












































 

 

CHAPTER 1 

INTRODUCTION 

1.1 ETHNOBOTANY AND TRADITIONAL MEDICINE 

Since ancient times, man has always been dependent on plants for primary 

needs of life such as food, medicine and shelter (Ali, 2009). Plants are vital for the 

survival of humans as they have provided food, fuel, fodder, timber and medicine 

since time immemorial (Ahmad, Qureshi, Hameed, Ahmad, & Nawaz, 2012).  

Recent studies have confirmed the presence of large amounts of pollens fossil from 

a cave in Georgia, from Upper Paleolithic Period indicating the prehistoric 

relationship of plants with humankind (Martkoplishvili & Kvavadze, 2015). The 

interdependence between man and plants is termed as ethnobotany; originally 

introduced by an American scientist Hershberger (Khan, Page, Ahmad, & Harper, 

2013). Ethnobotanical studies aim to document the uses of plants by local 

communities to understand the nature of relationship between plants and people of 

that area. Ethnobotany, also known as economic botany is multidisciplinary in 

nature having a broader scope that ranges from botany and paleontology in basic 

sciences to anthropology and linguistics in social sciences. Now in the age of 

market economy, strings of ethnobotany are knotted in the economics as well. 

Indigenous knowledge has been significant in tracing medicinal remedies and 

development of commercial products. This has led to the discovery of many lead 

compounds for modern drugs. (Muhs et al., 2017) (Quave, Plano, Pantuso, & 

Bennett, 2008). Studies conducted in recent years in different parts of the world list 

a large number of plants species for therapeutic applications.  Follow up studies 

include biological evaluation of screened plant species and chemical 

characterization of active compounds. This has led to the genesis of 

“ethnopharmacology” as an emerging discipline that is devoted to modern 

pharmacological studies based on traditional medicine. With a dynamic and 

stimulating educational environment, our tradition is to accept challenges and to 

receive wisdom today, in order to achieve new things and new approaches for 
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tomorrow. Therefore, traditional knowledge conserved by people living in close 

contact with plants can answer various questions of healing and cure. 

1.1.1 Ethnomedicine in Pakistan 

In Pakistan, more than two third of population is directly or indirectly 

dependent on traditional medicine practices for their primary healthcare necessities 

(Shinwari, 2010).  Out of 6000 plant species reported from Pakistan 1800 are used 

for medicinal purposes and of course traded in domestic and international market. 

Due to its geographic position, ethnopharmacological practices in Pakistan stem 

from Ayurvedic, Islamic and local traditional medicine. Unani (Greek origin) 

medicine is also popular across edges and corners of the country partly due to a 

long standing trust of local population of ancient Greek wisdom (Qureshi, Waheed, 

Arshad, & Umbreen, 2009a). 

1.1.2 Ethnomedicinal Studies in AJ&K 

A study conducted in the Sudhnoti district of the state of Jammu and 

Kashmir (Ishtiaq et al., 2015), reported that, local communities of the area are 

highly dependent on plants for their therapeutic uses. Therefore, documentation of 

medicinal plants for therapeutic uses as well as pharmacological validation thereof 

is highly encouraged (Ishtiaq, Mahmood, & Maqbool, 2015). To best of our 

information, this was the only study previously conducted in this area that focused 

primarily on medicinal plants. In a separate study, conducted at a broader scale, 

traditional uses and conservation status of plants was carried out reporting more 

than 100 plant species from Azad Jammu and Kashmir (Bano et al., 2013). Khan et 

al (2010) reported that local population of Poonch valley utilized more than 169 

plant species for domestic and therapeutic purposes. it was generally believed that, 

in most of the cases traditional knowledge was conserved by elderly people 

particularly males of 70 years and above (Khan et al 2011). Historically, the district 

Sudhnoti was a part of the state of Poonch; a tribal entity governed by local Dogra 

rulers under sovereignty of the British India before current administrative division 

in three districts (Kanth, 2013). 
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  A study conducted on ethnobotany of plants from Neelum valley, Azad 

Jammu and Kashmir (AJ&K) reported 40 plant species belonging to 31 families as 

valuable for medicinal, food, fodder and fuel purposes (Mehmood et al 2011). The 

existing ethnobotanical knowledge of the area will not remain intact for so long 

because the people are shifting their dependence from medicinal plants to synthetic 

medicine and other types of drugs. The folk recipes used for the cure of common 

diseases in the area need to be documented. There are several other reports from 

the adjoining mountainous areas of AJ&K.  For example, Jamil et al (2015) 

reported 38 medicinally important plants belonging to 16 families from Chella 

region district Muzaffarabad AJ&K. Documentation of the status of medicinal 

plants and related knowledge was also carried out in village Dawarian, Neelum 

valley AJ&K. It was reported that, 59 plant species were used for 14 diseases 

categories (Ahmed and Sadaf, 2014). A survey of alpine pastures of district Bagh 

AJ&K, focusing on ethnomedicine and diversity of medicinal plants was carried 

out where  a total of 71 herb species belonging to 22 plant families were collected 

(Shaheen et al 2012). Documentation of ethno-medicine of plants from Dhirkot, 

Azad Kashmir was conducted in 2002. It was concluded that, measures should be 

taken for conservation of traditional knowledge about plants to cope with a sharply 

declining plant use information with death of elderly people (Gorsi & Shahzad, 

2002). Plants are indirectly associated to the culture and tradition of the people in 

Samahni valley in Bhimber district of AJ&K ,reporting 36 plant species used for 

the treatment of various diseases (Ishtiaq et al 2006). The data shows the degree of 

dependence of people on plants for their daily life needs and can provide the basis 

for further research. Contrary to the surrounding areas traditional knowledge of 

local people in district Sudhnoti was largely unexplored. 

Sudhnoti is a district of the State of Jammu and Kashmir, an autonomous 

region in northern Pakistan. Ethnic composition of the area is peculiar where up to 

90% of the population belongs to the Sudhan tribe, an offshoot of Afghanistan 

based Pathan ethnicity, sprawled here during 14th century AD (Kanth, 2013). The 

district is named “Sudhnoti” owing to a dominant population of Sudhan tribe here. 

Other significant ethnicities are Awans, Gujjers and Syeds. Small colonies of 

Khawaja tribes in the outskirts of towns can be seen.  Traditionally, Sudhan tribe 
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has conserved a rich folklore and plant use practice that can be linked to centuries 

long stay in the hilly areas. On the other hand, discreet communities of other ethnic 

groups, especially the Gujjars, have their own legacy of plant uses ranging from 

food to medicine (Shah, Bharati, Ahmad, & Sharma, 2015). Dependence of local 

communities on traditional medicine is linked with a poor healthcare system in the 

area as there is only one hospital in the district headquarter Palandri working with a 

very poor infrastructure. Total number of medical providers was just 12 at the time 

of the last survey we carried out in 2017 along with supporting staff. 

Socioeconomic condition of the area is characterized by low per-capita income as 

compared to other parts of the state, leading to an overwhelming dependence on 

biodiversity for sustenance.  

In the present 101 plant species were documented from the area, Out of 

these, 15 medicinal plants were found to be used for one or more novel uses i.e. 

medicinal uses for these plants were reported for the first time in the world or at 

least in this region to the best of our study. Interestingly, almost half of the 

screened plant species were being used for infections and inflammatory conditions. 

Other important area of plant use was as antioxidant agents. Preference was given 

to those species which had been subjected to no or very limited antibacterial 

analysis (e.g., only examined for growth inhibition via agar diffusion methods). All 

selected species are present in abundant populations in the collection region and 

none are listed as threatened or endangered. Keeping apparent conservation status, 

availability in bulk and cultural significance following 9 plant species were 

selected for biological evaluation. 

1.2 ETHNOPHARMACOLOGY OF SELECTED SPECIES  

1.2.1 Adiantum capillus-veneris L. 

It is a commonly growing fern from family Pteridaceae, found abundantly 

along to water courses, springs and rock crevices in moist temperate regions of the 

Himalayas. Plant body is composed of an underground rhizome and aerial branches 

characterized by compound leaves. Presence of sorii on the ventrally folded leaf 

margins is a distinguishing feature. Traditionally it is used as an aqueous decoction/ 
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infusion to treat urinary tract infections (UTIs). It is also reported for uses such as 

astringent, demulcent, antitussive and diuretic (Ishaq et al., 2014b). 

1.2.2 Artemisia absinthium L. 

It is a flowering plant from family Asteraceae locally known as afsanteen in 

India or Isanteen in Kashmir regions. Plant body is herbaceous and 10-30 inches 

tall. Genus Artemisia is known for a famous antimalarial compound Artemisin 

since late 20
th

 century. In Kashmir Himalayas, powder of aerial parts is used  A. 

absinthium  used for pruritus and inflammatory and infectious skin disorders  

(Khan & Khatoon, 2008). A number of Artemisia species have traditional uses, and 

several have been utilized by modern medicine for the development of drugs 

against malaria and typhoid (Hayat, Khan, Ashraf, & Jabeen, 2009a). 

1.2.3 Berberis lycium Royle 

Berberis lycium (Berberry) is a wild shrub few feet tall found sporadically 

in subtropical to temperate Himalayas region. Taxonomically the genus Berberis 

belongs to Berberidaceae, a dicot family of angiosperms. It flowers in spring and 

dark purple fruit can be seen during mid-late summer. Stem is prickly and shining 

gray in color, however it turns black in older plants. Bark of stem and roots is 

medicinally important and used to treat diarrhea, cholera and piles (Malik et al., 

2017). Other indications include jaundice, diabetes, eye infections, fractured bones, 

internal wounds and diarrhea (Ali, Uddin, & Jalal, 2015b). Bark infusions 

specifically are traditionally used for oral infections, toothaches and earaches 

(Abbasi, Khan, Ahmed, & Zafar, 2010). 

1.2.4 Gentiana olivieri Griseb 

Gentiana olivieri (Gentianaceae) is a wild herb densely grown in temperate 

to alpine climatic conditions in the Kashmir Himalayas valley, locally known as 

neel kanth. Traditionally it is used for the treatment of urinary rentention in the 

form of aqueous decoction. (Ali & Qaiser, 2009a; Bano et al., 2014). In current 

study it was documented for infections of genetalia in young children. It is well 

known for isolation of  isoorientin as an effective hypoglycemic agent. Gentiana 
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olivieri (Gentianaceae) is a wild herb densely grown in temperate to alpine climatic 

conditions in the Kashmir Himalayas valley, locally known as neel kanth. 

Traditionally it is used for the treatment of urinary rentention in the form of 

aqueous decoction. (Ali & Qaiser, 2009a; Bano et al., 2014). In the current study it 

was documented for infections of genitals in young children. It is well known for 

isolation of isoorientin as an effective hypoglycemic agent. 

1.2.5 Martynia annua L. 

It is an herbaceous, erect, glandular herb from family Martyniaceae 

commonly known as “bichoo”. It grows in locations with ample organic matter, i.e. 

landfills. Leaf paste is traditionally topically applied to infected wounds and skin 

conditions. Leaf juice is used in gargles for sore throat (Santram & Singhai, 

2011b). During current surveys it was reported for throat infections. 

1.2.6 Nerium oleander L. 

N.oleander is a wild shrub from Apocynaceae commonly grown along 

water courses known as “kneer”. It is used for the treatment of oral and topical 

infections (Hussain & Gorsi, 2004). Young branches are used as chewing sticks to 

treat oral infections by indigenous communities in Himalayan valleys. 

1.2.7 Pyrus pashia Buch. Ham. Ex D. Don. 

P. pashia is a wild tree abundantly grown in temperate areas of Himalayas 

belonging to Rosaceae family. It  is a woody plant with edible fruit and as a source 

of fuel wood. Memebers of genus pyrus are well known for fruit production in all 

parts of the world. P. pashia is frequently cited for its antioxidnt activities.  It is 

locally used as a laxative and to treat gastrintestinal disorders (Abbasi, Khan, Khan, 

& Shah, 2013). Herin we documented P. pashia fruit for cooling effect, a 

vernacular explaination of radical scavanging efffects. 

1.2.8 Swertia chirata Buch. Ham. 

S. chirata is a member of family Gentianaceae, with many ecotypes found 

throughout Himalayan region from Nepal to Kashmir. It is widely used as a whole 
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plant infusion against liver disorders i.e. viral infection, inflammation and digestive 

errors. Other indications include chronic fever, malaria, skin disease and bronchial 

infections (V. Kumar & Van Staden, 2016). In the current survey Swertia chirata 

was reported for toothache and oral infections. 

1.2.9 Zanthoxylum armatum D.C. 

Z. armatum (Prickly ash) is a wild shrub few meters tall, widely grown in 

subtropical climatic conditions. It can also be seen sprawling now in low altitude 

dry temperate areas. Plant body is woody with prickles on the stem and twigs as 

well. Taxonomically it is from family Rutaceae. Locally this plant is known as 

“timber” and it has been used by local people as a chewing stick to treat dental 

infections and oral sores. Fruit is crushed and used in sausage formation, an 

integral part of many indigenous cosines. The fruits and bark of the plant are 

reportedly used to treat cancer and digestive ailments such as cholera and dysentery 

(Ahmad et al., 2014).  

1.3 ANTIMICROBIAL RESISTANCE  

Antimicrobial resistance (AMR) is a phenomenon that occurs when 

microorganisms are able to survive in the presence of antibiotics that should 

normally be inhibitory towards them (Founou, Founou, & Essack, 2017). This 

phenomenon allows those strains carrying the genetic information for resistance to 

outcompete other strains in the presence of the antibiotic, leading to the enrichment 

of the resistant strain in the population. It is estimated that roughly 70,000 people 

currently die every year from AMR related infections, and this number is projected 

to reach 10 million annually by the year 2050 (O'Neill, 2016). The Infectious 

Disease Society of America has highlighted a small group of bacteria Enterococcus 

faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumanni, 

Pseudomonas aeruginosa and Enterobacter species, abbreviated as ESKAPE 

pathogens (Boucher et al., 2009), which exhibits resistance to many antibiotic drug 

classes and are high priority for drug discovery. 
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1.3.1 Antimicrobial targets of interest 

Majority of the studies on the antimicrobial activity of plant extracts has 

been focused on their growth inhibitory potential, and without great success; there 

are no classic (bacteriostatic or bactericidal) antibiotics derived from plant 

secondary metabolites on the market today. Investigation into alternative anti-

infective mechanisms of action can open new avenues in drug development to 

combat antibiotic resistance (Schroeder, Brooks, & Brooks, 2017). One target of 

great interest, for example, is biofilm production. 

1.3.2 Biofilm 

Microorganism can adhere to literally all kind of surfaces including man 

made devices interacting with human body such as catheters made of plastic, 

syringes, tooth enamels and even cardiac pacemakers. Biofilm are in fact surface-

associated microbial communities that can survive high concentrations of treatment 

by physically preventing occluding drug entry via the biofilm matrix (Wu, Moser, 

Wang, Hoiby, & Song, 2015).  This increases survival chances for microorganism 

up to many fold both against naturally produced antibodies and synthetic 

antimicrobials. Inhibiting the production of biofilms, then, would allow biofilm-

associated infections to more easily be resolved with antibiotic treatment. For 

example, treatment with an ellagic acid glycoside rich blackberry extract improved 

the ability of several functionally distinct class of antibiotics to significantly reduce 

the number of S. aureus cells from a biofilm coated medical device (segment of an 

intravenous catheter) (Quave et al., 2012). 

1.3.3 Quorum Sensing 

Quorum sensing is another target of great interest for the people seeking 

innovative anti-infective treatments. Recently it is established that bacterial 

populations socialize and communicate with each other. This becomes more 

obvious under selective survival pressure that is, in the presence of antibacterial 

chemicals communication among bacterial populations is elevated and focused on 

acquiring fitness for survival by mutations and resultant variations. This whole 

phenomenon is studies under Quorum sensing and any chemical that can inhibit or 
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suppress the activity is called a quorum quencher. For example, bacterial virulence 

is mediated by a cell to cell communication system of stimuli and response based 

on population density commonly called as quorum sensing. Most of the 

components of this communication system in S. aureus are encoded by the 

accessory gene regulator (agr) gene locus, of which four subtypes exist: agr I-IV. 

Quorum quenching by agr inhibition has been reported for inhibition of S. aureus 

virulence in a number of studies (Cech & Horswill, 2013; Salam & Quave, 2018; 

Simonetti et al., 2016; Sully et al., 2014), including those showing inhibition with 

plant secondary metabolites (Muhs et al., 2017; Quave et al., 2015). It is important 

to note that, gene products of agr system is controlled by heterologous auto 

induced protein produced under the influence of bacterial cell density.                                                                                                                                                                                          

 

Figure 1.1: Machanism of qorum sensing in Staphylococus aureus (novick & 

geisinger, 2008)  

1.4 ROLE OF PLANTS IN “AMR” COMBAT 

Use of pants for antimicrobial activities has a long history and hence 

hundreds of plant or plant derived products are marketed traditionally. On top of 

this a good number of plant species such as turmeric (Curcuma longa), onion 

(Allium cepa) and ginger (Zingiber officinale) are now essential ingredient of daily 

food recipe particularly in south Asia. Since last few decades plants are being 

screened for their antimicrobial activities in-vivo and in-vitro. Most of the trial are 

amassed on ethnomedicinal information acquired beforehand or from previously 
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reported work. For example, essential oils extracted from seven different species of 

Artemisia was assessed for antimicrobial, activities against selected microbial 

strains and free radicals. Artemisia absinthium essential oil was found effective in 

inhibiting growth of 6 different microbial strains and 3 dermatophyte species S. 

aureus species were more susceptible to essential oils obtained from A. absinthium 

(Lopes-Lutz, Alviano, Alviano, & Kolodziejczyk, 2008). Aqueous and ethanolic 

fractions of Adiantum caudatum leaves were tested for potential, antimicrobial and 

antioxidant activities in-vitro. Results indicated that methanolic fractions were 

more potent for antioxidant activities as compared to aqueous extracts (Ahmed, 

Khan, & Saeed, 2015). Significant antimicrobial activity was reported for different 

fractions of Swertia species against S. aureus strains (Alam et al., 2009). Extracts 

(EtOH) of. Different parts of Z. armatum was evaluated for growth inhibitory 

effect against 8 bacterial strains. Leaf extract of Z. armatum was found most 

effective against 5 out of 8 bacterial strains tested. Owing to the rise of AMR, there 

is a realization for more focused studies on resistant strains following both 

conventual and non-conventional methodologies. Inhibitory potential of Cassia 

sophera, Urtica dioca, Mimordica dioca and 3 other plant species was evaluated 

against MDR strains of Mycobacterium tuberculosis followed by chemical analysis 

of the active plant extracts (Singh, Hussain, Verma, & Sharma, 2013). Another 

study was carried out of essential oils of A. capilllus-veneres against 10 different 

MDR bacterial strains. Fourier transmission infrared spectroscopy (FTIR) was 

carried out on promising fraction (Ishaq et al., 2014a). 

1.5 OXIDATIVE STRESS AND CANCER 

Imbalance between production and elimination of reactive oxygen species 

is called oxidative stress. This imbalance leads to damage of cellular structure, 

biomolecules, leading to the systematic damage at individual level. Reactive 

oxygen species are normal product of cellular metabolism and play key role 

various signaling pathways (Jabs, 1999). Most of the reactive oxygen species are 

produced during respiratory transport chain. Aerobic respiration, during 

endogenous metabolism produces various anions and radicals (Fridovich, 1978). 

Under low oxygen concentration conditions nitric oxide is also produced which 
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leads to a chain of reaction producing various other reactive entities such as 

aldehyde-malonaldehydes due to excessive peroxidation of lipids. Skin is the most 

vulnerable body organ due to exposure to both external such as solar radiation and 

internal factors i.e. ROS. Therefore, various chemical and enzymatic antioxidants 

are constantly flooded to prevent cellular and extracellular damage. Prolonged 

exposure to oxidative stress may cause somatic mutation that is linked to various 

types of cancer (Fang, Seki, & Maeda, 2009). Studies have already established on 

obvious link between mutations, increase DNA damage caused by oxidative stress 

and metastasis (Visconti & Grieco, 2009). Other significant effect of ROS is 

chronic inflammation that is also linked to cancer initiation. In fact, prolonged 

irritation weather it is external or internal result in necrosis and cancers in extreme 

cases and this want hinted in traditional Ayurvedic transcripts centuries ago (58) 

(Garodia, Ichikawa, Malani, Sethi, & Aggarwal, 2007). Cancer is actually a 

complicated process that spreads in a systematic manner starting from initiation 

followed by promotion and progression (Ames & Gold, 1992). 

1.6 PLANTS, OXIDATIVE STRESS AND CANCER  

Owing to a shared mechanism of aerobic respiration, plants share 

comparable respiratory pathways with animals and hence production and 

elimination of reactive oxygen species in plants can be studied and utilized for 

human health objectives. Many naturally synthesized amino acids, secondary 

metabolites and enzymes scavenge ROS in cellular and extracellular environment. 

Various plant products are now available in market being sold for their antioxidant 

activities.  Bark of Z. armatum for example is used as a potential antioxidant in 

various traditional medicine systems (Mukhija & Kalia, 2014).  Essential oils 

obtained from fruit of Z. armatum was reported for its scavenging activity against 

1-diphenyl-2-picryl-hydrazyl (DPPH) radicals, antifungal activity and antibacterial 

activity against selected strains. GC-MS analysis revealed identified 14 different 

compounds with linalool as most abundantly found (30.58%) alone (Guleria et al., 

2013). S. chirata was also reported for antioxidant and antiproliferative properties 

It was claimed that high phenolic and flavonoid contents account for the activities 

conducted in vitro (Naovi et al., 2013).. Another study conducted on different 
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partitions of methanolic extracts of bark, leaf a fruit of P. pashia reported 

promising antioxidant activities against DPPH radical and for ferric reducing 

antioxidant power (FRAP). Phytochemical analysis revealed the presence of 

phenolics, flavonoids, alkaloids and cardiac glycosides (Siddiqui et al., 2015). 

