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ABSTRACT

In this study we have evaluated the physiochemical, minemls contents,

phytochemicals and biological acti. ity of Hippophae rhamnoides Li/.n \H. rhamnoides

L.) leaves. The physiochemical and mineral contents ofll rhamnoides L leaves revealed

that fiber was 18.0*2.6470, protein was 10.45+0.88% and carbohydrate value was found

68.'15+1%. Sodium was 30000+l ppm, calcium 7800+1 ppm and potassium 6200+2 ppm

as high concenhation. While qualitative phytochemicals investigations showed that

tannins, phenols and flavonoids are present in large quandry. The Fouder tansform

infrared spectroscopy (FTIR) spectra of all extmcts revealed, the presence of different

functional goups like OH stretching for hydroxyl group, alkanes, alkenes, aromatic

rings, carboxylic and amides (aromatic).

The highest antibacterial zone of inhibition was observed in aqueous and

methanolic extracts against S. ar,"er.t and V. cholerde wilh 21!l mm and lowest Zone of

inhibition measured 07+0 mm against ,a cholerue (ethyl acetate extracts). The

antibacterial minimum inhibitory concentration values of extracts were determined

ranging between 40 to 120 mg/ml and minimum bactedcidal concentration values of the

extracts ranged between 50 and 135 mg/ml. The highest antifungal zone of inhibition was

calculated against l/ternatia ahernatd (18+0 mm) followed by Aspergillus parasiticus

(17,!l mm) of methanolic extact, while l/le maria alternata (07+ I mm) and Penicillium

digitdtum (07L 0 mm) was the least found in chloroform and aqueous extract

respectively. Further antifungal minimum inhibitory concentration and minimum

tmgicidal concentration are between 40 135 mg/ml and 50 - 180 mg/ml respectively.
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The antioxidant activity of ll rhamnoiiles L. leaves extacts were increased in a dose

dependent manner. The a[tioxidant activity (% inhibition) of all the tested extracts were

incrcased in the order i.e. menthol > ethanol > aqueous > acetone > chlorofom > ethyl

acetate > r-hexane. The methanol extract LC50 (pg/ml) value was compatible with

vitamin C (standard). 'lhe maximun cytotoxic activity ofmethanol and ethanol extract of

H. tham oides L. wete observed having low LD50 (pg/ml) value i.e. 1 t 99.97 and 1206.91

iespectively. Low phytotoxic activity was calculated for all tested extacts against l.

minor.

The crude leaves extract of H. rhamnoides L. in different solvents were tested for

larval mortaliry against fouth i[stals of Akopheles stephensi and. Aedes deg)pti yiz.

vector mosquito species. The ethanol and methanol extmct have highest percent motality

at 72 lrrs i.e 84+0.82 and 8l * I .71 at 2000 ppm respectively against Aedes aeg)pti. For

ethanol extract the lowest LC5n (ppm) at 24 hrs, 48 hrs and 72 hrs were 1424.45. 1104.53

and 1035.21 respectively agalnst Aedes aegpti. The lowest LCe6 bpm) were 2841.20,

2632.08 and 2643.63 at 24 hrs, ,18 hrs and 72 hrs calculared against ledes aeg)pti of

ethyl acetate, acetone and ethanol extact respectively. The highest mo.tality (%) of

,lnopheles stephensi at 72 hrs (2000 ppm) was 90+1.30 (ethanol) aad 89.Gt0.50

(methanol). The highest LC5n (pptu:) of Anopheles stephensi at 241:trs,48 hrs and 72 hrs

were 1725.80 for chloroform, 1508.97 for acetone and 1361.07 for chloroform. The

lowest LCe6 (ppm) were 2605.78 (ethanol) at 24111s,2142.63 (ethanol) at 48 hrs and

2042.06 (methanol) at 72 hrs. These results suggest that H. rhamnoides L. lea,res

exhibited notewodhy activity and could be neasured as an cffective natural larvicidal

means against vector mosquitoes.
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There is a growing markctable demand for nanoparticles because of its broad utility

in diverse fields like energy. chemistry. eleclronics, catalysis. medicine and 1bod. Mctals

based nanopadicles are conventionally prepared liom physical and chemical mefiods,

but in these mcthods poisonous and flammable chcmicals are used. ln thc currenl study,

wc illustrated a low cost and platt origin technique lbr thc synthesis of sjlver

nanoparticles (AgNPs) fronr I mM silver nitrate solution and aqueous leaves extract olH.

rhamnoicles L. as capping as \\'ell as reducing agent. Synthesized AgNPs r.vere

characterized using UV-Vis absorption spectrophotometer. I:lltl, scanning electron

microscope (SliM), cnergy ciispersive X-ray (JIDX). X-r.ay diffraction (XRD) and

Themogravimetric/Diffcrcntial Thennal Analysis (TGA/DTA) techniques. H

rhamnoides L. leaves aqueous extlact wclc uscd tor thc biosynthesis of AgNPs.

Confirmation of AgNPs was carried out by IJV-Visible spectra ol lhe reaction solution

containing AgNPs sho\\,cd maximum absorption at 435 nm. l--l IR confirm the presence

of OH groups, amide, carbonyl compounds, aldchydc, atiphatic cstcrs and alkynes, in

both leaves powder and prepared AgNPs. The SDM analysis shou,ed the pa icle sjzc

ranging liom 135- 300 nm with spl'rcrical sl]ape. The EDX aDalysis snpported the

presence ol silver along with other biomolecules residue like C. O, Na and K. These last

four elements originated from plant extract which act as stirbilizing as well as ccpping

agent for AgNPs. Tlre XRD data confiflr the cr)'sralline nature of the prepared NPs. The

averagc crystal sizc sizc was 21.909 nm accordiig to Debye-Scherre's equation. The

TGA/DTA themogarm revealed that at first phase lhe $eight loss rvas due the moisture

loss from the surfhce of AgNPs. and thcn a suddcn weight loss was seen due to the

burninS ofthe organic subslances presenl on tbe surl'ace ol'AgNPs.
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Different experimental va ables conditions like reaction pH, silver nitate

concentrations, time, temperature aid mixing ratio ofthc reactants were optimized for the

synthesis of AgNPs Lrsing aqueous extract ol H. rhamrutides L. leaves. The formation of

yellowish brown color confirmed dle synthesis ol AgNPs. lhe optimized condition for

the bioinspired synthcsis of AgNPs revealed that silvel nitratc concentration was lmM.

temperature *as 75'C, pH was 7, lncubation time was I hrs and aqueous extract and

silver nitrate ratio was 5:95. These finding rcvcalcd that good modification of the

bioprocess parametcrs will improve polential of desircd nano product for particular

applications.

Additionally these bioinspired f'abricated nanopa(icles were fouDd to bc very toxic

against various pathogenic bacteria and fungi. Further the 1.1 -diphylyl 2-picrylhydrazyl

(DPPII) scavenging activity. cytotoxic, phytoxic and larvicidal activity against vector

mosquitoes uere also cvaluatecl. Prepared silver nanopafiicles wcrc af|ctive against all

tested bacterial strains and showed lowest zone of inhibition l2t0 mm agaiNt [,- faecalis

and highest zone of inhibition was found against E. coli (19 nlm). Minimum inhibitory

concentration was low as 150 Lrg/ml and maximum was 450 Fg/mi. Minimum

bactericidal conccntration were in the rangc 220 1000 ;Lg/ml. It was proved that

biosynthesjzed AgNPs was exerted its antibacterial activit) al I mg/tnl concentration,

which was a very lo\\' concentration as compared to thc all cxtracts of 17 rhamnoides l'.

leaves. Results summarized thal synthesized AgNPs wcrc having eliicient antibactcrial

activity againsl G (-) bacteria as compared rvilh G (+) bacteria. For antifungal activity of

AgNPs the highest zone of inhibition 18+0 mn1 was observed against ,4 alternala, while

the lowcst zono of inhibition rvas oalculalecl agaiisl P. digilulunt. The most suscepliblc



values were 1400 pg/ml observed against l. pdraciticus and F. oxysporum. The highest

MIC value 1700 pg/ml was accountable fot p. digitatwn. Similarly the low MFC value

1500 pg/ml was calculated against,4 ahernata arld high rcsistant was noted for ..1. ,?iger,

A. fumigatus and P. digitatum. The antimicrobial aotivity of the prepared AgNps

documented that it was active at low concentration 2 mg/ml against all the tested human

a.nd plant pathogenic fungi. The antioxidant activity (1,1_diphynyl_ 2_picrylhydrazyl ) of

prepared AgNPs was compatible with the srandard (rert_butyl_l- hydroxytoluene). the

cltotoxic activity of synthesized AgNps was lbund maximum mortality 73.33% at 1000

pglml, having LD5o value of 145.03 pglml. The data showed that the bioinspired

synthesized AgNPs was 16.67t% and,36.67lo GR at 50 pg/ml and 500 pg/ml respecrively

fr.rngi was l. rArrrolo .ho*i

phytotoxic activity. The mortality of AgNps against vector mosquitoes,,l. deg)pti \\ds

93% at 600 ppm concentration with 72 hls incubation, similarly against A. stephensi

mortality was 9570 on 72 hfs ilcubation at 600 ppm concentration.

xv1



Chapter-1

Introduction and literature review



ChaDtcr I Introduction ,nd Revic\ of Literaturo

Introduction and Revierv of Litcrature

Plants are precious gift of Allah to the human beings on this planet. plants are always

known to prolide shelter. food, medicine erc to huDan beings and other living

organisms. Medicinal plants hold some pharmacologically active compounds which

were used from the ancient times lbr thc cure ofdifferent diseases.

The grorving urbanization and induslrialization are disturbing our surroundings by

release of huge quantity of dangerous gases. chcmical or substanccs. Directly or

indirectly it leads to create heaIlh. social and ccononrical problcms. CurrcntlJ, il is

necessary to find out concerning the natural secrets there in the natural rvorld and its

derivativcs, guiding to the synthesis of bioinspired protocol for the advancements

development in the preparation mcthodology of nanoparticlcs (NI,s). It is thc

character of natural molecules through which it can assume greatly hierarchical and

controlled assemblagc to prepare lhem appropriate lor thc synthesis of enviroDment

friendly, lou cost, fast and rcliable route lbr mctal Nps production. It is also a need of

the day to synthesize plants oigin pr.oducts having versalilc properties.

All over the worlds medjcinal plants are abundantly availabLc and arc more fbcused

than ever becaNe they have the ability to produce many bencfils to human society,

especially to cure difl'erent types of diseascs. World heallh organization (WIIO)

reported tltat above eighty percent inhabitants ofthe Norld depcnded on collventional

medicines for various types ofailmcnt. A number ofchemical compounds are prescnt

in plaits u,hich have possesscd the thcrapeutic propertics and on the human body

cause a specific physiological action. phenolic compounds. alkaloids, tannins and

flavonoids are thc primarily significanl bioactivc conrpor.rnds present in plants Il].

l
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The alkaloids havc antiilicrobial, anticancer. cytotoxic and antimalarial properties

while flavonoids possess high antibactcrial aclivity and are more cffective in the

treatment of inllammation, allergy, cancer. viral int'ection and hypertension. Tannin

has shown high activities against viral and bacterial infcction as $,ell as act as strong

antioxidant [2]. Based on ethno-pharmacological kno\\,ledge the phytochemical

research \&as usually considered a usel'ul methodology in the innovation of novel

antimicrobial compounds from higher plants []1.

1.1. Hippophoe nmhoiles Linn.

Hippophae rhamnoides Linn (H. rhatunoides L.) commonly known as Seabuckthom

is a mcdiciml plant. gro\\,n on in large arcas of Asia and Europe. ks different

components have been long ulilized fbr the cure of many diseascs including pJin,

rheumatoid arthritis and colds. It has possessed man) types of active compounds,

which have latent applications in human health. fhe seeds. lcaves and lruits hold high

amounts of useful substances such as flavor]oids, carotenoids. phenolic compounds

and vitamins with antibacterial. antilLrngal and iiee radical scavenging activities [3]_

Iron. magnesiurn, calcium. sodium. potassium. phosphorus and silver were found in

seabuckthorn seeds [,1]. The twigs of H. rhumnoicle.t methanol aDd chloroform:

nethanol extracts have reported [5] fic presence of glycoside, terpenoids, steroids,

flavonoids. reducing sugar and tannins. while alkaloids. counrarins atd saponins $ere

absent. It has been investigated scientifically f6l that H_ rhumnoide.t extracls fiom

benies, oil and leaf have been found various pharmacological activities such as anti-

inflammation, immune-modulatiol'1, radio protcctive and tissuc regeneration.

2
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1.2. Nanotechnolory Background

The prelix "nano." derivative from the Creck "nanos" suggcstive of .'dwarl' and

nearly all of the thrilling properties of 'nano' commence to be obvious in systems

lesser thal1 1000 nm, or 1 mioromcter (1 pm). Nanoparticlcs (Nps) are particles with

at least one dimension lesser than one micron [7]. Richard Feynman a physicist in

1959 for the first time laid the hypotherical underpinnings of Nps in his dialogue,

"There is sufficient space at thc bed". !eynman discovered the option for

n'lanipulating the material at the base ofpersonage atoms and molccules. the explored

the choice of manipulating subslance at the level of personagc molecules and atoms,

forecasting the whole of the Encyclopedia Britannica \.vritten on the top ofa pin and

seeing in future rhe increasi[g ability to managc and obscrved nlaterial by the

nanoscalc. The term" nanotechnolog!" was first sued by Norio j'aniguchi. at the

Tokyo University, used this icrm to submit the ability to nlanage the matcrials

correctlv on thc Danometer phase in 197,1 [8].

Biolanotechnology has enterged as the combinarion of biotechnology and

nanotechnology fbr increasiig envirolln]ent fi.icndly and biosyilhetic technology for

production ofnanomaterials [9]. Novel and inno\'alive uses ofnanomaterials and Nps

are increasing at a high pace [10]. Nanopar.lioles have established substantial

conccntration in curenl years due to their utjlizarion ir ihe areas of optoelectronics,

matcrial chemistry, biological tagging. cnvir.onnrcntal pollution conlrol, catalysis,

pharmaceutical applications, photonics and drug delively systems [11].

Nanotechnology makes a well-olf invoivenlent of biotechnology and biomedical

technology by ploducing numcrous products and devices fl2l.
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1.3. Silver: Prehistorical, past and present Status

Caldeans were aware about metallic silver as 4,000 (B.C.F].) before Common Era.

Father of history "Herodotus', \vrote so as to none of the persian king, aloig u,ith

Cirrus, would drink water \.vhich was not given in silver pots that kept the water clean

and fresh for many vcaN. The tbod and water \ /cre protccled by the use of silver: as

documented by the earliest Greeks, Egyptians. phoenicians. Romans and many others

I3]. Hippocrates documcnted thc lirnction of silver in the avoidance of ailmenr.

Silver vessels u,ere used for the storagc of wine in order to avoid spoilage u,.ete used

by Romans [1,1]. For more than 100 years the healrh prol'essionals were familiar about

the silver antibacterial ami antiiirngal activity. Thc basic silver elcment rarely occurs

in nature and is elastic and soft. 11 shows maximum thermal and electrical

conductivity along wirh less contact resistance among all metals. Silver has been used

since the primeval times lbr manufacturing dillercnt materials ljke.iewelry, uteNils,

nronetary currency, explosives, photography. dental allov ctc [15]. Silver is harmless

and non toxic (in less concentratiorl) inorganic agent having antibacterial propefties

and is able to inhibit 650 microorganisms responsiblc for various tvpes of ailments. [t

is also an agent to control spoilagc [16]. Di11'erent silvcr compounds $,llich were used

liom a[cient timcs as antimicrobial agents are silver oxide, silver powder, silver

chlo de. silver nitratc, sih,er sulfirdiazine, silver cadmium porvder and silver zeolite

t151.

1.4. Biological Appronch of \ps Slnlhesis

Nanomaterials can be synthesizecl bl both the so-callcd .bottom_up.a11d ,top_down,

approaches. T'he top-down technique involves nechanicallv grinding of massivencss

.l
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metals and following stabilizatior ofthe resultant Nps by ailding the colloidal caring

substances. On the other hand, the bottom-up methocls comprise electrochemical

methods, reduction of metals and sonodecomposition [17].

The NPs were formed by physical, chentical and biological mcthods; the last methoci

was uscd prefcrably due to its safety and cnlironmenl fricndl), nature []g]. The

biological methods have some advantages over chemical and physical synthesis of

NPs as these are injurious b1, all means and are mostlv llammable. poisonous, have

low fabrication rate and not easily disposable due to cnvironntenlal issues etc. As a

result, greal attention has been given to search methods lor the synthesis ofmetal Nps

from biological system including plants and plants cxtracts. enzymc and micro_

organisms. However the synthesis of Nps liom plant parts \\,,as of great interest as it

was very rapid, eco-friendly, lo$ cost and a single slep tcchnique. It has been

obseNcd that by using plants. the mtc of reduction of nletal ions found to be nrcre

rapidly than micro-organistus along \\,ith slable mctal Nps formation. plant bascd

fabricated NPs can be beneficial on other biological mcthods tlrough avoiding the

complex process of maintaining cell culture [19.20]. The most impofiant benefil of

using plant extracts for silver nanoparticles (AgNps) synthesis was that they \\,ere

saG. effortlessly available, harmless and nonloxic in most cases. The planl extracts

were contained a rvide diversity of phylochcnticals that can help in the reduction of

Ag ions and rvere laster as compared to microorganisms in the labricalion [17].

Worldwide generally and in rhe third world countries particularly, the infectious

diseases (bacterial) are rcsponsible for the death ol huntan bcings [21]. Bacteria

species such as Pseado nonas. Ilucillus. ,\tttph))locot:clts and Sctlntonella arc lhc rnajor
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pathogens which are responsible for man,v lile threatening diseascs. Thcse pathogens

have the ability to live in unsuitable environment due to their poly habitals in the

ea h [22]. Pathogenic fungi r.vere responsible lor many diseases due to superficlal

and deep inside inl'ections. The numbers of humans infected \\'ith pathogenic fungi

have increased drastically in all pans 01'the world. Human systemic infections are

caused by Candida albicans. Aspergillus Jlatus and Aspergillu-; nlger. Candidiasis

and aspergillosis are the diseases oauscd by these iingi [23]. In inlmunocompromised

patients fungal infections arc more comrnon dLle to HIV. cancer chemothempy. or

organ infections.'lhe availability ol'antifirngal drugs is limited and u,ith time resistanr

strains are also appearing. rerefore, there is an urgent and incvitable need for new

antilungals agent [24]. Scientists and pharmaceutical industries aie now working 1ir

novel antinlicrobial componnds. ln the current siruation. distinctive physical, greater

surface arca to volume ratio and chemical propcrties ol NPs have emerged as new

antimicrobial agents [25].

Antioxidants give protection to human beings liom harrnful eff'ect of reactive oxygen

species (ROS) and related protein damapc. DNA strand breaking and lipids

peroxidation [261. Frec radical is a molecular levcl componelt having one or more

unpaired electrons. Reduclion in antioxidant quantily or excess synthesis of free

radicals causes oxidative stress rcsponsible lbr diabctcs mellitus, tging,

neurodegenerativc diseases, atherosclerosis and rhcunatoid arthritis. Antioxidants

work as free radical scavengers! pul o1T anci restorc rcparatjon w,hich are cause due to

ROS. It's reduced the cancer risk and degenerative diseases and dcvelops the immune

defense svstem [27]. Greater parl ol'1he \\,orld population. especially in third world

6
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count es depends on the folk s,vstem of mcdicinc for a nunrber of diseases. Many

plant genera are used medicinally, which provide maior sources of powerful and

potent drugs [28].

Pathogenic vectors responsible for cliff'erent ailment including dengue, Japanese

encephalitis, chickungunya, filariasis and nralaria arc commonly caused by a number

ol mosquito species which belong to the Culex, Aedes and Anophcles genera [29].

Mosquito cont.ol programmes \r'ere established in various countries but slight

development in the malaria nanagement and infections can bc sccn, causing financial

and human loses [30]. Due to increase pesticides resistance. unavailability ofvaccines

and medicines, it was very dilficLrlt to control mosquilo born diseases [29].

1.5. Bioinspired Synthesis and Characterization of NPs

The plant based synthesis was mlher rapid and ,,\gNPs were slnthesized [11] from

utilization of tubcr cxtftct of J.)ioscorea bulbllcra in Iive hours. l he ycllowish-brown

color was the confirmation of thc synthesis of AgNI']s due to the surface plasmon

vibrations excitation at,150 nnr (maximurn absorbancc). l'ransmission electron

microscope (TEM) images observed that mosl oI fie NPs were t angles and nanorods

having 8 20 nm sizc. l,argcr sizc NPs wcrc also synthcsizcd having a sizc of 75 nm.

Encrgy Dispersive X-ray (EDX) analysis observed that prominent peaks of silver

u'ere found without contamination. At approxinrately i kev the optical absorytion

peak was obseNed as (3 I I ), (2 2 0), (2 0 0) and ( I 1 I ) which showed the conimed

reduction of Ag.

The Fl.rsidens nti utus [3ll aqueous extract treated $ith 0.5 mM silver nitrate

solution al room lemperalLrre rapidly produced AgNI's. Absorption spectra of

1
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yellowish browll AgNPs solution indicated peak of 412.8 nm lbr Surface Plasmon

Resonance (SPR). The EDX spcctrum observed a shong signal lrom the silver atoms

(62.00 % mass and 17.817o Atomic) in the NPs along *ith u.eak signa) flom carbon

and oxygen. These elements were originated ftom the plant organic constituents.

The extract of seaweed rvas uscd lor thc t'abrication o1 A-{NPs [9] by the reduction of

Ag* into Ag" \\'ilh the solution of I mM silver nitmte. The colorless silver nitratc

solution changed into dark brou,r1ish yellow color represcnting thc synthesis of

AgNPs. The biosynthesis ofAgNPs was chcckcd by LIV-\,is absorplion spectra at 200

- 600 nm rvhich detected a clear strong band ar 410 nm. Fouricr transform infrared

spectroscopy (FTIR) spectral studv showcd an aray of absorbance bands in 600 cm-1.

The spectlal bands u,ere interpreted for thc dctectiorl ofdilferenl l'unctional groups ol

compounds (organic) which wele adhering to the AgNPs. The FTIR spectrum ol

seaweed showing peaks (cml) at 1039. 1645 and 2917 shows the presence of

alcoholic group (C-O), curbonyl (C-O) and h),drox)l (-O1l) group respectively.

Spherical shaped NPs u,crc observed u'ith 20 to l0 nm in size as suggested by T[M.

Three distinct diffractioa peaks at 2e angle \\,ere 35.1o. i8..11' and 46" as shou,n by

X-ray diffraction (XRD) analysis.

Utilization oi,lrgczrone moxi n.t |,,\eed) was carried out lorthc synthesis ofAgNPs

I0]. Absorption spcctra of AgNPs bios)nthesized in the reaction mixture has

absorbance peak at 440 nnr and cxpansi6n of peak suggesled thal the polydispersed

NPs were formed. IrTIR analysis indicated that the biological rcductions of Ag* to

AgNPs ucrc because of the plant extract capping nratcrial rcduction. The XRD

8
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analysis showed three deep spcctra in the entire spectrum in rangc of l0 - 80 at 2e.

The average size (20 nm) with hexagonal and cubic shape.

Preparation of AgNPs [32] from leaves extract of ryo11rg.) nudicaulis showed a

prominent SPR at 520 11m in UV-Vis spectroscopy. The XRD analysis rcvealed lhat

diffrasted inlensities at 2 thcta angles were recorded lion l0' - 70'. The xRD peaks

ifldicated that the pafiicle size was small (9.3 nm). Further. XRD image observed that

the end product exhibited diveNe nature of AgNPs, utilc noisc and broadening were

most likely connected to thc differeDt bioactive compounds ptescnt in thc extracts.

The FTIR spectra revealed the occurrence of diflerent lunctional groups as alkane,

alkenc. amine. aromatic. ether or esler, secondary alcohol and alkyl halidc.

The preparcd AgNPs solulion [3i] has a yello\\ish-brorvn cokrr with nlaximum of

425 nm srirface plasmon absorption band, representing sphere-shapcd AgNPs. XRD

peaks revealed that AgNPs were in purc silvcr mctal pou'der and sphere-shaped

structure. Sinlilarly SLM analysis obscNcd that thc s)nthcsized NPs size was 29-68

nm in diameter.

OscilldtoriLt wil1ei (cyanobacterium) f3,11 rvcrc uscd fbr the biological fornation of

AgNPs. through *hich silver ions reduce and AgNPs stabilization was due to

secreted protein. The AgNOj solution was mixed with washed cyanobacteria and the

appearance of yellow color after 72 hrs indicated the synthesis of AgNPs. FTIR bands

(cm-r) shou,n at 2924 and 3280 wele represel]tirlg the stretcl'iing vibrations of

secondary and primary amines respectively. Due to the capping agent SEM images

showed that the synthesis ofagglomerated AgNPs in thc range of 100 200nn1.

9
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Green fabrication of AgNPs 135l sho$ed the reddish-,vcllow solLrtior alier mixing of

latex aqueous extract and 1 mM AgNO3 wilh characteristic SPR absorption band al

425 nm. TEM image indicated 20 30 nm rangc diamctcr- The XRD pallems of

AgNPs observed number of Bmgg rcflcctions with 2e values of 77.18', 63.43',

46.I8" and 38.03" sets ol pattet-n planes werc rccordcd u,hich nright be indexed to the

(3 1 1). (2 2 0). (2 0 0) and (1 1 1) facets ofAgNPs. lhe synthesized AgNPs \\'ere

crystalline in nature as clcarly illustrated b1 XRD paltern. The EDX analysis gave

sharp signal in thc Ag area proving AgNPs lbrmation. Thc F-l lR spectra of plant

extract exhibited absorltion band (cm-r) at 1618 and 1537 cotesponding to the

stretchjng vibration of (1'JH) C: O group ancl bending viblation of secondary aminc of

proteins. Aftcr rcduction ofsiller nilrale, the decline il1 band (cm-r) intcnsity at ]5i7

signs the pafiicipation of the secondary amines in thc process of reduction. On the

othcr hand the transf'er liom 1618 to 1604 of rhe bancl (cm-r) was credited to the

attachment ol (NH) C=O group u,ith NPs. \&h;lc a member of (NH) C: O group

inside the cage of cyclic peptidcs rvere invoh,ed in stabilizatiorl oI AgNPs, the

tran.ler oI (N H) ( obrr,dr':,.[a'rl1 rri,rr.r..

