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Abstract 

In the current study Euphorbia wallichii was evaluated through pharmacognostic and 

phytochemical studies. Euphorbia wallichii was standardized pharmacognostically, revealed 

hypostomatic nature with anisocytic and paracytic stomata.  Vein islet vein termination number 

stomatal index and palisade ratio were determined as leaf surface constants. Powder drug of shoot 

and rhizome revealed various structures. The phytochemical evaluation showed the presence of 

alkaloids, glycosides, reducing sugars, phenols, proteins, flavonoids, tannins, saponins and 

phytosterols. Moreover, Green approach was employed to synthesize metallic nanoparticles, 

using phyto-organic molecules as reducing, capping and stabilizing agents. Both the shoot extract 

(SE) and rhizome extract (RE) were capable for the reduction of Ag+ (in AgNO3 solution) and 

Au+3 (in HAuCl4 solution) and capping the respective metals, leads to the synthesis and 

stabilization of AgNPs and AuNPs respectively. Both AgNPs and AuNPs were characterized by 

Uv_Vis spectrophotometer showing maximum absorption in the range of 400 to 500 nm and 500 

to 600 nm respectively. SEM revealed spherical morphology and diversity in size distribution of 

both SE and RE mediated AgNPs and AuNPs. XRD pattern confirm crystalline nature with fcc 

geometry. FTIR confirmed functional groups associated with the reduction of Ag+ and Au+3 and 

capping the synthesized nanoparticles. Elemental mapping of both AgNPs and AuNPs was 

sketched through EDX spectroscopes, which confirm the presence of elemental Au and Ag at 

different KeV energy levels. Acute toxicity assay validate that SE is more toxic than RE to 

experimental animals causing mortality at 1500mg/kg bw and 2000mg/kg bw respectively. 

Analgesic activity authenticates dose and time dependant analgesia, where NPs were more potent 

than their respective extracts alones. Generally, both SE and RE mediated AgNPs produced 

significant analgesia at 30 min of drug administration while SE and RE mediated AuNPs were 

more pronounced at 60 and 90 min of drugs administration. Muscle relaxant potential of SE, RE 

and their mediated AuNPs and AgNPs were also dose dependant. Nanoparticles were observed 

to be comparatively more efficient than the extracts alone. Generally, RE and RE mediated 

AgNPs and AuNPs exhibited more spasmolytic activity than SE and SE mediated AgNPs and 

AuNPs respectively. Lethal dose for 50% population (LD50) against Aedes egypti larvae for SE 

and Se mediated AgNPs and AuNPs were 8.23 µg/ml, 6.99 µg/ml and 11.08 µg/ml while for RE 

and RE mediated AgNPs and AuNPs were 34.03 µg/ml, 8.25 µg/ml and 14.33µg/ml respectively.  

Cytotoxicity against the shrimp’s larvae was dependent on dose concentration. The lethal dose 

of SE, SE mediated AgNPs and AuNPs for 50% (LD50) mortality of shrimp’s larvae population 

was15.53 µg/ml, 7.01 µg/ml and 6.60 µg/ml respectively. RE, RE mediated AgNPs and AuNPs 
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produced mortality of shrimp’s population with LD50 values of 24.17 µg/ml, 23.25 µg/ml and 

12.51µg/ml respectively. Extract from both parts and their mediated gold and silver nanoparticles 

exhibited a high degree of antioxidant under different times (30, 60 and 90 Min) of incubation. 

The reduction of DPPH in optical density at 517 nm was dependent on both dose concentration 

and time of incubation. Both SE, RE and their derived AgNPs and AuNPs produced promising 

bactericidal effect against Escherichia coli, Staphylococcus aureus, B. pumilus, Pseudomonas 

aeruginosa and Klebsella pneumoniae. Different bacterial strains showed variable response to 

various experimental treatments, where AgNPs of both SE and SE were more pronounced than 

AuNPs and extracts alone. Antifungal efficacy was tested against Candida albicans, Aspergillus 

flavus, A. paraciticus, Fusarium solani and A. niger. Fusarium solani was comparatively more 

resistant where A. niger was the most susceptible fungus amongst the used strains in the current 

experiment. Promastigotes of Leishmania tropica respond to SE, SE mediated AgNPs and 

AuNPs with LD50s as 34.73 µg/ml, 13.86 µg/ml and 21.3 µg/ml respectively, while RE, RE 

mediated AgNPs and AuNPs were potent against the L. tropica with LD50s as 69.73 µg/ml, 

27.30 µg/ml and 41.88 µg/ml respectively. Lemna minor bioassay validate that RE was more 

phytotoxic than SE and AuNPs were more toxic than AgNPs.  
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Chapter # 1 

INTRODUCTION 

1.1 Pharmacognosy 

Pharmacognosy is the study of “Definition, description and phytochemistry of natural drugs, 

typically medicinal plants or preparations derived from them” (Upton, 2010). Mojab (2006) 

defined Pharmacognosy as “the study of drugs that originate from the nature”. The term 

"Pharmacognosy" was firstly used in 1811 by an Austrian physician named Schmidt and by than 

by Crr. Anotheus Seydler in 1815 in his dissertation titled “Analecta Pharmacognostica” (Jones 

& Vincent, 1998). The science Pharmacognosy is much closely associated to both Botany and 

Chemistry and history entitles it to be the parent of both these sciences (Trease & Evans, 2002). 

Nature has been remained a prime source of medicinal agents since times immemorial and the 

history of phytomedicine is as old as the history of man itself (Shariff, 2001). Today 

Pharmacognosy is a highly specialized area of science that represents one of the major discipline 

of pharmaceutical education (Mojab, 2006). Phytotherapy was the only major system used for 

sustaining health till the discovery of synthetic organic molecules in 19th century (Ahmad et al., 

2006). Pharmacognosy has risen from the mysterious invocation of voodoo tribes who inherit the 

unwritten secret recipes of medicine. Similarly, Avicenna, Jorjani, Rhazes, and certain other 

physicians appeared during this era that used plants and their products as medicines to maintain 

human health (Mojab, 2006). The indigenous and traditional systems of phytomedicine like, 

Siddah, Ayurvedic and Unani, also have been in existence for several centuries. Following the 

turning of people to Islam in 7th century A.D, it resulted in the development and improvement in 

all sciences, especially in medicine (Negi et al., 2010; Joshi, 2011).  Medicinal plants are those 

which contain substances in their organs that can be used for curative purposes or which could 

act as precursors for the synthesis of drugs (WHO, 2003). Medicinal plants had always remained 

the prime source to get rid over diseases as evident from the ancient and recent ethnomedicinal 

literatures (Jain, 1999). 

Humans have relied on nature for medicine by using medicinal herbs throughout the ages and till 

today the employ of medicinal plants continue which is due to high cost and limited availability 

of modern allopathic medicines, medical and pharmaceutical services (Shabir et al., 2004). 

According to WHO, about 80% of the global population relies on traditional medicinal systems 

for their primary health needs (Negi et al., 2010; Joshi, 2011) and about 25 percent of the global 
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human population completely depend upon the traditional system of medicines for curing various 

ailments (Reddy, 2004). Despite of remarkable attainment in the field of pharmaceutics, synthetic 

medicines possess ill effects, due to which the significance of the “alternative treatment by 

natural products” has tremendously increased (Ali & Azhar, 2000).  

Phytomedicines are moving from frontier to a major stream, used by greater number of people 

who seek remedies for health with no or low side effects which is caused by synthetic medicines. 

In recent era, people of both developing and developed countries have paid considerable attention 

to bio & ecofriendly herbal products for curing and prevention of various human diseases 

(Dubeya et al., 2004). The significance of traditional medicine has gained support in recent past 

from the World Health Organization and other Organizations of international level that have been 

dynamically promoting it on a global level and now herbal medicine market has been revitalized 

and looking to be a new choice rather than an afterthought for curing various diseases (Rossi-

Bergmman, 2000). However, a key hindrance, which has stalled the acceptance of the herbal 

medicines in the developed countries, is the lack of proper documentation and strict quality 

control (Dahanukar et al., 2000).  Medicinal herbs are the indispensable source of therapeutic 

preparations, both curative and preventive. With the revival in the demand and consumption of 

medicinal herbs, World Health Organization renowned the need for their standardization and 

quality control (WHO, 2002). There are 4, 22,127 plant species on earth which are used as 

medicinal plant (Hassan et al., 2007). Pakistan has a diverse climatic and edaphic features and 

hence possesses species diversity in both flora and fauna, particularly Azad Kashmir, KPK and 

Baluchistan are considered to be rich in flora. Nearly 80% of the plants found in KPK have 

medicinal values (Ali & Qaiser, 2009). According to a general survey, flora of Pakistan 

comprising of 6000 species of angiosperms, out of which about four hundred to six hundred 

species are medicinally important (Hamayun et al., 2005). Pakistan is “quite rich in medicinal 

flora used by Hakims and in folklores. About 70% of our population lives in rural areas, often 

depend upon folkloric medicinal system. Unani medicinal system is dominant in Pakistan, also 

the ethnomedicinal uses of different plant species have extensively reported in the remote areas” 

(Ahmad et al., 2003). 

1.2 Pharmacognostic Study 

Plants play vital role in protecting human and cattle from diseases and thus playing leading role 

in healthcare system of both developed and developing countries (Nair et al., 2005). 

Pharmacognostic study is always taken as a preliminary step toward the standardization of crude 
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drugs. Standardization of drugs from natural source is a complex task because of the 

heterogeneous composition of drug source, which may be in the form of whole plant, different 

plant parts or some time as extracts and exudates obtained thereof. To ensure high degree of 

purity and quality of plant products, the first step is to ensure identity and quality of parental 

material authentically through their pharmacognostic evaluation. In recent few decades’ special 

attention has been paid towards standardization of herbal products of commence therapeutic 

significance (Wallis, 2005; Trease & Evans, 2002).  Standardization of whole medicinal plants, 

their parts or extracts is an indispensable necessity in order to authenticate quality control 

(Venkatesh et al., 2004). The preliminary and rather most important step towards standardization 

of plant derived drugs in fresh, dried or powder form, is the authentic Taxonomic identification 

of the concerned plant species (Springfield et al., 2005). The major hindrance for commercial 

scale preparation of herbal products are availability of authentic and quality raw materials, 

availability of drug standards and suitable procedure for drug standardization, formulations and 

quality control measures. This standardization procedure can be achieved by stepwise 

pharmacognostic evaluation (Agarwal, 2005), which includes organoleptic, histo-anatomical, 

morphological, physico-chemical, florescence and biochemical features (Shah et al., 2013; 

Nayak & Patel, 2010). Among the morphological parameters used for the identification and 

standardization of plant material are size, shape, surface, height, area etc, and organoleptic feature 

like taste, odour, colour etc (Patel et al., 2006). Morph-histological evaluation of medicinal plant 

such as type, size and distribution of cells and tissue and their arrangement makes preliminary 

step to establish diagnostic features (Youngken, 1950). The microscopic study of leaf surface 

and powder drugs which includes epidermal cells stomatal types and frequency, types of 

epidermal hairs (Trichome), number and arrangements of vascular bundles and palisade ratio 

etc., are important tools for authentication of plant and drug standardization (Mbagwu & Edeoga, 

2006). The unauthentic identification of medicinal herb and the mistaken substitution is a real 

danger in the preparation of herbal products. Some the closely allied herbs have so overlapping 

morphological features that they are often mistaken for one another. In these circumstances 

powder drug study is the mainstream tool determine histological characteristics and to assess 

their value in species identification (Opara & Elizabeth, 2004; Adeniyi & Jayeola, 2009).  

1.3 Phytochemistry 

Phytochemicals are biologically/pharmacologically active compounds other than the macro and 

micronutrients, found in plants, which have healing properties (Hasler and Blumberg,1999). 



22 
 

These phytochemicals are meant for the protection of plant from environmental hazards such as 

drought and other abiotic stresses, pollution, UV exposure, microbial, pathogenic attack and 

other biotic stresses (Mathai, 2000). These phytochemicals accumulate in various plant parts, 

such as in the stems, fruits, rhizomes, roots and leaves etc, and contribute to the plant’s aroma, 

color and flavor (Rajeshwar and Lalitha, 2013). Secondary Phytometabolites are important 

therapeutic agents of medicinal herbs (Wang et al., 2008). These phytometabolites includes 

alkaloids, flavonoids, glycosides, tannins, saponins, anthraquinones, anthocyanins, fixed and 

volatile oils, phenols etc. (Shah et al., 2013). Preliminary screening tests for these secondary 

phytometabolites play key role in the discovery of novel effective phytochemicals with the 

tendency to combat various illnesses (Moorthy et al., 2007). The phytochemical evaluation for 

secondary phytometabolites includes both quantitative qualitative and phytochemical tests. 

Qualitative phytochemical investigation tests are essential for the detection of various 

phytometabolites whereas quantitative tests are carried out for drugs quality evaluation, to detect 

exhausted or inferior drug (Jarald & Jarald, 2007; Rangari, 2002). The Knowledge about these 

phytochemicals is not only desirable for the discovery of novel curative agents but at the same 

time provide valuable information about the new sources of such economic materials as resins, 

gums, tannins, fixed & volatile oils and their precursors. Similarly, the knowledge of the 

phytometabolites is valuable in the discovery of the actual value of folkloric remedies (Mojab et 

al., 2003).  

1.4 Physicochemical assessment 

Physicochemical evaluation of drug in the form of nutritional and elemental analysis play pivotal 

role for standardization of the indigenous crude drugs (Fazal et al., 2011). It is a well-established 

fact that nutrients (inorganic elements) play fundamental role in combating various human 

diseases just like phytochemicals (Lokhande, et al. 2009). Over 40 different elements have been 

reported to be essential for survival of both plants and animals. The deficiency of these mineral 

elements below a certain limit results in deviation from normal physiological processes. These 

elements often act as integral part of an organic structure which is related to some vital function 

(Armah et al., 2001). The qualitative and quantitative analysis of plants for mineral elements is 

important because the type and concentration of mineral elements present must often be 

stipulated on the label of plant derived products. As these mineral elements play very significant 

role against a variety of degenerative processes and diseases, hence the quality of many drugs as 

well as food stuffs is measured upon the type and total concentration of nutrients they contain 
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(Vermani et al., 2010). In addition, plants with iron have healing properties in anemia as iron is 

a component of hemoglobin. Zinc is essential for normal cell division, insulin metabolism and 

regulates protein synthesis, whereas Nickel is mainly required for pancreas to maintain the 

normal activity of beta-cells and copper as a component of ceruloplasmin is vital in the synthesis 

of hemoglobin (Narendhirakannan et al., 2005).  

The utilization of medicinal plants as food supplements can be traces back to ancient human 

civilization (Kunwar et al., 2006), so evaluating the proximate composition of medicinal herbs 

can be helpful in understanding the nutritional worth of these plants for both man and animals 

(Pandey et al., 2006). According to a food and agricultural organization (FAO) report, about 

1000 million people around the globe are taking wild herbs and animals in their diet (Burlingame, 

2004). World Health Organization emphasize on the significance of determining nutritional and 

nutrients composition of the medicinal plants, where by herbal formulations must pass through 

the process of nutritional standardization (Niranjan and Kanaki, 2008). 

1.5 Nanobiotechnology 

The nanotechnology as an emerging dimension of Nanoscience, with the application of materials 

at nanoscale level (1 to 100 nm). Nanoscale materials have a very diverse and broad range 

application in environmental challenges, solar energy conversion, catalysis, biomedical science 

and water treatment etc.  as they possess novel properties due to high surface to volume ratios 

(Jiang et al., 2004). Nanotechnology is an interdisciplinary area of research with potent 

commercial applications and would be a preeminent technology in modern world economics 

(Duran et al., 2005). Nanotechnology represents a wide variety of disciplines ranges from basic 

material sciences to personal care and medical applications (Putheti et al., 2008). Nanoscale 

materials may provide solution to technological and environmental challenges in the areas of 

catalysis, biology and biomedical sciences, water treatment and solar energy conversion (Jiang 

et al., 2004). In recent past tremendous development occurred in the field of Nanotechnology 

with the techniques for nanoparticles synthesis with characteristics morphological features 

(Ankanna et al., 2010). 

Nanobiotechnology is concern with the application of nanoscale principles and techniques to 

understand and transform biological systems to create new systems with nano dimensions (Ali 

et al., 2011). These nanomaterials reveal novel properties like, size, distribution and morphology 

(Kaviya et al., 2011). Nanoparticles oriented research is an area of scientific interest in the present 
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century as they possess well-defined physiochemical, mechanical and optical properties and have 

wide applications in the fields of biomedicine, electronic and optics (Rai et al., 2009). 

The metals nanoparticles are of commence importance as they show remarkable antimicrobial 

properties due to the property of greater surface to the volume ratio which is main stream of 

attention in the researches due to the growing resistance of microbes to antibiotics (Gong et al., 

2007). Silver in the form of silver sulfadiazine, metallic silver and silver nitrate has been used 

since time immemorial for the treatment of infectious diseases, wounds and burns. But the use 

of metallic silver and silver compounds has been turn down remarkably due to the emergence of 

numerous antibiotics. Nanotechnology has the ability of transforming noble metals into their 

nanoscale structures, which radically changes the physicochemical properties of metals. 

Nanoparticles derived from metallic silver, made notable comeback as a potent antibacterial 

agent.  Thus silver mediated nanoparticles have diverse applications in modern health system 

ranging from silver coated medicinal devices, dressings, nanogels and nano-lotions etc (Rai et 

al., 2009).  Metallic silver is inert but it shows reaction with the moisture in targeted tissues and 

gets ionized which is highly reactive. The ionized silver binds to bacterial proteins and changes 

the structural conformation of bacterial cell wall as well as other biological membranes, leading 

to cellular biochemical/physiological alteration and ultimately cellular death. It also inhibits 

bacterial DNA replication by attachments with DNA, RNA and denaturing associated proteins 

(Castellano et al., 2007). 

Phytometabolites are capable to reduce ionic metals to zerovalent metals and synthesize biogenic 

nanoparticles, modulate their shape and size and improve their monodispersion. Metals like 

Copper, gold, Zink, titanium and silver have been used for the synthesis of nanoparticles but 

silver have proven to be most effective against viruses, bacteria and other pathogenic microbes 

(Gu et al., 2003; Retchkiman-Schabes et al., 2006; Gong et al., 2007).  Among these metals, 

silver is of prime choice in the field medicine and other biological system. The synthesis of silver 

mediated nanoparticles from biological source is of commence importance in biomedical 

application and exhibits eco-friendliness as its synthesis do not require toxic chemicals (Parashar 

et al., 2009). There are several methods to synthesize metallic nanoparticles, which include 

chemical, physical, and biological methods. There are numerous physical and physical methods 

for the synthesis of silver nanoparticles, most of these procedures are highly expensive and/or 

using toxic chemicals due to which they are ‘not so favored’ methods. The most feasible approach 

for synthesis of AgNPs is from biological source by using microbes, lower and higher plants 
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(Sondi and Sondi 2004). Phytometabolites provide a better platform for biogenic nanoparticles 

as they are providing natural capping agents free from toxic chemicals (Sharma et al., 2013). 

Phytochemical mediated nanoparticles can be favored over due, ecofriendly, no need of aseptic 

environment and easy optimization (Ravichandran et al., 2011).  The reduction of silver in 

AgNO3 (silver nitrate) solution by phytochemicals is of great implication in green synthesis of 

nanoparticles, with varied physiochemical properties (Shankar et al., 2004). These silver 

mediated nanoparticles are found to be effective as anti-angiogenesis, anti-platelet, anti-

inflammatory, antiviral and as anticancer (Kaviya et al., 2011).  

Similarly, the use of gold at nanostructure has become an attractive area of research during last 

several years because of its diverse applications in various fields of science and technology 

(Alkilani et al., 2012). A great deal of efforts has been employed for the biological application 

of gold nanoparticles in biodiagnostics (Rosi and Mirkin, 2005), drug delivery (Jain et al., 2008) 

biotechnology and medicine as metallic gold is biologically nonreactive (Saha et al., 2011). 

Similarly, nanogold particles gathered distinct position in super conductors, enzyme electrodes, 

biosensing, electronics, catalysis and cancer therapy (Rao & Cheetham 2001; Huang and EI-

Sayed, 2010; Sen et al., 2012; Sun & Xia 2002). Gold nanoparticles (AuNPs) carries some novel 

physiochemical and physiological properties such as; intense plasmon resonance, thermal 

conductance, electromagnetic. catalytic potential, biochemical stability, anti-angiogenic agents, 

anti-malarial activity. anti-arthritic, anti-HIV and antimicrobial agents (Geddes et al., 2003; 

Kalimuthu et al.,2010).  

1.5.1 Characterization 

Exploring and understanding the physical properties of curative substance is the basis of 

successful drug development. These properties are associated with product performance, 

stability, processability and product appearance. 

1.5.1.i UV-Visible spectroscopy 

This technique refers to reflectance or absorption of wavelengths in the UV-visible spectrum. 

The reflection or absorption in the visible spectral range is associated to the perceived color of 

the chemical (Skoog et al., 2007). It is widely applicable as diagnostic tool in the study of 

nanoparticles synthesis. The UV-Vis. spectroscopic analysis of nanoparticles also provide 

information about the size distribution by determining total SPR at a specific spectral wavelength 
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(Kenneth et al., 2000; Wolfgang et al., 2007; Nikhil et al., 2001). UV-Vis spectrophotometry is 

very helpful in the estimation of nanoparticles size, aggregation and concentration (Berciaud et 

al., 2005). It is the most common method used for characterization of electronic structure and 

optical properties of nanoparticles. The electron cloud oscillates on the surface of nanoscale 

structures, absorb electromagnetic radiation in a specific Uv-vis. spectral range giving specific 

colour to silver and gold nanoparticles (Jain et al., 2007). 

1.5.1.ii Fourier Transmission Infrared (FT-IR) Spectroscopy  

Medicinal plants are natural factories for the synthesis of both primary and secondary 

phytometabolites that act as curative agents which determine their possible pharmacological 

applications (Pokhrel et al., 2012). These pharmacological activities are due to the presence of 

substances like phenols, aliphatic and aromatic amines, unsaturated long chain aldehydes, 

peptides, alkaloids, some essential oils and butanol (alcohol) soluble compounds etc. The 

Phytometabolites are therefore act as potentially significant therapeutic agents against important 

pathogens, including virus, protozoans, bacteria and fungi (El Astal et al., 2005). The Fourier 

Transmission Infrared (FT-IR) Spectroscopy is one of the simplest and rapid analytical technique 

employed to detect these functional groups (Sene et al., 1994). It is an analytical technique used 

to determine the chemical composition and structure through the intensity of the infra red spectral 

absorption which is associated with content of the functional groups present (Bobby et al., 2012). 

FTIR Spectroscopy is also employed to the environmental samples to analyze relevant amount 

of structural and compositional information (Grube et al., 2008). FTIR is a rapid and noninvasive, 

analytical tool use for differentiation and classification of closely related plant species, microbial 

strains and other organisms (Mariswamy et al., 2012). FTIR analysis proved information about 

the presence of alcohols, alkanes, alkenes, alkyenes, amides, aromatic and aliphatic amines, 

esters, ethers, aldehydes, ketones, phenols, alkyl halides, carboxylic acids, nitrogenous bases, 

phospholipids and cholesterol, flavonoids and terpenoids etc (Bobby et al., 2012; Movasaghi et 

al., 2008). The FT-IR technique is based on the principle to measures the bonds vibrations of 

functional groups and generate specific spectrum for each bond type or functional group, as a 

biochemical fingerprint. Minor changes may be detected in infra red spectra of primary and 

secondary metabolites of plant samples (Surewicz et al., 1993; McCann et al., 1992). FTIR has 

played significant role in pharmaceutical analysis, owing to its extensive applicability and 

fingerprint feature to the samples. Recently IR spectroscopic studies have emerged as the most 
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applicable tool for biomedical evaluation which made substantial development in the field of 

clinical assessment (Chen et al., 2001; Movasaghi et al., 2008). 

1.5.1.iii Scanning Electron Microscopy (SEM) 

Optical microscopy is a procedure employed to observe the materials at micron level with rational 

magnification but further resolution cannot be accomplished by means of optical microscopes 

due to aberrations and limit in wavelength of light. Thus for the submicron to nanosize materials, 

the imaging procedures such as SEM has been developed (Joshi et al., 2008). The micro to 

nanomorphological characterization and surface structures are studied by using Scanning 

electron microscopy (SEM). For SEM study the sample is first fixed and dehydrated, then 

subjected to critical-point drying. The ultra-dried sample is mounted and coated with material 

showing electrical conductance such as gold or palladium (Bomblies et al., 2008). SEM provides 

high-resolution pseudo-3D descriptions of the surface morphology by employing the secondary 

electron detector under high vacuum (Talbot and White, 2013). Nanoparticles achieved 

remarkable attention due to their nanosize, so, a precise assessment of particulate size is 

prerequisite for their application in science and technology. SEM in transmission mode has the 

capability to study nanostructures with sizes as minimum as 10 nm (Buhr et al., 2009). The Non-

imaging measuring models such as dynamic light scattering or small angle x-ray scattering are 

suitable tools for the measurement of size and distribution of large ensembles of particles, but 

not accurately determining particle forms. Due to the high imaging speed and high resolution, 

SEM is one of the standard method for direct imaging of micro- and nanostructures to determine 

their dimensional measurements (Postek and Vladar, 2001). Scanning Electron Microscopy 

shows black and white images with high magnifications (300000X) as they are formed without 

visible light. The surface features and morphology of nanoparticles and nanofibers can be 

scanned through SEM and is one of the most appropriate way to study the nanoparticles 

nanofibers and nanocoating as the resolution images of the dimension 1 – 5 nm to be obtained 

(Joshia et al., 2008). 

1.5.1.iv X-ray diffraction (XRD) 

XRD technique can be employed to study a single crystal or polycrystalline materials. An x-rays 

beam is passed through the sample and the path of scattered x-rays (Scattered by atoms) is 

studied. XRD study is so far the most important tool used in the study of nano structural materials 

(Wang et al., 2009). It is a highly qualitative and nondestructive tool which has been employed 

http://cshprotocols.cshlp.org/search?author1=Kirsten+Bomblies&sortspec=date&submit=Submit
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to analyze structure parameters such as crystallite size, microstrain and dislocation density. This 

analytical technique could be used to identify details about crystal preferred orientations, phase 

compositions and crystal defect concentrations. XRD method has been widely used in analyzing 

stoichiometry and degree of order of the dolomite crystal lattice (Cullity., 1978; Savaloni et al., 

2006). 

1.5.1.v Energy Dispersive X-Ray Spectroscopy (EDS) 

EDS is a valuable and convenient tool employed to detect and quantify various elements without 

special sample preparation (Sky-Peck and Joseph1981). Therefore, EDX is a quite useful tool for 

the characterization and identification of vital, trace and toxic minerals (Takahashi et al., 2009). 

Elemental profile and their quantification is measured through EDX technique, established on 

the emission of the X-ray energies radiated from substance when stroked by the fast moving 

electron beam in the SEM (Heinrich, 1981). The elemental identification is dependent on 

measurement of intensities of X-ray spectral energies. The elemental quantification is 

accomplished by relating the integrated spectral intensities with standard X-ray data for reference 

materials. The excitation of electron in the inner shell is brought about by the incident beam, 

result in the ejection of electron creating an electron hole, which is filled by the electron from the 

outer shell. The energy released by the electron in the form of X-rays is characteristic to the 

difference between the two energy levels. Energy dispersive spectrometer measure the number 

and energy of the X-rays emitted, which is characteristic to the atomic structure of the element, 

specify the elemental composition of sample (Goldstein, 2003). 

1.6 Pharmacology 

Exploration of drugs from biological origin by screening them for pharmacological potency thus 

provides the basis for the development of new life saving drugs (Goyal et al., 2007). In the current 

research work E. wallichii will be screened for following pharmacological efficacy. 

1.6.1 Acute toxicity 

Toxicity is the expression of a substance as being poisonous, so the evaluation of drug for its 

possible toxicity must be screened out which includes acute, sub-acute and chronic toxic effects 

(Asante-Duah, 2002). By applying in vivo toxicity assays, the expressions of tested animals in 

the form of distress, allergic reactions, pain and change in norm physical behavior is recorded. 

However, acute toxicity does not assess the vital processes of CNS, respiratory system and 

http://en.wikipedia.org/wiki/Electron_hole
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cardiovascular system (Syahmi et al., 2010).  The evaluation of medicinal plants or preparations 

derived from them, for their toxicity should be conducted in order to enhance the level of 

confidence in their safety to humans (Naidu et al., 2014).  

1.6.2 Cytotoxicity 

Cancer is one of the leading major health problem across the globe and claimed for death of more 

than six million people per year. It has been observed that patients have high response rate to 

initial chemotherapy but mostly in these patients, resistant to anticancer drug at the latter stage 

of treatment has been observed (Mi and Hong, 2003). Novel antitumor and cytotoxic 

phytochemicals can be identified and isolated from plant sources while using brine shrimp’s 

lethality assessment of cytotoxic activity (Lilybeth and Nuneza, 2013).  Brine shrimp’s lethality 

assay (BSLA) is one of the simplest bioassay that is accomplished for detection of a broad 

spectrum medicinal potential in crude extracts of plants (Pisutthanan et al., 2004). Cytotoxic 

effect of plants on shrimp’s larvae is connected to their anticancer potential, as shrimp’s larvae 

show similar reaction as the mammalian carcinoma do, so brine shrimp’s lethality assay beside 

the detection of general toxicity, is also important for the detection of antitumor and pesticidal 

phytocompounds. The easy availability of shrimp’s eggs, its cost effectiveness and ease of 

performing made this bioassay a very useful method (McLaughlin et al., 1991). For the detection 

and monitoring cytotoxic, BSLA is much rapid inexpensive and simple way compare to tiresome 

and costly in vitro and in vivo anticancer assays. The researchers prefer BSLA for having 

advantages of being fast (24 hours), simple (no need of aseptic techniques), economical and do 

not requires any special equipment. The brine shrimp’s toxicity is positively correlated with 

human nasopharyngeal carcinoma (9KB) cytotoxicity (kappa =0.56 and p = 0.036). BSLA was 

used at the Cell Culture Laboratory of the Purdue Cancer Center as a preliminary screening test 

for a panel of six cancer cell lines. So this bioassay has been recognized internationally for 

screening of antitumor compounds (McLaughin and Rogers, 1998; Ajoy and Padm, 2013). 

1.6.3 Larvicidal activity 

Mosquito is the vector for the transmission of pathogens causing dengue fever, yellow fever, 

dengue hemorrhagic fever, chikungunya fever and dengue shock syndrome (Grantz, 1993). 

Among these, dengue fever (DF) is one of the most threatening mosquito borne diseases in both 

cattle and human. It is a viral disease transmitted by mosquito species belong to genus Aedes and 

causing severe epidemics (Abbas et al., 2014). According to WHO (2009) about two fifth of the 
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human population is at risk of dengue, and the only method of its prevention is the eradication of 

its vector i.e. Aedes aegypti (Kalimuthu et al., 2013). Unfortunately, due to the unavailability of 

effective dengue vaccines and drugs, the dengue control and prevention control programs is 

almost completely dependent on its vector eradication (Sukumar et al., 1991). Several synthetic 

insecticides such as propoxur, organophosphrous, dieldrin, DDT and fenithothion have been used 

world widely to mitigate the vector mosquitoes (Zhang et al., 2012). Persistent application of 

these synthetic chemical causes serious health hazards by contaminating the food chain and also 

leads to the production of resistant vector strains (Mathivanan et al., 2010). Herbal natural 

products have novel modes of actions, specific on target pests, biodegradable, ecofriendly, 

economic and readily available, without or with less ill effects on non-targeted insects (Su and 

Mulla, 1999).  Studies have been conducted in search of novel mosquiticidal natural products as; 

Ponarlselvam et al. (2012), Kovandan et al. (2012) Murugan et al. (2011) and Kalimuthu et al. 

(2012).  

1.6.4 Phytotoxicity 

Weeds are the un-necessary plants growing naturally with the crops. Weeds remain one of the 

leading hazard for the crops, whereby for their eradication, synthetic herbicides are frequently 

used. These synthetic pesticides/herbicides have direct harmful impact on both environment 

(water and soil contamination) and human health (Wahab, 2009 and, Mancini et al, 2008). 

Furthermore, the extensive use of synthetic herbicides evolved resistant traits of weeds all over 

the world (Masilamany et al., 2011). These problems have resulted in the renewed interest of the 

researchers in the development and use of the alternative source for weed management from 

botanical sources, which will be non-hazardous to human health as well as to environment due 

to their biodegradable nature and act by their allelopathy (Addor, 1995; Petroski & Stanley, 

2009). The commercial application of such natural, biodegradable, ecofriendly, cost effective 

herbicides and plant growth regulators can be preliminary confirmed by the simple and suitable 

Lemna bioassay. Members of Leminaceae are important for rapid evaluation of plant extracts as 

phytoregulator agents. Lemna minor is a simple aquatic small angiosperm, bearing a central 

oval frond to which daughter fronds are attached with filamentous root arising from fronds. 

(Atta-ur-Rehman, 1991, 2001). 

 

 



31 
 

1.6.5 Antimicrobial activities (Antibacterial, Antifungal). 

Pathogenic bacteria and fungi have always been remained the major cause for human morbidity 

and mortality around the globe. Beside of the fact that pharmaceutical industries intensively 

produced number of products with antimicrobial potency, both bacteria and fungi produced 

resistance to these drugs (Adawn and Mhanna, 2008). Since the discovery Penicillin (first 

antibiotic) yet the need for new antimicrobial agents is to be satisfied. This is due to the fact of 

acquired resistivity of microorganism particularly bacteria to the antibiotics which of antibiotic 

resistant strains of microorganisms (Davies and Bryson, 1994). The efficacy of these drugs 

surprisingly limited due to the global emergence of multi-drug resistant (MDR) bacteria and 

resulted into treatment failure. Moreover, the synthetic antibiotics are associated with some 

pronounced side effects (Hancock, 2005). Due to globalization, animals, food products and man 

by himself come out of their natural territories due to intra and intercontinental transportation, 

carried diseases into areas where they have never been before. Infectious diseases once associated 

with developing countries are now on the rise into America and Europe. The significant depletion 

in the potency of antimicrobial drugs available to treat infections due to microbial resistance 

provoked the scientists to search for alternative treatments (Dzomba and Muchanyereyi, 2012).  

Fortunately, nature offering effective therapeutic agents in the form of medicinal plants that have 

been used in traditional medical practices successfully for years and now needs scientific 

validation (Tepe et al., 2004). Many plant derived drugs have been used for curing disease caused 

by microorganisms such as diarrhea, bacterial enteritis, cholera, typhoid and dysentery. The use 

of antimicrobial drugs from the natural origin is much safe for the human consumption compared 

to synthetic ones (Kowti et al., 2010). Consequently, I focused on the objective of my research 

work to screen out E. wallichii extract and its derived gold and silver nanoparticles for 

antimicrobial properties which could a possible alternate to the synthetic ones. 

1.6.6 Antioxidant bioassay 

Oxidative stresses are produce in the body during metabolic process as well as induced by 

different chemicals and environmental factors. These oxidative stresses are the significant cause 

of many destructive processes occurs in the body which leads to many serious disorders like 

neurodegeneration, diabetics, aging, cancers, atherosclerosis and immunosuppression as well as 

other related complications in human (Wilson 1998). Nature has developed an inherent 

antioxidative mechanism in human body and many other acquired biological processes like anti-

carcinogenic, antimutagenic, and anti-aging responses. In many circumstances the natural 
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defensive mechanism for antioxidation fails to reduce free radicals (Oxidants) produces with in 

body through metabolic processes or induced by chemicals and environment (Gulcin, 2012; 

Gocer and Gulcin, 2011). Considerable evidence has been accumulated about the key roles of 

free radicals and other ROSs in causing many diseases and disorders associate with destructive 

process of oxidants (Halliwell and Gutteridge, 1981). It is well established fact the oxidants 

(ROS) cause cell disintegrations through mechanisms of series oxidation of cytochemicals as 

lipid peroxidation. Antioxidants deactivate or stabilize free radicals before they destruct 

biological system by attacking targets in cells and tissues (Nunes et al., 2012). An imbalance 

between the inherent antioxidant capacity and reactive oxygen species (Oxidants) of the body 

bound for the use of dietary or/ and medicinal antioxidant agents specifically during the disease 

attack. The antioxidant potency of natural drugs has contributed towards the protection of body 

from the oxidative stresses. The human morbidity and mortality from degenerative disorders has 

been negatively correlated to the intake of natural antioxidants. Chemical studies on antioxidant 

medicinal plants, fruits and vegetables had indicated the presence of phytometabolites with redox 

potential such as tannins, phenolics, proanthocyanidins and flavonoids (Gulcin, 2012). Beside, 

food content during storage and handling is subjected to maintain the nutritional value.  

Therefore, modern technologies have been developed in food processing, which should meet the 

standard requirements of rising food quality for human’s consumption. One of the major threats 

to food spoilage after microbial contamination is the rancidification and oxidation due to ROS 

(Oxidants). The use of synthetic industrial antioxidant additives is a major risk to human health, 

so the use of natural antioxidant is a safe and economic alternative (Al-Temimi and Choudhary 

2013).  

1.6.7 Antileishmanial assay 

Leishmaniasis is a protozoan disease caused by species belongs to genus Leishmania, which 

comprises of obligate intracellular parasites. The promastigote form of parasite is released into 

the circulatory system of host (Vertebrate including Man) when an infected vector sand fly bites 

the host (Alexander and Bryson, 2005). The promastigotes are taken up by neutrophils and 

dendritic cells (immune cells) and the parasites eventually differentiated into intracellular 

amastigotes in their host cells (Mougneau et al., 2011). Leishmanial infection occurs when an 

infected sand fly bites a man. Infection may be localized and referred as cutaneous leishmaniasis 

or mucosal leishmaniasis if infection occurs in mucosal membranes while visceral leishmaniasis 

occurs when it spreads internally. Leishmaniasis is among the neglected diseases with the 
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prevalence of about twelve million reported cases with an estimated annual incidence rate of two 

million new cases yearly (Luciana et al., 2012). Leishmaniasis with cutaneous affections is 

known since antiquity. The descriptions of the cutaneous leishmaniasis found in the Old World 

from the 1st century AD (Lainson and Shaw1987). Leishmaniasis is more frequently observed in 

patients with HIV infections with immunocompromised states, post organ transplantation 

chemotherapy and solid tumors. However, very few cases have been reports with lymphoma, 

particularly Hodgkin’s disease and hematological malignancies (Kaae et al., 2007; Boutros et al., 

2006).  Though extensive studies have been carried out about novel antileishmanial therapeutics, 

yet first line therapy is depending on toxic pentavalent antimonials. Alternative antileishmanial 

drugs, such as pentamidine and amphotericin B, require high dosage for long periods and 

associated with unpleasant side effects. Under these circumstances new drugs are urgently to 

cure leishmanial infections (Singh and Sivakumar, 2004; Sundar and Rai, 2002). Several 

scientists carried out research in search of novel antileishmanial drugs from natural sources such 

as Urechites andrieuxii Muell. -Arg (Manuel et al., 2003), Tridax procumbens L. (Peraza-

Sanchez et al., 2007), Desmodium gangeticum (Nasib et al., 2005), Pseudelephantopus spicatus 

(Odonne et al., 2011) and Lantana ukambensis (Sawadogo et al., 2012) etc.  

1.6.8 Analgesic activity 

Analgesic is defined as “the substances which by increasing pain threshold decreases pain 

sensation”. Noxious stimulus can be developed by physical pressure, extremes in thermal 

alteration, chemicals and physiological malfunctions. Pain itself is not a disease but a 

symptomatic effect of infections and other malignancy (Tripathi, 2003). Pain is a common feature 

characterized by distressing condition in many diseases, while analgesics mitigate this distressing 

condition by acting upon CNS and/or on peripheral nociceptive mechanisms, without radically 

varying consciousness (Olukunle et al., 2011). The existing drugs for controlling of pain and 

inflammation are either corticosteroids e.g. hydrocortisone or narcotics e.g. opioids or non-

narcotics e.g. salicylates. All of these are associated with well-known unpleasant side and toxic 

effects. For the successful introduction of a new synthetic product approximately, 3000-4000 

compounds are to be synthesized and screened where the developmental cost reach up to 5 

million dollars. On the other hand, plant derived analgesics had been used since long time having 

low cost and without any adverse effects and yet large number of untapped biological sources in 

search of novel phytometabolites with analgesic potential (Ramesh, 2010). 
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1.6.9 Antispasmodic assay 

Spasm is an involuntary contraction of muscles, while antispasmodics are the agents used as 

muscular relaxants. Spasm of any hollow viscus (gastro intestinal and urino genital tract) can 

cause pain either due to the mechanical stimulation of the pain nerve endings at smooth muscles 

or due to reduce blood flow to these muscles, associated with the increased demand for nutrients 

for the metabolism in these muscles (Bolton et al., 1999). Muscle spasm is an involuntary 

contraction of smooth muscles. Spastic viscus often produces pain in the form of cramps, where 

pain severity is alternating intermittently from high degree to subsiding. The cyclic intermittent 

is the result of periodic contractions occurs in smooth muscle (Kumar et al., 2006). In each 

periodic spastic pain, a peristaltic wave run along the gut, producing crump and usually appears 

in constipation, gastroenteritis, gallbladder disease, appendicitis, ureteral obstruction, parturition 

and menstruation (Ishii and Kurachi, 2006). Antispasmodics are used to relieve spasm or cramps 

of digestive tract and commonly used for curing various gastrointestinal disorders, which affect 

lots of people around the globe. Diarrhea continuously remains one of the leading cause of 

morbidity and mortality in human, particularly in children of developing countries (Kamalraj and 

Devdas, 2011). Diarrhea is characterized by hypermobility while in some other cases the 

secretary component predominates (Ashish et al., 2014). For diarrhea control, WHO commenced 

diarrhea disease control program, to evaluate folk therapeutics and other related aspects (Lin et 

al., 2002; Shamkuwar et al., 2012). In search of novel antidiarrheal drugs of natural origin, 

several plant species were screened such as, Berberis aristata (Shamkuwar and Pawar, 2013), 

Vincetoxicum stocksii (Shah et al., 2011), Blumea lacera (Ashish et al., 2014), Cyperus rotundus 

(Shamkuwar et al., 2012) and Erythrina indica (Kamalraj and Devdas, 2011) etc. 