Recently a novel phenolic compound 4-o-beta-d-glucopyranosyle-benzyl-benzoate-

ester was reported for its strong radical scavenging activity from leaves of P. 

pashia (Li et al., 2016). Still a lot is to be done to understand the actual mechanism 

of radical scavenging mechanism. Here we evaluate various plant extracts for their 

potential antioxidant activity.                                                                                                                                                                                                                                                                                     

 

Figure 1.2: Role of plants derived natural antioxidants in oxidative stress 

alleviation 

1.7 RESEARCH QUESTION  

To date, most of the studies have followed conventional growth inhibitory 

assays to evaluate the effect of plant extracts on resistant strains. Studies however, 

show that selective pressure on bacterial populations exacerbates resistance i.e. 

bacteria evolve in the presence of antimicrobials to ensure survival. Therefore, 

coping with the resistant strains through plant based natural products needs to 

target various mechanisms involved in acquiring resistance. Focus on alternative 

anti-infective mechanism such as biofilm inhibition and quorum quenching 

activities of plant products may answer the big question of resistance. In last couple 

of years efficacy of active fractions/isolated compounds against MDR strains have 
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been evaluated.  A flagship study was conducted on a flavone rich fraction of 

Brazilian pepper tree (Schinus turbinthifolis) against   all 4-agr reporter strains of 

Methicillin Resistant Staphylococcus aureus (MRSA). Results show that, the 

fraction has virulence inhibitory activity in the absence of growth inhibition that 

was confirmed via direct protein output and in-vivo challenge I a mouse model 

(Muhs et al., 2017). Ant-virulence activity of berberine was assessed against 

biofilm formed by a clinical isolate of MRSA. Significant biofilm inhibition was 

seen when berberine was applied to the isolate in a serial dilution fashion with 

berberine.  Biofilm inhibitory effect of plant species used in traditional Italian 

medicine against to cure infections of skin and soft tissue MRSA. (Quave et al., 

2008b). Despite of a good no of ethnobotanical reports form the region, there is no 

such study that would have evaluated anti-virulence protentional of medicinal 

plants targeting resistant microbial strains. Current study is an attempt to answer 

similar questions by evaluating plant species from Sudhnoti district Pakistan.  

Oxidative stress is another area of great interest for medical scientists owing 

to the growing incidence of cancer world-wide. According to world health 

organization (WHO), cancer is the second leading cause of death responsible for 

9.6 million deaths in 2018 alone (WHO, 2003). A less known fact that, 25% of all 

cancers are caused due to various type of bacterial and viral infections is in fact an 

eye opener for policymakers. Because little is said till now about the noxious link 

between infections and cancer incidents (Bray et al., 2018). Medicinal plants 

derived extracts have long been used for cancer treatment directly or indirectly by 

triggering cytotoxic reactions in cancer cell through ROS mediated cytotoxicity.  

Since the discovery of Taxol for the bark of pacific yew tree in 1960s, the hope for 

plant derived anticancer drugs are high. Approximately 350 studies have been 

published annually on plant derived chemical compounds during year 2014-17 

(Vallejo, Salazar, & Grijalva, 2017).   Recent studies indicate that a large no of 

medicinal plants previously known for antimicrobial, larvicidal and antioxidant 

activities have anticancer properties also when evaluated against cancer cells 

(Jeong et al., 2016) Therefore it was hypothesized that, evaluation of plant extracts 

for their activity against oxidative stress and cancer may be helpful in meriting 

plant species for pharmacological evaluation. 
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1.8 OBJECTIVES 

1. Ethnobotanical profiling of district Sudhnoti Azad Kashmir to screen out 

plant species with novel therapeutic uses. 

2. Biological evaluation of plant species in line with tradition use reports. 

3. Phytochemical analysis of extracts exhibiting significant bioactivities. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Among all, therapeutic uses of plants had a key position in determining the 

degree of dependence of masses on the plants that led to a consensus and resultant 

recommendation of many plant taxa as medicinal plants. It is now established that 

plants, particularly ones with medicinal properties are being used by humans for 

healing purposes to maintain good health and well-being. Despite of recent 

advancement in western medicine, traditional healing systems still offers the first 

route for the primary health care for a large section of world population. (Alpuerto 

et al., 2012)  

Ethnomedicine is the technical description for drugs sourced from 

traditional uses. Traditional uses reports of plants are being used to draw lead 

compounds for drug development and formulation of ethnomedicinal pathways. 

After a period of synthetic drug boom from 1950-1980 pharma industries are now 

looking back to traditional medicine for new lead compounds.  the issue has many 

reasons to gain lime lite attention from biodiversity threats to plants (that can 

preclude drug discovery options) to growing antimicrobial resistance to existing 

drugs (Cox and Balick, 1994). Approximately, 10 percent of 258,650 higher plants 

are reported for medicinal purposes form the world. Many known drugs such as 

tubocurine, reserpine, aspirin and morphine were initially discovered by following 

leads from their traditional medicinal uses (Shinwari, 2010). Approximately 80% 

of global population of developing countries including Pakistan depends on 

folklore and traditional pharmacopeia to fulfill their primary health needs (Shinwari 

et al., 2000).  

The Himalayas host over ten thousand medicinal plants, supporting 

traditional healthcare systems practiced in the region since thousands of years. 

Medicinal plants are the first-choice for millions of people living a marginalized 

rural life in western Himalayan region of Kashmir due to low cost and easy excess. 

The indigenous knowledge is deeply rooted in the life style of local populace in 

Himalayan region.   
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2.1 USE OF ETHNOMEDICINE AS A SOURCE OF MODERN DRUGS IN 

THE WORLD  

A total of 97 wild medicinal plants used by traditional healers for the 

treatment of various disease in were listed in a study conducted in Showback region 

of Jordan. It was reported that plants currently being used such as Digitalis 

purpura, Calotropis procera, citrullus colocynthis, Datura stromium, euphrbia 

helioscopia and Ecballium elatrium, have poisonous effects as well. Therefore only 

regularly practicing healers should be allowed to prescribe the uses of all such 

species (Al-Qura'n, 2009). 

  Another study of similar nature was carried out in Western Italian Alps. 

Aim was to document therapeutic and traditional uses of native plants was 

conducted in upper Tanarello and Arroscia Valleys of Ligurian region (NW Italy). 

A total of 199 plant species were reported from 64 families. During this study 65 

people were interviewed before and after collection of plant specimens to document 

traditional uses by the locals. Most of the plant species were being used to treat 

digestive, respiratory the skin problems. Results indicate that a great traditional 

importance is retained by species such as Artemisia absinthium, Lavandula 

angustifolia and Arnica montana. A considerable role is also attributable to the tree 

species such as Castanea sativa and Olea europaea that have been exploited as 

sources of wood/food since ancient times. (Cornara, La Rocca, Terrizzano, Dente, 

& Mariotti, 2014). 

  The traditional use of 183 plants used by Hampi yachakkuna” of the 

Saraguro ethnic group in the San Lucas, Ecuador was documented. Out of total 68 

plant families the most representative families were Asteraceae with 30 species, 

Lamiaceae with 14 species and Arecaceae comprising of 9 species. In relation to 

the treated diseases, 24 species were being used for nervous system problems, 13 

for cold treatments, 12 for infection treatments and 8 species for inflammatory 

treatments of the liver and kidneys. because of their ancient Andean world view, 

supernatural and mythological diseases are the most commonly treated conditions 

by the Saraguro healers (Andrade, Lucero Mosquera, & Armijos, 2017). 

Ethnobotanical information of 69 medicinal plants was documented from 

Zlatibor district of South Western Serbia. A total of 212 locals were interviewed for 
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documentation of plant uses, mode of application and relevant information. Various 

quantitative ethnobotanical indices such as informant consensus factor were used to 

calculate relative importance of plant species. Uses reported for collected plant 

species were compared with the Relative importance of species was determined and 

the informant consensus factor was calculated for the medicinal plants included in 

the study. Intended plants usage was compared with previous ethnobotanical 

literature, with reference to the neighboring areas of Zlatibor district. Rosaceae, 

lamiaceae and asteraceae were the predominant locally used families. Mentha 

piperata, Matricaria chamomilla, Hypericum perforatum and Achillea millefolium 

were the species with the highest use value. The most commonly reported 

medicinal uses were treating gastrointestinal ailments, respiratory problems and 

skin diseases. It was concluded that traditional medicine in Zlatibor district South-

Western Serbia, is intended chiefly as a mode of primary health care in healing of 

minor illnesses (Savikin, Zdunic, Menkovic, Zivkovic, Cujic, et al., 2013). 

Ethnobotanical data were collected from 2014 in Huanjiang Maonan 

Autonomous County, northern Guangxi, southwest China during June 2012 to 

September. A total of 118 knowledgeable informants were interviewed who 

reported traditional uses of 368 medicinal plant species, most of which were 

obtained from the wild ecosystems. Most of the plant species (95) were used to 

treat human diseases. There were significant relationships between gender, age, and 

information of   medicinal plant use in local population. Deforestation for 

agricultural purposes was identified as the most destructive factor of medicinal 

plants, followed by drought and over-harvest (Hong et al., 2015). 

Another study was conducted in the Eastern Anatolia region of Turkey to 

identify the wild plants collected for medicinal purposes by locals of “Catak” 

region and to categorize the uses and local names of these wild plants. Review of 

literature and data analysis indicate that, 78 plant taxa are already being used for 

medicinal purposes while 19 plants are not available among the records in the 

literature. The plant species reported for novel uses include Alchemilla buseriana, 

Astragalus longifolius, Cephalaria microcephala, Euphorbia grisophylla, 

Fritillaria crassifolia and Fritillaria pinardii. The most commonly found families 
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are Asteraceae, Apiaceae, Lamiaceae, Rosaceae, Euphorbiaceae, Fabaceae, and 

Malvaceae (Mukemre, Behcet, & Cakilcioglu, 2015).  

The ethnobotanical knowledge about medicinal plants in the Serra de 

Mariola natural park was studied. In total 93 plant species reported by local 

informants were therapeutic, 27 for food, 4 for natural dyes and 13 for other 

miscellaneous uses. Most commonly found plant species were belonging to 

Labiatae 19, Compositae 9 and 9 form Fabaceae (Belda, Zaragozi, Belda, Martinez, 

& Seva, 2013). 

 The traditional use of medicinal plants in health-care in the Thar desert 

(Sindh) of Pakistan where 530 local informants and traditional healers were 

interviewed, using semi-structured interviews. Amaranthaceae was the most-

frequently cited family, followed by Cucurbitaceae and Euphorbiaceae. The most 

dominant life form was herbs. The common mode of preparation reported was 

powder (25.75%), with 74% herbal medicines obtained from fresh plant materials.  

The findings revealed that the medicinal plants of the area are a major source of 

herbal drugs for primary health care used among the rural communities. This 

survey can be used as baseline information for further scientific investigation to 

develop new plant-based commercial drugs. (Yaseen et al., 2015). 

2.2 ETHNOMEDICINE IN AZAD KASHMIR AND NORTH PAKISTAN 

An ethnobotanical survey was conducted in Chitral valley of Pakistan to 

collect information about the indigenous medicinal uses of local flora, especially 

the therapeutic ones. A total of 83 plant species were reported for various purposes. 

Majority of the recipes were prepared in the form of decoction where roots were 

most commonly used plant part in general. Oral administration was most widely 

reported rout for the application of medicinal plants.  local medicinal flora is under 

the threat of depletion due to anthropogenic pressure, soil erosion and 

deforestation.  Actions for the assessment of conservation status and sustainable 

use of plant resources of the area are merited (Ali & Qaiser, 2009b). 

Sixty-three plant species were documented from Tormik Valley in the 

Karakorum Range of Pakistan. About 43 percent of the species were used to treat 

various diseases, 21 % were consumed as wild fruits and vegetables and 53 % of 
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the species had multipurpose applications. Betula utilis was the most versatile 

taxon being an easily accessible subalpine tree. The valleys host significant 

traditional knowledge on local food and medicinal plant species, which need to be 

reevaluated. Further investigations are suggested to conserve the precious local 

knowledge systems in the area. (Abbas et al., 2016) 

A study was conducted to document the ethno-medicinal information of 

plants, used against kidney and urinary disorders, to conserve the rapidly waning 

traditional knowledge of “Amchis (the herbalists),” from 105 villages of Ladakh 

region. The medicinal uses of 68 plant species from 29 families and 58 genera were 

documented against kidney and urinary disorders.   Most commonly used species 

include Bergenia ligulata, Crocus sativus, Elettaria cardamomum, Cinnamomum 

zeylanicum, Emblica officinalis, and Ficus religiosa (Gairola et al, 2015). 

 A vigorous literature review was conducted exploring major online 

databases to encompass all available field based studies form Kashmir, Jammu and 

Ladakh divisions of Jammu Kashmir (Indian held). A total of 948 plant taxa 

belonging to 129 families, 509 genera, 937 species and 11 varieties have a 

traditional medicinal use by indigenous communities of J&K have been reported up 

to 2014. Asteraceae with 132 species and 60 genera was the most frequently used 

family followed by Fabaceae with 32 genera and 50 species. (Gairola, Sharma, & 

Yashbir  Bedi, 2014). 

Ethnobotanical uses and conservation status of Jammu Kashmir and allied 

areas was studied during a survey conducted in year 2012. It was reported that 140 

plant species out of total 168 were used for medicinal purposes followed by 60 

being used as food source and 109 for fodder. Studies of conservation status 

revealed that 2 species were extinct, 8 were rare, 7 were critically endangered and 

12 others were vulnerable (Bano, Ayub, Rashid, Sultana, & Sadia, 2013). 

A total of 45 wild edible vegetables belonging to 38 genera and 24 families 

were reported from lesser Himalayan ranges, used for the treatment of various 

diseases. Dominating families included Asteraceae and Papilionaceae followed by 

Amaranthaceae and Polygonaceae. Method of usage included as Vegetables (51%) 

followed by used as diluted in milk. Leaves were among highly utilized plant parts 

for medicinal practices, followed by seeds, roots and flowers. Most of the species 
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were used as paste, followed by decoction and powder form.  Ficus carica was 

found as most commonly used plant species followed by Bauhinia variegata, 

Solanum nigrum, Amaranthus viridis, Medicago polymorpha, Cichorium intybus, 

Amaranthus hybridus and Vicia faba. Use reports verified common cultural 

heritage and cultural worth of cited plant (Abbasi, et al., 2013). 

Traditional uses of 33 plant species from 29 general and 17 families were 

studied from Sudhan gali and Ganga choti areas of district Bagh Azad Kashmir 

during year 2007. Phenological data revealed that 73% of studied plant species 

flower during the months of March to July whereas only 23% plant species flower 

during the period of August and onwards. Many of the important medicinal plants 

such as Saussurea lappa and Thymus serpyllum were found highly endangered due 

to over exploitation of the plant species for illegal trade practices (Qureshi, 

Ghufran, Gilani, Sultana, & Ashraf, 2007). 

A total of 121 species of medicinal plants belonging to 57 families and 98 

genera were recorded from Toli Peer National Park, Azad Jammu and Kashmir, 

Pakistan. The study revealed that the area was dominated by herbaceous species 

where Lamiaceae and Rosaceae were the dominant families. Adiantum capillus-

veneris, Ajuga bracteosa, Berberis lycium, Prunella vulgaris, Desmodium 

polycarpum, Rosa brunonii, Punica granatum, Jasminum mesnyi and Zanthoxylum 

armatum were the most valuable plants with high Use Value and relative 

importance (Amjad, Qaseem, et al., 2017). 

A study was conducted previously in Sudhnoti district of Azad Kashmir 

reporting 58 medicinal plants from 33 families, with Rosaceae as the dominant 

plant family. Berberis lycium was reported as most valued plant species, which is 

used to treat liver problems. It was reported that old people particularly females 

were found more allied to the indigenous healthcare system. Conservation status of 

medicinal plants was reported to be facing threats in the study area (Ishtiaq, 

Mahmood, & Maqbool, 2015).  

A study was conducted in alpine pastures of Bagh district reported 71 herbs 

species from 22 families. It was reported that, locals specially of low income 

household largely depend on traditional health care for there ailments.  In this case  
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Asteraceae was the most dominant angiosperm family followed by 

Lamiaceae and Polygonaceae (Dar, Shaheen, Ullah, 2014). 

2.3 BIOLOGICAL ACTIVITIES OF MEDICINAL PLANTS  

Reactive oxygen species (ROS) including peroxides, super oxides and free 

hydroxyl radicals create oxidative stress in living bodies. That has a key role in 

defense mechanism of living organism along with immune system. However, there 

is a great risk of cell damage because of excessive oxidative in intracellular as well 

as intercellular environment. The potential damage to cellular components includes 

oxidation of membrane lipids, proteins and other biomolecules thereby leading to a 

free radical chain mechanism that ultimately leads to a variety of disease such as 

cancer. Free radical scavenging of Swertia chirata was examined by estimating 

phenolic and flavonoid contents of the crude methanolic extract of the plant.  

Antimicrobial, antioxidant and anticancer activities were studied. A panel of 4 

bacterial strains was exposed to the plant extract and MDBK cancer cell lines was 

subjected to the extracts. Promising results were obtained showing that S chirata 

has a significant fraction of phytochemicals active against infections and 

inflammatory diseases(Naqvi, 2013). 

Zanthoxylum alatum belongs to family Rutaceae it is a prickly shrub 

abundantly found in subtropical climatic conditions in western Himalayas.  It is a 

highly cited medical plant used for stomach disorders, skin disease and various 

other ailments. Essential oils obtained from various parts of Z. alatum were 

analyzed using gas chromatography-mass spectroscopy GC-MS yielding 14 

different types of compounds. Biological evaluation revealed significant 

antimicrobial activity against fungal species such as Alternaria and Curvularia; 

bacterial species; Staphylococcus, Bacillus, Escherichia and Bacillus.  antioxidant 

activity and ability to quench free radical against DPPH free radicals was also 

carried out. It was noted that It was Z. alatum essential oils are a effective 

antimicrobial and antioxidant agents (Guleria et al., 2013). 

Adiantum is a widely distributed genus of ferns commonly grown in damp 

shady places in Himalayan ranges the genus comprises of over 200 species, 

distributed across the tropical and subtropical areas of the world. Western 
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Himalayan and sub-Himalayan areas are richly supplied with Adiantum species 

growing in shady areas and along the water courses. In traditional medicine system 

A. caudatum is widely used for cough, eye infections, jaundice, fever, skin disease 

and a natural antibiotic. Aqueous, ethanolic and hexane fractions of A. caudatum 

were evaluated for total phenolic, flavonoid contents antioxidant and antimicrobial 

potential. In general, aqueous fraction was more effective followed by ethanolic 

and hexane whereas, P. aeruginosa was most susceptible pathogens among all 

tested strains (Ahmed, Khan, & Saeed, 2015). 

2.4 DRUG RESISTANCE; AN EMERGING GLOBAL THREAT 

Microscopic organism especially bacteria are attaining resistance against 

almost all the drugs available in the market. This is a global health risk and an 

emerging threat to healthcare system across the globe. Various organization in the 

world are currently focused on the impact assessment, mortality rate and rate of 

infection spread caused by resistant bacteria. Center for disease control and 

prevention for example has catalogued a huge number of bacterial isolates form 

both from clinical as well as non-clinical settings. (Thabit, Crandon, & Nicolau, 

2015).  

American society of infectious disease has formally declared a group of 

highly pathogenic bacteria as ESKAPE pathogens. The word is actually an 

abbreviation of generic name of six multidrug resistant strains. Most of the 

pathogen are gram negative owing to a peculiar composition of cell wall that aids 

in acquisition of resistance against antimicrobial agents mostly the gram-negative 

as resistant to all available antimicrobials.  Regardless of few successful drug 

candidates currently going through pre-clinical trials, many pan resistant bacteria 

are challenging modern healthcare system. Therefore, a concern for a lean pipeline 

for novel therapeutics has reasons and needs to be answered. It is now more than 

essential that all the concerned organizations, independent researchers and policy  

 

There are many factors involved in the aggravation of the resistance 

problem. One mechanism for example is a horizontal gene transfer between 
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bacteria in a colony commonly known as biofilms. This kind of communication 

system helps bacteria to inform each other thereby evolving against antimicrobial 

agents present in the environment. Biofilms are most commonly associated with 

surface of the device such as catheters. There is a debate  on the nature of biofilm 

whether to consider it a single organism or a colony because of its dynamic nature 

however it is generally agreed that biofilm formation is actually a result of rather 

most complicated system known as quorum sensing. This is a two component 

based on the cell density dependent signaling among bacteria  (Schroeder, Brooks, 

& Brooks, 2017).  

It is important to note that bacteria acquire biofilm formation ability in an 

evolutionary process which means that, biofilm formation is not just an survival 

adaptation but infect, in enhances the overall virulence of the microbes. It is 

therefore direly needed that alternate strategies are launched where biofilm 

formation can be targeted. Most of the currently available drugs are ineffective 

against biofilms formed by ESKAPE pathogens (Wu, Moser, Wang, Hoiby, & 

Song, 2015). 

On molecular level quorum sensing is a signaling pathway where a cluster 

of genes commonly known as agr 1-4 work in a synchronized manner and 

communicate. Oligo-peptide are produced under the stimulus of high density of 

bacterial cells So that certain genes within the clonal community of same species 

are exchanged. Bacteria use this communication ability to establish competently an 

infection. So far, a number of quorum sensing inhibitor agents that target the 

quorum sensing circuit of pathogens have been developed by random screening of 

natural compounds (Singh, Desouky, & Nakayama, 2016). 

Use of natural products as potential quorum quenching agents has roots 

since late 20
th

 century. The idea was based on the observation that how plants 

combat such bacterial infection which have acquired resistance. Growing incidence 

of resistance has led to the urgency of quest for new antiviolence agents. This goal 

can be achieved by screening plant based natural products in line with traditional 

uses of indigenous communities (Rossiter, Fletcher, & Wuest, 2017).  
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2.5 PHYTOCHEMICAL COMPOSITION OF SELECTED MEDICINAL 

PLANTS 

Zanthoxylum armatum is one of the most widely used medicinal shrub in 

Pakistan the plant is also reported in various other pharmacopeias for its uses in 

traditional medicine. The plant is widely used to treat gastric disorders, dysentery, 

flatulence and disorders of lower intestine. Till now a good number of chemicals 

such as tambulin, ombiun and prudomestin have been isolated and characterized 

from the plant. Biological evaluation of the extract of Z armatum revealed 

antimicrobial, antioxidant and anti-proliferative properties (Nooreen et al., 2017). 

Essential oils from Z. armatum leaf revealed that alcohol monoterpenes are 

the largest component, followed by monoterpene hydrocarbons and Bergamot mint 

oil, oxygenated monoterpenes, acetate monoterpenes, aldehyde monoterpenes and 

sesquiterpenes. There are few other important chemical isolated from the screening 

experiment that are, mostly hydrocarbons are derivatives such as pinene, myrecen, 

limonene,etc. it was observed that, the essential oil extracted from Zanthxylum was 

effective against M. leutus, Streptococcus viridanz and S. viridans. Moderate 

antifungal activity was observed against most of the fungal strains tested i.e. 

Candida albicans, and Fussaria solani (Barkatullah et al., 2013). 