1.6. Optimization ofDifferent Conditions for NPs lliosynthesis

Flower extract o/Rlrododendron dauricum was utilized [36] for synthesis of AgNPs.

Different reaction paramctcrs (conccntration of plant cxtract. substrate concentralio ,

pH, temperature and reaction time) \\ere optimized for synthcscs of AgNPs with

controlled propefties. Maximum synthesis of AgNPs \ras observed when metal salt

concentration \\,as incrcasccl fionr 0.5 4.0 m\4. Beyoncl this lhere was again fall in

absorbance; hcncc 4.0 mM ofAgNOl was sclcclcd lbr lirlhcr cxperiments. Diluted

l0
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flower extact containing 2 ml extract in 100 ml water i.e. 0.02 dilution was able to

produce the maximum concentration of AgNPs as observcd by higher absorbance at

420 nm. Absorbance increased with increase in the tenrperalure lion 25 to,l5 "C and

thereafter decreased at highcr tempemtures. Efl'ect of pH on thc synthesis of AgNPs

by R. dauticum was tested over a widc pl l range (pH 3- I l). At aoidic pl I, larger sizes

NPs were formed, whereas, at alkaline pH. snlaller sizc NP fbrmation was obseNed.

Absorbance of silver colloidal solution increascd \,r'ith span of time and ma,\imum

absolption was observed aftcr 12 hrs of leaction. Aggregation ol NPs after 36 hls of

reaction was observed, uhich rvas a sign ofinstability.

The AgNPs were svnthcsizcd 137) from Cucumen pld\'clddi extracL lt was obscrvcd

that increasing thc temperature al 60 or 30 oC thc mean size increased. Flavonoids

and reducing sugars \.vere mainly accoLrnlable fbr silver ion reduction. At 90 "C their

reduction ability incrcased; as a result 18.4 t 4.6 nm of AgNPs was synthesized.

Moreover, the explanation of biorcduclion means of Ag ions by quantifying the

alteration of the bioactive compounds in cxtracl of planl was a clear examplc io

understand the sy[thesis mechanism of biological prcparation olAgNPs.

The AgNPs werc prcpalcd frcr\ tlrre Gdrcinid man!:ost.tna leaf extract [38]. The

average sizc (35 nm) of AgNPs was formed by treating siller ions with leaf cxtract.

The UV Visible spectra denoted that thc prcpared A.gNPs have absorbancc pcak was

at 438 nm in the reaclion media. Ihc I-ENI evident that there was dissinrilarity in

particle size ratlging from 6 to 57 nm and the average size rvas l5 nm. The overall

optimized reaction condition \\,as: temperature= 75 'C. timc:60 min, concentmrion

l1
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of silver nitrate= I mM, pH - neutral whilc silver nitrate and mangosteen leaf extiact

concentration: 1:19.

The leaves extracl f39l of Mtrqto koen gll were employed lor biological prepcratiun

ofAgNPs. UV-visible spectrophotometry was used lbr monitoring thc rapid reduction

of silvcr (Ag+) and the peak appeared at 435 nm ()-max) which coffespond to the

absorbance of AgNPs rvith fomation time 15 minlrtes. Aftcr 90 minutes there was no

significant colour change. which was evidence lbr the completion of rcduction

rcaction. The complete reaction along the rapid m1e oI redLrclion showed that the

reaction was optimized at the 1:20 leal broth to silver nitrate solution. Irom this

study. it $'as found that the ircreasing broth conccntration increases the rate of

redLrction and decreas(\ lhe panicl( (i,/c

Azadirochtu indica l40l diflerent lcaf extract concenlralions u,ere employed to

observe the UV visible spectrum ofthe prepared AgNPs. At 5'/o leaves concentration

the synthesized AgNPs noted 0.509 absorbance \\'as 417 nm weak SPR spectra.

Further rising to 20oZ concentration. the absorbance value increases to 0.815 as ?,max

also incrcasc to 444 nm. Addition.l raising 4070 conccntration absorbance declined to

0.476, while small alteration in )-max to 441 nm rvas noted. The recorded dillerence

in the ),max values between )0 and 10o/a weLe nol so considered. So the optimized

Azddirochta indicd |eaf extract was 20olo. The Ieales extract to silvcr nitrate blending

ratio ( l:4) were recorded firr ),max. W;th rising incLlbation period from 30 min , 4 hrs

15 min. )"nrax as of420 to,14,l nm was noted with a red shift. lncubation time

increased up to 2,1 hrs. change in lmax value did not occur considerably, even though

increased in absorbancc valucs \'crc notecl,

12
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1.7. Mechanistic Approach of NPs Synthcsis

The phytochemicals present in plants extract \\,as responsible fbr the synthesis of

NPs. The major phytochemicals concerned $ere carboxylic acids, ketones.

terpelloids. amidcs, flavones and aldehydes. Aqueous soluble biomolecules

(quinones. flavones and organic acids) Nere accountable for the instant reduction of

the ions. Studies have proved that xerophytes hold emodin. an anthraquinone that

undergocs tautomerization, rcsulting ii the svnthcsis ol the AgNPs. Although lhe

precise mechanism concerned in everv plant varies as thc biomolecLtles dilfers in

different plants, the reduction ofthe ions was tl'te main mechanism jnvolved [17].

Three different \!ays have becn recomnlendcd b-v [41] to reducc silver in the plant

extracts. Firstly, the active biomoleculcs present p]ant" rvcrc accountable for the

bioreduction and biosynthesis of AgNPs. Eleclron or encrgv was the second biogenic

route. It was released ftrough glycol,vsis to transfontl [icotinamide adenine

dinucleotide to reduce nicotinamide adenine dinucLeotide. Finally conversion ofsilver

nitrate for the preparation of NPs. Another nrethod \\,as the release of electrcn.

reduces the silver at the timc offornlation ofascorbate radicals from ascorbate ions.

The lcaves extracl of ficr.t benghalensis [,12] contains high lcvcl of water soluble

antioxidants, poly-phenols (Flavonoids). I(e[olic and hydroxyl groups present in

these phenolic compounds have the ability to attach with mctals and give chelate

effect. Flavonoids have proved anlioxidant activity. which nleant to donate hydrogen

atoms or electrons- At thc end the extract of leaves has proteins/enzymes and

flavonoids which parlicipate in gold nanoparticlcs (AuNPs) biofabrication. The

tl
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proteins/enzymes provide the stability and llavonoids have capaqity to reduce the

Au*l to Au for the AuNPs biosynthesis.

1.8. Biological Evaluation of NPs

1.8.1. AgNPs as Antibacterial Agcnt

Toxic effects of NPs on pathogenic microbes open a ne\r' application door of

nanotechnolog) in health. Biosynthesis of metallic NPs was a conventional route and

the plants utilization has a new stntegy lbr disease control [,13]. Though gold, silver,

palladium and platinum G,,lobcl mctals), were generally uscd fo. tlre NPs prepa.ation

but silver gained impoftance and populadty due to its porent cfficiency as it is used in

the vivo systems. medicine and other important biological application [44].

Few years belbre. there has becn a great research f-or thc dcvelopmellt of inorganiu

NPs. Predominantly, silver nano cornpound has latenl benellts as recognized by

several industries because of dominant anti activity of silver against fungi, riruses

and bacteria, and the little incidence of increases in resistance [45]. Silver

nanoparticles have been used 1br centurics to avoid and take care of different diseeses

[461. The antifungal and antibaclerial properties ol AgNPs \\'cre utilizcd in a variety

of customcr goods like air fillers. detergonts. air sanilizer sprayers, food storagc

containers and toothpastes [2]. Thc most widely used and rccognized applications ol

silver and AgNPs in the pharmaccutical industries. Thcsc contain topical ointments

and creams having silver to get rid ofinfaction duc to burns and open wounds [471.

The prcpared AgNPs u 1] were lound effective for Gram +.ve and Gram -ve bacteria.

Silver nanoparticles showed a i and 3.6-lbld increase wilh Macrolide (erythromycin)

and Beta-lactam (pipcracillid antibiotics respectively, against Acinabbacter
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bauma nii (multidrug-resistant). Vancomvcin or chloramphenicol with AgNPs Ci\e

synergetic affects and observed increase in the diameter zonc inhibiiion (ZI) 4.2-fold

and 4.9-fold against P.teudomonds ueruginotLt. In the same way, streptomylin ill

combination $ith AgNPs found a naxjmum ll.8-folc1 increase in the diameter of

zone of inhibition against E coli. shoNing \\'ellproofofthe syncrgistic effecr.

An investigation was carried oul by [25] to detemline the minin]un inhibitory

concentration (MIC) ofnano colloidal silvcr towards food-borne pathogens such as -E'

coli Ol57:ll7 (12.43 pprn), 1,. monocytogexes (24.58 ppm), S typhi (23.75 pp|n), lt.

cholerae (7.71 ppm), V. poruhaemoLyTicrj (9.64 ppm), ll. cereus (10.63 ppm) and S

aureus (.13.85 ppm) and minimum bactericidal concentration (MBC) of nano

colloidai silver towards all the tested fbod-botne pathogens were i 100 ppm. The

results obtained suggested that nano colloidal sih,er cxhibit a good bacteriostatic

effect but poor bactedcidal etlcct toNards all tcstcd food-borne pathogens. Nano

colloidal silver can be a potential antimicrobial agcnt duc to its low cosi ofprcductiorl

and high effectiveness, which may lind wide applicatiors in various food industries to

address food safety issues.

The AgNPs was prepared [48] using root. bark and lea\tet; ol Avicenna marina

shorving high antibactcrial activity. As a whole the slnlhesis of AgNPs from the leaf

extract \!as found n'raximum. lhc prcparcd NPs (100 pg/ disk concentmtion) shows

minirnurn activity (10.87 I 1.31 mm ZI) against.l arr?r.r. u,hereas highesl ZI

(18.40 + 0.97 nrm) against the E, .1r1i bul the MIC and N,IBC valLres ranged fron 6.25

and 50.0 pg/ml among the selected bacterial strains. lt was proved that.lhc A. m int)
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Ieaf extract can be used lor the biosynthesis of AgNPs shou'ing a high poteniial as

antibacterial agent.

The prepared AgNPs [49] were lbund aclive againsl common pathogens. I\,11C

(pg/ml) of AgNPs against Sraphylococclrs spp was 53- L coli 27 an(l B. suhtilis 54.

The MIC of Gentamycin (pg/ml) against Stirphl-lococcus spp \\,as 1255. E. coli 1.)

and, B. subtilis <1.0. MIC of active iodine (aglnrl) rvas 1562, 1.5 and <1.2 against

Staphylococcus spp, r- coli and B. trrlr/il respectivel)'.

The silver nanocrystals were studied [50] for its antibacterial activity. As thc

emergence and resistance to multiple antibiotics against microorganism increased,

therefore. rcsearcheN have made attempt to prepare nolei antibiotics.'fhc particles

size \a,as Iess than 100 nm, approximately. This study shorvecl that synthesis ofmono-

metallic and composite nanocrystals. with oxalate decoilposition method was simplc

and so useful. Also thc Ag/'ZnO nanocryslals arc thc grcal antimicrobial agent against

allthc strains andjust combination ofzinc oxide and silver nanocrystals give increase

the baclericidal eflect.

1.8.2, AgNPs as Antifungal Agent

Acalypha indicu leaf extract was applied l51l to prepare AgNPs. I)iffcrcnt

concentrations of AgNPs were applied to find out the inhibition of phytopathogenic

fungi namcly Scletotinfu sclerotiotun, Rhizoctoniu soloni, Macrophtmina

phaseolina, Curvuluriu lunalu. Allernaria allcrruttu .Jnd llt)h'!-tis tinered. Il was

found that AgNPs with concentration of l5 nrg exhibiied high antimicrobial activity

against these pathogcnic fungal strains. Thcse finclings ohviously propose that AgNPs

may have a significant role to nlanage plants diseases caused b), fungi.
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A study dcmonstratcd thc comparative antimicrobial activity of silver-silica

nanocomposite and conservative conpounds, such as silver zeolite and silver nitrate

[45]. The silver-silica-containing pol),styrene s,vntheslzed nraterial shou,ed strong

antimicrobial activity. Silver nanocomposite inhibits the gro\\,th of a'. albicans by

using 125 pg/ml and 2 mg/ml $as the minimal fungicidal concentration. Silver

nanocomposite of 2 mgml also inhibit the groB,th of ,,1. ,?igel on agar plates.

Spherical AgNPs [24] were synthesized and theil antifungal activity was exanrincd on

fungal pathogens of thc skin. The AgNPs were fbund ellective againsl Candida

species (lCs1, 1-7 pg/ml), Ttichophyton nentagrophytet and clinical isolates. The

activity ofAgNPs was l'rigl'rer than fluconazole (lCso =10- 30 prg/rul) and ncarly equal

to anphotericin B (lCso = 1-5 pg/m1). This study also sho\\'ed that AgNPs cxcfts its

activity on the mycelia. Therelbre, this study specilies tlut AgNPs showed significant

activity against fungi and rcquirc furlhcr studv 1br clinical usc.

Thc minimum inhibitory conoentration (MIC.6) of AgNPs. Fluconazole and

Amphotericin B [52] on C. albicans rvas 0.5 mg/ml. 8mg/m1 and lmg/ml,

respectively. Morcovcr. MICqo of AgNPs. Iluconazolc and Amphotericin B was 2

mg/ml, 16 mg/ml and 4 mg/n1l respectively. NIlCi1 of AgNl's. lluconazole and

Amphotericin B on S celeri.ri.re \\,ere 4 ms/m],64 mg/ml and 16 mg/ml respectively.

MICqo of AgNPs, Fluconazole and Amphotelicin B on S .e/elr:il.rc were 32 mg/ml,

256 mg/ml and 32 nrg/ml respectively. Tllis stLrdy shoued that l'ungal cell was

inhibited because ol pores in its membrane structure- Tl'le result of SEM on C

albicans and S. cerevisiac clemonstrated r-eciprooal relalionship among AgNPs and

cell membraDe" which clamage rhe Iingal cell lbllo\\,ed b) dea1h. This study indicatcd
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that AgNPs has significant antif'ungal cffect as comparcd to other antifungal agents,

therefbre" it needs lurther trails for clinical usc.

1.8.3. The Role ofNPs as Antioxidant

The inorganic NPs can act against different damages due to liee radicals by effective

scavenging action f2'Jf. Prunus drmcnioc.r (apricot) liujt cxtract was used for the NPs

synthesis as a reducing agent. The antioxidant activity of the NPs \&as carried out by

modified procedure of 2. 20-azinobis. l-ethylhenzothiazolinc 6-sulfonic acid (ABTS)

and DPPH assay. Dose dependenl antioxidant activity u,as recorded for AgNPs and

AUNPS in both DPPH and ABTS in-vitro assay. 50 7o scavenging aclivity for DPPH

was 11.27 and 16.18 mg and for ABTS 3.40 and 7.12 mg \!ith A.uNPs and AgNPs,

respectively [53]. Aqueous lerves extract of h'esine herb:tii was used [54] for the

biosynthesis of AgNPs. lt obsened potent DPPH assay and cytotoxic effect against

HeLa cervical cell lines.

Piper itlrum extract of lruit u,ere utilized as rcducing agcnt lbr tlre biosynthesis of

AgNPs [55]. The DPPH fiee radical scavenging elaluation proved slrong inhibitory

ability of biosynthcsized AgNPs \\,hen matched with ascorbic acid at high

concentrations. lncrease in concentmtion of subslules means increased inhibilion

percentage of liee radicals. The IC<n valuc u,as 181.24 pg/ml. This data proposed that

at above 120 [g^nl, the fabricated AgNPs rnight acr as cf'Lctivc antioxidants.

The research work uas carried out to synthcsizc and cvaluates antioxidant activity of

AgNPs from Ca$ra drrricalala llolver extracl [56]. The antioxidant activitv ofAgNPs

increased as the AgNPs and flower extract concentration increased. The antioxidant

activily of AgNPs was high as cornparcd to L asoorbic acid and llower extract.
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Hydrogen peroxide positive tests confimed that AgNPs. ascorbic acid and flo*er

extract were liee radical scavengers- The probable mechanistic approach of

antioxidant activity of AgNPs includes electron donation, scavengeN of radicals and

reductivc ability. lhese prepared AgNPs \\'ere benelicial lbr pharmaceutical and

medical purposes and can be produced industrially.

1.8.4. Cytotoxic Effect ofNPs

The cytotoxic ef1'ects of biosynthesized AgNPs u,crc tcsted on brine shrimps shou iIg

that 75% of inhibition at 25 $g/ml. Nhile 50 10 100 pLg/ml showed total inhibition

[s71.

The study regarding aquatic stabilitv and impact of titanium dioxide nanoparticles

(TiOrNPs, 10 30 nm) u,as conducted using ,Trtenio solino (A .5alind) f581. Acutc

exposurc was conducted on nauplii (larvae) and adults in sea\&ater in a concentration

range fron l0 to 100 mg/L TiOlNPs for 24 and 96 hrs. AYemge TiOz contcnt irl

rauplii mnged from 0-47 to 3.19 and from 1.29 to 4.,13 n1g/g in 24 and 96 hrs,

respectively. Accumulation in adults was higher, ranging lrorn 2.i0 to 4.19 and from

4.38 to 6.20 mg/g in 24 and 96 hrs, respectivcly. Phase contmst microscopy images

revealed that lrrer?ld u,as unable to excrete the parlicles. Thus, the 'liO2 aggregates

filled inside the guts. No signilicant mortality or toxicity occurred within 24 hrs at

any dose. Lipid peroxiclation lcvcls charactetized Nith malondialdehyde

concentratiolls were nol slalislically dif'lerent l'rom thosc of the controls (p>0.05).

These results suggested that suspensions of the TiOlNPs \\,cre nontoxic to Artefiia,

most likely due to the lormation of bcnign TiOz aggregates it1 water. In contrast. both

mortality and lipid peroxidalion increased in extendcd cxposure 1() 96 hrs. Highest
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mortality occurred in 100 mg/L TiOTNP suspensions; 18 yo for nauplii and 14 % for

adults (LCs6>100 mg/L). Thcsc cffccts were attributed to the paflicle loading inside

the guts leading to oxidative stress as a resull ol impaired lbod uptakc for a long

period of time.

The cytotoxic activity of biosynthcsizcd AgNPs were studied [59]. The experimcnt

revealed that the cell exposcd with various plant extracls and NPs condensed the cell

development ofvero cell line in a dose depeldent mode. Singlc transformed cell lines

were tested against NPs in this study. The results data ncithcr involve the activity of

the flower extracts in other ccll lincs (translormed or primarl), nor the anti-

proliferative measures in vivo. As obscncd io a stud-v. silver colbidal solution

induccd dosage dependent cylotoxic efi'ect oD breast cancer MCI-7 cells; the median

lethal (l-Dso) dose was 3.5 ng/mland the lethal (LDroo) dose was l4 ng/ml [60].

1.8.5. Phytotoxic Elfect ofNPs

'l-he growth inhibition ellect ol'AgNPs and TiO2NP was checkcd against aquatic plant

dtckweed (.Lemna paucicostqlo) f611. TiO2NPs size r'vas 2-l nn1 and AgNPs size was

50 nm, which rvere phytotoxic against Lemna in dissimilar manncr and the calculated

ECro wcre 538.5 ppm and 13.8 ppnl respectivel). Accordilg lo these findings it was

observed that even in low concentration range (>l ppm), AgNPs might cause L.mna

growth inhibition. rvhile TiOTNP in the concentration range of i250 ppm showed

negative el'Gct on the developn'rent of Lcmna. AgNPs, in thc conccntration of>100

ppnr, completely inhibited the grouth of Lemna in the growing media lor seven days

of incubation period. Similally, TiO2NPs a1 500 pprn were decreased 51o% of the

Lemna specific groulh rate as compareLl the conlrol specilic gro\,lh rate.
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'lhis study assesses the biological eficcts of NPs based on sccd germination and root

elongation tests [62]. Cucumber. lettuce and radish sccds r'"ere incubated wilh

different nretal oxide nanoparlicles (Co:Or. TiO:. CuO, NiO, Fe:Ot). of u'hich only

NiO and CuO showed harmful etlect on ihe bel'tavior ol all three seeds. lor seed

germinations the measurcd EC5p (mg/l) werei lcttuce (CuO: 13. NiO:28), radish

(CuO: 398, NiO: ,101) and cucurrbcr (CuO: 228. NiO: 175). Progress of root

elongation of radish seedling rvas shown b,Y the application of Co:Oq NP solution (5

g/1). Nanoparticles rvere absorbed in aqueous mcdiunr on sud'ace of seed and near the

seeds metals ions were released. In the equivalent concelltrations frce metal ions had

lcsser phytotoxicity than metal oxide NPs. Small seeds like lcttuce were highly

susceptiblc to NPs Q'JiO and CuO). because phytotoxicity was related to thc surlace

arca-to-volume ratio of seeds.

Silver nanoparticles',vcre synthesized from stcm bark powder of Bosv,ellia

ovali/blioldta [63]. Thesc AgNPs uere tested to investigatc its ef1ecl on seed grou'th

and gemrination. The seeds kept in Murashige and Skoog (MS) basal medium with

AgNPs observed 907o gcrmination. but in control sccds 707n gemination was

recorded. The reason could be thal the AgNPs can entcr in sccd coat and activate the

embryo. Seeds sprouling were noted fronr 7'l'day beloncl in AgNPs tested (treated)

test tubes aDd in control seeds sprouting u,as lould on l5(h da,v. Within 7 to 10 days

all the seeds gcrmination \r'as conlpleled, u'hen seed trcatcd \\'ith AgNPs. when the

seeds were treated with 30 rrg/ml of AgNPs on maximum height i.e. I0.6 cm, while

the control experiments showed shoder seedling (5 cm) in more than one month. lt

was obscrved thal trealed seeds with AgNPs rcach nraximurr growth in twenty to
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twenty five days. The data of these finding may perhaps be useful to get better the

percentage ofseedling gro\\'th ancl seed gernination in seeds, particularly' in inactire

seeds. This technique can increase the amplificatiorl of plants padicularly endemic

trees with hard secd coat which are on the verge ofextinction'

Gemination and gro\ith prolile of common wctland plants species (eleven) werc

investigated [64], when exposed to gum arabic coated silver nanoparticles (GA-

AgNPs) and Polyvinylpyrrolidine-coated silver nanopafiicles (PVP-AgNPs)'

Exposure to silver nitrate and CA-AgNPs considerably affccled thc gemination mtes

ofseed for numerous plant species. while no nreasttl'ublc cll'rcrq on gerlnination were

found lbr PVP-AgNPs exposure. High dosage (40 mg Ag/l) exPosllres were recorded

25yo,45yo and 55yo average reduction in lcaf growlh in the PVP-AgNPs, AgNO3 and

GA-AgNPs treatments, respectively. Commonly gror!th ol rool was highl"v eflected

to silver exposure as comparcd 1() thc leaf. lt was concluded that GA-AgNPS had

greater or equal effects in degree than silver nitrate on growth secdling, proving that

the greater phytoxic effect of AgNPs were not rtcrely because of thc ionic silver

content. Fufiher species of wctland plant differ in their scnsitivity to AgNPs and

AgNO3. The data proposecl that wetland plalt wcre ali'ectcd b,v increasing release of

AgNPs into the surrouldjngs.

1.8.6. Mosquitocidil Potcnlixl of \Ps

Millions of deaths every year are due to the transmissior't of seriotts ltuman discases'

The application of man-made insecticidcs agairlst vector mosquitoes results in

hazards to the environment. der,eloped insect's resislance as rvell as high production
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price. The lbnnations ofnon-s)nthetic compounds as insecticide against vector arc of

great importance in this part [65].

Substances derived liom plants have dra\en a greater concentration of researchers :nd

about 2000 plani species $erc lormcrly identified for its insccticidal activitics [66]

Plant derived products has been uscd in many areas of the $orld against the specics

of insects and vectors conventionally by human comnlunilies. Many researchers have

found that the phytochemicals conslituents of plant origin can ki11 larvae, regulate the

insect growth. repel the insccts and ovipositional attraclants and have prcventivc

actions [67]. Agents acting as repellents hold a major role in saving humans from

insect bites. Thc spreading risk of diseascs and humans contact with vectors can only

be reduced by effcctive repellents l'he compounds $hich \\'cre repcllants should bc

non toxic, should not have any irritation and should have effects for longer time e g'

anrides, irnides, esters arrd other rlrultifLlnctional conrpounds [68]'

Larvicidal activity of AgNPs synthesizcd [69] using Eup]rrrbiu hirto lE' hirttt) planl

leaf extract against maladal vector Anopheles s/epl,e'?!i \\'as determined Range of

concentratiolls ol syrrthesized AgNPs (3.125. 6.25. 11.5. 25' and 50 ppm) and

methanolic crude extracl (50. 100. 150.200. and 250 ppm) were used against iaNae

of A. slephensi. The AgNPs synthesized lron] t /?irl4 was found more toxic against,

A. stephensi as conparcd to mcthanoLic crude extmcl Aftcr 24 hrs of contact of

AgNPs with mosquito larva (.'1. s/.plel?ri) obscrved larvicidal activity; the ma\imum

larval activity of AgNPs *as observed against the instar larvae (1. Il, lll and IV) and

pupae.'lhe LC5o values rvere (10.14 ppm. 16.82 ppn.21.51 pprn, and 27'89 ppm)

and 34.52 ppm. respectively. and LCe1 (ppm) ol instar larvac (t. II. Ill and IV) and
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pupae values were 31.98,50.38.60.09,69.94 and 7976, respectively Methanol

cxtract exhibited the larval toxicity against insur larvae (1. Il. lll and IV) and pupae

with LC-.n (ppm) values as (121.51, 145.40. l69.ll and 197''10) and 21915

respectivcly. Similarly LCe6 Opm) were 236.14.293.15.331.'+2. 371.34 and 1196 70

found against instar larvae I. 11. lll and IV and pupac rcspectively. Nil mortality rvas

found in the distilled water serving as control.

