF 1 

Sub fraction SF 1 was subjected to pencil column. First solvent system of n-hexane and 

ethyl acetate were used with different percentages. TLC of elution was done and elutions with 

similar Rf values, were combined and column chromatography of SF 1 resulted in 2 sub fractions 

which were named as SF 1-1 and SF 1-2 (Table.3.11.2). Both of the sub-fractions have a single 

prominent spot on TLC. 

Fraction SF 1-1 was air dried as the amount was small so room temperature was sufficient 

to dry them. Their TLC was done with ethyl acetate and methanol at a ratio of 4.5:0.5. Fraction 

SF 1-1 was appeared to contain one major component. Washing of the fraction was started with 

the hexane solvent to remove any constituent’s soluble in hexane. After washing, the compound 

was left at the bottom of beaker as pale yellow crystals when placed over night. 
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Table. 3.11.2. Column chromatography of SF1 Sub fraction 

Its mobile phase in column was ethyl acetate: methanol on TLC with single spot under UV 

observation. The compound appeared to be polar as its mobile phase on TLC was ethyl acetate and 

methanol with Rf value of 0.26. Compound was subjected to identification using NMR, Dept 135 

and 90 spectra.  

3.11.1 Compound 1 

1H NMR Analysis of Compound 1 

1H NMR spectrum (CDCl3): 2.55 ddd, 1 H, J = 15.5, 3.1, 3.0 (H-5a); 2.56 dd, 1 H, J = 

11.0, 10.9, 3.0 (H-6a); 2.49 s, 3 H (NMe); 2.78 m, 1 H, (H-5b); 3.08 m, 1 H, (H-6b); 3.79 s, 3 H 

(3-OMe); 3.57 s, 3 H (2-OMe); 4.08 d, 1 H, J = 3.4 (H-14); 5.69 dd, 1 H, J = 3.4, 0.9 (H-13); 

6.15 s, 2 H (–OCH2O–); 6.38 s, 1 H (H-4); 6.70 s, 1 H (H-1); 6.88 d, 1 H, J = 7.9 (H-11); 7.13 

dd, 1 H, J = 7.9, 0.9 (H-12) (Fig.3.11.2). 

The ‘HNMR spectrum of 1 (CDCI,) showed the presence of one N-methyl (2.61) and two 

methoxy group protons (3.57 and 3.79), two aromatic ring protons, which gives two singlets 

(6.70 and 6.38, H-1 .H-4), one aromatic proton doublet at 6.88 (H-11) and another aromatic 

proton doublet at 7.13 (H-12). The two multiplets at 2.78 and 3.08 were due to H-5 and H-6. 

 

 

Mobil phase ratio in column 

n-hxane:Ethyl acetate (%age) 

Sub fraction 

100% n-hexane  SF 1-1 

90% n-hexane, 10% ethyl acetate 

80: 20 

70:30 

60:40 

50:50 

40:60 SF 1-2 

30:70 

20:80 

10:90 

100% EA 
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13C NMR Analysis of compound 1 

The assignment of the 13C NMR signals of 1 was assisted by the use of DEPT (90 &135) 

and the 2D techniques (Fig. 3.11.4 & 3.11.5).  It shows twenty one resonances, two methoxy, 

one methyl twelve aromatic carbons, five saturated carbons along with one ester type carbonyl.  

           The down field signals at 26.9 and 50.1 are C-5 and C-6 respectively. The methyl attached 

to N appears at 44.1 where as two methoxy shows signals at 56.5. The signals at 67.2, 85.1 and 

105.1 were assigned to C-14, C-13 and methylendioxy carbone (O-CH2-O). The aromatic 

crabons appeared at 110.2, 146.0, 147.3, 111.6, 130.7 and 124.5 are for C-1, C-2, C-3, C-4, C-

15 and C-16.  The signals at 108.7, 144.7, 149.3, 113.4, 115.6 and 140.5 were assigned to C-7, 

C-8, C-9, C-10, C-11 and C-12 respectively. The ester carbonyl appeared at 169.3 (Fig. 3.11.3).  

 From all the data the compound was Adlumine, compared with the reported data in the literature 

(Fig.3.11.1).  

Structure of Compound 1 isolated from DCM fraction of Saxifraga flagillaris 

 

 

 

 

 

 

  

                     

 

 

 

Fig. 3.11.1 Structure of Adlumine (Compound 1) 

Adlumine (1) (C21H21NO6) Obtained as a pale yellow crystalline substance (0.9 mg), m.p. 

180–181 °C, UV spectrum (MeOH), ʎmax, nm (log e): 287 (3.95), 325 (3.96). FAB-MS, m/z 

384 (M + H)+. EI-MS, m/z (%): 206 (100), 190 (10), 177 (4).  
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Fig. 3.11.2  1H NMR of compound 1 
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Fig. 3.11.3  13C NMR of compound 1 
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Fig. 3.11.4 DEPT-90 of compound 1 
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Fig. 3.11.5 DEPT 135 of compound 1 
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3.12  Anticancer activity of isolated compound 

3.12.1 Adlumine reduce the cell viability of HCT 116 and PC3 cells 

Cell viability assays are often conducted for screening test compounds to determine if 

these are having some positive or negative regulatory effects on cell proliferation, or show direct 

cytotoxicity that eventually lead to cell death. In order to determine the effects of Adlumine on 

cell viability of HCT 116 and PC3 cells, we conducted MTT assay.  Cells were treated with 

different concentrations (5-100 µg/ml) of Adlumine for the 24 h. We found that 20 µg/ml of 

Adlumine individually killed 19.58% HCT 116 cells (Figure 3.12.1). In case of PC3 cells, 

Adlumine caused 35.19% cell death at 10 µg/ml concentration (Figure 3.12.1). The compound 

proved toxic for HCT 116 and PC3 cell lines at ≥ 20 µg/ml concentrations. These findings 

suggested that Adlumine reduced the cell viability of HCT 116 and PC3 cells. 

 

 

Fig. 3.12.1 Adlumine reduce the cell viability of HCT 116 and PC3 cells 

Cell viability assay: Triplicate wells were treated with vehicle and different concentrations of 

Adlumine for the indicated times. Control cells served as the indicator of 100% cell viability. 10-
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20 µg/ml concentration of these compounds proved to be largely nontoxic for HCT 116 and PC3 

cells. Data were presented as means ± SD. 

 

3.12.2 Adlumine induce apoptosis in HCT 116 cells 

From the cell viability results, we selected 20 µg/ml concentration of Adlumine for HCT 

116 cells, and 10 µg/ml concentration for PC3 cell lines. In order to examine whether Adlumine 

specifically induce apoptosis in HCT 116 cells, we conducted Annexin-V/PI apoptosis assay 

through flow cytometer and found that, compared to untreated cells, Adlumine increased early 

apoptosis to 16.8%  , while boosted late apoptosis to 11.3%  respectively (Figure 3.12.2). These 

findings elucidated that, Adlumine specifically induced apoptosis in HCT 116 cell lines. 

 

 

Fig. 3.12. 2 Adlumine induce apoptosis in HCT 116 cells 

HCT 116 and PC3 were treated with Adlumine for indicated times. Cells were washed with 1X 

PBS and collected by centrifugation. 2 x 105 cells were incubated with 5 µl each of Annexin-V-

FITC and Propidium Iodide (50mg/ml) at 25°C for 10 min in the dark. Cells were then analyzed 

by flow cytometry. From Annexin-V chart: (1) Lower left= negative Annexin-V and negative PI, 

indicating viable cells. (2) Lower right= positive Annexin-V and negative PI, indicating early 

apoptosis. (3) Upper right= positive Annexin-V and positive PI, indicating late apoptosis. (4) 

Upper left= negative Annexin-V and positive PI, indicating necrotic cells. Upper right plus 

Lower right, indicate the summation of apoptosis. Experiment was repeated at least three times 

and data were presented as means ± SD. 
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3.12.3 Adlumine induce ROS generation in HCT 116 cells 

ROS generation is considered the most important tool used by anticancer drugs for killing 

cancer cells. ROS damage the DNA, proteins, lipids and other biological molecules which 

subsequently lead to cell death. Additionally, ROS are also involved in caspase-dependent cell 

death. In order to investigate the involvement of ROS pathway in Adlumine-induced apoptosis, 

we individually treated HCT 116 with Adlumine for 24 h and incubated with 5 µM DCFHDA 

for 30 minutes in the dark. Compared to control cells, a significant increase was noticed in 

oxidant-induced 2′, 7′-dichlorofluorescein fluorescence in treated HCT 116 cells within 30 min 

of DCFHDA addition (Figure 3.12.3). Hydrogen peroxide (H2O2) was used as positive control 

(Figure 3.12.3). These result suggested that Adlumine induced ROS generation in HCT 116 

which may contribute in apoptosis induction. 

 

Fig. 3.12.3 Adlumine induce ROS generation in HCT 116 cells 

Cells were exposed to Adlumine and then incubated with DCFHDA for 30 min. Images of cells 

were obtained under a fluorescence microscope (λ min = 480 nm, λ max = 520 nm). H2O2 was 

used as positive control for ROS generation. 

 

3.12.4 Adlumine activate caspase-3 in HCT 116 and PC3 cells 

Caspases are a set of cysteine proteases that upon activation by some stimuli, induce cell 

death pathways, which eventually lead to cell death. Among them, caspase-3 is a frequently 

activated death protease, which catalyzes the specific cleavage of many key cellular proteins. 