A psychoanalytical method was developed to identify chemical make-up of 

Zanthoxylum armatum by coupling of ultra performance liquid chromatography 

with diode array detection together making a hyphenated system called as UPLC-

DAD. It was observed that a wide array of chemical compounds including fargasin, 

kobusin vitexin, seasamin, eudesmin were identified via putative matiching of the 

make forming compounds. The method was good and can be used as standard for 

future work on the phytochemical analysis of the plant species (Bhatt, Sharma, 

Kumar, Sharma, & Singh, 2017). 

Zanthxylum armatum is a wild shrub of subtropical climatic region of 

Indian subcontinent. A study was conducted to isolate essential oils from different 

parts of the plant. For analysis, gas chromatography and mass spectroscopy 

techniques were coupled. A total of fourteen different chemical compunds were 

isolated including terpenes, triterpenes, linalool, and B- fenchol. The extracted oil 
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was then tested for its potential against microbes such as Bacillus subtillus, and 

Micrococcus strains. Significant antimicrobial activity was seen against most of the 

strains examined. The extract was also tested and found effective against various 

fugal strains (Guleria et al., 2013).  

The genus adiantum is, an important fern commonly known as “Hansraj”is 

a commonly grown wild fern in Himalayan region. Traditionally the plant is used 

for seasonal cold, infections and inflammation of skin as well as visceral organs. 

This study was conducted to evaluate the bioactivity of four species of Adiantum 

that include, A. venustum, A. capillus-venaris, A. peruvium and A. caudatum 

against a panel of four multidrug resistant bacterial strain and two a couple of 

fungal strains using micro-titration technique. It was observed that, A. capillus-

venaris has modest inhibitory effect against Escherichia coli. On the other hand A. 

venustum was effective against Aspergillus terreus  

The leaves of Adiantum capillus-veneris are reported to contain various 

biologically active constituents that may have application in pharmaceutical/ 

nutraceutical industries. To acquire a phytochemical profile a revesrse-phase high 

performance liquid chromatography coupled with DAD was developed. An array of 

phenolics, including carotenoids, pheophytin, flavonoids, were identified along 

with photosynthetic pigments such as chlorophyll and carotenoids solvent system 

included methanol (A), water (B) and acetic acid (C) (Zeb & Ullah, 2017). 

  Fourier transform infrared Spectroscopy (FTIR) studies revealed the 

presence of various secondry metabolites such phenolic, alkaloids, saponins, 

tannins, reducing suger and glycosides and reducing sugars . Water, methanol, and 

ethanol extracts of A. capillus veneris were examined for potential bactericidal and 

fungicidal effects. against ten multidrug resistant multidrug resistant strains and 

clinical isolates of 5 fungal species. The plant extract showed Significant 

antimicrobial results and inhibited bacterial growth of maximum strains under 

examination (Ishaq et al., 2014).  

Genus Artemisia is one of the most commonly found genera of family 

Asteraceae. The genus is of great cultural significance for medicinal economic and 

aesthetic values in Kashmir Himalayas. Important species of the genus include A. 

vulgaris, A. bravifolia, A. dubia, A. maitima, A. japonica and A. absinthium  All 
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These species are widely by local people, used medicinal plants in traditional 

medicine of Kashmir Himalayas as an effective anthelmintic, anti-diabetic and 

antimalarial agent (Ashraf et al., 2010).  

In another study forty seven (47) chemical compounds such as sabinene, 

sabinyl acetate, and alpha-phellandrene, were identified from essential oils obtained 

through hydro-distillation of Artemisia absinthium. A panel of 10 bacterial strains 

was exposed to the essential oils extracted from the plant extract using a micro 

dilution  dilution bioassay. Modest rowth inhibitory activity was seen with an 

MIC≤ 0.080- 2.434 mgmL-
1
. The significant antioxidant activity of the essential oil 

was also reported when tested for free radical scavenging potential. A bioassay 

aimed to asses the toxicity on Drosophila melanogaster (larvae) indicated that the 

essential oil of Artemisia absinthium indicated that, oils extracted from the aerial 

parts has some larvicidal effect (Mihajilov-Krstev et al., 2014). 

  Martynia annua (Martyniaceae) is a familiar herbaceous plant being used in 

Ayurveda; the traditional Indian medicine system as antibacterial, antioxidant, 

anthelmintic, analgesic, antipyretic, anti-convulsant, antifertility, anti-nociceptive. 

It is also used for inflammation, epilepsy, and tuberculosis. A wide range of 

chemical analysis revealed presence of large number of compounds including 

epigenin, gentisic acid, stearic acid, palmatic acid, linoleic acid, oleic acid, and P-

hydroxy benzoic acid (Dhingra, Chopra, & Mittal, 2013).  

The leaf extract of Martynia annua was tested evaluated against nine gram positive 

and six gram negative bacterial strains for antibacterial activity using different 

solvents such as methanol, chloroform and ethyl acetate against 6 Gram positive 

and 9-gram negative bacterial strains. Gram negative strains such as Serratia 

marcescens was most succeptible trailed by Pseudomonas aureginosa Result 

indicate a rare susceptibility of a gram negative strain against any plant extract as 

plant based antimicrobials has little effect on resistant gram-negative strains 

(Sermakkani & Thangapandian, 2010).  

2.6 MEDICINAL PLANTS IN CURE OF INFECTIONS DISEASE 

Investigation of ethnomedicinal uses of Brazilian pepper tree (Schinus 

terebinthifolia) has led to a on study based active fraction of the plant extract for 
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potential virulence inhibiting effect. It was reported that a flavone rich fraction of 

Pepper tree has virulence inhibitory activity against all four accessory gene 

regulators(agr1-4) on Staphylococcus aureus. The activity was consisted in direct 

protein output assays (alpha- hemolysin and delta-toxin) and was confirmed in-vivo 

in a mouse skin model (Muhs et al., 2017).  

Organic crude extract of Zanthoxylum capense (roots) was studied for  

antimicrobial and modulatory activities on antibiotics brociad different 

antimicrobial agents such as oxacillin, ethedium bromide and erythromycin,  

erythromycin and tetracycline against different strains of S. aureus.  Result have 

shown that oxychelerythrine an alkaloid identified as benzopheranthridine was seen 

exhibiting significant enhancement in the modulation of bacterial cell wall thereby 

improving the permeability of drugs into the cell. It was observed that, the 

combination of drugs with ailanthodiol (and ailanthodiol diethylbutarate works in 

synergy and enhance drug activity by many times (Cabral et al., 2015).  

A screening experiment was conducted on folk medicinal plants used 

against soft tissues and skin infection by local people of Southern Italy using broth 

dilution method. Extracts from 10 plant species such as Rubus ulmifolius, Castanea 

sativa, Rosa canina, Juglans regia, Cyclaman hederifolia, Rosmarinus officinalis, 

Malva sylvestrus, Ballota nigra and Leopoldia comosa demonstrated inhibitory 

concentration of 50% or less IC50 when tested for biofilm inhibitory activity 

(Quave, Plano, Pantuso, & Bennett, 2008b). 

In vitro antimicrobial activates of thirty plant species having traditional 

medical uses by local population in Himalayas to cure persistent infection was 

carried out. Streptococcus aureus, Pseudomonas aureginosa, Staphylococcus 

aureus and Klebsiella pneumonia were selected as medically relevant bacterial 

species and fungal two strains namely Candeda albicans and Aspergilus niger were 

evaluated against alcoholic extracts of plant species to measure the least 

concentration required to acquire ICs. Here, methanolic extract. of Cynadon 

dactylon was reported for  strongest antibacterial activity against K. pneumoniae 

whereas while Candida, organism a fungi was reported as the most hard to treat 

strain (Habiba et al., 2016). 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 STUDY AREA  

District Sudhnoti AJ&K, study area is situated at 33
◦
.40’- 33

◦
 50’ N latitude 

and 73.40-73
◦
50’ E longitude. Altitude range is approximately 600 m to 2100 m 

from sea level (Fig 1.1). The study area is mainly hilly along with small narrow 

plain terraces along sides streams and river Jhelum.  Total area of the district is 

about 5695 square kilometers nesting dense rural population of 3 lac people 

approximately. Climatic conditions are moderate in general, during summer, 

temperature ranges from 20
◦
C-35

◦
C whereas in winter it ranges from 0

◦
C- 15

◦ 
C. 

Geographically, it is bordered by the Poonch and Kotli districts of the state of 

AJ&K from north-east and south-east, respectively. The north-western border of 

the district is pierced from the Rawalpindi district of Pakistan by the Jhelum river, 

80 kilometers North east of  Islamabad, the capital city Pakistan. 

3.2 ETHNOGRAPHIC COMPOSITION 

The study area has a distinct tribal composition with 90% of population 

belongs to Sudhan tribe in the population followed by Syed, Awan, Gujjer, Qureshi 

and Kashmiris ethnic groups. Almost all the population lives in a rural setting with 

a strong religious influence; hence, gender is still a major factor in the health and 

education sectors as well as in the acquisition of traditional knowledge. When 

researchers approach a typical rural household, males are the likely respondents 

particularly the elders, especially in the case where the researcher himself is male. 

In small towns including the district headquarter, there is an appreciable number of 

educated youth possessing common knowledge of plant uses. However, the bulk of 

traditional folklore is still conserved with the illiterate elderly people, living in the 

remote highlands and riverside pastures. Besides, small scale conventional farming 

and livestock rearing, most of the population survives directly on biodiversity and 

work on daily wages for sustenance. Pahari is the most commonly spoken language 

amongst them, with slightly different dialects spoken in the surrounding areas. 

Only few informants form the Gujjer tribe prefer to speak Gojri when discussing 
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traditional uses of plants; the same is true for elderly woman from the Kashmiri 

tribe. Conventional healthcare infrastructure comprises of district headquarter 

hospital with a dozen of doctors and less than 10 basic health units in the entire 

district. At average, there is one physician for seven thousand persons in the district 

that literally becomes double for masses living in remote areas as there is a very 

poor road network in the study area. 

 

Figure 0.1: Map of the area 
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3.3 SAMPLING AND DATA COLLECTION 

Six different sites in the district Sudhnoti were selected on the bases of altitudinal 

variation for sampling and data collection viz; Azad Patan, Baral, Baloch, Palandri, Gorah 

and Trarkhal (Fig: 1.1). Before data collection, a preliminary survey was conducted in the 

area during which local administration and community stakeholders were engaged for prior 

consent and required whereabouts. Multiple field visits were conducted during the time 

period of September 2015 to March 2017. Random sampling and interviews on each site 

were carried out following traditional medicine strategy guidelines of World Health 

Organization (Organization, 2002). Field surveys and transect walks were followed by 

open ended interviews and structured questioners either at common places where local 

people gather (e.g. local bazars) or at the residences of informants. All the interviews were 

conducted in the local language (Pahari) and subsequently documented the interviews in 

Urdu and English. Local people with biomedical and geographical knowledge were also 

involved wherever required for better communication, such as understanding of disease 

symptoms. Local healers known as “Pansari” and nomadic healers locally known as 

“Sunyasi” were interviewed with temporarily mounted plant samples. Field collection of 

more than 130 plants was sorted yielding 101plant species after exclusion of domesticated 

plants and commercially traded species. This served to ensure that collected information 

was solely on traditional uses. A total of 121 locals were interviewed. Their ages ranged 

from 30-85 years, where male elders made up 47% of all informants and female elders 

made up 34%. The plant specimens were dried, and preserved by using standard taxonomic 

procedure. Identification of plants was carried out using the Flora of Pakistan (Nasir, 1981) 

as a standard for identification and nomenclature. Voucher specimen were deposited to the 

herbarium of Voucher specimens were submitted to the herbarium of PMAS and accession 

numbers were acquired. Taxonomic information was cross-matched with phylogeny of 

angiosperms APG-1V  from online database “the tropicos”. 

Table 3.1: Demographic composition of the area 

Variables Demographic Categories No. of informants Percentage 

Gender of informants Male 66 55.55% 

Female 55 45.45% 

Age of informants 25 to 45 26 20.60% 

 46 to 65 49 39.66% 

Above 65 46 37.19% 

Marital status Married 95 78.51% 
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 Unmarried 21 17.35% 

Widow 5 4.13% 

Education status Illiterate 59 48.76% 

 Secondary school 23 19.00% 

College 26 21.48% 

University 13 10.74% 

Employment Status Farmer 27 22.31% 

 Shepherd 34 28.09% 

Other 60 49.58% 

Ethnic group Sudhan 82 67.76% 

 Gujar 19 15.70% 

Others  20 30.37% 

Language Pahari 114 94.21% 

 Gojri 4 3.30% 

 

3.3.1 Use Value 

Use value is a baseline measure to quantify value of a plant for local 

communities. Use value was calculated by using following formula (Savikin, 

Zdunic, Menkovic, Zivkovic, Cujic, et al., 2013).   

UV= Ʃ Ui/N 

Where Ui is the number of uses revealed by each informant for a given 

species and N is the total number of informants. 

3.3.2 Cultural Significance Index 

CSI was basically an anthropological index developed by Turner (1988), it 

was modified by Silva et al (2006) for applications in ethnobotanical studies. CSI 

calculates significance of a plant species in a cultural context through a researcher 

generated score system to quantify frequency, preference and management of 

plants for a population by weight ranking.  A two-point scale for the variables is 

allocated viz; if a plant is frequently used it is ranked as “2” and if less frequently 

used it is “1”.  Similar weight ranks are used for management and preference. 

Here we used special designed structured questioners filled by asking 

informants to rank a significance aspect out of two i.e. 1-2. A correction factor was 
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also incorporated as in the consensus method (Da Silva, Andrade, & De 

Albuquerque, 2006; Hoffman & Gallaher, 2007).  

CSI=Ʃ ( i×e ×c) CF 

Here “i” refers to management of species for one or more uses. “e” represents 

preference of that plant and “c” for frequency of use by local population. Product of 

individual score is summed and multiplied with correction factor that is calculated 

before hands by dividing number of citations for a given species divided by 

maximum number of citations for any species. 

3.3.3 Comparative Analysis 

Primary ethnobotanical uses of all plant species was compared to regional 

studies containing “ethnobotany,” medicinal plants, folklore or related search terms 

using different data bases (Sop, Oldeland, Bognounou, Schmiedel, & Thiombiano, 

2012). Dissimilar uses cited by other researchers were recorded and cited. To avoid 

repetition, of the similar uses reported in multiple articles for a species, the studies 

chosen for citation was those conducted nearest to the region of the immediate 

study. 

3.3.4 Novelty Assessment 

To determine; whether a plant use, documented in current study has 

previously been reported from the region or from other parts of the world, a novelty 

assessment was carried out.  For that, all the plant species were subjected to a 

robust review using all major online database (i.e. PubMed, SciFinder, and 

NAPRALERT), books and regional pharmacopeia. For each plant, previously 

published use reports were listed and cited. This has led to a group of 15 plant 

species having novel uses at least from the region. In next step, these plants were 

subjected to a review and comparison with the studies conducted in other parts of 

the world to confirm their novelty. 

3.4 BIOLOGICAL EVALUATION  

The plant material in bulk from the plants used for novel/least studied 

medicinal purposes were collected and carried to the shade drying environment. All 
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the samples were than subjected to biological assays conducted after deposition of 

identified voucher specimens in Pakistan as well as in USA.  For antibacterial and 

anticancer activities plants material was shipped to the Emory university USA. 

Following shipment and storage at -80 
◦
C, plant material was dried at 35 

◦
C in a 

dehumidifying drier for three days. Dried plant material was ground fine (2 mm 

mesh size) into powder using a scientific Wiley Mill (Thomas Scientific Wiley Mill 

Swedesboro, NJ). Retention vouchers of chopped and ground material were 

prepared for future reference. For the preparation of organic crude extracts, plant 

powder was macerated for 72 hours in 1000 mL flasks at a 1:10 ratio (w/v) in 95% 

ethanol (EtOH) with daily agitation. Macerates were filtered, the marc collected, 

and residual plant material subjected to a repeat extraction in EtOH as described. 

Solvent was evaporated by using rotary evaporator at ≤40 
◦
C. Extracts were re-

dissolved in dH2O and shell frozen through swirling the round bottom bottle in 

acetone-dry ice bath. Shell frozen extracts were stored at -80 
◦
 C until loaded on 

lyophilizer Labconco freeZone 2.5 (Kansas City, MO) for 24 hrs. Dry extracts were 

scraped with the help of scalpels from the round bottom and crude extracts were 

stored in scintillation vials at -20 
◦
C.  

Aqueous extracts on the other hand were prepared by boiling the plant 

material in deionized water (diH2O) at 1:10 w/v ratio on hot plate. Boiled plant 

material was centrifuged and filtered twice using filter paper (course and fine 

respectively). Aqueous extracts were then evaporated on the rotary evaporator and 

subsequently lyophilized as described. Organic and aqueous crude extracts of all 

the plant samples were dissolved in DMSO and dH2O, respectively, to a stock 

concentration of 10 mg/mL prior to testing. 

3.4.1 Bacterial Strains and Cultures 

Twenty-two strains from seven bacterial species were used in this study 

(Table no. 5). These strains comprise drug resistant bacteria recognized by the 

American Society of Microbiology as ESKAPE pathogens: Enterococcus faecium 

(EU-49, EU-44), Staphylococcus aureus (UAMS-1, UAMS-929, LAC, AH1677, 

AH430, AH1747, AH1872, NRS225, NRS232, NRS242, NRS249, NRS385), 

Klebsiella pneumoniae (EU-32, CDC-76), Acinetobacter baumannii (CDC-33, EU-
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24), Pseudomonas aeruginosa (CDC-54, PAO1), Enterobacter cloacae (CDC-32), 

and Enterobacter aerogenes (CDC-7). Antibiotic resistance profiles and other 

strain characteristics are reported in Table 5. All the strains were streaked directly 

from frozen stock (-80
◦
C) onto tryptic soy agar media plates, prepared beforehand. 

A typical “T” streaking technique was used to ensure discrete colonies on the plate. 

the plates were incubated for overnight at 37 
◦
C in incubator. Next day, individual 

colonies were resuspended in liquid culture media i.e. Tryptic soy broth (TSB) and 

cation adjusted Muller-Hinton (CAMHB) depending upon the strain growth profile 

for overnight. All antibacterial assays were conducted in triplicate and repeated at 

least once on a separate day, and included appropriate positive (antibiotics, biofilm 

inhibitors, or virulence inhibitors) and negative controls, including vehicle and 

media controls. 

3.4.2 Growth Inhibition Assay 

The organic and aqueous extracts were dissolve in DMSO and de-ionized 

water as 10 grams (±) of extract in 1000 µL of the vehicle respectively. All the 

extracts were evaluated for growth inhibitory activity following the instruction of 

the Clinical and laboratory standard protocol for broth dilution testing  All the 

extracts  were examined
 
for growth inhibitory activity following the guidelines of 

the Clinical and Laboratory Standards Institute for broth microdilution testing 

(CLSI, 2013). As mentioned earlier bacterial strains were grown respective media 

plates (TSA) media plates streaked from frozen stock (-80
◦
C). Initially all the 

extracts were tested at a fixed concentration of 256 µgmL
-1

. Briefly, overnight 

cultures were diluted to a confluence of 5×10
5
 CFU mL

-1
 in CAMHB based on 

optical density (OD600) (recorded on microtiter plate reader). Bacterial cells 

confluence was adjusted by adding media up to the point where at least 80 % of 

individual cell was covered by bacterial cell layer. The assay was carried out in 96-

well plate (Greiner Bioscience-One International CELLSTAR 655-185). Diluted 

culture was treated with plant extracts using micropipette (tip size 200-1000µL). 

DMSO and DIH2O were used as negative control whereas media blank and 

antibiotics were used as positive control. All the treatments and control were 

applied in triplicates. Plates were incubated for 18-24 hours, depending upon the 
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test recommendations for individual bacterial species (CLSI, 2013). Growth 

inhibition was recorded in a Cytation -3 multimode plate reader (Biotek) as a 

measure of OD600 in a Cytation-3 multimode plate reader (Biotek). The percent 

growth inhibition was calculated by standardizing mean values of the treated wells 

with the mean values of wells treated with negative controls (DMSO and DI H2O) 

as previously described (Quave, Plano, Pantuso, & Bennett, 2008a). The minimum 

concentration of extract required to achieve ≤50% or ≤ 90% inhibition (MIC50, 

MIC90) was determined as a function of OD. Plate layout, detail of positive and 

negative controls reagents used was noted in lab book for future reference. The data 

was transformed to excel for analysis and results. 

3.4.3 Biofilm Inhibition 

The Effect of all the extracts on biofilm formation was determined in 

UAMS-1, A biofilm forming strain of S. aureus. The activity was assessed in 

biofilm media using a standard static microtiter plate crystal violet assay as 

previously described (C. L. Quave et al., 2012) against UAMS-1. Another strain of 

S. aureus UAMS-929, isogenic to UAMS-1 but deficient in biofilm formation was 

used as positive control (Beenken, Blevins, & Smeltzer, 2003). Briefly, biofilm 

inhibition experiment was performed in a black-sided 96-well plate (Falcon REF 

351172), using a dextrose supplemented TSB media with human plasma. Diluted 

bacterial culture (5×10
5 

CFU/ml), was added to the wells with a final well volume 

of 200µL each.  All the treated 96-well plates were incubated at 37
◦
C after taking a 

0 hrs. reading.  After an incubation period of 22 hrs., 96- well plates were rinsed 

using phosphate buffer solution (PBS) and stained with crystal violet dye. Elution 

master mix (100 µL of 10% 2.5 tween 80 in EtOH) was added to each well 

individually and a volume of 50 µL eluent was added to 150 µL of PBS to another 

96- well plate. Effect of all the extracts and controls on biofilm formation was 

carried out on OD595nm. Dose response was also evaluated by serial dilution of the 

treatments and control at a concentration range of 8-128 µgmL
-1

. All the 

experiments were conducted in triplicates with DMSO, DI H2O, untreated bacterial 

culture(UT) and biofilm media blank was used as controls. A previously reported 
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biofilm inhibiting extract, 220D-F2 from Rubus ulmifolius ( Quave et al., 2012), 

was used as a positive control. 

3.4.4 Quorum Quenching Assay  

Quorum quenching also known as quorum sensing inhibition of the plant 

extracts was assessed against all four-accessory gene regulator (agr) subtypes of S. 

aureus using fluorescent reporters (AH1672, AH430, AH1747, and AH1872, Table 

2) as previously described (Muhs et al., 2017; Quave & Horswill, 2014). Fresh 

TSA plates were inoculated from freezer stock with chloramphenicol (cam) to 

ensure selective growth of reporter strains i.e. agr 1-4. Overnight cultures of the 

strains (with cam) were grown and diluted in fresh media (TSB) to a final well 

volume of 200 µL with a confluence of 5 × 10
5
 CFU mL

−1
.  All the extracts were 

added to the culture media in black sided 96-well plates 96-well (Coster 3603). 