1.7 Family Euphorbiaceae 

1.7.1 Description 

 Euphorbiaceae (Spurge family) is one of the largest family of angiosperm. It is the sixth 

largest family amongst the Anthophyta, represented by 300 genera and up to 8900 species. The 

species of euphorbiaceae have worldwide distribution, primarily dominating the humid tropics 

and subtropics of both north and south hemispheres while poorly represented in temperate 

regions (Heywood et al., 2007). In Pakistan the family is characterized by 111 species belonging 

to 24 different genera and of which 11 species are native. Euphorbia is the leading genus 

represented by 58 species (Radcliffe-Smith, 1986). The family is quite diverse in habit, from 
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climbing lianas, large woody trees to simple herbaceous weeds that grow few centimeters in 

height or prostrate to the ground (Webster 1994). The family consists of many economically 

important species like Ricinus communis L. for castor oil, Manihot esculenta is an important 

starch crop of neotropical origin. Hevea brasiliensis and Manihot esculenta for rubber 

production, Jatropha spp. are important source for production of commercial scale biodiesel, 

several species of Euphorbia as ornamental plant and also the noxious weeds like Euphorbia 

helioscopia, Euphorbia maculata and Euphorbia esula causing irritation and others (Schultes, 

1987). The members of Euphorbiaceae are famous for large variety of phytotoxins, mainly 

alkaloids, diterpene esters, glycosides, and ricin-type toxins (Charles et al., 2007). 

1.7.2 Ethnobotanical uses 

 Members of euphorbiaceae have been in traditional system of medicine against many 

diseases such as diabetics, cancer, diarrhea, malaria, ophthalmic diseases, rheumatism, jaundice, 

hepatitis, scabies, hemorrhages and heart diseases. Folkloric remedies of Phyllanthus fratarnus 

use for curing leprosy, Cicca acida for removing dandruff and as anti-emetic, Putranjiva 

roxburghii in viral fever, Aclaypha indica in arthritis, rheumatic and antidiabetics, Croton 

bonplandianum for scabies and respiratory diseases, Euphorbia hirta for urinary disorders, 

itching, as antidysentric and antidiarrheal etc (Chaturvedi and Diwanji, 1995; Kumar and 

Chaturvedi 2010). Flowers of Acalypha hispida are used in diarrhea, leaves when crushed with 

tobacco leaves and infusion of rice is helpful in ulcer. Acalypha indica is expectorant, diuretic, 

emetic and laxative, also useful in respiratory disorders like pneumonia, bronchitis, pulmonary 

tuberculosis and asthma. Leaves are antiparasiticide, when crushed with table salt or lime is used 

externally in scabies. Manihot esculenta is promoted for the treatment bladder and prostate cancer 

(Rahman and Akter, 2013). Juvenile leaf of Ricinus communis use to enhance milk secretion in 

lactating women and oil from the seeds for treating constipation and stomachache, Phyllanthus 

emblica for curing cough and cold, Phyllanthus amarus use in hepatic disorders (Muthu et al., 

2006). Jatropha curcas is one of the leading bio-fuel plant, leaves are used by the people as an 

anti-inflammatory and anti-coagulant drug (Nayak and Patil 2010). Moreover, members of this 

family used as food, for curing various animal diseases, for house building, fodder and fish poison 

(Dey and Nath 2011). 
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1.8 Euphorbia (Genus) 

Euphorbia is the sixth largest genus of Anthophyta and the leading genus of family 

Euphorbiaceae comprising about 2000 species (Govaerts et al., 2000). In Pakistan the genus is 

represented by 57 species rages from occasionally trees, sometime shrubs to often monoecious 

herbs. Euphorbia is sub cosmopolitan, dominate tropical, subtropical and warm temperate 

regions of both hemispheres, often succulent with milky latex and with a simple indumentum if 

present (Radcliffe-Smith, 1986). Members of Euphorbia are annual or perennial herbs with a 

poisonous, caustic latex. Root is either fibrous or tuberous, fleshy and thick. Many species are 

thorny and succulent. Leaves are alternate, opposite or whorled, sessile to sub sessile or petiolate 

and deciduous. Stipules are either absent or small, partly transformed into spines or glands, 

flowers are unisexual (Eke et al., 2000). 

Plant species from Euphorbia genus has been used for combating various ailments as E. 

marschalliana in mixture with flour used in Constipation, skin disorders, hemorrhoids, abscesses, 

and as purgative, E. amygdaloides has been used by Iranians in dermal infections and Warts 

(Ghorbani, 2005).  Fresh twigs of E. thymifolia are used in breast pain, atrophy, ardor, sores, 

dysentery, ophthalmic and other eye troubles. It is show efficacy in for bronchial asthma. Both 

seeds and Leaves are stimulant, astringent, laxative and anthelmintic while root is used in 

amenorrhea. Juice of E. tirucalli stem is carminative and purgative, also useful in whooping 

cough, enlarged spleen, gonorrhea, colic, dropsy, asthma, dyspepsia, leprosy, jaundice, bladder 

stones and tumors. The latex is rubefacient and vesicant, used in, neuralgia, rheumatism and 

toothache. E. milii used in folk medicine to combat warts and cancer (Rahman and Akter, 2013). 

That mature leaves of E. helioscopia has been used by the local people for curing constipation, 

while latex is poisonous (Badshah and hussain, 2011). Likewise, the use of E. ligularia and E. 

antiquorum was reported against 20 different ailments in traditional medicine of Assam (Deka et 

al., 2008).  

1.9 Euphorbia wallichii Hook. 

E. wallichii is herb with perennating rhizome, ranged up to 60 cm tall, with multiple aerial stems 

rising from perennating rhizome. The alternate ovate to lanceolate leaves are sessile or subsessile 

with subacute or obtuse apex. Cyathium is sessile or subsessile (shortly stipulate), colored and 

broadly campanulate involucres are, ca. 5 × 6-7 mm, exterior shortly brown pilose, apex 



37 
 

irregularly lacerate, lobes rounded side. Glands are pale brown to yellow-brown and 4 in number, 

reniform-rounded (Radcliffe-Smith, 1986).  

E. wallichii has been used in traditional remedies for curing various ailments. The whole plant is 

tonic, stimulant, laxative, carminative and also used for heart and skin diseases (Ahmad et al., 

2013). Plant juice is used against ringworm while dried leaves and seeds are given to children in 

constipation (Akhter et al., 2013). Rhizome has been used for curing cutaneous anthrax, edema, 

exanthema, skin disorders and furuncle (Ali et al., 2008). The latex from stem is used for healing 

of external wounds (Ahmad et al., 2004). The whole plant is poisonous causes severe diarrhea 

(Hazrat et al., 2011) while rhizome latex is yellow colored which is highly poisonous also used 

externally to cure skin infections and warts (Lone and Bhardwaj, 2013).  
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Chapter# 2 

REVIEW OF LITERATURE 

2.1 Pharmacognostic study 

Kanwal et al. (2006) carried out detailed pharmacognostic examination of Pongamia pinnata. 

Author reported that Pongamia pinnata is a medium sized tree having entire elliptical leaves 

imparipinnately compound with alternate phyllotaxis, pink to creamy grey and brown elongated 

pod. Powdered microscopy showed fibers, parenchyma cells, crystals, vessels and oil droplets. 

Stem in transverse section showed the epidermis, thick cortical region and ringed vascular 

bundles. Kumar et al. (2006) explored microscopically Turnera aphrodisiaca. Powdered leaf 

showed anomocytic stomata, multiple unicellular non-glandular trichomes and calcium oxalate 

crystals. The stem Powder showed lignified pitted and spiral tracheid, pericyclic fibers and 

vessels. The ethanol-soluble extractive value was less than water-soluble extractive value of the 

plant. T. aphrodisiaca yields volatile oil content of 0.44% (w/v).  

Ahmad et al. (2009) conducted the stomatal examination of 36 dicot plants of 34 different genera 

belonging to 20 families. Diversification was observed in stomatal types whereby anisocytic was 

the dominating type found in twelve species followed diacytic and staurocytic, in six and seven 

species respectively. In 7 plants two and in 1 plant, three different types of stomata were 

observed. 

 Pandya et al. (2010) worked out histo-anatomical aspect of seed and leaf of Cassia absust to 

identify the distinguish features. Histo-anatomical constant of leaf involving palisade cell ration, 

stomatal types, number and index, vein termination & vein islet numbers Yasmin et al. (2010) 

assessed the leaves of some Persicaria species (Polygonaceae) for their anatomical features and 

reported epidermal cells of various shape, but most commonly polygonal. Stomatal types were 

also varied among the selected species and five different stomatal types were observed for 

Bistorta and Aconogonon, with first report of cyclocytic stomata in Aconogonon alpinum. Both 

non glandular and glandular trichomes were also observed. 

 Jegede et al. (2011) conducted pharmacognostic study for Anthocleista vogelii and 

determined extractive values total ash value and moisture content. The microscopic feature of 

leaf surfaces was also investigated and reported that stomatal distribution on adaxial surface is 

http://www.sciencedirect.com/science/article/pii/S0975357510800252
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more than abaxial surface and epidermal cells showing polygonal dimensions. Leaf TS showed 

lignified astroscleroids dispersed in the mesophyll and two layers of palisade cells. Pandey et al. 

(2011) described Melothria maderaspatana both macroscopically as well as microscopically to 

provide information, used to minimize the adulteration of the crude drug and its formulations.  

Uwumarongie & Onwukaeme (2011) carried out investigation on bark of Tabernaemontana 

pachysiphon. The stem bark has bitter taste, flat in shape (fresh) and curved (dry), grayish brown 

at exterior and brown on the inner surface, fissured longitudinally and lenticels are present. 

Microscopy revealed the presence of fibers, cork cells, Sclerides and CaO crystals. Zunjar et al. 

(2011) carried out microscopic examination Carica papaya leaves to standardize and 

authenticate distinguish features. Rhomboidal and spheroidal calcium oxalate crystals were 

observed abundantly.  

Thenmozh et al. (2012) conducted pharmacognostic study on leaf of Vitex Leucoxylon. The major 

morpho-anatomical features studied includes, lamina midrib, venation pattern, epidermal 

trichomes, stomata, Sclerides, powder microscopy and phytochemical evaluation done by 

standard methods, which serve as a useful in ensuring quality formulations of drug. Bhogaonkar 

and Ahmad (2012) assessed Xanthium strumarium both morphologically and anatomically and 

reported that X. strumarium is characterized by unisexual capitulam, glands, scabrid scaly surface 

and trichomes. Cross section of root showing pith and multi-seriate rays while stem with 

secondary thickening restricted to only fascicles and xylem, leaves with mesophyll multi-layered 

palisade and anomocytic stomata. 

Vijay et al. (2013) described flower of Tagetes erecta pharmacognostically. Organoleptic 

evaluation showed that flower powder was brownish orange having distinctly bitter taste and 

strong aromatic odour. Microscopy of transverse section of calyx and corolla revealed cortical 

portion, fibro vascular bundles and epidermis, veins and vein reaches through stamen portion 

respectively. 

Komlaga et al. (2014) pharmacognostically examined leaves of Solanum macrocarpon. 

Microscopic evaluation revealed the presence of both anisocytic and anomocytic stomata on both 

the adaxial and abaxial surfaces, glandular trichomes with multicellular heads and unicellular 

stalk as well as unicellular and branched non glandular trichomes. The bifacial leaf in cross 

section showed mesophyll cells with numerous prismatic Ca-oxalate crystals while midrib 

showed bicollateral vascular bundle. Kuppusamy et al. (2014) set pharmacognostic standards for 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&searchType=journal&result=true&prevSearch=%2Bauthorsfield%3A(Pandey%2C+D)
http://www.sciencedirect.com/science/article/pii/S0975357512800800
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Naringi crenulata. The study revealed that bark has two distinct zones i.e. periderm (deeply 

fissured) and phloem. Ca-oxalate are prismatic and abundant in stem located adjacent to cortical 

fibers while in bark phloem parenchyma they occur in uniseriate vertical line. Singh et al. (2014) 

conducted both macroscopic and microscopic study for leaves of Adhatoda vasica. Observation 

made revealed that leaves were pale green having bitter taste, fruity odour and oblong shape. T.S 

showed epidermis, spongy mesophyll and palisade, vascular tissues, collenchymas and prismatic 

Ca-oxalate crystal in Mesophyll. Fofie et al. (2014) examined Ocimum gratissimum for 

pharmacognostic standardization, revealed the leaf histo-anatomical structures as trichomes, 

spongy parenchyma and palisade cells while stem anatomy confirmed paranchymatous tissues 

and vascular units.  

2.2 Phytochemical investigation 

Rajasekaran and Gideon (2011) quantitatively evaluated Eugenia singampattiana (endangered 

species) for various phytochemicals like anthraquinon, steroid, quinone, alkaloid, flavonoid, 

catechin, saponin, coumarin, xanthoprotein, glycoside, terpenoids, phenol, tannin, sugar and 

fixed oil. Chayarop et al. (2011) conducted preliminary phytochemical analysis for the leaves of 

Pseuderanthemum palatiferum and reported the presence of phenolic compounds, steroid nuclei, 

flavonoids and unsaturated lactone rings. Jegede et al. (2011) evaluated leaves and bark of 

Anthocleista vogelii for chemical constituents and detected the presence of sterols, terpenes, 

flavonoids carbohydrates, saponin, and phenols in both the parts while alkaloid was absent in 

stem. Lignin, Cutins and oil globules were present in leaves. Thin layer chromatography (TLC) 

revealed 3 spots for the bark while the leaves showed 7 spots while using normal phase plates. 

Kumar et al. (2011) reported various phytometabolites in the floral extracts of Crocus sativus 

like phenols, tannin, flavonoids, glycosides and alkaloids.  

Akhter et al (2012) disclosed bioactive constituents in the bark extract of Terminalia Arjuna. 

Preliminary phytochemical chemicals shown the presence of saponin, carbohydrate, phenols, 

tannin, flavonoids, glycosides, alkaloids and phytosterols. Eleazu et al. (2012) investigated five 

Nigerian plants for phytochemical composition and reported that the pawpaw contains highest 

content of saponin and tannins among the plants studied while ginger had the least content. 

Tetrapleura revealed high content of alkaloid while flavonoids were in same amount in pawpaw, 

ginger, neem and tetrapleura. cyanogenic glucosides were in highest amounts in Neem. 
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Mir et al. (2013) monitored aqueous and methanol extract of flower, stem and root of Taraxacum 

officinale. Stem showed high concentration of phytometabolites as alkaloids, saponins, 

flavonoids and phenols. Bhowmik et al. (2013) evaluated various parts of Punica granatum for 

detection of phytochemicals. Phenols, steroids, alkaloids and flavonoids were present in 

investigated parts. Highest concentration of flavonoids was reported in flower. Saraswathy and 

Vidhya (2013) brought phytochemical investigation for ethanol extract of Bambusa bamboos 

(tender shoot) and recorded newly reported compounds as β-sitosterol-β-D-glucopyranoside, p- 

hydroxybenzoic acid, p- hydroxybenzaldehyde, β-sitosterol and p- hydroxyphenylacetic acid. 

Ramanchidambaram and Aruna (2013) worked out phytochemical exploration of Trichodesma 

indicum and reveals the presence of flavonoids, tannins, protein, sugars, phytosterols, saponins 

and free amino acids in ethanolic, methanolic and petroleum extracts.  

Singh et al. (2014) screened out the methanolic hydrochloric and aqueous extracts of Adhatoda 

vasica for the detection of various phytometabolites. The experimental findings revealed 

presence of alkaloids, saponin, tannins, glycosides, steroids, cardiac flavonoids and 

carbohydrates in various extracts. Ojiako (2014) reported the presence of tannin, phlobatannins, 

alkaloids, phenols and saponins while analyzing various solvent extracts of Moringa oleifera for 

phytometabolites. The quantitative analysis showed 8.22% tannins, 1.75% saponins, 0.19% 

phenols and 0.42% alkaloids. Nwankwo and Ukaegbu-Obi (2014) conducted phytochemical test 

for hot water and ethanolic extracts of Ficus asperifolia and Terminalis catappa which revealed 

the occurrence of tannins, flavonoids, phenols, alkaloids, saponins and glycosides. Poja et al. 

(2014) carried out preliminary phytochemical screening for Ganoderma lucidum to reveal the 

bioactive phytochemicals and reported carbohydrates, triterpenoids, glycosides and phenolic 

compounds. Djaafar and Ridha (2014) detected tannins, alkaloids, glycosides, saponins, 

coumarines, flavonoids, volatile oils and terpenoids while analyzing various parts like twigs, 

leaves, roots, flowers and fruits of Solanum nigrum. 

 

2.3 Nutraceutical and Elemental analysis 

Intensive studies have been carried out to evaluate nutrient and proximate composition of plants 

which could be the possible dietary and nutrient supplement in deficient conditions, such as; 

Krishnamurthy et al. (2010) determined nutrient composition and nutritional value of different 

parts of Withania somnifera. The investigation revealed that different parts have variation of 
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macro/micro elements and proximate components also the proximate contents varied with 

geographical zones.  

Yesufu and Hussaini (2011) investigated the fruit of Sarcocephalus latifolius for proximate 

content and concentration of macro & microelements. The percent values were 4.5, 14.6, 32.60, 

8.52 and 45.80 for ash, moisture, fiber, protein and carbohydrate respectively. Elemental 

composition revealed that phosphorus was 0.531 g/100 g, potassium 0.294 g/100 g, magnesium 

0.329g/100 g, sodium 0.196 g/100 g, calcium 0.242 g/100 g and zinc was 0.019 g/100 g. 

Bhowmik et al. ( 2012) determined mineral and heavy metal concentration of some Indian 

aquatic plants using atomic absorption spectroscopy. Total of 11 elements Cr, Fe, Ca, Cu, Cd, 

Pb, Mg, K, Na, Mn and Zn have been measured having variant concentrations in different 

samples. 

Dastagir et al. (2013) assessed the nutritional value of Peganum harmala, Ricinus communis, 

Fagonia cretica, Chrozophora tinctoria and Tribulus terrestris. Peganum harmala revealed high 

fat, protein, moisture and carbohydrate than Tribulus terrestris and Fagonia cretica. T. terrestris 

revealed maximum protein content and gross energy while Ricinus communis had more fats, 

protein and gross energy than C. tinctoria.  Osarumwense et al. (2013) screened Citrus sinensis 

for its proximate and elemental compositions. The elemental analysis showed mineral elements 

in various amount i.e. Cu, Mn, Zn, Mg while Cr, Ni and Cd were less than 0.02, 0.05 and 0.001 

respectively. Proximate analysis confirmed high nutritional value such as fat, protein, 

carbohydrate, fiber and Ash.  Aslam et al. (2013) appraised the nutritional consequence of six 

vegetables including Solanum tuberosum, Hibiscus esculentus, Allium cepa, Memordica 

charantia, Cucurbita pepo and C. moschata. For the determination of proximate composition, 

macroelement and microelements recommended methods of Association of Analytical 

Communities (AOAC) was followed. Different concentrations of mineral nutrients were 

observed in different species.  

Beegum et al. (2014) analyzed Boerhavia diffusa for nutrient content and nutritional 

composition. Results revealed that carbohydrate content was 10.56 mg/gm, protein 5.76 mg/gm 

and fat 1.61 mg/gm. Amongst the elements present, magnesium was in high concentration (142.9 

mg/100 g). Shah et al. (2014) carried out proximate and elemental analysis of different parts of 

Sageretia thea. Proximate analysis showed the amount of fats, ash, total protein, carbohydrate 

and moisture contents in various parts. Both macronutrients (Mg, Ca, K and Na) and 

micronutrients (Cu, Zn, Cd, Pb, Co and Ni) were also quantified. Alikwe et al. (2014) analyzed 
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Bidens pilosa to determine proximate nutrient content and mineral constituents. The protein 

content was 15.86% and crude fiber was 18.13%. Carbohydrates, lipid, ash and moisture and 

were within the expected range. 

2.4 Phytopharmacology 

Pharmacology is the study of the interaction of bioactive agents with biological systems (Munson 

et al., 1995). Phytopharmacology includes scientific techniques used in the form of bioassays to 

screen compounds, fractions and extracts of plants origin to the knowledge about their possible 

physiological effects in biological systems. In the current study E. wallichii was subjected to 

evaluate following pharmacological potentials; 

2.4.1 Acute toxicity 

Toxicity assay is employed for assessment of possible detrimental effects due to interaction of 

drugs with cells and tissues. Exposure of man to phytochemicals can be harmful and the results 

may be adverse, hence, evaluation of toxic potential of a drug is of commence importance 

(Asante-Duah, 2002). In vivo acute toxicity assays deals with the expressions of animals in the 

form of distress, allergic reactions, pain and change in norm physical behavior is recorded 

(Syahmi et al., 2010).  Several such studies are available on different animals to ensure the safe 

use of plants and plants derived products for human consumptions are; 

Syahmi et al. (2010) test methanolic extract of Elaeis guineensis (Arecaceae) for acute oral 

toxicity in Swiss albino mice as testing animal. No mortality, morbidity or evidence of adverse 

effects was observed even at 5,000 mg/kg. Normal behavior, clinical signs and histology 

validated that E. guineensis is safe for human consumption. 

Jothy et al. (2011) investigated seeds extract of Cassia fistula for acute oral toxicity in mice. No 

mortality, morbidity or evidence of adverse effects was observed even at the highest dose of 

5,000 mg/kg after oral administration, showing that C. fistula is nontoxic. Normal behavior and 

non-significant differences were perceived in body weight of mice throughout 14 days of the 

treatment in both control and treatment groups. Similarly, histological evaluation revealed 

normal architecture of liver, kidney, lung, heart and spleen confirm nontoxic nature of C. fistula. 

Ahmed et al. (2012) examined methanol extracts of Prosopis juliflora, Prosopis cineraria, 

Adenanthera pavonina and Peltophorum roxburghii (Mimosaceae) for acute systemic toxicity in 
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Swiss albino mice. Results revealed that Adenanthera pavonina extract at 150 mg/kg BW 

concentration is considered to be safe while other plants are toxic at higher dose but relatively 

safe at the dose of 100 mg/kg BW. 

Arsad et al. (2013) studied Rhaphidophora decursivay for the toxic effects of the plant extract in 

male Sprague Dawley rats. A single oral dose of 700, 2800 or 3500 mg/kg was observed for acute 

toxicity which showed no adverse effects, normal body weight, behavior and nonsignificant 

variation in biochemical and hematological parameters which concluded that R. decursiva cause 

no toxic effects in male Sprague Dawley rats. 

Naidu et al, (2014) conducted acute toxicity study on Sprague-Dawley female rats using Mentha 

Spicata extracts. No mortality and changes recorded in animal behavior (hyperactivity, apathy 

and morbidity) even at a highest experimental dose (5000 mg/kg) throughout 14 days of 

experimentation.  Son and Yen (2014) investigated acute oral toxicity in mice for the berries of 

Solanum nigrum. The efficacy of extract was evaluated at various experimental doses (50; 100; 

200 and 300 mg/kg of bw). The oral median lethal dose was observed to be 3129 mg/kg of bw 

suggesting that ethanolic extract of S. nigrum fruit is safe in mice. 

2.4.2 Analgesics 

Agrahari et al. (2010) carried out investigation of methanol extract of Trapa natans to evaluate 

the analgesic activity in mice. Both the 200mg/kg & 400mg/kg doses of extract exhibited 

significant (p < 0.01) antinociceptive activity both in tail flick and tail immersion models, hence 

confirm analgesic potential against stimuli in the tested animals. Qnais (2011) screened out the 

ethanolic extract of Matricaria aurea for evaluating its analgesic effect both in rats and mice 

through tail immersion, writhing, cold water tail flick, tail clip and formalin bioassay. The results 

revealed highly significant (P < 0.001) and dose-dependent elevation in pain inception at 60 

minutes’ post-treatment in tail flick, immersion and clip models. The extract also exhibited 

significant (P < 0.001) inhibition of writhing and also in both phases of the formalin pain test. 

Otimenyin and Umar (2012) carried out investigation of ethanolic extract of Syzygium guineense 

for its analgesic efficacy in rats and mice employing writhing model and hot plate induced 

nociceptive model. The extract revealed significant (P<0.05) analgesic potency at both 

experimental dose of 500 mg/kg and 1000 mg/kg on the hot plate model, but on the writhing test 

only the 1000 mg/kg was observed with significant potency. Hassan et al. (2013) examined the 

antinociceptive potency of ethanolic extract of Mangifera indica, Andrographis paniculata and 
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Desmodium pauciflorum in Swiss albino mice while using writhing response model. The 

administration of leaves extract (per oral) of Desmodium pauciflorum reduces the writhing 

reaction by 35%, Andrographis paniculata 34% and Mangifera indica 56%.  

Uddin et al, (2014) assessed analgesic potential of Stephania japonica leaves, following writhing 

model (acetic acid-induced ) in mice. Extract produced highly significant (P < 0.001) analgesia 

by showing 41.47% inhibition of writhing at 500mg/kg, comparable to standard drug i.e. 

diclofenac sodium (45.02%). Islam et al. (2014) conducted study to assess analgesic potency of 

Tinospora crispa (Menispermaceae in Swiss albino mice. Methanol extract and its petroleum 

and chloroform fractions significantly (p<0.05) produced analgesia at 400 mg/kg bw compared 

to the Dic. Na (Standard).  

2.4.3 Cytotoxic screening 

Syahmi et al. (2010) tested methanol extract of Elaeis guineensis (Arecaceae) for cytotoxicity 

using BSLA. The E. guineensis extracts exhibited LC50 (50% lethal concentration) as 9.00 

mg/mL at 6-hour exposure and 3.87 mg/mL at 24 hours’ exposure time. Maximum larval death 

occurred at a dose of 100 mg/mL while at 0.195 mg/mL concentration, least mortalities were 

recorded. Ramachandran et al. (2011) examined extract from Agave cantula for cytotoxicity 

using BSLA. The alcoholic and aqueous extracts exhibited significant brine shrimp’s lethality 

with LD50 values of 12.5 mg and 15 respectively. Bhujbal et al. (2011) examined the ethanol 

extract of Mimusops elengi bark for cytotoxicity using mitotic index assay on Allium cepa root 

tip. Alcoholic extract at 2.5, 5 and 10 mg/mL concentration and cyclophosphamide (standard 

cytotoxic drug) were tested and after 48 and 96 hours, mitotic index calculated which showed 

considerable cytotoxicity in root tip of A. cepa.  

Khuda et al. (2012) assessed the cytotoxicity of various plants used in the traditional medicine 

of Pakistan against brine shrimp’s larvae.  The butanol fraction of Xanthium strumarium extract 

showed significant (p≤ 0.05) cytotoxic potency with LC50 of 1.9306 μg/mL and mortality rate 

of 93% at 1000 µg/mL. Olowa and Nuñeza, (2013) examined  E. hirta, Chromolaena odorata 

and Lantana camara, for their in-vitro cytotoxicity using BSLA. Results revealed that E. hirta, 

Chromolaena odorata and Lantana camara were highly toxic against the Artemia salina larvae 

with LC50 values of 100, 10 and 55 µg/mL respectively. 
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Jeda et al. (2014) evaluated Pseudelephantopus spicatus for biological toxicity using the BSL 

Bioassay. The results revealed that ethanol extract exhibited toxic potency after 6 hours and 24 

hour exposures times with LD50 values of 944.07 and 266.07 mg/l respectively, however the 

hydro-ethanol extract and decoction were non significantly toxic against brine shrimp. (Zimudzi, 

2014)  investigated cytotoxic potency for the corms of Hypoxis obtusa ,Hypoxis galpinii, Hypoxis 

rigidula and Hypoxis hemerocallidea. The methanolic extracts of all four plants showed low 

cytotoxicity against Brine shrimp with LC50 values ranged from 6.3 -409 mg/mL. 

2.4.4 Antioxidant evaluation 

Vangalapati, (2011) investigated methanolic extracts of Bacopa monniera for in vitro antioxidant 

properties using Reducing power activity, DPPH free radical scavenging assay and Nitric oxide 

scavenging activity with IC50 value being 96.13 ± 0.86 µg/mL, 104.82 ± 1.96 µg/mL and 455.78 

± 1.03 µg/mL respectively. Omoregie and Osagie, (2012) carried out both in vitro and in vivo 

studies to evaluate the antioxidant properties of methanolic extracts of six Nigerian medicinal 

plants included Talium triangulare,  Jatropha tanjorensis, Amaranthus hybridus, 

Crassocephalum rubens, Veronica amygdalina and Gnetum africana. The in vitro antioxidant 

study indicates that DPPH radical scavenging potential was highest in Crassocephalum rubens 

followed by Talium triangulare.  

Proestos et al., (2013) determined the antioxidant capacity of selected plant extracts using ABTS 

and DPPH scavenging activity. The Folin-Ciocalteu assay approved the presence of antioxidant 

agents in the aromatic plant extracts. All the aromatic plant extracts and their essential oils 

exhibited considerable free radical scavenging capacity. Al-Temimi and Choudhary (2013) 

evaluated antioxidant potential of various plants using 18 different methods. The results obtained 

showed that DPPH scavenging method was more appropriate among in vitro, while Lipid 

Peroxidation (LPO) was more convenient for in vivo study.  (Goveas and Abraham, 2013) 

examined methanol extracts of stem and leaf of Coscinium fenestratum for antioxidant activity 

through Free radical scavenging activity using ABTS and  DPPH and reported significant 

antioxidant activity exhibited by both parts of test plant. 

Uddin et al, (2014) examined ethanolic extract of Stephania japonica leaves for antioxidant 

potential analgesic potential of using four complementary test systems, namely Fe++ ion 

chelating ability, DPPH free radical scavenging and total phenolic content. Kaur and Mondal 

(2014) assessed seven medicinal plants (Citrus aurantifolia, Piper betel, Ocimum sanctum, 
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Asparagus racemosus, Cassia fistula, Polyalthia longifoli and Catharanthus roseus) for free 

radical scavenging capacity using DPPH free radical method. Maximum antioxidant potential 

(87.05%) was shown by Citrus auantifolia followed by (81.80%) and (71.4%) exhibited by 

Ocimum sanctum and Catharanthus roseus respectively.  

2.4.5 Antimicrobial activity  

Singh and Jain (2011) evaluated alcoholic extracts of Vitex nigundo, Cassia fistula, C. 

occidentalis, Sphaeranthus indicus and Albizia lebbeck for their antibacterial potency against S. 

auresus, Pseudomonas aeruginosa, E. coli, Enterobacter aerogenes, P. mirabilis K. pneumonia 

and B. subtilis. Alcoholic extract of Sphaeranthus indicus showed pronounced antibacterial 

activity amongst the five tested plant species. Pandey and Singh, (2011) tested Syzygium 

aromaticum (Clove) against E. coli, Pseudomonas aeruginosa and Staphylococcus aureus using 

agar diffusion test. Methanolic extract was more effective against bacterial strains compare to 

ethanolic. The Methanolic showed MICs of 0.385 mg/mL for S. aureus, 2.31 mg/mL for E. coli 

and 0.01 mg/mL for P. aeruginosa.  

Prasannabalaji et al., (2012) implied methanolic extracts of Adhatoda vasica, Ocimum 

gratissimum, O. sanctum and Aegle marmelos against bacterial strains. Methanol extracts of O. 

gratissimum showed significant growth inhibition against Staphylococcus aureus.  A. marmelos 

showed potent inhibitory potential against E. coli with MIC value of 0.156 mg/mL while A. 

vasica was less effective against the tested bacterial strains.  Sen and Batra (2012) examined 

ethanol, aqueous, ethanol and Petroleum ether extracts of Melia azedarach against human 

pathogens include bacteria (P. aeruginosa, S. aureus, B. cereus, E. coli) and fungi (Fusarium 

oxisporum, Aspergillus flavus, A. niger, Rhizopus stolonifer).  Both ethanol and methanol extracts 

exhibited maximum growth inhibition against all the microbes.  

Goveas and Abraham, (2013) examined aqueous, methanol, ethanol and acetone extracts of stem 

and leaf of Coscinium fenestratum for antibacterial activity against P. aeruginosa, S. aureus,, E. 

coli and B. subtilis. Leaf methanol extract showed lowest activity against B. subtilis (3.9±0.58) 

and maximum against S. aureus (6.4±0.67) respectively. Methanolic extract from stem exhibit 

moderate activity against B. subtilis (13±0.45), P. aeruginosa (12±0.20) and E. Coli (17±0.33). 

Chic and Amom, (2014) implied leaf-extracts of Pterocarpus santalinoides to evaluate its 

antibacterial and antifungal activities. These extracts exhibited antimicrobial activity against P. 

mirabils, E. coli, S. aureus, S. typhi and C. albicans with MICs were in the range of 5.0 - 10 
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mg/mL while MFCs and MBCs were ranged from 10 - 20 mg/mL.  Kaur and Mondal (2014) 

demonstrated antimicrobial activity for seven medicinal plants (Citrus aurantifolia, Piper betel, 

Ocimum sanctum, Asparagus racemosus, Cassia fistula, Polyalthia longifoli and Catharanthus 

roseus). Results revealed that most potent bacterial inhibition was shown by C. aurantifolia and 

O. sanctum against E. coli and Staphylococcus aureus. Dada-Adegbola et al. (2014) determined 

antibacterial activities of Andrographis paniculata against forty-nine bacterial strains. Both 

organic solvent extracts and raw juice did not show pronounced bacteria growth inhibition.  

2.4.6 Antileishmanial activity 

Peraza-Sanchez et al., (2007) reported that whole plant methanolic extract of Tridax procumbens 

exhibited tremendous antileishmanial activity. Similarly, Beroa et al. (2011) monitored 

antileishmanial activity of dichloromethane extracts of aerial parts of Carpolobia lutea, twigs of 

Keetia leucantha, Acanthospermum hispidum and Byrsocarpus coccineus against Leishmania 

mexicana with IC50 values of 18.3 g/mL, 5.8 g/mL, 14.7 g/mL and 11.1 g/mL respectively. 

Odonne et al., (2011) reported that Pseudelephantopus spicatus possess antileishmanial activity. 

The in vitro studies of 8,13-diacetyl-piptocarphol, 8-acetyl-13-Oethylpiptocarpholand ursolico 

(isolated from P. spicatus) exhibiting significant antileishmanial activity compared to standard 

drug (Amphotericin B). Onocha et al. (2011) determined antileishmanial properties for the 

methanol extract of leaves and stems of Acalypha hispida, A. wilkesiana, and A. torta 

(Euphorbiaceae). Both the leaves and stems extracts of all the test plants showed a dose 

dependent antileishmanial potential against leishmania major. 

Baloch et al., (2013) screened crude methanolic fruit extract (CME) of Citrullus colocynthis and 

its aqueous (AQF) acetone (ACF) and chloroform fractions (CCF) against Leishmania major. 

Significant antileishmanial potential was showed by CME with IC50 value of 11.99 µg/mL while 

CCF exhibited moderate leishmanial toxicity with IC50 value of 18.60 µg/mL comparatively to 

Amphotericin B (standard drug). Kaur et al. (2013) reported significant reduction in 

leishmaniasis in BALB/C mice treated with the combine extracts of Azadirachta indica and 

Emblica officinalis.  

Garcia et al. (2014) evaluated ethanol extract from Bixa orellana seeds along with n-hexane, 

ethyl acetate and methanol fractions for antileishmanial activity. Results showed that ethanol and 

n-hexane fraction have good antileishmanial effect with IC50 values of 12.9 and 12.4 μg/mL, 

respectively. Tabatabaie et al., (2014) conducted study to assess antileishmanial potency for 
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alcoholic extracts of Carum copticum, Tussilago farfara and Hyssopus officinalis on Leishmania 

major. The results obtained from the study indicates significant in vitro leishmainicidal efficacy 

of all three plants against L. major compare to reference drug (glucan time). 

2.4.7 Antispasmodic activity 

Kamalraj and Devdass (2011) examined extract of Erythrina indica for spasmolytic activity in 

guinea pig ileum using three spasmogens (barium chloride, histamine and acetylcholine). The 

leaf extract significantly produced spasmolytic effect induced by barium chloride, histamine and 

acetylcholine in guinea pig ileum. 

Saqib et al. (2012) studied hydroethanolic extract of Blepharis edulis for its antispasmodic 

activity on the isolated rabbit jejunum. Hydroethanolic extract at a dose of 0.01-3.0mg/mL 

produced significant relaxation of spontaneous and K+ (80mM)-induced spasmic contractions 

which confirm its spasmolytic potency. Dixit et al. (2013) evaluated the spasmolytic effect of 

hexane leaves extract of Blumea lacara on the guinea pig ileum using barium chloride (10-4m), 

histamine (3×10-7m) and acetylene (10-8m) as spasmogens.   The results revealed that Blumea 

lacara inhibited 50% of spasmodic response which reflect its antispasmodic efficacy. 

Barkatullah et al. (2013) determined antispasmodic effect for essential oil from Zanthoxylum 

armatum and reported significant antispasmodic potential on isolated rabbit jejunum in both 

potassium chlorides induced and spontaneous contraction.  

Ali et al. (2014) examined crude methanol extract of Achillea wilhelmsii along with chloroform, 

n-hexane and ethyl acetate fractions for antispasmodic activity on isolated rabbits’ jejunum using 

KCl-induced contractions. The EC50 values for methanol and n-hexane fractions were 0.68±0.05 

and 1.68±0.8 mg/mL, respectively.  Jagadeesh et al. (2014.a) used ethanol extract of Calotropis 

procera for In-vitro antispasmodic activity on isolated rat colon. The findings revealed that C. 

procera produced antispasmodic effect on rat colon and gastrointestinal smooth muscles by 

inhibiting contraction (30%, 31%, 81.56%). Jagadeesh et al. (2014.b) used ethanol extract of 

Calotropis procera for In-vitro spasmolytic activity on guinea pig ileum. The ethanol extract due 

to presence of calotropin like alkaloid inhibited the actions of histamine. 

2.5 Euphorbia wallichii Hook. 

Ali et al., (2009) screened root extracts of E. wallichii for their antimicrobial, cytotoxic and 

phytotoxic potency. The experimental dose (1000 μg/mL) exhibited 50 to 100% shrimp’s 
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mortality, 60 to 100% lemna based phytotoxicity, while at low dose (10 μg/mL) exhibited 25-

70% shrimp’s mortality and 30- 80% lemna based phytotoxicity. 

Ali et al., (2009) tested n-hexane, ethyl acetate, chloroform and n-butanol extracts of E. wallichii 

against six bacteria viz., Salmonella typhi, Pseudomonas aeruginosa, Staphylococcus aureus, 

Shigella flexenari, E. coli and Bacillus subtilis. All the extracts showed moderate to highly 

significant zones of inhibitions against tested bacterial strains.  

2.6 Green synthesis of Nanoparticles 

2.6.1 Gold nanoparticles 

Song et al., (2009) synthesized gold nanoparticles using extracts of Magnolia kobus and 

Diopyros kaki and characterized by different characterization like UV–vis spectroscopy, SEM, 

EDX spectroscopy and Fourier-transform IR spectroscopy. Smitha et al., (2009) used green 

approach for the synthesis of AuNPs using extract from the leaf of Cinnamomum zeylanicum as 

bioreducing agent. The nanomorphology of particles was prisms and spheres. The nanoparticles 

were crystalline with fcc (111) confirmed from XRD patterns. Dubeya et al., (2010) synthesized 

Rosa rugosa mediated gold nanoparticles. Surface plasmon resonance spectra was obtained at 

578nm pink-red color. 

Noruzia et al., (2011) gold nanoparticles from Rosa hybrida petal extract. The effect of extract 

concentration and gold salt concentration was determined on nanoparticles size and distribution. 

Babu et al. (2011) used ethanol extract of Fagopyrum esculentum for the biogenic synthesis of 

AuNPs. High resolution TEM (HRTEM) revealed hexagonal, spherical and triangular 

morphology with an average size of 8.3 nm. XRD confirm crystalline and FT-IR suggested the 

presence of different biochemicals. The AuNPs were also found to be effective against human 

cancer cell lines (IMR-32, HeLa and MCF-7). Elavazhagan and Arunachalam (2011) subjected 

extract of Memecylon edule to biogenic synthesis of AuNPs and characterized by TEM, SEM, 

UV-vis spectroscopy, EDS, and FTIR. TEM revealed hexagonal, spherical and triangular 

morphology with size in the range of 10–45 nm. FTIR confirm that Saponin is responsible for 

the synthesis of AuNPs. 

Pandey et al. (2012) demonstrated the green synthesis of ultra-stable Momordica charantia 

mediated gold nanoparticles. The AuNPs were found to be 10-100 nm and monodisperse and the 

Nitrate reductase activity catalytic activity was found 0.0132 µmole/min/gram. Sujitha and 
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kannan, (2012) synthesized AuNPs using Citrus reticulate, C. sinensis and C. limon fruit extract 

as bioreducing agents for the reduction of Au+3. The size and shape of AuNPs were varied with 

concentration of extract used. 

Pattanayak and Nayak (2013) explored the reducing potency of Elettaria cardamomum (aqueous) 

extract for synthesis of AuNPs. UV-Visible spectroscopy for SPR of reaction product confirms 

the bioreduction of Au3+ ion AuNPs. Nalawade et al., (2013) synthesized glycerol mediated 

PVP protected Au NPs. The effect of PVP as surfactant and the concentration of glycerol: gold 

acid chloride on homogeneity and size of AuNPs were investigated. The AuNPs were found to 

be catalytically active, synthesized in 80:20 (v/v) water: glycerol. 

Sreekanth et al. (2014 investigation rhizome extract of Dioscorea batatas for phytogenic 

synthesis of AuNPs. The synthesized NPs were described by UV–Vis spectrophotometers, FTIR, 

XRD, SEM and TEM. Biogenic AuNPs were observed to be toxic against both grams +ve and 

grams -ve bacterial strains. Bahram and  Mohammadzadeh (2014 using willow tree bark extract 

for synthesis of gold nanoparticles.  Aspirin is the key biochemical acts as a bioreducing agent 

and reduces Au+3. The interaction between cysteine and synthesized AuNPs was firstly 

introduced as high-potential calorimetric sensor for monitoring and recognition of cysteine. 

2.6.2 Silver nanoparticles 

Krishnaraj et al, (2010) investigated phytosynthesis of AgNPs using leaf extract of Acalypha 

indica and screened against selected bacterial strains. The biosynthetic AgNPs were 

characterized by SEM, X-ray diffraction (XRD) and EDS and UV-Vis spectroscopy. HRTEM 

analysis showed the mean size of AgNPs were in the range of 20-30nm. AgNPs showed 

significant bacterial growth inhibition against E. coli and Vibrio cholerae.  

Mallikarjuna et al. (2011) used ecofriendly procedure for biosynthesis of AgNPs using Ocimum 

sanctum (leaf broth) as bioreductant and stabilizer. The synthesized AgNPs were found in the 

ranges of 3-20 nm. The XRD peaks were observed corresponding to (111), (200) and (311) 

planes. Hussain et al, (2011) reported the formation of silver nanocrystals using aniline as 

reducing agents and demonstrated the effect of reductant concentrations on the size and 

distribution of nanocrystals. Selected areas electron diffraction (SAED), Uv-Visible 

spectroscopy and TEM were employed to characterize AgNPs. Uniform particle size of 25 nm 

with roughly spherical morphology and face- centered-cubic form showed surface plasmon 

resonance peaks at 400 nm.  

http://pubs.rsc.org/en/results?searchtext=Author%3AMorteza%20Bahram
http://pubs.rsc.org/en/results?searchtext=Author%3AEsmat%20Mohammadzadeh
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Devi and Bhimba, (2012) exploited  Ulva lactuca extract for biogenic silver nanoparticles at 

121°C and were analyzed for cytotoxicity against HT29, MF7, Hep-2 and Vero cell lines. AgNPs 

were characterized UV-visible absorption spectroscopy, FT-IR, XRD, SEM, EDAX and TEM. 

