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ABSTRACT  

P. hydaspidis (family: Asclepiadaceae) is a twinning shrub and locally used as purgative. The aim 

of the present study was to investigate bioinspired synthesis, characterization of NPs, 

pharmaceutical and in vitro culture evaluation of the plant. AuNPs and AgNPs were synthesized 

by mixing 1 mM AuCl3 and AgNO3 solutions with plant boiled extract in 1:8 and 1:9 

respectively. Color change from yellow to dark purple, in both the cases, indicated synthesis of 

NPs, further confirmed by UV-Vis spectrphotometery. The AuNPs subjected to temperature 

stress demonstrated stability at 24°C to 39°C. Regarding the salt (NaCl) and pH stresses, AuNPs 

were stable at milimolar concentration and at neutral pH. Mainly alkenes and aliphatic amines 

were responsible for the synthesis of AuNPs (FT-IR). The nano-crystallite size calculated was 

6.99 nm, cubic in nature (XRD), were in nano-regime (AFM) and the possible formulated 

structure was [AuxLxCly]
x+

 (MALDI-TOF). The AgNPs were stable at 25°C to 45°C, at 

millimolar concentrations of the salt (NaCl) and at neutral to slightly basic pH. Mainly aromatic 

amines were responsible for the synthesis of AgNPs (FT-IR). The crystallite size calculated was 

7.50 nm, cubic in nature (XRD) and was in nano-regime (AFM) and the possible formulated 

structure was [AgxLxNOy]
x+

 (MALDI-TOF). Stems extracted with different organic solvents 

showed better antibacterial activity than roots‘ extracted samples. The most susceptible bacterium 

was K. pneumoniae (80-85%) followed by E. coli (60-65%) while the most resistant bacterium 

was X. campestris (20-25%). The NPs enhanced the activity of the water extracted samples. The 

plant extracts showed antifungal activity only against C. albicans while the AuNPs and AgNPs 

exhibited activity against C. albicans and P. chrysogenum. The plant extracts showed antioxidant 

activity; however, crude methanolic extracts demonstrated better antioxidant activity. AuNPs 

showed better antioxidant activity than AgNPs. Regarding phytotoxity, water extract was the best 

solvent highly toxic to L. minor. Only water and butanol extracts represented insecticidal activity 

against T. castaneum, R. dominica and C. maculates. The plant extracts‘ qualitative analysis 

revealed the presence of different bioactive compounds like alkaloids, flavonoids, sterols and 

tannins confirmed by quantitative analysis through GC-MS as lupeol, clindamycin, decanoic 

acids, methyle glucose, aldehydes, fatty acids etc.  An In-vitro micropropagation protocol was 

successfully developed for the plant and it was found that in full strength MS medium the 

combination of 4 mgl
-1

 BAP with 1 mgl
-1

 NAA was best for shooting and 3 mgl
-1 

IBA with 1.5 

mgl
-1

 NAA was best for rooting. The plantlets were successfully acclimatized. Based on these 

results, the plant can be used for NPs production, as antibacterial, antifungal, herbicidal and 

insecticidal agent. 
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I.  INTRODUCTION 

 Over the last few decades there is an increasing emphasis on green chemistry and 

bioinspired chemical processes (Anastas 1998, Weingart et al., 2014 and Zhang 2015). 

Green chemistry and Nano-biotechnology are two separate sciences used in combination 

for many chemical and biological processes especially for bioinspired synthesis and 

characterization of nanopartcles (Weingart et al 2014; Pantelis et al., 2012). Nano-

biotechnology deals with materials having size less than 100 nm, devices and systems 

with novel properties and functions. Biotechnology related to NPs has recently emerged 

as a major technical theme across most of the science and engineering disciplines, as 

modern technologies are strongly interweaved by designing of these nanomaterials 

(Zhang 2015; Amit et al., 2013). IUPAC defines NP as ―Particle of any shape with 

dimensions in the 1 × 10
−9

 and 1 × 10
−7

 m range‖ so the NPs are particles having size 

from 1 to 100 nm. In nanobiotechnology, a ―particle is admitted as NP when it behaves as 

a whole unit referring to its transportation and properties‖ (Robert et al., 2013). The 

further classification of the NPs is based on their diameter. The coarse particles which are 

greater in size and have a range between 2,500 and 10,000 nm are not listed in NPs and 

are generally called as course particles. Fine particles size ranges from 100 to 2,500 nm. 

The justification for many definitions of NPs is that, in 1970 to 1980, during the basic 

fundamental studies, they were classified as "ultrafine particles". However, in the decade 

of 90s the new name, "NP," come in use (Granqvist et al., 1967; Buzea et al., 2007).  

 Generally it is believed that NPs are the advent of present day science, however 

these have an appealing extended history. NPs were in the use of Artisans and 

Mesopotamians in the ninth century for producing a shining outcome on the exterior of 

pots (Firdous and Alam., 2012; Rawson, 1984). The discovery of earthenware from the 

Middle Ages demonstrated a distinctive copper or gold colored glitter, which are made 

from NPs. This gleam is produced due to a metallic thin film that was smeared to the 

translucent exterior of the shining surface. The gleam is produced within the film itself, 

having copper and silver NPs spreaded equivalently in the polished medium of the 

pottery shiny surface. Artisans synthesized these NPs by addition of salts of silver and 

copper to ochre, clay, and vinegar on the exterior of glass ceramics (Rawson, 1984). The 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Weingart%20J%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Weingart%20J%5Bauth%5D
http://en.wikipedia.org/wiki/Nanotechnology
http://en.wikipedia.org/wiki/Artisan
http://en.wikipedia.org/wiki/Mesopotamia
http://en.wikipedia.org/wiki/Lusterware
http://en.wikipedia.org/wiki/Middle_Ages
http://en.wikipedia.org/wiki/Glazing_(window)
http://en.wikipedia.org/wiki/Silver
http://en.wikipedia.org/wiki/Copper
http://en.wikipedia.org/wiki/Ochre
http://en.wikipedia.org/wiki/Clay
http://en.wikipedia.org/wiki/Vinegar
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technique for producing this sheen and luster in the pottery by prehistoric craftsmen had 

very complicated pragmatic knowledge of nanomaterials. This technique was invented by 

the Muslim scientists, as the Muslims are not permitted to utilize gold in arty 

demonstrations; so they found a method for generation of a similar outcome without gold 

being usied (Michael, 1857). 

 In recent times the production of monodispersed NPs with diverse dimensions and 

characters has been a challenge. Metallic NPs are predominantly remarkable at system 

present in nanoscale due to its ease in synthesis and chemical modifications. 

Physicochemical, electronic and optoelectronic properties of metallic NPs are determined 

by their crystallinity, shape and size,  Special procedures are carried out to create metal 

NPs, which encompass Chemical, Physical, and Biological procedures. In Chemical 

procedures unsafe substances such as poly-N-vinyl pyrrolidone (PVP), sodium 

borohydride, tetrakish-hydroxymethyl-phosphonium chloride (THPC) and 

hydroxylamine have been used for the synthesis of NPs. Physical procedures such as 

lithography, UV irradiation and aerosol formation are considered friendly to 

environment; nevertheless the use of such noxious chemicals is still a matter of 

imperative concern because these toxic chemicals inhabit on the surface of the NPs and 

adversely affect their applications in clinical field. That‘s why, the bioinspired method of 

NPs preparation is preferred to get clean, nontoxic biocompatible and ecofriendly NPs 

(Amit et al., 2013). 

 In the previous decades prokaryotic organisms were mainly used for the formation of 

metal NPs by bioabsorbing and bioreducing the metal ions which are toxic to non-toxic 

salts of the metal, however in the recent trials it was confirmed that the eukaryotic 

organisms like plants, diatoms, algae, and cells of humans can be successfully exploited 

for the synthesis of metal NPs, as they have the ability to transform the metallic ion to 

metallic NPs. The higher organisms have complex genetic materials, which encodes for 

variety of reducing and stabilizing agents to intermediate the bioinspired production of 

metallic NPs. 

http://en.wikipedia.org/wiki/Muslim_world
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Autotrophic eukaryotes like plants fix the solar energy in the process of 

photosynthesis and convert the inorganic corbon to organic materials, on the other side 

the heterotrophic eukaryotes for example humans use these organic materials for their 

growth and other activities of life. The eukaryotic life in land-dwelling environment 

predominantly encompasses auototrophs in form of plants and aquatic environment 

contain diatoms and algae, and these orgainsims can be used for the preparation of NPs 

through green chemistry (bioinspired synthesis).  This bioinspired synthesis of the NPs 

through eukaryotes is the alternative approach to synthesis through chemical processes, 

and is the most recent achievable way of bridging biotechnology and material science in 

the developing field of nanobiotechnology. The biological entities provide more 

components for easy and greener synthesis of NPs which makes nanobiotechnology more 

effective against conventional disciplines of science and that‘s why the rich biodiversity 

in the biological entities should be manipulated for creation of functional NPs 

(Narayanan and Sakthivel, 2010). The growth of biologically inspired experimental 

procedures for fabrication of NPs is rising into a major division of nanotechnology 

(Ahmad et al., 2002; Shankar et al., 2004). Presently, there is a mounting need to build up 

environment-friendly NPs with no use of any toxic chemicals during the process. 

Therefore the nanobiotechnologists have bowed to biological systems for synthesis of 

nanomaterials (Shankar et al., 2004).  

 Recently, living cells have been manipulated to create NPs. AgNPs were produced 

extracellularly by a fungus called A. fumigates (Mann 1996). AuNPs and AgNPs can also 

be synthesized by numerous other fungal strains and by a number of bacterial strains 

(Phillip et al., 2006). Besides microorganisms Plants can also be utilized for the 

fabrication of NPs. Numerous floras have been effectively fabricated for the inventive 

and rapid creation of gold and silver NPs extracellularly, for example, different solvent 

extracted samples of leaves of P. graveolens, C. flexuosus (Shankar et al., 2003), A. vera 

(Chandran et al., 2006) have been employed for the synthesis of NPs. The application of 

plants in production of NPs has been accepted as one of the substitutions for conventional 

procedures. In current times, investigations on plant life to create NPs have gone through 

the astonishing innovations with specific focus on controlling the size and shape of the 
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NPs. Plants have well documented natural phenomenon of tolerating the heavy metal 

stress and this extraordinary property has been manipulated for the synthesis of NPs 

(Iravani, 2001). Plants based formation of NPs is because of the occurrence of biological 

molecules such as protiens in form of amino acids, polysaccharides, vitamins, terpeniods, 

polyphenols, and many organic acids for example citric acid etc. which are present in the 

plants as phyto-chemicals. Besides the production of NPs, these phyto chemicals also 

have stabilizing effect on the synthesized NPs resulting in ideal size and shape. Research 

readings have demonstrated that these phytochemicals are not only responsible for the 

production of NPs; nonetheless also have a role in the capping of NPs for their 

stabilization (Collera et al., 2005; Jagadeesh et al., 2004). 

Characterization is crucial for understanding the control and applications of NPs. It is 

carried out by using a range of particular techniques, mainly related to material sciences. 

General techniques used for characterization are ultraviolet-visible spectroscopy, TEM, 

SEM, AFM, XPS, MALDI-TOF, DLS, FT-IR XRD and NMR. Mainly these techniques 

used for the characterization of NPs are based on light; however non-optical 

characterization of NPs is also carried out by a technique called TR-PS has been invented 

which facilitates the immediate dimensions of size, surface charge and concentration for 

a large range of NPs (Prime and Whitesides, 1991).  

 In modern world, Nanobiotechnology has widespread applications especially in 

terms of NPs. Many drugs developed are facing problems in efficient utilization and 

delivery to its specific target site (Page-Clisson et al., 1998). Many microorganisms are 

developing resistance against the antibiotics used in modern medicinal practices. To 

overcome this problem NPs are prepared and are used efficiently as drug carriers. The 

drugs used in modern medicinal practices have many side effects and the microorganisms 

especially Bacteria is developing resistance against these drugs, so it is becoming the 

need of the day that newer drugs should be developed and Nanobiotechnology is one of 

the greatest developing fields in contemporary science and technology, which is helping 

efficiently in the development of newer drugs. This promising area of research interlinks 

different fields of science such as chemistry, physics, and biology. Nano-Technology 

which is now-a-day called as Nano-Biotechnology is playing a key role in the 

http://en.wikipedia.org/wiki/Materials_science
http://en.wikipedia.org/wiki/Ultraviolet-visible_spectroscopy
http://en.wikipedia.org/wiki/Tunable_Resistive_Pulse_Sensing
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development of these new drugs. In the previous twenty years wide-ranging research has 

been conceded out to build up new medicines from bioproducts due to the development 

of resistance to the current medications. Natural sources of products are currently being 

engaged in clinical practices (khan et al., 2013). It is acknowledged that nanotechnology 

has been developed at numerous levels for the production of nanomaterials, medical 

devices like biosensors and nanosystems for a lot of biological applications (Collera et 

al., 2005). 

For biological uses of the NPs, the external layer must be polar for enhanced water 

solubility and to keep away the particles from aggregation. Extremely charged coatings 

are used in serum or on the cell surface to support due to bindings which are non-specific, 

however PEG coupled with terminal methoxy or hydroxyl groups, which are extensively 

used for stabilization of NPs, resist non-specific interactions (Liu et al., 2010). NPs can 

be associated with bio-molecules which can be employed as identification tags, to lead 

NPs to precise locations inside a body, (Hoshino et al., 2004) precise organelles within 

the cell, (Suzuki et al., 2007) or else to trace explicitly the RNA molecules movement 

from nucleus to cytoplasm or individual protein in cells. Mostly used identification tags 

are streptavidin, monoclonal antibodies, and oligopeptides. These address tags have to be 

ideally covalently bonded to the NP and have to be present in a limited number in each 

NP. Multivalent NPs, having abundant address tags, can accumulate receptors that can 

stimulate signaling pathways in cell, and provide powerful attaching. Mono-valent NPs, 

having one binding site avoid aggregation, and are preferred to track the behavior of 

individual proteins in numerous biosensors (khan et al., 2013). 

Modern biosensors are replacing typical diagnostic techniques and these sensors 

usually contain four parts, ―biological element, a transducer, amplifier and a detector‖ 

(Velasco and Mottram, 2003). The most widely used biosensor is perhaps the convenient 

glucose sensor for insulin dependent patients. Besides this a variety of biosensors have 

been industrialized. The biological molecules used for recognition may include enzymes 

(Lapenaite et al., 2006), antibodies (Ngundi et al., 2006), or nucleic acid (Odenthal and 

Gooding, 2007) which are very specific to the object tested. Recently the biosensors 

produced using NPs are widely employed as bio-recognition systems instead of 

http://en.wikipedia.org/wiki/Polyethylene_glycol
http://en.wikipedia.org/wiki/Streptavidin
http://en.wikipedia.org/wiki/Monoclonal_antibodies
http://en.wikipedia.org/wiki/Peptide
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conventional recognition systems. By exploiting the special optical properties of metal 

NPs, they can be utilized in any recognition system independent of the level of the 

sample. Recognition is conceded by examining the changes in color due to alteration in 

dielectric constant of the medium which is in contact with the NPs, by absorbing the 

molecule in target on the surface. It is well recognized that the vanishing of spectrum of 

the metal NPs is inclined by the dielectric constant of the linked material as well as the 

size, type and shape of metal NPs (Frederix et al., 2003; Kelly et al., 2003). The 

dependence of the apparent vanishing of spectra to any change of the dielectric constant 

at the surface of the NPs is best for biosensors development. Several molecules have been 

immobilized on NPs surface for the antigen detectoin by immobilized antibodies in 

biosensors (Ngundi et al., 2006). 

 

In near past increased advancements have been observed in the field of biomedical 

research for making newer biosensors for quick diagnosis and therapy on many diseases 

especially cancer. In cancer research the main consideration is to conserve the healthy 

tissues during therapy as well as diagnosis. For this purpose photodynamic therapies 

(PDT) are used which uses light absorbing class of chemicals called photosensitisers (PS) 

(Robertson et al., 2009). When PS is excited with light in appropriate wavelength, they 

attain the ability of cytotoxicity and start producing reactive oxygen species (ROS). Due 

to hydrophobic nature of PS, they tend to agglomerate and aggragate which reduces the 

light absorbing capacity of ROS generation. This drawback produces a chance to produce 

third generation PS which is equipped with nanocarrier systems for enhanced and 

targeted drug delivery (Kubin et al., 2005). The gold NPs are specially preferred as 

carriers of PS because of their high compatibility, easy synthesis, resourceful 

bioconjugation, greater capability of drug loading and drug delivery (Lim et al., 2013). 

A variety of AuNPs with better optical properties have been produced which includes 

nanorods, nanowires, nanoplates and nanocubes (Sajanlal et al., 2011). Star shaped NPs 

bearing 3D nanocrystal structure show remarkable optical properties that can be 

autotuned and adjusted. These nanostars are mainly used in bioimaging techniques like 

Localised Surface Plasma Rasonance and Surface Enhanced Raman Scattering (Schütz et 

al., 2011). The NPs have a wide range of biomedical applications besides biosensing and 
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bioimaging like liposome, polymeric NPs, polymer, drug conjucation and 

nanomeidecine. 

 According to the definition of Oxford Dictionary, Medicine is ―The study and 

treatment of diseases and injuries‖ and it also defines the medicine as ―A substance, 

specially a liquid that one drinks or swallows in order to cure an illness‖ (Oxford 

Dictionary, 2013). The WHO defines drug as ―the combination of all the information and 

practices, whether explainable or not, utilized in diagnosis, prevention and eradication of 

mental, physical, or social inequality and based on practical understanding and 

observation passed from generation to generation, whether verbally or in writing" (WHO, 

2000). Throughout the history of mankind plants were used as medicine for curing and 

preventing diseases. Analysis of the fossil records of humans shows that humans have 

been using plants as medicine back to 60,000 years (Solecki and Shanider, 1975). More 

than 65% of the world‘s population is using the traditional medicines of plants in this 

modern era (Farnsworth, 1985). Due to the unwilling side effects of the modern 

allopathic medicine, a greater population of the world is converging on the use of 

traditional medicine which is extracted from plants (Ríos et al., 2005).  

According to the report of World Health Organization (WHO. 2002), 60-70% of the 

world population seeks advice of conventional practitioners for the use of medicinal 

plants to lessen their diseases. In South Asian subcontinent a large quantity of medicinal 

plants is used from a very long time. A WHO survey revealed that the traditional 

practitioners called locally as ―Hakeems‖ in Pakistan are engaged in treating almost 60% 

of the population in Pakistan. The survey also showed that these practitioners treat 65% 

patients in Srilanka, 80% patients in India, 60% patients in Indonesia, 85% patients in 

Myanmar, 75% patients in Nepal, and 90% patients in Bangladesh. The traditional 

practices in Pakistan are particularly carried out in rural areas.  

Plants having medicinal activities produce different bioactive chemical compounds 

which are used in the treatment of different human and animal diseases. Medicines 

derived from plants or plant products represent the integral part of conventional medical 

practices in countryside areas. Consequently, therapy with the help of plants is 
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experienced by a huge populace for the healing of numerous mental, physical, corporal 

and common deseases. To promote the appropriate utilization of plant related drugs and 

to discover their possible mean as a source for drugs which are novel, it is very important 

to carry out research in the field of medicinal plants in an organized manner (Schopen, 

1983; El-Faky et al., 1995; Awadh et al., 2001).  

Over the last twenty years a great interest has been developed in the investigation of 

chemicals of naturalized, native plants for nutritional and pharmaceutical purposes (Ho et 

al., 1992; Oktay et al., 2003; Wangensteen et al., 2004) with the identification of the 

products resulting from plants which have unlimited possibility to be the sources of 

pharmaceuticals (Cragg et al., 1996). Flowers, roots, leaves, stems and plant as a whole  

are used for obtaining phytochemicals and these natural chemicals are utilized as 

medicine for healing of several diseases. 

In recent decades an intensive research has been carried out for obtaining chemicals 

with substantial antimicrobial properties. It is well documented that plants produce 

particular phytochemicals which can be lethal to fungi and bacteria (Harborne, 1988). 

These chemicals are for the defence of the plant and belong to a broad variety of diverse 

classes of chemicals, including isoflavonoids and flavonoids. Biflavonoids in mosses are 

described as potential chemical barriers depending it from bacteria and fungi. A lot of 

studies have revealed that the use of antioxidants such as Ascorbic acid (Vitamin C) 

minimizes the risk of cancer and heart diseases (Marchioli et al., 2001). It is more likely 

to minimize the risk of chronic diseases and to prevent the onset of diseases by either 

boosting the natural antioxidants present in the body or by providing established 

antioxidants in diet (Stanner et al., 2004). Several other studies also revealed that 

phenolic compounds, especially from a few medicinal plants are bioactive and safe, and 

have antioxidant potential and also exhibit antibacterial, antiviral, antimutagenic, 

antitumor, anticarcinogenic, and anti-inflammatory activities (Ozgová et al., 2003). This 

is the reason that in current decades, specific consideration has been concentrated on 

plants with antioxidant potential which can be useful for human consumption.  
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 A large diversity of medicinal plants are consumed worldwide by about 80% of 

the world population, even though in most of the cases no scientific investigations have 

been conceded out to verify the effectiveness of the used plants whch are medicinal. 

Taking into consideration, most of the current western medicines are obtained from 

traditional medicinal plants of Mediterranean, European, and Arabic origin; the diversity 

of plants used around the globe represents a vast treasure for drug production. The 

immunity is susceptible to oxidative stress. In many diseases, as well as in aging, there is 

a requirement to improve the antioxidant abilities, so improving the immune machinery is 

necessary (Harekrishna, 2009).  

 The antioxidants defend and motivate the immune cells against disturbances in 

homeostasis (Kalaiselvan, 2012). The activation of cancer causing chemicals in 

metabolism is dependent on free radical. Damage to DNA is carried out by free radicals 

and plays a key role in carcinogenesis (Intizar and Afrasiab2013). The highly cancer-

inducing oxidative injury can be prevented or restricted by nutritional antioxidants 

originated in vegetables and fruits. These vegetables and fruits have balancing and 

overlapping mechanisms of action, together with scavenging of oxidative agents, immune 

system stimulation, gene expression regulation in cell propagation and apoptosis, 

hormone metabolism, antiviral effects and antibacterial effects (Waladkhani and 

Clemens, 1998). 

 Many medicinal plant species are endangered now and some are at the verge of 

extinction. The data on the preservation condition of these plants have variations. Nasir 

(1991) acknowledged that more than 580 flowering plants are endangered. Choudry and 

Qureshi (1991) listed 709 endangered species. The rate of extinction of these plants 

species has reached one a day due to over collection and over grazing, and this rate is 

considered as 1000-10,000 times greater than natural phenomena of selection and 

extinction of the plant (Hilton-Taylor, 2000; Akeroyd, 2002). It is accepted that if the 

process is continued in the same way, the rate of the extinction of the plants will be 

increased and almost 60000 to 10, 0000 species may disappear in the next few decades 

(Akeroyd, 2002; Bramwell, 2002). In Pakistan many medicinal plant species are 

endangered. Red list of IUCN (2008) reported 19 endangered flowering plants. Ali and 



10 

 

Qaiser (2012) declared 21 flowering plants threatened in Pakistan. According to IUCN 

Red List Categories and Criteria (Anonymous, 2008), no significant studies have been 

carried out on endangered plants of Pakistan as very little information is available on this 

subject. 

 The techniques of Tissue Culture have an imperative position in the field of 

Agriculture and Biotechnology. The modern technology of Tissue Culture is widely used 

for commercial production or micropropagation of best planting material with 

advantageous uniqueness. This technology is also used for the designing of specific 

protocols to ensure the production and reproduction of endangered species of plants. 

Tissue culture technology is now been internationally acknowledged as key for the 

improved fabrication of high quality planting material. The development of 

Micropropagation techniques has great effects on the improvement of medicinal plants. 

This technique is important for swift initial release of novel varieties preceding to 

multiplication by conventional methods (Drew, 1980).  This technique is also used for 

germplasm storage to maintain the disease free stock in controlled environmental 

condition (Kartha et al., 1980). 

 P. hydaspidis represents the family Asclepiadaceae. The plant is a twirling 

climber, normally has no leaves while its branches are flat, green in color and have 

diameter of 1.5 mm. If the Leaves are present, are linear or lanceolate; nerves in leaves 

are obscure, petiole 1-2 mm long. Flowers are in lax axillary trichotomous cymes. Bracts 

are ovate, deciduous or persistent. Calyx is 5-lobed and the lobes are 1-1.5 mm long, 

ovate, blunt, ciliate. Corolla lobes are 2.5 mm long, yellow, oblong-lanceolate, glabrous 

outside, villous inside, corona yellow, of five filiform hairy processes Follicles are 7.5 cm 

long. The number of seeds in one coating is 10-50. Flowering is perennial and usually 

occurs in September-October (Appendix 1). Locally the plant is called as Taroona and is 

used as purgative (personal communication with local people). This plant is usually 

found in Swat, Pakistan at altitude of 850m to 1600m. Other species of the family like 

Periploca aphylla, Periploca calophylla etc are found in Kashmir and India (Ali, 1983). 
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Objectives of the study 

1. To Bioinspiredly synthesize and Characterize AuNPs and AgNPs of extract of P. 

hydaspidis  

2. To investigate anti-bacterial, anti-fungal and anti-oxidant activities of different 

extracts of P. hydaspidis. 

3. To investigate anti-bacterial, anti-fungal and anti-oxidant activities of AuNPs and 

AgNPs of P. hydaspidis. 

4. To evaluate different extracts of the plant qualitatively. 

5. To develop micro propagation protocol for the endangered species. 
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II. REVIEW OF LITERATURE 

Nanobiotechnology and NPs 

Nanobiotechnology has more focal points over other customary procedures 

because of the accessibility of more parts by organic elements for the development of 

nanostructures (Prabhu et al., 2010). The rich biodiversity of such organic substances 

ought to be investigated for the preparation of bionanomaterials. Molecular cloning and 

hereditary building of qualities encoding particular compounds or segments that intervene 

the bioreduction of metals can be investigated to advance levels for the simple creation of 

nanomaterials (Krutyakov et al., 2008). Uptill now, different autotrophic eukaryotes, for 

example, plants or microorganisms and heterotrophic organisms like human cell lines and 

some biocompatible substances, which are viewed as intense ecofriendly green 

nanofactories, have been utilized widely for the creation of different inorganic NPs 

(Linga Rao and Savithramma, 2011). 

The utilization of AuNPs goes back to the sixteenth century for both therapeutic 

and recoloring purposes. In this way, AuNPs have set up application in scientific 

strategies, for example, colorimetric methods for the determination of metal particles in 

fluid arrangements (Armendariz et al., 2002). AuNPs have the ability to catalyze diferent 

reactions for example, the reaction of the shift of water gas and specific oxidation of CO 

(Hutchings and Haruta. 2005). They have also a great role in the creation and 

manipulation of sensors (Yanez-Sedeno and Pingarron, 2005). In natural sciences like 

biology, AuNPs are utilized for the preparation of biosensors, DNA or RNA labels (Tang 

et al., 2006) and in the field of medicine, AuNPs are used to produce electrical 

instruments which are functional and transmit current better then instruments without 

NPs for diagnosis of different diseases (Singh et al., 2006). 

Biosynthesis of AuNPs is an efficient and result oriented protocol but it is an 

expensive process. Alternatively Silver (Ag) and Copper (Cu) nanoparicles are 

synthesized. Linga and Savithramma (2011) Biosynthesized AgNPs utilizing extracts 

from stems to reduce the silver ions instantly. They confirmed the formation of AgNPs 

by observing the change in color of the extract of the plant and further confirmed the 
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results with the help of UV-Vis spectroscopy. They carried out antibacterial and 

antifungal experiments in petriplates using disc diffusion stratigy. The activity was 

measured by calculating the zone of inhibition. The AgNPs incorporated from stems 

concentrate of S. hyderobadensis indicated moderate action towards E. coli, Klebsiella, 

Bacillus and Proteus species and exceptionally lethal to Pseudomonas.  The outcomes 

demonstrated that the biologicaly combined AgNPs might have a vital point of preference 

over routine anti-infection agents. The techniques which are used for characterization of 

NPs include UV-Vis spectrophotometer, SEM, TEM, XRD, DLS, FT-IR and AFM. 