Black sided microtiter plates (Costar 3603). The plates were incubated at 37°C in a 

shaking incubator with 1200 rpm at 37°C Stuart SI 505 incubator (Bibby Scientific 

Burlington, NJ) with a humified chamber. After a time period of 18 hrs. incubation 

readings were taken at OD600 nm with fluorescence (top reading,493 excitations 535 

nm emission, gains 60)   fluorescence (top reading, 493 excitations, 535 nm 

emission, gain 60). Vehicle i.e. DMSO and DIH2O were used as negative controls 

whereas, 224C-F2, a previously reported quorum sensing inhibitor fraction of 

Castania sativa (Brazilian pepper tree) was used a positive control for this 

experiment.(C.L. Quave & Horswill, 2018). Quorum quenching activity was 

measured by quantification of yellow fluorescence protein (YFP) expression % 

vehicle. It was ensured that all the extracts were tested at sub-inhibitory 

concentration for growth, as determined in MIC. Dose response experiment was 

also conducted by a serial dilution ranging from 8-256 µgmL
-1

. DMSO and DI 

water (vehicles) were used as negative controls whereas 224C-F2 a previously 

reported fraction, reported for quorum quenching activity was used as positive 

control (Quave et al., 2015).  Quorum quenching activity of the active extracts was 

calculated as % activity of agr deficient mutant strains as a measure of yellow 

fluorescent protein (YFP) signal. The IC50 and IC90 represent the concentration 

required to quench ≥ 50% or ≥ 90% agr activity in comparison to the vehicle 
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control. All extracts were tested at sub-inhibitory concentrations for growth. Dose 

response curves were obtained by twofold serial dilutions of treatments (8-256 

µgmL
-1

). 

3.4.5 δ-Toxin Inhibition 

Levels of δ-toxin (also known as δ-hemolysin) production in the extract 

treated culture supernatants were quantified by HPLC using a previously described 

protocol (Quave & Horswill, 2018). Briefly, all the mutant strains were grown and 

cell confluence of around 80% was acquired. Cells were incubated with the organic 

extracts of Z. armatum. The treated cell culture was transferred to centrifuge tubes 

and centrifuged to separate dead cells and the supernatants. 10 milliliters of 

supernatants were added to HPLC vial and labelled accordingly.  To determine 

quorum quenching activity of the extract 1290 (EtOH extract of Z. armatum) as 

seen in the reporter strain assays corresponded with a decline in exotoxin 

production. The reduction of δ- toxin production in the supernatant of culture 

treated with the extract and control was quantified using highly toxin producing 

strains of S. aureus: NRS 225, NRS 232, NRS 249, NRS 385 and LAC.  Extract 

224C-F2c was used as positively control whereas vehicles and media blank were 

used as negative controls (Quave et al., 2015). 

3.4.6 Mammalian Cytotoxicity 

Human skin keratinocytes (HaCaTs) were maintained and subjected to 

lactate dehydrogenase asssay (LDH) test kit (G-Biosciences, St. Louis, MO) to 

assess potential cytotoxicity of the plant extracts as previously described (Quave et 

al., 2015). HaCaTs were sourced from Corning Inc (Corning, NY) and grown in 

Dulbecco’s modified Eagle medium (DMEM) with glucose at 4.5 Gl
-1

. And L 

Glutamine supplemented with 10% fetal bovine serum (heat activated) and 

antibiotics (, penicillin and streptomycin. LDH cytotoxicity assay was run: briefly, 

the 96-well plates were sowed at a cell density of 4×10
4
cells mL

-1) 
and placed in the 

incubator in hyper CO2 (5% CO2 at 37
◦
C for 48 hrs.). The cells were treated with 

the extracts dissolved in DMSO and DI H2O at a concentration of 10 mgmL
-1

 after 

adding 200µL fresh media making a final well concentration of 100 µgmL
-1

. 
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Positive controls were 2 triplicates, one treated with to ensure maximum cell death 

and other with no treatment as a measure of spontaneous cell death.  After 24 

hours, 20 mL of lysis buffer was added to each cell in and plates were returned to 

the same environment  incubated again for 45 min. The plates were centrifuged for 

5 min. at 1500 rpm and after centrifugation 50 mL of supernatant was transferred to 

new 96-well plates of same manufacture. 50 mL of substrate mixture was added to 

the treated wells and incubated for 20 min. this step was carried in dark to prevent 

any damage to reaction reagents. All The 96-well plates carrying plant extracts 

were loaded in the plate reader and absorbance was recorded at 490nm after 

addition of stop solution. Initially all the plant extracts were tested at single 

concentration of 100 µg mL
-1

. Extract 1290, however was further evaluated at a 

concentration range of 8-1024 µg mL
-1

. Percent DMSO v/v for all tests was < 2% 

owing to its consistent activity in almost all bioassays. 

3.5 CHEMICAL CHARACTERIZATION 

3.5.1 High Performance Liquid Chromatography 

EtOH extracts of Z. armatum, A. capillus-veneris and A. absinthium were 

characterized by HPLC. The method was adapted (Bhatt et al., 2017). An Agilent 

C18 4.6× 250mm, 5µm analytical column was used at 25 °C. All the extracts (20 

µL each) were dissolved in a solvent system composed of acetonitrile (ACN), 

methyl alcohol (MeOH), and H2O in a proportion of 70:20:10 respectively.  

Dissolved extracts were transferred to HPLC vials, labelled and placed inside the 

chromatography apparatus for elution with mobile phase; viz ACN (A), Formic 

acid in H2O (B) and formic acid in ACN (C) with a flow rate of 1 mLmin-1. The 

method for linear gradient was developed as follows: at 0 min. A: B were 98:2, at 

19 min 90:10, at 59 min 85:15, at 100 min. it was 100 % B and kept the same until 

125 before returning to initial conditions for a 9.5 min flush. 

3.5.2 Mass Spectroscopy 

Liquid chromatography -Fourier transmission mass spectroscopy (LC-

FTMS) was performed on EtOH extract of Z. armatum, the most active plant 

extract in the biological evaluation.  A Thermo-Scientific made LTQ-FT-UMS was 

used equipped with a SIL-ACHT Shimadzu and 3600SD HPLC (Dionex) pump.  
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An agilent Eclipse XDB-C18 4.6× 250 mm, 5 μm analytical column for used for 

chromatography with compatible guard column. The extract was eluted at 

following gradient A:B in a ratio of 98:2 at 0 min, changing to 90:10 A:B at 19 

min, then to 85:15 A:B at 59 min,  and reaching 0:100 A:B at 100 min, this was 

maintained until 125 min, then the column was returned to initial conditions 98:2 

A:B and held for 9 minutes at the end.  The resultant data was attained in mass 

spectroscopy scanning at a mass to charge ratio of 150-1500 (m/z) in positive and 

negative electrospray ionization (ESI) mode.Thermos-Scientific X-calibur 2.2 

SP1.48 (San Jose, CA) sotware was used for data processing. During this analysis 

capillary temperature was kept at 275.0 °C, source voltage was 5.00 Kv, and source 

current was 100 micro ampere (µA). The capillary voltage was + 32 V or -19.0V 

for positive and negative mode respectively. Isotope abundance analysis was 

carried out for putative matches on the high-resolution mass spectral data using X-

caliber software closely matching empirical formulas were reported. Database 

searches were performed using Scifinder (ACS) and the Dictionary of Natural 

Products (Taylor & Francis Group). 

3.6 STATISTICAL ANALYSIS 

All the bioassays were performed in triplicated and analyzed using a two-tailed 

student t-test calculated using MS Excel 2010. P -value < 0.05 was considered as 

significant for all assays.  

3.7 ANTICANCER ACTIVITIES 

3.7.1 Cell Lines 

1. A-375 Human skin epithelial cells 

2. A-549 Human lung epithelial cells 

3. MDA-MB human breast cancer cells 

3.7.2 Bioassays 

All three cell lines were originally acquired from American type culture 

(ATCC) and cryopreserved in liquid nitrogen in -70 °C. before use, cell lines were 

thawed and passaged for a weak in the same medium until ≥ 80% confluence was 
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attained. Cell count was carried out with the help of hemocytometer. 

Morphological features of cancer cells were noted and confirmed from the relevant 

literature. Old media were always discarded and cells were suspended again in 

fresh media. The 96-well plates were labeled and seeded with the cells and 

incubated for 48 hours. Lactase dehydrogenase (LDH) cytotoxicity assay (Decker, 

T. and Lohmann-Matthes, M.L.) was carried to asses’ cell death in A-375 and A-

549 caused by extracts at concentration of 100 µgmL-
1
. Whereas, MDA-MB was 

exposed to the extract at concentrations 10,50,100 and 200 using MTT1 assay 

(Carmichael et al., 1988). Cell confluence of ≥ 90 % was maintained for all the 

cytotoxicity assays. All the plant extracts were tested with a concentration range of 

10, 50,100 and 200 µgmL
-1

. wells containing untreated cells were taken as control. 

Inverted microscope was used to take images of cells after 24, 48 and 72 hours of 

treatment to take images of the cell after each treatment.  

3.8 ANTIOXIDANT ACTIVITIES 

3.8.1 DPPH Radical Scavenging 

To determine scavenging activity of the extracts against DPPH radicals, 20 

µL of each extract was added to 96-well plates . 180 µL of DPPH reagent was 

added to all the extract containing wells. The plate was incubated for 60 minutes. 

Different concentrations of ascorbic acid were used as positive controls. Whereas 

DMSO and water were used as negative control. Absorbance was taken as 517 nm 

using microtiter plate reader.  

3.8.2 Total antioxidant Contents 

Reagent mix was prepared pre-hand by mixing 1.63 mL of H2SO4 with 

NaH2PO4 and 0.274 g of ammonium molybdate. All these reagents were mixed 

well in a 100 mL flask and 50 mL of water was added. To determine total reducing 

potential of each extract, 20 µL of each extract was added to Eppendorf tubes.180 

µL reagent mix was added to each cell. Whole apparatus was incubated for 90 min 

at 90
◦
 C in water bath. Reading. Ascorbic acid at concentration 4mgmL-

1
was used 

as positive control. Whereas DMSO and water were used. Absorbance was 

measured at 630 (695) nm at microtiter plate reader. 
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3.8.3 Total Reducing Power 

To determine total reducing capacity of the extracts a method was used, 

previously used (Benzie & Szeto, 1999). Ascorbic acid was used as positive control 

whereas DMSO and DI water was used as negative control. Absorbance was 

measured at 630 (700) nm on microtiter-plate reader. 

3.8.4 Total Flavonoid Contents 

To determine total flavonoid contents 20 µL of all the extract were added to 

96- well plates. 10 µL of aluminum chloride was added to each well, followed by 

10 µL of potassium acetate. Total well volume was made 200 µL by adding 160 µL 

of distilled water. Plates were incubated for half an hour at 37∘C.  methanol and 

quercetin were used as positive and negative controls respectively. Absorption was 

measured at 415 nm wavelength on microtiter plate reader. A standard curve for 

quercetin was already obtained to compare the results. 

3.8.5 Total Phenolics 

Another 96- well plate was loaded with 20 µL of extracts. 90 µL of Folin-

ciocalteu reagents 10 times with de ionized distilled water. Plates were incubated 

for 5 minutes and 90 µL of sodium carbonate was added to each well. Well volume 

was now 200 µL hence well contents were mixed by using multi-channel 

micropipette. Plates were incubated for 90 minutes. Gallic acid (different 

concentration) DMSO and DI water were used as positive and negative controls. 

Absorbance was read at 630(750) nm using microtiter plate reader. 

 

 

 

 

 

 



41 

CHAPTER 4 

RESULTS 

4.1 ETHNOBOTANICAL PROFILE 

4.1.1 Floral Diversity 

During first phase of this study 101 plants species from 61 families were 

tabulated after taxonomic identification and scrutiny. Asteraceae was dominant 

family with 8 plant species followed by Rosaceae (7), Brassicaceae (6) and 

Lamiaceae. Other significant families were Fabaceae and Solanaceae with 4 each 

plant species. Geraniaceae, Acahanthaceae, Moraceae were represented by 3 plants 

each followed by Plantaginiaceae (2) and verbanceae (2). All other plant species 

were representing 49 angiosperm families. This data shows that angiosperms 

contribute to 97% of the collected plant species, followed by ferns (3%). 

 

Figure 4.1: Major plant families in the area. Numbers (bold) correspond to number 

of plant species belonging to respective families. Marked area shows the proportion 

cloud of major families 

4.1.2 Ethnobotanical Value 

Out of the total 101 plant species, 58% were reported to be used for therapeutic 

purposes followed by uses as food (18%), and wood (8%). Plants species having 
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aesthetic or religious value are grouped together (figure 4.4). Use categories are 

highly overlapping, as different plant parts of certain species were reported for 

different uses by different sections of the community simultaneously. 

 

Figure 4.2 Major plant use categories 

4.1.3 Part Used for Therapeutic Purposes 

Among the plant species used for medicinal purposes, leaves were the most 

used part viz; 37%, followed by aerial parts 23% and fruits 18% (Fig. 4.3). 

However, in the case of medicinal herbs, use of aerial parts and the whole plant is 

dominant. Use of bark and roots is culturally discouraged due to the local tendency 

toward resource conservation. 

 

Figure 4.3: Part of medicinal plants used by locals 
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4.1.4 Folk Recipes 

The largest share of plant species (20%) being used in the form of cooked 

vegetable/food. However, plants used as infusions (15), decoctions/drinks (16) and 

aqueous extracts (11), altogether make 42 % of all the species (fig.4.4). 

Interestingly, there is a significant trend of multi-plant formulation devised by 

semi-professional herbalists and traditional practitioners. In that case, powder of 

more than one plants/plant part is orally administered with water known as 

“Phakki”. There are certain cases with such recipes where overdose and 

malpractice resulted in adverse drug reactions. 

 

 

Figure 4.4: Mode of application of medicinal plants by locals 

4.1.5 Route of Administration 

With the ancient mindset that human ailments are the result of an 

abnormality in the internal system of the body, most of the botanical preparations 

are taken orally (76%). External application is restricted to pain management, bone 

fractures, wounds and skin infections (fig.4.5). A couple of plants were reported for 

nasal inhalation and clasping drops into eyes or ears. Use of certain plant species as 

chewing sticks (Z. armatum, N. oleander) is also considered internal here for ease 

of classification. 
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Figure 4.5: Routs of application of recipes from of medicinal plant species use. 
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Table 4.1: List of plant species collected with ethnobotanical uses 

No  BN. Acc.2 Fam. LN PU Rec App Use reported UV CS

I 

 

1 Adiantum capillus-

veneres. L. FK-4983  

Pteridaceae Kakwai Whole 

plant 

Infusion 

 

Oral   Infusion of whole plant is used to 

treat urinary tract infection (UTI).  

0.029 2.4

0 

2 Achillea millefolium L. 

FK-4984 

Asteraceae Kangi Root 

 

Infusion 

 

Oral    Root extract is used to treat gum 

problems. Infusion is used to 

remove kidney stones.  

0.022 3.6

0 

3 Ailanthus altissimus 

(Mill) Swingle. FK- 

4985 

Simaroubaceae  Drave Woody 

parts 

  Used for fuel and timber.  0.029 3.0

0 

4 Amaranthus spinosus 

L. FK-4986 

Amaranthaceae  

Ganar 

Aerial 

parts 

vegetable  

 

Oral  

 

Cooked as vegetable. Effective 

against constipation and obesity. 

Used as fodder. 

0.103 2.4

0 

5 Anagallis arvensis L.  

FK-4987 

Primulaceae Motkopra Aerial 

parts 

Vegetable 

 

Oral  

  

 Fresh aerial parts are cooked as 

vegetables. Used as fodder. 

0.250 2.0 

6 Artemisia vulgaris L Asteraceae  Chaoo Aerial Vegetable Oral  Cooked as vegetables. Decoction is 0.044 2.0
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FK-4988 parts  used for fevers. 0 

7 Artemisia absinthium 

(Mill.) DC. FK-4989 

Asteraceae  Isanteen Whole 

plant 

Powder  

 

Oral  

 

Dried ground powder of whole plant is 

used as antidiabetic.  

0.120 4.0

0 

8 Astragalus psilocentrous 

Fisch. FK-4990 

Fabaceae Kanda Aerial 

parts 

  Forage for goat and sheep 0.21 1.1

3 

9 Bergenia ciliata (Haw) 

sternb. FK-4991 

Saxifragraceae Bhatphary Tuber  

 

Powder 

 

Oral  

 

Used to remove kidney stone. Tuber 

powder is used for wound healing and 

diabetes. 

0.014 4.0

0  

10 Berberis lycium Royle 

FK-4992 

Berberendiaceae Sumblo Root 

bark 

Decoction Oral  

 

Decoction of root bark is used to treat 

diarrhea, cholera and bleeding piles.  

0.343 9.6 

11 Broussonetia papayrifera 

(L.) L'Hér. ex Vent. FK-

4993 

Moraceae  Jangli Toot    Used as fuel and leaves as fodder. 0.066 4.2

0 

12 Capsella bursa-pastoris 

(L.) Medik.  

FK-4994  

Brassicaceae  Trepatri Whole 

plant 

Infusion 

 

Oral  

 

Whole plant is used for intestinal 

problems; i.e. vomiting. Used as fodder 

also.  

0.014 3.0

0 

13 Carissa spinarum L.  

FK-4995 

Apocynaceae  Granda  Fruit    Fruit is edible   0.121 3.0

0 

14 Cerastium fontanum 

Baumg  

FK-4996 

Caryophillaceae   Whole 

plant  

Infusion Oral  

 

Used for fever 0.148 1.3

9 

15 Chenopodium album Amaranthaceae Saag Aerial Vegetable Oral  Aerial parts are used for swellings 0.088 6.8
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L.  

FK-4997 

parts   and seminal weakness. It is used as 

fodder also.  

0 

16 Cichorium intybus L. 

FK-4998 

Asteraceae  Kasni Leaves Vegetable/

decoction 

 

Oral  

 

Cooked as a vegetable; decoction is 

used to treat liver inflammation. 

Laxative, effective against 

constipation.  

0.059 6.0

0 

17 Colebrookea 

oppositifolia Lodd. 

 FK-4999 

Lamiaceae  Muskana 

Bhekar 

Leaves Wrap  Topical Paste is wrapped on injury site 0.19 2.9

2 

18 Conyza canadensis 

(L.) Cronquist.   

FK-5000 

Asteraceae  Gandi 

booti 

   Weed allergic in nature 0.01 0.2

4 

19 Cuscuta reflexa Roxb. 

FK-5001 

Convolvulacea

e 

Neela 

tahari 

Aerial 

parts 

Aqueous 

extract 

Topical Aqueous extract of aerial parts is  

anti-lice and antidandruff.  

0.050 6.0

0 

20 Cynodon dactylon (L.) 

Pers. FK-5002 

Poaceae  Aerial 

parts  

Paste 

 

Topical  Paste of aerial parts is applied on 

broken bones for healing 

0.133 1.2

0 

21 Cynoglossum 

lanceolatum  Forssk.  

FK-5003 

Boraginaceae   Infusion  Oral  

 

Aphrodisiac, demulcent  0.140 3.4

1 

22 Debregeasia longifolia Urticaceae  Fruit Food  Oral  Fruit is used to treat bloody 0.110 4.2

http://www.theplantlist.org/1.1/browse/A/Boraginaceae/
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(Burm.f.) Wedd.  

FK-5004 

  diarrhea. Used for fodder and fuel. 0 

23 Dodonaea viscoa Jacq. 

FK-5005 

Sapindaceae Sanatha  Woody 

parts  

  Used as fuel wood and roof 

thatching in mud houses. 

0.430 3.8

0 

24 Dicliptera 

roxburghiana Nees. 

FK-5006 

Acanthaceae  Aerial 

parts  

Fodder  Oral  

 

Fodder, used to treat sun stroke in 

buffaloes. 

0.023 1.7

0 

25 Diospyros lotus L.  

FK-5007 

Ebenaceae Amlook Fruit/ 

leaves  

Food  Oral  

 

Fruit eaten to cure stomach troubles, 

leaves used as fodder and wood for 

fuel. 

0.111 7.8

0 

26 Dryopteris ramiflora 

Roxb. 

 FK-5008 

Dryopteridacea

e 

Leengri Aerial 

parts 

Vegetable Oral  

 

Used as a vegetable to treat ulcer 

and constipation. 

0.037 1.7

0 

27 Elaeagnus umbellate 

Thunb.  FK-5009 

Eleagnaceae Kankooli  Fruit 

 

Juice 

 

Oral  

 

Fruit is edible and fruit juice is 

taken as a cure to chronic liver 

problems including hepatitis. 

0.177 9.1

0 

28 Duchesnea indica 

(Andrews) Focke 

 FK-5010 

Rosaceae Amalbudha Fruit  

 

Food  Oral  

 

Fruit is eaten to remove kidney 

stones., It is also used as fodder. 

0.051 1.9

5 

29 Euphorbia helioscopia Euphorbiaceae  Dodhal Aerial Latex  Oral  Used to treat constipation.  0.070 3.2
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L. FK-5011 parts   0 

30 Eriophorum comosum 

(Wall.) Nees FK-5012 

Cypraceae Smakh  Aerial 

parts 

  Fodder grass 0.074 0.9

3 

31 Ficus palmata Forrsk  

FK-5013 

Moraceae Tussa  Leaf Ash Nasal  

 

Fruit is edible. Leaves are used as 

fodder, wood as fuel. Ash of leaves 

is sniffed as expectorant. 

0.190 7.0 

32 Fragaria vesca L  

FK-5014 

Rosaceae Ammal 

budha  

Fruit Tea Oral  

 

Fruit is edible used to heart burn. 

Diarrhea in children. Roots are used 

to make tea. 

0.125 9.7

0 

33 Geranium 

wallichianum D. Don 

ex Sweet  

FK-5015 

Geraniaceae Ratti booti Leaves  

 

Paste 

 

Topical  

 

Leaf paste is used for joint pain. 0.044 1.6

0 

34 Geranium nepalensis 

Sweet   

FK-5016 

Geraniaceae  Roots  

 

Tea  

 

Oral  

 

Gives relief from pains i.e. 

Migraine. Used to treat renal 

disorders.  

0.022 3.5

0 

35 Gentiana olivieri 

(Griseb) 

 FK-5017 

Gentianaceae Neel kanth Leaves  

 

Decoction 

 

Oral  

 

Decoction is used for cough. Roots 

are used to treat infection of genitals 

in male child. 