Kora et al., (2012) developed green approach for the synthesis of AgNPs using gum ghatti 

(exudates of Anogeissus latifolia). The result of reaction time and gum concentration on the 

synthesis of nanoparticles was studied. Monodispersed AgNPs with spherical morphology and 

about 5.7 ± 0.2 nm size was obtained. 

Lalitha et al., (2013) used ecofriendly, green methods to synthesized Azhadirachta indica 

mediated silver nanoparticles and characterized under Ultraviolet-visible spectroscopy in the 

range of 350-420nm. While using FTIR analysis, biochemical functional groups were studied.   

AgNPs showed bacterial growth inhibition against Klebsiella pneumoniae and Salmonella typhi. 

Roy et al., (2013) used Vitis vinifera as a bioreducing agent for biogenic and eco-friendly 

synthesis of AgNPs. Characterization of AgNPs was done by DLS, UV-Vis Spectroscopy, TEM 

and EDX. Bacillus subtilis and E. coli were used to determine the antibacterial activity of 

synthesized AgNPs. 

Balavandy et al., (2014) investigated stirring effect on silver nanoparticles synthesis from 

aqueous solution of glutathione. Synthesized Ag-NPs were tested for SP absorption maxima by 

UV–Vis spectroscopy. The XRD pattern confirmed crystalline nature and face-centered cubic 

structure, TEM revealed spherical morphology. Baharara et al., (2014) used green biosynthetic 

approach synthesized using Achillea biebersteinii flowers extract as a reducing agent. Silver 

nanoparticles synthesis was confirmed by the absorbance peak at 460 through UV-visible 

spectroscopic analysis while TEM images showed 12 ± 2 nm size. The anti-angiogenic potency 

of Ag-NPs showed 50% reduction in the length and number of vessel-like structures at a dose of 

200um/mL while using the rat aortic ring model.  
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Chapter# 3 

MATERIALS AND METHODS 

Pharmacognostic standardization, synthesis of plant mediated Au and AgNPs and their 

pharmacological evaluation was carried out by executing the following procedure  

3.1. PHARMACOGNOSTIC EVALUATION 

Following pharmacognostic parameters were studied for the plant under study. 

3.1.1. Collection, identification and preservation 

  The fresh specimens of E. wallichii (Both shoot and rhizome) at the time of fruiting 

(June) were collected from Abbottabad, Khyber Pakhtunkhwa, Pakistan. The collected 

specimens were washed, drained, cleaned. Some of the fresh specimens were subjected to 

histomorphological examinations while remaining specimens were cut into thin pieces and allow 

for shade drying at 25±3 oC. The dried parts were grinded, placed in airtight ambered colour 

bottles to protect from humidity, light and other climatic conditions (Kala et al. 2011). 

3.1.2 Macroscopic examination 

Organoleptic and Morphological examination was carried out for various parts (stem, leaf, and 

rhizome) following the standard procedure of Wallis (2005), Youngken (1950) and Evans (2002). 

The Organoleptic and morphological features of leaf includes; color, odour, taste, texture, type, 

size, shape, tip, base, margin, venation, petiole and stipule while for stem and rhizome, habit, 

color, odour, taste, texture, fracture, size, shape, duration, surface, branches and position were 

studied. 

3.1.3 Microscopic study 

Various plant organs were studied for microscopical features, including epidermal cells type, 

cuticular features, stomatal occurrence, stomatal index, type and frequency, trichomes types, 

their size and shape, vein termination and islet number, palisade cell ratio, types vascular bundles 

and fragments of powdered drugs etc., which act as a preliminary tool for authentication of plant 

species and drug standardization (Mbagwu and Edeoga, 2006). 
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3.1.3.i      Microscopy of powdered drug 

Fine powder of shoot and rhizome of E. wallichii were macerated with highly saturated solution 

of chloral hydrate. A drop of solution with powdered plant material was taken on a clean glass 

slide and studiedd under microscope (Labomed LX 400) fitted with overhead digital camera 

(IVU 3100). Microscopic photographs of powdered drugs were taken for different tissues 

fragments observed (Wallis, 2005). 

3.1.3.ii Leaf surface microscopy 

Following microscopic leaf surface parameters were determined. 

3.1.3.ii (a) Stomatal frequency and Stomatal Index  

            3.1.3.ii (b) Vein Termination and Vein Islet Number 

3.1.3.ii (c) Palisade Ratio 

3.1.3.ii (a) Stomatal frequency and stomatal index 

Fresh leaves of E. wallichii were immersed in tap water to prevent desiccation and restore cell 

turgidity to facilitate the procurement of epidermis.  Both Adaxial and abaxial surfaces were 

peeled off through sharp razor blade, washed with distilled water, placed on a clean glass slide 

and examined under microscope (Labomed LX 400) with overhead digital camera fitted 

(Choudhary and Kamal, 2004). Stomatal occurrence on abaxial and adaxial surfaces, stomatal 

frequency, stomatal density, stomatal index and stomatal types were observed (Wallis, 2005; 

Choudhary and Kamal, 2004). 

The stomatal index was calculated through following equationI = S x 100 / E+S  

Where, I = Stomatal index  

E = Total number of epidermal cells.  

and 

S = Number of stomata in a specific area 
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3.1.3.ii (b) Veinlet termination and Vein islet number 

The fresh leaves of E. wallichii were boiling and decolorized with a concentrated choral hydrate 

solution. Using the stage micrometer an area of 1.0 millimeter was focused while focusing 4mm 

objective piece. The iris diaphragm was adjusted such that the 1 mm2 stage area remained 

illuminated.  The leaf mounted slides were placed for determining vein islet and vein termination 

numbers (Evans, 2002, Wallis 2005).  

3.1.3.ii  (c) Palisade cell ratio 

Several pieces of cleared leaf (Boiled with chloral hydrae) were cut midway between midrib and 

margin, mounted on a clear glass slide and observed under microscope (Labomed LX 400). By 

mild rotation of fine adjustment, epidermal cells were fixated so that the fundamental palisade 

cells were also focused, simultaneously become visible and were counted. The half covered 

palisade cell by an epidermal cell was also included in counting (Evans, 2002). 

3.1.4 Preliminary Phytochemical analysis 

Detective tests for various phytochemical like Proteins, carbohydrates, oils, alkaloids, terpenoids, 

anthraquinones derivatives, phytosterols, saponins, glycosides, flavonoids, phenols tannins and 

anthocyanins in the powder drugs of E. wallichii were carried out following Katsayal & Lamai 

(2009) and Evans (2002). 

3.1.4. i Test for reducing sugars 

o Benedict’s test: The ethanol extract of both shoot and rhizome taken in test tubes 

with the addition of four to six drops of Benedict’s solution and. The test tubes were gently heated 

upon sprit lamp and the appearance of brick red to brown red color validates reducing sugars. 

o Fehling’s test: The ethanol extract of both shoot and rhizome were separately 

taken in test tubes with the addition of four to six drops of Fehling’s reagent. The test tubes were 

gently heated upon sprit lamp and the appearance of brick red to reddish brown color validates 

reducing sugars. 

3.1.4. ii Killere killiani test for steroidal Glycosides 

o Four mL of ethanol extract of each part were separately treated with equal amount 

of glacial acetic acid to which 0.5 ml of concentrated H2SO4 and 5% ferric chloride were added. 
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The presence of red to brownish red color at the junction of two liquids and blue to greenish blue 

color in the upper level validates glycosides (steroidal). 

3.1.4. iii Test for tannins 

o Iron III chloride test: The ethanol extract of both parts were treated with four to 

five drops of FeCl3 solution. The bluish black to dark greenish color designate phenol heads, 

whole blue color signify hydrolysable tannin green color confirm the presence of condensed 

tannins in the test samples. 

3.1.4. iv Test for alkaloid 

 The ethanol extract of shoot and rhizome of E. wallichii were dissolved in HCl separately 

and filtered. The filtrates were tested via different tests for presence of alkaloids.   

o Wagner’s test: To the collected filtrates, few drops of Wagner’s reagent (iodine 

in potassium iodide) was added and noticed for red to reddish brown color (A symbolic colour 

for alkaloids presence). 

o Dragondroff’s test: To the collected filtrates, few drops of potassium bismuth 

iodide solution (Dragondroff’s reagent) was added and noticed for red precipitation 

(characteristic Dragondroff’s test color for alkaloids). 

o Hager’s test: Filtrates upon the treatment with Hager’s reagent (saturated picric 

acid solution) was observed for yellow precipitation (characteristic Hager’s test color for 

alkaloids).  

3.1.4. v Saponins confirmation 

o Froth test: The ethanol extract of both parts of E, wallichii were diluted with 

deionized water in test tubes and vigorously shaken. The formation of froth with persistence 

time of 5 minutes or more represent saponins. 

3.1.4. vi Detection of Phytosterols and Triterpenes  

o Salkowski’s test: The ethanol extract of both parts of E, wallichii were dissolved 

in chloroform and filtered. To filtrates few drops of con. H2SO4 were added, shaken and observed 

for appearance of red color in the lower layer represent phytosterols while appearance of golden 

yellow colour indicates triterpenes.  
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3.1.4.vii Detective test proteins & amino acids  

o Biuret test: To 2 mL of ethanol extracts of both parts of E, wallichii, 2 mL of 

Biuret reagent was added. Appearance of violet color indicate the occurrence of protein. 

o Xanthoproteic test: To 2 mL of aqueous and ethanol extracts of both parts of E, 

wallichii, few drops of concentrated nitric acid were added, upon heating yellow color appears 

which turns orange upon the addition of ammonia. 

 

3.1.4. viii. Detection of Fat/Oil 

100 mg of powdered drug was pressed between two folds of filter paper; formation of 

translucent oily stain indicates fixed oil. 

3.1.4.ix Detection of flavonoids 

o Lead acetate test: To the aqueous and ethanol extracts of both parts of E, 

wallichii, lead acetate solution was added and observed for yellow colour, confirms flavonoids 

in test samples. 

o Alkali test: NaOH solution was added to aqueous and ethanol extracts of both 

parts of E, wallichii, and appearance of intense pale colour which confirms the presence of 

flavonoids. 

3.2 Physicochemical analysis 

Physicochemical evaluation of drug in the form of nutritional and elemental analysis play pivotal 

role for regulation of the native crude drugs (Fazal et al., 2011).  

3.2.1. Proximate and nutritional analysis 

The following nutritional components were estimated for E. wallichii. 

3.2.1.i Moisture content (%) 

Four gram of powdered plant samples of each part was taken in pre-weighed petri-plate, heated 

in oven upto 110oC for 5 hours, till constant mass was acquired, cooled and final mass obtained.  

Percent moisture contents were calculated (AOAC, 2000) as; 

% Moisture = 
Mass of sample after processsing

Mass of the sample before processing
 ×100                                
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3.2.1.ii Determination of fat (ether extract)      

Crude fats were extracted from powdered plant parts through petroleum ether (40-60oC) using 

Soxhlet apparatus (Zarnowski & Suzuki. 2004).  The ether extract was evaporated from a pre 

weighed flask using water bath and reweighed. Percentage of crude fats was determined 

following AOAC, (2000) as;  

A = Mass of empty flask 

B = Mass of flask after solvent evaporation 

Z= A-B 

  % fats (Ether extract) =    
Z

Mass of powdered sample
 ×100 

3.2.1.iii Protein content “Kjeldahl method”     

Crude protein content of E. wallichii shoot and rhizome was estimated by determined nitrogen 

value (% Nx6.25) by kjeldahl.  

Digestion: 25 mL of concentrated H2SO4 was added to 0.5 g of powdered plant sample 

in flask to which digestion mixture was added (K2SO4, CuSO4 and FeSO4 were mixed in 94:5:1 

respectively) and heated the mixture at 400oC for 2-3 hours. 10 mL Concentrated NaOH was 

added to make it alkaline.  

            Distillation: To the distillation flask, 50mL Boric Acid solution was added, adding (3-5 

drops) of mixed indicator. 32 % aqueous sodium hydroxide (60 mL) and 50 mL distilled water 

was added to distillation flask. 

 Titration: The content of distillation flask was titrated with 0.1N HCl until the blue liquid 

turns to a purplish pink color. The amount of HCl used was recorded on burette and the amount 

of crude protein from nitrogen content was determined (AOAC, 2000) as; 

 (N %) = 
(VA−VB) ×NHCl ×14.01 × 0.5 ×100

(Sample in mg) 
 

Atomic mass of Nitrogen (N) =14.01 

Protein (%) = % Nitrogen  6.25. 
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Volume of standard HCl (mL) used in titrations for sample A = VA 

Volume of standard HCl (mL) used in titrations for sample B = VB   

3.2.1.iv Determination of crude fiber  

Oven dried powder drugs (2 g) were extracted for crude fats with petroleum ether and residue 

was digested with 0.5 g asbestos. 0.2 L of hot H2SO4 (0.255 N) was added and boiled for half an 

hour, filtered and scum was rinsed with distilled water. The reaction mixture was transferred to 

the digestion flask, add boiling NaOH (0.313 N) with the final volume of flask content reach to 

exactly 200 mL. Reflux condenser was connected to flask, boiled for 30 minutes, filtered, washed 

alternatively with ethanol and hot water. The contents put into crucible, dried in hot air at 110oC 

and weighted (M1), ignited in muffle furnace till whitening of mass and reweighted (M2) and 

Crude fibers calculated (AOAC, 2000) as;  

Crude fiber = M2 – M1  

and 

 Crude fibers (%)  =  
M2 – M1     

Sample Mass
× 100           

3.2.1.v Determination of Carbohydrates content 

Carbohydrates contents of powder drug of different parts of selected parts was calculated after 

(Muller, 1980) as; 

Carbohydrates (%) = 100  –   [Moisture content (%) +  Total Ash (%)+  Crude fiber (%) + Fats 

(%) +    Protein (%)]     

3.2.1.vi Energy value  

Total energy value was determined after Okwu (2004) using following equation. 

K calories ̸100 g = 4 (carbohydrate (%) + 9 (crude fats (%) + protein (%).  

3.2.2 Elemental analysis 

Powdered plant parts (0.5 g) were taken in a conical flask, add 10 mL concentrated Nitric Acid, 

allowed to overnight. 4mL of perchloric acid was added, kept for 25 minutes, heated on hot plate 

till the appearance of white fumes, cooled the sample, diluted with deionized water and filtered. 
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The samples were analyzed for quantitative detection of both macro and micro nutrients through 

atomic absorption spectrometer (AOAC, 2000).  

3.3 Green synthesis of Au and AgNPs 

For the eco-friendly synthesis of AgNPs/AuNPs using extract of shoot and rhizome of E. 

wallichii, 200 µg/mL aqueous solution of ethanol extract each was mixed with 1.0 mM of gold 

acid chloride (aqueous solution) and silver nitrate (aqueous) in various ratios and stirrer for 15-

30 minutes till the characteristic colors obtained by the reduction of Ag+1 and Au+3 ions through 

phytometabolites.   

3.3.1. Characterizations 

3.3.1.i UV-Vis spectrophotometry 

The synthesis of AuNPs and AgNPs were confirmed by determining their UV–Vis spectrum 

against ethanol in deionized water as a blank. UV–Vis spectrophotometry was carried out for 

monitoring the SPR of synthesized AuNPs and AgNPs between the wavelength ranges of 300 to 

800 nm. 

3.3.1.ii FT-IR Spectroscopy 

E. wallichii extracts from shoot and rhizome and their mediated AuNPs and AgNPs were deeply 

dried trough vacuumed drier. Dried powder of was mixed with KBr, pressed by hydraulic Pellet Press 

and subjected to FT-IR spectroscopy using “PerkinElmer spectrometer FT-IR Spectrum One”. XRD 

pattern was analyzed using JEOL JDX 3532 X-ray diffractometer 

3.3.1.iii X-ray diffraction (XRD) analysis 

The XRD analysis of AuNPs and AgNPs nanoparticles of shoot and rhizome extracts of E. 

wallichii was carried out using JEOL JDX 3532 X-ray diffractometer in centralized resource 

laboratory University of Peshawar, Pakistan.  

3.3.1.iv Scanning electron microscopy (SEM) 

For morphological evaluation the dried AgNPs and AuNPs of E. wallichii rhizome and shoot 

were coated with gold on carbon tape and observed through SEM using FE-SEM (JSM-5910-

JEOL-JAPAN).  
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3.3.1.v EDX Spectroscopy 

For the elemental mapping the gold and silver nanoparticles were oven dried at 50 Co and 

subjected to EFX analysis using the Oxford Inca 200 SEM instrument equipped with a Thermo EDX 

attachment.  

3.4 Pharmacology 

Following bioassays were performed to determine the pharmacological potential of E. wallichii 

extracts and their mediated silver and gold nanoparticles. 

3.4.1. Acute Toxicity 

E. wallichii extracts from both shoot and rhizome were determined for their acute toxicity against 

Swiss albino mice succeeding Danmalam et al. (2009). The experiment was performed in RCB 

design where the fore night fasted animals were distributed into nine groups having six mice in 

each and received the experimental treatments as; 

Group I, saline at 10mL/kg bw, p.o and assisted as negative control;  

Group II, 500mg/kg of bw shoot extract p.o  

Group III, 1000mg/kg of bw shoot extract p.o 

Group IV, 500mg/kg of bw shoot extract p.o 

Group V, 2000mg/kg of bw shoot extract p.o 

Group VI, 500mg/kg of bw rhizome extract p.o 

Group VII, 1000mg/kg of bw rhizome extract p.o 

Group VIII, 1500mg/kg of bw rhizome extract p.o 

and Group IX, 2000mg/kg bw of rhizome extract p.o. 

The animals were observed for morbidity and mortality. 

 

3.4.2. Cytotoxicity 

The cytotoxic efficacy of ethanol extracts and gold/silver nanoparticles of E. wallichii were 

carried out by using BSLA after McLaughlin et al. (1991); Atta Ur Rahman et al. (2001) and 

Zakaria et al. (2007). 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Atta-Ur-Rahman%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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The hatching tray with perforated partition was half filled with filtered 3.8% sea salt 

solution (brine solution).  Brine shrimp’s eggs were sprinkled in one compartment, covered with 

aluminum foil. A light source (bulb) was hanged over the hatching tray. After 48 hours from the 

hatched eggs, larvae swim through the perforations collected in second compartment of hatching 

tray.  

Sample preparation 

Five experimental doses (10; 50; 100; 500 and 1000 µg/mL) for ethanol extract and 

Silver/gold nanoparticles of both parts of E. wallichii were prepared in brine solution. 10 mL of 

each concentration was transferred to glass vials. 10 brine shrimp’s larvae were shifted to each 

vial through long tipped dropper. The vials lacks any treatment dose and only consist of 10 mL 

brine act as negative control, while a set of vials with reference cytotoxic drug was also run as 

positive Control. The experiment was performed with three replication for each treatment. The 

number of survivors was recorded in each vial after 24 hours and the % mortality was determined 

as;  

Mortality (%) = 100 −
𝑁𝑜 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑠𝑒𝑟𝑣𝑖𝑣𝑒𝑑 𝑖𝑛 𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

𝑁𝑜 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑠𝑒𝑟𝑣𝑖𝑣𝑒𝑑 𝑖𝑛 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

3.4.3. Phytotoxicity 

Phytotoxic bioassay was carried out using Lemna minor toxicity assay following the 

standard procedure after McLaughlin et al. (1991) and Atta-ur-Rehman, (2001). The growth 

medium for Lemna was prepared following Szabo et al. (2003). The medium was sterilized for 

20 minutes at 121o C. Five different concentrations (50, 100, 500, 1000 and 5000g/mL) for 

ethanol extracts and Au/AgNPs were prepared in growth medium. 10mL of each concentration 

was put into petri dishes, to which 10 individual L. minor with rosette of 3 fronds were added.  

Petri plates with 2% DMSO in growth media served as control. After 72 hours, number of fronds 

per petri dish were totaled and growth regulation (percent) was determined using the given 

equation as; 

% Growth Regulation =   100 – 
No of fronds in test samlpe

 No of fronds in possitive control
× 100 
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3.4.4 Antibacterial activity 

For culture preparation, to Mueller–Hinton broth (MHB) tubes, loop full of cells were transferred 

from the stock for active bacterial cultures and incubated at 37o C for 24 h without agitation. 

Fresh Mueller–Hinton broth was added to the cultures to achieve OD consistent to 0.5 (i.e., 105–

106 CFU/mL using McFarland’s standard). 

Culture media was poured in pre-sterilized petridishes and autoclaved for sterilization. By means 

of sterile metal cork borer, wells of were bored (6 mm diameter) in media and agar plugs were 

carefully taken out. The culture was inoculated from culture media to Mueller–Hinton agar filled 

petri plates with sterile cotton-tipped swab. The wells were filled with 2mg/mL each of ethanol 

extracts and Au/AgNPs, and allowed to stand for 1 hour, then incubated for 24 hours at 30oC and 

evaluated for zone of inhibition (mm) for antibacterial activity. Wells received ethanol, silver 

nitrate solution and gold chloride act as a control while streptomycin (2 mg/mL) served as a 

standard antibacterial agent. The experiment was replicated three times. 

3.4.5. Antifungal potency 

 Antifungal activity of ethanol extracts and synthesized Ag/AuNPs was performed by agar 

well diffusion method (Perez et al., 1990; Jayaseelan et al., 2012). Potato dextrose broth (PDB) 

was poured and evenly distributed in pre sterilized petri dishes and permitted to solidify. 100µl 

(104 cells/mL) of revived fungal cultures were evenly spread over PDB. 1mg/mL of ethanol 

extracts and Ag/AuNPs each were added to the wells of 6 mm diameters made by sterile cork 

borer and incubated at 25±2oC for 72 h. DMSO was run as negative control. After incubating the 

petri plates for 72 hours, they were observed for the zones inhibition (mm) around the well 

compared to the control condition. 

3.4.6. Antioxidant efficacy 

Free radical scavenging assay (Antioxidant potential) for ethanolic extracts of both parts and 

silver/gold nanoparticles derived from the shoot and rhizome of E. wallichii were evaluated by 

using DPPH (Uddin et al., 2012). The reducing potential of both ethanolic extracts and 

nanoparticles were measured from their bleaching action upon DPPH (purple colour solution). 

Different grades (10, 20, 40, 60, 80 and 100 µg/mL) of ethanolic extracts and nanoparticles were 

mixed with 0.I mM DPPH in ethanol and incubated in dark. The pure 0.1mM DPPH was run as 

a control while Ascorbic acid was taken as a standard antioxidant drug. The absorbency of UV-
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Vis spectrum at 517nm was measured at one, two and three hour intervals of incubation. The % 

Antioxidant potential was determined as: 

 

 

 

3.4.7. Antileishmanial bioassay 

 Leishmania tropica (KWH23) clinical field isolate KWH23 was cultured on M199 media 

supplemented 10% heat inactivated Fetal Calf Serum (HI-FSC), 50 ug/mL Kenamycin, 

100ug/mL Streptomycin, 100 ug/mL Penicillin and 5 ug/mL of Hemin. The culture was 

incubated at 24-26 °C under anaerobic conditions. The count was recorded with help of Neubauer 

Haemocytometer daily upto 10 days. The promastigotes showed log phase increase in growth 

and subpassage was done by centrifugation of culture at 2000 rpm for 12 minutes and the 

obtained pellets were suspended in 8-10 mL fresh growth medium to obtain 1x105 cells/mL 

dilutions for experiment. 

Anti-Promastigote Activity 

 In vitro anti-leishmanial activity of ethanol extract of shoot and rhizome of E. wallichii 

and their derived AuNPs and AgNPs was performed in flat bottom 96 wells plates. From the 

standardized promastigotes suspension (4×106 parasites/mL), 200µL M-199 medium/well with 

1×105 promastigotes were transferred in 96-well plates and feed with 10 µg/mL, 50 µg/mL and 

100µg/mL of each of shoot and rhizome extract and their derived AgNPs and AuNPs. 0.5% of 

DMSO was run as negative control. Each of the experimental doses was run in triplicates. The 

96 wells plate was then incubated at 26oC for 48 hours and the number of promastigotes was 

counted with the help of Neubauer Haemocytometer in microscope. 

The percent inhibition by each treatment was calculated as; 

% inhibition =
(𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑚𝑎𝑠𝑡𝑖𝑔𝑜𝑡𝑒𝑠 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑚𝑎𝑠𝑡𝑖𝑔𝑜𝑡𝑒𝑠 𝑖𝑛 𝑡𝑒𝑠𝑡1)

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑜𝑚𝑎𝑠𝑡𝑖𝑔𝑜𝑡𝑒𝑠 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 
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3.4.8. Analgesic activity 

Experimental Requirements  

Eddy’s hot plate, 3 cc and 5 cc syringe, Diclofenac sodium, AgNPs and AuNPs nanoparticles 

from plant extracts and ethanol extracts. 

Experimental Animals 

Swiss albino mice of both sexes were bought from NIH Islamabad, Pakistan. The experimental 

subjects (animals) were kept in 12/12-hour light and darks cycle at relative humidity of 50–55%, 

mean temperature 25±3oC and fed with Standard animal feed. Prior to experimentation, animals 

were acclimatized to the laboratory. 

Procedure 

The analgesic potency of subjects was determined using hot plate method. The reaction of mice 

in the form of withdrawal of the paws and jumping to high temperature was investigated (Eddy 

and Leimback, 1953 and Toma et al., 2003). 

The animals were distributed into five groups six in each and received the treatments as; 

Group    I:  Received normal saline at 10mL/kg of body weight, p.o (-ve control). 

Group   II:  Received Diclofenac sodium at 10mg/kg body weight, p.o (+ve control). 

Group III:  Received 50mg/kg of each ethanolic extracts and silver/gold nanoparticles each, i.p. 

Group IV:  Received 100mg/kg of each ethanolic extracts and silver/gold nanoparticles each, i.p. 

Group V:  Received 200mg/kg of each ethanolic extracts and silver/gold nanoparticles each, i.p. 

Each mouse was placed in Eddy’s hot plate at a regulated temperature of 55±2 0C. Mice with 

extreme baseline latencies (less than 5s and greater than 30s) were eliminated from the study. To 

avoid paw damage, cut off period of 15 seconds was observed (Franzotti et al., 2000). Response 

time in the form of flicking of fore or hind limbs and jumping was recorded after 0; 30; 60 and 

90 minutes of treatments.  

3.4.9. Spasmolytic/Antidiarrheal evaluation 
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In-vivo gastrointestinal propulsion bioassay for ethanol extract of shoot and rhizome of E. 

wallichii and their respective gold/silver nanoparticles was carried out on Swiss albino mice 

using standard procedures of Ezike et al (2012), Shamkuwar et al (2012) and Ezike et al (2014) 

The fore night fasted animals were distributed in five groups having six mice in each and were 

treated as; 

Group    I:  Received normal saline at 10mL/kg of body weight, p.o (Negative control). 

Group   II:  Received atropine sulphate at 10mg/kg body weight, p.o (Positive control). 

Group III:  Received 50mg/kg of each ethanolic extracts and silver/gold nanoparticles each, p.o. 

Group IV:  Received 100mg/kg of each ethanolic extracts and silver/gold nanoparticles each, p.o. 

Group V:  Received 200mg/kg of each ethanolic extracts and silver/gold nanoparticles each, p.o. 

After 15 minutes of drugs administration, all the animals were fed orally with 0.2 mL of activated 

charcoal (5% charcoal suspension in 5% acacia gum). All the mice were sedated with ether and 

after half an hour of charcoal feeding, were sacrificed by cervical dislocation. The experimental 

animals were dichotomized and the intestine from caecum to pyloric was separated. The charcoal 

movement along the entire smile intestine relative to the total intestinal length was calculated as 

percent propulsion using the given equation. 

𝑃𝑃 =
𝐴

𝐵
× 100 

Where:  

PP = Percent Intestinal propulsion  

A = Charcoal transverse intestinal segment   

B = Intestinal length 

 Inhibition (%) of propulsion was calculated relative to negative control using the relation: 

 Propulsion inhibition (%) = 100 [1 − (  
𝑎

𝑏
  )] 

 Where: a = PP of mice treated with various does of shoot and rhizome extracts and their mediated 

AuNPs and AgNPs. 
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 b = PP of negative control animals 

3.4.10. Larvicidal activity 

Larvicidal potential of subjects was carried out against Aedes aegypti larvae according to WHO 

(1996) and Shivakumar et al, (2013) with some modifications. Larvae were obtained from 

Department of Zoology, University of Peshawar, Pakistan.  Larvae were fed with powdered dog 

biscuits and yeast with the ratio of 1:3 and kept at 30 ± 2º C.  The larvae at their fourth instars 

stages were used for larvicidal bioassay. The experiment was performed through CR design with 

three replicates each with 10 larvae in 49 mL of water with larvae food and 1 mL of various doses 

(10; 50; 100; 150; 200 and 250 µg/mL) of both ethanolic extracts and Au/AgNPs from shoot and 

rhizome of E. wallichii. The control conditions were set with silver nitrate and gold chloride in 

distilled water and dechlorinated tap water for nanoparticles and ethanolic extracts respectively. 

After 24 hours of exposure, the numbers of survivors were counted and % mortality rate was 

determined using formula: 

 Larvicidal potential (%) = 100 −
𝑁𝑜 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑠𝑒𝑟𝑣𝑖𝑣𝑒𝑑 𝑖𝑛 𝑡𝑒𝑠𝑡 𝑠𝑎𝑚𝑝𝑙𝑒

𝑁𝑜 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑒 𝑠𝑒𝑟𝑣𝑖𝑣𝑒𝑑 𝑖𝑛−𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 
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OBJECTIVES OF THE STUDY 

Following objectives were set and achieved form the current study. 

 Traditional medicinal uses and ethnobotanical applications of the plant were brought to 

fame.  

 Morphological description of both aerial and underground parts of the proposed plants 

carried out for correct identification. 

 Both qualitative and quantitative Histo-anatomical description of leaf epidermises with 

reference to veinlet termination, vein islet numbers, stomatal type, frequency & its index 

and palisade cell ratio were assessed which will provide baseline knowledge for 

identification of plant derived drugs.  

 Micromorphological investigation of plant derived powder has been worked to set 

pharmacognostic standards for drug in powder form. 

 To examine the qualitative chemical assessment of plant parts in order to unfold its 

chemical architect, which will speak about the possible therapeutic application of the 

plant. 

 Physicochemical analysis in the form of nutraceutical and nutrient composition was 

determined to get information about its nutraceutical value, quantity and quantity of 

various trace and vital elements. 

 Synthesis of AgNPs and AuNPs by ecofriendly and cost-effective green method was 

carried out and characterized by Uv-Visible spectrophotometry, SEM, FTIR 

spectroscopy, EDS and X-ray diffraction analysis to confirm about the synthesis, size, 

morphology, crystalline nature and lattice structure, capping agents and elemental 

composition of biogenic nanoparticles. 

 Comparative pharmacological application of gold, silver nanoparticles and the crude 

ethanol extract of rhizome and shoot of E. wallichii was conducted as; 

 Acute toxicity  

 Phytotoxic exercises 

 Cytotoxic potency 
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 Fungicidal application 

 Anti leishmanial efficacy 

 Antioxidant potential 

 Anti-Bacterial activity 

 Larvicidal 

 Analgesic and antispasmodic consequences 
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Chapter# 4 

RESULTS AND DISCUSSIONS 

4.1 Euphorbia wallichii 

4.1.1 Systematic position 

E. wallichii belongs to “Tracheobionta” Subkingdom of Kingdom “Plantae”.  The Superdivision 

and division of E. wallichii is “Spermatophyta” and “Magnoliophyta” respectively. It belonging 

to a subclass “Rosidae” of class “Magnoliopsida”. Genus Euphorbia is one of the member of 

family “Euphorbiaceae” (Spurge family). Different synonyms of the specie E. wallichii includes, 

E. luteoviridis Long.; E. duclouxii Leveille & Vaniot. and E. yunnanensis Radcliffe-Smith. 

4.1.2 Morphology 

E. wallichii is a perennial herb growing in temperate zone (2000 to 3000 m) with thick woody brown 

rhizome, acting as perennating body sprouting multiple aerial stem, grow from 40-60 cm in height.  

Leaves are simple bifacial, entire and alternate, shortly petiolate or occasionally sessile. Lamina is light 

green, lanceolate with obtuse to subacute apex, prominent midrib and reticulate venation. Cyathia is 

shortly stipulate, covered with bright yellow pilose involucre with lacerate apex. Flowers are unisexual, 

pistillate flowers are unicarpalary and staminate flowers are unistaminal. Aerial stem bears white latex 

while rhizome with pale latex. 

                        

Fig. 1; E. wallichii in its natural habitat 

4.2 Pharmacognostic study 

Pharmacognostic study is always taken as a preliminary step toward the standardization of crude 

drugs. Standardization of drugs from natural source is a complex task because of the 
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heterogeneous composition of drug source, which may be in the form of whole plant, different 

plant parts or some time as extracts and exudates obtained thereof. To ensure high degree of 

purity and quality of plant products, the first step is to ensure identity and quality of parental 

material authentically through their pharmacognostic evaluation. In recent few decades, special 

attention has been paid towards standardization of herbal products of commence therapeutic 

significance (Wallis, 2005; Trease & Evans, 2002).  Standardization of whole medicinal plants, 

their parts or extracts is an indispensable necessity in order to validate quality control (Venkatesh 

et al., 2004). The preliminary and rather most important step towards standardization of plant 

derived drugs in fresh, dried or powder form, is the authentic Taxonomic identification of the 

concerned plant species (Springfield et al., 2005). 

In the present study, following pharmacognostic parameters were evaluated for E. wallichii. 

4.2.1 Macroscopic features 

The macroscopic study of stem root rhizome and leaf of E. wallichii was carried out for correct 

identification and standardization. 

4.2.1.i Leaf macroscopy 

The macroscopic and organoleptic features studied for leaf includes, type, phyllotaxis, size, 

shape, taste, colour, surface, venation pattern, margin, apex, petiole and stipule. The results are 

summarized in Table 1. E. wallichii leaf was simple, entire with average length of 53±25mm and 

width of 16±7mm, alternate, sessile to sub-sessile (short petiole). Lamina is dorso-ventral 

lanceolate with entire margin and obtuse to subacute apex, cauline with alternate spiral 

phyllotaxis (Table 1). 

4.2.1.ii Stem macroscopy 

Stem of E. wallichii is herbaceous, annual, dull green with average length of about 60cm, 

unbranched sour taste and smooth surface. The macroscopic features of stem are summarized in 

Table 1. 

4.2.1.iii Rhizome macroscopy 

E. wallichii rhizome is woody perennating body with average Length of 80±55 cm and average 

of width 8±4 cm, dark brown bark and creamy white when peeled off. The surface is glabrous 
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with occasional rootlets. The characteristic macroscopic feature of E. wallichii rhizome is 

summarized in Table 1. 

Table 1.a. Macroscopic features of stem of E. wallichii. 

Features Observations 

Habit Herbaceous 

Color dull green 

Taste Bitter 

Size 60±20 cm height 

Surface Smooth/ Glabrous 

Shape Cylindrical 

Branching Un-branched 

Duration Annual 

Position  Vertical/Upright 

Latex Present (milky) 

 

Table 1.b. Macroscopic characteristics of leaves of E. wallichii 

Features Observations 

Size average length of 53±25mm and width of 16±7mm 

Type Simple 

Phyllotaxis Alternate, spiral 

Insertion  Cauline i.e. arise from stem 

Taste Astringent 

Colour light green 

lamina Lanceolate 

Apex Obtuse to subacute 

Margin entire  

Venation Reticulate, unicostate 

Surfaces Dorso-ventral, 

Petiole Sessile, occasionally sub-sessile 

Stipule Exstipulate 

Nature Deciduous 

Latex Present (Milky) 

texture (fresh) Soft 

texture (dry) Papery  
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Table 1.c. Macroscopic features of rhizome of E. wallichii 

Features Observations 

Size Length 80±55 cm, width 8±4 cm. 

Habit Woody 

Color Dark brown, peeled rhizome is creamy white 

Duration Perennial  

Taste Sour 

surface With rootlets, Mostly smooth 

Latex Present (yellow) 

Texture( Fresh) Uneven 

Texture (dry) Brittle 

4.2.2 Microscopic study 

The microscopic study of leaves surfaces and powder drugs which includes epidermal 

cells stomatal types and frequency, types of epidermal hairs (trichome), number and 

arrangements of vascular bundles and palisade ratio etc., are important tools for authentication 

of plant and drug standardization (Mbagwu & Edeoga, 2006). Microscopic evaluation of 

powdered mass is not only helpful in forensic science and for those who are involved in the 

assessment of powdered drug but also concern to scientists who are engaged with authentication 

and standardization of drug material (Jackson & Snowdon, 1992). 

4.2.2.i Leaf surface study 

The use of light microscopy made it possible to carry the study of leaf surface features in 

detail which includes dimensions of epidermal cells, stomatal types its distribution pattern along 

the adaxial and abaxial surface, trichomes types and structures etc. (Yasmin et al., 2009). The 

leaf surface study of E. wallichii showed variation in epidermal cells morphology of both adaxial 

and abaxial surfaces, usually ranged from tetrahedral to hexagonal and covered with thin layer 

cuticle. Both unicellular and multicellular unicostate nonglandular trichomes were occasionally 

present. The epidermal cells of adaxial face of bifacial leaf were comparatively of larger size 

with an average length of 36.45±10-.13 µm and width of 24.87±13.19 µm, while on the lower 

surface with an average length of 28.82±9.92µm and width of 18.60±7.63 µm. The leaf was 

hypostomatic i.e. carries stomata only on lower epidermis. Stomatal type diversity was observed, 
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anomocytic type was the predominant followed by anisocytic stomata. As the leaf was 

hypostomatic, both Stomatal frequency and stomatal index of the upper epidermis was absolutely 

0. Stomatal frequency of lower epidermis was in the range of 11 to 25 with average value of 18, 

with Stomatal index ranged between 7 to 15. Vein termination, vein islet numbers and palisade 

cell ratio of E. wallichii leaf were found to be in the ranges of 9 to 17, 24 to 42 and 6 to 12 

respectively (Table 2). 

Table 2. Leaf surface constants of E. wallichii leaf. 

Parameters Observations 

Range Mean 

Stomatal frequency (abaxial surface) 11-25 18 

Stomatal index (abaxial surface) 7-15 11 

Vein Islet Numbers 9-17 13 

Vein Termination Numbers 24-42 33 

Palisade Ratio 6-12 9 

 

                       

        

Fiqure 2. Leaf epidermis of E. wallichii 
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4.2.2.ii Powder drug study 

The unauthentic identification of medicinal herb and the mistaken substitution is a real danger in 

the preparation of herbal products. Some of the closely allied herbs have so overlapping 

morphological features that they are often mistaken for one another. In these circumstances 

powder drug study is used to determine the variation patterns in tissue features and to analyze 

their role in authentic identification of species (Opara & Elizabeth, 2004; Adeniyi & Jayeola, 

2009). 

As the powder drug microscopy provide help in drug authentication and standardization, powder 

drug microscopy of E. wallichii was carried to set on the standards for correct identification of 

its powder drugs. Following structures were observed in the powder drugs of various parts of E. 

wallichii. 

Fragments of epidermal cells with stomata, Fibers, Xylery tracheid, Xylery vessels with spiral 

thickenings, Thin walled paranchymatous cells of ground tissues, Ca-Oxalate crystals, 

Unicellular uniseriate trichomes, Multiseriate trichomes, Pith with stone cells (cystolith)  

    

    

    



76 
 

    

    

    

    

Figure 3. Powder drug microscopy of E. wallichii 

4.2.3 Physicochemical analysis 

Physicochemical evaluation of drug in the form of extractive values, ash residues, fluorescence 

features, nutritional and elemental analysis play pivotal role for characterization of the native 

crude drugs (Fazal et al., 2011).  

4.2.3.i Elemental composition 

It is a well-established fact that nutrients (inorganic elements) play fundamental role in 

combating various human diseases just like phytochemicals. Sodium, Magnesium, Potassium, 
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and calcium are required in relatively large amounts to the body for performing normal 

physiological processes while other elements like Manganese, Chromium, Zink, Iron, Copper 

and Nickel are required in trace amounts to the body (Lokhande, et al. 2009). Over 40 different 

elements have been reported to be essential for survival of both plants and animals. The 

deficiency of these mineral elements below a certain limit results in deviation from normal 

physiological processes. These elements often act as integral part of an organic structure which 

is related to some vital function (Armah et al., 2001). It is an established fact that phytonutrients 

just like secondary metabolites, playing significant role in combating various illnesses. Studies 

on phytonutrients revealed that plant derived drugs are the rich source of both macro and micro 

minerals and hence could be used either as an herbal health drink or as a medicine (Lokhande, et 

al. 2009).  

In order to disclose the therapeutic potential of E. wallichii, its elemental composition was 

explored. 

Potassium (K) 

The Potassium concentration of both parts of E. wallichii is given (Table 3). The K concentration 

in shoot was observed as 129.48 mg/l while in rhizome its concentration was 215. 63 mg/l. 

Potassium (K) is an essential macromineral, act as a cofactor for multiple enzymes associated 

with both protein and carbohydrates metabolism. It is vital for the normal physiology of nerves, 

maintain body osmoregulation, blood pressure (Ahmed and Chaudhary, 2009) and actively 

participate in constipation as well as controlling cardiac rhythm (Graham et al., 2001). 

Sodium (Na) 

In the current study the mean values of sodium concentration in both parts of E. wallichii is 

summarized in Table 3. The Na concentration was observed to be ranged from 51.47mg/l (shoot) 

to 24.68 mg/l (rhizome). Sodium is helpful in the transmission of nerves impulses also helps in 

regulation of body osmotic balance. It also regulates the biological pH for various enzymatic 

activities in the body and regulates cardiac rhythms (Birch &Padgham, 1994). Similar findings 

were also reported by Jabeen et al., (2010) for Na content in Hordium vulgare, Ricinus communis 

and Calendula arvensis. 
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Calcium (Ca) 

Elemental analysis of E. wallichii revealed adequate Calcium level in both rhizome and shoot. In 

rhizome Ca concentration was observed 418.40 mg/l while in shoot is concentration was 

347.73mg/l (Table 3). Our results are aligned with the findings of Razic et al (2006) worked on 

the elemental composition of Lavandula flos, Melissae folium, Salvia folium, Basilici herba, 

Origani herba, Marubii herba and Menthae piperitae folium and reported the Ca concentration 

almost in the same range.  

Similar results about the Ca content were also reported by Aliyu et al. (2008) in Anisopus mannii, 

Pavetta crassipes, Anchomanes difformis, Vernonia blumeoides and Stachytarpheta angustifolia. 