Poly (ADP-ribose) polymerase (PARP) cleavage is linked with caspase-3 activation. In order to 

investigate the activation of caspase-3 pathway, we conducted caspase-3 activity assay using 

HCT 116 and PC3 cell lines, which was based on spectrophotometric detection of the 
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chromophore p-nitroaniline (p-NA) after cleavage from the labeled substrate DEVD-pNA 

[manufacturer protocol].  In case of HCT 116, compared to untreated cells, we found a significant 

increase of 8.85 fold in caspase-3 activity in Adlumine treated cells (Figure 3.12.4). Similarly, 

these compounds elevated caspase-3 activity by 10.31 in PC3 cell lines (Figure. 3.12.4).  

 

Fig. 3.12.4 Caspase-3 activity in Adlumine based on Spectrophotometric detection 

 

3.12.5 Caspase-3 dependent apoptosis in HCT 116 and PC3 cells promoted by Adlumin 

Moreover, we conducted western immunoblotting and found an increase of the p11 subunit of 

caspase-3, as well as of the subsequently cleaved PARP in both HCT 116 and PC3 cells upon 

treatment with Adlumine (Figure 3.12.5). Actin was used as internal control. These results imply 

that Adlumine induced caspase-3- dependent apoptosis showed by cleaved PARP in HCT 116 

and PC3 cell lines. 
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Fig. 3.12.5 Adlumine lead to caspase-3 dependent apoptosis in HCT 116 and PC3 cells 

Cells were treated with Adlumine for 24 h. Cellular proteins were extracted by cell lysis 

buffer, and western blot was performed using antibodies specific for cleaved caspase-3, cleaved 

PARP and β-actin. Actin was used as a loading control in all experiments. 
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Chapter 4      

DISCUSSION 

 

4.1 Antifungal activity  

         Traditionally consumed remedial plants possess a widerange of compounds. These 

compounds possess will known curative properties. The compounds which can be used as source 

for producing new drugs that would be competent to prevent the progress of pathogens, both 

destroy pathogenic microrganisms and possess minimum lethal properties over the host cells 

(Shinwari et al., 2015). Pathogenic fungus is chiefly responsible for produncing infections in 

plants, instigating changes throughout growing phases comprising post-harvest stage. In fruit and 

vegetables, an extensive range of fungi initiating quality harms associated to feature, dietary 

value, organo-leptic characters, and reduced shelf life. The increased demand for manufacturing 

and protocols over the usage of agro-chemicals and the emergence of pathogen resistance tp the 

product employed explains the exploration for novel energetic chemicals and new control 

stratigies (Dellavalle et al., 2011). The infections produced by adaptable fungiforms are 

incorporated into new spectrum of pathogenic fungi. Such fungiforms were previously described 

from various plants as pathogens. But now they are causeing diseases also in human beings 

(Bansod and Rai 2008). Certain drugs used to cure various ailments were isolated from natural 

resources i. e. ethnomedicinal plants. Medicinal plants provide several new therapeutic agents 

that prove to be beneficial. Plant-based medicines enjoy a reputable position nowadays, 

particularly in the developing contries, where up-todate health service is inadequate. Indigenous 

remedies that are more efficient, safe and low-cost are attaining reputation among peoples of 

rural and urban areas. Knowledge from cultural groups has displayed a dynamic role in the 

discovery of new products from plants like chemotherapeutic agents (Shinwari et al., 2013; 

Shinwari et al., 2015). The effects of plant extracts on bacteria and fungi have been studied by a 

large number of researchers in different parts of the world (Reddy et al., 2013). 

The antifungal activity in present work indicated that the selected medicinal plants have 

good results against Alternaria, Acremonium, Verticellium, Pythium and Trichoderma. The 

Crude Ethanolic Extract of all selected medicinal plants were active against all slected fugal 

strains which showed different range of zone of inhibition. The most active among the medicinal 

plants was Portulaca oleracea with 17.00mm zone of inhibition. Cucumis sativus against 
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Acremonium with 16.50mm zone of inhibition, followed by Portulaca oleraceae against 

Trichoderma with zone of inhibition of 16.41mm. Geranium wallichianum was most active 

against Trichoderma with 16.06mm zone of inhibition. Saxifraga flagillaris showed 15.33mm 

zone of inhibition against Acremonium, Malus baccata showed 14.77mm inhibition zone against 

Trichoderma while Monotheca buxifolia showed 12.33mm zone of inhibition against 

Verticellium. Similar results were produced by Dellavalle et al., (2011) reported that extracts of 

Salvia sclarea, S. officinalis and R. officinalis even at low concentrations are possible sources of 

antifungal constituents for curing diseases. Which can be used as chemical fungicide. 

Selvamohan et al., (2012) reported similar activity of methanolic and ethanolic extracts of P. 

emblica and A. nilotica against E. coli. and S. aureus and found susceptibility of the organism 

which showed resistant against erythromycin and sensitive to ampicillin and gentamicin. 

Shinwari et al., (2015) reported that the methanol, hexane and ethyl acetate extracts could not 

inhibit the growth of fungi candida albicans.  

Acremonium showed 28.83mm zone of inhibition to DCM fraction of Geranium 

wallichianum and 20.33mm to DCM fraction of Cucumis sativus. Again the DCM fraction of 

Monotheca buxifolia showed inhibition of 19.33mm against Acremonium. It means that DCM 

fraction of these extracts have chemical active ingredients against Acremonium either similar or 

different which retarted the growth of Acremonium. While the rest showed mild activity, 

16.50mm by Portulaca olerareae ethyl acetate fraction, 13.33mm by Mllus baccata n-hexane 

fraction and n-hexane fraction of Saxifraga flagillaris showed 15.83mm zone of inhibition 

(Fig.9). Our results supported by Al-Sabri et al., (2015) reported the potentiality of the extract 

of Commiphora myhrra that with increased concentration inhibition also increases. 

Acremonium was most susceptible with growth inhibition of 74.6%, then  Trichoderma 

70.6%. In an antifungal activity carried out by Dharajiya et al., (2016) reported that the 

methanol leaves extract of T. foenum-graecum inhibit the growth of fungus A. niger, A. oryzae, 

A. flavus and P. chrysogenums was resistant to the extract. Similarly Butu et al., (2013) worked 

with ethanol extract of medicinal plants which significantly inhibited Acremonium. A similar 

work was reported by Racowski et al., (2016) where Acremonium was significantly inhibited by 

essential oils of oregano, laurel and rosemary which are commercially available. 

The present work showed that Trichoderma showed susceptibility of 20.00mm to DCM 

fraction of Geranium wallichianum, 18.67mm to DCM fraction of Monotheca buxifolia and 
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18.67mm inhibition to ethyl acetate fraction of Portulaca olarecae. Cucumis sativus n-hexane 

and DCM fractions showed 16.33mm and 15.83mm inhibition, ethyle acetate fraction of Malus 

baccata showed 17.67mm zone of inhibition. Ethyl acetate fraction of Cucumis sativus, 

Geranium wallichianum and Monotheca buxifolia showed 9.25mm, 12.17 and 09.67mm zone of 

inhibition respectively. Our results would be justify by findings of many workers who reported 

varying degree of inhibition of  Trichoderma (McCutcheon et al., 1994 ; Quiroga et al., 2001; 

Harman et al., 2004; Alkhail, 2005).  

Alternaria was most susceptible to DCM fraction of Geranium wallichianum with 

inhibition zone of 20.50mm while n-hexane and DCM fraction of Malus baccata showed 18.67& 

18.33mm inhibition respectively. n-hexane fraction of Portulaca olararae showed 16.50mm 

zone of inhibition and same fraction of Saxifraga flagillaris recorded 10.833mm inhibition for 

the Alternaria, Monotheca buxifolia DCM fraction showed 16.67mm and ethyl acetate fraction 

showed 12.33mm zone of inhibition.  The lowest zone of inhibition was recorded as 7.00mm by 

n-hexane fraction of Cucumis sativus. Dellavalle et al., (2011) showed that plant extracts 

specially acid extracts of Salvia sclarea, Salvia officinalis and Rosmarinus officinalis possess 

operative bioactive constituents for fungal inhibition. Similarly water and organic solvents 

extracts of Trigonela arrests the growth of Alternaria showing 63.5% inhibition (Haouala et al., 

2008).  