Ihe Eclipta proslrate (/\stetaceae) aqucotls extract \&as used for the synthesis of

AgNPs and were tested for larvicidal activlty against,l/?ir*eles subpictus (malxia

vector) and lV instar larvae ol Culex quinquqfasci.r1a.t (filariasis vector) [65]. The

AgNPs toxicity against larlae was checked at dif'Grel1t concentrations for 24 hrs The

highest activity \\'as calculatcd in AgNPs and aqucous crude extract againsl I

suhpictus T rilh LC]1 (mg/l) values were 5.14 and 27 85 respectively and similarly the

LCe6 (mg/l) values were 25.68 and 71.'15 respcotively. Whilc LCsr !ng/l) values were

4.56 (AgNPs) and 27.49 (cxtract). LCco (mg/l) valucs 11.14 (AgNP, and 70.38

(extract) against the larvae ofC. qlti quef\sci.tlus respect't\ ely.

The larvicidal and Pupicidal activity of AgNPs synthesized lrom stem aqueous

extract of Pcdilanthus tilhymobidcs (l'. tithlmabidcs) Nas detcrmined againsl

different developmental stages of,4. .reIUpll [70]- It was concluded that by increasing

thc NPs concentrations increascd the o/o mofiality rale Thc LCro of instar larvae 1't'

2"d. i'd,4'n and pupa ofl. acg.ry/i was 0.046.0.051.00'16,0.167 and 0054%

respectively. At 0.25% AgNPs 100% mortality lvas observed for pupa. While 100%

mortality was found lbr thc same conccntrations 1br instar II and IIT The

mosquilocidal activity of l'. lilhynaloid6 slefi aqueoLrs c\lract at 19/o conccntrations
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mortality (%) was 36, 32, 26, 16 and 30 against ,,1. degr^pti instar laryae first. second.

third, fou h and pupa, respectively. while the LCso valucs were 1.529 (instar l), 1.2g2

(instar II). I .450 (instar III), 2.21 0 (instar IV) anct L 1 96 (pupa).

l'he larvicidal activities of AgNPs synthesized fron Rhizophora mlkronatd 1ea.,tes

obseNed that percent moftality increascs as lhe concentralions of Nps increases [7] l.

At 20.0 mg/]. 10.0 mg/l and 5.0 mg/l concentralions l00lo mortality was calculared

againsl A. ae€ypti. While 100% mo ality was recorded ar 20.0 mg/l and 10.0 mg/l

concentrations lot Cx. Quinquefasciari.rs. fhe LC51 (mg/l) and LCro (mg/l) olAgNps

agdinst A. oegypti was 0.891 and 6.291 respectivel,v and thc LCn) and LCeo ofAgNps

against (x Qui quefasciat s'tiete 0.585 and 2.615. respectivcly.

The larvicidal activities of AgNPs against Aedes albopictrs larvac \&ere obtained and

the results showed that these NPs gave outstanding Aedas dlhopictus laNal control

[72]. High mortaliq, was observed in larvae exposed to AgNPs as compared to the

aqueous extract. At 1.0 mg/] of AgNPs 50% r,iability ciecreascd of larvae to twelve

hours incubation. Whereas 5.0 mg/l NPs in three hours hundred percent mortality of

the laNae were countcd. Laflae gmdually killed by NPs a1 1.0 mg/l and almost 90%

death urrc observed after lo hr. inir.bation.

Larvicidal activity results [7]] showed that LC51of Vinca rosea extract (aqueous) was

78.62 nrg/ml and LCqr was I 8,1.85 nlg/ml aqainst L steph.nsi. The LC \a and LCe6 of

aqueous extract agalnst C- quinqLtefo.lci4lrs wcrc 55.21 mg/ml and 112.72 mg/ml

respectively. The cxtract showed 100% mortality at 72 hrs in the 50 mg/ml

conccntration againsl .4 slcphensi and C. quinqucfusL:itl/.1.!. The AgNPs LC\o and

LCyo at 48 hrs wcrc 12.,+7 rng/ml and 36.31 rrg/nl. LC56 and LCen at 72 hrs were
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168.84 mg/ml and 68.62 mg/ml against A. stephensi tespectively. Similarly, the LCso

and LCe6 at 72 hrs exposure AgNPs against C. quinqueJdsci.ttus were 43.80 mg/ml

and 120.54 mg/ml respectively. Silver nitrate was found no moftality at l0 mg/ml.
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Aims and Objectives:

The aims ofthe cunent research study were:

l. To evaluate the physioohemicals" minerals, phytochemicals and biological

acli\itie5 of H. rhamnoiJit L. lett<>.

2. To utilize the ll rhdmnoide"' L. ledNes ibr the bjoinspired synthesis of AgNPs.

3. To characterize the bioinspircd prepared AgNPs.

4. To optimize djffcrent reactions conditions 1br the biosynlhesis ofAgNPs.

5. To study the biological activities ofbioinspircd AgNPs.
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Matcrials and Mcthods

2.1. Collection of f/. r/raunoi.les L, Le \es

The fully matured hcalthy leaves of H rhantnoide.y I-. \ecrc collcctcd from Pakistan

Council ol Scietltific and lndustrial Research (PCSIR) Skardu Gilgit Baltistan,

Pakistan. The leaves were slightly rvashed to remove any dust. shade dried and

powdered'with a laboratory mill. The crushed leaves were kept in an air{ight plastic

bag till used.

The voucher specimen \\,as dcposited in Departmenl of Botany, lJniversity of

Peshawar. Khyber Pakhtunkhwa- Pakistai. with herbarium number Bot.20006 (P[JP).

2.2. Physiochemical An lysis oI H. rhiunoiles L. Dry Lcavcs Powder

The H. rhamrutides L. leaves powdcr rvere used 1br ph."-siochcmical analysis i.e.

moisture. ash, fat, pII, total soluble solids, acidity. ctudc fiber. nitrogen, protein,

reducing sugar, non-reducing sugar and total sugar [7,1].

2.2.1. D€termination of Moisture

The H. rhamnoides L. leaves po\&der (l g) was taken in a moisture delemination

bottle (Wl) and kepl i11 an oven fbr 2 hrs al 105 oC. lhe lcaves powder was thcn

hansfer to dcsiccator 1() cool and \\'eight, tbr a second timc it was shil'ted to oven

awaiting steady weight followed drying was achieved (W2) and pcrcent moisture was

caloulated by the formula:

Moislure (%) = Wl W2 r 100

Wt. olSanrplc
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2.2.2. Determinrtion of Ash

Clean empty crucible was kept in a mu11le Iurnace lor t hrs at 600 oC. cooled and

afterward weight (Wl). Jn a crucible H. rhamrutides L. leares porvder I g (W2) uas

taken and 5 ml of HNO] was added to it. It was continuously heated at low flame

unless thc powder slarts to burn. Follorving charr-ing the powder, shiftcd in muIlle

fumace at 650 oC for lour hrs and rveighed (W3) to estimaled percenl ash ofpo\\'der:

Ash (%) = (w3) (wl) ' 100

wt. of sample

2.2.3. Determination of yn Fat contcnt

The H. rhamnoides l-. leaves powder rvas weighed into forrnerl), weighed nlter paper.

The filter paper (Wl) anct the leaves powdcr were transl'er to filter paper (W2) and

kept in the exlmctor thimble. The petroleum ether \"as poured into the exlractor. The

condenser \!as placed and connccts wete tightened. lhc assembly \\'as kcpt on the

heating mantlc. 'lhe heat sourcc rvas in tune so that pctrolcr.rrr elher boiled softly and

refluxed numerous times lbr 6 hrs until the petroleum ether e\lracled all the fat

content. The sanrple was then kept in an oven at 52'C and dried to constant weight

(w3). The percentage lipid (fal) was calculated:

(%) Fat : (W2) (w3) , 100

(w2) (w1)

2-2-4- I)€termination of Crude liber

A fat and mojsture liee samplc r\as first digestcd \\'ith diluled sulphuric acid and next

with dilute KOll solution. lhc collected undigested residue following digestion was

ignited and after ignition loss in weight was calculated as crude fiber.
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2,2.5. Determination ofTotal, Reducing and Non-reducing Sugar

Weighed five (05) gram H. lhdmnoides L. leaves powder, transferrcd to bcaker and

mixed u,ith hundred ml of hot H2O. The slury was rveli shacked to dissolve the

whole soluble constituents and tl]en nltercd the slurrl with the help of Whatman No.l

filter paper iDto a volumctric flask (250 ml). ln conical flask the resultant solution

hundred (100) ml and ten (10) ml diluted hydrochloric acid rvcrc taken. Uoiled the

mixture for five minute. Alter cooling. the mixture \r'as neutralize to phenolphthalein

by means of ten percent sodium hydroridc solution and makes the volume up to the

mark of250 ml volumetric flask. 'l'itrate this solution againsl Fehling's solution.

Total Sugar 7o: Facror (4.95) X dilution (250) X 2.5
Titre X \\'t. of lcavcs po*der x l0

Reducing Sugar %: Facror (49.5) x dilution (250)

Titre X wt. of leaves powdcr X I0

Non Reducing Sugar: (fotal Sugars percenlage - Reducing Suga6 pcrccntage) x

0.95

2.2.6. Crude protcin and Nitrogen

The Kjeldahl technique was ernployed lor protcin cstimation. Transfened 0.5 g leavcs

powder irto micro-Kjcldahl flask. Ten (10) ml concentrated H2SOa and 8 g of

digestion mixture (K2SO1: CuSOll in 8:l.These were put in the suitable outlet ofthe

digestion block heaters in a fumc hood. The digestion \\,as carried out for tbur hours

following u'hich in the tube an apparent colorless solution was left.'lhe digest was

cautiously shilled into volu etric flask (100 ml). cautiousl! \\'ash the digestion tube

with distilled water and thc amount of the flask nrakc up kr the sign by means of

distilled water. Then five (05) ml digesled sample was shili to Kjeldahl equipment
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and 5ml of 40% (w/v) NaOH was addcd. I'hen steam distillated the mixture and the

produce ammonia received into a 50 ml conical flask having tel1 milliliter of boric

acid (2%) beside with mixed solution of indicator. The solution of green colow was

afterward titrated against Ilcl (0.01N) solutions. At the finish spot, the green colour

alter to wine colour, which denotes thar, whole nitrogen trapped as ammonium bomte

have been detached as ammoniunl chloride.

Crude Protein (%) : 6.25* X % N (*Correctcd facror)

Nitrogen (%) : (S-B) X N X 0.014 X pX 00
Sampie weight X V

Where

S = Reading oltitratcd sample

B : Reading oftitration (Blank)

N = HCL normality

D = Sample dilution aftcr digestion

V = Use volume for distillation

0.014 = Nitrogcn (Milli equivalcnt weighr)

2.2.1. pH

The pH was measured in a mixture obtained by honlogenization of 25 g sample

diluted ir 300 ml distiiled water using pll merer (EcoMct Korea).

2.2.8. Total Soluble Solids (TSS)

The total soluble solid ("Brix) of H. t homnoides L. leaves powder was determined

using Digital Refractonleler (ATAGO, Japan).
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2.2.9. Acidity

Total titratable acidity as perccnt of ciL.ic acid \\,as calculaled through sodiun

hydroxide solution (0.1 N) and phenolphthalcin as an indicator. Total acidity \\'as

calculated with amalgamation a 25 g sample u,ith distilled wate. (300 ml) to prcparc

harmonized slulT),. Samplc filteled slurry of l0 ml was tilmted uith 0.10 mol/L

NaOH. The total acidity rvas estimated as 0/o citric acid.

2.2.10. Determination of carbohydrates

Percentage carbohydrate value was calculated by the clcscribcd lncthod [75].

% Carbohydlate: 100 (moistureo% + ash% 1 l'at% + protcin 9ro).

2.3. Minerals Analysis oI H. rhn ituiles L. Leaves Porvder

2.3.1. Wet Digestion

One gram sample was taken ii digesting glass tube. 12 ml IINOI lvas mixed with

sample and reserved for ovemight at room temperature. Subsequent to that HCIO4

(4.0 ml) was addcd to this fusion and was sct lbr digestion ir the fumes hood. The

tempenlure was increased gradually. beginning Iiom 50oC and rising upto 300oC.

The process was completed in seventy to eightv minutes as denoted vja the white

fumes appearcd. Coolcd dou,n thc mixturc and thc materials ofthc tubes were shifted

to volumetric flasks (100 ml) and lhe contenls volumcs \r'ere prepared to hundred

milliliters with distillcd ll2O. Thc cnd solution u,as kcpt in glass bottlcs and uscd for

elemental analysis [76].

2.3.2. Procedure

Minerals likc sodium and potassiunl were quantified usiig Flame Photometer

(Jenway PFPT). Metals like Ca, Mg, Fe. Al, Mn. Zn. Si, Ba. Cd. Pb, Cr and Ni, rvere
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calculated using Atomic Absorption Spectrometer (Hirachi Zeeman Japan 2-8000)

with air/acetylene llame at 2200 2400 K (photo multiplier tube detector), againsr the

standard according to thc standard nlethods [74].

2.4. H, rhomnoiles L. Leal,cs E\lraclion

Fifty grams powder of ,l1 rhamnoides L. leaves was extracted in 250 ml of water,

ethanol, acetone, methanol, ethyl acetate. chlorotbnr and r-hexane lor 48 hrs. These

extacts were afterward liltered under vacuunr in the course ofNo.l Whatman filter

paper into a Buchner flask. The extracts were concentrated in rotary evaporator and

transferred in a sterilized beaker for heating on water balh al 50oC to obtain dried

residue. The resultant crude exlract \!as transfarred into airtight salnple bottles and

kcpt at 4oC until used.

2.5. Ph"vtochemical Screcning of1L //rdmrroi.Ies L. Leales PoNder (Qualitative)

Terpcnoids, steroids, glycosidcs, alkaloids. phenols, ilavonoids, llar'ones. tannins,

saponins and amino acids were determiled qualitatively by the described methods

u7,781.

2.5.1. Terpenoids

The crude extract of each solvenl \r'as r'lissolved in two Irrl of chloroform and

evaporated till dryness. Then 2 ml of H2SO] (concentl.aled) \as supplenented to it

and boil for two lninutcs. A grayish colour indioatcs thc prcscnce ofterpenoids.

2.5.2 Stcroids

Each extract of0l ml rvas dissolved in l0 ml ofchlorolorm and equivalenl amount of

concentrated HuSO.t was pourcd by cdgcs of thc tcst tubc. The higher level become
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red and H:SOr level bccomc yellow with green light. 'Ihis represents the existence of

steroids.

2.5.3. Gl-vcosides

The sample was mixed with hydrochloric acid on a rvater bath lbr few hours. To thc

hydrolysate, pyridine (01 ml) and sodium nitroprusside solutions (few drops) was

added and after that it was made alkaline u,ith NaOH solution. Change of pink lo red

color indicates the existence ofglycosides.

2.5.4. Alkaloids

Each extract of 5 ml was blended with HCI (2 ml) and lml ofDragendrolls reagent

*as added. Precipitatc ofan orangc or red color shows thc occu ence ofalkaloids.

2.5.5. Phenols

Equal volume of the extract rvas mixcd to cqual volumc of firric chloride, a deep

bluish green solution was takcn as a positivc tcst for the presencc ofphenols.

2.5.6. Flavonoids

Small amouni (drops) of dilule NaOH was added to 01 ml of each extract. A deep

yellow colour was fon'ned ir1 each extmct, which turn into colorless on adding of a

few drops ofacid (dilute) shows the presence of flavonoids.

2.5.7. Flavones

The extract (03 ml) was blended in test tubes \\,ith 4 ml of onc pcrccnt aluminium

chloride in metl'ralol and noted the colour. f)evelopment of color (,vellow) represents

the presence olllavones.
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2.5.8. Tannins

To each extract (5 ml) add onc drops oflead acetatc (l%). preoipitate ofyellow color

was produccd, showjng the presence oltannins.

2.5.9. Saponins

Each extract was diluted with twenty ml ofdistilled water and agitated lbr 15 minures

in a gmduated cylinder. The creation offoa havjng lcrn laver indicate the exrstence

ofsaponins.

2.5.10. Amino Acids

A few drops of Ninhldrin reagent \as added to 0l ml ()1.rhe each extmct and

development ofpurple colour sho\\,s thc presence ofamino acids.

2.6. FTIR Analysis ol H. rhamnoitles L.Leaves lixtracts

Fourier transfonn infrared (|TIR) technique \r,as used for the .ecognition of

functional groups in all extracts. The IR peaks *,as obtained using FTIR ptestige _21

Shimadzu Japan. The sample u,as scanned fiom 1900 to 500 cm-r and operating at a

resolrrtion,,f 4 cm-l with I 0 nuntber.,t s.ill.

2.7. Biological Evaluations ofFI rhor tloiles L,Le^\es Extracts

2.7.1. Microorganism used in C'urrent Study

Pure bacterial cultures 01' Staphylococcus dureut. Ercherichia coli. Entetucoccus

_lecalis, Klebsiella pncu lonide, l,seudomonLls oerLtginoso. /ibrio choleru. Sdlmonelld

typhi, Bacillus cercus, Bdcillus subtilis, CitrobLi(1er fiL)nddl and pure fungal culture

of Aspergill s niger, Aspergillus pdrositicu.t, Atpergillus _flavus, ,4spergillus

.fufiigatw, ,lspergillus oryzae, Fusorium oxy.tpotum, Rhizopl.ts afthizus, Allernuri.t

alternata, Candidct dlbic.ns and Pcnicillium digitatwn .\\ere obtained from Food
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Microbiology Laboratory of pcsrR Laboratories comprex Jamrude Road peshaw.r

Khyber Pakhtunkhwa (KpK), pakistan. These microbes were maintained on slants of

nut ent agar (bacteria) and potato dextuose agar (fungus). These strains were stored

in refrigerator and subcultu.ed every week.

2.7.2. Preparatio[ of Bacterial iloculum

Standardization ofthe bacterial cultures was carried out by described protocol [79]. 1

ml of bacterial culture was pipetted into sterile test tubes containing I ml of nutrient

broth. After that normal saline was mixed slowly to it therefore as to balance the

tu$idity to that of0.5 McFarland standards that corresponded to approximatel) 1.0 X

108 cells.

2.7.3, Antibacterial Activily of H. thamnoilej L. Leaves Extracts

Antibacterial activity was determined using well agar diffusion method [g0]. One

milliliter (1 ml) oftest bacterial stain &,as inoculated into petri plate. In each pet

plate melted nutrient agar at 45oC was add and shaken smoothly to make

homogeneous amalgamation of the culture antl media. Wells were punched in the

solidified agar with the help ofa sterile 6 mm cork borer. Stock solution was made by

dissolving 1000 mg in 5 ml of DMSO. Fifty microtiter (50 pl) of the 200 mg/ml of

each extracts was pipetted into cach well. Fifty microliter of each of the DMSO and

Ciproxin (0.5 mg/ml) solution served as [egative and positive control respectively.

The plates were incubated at 37oC for 18 hrs. ,fhe 
antibacterial activity was

detemined by measuring the diameters ofzone ofinhibition.
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2.7.4. Minimum lnhibitory Concentration (MIC) of //. rhamnoi.les L. Leaves

Extracts

The broth dilution method was followed to determinc the nirlimum inhibitory

concentration. thc H- /hamnoi.let L. leaves cxtracts were diluted to varioLts

conccntrations rangilg liom 20-200 mg/ml in nutricnt broth. Irive hLutdred microliter

(500 pl) of each concentration was added to sterile nutrient broth (2ml) in lest tubes.

Then 1ml (1 X 108 cftL/ml) of bacterial culture ol'lhe respective strain \\,as added to

the content ofthe test tubcs and incubated at 37'C for l8 hrs. Ciproxin solution will1

diflerent concentrafion ranging fiom 0.10 0.5 mg/ml was uscd as positive control.

The lo\\est concentration of the testing material that did not allow an,v visible grouth

against experimcntal bactcria \ras takcn as MIC [80].

2.7,5. Minimum Bactericidal Concentration (MBC) of ,1L rhomnoides L. Le ves

Extracts

The MBC was determined by pipetling 100p1 oI cultLrre fiom each of the broth tubes

having no growth and introduced into fresh agar plates. The plates were incubated lor

48 hrs and then observed lor growth. The concenlralion of the extracts/control

without visible gro\,'th u,as calculated as the MBC [80].

2.7.6. Preparation of Fungal Inoculum

After severl days old slant culturc of Sabouraud I)cxtrosc Agar (SDA) fungal spores

were rinscd with ten milliliters nornal saline soluliorl in lwo percent Tween 80 with

the help of glass beads io facilitate spores dispersion. Standardize the spore

suspeDsions to l0s spoles /ml [81].
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2.7.7. Antifungal activity ol ll. rhntufioides L. Lcavcs Exfracts

Antifungal activities werc caried out according to the mcthod described elsewhcrc

[81]. One ml ofeach standardized spore suspension (105 spores/ntl) was spreacl on the

surface of the SDA plates. Then, sterile cork borer (6mm in diamcter) uas used to

make well at the ccntre of each inoculated/cultured plates. H. rhomnoide.l L. leaves

extracts of 1000 mg were dissolved in 5 ml oIDMSO (200 mg/ml) and 50 pl ofeach

extract was applied into each rcspcctive well. 50 pLl each of purc DMSO and

fluconazole (0.5 mg/ml) B,ere used as negative and positive control rcspcctively. The

plates were kcpt in incubator for l-7 days at ambient tempemture and then obseNed

for anti-fungal activities.

2.7.8. MIC ofH. rhtmnoides L. Leaves Ertracts

The MIC of the extmcts was calried out using broth dilution method [81]. Serial

dilutions of each extracts werc madc in the broth to obhin the dilutions in the range

of20- 200 mg/ml (cxtracts) and 0.1 0.5 mg,/rnl (lluconazole). 1 ml standardized

inoculums (10i spores/ml) wcrc inoculated into each broth having diflerent extract

concentrations and then incubated lbr l-7 dals at looc to obscrvc turbidity. MIC was

calculatcd oD thc basis of no turbidity obserlation of lowes1 concenlralion in the lest

tubes.

2.7.9. Minimum Fungicidal Concentration (MFC) of fl. thnnnoiles L. Leaves

Extracts

For MFC detemination the contents of thc MIC in the serial dilution were then sub-

cultured ol1 the media (SDA) and incubated at ]0'C lbr one to seven days and
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observed for colony grou4h. The MFC was the plate with the lowest concentration of

extracts and without colony growth.

2. 7.10. Antioxidatrt Acliyiq of H. rhqunoides L. Leaves Extracts

Antioxidant activities of ll rhamnoides L. leaves extacts were measued by 1. 1'-

diphynyl- 2-picrylhydrazyl (DPPH) scavenging procedue [82]. Dilferert

concentrations of each extract (10 - 80 pg/ml) were made in methanolic (95%) and

mix this extact solution (1 ml) with I ml methaDol (95%) solution of DPPH

(0.004%) and also with vitamin C (standard) solutior separately. DPPH and methanol

(95%) with 1:1 ml was used as blank. These solutions were kept in a dark room for 20

min and absorbance was measured at 517 nm using UV-visible specffophotometer

(UV-1700, Shimadzu, Japan). 1he scavenging inhibitior (l %) was calculated by

following formula.

Inhibition percentage ( %) : (A B)/A x 100

A = Absorbance (Blanl), B : Absorbance (Sample).

2. 7.11. Brine Shrimp Cytotoxicity Assay ol H. rhamnoides L.Leaves Extracts

Cltotoxicity of H. lham oides L, extracts was determined through bdne shrimp

(Artemia salina) assay [83]. In this method eggs of 50 mg were used to hatch lawae

during incubation in atificial seawater lbr 48-72 hrs. 20 mg of each extact was

dissolved in two (02) ml DMSO to make stock solution. From this stock solution

transfer 500, 50 and 5 pl to vials coresponding to 1000, 100 and 10 pg/ml

respectively and evaporate DMSO overnight. Ihree vials for each concentration of

each extact were rnade and to each concentration 10 shrimp per vial (30 shrimp per

dilution) were transfered before 5 ml/vial addition of sea water. C)lotoxic drug
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(Etoposide) served as positive and sea watcr as negative control. The b ne shrimps

were observed for its morlality altcr 2,1 hrs. The o mortality of brine shrimp was

calculated as showD bellow.

o/.Mortality : tNunber of dicd or imlnobile brinc shrimp) x 100

(Total number ofbrinc shrimps)

2. 7. 12. In vitro Phytotoxic Assay ofFL r/ramhoi.les l'. l,eaves Extracts

H. rhamnoides L.leaves exhacts werc subjected lbr its phytotoxic activity against the

Lemna minor [8]1. Each extract (15 mg) was dissolve in 15 ml DMSO, 10, 100 and

1000 pl solution were added to vials to make 5, 50 ard 500 ppm solution. Evaporate

all solvent ovemight. Then add I mcdium (2 rnl) and a singlc plant to each vial (10

vials/dose), stedle E mediLnn \\as uscd as a negative and Paraquat as positive control.

Then vials were placed in the gro\\th chamber (27-29'C) for 7 days and q'ere checked

on daily basis. Aftcr incuhation fronds pcr vials wele countcd and the gio$'th

rcgulation (in percent) uas measur'ed with rclerence 10 negati!e controls.

Tocrowth Regulation = 100 Number of honds in sampb ll!e!l!L X100
Nunrber- of fi onds in control (negative)

2, 7,13. Larvicidal Activity

2.7.13.1, Test Larvae

Mosquitoes lede.t aegpli (!1. ueg)pti) and Anopheles stephensi (A. slePhensi) were

rearcd in the Food l cchnology Center, PCSIR L.rbomto es Complex Peshawar KPK

Pakistan. The mosquito's vectors c)clio generatioos wcre under specifred conditions

of relative humidity i.e. 80-90% and temperature i.e- 25-29'C in insectarium. The

food used for the gro\&1h ol larvae consisted of yeast alld poBdered dog biscuits (1 :3).
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2.7.13.2. Larvicidal Activify ofH. ,a noilesL.Leaves Ertracts

The larvicidal actjvity test was carried out by described method of WHO [84]'

Twenty-five instar (lV) larvae of -,1. stephcnsi and A. aeg)pti were transferred to

plastic cups (500 ml) having 2'19 ml (distillcd HrO) and I n1l of extract from the

desired concentration. F'our rcplicates lor each concentralion were set up. Distillcd

H2O having 25 larvae were used as a control. Abbott's lorn1L a (1987) [85] was

applied to corect the control mortality ancl (Finney I97l) [86] probil analysis were

used to calcLllate rcgression equation, LCe6.l.C,.n and Chi-square value (X2).

o% mortality = 70 Mortalitv (sample) o/o Mortalilv (control) X 100

100 -% Mortaliry (control)

2.8, Leaves Exfraction for AgNPs Biosynthesis

Twenty five gmm (25 g) of the leaves pou'dered of H. thamnoides t-. were weighed

and kept into 1000-ml conical flask containing 500 ml double distilled water, well

mixed and thcn boiled for 25 min. Thc cxtracl obtaincd was filtercd through muslin

clothe and then filtered through iilter paper (Whatman No.l) and lhe filtrales were

received in Erlenmeyer llask (500 rnl) and kcpt al lo\! tempcrature to use f'unher.