The NPs have a wide range of applications in modern-day world. Zhang (2015) 

reported that nanotechnology has particular application in the area of medicine and 

Physics. Nanostructures, having size analogous to several biological molecules, exhibit 

diverse physical and chemical properties in comparison to large and small molecules and 

can be utilized competently in bioimaging and biotherapy. AuNPs are comparatively 

passive in natural environment. They also have a variety of physical properties that are 

appropriate for numerous biomedical applications. For example, AuNPs have 

successfully been engaged in activating localized hyperthermia for the annihilation of 

tumors or computed tomography imaging, radiotherapy for cancer, photodynamic 

therapy, as drug carriers to tumors, bio-labeling throughout single particle detection by 

electron microscopy and in photothermal microscopy. Latest developments in synthetic 

nanochemistry put together it to make AuNPs with accurate control over properties like 

physicochemical and optical properties that are preferred for detailed clinical or 

biological applications. Due to the accessibility of a number of methods for simple 

alteration of the exterior of AuNPs for a ligand attachment, drug or other targeting 

molecules.  

Weingart et al., (2014) reported that NPs, because of their size-dependent 

chemical and physical properties, have showed extraordinary potential for a wide range 

of applications in the last few decades. Principally, the biological functions and 

compatibilities of NPs have been comprehensively considered for intensifying their 

potential in fields of biomedical applications such as biosensing, bioimaging, and drug 

delivery. In doing so, surface functionalization of NPs by introducing natural 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Weingart%20J%5Bauth%5D


14 

 

biomolecules and synthetic ligands has turned out to be a significant constituent in 

regards to the general performance of the NP systems for its upcoming use. Example of 

the surface functionalization are the production of a synthetic cell membrane structure, 

which have demonstrated successful and enhanced biocompatibility and have developed 

into an efficient substitute to other conventional modifications, such as direct polymer 

conjugation. They also reported that some bioactive molecules can be immobilized on the 

exterior of phospholipid platforms to produce displays of cellular surface components. As 

a consequence, NPs with membrane-mimetic displays have initiated its use in drug 

delivery, biosensing and bioimaging.  

The NPs have wide range of applications in the field of drug delivery. Kompella 

et al. (2014) reported that Conventional routes of drug delivery for restorative healing are 

hindered by poor penetration or rapid elimination. One probable approach is to improve 

the therapy by employing nanotechnology. Nanomedicines which are products of 

nanotechnology include NPs, nanotubes, micelles, and dendrimers, with targeting 

ligands. These types of medicines have a significant role in the fields of drug delivery, 

gene delivery, and bioimaging. They further reported that nanobiotechnology has a wide 

range of applications like bioadhesive nanomedicines, functionalized nanomedicines, 

payload nanomedicines, gene transfection nanomedicines, nanowires for retinal 

prostheses etc. They elaborated that though the nanomedicines may be given by 

numerous routes including suprachoroidal, intravitreal, topical, intravenous, transscleral, 

and subretinal routes, each nanomedicine must be adopted for the disease, drug, and site 

of administration.  

Medicinal plants 

Distinguishing and immense multiplicity of MAPs are limited to small geographic 

region owing to difference in landscape, height above sea level and atmosphere (Sher and 

Hussain, 2009). Furthermore, different factors have an effect on the preservation of the 

valuable flora. The utmost significant issues of these are (1) transformation of orgnic 

environment into cultivation land has significantly shortened the populace bulk of many 

MAPs, (2) water and soil because of erosion, (3) excessive growth in population of 



15 

 

humans, and (4) waste of natural resources. As a result, many precious species of MAPs 

have turn out to be rare and endangered. The traditional practice of gathering MAPs is 

extremely indefensible (Palmer, 1987; Olsen and Larsen, 2003). There are assured 

hindrances in sustainable consumption of MAPs. The most essential of these are absence 

of tenure esources and possession, acceptance of maintainable use and administration 

parameters, reaping and gathering strategies and data of business sector necessities. 

What's more, exploratory comprehension of populace size, dispersion, accessibility and 

profusion of plant species and their interface with various stochastic is required 

appropriately (Radusiene and Janulis, 2004). 

Medicinal plants and medicine 

Medicinal flora plays a determined part in global health. These are found across 

the globe; anyhow they are most plentiful in humid lands. It is described that around 25% 

of all current medicines are indirectly or directly resulting from plants (WHO, 2005). By 

definition, a herb is a whole plant or a part of a plant having therapeutic, aromatic, or 

palatable behavior. The use of herbs or herbal products for therapeutic or restorative 

value is known as Herbal medication or herbalism (Nostro et al., 2000). Herbs are the 

spring of a number of chemical compounds vetted for their antimicrobial activities, and 

those compounds which exhibit medicinal improvement are referred to as ―active 

ingredients‖ (Hajji et al., 2009; Sher and Hussain, 2009; Bakht et al., 2011).  Herbal 

products are made from any part of the plant but generally leave, roots, bark seeds, and 

flowers are used for this function. These are consumed, swallowed, drunk, inhaled, or 

applied to the skin (Akerele, 1993; WHO, 1990). 

Antimicrobial activities  

 Shaikh, B.T. and J. Hatcher, (2005) reported that in the previous couple of 

decades, the search for novel anti-biotics has drawn the attention of many scientists in the 

field of ethnopharmacology. In various articles on the antimicrobial action of medicinal 

plants in PubMed for the duration of 1966 to 1994, they discovered 115 therapeutic 

plants, however, in the following decade somewhere around 1995 and 2004, this figure 

turn out to be more than twofold and came to 307. the literature have established an 



16 

 

extensive  criteria, some concentrate on discovering the antimicrobial action of the 

extracts of the plant  found locally. Many compounds like essential oils, flavonoids, 

alkaloids, , lactones, sesquiterpene  triterpenes, diterpenes,  or naphtoquinones have been 

isolated and characterized for differnt sort of acitivities. secondly some concentrates on 

the extracts of the plants for Green and Biosynthesis of NPs while some more others are 

intersested in the activities of Biosynthesized NPs as antibacterial, anticancerous, 

antsoxidant, cytotoxic and phytotoxic have demonstrated for these NPs. (Bakht et al., 

2011). A portion of the aforementioned compounds and NPs were isolated by bio-guided 

segregation, taking after the targeted antimicrobial action with respect to the plant. 

Subsequent studies concentrate on the normal vegetation of an exact region; the third 

noteworthy combination of papers includes particular investigations on the action of 

extracts of the plant or they include guidelines on physical pathalogical microorganism. 

Some broad contemplation must be perceived for the investigation of the antimicrobial 

action of plant concentrates, particularly the antimicrobial activities of biosynthesized 

metal NPs.  

Zaidan et al. (2005) conducted research on the methanolic extracts of different 

plants of Malaysia to establish the antimicrobial activity through disc diffusion method, 

the strains used were A. paniculata, V. negundo, M. citrifolia, P. sarmentosum, and C. 

asiatica, Methicillin Resistant S. aureus, S. aureus, K. pneumoniae, P. aeruginosa and E. 

coli. These researchers reported that none of the extracts exhibited antibacterial activity 

against gram negative E. coli and K. pneumoniae, with the exception of A. paniculata and 

P. sarmentosum which indicated activity towards P. aeruginosa. A. paniculata being the 

most strong at MIC of 2μg/disc A. graveolens L., F. vulgare M. and T. permumammi L. 

are frequently used as traditional therapeutic plants for the treatment of several disorders. 

To deliver a scientific foundation to customary usages of these medicinal plants, Kaur 

and Arora (2009) studied their organic and aqueous extracts of seed; in addition, isolated 

phyto-constituents were assessed for their antibiotic activity. The acetone and water 

extracts of seeds of their target plants presented significant antibacterial activity against 

all the bacterial strains used with the exception of K.  pneumoniae and one strain of P. 

aeruginosa.  
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Fatimi et al. (2007) studied 90 methanolic and aqueous extracts from 30 different 

medicinal plants practiced in the ethnomedicine of Yemen for treatment of many 

deseases. They studied the plants for for their activities both against Gram positive Gram 

negative bacteria, while thay also demonstrated their antifungal potential agianst human 

fungal pathogenic strain. Maximum plants they studied were active against all the 

bacterial and fungal strains used. Extracts from T. indica flowers and F. vasta fruits were 

the most active.  

Antioxidant activity  

Taylor et al, (2013) reported that phenolic compounds of different plants are 

essential for human diet because of their antioxidant activities. With one or more 

hydroxyl groups these compounds have a ring like structure. Their structures vary from a 

simple phenolic molecule to that of a composite high-molecular weight polymer. The 

phenolic compounds are naturally synthesized in plants and the antioxidant activity of 

these compounds is dependant on the structure, particularly the positions and number of 

the hydroxyl groups. Vegetables, beverages and fruits, are the main sources of phenolic 

compounds in the diet of humans (Akrele Pp 28, 13). The industries which process food 

and agricultural products create considerable amount of byproducts rich in phenolics that 

might be significant natural sources of antioxidants. Certain of these byproducts are 

under studies and many of them have been confirmed as a source of antioxidants. When 

they were tested in edible oils, fish, red meat and poultry products, phenolic-rich extracts 

have shown antioxidant activities equivalent to that of man-made antioxidants (Iqbal et 

al., 2012) 

The antioxidant potentialbof P. laevigata roots extracts attained with polar and 

nonpolar solvents were studies by Mohamed et al. (2009) using assays of DPPH radical-

scavenging effect, capacity to reduce the ferric ions, β-carotene bleaching ability, lipid 

peroxidation inhibition and hydroxyl radical-scavenging activity. They showed that crude 

extract, have the maximum antioxidant potential in all assays, followed by the water 

extract.  
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Insectidal and Phytotoxic (herbicidal) activities  

Pests and weeds are one of the greater problems for all kind of crops. Certain 

pesticides and weedicides are developed chemically but these chemicals are potential 

threat to the environment. Akhtar et al., 2000 and Rehmanullah et al., 2012 demonstrated 

the phytotoxic, cytotoxic and insecticidal potential of the methanolic extracted sample of 

C. arvensis against L. minor, A. salina (Brine shrimps) larvae and particular grains pests. 

They reported that C. arvensis showed toxicity which was dependent on the dose for L. 

minor, exhibited a lesser amount of toxicity at 10μg/ml and 100μg/ml and moderate 

toxicity at 1000μg/ml. The LD50 value moderate cytotoxicity level was calculated to be 

9.23μg/ml against the larvae of brine shrimps. The activity against different insects was 

dependent on the dose as well, whereas the insects exhibited vulnerability to a variable 

extent to the similar treatments. C. analis remained the most vulnerable pest with LD50 

0.51mg/ml, while T. granarium remained the most resistant pest when compared to the 

all five tested insects with LD50 90.50mg/ml. 

Lungu et al. (2011) demonstrated the phytotoxic potentials of aqueous and 

alcoholic extracted samples taken from different parts of M. azedarach L. and L. sativa L. 

They used Ultrasonic and classic reflux methods for extraction of vegetable material. 

They noted the inhibitory effect on the germination of the seeds and on seedling growth 

and found out that it is varied with concentration and extract type. Therefore, fruit extract 

demonstrated maximum inhibitory effect followed by leaves extract and leaves. They 

further reported that ethanolic extracted samples obtained by reflux method exhibited a 

considerable inhibitory potential on lettuce seeds germination and on seedlings. 

Qualitative and quantitive analysis 

The sensitive technique of GC-MS is carried out to define the composition of 

different solvent extracted samples of a plant. Mohamed et al. (2009) reported thirty-four 

different compounds in the crude extract of P. laevigata, which also include proflavine 

(516.2 g kg
−1

 dry matter (DM)) and 4-methoxysalicylaldehyde (198.3 g kg
−1

 DM) in 

plentiful amount. More than 16 compounds were recognized in the extract obtained 
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through water, of which 4-hydroxy-3-methoxyphenethylene glycol (351.2 g kg
−1

 DM) 

was the main component. 

Agbor et al., 2004 reported that compounds like Flavonoids, Phenols and tannins 

etc are created by the plants and can be detected qualitatively through different tests and 

quantitiavely through Gas Chromatography (Vinson et al., 1995; Tiger, 1980; Okwu, 

2006; Ramkumar et al., 2007). These bioactive compounds can be derived from any 

fraction of a plant like roots, stems, bark, leaves, flowers, seeds etc. and these fraction 

may contain these compounds in high or low amounts (Ara and Nur, 2009; Ayodele, 

2003). 

Micropropagation 

Micropropagation is defined as ―the course of asexual reproduction by 

multiplication of genetically alike replicas of individual plants‖. The asexual proliferation 

of plants has faced many glitches i.e. labour-intensiveness, little productivity and 

difficulties due to seasonal variations. To overwhelmed these complications scientists 

introduced an innovative method for propagation of plants known as ―tissue culture 

method‖ or ―micro-propagation‖ (Gilani et al., 2009; Sheeba et al., 2010). Micro-

propagation employs the culture of meristems, axillary buds and apical shoots on 

appropriate medium with nutrients to produce new plants .The renaissance of sprouts in 

tissue culture was first reported by Murashige in 1974.   

P. hydaspidis is a reported endangered species in Pakistan (Humayun et al., 

2006). In vitro conservation of germplasm is a better technique to protect species and to 

reduce the danger of natural caprices (Ahmed et al., 2010). Ahmed and his coworkers 

stated that inoculation of nodal explants on MS media, comprising of diverse 

combinations and concentrations of auxins, yields numerous shoots; and that containing 

IBA only produces a few number of roots. They also reported that approximately 90% of 

the in vitro Micro-propagated plants were healthy and suitable for propagation. 
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III.  MATERIALS AND METHODS 
 

Collection and identification of plant material 

 The proposed study was conducted at the ‗Institute of Biotechnology and Genetic 

Engineering, The University of Agriculture, Peshawar-Pakistan‘ and ‗International 

Centre for Chemical and Biological Sciences, Hussain Ebrahim Jamal Research institute, 

The University of Karachi-Pakistan. Plant specimen was collected from different parts of 

Swat valley of Khyber Pukhtun Khwa (KPK) province of Pakistan especially from the 

mountains of Madyan and Marghuzar area. The plant was identified by plant taxonomist, 

Prof. Mehboob-ur-Rahman of the Department of Botany at Government post Graduate 

Jahanzeb College, Swat (KPK).  

Bioinspired synthesis and characterization of AuNPs and AgNPs  

AuNPs and AgNPs were synthesized and characterized according to the following 

protocol following Ateeq et al., 2015 with some modifications. 

Cleaning of the vessels 

 

All the glass wares used for the synthesis of AuNPs and AgNPs were washed with 

aqua- regia and deionized water to get rid of any traces of metal contaminants. 

 

Preparation of plant extract 

 

For the synthesis of AuNPs and AgNPs, 20g of dried grinded material of P. 

hydaspidis plant was soaked in 50ml of deionized water for 24 hrs. The soaked plant 

material was boiled for 15 min to get the extract. The obtained extract was filtered 

through Whatman No. 1 filter paper and was collected in amber color bottle. The filtrate 

was used for the synthesis of NPs. 

 

Procedure for biosynthesis of the NPs 

One mM AuCl3 solution was prepared and stored in amber color bottle. Fifteen 

test tubes were added with 1ml of the plant extract. To these test tubes 1 mM AuCl3 

solution was added drop by drop with constant stirring at room temperature at the ratio of 
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1:1, 1:2 up to 1:15. All the test tubes containing solution were incubated at room 

temperature for 48 hrs. The color change of the extract from yellow to brown indicated 

the formation of AuNPs (Ateeq et al., 2015). The same process was carried out for the 

synthesis of AgNPs. 

Characterization of the biosynthesized AuNPs and AgNPs 

For the characterization of the Biosynthesized NPs, the following processes were 

carried out (Ateeq et al., 2015).  

UV-Visible spectrophotometric study 

All the solutions in the test tubes of both the AuNPs and AgNPs were subjected to 

UV-Visible spectrophotometric study. The reduction of gold and silver ions was 

monitored through UV-Vis spectrometry in the reaction solution. The AuNPs solutions 

were diluted with deionized water in the ratio of 1:2 while the AgNPs solutions were 

diluted with deionized water in the ratio of 1:1. The whole scan of the samples was 

carried out from 100nm to 1100nm and the data was recorded in form of scanning graphs. 

The UV-Vis spectral analysis was carried by using UV-Vis spectrophotometer (UV 

Probe, version 2.42 of Shimadzu, Japan) (Ateeq et al., 2015). 

Atomic force microscopic (AFM) analysis 

To elucidate the size of the synthesized AuNPs and AgNPs using P. hydaspidis 

plant extract, topographic images were taken using a high resolution Atomic force 

microscope (AFM) at International Centre for Chemical and Biological Sciences, 

Hussain Ebrahim Jamal Research institute, The University of Karachi-Pakistan. Agilent-

5500 AFM, made in Japan, operated in tapping mode was used. Sample was prepared by 

dissolving a drop of NPs on the surface of mica and was allowed to evaporate at ambient 

conditions. For imaging the sample was kept in the microscope and the data was recorded 

in form of images through the software of the microscope (Ateeq et al., 2015). 
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X-Ray diffraction (XRD) analysis 

The synthesized AuNPs and AgNPs were freeze dried separately using Freeze 

dryer (Snidjers Scientific, Model LYSFME, Holland). One gram each of freeze dried 

AuNPs and AgNPs was taken separately and smeared uniformly onto a glass slide, 

assuring a flat upper surface to achieve a random distribution. The particle sizes and 

crystallite nature of the NPs were determined through X-Ray diffractometer by step 

method at Centralized Resource Laboratory, University of Peshawar, Pakistan. The X-

Ray diffractometer was equipped with target source of Cu having tube voltage of 40 kV, 

1 degree divergence slit, 2 degree scattering slit, 0.2 mm receiving slit and 2theta 

ordinary mode with 2sec count time. The data was recorded in the form of graph and 

table and was analyzed through Origin pro 8 software. The crystallite size for both the 

AuNPs and AgNPs was calculated separately using Sherrer‘s equation. 

Dp= 0.94λ/β1/2cosθ 

Where Dp is average crystallite size, λ is X-Ray wavelength, β represents line broadening 

in radians and θ is Bragg‘s reflection angle (Valentina and Minaev, 2014). 

Fourier transformed infrared (FT-IR) spectroscopy 

FT-IR analysis was carried out at the International Centre for Chemical and 

Biological Sciences, Hussain Ebrahim Jamal Research institute, The University of 

Karachi-Pakistan by FT-IR spectrophotometer (Shimdzu IR-460, Japan). The plant 

sample and the sample containing AuNPs were freeze dried separately and analyzed 

through FT-IR. The various modes of vibrations were identified to determine the 

different functional groups present in AuNPs. The same process was repeated for AgNPs 

following Dubey et al. (2013). 

 

Stability study of the NPs 

  The stability of the NPs synthesized was checked against salt, temperature and 

pH stresses (Ateeq et al., 2015). The salt used was analytical grade Sodium Chloride of 

Sigma Aldrich, for pH adjustments HCl and NaOH were used. 
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Salt stress 

The NPs synthesized were subjected to salt stresses of 1M, 100mM, 10mM and 

1mM. The salt used was ultra pure analytical grade NaCl. The solutions were prepared in 

deionized water. One ml of NPs solution was mixed with 1 ml of salt solutions (1:1) in 

different test tubes and was overnight. Reading was taken using UV-visible 

spectrophotometer. The data was recorded in form of scanning graphs. 

 

Temprature stress 

The NPs synthesized were subjected to heat stress by keeping the flasks on hot 

plate. A thermometer was used to monitor the rise in temperature. The samples were 

isolated at the temperature range of 20ᴼC to 80ᴼC and were checked using UV-visible 

spectrophotometer. The data was recorded in form of scanning graphs. 

 

pH stress 

The synthesized NPs were also subjected to acidic pH stress and basic pH stress. 

One molar solution of acid was prepared by combining 68.8 ml HNO3 in 1000 ml 

deionized water while 1 M solution of base was prepared by liquefying 40 gm of NaOH 

in 1000 ml deionized water. The solutions of the NPs were mixed with acidic and basic 

solutions in 1:1 (1 ml of NPs solution was mixed with 1 ml of acidic and basic solutions 

separately). The samples were incubated overnight and next day the readings were taken 

through UV-visible spectrophotometer. The data was recorded in form of scanning 

graphs. 

Preparation of crude extracts of stems and roots 

The plant material was dried in a dark shaded place to prevent the degradation of 

the active phytochemical constituents due to direct sunlight. The plant was then divided 

into stems and roots and made powdered with grinder (Germany, model 3240) separately. 

The crude extract was obtained through the following procedure. 

 Plant material in powdered form was taken in separatory funnel and 300ml 

methanol (Analytical grade) was poured into it. The funnel was kept for 7 days at room 
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temperature and stirred regularly twice a day for thorough mixing. The seperatory funnel 

was kept in dark to protect it from direct sunlight. The methanol extracted samples were 

filtered through Whatman No. 1 filter paper. Fresh methanol (300ml) was added to the 

plant residue and was drenched again for another seven days for further extraction. The 

methanolic solution having soluble compounds was then transferred to rotary evaporator 

for evaporation of the methanol. The methanol was recovered under pressure at 40ºC 

leaving the semi-solid extract, recognized as crude methanolic extract. The entire 

procedure was reiterated three times. The crude extract was weighed and separated into 2 

portions. Ten gram of one portion was established as methanolic extract; whereas the 

other portion (43g) was liquefied in 300ml distilled water and moved to separatory funnel 

for fractionation with other solvents. Firstly the solvent n-hexane was added for this 

purpose to it and was lightly shaken. After shaking, the separatory funnel was allowed in 

the stand in order to separate the water and n-hexane in two layers. The upper organic 

layer was removed and the lower layer was again extracted with fresh n-hexane. The 

process was repeated three times. All extractions of n-hexane were collected in a single 

flask and transferred to rotary evaporator for evaporation of n-hexane to obtain semi-solid 

material. The semi-solid extract was further dried at 45°C in water bath and preserved in 

glass vials. Similar procedure was adopted for ethyl acetate and butanol. The aqueous 

part at the end was collected and dried using rotary evaporator and water bath. Finally 

five different extracted samples namely crude methanol, n-hexane, ethyl acetate, butanol 

and water were obtained. The described procedure was carried out for the stems and roots 

of the plant, separately. The acitivities of the extracts and NPs were carried out according 

to the following procedures. 

Antibacterial activity 

The culture media 

 Nutrient Agar Modified media QUE-LABQB-39-3504 was used for culturing and 

growth of the microbes, Nutrient Broth Modified media QUE-LABQB-39-3504 was used 

for the standardization and shaking incubation of microbes (Bakht et al., 2011). 
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Preparation of media 

Two hundred ml of nutrient agar media (2.8g/100ml) and 200 ml of nutrient broth 

media (1.3g/100ml) were prepared in distilled water in flasks separately. The flasks 

containing the media were closed with aluminium foil and autoclaved (model and made) 

at 15 psi pressure and 121ºC for 15 min.  

Preparation of basal plates 

 After autoclaving the agar media nutrients, was poured in sterile petri plates in 

laminar flow hood (20 ml each plate) keeping the aseptic conditions tightly. The petri 

plates containing the media were allowed to cool for the solidification of the media and 

were then kept at 37ºC for 24 hrs in an incubator. After incubation the petri plates were 

observed for any contamination. The contaminated plates were discarded and the 

uncontaminated clean petri plates were used for bacterial and fungal culturing. The 

nutrient broth media in the flask and test tubes was used for shaking incubation of 

microbes and standardization of microbes respectively 

Microbes used for testing the antimicrobial and fungal activities 

 Different fungal and bacterial strains were used to study the anti-fungal and anti-

bacterial activities of extracts of leaves and roots. The details of the bacterial and fungal 

strains used for testing different extracts of the plant are given in Table 1 and Table 2 

respectively. Both gram negative and gram positive bacterial strains were used to 

elucidate the antibacterial activities. All the fungal strains were obtained from plant 

pathology department, The University of Agriculture Peshawar, Pakistan. 

Anti-bacterial bioassay 

 The antimicrobial activity of different solvent extracted samples and synthesized 

NPs of extract (obtained through boiling) of P. hydaspidis was determined according to 

the methods of Baur et al. (1966). The following procedures were carried out.   

 The nutrient agar media (2.8g/100ml) and nutrient broth media (1.3g/100ml) was 

prepared in flasks. All the accessories containing the test tubes, flasks, micro-pipette tips 
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and the media were sterilized in an automatic autoclave at 15 psi pressure and 121ºC for 

15 min. After preparing the basal plates the next step was the inoculation of microbes. 

For this purpose very minute quantity of microbial culture was obtained through the 

inoculation loop for streaking on culturing media in petri plates in LFH and was 

incubated at 37ºC for 24 hrs. After obtaining primary cultures the following procedures 

was carried out, 

1. It was sub cultured on fresh media plates and was again incubated for 24 

hrs. 

2. The subcultures were later on inoculated in nutrient broth media flasks 

(20ml flask
-1

) and was incubated at 37ºC for 18hrs and shaked at 200rpm.  

3. The bacterial culture in the flask was standardized by dilution in a test 

tube containing nutrient broth media by comparing with turbidity of 0.5 

McFarland standard. 

4. Then 50µl of the standardized culture was spread on fresh nutrient agar 

media plates and kept for some time for absorption. The five different 

solvent extracted samples (crude methanol, n-hexane, butanol, ethyl 

acetate and water), obtained from stems and roots were diluted to three 

different concentrations of 1000ppm ml
-1

, 900ppm ml
-1

 and 800ppm ml
-1

 

in Dimetylsulphoxide (DMSO). After streaking of the standard culture on 

media plates, Whatman no. 1 filter paper discs which were prepared as 

6mm in diameter by a punch machine were placed in a triangular form on 

the petri plates. The crude methanol extracted sample in different 

concentrations was tipped on the discs separately in the amount of 12µl 

disc
-1

. Antibiotics and DMSO in 12µl disc
-1

 was also applied on culture 

plates as positive and negative control respectively. The whole process 

was carried out with extreme precautionary measures in laminar flow hood 

to prevent contamination of the culture and petri plates with other 

microbes and to prevent infections. All the media plates were incubated at 

37ºC for 18-24 hrs. The same process was repeated for all the extracts. 

5.  
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Table 1. Bacterial strains used and their origin 

 

Microbial Species Gram stain type Details 

K. pneumonia Negative Clinical isolate, Quaid-E-

Azam University Islamabad 

Pakistan. 

P. aeruginosa Negative ATCC # 9721 

S. aureus Possitive ATCC # 6538 

B. subtilis Possitive Clinical isolate, Quaid-E-

Azam University Islamabad 

Pakistan. 

E. coli Negative ATCC # 25922 

X. campestris Negative ATCC # 33913 

C. freundii Negative ATCC # 8090 

 

Table 2. Fungal strains used and their origin 

Name of the specie Details of the specie used 

C. albicans ATCC #10231. Plant Pathology 

Department  The University of 

Agriculture Peshawar, Pakistan 

T. reesei ATCC #26921. Plant Pathology 

Department  The University of 

Agriculture Peshawar, Pakistan 

A. alternatum ATCC #60645. Plant Pathology 

Department  The University of 

Agriculture Peshawar, Pakistan 

P. chrysogenum ATCC #11709. Plant Pathology 

Department  The University of 

Agriculture Peshawar, Pakistan 

R. oryzae ATCC # 20344. Plant Pathology 

Department  The University of 

Agriculture Peshawar, Pakistan 
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6. Finally the zone of inhibition was measured in millimeters (mm) and the 

pictures of the plates showing the inhibitory zone were taken with camera. 

7. For the determination of antibacterial activity of the synthesized NPs 

Augistine and Rajarathinam (2011) was followed. Due to small amount of 

freeze dried NPs 500ppm ml
-1

, 400ppm ml
-1

 and 300ppm ml
-1

 solutions 

were prepared for both the AuNPs and AgNPs. 

Antifungal activity of the extracts through disc diffusion assay 

Preparation of culture media 

Fungal strains shown in Table 2 were tested for the antifungal potential of the 

gold and AgNPs and different extracts of the plant. The old fungal cultures were sub 

cultured to obtain fresh fungal cultures.   