In our results, Verticellium showed low to mild susceptibility to fraction extracts. It is 

highly susceptible to DCM fraction of Geranium wallichianum (22.00mm), 18.17, 16.83 and 

17.67mm zone of inhibition to ethyl acetate and n-hexane fractions of Portulaca oleracae and 

DCM fraction of Monotheca buxifolia respectively. 16.50 and 15.83mm by ethyl acetate and n-

hexane fraction of Cucumis sativus respectively. Malus baccata DCM and n-hexane fractions 

showed 15.83 and 15.67mm respectively. 12.33mm inhibition showed by n-hexane fraction of 

Saxifraga flagillaris. 09.67mm inhibition was recorded by DCM fraction of Saxifraga flagilaris 

and 06.83mm was the lowest inhibition zone recorded for Verticellium by n-hexane fraction of 

Geranium wallichianum. Our results are strengthen by findings of Li, et.al., (2014) reported that 

volatile and nonvolatile metabolites from  Gossypium hirsutum  inhibited Verticellium dahliae 

mycelial growth. Zhang et al., (2015) reported that Volatile organic compounds produced by the 

non-pathogenic Fusarium oxysporum is a brilliant bio-control agent against Verticellium dahliae. 
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Cucumis sativus n-hexane fraction is most active against Pythium with 20.00mm zone of 

inhibition. Purtulaca olereceae n-hexane fraction showed 16.83mm inhibition, Geranium 

wallichianum DCM fraction have 19.67mm zone of inhibition, Monotheca buxifolia DCM 

fraction showed 17.33mm zone of inhibition, Saxifraga flagilaris n-hexane and DCM fractions 

showed mild activity with 11.67 and 10.17mm zone of inhibition respectivelly. Malus baccata 

showed low to mild activity, n-hexane 10.67mm, DCM 9.67mm and ethyl acetate showed 

6.50mm zone of inhibition. Haouala et al,. (2008) reported that Pythium is the most resistant 

fungus with 34.5% average inhibition to organic and water extracts of Trigonella. Svecova et al., 

(2016) reported that Vitex agnus-castus methanolic extract exhibited active compounds which 

inhibited the growth of Pythium. A similar work was reported by Mezaache et al., (2012) they 

screened the Pythium against bacteria and growth was inhibited. Du et al., (2015) reported that 

aromatic carboxylic acid amides inhibit the Pythium aphanidermatum with EC50 at 16.75 

µg/mL. 

The result of this study indicating that activities of the plants extracts on the mycelium 

growth of different fungi were due to chemical compounds of these extracts.Which have shown 

significant and aggressively inhibition observed against the growth of tested fungi. The current 

results demonstrated that selected medicinal plants extracts effectively suppressed the radial 

mycelial growth of all species and these findings are in accordance with the result of Satish et 

al., (2007); Bobbarala et al., (2009); Gujar & Talwankar (2012) & Hussain et al., (2015). 

The findings indicate that plants extracts can be used to control fungal growth. This could 

have a very significant impact on relevant crop by reducing the need for pesticides and 

consequently lowering the costs. From the environmental point view it would reduce the adverse 

effect of chemical pesticides on the environment by an effective antifungal agent. 

4.9 Antibacterial Activity 

Using plants for the treatment and cure of diseases is as old as the human species itself. 

Popular knowledge making a great contribution to the dissemination of the therapeutic virtues of 

these plants (Onofre et al., 2015).  The use of medicinal plants is old. History indicates the use 

of plants as healing agents is as old as 4000-5000 B.C. The first herbal remedy was used by 

Chinese. On the other hand, in Sub continent plants were used for medicine between 3500-1600 

B.C. Medicinal plant species have significant role in traditional herbal treatments and have an 

exceptional position in its origin and evolution. With the passage of time, the indigenous 
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knowledge about the folklore systems have started disappearing due to lack of records, 

conservation and somewhat due to low incomes in these societies (Shinwari, 2010; Shinwari et 

al., 2015). The use of antimicrobial agents is critical to the successful treatment of infectious 

diseases. Although there are numerous classes of drugs that are routinely used to treat infections 

in humans, pathogenic microorganisms are constantly developing resistance to these drugs (Al-

Bari, et. al., 2006) because of indiscriminate use of antibiotics (Rahman et al., 2001). Microbial 

(bacterial and fungal) infections are treated with the available antibiotics. The currently available 

antibiotics play crucial role in the mitigation of various ailments but it also have some side effects 

such as appearance of multidrug resistant pathogenic species and the outbreak of the new 

contagious diseases (Shaheen et al., 2012 and Shinwari et al., 2012). In the prevailing situation, 

the appearance of varied drug resistance to human pathogenic organisms, there is a need to search 

for new antimicrobial agents from various diverse sources like herbs (Gul et al., 2012; Nadeem 

et al., 2013). Traditionally used medicinal plants produce a range of compounds of well-known 

therapeutic properties. The constituents that can be taken as candidates for developing new 

antimicrobial drugs should be able to either inhibit the growth of pathogens or kill them and have 

no or least toxic effects on the host cells. It is predicted that plant extracts displaying target sites 

other than that used by antibiotics will be active against drug-resistant microbes. For quality 

assurance medicinal plants should be tested for microbiological impurity and foreign substances 

(Deeb et al., 2013). 

In the present study 70% ethanol was used for crude extract and fractionation done on polarity 

bases with n-hexane, DCM and ethyl acetate. The bacterial strains Staphylococcus aureus 

(+tive), Shigella flexneri (-tive), Pseudomonas aeruginosa(-tive), Escherchia coli(-tive) and 

Salmonella typhi(-tive). 

  Dawood et al., (2013) reported Cucumis sativus ethanolic extract showed poor activity 

against Pseudomonas aeruginosa. Ankita et al., (2012) recorded the antimicrobial activity of 

seed extracts of Cucumis sativa (Cucumber), Praecitrullus fistulosus (Tinda), Cucurbita pepo 

(Kaddu) and Lagenaria siceraria (loki) shown that all the seeds extracts were very effective 

against Serratia marcescens , E. coli, Streptococcus thermophilous, Fusarium oxysporium, 

Trichoderma reesei. The present study showed that the ethanolic extract have low effect on 

selected bacterial strains while its fraction show moderate activity. The results indicated that all 

fractions of Cucumis sativus were active against all bacterial strains. n-hexane fractions showed 
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max. activity of 23.33mm against Salmonella typhi, 18.67mm and 17.58mm was the inhibition 

zone of Staphylococcus aureus and Escherchia coli respectively. While against Shigella flexneri 

and Pseudomonas aeruginosa showed mild activity. Our findings are similar with that of 

shinwari et al., (2015) the methanolic extract of Conyza bonariensis have significant zone of 

inhibition (13 mm) against Pseudomonas aeruginosa. DCM fraction showed high activity against 

Escherchia coli and Salmonella typhi with inhibition zone of 17.25mm and 16.60mm 

respectively. Ethyl acetate fraction showed max. Activity against Salmonella typhi, Shigella 

flexneri and Escherchia coli (15.67, 15.00 & 14.17 respectively). Similar results were reported 

by Shinwari et al., (2015) where the fumarica indica methanol extract inhibited the growth of 

Shigella sonnei and Salmonella sps. Our findings are in accordance with Fatema and Sayema 

(2014) they reported that EAE showed very good antibacterial activity against B. megaterium, B. 

subtilis, Staphylococcus aureus, Sarcina lutea, Escherichia coli, Salmonella paratyphi, S. typhi, 

Shigella boydii, S. dysenteriae, and Vibrio mimicus and V. parahemolyticus. The maximum zone 

of inhibition exhibited against Sarcina lutea (17.9mm). The minimum zone of inhibition showed 

around 11 mm against Salmonella paratyphii and Pseudomonus aeruginosa. Further the Martins 

et al., (2016) reported that Bellucia grossularioides crude extract showed no activity against 

Staphylococcus aureus. Our results are in accordance with the findings of Dharajiya et al., (2016) 

where water and methanolic extracts were active against Pseudomonas sp. and E. coli. 

The present studies showed that Portulaca oleracea crude extract have high zone of 

inhibition against Staphylococcus aureus and its fractions showed max. activity of 25.67mm 

zone of inhibition of ethyl acetate fraction against Staphylococcus aureus, which followed by 

DCM and n-haxane fraction against same bacterial stain with 22.00mm and 19.00mm 

respectively. Salmonella typhi was susceptible to n-haxane fration with 8.00mm zone of 

inhibition. The rest of the bacterial strains showed mild activity Cho et al., (2008) reported that 

Portulaca oleracea showed high antimicrobial activates against Helicobater pylori, 

Staphylococcus epidermidis, Staphylococcus aureus, Eschericia coli and Streptococcus mutans. 

Mousavi et al., (2015) reported that hydroalcoholic extract of  leaves and seeds of P. oleracea has 

a remarkable antibacterial effect on Streptococcus pyogenes , S. pneumoniae , S 

saprophyticus, Hafnia alvei , Acinetobacter baumannii , Enterococcus faecalis , Proteus 

mirabilis, Serratia marcescens and Staphylococcus aureus and it can be a good alternative for 

drug resistant bacteria. Londonkar and Nayaka (2011) studied the ethanol extract of the aerial 
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parts of P. oleracea, and showed its inhibitory effect against strains of St. aureus, K. 

pneumonia, Bacillus cereus and Aspergillus fumigates. Our findings are strengthen by the report 

of Corey, et.al., (2014) who found that  medicinal plants extracts of  different organic solvents 

successfully inhibited the growth of Escherichia coli, Pseudomonas aeruginosa and 

Staphylococcus aureus. Our findings are in accordance with a number of researchers who 

reported similar records with different zone of inhibition (Peng et al., 2014; Zhou et al., 2015; 

Bakkiyaraj and Pandiyaraj, 2011; Ercisli, 2008). 

According to different research studies antimicrobial activity can be changed, increase or 

decrease due to presence of active ingredients (phenolic compounds) (Alberto et al., 2001; 

Alberto et al., 2004). Alberto et al., (2006) reported that the anti-bacterial activity is directly 

linked to the phenolic elements of the plant 

The crude extract of Malus baccata showed mild activity against the selected strains. 

Fratianni et al., (2007) reported that the antimicrobial activity of Malus domestica have good 

inhibitory effect against Bacillus cereus, the organic extract of peel shown a good inhibitory 

effect against Escherichia coli. Shigella flexneri was the most susceptible strain to n-haxane and 

ethyl acetate fractions of Mallus baccatta. It showed 27.25 and 22.42mm zone of inhibition. 