Ca is helpful in protection against colon cancer, hypertension and osteoporosis (Ahmed and 

Chaudhary, 2009). Calcium assist blood clotting, regulate blood pressure and heart rhythms and 

maintain proper nerve and muscle functions. Beside Ca is one of main component of 

endoskeleton and control membrane permeability of plasma membranes as well other cellular 

membranes (Olaiya, 2006, Sanjay et al., 2010).  

Magnesium (Mg) 

Magnesium content in E. wallichii was examined and found to be in the range of 94.59 mg/l in 

shoot to 61.63mg/l in rhizome (Table 3). Hussain et al, (2011) subjected Calotropis procera, 

Aerva javanica, Nepeta suavis and Datura alba to elemental analysis. The results of these 

workers are in line with our findings. Mg deficiency causes semi coma, neurological disturbances 

and susceptibility to auditory. Magnesium deficiency is closely associated with Diabetes mellitus 

as Mg is vital for releasing insulin essential for the metabolism of fats and carbohydrate. (Soetan 

et al., 2010; Ahmed and Chaudhary, 2009). Mg is a major component of endoskeleton and act as 

a cofactor for more than 300 enzymes. It also plays an important role in regulating muscular 

activity of heart, in glucose metabolism (Graham et al., 2001).  

Micronutrients (Trace elements) 

Evaluation of E. wallichii for its iron (Fe) content showed that rhizome and shoot possesses the 

Fe concentrations as 5.21mg/l and 3.38mg/l respectively (Table 3). Iron (Fe) is an essential part 

of many enzymes as well as that of myoglobin and of hemoglobin. Fe helps in digestion and 

helps to maintain a healthy immune system, also makes tendons and ligaments (Ahmed and 

Chaudhary, 2009). The excess of Fe in the body is associated with tissue damage especially that 
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of liver, however its deficiency in the body causes anemia, impairs immune functions and fatigue. 

Pharmacological doses of Fe adversely affect Zn utilization (Soetan et al., 2010).   

Manganese (Mn) 

The current study about the mineral analysis of E. wallichii revealed that Manganese (Mn) 

present at a concentration of 3.42 mg/l in shoot while in rhizome its concentration was 7.71mg/l 

(Table 3). Deficiency of Mn causes hypercholesterolemia, poor blood clotting, skin damage, 

higher skin cancer rates, fertility problems, anemia, poor bone formation and birth defects. Mn 

is essential for the development of immune system, bone growth, normal digestion and cell 

reproduction. It also helps in glucose metabolism (Djama et al., 2011). Mn is an essential 

micronutrient has good antioxidant potency, hence combat oxidative stresses caused by ROS in 

the body, also required for normal functioning of CNS (Zafar et al. 2010).  

Copper (Cu) 

The microelemental composition of both parts of E. wallichii summarized in (Table 3) showed 

Copper concentration as 2.98mg/l in shoot while in rhizome its concentration was 1.17mg/l. 

Copper (Cu) acts to regulate cardiovascular and immune functions and act as a cofactor of many 

enzymes. Its deficiency causes cardiovascular disfunctioning promote anemia and causes 

infirmity of bones (Ahmed and Chaudhary, 2009). Plants with promising Cu and Zn contents 

were found to possess anticancer property as both elements are required in growth and 

proliferation of normal cells (Shirin et al., 2010). 

Zinc (Zn) 

The elemental composition of both parts of E. wallichii revealed the Zink (Zn) concentration in 

the range of 0.93mg/l in shoot to 1.09mg/l in rhizome (Table 3). Zinc (Zn) act as cofactor for 

insulin and hence play vital role in carbohydrate, promotes sexual maturity (Graham et al., 2001; 

Soetan et al., 2010). Deficiency of Zn leads to reproductive failure, delay healing, causes loss of 

appetite, impairs immune functions and coronary artery disease (Rajurkar and Pardeshi, 1997; 

Singh et al., 2010).  Chronic Zn deficiency causes dwarfism and hypogonadism (Shirin et al., 

2010; Djama et al., 2011).  
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Cobalt (Co) 

Cobalt is an essential microelement required to the body in trace. Co is an integral part of 

cobalamin, vitamin B12 and help in the production of RBCs as well in the formation of myelin 

nerve coverings. It is stored in pancreas, liver, spleen, kidney, RBCs and in blood plasma. The 

normal cobalt level in body ranged between 80-300 mcg. Its deficiency is mainly associated with 

pernicious anemia and nerve damage (Maxwell and Salnikow. 2004; Angelova et al., 2014). In 

the current study, the micromineral analysis of E. wallichii showing that Co ranged from 

0.03mg/l in shoot to 0.91mg/l in rhizome. 

Nickel (Ni) 

Nickle is another essential micro mineral with significant impact on the processes of hemoglobin 

synthesis, stimulation of erythropoietin production and haematopoiesis. Deficiency of nickel is 

strongly associated to anemic condition (Maxwell and Salnikow. 2004; Shah et al., 2011). Nickel 

concentration in the rhizome of E. wallichii was 1.61mg/l while 0.82mg/l of nickel content was 

observed in shoot (Table 3). 

Many workers subjected various medicinal plants to their elemental analyses including vital trace 

elements, like, Silybum marianum, Fagonia indica, Solanum surattense, Cnicus benedictus and 

Argemone Mexicana (Zafar et al. 2010),  Lathyrus maritimus (Shahidi et al. 1999), Melissae 

folium, Lavandulae flos, Marubii herba, Menthae piperitae, Origani herba and Basilici herba 

(Razic et al. 2006), Anchomanes difformis, Vernonia blumeoides, Anisopus mannii, Pavetta 

crassipes, and Stachytarpheta angustifolia (Aliyu et al. 2008), E. hetrophylla (James & Friday 

2010) and Ocimum basilicum (Daniel et al. 2011), Datura alba, Calotropis procera, Aerva 

javanica and Nepeta suavis (Hussain et al. 2011). The findings of these workers are strongly 

agreed to our current findings. 

4.2.3.ii Proximate Analysis 

The utilization of medicinal plants as food supplements can be traced back to ancient human 

civilization (Kunwar et al., 2006). The evaluation of proximate composition of medicinal herbs 

can be helpful in understanding the nutritional worth of these plants for both man and animals 

(Pandey et al., 2006). World Health Organization emphasized on the significance of determining 

nutritional and nutrients composition of the medicinal plants, where by herbal formulations must 

pass through the process of nutritional standardization (Niranjan and Kanaki, 2008). These 

http://www.hindawi.com/50171709/
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phytochemicals with nutritive values includes carbohydrates, proteins, lipids, and fibers etc., play 

important role to satisfy the caloric and metabolic of human body (Novak and Haslberger, 2000).  

The results of Nutraceutical analysis summarized (Table 4) showing that shoot of E. wallichii 

consist of 6.83% of ash, 60.37% of carbohydrates, 2.85% of fats and 12.73% of protein. The 

moisture content in the powder drug of shoot is 7.86% while fiber content observed is 9.38%. 

The total energy value for 100g of shoot is 279.86 K.cal. Proximate analysis of rhizome of E. 

wallichii revealed 7.21% ash, 55.82% carbohydrate, 6.52% fiber content, 16.43% protein, 3.63% 

fats and 10.39% moisture. The gross root energy for 100g of rhizome is 272.38 K.cal. Several 

other workers carried out proximate analysis of different medicinal plants include, Beegum et 

al., (2014) screened Boerhavia diffusa for nutritive value and reported 10.56 mg/gm 

Carbohydrate, 5.76 mg/gm Protein and 1.61 mg/gm Fat. Dastagir et al., (2013) worked out 

Ricinus communis, Chrozophora tinctoria, Fagonia cretica, Peganum harmala and Tribulus 

terrestris for their nutritive values and reported diversity in carbohydrates, crude fats, protein, 

moisture content and fibers contents in different parts of the plant. 
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Table 3. Elemental profile of different parts of E. wallichii 

 

Parts 

used 

Macro-elements (ppm) Mean ± SD Micro-elements (ppm) Mean ± SD 

K Na Ca Mg Fe Cu Mn Zn Ni Co 

shoot 
129.48±6.

72 

51.47±3.

67 

347.73±4.

63 

94.59±2.

86 

3.38±0.5

1 

2.98±0.4

3 

3.42±0.4

1 

0.93±0.0

5 

0.82±0.0

6 

0.03±0.0

0 

rhizom

e 

215.63±5.

20 

24.68±4.

19 

418.40±3.

39 

61.63±4.

81 

5.21±0.6

3 

1.17±0.0

9 

7.71±0.8

3 

1.09±0.0

8 

1.61±0.1

2 

0.91±0.0

4 

 

Table 4. Nutraceutical profile of different parts of E. wallichii 

 

Part 

used 

Ash % Carbohydrates 

% 

Fibers% Proteins % Fats% Moisture% Energy value 

(k cal/100g) 

Shoot 6.83±0.61 60.37±0.53 9.38±0.59 12.73±1.94 2.85±0.18 7.86±0.51 279.86 

Rhizome 7.21±0.96 55.82±1.07 6.54±0.38 16.43±2.39 3.63±0.31 10.39±0.72 272.38 
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4.3. Preliminary Phytochemical evaluation 

The chemical assessment of ethanol extract of shoot and rhizome of E. wallichii showed 

the presence of alkaloids, glycosides, reducing sugars, phenols, flavonoids, tannins saponins and 

phytosterols (Table 5).  The aqueous extract of E. wallichii rhizome showed the presence of 

saponins, steroids, and triterpenoids while alkaloid was absent (Firdous et al., 2013). Garipelli et 

al., (2013) described the presence of alkaloids, flavonoids, phenols and steroids in ethanol extract 

of E. thymifolia. 

Table 5. Phytochemical (qualitative) screening of E. wallichii  

S. No Phytometabolites Shoot Rhizome 

1 Phenols + +  

2 Alkaloids + +  

3 Proteins - +  

4 Tannins + + 

5 Glycosides + + 

6 Saponins ++ + 

7 Phytosterols and Triterpenes + +  

8 Flavonoids + + 

9 Reducing sugars + +  

  (+) Detected, (-) not-detected 

4.4. Nanoparticles characterization 

4.4.1. Characterization of SE mediated AgNPs 

4.4.1.i Uv-Vis Spectroscopy 

 After addition of shoot extract of (E. wallichii) to the aqueous medium of AgNO3 a gradual 

change in colour after few minutes was observed. The colour changed from yellowish to red 

confirmed the synthesis of AgNPs. The change in colour is due to SPR (Surface Plasmon 
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Resonance) property of silver nanoparticles. Various concentrations of synthesized AgNPs were 

analyzed by UV–visible spectroscopy to optimize a specific ratio with maximum absorbance. All 

the optimized ratios give peaks in the range of 400-500nm. An intense peak with maximum 

absorbance at 438 nm as showed in (Figure 4) is recorded for 1:5 of shoot extract and AgNO3 

respectively. The bioreduction of Ag+1 increases the rate of synthesis nanoparticles as well as 

increase the intensity of peak. The reduction of silver and converting in to a bioactive metal is due 

to secondary metabolites present in plants. All these secondary metabolites act as a reducing agent 

for the reduction of silver and formation of NPs. Some other researchers also worked out the 

biogenic synthesis of AgNPs and concluded that phytomolecules at their higher concentrations, 

acts as both reducing and stabilizing agents. For comparatively symmetrical nanoparticles, a higher 

extract to silver ratio is required of (Sosa et al., 2003). 

 

 Figure 4. UV-visible absorption spectra of SE mediated AgNPs suspension for different mixing ratios. 

4.4.1.ii SEM 

The electron microscopic analysis described the morphology of synthesized silver nanoparticles 

using E. wallichii extracts. The SEM micrograph is showing spherical morphology of 

nanoparticles falling in diverse range of size with an average size of 33nm (Figure 5). SEM 

analysis reveals diversity in the shape of Silver nanoparticles ranging from spherical, triangular to 

rod shaped (Pal et al., 2007). Similarly, SEM micrograph showing that papaya fruit extract 

mediated silver nanoparticles are about 15nm in diameter (Jaina et al., 2009).  
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Figure 5. SEM of SE mediated silver nanoparticles showing spherical morphology of AgNPs 

4.4.1.iii Energy dispersive X-rays spectroscopy (EDS) 

EDS analysis give a landmark about the qualitative and quantitative status of elements present in 

the sample. In the current study EDS (Figure 6) analysis confirmed the presence of silver in the 

form of nanocrystal, as zerovalent silver (Ag0), indicate x-ray emission peak at 2.3KeV due its 

characteristic surface plasmon (Rai et al., 2006). EDS analysis for AgNPs from Acalypha indica 

leaf extracts showing optical absorption peak for Ag from 2.0 to 3.0 KeV (Krishnaraj et al., 2010). 

Similar EDS findings were also reported for the silver nanoparticles from flower extract of 

Hortensis (Gnanajobitha et al., 2013). 

           

Figure 6. EDX of Shoot extract mediated Silver Nanoparticles of E. wallichii 

4.4.1.iv Fourier transforms infra red (FTIR) spectroscopy  

 The functional groups existing in shoot extract of E. wallichii and its mediated silver 

nanoparticles were detected using Fourier transform infrared spectroscopy. The IR absorption 
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bands located at 1016, 1220, 1610, 2340, 2922 and 3240 cm-1 were overlapping in both the extract 

and AgNPs, representing the capping agents in the synthesis of nanoparticles. A broader peak in 

both samples at 3240 cm-1 and 3250 cm-1 (Figure 7) in SE and SE-AgNPs representing O-H 

vibrational stretch which may attributed to phenol and /or alcohol present in SE and 

stabilizing/capping the AgNPs suspension. The stretching vibration at 2922 cm-1 and 2910 cm-1 

attribute to C-H stretch of methaoxy, methylene and methyl groups (Gnanajobitha et al., 2013). 

Sharp band at 1016 cm-1 could be assigned to C-O stretch of glycosides, organic acids and esters 

etc. The FTIR studies validates the fact that the OH and N form amines/amides /amino 

acids/proteins and CN from cyanogenic glycosides etc. has the ability to bind the surface of core 

AgNPs, indicating that the glycosides and phenols might act as capping/stabilizing/surface 

functionalizing agents hence prevent particles agglomeration and there by stabilized the medium. 

Several other investigators also carried out FTIR spectroscopy of silver nanoparticles and detect 

different functional groups which were liable for the reduction of Ag+.  

              

 

Figure 7. Infra red spectroscopy of SE and SE-AgNPs, illustrating the functional groups capping the 

AgNPs. 

4.4.1.v X-ray diffraction (XRD) Crystallography   

The synthesized AgNPs were analyzed through XRD to confirm the size and nature of 

nanoparticles. The XRD pattern (Fig 7) showed that X-rays through nanocrystal diffracts, giving 

three intense peaks at 2ϴ 38.05, 44.41 and 65.12 correspond to (111), (200) and (220) Bragg 
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reflections, representing crystalline nature with face center cubic (fcc) dimensions of AgNPs 

matching the standard Ag XRD pattern (JCPDS PDF no 65-2871). The XRD peak at 16.72 may 

represent crystalline and amorphous nature of organic phase in the extract mediated nanoparticles. 

The average crystal size of AgNPs, calculated from XRD data using FWHM of the corresponding 

peaks in Debye-Scherrer equation, was approximately 15nm.  

 

Figure 8. X-ray Diffractogram of SE-AgNPs. The standard diffraction pattern of Ag (JCPDS PDF no 65-

2871) is also shown at the bottom. 

4.4.2 Shoot Extract Mediated AuNPs 

4.4.2.i Uv-Visible spectrophotometry 

After addition of 1000 ppm solution of shoot extract to 1 mM aqueous solution of gold 

chloride, a gradual alteration in colour of reaction medium from light greenish to dark purple was 

perceived. The change in colour is due to SPR of gold nanoparticles. The reaction mixture 

containing 1000ppm of rhizome extract and 1mM gold chloride solution in 1:1, 1:2, 1:3, 1:4 and 

1:5 v/v showing absorption band in ultraviolet-visible range to optimize a specific ratio with 

maximum absorbance. All the ratios give maximum absorbance peaks in the range of 500-600nm. 

An intense peak with maximum absorbance at 548 nm was recorded for 1:2 followed by 1:1 

mixture (Figure 9). Increase in the gold chloride ratio in the reaction mixture tends to decrease the 

absorbency, reflect the best optimize ratio as 1:2 of shoot extract and gold chloride solutions 

respectively.  
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 Figure 9. UV-visible absorption spectra of SE-stabilized AuNPs suspension. 

4.4.2.ii Scanning Electron Microscopy 

SEM is a useful tool used to collect information about the sample's surface topography and 

composition. The morphological features of SE mediated AuNPs was analyzed using Scanning 

electron microscopy. The SEM micrographs (Figure 10) revealed spherical morphology having 

intense agglomerated pattern of distribution. The AuNPs having diverse size distribution ranging 

from 28 to more than 200nm. Our SEM results align with Philip, (2010), who also reported 

spherical gold nanoparticles of variable size using Mangifera indica extract as bioreductants. Song 

et al., (2009) carried SEM study of AuNPs synthesized from leaves extracts of Diopyros kaki and 

Magnolia kobus and reported that the NPs were triangular in shape with the size from 5-300nm. 

 

Figure 10.  Scanning electron micrograph of SE mediated AuNPs 
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4.4.2.iii Energy Dispersive X-ray Specroscopic analysis 

The EDX spectra showing the existence of elemental gold (Figure 11) around different KeV levels. 

The optical absorption peak for gold (Au) was observed at 2.1 KeV, which is characteristic to gold 

nanocrystallite absorption due to surface plasmon resonance. The spot-profile EDX of AuNPs 

shows strong signals of the metallic gold at 1.7, 8.5, 9.9 and 10.4 KeV. The multiple strong signals 

of chlorine (Cl) due to its presence in the gold chloride (HAuCl4). Other elements such as Ca, O, 

C, Fe, K, Na and Mg were also detected present in various biomolecules of plant extracts bound 

to the surface of AuNPs. The EDX analysis results demonstrated that gold nanoparticles were 

successfully synthesized using shoot extract of E. wallichii. The EDS spectra of AuNPs from 

Barbated skullcup extract showed strong Au signals at 2.1KeV due to gold SPR (Wang et al., 

2009). Similar results were reported earlier for gold nanoparticles of coriander leaf extract where 

EDS spectrum showed strong signal of Au at 2.0 KeV (Narayanan and sakthivel 2008). Similarly, 

the elemental gold (Au) signals were detected at 2.1 KeV, when the AuNPs from the Mentha 

piperita extract was subjected to EDX spectroscopy (Ali et al., 2011).  

 

Figure 11. EDX spectroscopy of SE mediated AuNPs 

4.4.2.iv X-Ray crystallography/ X-ray diffraction analysis 

X-ray crystallography is an analytical technique employed to recognize the crystalline 

nature and size of lattice. The incident X-ray beam with the atoms diffract into directions with 

specific angles of diffraction.  The intensities and angles of diffraction measured, produce a 
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depiction of electron density within the lattice and used to locate the locations of the atoms in the 

lattice (Kepler, 1611).  The X-ray crystallography of plant mediated AuNPs (Figure 12) showing 

multiple intense peaks at 16.84○, 38.14○, 44.56○, 64.28○ and 78.00○ 2θ. The intense peaks at 2θ 

values of 78.00○, 64.28○, 44.56○ and 38.14○are correspond to (311), (220), (200) and (111) planes 

of Bragg reflections representing face center cubic dimension and crystalline nature of plant 

mediated AuNPs matching to standard XRD pattern of Au, JCPDS PDF no 4-784. The other peaks 

represent crystalline amorphous phase of the plant extract adsorbed at the surface of AuNPs. The 

mean size of AuNPs calculated from FWHM of the intense peaks revealed an average crystallite 

size of 21 nm. Das et al., (2010) synthesized AuNPs from leaf extract of Centella asiatica and 

reported fcc dimensions of nanocrystal with average size of 11.4 nm using XRD technique. AuNPs 

derived from Cyperus leaves extract revealed diffraction intensities at 38○, 44○ and 64○ with 

corresponding planes of (111), (200) and (220) Braggs reflections. The fcc gold nanocrystals were 

ranged from 3- 22nm (Noruzia et al., 2012). 

 

Figure 12. X-ray Diffractogram of SE-AuNPs. The standard diffraction pattern of Au (JCPDS PDF no 4-

784) is also shown at the bottom. 

4.4.2.v Fourier transformed infra red spectroscopy 

The FTIR analysis of shoot extract and shoot extract mediated AuNPs revealed different 

functional groups in shoot crude extract as well in synthesized AuNPs. The function of these 

functional groups was also reported in previous research work that it acts as a chapping agent and 

chapped over the surface of metallic gold and reduced it. Different functional groups were also 

reported in current work at 3240, 2922, 2340, 1610, 1507, 1220, 1123 and 1016 wave numbers 
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cm-1. Every peak shows different functional groups in specific wave number range. Vibration 

stretch at 3240 and 2922 wave numbers cm-1 showed the presence of O-H stretching and 

asymmetric vibrational stretch of C-H (CH2) of fatty acyl (lipids) respectively. Vibration stretching 

at 2340 eave numbers cm-1 representing C≡N bond may be attributed to cyanogenic glycosides 

which are reported in various members of genus Euphorbia. A strong stretch at 1610 cm-1 was 

observed representing C=O bond while stretch of N-H of primary amines and C-N of aliphatic 

amines was observed at 1507 and 1220 cm-1 respectively. The disappearance and/or dislocation of 

vibration stretch representing the functional groups responsible for reduction of metal ions and 

capping/stabilizing the surface of metallic gold. Different research workers carried out FTIR 

analysis of synthesized AuNPs of different plant extracts like, Sujitha and Kannan, (2012) 

synthesized AuNPs using Citrus reticulata, C. sinensis and C. limon fruit extract as bioreducing 

agents for the reduction of Au+3. Khalil et al., (2014) used olive leaf extract for the synthesis of 

AuNPs and observed various shapes (triangle, hexagonal and spherical) nanoparticles. Similarly, 

Krishnamurthy et al., (2012) synthesized ecofriendly gold nanoparticles using Tagetes erecta 

flower extract as bioreducing agent.  Malathi et al, (2013) also synthesized gold nanoparticles 

(AuNPs) by green approach using chitosan as a reducing and stabilizing agent. All of these authors 

reported that phytometabolites present in extract are responsible for reduction as well as for giving 

different shapes to synthesized nanoparticles. The different shapes of nanoparticles are due to 

chapping of these biomolecules. Our present work also in consistency with their findings.  

 

Figure 13. IR spectroscopy of SE and SE-AuNPs showing diverse functional groups stabilizing the NPs. 
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4.4.3 Characterization of RE Mediated AgNPs 

4.4.3.i UV-Vis spectroscopy 

The absorption peak (wavelength with average maximum optical density) for all the ratio 

grades was obtained in the range of 440 to 460nm (Figure 14).  Different ratios of AgNO3 solution 

and aqueous solution of rhizome showed variant degree of absorbency in the mentioned ranges of 

wavelength. This degree of absorbency was inversely correlated to the proportion of AgNO3 in the 

reaction mixture which is probably due to the presence of Ag+ ion in high concentration. Maximum 

absorbency was recorded for 1:5 reaction mixtures. Silver nanoparticles showing typical 

absorption band visible region (Yamamoto et al., 2004). The UV-Vis absorption spectrum with 

maximum absorption peak at 430-470 nm indicate presence of AgNPs (Jha and Prasad, 2011; 

Arunachalam et al., 2013; Baharara et al., 2014). The Ag based NPs from E. wallichii rhizome 

showed high degree of stability where they showed the same UV-Vis spectral absorbency even 

after 20 days of its synthesis. 

                   

 Figure. 14. UV-Vis spectroscopy of RE stabilized AgNPs suspension of different mixing ratios. 

4.4.3.ii X-ray Diffraction analysis (XRD) 

X-ray crystallographic study of AgNPs derived from E. wallichii rhizome was carried out 

through XRD analysis. The data obtained confirm the reducing potency of E. wallichii rhizome by 

reducing of Ag+ of AgNO3 to Ag0. The intense peaks were observed at the 2ϴ values of 38.25o, 

44.16o and 64.48o with corresponding indexed value (1 1 1), (2 0 0) and (2 2 0) of Braggs reflection 

respectively (Figure 15), for the face-centered cubic silver particles match to standard XRD pattern 



93 
 

of Ag (JCPDS PDF No. 65-2871). The average particle size was calculated as 37±16 nm while using 

Debye-Scherrer’s equation. The well resolved intense XRD pattern showed crystalline nature of 

AgNPs synthesized by the reduction of Ag+1 by the ethanolic extract derived from rhizome of E. 

wallichii. Our findings are aligning with the available literature on XRD of AgNPs derived from 

Artocarpus heterophyllus (Jagtap and Bapa 2013), Sesbania grandiflora (Das et al., 2013), Punica 

granatum (Edison and Sethuraman, 2013), and Pterocarpus santalinus (Gopinath et al., 2013). 

 

Figure 15. X-ray Diffractogram of RE-AgNPs showing crystalline nature and fcc geometry matching the 

diffraction pattern of Ag (JCPDS PDF No. 65-2871). 

4.4.3.iii Scanning Electron Microscopy (SEM) 

SEM analysis provided insight on the morphological features of nanoparticles. The 

electron microscopic analysis of silver nanoparticles at showing spheroidal morphology with 

uniform size distribution. The interval mean diameter (20-58 nm) of corresponding AgNPs was 

calculated using image J software (Figure 16). Different other workers also conducted SEM study 

of plant derived silver nanoparticles where Aawwad et al., (2013) reported the average diameter 

in the range of 5-40nm of AgNPs derived from the leaf of Carob with spherical morphology. 

Similarly, Jaina et al., (2009) synthesized AgNPs through papaya fruit extract and demonstrate 

average particle size about 15nm, while 29-68nm size particles were observed during the SEM 

study of AgNPs of soap-root (Forough and Farhadi, 2010). 
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Figure 16. Scanning electron micrographs of RE mediated AgNPs of E. wallichii. 

4.4.3.iv EDX spectroscopy 

EDX spectroscopy illustrated the chemical composition of AgNPs synthesized using E. 

wallichii rhizome extract as a bioreductant. One of the intense peak obtained for silver at an energy 

of 3 KeV, while supplementary relatively weaker peaks for Cl, S, Ca, Mg, K, Al and Si were also 

detected (Figure 17). The intense energy emission at 3KeV for Ag is indicating its reduction from 

Ag+1 to Ag0.  (Gopinath et al., 2013) also reported the EDS intense peak at 3 Kev for silver while 

analyzing AgNPs derived from Pterocarpus santalinus leaf extract. The AgNPs generally show 

intense optical absorption peak due to characteristic SPR approximately at 3.0 KeV. The additional 

less intense peaks corresponding to Cl, S, Ca, Mg, K, Al and Si are related to the binding energies 

of bio-compounds capping the core AgNPs (Baharara et al., 2014).  

 

  Figure 17.  EDS of RE mediate silver nanoparticles of E. wallichii. 
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4.4.3.v Fourier Transform Infra Red (FT-IR) spectroscopy 

FT-IR spectroscopy was carried out in the range of 4000- 400 cm-1 to detect the potential functional 

groups of biomolecules in the synthesized AgNPs. FT-IR spectroscopy of rhizome extract showed 

vibration stretch at 3318 cm-1 representing O-H bond of polyphenols and/or alcohol, 2908 cm-1 

representing C-H stretching of alkanes and/or fatty acyl, 2329 cm-1representing C≡N stretching 

may be attributed to cyanogenic glycosides. The vibrational stretching at 1754 cm-1 representing 

C=O bond, 1531 cm-1 vibration is from N-H bending of 1o amines, 1186 cm-1 and 1010 wave 

numbers cm-1 representing C-N and C-O stretches respectively. The dislocation of O-H stretch in 

IR spectra of RE-AgNPs represent the capping/interaction of OH possessing phytochemicals to 

the surface of synthesized silver nanoparticles (Figure 18). Kumar et al., (2012) while analyzing 

AgNPs of Parthenium hysterophorus for FT-IR spectroscopy, observed absorbance bands 

associated with the vibrational bands of C–O, C-C of aliphatic, C-C in aromatic ring, C-O in ether 

and esters and phenols. Similar findings were reported by Donda et al., (2013) for AgNPs of 

Securinegal eucopyrus. 

 

Figure 18.    IR spectroscopy of RE and RE-AgNPs showing diverse functional groups stabilizing the NPs. 

4.4.4 Characterization of RE Mediated AuNPs 

4.4.4.i UV-Vis spectroscopy  

Synthesis of AuNPs was validated by UV-Visible spectral analysis. An electromagnetic 

wave imposing on Au surface has a certain penetration depth more than 50 nm. The electron 

on the surface of metal is the most significant and their collective oscillations are termed 
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surface plasmon (SPs).  Various concentrations of AuNPs of rhizome extract were used to 

optimize at specific ratio which gives maximum absorbance. Each concentration of AuNPs 

gives different absorbance peaks but 1:1 gives maximum absorbance at 538nm (Figure 19). 

Narrow sharp peak revealed that the nanoparticles are spherical in shape, small in size and 

poly dispersed with no aggregation. As the particle size increase Plasmon band frequency 

decrease and band shift to longer wavelength. It is thought that plant products act as a 

bioreductant for the synthesis of metallic nanoparticles. Some other researchers also conduct 

UV-Vis analysis of AuNPs of different plant extracts. Research findings of these 

investigators suggest that the absorbance range for AuNPs is in the range of 500-600nm. 

Devi & Bhimba, (2012) synthesized AuNPs using Seaweed (Ulva lactuca) extract and 

showed that the synthesized NPs have maximum SPR at 534nm, similarly Gopinath et al., 

(2013) worked out the synthesis of gold nanoparticles of Terminalia arjuna and reported 

absorption peak at 530nm using Uv-Vis spectrophotometer. Suman et al., (2014) designed 

procedure for the synthesis of AuNPs using Morinda citrifolia extract and found absorption 

band at 540nm through UV-Visible spectral analysis. The literature review confirms that our 

spectral analysis is in consistency with previous findings.  

 

 Figure 19.  UV-visible absorption spectra of RE-stabilized AuNPs suspension. 

4.4.4.ii Scanning Electron Microscopy 
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The SEM results revealed that the predominant morphology of synthesized nanoparticles is 

spherical in shape while some changes from spherical to rod shaped with an average particle 

size about 26-30nm as shown in (Figure 20). Gold nanoparticles having large surface energy 

agglomerate to give thermodynamically stable particle. In the absence of a stabilizing 

agent/capping agent, the van der Waals attractions among the metal nanoparticles lead to 

agglomeration of nanoparticles. So for spatial confinement of nanoparticles it is essential to 

stabilize the particles. This can be achieved by using a capping agent or suitable functional 

group. Vijayakumar et al., (2011) carried out the ecofriendly phytogenic synthesis of AuNPs 

while using extract of Crocus sativus as reducing/stabilizing agents where the SEM study 

indicated that the synthesized GNPs were of the size, ranging from 11-20nm having spherical 

morphology. Rao et al., (2013) performed experiment for the facile synthesis of AuNPs 

using Punica granatum leaf extract. SEM study showed that the AuNPs were globular in 

nature and their size was 120-150nm. Our current findings about the SEM of gold 

nanoparticles of rhizome extract showed similar results to the previous investigations and 

our results are in consistency to their findings. 

   

Figure 20. Scanning electron micrograph of REEW-AuNPs showing spherical morphology of AuNPs 

4.4.4.iii Energy Dispersive X-ray spectroscopy (EDS) 

Elemental plotting of plant mediated AuNPs was performed to approve the existence of metallic 

gold in synthesized nanoparticles. Au peaks were identified at 2.1kv along with different trace 

elements like Na, O, Cl and C. The carbon and oxygen signals were most probably due to capping 

of phytochemicals (carbohydrates/proteins etc.) present in plant extract (Nagajothi and Lee, 2011). 

Literature survey revealed the location of gold nanoparticles peak in this range also. 
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Geethalakshmi & Sarada, (2012) prepared gold nanoparticles with root extract of Trianthema 

decandra. The EDX analysis showed the presence peaks for zerovalent gold at 0.30, 2, 2.2, 2.4, 

and 9.7 keV. Similarly, Ali et al., (2011) performed an experiment for the biogenic synthesis of 

AuNPs and validate the EDS of metallic Au peak at about 2.2 KeV. The current findings are in 

line with the results reported by these researchers. 

 

Figure 21. EDX spectrograph of RE mediated gold nanoparticles of E. wallichii 

4.4.4.iv X-Rays Diffraction Analysis  

XRD is a crystalline material characterization used for purity test of samples and for 

determination of dimension of unit cell. In present research work XRD techniques was used 

to find out the crystalline nature of synthesis gold nanoparticles of rhizome extract. Four 

intense peaks at 2ϴ values 38.24⁰, 44.50⁰, 64.7⁰, 77.80⁰ and 77. 92 ⁰with Bragg’s planes values 

(1 1 1), (2 0 0), (2 2 0) and (3 1 1) were recorded (Figure 22). Using the Scherrer's equation, 

the size of the AuNPs was calculated on the basis of the full FWHM (full width at half 

maximum) of 111 plane arising from the diffractograms. The average crystal size of AuNPs 

was calculated about 19nm. Pandey et al., (2012) synthesized highly stable AuNPs using 

pericarp peel of Momordica charantia extract. Through XRD analysis reported 10-100nm 

gold nanoparticles size of Momordica charantia fruit peel extract. Nagaraj et al., (2012) 

reported 10-50 nm size of AuNPs of Caesalpinia pulcherrima. Vijayakumara et al., (2013) 

determined the size as 70–90 nm of gold nanoparticles of Artemisia nilagirica extract. The 

literature survey indicates that all the synthesized gold nanoparticles size is in the range of 

1-100nm. So in the light of previous XRD characterization it is concluded that our results 

are accurate and have strong consistency with the findings of these researchers. 
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Figure 22. X-ray Diffractogram of REEW-AuNPs. The standard diffraction pattern of Au (JCPDS PDF 

no 4-784) is also shown at the bottom. 

4.4.4.v Fourier transformed infra red spectroscopy (FTIR)  

To identify different functional groups in rhizome extract and rhizome extract mediated 

AuNPs FTIR analysis was carried out. The potential of these biomolecules is reduction of gold 

chloride and formation of AuNPs. The FTIR spectra of untreated rhizome extract and AuNPs is 

depicted in (Figure 23). FT-IR spectroscopy of rhizome extract showed vibration stretch at 3318 

cm-1 representing O-H bond of polyphenols and/or alcohol, 2908 cm-1 representing C-H stretching 

of alkanes and/or fatty acyl, 2329 cm-1representing C≡N stretching may be attributed to 

cyanogenic glycosides. The vibrational stretching at 1754 cm-1 representing C=O bond, 1531 cm-

1 vibration is from N-H bending of 1o amines, 1186 cm-1 and 1010 wave numbers cm-1 representing 

C-N and C-O stretches respectively. The dislocation of O-H, C≡N and C=O stretches in IR spectra 

of RE-AgNPs is due to the reduction of gold ions by phytochemicals possessing these functional 

group and/or stabilization of reaction medium. Some other researchers also carried out the FTIR 

analysis of AuNPs by using plant extract as bioreductant like Babu et al. (2011) used ethanol 

extract of Fagopyrum esculentum for the biogenic synthesis of AuNPs and analyzed for FTIR 

analysis to endorse the existence of different functional groups in plant extract. Singha et al. (2011) 

synthesized biogenic AuNPs by means of leaf extract of Zingiber officinale. FTIR examination 

was carried out for the synthesized AuNPs which revealed the functional groups responsible for 

the reduction of metallic gold. Elavazhagan and Arunachalam (2011) synthesized gold 
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nanoparticles using aqueous leaf extract of Memecylon edulea and reported that FTIR confirm that 

saponins are primarily involve in the synthesis of AuNPs. From the above discussion it is 

confirmed that these secondary metabolites present in E. wallichii are liable for nanoparticles 

synthesis and can be delivered to the targeted region by loading on the surface of metals. From the 

above discussion it is confirmed that our current results are also in consistency to the previous 

findings. 

 

Figure 23. IR spectroscopy of RE and RE-AuNPs showing diverse functional groups stabilizing the NPs. 

4.5 Pharmacology 

4.5.1 Acute toxicity 

Assessment of toxic potential of a drug is of commence importance when seeing for public 

health protection, as contact of human to phytochemicals can be dangerous and the results may be 

hostile (Asante-Duah, 2002). By applying in vivo toxicity assays, the expressions of tested animals 

in the form of distress, allergic reactions, pain and change in normal physical behavior is recorded. 

However, acute toxicity does not assess the vital processes of CNS, respiratory system and 

cardiovascular system (Syahmi et al., 2010).  The evaluation of medicinal plants or preparations 

derived from them, for their toxicity should be conducted in order to enhance the level of 

confidence in their safety to humans (Naidu et al., 2014). In the present study acute toxicity assay 

of ethanol extract of both parts (Shoot and Rhizome) of E. wallichii was examined in Swiss albino 
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mice. Both parts at their highest experimental doses (2000 mg/kg.bw) induced mortality to all the 

tested animals. Shoot extract was comparatively more toxic than rhizome extracts. Both rhizome 

and shoot extracts up to 1000mg/kg.bw were observed with no apparent toxic symptoms in all the 

experimental animals (Table 6). 

Table 6. Acute toxicity assay of E. wallichii shoot and rhizome. 

Treatments Doses (mg/Kg.bw) Response 

Saline 10ml/kg.bw Alive (normal) 

Shoot extract 500 Alive (normal) 

1000 Alive (morbid) 

1500 dead 

2000 dead 

Rhizome extract 500 Alive (normal) 

1000 Alive (normal) 

1500 Alive (morbid) 

2000 dead 

 

4.5.2 Analgesic activity 

In the current study, crude ethanol extracts of shoot and rhizome of E. wallichii and their 

derived AgNPs and AuNPs were screened out for their pain relieving potential in Swiss albino 

mice using hot plate method.  The mean latency time (seconds) at different intervals (0, 30, 60 and 

90 Minutes) after administration of various doses of ethanolic extract and its AgNPs and AuNPs 

from shoot of E. wallichii is summarized in Table 7a. After 30 min of saline administration, the 

Control group (Group I) showed mean latency time of 2.31±0.14 seconds, whereas the Group II 

received Diclofenac sodium (standard) showed a significant average latency time of 6.31±0.21 

seconds compared to the control condition. Both the ethanol extract and its derived Ag & AuNPs 

exhibited significant and dose dependent analgesia compared to the control condition. After 30 

minutes of drugs administration, maximum mean latency time (5.61±0.19) was observed for shoot 

derived silver nanoparticles at a dose of 200mg/kg of body weight followed by 5.37±0.26 sec. at 

100mg/kg of AgNPs and 5.19±0.27 sec. at 100mg/kg of AuNPs which respectively generated 
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88.91%, 85.10% and 82.25% analgesia in comparison to the standard Diclofenac sodium. After 60 

minutes of drug administration, significant results were observed for all the doses of ethanol extract 

of shoot and its derived AgNPs and AuNPs in comparison to the normal saline dose where 

maximum average latency time (8.91±0.18) was observed for Diclofenac sodium followed by 

7.71±0.22 sec. and 7.36±0.39 sec. of AuNPs at 200mg/kg and 100 mg/kg of body weight 

representing 86.53% and 82.60% analgesia to the absolute Diclofenac sodium. Similar response 

of mice in term of paw flick latency time was observed after 90 minutes of drugs administration. 

Generally, nanoparticles derived from ethanol extracts were more potent in producing analgesic 

effect compared to the crude ethanol extract of shoot of E. wallichii. In short terms, AgNPs was 

more effective than AuNPs in causing analgesia whereas in long term the analgesic efficacy of 

AuNPs was more pronounced than AgNPs.  
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Table 7. a. Analgesic activity of E. wallichii shoot and its mediated AgNPs and AuNPs. 

Treatment Dose (mg/kg 

body mass) 

Paw flick latency in seconds. 

IFT (0 

min) 

30 min 60 min 90 min 

Control (saline) 10 ml/kg 2.37±0.06 2.31±0.14 2.42±0.21 2.30±0.09 

Diclofenac Na 10 2.33±0.09 6.31**±0.

21 100.00 

8.91**±0.

18 100.00 

11.14**±0.

32 100.00 

Shoot extract 50 2.28±0.15 4.14**±0.

09 65.61 

5.77±0.22 

64.76 

6.19**±0.1

8 55.57 

100 2.35±0.15 4.78**±0.

17 75.75 

6.08**±0.

37 68.24 

6.69**±0.3

3 60.05 

200 2.30±0.08 5.11**±0.

20 80.98 

6.58±0.18 

73.85 

7.35**±0.2

3 65.98 

AuNPs from 

Shoot 

50 2.35±0.06 4.77**±0.

13 75.59 

4.83**±0.

11 54.21 

5.73**±0.1

7 51.44 

100 2.37±0.24 5.19**±0.

27 82.25 

7.36**±0.

39 82.60 

7.94**±0.2

9 71.27 

200 2.33±0.07 5.06**±0.

17 80.19 

7.71**±0.

22 86.53 

9.53**±0.2

7 85.55 

AgNPs from 

Shoot 

50 2.27±0.11 4.75**±0.

38 75.28 

6.53**±0.

21 73.29 

5.88**±0.3

3 52.78 

100 2.41±0.16 5.37**±0.

26 85.10 

7.18**±0.

15 80.58 

7.99**±0.4

1 71.72 

200 2.31±0.07 5.61**±0.

19 88.91 

6.88**±0.

18 77.22 

8.49**±0.2

7 76.21 

“**” represent a highly significant statistical value at p < 0.01;  

“*” represent a significant statistical value at p < 0.05.   

Similarly, the experimental animals showed significant analgesic response to ethanol extract of 

rhizome of E. wallichii and its derived AgNPs and AuNPs compared to the control condition 

(received saline). All the treatments generated dose dependent analgesia. Diclofenac sodium (as 

standard drug) produced significantly highest analgesia, where the mice paw latency times were 

recorded as 6.57±0.16 second, 8.69±0.29 second and 11.48±0.42 seconds after 30 minutes, 60 

minutes and 90 minutes of drug administration respectively. Ethanol extract of rhizome showed 

the mean latency times after 30 minutes as 3.39*±0.09 seconds, 4.04±0.13 seconds and 4.83±0.19 

seconds at a dose of 50, 100 and 200 mg/kg of body weight (bw) hence producing 51.60%, 61.49% 
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and 73.52% analgesia compared to Diclofenac sodium. Similar trend was observed after 60 and 

90 minutes of drug administration. AuNPs was observed with mean latencies time 4.19±0.22 

seconds, 4.84±0.17 seconds and 4.49±0.14 seconds, exhibited 63.77%, 73.67% and 68.34% 

analgesia compared to the standard drug after 30 minutes of drugs administrations respectively. 