Preparation of potato dextrose agar (PDA) media for fungal cultures 

Potato Dextrose Agar media was used to culture the fungal strains. For the 

preparation of 1L PDA, 39 grams of PDA was taken and dissolved in 1L distilled water. 

The flask containing the media and other equipments were autoclaved for 20min at 

121°C. 

Standardization of fungal culture  

Fungus from the source was taken under sterile conditions in laminar flow unit 

and was inoculated on PDA. The cultures kept at 25°C till sporulation. The fungal spores 

were then transferred to PDB and standardized to an OD of 0.1, at 600 nm. Two hundred 

µL of the standardized broth was used to inoculate 20 ml of PDA in MCartney bottles. 

After inoculation the bottles were shaken gently. After shaking the inoculated media was 

transferred to sterile petri plates (20 ml each plate). After hardening of the inoculated 

PDA, discs (6mm in diameter) were placed in each plate in a triangular manner with the 

help of autoclaved forcep. Each disc was supplemented with the plant crude methanolic 

extract in different concentrations (1000ppm ml
-1

, 900ppm ml
-1

 and 800ppm ml
-1

). The 

plates were then set aside at ambient conditions for diffusion of the extract into PDA. 

These petri plates were then incubated at 25°C for 96 hrs. the whole process was carried 
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under sterile conditions in Laminar Flow hood. Finally the plates were checked for zones 

of inhibition (Igbinosa et al., 2009). 

Previously used protocol of Jayaseelan et al. (2013) was further optimized for the 

determination of antifungal potential of synthesized NPs. The antifungal potential of the 

synthesized AuNPs was done by disc diffusion assay. The strains of the fungi were 

cultured and sub cultured on PDA media. The discs were placed in triangular manner and 

various concentrations of AuNPs and AgNPs (300, 400 and 500 ppm disc
-1

 respectively) 

were added to the discs. On the seventh day of the culturing the zone of inhibition was 

measured in mm.  

Positive and negative control  

Ciprofloxacin which is a broad spectrum antibiotic was used as positive control 

with the concentration of 50µg/6µl for both the gram positive and gram negative bacteria 

while Fluconazole at the same concentration was used as positive control for fungi. In 

both the cases DMSO was used as negative control. 

Phytotoxic activity of the plant extracted with different solvents 

Standard solutions of the extracts were prepared in ethyl acetate. From the 

standard solution, different concentrations (800ppm, 900ppm and 1000ppm) were 

prepared in falcon tubes and incubated openly for 24 hrs for the evaporation of ethyl 

acetate. After 24 hrs, 20 ml of the original-enriched-natural medium having basic pH was 

poured to sterilized flasks and 10 healthy plants of L. minor with three fronds were added 

to each flask. Finally all the flasks were kept for seven days in a growth cabinet/chamber 

(at 30
0
C; light intensity of 9000 flux and 60% humidity). At the end of this week (on 

eighth day) the fronds were measured. For positive control Parquet was used. For 

survival analysis the data was analyzed by IBM SPSS statistics20 and the percent growth 

was calculated according to the following formula (Ramanullah et al., 2012).  

Growth inhibiton % = Fronds in sample/ Fronds in –ve control× 100 
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Insecticidal activity of different extracts of the plant 

The chemicals and materials used in the activity included test insects, Permethrin 

as standard insecticide, methanol as volatile organic solvent, 90mm diameter Petri plates, 

micropipette (1ml), growth chamber, filter paper test sample, glass vials, and brush. The 

following procedure was carried out for the activity. 

Preparation of test samples 

For the preparation of test samples 5, 25 and 125 mg of each extract was 

solubilized in methanol, to attain the concluding dilution of 5, 25 and 125 mg/ml. 

Rearing of the insects 

Three species of stored grain pests namely T. castaneum, R. dominica and c. 

maculatus were acquired from The Research Laboratory of Entomology section, NIFA 

Peshawar Pakistan. Fresh grain and flour was infested with these insects. After the whole 

life cycle, 5 g part of the infested grain which consisted of eggs of the insects was 

transferred to more fresh stored grains. After 7 days, the eggs were hatched and small 

insects began to develop. For our experiment we selected one day old culture following 

the methods of Rehmanullah et al. (2012).  

Procedure for the insecticidal activity 

Filter papers were cut roundly in the size of 90mm and were sterilized through 

autoclave. They were kept in petri plates. The test samples prepared were loaded on these 

petri plates. To each petri plate 5ml of the test sample was loaded. The petri plates were 

kept open for 24hrs in order to completely evaporate the methanol. 10 insects were added 

to each petri plate thus in three replications 30 insects each were added separately to 

separate petri plates.  They were kept at 27
0
C for 24hrs in a growth chamber. On the third 

day readings were noted following the methods of Rehmanullah et al. (2012).  

For survival analysis the data was analyzed by IBM SPSS statistics20 and the 

percent growth was calculated according to the following formula (Ramanullah et al., 

2012).  



31 

 

Qualitative analysis 

Experiments for the detection of bio active compounds 

 The active phytochemical plant constituents in extracts were detected through the 

following procedures. Analytical grade chemicals were used for the identification of bio-

active compounds. 

Confirmatory experiment of alkaloids 

Alkaloids in the extract were detected with the help of Mayer‘s Test. For this test 

dried extract weighed 50 mg was mixed through gentle stirring with 10 ml of dilute HCl 

and was filtered. One to two droplets of Mayer‘s reagent was gently added to the solution 

in the test tube holding few ml of the filtred solution. A creamy color or white precipitate 

indicated the positive test. Commercially available Mayer‘s reagent was used for the 

experiment (Tiwari et al, 2011). 

Confirmatory test of proteins 

The extracts proteins were confirmed through Biuret Test. The extract was 

weighed upto 15 mg and liquefied in 10 ml deionized water and was filtered using 

whatman.1 filter paper. 1 ml CuSO4 was added to the solution; the pink color represented 

the presence of proteins (Chulet et al, 2010). 

Confirmatory test of carbohydrates 

Carbohydrates present in the extracted samples were established through 

Fehling‘s Test. The extract was weighed as 100 mg and was liquefied in 5 ml of 

deionized water and was filtered using whatman.1 filter paper. Following the filtration, 1 

ml of the filtrate was heated upto boiling with 1 ml each of Fehling‘s solution A and 

solution B. The appearance of red precipitate confirmed the occurrence of corbohydrates. 

Commercially available Fehling‘s solution-A and Fehling‘s solution-B were used for the 

test (Tiwari et al, 2011). 
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Confirmatory test of sterols 

The presence of phytosterols was confirmed through Salkowski Test. About 2 ml 

of chloroform was mixed with 3 mg of the extracted sample to dissolve it in a test tube. 

The following step was to add 2 ml of concentrated H2SO4 across the side of the rest 

tube. The emergence of red color in the chloroform layer, by shaking the test tube for 5 

min, established the existence of phytosterols (Tiwari et al, 2011). 

Flavonoid test 

The solution of diluted sodium hydroxide in distilled water was added to dissolve 

about 0.2 gm of the extract. Hydrochloric acid in the amount of few drops was added into 

it. The solution turned colorless which confirmed the presence of flavonoids (Siddiqui 

and Ali, 1997). 

Tannins test 

Deionized water in the quantity of 1 ml of and 1-2 droplets of FeCl3 solution was 

mixed with 0.5 ml of the solution of the extract. The appearance of blue color indicated 

the presence of Gallic Tannins (Iyengar, 1995). 

Saponins test 

The plant extract weighed 1/2 gram was shaken vigorously in a test tube in the 

presence of NaHCO3 for about 5 min, the presence of persistent foam indicated positive 

test. 

Quantitative analysis 

The quantitative analysis of the extracts of the plant was conceded out through 

GC-MS according to the following procedure (Zhisheng et al., 2013). 

GC-MS analysis 

The GC-MS investigation of the plant extracted with different solvents was 

carried out through Agilent Mass Hunter work station Gas chromaograph interfaced to 
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mass spectrometer (GC-MS). Triple Quadrupole Acquisition method was followed 

during the process. The machine was equipped with a non polar column packed with film 

made of 95% Dimethylepolysiloxane and 5% phenyl (Agilent USB393752HHP-5MS-

30m length × 250µm diameter × 0.25µm film thickness). For the detection of the 

compounds an electron ionization source with 70eV energy was used. Ultra pure Helium 

gas (99.99%) was used as a carrier gas for mobile phase with split mode at septum purge 

flow rate of 3ml/min. the employed injection volume was 1µL with split ratio of 20:1. 

The temperature of the injector was 250°C. 

The temperature strategy in the oven was programmed as, 50°C for 5 min, then 

10°C/min to 180°C for 15 min,  then 10°C/min to 280°C for 20 min and lastly 20°C/min 

to 300°C for 1 min. The pressure was 9.7131 psi and the constant flow rate was 1.1929 

ml/min with average velocity of 39.805cm/sec. the total run time was 65min.  

The solutions were prepared by taking 1gm of each extract and making it soluble 

in 20ml of their respective solvents. The solutions were filtered through whatman no. 1 

filter paper to remove any solid particles. All the solutions used were clean and 

transparent. All the chemicals used were highly pure analytical grade. The mole percent 

peak area was calculated according to the following formula (Hossain et al, 2011) 

Mole % component (Peak area) = area under peak/total area of all peaks×100  

DPPH radical scavenging activity 

 DPPH radical scavenging potential of the plant extracted with different solvents 

and freeze dried NPs of the plant‘s boiled extract was carried out following the procedure 

reported by Mensor et al. (2001). The concentrations of standard solutions of the 

extracted samples were diluted to concluding concentrations of 250, 125, 50, 25, 10 and 5 

μgml
-1

 in methanol. A DPPH methanol solution (0.3 mM) in the amount of 1 ml was 

mixed with 2.5 ml solution of the extracted samples each and all the solutions were 

incubated to react in complete dark, for 30 min at room temperature. The absorbance of 

the resultant reaction mixture was noted at 518 nm by means of UV visible 

spectrophotometer. The resultant values of the absorbance were transformed to percent 
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antioxidant activity (% AA) follownig Subathraa and Poonguzhali (2012). The formula 

used was, 

Q= 100(Ao-As)/Ao 

Where; Q = % antioxidant activity, Ao =Absorbance of Pure DPPH and As = Absorbance 

of the sample.  

The same procedure was carried out for percent antioxidant activity of AuNPs and 

AgNPs separately. 

Micro-propagation 

Plant material 

Micropropagation of P. hydaspidis was carried out by method mentioned by Jian 

et al., 2011. Plant material collected for the micropropagation was healthy and free of 

symptoms of disease and pest problems. The plants growing with young stems were 

collected. The plant has no leaves in its mature form. Different explants from stems were 

prepared for the micropropagation. 

Stems explants 

Stems of the plant were cut at nodal sites to produce explants ranging from 2-3 

cm and these were inserted in the medium up to nodes. The surface of the nodes was 

scratched a bit for better absorption of the nutrients. The process was done with extreme 

precautions to prevent damage to explants. 

Explants sterilization 

To sterilize the surface, washing of the explants was carried out thoroughly under 

tap water for 35 min to remove dust particles. The explants were then further sterilized 

using liquid detergent (0.1% Tween-20) for half an hour. The explants were again 

subjected to washing under tap water to get rid of the detergent. Further sterilization was 

carried out by dipping the explants in ethanol (70% v/v) for 1 min and finally the surface 

of the explants was sterilized with HgCl2 (0.1% w/v) for 4 min. the last step of 
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sterilization was to rinse the explants with autoclaved-double distilled water five times, in 

laminar flow hood. 

Culture media 

 Commercially available MS medium was used as a basal medium used for the 

culture (Murashige and Skoog, 1962) with sucrose (3%), agar (0.8%) and Growth 

hormones. For preparation of 1L MS medium, 4.43g of the commercially available 

medium was dissolved in 1L of distilled water. 

Preparation of stock solution of growth hormones 

 BAP, IBA and NAA were dissolved separately in few drops of Acidic solutions 

(1N HCl) and Basic solutions (1N KOH) respectively, and then raised to final volume 

with the help of distilled water and was kept at 40°C. The final concentrations prepared 

for BAP were 2, 3 and 4 mgl
-1

, for IBA were 1, 2 and 3 mgl
-1 

while the final 

concentrations for NAA were 0.1, 0.5 and 1 mgl
-1

.
 
The

 
pH of prepared medium was 

adjusted to 5.8 by using 1N KOH or 1N HCl and then agar was added to the medium at 

the rate of 0.8% w/v for solidification of the medium. The media was poured in test tubes 

and were tightly capped. The media was autoclaved at 121°C for 20 min at 15psi 

pressure. 

Inoculation of explants 

 Under sterile conditions the different explants of suitable size were inoculated in 

culture tubes containing MS medium with different combinations and concentrations of 

growth regulators. After inoculation the entrance of culture tubes were quickly flamed, 

firmly capped and appropriately sealed with kiln film to keep it away from external air. 

The culture tubes were transferred to growth room after proper labeling. 

Shoot proliferation media 

 For shoot propagation, different concentrations of BAP and NAA were used in 

three different combinations (2+0.1 mgl
-1

, 3+0.5 mgl
-1

 and 4+1 mgl
-1 

BAP and NAA 
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respectively) with full strength MS medium. For control full strength MS medium 

without any growth hormone was used. Under aseptic conditions, the explants with newly 

form shoots were taken out after 28 days of culture period. Data was recorded after 28 

days of culture by measuring the length of the shoots in centimeters. Every possible care 

was taken to prevent any further contamination. 

Rooting of micro shoots 

The explant with newly formed shoots were transferred to rooting media 

containing different combinations and concentrations of IBA and NAA (1+0.5 mgl
-1

, 2+1 

mgl
-1

 and 3+1.5 mgl
-1

) respectively. Data was noted after 15 days of culture for rooting. 

Culture conditions 

 All types of Culture was conducted under specific conditions i.e. control 

temperature, light quality, air circulation and humidity for specific time. Temperature of 

culture room was 25±3°C with12 hrs Photoperiod with light intensity of 2000-2500 flux. 

Acclimatization 

 Plantlets with newly formed roots were taken from the culture tubes with the help 

of sterilized forceps with utmost care to avoid any injury to newly formed roots and 

plantlets. The plantlets were dipped in warm water to wash off any traces of agar. The 

plantlets were treated with 1% (w/v) solution of Bavistine for preventing the fungal 

infection to newly propagated plantlets. After this treatment the plantlets were carefully 

planted in polyethylene house having 1:1 mixture of farmyard manure and soil. The 

plantlets were thoroughly watered. The plantlets were kept under poly house for ten days 

with temperature of 31°C and 80% humidity. During this duration the plantlets were 

watered thoroughly with the help of sprayer to retain the essential level of moisture. Prior 

to final transfer to the soil after culturing on rooting media, the plantlets were transferred 

to plastic pots for their hardening and acclimatization. The plantlets were then transferred 

to green house with less humidity level and indirect sunlight and were watered two times 

daily in the morning and evening to prevent wilting. 
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Data collection 

The data was collected by considering the following parameters: 

a) Number of shoots induced 

b) Size of  shoots 

c) Number of roots induced 

d) Roots size 
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IV.  RESULTS 
 

Bioinspired synthesis of AuNPs  

The synthesis of AuNPs was monitored and confirmed both visually and using 

UV-Vis Spectrophotometeric analysis. AuNPs have free electrons which give rise to 

Surface Plasmon Rasonance (SPR). The vibration of the electrons of AuNPs with the 

light wave produces a resonance which is detected by the detector of the UV-Vis 

Spectrophotometer. 

Visual confirmation of the synthesis 

 The synthesis of the AuNPs was observed visually with naked eyes. After the 

addition of AuCl3 solution to the plant extract, the color of the extract turned from yellow 

to dark purple which confirmed the formation of AuNPs visually. It was noted that as the 

ratio of the combination of the plant extract and AuCl3 was increased the color of the 

solution get dense due to formation of larger amount of NPs (appendix 2).  

UV-Vis Spectrophotometeric confirmation 

 UV-Vis spectrums of AuNPs formed by different combinations of the boiled 

plant extract and 1 mM of AuCl3 solution is represented Figure 1. The spectrum indicated 

that the highest peak was given by mixing 1 ml of boiled plant extract and 8 ml of AuCl3 

solution (1:8), while the smallest peak was given by combining 1 ml of the plant extract 

and 5 ml of AuCl3 solution (1:5).  At lower ratios no detectable NPs were produced. As 

the highest peak was given at 1:8, therefore, this combination of plant extract and AuCl3 

was used for further studies. 

Confirmation of the wavelength 

  The synthesis of AuNPs from 1 mM solution of AuCl3 with 1:8 was further 

confirmed using UV-Vis Spectrophotometeric analysis of the samples. Figure 2 revealed 

the spectrum of the sample taken after 24 hrs of the preparation. The spectrum indicated 

that the highest absorption point of peak was at 544nm, which lies in the region for 

absorbance of AuNPs (500 nm-600 nm), and the absorbance noted was 2.788. 
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 Figure 1: Comparison of different UV-Vis spectrums of AuNPs produced by 

   combination of the boiled plant extract (1 ml) with different ratios  

   of AuCl3 (1 mM) solution representing the highest peak at 1:8. 

 

       Figure 2:  UV-Vis spectrum of AuNPs produced by combination of 1 ml  

   boiled plant extract with 8 ml of AuCl3 (1 mM) solution showing  

   the peak of the AuNPs at 544nm. 
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Stability study of AuNPs  

Effect of temperature 

The samples isolated at different temperatures revealed that the stability of 

AuNPs decreased with increasing the temperature. The AuNPs were more stable in the 

samples isolated in the range of 24°C to 39°C as indicated by the highest peak in the 

spectrum (Figure 3). The figure also revealed that with increasing the temperature, 

stability of AuNPs was decreased as indicated by the spectrum of the samples isolated in 

the range of 40°C to 59°C. The peak of the samples isolated at this temperature was 

lower than the peak of the samples isolated at 24°C to 39°C which showed the 

destabilization of the NPs with elevated temperatures. The samples isolated at 69°C to 

100°C indicated that almost all the NPs were destroyed at these temperatures as almost 

no absorbance was recorded by the Spectrphotometer. The blue line in the graph 

represents the absorption at 69°C to 100°C. 

Effect of Salt (NaCl) 

The effect of salt stress given to AuNPs is shown in Figure 4. The UV-Vis 

spectrophotogram of the Salt stress indicated that AuNPs were more stable at the stress 

given at Milli- Molar concentrations than Molar concentrations. The figure also revealed 

that AuNPs were most stable at 1mM concentration and the stability decreased as the 

concentration of the salt was increased. At 10 mM and 100 mM salt stress, the AuNPs 

were less stable than 1 mM. The data recorded from the AuNPs treated with 1 M salt 

revealed that the NPs were least stable at this concentration of salt and almost all the NPs 

were destroyed at this concentration of the salt. 

Effect of pH 

The effect of pH on the stability and formation of AuNPs was also studied with 

UV-Vis Spectrphotometer. The acidic pH stress was given by adding 1N HCl solution 

while the basic pH stress was given by adding 1N NaOH solution.  Comparison of the 

peaks given by the solutions of the AuNPs subjected to different pH stress levels is given 

in Figure 5. The UV-Vis spectrogram demonstrated that AuNPs formed were subjected to  
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 Figure 3:   Comparison of UV-Vis spectrums of AuNPs isolated at different  

        temperatures. 

 

 

 

   Figure 4:  Comparison of UV-Vis spectrums of AuNPs treated with different 

salt (NaCl) concentrations. 
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a broader range of pH, from 3 to 9. The AuNPs were found to be more stable at mildly 

acidic to neutral pH as the highest peak was given by the AuNPs solution adjusted at pH 

of 6-7, this pH seems to facilitate the nucleation of the NPs. Generally, AuNPs showed 

more stability at mildly acidic and mildly basic pH, exhibiting better nucleation process. 

The AuNPs were quite stable at pH 7-8 (mildly basic) and pH 5-6 (mildly acidic), 

however, they were very less stable at highly basic pH of 8-9 and highly acidic pH of 3-4, 

representing that at these pH levels the nucleation process is badly affected. 

      

 Figure 5:  Comparison of UV-Vis spectrum of AuNPs treated with different  

   pH stress levels ranging from 3 to 9. 

 

FT-IR confirmation of synthesized AuNPs  

FT-IR spectra of the plant extract 

The spectra of Fourier Transformed Infrared (FTIR) Spectrscopic analysis of the 

plant pure extract is shown in Figure 6. The spectra indicated that the plant pure extract 

sample showed absorptions bands at wave numbers 3285.18, 2928.75, 1606.09, 1409.10, 

1046.01, 989.26, 924.14 and 579.74 cm
-1

. The broader stretch at 3285.18 cm
-1

 and 

2928.75 cm
-1

 was the indication of –O–H functional group representing the presence of 

alcohol and/or free water. The absorption band at 1046.01 cm
-1

 represents the –C–N 

functional group of aromatic amines, 989.26 cm
-1

 showed the functional groups, ═C−H, 
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of alkenes, 924.14 cm
-1

 confirms the presence of – [C═O–O–H] which is the functional 

group of carboxylic acid and 579.74 cm
-1

 indicated the –N–H bend of Amines in this FT-

IR spectra of the boiled plant extract. 

Comparative FT-IR analysis of pure plant boiled extract and AuNPs 

The spectra of Fourier Transformed Infrared (FT-IR) Spectrscopic analysis of the 

plant extract treated with AuCl3 containing AuNPs is shown in Figure 7. The comparison 

of the FT-IR spectra of AuNPs and pure plant boiled extract revealed that the absorption 

bands at 989.26 cm
-1

 and 1228.69 cm
-1

 disappeared completely which represents alkenes 

and aliphatic amines respectively. The disappearance of these two peaks suggested that 

the ═C−H and –C–N, functional group containing compounds were responsible for the 

reduction of Au
++

 of AuCl3 to AuNPs. A closer examination of the FT-IR spectrum of 

pure plant boiled extract and the synthesized AuNPs further revealed that there was a 

small change of ±1 to ±100 wave numbers in other absorptions bands. The comparison of 

the two spectra indicated the shift of the wave numbers at the larger stretch of 3285.18 

cm
-1

 to 3269.31 cm
-1

, 2928.75 cm
-1

 to 2905.75 cm
-1

, 1606.09 cm
-1 

to 1640.80 cm
-

1
,1409.10 cm

-1
 to 1228.69 cm

-1
 and 1046.01 cm

-1
 to 1025.97 cm

-1
 can also be seen, which 

confered the synthesis of AuNPs. 

X-Ray Diffraction (XRD) analysis of AuNPs 

The XRD patterns of AuNPs synthesized from boiled extract of P. hydaspidis is 

presented in Figure 8. The two theta (2θ) valves of a number of Bragg‘s reflections were 

38.03°, 46.18° and 63.43° which corresponds to (111), (200) and (220) facets of AuNPs 

which may be demonstrated as the bands for face centered cubic structures of Au. The 

XRD pattern of the freeze dried sample of AuNPs, thus clearly indicated that AuNPs 

synthesized by the current Bioinspired synthesis method were crystalline in nature. The 

average size of AuNPs, calculated with the help of Sherrer equation, by the 

determinination of the full width with half maximum (FWHM) of the most intense 

reflections (111), (200) and (220) from the XRD data revealed that the nanocrystallite 

size of AuNPs was 6.99 nm which is in agreement with AFM data. The sharpness of the 

first peak clearly indicated that the AuNPs synthesized were in nano region. The data
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Figure 6:     FT-IR spectra of the pure boiled plant extract, showing absorption bands with 

percent transmittance at different  

                    wave numbers, cm
-1

. 
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Figure 7: Comparative FT-IR spectra of boiled plant extract and AuNPs, showing absorption 

bands with percent transmittance      at different wavenumbers, cm
-1

. 
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further revealed that there were no peaks for the XRD patterns due to the crystallographic 

impurities, which means that the AuNPs synthesized, were highly in pure form.  

 

          Figure 8: XRD Patterns of AuNPs showing the intense reflections with 2θ valves. 

 

Matrix Assisted Laser desorption/ionization-Time of Flight (MALDI-TOF) Mass 

Spectroscopy analysis of AuNPs 

For the confirmation of possible formulated structure of AuNPs, MALDI-TOF 

mass spectrophotometry was carried out. The results are shown in Table 3 and Figure 9. 

The data in Table 3 indicated that one gold atom was lost during fragmentation (atomic 

weight of Au is 196.97 amu and Cl is 35.5 amu). The difference among all the peaks was 

almost 197 indicating that only one gold atom was fragmented during the process. As the 

extract can contain a large number of molecules, and the moment of fragmentation of the 

molecule could not be determined, Therefore, the contribution from the extract is 

designated as ‗Lx‘, the contribution from the Chloride is designated as ‗Cly‘ and the gold 

atom which is lost during fragmentation is shown as Aux, thus the possible formulated 

structure was [AuxLxCly]
x+

. It can be safely deduced from the spectrogram that the 

fragmentation of Au and extract was with 1:1, i.e In fact the AuCl3 lose one gold atom 

during fragmentation and the ligand was intact. 
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Table 3: Showing possible formulated structures of AuNPs and one by one       

    fragmentation of the gold atoms from AuCl3. 

Charged fragments Possible structure, [AuxLxCly]
x+

 

3740.82 Au17LxCly 

3544.84 Au16LxCly 

3347.84 Au15LxCly 

3150.84 Au14LxCly 

2953.87 Au13LxCly 

2756.87 Au12LxCly 

2559.92 Au11LxCly 

2362.96 Au10LxCly 

2167.34 Au09LxCly 

1969.98 Au08LxCly 

1773.00 Au07LxCly 

1576.01 Au06LxCly 

1379.01 Au05LxCly 

1174.11 Au04LxCly 

985.02 Au03LxCly 

780.10 Au02LxCly 

575.17 Au01LxCly 

 

Determination of AuNPs size by Atomic Force Microscope (AFM) 

The particle size and its morphology were determined by AFM. The results of the 

Atomic force microscopy are given in Figure 10. The data revealed that the particles 

prepared were of different sizes. The diameter of the smallest NPs was found to be 1.5 

nm while the diameter of the largest NP was measured to be 6.5 nm. The data in Figure 9 

further indicated that 60% of the particles synthesized were in the range of 3-4 nm, 10% 

were in the range of 1-2 nm, 30% were in the range of 2-3nm, 20% were in the range of 

5-6 nm while 4% of the AuNPs were synthesized in the range of 6-7 nm. 
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Figure 9:  MALDI-TOF spectrum indicating the fragmentation patterns of gold  

  molecules in AuNPs. m/z represents the mass to charge ratio at x-axis  

  while Y-axis represents the intensity of gold molecules. 
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Figure 10:  AFM investigation of AuNPs (a) Topography (b) Two dimensional view   

 of NPs (c) Particle size distribution 
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Bioinspired synthesis of AgNPs (AgNPs) 

The synthesis of AgNPs from 1 mM solution of AgNO3 was monitored and 

confirmed visually and using UV-Vis Spectrophotometeric analysis. Like AuNPs, AgNPs 

also have free electrons which give rise to Surface Plasmon Resonance (SPR). The 

vibration of the electrons of AgNPs collectively with the light wave produces a resonance 

which was detected by the detector of the UV-Vis Spectrophotometer.  

Visual confirmation the synthesis 

The synthesis of the AgNPs was first confirmed visually by observing the change 

in color. It was noted that when AgNO3 solution was added to the plant extract, the color 

of the extract changes from yellow to dark brown, which confirmed the formation of 

AgNPs visually (Appendix 3). The gradual formation of the NPs was noted, as it was 

observed that when the ratio of the combination of the plant extract and AgNO3 was 

increased the color of the solution get dense due to formation of larger amount of NPs.  

UV-Vis Spectrophotometeric confirmation 

The Figure 11 represents UV-Vis spectrum of AgNPs formed by different 

combinations of the boiled plant extract and 1 mM AgNO3 solution. The spectrum 

indicated that the highest peak was given by combining 1ml of boiled plant extract and 9 

ml of AgNO3 solution (1:9), while the smallest peak was given by combining the plant 

extract and AuCl3 solution with the ratio of 1 and 5 respectively. As the highest peak was 

given at 1:9, so this combination of plant extract and AgNO3was used further studies. 