Staphylococcus aureus showed 20.67mm zone of inhibition to n-haxane fraction of Malus 

baccata. Rest of the bacterial strains showed mild activity and DCM fraction show no activity.  

Jelodarian, et al., 2013 reported that Malus domestica extract showed inhibition zones from 11 

to 16 mm of S. epidermidis and K. pneumoniae.  

Barman et al., (2011) reported the Benzene, petroleum-ether, chloroform and ethyl 

acetate extracts of Saxifraga ligulata were tested against Bacillus subtilis, B. megaterium and 

Staphylococcus aureus and Escherichia coli, Salmonella typhimurium, Pseudomonas 

fluorescence, Ps. aeruginosa and Pantoea ananetis. Petroleum ether was found most effective, 

followed by ethyl acetate fraction. Both the fractions were found effective to kill all the bacteria 

tested. These results justify our findings as all of the bacterial strains were most susceptible to n-

haxane and DCM fractions where n-haxane fractions of Saxifraga flagillaris showed 24.5mm 

against Staphylococcus aureus, 24.00mm for Shigella flexneri, 24.67mm against Salmonella 

typhi and the DCM fractions have highest activity of 25.33mm against Salmonella typhi, 

24.67mm against Shigella flexneri and the rest of the starins also sowhed maximum susceptibility 

to its fraction. Shiwang (2007) support our findings that the ethanol extract of Saxifraga 
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stolonifera Meerb had strong antimicrobial effect on S.aureus and E.coli at 0.25 and 0.50 g/ml 

extract.   

The crude extract of Geranium wallichianum displayed good inhibition against all strains.  

Shigella flexneri was the most susceptible among bacterial strains to all fractions of Geranium 

wallichianum having 23.67mm zone of inhibition to n-haxane fraction, 22.00mm to DCM and 

18.93mm inhibition to ethyl acetate fraction. Staphylococcus aureus was resistant to n-hexane 

fraction h 0.67mm zone of inhibition, followed by Pseudomonas aeruginosa with 1.33 to ethyl 

acetate fraction and Salmonella typhi have 05.00mm zone of inhibition. These findings are 

supported by many workers (Bashir et al., 2003; Ismail et al., 2009; Ismail et al., 2012).  

All bacterial strains were susceptible to crude and all fractions of Monotheca buxifolia. 

Maxmum inhibition was showed against Staphylococcus aureus and Shigella flexneri (21.33mm 

each) to n-hexane fraction, followed by 20.00 to 20.67mm for all selected bacterial strains by 

DCM fraction and low zone of inhibition was recorded by ethyl acetate fraction for Pseudomonas 

aeruginosa (17.33mm). Our results of Monotheca buxifolia are strengthen by Hazrat et al., 

(2013) crude extract and subsequent fractions proved positive antibacterial activity against 

Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Salmonella typhi, Bacillus 

subtilis and Bacillus cereus. Our results are in accordance with the report of Kapil et al., (2016) 

the reported acetone, methanol, ethanol, and water extarcts of medicinal herbs which 

expressively inhibited the bacterial growth. 

The overall antimicrobial results indicated that differences in the activity is due chemical 

constituent present in the plant. These  chemical constituent are fractionated into their fraction 

on the basis of polarity. 

4.10 Phytotoxicity 

Medicinal plants have inhibitory or stimulatory effects on selected whether cultivated or 

weeds and it’s their allelochemicals inhibiting or promoting the plant growth. It is easy to screen 

allelopathic plants from medicinal plants than other plants  because they have the ability to 

accumulate certain metabolic compounds which cure many diseases of mankind ( Nasreene et 

al., 2014; Hemada and El-Darier, 2015; Algandaby & Salama, 2016). 

Phytotoxic secondary metabolites produced by plants have been studied as possible sources 

of bioherbicides. However, several environmental factors can change the secondary metabolism 

of plants, and thus, the production of these compounds. Among these factors, seasonality can be 

http://www.sciencedirect.com/science/article/pii/S1319562X16000607#b0315
http://www.sciencedirect.com/science/article/pii/S1319562X16000607#b0315
http://www.sciencedirect.com/science/article/pii/S1319562X16000607#b0160
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a source of variation in the content of all classes of secondary metabolites (Pinto & Kolb, 

2015).The agricultural use of cover crops has many potential benefits including reduced soil 

erosion, decreased nutrient runoff, increased soil organic matter, improved soil tilth, the ability 

to scavenge residual nitrogen and the suppression of weed growth. Suppression of weed growth 

is of particular importance to organic growers, due to restrictions in herbicide use. In general, 

cover crops suppress weed growth both physical competition and chemical interference. 

Chemical interference involves the production and release of allelopathic chemicals, primary and 

secondary metabolites that are phytotoxic or have growth regulating properties. Allelopathy 

refers to a broad range of biochemical interactions between organisms (La Hovary, 2016). For 

allopathic study sandwich method of Fujii et al., (2003 & 2004) was followed, in which lactuca 

sativa seeds were used in agar gel bedding with different amount of plants parts pieces. Viveros-

Legorreta et al., (2016) reported that OECD (Organisation for Economic Co-operation and 

Development), US-EPA (US-Environmental Protection Agency) and US-FDA (US-Food and 

Drug Administration), recommend the most sensitive dicotyledons species: Cucumis sativus, 

Lactuca sativa, Raphanus sativus, Trifolium pratensis and monocotyledons species: Triticum 

aestivum and Panicum miliaceum tested by diverse authors (Visioli et al., 2015). Pino et al., 

(2016) reported that pharmaceuticals causes inhibitory effects on the radicle and hypocotyl 

elongation of Lactuca sativa seeds.  

Results of the phytotoxicity/ allelopathy of selected medicinal plants in present study 

indicated that seeds of Lactuca sativa respond differentially to different medicinal plants. At 

10mg dose seeds of Lactuca sativa were very susceptible to leaves fragments of Monotheca 

buxifolia with radicle length of 0.18cm, followed by Cucumis sativus seeds powder with radical 

length of 0.26cm and Malus baccata with radicle length of 0.64cm. Portulaca oleracae and 

Geranium wallichianum showed stimulatory effect on seeds of Lactuca sativa. Libralato et al., 

(2016) reported the Phytotoxicity of zerovalent iron on Lepidium sativum, Sinapis alba and S. 

saccharatum, their results showed bio stimulation effects as increased seedling length and high 

biomass. At 10mg concentration plumule growth was also inhibited by Cucumis sativus 

(0.22cm), Monotheca buxifolia (0.24cm) and Malus baccatta with 1.18cm length of plumule. 

Sexifraga flagillaris, Portulaca oleraceae and Geranium wallichianum showed stimulatory 

effects. 
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The present findings showed at 20mg conc. Malus baccata reduces Plumule length and was 

0.03cm, followed by Monotheca buxifolia with 0.13cm and Cucumis sativus with 0.16cm. 

Sexifraga flagilaris, Portulaca oleraceae and Geranium wallichianum showed 1.54, 2.47 and 

2.69 cm length of plumule respectively. Monotheca buxifolia inhibited the growth of Lactuca 

sativa due to the presence of flavonoids present in there. Macdonald et al., (2010) reported that 

Ocimum gratissimum flavonoids are phytotoxic. Rahman et al., (2013) reported the presence of 

flavonoids in Monotheca buxifolia. Same results were reported by Saadullah et al., (2016).  

Present study showed that at 20mg radicle length of Lactuca sativa was least with Monotheca 

buxifolia (0.12), followed by Cucumis sativus (0.14) and Malus baccata (0.63). Portulaca 

oleracae, Geranium wallichianum and Saxifraga flagillaris showed 1.74, 1.82cm and 2.38cm 

length of radicle respectively. Naz and Bano (2014) reported that leaf extracts of R. communis 

and L. camara inhibit the growth of maize seedlings. Similar studies was conducted by 

Algandaby and Salama (2016) where medicinal plants showed good phytotoxic or allelopathic 

effect.  

In present studies plumule length at 40mg was least (0.09cm) with Cucumis sativus, followed 

by Monotheca buxifolia (0.15cm) and Malus baccata (0.66cm). Portulaca oleraceae, Geranium 

wallichianum and Saxifraga flagillaris showed 1.82, 1.15cm and 2.30cm respectively. 

The toxicity of many plants has been attributed to point linked with their existence in the 

surroundings. According to Rasoanaivo et al., (1992) toxic and lethal plants particularly those 

rising in the wild must have in their evolutionary antiquity, established multifaceted substances 

as survival machinery to defend themselves from predators. An opinion arises that some of the 

herbal biochemical mixtures may be operative in offensive cancer cells or deactivating eukaryotic 

ribosomes (Monsurat, 2016). Phytotoxic medicinal plants having good springs of antitumor 

complexes, immune-toxines, steroid and non-steroid cardio active drugs. They are convenient to 

humanity. Herbal medicine experts and scientists are conscious of the possible toxicity of 

medicinal plants. They have formulated numerous means of removing the toxins or escaping the 

toxic fragments of the plants. Phytotoxicity tests are also directed to determine the toxicity of 

medicinal plants. The study was conducted to check the effects of chemicals present in the donor 

plants on to the recipient plant. Using of more than one plant in bioassay can clearly measure the 

allelopathic potential of the donor plants to recipient plant, which can lead us to isolation of new 

compounds of biological positive activity. 
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4.11 Anticancer activity 

Preently there has been a steady revitalization of attention in the use of medicinal plants 

in the developing countries because herbal medicine have been reported safe and less or without 

any adverse effect, compared with synthetic drugs. Herbal medicines represent one of the most 

important field of traditional medicines all over the world, to promote the use of herbal medicine 

and to determine their potential as a source of new drugs. It is essential to study medicinal plants 

which have folklore reputation in a more intensified way. Human used plants for medicinal 

purposes for centuries. Peoples in the Indian sub-continent like India, Pakistan and Bangladesh 

also uses herbals for health care (Shaikh et al., 2016). About 70-95% people in rural areas of 

developing countries rely on local medicinal plants (Fridlender et al., 2015). Approximately 60% 

of medicines currently used for cancer treatment have been isolated from plants as plant kingdom 

has been the most significant source. These include vinca alkaloids, Taxus diterpenes, 

Camptotheca alkaloids, and Podophyllum lignans (Solowey et al., 2014; Rajendran et al., 2016). 