2.8.1. Bioinspired s) nthcsi! of \gNP.

Sih,er nilmte aqueous solution (1 rnM) u'as prepared and used ibr the bioinspired

synthesis ol AgNPs. ll- rhamrutides L. lcaves exlmct (5 ml) was mixed with 95 ml

aqueous solution of I mM AgNOI and healed on horizontal shaking *ater bath at ?5

oC for 60 rrin in a dark roonl. Reduction of AgNOs to silver ions was confimed by

change in color from colorlcss to brou'n Furlhennorc oonfirmation of AgNPs

synlhesis was car cd out by spcctrophotometric dcterminal;on. The fully rcduced
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solution \\'as conccntraied on rotary evaporator (R-200. Buchi Rotavapor,

Switzerland) o11 50"C. The concentmtcd AgNPs $'ere dried in an oven overnight at

50"C and grinded in mortar and pestels

2.9. Characterization of Bioinspircd Synthesis of AgNPs

2.9.1. UV-Vis Spectrophotometer Analysis

'lhe silver ions reduclion conlimation was carried out by Uv-Visible

Spcctrophotometer UV-l700 (Shimadzu, Japan) spectrunr of the reaction solution

alier cooling at room lemperature. lt uas measured by mixing 20 l1rl distilled water

with 1ml sample reduced solution (AgNPs)

2,9.2. FTIR Measuremcnts of AgNPs

The lR spectrum was obtained usilg l'l lR Prestigc -21 Shirnadzu Japan. I he AgNPs

and H. rhamnoides L. leaves powdcr were scanned liom 1900 to 500 cml and

opemting at a resolution of4 cm I with 10 nurnber ofscan using IR solutiD software'

2.9.3. Scanning Electron Microscope (SEM) Analysis of AgNPs

Sample was prepared in the form of thin films on a copper grid carbon coated by

taking a very littlc cluantit] of AgNPs powdcr in distillcd \\'ater and then on tbe SEM

grid AgNPs layer were kccp lirr dryness with the bclp tll'hol air (50 60"C) fot 5

min. The samplc was then golcl coated through sputter coater (SPl, USA) at 30 mA

and 120 seconds. Scan ng Electron NlicK)scopic (SL.M) images was canied out by

JSM-5910 (JEOL, Japan) machine.

2.9.4. Energy Dispcrsive X-Ray (trDX) Analysis

The AgNPs clemental composition study was carricd ou1 *ith llDX coupled with

SEM JSM-5910 (lEoL. Japan.) with model INCA 200. Oxlord Instruments UK. The
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disperse<l particles werc sprinklecl onto double sided sticky tape which rvas mounled

on a microscopic stttb of aluminum.

2.9.5. X-ra) Diffra(tion { XRD) Analrlis

X-Ray Diffractqneter measurcment ofthe preparcd AgNPs was carried out by model

JDX-3532, JEOL Japan. A slight layer ofthe AgNPs $as preparing by sinking a plate

of glass in the solution. The diffracted intensities were calculated lrom 10' to 80' of

2e angles. Measurement condition was as a cunent of l0 rnA with Cu Ko radiation

with a wavelength of l 5418 A" in 0- 2 e configuralions and voltage of 20 to 40 kV'

The scanning was done in the region of 10' 1tl 80'for 2e at 0.02'/min and 2 second

was time constant. lhe XRD peaks u'idth was used lbr thc crlculation of crysrxllinc

domain. It \ias assulrcd $ilh thc ain1 that they are free conlmencing non_uniform

strains, with the fonnula ofScherrer.

D= 0.91)" / 0 Cos 0

D: crystallite domain size (mcan) al right angies Io the rellecting planes

B 
: full width at half maxinum (F'WHM),

), : X-ray wavele[gth

0: Dillraction angle.

2.9.6. Thcrmogravimetric/Differential Thermal Analysis (TGA/DTA)

Diamond l G-DTA Pcrkin Elmcr Inslilmcnt IISA rvas used to cvaluate thc thermal

crystallizalion and decomposition temperature of the AgNPs

2.10. Optimization of Bioinspired Synthesis of AgNPs

To improvc the optimization and reproducibility of thc trial results of the bioinspired

synthesis nlethod as a u'hole, the t'actorial Design of LxPeriments, lhe "one factor- at-
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a time" method. \\'as used i11 this research \\'ork. Herc. the investigational factors are

different one at a timc $ift the leli over factors constant.

2,10.1. Temperature

The prc mentioned s-Ynthesis method of AgNPs \r'as rcpeated for tempemture

optimization, where the tcmperature ol the reactiur \\'as sel at 25' 35, 45 55, 65' 75

and 85"C. The resulting soiLrtions (AgNPs) absorbance was monitored using UV-Vis

spectrophotometer.

2.10.2. pH

The AgNPs synthesis protocol \\'as repeated for optimization of pH where the

interaction pll \ras adjusted at 4, 5,6.7 and 8 respectively For pH adjustment,

solution ofNaOH (0.1N) and 0.1 N HCI u'ere uscd. At thc end' absorbance ofthc

resultant mixture solulions (AgNPs) was notcd by UV-Vis spectrophotometer'

2.10.3. Time

The AgNPs synthcsis proccdure was repeated to optimizc the time required for the

reaction complelion. For this purposes diffcrenl reactions periods (10 min,20 min,30

min, 40 min, 50 min. 60 min and 70 lnin) wcrc chosen. At the end the absorbance was

observcd by UV-Vis spectrophotomcter-

2.10.4. Concentration of Silver Nitmte Solution

The AgNPs syrlthcsis approach \,'as rcpeated for oplilnization of silver nitrate

concentralion. \\'here the tcaction u'as monitored using 0.25.0.5,0.75. I and 2 mM of

silver nitmte. At the end the absorbance of the resultant nlixturc solutions was

calculated by UV-Vis spectropholoneter.
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2,10.5. Leaf extract concentration and AgNOI ratio

The above desc bed method was also repeated lbr optimizatioD oI leaf extract

concentration and silver nitratc required lor the AgNPs maxinum synthesis, where

the reaction was monitorcd b,v using dilferent ratio of lcafextmct and AgNOI solution

(0.5:99.5, l:99.2.5:97.5, 5:95 and 10:90).'lhe absorbance olthe resultant mixrure

solutions was calculated by liV-Vis spcctlophotomeier.

2. 11. Biological Evaluation of llioinspircd Synthesis of AgNPs

2.11.1, Antibacterial nctivit_v of AgNPs

Took 0.01 g oI silver nitrate and AgNPs wcre dlssolved into 10ml of sterilized

distilled water. 50 pl of sterile distilled uater was Lrsed as negative and 50 pl

Streptomycin (500 pg/nl) as positive control. The rest procedure was adopted as in

2.7.3.

2.11.2. MIC of AgNPs

The AgNO3 and AgNPs werc dilutcd indcpcndcntl) to dilelse concenhations rangrng

iiom l0 - 1000 pg/ml in distilled water. 500 pl of Streptomlcin solutions (10 - 500

pg/ml) rvas used as positive control. The rest protocol was as in 2.7.4

2.11.3. MBC of AgNPs

The same procedures were applied as mentioned in 2.7.5.

2.11,4. Antifungal Activity of AgNPs

fifty microliter (50 ptl) ofthe 2 mg/ml each of the test material (silver nitrate and

AgNPs) was pipetted into holes bored in the agar plates. Irilty microliter standard

drug Bifonazole (2 mg/ ml) and stcrilc distillcd rvatcr was use as positive and
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negative control respectivcly. The same methodology was carried out as described in

2.7.',7.

2.11.5. MIC of AgNPs

Different concenhations (20- 2000 pg/ml) of each tests mate al u,ere made from thc

stock solution. The methodology of2.7.8 was caried thcn.

2.11.6. MFC of AgNPs

The same experimcntal procedure as followed in 2.7.9.

2.11.7. Antioxidant Activity of AgNPs

Antioxidant activities of AgNPs wcre carded out according to the described

procedure as mcntioncd in 2.7.10.

3,11.8. Brine Shrimp Cytotoxicit] Assay of AgNPs

Took 20 mg ofAgNPs and dissolve in 2 ml distilled \rater. Iiurther the pre menlioned

procedure in section 2.7.11 \\as Iollowed.

2,11.9.In Vitro Phytotoricity Assay ofAgNPs

Silver nanoparticles were subjected 1br ils phvtotoxic activit,y according to the

described protocol of 2.7. I 2.

2.11.10. Larvicidal Activity of 1\gNPs

The larvicidal activity test was carried out according to the procedure as described in

section 2.7.13.

2.12, Statistical Analysis: The statistical analysis nean, standard deviation(}SD),

EC56, LCro. LCqo, LD:0, regrcssion cquations and Chi-square value (X2) values were

canied out by using computcr progran SPSS.
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Chapter 3 llesults and Discussion

Results and Discussion

H. rhamnoides L.leaves uere collected from PCSIR Skardu, dried and grinded into

powder. These powders \rerc analyzed for physiochemical. minerals. phytochemicals

and biological parameteN. Thc aqueous extract was utilized for the bioinspired

synthesis of AgNPs using silver nitmtc as precursor. lhe resLritant AgNPs were

chamcterized by Uv-visible spectroscopy. FTIR. SE\4. LDX. XRD and I GA/DTA

techniques- Different parameters rvere optimized for the enl'unced preparation of

AgNPs and also biologicalevaluations were carried out.

3.1. Physiochemical Analysis of1L rhamnoiles L. Lcares

Table 1 rcvealecl the physicochenlical analysis of ,{ rhttmnoides L. leaves shouing

moisture contcDts 8+01%. ash 7,0.i%, Ial 5.8,t,0.4%. pH 4.0, total soluble solid

('B x) 1+0.25, aciditv 0.6+0.17%. fibers 1ll+2.14%. total sugar 0.8+0.017o. redLrcing

sugar 0.7+0.01% and non-reducing sugar 0.1r.0.01%. Nihogen contents | -82+024%

were reoorded. whilc protein 10.45+0.88% and oarbohydratc 68.75+0170.

A nolmal human diet consists ol \.'ater, vitamins" 1ats, proteins, carbohydrates and

minerals. Human health always depend on balanced nlinerals contents in the body.

Balanced Inineral dict play an impoftant role in hunan licalth, any disturbance in

balance (below or above the limits) results in lhe abnorrralities o1'human hcalth [87].

Hippophae leaves [88] contained significant amounts of proleins (20 7%), amino

acids (0.71% lysine.0.l37o methionine & cysline) and minerals (Ca, Mg and K).

Seabuckthorn seed showed l4l that ash. noisture and pll values Nere high aid

titratable acidity was low as compared to thc currcnt study. Glucose and fructose [88]

have the large components present in bcny iuice from 0.6 to 2'1.2 g/100 ml.
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H. rhamnoides L. [89] benics, pulp and seed moisture colltent u'as high as compared

leaves (Table l). Thc dilference ofmoisture contents was blamed to thc weather and

origin variation. The chemical analysis of H rhumnoides L pulp revealed that ash,

fat. fibcr and protein content't'ere lor'. while moisturc. total acidity and total sugar

were high as compared to lhe currcnt study [90]. The noisturc and total sugar content

in pulp ol tl rhamnoides L. were high as compared to thc cLrrrent study [91].

The vitamins, carbohydrate, anrino acids. protein and organic acids were found

abundantly in fruit of H. rhunnoides L. [92]. the protein content [93] in H

rhamnoides 1,. Subsp. .tir?,?sir was 17.1 and 16.2 g protein 100/g dried leat'. Basecl on

the investigation it was concluded that harvesting of F1. rhannoides leaves start from

end of July to start of August in vierv oI thc fact that protcin leaves Ncre highest

during this period and in the mid august significant declinc uas starled. 11.

rhamnoides lresh leaves [9'1] moisture contcnt was high. but when dricd at 50'C it

was 8.2%. which was a closc agreemelt to our findings Seirbuckthorn benies [95]

TSS and acidity were high and pH was low as comparcd to our study. The nitrogen

content in pulp of seabuckthorn was lo$', bLrl in seed *as high as compaled to the

present sludy [96]. The rvhole belrics, pulp and sccd ol ll. thomnoidcs L. 19'71

reported thal ash, acidity and total sugar contcnt were high. \&hile as content was low

as compared to tbe present study. H. rhumnr.'idcs L differcnt fruit cultivars werc

founci total sugar and reducing sugar $as high as compared lo thc presenl study [98].

IL rhamnoides L. fmit pulp of difterenl locaLities [96] werc account tllat moisture,

TSS, acidity, reducing sugar, fat and total protein was high, while fiber and

carbohydratc \iere low as conpaied to the cLrllent study-
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Table,l. Physiochemical Analysis of IL rlnmnoi.les L, Lea!cs.

S# Analysis par:tmeters Rcsults

1 Moisture (%) 8 f01

2 Ash (%) 7+0.1

fat (%) 5.8 r0.:l

I PII ,1+0.2

) TSS ("Brix) 1I0.25

6 Acidity (%) 0.6+0.17

1 Fiber (%) 13+2.l,+

lt lixal sugxr (%) 0.8+0.01

9 Reducing Sugar (%) 0.7+0.01

10 Non-Reducing Sugar (%) 0.1+0.01

11 Nitrogen (%) 1.82i0.2,1

1). Prolein (%) 10.,+5 , 0.lJE

t3 Carbohydrates (%) 68.75+01

Avcrage Results olthree replicates. : Standard deviation
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3.2. Minerals Analysis of H. i&mfioiies L, Le^\es

Minerals analysis of LI- rhamnoides L. leaves is sho*n in Fig-l. Sodium was

30000+01 ppnr and the concentration of calciurn lvas detemi[ed 7800,101 ppm.

Potassium contents were recordcd 6200+02 ppm followed by magnesium 1170+01

ppm. The iron quantity 380+02 ppm \\'as notcd in thc H. rh.tmnoidcs L.leaves. While

the concentration of Mn 'was obscrvcd 80+01 ppm whereas the amoLrnt ofsilicon and

aluminium were determined 60+01 ppm and 50+01 ppnr respectively. '[he

concentration ofchromium rvas found 10+0 ppm follo$,ed by Tinc 8+01 ppm. The 11.

rhamnoidcs L- leaves were also evalLlated for barium. lead. cadmium and nickel \\'ere

fbund helow deiection lirnlt.

Seabuckthorn seeds were reported [4] that Ca. Mg, l'e, K and Na quantity were low,

while Zn was high as comparcd to our findings. Variation nrav originatc from the

natural content ol minerals in the earth. air conlamiration. soil contamination,

geographical position. dissimilar pfocedure and instrument utilizcd lor analysis. The

seeds and liuits of H. rhomnoidcs [89] obsened that potassium contenl was high as

comparcd to the other analyzed nTinerals. In lhe pulp it diYcrsc among 10.12 and

14.84 ppm and in seed it vary among 9.33 and 11.42 ppm.'fhe minerals constitucnt

(mg/l) in seabuckthom pulp reported hy [91] that Ca was 176.6" Fe was 30.9, Mg was

22.5, P rvas 84.2, K rvas 647.2, Na was 414.c). Zn \\'as 1.4. Cu uas 0.7 and Mn \r'as

1.1. It was repofied [95] that ,q. rhanmoilet bcrrics content of K, Mg and Zn were

found high and Ca, Mn and fe werc found low as compared to the currenl study. H

rhamnoides ptip and seed ofdiffercnt localities revealed [96] that Fe, Mg, Zn and Na

were low; however K \\'as high as comparcd to the present iDvestigation.
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Chapter 3 Results and Discussion

3.3. Extractive Values and Phytochemicals Contents oI H, rhamnoides L. Leaves

Extracts

The H. rhamnoides L. leaves extraction values are sho\.vn in Fig.2. The yo extract

value for different solvents \\as: Aqueous (8-74a01), ,-hexane (1.50+01), ethanol

(8.83+01), chlorofomr (5.41+01), methanol (9.47+01), ethyl acetate (2.38+01) and

acetone (22.95.t01).

Table 2 sl]ows that terpcnoids was not detected in the aqueous extract of H.

rhamnoides L. leaves while ayemge contenls (++) were detected in the methanolic

extract. Ethanolic extract sho\\,ed small quantity (+) terpenoids and average amount

was determined in the ethyl acetate extract. Low arnollnl of terpenoids u'as found in

acetone extract $hereas alcragc quantity or tcrpcnoids was rccorded in both

chloroform and ,-hexane extracts of H- rhamnoide,'L. leaves. Small amounts ol

steroids were present in all extncts (aqueous. methanol, cthanol, cthyl acetate,

acetone, chlorolbnn and ,-hexane) of H. dmnoides L. lcavcs. *hile glycosides

were not detected in aqueous. ethyl acetate, chlorolorm and ,-hexane extracts.

Glycosides werc found in methanolic, ethanolic and acetone exlracl ol II- rhamnoide.t

L. with less quantity. The alkaloids rvere not detected in lhe aqueous extract of H

rhamnoides L. leaves $,hereas less content of alkaloids \\'ere observed in the

methanolic, ethanolic, cth-vl acetate, acetone, chlorolorm and r-hexane extract of A

rhamnoides L. leaves. Thc phcnolic contenls wer-e lbund in large quantity (+ + +) in

the aqueous, methanolic and ethanolic extracts lollowed bv alerage quantit,v in ethyl

acetate- acetone and chlorofom cxtracts. Phenols contents were not detected iD the ,?-

hexane extract. Thc conlcrlls ol flavonoids were present ;n all the cxtracts of A
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rhamnoides L- leaves except n-hexane. High amoru'rts of ilavonoids wcre obseNed in

aqueous, methanolic and elhanolic extracts, while average conccnffalion was

recorded in both ethyl acetate and acelone extracts lbllowed by less concentrarion in

cl oroform extract. Flavones were abseDt in the elhyl acctate. acetone, chloroform

and r?-hexane extracts and present in high antounl in the methanolic exlract, while

average amounts were recorded in cxtracts ()1'elhanol and aqueous. The tannins

contents were found maximum in methanol, elhanol and etltyl acetate extracts. While

the avenge amounts werc found in aqueous, acetone and chloroform extracts and

found positive for less quantity oftannins in the r-hexane extract. Saponins were not

detected in all the extract of ,q rhumnaides L.leaves including aqueous, methanolic,

ethanolic, ethyl acetate. acetone, chloroform and r-hexane extrilcls. Amino acids were

not detected in the r-hexane extract. \\'hile less anlounl ofanrino acids were present in

the ethyl acetate, acetole and chlorolbrm extracts follou,ed by average conten[ in

aqueous, methanolic alld ethanolic extracts.

Hippophae leaves [88] contain folic acid, caiechins, esterified sterols. triterpenols and

isoprenols, while juice contains I 182 nrg/l flavonoids. The flavonoid in seabuckthom

leaves [92] wcrc calculated in the range oI0.310 to 2.100 g/)00g. in fruits was found

0.120 to 1.000 9/100 g and dry matter in fruits was ).4.6yo to 33.8yr. The flower,

stem, leaves, root and fiuits of H. rhomnoides L. [99] contained flavonoid

compounds- Five fla\tnoids reportcd I001 in the cthanol extracl of1l rhu Tnoide:i L.

leaves i.e. catechin (0.04%). rulin (0.30%). quercetin(0.,19%)" kaempferol (0.37%)

and isorhamnetin (0.42%). The study [5] documcntcd the yo cxtractive values of ,q

rhamnoides (twigs) as 4.647 and 7.02 fbr chlorotorm/melhanol (l:l) and methanol
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respectively. The methanol and chloroform: methanol extract of H. rhamnoides

(twigs) revealcd the presence of glycoside. lerpenoids. steroids, Ilavonoids, reducing

sugars and tannins, B,hile lacking alkaloids and saponins. The nlethanol extract of

leaves, seed and pomace of seabuckthorn [101] werc repofted to have total phenolic

co11tenl (mg GAE/g extracl) 278.80. 162.56 and 107.01 respecrively. Similarly

aqueous extract exlribjted phenolic content (mg GAE/8 exrract) 184.89. 109.57 and

87.35 rcspectively.
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Tablc 2. Phytochcmical Anxlysis ofFL aunoiles L. I-c{ves Extracts.

Note: + sign sho\\'s detection level of the phytochcmicals prescnt in exlracts. + : Small

quantiqi, + +: Average quantit!. -+ F = Large quantity, ND = Nor dctected.

Chemical Aqucous Meth{nol lithanol Eth}l Acetonc Chlorolorm r-

constituents ,\cctale hex{nc

Terpcnoids ND ++ + ++ - ++ ++

Steroids+++rl++

Glycosides ND + + t.-D + ND ND

AlkaloidsND+r+1++

Phenols +++ +++ +++ ++ ++ ++ ND

Flavonoids +++ +++ +-r+ t-f +.+ + ND

Flavones ++ +++ ++ ND ND ND ND

'Ianltins ++ + t+ +++ +,1 I + I ++ +

Saponins ND ND ND ND ND ND ND

Amino ++ ++ ++ + + + ND

Acids
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3.4, FTIR Analysis ol lI. rltamno les L.Leaves Extracts

The FTIR spcctra analysis u,as utilized to identiry the lunctional group of the active

i[gredients on the basis ofpeak value io the vicinity of infrared radiation. The results

of FTIR peak values and functional groups ol LI- rfutmnoides L. aqueous extact are

presented in (Fig. :i). IR-spectrum sho\.vs strong absorption peaks at 32,12.34 (broad),

2929.87 (small short) and 1593.20 cm-r (sharp) *hich correspond to the presence of

hydroxyl (OH). alkane (C-H) and aromatic ngs (C=0) functional groups

rcspectively. H- rhannoide.s 1,. mcthanol extract (l'ig. 4) shorved that peaks values

2922.16 cm'l and 2852.12. cm I are attributed to the existence of functional groLrps

(alkanes), \\,hile 1693.50 and i600.92 cmr aie carboxylic and amides respectively.

Ethanol extracts (Fig. 5) shows thc broad pcaks valucs (1i15.63 cm'r) of hydroxyl

group (OH), sharp and strong peak (2924.09 cm 1) ofalkane" snrall peak (2854.65 cm

r) for alkane, srnall and weak peaks ofalkene (1735.93 and 1601.7'1 crrtt).

Ethyl acetate extract peak (cm'r) data are shou.n in Fig. 6 and confirm the prcsence of

hydroxyl. alkane and carboxyl group. Acetone extract FTIR spcctra Fjg. 7 peaks

values were 3350.35 crnr (OH group). 292.1.09 cmr (alkanc stretch). )852.72 cm'l

(alkanc) and C:O group 1701.1,1. 1693.50 cm-r. four considerable peaks were

obseNed in Chloroform (Fig. 8) and found as an OH, alkane and (C=O) Iurctional

groups. Trvo sharp and strong peaks (2922.16 and 2850.79 cm') att.ibuted the

existence of alkane group in n-hexane extracl (l ig. 9) cxtract and anothcr two pcaks

values were secn in thc region of3398.57 and 1716.65 cmr rvere OH and C:O

groups.

57



Rcsults and Discussion

FTIR analysis of the H. rhamrutider L. Ieaves cxtracts strongly represent hydroxyl

group which was common in all phenolic cornpounds. All H rhdmnoides L. extacts

bands of absorption were credited to (OII) vibrations slrelching as o[ pheno]s, a

cluster of compounds having hydroxyl fLrnctiolal groups ( OH) joint with

hydrocarbon of aromatic nature. AntiliLngai activity was recognized by natural

derived sources ofphenolic compounds Il02l. fhe amount and site(s) location ofOH

exhibited on the phenols were connccted toward microbes toxicity through

confirmatioD so as to toxicity was increases when hyclroxylation increased [103].

Similarly carboxylic acids $'ere lbund to be connected through numerous antifunga]

and antibacterial activities which \\ere found io exhibit \\'ithin differcnt molecular

structures of plant metabolite c.g. ursolic acid as reporled to be a porverful agent

against dilTerent bacteria [10,11. Many active compounds werc produced by plants

which contained these bioaclive compounds (secondar-v metabolites). The extracts

other chemical compounds as u'cll surely might add. alflrough deficie11t in the

chemical profi1e has in no way been documented on this. Probably that these

bioactive components rvcrc primarily accountable lbr thc anlirnicrobial actiritics

pragmatic in thc current invcstigation.
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3.5. Antibacterial Actiyily ol H. thamnoides a. Leaves Extracts

The result ofantibacterial activitl, ofll rh.rfinoi.les I_. leavcs extracts is presented in

table 3. The aqueous extract was lound highly effective igainst S, .rrl-e&", and the

zone ofinhibition (Zl) was 2l+l mm, r.vhile 20+2 rnnr was notcd against t co1l. Zone

of inhibition l5+1.7 mrlr was observed against E. /uecolis tblbu,ed by 14+1 mm

against both K. pneumoniae. P_ aeruginosa and B cerelts and 13+0 mnr was against

V cholerae. Salmonella rypii u,as lbund more rcsistant than all tcsted bactcria with

minimum I 1+0 mm ofthe aqueous extract. The second least I2+l mm ofthe aqueous

extract was found against B. .rrblili.r follou,ed by l3+l mm against C. r?eanrlii. The

methanol extracts showed high activity (21+1 mm) against l/. cholerae, while l9+l

mm against t coli. l'hre l'7+2 mm was notcd against K. pneunon /as and 16+l mm

against both r. cere s and C. /'rcundii. The methanolic extmcl sholved (14r,1_7 mm)

agai\st E. lbecalis dnd B. subtilis (t4+0 rnm) lollor.ved by l1+1.7 mm againsr p.

der ginosa. while the least 9r0 mnr was determincd against .t t p/.ri. Thc ethanolic

extract was found more active against P. detuginosa (20a1 mm) wherc 1610 mm.