Confirmation of the wavelength 

The synthesis of AgNPs from 1mM solution of AgNO3 with 1:9 was further 

confirmed for the confirmation of the exact wavelength at which highest absoprption was 

noted. Figure 12 represents the spectrum of the sample taken after 24 hrs of the 

preparation of AgNPs. The spectrum revealed that the highest absorption point of peak 

was at 440.41 nm, which lies in the region for absorbance of AgNPs (400 nm-500 nm), 

showing the absorbance of 2.078.  
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    Figure 11:  Comparison of different UV-Vis spectrum of AgNPs produced by   

  combination of the Plant Extract (1ml) with different ratios of   

  AgNO3 (1mM) solution. 

 

    Figure 12:  UV-Vis spectrum of AgNPs produced by combination of 1 ml Plant boiled 

  Extract with 9ml of AgNO3 (1mM) solution. The peak of the AgNPs is at  

  440.41nm. 
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Stability study of AgNPs 

The effect of different parameters like Heat, pH and Salt stress was studied on the 

stability and synthesis of AgNPs using UV-Vis spectrophotometer. Each of them has a 

unique effect on the synthesis and stability of AgNPs. 

Effect of temperature  

The samples isolated at different temperatures revealed that the formation and 

stability of AgNPs was affected by increasing the temperature. Figure 13 demonstrated 

that AgNPs were most stable in the samples isolated in the range of 25°C to 45°C, 

showing the highest peak. The figure also revealed that with increasing the temperature 

the stability of AgNPs is decreased as indicated by the samples isolated in the range of 

50°C to 60°C. The peak of the samples isolated at this temperature was lower than the 

peak of the samples isolated at 24°C to 39°C which shows the deformation and 

destabilization of the AgNPs with elevated temperatures. The samples isolated at 60°C to 

100°C indicated that almost all the AgNPs were destroyed at the temperatures in this 

range as almost no absorbance was recorded by the Spectrphotometer. The blue line in 

the graph represents the absorption at 60°C to 100°C. 

Effect of salt (NaCl) 

The effect of salt stress given to AgNPs is shown in Figure 14. The UV-Vis 

spectrophotogram of the Salt stress indicated that the AgNPs were more stable at the 

stress given by Milli- Molar concentrations than Molar concentrations. The figure further 

revealed that the stability of AgNPs was decreased as the concentration of the salt was 

increased. At 10 mM salt stress the AgNPs were less stable than at 1mM salt stress, and 

the AgNPs at 100 mM were less stable than at 10mM. The data recorded from the AgNPs 

treated with 1M salt revealed that the nucleation NPs were least stable at this 

concentration of salt. 
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Figure 13:  UV-Vis spectrum of effect of temperature on the formation and  

  stability of AuNPs. 

 

Figure 14:  Comparison of UV-Vis spectrums of AgNPs treated with different  

  salt (NaCl) concentrations. 
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Effect of pH 

The effect of pH on the stability and formation of AgNPs was studied with UV-

Vis Spectrphotometer. The acidic pH stress was given by adding 1N HCl while basic pH 

stress was given by adding 1N NaOH solutions.  The comparison of the peaks given by 

the solutions of the AgNPs subjected to different pH stress levels is given in Figure 15. 

The UV-Vis spectrograph in the figure revealed that the AgNPs formed were subjected to 

different pH stress levels at a broader range of pH 3 to pH 9. The AgNPs were found to 

be more stable at basic pH as the highest peak was given by the AgNPs solution adjusted 

at pH of 7-8. Generally the AgNPs show more stability at basic pH, as shown in the 

figure. The AgNPs were quite stable at pH 6-7 (Mildly Basic) and at higher pH 8-9 

(basic), but they are very less stable at acidic pH of 4-5 and pH 5-6. At highly acidic pH 

of 3-4 almost all of the AgNPs were deformed and destabilized as no absorbance was 

shown by the UV-Visible Spectrometer. 

 

 

Figure 15:  Comparison of UV-Vis spectrum of AuNPs treated with different  

  pH stress levels. 
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FT-IR Confirmation of the formation of AgNPs 

Comparative FT-IR analysis of pure plant boiled extract and AuNPs 

The spectra of Fourier Transformed Infrared (FT-IR) Spectrscopic analysis of the 

Plant extract treated with AgNO3 containing AgNPs is shown in the Figure 16. The 

comparison of the FT-IR spectrum of the AgNPs and pure plant boiled extract FT-IR 

spectra revealed that the absorption bands at 1335.62 cm
-1

 in AgNPs spectrum 

disappeared completely which represents aromatic amines. The disappearance of the peak 

suggests that the −C−N functional group containing compounds were responsible for the 

reduction of Ag
++

 of AgNO3 to AgNPs. 

A closer examination of the FT-IR spectrum of pure plant boiled extract and the 

synthesized AgNPs further revealed that there was a small change of ±1 to 100 wave 

numbers effect the position and magnitude of the absorptions bands. The shift of wave 

numbers from 1409.10 cm
-1

 in plant extract spectra to 1335.6 cm
-1

 in the spectra of 

AgNPs which represents the Ring Aromatic compounds may also be responsible for the 

formation of AgNPs. A small shift of the wave numbers was also observed at the broader 

stretch of 3285.18 cm
-1

 to 3283.6 cm
-1

, 2928.75 cm
-1

 to 2926.23 cm
-1

, 1606.09 cm
-1 

to 

1599.99 cm
-1

, 1409.10 cm
-1

 to 1335.62 cm
-1

, 1046.01 cm
-1

 to 1026.06 cm
-1

, 924.14 cm
-1

  

to 823.81 cm
-1

 between AgNPs spectra and Plant spectra respectively. 

X-Ray Diffraction (XRD) analysis of AgNPs 

The XRD patterns of AgNPs synthesized from boiled extract of P. hydaspidis is 

shown in Figure 17. The Two theta (2θ) valves of a number of Bragg‘s reflections were 

28.42°, 38.03°, 46.18° and 63.43° which corresponds to (100), (111), (200) and (220) 

facets of AgNPs which may be manifested as the bands for face centered Cubic structures 

of Ag. The XRD pattern of the freeze dried sample of AgNPs clearly indicates that 

AgNPs synthesized by the current Bioinspired synthesis method were highly crystalline 

in nature. 
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            Figure 16: Comparative FT-IR spectra of boiled plant extract and AgNPs. 
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The average size of AgNPs, calculated with the help of Sherrer equation by 

determining the Full width with half maximum (FWHM) of the most intense reflections 

(100), (111), (200) and (220) from the XRD data revealed that the Nanocrystallite size of 

AgNPs was 7.50 nm which is in agreement with AFM data. The sharpness of the first and 

second peaks indicated clearly that the AgNPs synthesized were in nano region. The 

figure further revealed that there were no peaks for the XRD patterns due to the 

crystallographic impurities, which means that, the AgNPs synthesized were highly in 

pure form. 

Matrix Assisted Laser desorption/ionization-Time of Flight (MALDI-TOF) Mass 

Spectroscopy analysis of AgNPs 

For the confirmation of possible structure of AgNPs, MALDI-TOF mass 

spectrophotometry was carried out. The results are shown in Table 4 and Figure 18. The 

data in the Table indicated that one silver atom was lost during fragmentation (atomic 

weight of Ag is 169.83 amu). The difference among all the peaks was almost 169-170 

indicating that only one silver atom was fragmented during the process. As the extract 

can contain a large number of molecules, and the moment of fragmentation of the 

molecule could not be determined, Therefore, the contribution from the extract is 

designated as ‗Lx‘, the contribution from the nitrate ion is designated as ‗NOy‘ and the 

silver atom which is lost during fragmentation is shown as Agx, thus the possible 

formulated structure was [AgxLxNOy]
x+

. It can be safely deduced from the spectrogram 

that the fragmentation of Ag and extract was with 1:1, i.e In fact the AgNO3 lose one 

silver atom during fragmentation and the ligand was intact. 

Table 4: Showing possible formulated structures of AgNPs and one by one      

    fragmentation of the silver molecules from AgNO3. 

Charged fragments Possible structure, [AuxLxCly]
x+

 

2049.47 Ag8LxNOy 

1880.60 Ag7LxNOy 

1709.73 Ag6LxNOy 

1539.73 Ag5LxNOy 

1368.73 Ag4LxNOy 

1196.73 Ag3LxNOy 

1024.73 Ag2LxNOy 

855.73 Ag1LxNOy 
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Figure 17: XRD Patterns showing the crystallite size and nature of AgNPs 

Determination of Silver NP size by Atomic force microscope (AFM) 

 The particle size and its morphology were determined by AFM. The result of the 

Atomic force microscopy is given in figure 19. The picture in the figure revealed that the 

particles prepared were of different sizes. The diameter of the smallest NPs was found to 

be 1 nm while the diameter of the largest NP was measured to be 7.5nm.The data in 

figure no. 17 further revealed that 60% of the particles synthesized were in the range of 

6-7nm, 5% were in the range of 1nm, 10% were in the range of 2nm, 20% were in the 

range of 3nm and 4nm while 40% of the AgNPs were synthesized in the range of 5nm. 
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         Figure 18:  MALDI-TOF spectrum indicating the fragmentation patterns of  

   silver molecules in AgNPs. m/z represents the mass to charge ratio  

   at x-axis while Y-axis represents the intensity of silver molecules. 
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              Figure 19:  AFM investigation of AgNPs (a) Topography (b) 2D view of  

   AgNPs (c) Particle size distribution. 
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Antimicrobial activity of AuNPs, AgNPs and different extracted samples of P. 

hydaspidis 

The antimicrobial potential of P. hydaspidis was also investigated in the present 

study to confirm the medicinal valve of stems and roots of the plant collected from the 

upper regions of the Swat, KPK. To assay the antimicrobial potential of the plant seven 

different bacterial strains and five different fungal strains were used in the study. The 

antibacterial activities were carried out with disc diffusion assay while the antifungal 

activities were carried out with well diffusion method.  

Antibacterial activity of AuNPs and AgNPs 

The antibacterial activity of AuNPs is demonstrated in Figure 20. The data 

revealed that maximum zone of inhibition was shown by AuNPs at 500ppm 

against E. coli (73.81%) while minimum zone of inhibition was demonstrated at 

300ppm against P. aeroginosa and C. freundii (33.91%). The data also suggested 

that K. pnemoniae, E. coli and X. compestris exhibited highest degree of 

sensitivity to AuNPs, B. subtilis and C. freundii showed moderate sensitivity while 

P. aeroginosa, S. aureus and C. freundii exhibited least sensitiveness to AuNPs.  

The antibacterial activity of AgNPs is shown in Figure 21. The data indicated that 

maximum zone of inhibition was measured by AgNPs at 500ppm against X. 

compestris (67.45%) and minimum zone of inhibition was demonstrated at 

300ppm against S. aureus (33.91%). K. pnemoniae, E. coli and X. compestris were 

highly susceptible to AgNPs, P. aeroginosa and B. subtilis were moderately 

sensitive to AgNPs while S. aureus and C. freundii were less sensitive to AgNPs. 

The data suggested that the antibacterial activity was dose dependent and with 

increasing the concentration of the NPs, the activity was also increased. 
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Figure 20:  Antibacterial activit of AuNPs of boiled extract of the plant against 

different bacterial strains by disc diffusion assay. The bar represents 

standard deviation. 

 

Figure 21:  Antibacterial activity of AgNPs of boiled extract of the plant against 

different bacterial strains by disc diffusion assay. The bar represents 

standard deviation. 
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Antibacterial activity of different solvent extracted samples from stems against K.  

pneumoniae 

The antimicrobial activity of five different solvent extracted samples of the stems 

of P. hydaspidis against K. pneumoniae assayed by disc diffusion assay is represented in 

figure 22. The data indicated that K. pneumoniae was highly susceptible to methanol, n-

hexane, ethyle acetate and water extracted samples at all the three tested concentrations 

of 800ppm, 900ppm and 1000ppm disc
-1

 and was susciptable to butanol extracted sample 

at concentration of 1000ppm disc
-1 

only. All the extracted samples exhibited significant 

attenuation in the augmentation of K. pneumoniae except butanol. Among these samples, 

water extracted sample showed the maximum zone of inhibition (85.7 % at 1000ppm 

disc
-1

, 65.71% at 900ppm disc
-1

 and 50.71% at 800ppm disc
-1

) as compared to other 

extracts. Crude methonolic extract, n-hexane and ethyle acetate repressed the growth of 

bacteria at all the three concentrations used, while butanol fraction repressed the growth 

of K. pneumoniae only at 1000ppm disc
-1

. 

Antibacterial activity of different solvent extracted samples from stems against P. 

aeruginosa 

The data shown in Figure 23 shows the antibacterial activity of stems extracted 

with different solvents against P. aeruginosa. The data suggested that P. aeruginosa was 

responsive to crude methanolic and water extracted samples at all the three 

concentrations (800ppm disc
-1

, 900ppm disc
-1

 and 1000ppm disc
-1

) tested. N-hexane, 

ethyle acetate and butanol extracts exhibited no inhibitory effect on P. aeruginosa 

showing that the tested microbe was fully resistant to these three extracted samples. 

Among these solvent extracted samples, water extracts demonstrated highest zone of 

inhibition (54.54%) at 1000ppm disc
-1

 followed by crude methanolic extract (48.36%) at 

1000ppm disc
-1

. Crude methanolic extracted sample at 800ppm disc
-1 

concentration 

revealed the smallest zone of inhibition (31.81%). 
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     Figure 22:   Antibacterial activity of crude methanol, n-hexane, ethyl acetate, butanol               

and water extracted samples of stems of P. hydaspidis against K.   

pneumonia. The bar represents Standard Deviation. 

                               

 

    Figure 23:   Antibacterial activity of crude methanol, n-hexane, ethyl acetate, butanol 

and water extracted samples of stems of P. hydaspidis against P. 

aeruginosa. The bar represents standard deviation. 



65 

 

Antibacterial activity of different solvent extracted samples from stems against S. 

aureus 

The antibacterial activity of stems extracted samples with five different organic 

solvents is given in Figure 24. The data indicated that zone of inhibition increased with 

increasing concentration of the extract. S. aureus showed no resistance to crude 

methanolic, ethyl acetate and butanol extracted samples. Highest zone of inhibition was 

demonstrated by ethyle acetate extracted samples at 1000ppm disc
-1

 (42.17%) followed 

crude methanolic extract (35.65%) and butanol (33.91%) at the same concentration (Fig. 

23). The data further suggested that S. aureus was totally resistant to n-hexane and water 

extracted samples showing no zone of inhibitions.  

Antibacterial activity of different solvent extracted samples from stems against B. 

subtilis 

 The antibacterial activity of five different solvent extracted samples from the 

stems of P. hydaspidis against B. subtilis is given in Figure 25. Again increasing 

concentration of the extract increased the zone of inhibition. The data revealed that B. 

subtilis was also resistant to n-hexane, ethyle acetate and butanol extracted samples 

showing no zones of inhibition. The same micro-organism showed susceptibility towards 

crude methanolic and water extracted samples. The highest zone of inhibition was 

measured by water extracted sample at 1000ppm disc
-1

 concentration (55%) followed by 

900ppm disc
-1 

(48.75%) and 800ppm disc
-1 

(25%) of the same extract. The minimum 

zone of inhibition was given by crude methanolic extract at 800ppm disc
-1 

(9.56%).  
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    Figure 24:  Antibacterial activity crude methanol, n-hexane, ethyl acetate, butanol    

and water extracted samples of stems of P. hydaspidis against S. aureus. 

The bar represents standard deviation. 

      

    Figure 25:  Antibacterial activity crude methanol, n-hexane, ethyl acetate, 

butanol    and water extracted samples of stems of P. hydaspidis 

against B. subtilis. The bar represents standard deviation. 
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Antibacterial activity of different solvent extracted samples from stems against E. coli 

 Figure 26 exhibited the antibacterial activity of crude methanolic, n-hexane, ethyl 

acetate, butanol and water extracted samples from the stems of P. hydaspidis against E. 

coli. The data shown in Figur 25 suggested that E. coli was sensitive to all the five 

organic solvents extracted samples of the plant at all concentrations used. The highest 

zone of inhibition was shown by crude methanolic extract at 1000ppm disc
-1

 (70.30%) 

followed by n-hexane extracted samples (57.57%). The water extracted sample also 

measured considerable activity against E. coli (54.54% at 1000ppm disc
-1

) followed by 

33.33% at 900ppm disc
-1

. Ethyle acetate and butanol extracted samples showed moderate 

level of activities at all the tested concentrations. The smallest zone of inhibition was 

shown by ethyle acetate extracted sample (25.15%).  

Antibacterial activity of different solvent extracted samples from stems against X. 

campestris 

 The results demonstrated in Figure 27 shows the antibacterial activity of crude 

methanolic, n-hexane, ethyl acetate, butanol and water extracted samples from the stems 

of P. hydaspidis against X. campestris. The data revealed that X. campestris was 

completely resistant to crude methanolic, n-hexane and butanol extracted samples which 

did not inhibit its growth. The same microbe was susceptible to ethyle acetate and water 

extracted samples inhibiting its growth. Maximum zone of inhibition was shown by 

ethyle acetate extracted sample at 1000 ppm disc
-1

 (27.96%) followed by 22% zone of 

inhibition of the same extract. Minimum zone of inhibition was measured by water 

extracted sample at 800ppm disc
-1

 concentration (13.13%).  
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Figure 26:   Antibacterial activity, with standard deviaiton crude methanol, n- 

hexane, ethyl acetate, butanol and water extracted samples of P. 

hydaspidis against E. coli. The bar represents standard deviation. 

  

    Figure 27:   Antibacterial activity, with standard deviation crude methanol, n-

hexane, ethyl acetate, butanol and water extracted samples of 

stems of P. hydaspidis against X. campestris. The bar represents 

standard deviation. 
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Antibacterial activity of different solvent extracted samples from stems against C. 

freundii 

 The effectiveness as antibacterial agent of stems extracted samples with different 

solvents is shown in Figure 28. The data indicated that C. freundii was sensitive to only 

butanol extracted samples showing different zones of inhibitions. The tested microbe 

revealed resistance to crude methanolic extract, n-hexane, ethyle acetate and water 

extracted samples at all the three concentrations used. The data also suggested that 

butanol extracted sample reduced the growth of the subject micro-organism by 37.65%, 

30.43% and 23.17% at 1000 ppm disc
-1

, 900 ppm disc
-1 

and 800 ppm disc
-1

 respectively 

(Figure 28).  

Antibacterial activity of different solvent extracted samples from roots against K. 

pneumoniae 

The data recorded for the antibacterial activities of different solvent extracted samples 

from the roots of P. hydaspidis against K. pneumoniae is demonstrated in Figure 29. The 

results indicated that crude methanolic and ethyle acetate extracts showed effectiveness 

against K. pneumoniae at all the three concentrations used Crude methanolic extracts 

reduced the growth of by  K. pneumoniae 48.36%, 37.27% and 31.81% at 1000ppm disc
-

1
, 900ppm disc

-1 
and 800ppm disc

-1
 respectively. Ethyle acetate extracted samples on the 

other hand inhibited the activity of K. pneumoniae by 42%, 30.43% and 26.65% at 

1000ppm disc
-1

, 900ppm disc
-1 

and 800ppm disc
-1

 respectively. These results suggested 

that that maximum activity was shown by crude methanolic extract at 1000ppm disc
-1

 

while minimum activity was given by of ethyle acetate extracted sample at 800ppm disc
-

1
. The data further showed that K. pneumoniae revealed no susceptibility towards n-

hexane, butanol and water extracted samples.  
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     Figure 28:  Antibacterial activity crude methanol, n-hexane, ethyl acetate, 

butanol and water extracted samples of stems of P. hydaspidis 

against C.  freundii. The bar represents standard deviation. 

  

      Figure 29: Antibacterial activity, with standard deviation crude methanol, n-hexane, 

ethyl acetate, butanol and water extracted samples of roots of P. 

hydaspidis against K.  pneumonia. The bar represents standard deviation. 
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Antibacterial activity of different solvent extracted samples from roots against P. 

aeruginosa 

 Data regarding antibacterial activity of different solvent extracted samples from 

the roots is shown in Figure 30. The data suggested that P. aeruginosa was very 

responsive to crude methanolic and butanolic extracted samples at all the three 

concentrations (800ppm, 900ppm and 1000ppm disc
-1

) tested and n-hexane, ethyle 

acetate and water extracted samples exhibited no inhibitory effect on P. aeruginosa. 

Among these samples, crude methanolic extract showed highest zone of inhibition 

(45.04%) at 1000ppm disc
-1

 followed by 33.59% (at 900ppm disc
-1

) of the same extract 

and 31.40% at 1000ppm disc
-1

 of butanol extracted samples. Minimum zone of inhibition 

(13.63%) was noted at 800ppm disc
-1 

of butanol extracted samples.      

Antibacterial activity of different solvent extracted samples from roots against S. 

aureus 

The antibacterial activity of roots extracted samples against S. aureus is given in 

Figure 31. The results showed that zone of inhibiton increased with increasing 

concentration of the extract.The data revealed that S. aureus was sensitive to crude 

methanolic, ethyle acetate and water extracted samples. The highest zone of inhibition 

was measured for ethyle acetate extracted sample (48.48%) at 1000ppm disc
-1

 followed 

by crude methanolic extracts (42.13%) at the same concentration. The lowest zone of 

inhibition was shown by water extracted sample (23.17%) at the 800ppm disc
-1

 

concentration. The data shown in the figure further suggested that S. aureus was totally 

resistant to n-hexane and butanol extracted fractions showing no zone of inhibition.  
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        Figure 30:  Antibacterial activity, with standard deviation crude methanol, n-

hexane, ethyl acetate, butanol and water extracted samples of roots 

of P. hydaspidis against P. aeruginosa. The bar represents standard 

deviation. 

   

Figure 31:  Antibacterial activity, with standard deviation crude methanol, n-  

hexane, ethyl acetate, butanol    and water extracted samples of 

roots of P. hydaspidis against S. aureus. The bar represents 

standard deviation. 
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Antibacterial activity of different solvent extracted samples from roots against B. subtilis 

The data of antibacterial activity of the roots extracted samples is exhibited in 

Figure 32. Data indicated that only crude methanolic extract showed effectiveness against 

B. subtilis and inhibited its augmentation at all the three concentrations. The results 

suggested that crude methanolic extract reduced the growth of the tested microbe by 

50%, 45.50% and 33.43% at 1000ppm disc
-1

, 900ppm disc
-1 

and 800ppm disc
-1

 

respectively. B. subtilis was completely resistant to the other extracted samples of the 

roots showing no zone of inhibitions. 

Antibacterial activity of different solvent extracted samples from roots against E. coli 

Data regarding the antibacterial activity of roots extracted samples with five different 

solvents is shown in Figure 33. The results demonstrated that E. coli was sensitive to crude 

methanolic, ethyl acetate and water extracted samples and completely resistant to n-hexane 

and butanol extracted samples. The highest zone of inhibition was shown by crude 

methanolic extract (57.57%) at 1000ppm disc
-1

 followed by ethyl acetate (42.17%) at the 

same concentration. The lowest zone of inhibition was measured by water extracted samples 

reducing the growth of the E. coli by 13.39% at the 800ppm disc
-1

 concentration.  

Antibacterial activity of different solvent extracted samples from roots against C. 

freundii and X. campestris 

 Data concerning antibacterial activity of different solvent extracted samples from 

the roots indicated that C. freundii and X. campestris were completely resistant to the 

tested samples at all concentrations showing no zone of inhibition when compared with 

controls (Data not shown). 

Some representative pictures of antibacterial activity are shown in appendix 4. 
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Figure 32:  Antibacterial activity, with standard deviation crude methanol, n-

hexane, ethyl acetate, butanol and water extracted samples of roots 

of P. hydaspidis against B. subtilis. The bar represents standard 

deviation. 

          

Figure 33:  Antibacterial activity, with standard deviation crude methanol, n-

hexane, ethyl acetate, butanol and water extracted samples of roots 

of P. hydaspidis against E. coli. The bar represents standard 

deviation. 
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Antifungal activity of AuNPs  

The antifungal activity of AuNPs of P. hydaspidis against C. albicans by disc 

diffusion assay is presented in Figure 34. The data suggested that C. albicans was 

responsive to AuNPs at all concentrations used. The results revealed that highest zone of 

inhibition was demonstrated by AuNPs at 500ppm disc
-1

 (58.78%) followed by 49.27% at 

400 ppm disc
-1

. The lowest zone of inhibition (31.03%) was shown at 300 ppm disc
-1

. 

The antifungal activity of AuNPs of P. hydaspidis against P. chrysogynum is shown in 

Figure 34. The data revealed that P. chrysogynum was receptive to AuNPs at all 

concentrations used. The data exhibited that highest zone of inhibition (53.83%) was 

demonstrated by AuNPs at 500ppm disc
-1

 followed by (36.57%) at 400 ppm disc
-1

. The 

data further indicated that lowest zone of inhibition of 27.60 %) was measured at 300 

ppm disc
-1

. All the other strains used during the present study were completely resistant 

to the NPs at all concentrations used (Data not shown). 

Antifungal activity of AgNPs  

Figure 35 represents the data concerning the antifungal activity of AgNPs of P. 

hydaspidis against C. albicans by disc diffusion assay. The result revealed that C. 

albicans was sensitive to AgNPs when screened at different concentrations. The data 

indicated that highest zone of inhibition was shown by by AgNPs at 500ppm disc
-1

 

(49.69%) against C. albicans followed by 45.99% at 500 ppm disc
-1 

against P. 

chrysogynum. The lowest zone of inhibition (20.00%) was measured at 300 ppm disc
-1 

against P. chrysogynum. The data further suggested that P. chrysogynum was susceptible 

to AgNPs at all concentrations used. All the other strains screened during the present 

investigation were completely resistant to the NPs at all concentrations used (Data not 

shown). 
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       Figure 34:  Antifungal activity of AuNPs against C. albicans and P.   

chrysogenum.  The bar represents standard deviation. 

                

Figure 35:  Antifungal activity of AgNPs against C. albicans and P. 

chrysogenum. The bar represents standard deviation. 
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Antifungal activity of different solvent extracted samples from stems against C. 

albicans 

The antifungal activity of crude methanolic, n-hexane, ethyl acetate, butanol and 

water extracted samples from the stems of P. hydaspidis against C. albicans by disc 

diffusion assay is presented in Figure 36. The results showed that percent zone of 

inhibition increased with increasing concentration of the extracts. The data suggested that 

C. albicans was sensitive to crude methanolic, n-hexane and water extracted samples and 

completely resistant to ethyle acetate and butanol extracted samples. The data revealed 

that highest zone of inhibition (57.57%) was shown by methanol extracted sample at 

1000ppm disc
-1

 followed by water extracted sample (54.54% at 1000ppm disc
-1

) when 

compared with controls. Water extracted samples at 800ppm disc
-1

 measured the lowest 

zone of inhibition (20.86%). The rest of the strains screened were completely resistant to 

all the extracts at all concentrations used. 

Antifungal activity of different solvent extracted samples from roots against 

Candida- albicans 

Figure 37 shows the antifungal activity of crude methanolic, n-hexane, ethyl 

acetate, butanol and water extracted samples from the roots of P. hydaspidis against C. 

albicans. The data revealed that C. albicans was sensitive to crude methanolic and water 

extracted samples while the same microbe was completely resistant to n-hexane, ethyle 

acetate and butanol extracted samples. The data suggested that highest zone of inhibition 

(67.45%) was shown by water extracted sample at 1000ppm disc
-1

 followed by crude 

methanolic extracts (47.29%) at 1000ppm disc
-1

 compared with controls. Crude 

methanolic extracts at 800ppm disc
-1

 on the other hand showed the lowest zone of 

inhibition (6.90%). Again, the percent zone of inhibiton increased with increasing 

concentration of the extracts. All the other strains used during the study were completely 

resistant to all the extracts at all concentrations used. 

Some representative pictures of antifungal activity are shown in appendix 5. 
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Figure 36:  Antifungal activity crude methanol, n-hexane, ethyl acetate, butanol and 

water extracted samples of stems of P. hydaspidis against C. albicans. The 

bar represents standard deviation. 