0.051 7.8

0 

36 Grevia optiva Drumm. Malvaceae Tahamman Aerial Fodder  Oral  Effective for child birth in cattle. 0.133 2.2
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Ex. Burret   

FK-5018 

parts   Fruit is edible. Used to make ropes. 

Used as fodder. 

0 

37 Hedera helix L.  

FK-5019 

Araliaceae Batkal Aerial 

parts 

Infusion 

 

Oral  

 

Used to treat diabetes. Used as 

fodder. 

0.029 1.6

0 

38 Indigofera heterantha  

Wall Brandis FK-5020 

Fabaceae Jand Aerial 

parts  

Extract   Used as fuel. Used to make baskets. 

Used as fodder. 

0.074 2.5

0 

39 Juglans regia L.  

FK- 5021 

Juglandaceae Khour Bark  

 

Chewing 

stick  

 

Oral  

 

Bark is used as chewing sticks to 

cure gum sores and colorize lips as 

a traditional cosmetic item. 

0.150 8.8

0 

40 Justicia adhatoda L. 

FK-5022 

Acanthaceae Bhekar  Leaves  Wrap 

 

Topical   Used with onion, turmeric and oil 

for papules and pimples. 

0.103 4.5

0 

41 Lespedeza juncea Wall  

FK-5023 

Fabaceae Jandi Aerial 

parts  

  Fodder grass  0.170 0.7

91 

42 Lotus carniculatus . 

FK-5024 

Fabaceae Trepatri Aerial 

parts 

  Fodder  0519 0.6

9 

43 Martynia annua L.  

FK-5025 

Martyniaceae Bitchoo Leaves 

 

Extract 

 

Oral  

 

 Used for gargles in sore throat. 

Used to cure tuberculosis like 

symptoms. decoction is used to cure 

epilepsy. 

0.090 5.0

0 

44 Mallotus phillipensis Euphorbiaceae Kamella Fruit    Considered toxic due to its 0.092 1.8
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(Lam.) Mill Arg.  

FK-5029 

purgative effects. Fruit is used to 

extract red dye previously. 

0 

45 Malvastrum 

coromandelianum (L.) 

Garcke  FK-5030 

Malvaceae  Aerial 

parts  

Sap Topical  Rubbed on irritation site  1.310 2.9

2 

46 Melia azedarach L.  

FK-5030 

Meliaceae Draik Leaves  

 

Infusion 

 

Oral  

 

 Used against malaria and other 

fevers.  

0.173 8.8

0 

47 Mentha longifolia (L.) 

L.  FK-5031 

Lamiaceae Jangli 

pondna 

Aerial 

parts 

Powder  Oral  

 

 Carminative. Used as an ingredient 

of sausage 

0.190 9.8

0 

48 Mentha arvensis L.  

FK-5032 

Lamiaceae Podna Aerial 

parts  

Sauce  

 

Oral  

 

Carminative. Used for its cooling 

effects good for digestive system. 

0.099 11.

0 

49 Melilotus indica L. 

All. FK-5033 

Fabaceae Sree kaha Leaves  

 

Vegetable  Oral  

 

Cooked as vegetable. Seeds are used 

to treat genital infection  

0.07 2.0

0 

50 Medicago polymorpha 

L. FK-5034 

Fabaceae Maine Aerial 

parts 

Vegetable Oral  

 

 Used in folk vegetable called 

ladroo.  Used as forage also 

0.008 1.4

0 

51 Micromeria biflora 

(Buch - Ham. ex D. 

Don) Benth. FK-5035 

Lamiaceae  Roots extract  

 

Oral  

 

Used for a muscular itching OF 

stomach; locally known as “naar”.  

0.012 3.8 

52 Morus nigra L.  FK-

5036 

Moraceae Kala toot Fruit  

 

Food  

 

Oral  

 

Used to treat constipation. Wood is 

used for furniture. 

0.145 8.4

0 

http://www.theplantlist.org/1.1/browse/A/Lamiaceae/
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53 Nasturtium officianale 

W.T. Aiton  FK-5037 

Brassicaceae  Leaves  

 

Vegetable Oral  

 

Cooked as vegetable for its 

carminative effect. 

0.014 6.6

0 

54 Nerium oleander L.  

FK-5038 

Achanthaceae Kneera Shoots 

 

Powder  

 

Oral  

 

Used to treat diabetes.  Used as 

tooth against gums and toothache. 

0.139 7.2

5 

55 Oenothera rosea 

L’Her ex Aiton.  

FK-5039 

Onagraceae Nashtar Whole 

plant  

Infusion 

 

Oral  

 

Used to treat whooping cough and 

asthma. 

0.014 2.0

0 

56 Otostegia limbate 

(Benth), Boiss.  

FK-5040 

Lamiaceae Chitti 

sumbal 

Aerial 

parts 

Paste  Topical Used to cure open wound infections 0.341 2.4

8 

57 Oplismenus 

compositus (L.) P.  

P.Beauv. FK-5041 

Asteraceae Chura kaha Aerial 

parts 

  Fodder grass  1.290 1.3

7 

58 Oxalis corniculata L. 

FK-5042 

Oxalidaceae     Used as fodder  0.040 0.9

8 

59 Plantago lanceolate L. 

FK-5043 

Plantaginiaceae Batti aerial 

parts 

Dried  

Husk 

Oral  

 

Used for the treatment of 

constipation and hemorrhoids.  

0.007 0.1

0 

60 Plantago major L. 

FK-5044 

Plantaginiaceae Salathee Leaves 

 

Paste  

 

Oral  

 

Used for wound healing and 

constipation. Used as fodder also 

0.004 2.0

0 

61 Pteris cretica L. FK- Pteridaceae Koochi Aerial    Used to clean milk utensils as an 0.083 2.4
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5045 parts  antifungal agent 0 

62 Poa annua L. FK- 

5046 

Poaceae Malla  Aerial 

parts  

   Grazed by cattle 0.034 1.8

0 

63 Prunus persica (L.) 

Batsch  

FK- 5047 

Rosaceae Arwari Fruit    Fruit is edible, wood is used for 

fuel. 

0.186 8.0

0 

64 Punica granatum L. 

FK-5048 

Lythraceae Drunni Fruit 

peel  

Powder  

 

Oral  

 

Fruit is edible, used to prevent 

infection and to heal wounds.   

0.111 9.5

0 

65 Pyrus pashia Buch.-

Ham ex D. Don.  

FK- 5049 

Rosaceae Tangi Leaves Aqueous 

extract  

Oral  

 

Used for hepatitis B and C. Wood is 

used in agriculture tools. 

0.191 4.5 

66 Quercus incana 

Bartram. FK- 5050  

Fagaceae Erruti Seeds  

 

Powder Oral  

 

A major source of fuel wood. Seeds 

are used to treat dysentery. Used to 

make traditional plough.  

0.109 1.3

0 

67 Ranunculus laetus 

Wall. Ex Royle.   

FK. 5051 

Ranunculaceae Mleeth aerial 

parts  

Paste  

 

Topical  Used for skin conditions, rashes and 

burns.  

0.035 2.4

0 

68 Ranunculus arvensis 

L. FK- 5052 

Ranunculaceae Chochumb

a 

Aerial 

parts 

Vegetable  Oral  

 

 Used to cure infections. Used as a 

traditional vegetable 

0.093 1.5

0 

69 Rosa brunonii Lindl Rosaceae Jangli Leaves Paste  Oral   Flower is used against scabies.  0.098 5.4

http://www.theplantlist.org/1.1/browse/A/Lythraceae/
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FK- 5053 gulab    used as fodder also. 0 

70 Rubus ellipiticus Sm. 

FK-5054 

Rosaceae Akhray    Used for fencing. Leaves are used 

as fodder. Fruit is edible 

0.220 8.8

0 

71 Rubus fruticosus L. 

FK-5055 

Rosaceae Pamnar  Fruit/ 

leaves 

Food Oral  

 

 Used for paling. Fruit is used 

chilling effect. Leaves as fodder. 

0.066 3.5

0 

72 Rumex hastatus D. 

Don. FK-5056 

Polygonaceae Chukhree Aerial 

parts  

Infusion 

 

Oral  

 

Used for jaundice and adverse drug 

reaction. 

0.051 2.4

0 

 

73 Rumax nepalensis 

Spreng  FK-5057 

Polygonaceae Khoh Aerial 

parts  

Aqueous 

Extract  

Oral  

 

Used as antidote for allergic 

reaction of other weeds, cooked as 

vegetable  

0.074 3.4

0 

74 Saccharum 

officinarum L. 

FK- 5063 

Poaceae Munjhi Whole 

plant  

  Used as fodder. 0.191 1.0

0 

75 Saccharum 

officinarum L. 

FK- 5063 

Poaceae Munjhi Whole 

plant  

  Used as fodder. 0.191 1.0

0 

          

76 Sarcococca saligna 

(D.Don) Müll. Arg. 

Buxaceae Naidroon Leaves 

 

Aqueous 

extract  

Oral  

 

Root extract is used to treat 

toothache. Leaves are antipyretic. 

0.022 5.0 
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FK-5059 Used for thatching 

77 Solanum villosunm 

Mill. FK-5060 

Solanaceae Kachmach Fruit/ 

aerial 

parts  

Vegetable Oral  

 

Fruit is edible and effective for 

mouth sores. Cooked as vegetable 

and used to treat stomachache. 

0.480 5.4

0 

78 Solanum 

pseudocapsicum L. 

FK-5061 

Solanaceae Marcholi Leaves  Paste  Topical   used to treat boils. Excessive use 

may cause vomiting. 

0.014 0.3

0 

79 Stellaria media (L.) 

Vill. FK- 5062 

Caryophyllacea

e 

Ladroo Leaves  

 

Vegetable Oral  

 

 Cooked as vegetable that is 

effective for menstrual problems. 

0.180 0.3

0 

80 Setaria pumila (Poir.) 

Roem & Schult  

FK- 5064 

Poaceae  Whole 

plant 

  Used as fodder 0.071 0.2

1 

81 Strobilanthes 

attenuata Nees  

FK- 5065 

Acanthaceae Malol Flower     Used to prepare local dyes. 

 

0.007 2.4

0 

82 Swertia chirata  

Buch.-Ham. ex Wall. 

 FK- 5066 

Gentianaceae Chraita Leaves 

 

Extract  

 

Oral  

 

 Used against fevers i.e. typhoid and 

malarial fevers. 

0.213 5.4

0 

83 Swertia alata 

C.B.Clarke.  

Gentianaceae Chraita Whole 

plant 

Extract  

 

Oral  

 

Used for fever and liver 

inflammation 

0.201 3.3

3 
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FK- 5067 

84 Solanum nigrum L. 

FK- 5068 

Solanaceae Makko Fruit Juice Oral  

 

Used for liver inflammation and 

hepatitis. 

0.108 4.5

0 

85 Solanum surattense 

Burm. F. FK- 5069 

Solanaceae Mokri  Fruit   No use reported 0.00 0.0 

86 halepense Pers.  

FK-5070 

Poaceae Barri kaha    Used as fodder 0.107 0.0

9 

87 Taraxacum officinale 

F.H. Wigg.  FK- 5071 

Asteraceae Hand  Leaves  

 

Vegetable Oral  

 

Cooked as vegetable for woman after 

child birth. Used as antidiabetic and for 

jaundice.  

0.260 8.0

0 

88 Tagetes minuta L. 

FK- 5072 

Asteraceae Satbarga Inflores

cence 

Ointment  

 

Topical  Used as ointments for skin care by 

females. 

0.135 2.6

0 

89 Tulipa stellata Hook. 

FK- 5073 

Lilliaceae 

 

Goggar Bulb     Bulb locally known as “gogger” is 

edible. 

0.038 3.5

0 

90 Trifolium repense L. 

FK- 5074 

Fabaceae Shatahl Leaves  

 

Vegetable  Oral  

 

 Used to treat gout.  Used as fodder. 0.037 3.4

8 

91 Trichodesma indicum 

(L.) Lehm. FK- 5075 

Boraginaceae  Roots  Oral  

 

Used for inflammation  1.331 1.8

7 

92 Themeda anathera 

(Nees) Hack 

 FK- 5076 

Poaceae  Bari ghas Whole 

plant 

  Used as fodder. 0.081 3.0

0 

93 Ulmus wallichiana Ulmaceae Mannu Leaves   Used as fodder. Wood is used to make 0.170 4.2
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Planch. FK- 5077 furniture and fuel.  0 

94 Urtica dioica L. 

FK- 5078 

Urticaceae  Kayyari Leaves/

Roots  

Paste Topical  Known for its poisonous effects.  

Applied on scorpion bite site.  

0.174 5.0

5 

95 Verbena officinalis L. 

FK- 5079 

Verbenaceae Choro    Used as fodder.  0.037 2.5

0 

96 Verbascum thapsus L. 

FK-5080 

Verbanaceae Jangli tmako Leaves 

 

Wrap 

 

Topical Used to treat injuries and to treat 

earache.  

0.140 2.2

0 

97 Viburnum grandiflorum 

Wall. Ex DC. FK- 5081 

Viburnaceae Jammar Fruit/ 

leavs   

 

Infusion 

 

Oral  

 

Fruit is edible. infusion is used to cure 

typhoid fever.  Flower is used to treat 

respiratory problems. 

0.207 1.6

0 

98 Viola odorata L. 

FK- 5082 

Violaceae Gul naksha Flower Decoction Oral  

 

Decoction has cooling effect.  Juice is 

used to treat earache.  

 7.7

0 

99 Vitis vinifera L. 

FK- 5083 

Vitaceae Dakh Fruit  

 

Juice Oral  

 

Fruit is edible. Used to cure fever. 

Leaves are used as fodder. 

0.096 2.6

0 

10

0 

Zanthoxylum armatum 

DC. FK- 5084 

Rutaceae  Timber Seed/ 

shoots   

Sauce  

 

Oral  

 

Shoot is used to make tooth-stick for 

treatment of oral infections and 

toothache.  

0.267 9.6 

10

1 

Ziziphus jujube Mill. 

FK- 5085 

Rhamnaceae  Tukbair Leaves  Powder  Oral  

 

Considered sacred, leaves are used as 

antidiabetic 

0.091 5.5

0 

Abbreviations; Botanical names and accession no= BN. Acc., Family=Fam., Local Name=LN, Scientific name=SN., Part used=PU, 

Recipe=Re., Mode of application=App., Use value=UV, Cultural significance index=CSI 

Table 4.2: Previously reported uses of the plant species from the region  
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No  Names  Uses previously reported Reference  

1 Adiantum capillus-veneris. Used to treat bronchitis, hair loss and inflammatory diseases; 

used for colds and skin diseases. 

(Vadi, Manisha, & Swati, 2017) 

2 Achillea millefolium  Used for fever, colds, and urinary disorders. Aerial parts are 

used to improve bile flow. 

  Khalid, 2014) 

3 Ailanthus latissimus Used for timber and fuel. (Barkatullah, Ibrar, & Hussain, 2009) 

4 Amaranthus spinosus Seeds are cooked with rice and given for joint pain. (Ahmed, 2014) 

5 Anagallis arvensis Leaf paste used on inflammation site to reduce infection. (Ahmed & Murtaza, 2015) 

6 Artemisia vulgaris Kills parasitic worms. Leaf extract is used for malaria and fever. (Ashraf et al., 2010) 

7 Artemisia absinthium  Leaf powder is used for gastric issues. Paste is applied on teeth 

for pain relief. 

(Hayat, Khan, Ashraf, & Jabeen, 2009b) 

8 Astragalus psilocentrous Leaves are used for flu and toothache. (Hussain, Bano, & Ullah, 2011) 

9 Bergenia ciliate Root extract is used to cure ulcers, coughs and colds; bark is 

antiseptic and used to heal cuts and wounds. 

(Shaheen, Firdous,  Khalid, 2014). 

10 Berberis lyceum Used to treat external injuries and to stop bleeding. (Amjad, Arshad, Saboor, Page, & 

Chaudhari, 2017) 

11 Broussonetia papayrifera Fodder, fuel wood. 

Toxic and causes allergies. 

( Bano et al., 2014) 

(Ajaib & Zaheer-UD-Din, 2014) 
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12 Capsella bursa-pastoris 

. 

Abdominal pain, bile secretion, obesity, hemorrhages. 

To lower blood pressure, decoction of plant is drunk: four 

teaspoons twice a day for five days. 

(Gairola, Sharma, &  Bedi, 2014) 

( Joshi & Joshi, 2000) 

13 Carissa spinarum Fruit is used as a blood purifier. (Ajaib, Khan, Khan, & Wahab, 2010) 

14 Cerastium fontanum Used in fever, coughs, & as refrigerant. (Chandra & Rawat, 2015) 

15 Cichorium intybus Leaves are used to treat constipation and gastric problems. 

Whole plant is used for ulcers. 

(Ahmed & Murtaza, 2015) 

( Khan & Khatoon, 2008) 

16 Cichorium intybus 

 

Leaves are used as vegetables. Roots and leaves are used as a 

diuretic, laxative and tonic. Used forF fever, gas trouble, and 

body swelling. Effective for stomach problems. 

(Abbasi et al., 2013) 

(Shaukat, Shan, Ahmad, Shaukat, & 

Shoukat, 2012) 

17 Colebrookea oppositifolia Antibacterial and antifungal. (Ahmed, Kanwal, Hassan, & Ayub, 2009) 

18 Conyza canadensis Uses as fodder. (Amjad, Arshad, & Qureshi, 2015) 

19 Cuscuta reflexa 

 

It is used to treat headaches. Used for kidney pain. Crushed 

plant is applied on pimples and poxes. It has anti-dandruff 

effects. 

(Mahmood, Mahmood, & Malik, 2012) 

20 Cynodon dactylon Crushed paste is used to heal wounds and inflammation. Malik et al., 2013 

21 Cynoglossum lanceolatum   Infantile diarrhea, heals sores, wounds, joins cracked and 

fractured bones and relieves swollen limbs 

(Joshi, 2016) 
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22 Debregeasia longifolia The fruits are grinded and are used against bloody diarrhea. 

Used as fodder. 

(Amjad et al., 2015) 

23 Dodonaea viscosa Used for thatching, fire wood. (Amjad et al., 2015) 

24 Dicliptera roxburghiana The powder is used as a general tonic (Qureshi, Waheed, Arshad, & Umbreen, 

2009b) 

25 Diospyros lotus Juice of unripe fruit in used to lower blood pressure. 

Fruit is used as a remedy for hiccups. 

(Ahmed, 2014),(Abbasi et al., 2013) 

26 Dryopteris ramiflora Plant juice is used for stomach pain. Fronds are used as fodder 

for horses. 

(Ahmed, 2014) 

27 Elaeagnus umbellate 

 

Root is edible. Green parts are used as a source of fodder. Wood 

is used for fuel. 

(Sarver, Kumar, Khan, Ara, & Anand, 

2009),(A. M. Abbasi et al., 2013) 

28 Duchesnea indica Fresh part applied on the affected area of a snake bite or 

furuncle. 

(He et al., 2015) 

29 Euphorbia helioscopia Roots are used as anthelmintic. Aaerial parts are used for 

constipation. Seeds are used for cholera. 

Amjad et al., 2015) 

30 Eriophorum comosum Used for abdominal pain care. (Ajaib, Anjum, Malik, & Sidiqui, 2015) 

31 Ficus palmata 

 

Latex is applied on viral warts present on skin. 

Fruit is used to cure Respiratory disorders 

(Dar, Shaheen, Ullah, 2014) 

(Murad et al., 2013) 
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32 Fragaria vesca Leaves are given daily to protect abortion. Laxative and diuretic 

properties. Used for digestive disorders. 

(Sarad, Sharma, & Kumar, 2017) 

33 Geranium wallichianum 

 

Root extract is used in chronic diarrhea. 

Rhizome is used in powder form for Backache, Mouth ulcers 

and chronic diarrhea. 

(Dar, Shaheen, Ullah, 2014) 

(Yaseen et al., 2015) 

34 Geranium nepalensis Astringent, used to cure renal problems. (Kumar & Bhagat, 2012) 

35 Gentiana olivieri 

 

Used for cardiac ailments. Root is used for stomach pain. (Mirzaee, Hosseini, Jouybari, Davoodi, & 

Azadbakht, 2017) 

(Ali, 2009) 

36 Grewia optiva 

 

Used for smooth child birth and quick discharge of afterbirth, 

given to young animals to induce puberty. 

(Ahmed et al., 2013) 

37 Hedera helix Used against Ulcers and rheumatism. (Mahajan, Vaid, Singh, & Kumar, 2012) 

38 Indigofera heterantha Used for internal disorders.  

39 Juglans regia Plant is astringent. Used for toothache, bark is used as chew 

stick. Fruits is edible and sold in market. 

(Khan, Khan, Hussain, & Ghulam, 2010) 

(Muhammad Shoaib Amjad et al., 2015) 

40 Justicia adhatoda Used for wound infections. Decoction is antispasmodic, 

expectorant and abortifacient. 

(Ajaib, 2010) 

41 Lespedeza juncea Used for skin diseases. (Ahmad, Anwar, Fazal, & Abbasi, 2013) 
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42 Lotus carniculatus Data deficient   

43 Martynia annua Antibacterial, Analgesic.  

44 Mallotus phillipensis Fruit is purgative for animals. Wood is used as fuel. 

Anthelminthic effects are reported 

(Zabihullah, Rashid, & Akhtar, 2006) 

(Jabbar, Raza, Iqbal, & Khan, 2006) 

45 Malvastrum 

coromandelianum 

Antibacterial, Analgesic. (Islam, Ali, Saeed, Jamshaid, & Khan, 

2007) 

46 Melia azedarach 

 

Used to cure skin problems. Wood is used as fuel. Used as 

anthelmintic. 

(Mahmood et al., 2012) 

(Ahmed & Murtaza, 2015) 

47 Mentha longifolia 

 

Used against diarrhea. Used as tonic to cough, flu and asthma. 

Anti-cholera and anti-dyspepsia effects. 

( Ahmed & Murtaza, 2015) 

48 Mentha arvensis Used to cure bronchial disorders and abdominal pain. (Amjad et al., 2015) 

49 Melilotus indica Infusion is used in cough and bronchial disorders. (Shah et al., 2013) 

50 Medicago polymorpha Used as vegetable, effective against constipation. Used for 

fodder. 

(Ahmed et al., 2013) 

51 Micromeria biflora Used to treat kidney stone. 

Used as an ingredient of a herbal tea. 

Used to treat toothache. 