17+1 66 616 18+1 mm werc obsened against E, /rle.a/it K_ pneumoniae and E. coli

respectively. Sinilarly l5+0 n1nl was rccorde.l againsl ,. r,lrrllil. l5+l mm againsl

C. Jreundii, 13+0 mm against S. aureus and 13+l mnt against B cereus.The S. typhi

was fbund more resistaDce against ethanolic extract having thc least 8,r0 mm Zl. The

ethyl acetale extract of11 rhdmnoilet L. lcaves u,ere loLlnd less eflcctive against all

the test bacteial slrains as compar.ed to aqueous. ntethanol and cthanol extracts. The

highest activity 15{l mm was rccorded against p. oetuginosa and B. ce,,er.r, while

l3+1 mmagainst,, coli. l2+l nln1 against.51 .,?//.?irt and,( pnfurnonicrc_ While l0+0
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mm against S typhi and,lO+1 mm against al Freardll follorvcd by 910 mm and 7+0

mm against B- subtilis aid l/. cholerae. The acctone extract was lound morc activc

agatnst P- ueruginosu with l8+0 nrm. while the other values were in the range of l0 _

17 mm. The chlorofom extract showed ltigh activity 16+0 mm against E roli while

11+0 mm against S. aureus. K. pneumonia N\d (:. ftcun(tii.'l'hc leasl aclivity g+0 mm

was against P. aeruginosa rvhereas a-hexane cxtract of H. rhdmnoidcs leaves was

found inactive against all the tested bacte a. The negative control (DMSO) gave no

zone of inhibition against all the tested bacteria. While the posirive control (Ciproxin)

showed 28+1 mm,26+l mm,24:t0 mm,25,1 I mn.t,23+0 mm,24+0 mnr,22+0 mm,

25+1 mm, 23+0 mm and 20,t1 mm zone of inhibition against S aureus, E. coli, E.

.faecalis. K. pneumonide, P. aerugino:o, f cfutlerae. S. typhi. B cercus, B. subtilis

and C ,crrdii respectively.

The H- rhamnoides L. aqueous and nethanol cxtracts of secd, pomace and lcaves

showed low ZI against B. cere s. E..faec.tlis, S. aurcus. E.coli. K. pneumonide ar\d p.

aerrglr?o-ra as conpared to our studv Il0l ]. The antibacteri..l acti\ity of H. sdlicifdia

D. Don reported [105] that secd cxtract showcd high activity as compared to lcaf

extract against gram-positive bacteria. Whereas, no acti!ity lvas observed against all

test extracls in gram-negative bactcria except in case of,1. lrr?.?/qaler.! some a.jtivity

was obtaincd against seed cxtracr. While Kanamycin (1000 pg/ml) exhibitcd 16 23

mnl zone ofinhibition.

67



Chaptel13 Results and Discussion

Table 3. Antibacterial Activity ofIl, /rrrm rrdrzer a. Leayes Ertrncts.

Bacteria Zone oflnhihition (mm)

Ertracts Control

Aq Mcth Eth Eth Act Acet Chl ,,-Hex C- C

S. aureus

E. coli

E..[aecalis

K. pneumonide

V. cholerae

S. typhi

B. cereus

B. subtilis

C. Jieundii

21+1 1,1+ 1

20!2 t9+1

l5+1.7 l4+ l

l4+l 1'l+2

l,lrl 11,r1

l3*0 2l+ I

l1+0 09a0

l4+t 16+l

l2+l 14+0

l3+l 16+l

11+l I110

1010 16-r-)

I6: I I t-0

l'1.,0 ]] +0

18.,0 08-0

16,0 09r.l

17-0 l0 r l

ll-0 1.1r1

12- I l2+0

16-0 11a0

28+1 0.0

)6+1 0.0

21+0 0.0

25+l 0.0

23+0 0.0

24+0 0.0

22+O 0.0

25+1 0.0

23+0 0.0

20!l 0.0

l3+0

1811

t6+0

l7+1

20+l

1,1+0

08+0

I 3+1

l5t0

l5rl

I2,t1

l3+l

08+0

12+1

l5+l

07+0

10+0

15+1

09+0

10+ I

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

C- = Positive Control (Ciproxin 0.5mg1tn1). C . Negative Control (DMSO), Each value represents

mcan + SD (n = 3),0:No zone oI inhibiliur.
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Ilesults and Discussion

3.6. MIC and MBC of H. rhamho les L.Leaves Extracts

As can be seen from Fig. 10 and I I , the MIC values werc tbund iess than MBC while

in sonte cases the MIC and MBC values \\,ere equal. The aqueous extract of ,q

rhamnoides L. lcaves shou,ed that actlvity againsr.!l azlrcu"i having MIC and MBC

values (40 mg/ml and 60 mg/ml) lollowed by /.coli (65 mg/ml and 75 mg/ml), E

faecdlit (11mgml and 80 mg/ml). K p eumoniae (80 mg/m] and 90 mg/ml), p.

aeruginoso (80 mg/ml and 85 mg/ml), V. choleroe (90 .ntgtml and 95 mg/ml), S {ypri

(90 mg/n and 100 mg./ml). B. ceteus (75 mg/ml and 80 ms/mi), B. subtitis (g0

mg/ml and 90 mg/ml.) a]nd C. freundii(80 mg/ml and ll0 n1g/ml). The methanolic

extract were found less active against P. aeruginosa having MIC (mg/ml) and MBC

(mg/ml) values of 100 and I10 respectively. u,hile shor.ved high activity agajnst S

lrpll with values of (50 and 55) rcspectively. The other values were (60 and g0)

against S arlers, (60 and 80) against ,, fhecalis- (60 and 90) against B. subtilis, (55

and 70) against [.coli. (55 and 70) against K. ltneumoniue. (55 and 70) agailsr B.

cereus and (50 and 70) dgainsl C. .freundii. The activity of ethanolic extract against

E coli having MIC and MBC valucs of (,10 mg/m] and 60 rng/ml). while rhc other

MIC (mg/rnJ) and MBC (mg/ml) values against the rest bacleria u,,ere in thc range

from (,15 and 66 to 75 and 80). [th)l acctate extract \!ere N4lC and MBC values

against r. coli i.e. 120 mg/nl and 125 mg/ml. whilc ecti\,iry 110 mg/ml and 130

mg/ml was deternrined agailst I/. (:hole/ae. Similarlv other MIC (mg/ml) and MBC

(mg/ml) values were (100 and 1)0) E. faect lis, (90 and ,25) C. freundii. (80 attd 120)

B. cereus. ('70 and 125) P. aerugirutso, (70 and 85) U suhtitis- (70 and 80) S aareas.

(65 and 7 5) K. pneunonioa and (65 arrd 75) against S /]?fu. I he aceronc extract of H
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Ilcsults and Discussion

rhamnoides L. leaves was lbund highly active againsr E, coli with MIC (mg/ml) and

MBC (mg/ml) valLres (60 and 90) lollowcd by (60 mg/ml and 95 mg/ml) againsr S

.rrlers. The othei MIC mg/nrl values rvere in the range of65 - I l5 and MBC (mg/ml)

values werc 85 - 135 range against thc tesl bacteria. I hc chlorclorm extract MIC was

70 mg/ml against K. pneumonide. 85 nig/ml against l:.ctli- I, aerugint)sd, V.

cholerae, S. O,phi, B. cerel$ and C. Freundii and'75 mg/ml agajnsl E r.calir and g0

mg/ml against S uureus anl. B. srbli/rs. Sinrilarly thc MBC was l25mg/ml against S.

typhi, 90 mg/m\ against ,. col1, L. liecalit and K. pneuntoniue. While 95 mg/ml

against B. subtilis, 100 mpy'ml against S. .rrl.rr.. p. oentginosa, B_ tereus and C_

Freunclii- The MBC rvas 110 ng,/ml agaiist l,'. (holeroc. The positive control

Ciproxin MIC (mg/ml) was lbund in the rance 0.l0 - 0.22 and MIIC was found in rhe

range ol0.l0 0.25 cgrinst lh( tc\r hacreria.

The MIC values of aqucous and lncthanol exttacts of sccd. pomacc and leaves were

found low as compared to oru.sludy [101]. Thc MIC olA rhumnoi.les rcoL a|d stcni,

methanol extlact against r. .lrbtlllr. S nl.rr-eas and E coli were less as compared to

the prcsent study findings []1.
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Chapter 3 Results and Discussion

3.7. Antifungal Activity ol H. rhau oides L.Le ves

Antif,urgal activity ofH. rhamnoides L. leaves differcnt extmcts is shown in table 4.

Antifungal activit], ofthe aqueous extmct was more \rith zone ofinhibition (ZI) i6+1

mm against a o).Ipolrm whereas the second highcst 15+0 mm \ras noted against,Q.

alrhizus. Llke\\tse 13:11 mm against ,.4. niget aid. ,1. Jk$us, whilc l2+0 mm against

A. oryzae, 12.t1 mm againsl C- albicans and 1l+1 mm agalnst A. ( ternata. The

minimum ZI 07 a 0 mm againsl P. dillitotutfi. Methanolic extract were found less

active with 09+1 mm ZI against,.1. orlz,re, whereas thc other values were in the range

of 13 to l8 mm. Ethanolic cxtract were lound less active than aqueous and

methanolic extract having maximun l4+l mm againsl ,,1 niger and C. albicuns.

Whilc 10 mnr against A..flaws- A. aherndta and P. ./iglralrm and the less activity 9+0

mm against C. albican"^. Ethyl acetate extract \rere found highly active (15f0 mm)

o:gainsl R. afthizus and ll 8 mm in the range agajnst the other tcst fungal stains. AII

the lungus was found highly resistant against the acetone extract and the valucs rvere

in the range of 8 and t2 mm. The chloroform exrract of H. rhamnoides L. leayes

showed nearly the sarne activity as ofacetone. The maximrrm activit), 12+0 mm \\'ere

rccorded against A- niget.tnd P. digitatum and mininlum 07tl mm was observed

against A- alterndta whcreas ,-hexane extract Nere found inactive against all the

tested fungal strains. The positive control (fluconazolc) showed high activity against

all the tested fungi, u,ith maximum 24+0 mm againsr ,.1. ory.oe aitJ minimum 16+0

against R- drrhizus. The negative control IIMSO shorved no activity against all the

test fungi.
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Chapter 3 Results and f)iscussion

3.8. MIC and MFC of H. rhamnoides L. Leaves Extracts

The MIC and MFC values of H. tho noides L. leaves cxtracts against test l'ungi are

presented in figure l2 and 13. The aqueous cxtract vras lburd highly active against F.

oxysporum *'ith MIC and MFC values 50 mg/ml and 65 mg/ml respectively. While l.

niger and A. oryzae wllh the same MIC and MIC ralues 60 mg/ml and 75 mg/ml

respectively, whereas ,4. ./.lyrr showed high resistance against the aqucous extract

having MIC ard MFC value (120 mg/m1 and 145 nlg/ml). lhc other MIC (mg/ml)

values were in between 65 I 10 and MFC (mg/ml) values i[ the range 75 130

against different fungi. The methanolic extract was fbuld less effective against,4.

or;,,zae with MIC and MFC values (90 mg/ntl ald 135 ng/ml). The ethanolic extracts

were found lcss effective against all thc tcst fungi as compared to aqueous and

methanolic extmct. The activit) \\,as recorded against I'. ,ligitalun having MIC and

MFC values (80 and 90). The othcr MIC range values \\,cre 80 130 and MFC rangc

values wcrc 95 160. The elhyl acetatc extract showed MIC and MfC values against

C. .tlbicans (120 figlml and I80 mg/ml) while found nlore aclive against A..fltnigdte|

having MIC and MFC values (80 mg/ml and 90 mg/ml). l he eflecr of ethyl acctatc

extract sho\\'ed that MIC 80 rng,/r'nl al1d MFC 90 mg/ml alalrsl F. oxyspontm

respectively. u,hereas thc MIC and MFC valucs were observecl 120 mg/ml and 180

mg/ml against C. albicans respectivel). Thc acetone extract highcst MIC and MFC

values (120 and 145) were detecled against l. ,.?igsl. *,hile MIC and MFC values was

85 mg/ml and 100 n1g/ml against lil o-tirpo,"rrt a:nd ( olbicons respectively. The

chloroform extract MIC 135 mglml and Ml-C 150 mg/ml) against ,4. riger. The MIC

(mg/ml) rangc was 80 130 and MI]C Gng/ml) rlas 100 150 lbr thc rest offungal
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Chapter 3 llesults and Discussion

shains. The positive control fluconazole calculated MIC (n19m1) values in the range

of 0.25 0.50 and MFC (mg/ml) values in thc range 0.30 - 0.50 against all the tcsted

fungi.

Hippophae salicifolia D Do, seed extraot observed considerable activity against

Tilletia indica and Mucor indicus, while in case of 11. oryzae no aclivtty was showed

against all tested extracts 11051. The reported MIC (prg/ml) of root and stem

methanolic extract against C. dlbicans r.vcrc 125 and 62 respectively, while

Ketoconazolc MIC uas 250 and mycostantin MIC was 500 Ior C- ulbicans l3l.

'75
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ablc,r. Aniifunsal Activit\ ol H. rhdmnoirler L. Leales -Lxtracts.
Fungi Zone of Inhibition (mm)

Extracts Control

EthMethAq Eth Act Acct C'hl n-llcx CC*
A. niger

,1. parasiticus

A- Jlavus

A..fumigatus

,1. oryzae

F- oxysporum

R. arrhizus

A- dllernatd

C. albicans

P. digitatum

13+1 15+1

14+0 l7+ I

13+l 16+ I

09*0 13'r0

l2+0 09+1

16+1 13+0

l5+0 14a0

I l+1 18+0

t2+1 I4+t

0710 I la I

14+l 10+l

12+1 09+0

10+1 08+l

1tr0 I t11

11+1 12+0

13+0 lll1

09t0 15.t0

l0+0 1l+l

I4+ I 09+0

I0+0 08+0

12+0 0.0

1l+t 0.0

09+0 0.0

ou,tl 0.0

09+l 0.0

10+0 0.0

8+0 0.0

07+1 0.0

10+1 0.0

12+0 0.0

0.0 l8+0

0.0 22+0

0.0 20i0

0.0 23+0

0.0 24+o

0.0 2L.0

0.0 16+0

0.0 19+0

0.0 17+0

0.0 21+0

08a0

10+0

09,r 0

08+0

l2+ 1

I 1+0

09+0

l0+1

09-1

C'= Positive Control (Fluconazole o.5mg/ml), C': Ncgative Control (DMSO). Each value
represenls mean + SD (n = 3). 0 :No zone of inhibition-
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3.9, Antioxidant Actititx* ol II. rhomnoides L. Lcaves Extracts

H. rhamnoides L. leaves extracts DPI,H radical scavenging activity is piesented in

Figure 1,1and showed a concentration dcpendent activity in conlparison with ascorbic

acid (standard). At a concentration (pg/ml) of 10, 20, 30,40. 50, 60, 70 and 80, thc

scaverging activity (%) of vitamin C u,as 37.73 + 0.46. 53.40 { 0.23, 68.07 + 0.33,

80.81 + 0.46,82.74 + 0.56,83.02 + 0.05.83.15 + 0.18 and 84.55 + 0.,17 respectively.

The aqueous extract 0% scavenging activity \\,as 28.09 + 0.09, 39.58 + 0.42, 53.56 +

0.09,65.14 + 0.14. 70.04 + 0.18, 74.19 + 0.05, 80.12 + 0.30 and 80.80 a 0.46 at

corcentration (pg,hl) of I0. 20. 30. 40. 50. 60, 70 and 80 respcctivcly. The methanol

extract calculated scavenging activity (%) \ras 36.33 - 0.,17 al 10 pg/ml, 50.34 + 0.42

at 20 [g/ml, 62.3] + 0 24 al l0 [g/ml, 73.78 + 0.47 ar 40 pg,hl. 81.70 + 0.23 at 50

[g/ml, 81.96 t 0.05 at 60 pg,/ml, 82.02 | 0.09 at 70 Lrg/nl nnd 82.96 r. 0.09 ar 80

pg/ml. The ethanolic extract DPPH o/o scavenging activity at conccntration (pg/ml) of

10, 20, 30, 40, 50, 60, 70 and 80 was 32.12 r 0.46,44.66 + 0.13.59.05 + 0.23,69.82

+ 0.24,'78.09 * 0.19, 81.49 + 0.05, 81.50 + 0.1,1 and 82.52 + 0.05 respectively.

Similarly cthyl acetate extract of H. rhantnoides L. exhibited a ol, DPPII scave[ging

activit), of 18.07 + 0.47 al lopg/ml. )6.50 + 0.47 at 20 [g/ml, 39.92 + 0.71 a1 30

pgn1l,49.72 + 0.92 at 40 pg/nl. 57 .7) + 0.11 at 50 trg/ml. 69.07 + 0.24 ar 60 Lrg/ml.

80.06 + 0.09 at 70 pg/ml and 81.,10 + 0.05 at 80 pglml. The acetone extract DPPH

free radical scavenging activit"v (%) \^,as 24.22 r 0.87. 19.23 + 0.09, 48.22 + 0.28,

52.40 + 0.42- 64.89 + 0.46. 76.84 + 0.15, 80.59 + 0.23 and 82.21 + 0.94 at

concentrations (pgtnl) ol 10. 20. 30, 40, 50. 60. 70 and 80 rcspecrivel),. Chloroform

extmct scavcnging (oZ) activity *,as 19.13 + 0.,+4(10 [g/ml)" ]0.87 + 0.72 (2oFg/mi),
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42.5'l + 1.43 (30 [g/ml), 51.78 + 0.47 (40 pg/ml), 63.89 + 0.38 (50 pg/ml), 73.78 +

0.93 (60 pg/ml), 80.06 + 0.09 (70 pg/ml) and 81 .43 + 0.05 (80 pg/ml). l he z-hexane

scavenging activity (%) at I0 pg/ml \ras 15.26 + I .24. at 20 pg/ml rvas 25.56 + 0.46,

at 30 pg/ml was 34.92 + 0..16, at.10 pgrnl was 44.29 a 0.47. at 50 Lrg/ml was,18.97 +

0.47, at 60 pg/ml u,as 59.95 + 0.23. at 70 pg/ml was 1i0.03 l- 0.06 and at 80 pg/ml

was 80.15 + 0.25.

The EC56 (pg/ml) values (Fig.15) ofascorbic acid, aqueous, methanol, cthanol, ethyl

acetate. acetone. chlorolbnn and r-hexane were lound to be 15.75.25-01. 17-12.

20.7 5, 3 5.7 0,28.62. 32.85 and,10.86 respeclively.

The compounds which \.vere holdnp or slow do\\.n the oxidation of othcr moleculcs

through stop the bcginning or proliferation chaiD reaclion of oxidation known as

antioxidant [89]. Medicinal planls have been performing a central role 1br drug

innovation all ovcr the world. Synthetic antioxidants alc produced nowadays but the

major drauback \\,ith these antioxidants is the adversc cffect \\'he[ use ir vn r.r 1106].

The uses of artilicial antioxidant rvere restricted due to its carcinogenic nature.

Therefore, the importance of non-s,vnthctic al1tioxidants rises. Non-synthctic

antioxidants are vitamin C. carotenoids, phcnolic compounds (Ilavonoids, phenolic

acids and tocopherols) and nitrogen conrpounds (anlines, chlorophyll derivatives,

alkaloids and amino acids) [89]. Plants have polyphenols. which are natural

antioxidant because of its abilit-v to donate H* or e- and capnlring liee radicals I071.

Different extracl ol H. rhamnoides L, pomace I08] sho\\'cd that the activity was

co[centration dcpcndent and ]naximuN was 70% ir1 methanolic cxtract. H.

rhdmnoides L. stem and r-oots methanol extract showcd strong iurtioxidant activities
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(DPPH bioassay) [3]. The 11. thamnoides pornace extracts reducing power were riscs

as the concentration of the extracts increases and maximum \eas 70olo in methanolic

extract [109]. Flavonoids (37.50 mg/ml) Ironl seabuckthorn exhibited an outstanding

DPPH scavenging activity, which inhibit 46.5% of I)PPH in two minutes [110]'

DPPH radical scavenging activity RC56 (gg/ml) ol,{ rram,oi.13.\ methanolic extract

was 5.0. while l'raction ofl'lexane, ethanol. butanol and aqueous were 3 0' 1.5, 2 5 and

9.5 respectivcly. Similarly stem mcthanolic extract RCjo (pg/ml) u'as 2 7 and

fractions of hexane, ethanol, butanol and water \rcre J.2. 1.0. 1 .'1 and 3.0 respectively

[3]. The current study showed thal anlioxidant activity is a dose dependent and

methanolic extract showed the nlaxinlum activity. \r'hich is in close agreement of the

most cited above rcsearch u,ork.
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3.10. Cytotoxic Activiq ol E. amnoitles a. Lexves Exaracts

C),totoxic activity was the beginning lbolstep in exploratio[ 1br dcvelopment of anti-

cancer drug. The brine shrimp cybxic assay has been widely used in the key

sueening of the isolatcd compoLlnds as rvell as crude extracts to assess the toxicity

towards brine shrimps. u,hich could also give a sign of possible cytotoxic properlics

of the rest substances ! lll. Because this bioassal is easy sintple protocol. The

procedure allows the use of smaller amount of fie cxtracts nnd altowed bigger

number of dilulions and sanples \\,ithir sho er time than Lrsing the original test vjals

[112]. Furthermore it has been established that the cvtoll)xic matedals commonly

show significant activity in the brine shr.imp cyrotoxicily assa\'. and this assay can be

suggested as a channel for the discovcry of pesticidal and antitumor compounds

because of its low cosr and simplicity [1 1i].

Cltotoxic effccts (% moftality) of the ll. rhamnoides Z. extracts are summarized in

Fig.16. Brine slrrimp cltotoxicily ol'all tcstcd extracts of H rhuntnride: 1,. showed

that mortality mle was concentration depcrldent. The mortality \\, as 46.'|yo,16]oA a]Ild

6.70% at concentration of 1000. 100 and 10 gg/ml respectivel), in aqueoLrs extract.

The methanol extracl percent mortalilv \,as 46.7.26.7 antl6.7 at 1000, 100 and l0

pg/ml. The ethanolic extract at 1000, 100 and I0 pg/ml concentratiol.ls showed 9/o

mofiality of50.0, 26.7 and 16.7 respectively. No mortality u,as found at concentration

of 10 Fg/ml in cthyl acetate and acctone extLact. but rhcse exlract showed 6.7 percent

moftality al 100 pg/m1. While 26.7 and 13.3 morrality (%) rvere calculated at 1000

pg/ml concentration for ethyl acetate and aceione rcspectively. Chloroform and r?-

hexane extract exhibitcd 6.70% nlortalitv at l0 Fg/ml conccnrration. At 1000 and 100

lt'1
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pg/ml concentration thc chlorotbrm extract mortality were (40.0 and 23.3.'/o) and n-

hexane extract moftality were (33.3 and 16.7%) rcspeclively. No rnortalily was

recorded lbr negative control and 1007o mor1ality rvas noted in positive control.

The LD56 values ofll rhamnoides lca"-es extracts is shown in Fig. 17. The methanol

extracts LD50 1199.97 gg/ml, r,vhile erhanolic extract l,Ds1 was 1206.91 pg/ml. The r-

hexane extract u,as highest LDio values of6146.53 ptg/ml. The other LD1 (pg/ml)

values lbr aqueous, ethyl acetatc, chloroform and aoetone were 1515.09,4050.5j,

2198.80 and 2282.31 respecrivclv. Alkaloids are commonlv tultibacterial. cytoto\ic,

antimalarial and anticancerous agents [] l4]. While saponlns contain antimicrobial

and larvicidal characteristics [115]. Anthraquinoncs exhibits c],totoxicity and

antimicrobial activilies, whereas terpenoids have lan icidal and antibactcrial activities

[ 16]. Flavonoids have been exposed to cover antioxidant. aoti!iral. anti-thrombotic.

anti-inflammatory, vasodilatory, antibacterial. antiallergic and antineoplastic

activities ul7]. lannins have sho\,"n potential antioxidant. antibacterial, anticancer

and antiviral activities [1]81. I'he prelirrinary phyrochemical analysis of H

rhat noides berries claims the existencc of saponins, glycosides. alkaloids,

flavonoids, tannins and anthEquirlones [] l9l. Plarlts containing llavonoids. tannins

and sterols may be uscd for anliviral activit) []20]. Ihe LCi0 ol'methanolic extract

l5l of H. rhannoides (twigs) was 158,1.89 ppn1 ancl thc difference in Brine Shrimp

cltotoxicity rcsults may be duc to the Yar-iarion in the l),pe and qua[tity ofc]totoxic

phytochemicals (e.g. flavonoids. triterpcnoids, tannins" or coumarins) lound in the

plants crude extracts. Fl. rhamnoides L. leal I2l, 122] have lbund free fron heavy

metal contamination al1d no sidc cf'tect wheD takcn orallv
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3.11. Phytotoxic Actiyity of ll. tnmnoides L. Leavcs Extracts

The phytotoxicity results (Fig. 18 and 19) indicared thal all exrracts obrained from 1l

rhonnoi.les L- leaves did not cause any phyloloxicitl' at the concentLation of 5 pg/ml.

'l'he methanol extract sho\red gro\th rcgulatior of lj j3% at 500 $g/ml and 20.00%

at 50 pg/ml. while LDio was 134,1.79 !g/ml. The perceir gro\\.th regulation oferhanol

extract was i3.33 ibr 500 Llg/rnl conccntration and 16.67 at 50 pg/rnl and aqueous

extract was 26.76Yo and 13.13% at 500 and 50 pg/n1l respectivcly. No phytoxic

activity was lbund in nhexane extract al tested concentrations. The acetonc extract

%GR at 500 gg/ml was 30.00 and at 50 Lrg/ml rvas 10.00. Thc chlorolbrm and ethyl

acetate percent GR at 500 pg/m1 was 16.67 and 26.76 and at 50 Fgml q,as 10.00 and

6.67 respectively. The LDro ([g/ml) values of aqueous, ethanol and acctone were

2751.26, 1356.12 and 1619.55 respeclively. the LD.o valucs 15069.88 pg/ml and

2025.26 pg/ml were calculated lor chlorofornl and cth)1 acetate rcspectivel),.

In plant kingdom allelopath),is an essential ecological lbctor as vvell as phytotoxic in

medicinal plants. It llas bcen reported that flavonoids work as allelochemicals [123].