Despite the advantages of the synthetic and combinatorial chemistry as well as molecular 

modeling, medicinal plants remain an important source of new drugs. These new drug which 

leads to new chemical entities (Shanthi et al., 2016). 

In present study the anticancer activity of different fractions of Cucumis sativus seeds 

were carried out which indicate that the n-hexane fraction gave 39.71 %, 30.81% and 26.84% 

cell viability with 10µg, 50µg and 100 µg conc. which showed that the n-hexane fraction was the 

effective fraction of Cucumis sativus. The DCM and Ethyl acetate showed 98.40% and 78.01% 

viability at 10µg concentration and 90.85% and 99.08% viability by 50µg respectively.  While 

at 100 µg DCM showed 56.35% and Ethyl acetate showed 85.94% cell viability. Aqueous portion 

of the extract showed 80.60% cell viability by10µg, 65.30% at 50µg and 60.76% cell viability at 

100µg. The n-hexane fractions showed significant activity and were dose dependent activity 

against cancerous cells. All of the fractions showed dose dependent activity, increase in 

concentration reduces cell viability. Similar findings were reported by Muruganantham et al., 

(2016) they used ethyl acetate fraction against Liver cancer HePG2 cell line and dose dependent 

effect was observed. Our present finding were supported by findings of many workers (Foong et 

al., 2015; Muruganantham et al., 2016 ; Sonia et al., 2016). 

Concentrations of different fractions of Portulaca olarecae (P.O.) were tested for 

anticancer activity against cancer cell line HepG2.  The n-hexane fraction showed low viability 



122 
 

at all concentration as 23.68% (100µg), 32.25% (50µg) and 47.18 %( 10µg). At 10µg, EA 

showed 83.18%, at 50µg EA showed 77.43% and at 100 µg EA gave 64.56% cell viability. H2O 

showed 82.39% cell viability at 10µg, 77.86% cell viability at 50µg and 75.91% cell viability at 

100µg. The n-hexane fractions showed significant dose dependent activity against cancerous 

cells. Our findings were supported by many researchers who worked on Portulaca oleracae 

extracts and isolate sulfated derivatives which inhibited the growth of HepG2 cells and Hela 

cells significantly, it indicated sulfated derivatives could enhance cytotoxicity on tumor cells 

(Chen et al., 2010; Zhou et al., 2015). Similar findings were reported by Hanan et al. (2014) their 

anti-cancer activity showed the highest HEPG2 cell inhibition %age by P.O. (0.547 liver cell of 

HEPG2) at conc. of 12.50 µg/ml. Increasing the concentration to 100 µg/ml the resulted in higher 

inhibition %age of HEPG2 dead cell (0.668) and the cytotoxic effect was Ic50 at 17 µg/ml in 

HEPG2 cell line. Many researchers reported the anticancer activity of P.O. against different 

cancer lines and specifically HePG2 which support our findings of the present endeavor (Zhao 

et al., 2013; Farshori et al., 2014; Zhao et al., 2016). 

Aqueous extract of Malus baccata showed of 94.3% at 50µg and 88.1% cell viability 

at100µg. The results are dose dependent. Qin et al., (2015) reported the anticancer activity of 

Malus baccata in which the data indicated that the cytotoxicity of dihydrochalcone monomer 

compounds (DMCs) isolated from the plant on tumor cell lines are correlated with their anti-

cancer bioactivity and was dose-dependent. Moreover, different tumor cells show differential 

sensitivity to the inhibitory effects of the DMCs. The present findings were in accordance with 

the findings of Fan et al., (2011) who reported that the proliferation of HepG2 and HT-29 cells 

was significantly inhibited in a dose-dependent pattern after exposure to the fruit extracts of 

Malus bacatta. Our findings were also supported by the work of Wang et al., (2013) they reported 

that the effect of Malus baccata are all dose-dependent and promoted splenocyte proliferation 

and inhibited splenocyte apoptosis induced by γ-radiation.  

Anticancer activity of Saxifraga flagillaris was carried out by the n-hexane and DCM 

fractions which showed that different concentrations of n-hexane and DCM extracts have 

promising results with 90-94% effectiveness, n-hexane showed 8.81, 7.12 and 8.31 percent cell 

viability. While the DCM fraction also showed 8.06, 6.5 and 10.06 percent cell viability at 10 

µg, 50 µg and 100 µg concentrations respectively. Similar studies was reported by the Chen et 

al., (2008) working with the Genus Saxifraga  isolated  different compounds from the species S. 
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stolonifera and screened for anticancer activity against human tumor cell lines BGC-823 by MTT 

assay and found growth inhibition ratio of 39.3% at 100 µM,the effect was dose dependent.our 

results are supported by Nagata et al., (2016) who worked with genus Saxifraga and found that 

the extract of S. Stolonifera showed potent antitumor effects in cultured cells of esophageal, 

gastric, and breast cancers in a concentration and time-dependent manner. The antitumor activity 

of S. Stolonifera was seen in the mouse model with the intra-abdominal dissemination of gastric 

cancer cells 

Geranium wallichianum fractions were also tested for anticancer activity. The n-hexane 

fraction showed 21.5% cell viability at 100µg while reducing the dose the cell viability increased 

as 50.4% and 67.35 at 50 µg and 10µg respectively. The ethyl acetate fraction was moderate in 

activity and showed 60, 88.8 and 90.4% cell viability at 100µg, 50µg and 10µg. the DCM fraction 

was least effective with 65% at 100µg, 73.5% at 50µg and 79.2% at 10µg. though the activity 

was dose dependent but the extracts showed least effective ness, though the activity was dose 

dependent but the extracts showed least effective ness. Ismail et al., (2009) reported different 

chemical compounds of geranium wallichianum and its anticancer activity could be due to 

presence of these compounds in the plant extracts. 

In the present study we used the extracts of different parts of Monotheca buxifolia which 

showed that the leaves extracts was the most potent as compared to the stem and bark ethanolic 

extracts. Leaves extract showed 63.75, 48.8 and 40.9% cell viability at 10µg, 50µg and 100µg 

concentrations. Stem and bark extracts showed high cell viability which indicated its least 

effectiveness against cancer cell line. Our present study was supported by the findings of Ullah 

et al., (2016) they used hydro-ethanolic extract of fruit of Monotheca buxifolia to cure induced-

hepatotoxicity in rats with dose of 150 and 300mg/kg body weight for 21 days. Our present 

findings are also supported by the research of Javed et al., (2016) who for the first time isolated 

triterpens from Monotheca buxifolia and carried out antiproliferative against human lung cancer 

cell line NCI-H460. 

Our results upkeep the idea that medicinal plants can be auspicious springs of potential 

anticancer agents. The present outcomes will form the basis for assortment of plant species and 

also for analysis in the exposure of new natural bioactive compounds.  
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4.5 Antioxidant Activity 

Antioxidants are substances that inhibits oxidation of cell contents. Antioxidant 

compounds are useful protective agents in the treatment of chronic diseases (Decker et al., 2008). 

The human health can be enhanced using vegetables and fruits which is rich in antioxidants and 

having the capability to neutralize the free radicals (Youdim et al., 2004). The DPPH assay 

method is based on the reduction of DPPH, a stable free radical. The free radical DPPH gives 

maximum absorption at 517 nm with purple colour. When Antioxidants react with DPPH, the 

DPPH becomes paired off in the presence of a hydrogen donor (e.g., a free radical scavenging 

antioxidant) and is reduced to the DPPHH and as consequence the absorbance’s decreased from 

the DPPH. Radical to the DPPH-H form, results in appearance of yellow colour (Tailor and 

Goyal, 2014). In present study the results of DPPH free radical scavenging activity was expressed 

in percent inhibition with IC 50 values. Ascorbic acid was used as standard. Overall the activity 

was concentration dependent. The ethyl acetate fraction of Saxifraga flagillaris, Geranium 

wallichianum, Malus baccata, Paeonia emodii and leaves hexane fraction of Monotheca 

buxifolia showed strongest DPPH radical scavenging activity with IC 50 of 18.44, 15.52 15.11, 

18.87 and 20.89 respectively. The significant values of the selected medicinal plants correspond 

to the presence of high amounts of chemical constituents which are responsible for the 

antioxidant activity and might be phenols or flavonoids (Zheleva-Dimitrova et al., 2010). The 

leaves of M. buxifolia contain anthraquinones, flavonoids, terpenoids, cardiac glycosides, 

saponins, reducing sugars, tannins and poly-phenolic compounds (Ullah et al., 2016). 