(Amjad et al., 2015) (Mukungu, Abuga, 

Okalebo, Ingwela, & Mwangi, 2016; 

Nathan et al., 2006) 
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52 Morus nigra Fruit is laxative, edible. used as fodder, fuel, timber.  Leaves are 

used in sericulture 

(Zabihullah et al., 2006) 

53 Nasturtium officinale Rhizome is used by hakeems for stomach pain and indigestion. (Barkatullah et al., 2009) 

54 Nerium oleander Used to treat stomach pain. Used to treat ear pain and eyes 

problems. Considered poisonous for cattle. 

(Mahmood et al., 2011) 

55 Oenothera rosea 

 

Used to reduces thrombosis, menopause & other degenerative 

diseases Plant is used as fodder. 

(Hussain, Sulehria, Ejaz, & Maqbool, 

2014) 

(Amjad et al., 2015) 

56 Ostostegia limbate Used as antibacterial agent. (Anwar, Salik, & Ahmad, 2009) 

57 Oplismenus compositus Fodder grass. (Mahmood et al., 2011) 

58 Oxalis corniculata Antioxidant and antitumor activity. (Kathiriya, Das, Kumar, & Mathai, 2010) 

59 Plantago lanceolata 

 

Used for wound healing and to treat inflamed surfaces and 

sores. leaves are used as cooling agent for stomach problems 

and piles. 

(Qureshi et al., 2009b) 

(Amjad et al., 2015) 

(Mahmood et al., 2012) 

60 Plantago major Used in rheumatism and griping pain of bowels, astringent, 

leaves used in fevers dysentery and to prevent prolonged after 

birth bleeding.  chopped leaves are used for skin color. 

(Qureshi et al., 2009b) 

61 Pteris cretica The paste wrapped in a bandage is applied on External wounds. (Amjad et al., 2015) 



64 

62 Poa annua Used as fodder. (Amjad et al., 2015) 

63 Prunus persica Antiseptic, used for External wounds. Used for fuel wood and 

fodder. 

(Ishtiaq, Hanif, Khan, Ashraf, & Butt, 

2007) 

(Khan, 2010) 

64 Punica granatum Used for diabetes and gastric ulcer. used for epidemic disease; 

ground rind of dried flower is given for leucorrhea. 

 

(Khan, Khan, Hussain, & Mujtaba, 2012) 

65 Pyrus pashia Used as fodder. 

Wood is used for making sticks, leaf extract hair loss. 

(Amjad et al., 2015) 

 

66 Quercus incana Astringent, used in diarrhea and indigestion, wood is used to 

make agriculture Tools. 

(Ahmed, 2014),(M. A. Khan et al., 2010) 

67 Ranunculus laetus Fresh leaves paste is germicidal, applied for once in day. (Shah et al., 2014) 

68 Ranunculus arvensis Used in gout, fever and asthma. (Afzal et al., 2009) (Shaukat et al., 2012) 

69 Rosa brunonii Decoction is taken internally for constipation. (Abbasi et al., 2013) (A. Bano et al., 

2014) 

70 Rubus ellipiticus The fruits are edible and laxative. Used in fencing and hedges (Khan, Khattak, Shah, Zahoor, & Shah, 

2011) 

71 Rubus fruticosus Fruits are edible and have cooling effect. Spiny branches are 

used for fencing. 

( Amjad et al., 2015) 

http://www.theplantlist.org/tpl1.1/record/kew-173316
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72 Rumex hastatus Root is antirheumatic, tonic and laxative. ( Shinwari & Gilani, 2003) 

73 Rumex nepalensis Leaf extract is used as antiseptic, cooked as vegetable. (Amjad, 2015) 

74 Saccharum spontaneum Used as fodder in roof thatching. ( Amjad, Qaseem, et al., 2017) 

75 Sarcococca saligna Aqueous extract of leaves is used as anti-pyretic and 

carminative 

(Amjad, Qaeem, et al., 2017) 

76 Solanum villosum 

 

Internal swelling, rheumatic fever, tonic, asthma. 

The leaves are cooked and used as spinach by cardiac patients 

(Amjad et al., 2015) 

(Ahmed et al., 2013) 

77 Solanum pseudocapsicum Sauce made from chopped fruit expelling worms of intestine. 

Excess dosage is poisonous 

(Haq, Ahmad, & Alam, 2010) 

78 Stellaria media 

 

Fresh leaves are applied Externally for swelling joints. 

Decoction is drunk for constipation. 

(Abbasi et al., 2013) 

79 Saccharum officinarum Used as fodder and for roof thatching. ( Amjad et al., 2015) 

80 Setaria pumila Used as fodder (Tozer & Cameron, 2009) 

81 Stobilanthes attenuate Chewed for toothache and infection. Powder is applied for 

infection. 

(Saghir, Awan, & Majid, 2001) 

82 Swertia chirata 

 

The decoction is used for the treatment of boils. laxative and 

anti-helminthic. 

( Khan, Khan, Hussain, et al., 2012) 

(Bhatt, Kumar, Singh, & Kumar, 2015) 
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83 Swertia alata Used as an alternative of S. chirata for stomach disorders  

84 Solanum nigrum Cooked leaves and aerial parts are used against diabetes, 

abdominal swelling and stomachache. 

(Amjad et al., 2015) 

85 Solanum surattense Data deficient. (Ahmad, Kayani, Hameed, Ahmad, & 

Nawaz, 2012) 

86 Sorghum halepense decoction is used with mud of pond and pasted on tits of cattle 

to cure mastitis. 

Khan et al., 2012. 

87 Taraxacum officinale  Used to treat bone fractures. Used for cattle after delivery for 15 

days for strengthening bones and muscles. 

(Malik, Khuroo, Dar, & Khan, 2011) 

(Kapahi, Srivastava, & Sarin, 1993), 

(Khuroo, Malik, Dar, Dar, & Khan, 2007) 

88 Tagetes minuta L. 

 

Used for skin disease. 

Effective against fungal infections. Used in fevers and fits, for 

piles and earache. 

(Abbasi et al., 2010) 

(Sadia, Khalid, Qureshi, & Bajwa, 2013) 

89 Tulipa stellate It has toxic effects on central nervous system of animal resulting 

in high fever, abdominal cramps violent tremors and twitching 

of the muscles. 

(Bhatia, Manhas, Kumar, & Magotra, 

2013) 

90 Trifolium repense Antirheumatic and depurative, used in cough, cold, gout and 

leucorrhoea. 

 Shaheen, Firdous, Khalid, 2014) 

91 Trichodesma indicum Reported for ethnoveterinary uses. (Khan, Khan, & Hussain, 2012) 

92 Themeda anathera Used as fodder. (Awan, Akhtar, & Dar, 2007) 
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93 Ulmus wallichiana Used as fuel, and for making furniture, branches for fencing and 

thatching. 

( Khan et al., 2010) 

94 Urtica dioica Causes severe irritation, itching of skin which can be soothed by 

rubbing the leaves of R nepalensis. Applied on cuts and wounds. 

(Qureshi et al., 2007) 

(Ibrar, Hussain, & Sultan, 2007) 

95 Verbena officinale Decoction is used as tonic. (Ajaib & Sidiqui, 2016) 

96 Verbascum thapsus 

 

used against rheumatism, leaves are smoked to treat asthma and 

sore throat. Leaves are applied to inflamed body parts. 

(Dar, 2003) 

97 Viburnum grandiflorum Extract of leaves is used for whopping cough and also to relieve 

abdominal pain. Fruits are used in constipation. 

(Khan, Khuroo, & Dar, 2004) 

 

98 Viola odorata 

 

Leaves are taken Internally to treat respiratory problems. used in 

“kahwa” to treat cough and headache. 

(Khan et al., 2004),(Mala, Lone, Lone, & 

Arya, 2012),(Dar et al., 2013) 

99 Vitis vinifera 

 

Diuretic; removes kidney stone. Leaves are boiled in water for 

bathing to cure skin rashes and itching.  leaves with mustard oil 

tied with muslin cloth on boils. 

( Khan et al., 2011) 

(Lone, Bhardwaj, & Bahar, 2013) 

100 Zanthoxylum armatum 

 

Ground leaves used for digestion. Fruit is carminative and is 

used in sauce. Used as miswak (tooth-stick) to treat gum disease 

Fruit is also used for pile. 

(Ajaib & Zaheer-UD-Din, 2014), Khan et 

al., 2012. 

101 Ziziphus jujube Fruit is edible, blood purifier Fodder, wood used for furniture (Amjad et al., 2015) 
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4.2 QUANTITATIVE ETHNOBOTANICAL ANALYSIS 

4.2.1 Use Value 

Taking a value of 0.10 arbitrarily, 20 plant species were identified as being 

the most valuable in the area based on their use value (Fig:2). B. lyceum, with a use 

value of 0.343, was the most valued plant species followed by Z. armatum (0.28), 

T. officinale (0.26), S. Villosum (0.26), S. chirata (0.21) and M. longifolia (0.1), 

cited mostly for their medicinal use value. D. viscosa (0.23), P. pashia (0.19) and 

F. palmata (0.18) followed, having moderately high use values. 

4.2.2 Cultural Significance Index 

Cultural significance of a plant species is markedly affected by preference, 

management and frequency of use by local inhabitants (Silva et al, 2006).  M. 

arvensis, with a value of 9.8, has the highest cultural significance followed by G. 

wallichian (9.7), B. lycium (9.6), J. adhatoda (8.8), M. longifolia (8.8) and Z. 

armatum (6.7). Other species with cultural significance are P. granatum, A. 

absinthium and S. chiraita. 

 

Figure 4.6: Use value of plant species with significant use values 
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Figure 4.7: Cultural Significance values of plant species with significant values 

4.3 NOVELTY ANALYSIS 

A fundamental objective of the current study was to compare the findings of 

the field survey and data analysis with previously reported uses at the regional and 

global scale. Comparative analysis identified 13 plant species (Table:2) with 

specific uses reported from the region for the first time.  When compared to 

ethnobotanical uses from other parts of the world, 4 plants were reported for similar 

uses whereas 9 plants retained their novelty for uses previously not 

reported/available on all major databases (Table:2). Examples include A. capillus-

veneres for urinary tract infections, E. umbellata for viral disease i.e. hepatitis and 

G. oleiveri for genital herpes and P. cretica as for potential antifungal activity. 

Table. 4.3: Novel plant species with dissimilar uses reported from other parts of the   

world 

No Plant 

name 

Novel uses Pharmacological activities  

1 Adiantum. 

capillus-

veneris 

Decoction of whole plant is 

used  to treat urinary tract 

infections 

Antimicrobial activity against 

Psuodomonas sp. (Singh, Hussain, 

Verma, & Sharma, 2013) 

Expectorant (Al-Qura'n, 2009), 

hypocholesterolemic  

(Kasabri et al., 2017; Rao, Hasan, 

Bhellum, & Manhas, 2015). 
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2 Achillea 

millefolium 

 

Root are chewed to treat 

tothache, oral infection and 

gum sores. 

Antimicrobial (Bobis, Dezmirean, 

Tomos, Chirila, & Marghitas, 2015). 

(Samoilova, Muzyka, Lepekhina, 

Oktyabrsky, & Smirnova, 2014). 

gastrointestinal (Jarić et al., 2007; 

Lans, Turner, Khan, Brauer, & 

Boepple, 2007), (Martkoplishvili & 

Kvavadze, 2015), anticougulant, 

appetizer, antimicrobial, carminative 

(Mustafa et al., 2015). 

3 Artemisia 

absinthium 

 

Used to treat skin infections. 

Powder of ground aerial parts 

is taken with water taken to 

treat diabetes.  

Antimalarial (Cornara et al., 2014). 

antiinflammatory (Guarrera, 2005). 

antimicrobial, (Stanciuc et al., 2011) 

(Lopes-Lutz, Alviano, Alviano, & 

Kolodziejczyk, 2008). Antioxidant 

(Stankovic et al., 2016), (Mihajilov-

Krstev et al., 2014), (Moslemi, 

Hoseinzadeh, Badouei, 

Kafshdouzan, & Fard, 2012). 

Antiplasmodial (Ramazani, Sardari, 

Zakeri, & Vaziri, 2010), anticancer 

(Shafi et al., 2012). 

4 Dicliptera 

roxburghia

na  

Used to prevent sun stroke in 

buffalos  

(M. Ahmed, Husain, Sheikh, 

Hussain, & Siddiqui, 2006; Jain & 

Puri, 1984). 

5 Elaeagnus 

umbellata  

Fruit juice is taken as a cure to 

chronic liver problems 

including hepatitis B and C. 

(Yoshizawa & Murofushi, 2001) 

Antimicrobial; phytotoxic (Sabir, 

Ahmad, Hussain, & Tahir, 2007,  

{Aziz, 2015) antioxidant; 

antiprofilative (Wang, Bowman, & 

Ding, 2007). 

6 Gentiana 

Olivieri 

 

Used for ntiinflamatory effect. 

Aqueous xtract of leaves/root 

bark is inuculated for genetal 

herpes/infection in the 

Epilepsy (Aslan, Orhan, & Orhan, 

2011). Radical scavanging (Orhan, 

Hocbac, Orhan, Asian, & Ergun, 

2014) (Aktay et al., 2000). 

https://en.wikipedia.org/wiki/Achillea_millefolium
https://en.wikipedia.org/wiki/Achillea_millefolium
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genitalia of male child Immunomodulatory, 

hepatoprotective (Singh, & Noolvi, 

2012). 

7 Hedera 

helix 

 

Leaves are chewed before 

breakfast to cure diabetis.  

Antibacterial; antifungal; antioxidant 

(Lans et al., 2007), anthelmintic 

activity, (Eguale, Tilahun, Debella, 

Feleke, & Makonnen, 2007). 

Anticancer (Gumushan-Aktas & 

Altun, 2016). Antiviral (Song et al., 

2014) (Hong et al., 2015). 

Antileishmanicidic (Majester-

Savornin et al., 1991) 

8 Martynia  

annua  

Leaf extract is  gargled in sore 

throat.  Used to cure bronchitis 

and tuberculosis.    

(Dhingra et al., 2013) 

Wound healing (Lodhi, Jain, Jain, 

Pawar, & Singhai, 2016; Lodhi & 

Singhai, 2013) (Santram & Singhai, 

2011a)  

9 Nerium 

oleander  

Used for oral infections Antibacterial and anticancer (Obaid 

& Shihab, 2014), antidiabetic (Dey 

et al, 2015). 

10 Pyrus  

pashia  

Used against viral diseases. Antimicrobial; antioxidant (Saleem 

et al., 2016),  

11 Berberis 

lyceum 

Roots bark is used various 

types of infections 

Ethnoveteernary uses (Lans et al 

2007,2008), antimicrobial, 

(Mehmood et al 2016). 

12 Sarcococa 

saligna 

Root extract is used to treat 

toothache. Used against fevers 

Antimicrobial (Mollazadeh 

Moghaddam et al., 2010; A. Rahman 

et al., 1998). Antispasmodic (Giliani 

et al., 2005), hypertension (Ahmad 

et al., 2015), Cardiosuressant, 

Vassodilator (Ghayur & Gilani, 

2006),Hypertension (Ahmad et al., 

2015) 

13 Rumax 

hastatus 

 Crushed aerial parts are used 

to treat vomiting and nausea 

Antioxidant, antitumor, 

antimicrobial (Ahmad, Ullah, Ayaz, 
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 associated with inhaling some 

poisnous material or (probably 

due to food poisoning) 

antidote to adverse drug 

reaction. 

Sadiq, & Imran, 2015, Ahmad, 

Ullah, Ayaz, et al., 2016, Sahreen, 

Khan, & Khan, 2014). Dental 

problems (Rahman et al., 2016), 

antipyretic, antiinflammatory; 

(Sumitra Singh, Kaur, & Sharma, 

2013). 

14 Verbascum 

Thapsus 

 Leaves are heated up in oil 

and applied with turmeric and 

onion External injuries. 

Antiviral (Escobar, Sabini, Zanon, 

Tonn, & Sabini, 2012,  McCutcheon 

et al., 1995; Rajbhandari et al., 

2009; Zanon, Ceriatti, Rovera, 

Sabini, & Ramos, 1999), (Escobar et 

al., 2012). Anticancer (Kashan et al., 

2015; Lin, Liu, Chiang, & Lin, 

2002). Antilice, flees and earache 

(Lans, Turner, & Khan, 2008).  

15 Zanthoxylu

m armatum 

 

Fruit is chewed for oral 

infections 

Antioxidant (Barkatullah et al., 

2013), ntibacterial (Alam, Najum Us 

Saqib, & Waheed, 2017), anticancer 

(Bisht, Mishra, Sah, Joshi, & 

Mishra, 2014; S. Joshi & Gyawali, 

2012),(T. D. Singh et al., 2015) 
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Table 4.4: Plant species tested with a description of parts used, extraction solvent, and percent yield obtained for each extract 

Species Voucher  

ID 

GEO Acc. N. Part  

Used 

Extract 

 solvent 

Solvent  

ID 

Percent Yield 

Nerium oleander FK-102 22199 Leaves 1292 EtOH 14.72% 

    1298 dH2O 15.81% 

Artemisia absinthium  FK-106 22195 Aerial parts 1308 EtOH 17.68% 

    1311 dH2O 11.89% 

Berberis lyceum FK-105 22196 Root 1289 EtOH 13.94% 

    1295 dH2O 7.5% 

Gentiana olivieri FK-104 22197 Aerial parts 1293 EtOH 9.68% 

    1299 dH2O 6.54% 

Swertia chirata  FK-103 22198 Whole plant 1291 EtOH 6.67% 

    1297 dH2O 20.25% 

Martynia annua FK-735 -- Fruit 1310 EtOH 7.92% 

    1312 dH2O 2.41% 

Adiantum capillus 

veneris 

FK-108 22194 Whole plant 1294 EtOH 3.19% 
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Pyrus pashia  FK-101 22200 Fruit 1309 dH2O 18.44% 

    1322 EtOH 2.38% 

Zanthoxylum armatum FK-73 22201 Fruit 1290 EtOH 7.50% 

    1296 dH2O 7.27% 
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Table 4.5: ESKAPE pathogens tested and their corresponding antibiotic resistance profiles as reported by the source provider (BEI 

Resources or CDC AR Bank) or as determined by antibiotic disc diffusion test (for AMC, IPM, PIP, RA, SXT, and TET) following CLSI 

breakpoints. 

Species 1 Strain ID Alternate ID Antibiotic resistance profile Other characteristics 

Acinetobacter 

baumannii 

CDC-33 AR-BANK #0033 CAZ, CIP, CRO, CTX, DOR, FEP, GEN, IPM, 

LVX, MEM, SAM, SXT, TOB, TZP 

reduced susceptibility, elevated 

carbapenem MICs 

 EU-24 Naval-81; NR-17786 PIP, SXT, TET, TZP,   

Enterobacter 

aerogenes 

CDC-7 AR-BANK #0007 AMC, AMP, ATM, CAZ, CFZ, CIP, CRO, 

CTX, ETP, FEP, FOX, LVX, SAM, TET 

reduced susceptibility, elevated 

carbapenem MICs 

Enterobacter 

cloacae 

CDC-32 AR-BANK #0032 AMC, AMP, ATM, CAZ, CFZ, CRO, CTX, 

ETP, FEP, FOX, IPM, MEM, SAM, SXT, TZP 

reduced susceptibility, elevated 

carbapenem MICs 

Enterococcus 

faecium 

EU-44 HM-959; Strain 513 AMC, RA, SXT, TET, TZP  

 EU-49 NR-31915; Strain 

E0164 

AMC, GEN, TET, SXT, TZP, VAN  

Klebsiella 

pneumoniae 

EU-32 NR-15410 AMC, PIP, SXT, TZP Contains β-lactamase K. pneumoniae 

carbapenemase (blaKPC) gene 

 CDC-76 AR-BANK #0076 AMC, AMP, CAZ, CFZ, CTX, DOR, FEP, 

FOX, GEN, IPM, MEM, SAM, SXT, TOB, 

reduced susceptibility, elevated 

carbapenem MICs 
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TZP 

Pseudomonas 

aeruginosa 

CDC-54 AR-BANK #0054 CAZ, FEP, GEN, IPM, LVX, 

MEM, TOB, TZP 

 

 PAO1 AH-0071   

Staphylococcus 

aureus 

LAC AH0845 OXA, PIP PFGE: USA300; CA-MRSA 

 UAMS-1   Osteomyelitis clinical isolate; prototype biofilm isolate 

 UAMS-929   Isogenic ΔsarA mutant of UAMS-1, biofilm deficient 

control strain 

 AH1677   agr I yfp reporter strain (chloramphenicol resistant) 

 AH430   agr II yfp reporter strain 

 AH1747   agr III yfp reporter strain 

 AH1872   agr IV yfp reporter strain 

 NRS232 HT20020065 ERY
I
, GEN, PEN agr I, egc+, (lukS-lukF PVL)+, hlg+; associated with 

necrotising pneumonia 

 NRS242 HT20020238 ERY
I 
, PEN agr IV, egc+, (lukS-lukF PVL)+, (lukE-lukD)+, hlgv+; 

associated with impetigo 

 NRS245 HT20020320; NR-46038 CIP, OXA, PEN agr I, sea+, sed+, (lukE-lukD)+, hlgv+; associated 

with impetigo; SCCmec type IV 

 NRS249 HT20020341; NR-46042 CIP, CLI, ERY, GEN, agr I, sea+, (lukE-lukD)+, hlgv+ associated with 
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OXA, PEN  native valve endocarditis; SCCmec type IV 

 NRS385 95938;  

NR-46071 

CIP, CLI, ERY, GEN, 

LVX, SXT, TET 

agr I; PFT is USA500, MLST is ST8, spa type is 

YHGCMBQBLO, SCCmec IV; sea+, seb+; HA-

MRSA 

 

*
Resistance: AMC: amoxicillin-clavulanic acid, AMP: ampicillin, ATM: aztreonam, CAZ: ceftazidime, CFZ: cefazolin, CIP: ciprofloxacin, 

CLI: clindamycin; CRO: ceftriaxone, CTX: cefotaxime, DOR: doripenem, ETP: ertapenem, FEP: cefepime, FOX: cefoxitin, GEN: 

gentamicin, IPM: imipenem, LVX: levofloxacin, MEM: meropenem, OXA: oxacillin, PEN: penicillin, PIP: piperacillin, RA: rifampicin, 

SAM: ampicillin-sulbactam, SXT: trimethoprim-sulfamethoxazole, TET: tetracycline; TOB: tobramycin, TZP: piperacillin-tazobactam, 

VAN: vancomycin. Any antibiotics denoted with an 
I
 indicates intermediate resistance
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Table 4.6: Summary of organic (EtOH) and aqueous extracts exhibiting growth inhibition ≥ 50% (IC50) against ESKAPE pathogens when screened at 

256 µg mL
-1

. “+”: growth inhibition ≥ 50% in comparison to vehicle control; “-“: < 50% growth inhibition in comparison to vehicle control 

Plant 

Species 

Extra

ct ID 

A. 

bauma

nii  

E. 

aerog

enes  

E. 

cloaca

e 

E. 

faeciu

m 

K. 

pneumon

iae 

P. 

aerugino

sa 

S. 

aureu

s 

                   

              

    

  CDC-

33 

EU-24 CDC-

7 

CDC-

32 

EU-44 EU-49 EU-32 CDC

-76 

CDC-

54 

PAO1 LAC UAMS-1 

N. oleander 1292 - - - - - - - - - - - - 

 1298 - - - - - - - - - - - 

A. 

absinthium 

1308 - - - - + + - - - - - + 

  1311 - - - - - - - - - - - - 

B. lyceum 1289 - - - - - - - - - - - - 

  1295 - - - - - - - - - - - - 

G. olivieri 1293 - - - - - - - - - - - - 

  1299 - - - - - - - - - - - - 

S. chirata 1291 - - - - - - - - - - + - 

  1297 - - - - - - - - - - - - 
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M. annua 1310 + - - - + - + - - - + + 

  1312 - - - - - - - - - - - - 

A.  

capillus-

veneris 

1294 - - - - + + - - - - + + 

P. pashia 1309 - - - - - - - - - - - - 

  1322 - - - - - - - - - - - - 

Z. armatum 1290 - - - - + + - - - - + + 

  1296 - - - - - - - - - - - - 

 

 

Enterococcus faecium (EU44 and EU49) was noted in the EtOH extracts of Z. armatum, A. capillus-veneres, A. absinthium, M. annua and 

S. chirata (Fig. 4.7).  
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Figure 4.8: Dose response of 4 plant extracts viz Z. armatum, A. capillus veneres , 

A. absinthium and M annua against two strains of (A) S. aureus (UAMS-1 and 

LAC 845). and (B) E. faecium strains (EU-44 and eu-49). 