Tlrey werc found in all cxtlacts 01'/{ rhantnoides 1- lcaves. The variations in the

inhibition ofl,enra by plants mighl be duc to solvenl and plant material differences.

Allelopathic elfects arc related to plants. their parts and cxtraction procedures [124].

Glycosides and terTenoids have exhibit ph).totoxicily [125]. Seveml researchcrs

reported that amino acids have allclopathic ellect againsl plants [126, 127].

Allekrchemicals iihibit electron transport chain ir mitochondria [128]. phenolic

compounds and its de valives u,el.e latent inhibitors ol seedling grouth and

germination and have allelopathic applications in lbrestry and agriculture as

lJ lt



Chapter 3 Results and Discussion

herbicides [29]. 'Ihe active constituents dctected in the H. rhannoides L. leaves

extracts could be accountablc for the inhibition of /-cr?r.7 ,r?ir?or in the current study.

Ph)'totoxins [130] affect enzvmatic activitv. ion uptake. cell division, ntembmne

permeability. electron transpolt in respiratorv chains and photosynthesis. The

presencc ofpolyphenolic compounds and tannins. are lcthal and simply enter into the

host cells leading to fatality of hosl tissues. lhc phenolic compounds can arbitrate

hazardous connections indirectl) or djrectl,v by connccting autotrophs toward cach

other and to herbivores [131].

89



Chapter 3 Results and Discussion

- 100
690:so

;50; -10iro5:o
oe l0

0

1500(ltg.ml)

150(Isro )
r 5 (lq,n )

-'""t"""";$":t:"i::."::""..

[xtlacts (treahnerti)

Fig. 18, Phytotoxic Activi8 of H. rhamnoides L. Leaves Extracts against Z,
minoL 

I

90



Chapter 3 Results and Discussion

16000

11000

l:000

10000

8000

6000

4000

1000

0

LD50ltg n l
Positire ['ontrol=,,
NeceiYe Cortl ol = ,

ts
q)

l:tfs
--"".oC "'::"".d 

-l-".."- -r'.'

Exhacts (Treatmneh)

I LD.{l}

Fig. 19. LDso ofl'. rrramnoidesl.LeayesExtr&cts against r. ,r, irral.

9l



Rcsults and Discussion

3.12. Larvicidal Activity oI H. rhannoides 1-. Leaves Ertracts Ag i\sl A. aeg)pli

The analysis of larvicidal aclivity of H rhumnttides 1-. leaves extracts against vcctor

mosquitoes (Aedes degtpti) are shorvn in Fig. 20 and was found dose and time

dcpendent. The percent n'roftality increased by increasing thc dose and time ol

exposurc of laNae for each extract. 'lhe aqueous cxtract at 1000 ppm showed

l2+0.82ok. 19+0.960/0 and 39+2.5% mofialit) alter 24 hrs, 48 hrs and 72 hrs

respectively. When the dosc ofthe s.me extracl \!ere increascd to 1500 ppm lvith

respect to its tine, thc percent mortality was lbund high as compared to 1000 ppnr ie

42+1.29t%, 45,t0.96% and 47+1 .lyo. High rno ality rate (77 +0.96%) was detected in

a colcentratiou of 2000 pprn of thc sanre exlract. 'fhc methanol extract cxhibited

20+0.82, 28+0.82 and 36+0.81 0% larvirl rnortality at 2,1 hrs, 4ll hrs and 72 hrs with

exposed time respectivelv at concentration o1'1000 ppm. At high concentration (2000

ppm) the larval monality were calculated 68+0.82%.71+1.30% and 81+1.71% after

24 hrs,48 hrs and 72 hrs respectjlely. lhc ethanol extracl a1 1000 ppm rvith 24 hrs,

48 hrs and 72 hrs incubation time shou'ed 18+1.i0%. 26,r.1.30% and 32+1.80% larval

modality respectively. BLrt wilh high cor'lcentration 1500 pprn arld 2000 ppm at 72 hrs

contact time the lalval modality (%) $ere 42+1.i0 and 8,1,10.82 respectively. The

ethyl acetate extract was found less elfcctive against,4. .legL?rti larvae and the results

observed that percent larval moftality nt 1000 ppm rvcrc l}0.51 (24 hrs),34+1.91

(48 hrs) and 37+1,.26 (.'12 hrs), at 1500 pprn werc 43+1.26 (2,1 hrs) a]1d at 2000 ppm

were 55+0.96 (24 hrs), 64+1.63 (48 hrs) and 73+0.96 (72 hrs). The acetonc extract 70

larval mortality was 15+0.96.2411.63 and 36+2.6 at 1000 ppm at 24 hrs.48 hrs and

72 hrs respectively. Similarly w;th h;gh concenlralion (1500 ppm) at 24 hrs,,18 hrs

9)



Chaptcr 3 Results and Discussion

and 72 hrs the larval mortality was 5 110.96%, 59+ 1 .50% and 62+0.56, \&hile hjghest

percent moftality 79+0.96 rvas noted at 2000 ppm with 72 hrs incubation pcriod. Fig

20 showed that at a concenlration of 1000 ppm high percent mortality 25+1.7.

46+0.53 and 50+1.3070 $,ere noted in chlorolom exlracr at 24 hrs.,18 hrs and 72 hrs

rcspectively, \\41ile at thc highest concentration (2000 ppm) the 7o larval ntortality

was counted 68+0.82 (24 hrs) and 7,1+1.30 (48 hrs and 72 hrs). The ,,hexane extmct

showed perccnt lanal mortality at 2,1 hrs.,18 hrs and 72 hrs contact period al 1000

ppm was 13.t0.50, 16+0.82 and 25i1.7 respectivelyi howevcr at high concentration

the 2000 ppm the o/o larval mortality was increased up to 76+294 at 72h incubation

timc. No mo alil), \\,as ohscr.,cd for negative control (distilled \\ater).

As can be scen from (Table 5) thc lowest LCsl (24 hrs) r,"as 1.12,1.,15 ppm fdr ethanol

extract and the highest LCro (24 hls) value 1860.16 ppm was observed for chlorofom

extract. While other LC;o (ppm) 24 hrs r'alucs of aqueoLrs. nrcthanol, ethyl acetafe.

acetone and,,?-hexane extract wcrc 163i.646. 1659.193, 1627.14. 1588.05 and

1832.87 respectively against A aegwti. The chlorofonn extracr showed highest LCeo

(ppm) 24 hrs valuc,1053.22 ixtd the aqucous extmcl was ohscNed low.est LCso 24 hrs

value 2783.35 ppm. LC5() (ppm) and l,Ce6 (pprn) ar 48 hrs are dispiay in table 6. The

resuits showed that aqueous, melhanol, cthanol. ethyl acetate, acetone, chloroform

and ,-hexanc LC56 (ppm) 48 hrs wcre 1563.188. 1506.q11. 1104.51, 1525, 1393.10.

1389.74 and 1564.11 rcspectively. Similarly rhe lowest and highesr LCoo $pm.) 48

hls against ,1. ae[X.pti |rere noted 2632.08 and 4266.78 respectively. The LC50 (ppm)

and LCe6 (ppm) at 72 hrs are sho\\n in tablc 7. The findings observed that ethanolic

extracl against l. aesrpli calculared rhe lo\\,est LCio (ppm) and t,C!o (ppm) at 72 lus
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Chaptcr 3 Results and Discussion

were 1035.21 and 2643.63 respectively. While t-hexane and aqucous extract showed

the highest LCro (ppm) and LCeg (ppm) at 72 hrs \yere 1513.22 and 4374.21

respectively. The aqueous. methanol. ethyl acetate. acelone and z-hexane extracts

revealed that LC56 (pprn) at 72 hrs $'cre 1375.185, 1268.71, 1322.13. 1250.74 and

1467.78 respectivcly agarnsl /1. aeg)pti. The LCrn (ppm) at 72 hrs were lbund

2871.41, 3.16i.05. 3163.00, 3068.i1 and 3061.26 ar merhanol, erhyl acerate, acerone,

chlorofonr and r?-hexane respcctively.
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Chapter 3 Results and Discussion

Table.5.Probit Analysis of Lanicidal Actiyit) of H. rhtntnoides 1,. l,cavcs
Ertracts asainst,l. oesr'rlrl

*LC5n: Lcthal concentration needed to kill 5oolu ofthc cxposed population.
**LCeo: Lethal concentration needed to kill 900/o ofthe cxposcd population.

rtracts asains l,
Extracts *LC5n(ppn)

24 hrs

**LCen(ppnr)

2,1 h rs
Iiegrcssion cquation Chi-square

value (X2)

Aqueous 1631.646 2783.i5 Y= -12.75r5.53x 0.00

Melhanol 1659.193 3291.58 Y: -8.85 *4.30x 208

Frhrnol 1121.45 ,1195.42 Y: -IJ.01+4.1ix 0.3 l5

Ethvl ,^ce16te 1.621.11 2 tt,t L20 Y=- 12.00 i.5.29x 0.01

l5IJlt.05 2961.17 Y:,10.1,1+4.73x 1.12

Chlorofbrnt 1860.16 ,1051.22 Y: -7.19+3.79x 2.20

17-llcxane 1832.87 15 r 8.81 Y: -9.76+4.52x 0.62
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Chapter 3 llcsults and Discussion

Table.6.Probit Analysis of Larvicidal Activiq of H. rhim okles L. Lerves
E\tracts rgainst,4. degyrr'.

*LC)5n: Lelhal conccntration nceded to kill 50o1, ol drc cxposecl population.
**LCq: Lelhal conccntratioI needed to kill 909/o olthc cxposed popLrlation.

\
Ixtracts *LC56 (ppm)

,18 hrs

**LCen(pprn)
,18 hrs

Ilegression cquation Chi-square
valuc (X:)

156t.188 2903.i5 Y:,9.IJ4+,1.65x 0.095

]\'{ethanol 1506.914 1268.89 Y -5.S8 r 1.,15x 0.228

Etha,rol r 10,1.53 '1266.78 Y= -1 .65-1 2.18x 0.008

Ethyl Acetate 1525.41 3480. t7 Y='6.19*3.58x 0.51 2

1t9i.10 2632.08 Y- -9.58-,1.64x 0.261

Chkrlofbrnr 1189.71 27r 8.32 Y- -8.82-,1.19x 0.0,10

,,-Hexane 1561.1 I 267 t.16 Y= -ll.6l+5.51x 0.uttI
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Table.7.
Extracts

*LC56: Lethal concettlation needecl to kill 50o/o ofthe exposed population.
**LCe0: Lethal concentration nee.lcd to kill 90% olthe cxposed population.

Probit Analysis of Larvicidal Activity of II. thaunoi.les L. Leayes
cts a st/.

Ertracts *LC.o(ppm)
72 hrs

**LCr1(ppm)
72 hrs

Regression equation Chi-square
valuc (X'1)

Aqueous 1375.I 85 4371.2t Y:1.00+2.55x t I0
Methenol 1268.71 2871 .,+,1 Y- -6.21-3.61x 0.047

Flthanol 1035.2 l 26.11.61 Y- -.1..19+j.I4x 0.122.

[thyl Acctare ll22.1i 1,161.0s Y: -,1.57+3.07x 0.16i

Acctone 1250.71 I16t.00 Y- -'1.85+3 18x 0.110

Chlorofbrm 1461.78 1068.t I Y: -7.67+4.00x 0.608

n-Hcxane r 513.22 30(r L26 Y='4.t8F-lt.t2x 1.2',t 1
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3.13. Larvicidal Activity of H. rhounoi.les I. Leaves Extracts Against ,4.

slephe si

The percent larval mortality of IL rhomnoide\ L. leaves extracts against A ttephensi

are shown in lig.21. The results shou,ed that aqucous exract perccnt norlality at

1000 ppm werc 12+1.2 (24 hrs), 16+0.82 (48h) and 27+6.75 (72 hrs), at 1500 ppm

were 41+0.96 (24 hrs). 61+0.96 (,18 hrs) and 67+0:0 (72 hr.s), ar 2000 ppm u'ere

7l+1.30 (24 hrc). 84+0.82 (,18 hls) and 88+0.82 (72 hrs) rcspectively. The merhanolic

extract exhibited mortality (%) of I 3+0.50 (24 hrs). I 9+0 50 (18 hrs) ard 21+0.96 (72

hrs) at 1000 ppm. while ar 1500 ppin maximum morlality 60+0.82% was observed

and the highest mortality (%) reportcd at 2000 ppm u,as 89t0.50 in 72 hrs incubation

time. The ethanolic extract cxhibited oZ mol1ality of 77+0.96, 86+0.56 and 90+1.30 at

24 hrs,48 hrs and 72 hrs cxposure time at 2000 ppm. Tl]e e1h],1 acetate observed

larval mortality (%) at 1000. 1500 and 2000 pprr at 72 h$ erposurc were 4l+0.96,

63+0.96 and 7910.96 respectivcly. Acelone extract at concentration of 1500 and 2000

ppm at 24 hrs" 48 lus and 72 hrs tlme showed moftality (7o) of(,t5+0.96.50{Ljo and

62+1.30) and (68+0.82.77+0.96 and 8l+L7l) respeclively. Ihc chloroform extract at

2000 ppm for 24 hrs. 48 hls and 72 hrs exposure time 0/o mo ality were 72+0.96.

76,L2.94 and 82+1.30 respectively. The z-hexal1e al high concentralion i.e. 2000 ppm

showed 79+0.96% larval mortality. No moilality \\,as lound in control (distilled

water).

Probit analysis of iarvicidal activity 01'FI rhan]loides L. leaves extracl against .1.

stephe si is presentcd in table 8.'the rcsults indicated that thc aqueous extract LC5o

(ppm) at 24 hrs $as 1601.29, mclhanolic extract was I566.65. ethanolic extract was
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1494.30, ethyl acetate exhact was 1509.58, acetonc r.vas I631.69, chloroform extnct

was 1725.80 and r?iexane extracl was 1636.23. lhe lo\.vcst and highest LCe6 $pm)

24 hrs was recorded 2292.18 and 2895.69 in eth_,r-l acetarc and chloroform extracts.

But thc aqueous. methanol and ethanol cxtracts LCen (ppm) 24 hrs values were

2630.36, 2621.1 1 and 2605.78 respcctively.

At 48 hrs. lhe LCro (ppm) and LClo (ppm) values of different leaves extract of ll

rhamkoides L. against A. stephensi are presented in table 9. The aceto[e and

chlorofoim extract exhibitcd highesl LC;o (ppm) 48 hrs i.e. 1508.97 and 1505.49

respectively. The lowest LC.x (ppm) 48 hrs was obsen,ed as 1320.38 in ethanol

extract. Similarly the lowcst and highest LCl,n (ppm),18 hrs u,ere found 2112.63 and

2697.33 in cthanol and acetone extract. 'fhe other rnoderate valucs of LCe6 (ppm) 48

hrs were 2158.66. 2274.36. 2165.19.2452.96 and 2571.96 at aqueous, methanol,

ethyl acetate, chloroform and ,-hexane respeclivelv.

The LC16 (ppm) and l,Ce6 (ppm) 72 hrs data is preselltcd in table 10. The dala

revealed that the maximum LCso (ppm) 72 lrrs was 1161.07 in chlorolbrm extract

followcd by 1310.64 (methanol). 1295.49 o7-hcxane), 1266.99 (aqueous), 1252.71

(acetone), 1170.87 (erhyl acctate) and 1117.36 (ctha11ol). While thc lowesr LCeo

(ppm) 72 hrs \&ere 2042.06 at methanol exrracl lbllo\.vcd by 2057.01 (ethanol),

2081.43 (aqueous). 2176.37 (ethyl acctatc), 2289.54 (chlorofonn), 2109.09 (n-

hexare) and 2641.97 (acetone).

Plants are the main reseNoit of bioactive compound rvhich are less toxic, minimum

chance to cause resistance and easiiy biodegradable 1681. Ph)lochcmicals can be

used as suitable alternativc ovea s)nlhetic insecticidcs whioh are comparativcly safe,
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Iess expensive and easily available through ont the world. lzddildchta indica is a rich

source of phytochemicals mainly containing high amounts of storoids, tannins,

saponins and alkaloids which was responsiblc for the high mosqutocidal activity

I32]. The ph)tochemicals present in twigs of H. rhamnoides extmcts i.e. cold

chloroform/ mcthanol (1:1) and methanol showcd glycosides. lerpenoids" steroids.

flavonoids. reducing sugars and tannins [5]. The phytochemicals including alkaloids,

teryenoids and phenols may act independentl), or jointly as ovicidal activity and \\,cre

responsible as skin repellent against A. Stephcn\i [68]. It has becn repoted that the

phenolic constituents showed high activit) againsl larvae (mosquito) and the extract

especially tannin from Eclipto prostftttc. Hemides us indiccs 
^nd 

Gymnema sylvesrre

was responsiblc for the lllorlality inC. quintlueJisciutus larvae [133]. Total phenolic

content (mg GAE/g extract) ofA thafinoides L..xtracts ofleaves melhanolic, leaves

aqueous. seed melhanolic, secd aqueous. pomace methanolic and pomacc aqueous

were found 278.80, 184.89. 162.56. 109.57. 107.01 and 87.35 rcspcctively [101].

Mosquito lafl,icidal activities a1e mainly duc to tannins. ph),tostcrols, flavonoids.

phenols, saponins and carbohydmtes [68]. The phenolic and flavonoids contents in

methanolic exlract of H. rhamnoidct leayes rvcrc 34.6 (mg quercetin cquivaleDt/100 g

dry lea1)and 18.1 respectivel) [6]. Infactthc leavesand rwigs ofthe plant species are

most commonly uscd for nalarial thcrapy which are vcry useful to sustain thc

harvcsting ofplanls 1br long time [30]. Chloroform extract \\,as found more efl'ecrive

againsl A .tcg)pti larvae, rvhilc the ethanolic and petroleun edler extracts shoued

less larvicidal activity [29]. Less moftalit), !3,11 was observed in the larvae and adult

stages as compared to pupae stagc. Ilthanol extract from garlic bulb []351 cxhibited

10r
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effective laNicidal propcfiies. Bioassays of leaf and fruit sho$ed [136] that the

extract of petrolcum ether has been lound more elLctive than methanol al1d

chloroform extract against larvac. The Aedes mortality []17] was the highest

followed by Culcx u'ith moderate mortality rate. while the moftality ofthe Anopheles

was found very low as contpared to the formcr t\\,o genera- h has becn documented

that [135] biological aclivity and chemical composition ol rhe plant depend upon tl.re

geographical origin of plart, the plant tissues, plant agc, thc age and species of thc

tested pest organism. Crude extracl [66] (hcxane. ethvl acctate. dichloromethane and

die&yl ether) of Abutilon i dicum were found highly efl'ective against larvae while

the hexanc extract showed maxjnuun larvicidal activity against A. aeg)pti. LaNal

toxicily elfect of,rphorhid hirta leaf cxtacl [69] against nralarial vector A. stephewi

(lV instar) at 250 ppm observe percent larval rrortality of 66.2. while LCso (197.40)

and LCro (371.3,1). Beside it $.as obscrve that rnortality u,as increased as the

concentration increascd. A slud) [70] rcvealed that larvicida] activity of P.

tithynaloides aqueous stem exhact against the A. oelypti (instar lV) at 1.07o

concentmtion calculated the percenr mo(ality \\as l6 with LCio (2.210 %). Plant

extracts [66] can iniurcd both the eggs and egg shells, *hich nra1, bc by endosmosis.

The eggs become desiccated after the initial phase of buntp and sh nk followed by

the death of larvae.

102



100

90

^80
S,ir
r6(l
?io
I l(l

:30
t0

l0

l]

:rh -th
.lSlr:thl8h}h-lll

lSlr

ll]01-) 150r)

Comentnlion (ppm)

Fig.21. Percent Lsrval Mortality oI H. rha,finoides L, Leaves Extracts against
A. stephensi Conttol (distilled water, Nil Mortality), h : hours.

l.{qmrr I tr'hlhanol I Etlmml ! Et]l{ Acelate llcetom E flrlorotbut ll.Herare [ (,otrlLol

r03



Results rnd Discussion

Table. 8. Probit Analysis of Larvicidal Activity of H. rltamnoides L. Leaves Extracts
instl.

Extracts *LC5n(ppm)

24 hrs

**LCre(ppm)

2,1 hrs
Regression cquation Chi-square

value (X'?)

Aqueous 1601.29 2630.16 Y: -1,1.05+5.94x 0.)02.

Mcthanol 1-<66.65 2621 .1 I Y: ll.l2+5.71x 0.392

Ethanol I:19,1.i0 2605.7u Y= -t 2.19+5.,11x 0.013

Iithyl Acetate 1509.58 2292.t8 Y= -17.46+7.06x r.6t4

l63l .69 2 786.68 Y- -ll.7l-5.51x 0 346

Chloroform 1725.80 2895.69 Y=-13.45r5.70x 1.885

,r-Ilexanc 1636.23 28i,1.3 8 Y: -12.26+5.37x 1.871

*LC5o: Lethal conccntration needed b l(ill 50% ofthe exposccl population.
**LCeo: Lethal concentmtion needed to kill 90% rrl'the exposed population.
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xtracts astins
Extracts LC56(ppm)

48 hrs
LCe6(ppm)
48 hrs

llcgression equation Chi-square
valuc (X')

Aqueous r 199.08 21 5 8.66 Y- -16.'10 +6.80\ 0.2)2

Meth:rnol 1,108.33 227 4.36 - l4.l8+6.16x 0.210

Ethanol 1320.i8 2142.61 -1,1.02+6.l0x 0.1lJ

Ethvl Acctate 13 3 0.39 2165.,19 Y: -13.92+6.05x 0.067

1508.97 2697.t3 Y -l I li+5 08x 0.010

Chloroform 1505.49 2452.96 Y: - 1,1.21+6.0,1x 0.010

Ir-Hexane 142 7.86 257 r .96 Y: ,10.1J2+5.01x 0.001

Table. 9.
Extracts

Probit Annllsis of Lar'\icidal ,\ctiriq of H, rhannoitles L. Leavcs

LCso: Lethal concentrarion needed to kill 5oyo ollhe exposcd population.
LClo: Lethal concentration necdcd to kill 9070 ofthc exposed population.
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tsa A.s
Extracts *LC56(ppm)

72 hrs
**LCe6(ppm)

72 hrs
Regression equation Chi-square

value (X2)
Aqueous t266.99 2081.13 Y= - 11.,14+5 94x 0.001

Methanol ll r 0.64 20,11.06 Y- -15.75 '6.65x 0.084

Flthanol llt736 2057.01 Y= 9.74+4.84x 0.070

EthvlAcetate Il 70.u7 2t16.37 Y- -9.60+,1.76\ (1.96,1

Acetone t252.71 )611 .91 Y -7.15 i.9-<\ 0 (x)l

Chloroform r I6l.07 2289.s4 Y: -12.78+5.67x 0.3 35

,?-Hcxane 1295.49 2409.09 Y= -9.80+,1.76x 0.020

Table.l0.
Extracts

Probit' Analysis of Larvicidal Activit] of H. rhomhoides [,. Leaves

*LC50: Lefhal concelt.ation lleeded to kill 50% ofthe exposcd population.
**LCeo: Lethal concentration needed to kill 90o% ofthe exposed population.
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3.14, Characterization of Bioinspired Synthesized AgNI,s

3.14.1. UV-Visiblc spectroscopv Analysis of AgNps

Recently plant extract utilization for the biosynthesis ol. Nps has gained much

attention, because nanotechnologv was engaged in latest and precise \\,ay for ailments

beating. UV visiblc spectroscopy is an essenlial method to verify the stability and

synthesis ofNPs in aqueous solution. ln the cunent study AgNps were prepared using

H. rhamnoitles L- leaves (Fig. 22). The incubation time $,as one hour and colour

(yellowish brown) was appearcd by 1 mM AgNOs aqucous solution addition to the

plant extract. this was due to the phenomenon ol surface plasmon resonance. /7

rhamnoides L.leavcs aqueous extract without AgNOr did nol show any color change

(Fig.23). The AgNPs synthesis confirnation u,as carricd oul by a spectrum in visible

.ange peak broadening indicaled that the nature ol'particles (polydispersed) and the

maximum absorbance occurs at 435 nm as shown in l:ig.24.'l\\,.o control reactions

we.e kept as shorvn in fig.23 i.e. 1 rnM AgNO: aqueous solrtion *,hich is co]orless

and leaves exlract solution which demonstrate palc yellou,colour. However therc was

no broadening of peak absolption in to the lcaves extract becausc Nps and AgNOr

were absent (Fig. 25). The maxirrrum absorption peak occurs at 435 nm representing

AgNPs as previous research llndinq [39. ]38, 1j9]. The development of colour

(ycllowish-brorvn) assumed the prcpararion of AgNI,s [,16]. 'l'hc thickness and

incubation period for color cl'unge dcpencl on plant to plant. These are due to the

presence of H' ions ibr silver rcduction or the lbrmation ol AgNps. Due to the

excitatiol ofsurface plasmon vibralions in AgNPs it was lbund that it havc yellowish

brorvn colour il aqueous solution f471.
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Fig, 22, II rhamnoides L. Leaves Used in the Biosynthesis of AgNps,
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Fig. 23. Digital Photographs of (AgNO3) = I mM Silver Nitrate Sotution, (SBL
Extract aq.) = Seabuckthorn L€aves Aqueous Extr8ct, (Agllps) = Biosynthesized
SilYer Natroparticles.
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3.14.2. FTIR Analysis ofAgNPs

FTIR peaks measurements u,ere intendcd for the identillcalion ofrcsponsible suitablc

biocomponents to reduce Ag-l ions and capping ofthe bior.educed synthesize AgNps.

IL rha noides L. leaves porvder FTIR spectm showcd the prcsence of alkenes.

nitrates, amino acids. organic halogen compounds, cuubohvdrares and etheN (F-ig.26).