 

Figure 37:  Antifungal activity crude methanol, n-hexane, ethyl acetate, butanol    and 

water extracted samples of roots of P. hydaspidis against C. albicans. The 

bar represents standard deviation. 
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Antioxidant activity of P. hydaspidis 

 One way to determine the medicinal potential of different parts of a plant is to 

find out their antioxidant activities. This part of our study was dedicated to investigate the 

antioxidant activity of stems of the plant extracted with five different solvents. 

Antioxidant activity of the different extracted samples is articulated in percentage as 

compared to positive control. The data shows the reduction in the absorption of the 

DPPH radical by different extracted samples with the help of UV Vis. 

Spectrophotometer.   

Anitioxidant activity of different solvent extracted samples from the stems of P. 

hydaspidis  

DPPH free radical scavenging assay was carried out for the determination of 

antioxidant activity of with five different solvents extracted from the stems tissues. The 

data on the antioxidant activities of the stems crude methanolic, n-hexane, ethyle acetate, 

butanol and water extracted samples at different concentration (5, 10, 25, 50, 100, 125 

and 250 µg/ml) is demonstrated in Figure 38. The data confirmed that all the extracted 

samples exhibited antioxidant activity at both the lowest and highest concentration when 

calculated in comparison to positive control (gallic acid). The data revealed that highest 

antioxidant potential (96.30%) was demonstrated by crude methanolic extracted sample 

at 250 µg/ml followed by 95.59% of the same extract at 125 µg/ml and 90.92% by 

butanol extracted sample at 250 µg/ml. The data further indicated the lowest antioxidant 

activity (74.48%) was noted for water extracted sample at 5 µg/ml concentration. The 

order of antiradical scavenging potential of different extracted samples of the stems was 

crude methanolic extract> butanol > ethylacetate > water > n-hexane at different 

concentrations. The results suggested that radical scavenging activity of different extracts 

decreased with the decrease in its concentration.  
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Anitioxidant activity of different solvent extracted samples from the roots of P. 

hydaspidis  

Figure 39 shows the DPPH free radical scavenging activity of different solvent 

extracted samples of the roots using different concentrations (5, 25, 50, 125 and 250 

µg/ml). The data indicated that all the extracts of the roots showed free radical 

scavenging activity at both minimum and maximum concentrations compared with the 

positive control (gallic acid). The results showed that maximum antioxidant potential of 

97.51% was measured by crude methanolic extracts at 250 µg/ml followed by 97.16% 

and 96.09% by the same extract at 125 µg/ml and 100 µg/ml respectively. The data also 

suggested that minimum antioxidant activity (66.50%) was noted by butanol extracted 

sample at 5µg/ml. The order of the antiradical scavenging potential of the different 

extracted samples was crude methanolic extract> n-hexane > ethyle acetate > water > 

butanol extracted samples at different concentrations. Free radical scavenging activity of 

different extracts decreased with the decrease in its concentration.  

Anitioxidant activity of gold and AgNPs of P. hydaspidis 

The antioxidant potential of AuNPs and AgNPs is shown in Figure 40. The data 

revealed that AuNPs revealed maximum antioxidant potential of 98.16% at 250 µg/ml 

while minimum scavenging activity of 82.54% was shown by AgNPs at 5 µg/ml 

followed by 85.09% (AuNPs) at 5 µg/ml. The data indicated that AuNPs exhibited better 

scavenging activity as compared to AgNPs compared with positive control (gallic acid). 

Phytotoxic activity of P. hydaspidis 

 In the current part of our research, L. minor bioassay was carried out for the 

confirmation of the phytotoxic potential of different extracted samples from the stems 

and roots of P. hydaspidis.  
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      Figure 38:  Antioxidant potential (%) crude methanol, n-hexane, ethyl acetate, 

butanol and water extracted samples from the stems of P. hydaspidis 

extracted with different solvnts. 

 

 

 

      Figure 39:  Antioxidant potential (%) of crude methanol, n-hexane, ethyl acetate, 

butanol and water extracted samples from the roots of P. hydaspidis 

extracted with different solvents.  
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      Figure 40: Antioxidant potential (%) of AuNPs and AgNPs of P. hydaspidis.  

Phytotoxic activity of different solvent extracted samples from the stems of P. 

hydaspidis  

 The data regarding phytotoxic potential of different extracts obtained from the 

stems of P. hydaspidis is shown in Figure 41. The results revealed that maximum 

phytotoxic activity of 70% was exhibited by water extracted samples at 1000 ppm/ml 

followed by 63.30% of the same sample and butanol extracted sample respectively. The 

data also suggested that minimum phytotoxic potential of 10% was demonstrated by n-

hexane extracted sample at 800 ppm/ml. It can be seen from the data that water, butanol 

and crude methanolic extracted samples showed good inhibitory effects on the 

proliferation of the L. minor while the inhibitory effects of n-hexane and ethyl acetate 

extracted samples were moderate. The FI50 valves calculated by SPSS software indicated 

that FI50 value for crude methanolic extracts was 934.845 while FI50 values for n-hexane, 

ethyl acetate, butanol and water extracted sample were 979.844, 998.713, 917.036 and 

882.988 respectively. The order of the phytotoxic potential of different solvent extracted 

samples obtained from the stems tissues water > butanol > methanol > n-hexane > ethyl 

acetate.  
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Phytotoxic activity of different solvent extracted samples from the roots of P. 

hydaspidis  

 Figure 42 presents data regarding phytotoxic potential of different extracts from 

the roots of P. hydaspidis. The data showed that highest phytotoxic activity was 

measured by water extracted samples at 1000 ppm/ml which was calculated to be 

86.60%, followed by 76.60% of the butanol, 66.60% of ethyle acetate and 66.59% of n-

hexane extracted samples. The lowest phytotoxic potential was shown by crude 

methanolic extracts at 800 ppm/ml which was calculated to be 16.60%. Water and 

butanol extracted samples demonstrated good inhibitory effects on the proliferation of the 

L. minor while moderate inhibitory activity was noted for crude methnol, n-hexane and 

ethyl acetate extracted samples. The data also suggested that FI50 for methanol extracted 

sample was 955.281 while the FI50 valves for n-hexane, ethyl  acetate, butanol and water 

extracted samples were 922.854, 922.854, 914.614 and 885.9386 respectively. The order 

of the phytotoxic potential of the different solvent extracted samples was water > butanol 

> ethyle acetate > n-hexane > methanol.  (Appendix 6 for pictures of the activity). 

Insecticidal activity of different solvent extracted samples from the stems of P. 

hydaspidis 

Data regarding the insecticidal potential of water and butanol extracted samples 

from the stems of P. hydaspidis against T. castaneum is shown in Figure 43. The data 

revealed that variable effect was shown by different extracts and was dose and insect 

dependent. Maximum mortality of 80.66% was shown by water extracted samples at 125 

mg/ml followed by butanol extracted samples (76.66%). Similarly, minimum mortality of 

16.66% was demonstrated by butanol extracted samples at 5 mg/ml when compared with 

controls. The survival (Probit) analysis of the data revealed that the LC50 value for 

butanol extracted samples was 65.55 while LC50 value for water extracted samples was 

calculated to be 59.61. The LCL for butanol extracted samples was 43.241 and the UCL 

was found to be 94.273, while the LCL and UCL for water extracted sample was 37.37 

and 86.09 respectively.  



84 

 

 

Figure 41:  Phytotoxic activity (%), of crude methanol, n-hexane, ethyl acetate, 

butanol and water extracted samples from the stems of P. hydaspidis 

against L. minor. The bar represents standard deviation. 

 

Figure 42:  Phytotoxic activity (%), crude methanol, n-hexane, ethyl acetate, butanol    

and water extracted samples from the roots of P. hydaspidis against L. 

minor. The bar represents standard deviation. 
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  Figure 44 indicates the insecticidal activity of water and butanol extracted 

samples form the stems of P. hydaspidis extracted against R. dominica. Maximum 

mortality of 70.00% was shown by butanol extracted samples at 125 mg/ml followed by 

water extracted samples (63.33%) when compared to control. The data also indicated that 

minimum mortality (13.33%) was calculated for water extracted samples at 5 mg/ml. The 

survival (Probit) analysis of the data revealed that the LC50 valuee for butanol extracted 

samples was 76.42 while LC50 value for water extracted samples was calculated to be 

90.59. The LCL for butanol extracted samples was 51.67 and the UCL was found to be 

113.79, while the LCL and UCL for water extracted sample was 63.93 and 138.75.   

Data relating to the insecticidal activity of water and butanol extracted samples 

from the stems of P. hydaspidis against Callosobruchus maculatus is shown in Figure 45. 

Maximum mortality of 80.00% was noted by butanol extracted samples at 125 mg/ml 

followed by water extracted samples (70.00%) compared with control. Minimum 

mortality rate (20.00%) was established by water extracted samples at 5 mg/ml. The 

survival (Probit) analysis of the data revealed that the LC50 for butanol extracted samples 

was 57.35 while LC50 for water extracted samples was calculated to be 69.41. The LCL 

for butanol extracted samples was 34.34 and the UCL was found to be 84.60, while the 

LCL and UCL for water extracted sample was 41.60 and 110.06 respectively.  

Insecticidal activity of different solvent extracted samples from the roots of P. 

hydaspidis 

Data concerning the insecticidal potential of water and butanol extracts of roots 

against T. castaneum is shown in Figure 46. Maximum mortality percentage rate was 

demonstrated by butanol extracted sample at 125 mg/ml which was 53.33% followed by 

water extracted sample which was 36.66%. The minimum percent mortality rate was 

established by water extracted sample which was calculated to be 10.00% at 5 mg/ml. 

The survival (Probit) analysis of the data revealed that the LC50 for butanol extracted was 

113.05 while LC50 for water extracted samples was calculated to be 175.70. The LCL for  
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         Figure 43:  Insecticidal activity (%), of water and butanol extracted samples   

form the stems of P. hydaspidis against T. castaneum. The bar 

represents standard deviation. 

             

       Figure 44:  Insecticidal activity (%), of water and butanol extracted samples 

form the stems of P. hydaspidis against against R. dominica. The 

bar represents standard deviation. 
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         Figure 45:  Insecticidal activity (%), of water and butanol extracted samples 

form the stems of P. hydaspidis against C. maculate. The bar 

represents standard deviation. 

 

butanol extracted samples was 78.79 and the UCL was found to be 206.96, while the 

LCL and UCL for water extracted sample was 110.97 and 997.25 respectively. The data 

relating to the insecticidal activity of water and butanol extracted samples from the roots 

of P. hydaspidis against R. dominica is shown in Figure 47. Maximum mortality 

percentage rate was demonstrated by butanol extracted sample at 125 mg/ml which was 

53.33% followed by water extracted samples (36.66%). Minimum mortality rate of 

10.00% measured by water extracted samples (10.00%) at 5 mg/ml. The survival (Probit) 

analysis of the data indicated that the LC50 value for butanol extracted samples was 

111.49 while LC50 value for water extracted samples was calculated to be 173.27. The 

LCL and UCL for butanol extracted samples was 76.24 and 213.96 respectively. 

Similarly, the LCL and UCL for water extracted samples was 112.46 and 687.26 

respectively.  

Figure 48 presents data relating to the insecticidal potential of water and butanol 

extracted samples from the roots of P. hydaspidis against C. maculatus. The data 

indicated that highest mortality percentage was demonstrated by butanol extracted 



88 

 

samples at 125 mg/ml which was 56.66% followed by water extracted samples (23.33%). 

The lowest mortality was noted by water extracted samples (6.66%) at 5 mg/ml. The 

survival (Probit) analysis of the data revealed that the LC50 value for butanol extracted 

samples was 106.94 while LC50 value for water extracted sample was calculated to be 

258.44. The LCL for butanol extracted sample was 76.85 and the UCL was found to be 

258.44. The plant extracted with other solvents did not show any insecticidal activity. 

 

    Figure 46:  Insecticidal activity (%), of water and butanol extracted samples 

from the roots of P. hydaspidis against T. castaneum. The bar 

represents standard deviation.       

 

     Figure 47:  Insecticidal activity (%), of water and butanol extracted samples 

from the roots of P. hydaspidis against R. dominica. The bar 

represents standard deviation. 



89 

 

 

        

       Figure 48:  Insecticidal activity (%), of water and butanol extracted samples 

from the roots of P. hydaspidis against C. maculates. The bar 

represents standard deviation. 

 Phytochemical analysis of different solvent extracted samples from the stems and 

roots of P. hydaspidis  

The results obtained from different qualitative phytochemical analysis of the 

stems tissues of the plant is given in Table 5. The data revealed that alkaloids and 

corbohydrates were present in all the extracts except butanol extracted samples. 

Similarly, flavonoids were present only in methanol and water extracted samples and 

proteins in all the extracted samples while saponins were present only in butanol and 

water extracted samples. Table 6 indicates the qualitative phytochemical analysis of the 

roots tissues. Analysis of the data showed that alkaloids and corbohydrates were 

confirmed in all the extracts except butanol extracted samples, flavonoids were present 

only in butanol and water extracted samples. Proteins were found in all the extracted 

samples except methanol extracted sample while saponins were present only in butanol 

and n-haxnae extracted samples. The presence of tannins was noted only in n-hexane 

extracted samples and sterols were found to be present in methanol, butanol and water 

extracted samples (Appendix 13).  
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Table 5: Qualitative phytochemical analysis of different solvent extracted samples   

    from the stems (+ shows presence and – shows absence) 

 

Phytochemicals 

Name of the extract 

methanol n-hexane Ethyle 

acetate 

Butanol Water 

Alkaloids + + + - + 

Carbohydrates + + + - + 

Flavonoids + - - - + 

Proteins + + + + + 

Saponins - - - + + 

Sterols + - - + + 

Tannins - + - + + 

 

Table 6: Qualitative phytochemical analysis of different solvent extracted samples  

     from the roots (+ shows presence and – shows absence) 

 

Phytochemicals 

Name of the extract 

methanol n-hexane Ethyle 

acetate 

Butanol Water 

Alkaloids + + + - + 

Carbohydrates + + + - + 

Flavonoids - - - + + 

Proteins - + + + + 

Saponins - + - + - 

Sterols + - - + + 

Tannins - + - - - 
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Antibacterial activity of AgNPs using AgNO3 solution as control 

 The data regarding the antibacterial activity of AgNPs, when pure AgNO3 

solution was used as control is represented in figure …… The data indicated that 

maximum zone of inhibition was measured by AgNPs at 500ppm against K. pnemoniae 

(67.85%) and minimum zone of inhibition was demonstrated at 300ppm against C. 

freundii (33.91%). K. pnemoniae, E. coli and X. compestris were highly susceptible to 

AgNPs, P. aeroginosa and B. subtilis were moderately sensitive to AgNPs while S. 

aureus and C. freundii were less sensitive to AgNPs. The data indicated that the 

antibacterial activity was dose dependent and with increasing the concentration of the 

NPs, the activity was also increased. The data further revealed that when AgNO3 solution 

was used as control, it also exhibited antibacterial activity however the synthesized 

AgNPs increased the activity of the Ag ions as shown in the figure. 

Antifungal activity of AgNPs using AgNO3 solution as control 

 Figure … represents the data concerning the antifungal activity of AgNPs 

of P. hydaspidis against C. albicans by disc diffusion assay, when pure AgNO3 solution 

was used as control. The result revealed that C. albicans was sensitive to AgNPs when 

screened at different concentrations. The data indicated that highest zone of inhibition 

was shown by AgNPs at 500ppm disc
-1

 (49.69%) against C. albicans followed by 45.99% 

at 500 ppm disc
-1 

against P. chrysogynum. The lowest zone of inhibition (20.00%) was 

measured at 300 ppm disc
-1 

against P. chrysogynum. The data further suggested that P. 

chrysogynum was susceptible to AgNPs at all concentrations used. All the other strains 

screened during the present investigation were completely resistant to the NPs at all 

concentrations used. The data further revealed that the activity of the Ag ions was 

increased by the synthesized AgNPs when compared with pure AgNO3 solution used as 

control.  
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Figure 49:  Antibacterial activity AgNPs of P. hydaspidis against all the bacterial 

species used, when pure AgNO3 solution was used as control. The bar 

represents standard deviation. 

 

 

Figure 50:  Antifungal activity AgNPs of P. hydaspidis against C. albicans and P. 

chrysogenum, when pure AgNO3 solution was used as control. The bar 

represents standard deviation. 
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Gas Chromatographic-Mass Spectrum (GC-MS) analysis of the P. hydaspidis 

extracted with different solvents 

 This section of our experiment was dedicated to the GC-MS analysis of different 

solvent extracted samples from the stems and roots of P. hydaspidis. The mass spectrum 

obtained was compared with the data base of National Institute of Standards and 

Technology (NIST). This data base contains more than 62000 patterns of the mass 

spectrum. During matching with NIST library the match factor greater than 700 was 

considered only for better and pure results. 

Phytochemical constituents of crude methanolic extract from stems 

The phytochemical screening of the crude methanolic extract obtained from the 

stems tissues and analysed through GC-MS is presented in Table 7. The mass 

spectrogram obtained is given in appendix 7. The data revealed that stems tissues contain 

some important compounds containing Clindamycin which is a broad spectrum antibiotic 

having the peak area of 0.47%. Dietary compounds like  1-(4-Methoxy-2-nitroanilino)-1-

deoxy-a-d-arabinofuranose and 3-O-Methyl-d-glucose were also present with peak areas 

of 5.39% and 80.86% respectively. An important Triterpenoid, Lupeol was also detected 

in the extract having important pharmacological activities. The sharpness of the peaks 

indicated that the compounds were in pure form. 

Phytochemical constituents of n-hexane extract from stems 

The GC-MS analysis of the n-hexane extracted sample is exhibited in Table 8 and 

appendix 8. The chromatogram showed 26 peaks indicating the presence of 26 

compounds. The aldehyde group of compounds and fatty acids were predominant in n-

hexane extracted samples. The aldehyde group was represented by, -Heptenal, (Z)-, 2,4-

Heptadienal, (E,E)-, 2-Octenal, (E)-, 2-Decenal, (Z)-, 2,4-Decadienal, (E,E)-, 2,4-

Decadienal, (E,E)- with 0.046%, 0.13%, 0.05%, 0.410 %, 0.027%, 0.041% peak area 

respectively. The biologically active fatty acids detected were 9-Oxononanoic acid 

(0.03%), Tetradecanoic acid (0.032%), n-Hexadecanoic acid (10.12%),Oleic Acid 

(0.82%), cis-13-Eicosenoic acid(1.69%), Erucic acid(0.054%). γ-Sitosterol with peak 

area of 3.83% is a phytosterol and is a bioactive compound which is similar to cholesterol 
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in its chemical structure and pharmacological importance was also detected in the extract. 

Lupeol and Lup-20(29)-en-3-ol, acetate, (3β)- with 24.63% and 30.65% peak area 

respectively were also reported in the same extract. 

 

Phytochemical constituents of ethyl acetate extract from stems 

 

The phytochemical constituents detected in stems ethyl acetate extracted samples 

are shown in Table 9 and appendix 9. Analysis of spectrogram revealed 13 peaks 

representing 13 compounds in the extract. The data showed the presence of n-

hexadecanoic acid (palmitic acid) with peak area of 0.17%. This compound is a saturated 

fatty acid and is highly bioactive showing anti-inflammatory activities. Geranyl- 

isovalerate (0.010%) was also detected in the tested extract. Geranyl- isovalerate is 

usually used in the synthesis of potential flavonoidic modulators. GC-MS analysis also 

showed the presence of α-Amyrin with peak area of 1.01%. α-Amyrin is a pentacyclic 

triterpene having well known pharmacological activities. 2-Heptenal,(Z)- (0.04%) and  

2,4-Decadienal, (E,E)- (0.03%) representing the aldehyde group were also present in the  

        Table 7: Phytochemical constituents of crude methanolic extracts from stems  

Compound name Molecular 

formula 

Molecular 

weight 

Retention 

time 

Match 

factor 

NIST 

number 

ID 

number 

Peak 

area 

(%) 

Clindamycin C18H33ClN2O5S 424 10.351 765 247789 17369 0.47 

2-Furancarboxaldehyde, 

5-(hydroxymethyl)- 

C6H6O3 126 12.896 798 60544 12795 4.19 

1-(4-Methoxy-2-

nitroanilino)-1-deoxy-a-

d-arabinofuranose 

C12H16N2O7 300 17.415 

 

626 

 

226091 27291 5.39 

3-O-Methyl-d-glucose C7H14O6 194 20.216 736 127259 35456 80.86 

n-Hexadecanoic acid C16H32O2 256 24.699 904 335494 6723 1.13 

1,2-Benzenedicarboxylic 

acid, diisooctyl ester 

C24H38O4 390 41.035 800 113206 20061 0.14 

Lupeol C30H50O 426 51.896 854 124852 7814 2.69 

Lup-20(29)-en-3-ol, 

acetate, (3β)- 

C32H52O2 468 54.344 890 194307 12142 5.98 
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Table 8: Phytochemical constituents of n-hexane extract from stems 

Compound name 

 

Molecular 

formula 

Molecul

ar 

weight 

Retention 

time 

Match 

factor 

NIST 

number 

ID 

number 

Peak 

area 

(%) 

-Heptenal, (Z)- C7H12O 112 7.667 940 57732 1853 0.046 

2,4-Heptadienal, (E,E)- C7H10O 110 8.516 921 235281 43455 0.13 

2-Octenal, (E)- C8H14O 126 9.920 897 2492 4131 0.05 

2-Decenal, (Z)- C10H18O 154 13.366 885 53572 2230 0.410 

2,4-Decadienal, (E,E)- C10H16O 152 13.846 905 235040 9886 0.027 

2,4-Decadienal, (E,E)-  C10H16O 152 14.173 905 235040 9886 0.041 

9-Oxononanoic acid C9H16O3 172 16.364 759 144254 35130 0.03 

Methyl 10-oxo-8-ecenoate C11H18O3 198 18.326 797 293161 2619 0.410 

Tetradecanoic acid C14H28O2 228 19.953 896 189107 8471 0.032 

Hexadecanoic acid, 

methyl ester 

C17H34O2 270 23.613 934 333716 38248 5.47 

n-Hexadecanoic acid C16H32O2 256 25.082 932 335494 6723 10.12 

9,12-Octadecadienoic 

acid, methyl ester, (E,E)- 

C19H34O2 294 30.373 883 35798 28494 0.054 

Oleic Acid C18H34O2 282 30.758 787 228066 4483 0.82 

9,12-Octadecadienoic acid 

(Z,Z)- 

C18H32O2 280 32.911 873 333207 7212 0.54 

,12,15-Octadecatrienoic 

acid, (Z,Z,Z)- 

C18H30O2 278 33.294 832 333201 41695 0.957 

4,8,12,16-

Tetramethylheptadecan-4-

olide 

C21H40O2 324 38.607 869 110183 61522 0.068 

1,2-Benzenedicarboxylic 

acid, mono(2-ethylhexyl) 

ester 

C16H22O4 

 

278 41.058 

 

954 291384 110647 2.73 

cis-13-Eicosenoic acid C20H38O2 310 41.185 851 333523 18357 1.69 

Erucic acid C22H42O2 338 43.108 805 233026 4647 0.054 
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9,19-Cyclochloestene-3,7-

diol, 4,14-dimethyl-, 3-

acetate 

C31H52O3 472 46.253 

 

722 

 

186587 138012 0.54 

3-Hydroxy-5a,9,9-

trimethyldecahydro-3,9a-

methano-2-benzazepin-1-

one 

C14H23NO

2 

 

237 46.898 

 

648 

 

243680 160944 0.904 

γ-Sitosterol C29H50O 414 50.633 895 151558 6743 3.83 

4,4,6a,6b,8a,11,11,14b-

Octamethyl-octa 

decahydro-2H-picen-3-

one 

C30H48O 

 

424 51.197 

 

796 

 

194624 153809 5.74 

Lupeol C30H50O 426 52.160 900 124852 7814 24.63 

12-Oleanen-3-yl acetate, 

(3α)- 

C32H52O2 468 53.289 875 244056 153829 7.52 

Lup-20(29)-en-3-ol, 

acetate, (3β)- 

C32H52O2 468 54.686 891 194307 12142 30.65 

 

extract. Some esteric and thiol compounds were also detected in the same extract during 

the GC-MS analysis. 

Phytochemical constituents of water extract from stems 

 The GC spectrogram and phytochemical constituents of water extracted samples 

is presented in appendix 10 and Table 10 respectively. Analysis of the data indicated the 

presence of aminoacid D-alanine, N-propargyloxycarbonyl-, decyl ester with peak area of 

0.046%. It is one of the twenty aminoacid which is the building block of proteins. The 

matching factor for this compound in NIST library was found to be 739. 2-

furancarboxaldehyde-5-(hydroxymethyl)- was also detected in water extracted sample 

which is an organic compound. It contain a furan ring, which have both aldehyde and 

alcohol functional groups. It has a wide use in baking industry. The peak area of this 

compound was found to be 0.109%. The other phytochemicals detected were 2-

myristynoyl pantetheine and 3-O-methyl-d-glucose with peak area of 0.66% and 99.18% 

respectively. 

http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Furan
http://en.wikipedia.org/wiki/Aldehyde
http://en.wikipedia.org/wiki/Alcohol
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Phytochemical constituents of different solvent extracted samples from roots 

 Different solvent extracted samples from the roots tissues were also subjected to 

GC-MS analysis for their active chemical constituents. 

Phytochemical constituents of roots crude methanolic extracted sample 

The phytochemical components of crude methonalic roots extracts are represented 

in Table 11 and in appendix 11. The data revealed that crude methanolic extract 

contained butanoic acid with peak area of 13.62% with a high match factor of 852. 1,3-

dioxane with peak area of 1.09% and match factor of 770 was also detected in the tested 

extract. This compound is medicinally important showing antibacterial, anti-

inflammatory and antioxidant activities. Tetrahydro-2-methyl-2-furanol (peak area 

6.59%), representing the alcoholic group of compounds was also detected in the subject 

extract. Compounds representing the –one functional group like, 5-hydroxy-2-methyl 

hexanone (2.63%), 3,4-dimethyl-3-hydroxy-2-pyrrolidinone (50.96%), 4-sec-butoxy-2-

butanone (5.93%) were also detected during the GC-MS analysis. 

Phytochemical constituents of roots n-haxane extracted sample 

The results of GC-MS analysis of roots n-hexane extracted sample is shown in 

Table 12 and appendix 12. Analysis of the data indicated that aldehyde group containing 

of compounds were predominant in the tested extract. The group is represented by 2-

decenal, tetra decanal hexadecanal and octadecanal with peak area of 0.1%, 0.3%, 0.6% 

and 0.19% respectively. Some of these compounds are pharmacologically important. 