After 60 minutes of treatments administration, mice experienced 64.79%, 76.75% and 83.08% of 

analgesia respectively at a dose of 50, 100 and 200 mg/kg of bw of AuNPs of rhizome compare to 

the standard drug whereas the mean latency time after 90 minutes were 7.31±0.28 seconds 

(63.68%), 7.14±0.35 seconds (62.20%) and 7.83±0.33 seconds (68.21%) at the respective doses 

of AuNPs. Mice showed significant analgesic response to Silver nanoparticles (AgNPs) from 

rhizome extract of E. wallichii. Mean latency time after 30 minutes of treatment administration 

was recorded as 3.89±0.16 seconds, 5.11±0.24 seconds and 5.78±0.29 seconds exhibiting percent 

analgesia of 59.21%, 77.78% and 87.98% to the standard Diclofenac sodium at 50, 100 and 

200mg/kg of bw respectively. At 60 minutes and 90 minutes the mice analgesic responses were 

observed as 59.49%, 72.61% & 73.07% and 55.66%, 70.30% & 69.16% at the respective doses 

(Table 7b). Both gold and silver nanoparticles were comparatively more evident in producing 

analgesia than crude ethanolic extract. Similarly shoot extract and its derived AuNPs and AgNPs 

were more potent in generating analgesia than rhizome extract and its derived AgNPs and AuNPs. 

Tissue damage cause pain more often by stimulating nociceptive receptors but may also occur due 

to damages in neural structures without nociception (neuralgia or neuropathic pain). The former 

one responds easily to analgesics and often acute, while neuralgia is long lasting and very difficult 

to treat as it persists long after healing the initial injury (Juan and Lembeck.1974; Somasundaram 

et al., 2000).  Opiate, serotonergic and dopaminergic descending noradrenergic are central 

systems, modulating pain by complex processes while peripheral nociceptive mechanism involves 

synthesis of bradykinin, serotonin, histamine, leukotrienes, prostaglandins, and other endogenous 

substances (Mishra et al., 2011).   Oral administration of all the plant derived treatments (crude 

extracts, AgNPs and AuNPs) caused evident dose dependent analgesia, however least potent than 

standard Diclofenac sodium. AgNPs and AuNPs were more effective in producing antinociciptive 

responses than crude extract probably due to their considerably small sizes which accelerate its 

diffusion rate in biosystem across the biological membranes. The current result advocates the 

contribution of µ-opioid receptors, arbitrated by plant derived extracts and their mediated Au/Ag 

nanoparticles resulting in the onset of antinociceptive response through central system. Non-
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thermal and thermal nociceptive tests are respectively sensitive to opioid κ-agonists and opioid µ-

agonists. In the thermal nociceptive tests animal response is typically integrated at the lower levels 

in central nervous system, thus, giving knowledge about the pain inception, and could be used to 

test both non-narcotic and narcotic analgesics (Furst et al., 1988).  The analgesia created by 

different parts of E. wallichii might be attributed to potent secondary phyto-metabolites like 

saponins, flavonoids and alkaloids etc. The analgesic potential of some of natural products have 

been attributed to their Alkaloidal fraction. Flavonoids are also known for inhibiting 

prostaglandins synthesis, responsible for peripheral nociceptive perception (Fernanda et al., 2002; 

Bittar et al., 2000; Santa-Cecíli et al., 2011). Similarly, saponins and Tannins are known to possess 

anti-inflammatory and anti-nociceptive efficacy, where saponins inhibit histamine release 

(Hosseinzadeh and Younesi, 2002; Wang et al., 2008; Das et al., 2012). 

Table 7.b. Analgesic activity of E. wallichii rhizome and its mediated AgNPs and AuNPs. 

Treatment Dose 

(mg/kg) 

b.m 

Paw flick latency in seconds. 

IFT (0 

minutes) 

30 minutes 60 minutes 90 minutes 

Control 

(saline) 

10 ml/kg 2.30±0.10 2.40±0.23 2.32±0.12 2.36±0.08 

Diclofenac 

Na 

10 2.35±0.09 6.57**±0.16 

100.00 

8.69**±0.29 

100.00 

11.48**±0.42 

100.00 

Rhizome 

extract 

50 2.26±0.06 3.39*±0.09 51.60 4.82**±0.11 55.47 5.41**±0.09 47.13 

100 2.36±0.13 4.04**±0.13 61.49 4.92**±0.27 56.62 5.50**±0.21 47.91 

200 2.34±0.08 4.83**±0.19 73.52 5.14**±0.16 59.15 6.22**±0.14 54.18 

AuNPs 

from 

Rhizome 

extract 

50 2.38±0.12 4.19**±0.22 63.77 5.63**±0.27 64.79 7.31**±0.28 63.68 

100 2.30±0.07 4.84**±0.17 73.67 6.67**±0.21 76.75 7.14**±0.35 62.20 

200 2.29±0.11 4.49**±0.14 

68.34 

7.22**±0.32 

83.08 

7.83**±0.33 

68.21 

AgNPs 

from 

Rhizome 

extract 

50 2.30±0.19 3.89**±0.16 59.21 5.17**±0.11 59.49 6.39**±0.31 55.66 

100 2.37±0.17 5.11**±0.24 77.78 6.31**±0.32 72.61 8.07**±0.37 70.30 

200 2.34±0.14 5.78**±0.29 

87.98 

6.35**±0.28 

73.07 

7.94**±0.29 

69.16 

“**” represent a highly significant statistical value at p < 0.01;  

“*” represent a significant statistical value at p < 0.05.   
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4.5.3 Antispasmodic activity 

The contraction of the muscles of gastro intestinal tract that mix and propel contents is described 

as gastro intestinal motility. Spasm is an involuntary contraction of muscles, where antispasmodics 

are the agents relieve the spasm. Charcoal test is one of the procedure used to study the 

antispasmodic potential of drugs on intestinal motility (Shamkuwar et al., 2012). In the current 

study the crude ethanol extract of shoot and rhizome of E. wallichii and their derived Ag/AuNPs 

were screened for their antispasmodic effects in mice using charcoal meal assay.  The results are 

summarized in Table (8a and 8b) showed that pretreatments of mice with SE and its mediated 

AgNPs and AuNPs produced significant muscle relaxant effect compared to the negative control 

(normal saline). The intestinal propulsion was found to be dependent on the dose concentration. 

Average percent propulsion shown by mice feed with normal saline was 72.27 %.  Maximum 

percent inhibition of propulsion (58.20%) was observed in group II where mice were treated with 

Atropine sulphate (standard drug). Shoot extract at 50 mg/kg bw, 100mg/kgbw and 200mg/kgbw 

showed percent inhibition of intestinal propulsion as 11.04%, 21.31% and 36.25% which 

represents 24.05%, 36.62% and 62.28% inhibition compared to the standard effect produced by 

Atropine sulphate. The AuNPs at 50mg/kgbw, 100mg/kgbw and 200mg/kgbw showed 36.36%, 

52.39% and 69.05% antispasmodic potential compared to the standard drug (Atropine) by 

inhibiting the muscular contraction by 21.16%, 30.49% and 40.19% respectively. Similarly shoot 

extract mediated AgNPs exhibited antispasmodic effect as 66.95%, 51.32% and 67.00% compared 

to atropine sulphate (Standard) at a dose of 50mg/kgbw, 100mg/kgbw and 200mg/kgbw, by 

inhibiting the intestinal propulsion up to 38.97%, 29.87% and 39.00% respectively. Both AgNPs 

and AuNPs produced slightly elevated antispasmodic effect compared to the crude extract alone, 

which is attributed to the small size of nanoparticles, enables them for rapid diffusion. The 

antispasmodic potential of crude ethanol extract from rhizome of E. wallichii and its mediated AgNPs and 

AuNPs are summarized in Table 8b. The results revealed the distance travelled by charcoal meal was 

dependent and negatively correlate to the dose concentration of treatments. The pretreatments of mice with 

different doses of crude extract and its mediated AgNPs and AuNPs produced significant antispasmodic 

effect compared to the negative control where maximum intestinal propulsion was observed as 72.27%.  

Mice in group II received 10mg/kgbw of Atropine sulphate, showed mean inhibition in intestinal 

propulsions by 58.20%. Ethanol extract derived from rhizome of E. wallichii was administered at various 

doses via; 50mg/kgbw, 100mg/kgbw and 200mg/kgbw showed 17.76%, 23.11% and 45.89% inhibition in 
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intestinal muscular contraction which revealed 30.51, 39.71 and 78.85 percent antispasmodic potential 

compared to the standard drug (atropine sulphate). Mice in group IV were treated with AuNPs at 

50mg/kgbw, 100mg/kgbw and 200mg/kgbw p.o, exhibited the antispasmodic response as 64.32, 80.22 and 

85.38 percent compared to the standard drug by inhibiting the intestinal propulsion as 37.43, 46.69 and 

49.69 respectively. The group of mice (group V) received AgNPs at a dose of 50mg/kgbw, 100mg/kgbw 

and 200mg/kgbw also revealed dose dependent antispasmodic action. The results in showing that AgNPs 

exhibited 62.29, 77.54 and 83.21 percent antispasmodic action compared to the atropine by inhibiting the 

intestinal propulsion by 36.25, 45.13 and 48.43% at 50mg/kgbw, 100mg/kgbw and 200mg/kgbw 

respectively. 

Spasm of any hollow viscus (gastro intestinal and urinogenital tract) can cause pain either due to 

the mechanical stimulation of the pain nerve endings at smooth muscles or due to reduce blood 

flow to these muscles, associated with the increased demand for nutrients for the metabolism in 

these muscles (Bolton et al., 1999). Muscle spasm is an involuntary contraction of smooth muscles. 

Spastic viscus often produces pain in the form of cramps, where pain severity is alternating 

intermittently from high degree to subsiding. The cyclic intermittent is the result of periodic 

contractions occurs in smooth muscle (Kumar et al., 2006). In each periodic spastic pain, peristaltic 

waves run along the gut, producing crump (Ishii and Kurachi, 2006). The gastrointestinal (GI) 

lining is innervated by sympathetic as well as both parasympathetic fibers chiefly associated with 

adrenergic and cholinergic fibers respectively. The gastrointestinal tract motility is mainly initiated 

by the local reflexes and is myogenic, and the extrinsic nerves of GI tract have limited role in 

modulating the peristalsis (Shahriar et al., 2000). Earlier studies showing that activated charcoal 

particles eventually absorb drugs on their surface thereby preventing absorption. Thus the 

gastrointestinal transit test with activated charcoal is a rapid method to find the drug effect on 

peristaltic movement (Khan et al., 2004). Opioids interrupt gastric draining while acting on 

gastrointestinal sphincters and hence decline intestinal transit.  By exposing smooth muscles to 

neurotransmitter acetylcholine (released from acetylcholine receptors), showing mark contraction 

(Pasricha, 2006). Antispasmodics like atropine, dicyclomine are antagonist of muscarinic 

acetylcholine receptors. Extract derived from rhizome and shoot of E. wallichii and their derived 

AgNPs and AuNPs exhibited favorable spasmolytic results by antagonizing muscarinic 

acetylcholine receptors. The antispasmodic potential of silver and nanoparticles was more obvious 

than extracts alone due to the provision of large surface area for antagonism because of larger ratio 
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of size to mass. The blockade of muscarinic acetylcholine receptors, tend to decrease intestinal 

motility, secretion of electrolytes and water (Hajhashemi et al., 2000).  

Table 8.a. Antispasmodic activity of E. wallichii shoot and its mediated AgNPs and AuNPs. 

Treatment Dose (mg/kg 

body mass) 

Total 

intestinal 

length 

(cm) 

Distance 

travelled 

by 

charcoal 

(cm) 

Percent 

propulsion  

Percent 

inhibition 

of 

propulsion  

propulsion 

inhibition 

(% of 

atropine) 

Control 

(saline) 

10 ml/kg 47.38±3.79 34.24±5.83 

72.27 

- - 

Atropine 

sulphate 

10 51.21±4.09 15.47±4.29 

30.21 58.20 

100 

Shoot 

extract 

50 46.82±2.95 30.10±5.71 62.15 11.04 24.05 

100 47.32±3.44 26.91±7.30 56.87 21.31 36.62 

200 48.64±4.26 22.41±4.40 46.07 36.25 62.28 

AuNPs 

from 

Shoot 

50 45.79±3.21 26.09±5.15 56.98 21.16 36.36 

100 49.23±3.81 24.73±4.29 50.23 30.49 52.39 

200 44.81±4.60 19.37±3.99 43.23 40.19 69.05 

AgNPs 

from 

Shoot 

50 53.39±5.44 23.55±9.34 44.11 38.97 66.95 

100 48.20±2.68 24.43±5.13 50.68 29.87 51.32 

200 47.36±3.17 20.88±4.57 44.09 39.00 67.00 
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Table 8.b. Antispasmodic activity of E. wallichii rhizome and its mediated AgNPs and 

AuNPs. 

Treatment Dose (mg/kg 

body mass) 

Total 

intestinal 

length 

(cm) 

Distance 

travelled 

by 

charcoal 

(cm) 

Percent 

propulsion  

Percent 

inhibition 

of 

propulsion  

propulsion 

inhibition 

(% of 

atropine) 

Control 

(saline) 

10 ml/kg 47.38±3.79 34.24±5.83 

72.27 

- - 

Atropine 

sulphate 

10 51.21±4.09 16.47±4.29 

30.21 58.20 100.00 

Rhizome 

extract 

50 44.77±3.82 26.61±4.83 59.44 17.76 30.51 

100 49.13±3.68 27.30±6.81 55.57 23.11 39.71 

200 52.27±6.19 20.44±5.35 39.10 45.89 78.85 

AuNPs 

from 

Rhizome 

50 46.62±3.41 21.08±4.86 45.22 37.43 64.32 

100 48.51±4.24 18.69±3.71 38.53 46.69 80.22 

200 43.73±5.39 15.90±4.87 36.36 49.69 85.38 

AgNPs 

from 

Rhizome 

50 50.14±6.22 23.10±6.32 46.07 36.25 62.29 

100 47.08±3.43 18.67±5.75 39.66 45.13 77.54 

200 44.89±3.70 16.73±7.33 37.27 48.43 83.21 

4.5.4 Larvicidal activity 

Mosquito is a major vector, transmitting multiples diseases of animal and human across the globe, 

responsible for millions of death annually (Dhanasekaran et al., 2010; Roth et al., 2010). Mosquito 

is the vector for the transmission of pathogens causing dengue fever, yellow fever, chikungunya 

fever and dengue shock syndrome (Grantz, 1993). Among these, dengue fever (DF) is one of the 

most threatening mosquito borne diseases in both cattle and human. It is a viral disease transmitted 

by mosquito species belong to genus Aedes and causing severe epidemics (Abbas et al., 2014). 

About two fifth of the human population is at risk of dengue, and the only method of its prevention 

is the eradication of its vector i.e. Aedes aegypti (Kalimuthu et al., 2013). Unfortunately, due to 
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the unavailability of effective dengue vaccines and drugs, the dengue control and prevention 

control programs is almost completely dependent on its vector eradication (Sukumar et al., 1991). 

The larvicidal potential of ethanolic extract of E. wallichii shoot extract (SE) and rhizome extract 

(RE) and their silver and gold nanoparticles were carried out using 4th instar larvae of Aedes 

aegypti. The percent mortality was recorded for six different contractions of both shoot and 

rhizome extract and their mediated AuNPs and AgNPs. A dose dependent toxicity was observed 

where the toxicity was ranged from highly significant to moderately significant at various doses 

of both extracts and their derived NPs. SE revealed 56.67%, 76.74%, 80.00%, 94.20% and100% 

mortality at 10, 20, 50, 80 and 100 µg/ml respectively. The EC50, EC70 and EC90 values recorded 

were8.23 µg/ml, 17.83µg/ml and 54.54µg/ml respectively. The SE AgNPs were more toxic than 

SE alone towards Aedes aegypti larvae. The LD50, LD70 and LD90 values recorded were 

6.99µg/ml, 13.94µg/ml, 37.84µg/ respectively. SE Mediated AgNPs at the dose of 10, 20, 50, 80 

and 100 µg/ml exhibited 67.47, 73.33, 87.42, 100 and 100% respectively.  

SE Mediated AuNPs confirm 49.62, 68.44, 72.83, 87.90 and 100% mortality at 10, 20, 50, 80 and 

100 µg/ml respectively, and revealed 11.08, 25.34 and 83.82µg/ml as LD50, LD70 and LD90 

values respectively. Rhizome extract (RE) of E. wallichii exhibited 39.28, 44.72, 50.00, 53.68 and 

70.39% larval mortality at 10, 20, 50, 80 and 100µg/ml respectively. The regression analysis 

revealed that Lethal concentrations of RE for 50%, 70% and 90% (LD50, LD70 and LD90) larval 

mortality were 34.03, 234.91 and 3838.43µg/ml respectively. RE mediated AgNPs showed 

53.23%, 66.67%, 72.49%, 81.64% & 87.23% mortality while RE mediated and AuNPs exhibited 

40.73, 64.81, 73.36, 92.54 & 100% mortality at 10, 20, 50, 80 and 100µg/ml doses respectively. 

The Lethal Doses (LD50, LD70 and LD90) for RE mediated AgNPs and AuNPs were 8.25µg/ml, 

30.68µg/ml, 204.99µg/ml and 14.33µg/ml, 27.42µg/ml, 70.02µg/ml respectively (Table 9b). 

Borase et al., (2013) declared that the larvicidal potential of plant based silver nanoparticles is 

strongly correlated to the particles size and reported LC50 and LC90 as 3.63 ± 0.35 and 11.21 ± 

0.82 respectively for silver mediated nanoparticles from E. tirucalli against Aedes agypti larvae. 

The latex and AgNPs Pergularia daemia has significant effect upon the 1st, 2nd and 3rd instar 

larvae of A. aegypti while it’s forth instar larvae showed unnoticeable mortality (Patil et al., 2012). 
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Table 9.a. Larvicidal efficacy of AgNPs and AuNPs of E. wallichii shoot extract. 

Treatments Doses 

(µg/ml) 

% mortality LC50 

(µg/ml) 

LC70 

(µg/ml) 

LC90 

(µg/ml) 

Probit 

Control 

(DMSO) 

2% 0 - - - - 

Shoot 

extract 

10 56.67 8.23 17.83 54.54 

Y
=

 3
.5

7
 +

 1
.5

6
 X

 

 

20 76.74 

50 80.00 

80 94.20 

100 100 

AgNPs 

from shoot 

10 67.47 6.99 13.94 37.84 

Y
=

 3
.5

2
 +

 1
.7

5
 X

 

 

20 73.33 

50 87.42 

80 100 

100 100 

AuNPs 

from shoot 

10 49.62 11.08 25.34 83.82 

Y
=

3
.4

8
+

1
.4

6
X

 20 68.44 

50 72.83 

80 87.90 

100 100 
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Table 9.b. Larvicidal efficacy of AgNPs and AuNPs of E. wallichii rhizome extract. 

Treatments Doses 

(µg/ml) 

% mortality LC50 

(µg/ml) 

LC70 

(µg/ml) 

LC90 

(µg/ml) 

Probit 

Rhizome 

extract 

10 39.28 

34.03 

234.91 3838.43 Y=4.04+0.62X 

 

20 44.72 

50 50 

80 53.68 

100 70.39 

AgNPs 

from 

rhizome 

10 53.23 

8.25 

30.68 204.99 Y=4.16+0.92X 

 

20 66.67 

50 72.49 

80 81.64 

100 87.23 

AuNPs 

from 

rhizome 

10 40.73 

14.33 

27.42 70.02 Y=2.85+1.86X 

 

20 64.81 

50 73.36 

80 92.54 

100 100 

 

4.5.5 Cytotoxicity 

The Cytotoxic potential of ethanolic extracts and their mediated silver and gold nanoparticles of 

shoot and rhizome of E. wallichii were evaluated against Artemia salina larvae using BSLA (Brine 

shrimp’s lethality assay) model. Both the extracts and their derived AgNPs and AuNPs were 

applied at different concentration (10, 50, 100 and 500µg/ml). The mortality was observed to be 

dose dependent and strongly positively correlated to the dose concentrations. Ethanol extract of 

shoot revealed 46.67%, 66.67%, 83.33% and 100% mortality of shrimp’s larvae at 10, 50, 100 and 

500 µg/ml doses respectively. The lethal doses for 50%, 70% and 90% (LD50, LD70 and LD90) 

mortality of shrimp’s larvae population were 15.53, 40.70 and 163.98 µg/ml respectively. The 

shoot extract mediated Silver nanoparticles were generally more toxic than crude ethanolic extracts 



113 
 

with respective LD50 of 7.01µg/ml, showing the percent mortality at 10, 50, 100 and 500 µg/ml, as 

60%, 83.33%, 93.33% and 100% respectively. The lethal doses for 70% mortality and 90% 

mortality (LD70 and LD90) of AgNPs were 18.02 µg/ml and 70.61 µg/ml whereas for crude 

ethanolic extracts are 40.70 µg/ml and 163.98 µg/ml respectively (Table 10a). Gold nanoparticles 

derived from shoot extract also exhibit significant cytotoxicity against shrimp’s larvae. The effect 

of shoot mediated AuNPs was also pronounced compared to shoot mediated AgNPs and shoot 

extract alone. The lethal doses reported were 6.60µg/ml, 15.75µg/ml and 55.35 µg/ml for 50%, 

70% and 90% mortality rate (LD50, LD70 and LD90). The rhizome extract and its mediated 

Au/AgNPs also exhibited significant cytotoxic effect against brine shrimp’s larvae compared to 

their negative control as DMSO, silver nitrate and gold chloride solutions respectively. The lethal 

concentrations of rhizome extract for 50%, 70% and 90% mortality (LD50, LD70 and LD90) were 

24.17 µg/ml, 53.66 µg/ml and 169.94 µg/ml respectively (Table 10b). The percent mortality at 10, 

50, 100 and 500 µg/ml dose of rhizome extract were 35.86%, 53.68%, 87.53% and 100% 

respectively. The rhizome mediated AuNPs delivered 33.33%, 61.78%, 85.21% and 100% 

mortality at 10, 50, 100 and 500 µg/ml doses respectively. The lethal doses as LD50, LD70 and 

LD90 calculated were 23.25, 50.44 and 154.60 µg/ml respectively. AuNPs from rhizome exhibited 

more pronounce cytotoxic effect than AgNPs and rhizome extract. The percent mortalities reported 

were 50%, 67.53%, 100% and 100% respectively at 10, 50, 100 and 500 µg/ml concentrations. 

The lethal doses were 12.51, 27.20 and 83.68 µg/ml for the mortality 50% 705 and 90% (LD50, 

LD70 and LD90) population respectively. 

The high lethality of E. wallichii extracts and derived AgNPs and AuNPs to Artemia salina larvae 

indicates the presence of antitumor metabolites in plant.  According to Meyer et al, (1982) 

phytocomponents are active cytotoxic if they have an LC50 value of less than 1000 μg/mL, while 

the inactive metabolites (non-toxic) have greater LC50 values than 1000 μg/mL. Lilybeth and 

Nuñeza (2013) reported that the member of genus Euphorbia (E. hirta) has significant cytotoxic 

potential as having the LC50 is less than 1000 μg/mL. The brine shrimp’s toxicity is positively 

correlated with 9KB (human nasopharyngeal carcinoma) cytotoxicity (McLaughin and Rogers, 

1998; Ajoy and Padm, 2013). Plants with adequate content of saponins have promising cytotoxic 

effect as they work by stopping cellular mutations, a major cause of cancer development 

(Mohammed et al., 2009). Recently other phytocomponents have been observed with effective 

cytotoxic property. Among these flavonoids, polyphenols, alkaloids, coumarines and 
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anthraquinones are the most effective (Lee, 1992). The promising cytotoxic effects of the E. 

wallichii is due to the presence of active metabolites like saponins, alkaloids, flavonoids and other 

phenolics, confirmed through chemical tests. Nanoparticles were observed with slightly elevated 

cytotoxicity due to their small size, rapid diffusion and large surface area for catalysis and 

interaction with the cellular components of shrimp’s larvae. 

Table 10.a. Cytotoxic potential of AgNPs and AuNPs of E. wallichii shoot extract. 

Dose 

Conc. 

µg/ml 

% 

Mortality 

LD50 

(µg/ml) 

95% CL of LD50 
LD70 

(µg/ml) 

LD90 

(µg/ml) 
Probit 

LCL HCL 

Ethanol extract of shoot 

0 0.00 

15.53 0.00 50.13 40.70 163.98 

Y
=

 3
.5

1
+

1
.2

5
 X

 

10 46.67 

50 66.67 

100 83.33 

500 100 

Silver nanoparticles (AgNPs) of shoot extract 

0 0.00 

7.01 3.71 10.59 18.02 70.61 

Y
=

 3
.9

2
+

1
.2

8
 X

 

10 60.00 

50 83.33 

100 93.33 

500 100.00 

Gold nanoparticles (AuNPs) of shoot extract 

0 0.00 

6.60 0.32 134.10 15.75 55.35 

Y
=

 3
.8

6
+

1
.3

9
 X

 

10 64.87 

50 79.33 

100 100 

500 100 
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Table 10.b. Cytotoxic potential of AgNPs and AuNPs of E. wallichii rhizome extract. 

Dose 

Conc. 

µg/ml 

% 

Mortality 

LD50 

(µg/ml) 
95% CL of LD50 

LD70 

(µg/ml) 

LD90 

(µg/ml) 
Probit 

Ethanol extract of rhizome 

0 0.00 

24.17 4.82 121.24 53.66 169.94 

Y
=

 2
.9

1
+

1
.5

1
 X

 

10 35.86 

50 53.68 

100 87.53 

500 100 

Silver nanoparticles (AgNPs) of rhizome extract 

0 0.00 

23.25 1.51 59.58 50.44 154.60 

Y
=

 2
.8

7
+

1
.5

6
 X

 

10 33.33 

50 61.78 

100 85.21 

500 100 

Gold nanoparticles (AuNPs) of rhizome extract 

0 0.00 

12.51 0.97 161.82 27.20 83.68 

Y
=

 3
.3

0
+

1
.5

5
 X

 

10 50.00 

50 67.53 

100 100 

500 100 
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4.5.6 Antioxidant activity 

The antioxidant potential of ethanol extract from shoot and rhizome of E. wallichii and their extract 

mediated AgNPs and AuNPs was assessed against DPPH (free radical). Extract from both parts 

and their mediated gold and silver nanoparticles exhibited a high degree of antioxidant under 

different times (30, 60 and 90 Min) of incubation. The reduction of DPPH in optical density at 517 

nm was dependent on both dose concentration and time of incubation (Table 11a and 11b). Ethanol 

extract from shoot of E. wallichii showed evidence of 59.82, 60.92 and 68.16 % of antioxidant 

potential at 10 µg/ml after 30, 60 and 90 minutes of incubation time respectively. Shoot extract at 

20 µg/ml dose, 61.24, 62.22 and 67.44%, at 40 µg/ml concentration 63.73, 68.49 and 70.29, at 60 

µg/ml, 81.02, 83.49 and 86.73%, while at 80 µg/ml, 84.57, 88.20 and 92.35 and at 100 µg/ml 

87.47, 88.71 and 93.04% DPPH scavenging was reported after the 30, 60 and 90 minutes of 

incubation periods respectively. The EC50, values reported were 8.13µg/ml, 7.74µg/ml and 

5.41µg/ml, EC70 were 30.47 µg/ml, 25.83 µg/ml and 17.97 µg/ml andEC90 were 205.95 µg/ml, 

147.55 µg/ml and 101.80 µg/ml respectively for 30, 60 and 90 minutes of reaction time. 

The shoot extract mediated AgNPs showed 47.29, 51.24, 47.79, 66.82, 69.21and 71.68% DPPH 

scavenging properties at 10, 20, 40, 60, 80 and 100 µg/ml respectively, after 30 minutes of 

incubation time with EC50, EC70 and EC90 values of 15.72µg/ml, 102.70µg/ml and 1550.21µg/ml 

respectively. Similarly, after 60 minutes of reaction time the percent antioxidant properties of 

AgNPs from shoot extract was 52.49, 55.93, 62.46, 69.63, 74.29 and 80.15% and after 90 minutes 

of incubation 53.13, 56.27, 67.31, 70.29, 78.61 and 85.43% DPPH scavenging was observed at 10, 

20, 40, 60, 80 and 100 µg/ml respectively. The effective concentrations for 50% 70% and 90% 

(EC50, EC70 and EC90) DPPH scavenging after 60 minutes and 90 minutes of incubation periods 

were 11.31, 56.72, 583.77 µg/ml and 10.76, 42.93, 317.36 µg/ml respectively. Gold nanoparticles 

(AuNPs) from shoot extract also exhibited dose and time dependent DPPH scavenging potential 

and revealed EC50, EC70 and EC90 as 31.52 µg/ml, 276.59 µg/ml and 6393.92 µg/ml after 30 

minutes of reaction time, while after 60 and 90 minutes the EC50, EC70 and EC90 values were 18.29 

µg/ml, 185.33 µg/ml, 5274.63 µg/ml and 15.32 µg/ml, 150.01 µg/ml, 4065.87 µg/ml respectively.  

Antioxidant potential of crude ethanolic extract of rhizome and its derived Ag/ AuNPs of E. 

wallichii was also evaluated using DPPH radical scavenging model. Different doses of Ethanol 
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extract, AuNPs and AgNPs (10, 20, 40, 60, 80 and 100 µg/ml) were evaluated at 30, 60 and 90 

minutes’ interval of incubation whereby % DPPH inhibition was recorded to be dose and time 

dependent. The results of antioxidant potential of ethanol extract from rhizome and its derived 

AgNPs and AuNPs is summarized in Table 10b. The results revealed that ethanol extract of 

rhizome of E. wallichii exhibited the percent DPPH antioxidant activity after 30 minutes of 

reaction time as 59.82, 61.24, 63.73, 81.02, 84.57 and 87.47%, after 60 minutes of incubation as 

60.92, 62.22, 68.49, 83.49, 88.20 and 88.71% while at 90 minutes of incubation were 68.16, 67.44, 

70.29, 86.73, 92.35 and 93.04% at 10, 20, 40, 60, 80 and 100 µg/ml doses respectively. The 

Effective concentrations for 50% DPPH scavenging (EC50) were 8.13 µg/ml, 7.74 µg/ml and 5.41 

µg/ml, Effective concentration for 70% DPPH inhibitions (EC70) were 30.47 µg/ml, 25.83 µg/ml 

and 17.97 µg/ml and ECs90 were 205.95 µg/ml, 147.55 µg/ml and 101.80 µg/ml after 30, 60 and 

90 minutes of incubation of reaction mixtures. AgNPs from rhizome exhibited percent DPPH 

inhibition potential as 47.29, 51.24, 57.79, 66.82, 69.21 and 71.68% at 10, 20, 40 60 80 and 100 

µg/ml doses respectively after 30 minutes of incubation time showing effective concentrations for 

50%, 70% and 90% antioxidant potential as 15.72 µg/ml, 102.70 µg/ml and1550.21 µg/ml 

respectively. After 60 minutes of reaction time the EC50, EC70 and EC90 values recorded were 11.31 

µg/ml, 56.72 µg/ml and 583.77 µg/ml while after 90 minutes of incubation time the EC values 

were 10.76 µg/ml, 42.93 µg/ml and 317.36 µg/ml respectively. Gold nanoparticles (AuNPs) 

derived from rhizome extract also exhibited dose and time dependent antioxidant activity against 

DPPH free radical. AuNPs reduced DPPH by discoloring its solution showing, the effective 

concentrations for 50%, 70% and 90% scavenging of free radical respectively as 31.52 µg/ml, 

18.29 µg/ml and 15.32 µg/ml after 30 minutes of incubation, 276.59 µg/ml, 185.33 µg/ml and 

150.01 µg/ml after 60 minutes of incubation and 6393.92 µg/ml, 5274.63 µg/ml and 4065.87 µg/ml 

after 90 minutes of incubation.  

Ascorbic acid (standard antioxidant drug) exhibited dose and time dependent antioxidant property. 

Ascorbic acid was applied at various doses (10, 20, 40, 60, 80 and 100 µg/ml) and the DPPH 

scavenging potential was recorded after 30, 60 and 90 minutes of incubation of reaction mixture. 

The results in Table 11a & 11b, revealed EC50, EC70 and EC90 concentration after 30 minutes of 

reaction time were 3.46 µg/ml, 11.399 µg/ml and 63.861 µg/ml, after 60 minutes 2.86 µg/ml, 9.32 

µg/ml, 51.36 µg/ml and after 90 minutes were 1.64 µg/ml, 6.07 µg/ml and 40.49 µg/ml 

respectively.  
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The ability of Phytometabolites to bleaching DPPH purple colour is indicating their electron 

donation tendency (reduction). This method is based on the addition of antioxidants (reductant) to 

the free radical DPPH tends to decolorize from its purple colour, where the degree of discoloration 

is correlated with the concentration and potential of antioxidants (Krishnaiah et al., 2011). Plants 

with adequate phenolic contents have been observed with potent antioxidant properties. 

Flavonoids belong to the group of phenolic compounds, have shown wide range of therapeutic 

potential as antimicrobial, anticancer, anti-inflammatory agents. Beside flavonoids have also been 

reported to with promising scavenging properties towards oxidants as atomic oxygen or other free 

radicals (Bravo, 1998; Montoro et al., 2005). The antioxidant potential is correlated to the phenolic 

contents of the plants which has the redox potential where they act as proton donor (Awika e al., 

2003; Chang et al., 2001). Other Phytometabolites like reducing sugars, tannins and proteins 

present in plant extracts may also be responsible for antioxidant activity (Khalaf et al., 2010). The 

evident antioxidant effects of shoot and rhizome extracts of E. wallichii is credited to the presence 

of reducing phytochemicals such as; reducing sugars, polyphenols and amino acids etc. The 

ethanol extract of shoot and rhizome delivered preeminent DPPH scavenging potential than the 

silver and gold nanoparticles due to the fact that both phytogenic synthesis of nanoparticles 

(reduction) and DPPH showing affinity for reducing phytometabolites. The antioxidant potential 

of Dianthus caryophyllus based silver nanoparticles is strongly negatively correlated to the size of 

nanoparticles (Bunghez et al., 2012). 
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Table 11.a. Antioxidant activity of AuNPs and AgNPs of E. wallichii Shoot extract. 

Concentrati

on (µg/ml) 

DPPH Scavenging (%) 

by AgNPs  

DPPH Scavenging (%) 

by crude extract 

DPPH Scavenging (%) 

by AuNPs 

DPPH Scavenging (%) 

by ascorbate 

30 

Min 

60 

Min 

90 

Min 

30 

Min 

60 

Min 

90 

Min 

30 

Min 

60 

Min 

90 

Min 

30 

Min 

60 

Min 

90 

Min 

10 47.29 52.49 53.13 59.82 60.92 68.16 40.63 46.33 47.67 69.38 73.20 79.19 

20 51.24 55.93 56.27 61.24 62.22 67.44 47.29 51.27 54.22 76.16 77.05 81.27 

40 57.79 62.46 67.31 63.73 68.49 70.29 49.47 54.95 55.70 87.27 89.52 89.94 

60 66.82 69.63 70.29 81.02 83.49 86.73 54.81 59.66 60.09 89.91 92.28 93.73 

80 69.21 74.29 78.61 84.57 88.20 92.35 58.73 63.38 65.29 92.57 93.15 95.23 

100 71.68 80.15 85.43 87.47 88.71 93.04 65.79 68.59 70.77 93.70 94.16 95.85 

EC50 (µg/ml) 

15.72 11.31 10.76 8.13 7.74 5.41 31.52 18.29 15.32 3.46 2.86 1.64 

95%  CL 

(EC50) 

5.86-

24.12 

4.65-

17.57 

5.17-

16.06 

3.57-

12.68 

3.65-

11.84 

0.00-

14.60 

17.25-

48.56 

5.76-

29.42 

4.14-

25.30 

1.03-

6.43 

0.75-

5.60 

0.20-

4.03 

EC70 (µg/ml) 

102.70 56.72 42.93 

30.47

6 25.83 17.97 276.59 185.33 150.01 

11.39

9 9.32 6.07 

EC90 (µg/ml) 1550.2

1 

583.7

7 

317.3

6 

205.9

5 

147.5

5 

101.8

0 

6393.9

2 

5274.6

3 

4065.8

7 

63.86

1 51.36 40.49 

Probit 

Y
=

 4
.2

3
 +

 0
.6

4
x
 

Y
=

 4
.2

1
 +

 0
.5

7
x

 

Y
=

 4
.1

0
 +

 0
.8

7
x

 

Y
=

 4
.1

7
 +

 0
.9

1
x

 

Y
=

 4
.1

0
 +

 1
.0

0
x

 

Y
=

 4
.2

6
 +

 1
.0

1
x

 

Y
=

 4
.1

7
 +

 0
.5

5
x

 

Y
=

 4
.3

4
 +

 0
.5

2
x

 

Y
=

 4
.3

7
 +

 0
.5

3
x

 

Y
=

 4
.4

5
 +

 1
.0

1
x

 

Y
=

 4
.5

3
+

 1
.0

2
 x

 

Y
=

 4
.8

0
+

 0
.9

2
x
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Table 11.b. Antioxidant activity of AuNPs and AgNPs of E. wallichii rhizome extract. 

Concentrati

on (µg/ml) 

DPPH Scavenging (%) 

by AgNPs  

DPPH Scavenging (%) 

by crude extract 

DPPH Scavenging (%) 

by AuNPs 

DPPH Scavenging (%) 

by ascorbate 

30 

Min 

60 

Min 

90 

Min 

30 

Min 

30 

Min 

60 

Min 

90 

Min 

30 

Min 

30 

Min 

60 

Min 

90 

Min 

30 

Min 

10 57.48 62.09 65.75 55.00 61.22 63.60 41.77 48.33 50.72 69.38 73.20 79.19 

20 59.82 65.13 67.15 62.16 65.47 69.33 53.87 55.78 58.25 76.16 77.05 81.27 

40 64.37 67.52 69.08 66.86 69.83 73.54 58.63 58.80 61.37 87.27 89.52 89.94 

60 69.23 75.00 77.25 68.37 74.29 79.16 61.21 64.89 65.92 89.91 92.28 93.73 

80 75.50 76.90 80.19 71.70 76.21 81.48 66.67 71.24 70.86 92.57 93.15 95.23 

100 81.35 82.90 85.00 75.10 80.00 87.20 69.40 73.49 75.33 93.70 94.16 95.85 

EC50 

(µg/ml) 5.84 3.63 3.13 5.45 3.48 3.85 19.47 13.53 10.57 3.46 2.86 1.64 

95%  CL 

(EC50) 

0.17-

12.88 

0.19-

8.97 

0.21-

7.78 

0.26-

12.49 

0.14-

8.92 

0.59-

8.19 

9.63- 

28.36 

4.96-

21/35 

2.73-

18.14 

1.03-

6.43 

0.75-

5.60 

0.20-

4.03 

EC70 

(µg/ml) 61.29 32.85 24.07 63.60 34.18 21.76 118.21 88.69 79.37 

11.39

9 9.32 6.07 

EC90 

(µg/ml) 

1837.7

6 

794.5

2 

459.3

7 

2219.7

6 

928.4

6 

266.6

6 

1607.2

4 

1343.9

1 

1464.0

5 

63.86

1 51.36 40.49 

Probit 

Y
=

 4
.6

0
 +

 0
.5

1
x

 

Y
=

 4
.6

9
 +

 0
.5

5
x

 

Y
=

 4
.7

1
 +

 0
.5

9
x

 

Y
=

 4
.6

4
 +

 0
.4

9
x

 

Y
=

 4
.7

1
 +

 0
.5

3
x

 

Y
=

 4
.5

9
 +

 0
.7

0
x

 

Y
=

 4
.1

4
+

 0
.6

8
x
 

Y
=

 4
.2

7
+

 0
.6

4
x
 

Y
=

 4
.3

9
 +

 0
.6

0
x

 

Y
=

 4
.4

5
 +

 1
.0

1
x
 

Y
=

 4
.5

3
+

 1
.0

2
 x

 

Y
=

 4
.8

0
+

 0
.9

2
x
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4.5.7 Antibacterial activity 

Antibacterial efficacy of rhizome and shoot extract of E. wallichii and their derived AuNPs and 

AgNPs were evaluated against both gram +ve and gram -ve bacterial strain (Escherichia coli, 

Staphylococcus aureus, B. pumilus, Pseudomonas aeruginosa and Klebsiella pneumoniae). The 

bactericide potential of E. wallichii extracts and its AuNPs and AgNPs was evaluated in 

comparison to negative control as DMSO, silver nitrates and gold chloride and positive control as 

streptomycin (marketed antibacterial drug). The zone of inhibitions in millimeter measured for 

various bacterial strains are summarized in Table 12. The zone of inhibition measured for AgNO3 

was 9.4±0.6 mm, 11.7±0.7 mm, 8.2±0.5 mm, 12.1±0.4 mm and 10.3±0.6 mm, exhibited 32.75, 

48.20, 30.04, 32.88 and 39.02 % antibacterial potential comparison to streptomycin against E. coli, 

S. aureus, B. pumilus, P. aeruginosa and K. pneumoniae respectively. DMSO and gold chloride 

remain ineffective against all the bacterial strains used. Ethanol extract of shoot exhibited 

antibacterial activity in comparison to streptomycin by 65.16, 37.39, 59.71, 31.52 and 54.17% 

against E. coli, S. aureus, B. pumilus, P. aeruginosa and K. pneumoniae fabricating the zone of 

inhibition of 18.7±0.7mm, 8.3±0.5mm, 16.3±0.6mm, 11.6±0.7mm and 14.3±0.4mm respectively. 

Zones of inhibition corresponding to rhizome extract mediated AgNPs were 33.7±2.1mm, 

17.6±0.8mm, 23.1±0.5mm, 25.5±1.1mm and 25.2±0.5 exhibited antibacterial activity (% of 

streptomycin) as, 117.42%, 79.28%, 84.62%, 69.29% and 95.45% against E. coli, S. aureus, B. 

pumilus, P. aeruginosa and K. pneumoniae respectively. Rhizome extract mediated gold 

nanoparticles inhibit the growth of E. coli, S. aureus, B. pumilus, P. aeruginosa and K. pneumoniae 

by 70.73%, 57.66%, 73.99%, 77.99% and 74.62% compared to the absolute (100%) inhibition of 

streptomycin. 

The antimicrobial potency of shoot extract revealed 16.4±0.4mm, 11.0±0.6mm, 19.1±0.6mm, 

13.3±0.9mm and 16.5±0.4mm zones of inhibition by restraining the growth, compared to the 

standard streptomycin inhibition, up to 57.14%, 49.55%, 69.96%, 36.14% and 62.50% of E. coli, 

S. aureus, B. pumilus, P. aeruginosa and K. pneumoniae respectively. Similarly shoot extract 

mediated AgNPs delimited the bacterial growth by 105.92%, 113.06%, 93.77%, 57.61% and 

84.85% compared to streptomycin against by engendering 30.4±0.9mm, 25.1±0.6mm, 

25.6±0.8mm, 21.2±0.7mm, and 22.4±0.6mm zones of inhibition respectively.  Shoot extract 

mediated AuNPs created the zones of inhibition of 21.9±0.5mm, 15.2±0.5 mm, 21.8±0.4 mm, 
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17.7±0.4 mm and 17.3±0.5 mm, thus exhibiting the antibacterial property by 76.31%, 68.47%, 

79.85%, 48.10% and 65.53% against E. coli, S. aureus, B. pumilus, P. aeruginosa and K. 

pneumoniae respectively.  