Furthermore our results are in accordance with results of Rehamn et al., (2013). The antioxidant 

activity of Geranium wallichianum was strengthen by the work done by Ismail et al., (2009) they 

reported the antioxidant acitivty of the Geranium wallichianum wit hIC 50 of 19.05 ug/mL.Veeru 

et al., (2009) reported the antioxidant activity of some medicinal plants with IC 50 raged between 

0.05 and 0.19.The same fractions of the said medicinal plants also showed strong scavenging 

activity with ABTS assay with IC 50 of 11.54, 22.64, 13.60, 72.46 and 19.53. The rest of the 

fractions have least activity.  

A number of research work have been done on antioxidant activity of medicinal plants 

which provide evidences that medicinal plants possess poly phenols, flavonoid. These are the 

hidden sources of therapy in terms of antioxidant activity (Adebayo et al., 2015; Csepregi et al., 

2016; Jayathilake et al., 2016; Khettaf et al., 2016). 
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4.6 Heavy Metal in Medicinal Plants 

Plant based medicines have less side effects as compared allopathic medicine. Toxic metals 

in these stuffs is a health problem (Khan et al., 2012). Addition of lethal seepages is constantly 

increasing owing to fast expansion and pollution of the atmosphere. Amongst the elements, 

presence of heavy metals (a. w. 63.5 - 200.6 g/mol and s. gravity more than 5 g/cm3 ) which are 

universal in nature, causing severe damaging to living beings particularly humans (Behera & 

Bhattacharya, 2016). Human are inspired to consume more veggies, fruits and herbs, which are 

the springs of vitamins, minerals, fiber and valuable for health. The plants have both toxic and 

non-toxic metals at different concentration. Plants absorbed water along minerals and metals 

from soil and deposits it in different plant parts. Medicinal plants are used generally in cure of 

numerous diseases in herbal, Ayurveda, Unani and homeopathic systems of medicines in various 

methods and uniform extracts. Plants comprise secondary metabolites which not only have 

ingredients (alkaloids) but they also adulterated with toxins like heavy metals, which are risky to 

living entities (Cereda & Mattos, 1996). The opportunity of the toxic heavy metals that can be 

transferred to humans and animals through herbs is alarming for raw, traditional and herbal 

medicines. For required healing profits, raw material of good quality should be chosen free of 

heavy metal. Owed to the cause, WHO reports that medicinal plants and their products should be 

checked qualitatively and quantitatively for analysis of heavy metals contents of the medicinal 

plants (Singh, et. al., 2014). Chen (2005) reported the conc. of cadmium, cobalt, copper, iron, 

manganese, nickel, lead, zinc and mercury in 42 Chinese herbal medicinal plants. All samples 

had relative higher concentrations of iron, manganese, and zinc. A few of them were found to 

have fairly higher concentrations of the lethal metals such as cadmium, lead, and mercury. This 

was perhaps caused by adulteration during air-drying or preservation. The most common heavy 

metals involved in human poisonous contain lead, mercury, arsenic, and cadmium. So, the world 

health organization recommends the medicinal plants, which form the raw materials for herbal 

tonics, should be tested for the occurrence of heavy metals. Yet, bulks of people, living in plants 

growing areas, collect them in the vicinity for own use without testing for harmful metal. The 

general concept that medicinal plants are harmless and lacking heavy metals could be 

misinterpreted (Annon et al., 2013). Sudha et al., (2014) reported that Copper and Zinc were 

present in high concentrations related to other metals in Ceropegia juncea (Roxb.). Cu and Zn 
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are useful because these are indispensable elements in trace amounts for body metabolism. The 

others like arsenic, cadmium, lead and mercury are non-essential and found in low levels. 

 Present study was conducted to determine the heavy metal concentration in selected 

medicinal plants which are used as herbal medication by the local inhabitants. The concentration 

of lead (Pb), Arsenic (As), Cadmium (Cd), Mercury (Hg), and Zinc (Zn) in medicinal plants 

(Cucumis Sativus, Purtulaca Oleracea, Malus Baccata,  Sexifraga flagillaris, Gerenium 

Wallichianum and Monotheca Buxifolia. Chen et al., (2005) reported that the concentration of 

metals found in medicinal plants was comparable to that many of the vegetables and fruits. 

Dwivedi & Dey (2002) also reported that Man get heavy metals from raw vegetation used in 

medication. 

 Lead and its complexes are lethal to many body's tissues such as heart, blood, generative 

system, digestive tract, kidney and nerves. Lethal doses cause severe illness leading to permanent 

difficulties with cerebral problems. Lead toxicity cause stomach pain, nuisance, anemia, 

peripheral neuropathy and irritability. In severe conditions, it can cause seizure, coma and finally 

death (Bellinger, 2004; Singh et al., 2014). The concentration of lead in present study was 0.229 

mg/g in Cucumis sativus and is highest among the selected medicinal plants. 0.191 mg/g is the 

lead concentration in Malus baccata, 0.038 mg/g is in Geranium wallichianum and 0.017 mg/g 

is in Purtulaca oleracae. The permissible amount of lead is 0.2 µg/g. All of the medicinal plants 

have lower concentration then the permissible standard. Similar work was presented by Sindhu 

and Beena (2016) who reported the lead below detection limits in medicinal plant. The adult lead 

ingestion is between 20–514 μg/day. Lead mostly affects nervous system and kidney, failure of 

kidney function and abnormalities of nervous system function take place (Obi et al., 2006). Pb 

intoxication leads to nausea, headache, constipation fatigue, muscular aches and anemia. Pb also 

shows lethal effect on central nervous system, bones and kidneys (Rambousek, 2008; Singh et 

al., 2014). Rattan et al., (2005) reported that heavy metal was high in soil than in plant parts 

studied. Accumulation of heavy metals varied from plant to plant. Pb was the highest in 

Calotropis procera root and the lowest in Peristrophe bycaliculata whole plant and was lower 

in inhabited area than in traffic flow area.   

Arsenic is non-essential toxic metal. Arsenic exhibits its poisonous effects by deactivating 

up to 200 functional enzymes. Acute poisoning starts with sickness, vomiting, belly pain, severe 

diarrhea, en-cephalopathy and marginal neuro-pathy. Chronic effects fallouts multi-system 
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diseases with carcinogenesing of most parts of the body (Singh et al., 2014). Chiou et al., (1997) 

that arsenic disrupts ATP production in kreb’s cycle. These metabolic interferences led to death 

from multisystem organ failure probably from necrotic cell death, not apoptosis.  

In present study arsenic concentration was 0.542 mg/g in Portulaca olearacae and Geranium 

wallichianum. 0.308 mg/g arsenic concentration was recorded in Monotheca buxifolia. Malus 

baccata showed 0.139 mg/g and Saxifrage flagillaris showed 0.33 mg/g concentration of arsenic 

while no traces were found in Cucumis sativus. Similar work was presented by Sindhu and Beena 

(2016) who reported that arsenic level is below detection limits in selected medicinal plant. 

Arsenic are fatal, their signs consist of polyneuro-pathy, liver illness, optical disorder and finally 

loss of sight (Annan et al., 2013). 

Cadmium is a trace element with inexact direct roles in plants and humans, however the low 

level of cadmium can cause reduce biomass in plants is 5 to 30 µg/g and extreme acceptable 

amounts for food and fodder is about 1 µg/g (Annan et al., 2013; Singh et al., 2014). Cadmium 

is a lethal metal and cause severe health problems. In recent times focused has made on its 

presence in water, soil, milk, dietary products, medicinal plants, herbal drugs, etc. The most 

common sources for cadmium in soil and plants are combustion of fossil fuels, phosphate 

fertilizers, lead and mines, non-ferrous smelters and sewage sludge application (Jarup, 1998). 

Cadmium causes disease named Itai-itai symptoms are the unstiffening of skeleton, anemia, renal 

failure and eventually death (Singh et al., 2014).  

Cadmium was recorded in Cucumis sativus and Manotheca buxifolia which was 0.036 mg/g 

and 0.03 mg/g repectively. Results indicated that selected medicinal plants have low cadmium in 

their parts then the permissible limits of WHO or FAO. Similar work was presented by Sindhu 

and Beena (2016) who reported the presence of cadmium below detection limits in medicinal 

plant. 

Mercury (Hg) causes confrontations to renal and nerve-system and can snapped the placental 

barrier with bad effects on the fetus. Mercury disclosure may occur mostly from fish ingesting 

and dental mixture fillings of teeth (Singh et al., 2014). Mercury poisoning causes well-known 

disease as hydra-rgyria. The effects include brain injury, kidney and lungs failure in addition to 

its pink disease acrodynia, Hunter-Russell syndrome, and Minamata disease (Clifton, 2007; 

ATSDR 1999).   
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In present endeavor Portulaca oleracea showed 0.0436 mg/g conc. of mercury. 0.041mg/g 

and 0.038 mg/g were the concentration of mercury in Cucumis sativus and Saxifrage flagillaris 

respectively. Same work was presented by Sindhu and Beena (2016) who reported the mercury 

below detection limits in medicinal plant. Mercury high levels associated with male infertility in 

human, inhibition of antioxidant enzymes, and harm to brain (Choy et al., 2002; Anan et al., 

2013). All plants in this study possess permissible levels of mercury. 