Lipids representing compound 1-monolinoleoylglycerol trimethylsilyl ether with peak 

area of 0.46% were also detected in the extract. 2-(9-octadecenyloxy)-, (Z)- ethanol with 

peak area of 0.1% represented the alcoholic functional group. Some other 

phormocologically important compounds like Lup-20(29)-en-3-ol, acetate, (3β)-, 12-

oleanen-3-yl acetate, (3α)-, 1-monolinoleoylglycerol trimethylsilyl ether and 4,8,12,16-

tetramethylheptadecan-4-olide 5.97%, 1.2%, 0.46% and 0.1% were also detected in the 

tested extract. n-hexadecanoic acid with peak area of 0.1% was also present in the 

extract. 
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Table 9: Phytochemical constituents of stems ethyl acetate extracted sample 

Compound name 

 

Molecular 

formula 

Molecular 

weight 

Retention 

time 

Match 

factor 

NIST 

number 

ID 

number 

Peak 

area 

% 

2-Heptenal, (Z)- C7H12O 112 7.670 806 57732 1853 0.04 

Furan, 2-pentyl- C9H14O 138 8.513 818 237570 43229 0.01 

Z-8-Methyl-9-

tetradecenoic acid 

C15H28O2 240 13.376 756 130845 17223 0.05 

2,4-Decadienal, (E,E)- C10H16O 152 14.173 749 235040 9886 0.03 

Geranyl isovalerate C15H26O2 238 16.313 773 127736 46745 0.010 

Tetradecanoic acid C14H28O2 228 19.914 818 189107 8471 0.05 

3,7,11,15-Tetramethyl-

2-hexadecen-1-ol 

C20H40O 296 21.418 

 

818 

 

114703 43206 0.050 

2-Pentadecanone, 

6,10,14-trimethyl- 

C18H36O 268 21.551 822 337240 2225 0.01 

tert-Hexadecanethiol C16H34S 258 23.471 725 234966 22634 0.070 

n-Hexadecanoic acid C16H32O2 256 24.741 914 335494 6723 0.17 

4,8,12,16-

Tetramethylheptadecan

-4-olide 

C21H40O2 324 38.584 

 

758 

 

110183 61522 0.050 

1,2-Benzene 

dicarboxylic acid, 

diisooctyl ester 

C24H38O4 390 41.038 

 

855 

 

113206 20061 1.25 

3-(1,5-Dimethyl-

hexyl)-3a,10,10,12b-

tetramethyl-tetra 

decahydro-benzo 

[4,5]cyclohepta[1,2-

E]indene 

C30H50 410 50.327 

 

707 

 

189358 188643 0.50 

α-Amyrin 

 

C30H50O 426 53.125 823 197289 25159 1.01 

Lup-20(29)-en-3-ol, 

acetate, (3β)- 

C32H52O2 468 54.328 

 

847 

 

194307 12142 3.5 
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Table 10: Phytochemical constituents of stems water extracted sample

Compound name Molecular 

formula 

Molecular 

weight 

Retention 

time 

Match 

factor 

NIST 

number 

ID 

number 

Peak 

area 

% 

D-Alanine, N-

propargyloxycarbonyl 

decyl ester 

C17H29NO4 311 10.403 

 

739 347742 89422 0.046 

2-Furan 

carboxaldehyde, 5-

(hydroxymethyl)- 

C6H6O3 126 12.957 919 

 

60544 12795 0.109 

2-Myristynoyl 

pantetheine 

C25H44N2O5S 484 17.418 700 

 

111636 4243 0.66 

3-O-Methyl-d-glucose C7H14O6 194 21.192 719 

 

127259 35456 99.18 
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Table 11: Phytochemical constituents of roots crude methanol extracted sample 

 

Compo0und name 
Molecular 

formula 

Molecular 

weight 

Retention 

time 

Match 

factor 

NIST 

number 

ID 

number 

Peak 

area 

% 

2-Decenal, (E)- C10H18O 154 13.366 768 53573 816 0.1 

Tetradecanal C14H28O 212 17.920 922 36005 5397 0.3 

Hexadecanal 
C16H32O 240 20.964 907 158514 5691 0.6 

2-Pentadecanone, 

6,10,14-trimethyl- 
C18H36O 268 21.561 805 337240 2225 0.1 

2-Heptadecanone C17H34O 254 22.922 756 12339 2220 0.1 

Hexadecanoic acid, 

methyl ester 
C17H34O2 270 23.600 786 42975 9049 0.1 

n-Hexadecanoic acid C16H32O2 256 24.640 841 335494 6723 0.1 

Octadecanal 
C18H36O 268 26.874 870 36188 5716 0.19 

4,8,12,16-

Tetramethylheptadecan-

4-olide 

C21H40O2 324 38.589 728 110183 61522 0.1 

 2-(9-octadecenyloxy)-, 

(Z)- Ethanol 

C20H40O2 312 39.675 756 36235 18654 0.1 

1-Monolinoleoy 

lglycerol trimethylsilyl 

ether 

C27H54O4Si2 498 41.033 674 18126 37079 0.46 

12-Oleanen-3-yl 

acetate, (3α)- 
C32H52O2 468 53.142 862 244056 153829 1.2 

Lup-20(29)-en-3-ol, 

acetate, (3β)- 

C32H52O2 468 54.315 879 194307 12142 5.97 
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Table 12: Phytochemical constituents of roots n-hexane extracted sample 

 

Phytochemical constituents of roots ethyle acetate extracted sample 

The phytochemical constituents of ethyl acetate extracted samples are shown in Table 13 

and respective chromatogram is given in appendix 13. The data indicated that the extract contain 

ethyl iso-allocholate with peak area of 0.098% which is a good antibiotic. The sharpness of the 

peak represented the pureness of the compound in the extract. A flavoring agent 4-hydroxy-3-

methoxy- benzoic acid with peak area of 3.27% was also detected in the extract. It is also called 

as vinillic acid. A bioactive fatty acid, n-hexadecanoic acid with a high peak area of 11.45%, 

which is also called as palmitic acid was also detected in the extract. 1,2-benzenedicarboxylic 

acid, diisooctyl ester with the highest peak area of 73.64% was also present in the extract. 

Compound name 

 

Molecular 

formula 

Molecul

ar 

weight 

Retenti

on 

time 

Match 

factor 

NIST 

number 

ID 

number 

Peak 

area 

% 

3,4-dimethyl-3-hydroxy- 

2-Pyrrolidinone  

C6H11NO2 129 6.643 707 196873 918 50.96 

 tetrahydro-2-methyl-2-

Furanol 

C5H10O2 102 12.209 846 1210 33101 6.59 

Butanoic acid C9H16O3 172 12.546 852 282446 33325 13.62 

1,3-Dioxane C4H8O2 88 13.525 770 118505 10920 1.09 

5-hydroxy-2-methyl—

Hexanone 

C7H14O2 130 14.987 681 151941 6447 2.63 

4-sec-Butoxy-2-butanone C8H16O2 144 16.614 605 236316 8169 5.93 

2,2'-[1,4-

butanediylbis(oxymethylene)

]bis-Oxirane 

C10H18O4 202 17.664 

 

616 

 

69644 8114 9.49 
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Table 13: Phytochemical constituents of roots ethyle acetate extracted sample 

Compound name Molecular 

formula 

Molecular 

weight 

Retention 

time 

Match 

factor 

NIST 

number 

ID 

number 

Peak 

area 

% 

4-hydroxy-3-methoxy- 

Benzoic acid 
C8H8O4 168 17.408 719 6514 21968 3.27 

n-Hexadecanoic acid C16H32O2 256 24.794 898 335494 6723 11.45 

1,2-

Benzenedicarboxylic 

acid, diisooctyl ester 

C24H38O4 390 41.091 882 113206 20061 73.64 

9,19-Cyclochloestene-

3,7-diol, 4,14-

dimethyl-, 3-acetate 

C31H52O3 472 46.246 749 186587 138012 0.06 

Ethyl iso-allocholate C26H44O5 436 46.535 767 43053 6556 0.098 

Lup-20(29)-en-3-ol, 

acetate, (3β)- 

C32H52O2 468 54.313 840 194307 12142 11.15 

 

In vitro-micropropagation of P. hydaspidis 

 Micropropagation through tissue culture is generally used for the preservation 

of endangered plants, especially medicinal plants. In the present study we developed an 

in-vitro regeneration protocol for the preservation of P. hydaspidis. 

Shooting from explant 

Sterilization 

 For the sterilization, the nodal explants were washed thoroughly with running tap 

water for removal of any dust particles. The explants were soaked in Tween-20 (0.1%) 

for 5 min and washed again for 3 times with running tap water to remove the detergent. 

The explants were kept in 70% ethanol for 3 min and lastly the explants were surface 

sterilized with the help of mercuric chloride for 2 min. Finally, the explants were washed 

5 times with double distilled water in laminar air flow hood. 
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Optimization of sterilizing period 

 The nodal explants taken from the plant were treated with mercuric chloride solution 

(0.1%) in petri plates for three different durations of time (7, 4 and 2 min). The data representing 

response of plant to treatment time in percent is shown in Table 14.  The data indicated that 

treating the explants of shoot with 0.1% mercuric chloride for 7 min showed 100% mortality rate 

as no explants survived. When the plants were treated for 4 min, the survival rate increased to 

75% and the mortality rate was decreased to 25% having the contamination rate of 12% while 

the mortality rate was further reduced to 0% when the explants were treated with 0.1% mercuric 

chloride for 2 min. The contamination rate at the present treatment was 10 %. 

Inoculation of explant 

After completing the process of sterilization, the nodal explants were inoculated in 

culture tubes with high precautionary measures in laminar flow unit to avoid any contamination. 

For this reason the untainted explants were transferred to autoclaved petri plates using 

disinfected forceps in the Laminar flow cabinet. The explants were cut to appropriate size (2-3 

cm) by removing the extra part with autoclaved scalpel blade. After preparing the suitable size of 

the nodal explants, they were shifted to culture tubes having full strength MS medium 

supplemented with 3% sucrose and shoot production growth hormones at different 

concentrations and combinations. The combinations used were BAP 2 mg l
-1 + NAA 0.1 mg l

-1, 

BAP 3 mg l
-1 + NAA 0.5 mg l

-1, BAP 4 mg l
-1 + NAA 1 mg l

-1. The control contained no growth 

hormones. The tips of the culture tubes were swiftly exposed to flam and were firmly plugged to 

avoid the entrance of air and contamination. The culture tubes were properly labeled and were 

transferred to Growth room. After two weeks some of the explants showed the signs of the shoot 

propagation. The data for shooting was taken once at 28
th

 day of the inoculation. Each treatment 

was replicated 30 times. 

Data regarding different combinations and concentrations of the growth hormones on 

shoot propagation is given in Table 15. The results showed that maximum shoot proliferation 

was given by BAP 4 mg l
-1 + NAA 1 mg l

-1 which was on average 2.50 per explant, while 

minimum shoot proliferation was represented by BAP 2 mg l
-1 + NAA 0.1 mg l

-1 (1 on average 

for each explant). Further increase in the concentration of the shooting growth hormones 
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negatively affected the shooting of the plant. In control no shoot production was observed. The 

data further suggested that high  shoot induction was observed in combination of BAP 4 mg l
-1 + 

NAA 1 mg l
-1 which was 33% while minimum shoot induction was observed in BAP 2 mg/L + 

NAA 0.1 mg l
-1 ( 20%). The culture tubes containing no growth hormones showed no shoot 

propagation (Figure: 51). 

Rooting media 

After 28 days of the inoculation, the healthy cultured shoots were shifted to fresh culture 

tubes having media for rooting. To the rooting media, different combinations and concentrations 

of growth hormones were added. The combinations were IBA 1 mg l
-1 + NAA 0.5 mg l

-1, IBA 2 

mg l
-1 + NAA 1 mg l

-1, IBA 3 mg l
-1 + NAA 1.5 mg l

-1 (Table 16). The data indicated that 

maximum rooting response was shown by the combination of IBA 3 mg l
-1 + NAA 1.5 mg l

-1 

which was found to be 27% and 1.50 roots on average for each explant while minimum shooting 

response was exhibited by the combination of IBA 2 mg l
-1 + NAA 1 mg l

-1 which was 15% and 1 

roots on average for each explant. Increasing concentration of the rooting media beyond this 

level negatively affected the production of the growth. The combination of IBA 1 mg l
-1 + NAA 

0.5 mg l
-1 did not propagate any roots (Figure: 51). In control no production of roots was 

observed. 

Acclimatization 

 After 40 days of the culture of the shoots on roots proliferation media, the small plantlets 

with good conditions were transferred to plastic pots having soil and farmyard manure (1:1) for 

the purpose of hardening. The plantlets were reserved in polyethylene house for 10 days and the 

suitable intensity of dampness (80%-85%) was maintained by continuous provision of water. 

Plantlets exhibited 50% survival rate in polyethylene house. The plantlets were then transferred 

to green house having controlled conditions of humidity, temperature and sunlight.  The plantlets 

were watered two times daily in the green house. The plantlets showed progress in growth, the 

shoots gained weight and overall survival rate of the plant in natural environment after the 

process of micropagation was noted to be 75%. 
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Table 14: Sterilization of the nodal explants 

 

Explant 

Percent 

concentration of 

mercuric 

chloride 

 

Time exposure 

Percent Response 

Contamination Mortality Survived 

 

Nodal shoot 

parts 

0.1 7.00 --- 100.00 0.00 

0.1 4.00 12.00 25.00 75.00 

0.1 2.00 10.00 0.00 100.00 

Table 15: Shoot propagation of nodal explant of P. hydaspidis 

 Growth 

Regulator 

 Shoot number Shoot length (cm)  

% shoot 

induction BAP+NAA 

(mg l
-1

)  

No. of 

treatments 

Min Max Mean ±SD Min Max Mean ±SD 

2.00+0.10 30.00 1.00    1.00 1.00±0.00      1.20 2.30 1.75±0.77     78.00 

3.00+0.50 30.00 1.00 2.00 1.50±0.70  2.31   3.50 2.90±0.84       82.00 

4.00+ 1.00 30.00 2.00   3.00 2.50±0.70    6.00 6.50 6.25±0.35       89.00 

5.00+ 1.00 30.00 1.20 2.5 1.85±0.91 5.50 6.00 5.75±0.35 85.00 

Control 30.00 0.00 0.00 0.00±0.00    0.00 0.00 0.00±0.00    0.00 

Table 16: Roots propagation of nodal explant of P. hydaspidis 

 Growth 

Regulator 

 Roots number Roots length (cm)  

% roots 

inductio

n 
IBA+NAA 

(mg l
-1

)  

No. of 

treatments 

Min Max Mean ±SD Min Max Mean ±SD 

1.00+0.50 30.00 0.00    0.00 0.00±0.00      0.00 0.00 0.00 ±0.00       0.00 

2.00+1.00 30.00 1.00 1.00 1.00±0.00  1.31   2.50 1.90±0.84       58.00 

3.00+1.50 30.00 1.00   2.00 1.50±0.70    3.00 5.50 4.25±0.76       67.00 

4.00+2.00 30.00 1.00 1.00 1.00±0.00 2.00 3.50 2.75±1.06 63.25 

Control 30.00 0.00 0.00 0.00±0.00    0.00 0.00 0.00±0.00    0.00 
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Figure 51: Micropropagation of the plant (A) and (B) represents shooting, (C) and (D)      

       represents rooting.   
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V. DISCUSSION 
 

 There are many methods for the synthesis and large scale production of the AuNPs and 

AgNPs (Narayan and Sakyhivel, 2011). Traditionally, the NPs (which are basically colloids) are 

synthesized through four methods namely, physical methods, chemical, physiochemical and 

biogenic or bioinspired methods. These methods are sub classified and NPs of different sizes 

have been obtained through these methods. Except bioinspired synthesis, the other methods of 

NPs involve harsh chemicals, stringent synthesis conditions, largely capital intensive, less 

productive and need high energy. As a whole these processes are environmentally malignant and 

offensive while the bioinspired methods are with fewer hazards, sustainable synthesis, high 

productivity, less expensive, non toxic, environmentally benign and friendly (Shedbalkar et al., 

2014). 

 The present was focused on the bioinspired synthesis of the NPs where environmentally 

benign chemicals like gold chloride and silver nitrate were used for high and stable yield. For the 

synthesis of AuNPs and AgNPs, eco-friendly protocols were followed (Ravindran et al., 2013; 

Agam and Guo, 2007; Ateeq et al., 2015; Akerman e al., 2007). Among many types of 

bioinspired methods for the synthesis of NPs, the methods which use microorganisms is well 

documented (Logeswari et al., 2013). Many microorganisms are used; however, bacteria and 

fungi are specifically used for the synthesis of NPs. These procedures were successful for the 

synthesis of small sized particles, however, the overall yield of product is usually very small 

(Valentina and Minaev, 2014).  

 A single technique is usually not adequate to characterize the NPs; therefore, 

combinations of techniques were used for characterization in the present study. UV–vis 

spectroscopic method is reported for the principal recognition of synthesized NPs. The peak of 

the AuNPs and AgNPs usually lies in the range of 500-600 and 400-500nm respectively (Ocanas 

et al., 2010). Fourier Transform Infrared Spectroscopy analysis (Marco et al., 2010) has been 

used to identify the functional groups responsible for the reduction of Au and Ag ions. Phase 

composition, crystal structure, and mean size of the NPs are determined analyze by X-ray 

diffraction spectroscopy (XRD) (Harekrishna et al., 2009). The mapping and imaging of NPs 
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were screened by transmission electron microscopy (TEM) to explicate its overall structure and 

morphology (Smetana et al., 2005). Other microscopy techniques carried out for the 

characterization of AuNPs included scanning electron microscopy (SEM) (Ravindran et al., 

2010) Field Emission Scanning Electron Microscopy (FESEM) and Atomic Force Microscopy 

(AFM) (Ateeq et al., 2015). In the present study we carried out UV Vis. Spectroscopy, FT-IR, 

XRD, MALDI-TOF and AFM for the characterization of the synthesized gold and AgNPs. 

 

The synthesis of AuNPs from 1mM solution of AuCl3 was monitored and confirmed 

visually using UV-Vis Spectrophotometeric analysis. Addition of AuCl3 solution to the plant 

extract changed the color of the extract from yellow to dark purple which confirmed the 

formation of AuNPs. The color change is due to the reduction of the compounds present in the 

extract responsible for the synthesis of the NPs (Ashok et al., 2010). AuNPs have free electrons 

which give rise to Surface Plasmon Rasonance (SPR) (Kumara et al., 2011). The vibration of the 

electrons of AuNPs collectively with the light wave produces a resonance which is detected by 

the detector of the UV-Vis Spectrophotometer (Ravindran et al., 2010). During the present 

experiment, for the synthesis of larger amount of NPs, different combinations of the boiled plant 

extract and 1mM of AuCl3 solution was used. Analysis of the data indicated that combination of 

1ml of boiled plant extract and 8 ml of AuCl3 solution (1:8) produced highest peak observed 

through UV-Vis spectroscopy for AuNPs, while the smallest peak was given by mixning of plant 

extract and AuCl3 solution in the ratio of 1:5. Further increase in the amount of the AuCl3 

produced blue shift indicating the instability and destruction of the NPs. This may be due the 

decreased availability of the Au ions or the total engagement of the compounds responsible for 

the formation of the AuNPs (Amarendra and Gopal, 2010). During the spectrphotometric 

analysis, it was revealed that the highest absorption point at SPR peak was at 544nm which lied 

in the region for absorbance of AuNPs (500nm-600nm) (Ocanas et al., 2010).  

The AuNPs synthesized were checked for its stability against different parameters like 

temperature, pH and different salt concentrations (Malarkodi et al., 2013). The samples isolated 

at different temperatures revealed that the stability of AuNPs decreased with increasing 

temperature which may be due to the destruction of the active components loaded in the metal 

particles (Paulkumar et al., 2013). The AuNPs were most stable in the samples isolated in the 
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range of 24°C to 39°C showing the highest peak. Stability of AuNPs decreased as the 

temperature was increased from 40°C to 59°C. The peak of the samples isolated at this 

temperature was lower than the peak of the samples isolated at 24°C to 39°C. The samples 

isolated at 69°C to 100°C indicated that almost all the NPs were destroyed as almost no 

absorbance was recorded by Spectrphotometer (Paulkumar et al., 2013). 

The effect of salt stress on AuNPs was studied using The UV-Vis spectrophotometer and 

it was found that the AuNPs were more stable at the stress given by milli-Molar concentrations 

than Molar concentrations. The same results were also demonstrated by Gnanajobitha et al. 

(2013). The AuNPs were most stable at 1mM concentration and the stability decreased as the 

concentration of the salt increased. At 10mM salt stress, the AuNPs were less stable than 1mM. 

Similarly, the NPs at 100mM were less stable than NPs at 10mM salt concentration. The data 

recorded from the AuNPs treated with 1M salt revealed that the NPs were least stable at this 

concentration of salt. All these observations are in agreement with Noruzi et al. (2011). 

The effect of pH on the stability and formation of AuNPs was investigayed by UV-Vis 

Spectrphotometer. The acidic pH stress was given by the addition of 1N HCl while basic pH 

stress was imposed through 1N NaOH solutions. The UV-Vis spectrogram demonstrated that the 

AuNPs synthesized were subjected to different pH stress levels at a broader range from pH of 3 

to pH of 9. It was noticed that pH take part significantly in the synthesis and stability of AuNPs. 

It also seemed to control the shape, size and cystallinity of the AuNPs (Raghavan et al., 2014). 

The observations based on our results demonstrated that at lower acidic pH larger size AuNPs 

were synthesized while at higher alkaline/basic pH smaller size AuNPs were synthesized, which 

is in conformity with Lim et al. (2013). The AuNPs were found to be more stable at mildly acidic 

to neutral pH as the highest peak was given by the AuNPs solution adjusted at pH of 6-7 (smaller 

size particles synthesis were conferred by higher and sharp peaks). The studies of Anastas, P. T. 

and J. C. Warner (1998) demonstrated that pH had a significant effect on the size, shape and 

hence on the stability of the AuNPs. They found out that the aggregation of AuNPs were likely 

to outclass the nucleation process at lower acidic pH, though at alkaline pH a great number of 

nuclei formation occured, instead of aggregation, more smaller size and stable AuNPs were 

synthesized. The blue shift demonstrated in the spectrogram revealed the synthesis of smaller 
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sized AuNPs having very small diameter. Ravichandran et al. (2011) concluded that lower acidic 

pH decreased the synthesis of AuNPs while the higher basic pH increased its synthesis. These 

results clearly confirm our findings as our studies showed that the synthesis and stability of 

AuNPs is adversely affected both at higher acidic and higher alkaline pH, while stable particles 

were synthesized at neutral pH. At acidic and basic pH aggregation of NPs occured which may 

be responsible for its disintegration, while at mildly acidic to neutral pH no aggregation of 

AuNPs occured showing the sharp and highest peak. Generally the AuNPs showed more stability 

at mildly acidic and mildly basic pH. The AuNPs were quite stable at pH 7-8 (mild basic) and at 

pH 5-6 (mild acidic). It was noted that at highly acidic or highly basic pH no synthesis of AuNPs 

occured which possibly will be due to the fact that higher positive charge at the surface of 

AuNPs attracted the negatively charged biomass resulting in flocculation (Krishnaraj et al., 

2012). 

The interaction of a photon of a specific wavelength with molecules stimulates a specific 

vibrational mode. This stimulation of vibrational mode causes an increase in the intensity of 

vibration which in turn causes constructive interference giving a peak at the end (Brandi, 2009). 

This constructive interference leads to the identification of different functional groups present in 

the extract by giving specific spectra (Genc et al., 2011). The spectra of Fourier Transformed 

Infrared (FTIR) Spectrscopic analysis of the plant pure extract sample showed absorptions bands 

at wave numbers 3285.18, 2928.75, 1606.09, 1409.10, 1046.01, 989.26, 924.14 and 579.74 cm
-1

. 

The broader stretch at 3285.18 cm
-1

 and 2928.75 cm
-1

 indicated the presence of –O–H functional 

group which represents the presence of alcohol and/or free water. The absorption band at 

1046.01 cm
-1

 represents the –C–N functional group of aromatic amines, 989.26 cm
-1

 showed the 

functional group, ═C−H, of alkenes, 924.14 cm
-1

 confirmed the presence of – [C═O–O–H] 

which is the functional group of carboxylic acid and 579.74 cm
-1

 indicated the –N–H bend of 

amines in this FT-IR spectra of the boiled plant extract. 

Comparison of the FT-IR spectrum of the AuNPs with pure boiled plant extract FT-IR 

spectrum revealed that the absorption bands at 989.26 cm
-1

 and 1228.69 cm
-1

 disappeared 

completely which representing alkenes and aliphatic amines respectively. The disappearance of 

these two peaks suggested that the ═C−H and –C–N, functional group containing compounds 
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might be responsible for the reduction of Au
++

 of AuCl3 to AuNPs. The alkenes can be reduced 

to alkanes in the presence of metal catalyst like Au, Ag or Pt during the process and the Au
++ 

may be reduced to form NPs. Aliphatic amines which have no aromatic ring attached directly to 

the nitrogen atom and also have a lone pair of electrons might be responsible for the reduction of 

Au
++ 

to AuNPs. These results are in contradiction with Balasundram et al., (2006) who reported 

that corbohydrates, flavonoids and phenolic compounds are responsible for the synthesis of 

AuNPs.   

A closer examination of the comparative FT-IR spectrum of pure boiled plant extract and 

the synthesized AuNPs further revealed that there was a small change of ±1 to 100 wave 

numbers in other absorptions bands. Comparison of the two spectra indicated the shift of the 

wave numbers at the larger stretch of 3285.18 cm
-1

 to 3269.31 cm
-1

, 2928.75 cm
-1

 to 2905.75 cm
-

1
, 1606.09 cm

-1 
to 1640.80 cm

-1
, 1409.10 cm

-1
 to 1228.69 cm

-1
 and 1046.01 cm

-1
 to 1025.97 cm

-1
 

can also be seen, which confers that a small amount of these functional group containing 

compounds might be involved in the synthesis of AuNPs (Jayaseelan et al., 2013).   

For the XRD analysis of AuNPs synthesized from boiled extract of P. hydaspidis we used 

1D X-Ray diffractometer. XRD analysis reveals the size and nature of the crystallite (Sarvesh et 

al., 2013).  The Two theta (2θ) valves of a number of Bragg‘s reflections were 38.03°, 46.18° 

and 63.43° which corresponds to (111), (200) and (220) facets of AuNPs which may be 

manifested as the bands for face centered Cubic structures of Au. Our results are in complete 

agreement with Jayaseelan et al. (2013) and Nagaraj et al. (2014) who reported the same Bragg‘s 

reflections. The XRD pattern of the freeze dried sample of AuNPs thus clearly indicated that 

AuNPs synthesized by the current Bioinspired synthesis method were crystalline in nature 

(Harekrishna et al., 2009).  

The average size of AuNPs calculated with the help of Sherrer equation by determining 

the Full width with half maximum (FWHM)   of the most intense reflections (111), (200) and 

(220) from the XRD data revealed that the Nanocrystallite size of AuNPs was 6.99 nm which is 

in agreement with AFM data (Nagaraj et al., 2014). The sharpness of the first peak indicated 

clearly that the AuNPs synthesized were in nano region. It was further revealed from the data 

that there were no peaks for the XRD patterns due to the crystallographic impurities, which 
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means that, the AuNPs synthesized were highly in pure form (Pathipati and Rajasekharreddy, 

2011). 

MALDI-TOF is a method of mass spectroscopy in which the mass to charge ratio of an 

ion is determined through the measurment of the time of flight of the ion. The ion is accelerated 

in an electric field of known high strength. This acceleration produces ions with same kinetic 

energy. The velocity of the ion depends on the mass to charge ratio. The time that is 

subsequently taken by the particle to reach the detector present at a known distance. Heavier 

particles will take longer while lighter particles will take shorter time to reach the detector and 

from this phenomenon the charge to mass ratio of the ion is calculated (Ateeq et al., 2015). In the 

present study, we used MALDI-TOF technique for the first time to formulate structure for the 

AuNPs synthesized from plant extract. The data obtained from MALDI-TOF analysis indicated 

that one gold molecule was lost during fragmentation. Atomic weight of Au is 196.97amu and Cl 

is 35.5amu. The difference among all the peaks is almost 197, which indicated that only one gold 

molecule was fragmented during the process. As the extract contained a large number of 

molecules and we do not know the exact moment about the fragmentation of the molecule, 

therefore, the contribution from the extract was designated as ‗Lx‘, the contribution from the 

Chloride as ‗Cly‘ and the gold atom which is lost during fragmentation is shown as Aux. the 

possible formulated structure was [AuxLxCly]
x+

. It can be deduced from the spectrogram that the 

fragmentation of Au and extract occurred with 1:1, i.e In fact the NPs lose one gold atom during 

fragmentation and the ligand was intact. 

AFM is a high resolution scanning microscopy and unlike other microscopic techniques 

AFM offer three dimensionals visualization. The AFM analysis clearly confirmed that different 

sizes of AuNPs were synthesized. The diameter of the smallest NPs was found to be 1.5 nm 

while the diameter of the largest NP was measured to be 6.5 nm. This data is in complete 

agreement with that of the XRD analysis data, where the size of crystallite was calculated to be 

6.99 nm. 60% of the particles synthesized were in the range of 3-4 nm,10% were in the range of 

1-2 nm, 30% were in the range of 2-3nm, 20% were in the range of 5-6 nm while 4% of the 

AuNPs were synthesized in the range of 6-7 nm. 
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The synthesis of AgNPs from 1mM solution of AgNO3 was monitored and confirmed 

visually and by UV-Vis Spectrophotometeric analysis. After addition of the AgNO3 solution to 

the plant extract, the color of the extract changed from yellow to dark purple, which confirmed 

the formation of AgNPs visually. The color change may be due to the reduction of the 

compounds present in the extract which may be responsible for the synthesis of the NPs (Pantelis 

et al., 2012). AgNPs have free electrons which give rise to Surface Plasmon Resonance (SPR). 