Dried AgNPs rvcre analvzed by FTIR to deter.ntine capping ligand of AgNps which

play a role as stabilize agent. Fl lR spectrum ofprcpared AgNps is visually shown in

Fig. 27). Thc peaks values of 3109.85 cm'r corresponds 1o hydrox5,l compound, banci

at 2918.30 and 1708.9i cmr represe[t the carbon)l groups (conpounds), similarl!,

the other loq,er values corrcsponds ro aldehyde and alkynes groups. It u,as clear that

synthcsized AgNPs were bounded by metabolites and proleins. Carbonl,l group [140]

form amino acid and proteins residues rvere por,,erlul allinitv to l'asten through metal

demonstrating that thc proteins may be responsible to fbrm a filnr to cover the metal

NPs (i.e., capping of AgNPs) ro srabilize the mcdium and prevcntion of

agglomeration. ln our finding (Fig. 23) it was conllrmed lhat H. rhamnoicles L.lca\es

have carbonyl group and perforned the same flrnction_ phenolic compounds [141]

determination had levcaled that these jn the lcayes extract might improve the

reduction mechanism and the occurrence ol'these ingrcdienls in biological synlhesis

ofNPs solution may act as stabilizing or capping componeDts. 1'hcse compounds also

act as antimicrobial agents. The phenolic constituents \\,cre occrn-red in thc solution of

AgNPs, w]rich may enhance the antioxidant activily. I,robably thc biomolecules may

perhaps dual action i.e. bioinspired synthesis ofAgNps and slability.
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The most imponant absorbance peaks exhibited in the specrrum ofgum ghatri [142]

were at 3425 (stretching vibrarions of O-H groups), 292g. 1106, 1234 (methylene

groups), 2122 (carbonyl species). I635 (carbox).late group). l3l1 (carboxylate

group), 1068 (ether group) and 1028 (alcoholic group) cm r. While, rhe speotrum oI

AgNPs denoted distincrive absorbancc peaks at 1024. 1260. 13g5, 1632, 1,128.2304,

2345,2964 and 3431 cm-r. The |TIR [37] absorbance speclra at 3402,2925, 1610.

1420, 1059,640 cm I were associated with the slretch vibration ofO-H. CH2, -C:C, -

C-H, C-O respcctively. These absorbance signals could be accredited to thc proteins,

saccharides, flavonoids and reducing sugars iD the cxtracl. as the silver ions reduction

take placc due to flavonoids and reducing sugars. The FTIR peaks (cm l) documentcd

for AgNPs [36] at 3418.2920, 1j84, 1076 and 569 were corresponding tunctional

grotlps of -OH structural polvtneric association, chelating compounds, germinal

methyls, cther linkagcs and C:C groups or from aromatic rings respectivel],. Some of

which originate to be subsequent to spectra in llowcr exlracts and recontmended thc

occurrence ofterpenoids or flavanones lying on the surlace ofNps. The ITIR spectra

(cm'r) for AgNPs [53] were 1402 (O-H strerching),2920 (C-H srretching alkyl

group), 2856 (C-H aldehyde group), 1645 (N-H strerch ol amines), 1252 (C_N

aromatic amincs). 1029 (C-N aliphatic anlines) and 668 (N-H primary and secondary

amines).

FTIR spcctra ofAgNPs [40] rcvealed the occurr.encc ofbonds due to germinal methyl

group (around 1,380 cm'r), C=C group (around 1,600 cm'r), aldehldic C-H stretchirg

(around 2,910 cm-r) and O-H slretchirg (around 3,430 crr-r). FTIR spectrum of

AgNPs showed [138] the exislencc of bands (cm r) ar 3.1]9 (primary atuiDe O-H),
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1650 (primary amine N-H band). 1489 (melhylene fiorlr protcin) and 1059 (C_N

stetching of protein). These proofs proposc that the molccule of protein could

possibly accomplish the role ol'the AgNps synthesis well as stabilizarion in the

aqucous medium.
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3.14.3. SEM Analysis ofAgNPs

The SEM technique was used to determine the size and morphology of the

synthesized AgNPs. Fig. 28 shows the SEM image oj'plant leaves powder as a

control. Four jmages of AgNPs uere taken u,ith four difl'erent magnification powers

(X15. 000. X30, 000, X50. 000 and 100.000). As thc magnification increases the

images of the NPs was seen morc prominent. The images showed (Figs. 29,30,31

and 32) that AgNPs found in a number ofaggregates and also in individual identity. lt

was also seen that although the AgNps spherical shapcd (round) and aggregate into

bigger round distinct shape. lt was also noled that AgNps were not ir1 straight:nake

contact with even the aggrcgatiorls. indicating that proteins secreted by plant leaf

extracts are the capping agcnt to stabilize the Nps. The SIM analysis showed thal fie

prepared AgNPs were spherical in shapcs and size in tlle range (135_ 300 nm).The

occurence of bioactive conpounds as capping agcnt to  gNps may bc come front

leaves extracts [1,1]. Many authors have also prepared AgNps having different sizes

with diameter range 40-50 n f t 43l.,10- 1 00 nn1 [ 
j4t ], 40-70 nm [1 9] and 29-68 nm

[331. SEM studied [34] showed rhat the li)rmation ol agglomcrated AANPs due to thc

capping agcnt in the raDge of 100 200 nm. SEM analysis showed the plart mediated

(nyctanthes lcaves extract) TiO2NPs size in the range from 100 ro I50 nnr [] 4,11.
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Fig.28. SllM Nlicrograph o1l,esvcs Porvder o! ll. nhnoi(tcs L.
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Fig. 29. SEN{ Micrograph of AgNI,s under XI5, 000 mrgnification.
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Fig.30, SEM Micrograph of AgNPs under X30, 000 magnificrtion.
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Fig. 31. SEM Nlicrogmph of AgNl,s under X50, 000 magnilication.
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Fig.32. SEM Micrograph ofAgNPs under X100, 000 mngnification.
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3,14.4. EDX Analysis ofAgNps

The EDX technique is utilize to dercrmine the amount of silver as well as to identify

additional elementary compositions in the prcpared Nps. The EDX paltern of

spectrum (Fig. 33) rccorded high signals lor silver. Elemental composition of AgNps

showed that besidcs silver other clements such as carbon, oxygen, sodium and

potassium were also delected. The counls ofx-r.av is showing on perpendicular rrhile

energy (kev.) on the parallcl axis. t he briglit and shalp signals ofsilver correspond lo

the peaks in the graph confirm the fomation (]1'AgNps. The AgNps indicatc an

optically absorb band peakiug at 3 kev w,hich was the identification absorplion peaks

of AgNPs []45. 11,53,54,351. Figure 34 is showing the clemenral composition of

AgNPs. The silver composition revcaled that by weight it rr,as 40.33% and 9.06% (by

atomic). Similarly C, O, Na a1ld K by weight \.vere 9.95yo. 43.60T..2.48Vo and 3.64To

respectively. While by atomic pcrcent oontposition of C. O, Na :md K were 20_07.

66.01.2.62 and 2.25 respectivcly. The elcmenlal analysis other than silver showed

that these elements conle liom the leaves aqueous extl.act.

The EDX spectrum analysis of AgNPs [3 l l showcd that C, O and Ag aton c perccnt

were 34.,18, 47.71 aid 17.01 respcctively.'fhe EDX specrra revealed [57] a

prominent signal for Ag along wilh carbon and oxygen bands that may be from the

protein residue \.vhich act as stabilizing agent on its surfacc. the incidcnt of an exua

peak for copper was bccause of copper grids on which the Nps film were formed. In

our findings the elements C. O, Na and K $erc found which come from the extmct

source. EDX showed [34] the presence of AgNps in high quantity besides calcium,

magnesium and chloride tlaces. The EDX analysis rcvcaled sharp silver signal

12i
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confirming AgNPs s),nthesis [35]. Copper signal was also seen in EDX spectrum,

which has appeared from Copper TEM grid. Additional signals of elements (Zn, Mn,

Ca and Cl) were recorded probably due to clements liom proteins or enzymes

occuning inside fie./atropha curcas latex. Thc EDX analysis ol.AgNps showed [73]

that C, O, Cl and Ag were present (Atomic %) ir lg.l4, 5.55. 20.0g and 56.22

respectively. The elemenral composition (u,1 %) of AgNps [138] were 47.10, 1].91,

08.38, 02.216 and 10.15 lor C. O. p, Cl and Ag rcspectivcl!. thc first three elemcnrs

low peaks were probably bccause of X-ray discharge liom lhe Gelitliella sp. A sharp

signal [31] frorn the Ag atoms (17.81%) in fie AgNps and r.veak signal from C

(34.48%) and O (.47.'11%). Thesc weak signals $ere attributed fronr thc organic

ingredierts of plant. The EDX spectroscopy obseNed []gl peaks for O, C (35.5g%

and 40.14 % in wt %) which were due to rhe occLrrrence ofpoly vin1,l alcohol (pVA).

The weak peaks, derived for silver atom was 2,1.27 yo in $,cight oZ. .l.he 
weaker peaks

were credited to the dispeNed nature of AgNps in thc Ag/pVA nanocomposite

membrane. The signals of silver [,19] werc detected and assigned. Signals lor C and

Cu were come fronl the utilized grid and nitrogeD. sulfur anri phosphorus peaks \!.cre

corrcspond on the surface ofAgNPs as protein oapping. The strong peaks [146] in the

Ag region was found 3i.30 atomic %. The extm signals for pt (5.80%), Cl (0.59%), K

(1.61%) and Al (17.79%) rvere propose that they wcre occurred in cxtract ofplant as

mixed precipitates-
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3.14.5. XRD Analysis ofAgNt s

The XRD techlique is used to study the nature and crystal size of Nps. XRD pattem

of the prepared AgNPs is showr in Fig. 15. XRD patrern oI the synthesized AgNps

revealed the presence of sharp difliaction iincs at 10. to 70., showing four slrong

peaks in the entire spectrum. Ihe AgNps have peaks ofAg at 20: 34.24.,38.12.,

44.32'and 64.520. XRD peaks clearlv illustrate that the AgNps in the curent study

are crystalline in nature. 'l ltere are no peaks observed lor the impudties in the XRD

pattem is a sign of the purity of the AgNps. Thc IL rh.tmnoidcs leaves powder XRD

pattem is sho\in in Fig.l6. The FWHM and B values along wjth respective 20 are

shour in table 11. The AgNl,s crystal size u,as determined using Deb_ve-Scherrc.s

equation. The average size was 21.909 nm. Table 12 is describing the 20 values. d-

values and intensity. At 20 value 34.2,1" d,value werc 2.621 rvith 63 intensity,3g.l2"

d-value (2.362). intensity 227,44.12. d-value (2.046). inrensity 7l and 64.52. d-value

(1.448) with inrensiry 42.

The pattems of XRD at 20 rvere 38.08, 32.(h. 32.22 and 15..1 (insrantl_v) ard 32.94

(one day after). A sharp peak of dillraction siruarecl at j8.2 was attibured to (l I l)

facets of AgNPs respcctively \.vith crystalline by nature. No peaks were recorded for

the contaminalion in the XRD spectrum proving that thc sytlthesized AgNps were of

high purity [1461. These findings are a close agreemenl to our preperecl AgNps in

which the same sharp peak (j8.12") was occurred. Thc XRD studies revealed the

average grain size to be 41.9 nm [141].

The observcd patterns of XRD for the biosynthesizcd AgNps using Solarrm ,orvrr?

leaves extract f1.17] inclicate the occuuence of clear sharp peaks ol AgNps
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corresponding to the2 2 0,2 0 0 and I I I, which $.ere reprcsented as crystallinc

silver face-centered cubic (lcc) phase. Similarly rhc XRD patern obtained [148] lor

AgNPs observed a distinctive spectra close to the 20 \aluc of 3g.02". A Bmgg

reflection exhibited to the (111) lattice planes sets evaluated which may be indexed

based on the fcc silvcr structure. Beside lc) the Bragg peak of fcc AgNps, the

biomolecuies laver place on the AgNPs surface ofthe AgNps as unassigned and extra

peaks were witnesscd. The XRD peaks observed [l;19] for biosynrhesized AgNps

using Eucalyptus hybridu leal extract show characteristic peaks (at 20 : 30.g.),

assigned with (ll1) and indicates the synthesizcd AgNps \\,ere crystalline characler.

According to Soherrer formula the calcuiated AgNps size fi-om the FWHM of thc

(111) peak ofAg was 50 - 150 nrn. The study showed []51 thal XRD paterns of

biosynthesized AgNPs using latex olJ crl...I,t. A Bragg reflections by nreaDs of20

values were 77.18', 63.43".46.18" and 38.03" sets of latricc planes were estimatcd

which might be indexed ro the (3 I l), (2 2 O). (.2 0 0) ard (1 I l) lacers of AgNps

respectivelv and obviously displa), that the lihricated AgNps were crystalline

behavior.
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S# 20 FWHNT p =a*FWIIM/I80 l)=lr7ll. Cose

l 34.24 0.219 0.004867

2 I8.12 0.402 0.00712 2t 8.40 A.

44.32 0.5 t8 0.0101 l 154..19 A.

1 61.52. 0.55 9 0.00975 I75.5-5 A.

Averrgc cr) st a llin e \izc of Ag\ Ps - 2l9.Uq .\o - 2 t.00q ;;

Tablc. ll. Crystalline Size Dctermination of AgNI's using Deb) e-scherrcr's
tion

I =3.14, K = 0.94, ). = 1.51Ao, F\\ X,I = futt rr idth ar hatf niarirnum
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Table. 12. XRD Pattern ofAgNps.

s# 20 value d-value INT.

l 34.24 2.O.1 63

2 3 8.12 2.36) 1)1

,14.i 2 2.046 7t

1 61.52 1.4,18 1)
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3.1,1.6. Thermogravimetric-diff€rcntinl Thermal Analysis (TG_DTA) of AgNps

The prepared AgNPs were charactcrized by IG-DTA technique. The recorded l.GA

and D]A spectra u,ere carried out in the range of temperature as of 4,1.j241"C to

910.5593"C using equipment Diamond TG/DTA parkin Elmer USA. A ccramic

(Al2Os) crucible was used for hcaring purposes and rn nitrogen ctnrosphere

measurements \{ere caried out in at the heating rate of l0.Cl/min. TGA and DTA

cur.,,es ofbioinspired AgNps is given jn Figure 37.

The TGA curve in Figure 37 sho\\,s thar ar 50.724.C. 70.034.C and 131.198"C rhe

weight reduction of AgNPs were 8.532 mg, g.,1g4 mg and g.l9l mg respectively,

which demonstrate no significam $,eight reciuction. While prominent weight

rcduction footstep stafiing from 19,1.027.C rill to 598.53j.C. which showed that in

this temperatLrre range, weight Ir,as reduced fi-om 7.601 mg to 1.002 mg, but no extm

loss of weight was recorded at beyond 600.C. The loss of weight was co(elated to

the orgadc matrix ignition, which was present in the prcpared AgNps. acting as a cap

and stabilizing agent. Thc DTA curve (I'ig.37) is sho*,ing that an exothermic peak

was detected betu,een 400 to 607 "C with a maximum at about 500 .C. lt was

concluded that the thernul processes be ablc to be liDkecl through the burnout of

organic mal ces occurrcd in the 11. rhafinoi(lcs leaves aqucous extracl and oflhe ]efl

over carbon residre

ln the DTA curve, at 750 "C an exothcrmic pcak was recorded for magnetic Nps,

because of transformation of the maghemite-henatile ll50l. On behalf of Nps a

sintering procedure has to acquire place prior. b the transformation of a superior

symmetry phase in(o fudlcr bl infcr.ior symmerry [i51]. For this rransition thc
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documented temperature ranges from 200 to 500.C lbr Nps and amotg 500 and 600

"C for bulkiness samples. Temperature of transition dccline by declining particle size

because of the reduction in activation encrgv of the s).stem although the impurities

exists on the surl'ace, like Na. might delay the transfbrmation Llp to 750 "C [152]. As a

result, impurities at the surfacc could be accountable lor the high transformation

temperature for rnagDetic Nps []501.

It was observed u53] that mair loss of weight ofthe sample happened iD tempcrature

between 200 and 300'C. Almost thcre was Tero q,cight reduclion beneath 200"C and

over 300oC. This was usually accreditcd lo the organic constiluents and waler

evaporation. Thc displal flol of DTA was strong exorhernlic peak involving 200"C

and 300'C which mostly credited to AgNps cr)rstallizarion. fhe (TG_DT,\) curves of

as-preparcd In2oil precursor observed a greoler weight Ioss lrom 190oC up to about

350'C with slightly loss u,eight from 350"C 1() 600.C and no Dore hss weight was

calculatcd abovc 600"C. The wcight Ioss and colnbustion of organic matrix are

corrclated. Cul1e on the DTA a nlajor cxothermic eilect was seen befweell 260.C and

360'C with a maxinum at about j20.C. assuming thal ihe thernral aclivity can be

related with thc burnout of orgalic matter ini.olved in the prccursor powders

(remaining organic nalter l-o.n Aloe vt:ro cxtract). due to direcl crystallization of

nanocrvstal ln2or liom the residual carbon or fiom anrorphous oomponent [154]. Thc

DTA curve of YFeO3 [anocrystalline [155] exhibits a u,ide peak in the temperaturc

range 220-350 'C, probably linked rvith the renloval of bound orgaDics and $,ater.

The decomposition and dehydration processes wcre apparenl in the TG curve as

supported by a nonslop teduce in rhe Nps weight. The]GA plot ofthe AgNps [36J
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observed a stable weight failure iD the 0_100,,C temperalurc due to loss ofmoisture.

Between 100-750 "C, weight reduction was due to organic compounds dcgradation.

S'bseq,ently. over 750 to r00 "c degradation was absent and residuar substance

accounts for Ag u.cight. TGA study exposed that preliminary substance was 4.16 mg

and overall reduction oforganic matcrial was 1.g 1 mg(35%).
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3.15. Optimization ofDiflerent Reactions Conditions for the synthesis ofAgNps

3.15.1. Tempcrature

Figure 38 is showing the UV-Visible spectra ofAgNps at different rcaction temperalure.

Reaction temperalures pla] a[ impo(ant role to control thc [ucleation process ofNps

configuration. Absorbance inoreased \&,ith raise in the lcmperature from 25 to 75 .C

and therealier decreased at highcr temperatures. Expe meDtal telnperature range ts

from 25"C to 85oC, nraximum synthesis was obtaincd at 75oC. Our study indicates

that the most favorable temperature i.e. 75"C is quite precise lbr AgNps synthesis by

H. thamnoides L.leaves giving maximUm absorbance at 4j5 nnt.

Increase in absorbancc of rcaction mixturc with the increasc in incubation

temperature obviously depicts thc higher synthcsis of AgNps at high temperatures

[156]. Moreover, NPs synthesized at higher tentperature exhibit surface plasmon

resonance at narrow absorptioll range indicating nronodispersity. Increase in

temperature increased the rate of ibrmation of AgNps liom silver ions. retarding the

secondary reduction process. A stud)r repo ed that absorbance increased with

increase in the temperature liom 25 to,15uC and thcreafier decreased at higher

temperalures [36]. T'hese observations lollow the same pattcrn as in our study. Our

study findillg was in close agreement ofthe prcvious stud], [jg] in which thc raise in

temperature, increased the rate of AgNps for alion also ilrcr.eascd. Because oI the

reductioi in aggregation o1'the growing NPs thc size was reduced initialll,. Rising the

temperaturc to 75 "C help the crvstal fomlation arouDd the nucleus which causes the

absorption. It r'as obse(ved [] 1l rha! maxinrum lbrnralion ofAgNps was at 50.C. At

13',7
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low temperature the reactioll u,as sluggish and at 4"C,20.C and 30"C no malor

dissimilarity was found. BLrt raise in tcmperature r,,as dir.ectll, proportional to

boosting the reaction ra1e. The Uv-Visible absorytion spectra showed ll57l thal

maximum absorption peak \\as obsencd at 40.C.iuring the study temperatuae range

(25-45"C). The absorption was decreased at,l5.C. our study rcporled that maximum

absorption was sllowcd at 75"C, increase in temperillure (g5.C) decreised the

absorytion.
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3.15.2. Optimizxtion of pH

Effect of pH on the bioinspired labrication of AgNPs by nrcans of H. rhamnoides L.

leaves uere tesled o\,er a wiclel pll range (4. 5. 6. 7 aDd 8) as shown in Fig. 39. Tlre

UV-Visible absorption spcctra are clearly indicating that the maximum absorption

was at ptl 7.0. lncrease ir pH shou,s decrease in absorption. So currcnt stLld) reveals

that oplinized pH was 7. ll rvas observecl that pH pla) a siglilicanl role during

AgNPs synthcsis to oontrol shape and size. Latgcr sizc NPs werc synthesized ct lou

pH (acidic). \\,hcreas, at higher pH (allialine). smallcr sizc NPs u,as synlhesized [36].

To stud), I58l the elfecls olpll on thc shape ancl size ol'AgNPs showed that NPs

aggregation sccms to outdo the nuclcation process in acidic collditiolls. At alkaline

pH. though. the grcat numbers of iLrclei lormation. instead ol iiggregation, nrore NPs

with smaller dianeter u'crc synthesized. Blue shift in absorption pattem conlirmed

ibrmation of relatively smaller NPs. Il was described l3til that lo\r' pH (acidic)

decreases lhe svnthcsis of ,,\gNPs. rvhilc high pH (basic) incrcascs the synthesis ol

AgNPs. At lou,er pll (4) large NPs were s!nthcsizecl. uhe|e rs at high pll (8) highly

dispersed and small NPs \\,ere synthcsize.l. Al acidic pll (low). lhe aggregation of

AgNPs to prepared bigger Nls was supposed to be prel'crrcd over the nucleation. At

alkaline pll (higher). though. the greal number of lirnctional groLrps accessible lor

silver binding to creatc a higher numbcr of Ag\Ps. As a rcsult small size NPs

1bm1ed. But agglomeration ofNPs took placc at alkaline pH. I-hc oplimum conditions

(pH and tenlpeiature) $e|e lound to be 7.0 and 80'('rcspectiYel) [1591. 1n otrr slLrd]

the same pH effcct is l'oulld. Il rvas pointed ollt that at lou'pH (2 and 5) NPs synthesis

don't l.rkc place. But at high pll (9 and I1) rafi(l colour aPpearance \lits observed bLrt

1.10
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shifted peak 10 500 Dm. At pll li agglonlerarions was seen instantll, lolle,rrilg

addition ol AgNOr into the leaf cxtract. 'lhe reactioD happcncd intrnediately when

siller nilrale was supplemcnted in the leafextracl at pll 7 (neutml) trnd rhe spthesis

u.as found in i0 lnin 15ll. It rvas obscrr.ed l5ll thal al 0.5 hrs (rcaction tinle). red

shilt in the SPR observcd in acidic pH in the colloidal so[rrion ofAgNPs. This means

that the large sizc particles \ere lbrmed iD aciclic pll. In alkrline medium blue shift in

SPR clearly indicated thc fomation of snull particlcs. Al pH 2. there was no

indication of AgNPs tbrmation in UV-Vis spectra while llocculation obscrvcd in

reaction mcdium. This rvas due to the luct that highcr positive chiirges at the surlacc

of NPs allracted negativc charec biomass. which lerd b flocculation. A great fall in

the flocculaliorl l'aclor in high pll (alkaline) \\as also observed. Thus. changc in SPR

was a function of solutiorl pH. ln alkaline pH. because ol the occurrcnce of high OH

concentration on the sur,ace ol NPs. r'epulsiVe lbrce dominated in colloidal solution.

and thus. pafticlcs aggregation redLrced. fhis leads 10 the siTc rcduction and blue shiti

in SPR spectra. The finding shows lhal a nr xillruur ahsorption sharp pcnk \!as shoN

at pH 7.0 []57]. which is a close agrcemcnt to thc prcscnt slr.td\.

t.1t
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3.15.3. Time

Absorbance oI AgNPs increased hith incrcase in incubirtion timc ancl nta\imunl

absorbance was recorded !t incubation time ol l hrs (Fig.,l0). BLrl irlcrccsinB

inclrbation timcs beyond I hrs obser\e no signillcant increase in absorption. The

sludy lbund that absorbance ol'silvcr colloidal solution increascd with span of time

and maximum absorplion $as obserYed after l2 hrs of reaction. Aggregation ol Nps

after 36 hrs of rcaction \\as obsc[,ed rvhich a sign ol'instability. Reactiol tilne of

morc than 10 hrs u,as due 1l.) less rcdo\ potential ol'silver ions [36]. These

conclusions were in contbflnily r\ilh explanillion dra\ n by [160]. More AgNps \&as

lormcd as the period of rcaction increases. An optimunr pcriod is required duc to the

unsteadincss of the AgNI,s synthcsis. i1s AgNPs aggloileration alicr the optimum

incubation resulting in larger sizes of particlcs. The optimum duration necessary for

the end ofreaction u,as I hrs []81. Ir the prescnt stlrd) the same duration is obserled

(Fig.,lo). It rlas found lhat at 0 and l0 linules Do li)nll.ltion ol NPs occurred bul

formation start quickl\ al 60 ninutes and enclcd in 5 hls []l]. It was obsened that the

reaclion was happcning as mpidly as the AgNOr $as mixed wilh lcavcs cxtract and

the s-,r' nthesis was achieved \\ithin 30 nrin. Allcr l0 lnin inc|easing cluration of the

reaction absorytion also increase but ApNPs take place at l0 min [51]. The lorrrutiun

ol AgNPs startcd $ithin 0.5 hrs incubation and reaction nixturc color \\,as chan[ed

fionr translLrcenl 1<l orange-vello\\ hccausc ol llle SPI{ vibration crcitatic,n. The SIR

inlensity and absorbance rise as the reaclion period increased up 1() 8 hrs. There u,as

no changc in SPR. means that the slahility of the r\gNPs colloidal solLrtion \\ilhin the

reaction time period. SPR pcak ccntered al .1i5 nm (/.nrax) 1531. which is a closc

rll
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agreement to our finding. Siller nanopanicles Ncrc tib|icated quickly within 30 min

of incubation linte with broru color. 11 ma) be clue 10 thc redLrction oj.AgNOr and

surfirce plasnton resonance excitation cfecl [69]. Thc sturdy rcporled that lhe

absorption peaks increascd as rhe incubilti(rt time incrcased (24 hrs - i20 hrs) [157].

Silver ianoparticles rvere prepared tiom 0.570 gum at I fiM AgNOr with varying the

reaction tinle (10 60 min). It \\,ls noticed liom the llV peaks thar absorbancc

jncreased rvhen the time incrcased. Perhaps mor-e and Dtore hvdroxyl groups \.vere

convertcd to C:O groups lhrough tlte oxidatiot.t o1-air. as a aesults silvel iuns

reduction lake place []'12]- lhese obser\.ations !!erc a close agrcement 1() our

findings.