Zinc is very essential for healthy body but excess of zinc can be harmful, and cause zinc 

toxicity. Such toxicity levels have been seen to occur at ingestion of greater than 225 µg/g of 

Zinc. Zinc is an important portion of several metallo-enzymes, particularly of the enzymes which 

play a vital role in nucleic acid metabolism. Zinc act as a membrane stabilizer and immune 

response stimulator nausea, vomiting, diarrhea, fever and laziness are the indicators of acute zinc 

toxicity. The probable harmless and satisfactory regular ingestion of zinc is in the range of 10,000 

and 20,000 µg/day (Anan et al., 2013). 

Concentration of zinc in present study was high in Geranium wallichianum rhizome 0.209 

mg/g which is followed by Cucumis sativus seeds with a concentration of 0.187 mg/g, in 

Portulaca oleracea seeds 0.149 mg/g conc., Malus baccata fruit 0.135 mg/g, Saxifrga flagillaris 

rhizome 0.118 mg/g conc. of zinc was recorded.  Monotheca buxifolia leaves show low conc. of 

zinc in the selected medicinal plants. Excessive amounts of zinc can cause abdominal pain, 

nausea, vomiting and diarrhoea. Continued contact of Zinc causes copper shortage (Anon. , 

2001). Our work was supported by Sindhu and Beena (2016) who reported that zinc was found 

below lethal limits in medicinal plant. Zinc (Zn) is one of the most essential trace nutrients 

present in muscles and bones (85%), 11% in the skin and the liver while the rest is distributed in 

all other tissues of body (Tapiero & Tew, 2003). The plants have the tendency to accumulate 

some of the metals which are not linked directly to their survival like Cd, Co and Ag (Ajasa et 

al., 2004). In human, trace elements play a pivotal role both as preventive and as curative agents 

against various diseases. However, the contaminations of heavy toxic metals in plants due to any 

factor could develop serious health problems because there is a narrow concentration range 

between the deficiency and toxicity levels of heavy metals in human (En et al., 2003;Shaban et 

al., 2016). 

Due to the diversity of substitutes, medication is increasing, general practitioner should be 

alert of the possiblity of heavy metal is essential when identifying situations of inexact etiology 
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which have resemblances to metal toxicity. For safety of community fitness, customers taking 

raw medication should be advised of potential toxicities, and it is important that general 

practitioner and supervisors are aware of these risks and find ways to minimize them.  

4.7 Proximate and Nutritional Value of Medicinal Plants 

         The nature has provided abundant plant wealth for all living creatures, which possess 

medicinal virtues. The important values of some plants have long been published but a large 

number of them remain unexplored. It needed to explore their uses and to conduct 

pharmacognostic and pharmacological studies to ascertain their therapeutic properties (Mushtaq 

et al., 2009). The basic nutritional importance of plants is assessed by their content of protein, 

carbohydrate, fats and oils, minerals, vitamins and water which are responsible for the growth 

and development in man and animals (Waziri & Akinniyi, 2011; Waziri & Saleh, 2015). 

Carbohydrates, fats and protein are the essential nutrients of life. The quality and quantity of 

proteins in the seeds are basic factors and important for the selection of plants for nutritive value, 

systematic classification and plant improvement programs (Nisar et al., 2009). Ahmad et al., 

(2014) reported the proximate analysis of Aleo vera where carbohydrates have the same high 

percentage like our results followed by fats and protein. Kamba et al., (2013) reported the ash 

value of Urginea altissima which possess low ash percentage (6.66). The ash content also 

revealed comparable results with the previously analyzed medicinal plants, Ammonum 

sulbulatum (6.97%) and Rhazya stricta (6.21%) reported by Hussain et al., (2009; 2010). 

        The highest percentage of ash was found in Purtulaca oleracae seeds and was 26.44. Malus 

baccata fruit showed 22.83 and ash %age in Cucumis sativus seeds was 20. 17. 67%age was of 

Geranium wallichianum rhizome and 9.92 and 6.01 was the %ages of Saxifraga flagillaris 

rhizome and Monotheca buxifolia leaves respectively. Hussain et al., (2010) repoted that ash 

content progressively decline towards maturity in some plants. Dougall et al., (1958) showed that 

the ash content in A. aspera, growing in the African region ranged between 8 to 14%. This is in 

conformity to our results suggesting that different environmental conditions can drastically effect 

the essential plant constituents. The ash content is a reflection of the mineral contents preserved 

in that plant (Waziri & Akinniyi 2011). Portulaca oleracae with high percentage contain high 

amount of minerals compared to the rest of plants analyzed in the present study. Hussain et al., 

(2010) stated that moisture content varied in different species investigated by them which is 

dependent on the physiology and environment of the plant. Moisture content depends on the 
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environmental conditions such as humidity, temperature, harvest time, and climate as well as 

storage conditions. Thus it is important for food scientists to be able to reliably measure moisture 

contents. Hussain et al., (2013) reported moisture content ranged from 0.334% for X. strumarium 

to 8.18% for A. cruentus.which is low as compared to the present studies. The present study 

showed 18.69 was the highest percentage of moisture in Malus baccata fruit which is followed 

by Cucumis sativus seeds with 16.26 %age and Saxifraga flagillaris rhizome showed 15.5 

percent of moisture. Portulaca oleracae seeds, Monotheca buxifolia leaves and Geranium 

wallichianum rhizome showed 11.14, 11.17 and 10.27 percent of moisture respectively. Similar 

work was by Das et al., (2009) and Hanif et al., (2006) who showed that leafy vegetables had 

higher moisture content as compared to non-leafy or green stock and this is in parallel with the 

present findings. Adnan et al., (2010) also strengthen our findings and reported high moisture 

content in Bupleurm falcatum, Otostegia limbata and Valeriana officinalis.  

       Using Kjeldahl method protein was determined. Hussain et al., (2009) reported 6.4% of 

protein in ginger which was near to the present finding. In present study protein content was high 

in saxifrage flagillaris rhizome with a percentage of 4.37 and Geranium wallichianum rhizome 

with 3.39 %age. The remaining plants Cucumis sativus seeds have 2.55, Malus baccata fruit 

1.75, Purtulaca olearacae seeds 1.66 and Monotheca buxifolia leaves 0.85 of protein content. 

The present protein percentage is quite low in all plants when compared to work done by Akpabio 

& Ikpe (2013) who reported crude protein 17.05% in selected wild plants.  Kamba et al., (2013) 

obtained 3.70% of protein in Urginea altissima. The crude protein content was different in 

different plants growing at different locations. Like the plants growing in Nigeria and Swaziland 

had significantly different contents of crude protein content. Medicinal plants like Momordica 

foecide leaves and balsam apple contained 4.6 and 11.29% of crude proteins (Hassan & Umar 

2006). These findings are supporting our present findings.  Hussain et al., (2010) reported that 

protein content was 1.052% for A. lebbeck, 0.88% for A. aspera, 0.82% for A. cruentus, 0.64% 

for X. strumarium, and 0.4761% for C. procera. These findings vary from the result obtained in 

our findings as they have low content of protein as compared to the present study. The results 

also vary from some other workers and this variation might be due to variation in different 

enviroments (Das et al., 2009; Hanif et al., 2006; Adnan et al., 2010). 

Carbohydrates have vital roles in living organisms. They can be oxidized to yield instant 

energy, their polymers act as energy storage molecules and their derivatives are found in a 
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number of biological molecules including coenzymes and the nucleic acids (Hasan et al., 2011). 

The carbohydrate composition of Monotheca buxifolia leaves was high with a percentage of 

74.27. Geranium wallichianum rhizome have 64.68%, Saxifraga flagillaris  rhizome have 

62.79%, Portulaca oleracae seeds showed 57.49%, malus baccata fruit have 52.73% and 

Cucumis sativus seeds have 47.19% of carbohydrate content. The carbohydrate percentage is 

high when we compared our work with research done by Akpabio & Ikpe (2013) where 

carbohydrate 46.02%. This difference may be due to the part of the plants used. Kamba et al., 

(2013) got 81.7% of carbohydrates in .Urginea altissima. Our carbohurates value was high and 

is in conformity with the previous results. Abidemi (2013) reported carbohysrate composition of 

leaves of Bambusa vulgaris, Euphorbia hirta, Lawsonia inarmic, Mimosa pudica, Bidens pilosa, 

Croton zambesicus and Persia americanas.  All the plants had high carbohydrate value and the 

result are in conformity with present findings. Dastagir et al., (2013) reported the carbohydrate 

value of Fagonia cretica, Peganum harmala, Tribulus terrestris, Chrozophora tinctoria and 

Ricinus communis, their results justify the present findings. 

The fat content of Cucumis sativus seeds was the highest with a value of 14%. Monotheca 

buxifolia leaves and Saxifrage flagillaris rhizome showed 7.7% and 7.42 fat content respectivly. 

Geranium wallichianum rhizome, Malus baccata fruit and Purtulaca oleracae seeds have 4.07, 

4 and 3% fat respectively. These findings are an agreement with those of the Adnan et al. (2010), 

Hussain et al., (2010), Abidemi (2013), Dastagir et al., (2013), Das et al.,(2009), Hanif et al., 

(2006) etc. Shad et al., (2013) reported nutritive potential of wild food plants the results are 

similar with our findings. Hussain (2000) reported associated values for the conventional food 

and vegetables of different plant species which justify our findings. 

It is concluded from the present research that medicinal plants are not only sources of the 

cure of diseases. These medicinal plants can play important role for the maintenance of healthy 

life and normal body functioning by providing energy full nutrients for growth and development. 