The vibration of the electrons of AgNPs along with the light wave produced resonance which 

can be detected by UV-Vis Spectrophotometer. Different ratios of 1mM solution of AgNO3 and 

plant extract were studied for the synthesis of the AgNPs. The highest peak was given by 

combining 1ml of boiled plant extract and 9ml of AgNO3 solution (1:9), while the smallest peak 

was produced by addition of plant extract and AuCl3 solution at the ratio of 1:5. Blue shift 

occurred due to increasing amount of the AgNO3 indicating the instability and destruction of the 

NPs. The instability and destruction of the NPs may be due the decreased availability of the Ag 

ions or the total engagement of the compounds responsible for the formation of the AgNPs 

(Umoren et al., 2014). The spectrum revealed that the highest absorption point of peak was 

observed at 440.41nm, which lied in the region for absorbance of AgNPs (400nm-500nm).  

The effect of different stresses like heat, pH and salt were also investigated on the 

stability and synthesis of AgNPs using UV-Vis spectrophotometer. Each of stress produced a 

unique effect on the stability and synthesis of AgNPs. 

The temperatures of the reaction play significant role in the synthesis of NPs by 

controlling the nucleation process in configuration of the NPs (Bashir et al., 2013). Generally, 

the reaction rate increases with the increase in temperature due to amplification of molecular 

kinetic energy resulting on enhanced collision of the molecules. This increase in the reaction rate 

goes up to certain limit beyond which the components of the reaction mixture are destroyed 

(Vijay et al., 2014). The samples isolated at different temperatures revealed that the formation 

and stability of AgNPs was significantly affected by increasing temperature. Our results 

demonstrated that AgNPs were most stable in the samples isolated in the range of 25°C to 45°C 

showing the highest peak. These results are in close agreement with Ganesan et al. (2013) who 

reported that the best synthesis of the AgNPs was in the range of 20°C to 50°C. The increase in 
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temperature increased the absorbance of the reaction mixture which obviously showed greater 

synthesis of AgNPs. Furthermore, better SPR peaks were exhibited at this temperature with 

narrow absorption range indicating the stringent disparity of the synthesized AgNPs. Our data 

also revealed that further increase in temperature beyond 45°C, decreased stability of AgNPs as 

indicated by the samples isolated in the range of 50°C to 60°C. The peak of the samples isolated 

at this temperature was lower than the peak of the samples isolated at 24°C to 39°C which shows 

the deformation and destabilization of the AgNPs with elevated temperatures. The samples 

isolated at 60°C to 100°C indicated that almost all the AgNPs were destroyed at the temperatures 

(Bashir et al., 2013) as almost no absorbance was recorded by the Spectrphotometer.  

Different concentrations of the salt produced varying effects on the formation and 

stability of AgNPs. The UV-Vis spectrophotogram of the salt stress indicated that AgNPs were 

more stable at milli- Molar concentrations than Molar concentrations. Our studies also revealed 

that AgNPs were most stable at 1mM concentration and the stability decreased as the 

concentration of the salt was increased. At 10mM salt stress, the AgNPs were less stable than at 

1mM salt stress and the AgNPs at 100mM were less stable than AgNPs at 10mM. The data 

recorded from the AgNPs treated with 1M salt revealed that NPs were least stable at this 

concentration of salt. This may be due to the fact that higher concentration of sodium and 

chloride ions masked the AgNPs synthesized (Khan et al., 2013). 

The effect of pH on the stability and formation of AgNPs was studied with UV-Vis 

Spectrphotometer. The acidic pH and basic pH stress was given as described earlier. The AgNPs 

synthesized were subjected to different pH stress levels at a broader range from pH of 3 to pH of 

9. The data indicated that pH played significant role in the synthesis and stability of AgNPs by 

controlling the shape, size and cystallinity of the AuNPs (Bashir et al., 2013). Our results 

demonstrated that at lower acidic pH, large sized AgNPs were synthesized or almost no synthesis 

occur, while at higher alkaline/basic pH more stable and smaller size AgNPs were produced, 

which is in conformity with Ravichandran et al. (2011). They compared different studies carried 

out by different researchers and concluded that AgNPs synthesized were more stable at alkaline 

pH. This may be due to the fact that NaOH is a mild reducing agent, which may reduce the 

unreduced Ag ions present in the reaction mixture (Ashok et al., 2010). The AgNPs synthesized 
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were found to be more stable at mildly acidic to neutral pH as high peak was given by the 

AgNPs solution adjusted at pH of 6-7 (as smaller size particles synthesis were conferred by 

higher and sharp peaks). The studies of Bashir et al. (2007) demonstrated that pH had a 

significant effect on the size, shape and hence on the stability of the AgNPs. They found out that 

the aggregation of AgNPs were likely to outclass the nucleation process at lower acidic pH, 

though at alkaline pH a great number of nuclei formation occured, instead of aggregation, more 

smaller size and stable AgNPs were synthesized. The blue shift demonstrated in the spectrogram 

indicated the synthesis of smaller sized AgNPs having very small diameter. Ravichandran et al. 

(2011) reported that lower acidic pH decreased the synthesis of AgNPs while the higher basic pH 

increased its synthesis. These results are in confirmation with our results as we demonstrated in 

our studies that the synthesis and stability of AgNPs was advesely affected both at much higher 

acidic and alkaline pH, while stable particles were synthesized at neutral to mildly basic pH. At 

higher acidic and basic pH aggregation of NPs occured which may be responsible for its 

disintegration, while at neutral to mildly basic pH no aggregation of AgNPs occured showing the 

sharp and highest peak. It was also noted that at highly acidic and basic pH no synthesis of 

AgNPs occured which possibly will be due to the fact that higher positive charge at the surface 

of AgNPs attracted the negative charge biomass which leads to flocculation (Ravichandran et al. 

2011). 

Comparison of the FT-IR spectrum of the AgNPs and pure boiled plant extract FT-IR 

spectra indicated that the absorption bands at 1335.62 cm
-1

 in AgNPs spectrum completely 

disappeared revealing aromatic amines. The disappearance of the peak suggested that the −C−N 

functional group containing compounds might be responsible for the reduction of Ag
++

 of 

AgNO3 to AgNPs. This may be due to the presence of the lone pair of electrons on N atom 

(Ravichandran et al., 2011). Our studies for the first time confirmed that aromatic amines are 

responsible for the formation of AgNPs. A closer examination of the FT-IR spectrum of pure 

boiled plant extract and the synthesized AgNPs further revealed that there was a small change of 

±1 to 100 wave numbers which effected the position and magnitude of the absorptions bands. 

The shift of wave numbers from 1409.10 cm
-1

 in plant extract spectra to 1335.6 cm
-1

 in the 

spectra of AgNPs representing the ring aromatic compounds may also be responsible for the 

formation of AgNPs (Linga and Savithramma, 2011). A small shift of the wave numbers can also 
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be seen at the broader stretch from 3285.18 cm
-1

 to 3283.6 cm
-1

, 2928.75 cm
-1

 to 2926.23 cm
-1

, 

1606.09 cm
-1 

to 1599.99 cm
-1

, 1409.10 cm
-1

 to 1335.62 cm
-1

, 1046.01 cm
-1

  to 1026.06 cm
-1

, 

924.14 cm
-1

  to 823.81 cm
-1

 between AgNPs spectra and plant spectra respectively. 

The XRD was carried out to determine the nature and size of crystallite of AgNPs 

synthesized from boiled plant extract of P. hydaspidis. The Two theta (2θ) valves of a number of 

Bragg‘s reflections were 28.42°, 38.03°, 46.18° and 63.43° which corresponds to (100), (111), 

(200) and (220) facets of AgNPs which may be manifested as the bands for face centered Cubic 

structures of Ag (Logeswari et al., 2012; Ganesan et al., 2013). The XRD pattern of the freeze 

dried sample of AgNPs clearly indicated that AgNPs synthesized by the current Bioinspired 

synthesis method were highly crystalline in nature. The average size of AgNPs, calculated with 

the help of Sherrer equation by determining the Full width with half maximum (FWHM) of the 

most intense reflections (100), (111), (200) and (220) from the XRD data revealed that the 

Nanocrystallite size of AgNPs was 7.50 nm which is in agreement with AFM data (Shankar et 

al., 2005; Raveendran et al., 2003). The sharpness of the first and second peaks clearly indicated 

that AgNPs synthesized were in nano region. The data further revealed that there were no peaks 

for the XRD patterns due to the crystallographic impurities, which means that, the AgNPs 

synthesized were highly in pure form. 

The particle size and its morphology were determined by AFM. The AFM analysis 

revealed that the particles prepared were of different sizes. The diameter of the smallest NPs was 

found to be 1 nm while the diameter of the largest NP was measured to be 7.5nm. These results 

are in complete agreement with XRD data where the particle size calculated to be 7.50 nm 

(Shankar et al., 2005). 

Alkaloids, tannins, saponins, flavonoids and many other aromatic compounds are 

secondary metabolites which play a very important role in providing defense against many types 

of microorganisms like bacteria and fungi (Lutterodt et al., 1999; Marjorie, 1999). The efficiency 

of an extract against any microorganism primarily depends on the source of the extract, 

extraction method used and the solvents used for extraction. The sensitivity and variability of the 

strains of microorganisms is an evident factor in the pragmatic differences of the extracts 

regarding its activity (Al-Zoreky, 2009). Different compounds may adversely affect the activity 
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of the extracts or may even block their activity (Jager et al., 1996). Degeradation and insolubility 

of the compound during extraction procedures may be responsible for the low activity and even 

complete absence of the activity (Premanath et al., 2011). 

The study of growth by measuring the bacterial numbers, growth of microbes in well 

plate and agar disc diffusion assay are the most important and commonly used methods. In the 

present study we used disc diffusion method for the antimicrobial activity of different solvent 

extracted samples obtained from stems and roots tissues of P. hydaspidis, as both quantitative 

and qualitative results can be obtained by this method under standardized conditions by 

measuring the zones of inhibition. Our current study clearly demonstrated the antibacterial 

activity like other species of the same genus. The data obtained exhibited variable degree of 

activity of different extracted samples, which may be dose dependent, depend on the part of the 

plant used, the solvent used, microbes used, and differential absorption into the paper disc or 

depend on the evaporation of the organic solvent. 

In the present study we carried out the antibacterial activity of AuNPs against the seven 

tested strains. The AuNPs were active against all the bacterial strains used during the study and it 

was also confirmed that the activity was dose dependent. Maximum zone of inhibition was 

shown by AuNPs at 500ppm against E. coli while minimum zone of inhibition was demonstrated 

at 300ppm against P. aeroginosa and C. freundii. K. pnemoniae, E. coli and X. compestris 

exhibited high degree of sensitivity, B. subtilis and C. freundii moderate while P. aeroginosa, S. 

aureus and C. freundii exhibited least sensitivity to AuNPs. All the bacterial stains used during 

the study were susceptible to all concentrations of AuNPs used. The AuNPs enhanced the 

activity of the extract against the tested bacteria. The antibacterial activity of AgNPs was also 

carried out during the present study. The data revealed that maximum zone of inhibition was 

shown by the AgNPs at 500ppm against X. compestris and minimum zone of inhibition was 

demonstrated at 300ppm against S. aureus. The results suggested that all the tested bacterial 

stains used were susceptible to all concentrations of AgNPs used and the activity of AgNPs was 

dose dependent. K. pnemoniae, E. coli and X. compestris were highly susceptible to AgNPs, P. 

aeroginosa and B. subtilis were moderately sensitive and S. aureus and C. freundii were less 

sensitive to AgNPs. This may be due to the fact that Au and Ag itself also possesses 
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antimicrobial property; however, in the present study we used milli molar concentrations which 

outclass the said possibility. On the other hand, NPs are efficient drug carriers which might have 

delivered the extract afficiently (Ateeq et al., 2015).  Similar results are reported by The same 

results were also demonstrated by Ameer et al. (2009), Me´ndez et al. (2011) and Prasad et al. 

(2011). 

 In the present study K. pneumoniae, the Gram negative bacteria, was investigated for its 

senstivity against different extracts from the stems and roots of P. hydaspidis. The tested microbe 

is responsible for pneumonia and bronchitis. Its infection causes harsh changes in lungs due to 

inflammation and internal bleeding. Sometimes it also develops thick bloody sputum which 

causes internal damages to lung resulting in serious breathing problems. The data of our work 

indicated that K. pneumoniae was highly susceptible to stems crude methanolic extract, n-

hexane, ethyle acetate and water extracted samples at all the three concentrations and butanol 

extracted samples only at high concentration. All extracted samples significantly reduced the 

growth of K. pneumoniae except butanol extracted samples. Among the tested samples, water 

extracts showed maximum zone of inhibition as compared to other extracts. Our results agree 

with Mushtaq et al. (2011) who reported the antimicrobial activity of P. aphylla. The 

antibacterial activity of the roots extracted with different solvents against K. revealed that crude 

methanolic extract and ethyle acetate extracted samples were effective to control the activity of 

K. pneumoniae at all the three concentrations used.  Maximum activity was measured by crude 

methanolic extract and minimum activity was revealed by ethyle acetate extracted samples. The 

data further suggested that K. pneumoniae showed no susceptibility towards n-hexane, butanol 

and water extracted samples.  

 P. aeruginosa is a gram negative bacterium and is a significant infectious agent for many 

contagious diseases in humans like pneumonia, endophthalmitis, malignant external otitis, 

endocarditis and meningitis. This bacterium easily infects those patients who are hospitalized for 

wounds caused by burns, cystic fibrosis, leukemia, intravenous drug addiction and organ 

transplant (Bodey et al., 1983). Our results clearly demonstrated that P. aeruginosa exhibited 

different responses to stems extracted with different solvents. P. aeruginosa showed 

susceptibility to crude methanolic extract and water extracted sample at all the three 
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concentrations used, while n-hexane, ethyl acetate and butanol extracted samples exhibited no 

inhibitory effect on P. aeruginosa showing that the tested microbe was totally resistant to these 

three extracted samples. Among these solvent extracted samples, water extracts demonstrated 

highest zone of inhibition followed by crude methanolic extract. Our results are in agreement 

with Najeeb et al. (2013) who studied the laxative and antibacterial activity of P. aphylla. Our 

data further suggested that the growth of P. aeruginosa was reduced by roots crude methanolic 

extracts and butanolic extracted samples at all the three tested concentrations and n-hexane, 

ethyle acetate and water extracted samples exhibited no inhibitory effect on P. aeruginosa. 

Maximum growth inhibition was measured by crude methanolic extracts followed by butanol 

extracted samples. However, at 800ppm disc
-1 

, butanol extracted samples showed the smallest 

zone of inhibition. Our results are in conformity with Sahreen et al. (2011). 

S. aureus, which is causative agent of endocarditis, bacterimia and pneumonia, was also 

tested for its activity against different extracts obtained from the roots and stems of the plant. 

Our study revealed that S. aureus showed no resistance to crude methanolic extracts, ethyl 

acetate and butanol extracted samples. The highest zone of inhibition was demonstrated by ethyl 

acetate extracted samples followed by crude methanolic extracts and butanol extracted samples 

at the same concentration. The data further suggested that S. aureus was totally resistant to n-

hexane and water extracted samples showing no zones of inhibition. Khan et al. (2011) 

demonstrated similar results while our results are in contradiction with Fazal et al. (2012) who 

reported the activity in n-hexane and water extracted samples. In case of roots extracted samples, 

S. aureus was sensitive to crude methanolic extract, ethyl acetate and water extracted samples. 

The highest zone of inhibition was measured for ethyl acetate extracted sample followed by 

crude methanolic extracts at the same concentration. The smallest zone of inhibition was shown 

by water extracted samples. The data further revealed that S. aureus was totally resistant to n-

hexane and butanol extracted samples showing no zone of inhibition at any concentration.  

 B. subtilis, a Gram positive bacterium is a food contaminant and can cause rigorous food 

poisoning and damage. Only crude methanolic extracts of the roots tissue showed effectiveness 

against B. subtilis and inhibited its augmentation at all the three concentrations used. B. subtilis 

was completely resistant to the other extracted samples of the roots showing no zone of 
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inhibitions. Our results are in contradiction to Rauf et al. (2012) who demonstrated sensitivity of 

B. subtilis to n-hexane and water extracted samples.  

 Some of the strains of E. coli are extremely virulent causing many diseases like neonatal 

meningitis, urinary tract infection and gastroenteritis. In the present study it was confirmed that 

E. coli showed no resistance and was sensitive to all the five solvents extracted samples of the 

plant at all concentrations used. The highest zone of inhibition was shown by crude methanolic 

extracts followed by n-hexane extracted samples. The water extracted sample also showed 

considerable activity against E. coli. Ethyl acetate and butanol extracted samples showed 

moderate level of activities at all the concentrations used. The smallest zone of inhibition was 

exhibited by ethyl acetate extracted samples. The data further demonstrated that E. coli was 

sensitive to crude methanolic extracts, ethylacetate and water extracted samples, while it was 

completely resistant to n-hexane and butanol extracted samples. The highest zone of inhibition 

was shown by crude methanolic extracts at 1000ppm disc
-1

 followed by ethyl acetate extracted 

samples at the same concentration. The smallest zone of inhibition was measured for water 

extracted sample at the 800ppm disc
-1

 concentration. Wang et al. (2010) obtained similar results 

while working on P. sepium. 

 Black-rot is one of the most noteworthy diseases of plants from Brassicaceae family 

which is caused by X. campestris a Gram negative bacterium (Vicente and Holub, 2013). Many 

monocots and dicots are infected by this class of bacteria (Leyns et al. 1984). The development 

of resistance to the drugs which are used as antibiotics like kanamycin, penicillin, ampicillin and 

streptomycin by X. campestris is an emerging problem to many vegetables and cash-crops 

(Rodriguez et al., 1997).  In the current study we determined that X. campestris was completely 

resistant to crude methanolic extracts, n-hexane and butanol extracted samples which did not 

inhibit its growth, while it was susceptible to ethyl acetate and water extracted samples. 

Maximum zone of inhibition was shown by ethyl acetate extracted samples and minimum zone 

of inhibition was given by water extracted samples. Wang et al. (2010) and Rauf et al. (2012) 

reported that X. campestris is susceptible to crude methanolic extracted samples. Our results are 

in complete agreement with Fazal et al. (2012) who demonstrated that this bacterium was 

susceptible to ethyl acetate extracted samples. The effectiveness as antibacterial agent of stems 
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extracted samples with different solvents was tested against C. freundii. The data suggested that 

the tested microbe was susceptible only to butanol extracted samples and showed complete 

resistance to crude methanolic extracts, n-hexane, ethyl acetate and water extracted samples at all 

the three concentrations used.  

C. albicans is a human pathogen from a class of fungi causing many contagious diseases 

(Kim and Sudbery, 2011). In the United States of America and Taiwan it is a source of 

nosocomial bloodstream contagious disease (Jarvis, 1995; Chen et al., 1997). It prolongs the time 

of treatment of patients in hospitals and also increases the death rate from thirty to forty percent 

by causing candidemia (Leleu et al., 2002). Additionally, nearly every one of present treatments 

have detrimental characteristics, e.g., ―amphotericin cause toxicity with uninvited side effects, 

―azoles‖ exhibit drug to drug interactions, and ―fluconazole‖ and ―5-flucytosine‖ causes 

resistance development (White et al., 1998). Hence, a plant-based medication development for 

safe treatment is necessary. 

The antifungal activity of AuNPs of P. hydaspidis against C. albicans by disc diffusion 

assay was carried out and it was suggested that C. albicans was responsive to AuNPs at all 

concentrations used. The data revealed that highest zone of inhibition was demonstrated by 

AuNPs at 500ppm disc
-1

 followed by 400 ppm disc
-1

 and the lowest zone of inhibition was 

shown at 300 ppm disc
-
. The present study further suggested that P. chrysogynum was receptive 

to AuNPs at all concentrations used. The data revealed that highest zone of inhibition was 

measured by AuNPs at 500ppm disc
-1

 followed by 400 ppm disc
-1

 and lowest zone of inhibition 

was shown at 300 ppm disc
-
. Our results agree with Jayaseelan et al. (2013) who conducted 

experiments on antifungal activity of AuNPs and found all the fungal strains were susceptible to 

the NPs. All the other strains used during the present study were completely resistant to the NPs 

at all concentrations used. 

The antifungal activity of AgNPs of P. hydaspidis against C. albicans by disc diffusion 

assay revealed that the tested microbe was responsive to AgNPs at all concentrations used. Our 

data further revealed that highest zone of inhibition was established by AgNPs at 500ppm disc
-1

 

followed by 400 ppm disc
-1

. Similarly, the lowest zone of inhibition was shown at 300 ppm disc
-1. 

The antifungal activity of AgNPs of P. hydaspidis against P. chrysogynum revealed that P. 
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chrysogynum was susceptible to AgNPs at all concentrations used. The data exhibited that 

maximum activity was shown by AgNPs at 500ppm disc
-1

 followed by 400 ppm disc
-1

 and 

mimimum by 300 ppm disc
-1

which was 25.46%.  Jonny et al. (2014) concluded similar results 

against different fungal strains. All the other strains used during the study were completely 

resistant to the NPs at all concentrations used. 

The antifungal activity of different solvent extracted samples from the stems of P. 

hydaspidis against C. albicans by disc diffusion assay suggested that C. albicans was susceptible 

crude methanolic extracts, n-hexane and water extracted samples and completely resistant to 

ethyle acetate and butanol extracted samples. Rana and Jain (2011) reported reported sensitivity 

of the fungi to butanol extracted samples which are contradictory to our results. The data 

revealed that highest zone of inhibition was shown by crude methanolic extracts at 1000ppm 

disc
-1

 followed by water extracted sample 1000ppm disc
-1

. Water extracted sample at 800ppm 

disc
-1

 showed the smallest zone of inhibition. The percent zone of inhibition increased with 

increasing concentration of the extracts. All the other strains used during the study were 

completely resistant to all the extracts at all concentrations used. The antifungal activity of the 

roots extracted samples from P. hydaspidis against C. albicans revealed that the tested fungus 

was sensitive to crude methanolic extracts and water extracted samples and the same microbe 

was completely resistant to n-hexane, ethyl acetate and butanol extracted samples. The data 

further suggested maximum reduction in growth was shown by water extracted sample at 

1000ppm disc
-1

 followed by crude crude methanolic extracts at 1000ppm disc
-1

. Crude 

methanolic extracts at 800ppm disc
-1

 showed the smallest zone of inhibition. Similar results are 

also reported by Rana et al. (2011).  

 Compounds having the ability to scavenge free radicals are produced by the natural 

machinery of the plants. These compounds include phenolic acids, lignins, tannins, alkaloids, 

terpenoids, flavonoids, stilbenes, coumarins, amines and vitamins etc. (Caiet al., 2003). Some of 

these compounds have anti-inflammatory, antimutagenic, antibacterial, antiviral, 

antiatherosclerotic, antitumor, and anticarcinogenic, capabilities (Sala et al., 2002). Ingestion of 

natural antioxidants through diet or through medicine prepared from plants can reduce the risk of 

happening of cancer, heart disease, diabetes, and other complications connected with the 
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presence of free radicals (Veerapur et al., 2009). Besides, the projected life of food and food 

goods can be improved by accretion of antioxidants (Cook and Samman, 1996).  

 DPPH free radical scavenging assay was carried out for the determination of antioxidant 

activity of different solvent extracted samples at different concentration from the stems tissues. 

Interestingly we found that the subject plant in our current study possesses high antioxidant 

potential.  The data indicated all the samples of the stems extracted with different solvents 

exhibited antioxidant activity at both the low and high concentration when calculated in 

comparison to the positive control. The highest antioxidant potential was noted in crude 

methanolic extracts at 250 µg/ml followed by the same extract at 125 µg/ml and butanol 

extracted samples at 250 µg/ml. These results suggested that compounds which having radical 

scavenging potential were accumulated at high level in these two extracts (Jamshed et al., 2012).  

The lowest antioxidant activity was demonstrated by water extracted sample at 5 µg/ml. The 

overall order of radical scavenging potential of the different extracted samples of the stems was 

crude methanol> butanol > ethyl acetate > water > n-hexane extracted sample at different levels 

of concentration (Hajji et al., 2009). Closer examination of our data further revealed that radical 

scavenging activity of the extracts decreased with the decrease in concentration of the extracts 

indicating its dose dependent pattern. Our data for the roots samples revealed that maximum 

antioxidant potential was measured by crude methanolic extracts at 250 µg/ml followed by the 

same extract at 125 µg/ml. Similarly, minimum antioxidant activity was established by butanol 

extracted sample at 5 µg/ml. The order the antiradical scavenging potential of the different 

extracted samples of the stems was crude methanol> n-hexane > ethyle acetate > water > butanol 

extracted samples at different levels of concentration (Hajji et al., 2010). The data further 

revealed that the antiradical scavenging activity of the extracts decreased with the decrease in 

concentration of the extracts. Our data showed that all the extracts of the roots showed 

antioxidant activity at lowest concentration of 5µg/ml (Jamshed et al., 2012).    

 Farmers usually face the problems of weeds infestation in their crops and therefore 

extensively use chemical herbicides which are environmentally offensive, especially to water, 

soil and food (Wahab et al., 2012). For the same purpose, in the present study we carried out 

phytotoxic activity to develop new herbicides which are cheap, safe and environmentally 
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passive. Phytotoxic potential of different extracts of the stems of P. hydaspidis revealed that the 

maximum activity was exhibited by water extracted sample at 1000 ppm/ml followed by butanol 

extracted samples. Minimum phytotoxic potential was demonstrated by n-hexane extracted 

samples at 800 ppm/ml. The water, butanol and crude methanolic extracted samples showed 

good inhibitory effects on the proliferation of the L. minor while the inhibitory effects of n-

hexane and ethyl acetate extracted samples were moderate. Rahmaullah et al. (2012) and Rauf et 

al. (2012) concluded similar results for different plants while our results were contradictory to 

Grisi et al. (2013) who reported better phytotoxic activity for hexane and ethyl acetate extracted 

samples. This may be due to the fact that we used non polar to polar solvent extraction 

procedures while they carried out polar to non polar solvent extraction proccess (Macias, 2010). 

The FI50 values calculated by using SPSS software for methanol extracted sample was 934.845 

and n-hexane, ethyl acetate, butanol and water extracted sample were 979.844, 998.713, 917.036 

and 882.988 respectively. The order of the phytotoxic potential of the stems extracted samples 

were water > butanol > methanol > n-hexane > ethyle acetate.  

Data regarding phytotoxic potential of different extracts of roots of P. hydaspidis 

revealed that the highest phytotoxic activity was exhibited by water extracted samples at 1000 

ppm/ml followed butanol, ethyl acetate and n-hexane extracted samples.  The lowest phytotoxic 

potential was shown by crude methanoic l extracts at 800 ppm/ml. Water and butanol extracted 

samples demonstrated good inhibitory effects while moderate inhibitory effects was noted for 

crude methnol, n-hexane and ethyl acetate extracted samples.  FI50 value for methanol extracted 

sample was 955.281 while the same values for n-hexane, ethyl acetate, butanol and water 

extracted samples were 922.854, 922.854, 914.614 and 885.9386 respectively. The order of the 

phytotoxic potential of the roots extracted samples were water > butanol > ethyle acetate > n-

hexane > methanol (Rehmanullah et al., 2012). 

The stored grain insects cause serious problems. According to a report of Department of 

Agriculture and Food, it has been estimated that almost one quarter and one third of the world 

stored grain crop is lost every year (Saleem et al., 2004). If the crop is not completely damaged, 

the nutritional value is adversely affected due to infestation. These pests especially eat the 

embryos of the grains, thus reducing the protein content of the stored grain and minimize the 
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percentage of seeds to germinate (Department of Agriculture and Food, Government of 

Australia). Insecticides applied to uninfested grain will protect the stored grain against many 

pests and help minimizing the damage to the stored grain, however, excessive use of chemical 

insecticides is discouraged because of its detrimental effects (Hannaford The seed company). For 

this reason novel insecticides which are cost effective and environmentally friendly should be 

developed to control the pest problems. 