4.4 ANTIBACTERIAL ACTIVITIES  

4.4.1 Growth Inhibition 

The ability of each extract to inhibit the growth of the bacterial strains under 

study was assessed. Crude extracts of the selected plant species (Table 4) were 

screened against ESKAPE pathogens at a concentration of 256 µg mL
-1

. None of 

the extracts exhibited an MIC50 against Enterobacter aerogenes (CDC-7), 

Enterobacter cloacae (CDC-32), or Pseudomonas aeruginosa (CDC-54 or PAO1) 

at the highest concentration tested (256 ug mL
-1

), Fig. 4.7.  
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None of the aqueous extracts exhibited an MIC50 against of the strains tested 

at 256 ug mL
-1

. The EtOH extract M. annua was the only one to exhibit an MIC50 

against Acinetobacter baumannii (256 ug mL
-1

) against one strain (CDC-33), but 

not the other (EU-24). M. annua also exhibited an MIC50 at 256 ug mL
-1 

for one 

strain of E. faecium (EU-44), one strain of Klebsiella pneumonia (EU-32), and both 

strains of Staphylococcus aureus (LAC and UAMS-1). Z. armatum and A. capillus-

veneris EtOH extracts both exhibited an MIC50 (256 ug mL
-1

) against both strains 

of E. faecium and S. aureus tested. The other plant species tested (N. oleander, B. 

lycium, G. oliverieri and P. pashia) did not meet the threshold of 50% inhibition of 

growth at the maximum concentration tested (256 ug mL
-1

). None of the extracts 

tested reached an MIC90. Dose dependent inhibition of S. aureus (LAC and UAMS-

1)  

4.4.2 Impact on S. aureus Biofilm Formation 

Modest biofilm inhibitory activity was noted among organic extracts when 

screened at 256 µg mL
-1

. Most extracts, however, had no significant effect on 

biofilm formation (Fig. 4.10). Z. armatum extract (1290) exerted the greatest 

biofilm inhibitory activity of all, exhibiting a modest dose-dependent response. 

However, 1290 never reached an MBIC50 at concentrations below its MIC50 of 256 

µg mL
-1

, suggesting the modest effects may simply be due to its moderate growth 

inhibitory activity against S. aureus (Fig.4.8) 

 

Figure 4.9: Biofilm inhibition activity of plant extracts in UAMS-1, as a factor 

measurement of OD at 595 nm at con. 256µgmL
-1

 using microtiter plate reader. 
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A. B. 

 (A) Biofilm inhibition in response to 1290 (Z. armatum EtOH fruit extract) at 

concentration rang of 256-10 µgmL
-1

 as compared to 220D-F2, (a previously 

reported extract as a strong biofilm inhibiting agent) and UAMS-929 a mutant 

biofilm deficient strain (B) Growth inhibition of the strain at concentrations 256-10 

µgmL
-1 

as compared to the controls. 

4.4.3 Quorum Quenching Activity 

Quorum sensing inhibitory activity, or quorum quenching, was studied in 

four reporter strains of S. aureus representing the four agr subtypes (agr I-IV). 

Significant quorum sensing inhibition activity was revealed by screening the 

extracts at 256 µg mL
1
. In particular, the EtOH extract of Z. armatum (1290) 

exhibited an IC90 at 256 µg mL
-1

 when tested against the agr I reporter strain. A 

modest inhibition of quorum sensing by B. lycium, N. oleander and A. capillus-

veneris extracts was also observed (Fig. 4.9 a). 224C-F2c, a previously reported 

extract with potent quorum quenching activity, was used as the positive control. Z. 

armatum, the most active extract, was then tested against all four agr subtypes in a 

set of dose response experiments (Fig. 4.9 b).  

4.4.4 Impact On Δ-Toxin Production 

To authenticate the quorum sensing inhibitory activity exhibited by extract 

1290 (Fig. 4.9) from Z. armatum, we assessed the activity of the extract against six 

strains of S. aureus known to be high toxin producers for the ability to inhibit delta-

toxin production, a marker of virulence (Table 3). The extracts were tested at 64 
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and 256 µg mL
-1

 with vehicle (DMSO) and 224C-F2c employed as controls. Delta-

oxin production was quantified by a reverse-phase high-performance liquid 

chromatography (RP-HPLC) method of the bacterial supernatants following 

treatment. It was observed that at both doses, the extract significantly inhibited 

toxin production (Fig 4.10) against most of the strains studied. 

 

 

Figure 4.10: Quorum quenching activity of extracts on S. aureus agr reporter 

strains. Extracts were screened against an agr I reporter strain of S. aureus 

(AH1677) at a concentration of 256 µg mL
-1

. Growth was measured by OD, and 

quorum sensing activity by FLD. Vehicle (water and DMSO) and positive extract 

(224C-F2) was included: A) EtOH extracts B) aqueous extracts. Significance was 
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determined in comparison to the vehicle control, with *: p < 0.05; ** p < 0.01; and 

*** p < 0.001. 

 

Figure 4.11: The active extract 1290 (Z. armatum EtOH fruit extract) was 

examined in dose response assays against agr I-IV reporters in comparison to the 

positive control (224C-F2), reported as %FLD of vehicle control 
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Figure 4.12: Figure: Impact of the 1290 (Z. armatum EtOH fruit extract) on δ-toxin 

production (measured by HPLC) in six strains of hypervirulent S.aureus 

Significance was determined in comparison to the vehicle control (DMSO), with *: 

p < 0.05; ** p < 0.01; and *** p < 0.001. 224C-F2, a bioactive fraction of Castanea 

sativa leaf extract (Quave et al., 2015), was used as a positive control (tested at 64 

µg mL
-1

). 

4.4.5 Mammalian Cytotoxicity 

Human skin keratinocytes (HaCaTs) were exposed to the aqueous and 

organic extracts to assess potential cytotoxic effects on mammalian cells. As the 

data shows (Fig: 4.11), all treatments were well tolerated by the cell line when 

tested at a concentration of 100 µg mL
-1

. The ethanolic extract of Z. armatum, 

owing to its promising anti-virulence activities was examined for a dose response 

trial at a dose range of 8-1024 µg mL
-1

. The extract exerted very moderate toxic 

effects at highest doses. 
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Figure 4.13: Cytotoxicity of extracts in a human keratinocyte (HaCaT) cell line by 

LDH assay for cell viability. A) Organic and aqueous extracts were screened at 100 

µg mL
-1

. Significance was determined in comparison to the vehicle control 

(DMSO), with *: p < 0.05; ** p < 0.01; and *** p < 0.001. B) Extract 1290 was 

examined by dose response study from 8-1024 µg mL
-1

. 

4.4.6 High performance Liquid Chromatography (HPLC) 

EtOH extracts of Z. armatum, A. capillus-veneris and A. absinthium were 

characterized by HPLC. During time point of 90-120 minutes two sharply 

separating peaks were observed followed by a large number of small peaks 

representing a large no of chemical compounds 
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Figure 4.14: HPLC chromatograms at 254 nm of EtOH extracts of A) Z. armatum 

fruits (1290); B) A. capillus-veneris whole plant (1294); and C) A. absinthium 

aerial parts (1308). 

4.4.7 Liquid-Chromatography Mass-Spectroscopy 

LC-FTMS was performed on EtOH extract of Z armatum (1290), the most 

bioactive extract. For chromatography, the same sample preparations, HPLC 

column, and mobile phases were used as in the previously described HPLC method 

(Fig. 4.12). Z. armatum was selected for further analysis by LC-FTMS, which 

revealed the presence of 29 major compounds with relative abundance > 1% 

(Fig:4.13).  
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Putative matches based on isotopic analysis and database searches were 

possible for 8 of these: (1) threo-3-methoxy-5-hydroxy-phenylpropanetriol-8-O-β-

D-glucopyranoside, (4) 3-[[6-O-(6-deoxy-α-L-mannopyranosyl)-β-D-

glucopyranosyl]oxy]-2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4H-1-benzopyran-4-

one, (9) 6'-methoxy-(8α,9R)-cinchonan-9-ol, (15) N-(2,3-dihydroxy-2-

methylpropyl)-2,6,8,10-dodecatetraenamide, (21) 3,5,7-trihydroxy-8-methoxy-2-

(4-methoxyphenyl)-4H-1-benzopyran-4-one, (24) N-(2-methylpropyl)-2,6,8,10-

dodecatetraenamide, (26) N-(2-methylpropyl)-2,4,8,10,12-tetradecapentaenamide, 

(27) 9,12,15-octadecatrienoic acid (Figure 4.14, Table 4). 

 

Figure 4.15: LC-FTMS ESI negative and positive base peak chromatograms for 

EtOH extract of Z. armatum. All peaks correspond to data presented in Table 4.?) 

Putative structural matches are listed by peak number. 
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Figure 4.16: Putative structural matches of chemical compounds corresponding to 

molecular formulae. Putative matches based on isotopic analysis and database 

searches were possible for 8 of these: (1) threo-3-methoxy-5-hydroxy-

phenylpropanetriol-8-O-β-D-glucopyranoside, (4) 3-[[6-O-(6-deoxy-α-L-

mannopyranosyl)-β-D-glucopyranosyl]oxy]-2-(3,4-dihydroxyphenyl)-5,7-

dihydroxy-4H-1-benzopyran-4-one, (9) 6'-methoxy-(8α,9R)-cinchonan-9-ol, 

(15) N-(2,3-dihydroxy-2-methylpropyl)-2,6,8,10-dodecatetraenamide, (21) 3,5,

7-trihydroxy-8-methoxy-2-(4-methoxyphenyl)-4H-1-benzopyran-4-one, (24) N-

(2-methylpropyl)-2,6,8,10-dodecatetraenamide, (26) N-(2-methylpropyl)-2,4,8,

10,12-tetradecapentaenamide, (27) 9,12,15-octadecatrienoic acid 
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Table 4.7: Putative structural matches of chemical compounds corresponding to 

molecular formulae. 

Peak # Formula (Δ ppm)
a
 Putative Compounds  

1 C16H24O10 (0.3) threo-3-methoxy-5-hydroxy-phenylpropanetriol-8-O-β-

D-glucopyranoside 

4 C27H30O16 (1.4) 3-[[6-O-(6-deoxy-α-L-mannopyranosyl)-β-D-

glucopyranosyl] oxy]-2-(3,4-dihydroxyphenyl)-5,7-

dihydroxy-4H-1-benzopyran-4-one 

9 C20H24N2O2 (-2.0) 6'-methoxy-(8α,9R)-cinchonan-9-ol 

15 C16H25NO3 (-0.5) N-(2,3-dihydroxy-2-methylpropyl)-2,6,8,10-

dodecatetraenamide 

21 C17H14O7 (-0.7) 3,5,7-trihydroxy-8-methoxy-2-(4-methoxyphenyl)-4H-1-

benzopyran-4-one 

24 C16H25NO (-0.1) N-(2-methylpropyl)-2,6,8,10-dodecatetraenamide 

26 C18H27NO (0.05) N-(2-methylpropyl)-2,4,8,10,12-tetradecapentaenamide

  

27 C18H30O2 (0.2) 9,12,15-Octadecatrienoic acid 

4.5 ANTICANCER ACTIVITIES 

4.5.1 Cytotoxicity Against Human Skin Cancer Cell Line (A-375) 

Human skin cancer cell line was exposed to the plant extracts for 24 hrs. at 

a concentration of 100µgmL-
1
. Cells were seeded in DMEM media for 48 hrs. and 

≥80% confluence was achieved. It was observed that cancer cells were toxified by 

organic extracts resulting the liberation of lactase dehydrogenase enzyme (LDH). 

That gives a quantitative measurement of cell death. N. oleander showed maximum 

activity followed by M. annua and Z. armatum. However, none of the extract could 

attain an IC50. Aqueous extract on the other hand showed little to no effect on the 

cells. 
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Figure 4.17: Mean values of % viability of cancer cell human skin cancer cell line 

(a-375) after 24 hrs. of treatment with the plant extracts. 

4.5.2 Cytotoxicity Against Human Lung Epithelial Cancer Cell Line (A-549)  

In the same experiment, another cell line was also exposed to the plant extract 

at same concentration. M. annua exhibited very strong cytotoxic effect causing up 

to 100% cell death, followed by N. oleander. interestingly Aqueous extract of N. 

oleander also quenched cancer cells that showed a consistent potential of the extract 

against cancer cells. Z. armatum (EtOH ext) also showed moderate toxicity against 

this cell line too. 

Figure 4.18: Mean values of % viability of cancer human lung epithelial cancer cell 

line (a-549) after 24 hrs. of treated with the plant extracts 
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4.5.3 Cytotoxicity Against Human Breast Cancer Cell Line  

The plant extracts were also applied to human breast cancer cells using 

MTT1 assay in a dose response manner at concentrations 10,50,100 and 200 µgmL
-

1.
 The effect was observed after time points of 24, 48 and 72 hours. Inverted 

microscopy was carried out to record morphological changes in the treated cells. 

Previously designated labels were used in experiment to simplify data presentations 

in graphs. It was observed that, there was a uniform trend of high to low toxicity 

when doses were dropped. Time factor in general was also linear i.e. toxic effects 

of the extracts to cells were increased from 24 hrs. to 48 and 72 hrs. N. oleander 

(EtOH Extract) was consistent in toxicity to the cells, achieved IC50-90 against the 

cell line. This effect is clearly seen in photographs of the treated cells as compared 

to control (figure 4.18). Interestingly, extract 1298 (aqueous) also exhibited 

promising anticancer activity (Figure 4.23-4.25). On the other hand, extract 1299 

(Aqueous extract of G. oleiveri) showed some toxic activity after 24 hrs. of 

treatment unlike 1293 (EtOH extract). However, this activity was not maintained at 

time points of 48 and 72 hrs. Other significant activity was noted for 1289 (EtOH) 

extract of B. lyceum. Cell death up to 90% was caused by higher concentrations of 

this extract particularly at time point of 72 hrs. Extract 1310 (EtOH) of M. annua, 

(EtOH) extract of A.absinthium. (Figure 4.16-4.18). Morphological changes, 

governed by time and concentration in the treated cells can be compared to control 

(Figure 4.19-21). 
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Figure 4.19: Viability %age as compared to control of cancer cells treated with 

plant extract (organic) at concentration 10, 50,100,200 µgmL
-1. 

Figure 4.20: Viability %age as compared to control of cancer cells treated with 

plant extract (organic) at concentration 10, 50,100,200 µgmL
-1 
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Figure 4.21: Viability %age as compared to control of cancer cells treated with 

plant extract (organic) at concentration 10, 50,100,200 µgmL
-1 

 

Figure 4.22: Images of cells treated at concentration 10,50,100 and 200 µgmL
-1

 of 

extract 1292 (aqueous extract of N. oleander) cells after 24, 48 and 72 hrs. 
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Figure 4.23: Images of cells treated at concentration 10,50,100 and 200 µgmL
-1

 of 

extract 1289 (EtOH extract of B. lycium) cells after 24, 48 and 72 hrs. 

 

Figure 4.24: Images of cells treated at concentration 10,50,100 and 200 µgmL
-1

 of 

extract 1308 (EtOH extract of A. absinthium) cells after 24, 48 and 72 hrs. 
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4.5.4 Cytotoxicity of Aqueous Against Human Breast Cancer Cell Line 

On the other hand, extract 1299 (Aqueous extract of G. oleiveri) showed some 

toxic activity after 24 hrs. of treatment unlike 1293 (EtOH extract). However, this 

activity was not maintained at time points of 48 and 72 hrs. Other significant 

activity was noted for 1289 (EtOH) extract of B. lycium. Cell death up to 90% was 

caused by higher concentrations of this extract particularly at time point of 72 hrs. 

Extract 1310 (EtOH) of M. annua, (EtOH) extract of A.absinthium. (Figure 4.16-

4.18). Morphological changes, governed by time and concentration in the treated 

cells can be compared to control (Figure 4.19-21). It can be observed that, cell 

morphology was changed after 24 h when observed by inverted microscope. After 

72 h a visible cytological change can be observed in the form of clumps of lysed 

cell.  

 

Figure 4.25: Viability %age as compared to control of cancer cells treated with 

plant extract (organic) at concentration 10, 50,100,200 µgmL
-1 

 

Figure 4.26: Viability %age as compared to control of cancer cells treated with 

plant extract (organic) at concentration 10, 50,100,200 µgmL
-1 
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Figure 4.27: Viability %age as compared to control of cancer cells treated with 

plant extract (organic) at concentration 10, 50,100,200 µgmL
-1

.  

 

Figure 4.28: Images of cells treated at concentration 10,50,100 and 200 µgmL
-1

 of 

extract 1292 (aqueous extract of N. oleander) cells after 24, 48 and 72 hrs. 
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4.6 ANTIOXIDANT ACTIVITIES 

4.6.1 Total Reducing Power 

Total reducing potential of all the plant extracts was measured as ascorbic acid 

equivalents.  Standard curve was determined beforehand as a measure of 

absorbance at concentration 1.56-100. It was observed that EtOH extract of A. 

capillus veneres contain 300 µg of reducing agent as gallic acid equivalents. Other 

significant activity was noted for EtOH extract of N. oleander followed by S. 

chiriata. Both EtOH and aqueous extracts of P. pashia exhibited significant 

reducing activity. The aqueous extracts of other extracts generally contain moderate 

to lower reducing activity in general. 

 

Figure 4.29: Total reducing power of the plant extracts as measured as Ascorbic 

acid equivalents. 

4.6.2 DPPPH Radical Scavenging Activity of EtOH Extracts 

Ability of plant extracts to scavenge DPPH radical was assed using DPPH 

radical scavenging assay at concentrations 100-400 µLmg
-1

 of plant extracts. It was 

observed that organic extracts of Z. armatum and P.pashia maintained ≥50% 

scavenging activity on concentrations 400,300,200 µLmg
-1

 of plant extracts. 

Highest concentrations was seen scavenging the radicals for all the extracts except 

B.lyceum, that in fact was the least effective plant extract (figure 4.27). 
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Figure 4.30: % radical scavenging activity of the plant extracts measured as ascorbic acid 

equivalents. 

4.6.3 DPPPH Radical Scavenging Activity (aqueous extracts) 

It was noted that aqueous extracts of all the plant extracts except B. lycium 

scavenged free radicals 

 

Figure 4.31: DPPH radical scavenging activity (%) of the plant extracts (aqueous) 

as measured on as Ascorbic acid equivalents 
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4.6.4 Inhibitory Concentration of 50 %(IC50) for DPPH Radicals 

EtOH and aqueous extracts were tested in a quantitative manner, i.e. µg/mg of 

plant extract required to quench 50% of the free radicals. It was noted that, 244.8 

and 200.3 µg of EtOH and aqueous extracts was required to achieve IC50 of the 

radicals. Other significant finding was < 150 µg of extract required to attain IC50 by 

EtOH extract of Z. armatum. B. lycium on the other hand could quench 50% of free 

radicals on concentration of > 1000 µgmg
-1

 of the plant extract. 

 

Figure 4.32: IC50 of Aqueous and organic extracts 

4.6.5 Total Phenolic Contents 

The plant extracts were analyzed for quantification of total phenolic contents to 

follow probable relationship between bioactivity and chemical composition of the 

extract. Total phenolic contents were measured as gallic acid equivalents of 

extracts. It was seen that, B. lyceum contained maximum phenolic contents 

followed by Z. armatum, P. pashia and N. oleander respectively. 
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Figure 4.33: Total phenolic contents in the plant extracts (measured as gallic acid 

micrograms per mg of plant extract).   

4.6.6 Total Flavonoids 

Total flavonoid contents in the plant extract were measured as quercetin 

equivalents of plant extracts.  EtOH extract of B. lycium, A. capillus veneres and N. 

oleander contain maximum flavonoid contents. EtOH and aqueous extracts of 

P.pashia was reported for more  flavonoid contents at average as compared to all 

other extracts. Aqueous extracts in general contain insignificant flavonoid contents. 

 

Figure 4.34: Total Flavonoid contents in the plant extracts (measured as quercetin 

micrograms per mg of plant extract) 
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CHAPTER 5 

DISCUSSION

It was observed that, study area has a diverse vegetaion where a field 

collection of 101 plants was represented by 62 plant families. Previosly, 58 

medicinal plants from 33 families were reported during a study conducted in the 

area.  (Ishtiaq et al., 2015). Herein we have reported traditional ethnobotanical uses 

of 101 plant species. Previously, similar uses for many of the plant species were 

cited in multiple studies performed in the surrounding area (Khan et al., 2010; 

Khan, Hussain, et al., 2012;  Khan et al., 2011; Khan, 2012) (Khan et al., 2011). 