4.8 Phytochemical Analysis 

The medicinal plants are useful for healing as well as for curing of human diseases because 

of the presence of phytochemical constituents. Phytochemicals are naturally occurring in the 

medicinal plants, vegetables and fruits that have defense mechanism and to protect from various 

diseases. Phytochemicals are primary and secondary compounds. Chlorophyll, proteins and 
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common sugars are included in primary constituents and secondary compounds have terpenoid, 

alkaloids and phenolic compounds (Gomathi et al., 2016). 

The results of phytochemical analysis showed that all medicinal plants possess the 

investigated phytoconstituents to varying degree. Cucumis sativus showed the presence of 

Saponin, Glycosides, Flavonoids and Phenols to moderate level and alkaloids at low level. Our 

results are supported by the work of Gomathi et al., (2016) reported qualitative analysis of the 

extract that it contains glycosides, alkaloids, tannins, proteins and amino acids, phytosterols, 

terpenoids, saponins. The present work is in accordance with the work of many previous 

researchers (Mukherjee et al., 2013; Gopalakrishnan & Kalaiarasi, 2014; Saidu et al., 2014).  

Portulaca oleracea showed high quantity of Flavonoids and Phenols, moderate level of 

alkaloids and low level presence of Saponin and Glycosides. Many reports supports the results 

(El-Newary, 2016; Zhua et al., 2015; Okafor & Ezejindu, 2014). Malus baccata showed high 

presence of Saponin and Glycosides, low quantity of alkaloids, flavonoids and phenols. Wang et 

al., (2013) reported phenolic compounds from cold-field fruit Malus baccata. Wolfe et al., (2003) 

reported flavonoids and phenols in Malus baccata. 

Saxifraga flagillaris showed the moderate presence of alkaloids, flavonoids and phenols 

while low presence of glycosides and Saponin. Geranium wallichianum showed the moderate 

levels of Saponin, flavonoids and phenols and low quantity of alkaloids and glycoside were not 

found in its crude extracts. Monotheca buxifolia showed the high presence of glycosides and 

flavonoids, moderate levels of alkaloids and phenols and low levels of Saponin. The results are 

similar with Rehman et al., (2013) who reported the plant contains anthraquinones, flavanoids, 

reducing sugars, terpenoids, tannins, saponins, and cardiac glycosides. 

4.9 Isolation and Identification of compounds  

Plants provide opportunities of new medicines in the form of pure compounds or standardized 

extract. Biological activities gave clues about the plant or their extracts potency in the treatment 

of disease which led to the isolation of compounds for curing chronic and infectious diseases. 

Selection of extract for compound isolation is based on preliminary Phytochemistry and 

biological activity (Sasidharan et al., 2011; Bajpai et al., 2016). DCM fraction of Saxifraga 

flagillaris was selected for compound isolation through column chromatography. This is a simple 

technique generally used for compound isolation. One compound was isolated from exract of 

Saxifraga flagillaris using column chromatography and TLC techniques. The isolated compound 
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was in the form of crystals, pale yellow color. For the identification and structure elucidation 

process of isolated compound Proton and Carbon NMR, DEPT 90 and 135 were used. Nuclear 

Mmagnetic Resonance is an authentic technique mostly used in the identification and structural 

confirmation of isolated compounds (Hostettmann, 1999). Various researches on compound 

isolation suggested that proton and carbon NMR are best suited for structural confirmation of 

isolated compounds (Rabe et al., 2002; Patnaik et al., 2007; Gupta et al., 2009). A compound 

was isolated from ethanolic extract of Saxifraga flagillaris, was obtained by subsequent column 

chromatography on silica get. The isolated compound showed, spectroscopic and spectrometric 

parameters (UV, MS) identical with previously published data for adlumine (1)  (Moiseeva et al. 

1978; Blasko et al., 1982; Ribar et al., 1991; Shakirov et al., 1996; Taborska et al., 1996; Seger 

et al., 2004; Pilar et al., 2010). 

The ‘HNMR spectrum of 1 (CDCI,) showed the presence of one N-methyl (2.61) and two 

methoxy group protons (3.57 and 3.79), two aromatic ring protons, which gives two singlet (6.70 

and 6.38, H-1 .H-4), one aromatic proton doublet at 6.88 (H-11) and an aromatic proton doublet 

at 7.13 (H-12). The two multiplets at 2.78 and 3.08 were due to H-5 and H-6. The assignment of 

the 13C NMR signals of compound 1 was assisted by the use of DEPT and 2D techniques.  It 

showed twenty one resonances, two methoxy, one methyl, twelve aromatic carbons, and five 

saturated carbons along with one ester type carbonyl. On  the basis of information’s obtained 

from various stereoscopic techniques including 1H NMR, 13C NMR, DEPT 90 and DEPT 135, it 

has been suggested that the isolated compound 1 was adlumine with molecular formula 

C21H21NO6, molecular weight 383.400 and molecular mass of 383.136889. 

4.10 Application of Adlumine to Cancer Cell Lines 

In human body, cells maintain homeostasis by using an active dedicated molecular 

program of cell death (apoptosis). Apoptosis or programmed cell death is as important as cell 

division and cell migration. It controls the cells number, tissue size and protects the organism 

from rogue cells that threaten homeostasis. Apoptosis is a complicated process. It is controlled 

by a number of proteins. Most of the morphological changes are caused by caspases. Caspases 

are a set of cysteine proteases that are activated in apoptotic cells. Under normal conditions, 

caspases are inactive proteins called pro-caspases. Once triggered by some stimuli they activated 

activated, inducing cell death pathways, which eventually lead to cell death (Porter & Janicke, 

1999). 
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Various means of detecting apoptotic cells are available. These include flow cytometry, 

Immunohistochemistry, Annexin-V assay, M30 neoantigen assay, in situ3 -end labelling method, 

TUNEL assay ect. Cells undergoing apoptosis exhibit several morphological modifications such 

as protein cross-linking, protein cleavage, DNA breakdown, and phagocytic recognition that 

together result in the distinctive structural pathology (Boulares et al., 1999). Many anticancer 

drugs induce apoptosis in cancer cells by multiple pathways and inhibit the growth and metastasis 

of certain cancers. In the current study we analyzed the apoptosis inducing effect of Adlumine 

against human colon and prostate cancer cell lines. Adlumine specifically induced apoptosis in 

the said cell lines, which was detected by flow cytometer through Annexin-V-FITC assay. 

Adlumine treatment significantly increased the levels of early and late apoptosis in HCT 116 and 

PC3 cells. The role of ROS generation in killing the cancer cells detected a significant increase 

in ROS levels through DCFHDA staining in Adlumine treated cells compared to untreated cells. 

Simon et al., (2000) reported that ROS plays significant role in regulation of apoptosis.  Further 

analyzed the activation of caspase 3 upon Adlumine treatment. Once caspase 3 is activated there 

seems to be an irreversible comminsment towards cell death (Elmore, 2007). It is found that 

Adlumine caused a significant increase of 8.85 fold in HCT 116 cells, while 10.31 fold increase 

in PC3 cell lines. In order to analyze the impact of Caspase-3 activation on its substrates like 

PARP, western immune blotting by using total cell lysates was conducted. In parental cells, 

Caspase-3 cleavage was minimal and in line with this, PARP cleavage was also negligible. 

Adlumine treatment increased the expression of cleaved Caspase-3 in both HCT 116 and PC3 

cell lines which was evident from the PARP cleavage. These findings clearly show that Adlumine 

induce apoptosis in human colon and prostate cancer. Porter and Janicke (1999) reported that 

proofs are there which showed that mitochondrial disorders are important processes in apoptotic 

cells death. 

The induction of apoptosis by Adlumine in HCT 116 and PC3 cells has been confirmed. 

It is sured from the present study that this compound possess potent anticancer activities. 
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Conclusion 

It is concluded that the medicinal plants are potential sources for curing human illnesses. 

The present study would be helpfull to introduce effective medicines for curing cancer and other 

infectious diseases. 

The results of present analysis indicated that antibacterial and antifungal activities differ 

with the plants used. The selected bacterial and fungal strains were susceptible to all extracts of 

the selected medicinal plants at varying degree. It clears the value of plants used locally. These 

can be used in development of new broad spectrum antibiotics.  

Some of the selected species have not been evaluated against bacterial and fungal strains 

while some of them have not been evaluated against the selected cancer cell lines. From the 

literature review it came to know that there is no literature about Saxifrage flagillaris. No data is 

available of Saxifrage flagilaris on biological and phytochemical analysis. Based on various 

bioassays particularly anticancer activity Saxifraga flagillaris was selected for compound 

isolation. A Compound was isolated which was identified as Adlumine. It was isolated for the 

first time from the extract of saxifrage flagillaris, which yield good anticancer results.  

The study suggested that the selected medicinal plants are valuable sources of medication 

in various human illnesses. 

 

Future Prospects 

i. Extract of these selected medicinal plants could be used against other cancer cell lines, to 

develop a broad spectrum drug. 

ii. These plant extracts can be tested against other micro-organisms (HIV). 

iii. Further studies are needed to isolate broad spectrum antibiotics from tested plants. 

iv. More compounds ccould be extracted from the active fractions of these selected plants. 

v. For the isolated compounds mechanism of action could be studied. 

vi. The isolated compounds could be checked against bacterial and fungal strains. 

vii. Further investigation upon this compound may be useful for new cell signaling pathways. 
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