Both the AgNPs and AuNPs from rhizome and extract were more potent in inhibiting the growth 

of all tested bacterial strains than the extract alone. AgNPs were more potent than AuNPs due to 

the presence of metallic silver that produces additive antimicrobial effect in AgNPs along with the 

bactericidal phytometabolites. E. coli was found to be more susceptible to AgNPs of both shoot 

and rhizome extract than streptomycin, while Psed. aeruginosa was found to be comparatively 

resistive to all treatments. Many of the phytometabolites have been found with attractive 

antimicrobial properties, amongst which alkaloids, flavonoids and polyphenols are well known. 

Tannin is also known to precipitation the microbial proteins thus exhibit tremendous antibacterial 

activity (Kowti et al., 2010). The antimicrobial activity of E. wallichii is attributed to alkaloids, 

flavonoids and phenolic compounds detected in the ethanol extracts of both parts used. Metallic 

nanoparticles derived from plant extract showed additive antimicrobial property than extract alone. 

These plant derived metallic nanoparticles have distinct advantage over chemical antimicrobial 

drugs, where these drugs caused the most serious problem of microbial multidrug resistance. For 

decades, metallic silver, silver and gold salts have been used as antiseptic agents (Marsh, 1992; 

Rreddy et al, 2012). However, several reasons limited the usefulness of these salts as an 

antimicrobial agent, including the interfering effects of salts and the continuous release in 

sufficient concentration of gold and silver ion. These kinds of shortcomings can be overcome by 

using Ag/AuNPs. These nanoparticles have been detected to target multiple cellular components, 

including cell wall, cell membrane, cytoplasmic organelles and DNA, hence there is least chance 

for microbe to develop resistance (Zhou et al., 2012). The antimicrobial mechanisms of gold and 

silver nanoparticles includes their binding to various membrane proteins as well as to DNA thus 

disturbing cellular metabolic pathways. Both Ag/AuNPs have been shown to disrupt bacterial cell 

wall followed by leakage of cell content. The AuNPs beside interacting at the surface of cell 

membrane, also cause damage to the cells by interfering DNA replication as interacting with sulfur 

/ phosphorus containing DNA (Fazal Mohamed et al., 2011; Feng et al., 2000). AgNPs also had 

shown affinity for membrane proteins thus disrupts cellular permeability and mitochondrial 

respiration. The nanoparticles showing great enhancement in total surface area to interact with 
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bacterial membranes and other components, hence making the NPs more potent antimicrobial 

agents (Panacek et al., 2006). Bactericidal effects of silver and gold nanoparticles are greatly 

influenced by the size of these particles. The smaller particles, have elevated antimicrobial effect, 

suggesting that these nanoparticles may also enters into bacterium interacting with cytoplasmic 

and nuclear components and hindering its growth (Morones et al., 2005; Baker et al., 2005). 

Table 12. Antibacterial activity of E. wallichii mediated AuNPs and AgNPs. 

Treatments Zone of Inhibition in millimeter (% of the standard)  

E. coli Staph. aureus B. pumilus Psed. 

aeruginosa 

Kleb. 

pneumoniae 

DMSO - - - - - 

AgNO3 9.4±0.6  

(32.75) 

10.7±0.7  

(48.20) 

8.2±0.5  

(30.04) 

12.1±0.4 

(32.88) 

10.3±0.6 

(39.02) 

HAuCL4 - - - - - 

streptomycin 28.7±1.2  

(100) 

22.2±0.9 

(100) 

27.3±1.3  

(100) 

36.8±0.8 

(100) 

26.4±0.9 

(100) 

E
. 
w

a
ll

ic
h
ii

 R
h
iz

o
m

e 

Extract 18.7±0.7  

(65.16) 

8.3±0.5  

(37.39) 

16.3±0.6  

(59.71) 

11.6±0.7 

(31.52) 

14.3±0.4 

(54.17) 

AgNPs  33.7±2.1  

(117.42) 

17.6±0.8  

(79.28) 

23.1±0.5 

(84.62) 

25.5±1.1 

(69.29) 

25.2±0.5 

(95.45) 

AuNPs  20.3±0.6  

(70.73) 

12.8±0.4  

(57.66) 

20.2±0.5 

(73.99) 

28.7±0.6 

(77.99) 

19.7±0.3 

(74.62) 

E
. 
w

a
ll

ic
h
ii

 S
h
o
o
t 

Extract 16.4±0.4  

(57.14) 

11.0±0.6  

(49.55) 

19.1±0.6 

(69.96) 

13.3±0.9 

(36.14) 

16.5±0.4 

(62.50) 

AgNPs  30.4±0.9  

(105.92) 

25.1±0.6  

(113.06) 

25.6±0.8 

(93.77) 

21.2±0.7 

(57.61) 

22.4±0.6 

(84.85) 

AuNPs  21.9±0.5  

(76.31) 

15.2±0.5  

(68.47) 

21.8±0.4 

(79.85) 

17.7±0.4 

(48.10) 

17.3±0.5 

(65.53) 
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4.5.8. Antifungal Activity 

Nanotechnology is responsible for the production of plant extract mediated metallic 

nanoparticles. The synthesized nanoparticles have various applications but the most highlight 

application is antimicrobial activity against fungus, bacteria and virus.  In current investigation 

antifungal effects of AuNPs was assessed on the bases of the zone inhibitions. The synthesized 

AuNPs showed antifungal activity using well diffused method. The testing samples Candida 

albicans, Aspergillus paraciticus, A. flavus, A. niger and Fusarium solani displayed different zone 

inhibition. The maximum zone inhibition was recorded for gold nanoparticles synthesis from shoot 

extract against test specie Aspergillus niger with zone of inhibition 70.85±1.57mm. Which is then 

followed by shoot extract mediated silver nanoparticles against Aspergillus flavus with zone of 

inhibition 69.81±0.61mm. As compared to AuNPs of shoot extract AgNPs showed more antifungal 

activity towards test species, but only AuNPs showed more susceptibility toward Aspergillus 

niger. The rhizome extract mediated AuNPs and AgNPs were also evaluated against different 

fungal strains. The zone of inhibition showed that as compared to shoot extract mediated AgNPs 

and AuNPs of rhizome extract mediated AuNPs and AgNPs showed low antifungal efficacy. 

Maximum inhibition was shown by rhizome extract mediated AgNPs against Aspergillus niger 

which is then followed by Aspergillus flavus with zone of inhibition 66.67±0.31 and 58.16±0.28nm 

respectively. In both test samples crude extract shows low toxicity against fungal strains. The low 

effect is due to large size of crude extract which is difficult to diffuse through membrane as 

compared to nanoscale materials which can comparatively easily cross the biological membranes 

(cell membrane) and interact with vital biomolecules like structural proteins, enzymes and 

membrane receptors. Different research workers carried out antifungal activities of synthesized 

nanoparticles using plants extracts like Jayaseelan et al., (2013) worked on seed extracts of 

Abelmoschus esculentus for the synthesis of AuNPs. The synthesized AuNPs exhibited significant 

antifungal activity and concluded that the seed extract mediated gold nanoparticles of Abelmoschus 

esculentus can be used as an alternative of fungal drugs. So from the above discussion we conclude 

that the synthesized nanoparticles of shoot extract mediated extract showed significant results 

while as compared to crude extracts of both shoot and rhizome all of the AgNPs and AuNPs 

showed good results.  
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Table 13. Antifungal potency of SE, RE and their mediated AgNPs and AuNPs. 

Treatments                    Percent inhibition of mycelia growth  

Candida albicans Aspergillus flavus  Aspergillus 

paraciticus 

Fusarium solani  Aspergillus niger 

DMSO - - - - - 

S
h

o
o

t 

Extract 31.74±0.22 48.75±0.49 17.22±0.11 - 61.53±0.88 

AgNPs  49.53±0.19 69.81±0.61 39.75±0.71 21.68±1.27 51.20±0.47 

AuNPs 54.22±0.48 55.67±0.50 37.60±1.08 - 70.85±1.57 

R
h

iz
o

m
e
 

Extract 27.16±0.28 30.17±0.33 33.43±0.39 16.37±0.37 41.63±0.55 

AgNPs  43.17±0.30 58.16±0.28 41.89±0.26 44.76±0.40 66.67±0.31 

AuNPs 40.08±0.19 53.22±0.48 49.13±0.47 50.00±0.72 53.03±0.82 

 

4.5.9. Antileishmanial activity 

Leishmaniasis is a protozoan disease caused by species belongs to genus Leishmania, 

which comprises of obligate intracellular parasites. The promastigote form of parasite is released 

into the circulatory system of host (Vertebrate including Man) when an infected vector sand fly 

bites the host (Alexander and Bryson, 2005). The promastigotes are taken up by neutrophils and 

dendritic cells (immune cells) and the parasites eventually differentiated into intracellular 

amastigotes in their host cells (Mougneau et al., 2011). Though both the amastigote and 

promastigote forms show remarkable differences but still both the forms are similar in their 

metabolic pathways and hence the target against the promastigote could be relevant against the 

amastigote. In the current study shoot extract (SE), rhizome extract (RE) and SE/RE mediated 

AgNPs and AuNPs were tested for their in-vitro antileishmanial efficacy against Leishmania 

tropica. The results summarized (Table 14 a & 14b) showing dose dependent lethality to parasite. 

0.5% of DMSO, used as a control exhibit no lethal effect on L. tropica. Shoot extract exhibited 
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37%, 53% and 62% mortality at 10µg/ml, 50µg/ml and 100µg/ml respectively. The concentration 

for 50%, 70% and 90% mortality of L. tropica (LD50, LD70 and LD90) reported for stem extract 

were 34.73 µg/ml, 237.56 µg/ml and 3830.16 µg/ml respectively SE mediated AuNPs showed 

highest mortality (80%) at maximum experimental dose (100 µg/ml) with the respective LD50, 

LD70 and LD90 values as 13.86 µg/ml, 49.42 µg/ml and 310.56 µg/ml. SE mediated AuNPs were 

more potent than SE alone by exhibiting  44%, 52% and 71% mortality at 10, 50 and 100 µg/ml 

respectively and 21.39 µg/ml, 149.02 µg/ml and 2468.11 µg/ml LD50, LD70 and LD90 values. 

Rhizome extract also showed dose dependent mortality to L. tropica where by 37%, 53% and 62% 

mortality was observed at 10, 50 and 100µg/ml doses respectively. The Lethal doses as LD50, 

LD70 and LD90 recorded were 34.73 µg/ml, 237.56 µg/ml and 3830.16 µg/ml. RE mediated 

AuNPs was the most potent antileishmanial agent among RE, RE mediated AgNPs and RE 

mediated AuNPs by producing 28%, 60% and 82% lethality at 10, 50 and 100 µg/ml respectively 

with 27.30 µg/ml LD50, 63.54 µg/ml LD70 and 215.46 µg/ml LD90. Similarly, RE mediated 

AuNPs with 41.88 µg/ml, 116.19 µg/ml and 508.20 µg/ml LD50, LD70 and LD90 produced more 

elevated lethal effect against L. tropica than rhizome extract alone. SE mediated AuNPs were the 

more potent antileishmanial agent amongst all the tested treatments followed by RE mediated 

AuNPs. Generally, shoot extract was more inhibitory than rhizome extract. Accumulation of 

various metallic NPs has often been observed at the targeted site compare to bulk drugs substances 

which typically leads to elevated systemic toxicity of drugs mediated nanoparticles. Silver 

nanoparticles have the affinity for lipophosphoglycan and glycoprotein found on the leishmanial 

parasite surface and hence impair their function (infection). AgNPs may release silver ions leads 

to generate ROS to which leishmanial parasite is susceptible (Allahverdiyev et al., 2011). The 

silver ions also showing affinity to cysteine group of enzymes thus altering the enzymatic functions 

of protein. AgNPs due to small size provide large surface area for catalysis and has capability to 

attach to phosphorus and sulfur groups of various biomolecules including protein, facilitating ROS 

production and hence possesses favorable anti‐leishmanial effects (Mayelifar et al., 2015). 

Similarly, gold nanoparticles enhancing antileishmanial activity in contrast to micro materials. The 

investigation on complex of gold [Au (dppz)2] Cl3 showing that gold derived NPs exhibit 

significant dose dependent antipromastigotes activity against Leishmania mexicana (Navarro et 

al., 2007; Torabi et al., 2011). Das et al, (2013) reported significant antileishmanial property of 

quercetin conjugated gold nanoparticles with the lethal concentration (IC50) as 15 ± 3mg/l. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Allahverdiyev%20AM%5Bauth%5D
http://www.sciencedirect.com/science/article/pii/S0927776513000830
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Table 14.a. Antileishmanial activity of AuNPs and AgNPs of E. wallichii shoot. 

Treatments Doses 

(µg/ml) 

No of 

promastigotes 

(1×104) 

% 

mortality 

LC50 LC70 LC90 Probit 

Control 

(DMSO) 

0.5% 100 - -  - - 

Shoot extract 10 63 37 34.73 237.56 3830.16 Y=4.03+0.63X 

50 47 53 

100 38 62 

AgNPs from 

shoot 

10 55 45 13.86 49.42 310.56 Y=3.92+0.95X 

50 41 69 

100 28 80 

AuNPs from 

shoot 

10 56 44 21.39 149.02 2468.11 Y=4.17+0.62X 

50 48 52 

100 29 71 

Table 14.b. Antileishmanial activity of AuNPs and AgNPs of E. wallichii rhizome. 

Treatments Doses 

(µg/ml) 

No of 

promastigotes 

(1×104) 

% 

mortality 

LC50 LC70 LC90 Probit 

Control 

(DMSO) 

0.5% 100 

- 

-  - - 

Rhizome 

extract 

10 73 27 69.73 331.70 3163.55 Y=3.57+0.77X 

50 59 41 

100 42 58 

AgNPs from 

rhizome 

10 72 28 27.30 63.54 215.46 Y=2.95+1.43X 

50 40 60 

100 18 82 

AuNPs from 

rhizome 

10 77 23 41.88 116.19 508.20 Y=3.08+1.18X 

50 46 54 

100 43 67 
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4.5.10. Phytotoxic bioassay 

Weeds remain one of the leading hazards for the crops, whereby for their eradication, 

intensive use of synthetic herbicides was carried out coupling with detrimental effect on both 

environment and human health (Mancini et al, 2008; Wahab, 2009). Furthermore, the extensive 

use of synthetic herbicides evolved resistant traits of weeds all over the world (Masilamany et al., 

2011). In search of novel bio herbicides, ethanol extract from rhizome and shoot of E. wallichii 

and their derived silver and gold nanoparticles were tested for their possible phytotoxicity. Five 

doses via 50, 100, 500, 100 and 5000 µg/ml were used for the treatments and the Lemna minor 

phytotoxicity was generally found to be dose dependent (Table 15a & 15b).  The data obtained 

after 72 hours revealed that shoot extract inhibit frond proliferation by 17.78%, 28.89%, 42.22%, 

60.00% and 77.78% at 50, 100, 500, 100 and 5000 µg/ml respectively and revealed frond 

proliferation inhibitory concentrations i.e. FI50, FI70 and FI90 as 629.13 µg/ml, 2692.89 µg/ml 

and 22047.57 µg/ml respectively.  SE mediated AuNPs produced highly significant toxicity 

particularly at higher experimental doses, by inhibiting frond proliferation at 50, 100, 500, 100 and 

5000 µg/ml as 24.44%, 40.00%, 46.67%, 71.11% and 86.67% respectively. The FI50, FI70 and 

FI90 recorded were 309.55 µg/ml, 1296.61 µg/ml and 10288.60 µg/ml respectively. On the other 

hand, SE mediated AuNPs were found with phytotoxicity as 22.22%, 48.89%, 48.89%, 68.89% 

and 82.22% at the given experimental doses and revealed 297.94 µg/ml, 1546.09 µg/ml and 

16722.11µg/ml as FI50, FI70 and FI90 values.  

Ethanol extract from rhizome of E. wallichii showed considerable phytotoxicity causing 

11.11%, 28.89%, 55.56%, 75.56% and 93.33% frond proliferation inhibition, while RE mediated 

AgNPs inhibit Lemna growth by 17.78%, 40.00%, 64.44%, 84.44% and 100% at 50, 100, 500, 

1000 and 5000 µg/ml doses respectively. The FI50, FI70 and FI90 for Rhizome extract and Re 

mediated AgNPs were 347.42 µg/ml, 873.49 µg/ml, 3313.26 µg/ml and 201.85 µg/ml, 461.97 

µg/ml, 1529.55 µg/ml respectively. RE mediated AuNPs exhibited 26.67%, 46.67%, 77.78%, 

100% and 100% frond proliferation inhibition at the respective doses of 50, 100, 500, 1000 and 

5000 µg/ml where the FI50, FI70 and FI90 values recorded were 121.21 µg/ml, 239.82 µg/ml and 

643.33 µg/ml.   

Plants containing secondary metabolites as allelochemicals are responsible for their 

phytotoxic potential. These allelochemicals present in various parts of the plants in different 
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concentrations. Polyphenols, alkaloids and other organic acids are mostly related to the phytotoxic 

nature of a plant. The phytochemical architect reveals the presence of alkaloids, polyphenols, 

glycosides and phytosterols which may be responsible for inhibiting the Lemna growth. n-hexane, 

Chloroform, ethyl acetate and n-butanol extracts of whole plant of E. wallichii was reported to 

exhibited 60-100% lemna toxicity at 1000 μg/ ml, while 10 μg /ml 30-80% lemna Phytotoxicity 

was observed (Ali et al, 2009). Members of euphorbia like E. aellenii, aqueous extract of E. 

prostrata, E. dracunculoides, ethanol extract of E. helioscopia and E. hirta have also been reported 

with tremendous phytotoxicity (Ayatollahi et al. 2010; Shanee et al. 2011; Khan et al. 2012;). 

similarly, members of Euphorbiaceae like Acalypha torta, A. hispida, and A. wilkesiana were also 

reported with significant phytotoxicity against Lemna minor (Onocha et al. 2011).  
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Table 15.a. Phytotoxic bioassay of AuNPs and AgNPs of E. wallichii shoot. 

Doses 

(µg/ml) 

No. of 

Fronds 

 

% frond 

proliferation 

LC50 

(µg/ml) 

LC70 

(µg/ml) 

LC90 

(µg/ml) 
Probit 

 Shoot Extract  

50 37 17.78 

629.13 2692.89 22047.57 

Y
=

2
.6

7
+

 0
.8

3
X

 

100 32 28.89 

500 26 42.22 

1000 18 60.00 

5000 10 77.78 

 SE Mediated AgNPs  

50 34 24.44 

309.55 1296.61 10288.60 

Y
=

2
.9

0
+

 0
.8

4
X

 

100 27 40.00 

500 24 46.67 

1000 13 71.11 

5000 06 86.67 

 SE Mediated AuNPs  

50 35 22.22 

297.94 1546.09 16722.11 

Y
=

3
.1

9
+

0
.7

3
X

 

100 23 48.89 

500 23 48.89 

1000 14 68.89 

5000 08 82.22 

 Control (DMSO)  

2% 45 0 - - - - 
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Table 15.b. Phytotoxic bioassay of AuNPs and AgNPs of E. wallichii rhizome. 

Doses 

(µg/ml) 

No. of 

Fronds 

 

% frond 

proliferation 

FI50 

(µg/ml) 

FI70 

(µg/ml) 

FI90 

(µg/ml) 
Probit 

 Rhizome Extract  

50 40 11.11 

347.42 873.49 3313.26 

Y
=

1
.6

7
+

1
.3

1
X

 100 32 28.89 

500 20 55.56 

1000 11 75.56 

5000 03 93.33 

 RE Mediated AgNPs  

50 37 17.78 

201.85 461.97 1529.55 

Y
=

1
.6

4
+

1
.4

6
X

 100 27 40.00 

500 16 64.44 

1000 07 84.44 

5000 00 100.00 

 RE Mediated AuNPs  

50 33 26.67 

121.21 239.82 643.33 

Y
=

1
.3

2
+

1
.7

7
X

 100 24 46.67 

500 10 77.78 

1000 00 100.00 

5000 00 100.00 

 Control (DMSO)  

2% 45 0 - - - - 
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Conclusions 

The current work about the pharmacognosy, synthesis of Ag/Au Nanoparticles and 

pharmacology of E. wallichii leads to the following conclusions. 

 The macro morphological study provide basis for authentic identification of plant 

from is closely allied related species. 

 Powder drug studies showing different characteristic structures is essential for 

standardization of drugs in powder form. 

 Leaf surface constants were determined which is characteristic anatomical features 

help in authentic identification. 

 Phytochemical screening of shoot and rhizome showed presence of various primary 

and secondary metabolites like reducing sugars, proteins and amines, alkaloids, glycosides, 

tannins, flavonoids etc. 

 Proximate analysis confirms adequate amount of nutritional components. 

 Mineral analysis provided overview about the quality and quantity of various macro 

and macronutrients. 

 Both parts of E. wallichii act as good bioreducing agents for the reduction of 

transitional metals ions like silver and gold and also act as stabilizing agents, hence provide basis 

for their respective nanoparticles. 

 Various characterization techniques (UV-Vis. Spectroscopy, SEM, EDS, XRS and 

FT-IR spectroscopy) is helpful in determine the SPR, morphology, crystalline structure, elemental 

composition etc. of synthesized nanoparticles. 

 Both AuNPs and AgNPs exhibit good antimicrobial properties against MDR 

pathogenic bacterial and fungal strains, compared to the extracts alone. 

 The antioxidant bioassay reveled that both parts of E. wallichii had significant 

potential for the reduction of DPPH (ROS) and may be an alternative source of source of 

antioxidants. 
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 Both AgNPs and AuNPs of both parts of E. wallichii has tremendous toxicity 

against larvae of Aedes agypti and could act as a biofriendly larvicidal agents. 

 SE and RE mediated nanoparticles also exhibit attractive cytotoxicity and 

phytoxicity compared to extracts alone. 

  The antipromastigotes activity of SE, RE and their mediated AuNPs and AgNPs 

reflects that these NPs could be good alternative to the antileishmanial drugs. 

 Acute toxicity assay confirmed that both parts are toxic at higher doses. 

 The synthesized AuNPs and AgNPs of E. wallichii has good antinociciptive and 

spasmolytic potential. 

  



134 
 

Reference 

A.O.A.C. 2000. Official methods of analysis. Association of Official Analytical Chemists 

International. Maryland, USA. 

Abbas, A., R. Z. Abbas, J. A. Khan, Z. Iqbal, M. M. H. Bhatti, Z. Sindhu and M. A. Zia. 2014. 

Integrated Strategies for the Control and Prevention of Dengue Vectors with Particular. 

Pak Vet J, 34(1): 1-10. 

Adawn, G. and M. Mhanna. 2008.  Synergistic effects of plant extracts and antibiotics on 

staphylococcus aureus strains isolated from clinical specimens. Journal of Scientific 

Research. 3:  134–139. 

Addor, R. W. 1995. “Insecticides”, In: Agrochemicals from Natural Products, Godfrey CRA. Ed., 

Marcel Dekker, Inc. New York, p. 1.  

Adeniyi, A. and Jayeola. 2009. Micro morphological study of plant fragments in some 

 powdered medicinal plants. Journal of Medicinal Plants Research, 3(5): 438-

 442. 

Agarwal, A. 2005. Critical issues in Quality Control of Herbal Products, Pharm. Times, 37 (6): 9-

11. 

Agbaje, E. O., A. A. Adeneye and T. I. Adeleke. 2008. Antinociceptive and anti-inflammatory 

effects of a Nigeria polyherbal tonic tea (PHT) in rodents, Afr J Trad CAM, 5(4): 399. 

Agrahari, A. K., M. Khaliquzzama and S. K. Panda. 2010. Evaluation of analgesic activity of 

methanolic extract of Trapa natans l.var. Bispinosa roxb. Roots. Journal of Current 

Pharmaceutical Research. 01: 8-11 

Ahmad, E., M. Arshad, M. Ahmad, M. Saeed and M. Ishaque. 2004. Ethnopharmacological survey 

of some medicinally important plants of Galliyat areas of NWFP, Pakistan. Asian Journal 

of Plant Sciences. 3(4): 410-415. 



135 
 

Ahmad, I., A. Khan, B. A. Chaudhary, K. H. Janbaz, M. Uzair, M. Akhtar and A. Gilani. 2012. 

Antifungal and antispasmodic activities of the extracts of Euphorbia granulate. Journal of 

Medicinal Plants Research. 6(1):19-23.  

Ahmad, I., F. Aqil, and M. Owais. 2006. Modern Phytomedicine “Turning Medicinal Plants into 

Drugs”.Wiley-Vch Verlag Gmbh & Co. KGAA.ISBN-13: 978-3-527-31530-7. Pp, 02-197. 

Ahmad, K., M. A. Khan, M. Ahmad, M. Zafar, M. Arshad and F. Ahmad. 2009. Taxonomic 

diversity of stomata in dicot flora of a district tank (N.W.F.P.) in Pakistan. African Journal 

of Biotechnology, 8 (6): 1052-1055, 20. 

Ahmad, M., M. A. Khan and R. A. Qureshi. 2003. Ethnobotanical study of some cultivated plants 

of chhuchh region (District Attock). J. Hamdard Medicus.  46 (3): 15-19. 

Ahmad, N., S. Anwar, H. Fazal and B. H. Abbasi. 2013. Medicinal plants used in indigenous 

therapy by people of Madyan Valley in district Swat, Pakistan. Int. J. Med. Arom. Plants., 

3(1):47-54. 

Ahmed, D. and M. A. Chaudhary. 2009. Medicinal and nutritional aspects of various trace metals 

determined in Ajuga bracteosa. J. Appl. Sci. Res., 5(7): 864-869 

Ajoy, G.  and C. Padm. 2013. Brine shrimp cytotoxic activity of 50% alcoholic extract of Croton 

bonplandianum Baill. Asian J Pharm Clin Res., 6 (3):40-41. 

Akhter, S., M. I. Hossain, M. A. Haque and M. Shahriar. 2012. Phytochemical Screening, 

Antibacterial, Antioxidant and Cytotoxic Activity of the Bark Extract of Terminalia 

Arjuna. European Journal of Scientific Research. 86(4):543-552. 

Alexander, J. and K. Bryson. 2005. T helper (h)1/Th2 and leishmania: Paradox rather than 

paradigm. Immunol Lett., 99(1):17-23.  

Ali, A., R. Naz, W. N. Khan, R. Gul and M. I. Choudhary. 2009. Biological screening of different 

root extracts of Euphorbia wallichii. Pak. J. Bot., 41(4): 1737-1741. 



136 
 

Ali, D. M., N. Thajuddin, K. Jeganathan and M. Gunasekaran. 2011. Plant extract mediated 

synthesis of silver and gold nanoparticles and its antibacterial activity against 

clinically isolated pathogens. Colloids and Surfaces B: Biointerfaces, 85: 360–365. 

Ali, M. S., S. Ahmed and M. Saleem. 2008. Spirowallichiione: A Rearranged Multiflorane from 

Euphorbia wallichii Hook F. (Euphorbiaceae). Molecules., 13, 405-411. 

Ali, N., S. W. A. Shah, G. Ahmed, I. Shah, M. Shoaib, M. Junaid and W. Ali. 2014. Acute toxicity 

and antispasmodic activities of Achillea wilhelmsii C. Koch. Pak. J. Pharm. Sci., 

27(2):309-315. 

Alikwe, P.C. N., E. I. Ohimain and S. M. Omotosho. 2014. Evaluation of the proximate, mineral, 

phytochemical and amino acid composition of Bidens pilosa as potential feed/feed additive 

for non-ruminant livestock. Animal and Veterinary Sciences; 2(2): 18-21. 

Aliyu, A. B., A. M. Musa, J. A. Oshanimi, H. A. Ibrahim and A. O. Oyewale. 2008. Phytochemical 

analyses and mineral elements composition of some medicinal plants of northern Nigeria. 

Nig. Journ. Pharm. Sci., 7(1): 119– 125. 

Alkilany, A. M., S. E.  Lohse, C.  J.  Murphy. 2012. The gold standard: gold nanoparticle libraries 

to understand the nano bio interface. Acc.  Chem.  Res., 46(3):650-61  

Allahverdiyev, A. M., E. S.  Abamor, M. Bagirova, C. B. Ustundag, C. Kaya, F. Kaya and M. 

Rafailovich. 2011. Antileishmanial effect of silver nanoparticles and their enhanced 

antiparasitic activity under ultraviolet light. Int J Nanomedicine. 6: 2705–2714. 

Al-Temimi, A. and R. Choudhary. 2013. Determination of Antioxidant Activity in Different Kinds 

of Plants In Vivo and In Vitro by Using Diverse Technical Methods. J Nutr Food Sci .,3 

(1): doi:10.4172/2155-9600.1000184. 

Angelova, M. G., T. V. Petkova-Marinova, M. V. Pogorielov, A. N. Loboda, V. N. Nedkova-

Kolarova and A. N. Bozhinova. 2014. Trace Element Status (Iron, Zinc, Copper, 

Chromium, Cobalt, and Nickel) in Iron-Deficiency Anaemia of Children under 3 Years. 

Anemia. doi.org/10.1155/2014/718089. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Allahverdiyev%20AM%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Abamor%20ES%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bagirova%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ustundag%20CB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaya%20C%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaya%20F%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rafailovich%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rafailovich%20M%5Bauth%5D
http://www.hindawi.com/50171709/
http://www.hindawi.com/36706027/
http://www.hindawi.com/60594954/
http://www.hindawi.com/52197249/
http://www.hindawi.com/25616350/
http://www.hindawi.com/25616350/
http://www.hindawi.com/89632590/
http://dx.doi.org/10.1155/2014/718089


137 
 

Ankanna, S., T. N. V. Prasad, E. K. Elumalai and N. Savithramma.  2010. Production of Biogenic 

Silver nanoparticles using Boswellia ovalifoliolata stem bark. Digest Journal of 

Nanomaterials and Biostructure, 5(2): 369-372. 

Anonymous. 1990. Official Methods of Analysis. 15th Edn. Association of Official Analytical 

AOCS (American Oil Chemist Society). 2000. Official methods of analysis 5th edition 

Association of Official analysis chemists Washington, DC, USA. 

Armah, Y. S., B. J. B. Nyarko, E. H. K. Akaho, A. W. K. Kyere, S. Osae, K. O. Boachie and E. K. 

Osae. 2001. Activation analysis of some essential elements in five medicinal plants used 

in Ghana. J. Radioanalytical. Nuclear. Chem., 250(1): 173-176. 

Arsad, S. S., N. M. Esa, H. Hamzah and F. Othman.  2013. Evaluation of acute, subacute and 

subchronic oral toxicity of Rhaphidophora decursiva (Roxb.) Schott extract in male 

Sprague Dawley rats. Journal of Medicinal Plant Research. 7(41): 3030-3040. 

Arunachalam, K. D., S. K. Annamalai and S. Hari. 2013. One-step green synthesis and 

characterization of leaf extract-mediated biocompatible silver and gold nanoparticles from 

Memecylon umbellatum. Int. J. Nanomed., 8: 1307–1315. 

Asante-Duah, K. 2002. Public Health Risk Assessment for Human Exposure to Chemicals 

(illustrateded.); Kluwer Academic Publishers: Dordrecht, The Netherlands, Vol 6. 

Ashish, D., P. Tiwari, D. Parasher and S. Bhargava. 2014. Antispasmodic studies on leaf and root 

extract of Blumea lacera. Int J Pharm Pharm Sci., 6 (1):116-119. 

Aslam, M. W., Asimullah, F. Khan, I. Khan, S. Jan, N. Muhammad, R. A. Khan, A. Saeed and T. 

H. Bokhari. 2013. Dietary and trace elements evaluation of elected vegetables from North 

Waziristan Agency, KPK Pakistan. Journal of Medicinal Plant research. 7(44): 3232-

3236. 

Atta-ur-Rhman, M. I. Choudhary and W. J. Thomsen. 2001. Bioassay technique for drug 

development. Harwood Academic Publishers. 



138 
 

Awika, J. M., L.W. Rooney, X. Wu, R. L. Prior and L. C. Zevallo. 2003. Screening methods to 

measure antioxidant activity of sorghum (Sorghum bicolor) and sorghum products.  J. 

Agric. Food Chem. 51: 6657–6662. 

Awwad, A.M., Salem, N.M., Abdeen, A.O., 2013. Green synthesis of silver nanoparticles using 

carob leaf extract and its antibacterial activity. Int. J. Ind. Chem. 4, 29. doi:10.1186/2228-

5547-4-29 

Ayatollahi, A. M., M. Ghanadian, S. Afsharypuor, S. Siddiq and M. Pour-Hosseini. 2010. 

Biological Screening of Euphorbia Aellenii. Iranian journal of pharmaceutical research 

(IJPR); 9: 429-436. 

Babu, P. J., P. Sharma, M. C. Kalita, U. Bora. 2011. Green synthesis of biocompatible gold 

nanoparticles using Fagopyrum esculentum leaf extract. Frontiers of Materials Science. 

5(4): 379-387.  

Badshah, L and F. Hussain. 2011. People preferences and use of local medicinal flora in District 

Tank, Pakistan. Journal of Medicinal Plants Research. 5 (1): 22-29. 

Baharara, J., Namvar, F., Ramezani, T., Hosseini, N., Mohamad, R., 2014. Green synthesis of 

silver nanoparticles using Achillea biebersteinii flower extract and its anti-angiogenic 

properties in the rat aortic ring model. Molecules 19, 4624–34. 

doi:10.3390/molecules19044624 

Bahram, M. and   E. Mohammadzadeh. 2014.  Green synthesis of gold nanoparticles with willow 

tree bark extract: a sensitive colourimetric sensor for cysteine detection. Anal. Methods.,6, 

6916-6924. 

Baker, C., A. Pradhan, L. Pakstis, D. J. Pochan and S. I. Shah. 2005. Synthesis and antibacterial 

properties of silver nanoparticles. J Nanosci Nanotechnol; 5: 24-9.  

Balavandy, S.K., Shameli, K., Biak, D.R.B.A., Abidin, Z.Z., 2014. Stirring time effect of silver 

nanoparticles prepared in glutathione mediated by green method. Chem. Cent. J. 8, 11. 

doi:10.1186/1752-153X-8-11 

http://link.springer.com/search?facet-author=%22Punuri+Jayasekhar+Babu%22
http://link.springer.com/search?facet-author=%22Pragya+Sharma%22
http://link.springer.com/search?facet-author=%22Mohan+Chandra+Kalita%22
http://link.springer.com/search?facet-author=%22Utpal+Bora%22
http://link.springer.com/journal/11706
http://pubs.rsc.org/en/results?searchtext=Author%3AMorteza%20Bahram
http://pubs.rsc.org/en/results?searchtext=Author%3AEsmat%20Mohammadzadeh


139 
 

Baloch, N., Nabi, S., Kakar, A.M., Wajid, Z., Yasser, M.S.A., 2013. In vitro antileishmanial, 

antitumor , cytotoxic activities and phyto- chemical analysis of Citrullus colocynthis fruit 

extract and its fractions. Int. J. Med. Arom. Plants. 3, 78–84. 

Barkatullah, M. Ibrar, N. Muhammad, Innayat- Ur- Rehman, Mujeeb-Ur-Rehman, and A. Khan. 

2013. Chemical Composition and Biological Screening of Essential Oils of Zanthoxylum 

armatum DC Leaves. J Clin Toxicol., 3: 172. doi:10.4172/2161-0495.1000172. 

Barlingame, B. 2004. Fostering quality data in food composition databases: visions for the future. 

J. Food Composition Analysis., 17: 251-258.  

Beegum. G. R. J., S. S. Beevy and V.S. Sugunan. 2014. Nutritive and anti-nutritive properties of 

Boerhavia diffusa L. Journal of Pharmacognosy and Phytochemistry; 2 (6): 147-151. 

Berciaud, S.; L. Cognet, P. Tamarat and B. Lounis. 2005. Observation of Intrinsic Size Effects in 

the Optical Response of Individual Gold Nanoparticles.  Nano Lett., 5, 515–518. 

Beroa, J., V. Hannaert, G. Chataignea, M. Herent and J. Quetin-Leclercqa. 2011. In vitro 

antitrypanosomal and antileishmanial activity of plants used in Benin in traditional 

medicine and bio-guided fractionation of the most active extract. Journal of 

Ethnopharmacology. 137: 998–1002. 

Bhogaonkar, P. Y. and S. A. Ahmad. 2012. Pharmacognostic studies on Xanthium strumarium L 

-a folk Unani medicinal herb. Bioscience Discovery, 3(1):101-106, 

Bhowmik, D., H. Gopinath, B. P. Kumar, S. Duraivel, G. Aravind and K. P. S. Kumar. 2013. 

Medicinal Uses of Punica granatum and Its Health Benefits. Journal of Pharmacognosy 

and Phytochemistry. 1(5):28-37. 

Bhowmik, S., Datta, B.K., Saha, A.K., 2012. Determination of mineral content and heavy metal 

content of some traditionally important aquatic plants of tripura, India using atomic 

absorption spectroscopy. J. Agric. Technol. 8, 1467–1476. 

Bhujbal, S. S., R. P. Deshmukh, J. S. Bidkar, V. A. Thatte, S. S. Awasare and P. P. Garg. 2011. 

Evaluation of cytotoxic activity of barks of Mimusops elengi. Eurasia J Biosci 5, 73-79 



140 
 

Birch, N. J. and C. Padgham. 1994. Handbook on Metals in Clinical and Analytical Chemistry. 

Marcel Dekker, New York. pp.12-98. 

Bittar, M., M. M. de Souza, R. A. Yunes, R. Lento, F. D. Monache and V. Cechinel-Filho. 2000. 

Antinociceptive activity of I3, II8-binaringenin: A biflavonoid present in plants of the 

guttiferae, Planta Med, 66:84. 

Bobby, M. N., E. G. Wesely and M. Johnson.  2012. FTIR studies on the leaves of Albizia lebbeck 

Benth. Int J Pharm Pharma Sc., 4(3):293-296 

Bolton, T. B., S. V. Prestwich, A. V. Zholos and D. V. Gordienko. 1999.  Excitation-contraction 

coupling in gastrointestinal and other smooth muscles. Annu Rev Physiol; 61: 85-115. 

Bomblies, K., V. Shukla and C. Graham. 2008. Scanning Electron Microscopy (SEM) of Plant 

Tissues. Cold Spring Harb Protoc. doi:10.1101/pdb.prot4933. 

Borase, H. P., C. D. Patil1 R. B. Salunkhe1 C. P. Narkhede, B. K. Salunke and S. V. Pati. 2013. 

Phyto-Synthesized Silver Nanoparticles: A Potent Mosquito Biolarvicidal Agent, J 

Nanomedine Biotherapeutic Discov 3: 111. 

Boussama N, Ouariti O, Suzuki A, Ghorbal MH. 1999. Cd-stress on nitrogen assimilation. Journal 

of Plant Physiology. 155, 310-317. 

Bravo L. 1998. Polyphenols: chemistry, dietary sources, metabolism and nutritional significance. 

Nutr Reviews, 56:317–333. 

Buhr, E., N. Senftleben, T. Klein, D. Bergmann, D. Gnieser, C. G. Frase and H. Bosse. 2009. 

Characterization of nanoparticles by scanning electron microscopy in transmission mode. 

Meas. Sci. Technol. 20, 084025 :1-9. 

Bunghez, I. R., M. E. B. Patrascu, N. Badea, S. M. Doncea, A. Popescu and R. M. Ion. 2012. 

Antioxidant silver nanoparticles green synthesized using ornamental plants. Journal Of 

Optoelectronics And Advanced Materials. 14 (11- 12): 1016 – 1022. 

http://cshprotocols.cshlp.org/search?author1=Kirsten+Bomblies&sortspec=date&submit=Submit
http://cshprotocols.cshlp.org/search?author1=Vipula+Shukla&sortspec=date&submit=Submit
http://cshprotocols.cshlp.org/search?author1=Charles+Graham&sortspec=date&submit=Submit


141 
 

Castellano, J. J., S. M. Shafii, F. Ko, G. Donate, T. E. Wright, R. J. Mannari. 2007. Comparative 

evaluation of silver-containing antimicrobial dressings and drugs. Int Wound J., 4(2):114–

22. 

Chanda, S. 2014. Importance of pharmacognostic study of medicinal plants: An overview. Journal 

of Pharmacognosy and Phytochemistry. 2 (5): 69-73 

Chayarop, K., P. Peungvicha, Y. Wongkrajang, W. Chuakul, S. Amnuoypol and R. Temsiririrkkul. 

2011. Pharmacognostic and Phytochemical Investigations of Pseuderanthemum 

palatiferum (Nees) Radlk. ex Lindau Leaves. Pharmacon. J., 3 (23): 18-23. 

Charles, C. D., L. Maribeth, L. N. Daniel, J. W.  Kenneth and A. B. David. 2007.  Floral gigantism 

in Rafflesiaceae. Science Express, USA. 

Chaturvedi, A. and B. B. Diwanji. 1995.  Medicinal value of some weed plants of Ratlam District, 

MP In: Padhye MD, Mukherjee PK and Khalatkar AS (ed) Botany towards 2000 AD 

Datson’s Publishers Nagpur  139-146. 

Chen, R. J., G. Y. Xu, H. Y. Wang, H. Z. Xu and Y. M. Liu .2001. Study on isolation and structure 

of polysaccharide XC-1 from Angelica sinesis (oliv) Diels. Chemistry Bulletin / Huaxue 

Tongbao, 64 (6), 372–374. 

Chic, O.I., Amom, T.T., 2014. Phytochemical and Antimicrobial Evaluation of Leaf-extracts of 

Pterocarpus santalinoides. European J. Med. Plants. 4, 105–115. 

Chittaragi, A. and R. Naika. 2014. Study on primary biochemical and physicochemical properties 

of Ganoderma sinense from forest regions of Shimoga (D), Karnataka. Archives of Applied 

Science Research. 6 (4):103-108. 

Choudhary, S. M and S. Kamal. 2004.Introduction to statistical theory. Part 1 & 2. Murkazi Kutub 

Khana, Urdu Bazaar, Lahore: 102 & 105.  

Cullity, B. D. 1978. Elements of X-ray Diffraction, 2nd edition, Addison-Wesley, Reading, MA, 

pp. 10-180 



142 
 

Dada-Adegbola, H. O., O. Olalekan and A. Bamidele. 2014. Study of Antibacterial Activity of 

Juice, Acetone, Methanol and Ethanol Leaf extract of Andrographis Paniculata (King of 

Bitters). E3 Journal of Medical Research. 3(1):006-012.  

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

natural products. Ind. J. Pharmacol, 32: 81-118. 