Ethnobotany and conservation status of 168 medicinal plants from entire state of 

Azad Kashmir was reported (Bano, 2013). It is presumed that, altitude variation is 

one of the factors in floral richness of the area as the  area of merly few thousand 

square kilometers represents subropical (altitude 600 to 2100 m) to alpine type of 

climatic conditions. 

This study identifies leaves as the most widely used plant part for medicinal 

purposes, Our findings are in agreement with surveys conducted previously in 

surroundings areas (Amjad et al., 2017) in the region. Where 58 (68%) out of 85 

plant species were found to be used for theraputic purposes..  This indicates not 

only that there is a large number of medicinal plants in the local flora but also that 

local communities prefer to describe medicinal uses of the plant around them. 

Various studies from the region previously reported ethnobotanical surveys where 

the most prominent use of plants was also as medicine (Abbas et al., 2016; Khan et 

al., 2011). 

Methods of preparation of traditional botanical therapeutics give leads as to 

the optimal choice of solvent for pharmacological evalaution of a plant species. 

Here we found that preparation in the form of infusions, aqueous extracts and 

decoctiosn is most common (37%). herputic intake of plant species. Our findings 

are supported by previous studies conducted in the region{Amjad et al, 2017) 

Use value is a basic index that accounts for all possible uses of a plant 

species. A plant with high use value is often more commonly found and frequently 
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used; examples include Berberis lycium , Zanthxylym armatum and Teraxacum 

officinale . These findings are generally in agreement with the studies  conducted in 

the area (Ishtiaq et al., 2015). For example, B. lyceum has previously been reported 

as the most valued plant species in the area, and herein we report it as one of he 

most valued plants. Use value is a base line importance index that can be used to 

determine overall trend of plant uses. Higher use values at times contradict with 

novelity of plant uses as most commonly found plant is more frequently cited and 

valued by number of informants as compared to scarsly found novel plants. 

Our methodology discouraged use of reports on plant species involving 

agronomical or commercial use value; this was aimed to concentrate the study 

towards traditionally used plant species in particular. The cultural significance of a 

plant takes into accound its preference, use frequency and management (Hoffman 

& Gallaher, 2007). Mentha arvensis for example has the highest CSI value despite 

having a lower number of  citations possibily, due to restiricted occurrence along 

the water courses of high altitude temperate areas. Indeed, the locals prefer to use 

and manage M. arvensis for medicinal and food purposes. 

The Comparative review of plant uses with the literature from the region 

brings forward novel uses of a plant species in the area  for example  Adiantum 

capillus-veneres for UTIs. The plant is well studies previosly and has been reported 

for various other uses. Similarly,we have documented Gentiana oleiveri for genetal 

sores infections especially in young child again this is a widely known plant in 

ethnopharmacological circles but there is no such report with a good consensus 

among the informants.  Martynia annua is another very good example of rarely 

known plant species having reported for sore throat as we have reported in our 

article the plant has a strong antimicrobial potential (Khan et al, 2018) previosly. It 

was previosly reported by a couple of  indian researchers for wound healing effects 

(Lodhi et al, 2013, 2016).  On the other hand, similar uses reported from other parts 

of the world to what we report here, such as the antimalarial use of M. azadiracta 

(Mukungu et al., 2016; Nathan et al., 2006), authenticates a global consensus and 

depicts a certain pattern of ethnomedicinal knowledge across different parts of 

world. This approach is expected to globalize the regional plant use information 
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and can open the field for trans-regional research aveneues. Having an 

ethnobotanical profile, importance analyzed, and comparative review we ended up 

with 15 plant species likely to be evaluated biologically. In first phase, we 

performed bioassays in line with novel traditional use reported for these plants at 

large from the area. Basic critarion was medicinal significance and novelty 

however, seasonal availablity, apearant conservation status (as no scintific data was 

available form the area) and preference of locals took part in the selection process. 

The present study reports novel medicinal uses of certain plant species (Table:2.2) 

such as Adiantum Capillus-veneris a locally found fern, used to treat urinary tract 

infection by local inhabitants. The use report was confirmed when we screened A. 

capillus-veneres along with 8 other plant spesies against 12 multidrug resistant 

strains from 6 bacterial species. The EtOH extract of Adiantum. capillus-veneres 

exhibited an IC50 against 2 each strains of Enterococcus faecium and 

Staphylococcus aureus. Intersitingly, whereas an IC40 was maintained against P. 

auruginosa and Acinitobacter baumanii (Khan, 2018). It is repoted that, P. 

auruginosa is most virulent cause of UTIs (Seneca, 1981) Previously, the plant 

have been reported for the treatment of bronchitis, hair loss, inflammatory diseases, 

colds and skin diseases from Iran, Jordan and India (Al-Qura'n, 2009), (Kasabri et 

al., 2017; Rao et al., 2015). Gentiana olivieri is another plant reported here for 

genital infections in young children. We have seen a moderate growth inhibitory 

activity of EtOH and H2O extract of Gentiana olivieri in our trial. It was assumed 

that, traditional use report Gentiana olivieri migh get an appropriate answer in 

antiviral evaluation as most of the external genetal condition including herpers are 

cuased due to viral infections.  Previously it has been reported for hepetopotective 

activities from in turkish folk medicine (Aktay et al., 2000). We report Martynia 

annua  here for the treatment of sore throat and lung infections. Significant 

antibacterial activity was observed by EtOH extract of M.annua against gram 

negative (A. baumannii) and gram positive  (S. aureus and E.faecium)  with IC50-90 

. (Khan et al., 2018). Artemisia absinthium is a well-known plant species 

particularly as a source of Artimisin; a compound isolated for antimalarial activities 

(Njuguna, Ongarora, & Chibale, 2012). Here we report it for hypoglycemic effect, 

relief of gastric pain and anti-infective uses. Antiinfective activity of A. absinthium 
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was established in our recent trial against eskape pathogen where atleast 4 out of 12 

bacterial strains were succeptible to EtOH extract of A. absinthium (Khan et al., 

2018). Elagnus umbellata, a wild fruit-yielding shrub was reported in the current 

study for liver ailments and treatment of viral disease.previosly it has been reported 

for the treatment of cardiac problems, bacterial infections and as an astringent from 

Malayshia, and Pakistan (Sarver et al., 2009). 

   The second objective of this study was to screen out extracts of selected 

medicinal plants for bilogical  activities. As per general trend of uses reported for 

antiinfective activities, plant extraxts were tested for growth inhibitory activites. 

Emphasis was on virulence of resistant bacterial strains by studiying biofilm 

inhibitory, and quorum quenching activity. In the growth inhibition screen, while 

most of the sensitive strains were Gram positive, activity was also exerted against 

Gram negatives strains of Acinitibacter baumannii (CDC 33) and Klebsiella 

pneumoniae (EU 32). This trend is not without precedent, as other screens have 

also demonstrated the higher sensitivity of Gram positives to chemical 

antimicrobials (Norajit, Laohakunjit, & Kerdchoechuen, 2007) and herbal drugs 

(Sharifa et al., 2008). This sensitivity is likely due in large part to the greater 

permeability of Gram positive cell walls to xenobiotics as compared to those of 

Gram negatives (Zgurskaya, Löpez, & Gnanakaran, 2015). With the exception of 

the ethanolic extract of Z. armatum, inhibitory activity of all plant extracts 

decreased substantially with lower treatment concentrations.  The extract 

Zanthxylum armatum in fact maintained an IC50 of ≤128 µg mL
-1 

against all the 

strains studied. The aqueous extracts as a whole exerted little to no effect on 

bacterial growth. Aqueous extracts yielded similar results in a study conducted on 6 

native medicinal plants of Northern Iran (Koohsari, Ghaemi, Sheshpoli, Jahedi, & 

Zahiri, 2015).   

In terms of non-growth inhibitory mechanisms of action, the extract of 

Zanthoxylum armatum also exhibited the highest biofilm inhibitory and QQ 

activity, with the most pronounced being the latter. And with all this in vitro 

bioactivity, Zanthoxylum artmatum, as well as other Zanthoxylum species, are 

“generally recognized as safe (GRAS)” for oral use in humans (Pilna et al., 2015). 
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This safety was confirmed by the lack of cytotoxicity exerted by the extract on the 

HaCaT cell line in vitro even though at concentrations higher as 512 µg mL
-1

 

Traditionally, young shoots of Zanthoxylum armatum are used as chewing sticks in 

Pakistan for maintenance of oral hygiene.  

Even without knowing exactly the pathogens to which Zanthoxylum 

armatum has evolved its repertoire of anti-infective chemicals, the data indicates 

that it indeed possesses a multi-component chemical defense system capable of 

growth, biofilm, and quorum sensing inhibition. Although the non-growth 

inhibitory assays were performed only on Staphylococcus aureus strains as a 

preliminary step, the moderate anti-biofilm and high quorum quenching activities 

of Zanthoxylum armatum justify research on virulence mechanisms in other 

ESKAPE pathogens. Furthermore, while extract of Zanthoxylum armatum 

demonstrated very high in vitro activities across the board, this is no indication to 

exclude other extracts from further studies assessing biofilm, quorum sensing, and 

other effects. Indeed, other extracts that have been found to have poor growth 

inhibitory activity against a bacterial species, for example, have proven to exert 

strong anti-biofilm or quorum quenching effects against the same species (Quave et 

al., 2012; 2015). Although an array of moderate anti-infective effects may be found 

in a crude extract of a plant, fractionation of the extract could accentuate any one of 

those effects by yielding a fraction enriched with activity-specific chemicals. 

Hence, a limitation of this study is the inability to comprehensively assess the 

potential of each extract to exert different anti-infective activities on 

Staphylococcus aureus strains. Herein the anti-infective properties of 5 of the 9 

selected plant species have been confirmed by testing against ESKAPE pathogens. 

While this small group of bacteria is of great clinical relevance to humans, they 

may not represent the microbial niche to which the plants have adapted. As such, 

the study in no way demerits the other 4 plants’ use in Sudhnoti traditional 

medicine. Based on the findings of this study, the most potent activity uncovered 

was the quorum quenching activity of the ethanolic Zanthoxylum armatum extract 

against Staphylococcus aureus. The extract, therefore, is likely to contain a 

relatively high concentration of quorum quenching chemicals that may be 
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uncovered through bioassay-guided fractionation, and further study of this extract 

is merited. The objective of studying quorum quenching activity, as well as other 

anti-virulence activities, is to discover an anti-infective treatment that does not 

exert survival pressure for the development of treatment resistance. Through the 

process of bioassay-guided fractionation, enriched fractions should be sought that 

lack the chemicals responsible for the parent extract’s growth inhibitory effects. 

That way, a selectively quorum quenching composition may be isolated, 

representing a potential source of novel quorum quenching chemicals for drug 

development. 

The third objective of this study was evaluation of plant species for their 

activities againt oxidative stress and cancer. Owing to an established link between 

oxidative stress and cancer, bioassays for antioxidant activites were  carried out 

followed by quantification of some importamt secondry metabolites responsible for 

bioactivites. Previosly, plant extracts have been used as potential source for new 

antioxidants and novel cancer treatmet options i.e. saponins isolated from crude 

extract of Zanthoxylum armatum were found effective against human breast cancer 

cell lines (Alam et al., 2017). Preleminary analysis for antioxidant and anticancer 

activities of S. chirata reported it as a contender plant species for antioxidant 

activities(Naovi et al., 2013). Present study is in continuty to the quest for novel 

theraputic lead coumponds against oxidative stress and cancer.  

In current study, human skin, lung and breast cancer cells were exposed to 

different concentrations of plant extrats. The extracts of Nerium oleander (EtOH 

and aqueous extracts of Nerium oleander respectively) were the most consistant in 

causing cell death by their cytotoxic effects. Although the activity against skin  and 

lung cancer cells was lowered at low concentration but it was significantly 

efffective against human breast cancer cells. In follow up, dose response was also 

checked and confirmed the anticancer activity at lower doses. Morpholigical 

changes in the treated cells were clearly visible, showing cell death and release of 

cellular contents in extracellular environmet. It was promising to see this activity 

consistantly in aqueous extracts of the plant as well. Previosly Nerium oleander 

was also reported for anticancer effects (Al-Obaid, 2014). The growth inhibitory 
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and cytotoxic activities of eight different compounds from Nerium oleander 

including flavonoidal glycosids and triterpenes oleanderocioic acid were reported 

against human breast cancer cells (Siddiqui et al., 2012). Another study, conducted 

in china, has reported a new cardenolide diglycoside active aganst three human cell 

lines. Among those malignant tumor cells (VA-13) and human liver tumor cells 

(HepG2) were multi drug resistant (Zhao et al., 2011).  Nerium oleander has also 

been reported for significant antioxidant activity (Singhal & Gupta, 2012). 

Traditionally Nerium oleander is used for the treatment of oral infections and sore 

throat in small quantities i.e. tooth stick however,  intake in bulk is considered to be 

poisonous. Cytotoxic effect on living cells may be correlated to its overall toxicity. 

Though, activity against human skin keratenocytes (HaCaTs) in LDH assay 

confirmed non toxic nature of the plant extract. In follow up study we found that N. 

oleander has significantly high quantity of phenolic compounds. Previosly 

N.oleander has been reported for higher phenolic contents (Hussain et al., 2011).  

B. lyceum also showed a signficant activity against human breast cancer cells.  Our 

results are in good agreement with previously reported studies (Ali, Uddin, & Jalal, 

2015). Martynia annua is another plant with significant cytotoxic acitivty 

particularly against human breast cancer cell line. A review of ethnobotanical 

activities of Martynia annua revealed its pharmacological potential as 

neuroprotective, analgesic and antioxidant agent (Dhingra et al., 2013). However, 

wound healing property of flavoinoids isolated from Martynia annua won more 

attention of a research group working in India therby publishing successive articals 

(Lodhi et al., 2016; Lodhi & Singhai, 2013). We assume that this plant carries 

some novel metabolites that work in a sequential manner therby halting matastasic 

growth of cells somwhere upstream the proliferation pathway. EtOH extract of 

A.absinthium inhibited proliferation of  human breast cancer cell line uto 50% even 

at concentrations as low as 100 µgmL
-1

. Our findings are in agreement with the 

previous report where crude organic extract of Artemisia absinthium was found 

modulating intercellular signals therby inhibiting cell proliferation by MTT assay 

(Shafi et al., 2012).  
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Plants share similar machanism of production and elimination of reactive 

oxygen species. However, in response to varios biotic and abiotic stress factors, 

production and hence elimination of oxidative agents has largely evolved. 

Therfore, some plants are used by humans since ancient times as source of natural 

antioxidants.  Total reducing power of a plant extract is a baseline assesment of net 

in-vitro antioxidant potential of a plant species. EtOH extract of Adiantum capillus-

veneres has a reducing potential as high as 300 µg of ascorbic acid equivalents/mg 

of plant extract. Previously various fractions of two Adiantum species were 

evaluated for ferric reducing antioxidant power (FRAP) and it was recorded that 

ethanolic extract was most significant reducing agent among all the extracts tested 

(Ahmed et al., 2015). The antioxidant ability of a drug is being evaluated since last 

many decaded by using various assays. DPPH assay is a benchmark paramameter 

for antioxidant potential. We conducted  a dose response for EtOH and aqueous 

extracts ranging from 400-100 µgmg
-1

. At average, EtOH extracts of Zanthoxylum 

armatum, Gentiana olieiveri and Pyrus pashia scavanged upto 50% of free radicals 

at concnetration ≥ 200 µgmg
-1

. Our findigs are in agreement with previous studies 

on free radical scavanging activity of Zanthoxylum armatum  (Mehmood, 

Aurangzeb, Manzoor, & Fazal, 2013) (Zhou, Pu, Jiang, & Deng, 2014). 

Phtochemcial analysis of Zanthoxylum species has revealed the presence of several 

compounds that are linked to different bioactivities.  Simultunous quantification 

and identification of Zanthoxylum aramatum revealed the presence of twelve 

different compunds including vitaxin, isovitaxin, catechin and hesperadin (Bhatt et 

al., 2017). During present study we identified  9 different coumpounds including 

various amides and flavones and. Pyrus pashia is reprted as a good source of 

several natural antioxidants due to the presence of phenols, phenolics and carious 

glycosides(Siddiqui et al., 2015). Another study confirmed significant antioxidant 

activity with a corrolation to high phenolic contents in Pyrus pashia. A new 

phenolic glycosided along with 27 other comounds in a follow up analysis  

coumaroylarbutin was isolate DPPH radical scanvanging activity was assesed in a 

trial on five species of Gentiana including Gentiana Olieiveri. It was noted 

(Siddiqui et al., 2015) that, Gentiana verna has most effective antioxidant activity 

probably due to the presence of some characteristic compounds gentiopicricide, 
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swertiamarin, isoorientin, isovitexin and vitaxin(Senol, Yagci Tuzun, Toker, & 

Orhan, 2012). Antioxidant and antiinflammatory activity of Gentiana olivieri has 

also been confirmed in rat and mice models previosly. It is now established that 

isoorientin is the most significant compound responsible for bioactivity of 

Gentiana species. Quantitative analysis of different Gentiana species by HPLC-UV 

revealed that, leaves and floweres of Gentiana oliveiri contained maximum amount 

of isoorientin(Toker, Edis, & Yesilada, 2013). 
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SUMMARY 

District Sudhnoti has a diverse flora and rich folklore where a field 

collection of 101 plants represents 62 plant families out of which 58% are used for 

medicinal purposes. It was noted that, oral intake of plant extracts  in the form of 

infusions, aqueous filterates or decoction is most common recipe of application. 

However, use of aerial parts as vegetable was also found significant for locals 

having a food cum medicine  value for locals. This study identifies leaves as the 

most widely used plant part for medicinal purposes. It was recorded that, plant with 

high use value is often more commonly found and frequently used; examples 

include Berberis lycium , Zanthoxylum armatum and Teraxacum officinale. Plant 

species with high use value were often culturly significant as well as we noted high 

CSI values for Berberis lycium , Zanthoxylum armatum although, some othe rplant 

species such as Mentha arvensis has the highest CSI value despite having a lower 

number of  citations and hence lesser use value, possibly due to restiricted 

occurrence along the water courses of high altitude temperate areas. Indeed, the 

locals prefer to use and manage Mentha arvensis for medicinal and food purposes. 

Herein we report 15 plant species for novel uses recorded for the first time from the 

region. Thses plant species were subjected to a robust world view where few hits 

were found from other paerts of the world still rendering more than 10 plants novel 

for at least one each medicinal use.  Some startling uses for example are Adiantum 

capillus-veneres for UTIs, Gentiana oleiveri for genetal infections in male child, N. 

oleander for oral infections, Martynia annua for infections of upper respiratory 

tract and Zanthoxylum armatum for oral/skin infection leading to necrosis and 

tumor formation. Most of the use reports, when compared to previous studies were 

found repeatidly cited however. 

Adiantum capillus-veneris a locally found fern, used to treat urinary tract 

infection by local inhabitants. The use report was confirmed when we screened A. 

capillus-veneres along with 8 other plant spesies against 12 multidrug resistant 

strains from 6 bacterial species. The EtOH extract of Adiantum capillus-veneres 

exhibited an IC50 against 2 each strains of Enterococcus faecium and Staphyloccus 

aureus. Wheras, an IC40 was maintained against Pseudomonas auruginosa and 
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Acinitobacter baumanii. We have seen a moderate growth inhibitory activity of 

EtOH and H2O extract of G. olivieri in our trial. Significant antibacterial activity 

was observed by EtOH extract of M.annua against gram negative (Acinitobacter 

baumannii) and gram positive  (Staphylococcus aureus and Enterococcus faecium)  

with IC50-90 when tested at ( 256µgmL
-1

).  Antiinfective activity of Artemisia 

absinthium was established in our recent trial against eskape pathogen where 

atleast 4 out of 12 bacterial strains were succeptible to EtOH extract of Artemisia 

absinthium.  

After significant growth inhibitory activity, further inquiry against more 

specific targets of intersts was carried out for active plant extract. We found that, 

the extract crude ethanolic extract of Zanthoxylum armatum inhibited quorum 

sensing (IC50 ≤ 256 µg mL
-1

) in S. aureus. The ethanolic extract of 

Zanthoxylum armatum exhibited the most promising quorum quenching activity in 

our quorum sensing reporters (IC50 16-256 µg mL
-1

); this activity was further 

demonstrated in tests to assess bacterial delta-toxin production in the presence of 

the extract, with concentrations of 64-256 µg mL
-1 

sufficient to yield a significant 

drop in delta-toxin production. Chemical analysis of this extract revealed the 

presence of 32 chemical compound with 9 putative matches. The aqueous and 

organic extract of Nerium oleander showed very significant activity against human 

breast cancer cell line (MDA-MB) with an IC50-70 at concentration 100 µg mL
-1

 . 

Pyrus pashia exhibited very significant antioxidant potential even at concentrations 

as low as 100 µg/mL-
l
) High phenolic and flavonoid contents in Zanthoxylum 

armatum, Nerium oleander and Pyrus Pashia help understand their biological 

activities.  

In conclusion, more than 10 novel plant uses are a new start point for 

pharmacological evaluation. In a pilot project, we have reported five out of the nine 

selected plants as contenders for new potential for anti-infective agents having 

significant activity against MDR ESKAPE pathogens at concentrations not harmful 

to human keratinocytes. Furthermore, Zanthoxylum armatum was identified as a 

source of quorum quenching natural products and further bioassay guided 

fractionation of this species is merited. We have conducted a dose dependent 
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analysis for Nerium oleander for its anticancer effect where both aqueous and 

organic extract of the plant exhibited striking cytotoxixiy to cancer cell lines 

particulary MDA-MB (human breast cancer cell line). The activity was confirmed 

by inverted microscopic imaging where morphological/ cytological impact of the 

extracts can be seen on the cell structure. We have also got a promising group of 

antioxidant plant species led by  Pyrus pashia of which both aqueous and organic 

extract strongly quenched free redicals in-vitro. A phytochemical big picture 

somhow explained the bioactivity of above mentioned plant extracts for example P. 

pashia contained high phenolic and flavonoid contets followed by Zanthoxylum 

armatum,  Berberis lyecium and Nerium oleander. 

RECOMMENDATIONS 

 Study of floristic composition and phytosocialogical structure of the area is 

highly merited therby conservation status of medicinal plants could be 

established. 

 Biological evaluation of all the plant species with novel uses should be exteded 

beyond preleminary level by a) expanding panel of strains exposed, b) exposing 

more cell lines and c) by partitioning further the plant extract in a bioassay 

guided fractionation fashion 

 A comprehensinve phytochemical analysis is recommended with a clear aim of 

identification and isolation of active compunds.  
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