   The insecticidal potential of the stems extracted samples of P. hydaspidis against T. 

castaneum revealed that variable effect was shown by the solvents extracted samples which was 

dose and insect dependent (Chen et al., 2007; Chu et al., 2012). Maximum mortality percentage 

was shown by water extracted sample at 125 mg/ml compared with butanol extracted sample 

which revealed mortality rate at 5 mg/ml. The survival analysis of the data revealed that the LC50 

value for butanol extracted was 65.55 while LC50 value for water extracted sample was 

calculated to be 59.61. The LCL for butanol extracted sample was 43.241 and the UCL was 

found to be 94.273, while the LCL and UCL for water extracted sample was 37.37 and 86.09 

respectively.  The activity of the stems butanol and water extracted sample against R. dominica 

was dose and insect dependent as demonstrated for T. castaneum. Maximum mortality 

percentage was shown by butanol extracted sample at 125 mg/ml and minimum by water 

extracted sample at 5 mg/ml. The survival analysis of the data revealed that the LC50 value for 

butanol extracted was 76.42 while LC50 value for water extracted sample was calculated to be 

90.59. The LCL for butanol extracted sample was 51.67 and the UCL was found to be 113.79, 

while the LCL and UCL for water extracted sample was 63.93 and 138.75 respectively.  

In the current study we also tested the toxicity of the extracts against C. maculatus and it 

was revealed that maximum mortality percentage rate was demonstrated by butanol extracted 

sample at 125 mg/ml and minimum activity by water extracted sample at 5 mg/ml. The survival 

analysis of the data revealed that the LC50 value for crude butanol extracted was 57.35 while 

LC50 value for water extracted sample was calculated to be 69.41. The LCL for butanol extracted 

sample was 34.34 and the UCL was found to be 84.60, while the LCL and UCL for water 

extracted sample was 41.60 and 110.06 respectively. Chen et al. (2012) demonstrated similar 

results for P. sepium who found considerable activity against the test insects.  



126 

 

Roots extracted samples were also screened for their insecticidal activity against T. 

castaneum.  Our results demonstrated that maximum mortality percentage rate was noted in 

butanol extracted samples at 125 mg/ml compared with minimum percent mortality rate water 

extracted samples at 5 mg/ml. LC50 value for butanol extracted samples were 113.05 while LC50 

for water extracted sample was calculated to be 175.70. The LCL for butanol extracted samples 

were 78.79 and the UCL was found to be 206.96, while the LCL and UCL for water extracted 

sample was 110.97 and 997.25 respectively (Chu et al., 2012). The data also indicated that 

maximum mortality percentage rate against R. dominica was demonstrated by butanol extracted 

sample at 125 mg/ml compared with the minimum percent mortality rate of water extracted 

samples at 5 mg/ml. The survival (Probit) analysis of the data revealed that the LC50 value for 

butanol extracted was 111.49 while LC50 value for water extracted sample was calculated to be 

173.27. The LCL for butanol extracted sample was 76.24 and the UCL was found to be 213.96, 

while the LCL and UCL for water extracted sample was 112.46 and 687.26 respectively.  Our 

results agree with Saleem et al. (2004) and Wang et al. (2010). 

The same extracts were also screened for their insecticidal potential against C. maculates. 

Our results suggested that maximum mortality percentage rate was demonstrated by butanol 

extracted sample at 125 mg/ml and minimum by water extracted samples at 5 mg/ml. LC50 value 

for butanol extracted was 106.94 while LC50 value for water extracted sample was calculated to 

be 258.44. The LCL for butanol extracted sample was 76.85 and the UCL was found to be 

258.44 (Rehmanullah et al., 2012). It can be concluded from these results polar solvents like 

butanol and water can be used for the isolation insecticidal compounds for the development of 

commercially available insecticides (Chu et al., 2012). The plant extracted with other solvents 

did not show any insecticidal activity (Wang et al., 2010). 

The extensive utilization of plants to treat a wide range of diseases is accredited to the 

existence of many bioactive compounds (Ayodele, 2003). These compounds are produced and 

consumed by the plants as secondary metabolites for their safety and restoration processes in the 

biological world. Flavonoids, Phenols and tannins are antioxidants which are created by the 

plants and have reported anti-diarrheal activity as well (Agbor et al., 2004) and also control 

disorders related to oxidative stress (Vinson et al., 1995). Tannins are attributed to antibacterial 
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properties and trigger immune response in the body against many parasites (Tiger, 1980). 

Flavonoids are strong anticancerous compounds and have free radical scavenging activity 

(Okwu, 2006). The alkaloids in many extracts could be allied with the microbicidal activities 

(Ramkumar et al., 2007). These bioactive compounds can be derived from any fraction of a plant 

like roots, stems, bark, leaves, flowers, seeds etc. and any fractiont may contain active 

components (bioactive compounds) in high or low amounts (Ara and Nur, 2009).  

Our study demonstrated the occurrence of these phytochemical components which are 

considered as bioactive compounds of the P. hydasipdis. The existence of these compounds in P. 

hydasipdis confirms the medicinal value of the stems and roots of the plant. The results obtained 

from the qualitative phytochemical analysis of the stems of the plant revealed that alkaloids and 

corbohydrates were present in all the extracts except butanol extracted samples, flavonoids only 

in methanol and water extracted samples, proteins in all the extracted samples while saponins 

were present only in butanol and water extracted samples. Qualitative phytochemical screening 

of the roots tissues of the plant indicated that alkaloids and corbohydrates were present in all the 

extracts except butanol extracted samples, flavonoids in butanol and water extracted samples, 

proteins in all the extracted samples except methanol extracted samples while saponins were 

present only in butanol and n-haxnae extracted samples. Tannins were present only in n-hexane 

extracted samples and sterols were found to be present in methanol, butanol and water extracted 

samples.  

 One of section of our experiment deals with the GC-MS analysis of the stems and roots 

extracts of P. hydaspidis. The mass spectrum obtained was analysed by comparing them with the 

data base of National Institute of Standards and Technology (NIST). This data base contains 

more than 62000 patterns of the mass spectrum (Peter et al., 2012). During matching with NIST 

library the match factor greater than 700 was considered only for better and pure results (Raja et 

al., 2011). The phytochemical analysis of crude methanolic extract of stems revealed that this 

part of the plant contain some important compounds like clindamycin which is a broad spectrum 

antibiotic having the peak area of 0.47%. Some dietary compounds 1-(4-methoxy-2-

nitroanilino)-1-deoxy-a-d-arabinofuranose and 3-O-methyl-d-glucose were present with peak 

areas of 5.39% and 80.86% were also detected which suggests that the subject plant can be used 
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for dietary purposes especially for animals as fodder (Hossain et al., 2011).  An important 

triterpenoid, lupeol was also detected in the extract which has some important pharmacological 

activities. The sharpness of the peaks indicated that the compounds were in pure form (Peter et 

al., 2012). 

The GC-MS analysis of the n-hexane extracted samples revealed 26 different compounds. 

Some of these compounds were biologically active fatty acids which can be further analyzed for 

its potential to treat malnutrition especially in animal models while the other unsaturated fatty 

acids present can be used in biodiesel production (Senthamarai et al., 2012). The aldehyde group 

of compounds and fatty acids were predominant in n-hexane extracted samples. The aldehyde 

group was represented by, -heptenal, (Z)-, 2,4-heptadienal, (E,E)-, 2-octenal, (E)-, 2-decenal, 

(Z)-, 2,4-decadienal, (E,E)-, 2,4-decadienal, (E,E)- with 0.046%, 0.13%, 0.05%, 0.410 %, 

0.027%, 0.041% peak area respectively. The biologically active fatty acids detected were 9-

oxononanoic acid (0.03%), tetradecanoic acid (0.032%), n-hexadecanoic acid (10.12%), oleic 

Acid (0.82%), cis-13-eicosenoic acid(1.69%), erucic acid(0.054%). γ-sitosterol with peak area of 

3.83% is a phytosterol and is a bioactive compound which is similar to cholesterol in its 

chemical structure and pharmacological importance was also detected in the extract (Raja et al., 

2011). Lupeol and lup-20(29)-en-3-ol, acetate, (3β)- with 24.63% and 30.65% peak area 

respectively were also reported in the same extract. These compounds are pharmacologically 

active and have several potential medicinal properties (Senthamarai et al., 2012). 

 

The phytochemical constituents detected in stems ethyl acetate extracted samples 

represented 13 different compounds in their extract. Hexadecanoic acid with peak area of 0.17% 

was detected. This compound is a saturated fatty acid and is highly bioactive showing anti-

inflammatory activities. It is also called as palmitic acid. The said compound can also be used as 

biological weapon in combination with Al (Prabhu et al., 2013). Geranyl- isovalerate, another 

important compound detected in the said extract can be used in synthesis of potential flavonoidic 

modulators (Zheseng at al., 2013). α-Amyrin with peak area of 1.01% was also detected in the 

GC-MS analysis which is a pentacyclic triterpene having well known pharmacological activities. 

2-heptenal,(Z)- (0.04%) and  2,4-decadienal, (E,E)- (0.03%) representing the aldehyde group 
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were also present in the extract. Some esteric and thiol compounds were also detected in the 

same extract during the GC-MS analysis. 

 

 The GC-MS analysis of stems water extracted samples demonstrated the presence of 

important compounds including aminoacids like D-alanine, N-propargyloxycarbonyl-, decyl 

ester with peak area of 0.046%. It is one of the twenty amino acids of proteins, showing the 

dietary importance of the plant (Laila et al., 2013). 2-Furancarboxaldehyde-5-(hydroxymethyl)- 

an organic compound was also detected in water extracted samples. It contains a furan ring 

having both aldehyde and alcohol functional groups and has a wide use in baking industry 

(Senthamarai et al., 2012). The other phytochemicals detected were 2-myristynoyl pantetheine 

and 3-O-methyl-d-glucose with peak area of 0.66% and 99.18% respectively. 

 The roots extracted samples with different solvents were also subjected to GC-MS 

analysis to find out the active chemical constituents. The phytochemical components of roots 

samples extracted with methanol indicated the presence of butanoic acid with peak area of 

13.62% with a high match factor of 852 and 1, 3-dioxane with peak area of 1.09% and match 

factor of 770. These compounds are medicinally important possessing antibacterial, anti-

inflammatory and antioxidant activities (Shah et al., 2014). Tetrahydro-2-methyl-2-Furanol (peak 

area 6.59%), representing the alcoholic group of compounds was also present in the extract. 

Compounds possessing the ‗–one‘ functional group, 5-hydroxy-2-methyl hexanone (2.63%), 3,4-

dimethyl-3-hydroxy-2-pyrrolidinone (50.96%), 4-sec-butoxy-2-butanone (5.93%) were also 

detected during the GC-MS analysis. 

The results of GC-MS analysis of roots n-hexane extracted samples revealed that 

aldehyde group containing compounds were predominant in the extract. The group was 

represented by 2-decenal, tetra decanal hexadecanal and octadecanal having pharmacological 

sgnficance (Gopalakrishnan, 2011). Lipids represented by the 1-monolinoleoylglycerol 

trimethylsilyl ether with peak area of 0.46% were also detected in the extract. 2-(9-

octadecenyloxy)-, (Z)- ethanol with peak area of 0.1% represented the alcoholic functional 

group. Some other phormocologically important compounds like Lup-20(29)-en-3-ol, acetate, 

(3β)-, 12-Oleanen-3-yl acetate, (3α)-, 1-monolinoleoylglycerol trimethylsilyl ether and 

http://en.wikipedia.org/wiki/Furan
http://en.wikipedia.org/wiki/Aldehyde
http://en.wikipedia.org/wiki/Alcohol
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4,8,12,16-tetramethylheptadecan-4-olide were also detected in the extract (Senthamarai et al., 

2012). 

The phytochemical constituents of ethyle acetate extracted samples from the roots tissues 

indicated the presence of ethyl iso-allocholate possessing antibiotic activity (Kalaiselvan at al., 

2012; Shah et al., 2014). The sharpness of the peak represented the pureness of the compound in 

the extract (Laila et al., 2014). A flavoring agent 4-hydroxy-3-methoxy- benzoic acid also called 

Vinillic acid with peak area of 3.27% was also detected in the extract (Hajji et al., 2010). A 

bioactive fatty acid, n-hexadecanoic acid (also called palmitic acid) with a high peak area of 

11.45% was detected in the extract. 1, 2-benzenedicarboxylic acid, diisooctyl ester with the 

highest peak area of 73.64% was also present in the extract. Similar results are also reported by 

Daferera at al. (2000). 

 Medicinal plants play an important role in food and pharmaceutical industries. Various 

biologically active compounds used in modern medicines are obtained from naturally growing 

plants mostly from herbaceous species. P. hydaspidis is a wild species of the genus Periploca, 

which is rapidly becoming rare and endangered in Pakistan. Therefore, it is very imperative to 

protect the local flora from being vanished through suitable actions (Ashraf and Akram, 2009; 

Gilani et al., 2009). Plant tissue culture is one of the established procedures in biotechnology 

carried out for the protection and preservation of endangered and economically impotant plant 

plant species. The induction, proliferation and maintenance of shoot for extended period of time 

are controlled by various plant growth regulators during tissue culture (Valizadeh and Valizadeh, 

2011). The shoot proliferation step in the process of tissue culture is mainly affected by 

temperature, medium, growth regulators, genotype of the plant, photo-period and the source of 

carbon. Amongst the variety of growth regulators, cytokinins are more effective in shoot 

proliferation in in vitro culture environment (Garland and Stolz, 1981). Different types of 

cytokinins including kinitin, BAP and zeatin are used for shoot proliferation in micro 

propagation since long time (Bhojwani and Razdan, 1992). 

Data regarding different combinations and concentrations of the growth hormones on 

shoot propagation exhibited that maximum shoot proliferation was given by BAP 4 mg/L + 

NAA 1 mg/L while minimum was represented by BAP 2 mg/L + NAA 0.1 mg/L. Further 
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increase in the concentration of the shooting growth hormones had negatively affected the 

shooting of the plant. These results with Sheeba et al. (2010) and Subathraa and Poonguzhali, 

(2012) who reported that increasing concentration of the BAP beyond certain levels negatively 

affect the shoot formation. In control no shoot production was observed. The data further 

suggested that high percent of shoot induction was observed in combination of BAP 4 mg/L + 

NAA 1 mg/L which was 33% while minimum percent shoot induction was observed in BAP 2 

mg/L + NAA 0.1 mg/L. The culture tubes containing no growth hormones showed no shoot 

propagation (Soliman et al., 2011). 

Rooting during tissue culture processes are usually affected by many factors together 

with growth regulators in the media (Bhojwani and Razdan, 1992), basal salt composition 

(Garland and Stoltz, 198), genotype (Abdulhady, 2011) and culture conditions (Murashige, 

1974). Commonly auxins (NAA and IBA) are required for efficient rooting in many plants 

(Bhojwani and Razdan, 1992). After 28 days of the inoculation, the healthy cultured shoots were 

shifted to fresh culture tubes having media for rooting. In the present study we used media 

containing different combinations and concentrations of the growth regulators. The combinations 

were IBA 1mg/L + NAA 0.5 mg/L, IBA 2mg/L + NAA 1 mg/L, IBA 3mg/L + NAA 1.5 mg/L. 

The data indicated that maximum rooting response was shown by the combination of IBA 3mg/L 

+ NAA 1.5 mg/L and minimum was exhibited by the combination of IBA 2mg/L + NAA 1 

mg/L. These results are in agreement with Intzaar et al. (2013).  Increase in the concentration 

growth hormones of the rooting media beyond these levels had negatively affected the 

production of the growth (Sheeba et al., 2010). 

 The most critical step in the process of tissue culture is acclimatization of newly 

generated plantlets as these are extremely sensitive and face difficulties for their establishment 

when directly exposed to normal environmental conditions (Bhojwani and Razdan, 1992). The 

rate of mortality of the freshly developed plantlets depends on first and second hardening stage. 

The first hardening is most vital in which the plantlets are transferred to polyethylene houses and 

incubated for 10 days while the second hardening stage survival rate is better as the plantlets are 

quite hardened in the first stage. In the present study, after 40 days of the culture on roots 

proliferation media, the small plantlets with good conditions were transferred to plastic pots 
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having soil and farmyard manure (1:1) for the purpose of hardening (Sheeba et al., 2010). The 

plantlets were kept in polyethylene house for 10 days and the suitable humidity (80%-85%) was 

maintained by continuous provision of water. The data indicated that plantlets under these 

conditions exhibited 50% survival rate in polyethylene house. The plantlets were then transferred 

to green house having controlled conditions of humidity, temperature and sunlight.  The plantlets 

were watered two times daily in the green house. The plantlets showed progress in growth, the 

shoots gained weight and overall survival rate of the plant in natural environment after the 

process of micropagation was noted to be 75%. 
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VI. SUMMARY 

P. hydaspidis belongs to the family Asclepiadaceae. It is a twining shrub, usually 

leafless; branches are smooth green and are 1.5 mm in diameter. Flowering is perennial and 

usually occurs in September-October. This plant is usually found in Swat especially in Madyan 

and Marghazar areas of KPK province of Pakistan. For the present study the plants were 

collected from Madyan and Marghazar areas of Swat, KPK. The previously reported medicinal 

importance of other species of this family was the reason to investigate P. hydaspidis for its 

medicinal potential. We successfully synthesized and characterized AuNPs and AgNPs from 

boiled plant extract of the plant. During our research it was confirmed that this plant have 

potential antibacterial and antifungal activities. The extracts of this plant also demonstrated 

excellent free radicals scavenging activity. These extracts of the plant were also assessed both 

qualitatively and quantitatively which confirmed the presence of important compounds which are 

potent antibacterial, antifungal and antioxidant. 

In the present study AuNPs were synthesized by combining 1 ml of the boiled plant 

extract with different amount of 1mM AuCl3. The maximum synthesis was at 1:8 ratios. The 

synthesis was confirmed visually by observing the color change from yellow to dark purple and 

through spectrophotmeter. The AuNPs were most stable in the samples isolated in the range of 

24°C to 39°C. The stabilization of the AuNPs decreased with increase in temperature. The 

AuNPs subjected to salt stress were more stable in samples exposed to mili molar concentrations 

than molar concentrations. It was observed that the AuNPs synthesized were most stable at 

neutral pH while increasing or decreasing pH range had negatively affected the stability of these 

particles. During this study AuNPs were also characterized through FT-IR, XRD, MALDI-TOF 

and AFM. The FT-IR analysis confirmed that alkenes and aliphatic amines were responsible for 

the synthesis of the AuNPs. Through XRD analysis it was observed that the particles synthesized 

were crystalline, and cubic in nature. A possible structure for AuNPs formulated through 

MALDI-TOF was [AuxLxCly]
x+

. The size of the smallest AuNPs was determined to be 1.5nm 

while the size of largest AuNPs was 6.5nm when analysed through AFM.  

In the present study we also synthesized AgNPs by the addition of different amount of 

1mM AgNO3to 1 ml of the boiled plant extract. Maximum synthesis was obtained at 1:9 ratios. 
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The synthesis was confirmed visually through color change and UV-Vis spectrophotometer. 

AgNPs were most stable at lower temperatures in comparison to higher temperatures. The 

AgNPs subjected to salt stress exhibited better stability in samples exposed to mili molar 

concentrations compared with molar concentrations of the salt. It was observed that the AgNPs 

synthesized were most stable at basic pH then in acidic pH. Characterization of the AgNPs 

through FT-IR confirmed that aromatic amines were responsible for the synthesis of the AgNPs. 

XRD analysis showed that the particles synthesized were crystalline, and cubic in nature. It was 

revealed through AFM that the size of the smallest AuNPs was 1nm while the size of largest 

AuNPs was 7.5 nm agreeing the data of XRD. 

The present study also investigates the antimicrobial potential of the AuNPs, AgNPs, and 

different samples extracted from roots and roots of the plant in different solvents. The NPs 

increased the effectiveness of the plant against the bacterial strains used. AuNPs were more 

effective to control the growth of microbes as compared to AgNPs. These particles showed good 

activity against K. pnemoniae, E. coli and X. compestris and moderate activity against the rest of 

the of strains. 

Different solvent extracted samples from the stems tissues were active against K. 

pneumoniae at all concentrations used except butanol. The crude methanolic extracts and water 

extracted samples of the stems were active against P. aeroginosa, while hexane, ethyle acetate 

and butanol extracted samples did not reduce the growth of this bacterial strain. S. aureus was 

sensitive to crude methanolic extracts, ethyl acetate and butanol extracted samples of the stems 

and sensitive to hexane and water extracted samples. On the other hand, B. subtilis was sensitive 

only to crude methanolic extracts and water extracted samples of the stems. E. coli was found to 

be more susceptible to all extracts of the stems. X. compestris was sensitive only to ethyl acetate 

and water extracted samples and showed resistance to all other extracted samples. C. freundii 

was observed to be complete resistance to all the extracted samples of the stems except butanol. 

K. pneumonia to susceptible to crude methanolic extracts and ethyl acetate extracted samples. 

The roots extracted samples demonstrated varying degree of effectiveness against all the 

bacterial strains used. K. pneumoniae was susceptible to crude methanolic extracts and water 

extracted samples and hexane, butanol and water extracted samples were inactive against this 
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bacterium. The crude methanolic extracts and butanol extracted samples of the roots were active 

against P. aeroginosa compared with other extracts. S. aureus was sensitive to crude methanolic 

extracts, ethyl acetate and water extracted samples of the roots. Similarly, B. subtilis was 

sensitive only to crude methanolic extracts and completely resistant to the other extracted 

samples of the roots. Crude methanolic extracts, ethyl acetate and water extracted samples of 

roots were active against E. coli while hexane and butanol extracted samples were did not inhibit 

the growth of the tested microbe.  X. compestris and C. freundii was was to all of the extract 

used. 

During the presnt study it was observed that both Au and Ag NPs were active against C. 

albicans and P. chrysogenum at all the three concentrations (300ppm, 400ppm, 500ppm) used. 

The AuNPs exhibited better antifungal activity than AgNPs. Crude methanolic extracts, hexane 

and water extracted samples of the stems tissues were active against C. albicans while ethyl 

acetate and butanol extracted samples were in active against the mentioned fungi. Roots samples 

extracted with crude methanol and water were active against C. albicans, while hexane, ethyl 

acetate and butanol extracted sample were inactive against the mentioned fungi.  

The present study also established the potential of AuNPs, AgNPs of the boiled plant 

extract of the stems and roots of P. hysaspidis, as antioxidants through DPPH radical scavenging 

assay. NPs form both plant sources demonstrated good antioxidant activity when compared with 

the positive control. NPs demonstrated better antioxidant activity in comparison to the different 

extracts of the plant. Similarly, stems extracted samples demonstrated better antioxidant activity 

compared to roots samples. Crude methanol was found to be best solvent for the extraction of 

antioxidants from both stems and roots tissues of the P. hysaspisis. The order for the antioxidant 

activity of stems extracted with different solvents was crude methanol> butanol > ethylacetate > 

water > n-hexane while for roots extracted samples was crude Methanol> n-Hexane > Ethyle 

acetate > water > Butanol. 

One part of our research was dedicated to study the phytotoxic potential stems and roots 

of P. hydaspidis extracted with different solvents. The data confirmed that water was the best 

solvent to extract the phytotoxic compounds from stems and roots tissues. It was also established 

that all the extracted samples exhibited the phytotoxic activity. Over all roots extracted with 



136 

 

different solvents exhibited better phytotoxic potential then the stems extracted with different 

solvents. Data regarding insecticidal activity revealed that both stems and roots extracted with 

methanol and water were active against the subject insects while hexane, ethyl acetate and 

butanol extracted samples in both parts exhibited no insecticidal activity. Overall the water 

extracted samples of both the stems and roots exhibited better insecticidal activity then methanol 

extracted samples. T. castaneum and R. dominica were more sensitive in both the cases than C. 

maculates. The plant was positive to alkaloids, flavonoids, corbohydrated, proteins and saponins. 

The quantitative analysis was carried out through GC-MS in which many bioactive compounds 

including antibiotics, fatty acids and proteins were detected. The micropropagation was carried 

out successfully and it was confirmed that the best shooting was demonstrated by the 

combination of BAP and NAA in 4:1 which was 89% and best rooting was shown by 

combination of IBA and NAA in 3:1.50 which was 67.00%.  

 

 

 

 



137 

 

VII. CONCLUSIONS AND RECOMMENDATIONS 

AuNPS and AgNPs were successfully synthesized from the boiled extract of P. 

hydaspidis through bioinspired synthesis procedure. During stress studies it was revealed that 

AuNPs were most stable in the temperature range of 24°C to 39°C, milli molar concentrations of 

salts and neutral pH. Alkenes and aliphatic amines were responsible for the synthesis of AuNPs. 

These particles were in nano regime and were cubic in nature. The structure formulated for 

AuNPs was [AuxLxCly]
x+

. AgNPs synthesized were most stable in the temperature range of 25°C 

to 45°C, milli molar concentrations of salt and neutral to basic pH. Aromatic amines were 

basically responsible for the synthesis AgNPs. They were in nano regime and cubic crystalline in 

nature. 

 The Au and Ag NPs enhanced the potential of the plant as an antimicrobial agent. AuNPs 

exhibited better antimicrobial activity than AgNPs. Likewise stems tissues of the plant showed 

better antimicrobial activity then roots when extracted with different solvents. The plant 

demonstrated antifungal activity only against C. albicans, anyhow the AuNPs and AgNPs were 

also effective against P. chrysogenum. Good antioxidant potential was noted for all the extracted 

samples from both parts of the plant. The stems and roots of the plant extracted with different 

solvents also demonstrated phytotoxic and insecticidal activity pointing to the potential use of 

the plant as herbicide and pesticide. A micropropagation protocol was successfully optimized for 

the plant. Qualitative phyto-chemical screening demonstrated the presence of bioactive 

compounds confirmed by GC-MS. Some important proteins and fatty acids were also detected 

during the GC-MS analysis. 

 Based on the above conclusions, the following recommendations can be safely deduced, 

 The gold and AgNPs synthesized with the extract of this plant can be used as potential 

drug carrier for many antibiotics 

 These NPs can be stabilized with polymers and functionalized with RNA, DNA or any 

other compound, which can be further used in biomedical science.  
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 As for the first time, to the best of our knowledge, we determined the antimicrobial, 

antifungal, antioxidant, phytotoxic and insecticidal activities of P. hydaspidis, it is 

recommended for the future investigators to isolate the bioactive compounds from the 

plant. 

 The detection of bioactive components through GC-MS requires further investigations. 

 The micropropagation protocol can be further optimized for better rooting. 
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APENDICES 

  

  

Appendix 1: Pictures of the plant A) Stems B) and C) flowers and D) fruit of the plant 

 

A B 

C D 
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Appendix 2.  The picture represents the formation of AuNPs. (A) Represents the extract (B)  

  represents the AuNPs. The color change from yellow to purple is obvious. 

 

Appendix 3:  Reprsents the gradual formation of AgNPs from (A) to (E). The dark brown color  

  represents the formation of small sized NPs. 
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                 Appendix 4: Representative pictures of antibacterial activity of the plant. 
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Appendix 5: Represents the antifungal activity of the plant against C. albicans. 
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Appendix 6: phytotoxic activity of the plant extracts. (A) and (B) represents the experimental 

arrangements, (C) represents live and fresh plants and (D) represents dead 

plants. 
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             Appendix 7: Chromatogram obtained from stems crude methanolic extract. 
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        Appendix 8: Chromatogram obtained from n-hexane extract of stems. 
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            Appendix 9: Chromatogram obtained from stems ethyl acetate extracted sample. 
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         Appendix 10: Chromatogram obtained from stems water extracted sample. 
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            Appendix 11: Chromatogram of roots crude methanol extracted sample. 
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             Appendix 12: Chromatogram of roots n-hexane extracted sample. 
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 Appendix 13: Chromatogram of roots ethyl acetate extracted sample.
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