Daniel, V. N., I. E. Daniang, and N. D. Nimyel. 2011. Phytochemical analysis and mineral 

elements composition of Ocimum basilicum obtained in Jos metropolis, Plateau State, 

Nigeria.International Journal of Engineering & Technology. 11 (06): 161-165. 

Danmalam, U. H., L. Abdullahi, A. Agunu and K. Y. Musa. 2009.  Acute toxicity studies and 

hypoglycemic activity of the methanol extract of the leaves of Hyptis suaveolens poit. 

(lamiaceae).  Nig. Journ. Pharm. Sci., 8 (2): 87 – 92. 

Das, R. K., B. B. Borthakur and U. Bora. 2010. Green synthesis of gold nanoparticles using 

ethanolic leaf extract of Centella asiatica. Mater. Lett., 64:1445–1447. 

Das, S. C., S. Bhadra, S. Roy, S. K. Saha, M. S. Islam and S. C. Bachar. 2012. Analgesic and Anti-

inflammatory Activities of Ethanolic Root Extract of Swertia chirata (Gentianaceae). 

Jordan Journal of Biological Sciences. 5(1):31 – 36. 

Das. S., P. Roy, S. Mondal, T. Bera and A. Mukherjee. 2013. One pot synthesis of gold 

nanoparticles and application in chemotherapy of wild and resistant type visceral 

leishmaniasis. Colloids and Surfaces B: Biointerfaces. 107: 27–34. 

Dash, G. K., M. S. Abdullah and S. Acharyya. 2014. Pharmacognostic Evaluation of the Bark of 

Acacia suma Roxb (Fabaceae). Tropical Journal of Pharmaceutical Research. 13 (6): 961-

966 

Dastagir, G., and F. Hussain. 2013. Phytotoxic and Insecticidal Activity of Plants of Family 

Zygophyllaceae and Euphorbiaceae. Sarhad J. Agric. 29. 

Dastagir. G., F. Hussain., F. Khattak and Khanzadi. 2013. Proximate analysis of plants of family 

zygophyllaceae and euphorbiaceae during winter. Sarhad J. Agric. 29(3): 395-400. 

http://www.sciencedirect.com/science/article/pii/S0927776513000830
http://www.sciencedirect.com/science/article/pii/S0927776513000830
http://www.sciencedirect.com/science/article/pii/S0927776513000830
http://www.sciencedirect.com/science/article/pii/S0927776513000830
http://www.sciencedirect.com/science/article/pii/S0927776513000830
http://www.sciencedirect.com/science/journal/09277765
http://www.sciencedirect.com/science/journal/09277765/107/supp/C


143 
 

Davis, R. and H. M. Bryson. 1994. Levofloxacin. A review of its antibacterial activity, 

pharmacokinetics and therapeutic efficacy. Drugs. 47(4):677-700. 

Deka, P., K. K. Nath and S. K. Borthakur. 2008. Ethoiatrical uses of Euphorbia antiquorum L. and 

E. ligularia Roxb. in Assam. Indian Journal of Traditional Knowledge (IJTK).07(3): 466-

468. 

De-Queiroz, A.C., Dias, T.D.L.M.F., Da Matta, C.B.B., Cavalcante Silva, L.H.A., de Araújo-

Júnior, J.X., de Araújo, G.B., Moura, F.D.B.P., Alexandre-Moreira, M.S., 2014. 

Antileishmanial activity of medicinal plants used in endemic areas in northeastern Brazil. 

Evid. Based. Complement. Alternat. Med. 2014, 478290. doi:10.1155/2014/478290 

Devi, J. S. and B. V. Bhimba. (2012). Anticancer Activity of Silver Nanoparticles 

Synthesized by the Seaweed Ulva lactuca Invitro.1:242. 

doi:10.4172/scientificreports.242 

Devi, J.S., Bhimba, B.V., 2012. Anticancer activity of Silver nanoparticles synthesized by the 

seaweed Ulva lactuca Invitro. Open Access Sci. Reports 1, 1–5. doi:10.4172/scientificre 

Devi, S.L., Divakar, M.C., 2012. Pharmacognostical Evaluation on the leaves of Wrightia tinctoria 

(Roxb) R. Br. Hygeia.J.D.Med. 4, 104–111. 

Dey. A. and J. Nath. 2011. Ethnobotanicals of the family euphorbiaceae used by the ethnic groups 

of Purulia district, west Bengal, India. Life Sciences Leaflets 18:690 –694 

Dhanasekaran D, Sakthi V, Thajuddin N, Panneerselvam A. 2010. Preliminary evaluation of 

Anopheles mosquito larvicidal efficacy of mangrove actinobacteria. Int J Appl Biol Pharm 

Technol; 1(2): 374-381. 

Dixit, A., P. Tiwari, D. Parasher and S. Bhargava. 2013. Antispasmodic studies on leaf and root 

extract of Blumea lacera. Int J Pharm Pharm Sci., 6(1): 116-119. 

Djaafar, Z. and O. M. Ridha. 2014. Phytochemical Study of Selected Medicinal plant, Solanum 

Nigrum, the Algerian Desert. International Letters of Chemistry, Physics and Astronomy. 

1: 25-30.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Davis%20R%5BAuthor%5D&cauthor=true&cauthor_uid=7516863
http://www.ncbi.nlm.nih.gov/pubmed/7516863


144 
 

Djama, A. A. D., M. C. K. Goffri, A. A. Koua, F. G. Ofosu and I. J. K. Aboh. 2011. Trace elements 

analysis of some antiparasitic medicinal plants in côte d'ivoire using energydispersive x-

ray fluorescence (EDXRF) technique. Curr. Res. J. Biol. Sci., 3(3): 209-215. 

Donda, M. R., K. R. Kudle, J. Alwala, A. Miryala and B. Sreedhar. 2013. Synthesis of silver 

nanoparticles using extracts of Securinegal eucopyrus and evaluation of its antibacterial 

activity. Int J Curr Sci., 7: E 1-8. 

Duartea, M.R.  and M.C. Debur. 2005. Stem and leaf morphoanatomy of Maytenus ilicifolia. 

Fitoterapia. 76: 41 – 49. 

Dubeya, S. P., M. Lahtinenb and M. Sillanpa. 2010. Green synthesis and characterizations of silver 

and gold nanoparticles using leaf extract of Rosa rugosa. Colloids and Surfaces A:, 364: 

34-41. 

Duran, N., P. D. Marcato., O. L. Alves., G. I. D. Souza and E. Esposito. 2005. Mechanistic aspects 

of biosynthesis of silver nanoparticles by several Fusarium oxysporum strains. 

Nanobiotechnology. 3: 02-08.  

Dzomba, P.  and N. Muchanyereyi. 2012. Potential Antimicrobial Plant Extract Based 

Therapeutics from Temnocalyx obovatus Roots. European Journal of Medicinal Plants. 

2(3): 209-215. 

 Eddy, N. B. and D. Leimbach. 1953. Synthetic analgesics. II. Dithienylbutenyl- and 

dithienylbutylamines. J Pharmacol Exp Ther; 107(3):385-93. 

Edison, T. J. and M. G. Sethuraman. 2013. Biogenic robust synthesis of silver nanoparticles using 

Punica granatum peel and its application as a green catalyst for the reduction of an 

anthropogenic pollutant 4-nitrophenol. Spectrochim. Acta. A. 104, 262–264. 

Eke, T. S., A. Husainy, K. Mathew and K. Raynor. 2000. "The spectrum of ocular 

 inflammation caused by Euphorbia plant sap" (PDF). Arch  Ophthalmol,118(1): 

 13–16. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=EDDY%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=13035677
http://www.ncbi.nlm.nih.gov/pubmed/?term=LEIMBACH%20D%5BAuthor%5D&cauthor=true&cauthor_uid=13035677
http://archopht.ama-assn.org/cgi/reprint/118/1/13.pdf
http://archopht.ama-assn.org/cgi/reprint/118/1/13.pdf
http://en.wikipedia.org/wiki/Portable_Document_Format


145 
 

El-Astal, Z. Y., A. Aera and A. Aam. 2005. Antimicrobial activity of some medicinal plant extracts 

in Palestine. Pak J Med Sc., 21(2):187. 

Elavazhagan, T. and K. D. Arunachalam. 2011. Memecylon edule leaf extract mediated green 

synthesis of silver and gold nanoparticles. International Journal of Nanomedicine.6: 1265–

1278. 

Eleazu, C. O., K. C. Eleazu, E. Awa and S. C. Chukwuma. 2012.  Comparative study of the 

phytochemical composition of the leaves of five Nigerian medicinal plants. E3 Journal of 

Biotechnology and Pharmaceutical Research. 3(2): 42-46. 

Evans, W. C. 2002. Trease and Evans Text book of Pharmacognosy, 15th edition, W.B. Sounders 

& Co., London. Pp, 02-294. 

Ezike, A.C., P.A. Akah, C.O. Okoli, I.K. Ufere, E. Ezeudu, C.F. Okoye, C. Ashara and I.N. 

Igbokwe. 2014. Studies on Gastrointestinal Effects of Desmodium Velutinum: A 

Traditional Remedy for Diarrhea. American Journal of Pharmacology and Toxicology. 9 

(2): 114-124.  

Fazal Mohamed M.I, Arunadevi. S, Koperuncholan Mand Seeni Mubarak M. Synthesis and 

antimicrobial activity of some naphthyl ether derivatives. Pelagia Research Library Der 

Chemica Sinica, 2011; 2: 52-57.  

Fazal, H., N. Ahmad and M. A. Khan. 2011. Physico-chemical, phytochemical evaluation and 

DPPH-scavenging antioxidant potential in medicinal plants used for herbal formulation in 

Pakistan. Pak. J. Bot., 43: 63-67 

Feng, Q.L., J. Wu, G.Q. Chen, F.Z. Cui, T.N. Kim, J.O. Kim. A mechanistic study of the 

antibacterial effect of silver ions on Escherichia coli and Staphylococcus aureus. J Biomed 

Mater, 2000; 52(4): 662–668.  

Fernanda, L. B., A. K. Victor, T. H. Amelia and E. Elisabetsky. 2002. Analgesic properties of 

Umbellatine from Psychotria umbellate. Pharmaceutical Biol, 44:54. 



146 
 

Firdous, A. M., A. L. Fayaz and A. S. Mushtaq. 2013. Isolation of active components derived from 

rhizome of Euphorbia wallichii Hook. International Journal of Ayurvedic and Herbal 

Medicine. 3(3): 1173:1183. 

Fofie, N., B. Yvette, C. Kiyinlma, K. Dieneba . 2014. Phamacognostic study of Ocimum 

gratissimum Linn.: Pharmafood plant. Journal of Pharmacognosy and Phytochemistry. 2 

(5): 74-79 

Forough, M. and K. Farhadi. 2010. Biological and green synthesis of silver nanoparticles. Turkish 

J. Eng. Env. Sci. 34: 281 – 287. 

Franzotti, E. M., C. V. F. Santos, H. M. S. L. Rodrigues, R. H. V. Mourao, M. R. Andrade and A. 

R. Antoniolli. 2000. Anti-inflammatory, analgesic activity and acute toxicity of Sida 

cordifolia L. (Malva-branca). Journal of Ethnopharmacology, 72: 273-8. 

Furst., S. K. Gyires and J. Knoll. 1988.  Analgesic profile of rimazolium as compared to different 

classes of painkillers, Drug Res, 4: 552. 

Garcia, M., R. Scull, O. Cuesta2, G. Boulet, L. Maes3, P. Cos and L. Monzote. 2014. Bioassay-

guided in vitro study of the antileishmanial and cytotoxic properties of Bixa orellana seed 

extract. Journal of Coastal Life Medicine. 2(6): 484-489. 

Garipelli, N., C. Runja, N. Potnuri and R. Pigili. 2013. Anti-inflammatory and anti-oxidant 

activities of ethanolic extract of Euphorbia thymifolia Linn. Whole plant. Int J Pharm 

Pharm Sci, 4 (3): 516-519. 

Geddes, C. D., A. Parfenov, I. Gryczynski and J. R. Lakowicz. 2003. Luminescent blinking of 

gold nanoparticles. Chemical Physics Letters, 380:269-272  

Geethalakshmi, R. and D.V.L. Sarada. 2012. Gold and silver nanoparticles from Trianthema 

decandra: synthesis, characterization, and antimicrobial properties. International 

Journal of Nanomedicine, 7: 5375–5384.  

Ghorbani, A. 2005. Studies on pharmaceutical ethnobotany in the region of Turkmen Sahra, north 

of Iran: (Part 1): General results. Journal of Ethnopharmacology. 102 (1): 58–68. 



147 
 

Gnanajobitha, G., M. Vanaja, K. Paulkumar, S. Rajeshkumar, C. Malarkodi, G. Annadurai and C. 

Kannan. 2013. Green Synthesis of Silver Nanoparticles using Millingtonia hortensis and 

Evaluation of their Antimicrobial Efficacy. International Journal of Nanomaterials and 

Biostructures, 3(1): 21-25. 

Gocer, H. and I. Gulcin.2011. Caffeic acid phenethyl ester (CAPE): correlation of structure and 

antioxidant properties. Int J Food Sci Nutr, 62:821–825. 

Goldstein, J. 2003. Scanning Electrom Microscopy and X-ray Microanalysis. Springer, ISBN 978-

0-306-47292-3. 

Gong, P., H. Li, X. He, K. Wang, J. Hu and W. Tan. 2007. Preparation and antibacterial activity 

of Fe3O4 &Ag nanoparticles. Nanotechnology. 18:604–611. 

Gopinath, K., S. Gowri and A. Arumugam. 2013. Phytosynthesis of silver nanoparticles using 

Pterocarpus santalinus leaf extract and their antibacterial properties. Journal of 

Nanostructure in Chemistry. 3:68. 

Goveas, S.W., Abraham, A., 2013. Evaluation of Antimicrobial and Antioxidant Activity of Stem 

and Leaf Extracts of Coscinium fenestratum. Asian J Pharm Clin Res, 6, 4–7. 

Goyal, B. R., B. B. Agrawal, R. K. Goyal and A. A. Mehta. 2007. Phyto-pharmacology of Moringa 

oleifera Lam.ó An overview. Natural Product Radiance. 6(4): 347-353 

Graham, R. D., R. M. Welch and H. E. Bouis. 2001. Addressing micronutrient malnutritionthrough 

enhancing the nutritional quality of staple foods: principles, perspectives and knowledge 

gaps. Adv. Agron. San Diego, Calif.: Academic Press. 70: 77-142. 

Grantz, G. N., 1993.“What must we do to effectively control Aedes aegypti,” Journal of Tropical 

Medican, Vol. 35, pp. 243-251. 

Grube, M., O. Muter., S. Strikauska., M. Gavare and B. Limane. 2008. Application of FT-IR 

spectroscopy for control of the medium composition during the biodegradation of 

nitroaromatic compounds. J. Ind. Microbiol. Biotechnol. 35: 1545-1549. 

http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/978-0-306-47292-3
http://en.wikipedia.org/wiki/Special:BookSources/978-0-306-47292-3


148 
 

Gu, H., P. L. Ho, E. Tong, L. Wang and B. Xu. 2003. Presenting vancomycin on nanoparticles to 

enhance antimicrobial activities. Nano Lett. 9, 1261–1263. 

Gulcin, I. 2012. Antioxidant activity of food constituents: an overview. Arch Toxicol., 86:345–

391. 

Gupta, P., Dwivedi, S., Wagh, R.D., 2013. Physicochemical Evaluation and Fluorescence Analysis 

of Stem and Leaves of Diplocyclos palmatus (L.) Jeffry-Shivalingi. Int. J. Drug Discov. 

Herb. Res. 3, 641–643. 

Hajhashemi, V., H. Sadraei, A. R. Ghannadi and M. Mohseni. 2000. Antispasmodic and 

antidiarrhoeal effect of Satureja hortensis L. essential oil. J. Ethnopharmacol. 71: 187-

192. 

Halliwell, B. and J. M. C. Gutteridge. 1981. Formation of thiobarbituric acid reactive substances 

from deoxyribose in the presence of iron salts: the role of superoxide and hydroxyl radicals. 

FEBS Lett., 128:347–352. 

Hamayun, M., Khan, S. A., Iqbal, I., Rehman, G., Hayat, T., Khan, M. A. 2005. Ethnobotanical 

Profile of Utror and Gabral Valleys, District Swat, Pakistan. Eth. Leaflets, 10: 1-13. 

Hancock, E. W. 2005. Mechanisms of action of newer antibiotics for Gram-positive pathogens. 

Lancet Infect Dis, 5: 209–218. 

Hasler, C. M. and J. B. Blumberg.1999. Symposium on Phytochemicals: Biochemistry and 

Physiology. Journal of Nutrition; 129: 756S-757S 

Hassan, A., M. A. Khan and M. Ahmad. 2007. Authenticity of folk medicinal plants of Pakistan. 

Taxonomic chemical method, 1: 1-5. 

Hassan, M. M., S. A. Khan , A. H. Shaikat , M. E. Hossain , M. A. Hoque, M. H. Ullah and S. 

Islam. 2013. Analgesic and anti-inflammatory effects of ethanol extracted leaves of 

selected medicinal plants in animal model. Vet World., 6(2): 68-71. 



149 
 

Hazrat, A., M. Nisar, J. Shah and S. Ahmad. 2011. Ethnobotanical study of some elite plants 

belonging to Dir, Kohistan valley, Khyber Pukhtunkhwa, Pakistan. Pak. J. Bot., 43(2): 787-

795. 

Heinrich, K. F. J. 1981. Electron beam X-ray microanalysis, Eds: Von Nostrand Reinhold 

 Co., New York, USA. 

Heywood, V. H., R. K. Brummitt, A. Culham and O. Seberg. 2007. Euphorbiaceae. Pp. 144-146. 

In: Flowering Plant Families of the World. New York, Firefly Books.  

Hosseinzadeh H & Younesi H M, Antinociceptive and anti-inflammatory effects of Crocus sativus 

L. stigma and petal extracts in mice, BMC Pharmacol, 2 (2002) 7. 

Huang, X. and M. A. El-Sayed. 2010. Gold nanoparticles: Optical properties and implementations 

in cancer diagnosis and photothermal therapy. Journal of Advanced Research. 1(1):13–28. 

Hussain, J., F. U. Khan, R. Ullah, Z. Muhammad, N. U. Rehman, Z. K. Shinwari, U. Khan, M. 

Zohaib, I. U. Din and S. M. Hussain. 2011. Nutrient evaluation and elemental analysis of 

four selected medicinal plants of Khyber Pakhtoon khwa, Pakistan.  Pak. J. Bot., 43(1): 

427-434 

Hussain, J.I., 2011. Silver nanoparticles: preparation, characterization, and kinetics. Adv. Mater. 

Lett. 2, 188–194. doi:10.5185/amlett.2011.1206 

Ibironke. G. F and K. I. Ajiboye. 2007. Studies on the anti-inflammatory and analgesic properties 

of Chenopodium ambrosioides leaf extract in rats. International Journal of Pharmacology, 

3: 111-115. 

Ishii, M. and Y. Kurachi. 2006. Muscarinic acetylcholine receptors. Curr. Pharm. Des;12(28): 

3573-8. 

Jabeen, S., M. T. Shah, S. Khan and M. Q. Hayat. 2010. Determination of major and trace elements 

in ten important folk therapeutic plants of Haripur basin, Pakistan. J. Med. Pl. Res., 4(7): 

559-566. 

http://www.sciencedirect.com/science/journal/20901232


150 
 

Jagadeesh, K., S. P. Revankar, and S. C.Jagadeesh. 2014.a.  Antispasmodic activity of Calotropis 

Procera leaf extract -An invitro study in rat colon. International Journal of Research in 

Pharmacology & Pharmacotherapeutics. 2(3): 126-129. 

Jagadeesh, K., S. P. Revankar, and S. C.Jagadeesh. 2014.b.  Spasmolytic effect of ethanolic extract 

of Calotropis procera leaves on in-vitro guinea pig ileum. Asian Pac. J. Health Sci., 2014; 

1(2): 65-68.  

Jagtap, U. and V. A. Bapa. 2013. Green synthesis of silver nanoparticles using Artocarpus 

heterophyllus Lam. Seed extract and its antibacterial activity. Ind. Crop Prod., 46, 132–

137. 

Jain, P. K., X. Huang, I. H. El-Sayed and M. A. El-Sayed. 2008. Noblemetals on the nanoscale: 

optic and photothermal properties and some applications in imaging, sensing, biology, and 

medicine. Acc. Chem. Res, 41: 1578-1586. 

Jain, S. K. 1999. Dictionary of Ethno veterinary Plants of India. Deep Publications, New Delhi. 

Jaina, D., H. K. Daimab, S. Kachhwaha and S. L. Kotharia. 2009. Synthesis of plant mediated 

silver nanoparticles using papaya fruit extract and evaluation of their antimicrobial 

activities. Digest Journal of Nanomaterials and Biostructures., 4(4)723 – 727.  

James, O. and E. T. Friday. 2010. Proximate and nutrient composition of Euphorbia hetrophylla: 

A medicinal plant from Anyigba, Nigeria. Journal of Medicinal Plants Research.4 (14): 

1428-1431. 

Jarald, E. E. and S. E. Jarald. 2007. A text book of Pharmacognosy and Phytochemistry. Edition, 

1st. CBS publishers and distributors, New Delhi, India.Pp: 01-16. 

Jayaseelan, C., A. A. Rahuman, A. V. Kirthi, S. Marimuthu, T. Santhoshkumar, A. Bagavan, K. 

Gaurav, L. Karthik and K.V. Rao. 2012. Novel microbial route to synthesize ZnO 

nanoparticles using Aeromonas hydrophila and their activity against pathogenic bacteria 

and fungi. Spectrochim. Acta A: Mol. Biomol. Spectrosc. 90, 78–84. 



151 
 

Jayaseelan, C., R. Ramkumar, A. A. Rahuman and P. Perumal. 2013. Green synthesis of 

gold nanoparticles using seed aqueous extract of Abelmoschus esculentus and its 

antifungal activity. Industrial Crops and Products, 45: 423– 429.  

Jeda, L. A., M. N.Olga and M.U. Mylene. 2014. International Science Congress Association 47 

Brine Shrimp (Artemia salina) Bioassay of the medicinal plant Pseudelephantopus spicatus 

from Iligan City, Philippines. Int. Res. J. Biological Sci., 3(9), 47-50. 

Jegede I. A., J. A. Ibrahim and O. F. Kunle. 2011. Phytochemical and pharmacognostic studies of 

the leaf and stem-bark of Anthocleista vogelii (Planch). J. Med. Plants Res., 5(26): 6136-

6139. 

Jha, A. and K. Prasad. 2011. Green fruit of chili (Capsicum annum L.) synthesis nanoparticles. 

Dig. J. Nanomater. Biostruct., 6: 1717–1723. 

Jiang, Z. J., C.Y. Liu and L. W. Sun. 2004. Catalytic properties of silver nanoparticles supported 

on silica spheres. J. Am. Chem. Soc., 71: 2341–2343. 

Jones and A. Vincent. 1998. Can we tame wild medicine? To save a rare species, Western 

conservationists may have to make their peace with traditional Chinese medicine. New 

Scientist. 157:1. 

Joshi, B. 2011. The Magical Herb “Euphorbia hirta L.” An Important Traditional Therapeutic 

Herb for Wart Diseaseamong the Vangujjars of Forest near Kashipur, Uttarakhand India. 

New York Science Journal, 4(2). 

Joshia, M., A. Bhattacharyya and S. W. Ali. 2008. Characterization techniques for nanotechnology 

application in textiles. Indian Journal of Fibre & Textile Research. 33: 304-317. 

Jothy, S. L., Z. Zakaria, Y. Chen, Y. L. Lau, L. Y. Latha and S. Sasidharan. 2011. Acute Oral 

Toxicity of Methanolic Seed Extract of Cassia fistula in Mice. Molecules. 16: 5268-5282. 

Juan., H. and F. Lembeck.1974. Action of peptides and other algesic agents on paravascular pain 

receptors of the isolated perfused rabbit ear, Naunyn-Schmiedeberg’s. Archives 

Pharmacol, 283: 151. 



152 
 

Kala, S., M. Johnson, N. Janakiraman, A. A. Arockiaraj, S. I. Raj and D. Bosco. 2011. 

Pharmacognostic and phytochemical studies on some selected ethnomedicinal plants of 

Tamilnadu, South India. Int. J. Med. Arom. Plants, 1 (2): 89-94. 

Kalimuthu, K., C. Wang, S.  Liu, L.Tseng, K. Murugan, and J. Hwang. 2013. Mosquito Larvicidal 

Activity of Broussonetia Papyrifera Compound Marmesin By Blocking Protein Aescp-2, 

Docking Strategies, And Combined Effect Of Copepod Megacyclops Formosanus Against 

Dengue Vector Aedes Aegypti (Diptera: Culicidae).  Journal of Marine Science and 

Technology, 21, (Suppl); 308-315 

Kalimuthu, K., D. Venkataraman, R. K. P. S. Babu, K. Muniasamy, B. M. K. Selvaraj, K. Bose 

and G. Sangiliyandi. 2010. Biosynthesis of Gold and Silver nanoparticles using 

Bravibacterium casei. Colloids and Surfaces B: Biointerfaces, 77: 257-262.  

Kalimuthu, K., Murugan, K., Panneerselvam, C., and Hwang, J. S. 2012. “Mosquito larvicidal 

activity of Cadaba indica lam leaf extracts against the dengue vector, Aedes aegypti,” 

Asian Journal of Plant Science and Research, Vol. 2, pp. 633-637. 

Kamalraj, R. and G. Devdas. 2011. Antispasmodic studies on leaf extract of Erythrina indica Lam. 

International Journal of Research in Ayurveda & Pharmacy, 2(4): 1380-1382. 

Kanwal, A., M. Ahmad, R. Asghar,  M. J. Noor and S.  Pervaiz. 2006. Pharmacognostic study of 

a local medicinal plant, Pongamia pinnata L. Hamdard Medicus. 49 (3):106-109. 

Katsayal, U.A and R. S. Lamai. 2009. Preliminary phytochemical and antibacterial screening of 

the ethanolic stem bark extract of Phyllanthus muellerianus. Nig. Journ.  Pharm. Sci., 

8(2): 121-125. 

Kaur, S. and P. Mondal. 2014. Study of Total Phenolic and Flavonoid Content, Antioxidant 

Activity and Antimicrobial Properties of Medicinal Plants. Journal of Microbiology & 

Experimentation. 1(1): 2-6. 

Kaur, S., G.Kaur, H. Sachdeva and J. Kaur. 2013. In vivo evaluation of the antileishmanial activity 

of two immunomodulatory plants, Emblica officinalis and Azadirachta indica in BALB/C 

mice. International Journal of Ayurvedic and Herbal Medicine. 3(1):1066-1079. 

http://www.cabdirect.org/search.html?q=au%3A%22Kanwal%2C+A.%22
http://www.cabdirect.org/search.html?q=au%3A%22Ahmad%2C+M.%22
http://www.cabdirect.org/search.html?q=au%3A%22Asghar%2C+R.%22
http://www.cabdirect.org/search.html?q=au%3A%22Noor%2C+M.+J.%22
http://www.cabdirect.org/search.html?q=au%3A%22Pervaiz%2C+S.%22
http://www.cabdirect.org/search.html?q=do%3A%22Hamdard+Medicus%22


153 
 

Kaviya, S., J. Santhanalakshmi and B. Viswanathan. 2011. Green Synthesis of Silver 

Nanoparticles Using Polyalthia longifolia Leaf Extract along with D-Sorbitol:  Study of 

Antibacterial Activity. Journal of Nanotechnology. doi:10.1155/2011/152970. 

Kedar, K. A., S. R. Chaudhari and A. S. Rao. 2013. Pharmacognostic and physico- chemical 

evaluation of leaves of Tecoma gaudichaudi DC(Bignoniaceae). International Journal of 

Applied Biology and Pharmaceutical Technology. 5(7):15-17. 

Kenneth, R.B., G. W. Daniel and J. N. Michael. 2000. Seeding of Colloidal Au Nanoparticle 

Solutions. 2. Improved Control of Particle Size and Shape. Chem. Mater., 12 (2): 306-313. 

Kepler, J. 1611. Strena seu de Nive Sexangula. Frankfurt: G. Tampach.ISBN 3-321-00021-0. 

Khalaf, N. A., A. K. Shakya, A. Al-Othman, Z. El-Agbar and H. Farah. 2008. Antioxidant Activity 

of Some Common Plants. Turk J Biol, 32: 51-55. 

Khalid, M., Siddiqui, H.H., 2011. Pharmacognostical Evaluation and Qualitative Analysis of 

Saccharum spontaneum (L.) Root. Int. J. Pharm. Sci. Drug Res. 3, 338–341. 

Khalil, M.M. H., E. H. Ismail, K. Z. El-Baghdady, D. Mohamed. 2014. Green synthesis of silver 

nanoparticles using olive leaf extract and its antibacterial activity. Arabian Journal of 

Chemistry, 7(6):1131–1139. 

Khan, M. D., N. A. Khan, I. A. Qasmi, G. Ahmad and S. Zafar. 2004. Protective effect of Arque-

Ajeeb on acute experimental diarrhoea in rats. BMC Complementary and Alternative 

Medicine, 4:8 doi:10.1186/1472-6882-4-8. 

Khuda, F., Z. Iqbal, Zakiullah, A. Khan, F. Nasir, N. Muhammad, J. A. Khan and M. S. Khan. 

2012. Metal analysis, phytotoxic, insecticidal and cytotoxic activities of selected medicinal 

plants of Khyber Pakhtunkhwa. Pak. J. Pharm. Sci., 25 (1): 51-58. 

Komlaga, G., G. H. Sam, R. A. Dickson, M. L. K. Mensah and T. C. Fleischer. 2014. 

Pharmacognostic Studies and Antioxidant Properties of the Leaves of Solanum 

macrocarpon. J. Pharm. Sci. & Res., 6(1): 1 – 4. 

http://en.wikipedia.org/wiki/Johannes_Kepler
http://www.thelatinlibrary.com/kepler/strena.html
http://en.wikipedia.org/wiki/International_Standard_Book_Number
http://en.wikipedia.org/wiki/Special:BookSources/3-321-00021-0
http://www.sciencedirect.com/science/journal/18785352
http://www.sciencedirect.com/science/journal/18785352


154 
 

Kora, A.J., Beedu, S.R., Jayaraman, A., 2012. Size-controlled green synthesis of silver 

nanoparticles mediated by gum ghatti (Anogeissus latifolia) and its biological activity. Org. 

Med. Chem. Lett. 2, 17. doi:10.1186/2191-2858-2-17 

Kovendan, K., Arivoli, S., Maheshwaran, R., Baskar, K., and Vincent, S. 2012. “Larvicidal 

efficacy of Sphaeranthus indicus, Cleistanthus collinus and Murraya koenigii leaf extracts 

against filarial vector, Culex quinquefasciatus Say (Diptera: Culicidae),” Parasitology 

Research, Vol. 111, pp. 1025-1035. 

Kowti, R., R. Harsha, M. G. Ahmed, A. R. Hareesh, S. S. T. Gowda, R. Dinesha, S. Kumar and 

M. I. Ali. 2010. Antimicrobial activity of ethanol extract of leaf and flower of Spathodea 

campanulata P. Beauv. Research Journal of Pharmaceutical, Biological and Chemical 

Sciences. 1(3):691-698. 

Krishnaiah D, Sarbatly R, Nithyanandam RR. 2011.  A review of the antioxidant potential of 

medicinal plant species. Food Bioprod Process.89:217–233. 

Krishnamurthy, N. B., B. Nagaraj., B. Malakar., P. Liny and R. Dinesh. 2012. green synthesis of 

gold nanoparticles using tagetes erecta l. (mari gold) flower extract & evaluation of their 

antimicrobial activities. International Journal of Pharma and Bio Sciences, 3(1): 0975-

6299 

Krishnamurthy, S.R., Sarala, P., District, S., 2010. Proximate Nutritive Values and Mineral 

Components of Withania Somnifera (Linn.) Dunal. E-Journal Chem. 7, 985–996. 

Krishnaraj, C., E. G. Jagan, S. Rajasekar, P. Selvakumar, P. T. Kalaichelvan and N. Mohan. 2010. 

Synthesis of silver nanoparticles using Acalypha indica leaf extracts and its antibacterial 

activity against water borne pathogens. Colloids and Surfaces B: Biointerfaces.76: 50-56. 

Kumar, A. N. V., S. Lakavath, S. V. Prasad, N. L. Kapure, N. Vanaparthi and K. Ambareesha. 

2012. Estimation of Antispasmodic Potency of Dicyclomine in Comparison to Atropine on 

Isolated Rat Colon. International Journal of Analytical, Pharmaceutical and Biomedical 

Sciences. 1(3):73-76. 



155 
 

Kumar, G. P. and A. Chaturvedi. 2010. Ethnobotanical Observations of Euphorbiaceae Species 

from Vidarbha region, Maharashtra, India. Ethnobotanical Leaflets. 14: 674-80. 

Kumar, M., P. Mondal, S. Borah and K. Mahato. 2013. Physico-chemical evaluation, preliminary 

phytochemical investigation, fluorescence and TLC analysis of leaves of the plant Lasia 

spinosa (Lour) Thwaites. Int J Pharm Pharm Sci, 5(2): 306-310. 

Kumar, S., R. Taneja and A. Sharma. 2006. Pharmacognostic Standardization of Turnera 

aphrodisiaca Ward. Journal of Medicinal Food. 9(2): 254-260.  

Kumar, V., Z. A. Bhat, D. Kumar, M. Y. Shah, I. A. Chashoo and N. A. Khan. 2011. 

Physicochemical and Preliminary Phytochemical Studies on Petals of Crocus sativus 

‘Cashmerianus’. Pharmacon Jour., 3 (23): 46-49. 

Kunwar, R. M., B. L. Nepal, H. B. Kshhetri, S. K. Rai and R. W. Bussmann. 2006. Ethnomedicine 

in Himalaya: a case study from Dolpa, Humla, Jumla and Ustang districts of Nepal. J. 

Ethnobiol. Ethnomed, 2:27. 

Kuppusamy, S., M. V. Ramasamy and S. Gurusamy. 2014. Pharmacognostic and Phytochemical 

evaluation of the bark of Naringi crenulata (Roxb.) Nicolson. J. Adv. Pharm. Edu. & Res, 

4 (1): 93-100. 

Lainson, R. and J. J. Shaw. 1987. Evolution classification and geographical distribution. In: Peters 

Wkillick-Kendrick R, eds. The Leishmaniases in Biology and Medicine. San Diego: 

Academic Press, pp. 1:120. 

Lakshmanan, B., P. M. Mazumder, D. Sasmal and S. Ganguly. 2011. Synthesis, antispasmodic 

and antidiarrheal activities of some 1-substituted imidazole derivatives. Acta Pharm. 61: 

227–236. 

Lalitha, A., Subbaiya, R., Ponmurugan, P., 2013. Green synthesis of silver nanoparticles from leaf 

extract Azhadirachta indica and to study its anti-bacterial and antioxidant property. Int. J. 

Curr. Microbiol. App. Sci 2, 228–235. 



156 
 

Landsdown, A. B. G. 2002. Silver I: its antibacterial properties and mechanism of action. J Wound 

Care., 11:125–138. 

Lee, K.H.19992.  Plant phenolic compounds as cytotoxic antitumor agents. In: Phenolic 

Compounds in Food and Their Effects on Health II. American Chemical Society 

Symposium Series. 507: 367-379. 

Lilybeth, F. O. and O. M. Nuñeza. 2013. Brine Shrimp Lethality Assay of the Ethanolic Extracts 

of Three Selected Species of Medicinal Plants from Iligan City, Philippines. Int. Res. J. 

Biological Sci., 2(11): 74-77. 

Lin, J., T. Puckree and T. P. Mvelase. 2002. Antidiarrhoeal evaluation of some medicinal plants 

used by Zulu traditional healers. Journal of Ethanopharmacology,79: 53-56. 

Lokhande, R. S., P. U. Singarea, M. L. Andhelea, R. Acharyab, A. G. C. Nairb and A. V. R. Reddy. 

2009. Analysis of Mineral Content of Some Medicinal Plants by NAA and AAS 

Techniques1. Radiochemistry.51(3): 321–325. 

 

Lone, P. A. and A. K. Bhardwaj. 2013. Ethnomedicinal uses of certain locally available plants of 

Bandipora district of Jammu & Kashmir, India. Int. J. Med. Arom. Plants., 3 (4): 470-485. 

Luciana, I., M. Felipe, M. Eliane, Teixeira, S. S. Bruna, Lima, V. Verônica and R. Ana, 2012. 

Validation of quantitative real-time PCR for the in vitro assessment of antileishmanial drug 

activity. Experimental Parasitology. 131: 175–179. 

Malathi, S., M. D. Balakumaran, P. T. Kalaichelvan and S. Balasubramanian. 2013. Green 

synthesis of gold nanoparticles for controlled delivery. Adv. Mat. Lett., 4(12), 933-940. 

Mallikarjuna, K., G. Narasimhab, G. R. Dillipa, B. Praveen., B. Shreedharc, C. S. Lakshmic, B. 

V. S. Reddy, B. D. P. Raju., 2011. Green Synthesis of Silver Nanoparticles Using Ocimum 

Leaf Extract And Their Characterization. Dig. J. Nanomater. Biostructures. 6, 181–186. 



157 
 

Mancini, F., A. J. Termorshuizen, J. L. S. Jiggins and A. H. C. Bruggen. 2008. Increasing the 

environmental and social sustainability of cotton farming trough farmer education in 

Andhra Pradesh. Indian Agric Systems.,96: 16-25. 

Manuel, J., B. Elfride, D. Eric, M. Victoria, D. Rafael and M. Luis, 2003. Variation of 

leishmanicidal activity in four populations of Urechites andrieuxii. Journal of 

Ethnopharmacology. 86: 243–247. 

Mariswamy, Y., W. E. Gnanaraj and J. Marimuthu. 2012. FTIR spectroscopic studies on Aerva 

lanata ( L.) Juss. Exschult. Asian J Pharm Clin Res, 5(2): 82-86. 

Marsh, P D.1992. Microbiological aspects of the chemical control of plaque and gingivitis. J Dent 

Res.71, pp.1431- 8. 

Masilamany, D., A. M. Arshad and C. T. Seng. 2011. Phytotoxic Activity of Pretilachlor in 

Combination with Sunflower Leaf Extracts on Barnyardgrass (Echinochloa crus-galli). 

UMTAS Empowering Science, Technology and Innovation Towards a Better Tomorrow 

LSO22. 

Mathai K. 2000. Nutrition in the Adult Years. In Krause’s Food, Nutrition, and Diet Therapy, 10th 

ed., ed. L.K. Mahan and S. Escott-Stump. American Cancer Society., 271: 274-275. 

Mathivanan T, Govindarajan M, Elumalai K, Krishnappa K, Annandan A. 2010. Mosquito 

larvicidal and phytochemical properties of Ervatamia coronaria Staf. (Family: 

Apocynaceae). J Vector Borne Dis; 47: 178-180. 

Maxwell, P. and K. Salnikow. 2004. “HIF-1: An Oxygen and metal responsive transcription 

factor,” Cancer Biology and Therapy. 3 (1): 29–35.  

Mayelifar, K., A. R. Taheri, O. Rajabi and A. Sazgarnia. 2015. Ultraviolet B efficacy in improving 

antileishmanial effects of silver nanoparticles. Iran J Basic Med Sci; 18:677‐683. 

 

Mbagwu, F. N. and H. O. Edeoga. 2006. Observations on the vegetative and floral morphology of 

some Vigna species (Leguminosae-Papilionoideae). Pak. J. Biol. Scien. 9(9): 1754-1758.  



158 
 

McCann, M. C., M. Hammouri, R. Wilson, P. Belton and K. Roberts. 1992.  Fourier transform 

infrared microspectroscopy is a new way to look at plant cell walls. Plant Physiol., 100: 

1940-1947. 

McLaughin, J. L. and L. L. Rogers. 1998. The use of biological assays to evaluate botanicals, Drug 

information Journal. 32: 513-524. 

McLaughlin, J. L., C. J. Chang and D. L. Smith. 1991. Bench top bioassays the discovery of 

bioactive natural products: an update. Nat Prod Chem., 9:383-397. 

McMullan, D. 2006. Scanning electron microscopy 1928–1965". Scanning, 17 (3): 

 175. doi:10.1002/sca.4950170309. 

Meyer B.N., N. R. Ferrigni, J. E. Putnam, L. B. Jacobsen, D. E. Nichols and J. L. McLaughlin. 

1982. Brine shrimp: A convenient general bioassay for active plant constituents, Plant 

Med, 45, 31-34.  

Mi, R. and N. Hong. 2003. MDM2 sensitizes a human ovarian cancer cell line. Gynecol. Oncol., 

90: 238-244. 

Mir, M. A., S. S. Sawhney and M. M. S. Jassal. 2013. Qualitative and quantitative analysis of 

phytochemicals of Taraxacum officinale Wudpecker. Journal of Pharmacy and 

Pharmocology. 2(1): 001 – 005. 

Mishra., D. G. Ghosh, P. S. Kumar and P. K. Panda. 2011. An experimental study of analgesic 

activity of selective COX-2 inhibitor with conventional NSAIDs. Asian Journal of 

Pharmaceutical and Clinical Research. 4(1): 78-81. 

Mohammed, A., Faruqi, F.B., and Mustafa, J. 2009. Edible compounds as antitumor agents. Indian 

Journal of Science and Technology; 2(5): 62-74. 

Mojab, F. 2006. Pharmacognosy in Iran. Article 1. Iranian Journal of Pharmaceutical Research, 

5(3): 153-154. 

Mojab, F., M. Kamalinejad, N. Ghaderi and H. Vahidipour. 2003. Phytochemical Screening of 

Some Iranian Plants. Iranian Journal of Pharmaceutical Research. pp 77-82. 

http://www-g.eng.cam.ac.uk/125/achievements/mcmullan/mcm.htm
http://en.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1002%2Fsca.4950170309


159 
 

Montoro, P., A. Braca, C. Pizza and N. De Tommasi. 2005. Structure-antioxidant activity 

relationships of flavonoids isolated from different plant species. Food Chem, 92:349–355. 

Moorthy, K., K. Srinivasan, C. Subramanian, C.  Mohanasundari and Palaniswamy. 2007. 

Phytochemical screening and antibacterial evaluate of stem bark of Mallotus philippinensis 

var. Tomentosus. Afri.  J. Biotech., 6(13): 1521-1523. 

Morones JR, Elechiguerra J L, Camacho A, Holt K, Kouri JB, Ramrez JT, Yacaman MJ. Green 

fluorescent protein-expressing Escherichia coli as a model system for investigating the 

antimicrobial activities of silver nanoparticles. Nanotechnology 2005; 16: 2346-2353  

Mougneau, E., F. Bihl and N. Glaichenhaus. 2011. Cell biology and immunology of leishmania. 

Immunol Rev., 240 (1):286-96.  

Movasaghi, Z., Rehman, S., Rehman, I., 2008. Fourier Transform Infrared (FTIR) Spectroscopy 

of Biological Tissues. Applied Spectroscopy Reviews 43, 134–179. 

Muller, H.G. and G. Tobin. 1980. Nutrition and Food Processing. Groom Helm Ltd, London, UK. 

Munson, P. L., R. A. Muller and G.  R.  Beese. 1995.  Principles of Pharmacology. Basic Concepts 

and Clinical Applications. New York: Chapman and Hall; pp. 1–5 

Murugan, K., Hwang, J. S., Kovendan, K., Prasanna Kumar, K., Vasugi, C., and Naresh Kumar, 

A. 2011. “Use of plant products and copepods for control of the dengue vector, Aedes 

aegypti,” Hydrobiologia, Vol. 666, pp. 331-338. 

Muthu, C., M. Ayyanar, N. Raja and S. Ignacimuthu. 2006. Medicinal plants used by traditional 

healers in Kancheepuram District of Tamil Nadu, India. J Ethnobiol Ethnomed; 2: 43. 

Nagajothi, P. C. and K. D. Lee. 2011. Synthesis of plant mediated silver nanoparticles using 

Dioscorea batatas rhizome extract and evaluation of their antimicrobial activities. 

Journal of Nanomaterials, Doi: 10.1155/2011/573429. 

Nagaraj, B., T. K. Divya and B. Malakar. 2012. Phytosynthesis of gold nanoparticles using 

caesalpinia Pulcherrima (peacock flower) flower extract and evaluation of their 



160 
 

antimicrobial activities. Digest Journal of Nanomaterials and Biostructures, 7(3): 

899-905. 

Naidu, J. R., R. Ismail and S. Sasidharan. 2014. Acute Oral Toxicity and Brine Shrimp Lethality 

of Methanol Extract of Mentha spicata L (Lamiaceae). Tropical Journal of Pharmaceutical 

Research. 13 (1): 101-107. 

Nair, R. T., J. Kalariy and S. Chanda. 2005. Antibacterial activity of some selected Indian 

medicinal flora. Tuky J. Biol., 29: 41-47. 

Najafi, S. and S. S. Deokule. 2010. Pharmacognostic study of Tylophora dalzellii Hook.f. J. Med. 

Pl. Res., 4 (5): 403-406. 

Nalawade, P., T. Mukherjee and S. Kapoor. 2013. Green Synthesis of Gold Nanoparticles Using 

Glycerol as a Reducing Agent. Advances in Nanoparticles, 2: 78-86. 

Narayanan, K. B and N. Sakthivel. 2008. Biosynthesis of gold nanoparticles by using coriander 

leaf extract, Material letter, 62: 4588-4590. 

Narendhirakannan, R. T., S. Subramanian and M. Kandaswamy. 2005. Mineral content of some 

medicinal plants used in the treatment of diabetes mellitus. Biol. Trace Elem. Res., 

103(2):109-115.  

Nasib, S., K. Pushpesh, K. Aruna, R. Kamal, M. Rakesh and D. Anuradha, 2005. Efficacy of 

Desmodium gangeticum extract and its fractions against experimental visceral 

leishmaniasis. Journal of Ethnopharmacology. 98: 83–88. 

Navarro, M., C. Hernandez, I. Colmenares, P. Hernandez, M. Fernandez and A. Sierraalta. 2007. 

Synthesis and characterization of [Au(dppz)2] Cl3. DNA interaction studies and biological 

activity against Leishmania (L) Mexicana. J Inorg Biochem; 101:111-16. 

Nayak, B. S. and K. N. Patel. 2010.  Pharmacognostic studies of the Jatropha curcas leaves. Int. 

J. Pharm. Tech. Research., 2(1): 140-143. 



161 
 

Negi, K. S., S.N. Ojha, S. S. Samant. 2010. Cultivation, Propagation and Biotechnology of 

medicinal Plants. Souvenir National Seminar on Medicinal Plants of Himalaya; Potential 

and Prospects, 73-88. 

Nikhil, R .J.,  G. Latha and J. M. Catherine. 2001. Seeding Growth for Size Control of 5−40 nm 

Diameter Gold Nanoparticles”, Langmuir, 17: 6782-6786. 

Niranjan, R. M. and S. Kanaki. 2008. Phytochemical Standardization of Herbal Drugs and 

Polyherbal Formulations. Bioactive Molecules and Medicinal Plants. 349-369 

Noruzia. M., D. Zarea and D. Davoodi. 2012. A rapid biosynthesis route for the preparation of 

gold nanoparticles by aqueous extract of cypress leaves at room temperature. Spectrochim 

Acta A Mol Biomol Spectrosc.  94:84–88.  

Noruzia, M., D. Zarea, K. Khoshnevisana and D. Davoodia. 2011. Rapid green synthesis of gold 

nanoparticles using Rosa hybrida petal extract at room temperature. Spectrochimica Acta 

Part A: Molecular and Biomolecular Spectroscopy, 79: 1461-1465. 

Novak, W. K and A. G. Haslberger. 2000. Substantial equivalence of antinutrients and inherent 

plant toxins in genetically modified novel foods. Food Chem. Toxicol., 38, 473-483.  

 Nunes, P. X., S. F. Silva and R. J. Guedes, S.Almeida. 2012.  Biological oxidations and 

antioxidant activity of natural products, Phytochemicals as nutraceuticals - Global 

Approaches to Their Role in Nutrition and Health. 

Nwankwo, I. U. and K. M. Ukaegbu-Obi. 2014. Preliminary phytochemical screening and 

antibacterial activity of two Nigerian medicinal plants (Ficus asperifolia and Terminalis 

catappa).  J. Med. Plant Herb. Ther. Res. 2:1-5. 

Odonne, G., G. Herbette, V. Eparviera, G. Bourdye, R. Rojas, M. Sauvaine and D. Stiena, 2011. 

Antileishmanial sesquiterpene lactones from pseudelephantopus spicatus, a traditional 

remedy from the Chayahuita amerindians (peru). Journal of Ethnopharmacology, 137: 

875– 879. 

http://link.springer.com/chapter/10.1007/978-3-540-74603-4_19
http://link.springer.com/chapter/10.1007/978-3-540-74603-4_19


162 
 

Ojiako, E. N. 2014. Phytochemical Analysis and Antimicrobial Screening of Moringa oleifera 

Leaves Extract. The International Journal of Engineering And Science. 3(3): 32-35. 

Okwu, D. E, Morah F. N. 2004. Mineral and nutritive value of Dennettia tripetala fruits. Fruits 

 59(6), 437-442. 

Olaiya, C. O. 2006. Effects of three plant bioregulators on somebiochemical properties of 

Lycopersicon esculentum (L.) Mill. Ph.D Thesis, Department of Biochemistry, University 

of Ibadan, Nigeria. 

Olowa, L.F., Nuñeza, O.M., 2013. Brine Shrimp Lethality Assay of the Ethanolic Extracts of Three 

Selected Species of Medicinal Plants from Iligan City, Philippines. Int. Res. J. Biol. Sci. 2, 

74–77. 

Olukunle, J.O., O. T. Adenubi, G. M. Oladele, E. A. Sogebi and P. C. Oguntoke. 2011. Studies on 

the anti-inflammatory and analgesic properties of Jatropha curcas leaf extract. Acta Vet. 

Brno, 80: 259–262. 

Omoregie, E. S. and A.U. Osagie. 2012. Antioxidant Properties of Methanolic Extracts of some 

Nigerian Plants on Nutritionally-Stressed Rats. Niger. J. Basic Appl. Sci. 20, 7–20. 

Onocha, P. A., G. K. Oloyede, O. O. Dosumu and M. S. Ali. 2011. Antileishmaniasis and 

Phytotoxicity of three Nigerian Acalypha species. Archives of Applied Science Research.3 

(6): 1-5. 

Opara, I., and Elizabeth. 2004. The efficacy and safety of Chinese Herbal Medicines. Br. J. Nut. 

91: 171-193. 

Osarumwense, P. O., L. O.  Okunrobo and E. G.  Uwumarongie-Ilori. 2013. Phytochemical 

screening, proximate and elemental analysis of Citrus sinensis Osbeck. J. Appl. Sci. 

Environ. Manag. 17 (1) 47-50. 

Otimenyin, S. O. and M. Umar. 2012. Anti-Inflammatory and Analgesic Activities of the Ethanolic 

Extract of the Leaf of Syzygium Guineense in Rats and Mice. IOSR Journal of 

Pharmacy.2(4):33-36. 



163 
 

Palecek., J. and W. D. Willis. 2005. Responses of neurons in the rat ventricular posterior lateral 

thalamic nucleus to noxious visceral and cutaneous stimuli, Thalamus Related Systems, 

3(1):25. 

Panacek A, Kvitek L, Prucek R, Kolar K, Vecerova R, Pizurova N, Sharma VK, Nevecna T, Zbori 

R. Silver Colloid Nanoparticles: Synthesis, Characterization, and Their Antibacterial 

Activity. J Phy Chem 2006; 110: 16248-16253.  

Pandey, A. and P. Singh. 2011. Antibacterial activity of Syzygium aromaticum ( clove ) with metal 

ion effect against food borne pathogens. Asian J. Plant Sci. Res. 1, 69–80. 

Pandey, M., A. B. Abidi, S. Singh and R. P. Singh. 2006. Nutritional evaluation of leafy vegetables 

Paratha. J. Hum. Ecol., 19: 155-156 

Pandey, S., G. Oza, A. Mewada and M. Sharon. 2012. Green Synthesis of Highly Stable 

Gold Nanoparticles using Momordica charantiaas Nano fabricator. Archives of 

Applied Science Research, 4 (2): 1135-1141.  

Parashar, V., R. Parashar., B. Sharma and A. C. Pandey. 2009. Parthenium leaf extract mediated 

of silver nanoparticles; a novel approach towards weed utilization. Digest journal of 

nanomaterials and biostructures, 4 (1); 45-49 

Pasricha, P. J. 2006. Treatment of disordeds of bowel motility and water flux; antiemtics; agents 

used for billary and pancreatic disease. In: Brunton LL, Lazo JS and Parker KL. (eds.) 

Goodman & Gilman’s The Pharmacological Basis of Therapeutics. 11th ed. McGraw Hill, 

New York. 983-1008. 

Patel, P. M., N. M. Patel and R. K. Goyal. 2006. Quality control of herbal products.  The Indian 

pharmacist, 5(45):26-30. 

Patil, C. D., H. P. Borase, S. V. Patil, R. B. Salunkhe and B. K. Salunke. 2012. Larvicidal activity 

of silver nanoparticles synthesized using Pergularia daemia plant latex against Aedes 

aegypti and Anopheles stephensi and non-target fish Poecillia reticulata. Parasitol. Res. 

111 (2), 555–562. 



164 
 

Patnia, S., A. N. Saha, H. Meenab, H. K. Pandeyb and A. Manchanda. 2012. Physico-chemical, 

phyto-chemical and elemental analysis of stem bark and roots of Berberis asiatica. 

Advances in Applied Science Research. 3 (6):3624-3628. 

Pattanayak, M. and P. L. Nayak. 2013. Green Synthesis of Gold Nanoparticles Using Elettaria 

cardamomum (ELAICHI) Aqueous Extract. World Journal of Nano Science & Technology 

2(1): 01-05. 

Peraza-Sanchez, S., F. Cen-Pacheco, A. Noh-Chimal, F. May-Pat, P. Sima-Polanco, E. Dumonteil, 

M. Garcia-Miss and M. Mut-Martín. 2007. Leishmanicidal evaluation of extracts from 

native plants of the Yucatan peninsula. Fitoterapia, 78: 315–318. 

Perez, C., M. Pauli and P. Bazevque. 1990. An antibiotic assay by the agar well diffusion method. 

Acta Biol Med Exp., 15: 113-5. 

Petroski, R. J and D. W. Stanley. 2009. Natural compounds for pest and weed control. J. Agric. 

Food Chem., 57 (18): 8171-8179. 

Philip, D. 2010. Rapid green synthesis of spherical gold nanoparticles using Mangifera indica leaf. 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 77: 807-810. 

Pisutthanan, S., P. Plianbangchang, N. Pisutthanan, S. Ruanruay and O. Muanrit. 2004. Brine 

shrimp lethality activity of Thai medicinal plants in the family Meliaceae, Naresuan 

University Journal. 12(2): 13-18. 

Poja, S., H. A. Modi, M. D. Shukla and S. K. Lhir. 2014. Preliminary Phytochemical Analysis 

Antibacterial Activity of Ganoderm lucid collected from Dangistrc of Gujart, India. Int.J. 

Cur. Micobl. Ap. Sci., 3(3): 246-255. 

Pokhrel, S., R. Singh, P. Gautam A. J. Das. 2012. Comparison of antimicrobial activity of crude 

ethanolic extracts and essential oils of spices against five strains of diarrhea causing 

Escherichia coli. Int J Pharm Life Sci., 3(4): 1624-1627. 

Postek, M. T. and A. E. Vladar. 2001. Critical-Dimension Metrology and the SEM Handbook of 

Silicon Semiconductor Metrology ed A C Diebold (New York: CRC Press) pp 295–334. 



165 
 

Prabhu, K., Karar, P.K., Hemalatha, S., Ponnudurai, K., 2011. A comparative study on proximate 

analysis conducted on three Viburnum Linn. species. Der Pharm. Sin. 2, 200–206. 

Prasannabalaji, N., Muralitharan, G., Sivanandan, R., Kumaran, S., Pugazhvendan, S., 2012. 

Antibacterial activities of some Indian traditional plant extracts. Asian Pacific J. Trop. Dis. 

2, S291–S295. doi:10.1016/S2222-1808(12)60168-6 

Proestos, C., Lytoudi, K., Mavromelanidou, O., Zoumpoulakis, P., Sinanoglou, V., 2013. 

Antioxidant Capacity of Selected Plant Extracts and Their Essential Oils. Antioxidants 2, 

11–22. doi:10.3390/antiox2010011 

Putheti, R. R., R. N. Okigbo., M. A. Sai and S. Chavanpatil. 2008. Nanotechnology importance in 

the pharmaceutical industry.  African J. Pure and Appl. Chem, 2(3): 27-31.                                  

Qnais, E. 2011. Th e analgesic eff ect of the ethanolic extract of Matricaria aurea. Turk J Biol.,35: 

347-352. 

Radcliffe-Smith, A. 1986. Euphorbiaceae, In Nasir and Ali (Eds), Flora of Pakistan. 172: p.1-140. 

 Rahman, M. and M. Akter. 2013. Taxonomy and Medicinal Uses of Euphorbiaceae (Spurge) 

Family of Rajshahi, Bangladesh. Research in Plant Sciences. 1(3), 74-80. 

Rai, M., A. Yadav, A. Gade. 2009. Silver nanoparticles as a new generation of antimicrobials. 

Biotechnology Advances. 27(1): 76–83. 

Rai, R. C., J. Cao, J. L. Musfeldt and D. J. Singh. 2006. Magnetodielectric effect in the S = 1/2 

quasi-two dimensional antiferromagnet K2V3O8. Phys Rev, 73:75112. 

Rajasekaran, C. S.  and V. A. Gideon. 2011. Pharmacognostic standardization and physico-

chemical evaluations of leaves of Eugenia singampattiana Beddome endangered species. 

International Journal of Pharma and Bio Sciences. 2(1): 236-242 

Rajurkar, N. S. and B. M. Pardeshi.1997. Analysis of Some Herbal Plants from India Used in the 

Control of Diabetes Mellitus by NAA and AAS Techniques. Appl. Radiat. Isot., 

48(8):1059-62  



166 
 

Ramachandran, S., M. Vamsikrshna, K. V. Gowthami, B. Heera and M. D. Dhanaraju. 2011. 

Assessment of cytotoxic activity of Agave cantula using Brine shrimp (Artemia salina) 

lethality test. Asia. J. Scient. Res., 4 (1): 90-94.  

Ramanchidambaram, A. and A. Aruna. 2013. Pharmacognostic study and develoment of quality 

parameters of whole plants of Trichodesma indicum (Linn.) R.Br. Asian J Pharm Clin Res, 

6 (3): 167-169. 

Ramesh, R. 2010. Analgesic Effects of the Aqueous Extracts of Plant Ipomea pestigridis Studied 

in Albino Mice. Global Journal of Pharmacology 4 (1): 31-35 

Rangari, V. D. 2002. Pharmacognosy and phytochemistry. Vol- 1st. Career publications, 

Maharashtra, India. Pp: 01-19. 

Rao, A., K. Mahajan, A. Bankar, R. Srikanth, A. R. Kumar, S. Gosavi and S.  Zinjarde. 2013. 

Facile synthesis of size-tunable gold nanoparticles by pomegranate (Punica granatum) leaf 

extract: Applications in arsenate sensing. Materials Research Bulletin. 48(3):1166–1173.  

Rao, C. N. R. and   A. K. Cheetham. 2011. Science and technology of nanomaterials: current status 

and future prospects. J. Mater. Chem.,11, 2887-2894 

Ravichandran, V., Z. X. Tiah, G. Subashini, F. W. X. Terence, F. C. Y. Eddy, J. Nelson and A. D. 

Sokkalingam. 2011. Biosynthesis of silver nanoparticles using mangosteen leaf extract and 

evaluation of their antimicrobial activities. Journal of Saudi Chemical Society, 15: 113-

120. 

Razic, S., S. Dogo and L. Slavkovic. 2006. Inorganic analysis of herbal drugs. Part II. Plant and 

soil analysis – diverse bioavailability and uptake of essential and toxic elements. J. Serb. 

Chem. Soc. 71 (10) 1095–1105. 

Reddy, K. J. 2004.Medicinal plant research scenario in India, Info concepts India Inc, 25-28. 

Remya, R. and M. Daniel. 2012. Phytochemical and pharmacognostic investigation of antidiabetic 

Costus  pictus. D. Don. Int J Pharm Biomed Res., 3(1), 30-39. 

http://www.sciencedirect.com/science/journal/00255408
http://pubs.rsc.org/en/results?searchtext=Author%3AC.%20N.%20R.%20Rao
http://pubs.rsc.org/en/results?searchtext=Author%3AA.%20K.%20Cheetham


167 
 

Retchkiman-Schabes, P. S., G. Canizal, R. Becerra-Herrera, C. Zorrilla, H. B. Liu and J. A 

Ascencio. 2006. Biosynthesis and characterization of Ti/Ni bimetallic nanoparticles. Opt. 

Mater. 29 (1): 95-99. 

Rosi, N. L. and C.A. Mirkin. 2005. Nanostructures in bio-diagnostics, Chem. Rev, 105: 1547–

1562. 

Rossi-Bergmman B. 2000, Treatment of Cutaneous leishmaniasis with B. pinnatum: experimental 

and clinical data. Phytomedicine; 7 (2): 115-117. 

Roth D, Henr B, Mak S, Fraser M, Taylor M, Li M,. 2010.. West Nile virus range expansion into 

British Columbia. Emerg Infect Dis; 16: 1251-1258. 

Roy, K., Biswas, S., Banerjee, P.C., 2013. Green Synthesis of Silver Nanoparticles by Using Grape 

( Vitis vinifera ) Fruit Extract : Characterization of the Particles and Study of Antibacterial 

Activity. Res. J. Pharm. Biol. Chem. Sci. 4, 1271–1278. 

Rreddy, G R et al. (2012) Green synthesis characterization and in-vitro antibacterial activity of 

polyshaped gold nanoparticles by using Sennasiamea (lam.) Plant leaf extract. Int J Green 

Chem Bioproces. 2(1), pp. 1-5. 

Rungsung, W., Dutta, S., Dn, M., Kk, R., Hazra, J., Ash, A., 2014. Pharmacognostical Profiling 

on the Root of Rauwolfia serpentina. Int. J. Pharmacogn. Phytochem. Res. 6, 612–616. 

Sabina, E. P., S. Chandel and M. K. Rasool. 2009. Evaluation of analgesic, antipyretic and 

ulcerogenic effect of Withaferin A. International Journal of Integrative Biology, 6 (2): 52-

56. 

Saeed, N., M. R. Khan and M. Shabbir. 2012. Antioxidant activity, total phenolic and total 

flavonoid contents of whole plant extracts Torilis leptophylla L. Complementary and 

Alternative Medicine.12: 221. 

Saha, K., S. S. Agasti, C. Kim, X. Li, and V.M. Rotello. 2011. Gold nanoparticles in chemical and 

biological sensing, Chem. Rev., DOI: org/10.1021/cr2001178.  



168 
 

Saleem, U., K. Hussain, M. Ahmad, N. I. Bukhari, A. Malik and B. Ahmad. 2014. Physicochemical 

and phytochemical analysis of Euphorbia helioscopia (L.). Pak. J. Pharm. Sci., 27(3):577-

585.  

Sanjay, N., M. M. Tiwar and A. Chauhan. 2010. Elementals Profile of Traditional Some Important 

Medicinal Plants of Uttarakhand State, India. Rep and Opin., 2(6):34-36. 

Sanmugarajah, V., I. Thabrew and S. R. Sivapalan. 2011. Phyto, Physicochemical Standardization 

of Medicinal Plant Enicostemma Littorale Blume. IOSR Journal of Pharmacy. 3(2): 52-

58. 

Santa-Cecília. F. V., F. C. Vilela, C. Q. da Rocha, D. F. Dias, G. P. Cavalcante, L. A. S. Freitas 

and A. Giusti-Paiva. 2011. Anti- inflammatory and antinociceptive effects of Garcinia 

brasiliensis, J Ethnopharmacol, 133 (2011) 467. 

Saqib, F., K. H. Janbaz, M. F. Latif, A. H. Gilani and S. Bashir. 2012. Ethnopharmacological 

Studies on antispasmodic, bronchodilator and antiplatelet aggregation activities of 

Blepharis edulis , Pers. Asian Journal of Natural & Applied sciences. 1(1): 33-45. 

Saraswathy, A. and B. Vidhya. 2013. Phytochemical Investigation of the Tender Shoot of 

Bambusa bamboos (Linn.) Voss. Journal of Pharmacognosy and Phytochemistry. 1(5):52-

56. 

Savaloni, H., M. Gholipour-Shahraki and M. A. Player. 2006. A comparison of different methods 

for x-ray diffraction line broadening analysis of Ti and Ag UHV deposited thin films: 

nanostructural dependence on substrate temperature and film thickness J. Phys. D: Appl. 

Phys., 39: 2231. 

Sawadogo, W., G. Le Douaron, A. Maciuk, C. Bories, P. Loiseau, B. Figadere, I. Guissou and 

O.G. Nacoulma, 2012. In vitro antileishmanial and antitrypanosomal activities of five 

medicinal plants from Burkina Faso. Parasitology Research. 110:1779–1783. 

Schultes, R. E. 1987. Members of Euphorbiaceae in primitive and advanced societies. Botanical 

Journal of the Linnean Society. 94 (1-2): 79–95. 



169 
 

Sen, A. and A. Batra. 2012. Evaluation of antimicrobial activity of different solvent extracts of 

medicinal plant: Melia azedarach L.  Int J Curr Pharm Res., 4 (2):67-73. 

Sene, C., M. C. McCann, R. H. Wilson and R. Grinter. 1994. Fourier-Transform Raman and 

Fourier-Transform Infrared Spectroscopy (An Investigation of Five Higher Plant Cell 

Walls and Their Components). Plant Physiol.,106 (4):1623-1631. 

Shabir. G., M. Saghir, I. Ahmad and M. Rafi. 2004. Significance and production technology of 

some important spices of medicinal value, Barani Agricultural Research Institute Pakistan. 

Hamdard Medicus, 47 (2): 5-6. 

Shah, S., Siraj-ud-Din, Rehmanullah and Z. Muhammad. 2013. Pharmacognostic standardization 

and pharmacological study of Sisymbrium irio L. American Journal of Research 

Communication. 1(7):  241-153. 

Shah, S., Siraj-ud-din, Z. Muhammad and Rehmanullah. 2014. Nutritional analysis and nutrients 

composition of various parts of Sageretia thea (Osbeck ). Int. J. Biosci. 4(1): 1–7. 

Shah. F., T. G. Kazi, H. I. Afridi. 2011. “Evaluation of status of trace and toxic metals in biological 

samples (scalp hair, blood, and urine) of normal and anemic children of two age 

groups,” Biological Trace Element Research. 141 (1–3):131–149. 

Shahidi, F., U. D. Chavan, A. K. Bal, and D. B. McKenzie. 1999. Chemical composition of beach 

pea (Lathyrus maritimus L.) plant parts. Food Chem. 64:39-44. 

Shahriar, M., M. S. Bhuiya, M. T. H. Khan, M. A. Gafur and M. S. K. Choudhri. 2000, 

Pharmacological study of Symplocos racemosa Roxb. Ham Med XLIII:8-18. 

Shamkuwar, P. B. and D. P. Pawar. 2013. Antidiarrhoeal and Antispasmodic Effect of 

BerberisAristata. International Journal of Pharmacognosy and Phytochemical Research. 

5(1):24-26 

Shamkuwar, P. B., A. H. Hoshamani and I. D. Gonjari. 2012. Antispasmodic effect of Cyperus 

Rotundus L. (Cyperaceae) in diarrhea. Der Pharmacia Lettre.,4 (2):522-524.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Sene%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12232436
http://www.ncbi.nlm.nih.gov/pubmed/12232436


170 
 

Shankar, S. S., A. Rai, A. Ahmad and M. J. Sastry. 2004. Rapid synthesis of Au, Ag and bimetallic 

Au shell nanoparticles using Neem. Journal of Colloid and Interface Science. 275: 496-

502. 

Shariff, Z. V. 2001. Modern Herbal Therapy for Common Ailments. Nature Pharmacy series,1: 9-

84. 

Sharma, A., A. K. Sharma, T. Chand, M. Khardiya and K. C. Yadav. 2013. Preliminary 

Phytochemical Evaluation of Seed Extracts of Cucurbita maxima Duchesne. Journal of 

Pharmacognosy and Phytochemistry. 2 (3): 62-65 

Sharma, M., R. G. Sharma and A. Sharma. 2013. Study of physico-chemical properties of drug 

and physiological variation in leaves of Andrographis paniculata (Burm. F.) Nees. Ecta 

Chim. Pharm. Indica., 3(1):52-64. (Ash/ Extr) 

Shirin. K., S. I. Shafic and K. Fatima. 2010. Determination of major and trace elements in the 

indigenous medicinal plants Withania somnifera and their possible correlation with 

therapeutic activity. J. Saudi Chem Soc. 14: 97-100. 

Shivakumar, M. S., R. Srinivasan and N. Natarajan. 2013. Larvicidal potential of some Indian 

medicinal plant extracts against Aedes aegypti (L.).  Asian J Pharm Clin Res, 6(3): 77-80. 

Singh, R. P. and D. A. Jain. 2011. Evaluation of Antimicrobial Activity of Alcoholic and Aqueous 

Extracts of Five Plants used in Traditional Medicine in North India. International Journal 

of PharmTech Research. 3(1): 376-380.  

Singh, S. and R. Sivakumar. 2004. Challenges and new discoveries in the treatment of 

leishmaniasis. Journal of Infection Chemotherapy. 10, 307–315. 

Singh, S. K., J. R. Patel, P. K. Dubey and A. Dangi. 2014. Pharmacognostic study and 

phytochemical screening of leaf of Adhatoda vasica (Acanthaceae). Journal of Medicinal 

Plants Studies. 2(4): 29-31 

 



171 
 

Singh, S. K., R. P. Yadav and A. Singh. 2010. Molluscicides from some common medicinal plants 

of eastern Uttar Pradesh, India. Appl Toxicol., 30(1):1-7. 

 Singha, C., V. Sharmab , P. K. Naika , V. Khandelwalc  and  H. Singha. 2011. A green biogenic 

approach for synthesis of gold and silver nanoparticles using Zingiber officinale. Digest 

Journal of Nanomaterials and Biostructures. 6(2): 535-542. 

Skoog., Holler and Crouch. 2007. Principles of Instrumental Analysis. 6th ed. Thomson 

Brooks/Cole. 169-173. 

Sky-Peck, H.H. and B. J. Joseph. 1981. Determination of trace elements in human serum by energy 

dispersive X-ray fluorescence, clin Biochem. Vol. 14: 126-131. 

Smitha, S.L., D. Philip and K. G. Gopchandran. 2009. Green synthesis of gold nanoparticles using 

Cinnamomum zeylanicum leaf broth. Spectrochim Acta A Mol Biomol Spectrosc. 

15;74(3):735-9. 

Soetan, K. O., C. O. Olaiya and O. E. Oyewole. 2010. The importance of mineral elements for 

humans, domestic animals and plants: A review. African Journal of Food 

 Science.4(5).200-222. 

Somasundaram S, Sigthorsson G, Simpson R J, Watts J, Jacob M, Tavares I A, Rafi S, Roseth A, 

Foster R, Price A B, Wrigglesworth J M & Bjarnason I. 2000. Uncoupling of intestinal 

mitochondrial oxidative phosphorylation and inhibition of cyclooxygenase are required for 

the development of NSAID- enteropathy in the rat. Alimentary Pharmacol Therapeutics, 

14(5): 639. 

Son, H. L. and P. T. H. Yen. 2014. Preliminary Phytochemical Screening, Acute Oral Toxicity and 

Anticonvulsant Activity of the Berries of Solanum nigrum Linn. Tropical Journal of 

Pharmaceutical Research. 13 (6): 907-912 

Sondi. I and B. S. Sondi. 2004. Silver nanoparticles as antimicrobial agent: a case study on E. coli 

as a model for Gram-negative bacteria. J. Colloid Interface Sci. 275:177–182. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Smitha%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=19744880
http://www.ncbi.nlm.nih.gov/pubmed/19744880


172 
 

Song, J. Y., H. K. Jang and B. S. Kim. 2009. Biological synthesis of gold nanoparticles using 

 Magnolia kobus and Diopyros kaki leaf extracts. Process Biochemistry, 44: 1133–

1138 

Soomro, R. R., A. Qureshi, M. T. Mahmood, M. A. Khan and G. A. Makka. 1997. Ethnobotanical 

uses of Adhatoda vesica in chest diseases. Hamdard Medicus, 38 (1): 24-29. 

Springfield, E. P., P. K. F. Eagles and G. Scott. 2005. Quality assessment of South African Hertbal 

Medicines by means of HPLC fingerprinting.  Journal of Ethnobotany. 101 (1-3): 75-83. 

Sreekanth, T. V. M., P. C. Nagajyothi,  N. Supraja and T. N. V. K. V. Prasad. 2014. Evaluation of 

the antimicrobial activity and cytotoxicity of phytogenic gold nanoparticles. Appl Nanosci., 

DOI 10.1007/s13204-014-0354-x. 

Su, T. and Mulla, M. R., 1999. “Oviposition bioassay responses of Culex tarsalis and Culex 

quinquefasciatus to neem products containing azadirachtin,” Entomologia Expperimentalis 

Applicata, Vol. 91, pp. 337-345. 

Subha, T. S., A. Gnanamani and A. B. Mandal.2011.  Pharamcognostic Evaluation of Acorus 

calamus L. Pharmacon J., 3 (23): 24-27. 

Sujitha, M. V. and S. Kannan. 2012. Green synthesis of gold nanoparticles using Citrus fruits 

(Citrus limon, Citrus reticulata and Citrus sinensis) aqueous extract and its 

characterization. Elsevier B.V, 102: 15-23. 

Sukumar, K., Perich, M. J., and Boobar, L. R. 1991. “Botanical derivatives in mosquito control: A 

review,” Journal of the American Mosquito Control Association, Vol. 7, pp. 210-237. 

Suman, T. Y., S. R. R. Rajasree, R. Ramkumar, C. Rajthilak and P. Perumal. 2014. The 

Green synthesis of gold nanoparticles using an aqueous root extract of Morinda 

citrifolia L. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 

118: 11–16.  

Sun, Y. and Y. Xia. 2002. Shape-controlled synthesis of gold and silver nanoparticles. Science 298 

(5601), 2176-2179 

https://scholar.google.com.pk/citations?view_op=view_citation&hl=en&user=3gDWh4gAAAAJ&citation_for_view=3gDWh4gAAAAJ:d1gkVwhDpl0C


173 
 

Sundar, S. and M. Rai. 2002. Advances in the treatment of leishmaniasis. Current Opinion in 

Infectious Disease. 15: 593–598. 

Surewicz, W. K., H. H. Mantsch and D. Chapman. 1993. Determination of Protein Secondary 

Structure by Fourier Transform Infrared Spectroscopy: A Critical Assessment. 

Biochemistry. 32(2): 389-393. 

Syahmi, A. R. M., S. Vijayarathna, S. Sasidharan, L. Y. Latha, Y. P. Kwan, Y. L. Lau, L. N. Shin  

and Y. Chen. 2010. “Acute Oral Toxicity and Brine Shrimp Lethality of Elaeis Guineensis 

Jacq., (oil Palm Leaf) Methanol Extract.” Molecules. 15(11):8111–21.  

Szabo, S., R. Roijackers and M. Scheffer. 2003. A simple method for analysing the effects of algae 

on the growth of Lemna and preventing algal growth in duckweed bioassays. Arch. 

Hydrobiol., 157, 567–575. 

Tabatabaie, F., Voosoogh, M., Noori, M., Mokhtarian, K., 2014. Antileishmanial activity of 

Hyssopus officinalis, Tussilago farfara, Carum copticum extracts in comparison with 

Glucantime in Iran. J. Med. Plants Stud. 2, 12–18. 

Takahashi M., T. Nozoye, N. Kitajima, N. Fukuda, A. Hokura and Y.Terada. 2009. In vivo analysis 

of metal distribution and expression of metal transporters in rice seed during germination 

process by microarray and X-ray Fluorescence Imaging of Fe, Zn, Mn, and Cu. Plant 

Soil 325, 39–51 10.1007/s11104-009-0045-7 

Talbot, M. J. and R. G. White. 2013. Cell surface and cell outline imaging in plant tissues using 

the backscattered electron detector in a variable pressure scanning electron microscope. 

Plant Methods, 9:40. 

Tepe, B., D. Daferera, M. Sokmen, M. Polissiou and A. Sokmen. 2004. In vitro antimicrobial and 

antioxidant activities of the essential oils and various extracts of Thymus eigii. J. Agric. 

Food Chem., 52, 1132-1137. 

Thenmozhi, S., U. Subasini, D. Sathyamurthy, S. varadharaju, K. J. Soundappan. 2012. 

Pharmacognostic evaluation and phytochemical studies on leaves of Vitex leucoxylon Linn. 

Pharmacon. Jl. 4(31). DOI, 10.5530/pj.2012.31.4 



174 
 

Toma, W., J. S. Graciosa, C. A. Hiruma-Lima, F. D. P. Andrade, W.  Vilegas and A. R. M. Souza 

Brita. 2003. Evaluation of the analgesic and antiedematogenic activities of Quassia amara 

bark extract. J. Ethnopharmacology, 85: 19–23. 

Trease, G. E. and W. C. Evans. 2002. Pharmacognosy by William Charles Evans. 15th ed., English 

Language Book, Society, Baillere Tindall, Oxford University Press: pp, 10-401 

Tripathi, K. D. 2003. Essential of Medical Pharmacology, 5th edn, Jayapee Brother Medical 

Publisher. Pp. 219-220. 

Uddin, G., A. Rauf, M. Arfan, M. Ali, M. Qaisar, M. Saadiq and M. Atif. 2012. Preliminary 

phytochemical Screening and antioxidant activity of Bergenia caliata. Middle-East J. Sci. 

Res., 11, (8): 1140-1142. 

Uddin, S. M. N., M. N. Amin, A. F. M. Shahid-Ud-Daula, H. Hossain, M. M. Haque, M. S. 

Rahman and M. A. Kader. 2014. Phytochemical screening and study of antioxidant and 

analgesic potentials of ethanolic extract of Stephania japonica Linn. J. Med. Plant Res. 8, 

1127–1133.  

Upton R. 2010. Classical bontanical pharmacognosy: from Dioscorides to modern herbal 

medicines. J Am Herbalists Guild., 9 ( 2 ) : 47 – 52. 

Uwumarongie, H.O. and D. N. Onwukaeme.  2011. Pharmacognostic and Toxicity Evaluation 

of the Stem Bark of Tabernaemontana Pachysiphon Stapf. (Apocynaceae).  Nige. J. 

Pharm. Res. 9 (1 ): 63 – 71. 

Vangalapati, M., 2011. In-vitro antioxidant activity and estimation of total phenolic content in 

methanolic extract of Bacopa monniera. Rasayan J. Chem. 4, 381–386. 

Venkatesh, S., R. B. Madhava, B. Suresh, M. M. Swamy and M. Ramesh. 2004. 

Pharmacognostical identification of Rumex nepalensis Spreng (Polygonanceae) an 

adulterant for Indian Rhubarb. Nat. Prod. Sci., 10: 43-47. 

Vermani, A., Navneet, Prabhat and A. Chauhan. 2010. Physico-Chemical Analysis of Ash of Some 

Medicinal Plants Growing in Uttarakhand, India. Nature and Science., 8(6) :88-91. 



175 
 

Vijay, K. P., B. C. Laxman, S. R. Balasaheb and N. R. Yuraj. 2013. Pharmacognostic, 

physicochemical and phytochemical investigation of Tafetes erecta Linn. flower 

(Asteraceae). Journal of Bilological and Scientific Opinion. 1(1): 21-24. 

Vijayakumar. R., V. Devi, K. Adevallan and D. Saranya. 2011. Green synthesis of gold 

nanoparticles by using extracts of crocus sativus. Physica E, 44: 665-671. 

Vijayakumara, M., K. Priyab, F. T. Nancyb, A. Noorlidaha and A. B. A. Ahmeda. 2013. 

Biosynthesis, characterisation and anti-bacterial effect of plant-mediated silver 

nanoparticles using Artemisia nilagirica. Industrial Crops and Products, 41: 235–

240.  

Wahab, V. 2009. Biotechnological approaches for crop pest and disease management. J. Biopest., 

2(2): 115-134. 

Wallis, T. E. 2005. Text book of Pharmacognosy.5th ed. CBS publishers, New Delhi.Pp. 111 & 

566. 

Wang, S. Y., X. Lan, J. Xiao, J. Yang, Y. Kao and S. Chang. 2008. Anti-Inflammatory Activity of 

Lindera erythrocarpa Fruits.  Phytother. Res., 22: 213-216. 

Wang, Y., H. Xiaxiao, W. Kemin, Z. Xiorong and T. Weihong. 2009. Synthesis of gold 

nanoparticles using Barbated skull cup herb extract and its primary application in 

electrochemistry. Colloid and surfaces B: Biointerfaces, 73: 75-79. 

Webster, G.L. 1994. Classification of the Euphorbiaceae. Ann. Missouri Bot. Gard., 81: 3-3. 

WHO-World Health Organization (1996) Report of the WHO informal consultation on the 

evaluation on the testing of insecticides. CTD/ WHO PES/IC/ 96.1. WHO, Geneva, p 69 

Wiley, B. J., S. H. Im, J. McLellan, A. Siekkinen and Y. Xia. 2006. Maneuvering the surface 

plasmon resonance of silver nanostructures through shape-controlled synthesis. J. Phys. 

Chem., 110(32): 15666-75. 

Wilson, R. L. 1998. Free radicals and tissue damage, mechanistic evidence from radiation studies. 

In: Biochemical mechanisms of Liver Injury. New York, Academic Press, 123–125. 



176 
 

Wolfgang, H., T. K., Nguyen, J. A. Thanh and G. F. David. 2007. Determination of Size and 

Concentration of Gold Nanoparticles from UV-Vis Spectra, Anal. Chem., 79:  4215-4221.  

World Health Organization (WHO). 2002. WHO policy perspective on medicines-traditional 

medicines growing needs and potential. WHO Geneva, 2: 1-6. 

World Health Organization (WHO). 2003. Author Traditional medicine. Fact sheet number 134. 

Revised May, 2003. 2001. http/www.who.int/mediacentrefactsheet/fs/134. 

World Health Organizations (WHO). 2010. Control of the leishmaniasis: Report of a meeting of 

the WHO expert committee on the control of leishmaniases, Geneva. 

Yamamoto, S., K. Fujiwara and H. Watarai. 2004. Surface-enhanced Raman scattering from 

oleate-stabilized silver colloids at a liquid/liquid interface. Analytical Sciences. 20(9): 

1347–1352. 

Yasmin, G., M. A. Khan, N. Shaheen and M. Q. Hayat, 2009. Micromorphological investigation 

of foliar anatomy of genera Aconogonon and Bistorta of family Polygonaceae. Int. J. Agric. 

Biol., 11: 285–289. 

Yasmin, G., M. A. Khan, N. Shaheen and M. Q. Hayat. 2010. Taxonomic significance of leaf 

epidermal anatomy of selected Persicaria Mill. species of family Polygonaceae from 

Pakistan. Afri. J. Biotech., 9 (25): 3759-3768. 

Yesufu H. B. and I.M. Hossaini. 2011. Studies on Dietary Mineral Composition of the Fruit of 

Sarcocephalus latifolius (Smith) Bruce (Rubiaceae). J. Nutr. Food Sci. s8(1):8–11. 

doi:10.4172/2155-9600.S8-006 

Youngken, H. W. 1950. A Text Book of Pharmacognosy. The Blackiston Co Toronto, 

Philadelphia. 1675 – 1676. 

Zafar, M., M. A. Khan, M. Ahmad, G. Jan, S. Sultana, K. Ullah, S. K. Marwat and Z. Ullah. 2010. 

Elemental analysis of some medicinal plants used in traditional medicine by atomic 

absorption spectrophotometer (AAS). J. Med. Plants Res. 4(19):1987-1990. 



177 
 

Zakaria, H. M., J. M. Mainen, J. M. Pax, C. K. Modest and S. O. N. Ramadhani. 2007. 

Antimicrobial Activity and Brine Shrimp Toxicity of Extracts of Terminalia brownii roots 

and stem. BMC Comp. Alt. Med, 7(9): 1-5. 

Zarnowski, R. and Y. Suzuki. 2004. Expedient Soxhlet extraction of resorcinolic lipids from wheat 

grains. Jour. Food Comp. & Anal., 17 (5): 649-663. 

Zhang H, Cui H, Yao S, Zhang K, Tao H, Meng H. 2012. Ionic lppiquidstabilized non-spherical 

gold nanofluids synthesized using a one-step method. Nanoscale Res Lett; 7(1): 583. 

Zhou, Y., Y. Kong, S. Kundu, J.D. Cirillo, H. Liang. 2012. J. Nanobiotechnology, 10. 

Zimudzi, C., 2014. African Potato (Hypoxis Spp): Diversity and Comparison of the Phytochemical 

Profiles and Cytotoxicity Evaluation of four Zimbabwean Species. J. Appl. Pharm. Sci. 4, 

79–83. doi:10.7324/JAPS.2014.40414 

Zunjar, V., B. M. Trivedi, D. Mammen and M. Daniel. 2011. Pharmacognostic, Phytochemical 

and Physicochemical Studies on Carica papaya L. leaves. Pharmacon. Jour., 3 (20): 5-8. 

 