The SPR band increases as the linte incrcascs (0- l,6.9 and 12 hrs) contjmling that

the synthesis ol AgNPs was accomplished in 9II.s. The UV absorbance did not varv

considerably rl'ith additional rcaction time lbr l2 hrs; so. optiluize time condition u,as

t hrs lbr AgNl']s slnlhesis using rvarer extr.icr 50% (v/\') [16]1.'l'hcse findings support

our results. as in our investigation the oplimize tilnc was 60 lnin. bul increase in

absorplion and then no significant increase in absorplion phenorlena wcre the same.

'l'he UV absorbancc speclra [il0] ofAgNPs observed fl.om rhil.t) j0 nlin to 4 hrs l5

min. a red move in i,max liom:120 to,l4.1 nnt was indicated. When thc incubation

time prolong to 2'1 hrs, the valr.re of).ntxx \\rs not cl]ange (lrasticall\'. although values

ofabsorbance were riscs. At 24 hrs the maximum absorbance $as 0.77.

l-+-t
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3.15.,1. Concentration of Silrer Niarate Solution

El'fcct of initial AgNOr conccnlratio| \\as inreslisntcd through chan{ing the sillcr

nilrate concenhalion (0.25.0.5.0.75. L0 and 2 ln\,1). Incr.elsed in vield \\as obseNed

whcn metal salts conccntralion was incrcased fiom 0.25 I mNI. Beyond this there

\\.as again lall in absorbancc (Fig II).{sludvlbundrhatincreasein."-ieldofAgNps

\!as obser\ed when metal sall concantration \\as increascd liult 0.5 -.1 mM. Belond

this thcre was tgain f'all in absorbance: hcnce ,1 mi\l concentration ol AgNOl was

selected lor lurther cxperinents ll6l. Sinrili[ clticr ol \ i]r\ ins concenlralion of plant

extract and sil\er sall on rield. sizc and disparit) ol r\gNl,s $as investigiied ll()2].

But in the prcsenl sludy I mN,i \\as lhe optintum conciition for AgNps. The study has

fourd that the mlrimunr pcak las ohscncd in 0.5 rnN,1 sil\er nilralc [] ll. In anothcr

stLrd) a maxirlulr1 )ield ofAg\Ps $as lbund $iLh silrer.nirr.tle (l nlM) solution []8].

support our results (Fig. ,11). The rate ofplant extrrcts bascd sy:rthesis ofAgNps was

reporled sho$ins slo\lesl rate of s)r)thesis *erc tbund \\ilh .,\g\Or (0.j mM). but

low mte ol bioreduction *as obse|rcd with the highcr concentralions and lhe 0.7

mM was thc oplin1um conccntration 1br thc maximum s)llthcsis (very close to our

tindings) ! ll. Stucll sho*ecl 15llthal I rN,l ,\g\Or obser\ed tast slnthcsis w-hile al

2 ml\'l and i lnM concel[iltior1s ol Ag\Or shilied ol pcal lake pl.ce.
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3.15.5. Concentration llatio of Silvcr Nitrate and Leal es Exlract

Optimization of concentralion rrlio ol silver nitratc and leaves extract are sho$n in

Irig.42. I1 was obsened thal rl]rio ol 5:95 gile nrrximunr absorptioir and at high leaf

extract (10 ml) with 90 ml of I mM AgNOr. thc absorytion decreased. It was reported

thal opliilal exlracl and nlelal sall mlio was necessarr fbr the sl,mmetrical NPs

preparation [163]. Diluted exlr'acl o1'llo\\er conlaining 2 Drl e\lract in wrter ( 100 nrl)

i.e. 0.02 dilutioll r,r'as capable to t'abricatc thc highcst conccntratiou of AgNPs as

shown by maximum absorbance at,l20 nm. Sharp peak was obscrvcd at 0.02 dilution

of llower extract as matchcd $ith other peaks f361. The studl was lbund that the

optimum ratio for thc rcaction uas 1:19 based ol1 the nulrber of trials and the

optimum yield. these obscrvations was a close agreenlelll lo our results []81. lt was

concluded tha{ 50 ml rcaction rni\turc conLaining leales exlli]ct (6 ml) and 44 nll

AgNOi (1 mM) was changed lo brown colour in incubalion timc (30 min). signilyinS

fast s,vnthcsis of AgNPs. Iicreasil1g the Icavcs cxtract shified the peaks towards 500

nm [51]. It rvas reported thal !621 the resulrant color changes rlcrc noticed lrom

reddish-yellow to dccp red $ilh rising ratio oflcavcs cxlracl. ll $as obseNed that thc

l:30 of leaves extract in the mixture of reaction rvcrc clilcicnl fbr the syithesis of

AgNPs and AuNPs.

l:lll
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3.16. Mechanisms of AgNps S].nthcsis

Several possible lnechanisms olphenolic cc)nlpounds llilh ntetals have been proposcd

by cliflerent researchers ancl rvidell discussed in lireralure. Bors {16,11 tirst proposed

the lhrce imponant crileria lbr cllecti!e tctivit!. ( l) The onho dihydroxy struoture in

B ring in llalonoids can give higher stabilitr, and inlolved in clelocalization. (2) lhe

2-l double bonds in coniiguration wirh a 4-oxo lirnction in the C ring is responsible

lbr electron dekrcalization liom the fl ring_ (l) Thc adclitional presencc ol.3_OH and

5-OH groups in the A and C ring largcl), accounts the actilily poteitial. The number

and position of OH also dirccting the polenc) of sca\enging metal ions as shown in

Fig. 43 !64. 1651. Quercetir a membcr ot fla\,onoids tiurill. cxhibirs porenr

scavenging and strong antioxidaltt activity. because il tilljllcd all lhc aboVe required

conditiol'ts. Flavonoids can chelate nleral ion (Ag-) b),renloving H-atom. It was also

proposed thal thc 3-OH eroup is the silc to be altached firsl end then the arlho_OH

group and llnall) 3-Oll group. |oI a sirgle llar,onoid Drolccule there arc several

possiblc siles thar could bind silver (Ag') ions [166.167]. Thcse are shor\n in lrig. 44.

The oxidation ofpherlolic quercctin inkr quinonc tbnn can be shorln by the lbllowrng

mechanisnt Fig..15.
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Fig.,l3. Structurc oI flaYonoids.
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3.17. Biological Evaluation of Bioinspired Synthesized AgNps

3.17.1. Antibacterial Activity of AgNps

The antibacterial activir) of bioinspired s)nthesized Ag\ps is shorvn in Table.ll.

The biosynthesizcd AgNps antibacterial activity indicates that it have strong activities

againsl test bactcrinl strains. Ihe s),nthesized AgNps shovred highcst zone of

inhibition l9+0 mm against ,. ..)11. fbllowed bv lg+0 mnt ttgainst C. lreundii and

l7+0 againsl l. aleruginosu. tvhilc the lowest \\,as ohseNed l2 +0 mm agajnsl E.

./irccalis Tbe othet zone of inhibilion l4+0 nrrn.ljio ntm. l4,Ll mnr. l6+0 mm. l5jt)

mm and l6+l mm were presenle.l againsl S turt-ctts B. t.araus. B. slbtili., K.

pneumonide, I/. choleroe an(l S. typhi respectively. In widc_mnging. C_positive

bacteria wcre lbund to be more blcrant to AgNps lhan Ci-negarivc slrains. The

AgNOr at tested conccntralion shorved a high zone of inhibition as compared to

AgNPs and the highest zone ol inhibition was observed 21=O fifi against C,. /j.e n(lii_

Thc 2"d highest zone ofinhibition *as calculxred (l l+0 mrt) against [. trl1. tbllorved

by 20+l nrln againsl P. ./c/.r/.g/rlrru and S tylthi. Thc lo\esl l5+0 mm $as lbund

against B. cersrs. the l8+0 n]m \ras reported againsl S l/,r-i??/r, f...holerue antl K.

p eunbniuc. The zone ol'inhibition asainsl , licc.ulit tl.td B. !t/r/lll.! was l7,rl rnnl

and l6+0 mnr respeclivcl). The control (stcrile distilled \rater) exhibited no zone ol.

inhibilion against all the tcst bacteria. lhe positive control streptomlcin showed a

high zone of inhibition 23,10 nlnl asainsl K_ ltncurnoniue lilloncd b), 2l:,0 mm

against V- (holeruc. $hilc l9+0 nlm \\:as obscr.,ied againsl S ,./l/fc//.\ anc] [J. ccrcus.

But against El. coli,S.0phi and ( telmlii \\as ibund20nlm. llleE. litecalis a\d B.

I5:
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.errli/iJ showcd 18 mm zone ol'inhibition and l7t0 lnnl was seen against 1,.

J'he increase of resislance lo sl' nthetic anlibiolics/clrugs possesses a seVere long-

standing trait to coirnunity heallh. Nowaclays. thcrc is a gro$'il1g concentration for

the replacement of artificial drugs and lhcir appliance in pharmac_!- and medicine

[168]. The biosynthesized AgNPs zones olinhibition were lbuid ro be 16 mn1 lbr ll.

co1i. 15 mm fot K. pnc monictc and 30 mm for S. atn'eut lll9l. lhe current study

flnding resulls sho$ed thal prepared :\gNPs sho$ed zone ol i hibition for E- coli

(19a0 mtn) a]nd K. pncunt)nkt f16L0 mm). r,'tile Iou zone ol iDhibition againsl .51

oureus (14+0 mnr). Lo\\, zone of inhibition agairsl ,!l .x/r"rrl.!. f- cholerae at:l.l l'.

acruginos.t was ibund [1]] as coilpirl.ed 10 oul prepared AeNI']s (l'ablc ll). Ihe

highest ZI !4] was cdlculated 10 be -l n1ln against,! ./rr'?r and lo\&est 01'2 mn1

among the wholc tcst bacterial slrains. The rnlinlicrobial acli!ity was chcckcd against

ll. col/ (ampicillin resislanl). [. roli. S arrcir.r, and S /.],/)r/ (mlrlli-drug resistant) and

concluded that the result \\as dosage dependenl and was more distinct against gram-

negative than gram-positi\e bacleria I691. I-hc antibactcrial activityof AgNPswitha

concentration ol20 pl (0.002 rrg).gaiist S ty)hi S unt? .r l'. uerrginosa, E- c'oli

and K. pfiaumoniu measured zone of inhibition (rnnr) \rrre .+0. 16. 35. 34 and 30

respectilely [170]. lhcsc zones ol inhibition rvere high as compared to our prepared

AgNPs. The AgNPs uere cltlcicnt antibacterial acli\il) rgailst G C) bacterin ,r]'

compared rvith G (+) bacteria u 391. \lhich was closc agreerlreDl 1o our findings. -[hc

antibactcrial aclivilies ofAgNPs (100 pg disk r.1 observed thal E .o/r inhibition zone

was 22.20 mm (high as compalcd 1() our lindings) and B. .\lhtili: was 13.93 mn [48]
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low as compared to the cLrrrcnt study. Siiver nanoparticles synthesized liom

Boswellia, Sho.ea and Svensonia reporled strong anlibactcrial activities against

Bttcilltts. P-setdomonut. E ctli. Prolcrts ant) Klcb.sicllu in rhe rangc IJ-12 mm zone of

inhibition [.13]. The biosynrhcsizecl AgNps rcported antibactcrial actiYity (zoDe of

inhibition) in the rangc ol' I I-20 rrm (2-8 nrg) ll4ll but the prcsent stud), revealcd

that bioslnlhesized AgNPs al low conceDtration ( I nlghl) \\.re gi\.. a high zone ol.

inhibition as comparcd to thesc findings. The recorded AgNps antibacterial activily

against P. .rcnU:inost?, ,. .?11 ancl S arrrcrr.r zone of inhibition were I0 mm. while B.

rrrll/a have found no zone oi inhibition [50]. bu1 in the currenr study the prepared

biosynthesized AgNPs \\crc show more potent antibacrerial activitics as compared to

these ohcmicalll svnlhesized nanoparticlcs.
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S# Tested Bacteria

(iram

c/+)

Zote

,\\o!
l lnhibition

,\gNPs

mm)

(l C'

l 18,0 l.+ 0 l9r0 0

2 E. lhecalis l7+ I l2-0 I 8+0 0

l B. cereut I5,!0 l3 r0 l9 ,,0 t)

I l.l+ I l8+l 0

) 2l+0 l0+0 fl

-\e ls-tl I 6j0 23.t) t)

7 l0+1 I7 r.0 I 7r,0 0

8 -\c l8 L0 r i-0 2l+t) 0

9 S. t.tphi 20- l t6-l 20-0 0

I(] 22i0 I 8+0 20-l 0

Table 13.  ntibacterial Actilin ofAg\ps.

Each valuc represents lrean + Sl) (n =
C = Positive Conlrol (Strepronl),cin).

31. 0 :No zone ol inhibition.
C- ),Je[arive control (Steile distilled $nler).
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3.17.2. MIC and MtlC of AgNps

The MIC of bioinspjred synthesizcd AgNps are shown in Fig. :16. Thc MIC (Ig/ml)

ofAgNPs lbr S otre j L. lilec li\ lJ c.rrcr.r. ancl /J. !r/6/l/11 \\as 100.,150.400 and

350 respcctivel!. \'hile 150. I80. 160, 200, i90 and 150 were rccorded for ,, co1i. ,(

pneunk)niac. P. oeruginosu, L' cholcrue, S. rl,phi and ( li.eurulii respectively. The

MIC ol' streptonl),cin \\ere high i.e. 320. 100.200 and lO0 tor B. stjhtilis. B. L(t(u\.

E. coli a]nd S r1,p/ri respcctitely. Ilowevcr N{lC in case of ,l arre?/, and r.

ueruginosu as 50 pg/ml. f'ot C:_ lj-cundii ancl E. lircctlis rvas g0 gg/ml, lbr (

pneimonida was 60 pg/l]tl atd lot 1.. t.holeruc was 70 !g,nrl. Ihe silvcr nitrate N4lC

proved that it has strong inhibikrl acti\it) agaiisl all the lesl bacterial strains ancl Il

coli, K. pneuntunidc, P. det.lgitlosu,.\l 0rrri and ( /t.unliishor.ved lot\,est MIC l0

pg/ml. While l5 pg,hrl l\,{ IC *us fbund against L _ tholcrLtt anci hiithesL MIC l0

pg/ml forS ot!rcus. B. cercu\ an,J lj. suhtilis.

The MBC dala of svnthesized AgNPs are sho*,n in lrig. -17. An analysis of MBC

values for clrltures strains indicated thal thc t flkrcl//i.r and B ccrelrs shortecl 900

pg/ml, li .llr,"srl.! MBC was 1000 frgi nrl. ,. j?/r//1ls uas 800 pg/ml. The MBC 220

pg/ml and 250 pg/nl againsr ll c.oli and (..li.eundii respcctively, 1'ollowed b). 300

pg/ml lor P. uerugino.tLt.450 lgi ml l'or K. 1tneunonirt.500 ltgtrl lor,! 4pit and

600 pg/ml tbr l,'. cholerae. Our rcsults showed that ull thc tesl bactcrial slrains \rcrc

most sensiti!e against AgNOr. The NlBC obscrved in this stu111 lbr silver.nitratc were

25 pg/ml lbr S un'eut.8..,.,/!/r.r and tt. ttthtili.s- 20 prg.rnrl ibr Ii. litetulis artcl l'.

choleruc. 15 fg/rnl lbr C. coli- P ct.ngino\Lt and S i7)&l and 10 po/ml for (

/re nLlii ai(lK. pne monidc. Thc i\4BC tbr srrepromlcin wcre.+00 [g/ml agairst,ts.
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cereus and B. suhtilis- lbllowed b,v- 350 pg/ml tbr E coti. 200 pig/ml lbr S r.yp,4t and

E../deeolis and 100 pglnl lbr S arrrcls. P. oct.lgino\u and ,: .llo/e7.ac. Ihe other

MBC values were 130 prg/ml and 120 lor C. lreundii and K. pncufioniue.

The study reportcd that N4lC (pgiml) r.angc of siller nitrate ras 3.9 15.6 anci MBC

ranse \!ere 7.8 -lL2. Similar.ll MIC ([g,hl) ol sil\'cr naDocornposite \ras 62.5

500 and MBC (!g/nl) \,ere 125 - 1000 1451. These tjndings \\ere a close agreement

to the present sludy. but AgNOr obscn,ed somc variation. lhc stud) showcd the zone

inhibition (mrr) of A.gNOr (5 mginrl) $erc I 8. 15 and I,l againsr S 4rl.cr.r. , ..)11

ard P- aerullinosd respectively, rvhjle l\,1IC (nrg/ml) were i.25. >2.50 and 2.50

against S .r/r'crl.r. E. Loli aid P teruginotu tt\prcti|cl) and MBC (rng/ml) was

>2.50 fbr all the 1es1 bactcria []711. These tindings suggestcd thal in current studl

synthesized AgNPs \aere more potenl anribactcrial activities. The MIC (pglnl) values

ranged 3.125 - 25.0 and MBC (tg,'nrl) Ialucs in lhe rangccl 1.125 - 50.0 against tcsr

bacleria [,181. Similarl_"- in dDorhcr slud) [19] \ll( (prg,nrl) \llue of Ag)Jps aBainsr

Staphylococcu.t sltp, E. coli and B. .r//6/i,.! li)und 53. 27 and 54 respectively. The MIC

and MBC valucs \\ere low in these stlldics as compared Io H. rhumnoitlas L.lcaycs

AgNPs. It was concluded drat nano colloidal silvcr does nol havc considerably

diverse antimicrobial activity against Gram positive and negative bacteria [25]. The

antibacterial aclivity of nanosilver concludecl that (imm negalive hactcria were more

sensitive than Cram posiri\e blctcriii. I he Crrm positirc cclls \\ere thickcr duc to the

peptidoglycan than Grant negatiYe- The thickcr cell *all ol S arrcrr.i u,as responsible

for protectirg the cell fiom pcnciration ol ,\g into tlle cytoplasnt. \ihcre its react

wilh DNA and cause dcalh ol lhc bacteria [2]. Thc5cs obscr\arioos werc consistcltl lo
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Chapter 3 llesults and Discussion

the presenl sludy findings. Silvcr nanopanicles MIC (gg/ml) ag lnsL l'. aerugin^u.

B. suhtilis, [. coli dnd S. .iureus \\ere >,1096. >,1096.2048 and 1024 respectively and

MBC (Lrg/i1l) were >,1096. >,1096. >4096 arld,1096 against P. uetuginot.t. B. suhtilis.

E. coli and 5.../rrlcx.r respectively [501. Ihcse MlC and MBC va]ues were higher as

compiied to our bios)nthcsized AgNPs (VIC & MBC). It has possihle due to the

development and synthesis of AgNPs to utilize silver once agiiin strong antibacterial

agents 1170]. Research proot! that bacleia have beer loses ils l)\A replication \\'hen

treated with sih,er ions ! 72]. The r\gNPs n.ry conlacl to the cell membranc surface

and detcriorate its work pouer sLrch as respiration and permeability. The pariicles

binding to the microbcs dcpcncl on the availabilily o1' surl'ace ar-ea for interaction.

Nanoparticles which have chirracteristicalll largc surlacc area availability 1br

attachmenl will shoN high antibacterial ellect lhan lhe macro pafiicles ll73].

Research study I74] deilorstrares that AgNPs wcrc foLrnd insicle the bacteria as well

as on the cell nlembmnc surlacc. lhese conclude the possibilily lhal the AgNPs may

enter into the cell of bacteria and lirngi. causing delerioralion bl intelfering rvith

sulphur and phosphorus components corllpoLrnds (DNA). Sil\er exhibit have a strong

allinity to |eact with sLlch con'rpoLrncls. Anothcr possiblc conclusion about the

antimicrobial activities of AgNPs \\ould be the releasing of Ag' liom AgNPs and acl

against microbcs. Antibacterial activity [175] uas probrbll due to electrostatic

attmction betwccn positivc chargccl nanopafticles and negative of cell membrane oI

microorganisms.
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Chapter 3 Ilc!ults and l)iscussion

3.17.3. Antifungal Activit) of AgNPs

The artifirigal activity of bioinspircd AgNPs are sunlnlarized in lablel,l. I-he

prcpared AgNPs showed lo\r zone of inhibilion i.e. l0+l mm arrd I l+0 mm for R.

arrhizus and P. digitLthtm. lhc highest ZI (mm) were l8+0. 17+1. l6il and l5tl

detected againsl,l. 0ltemot.t. F. oxl';porun. A- llLn\tt and A. por(ta:ili!r.t respeclively.

The inhibition zone for (. ctlhiLdns and,,1- lintigutus was l3+0 mm and 12+0 mnr.

while l4t0 mm \as measured for .7. oryzae and A. niger- SilYer nilrate (2 mg/ml)

showed great antifimgal activities \\'ilh the highesl rcti\i1) ugainsl .,1. dltunatu (?0,t0

mm). F- oxysporum (19+l mrrr) and A- ory.ur (18-l mm). tbllorvcd by -,1. rlgcr and

/. fluvus (1'1 n]m each). A. puta.iliclt (1610 mnl). A lunig.tlut (15+0 mm). R.

arrhizu.t and (. ulbicans (l:l mnr each) i.n(l P. digilntutn (13-0 mn). Bilbnazolc

showed lowest zone ol inhibitioD l0+0 lnnr against P. digit.ttunl and the highcst

activity agaiosl,l. oryzue ar F- or)'sporunt i17 nlm each) lbllowed by F- oxlsporun

(16+0 mm). A. .fiatus and ll. urthi:ur (15t0 each). .1. l)aruciti(:us (14+0 mm). ,4.

niget (13+O mm). (. a/licr,rs and A. limigutus (1210 mm each). Negalive control

(disrilled waler) observed no zone ol inhibition againsl all thc tcstccl lungi.

Silver nanopafiiclcs (100!il,hl) activil\'agaiDst ( 4/blctrn r uas 13.5 mrr [176]. The

AgNPs activity against (. /6lcars. A. nigar, A- flutus ctnd A. lirr?ig.r1lrr exhibiled

u,ere 15.22 mm. 12.24 mm.06.0,1 mrr anci 07.05 nrm respcctively []77]. lhe AgNPs

recognized supcrior antit'ungal activit)' (5 rng1l0$l) against plant pathogenic fungi

[51]. The bios]nthesize AgNPs showed antitligal acrivities against A niger was

13.21nlm A. flarus 08.02 n.\n unLl A. /unigattlt t)9.02 n]m []4il which demonstrate

that in dre present study (fablc lz1) s)nlhcsizcd AgNI's rvcrc morc polcnt acli\ilv
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againsi tlresc lungus. Thc AgNI,s (li mg/ml) acriVitics against Flset iun sp.. ('.

albicans and. AspergilltLs sp. \\,ere 5 mm. 14 nrm and 15 mm [141]. Our prepared

AgNPs wele nore actile (2 mg,hrl) to\\ards all resl firnsal srrains. Anlilirngal acri\ it),

olAgh!Ps (5011L) against -!.././rrr oni I nigct. \\ere 10.7 mtn and 11.5 mm [1471.

Antimicrobial activity of AgNPs prepared lion stem ,5rol?4 tunbugguiu revealed

lhal A- tligcr. A. flovus, .lirsuritm tnd rhizophns ucrc 10. 12. l2 and li rrnt zone of

inhibition respcctivcl) [178]. h \\as concluded that l5 nlg .,\gNI,s showing high

activity (Zl) againsl all phlloparhogens [5]1.

The siher ions strongly interl'ere rvith group ofsullirr relatcd enzi-n1es and deteriorate

its cnzvnratic lunction !79]. l'he toxic ellcc1 oi nanopar-ticles can bc due to their

stable colloidal nature in the mediuln. which modulales the phosphotyrosine paltern

of the microbes proteins and stop its gro$ih [,1]]. Thc molecular rout lbr the

biological svnthcsis olthese crystals sih,cr is speculated that thc biolosical substnnces

contain silver binding proleins that givc arrino acid moietics that acl as the nucleation

sites []21. The leal extracls NPs were nlore bxic than that ol bark extracts. due to

more production ofAgNPs ol lea\cs. Ilesides pholos)nthcsis rre rake placc in green

leaves and it have more availability lbr H- ions to reduce the AgNOr into AgNPs

[,13]. I1 is also fbund that AgNPs ha!e the capabilit] ro interact $iih n.letabolic

palh\ra)s []801. Altilirngal acti\'ir1 ol Phorosrnthesizerl AgNPs \\ere lbund highly

toxic against C,/,.rrl4 rid ltLtuta 110 
.nn\). A. /?lgcl ( I I mm). 11. .rrri.-llr ( 10 mm ), and

F. oxysporum (8 mm) [] 81 I. The presenl srudy demonstraled lhat the prcpared AgNPs

were more ell'ectivc againsi all lhe lestcd tltngal stmins dUc to ils low concentrilliult

(1mg/ml).
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aDle. l:1. Antrlun
S# Tested Fungus Zone o

A,No; rAt NP.

Inhibition (n
llilhntzolc

n)
Sterile
distilled $atcr

1 A. nigct' 17-t lrl+0 li+0 {l

2 l(r, () l5+l 1,1+0 0

A. /lattus l7t0 16r I l5-0

1 l5+0 l2+0 lr:0 0

j5 ;1. ar).(rc t8ri l-++0 I 7-0 0

6 l9rl I 711 16-0 0

1 R. cut'hiz trs l4l ll t0- I t-i-0 0

8 20r0 r8a0 I 7-0 0

9 1l-0 l2i0 (l

10 llr0 1 l,:,0 lr.l-0 0

tilu I Activi fA NPs

Each valuc reprcscnts nrean,r SD (n - 3).
Positive Control : (Bitonazolc). Ncgali\e

0 =No zone of inhibition (at tcsted quantit)J,
conlrol .= (Sterile distilled \\,atcr).

l1ble
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3.17.4. MIC and MFC olAgNPs

The MIC ol'silvcr nanoparticles is shown in Fig. 48. Silver nanopa(icles showed

variable MIC ol'firngal culturcs which diller.ccordins to lhe tcsred strains. I-heMIC

was against,,l. lilrrls./tus a:rd P digitotumt.l700 Lrglnll each) ibllorved h! A. nigcr.A.

.flattts. A ory:Lte and ('. ulbitan: (1500 ygrill caclT). R. .trthi.u! (1,150 pg/ml). I

p.lru(iti(u.t and F- ox),spo m \110A lgiitll eirch) and,1 ultcrnata (1200 pq,hl). The

MICof AgNO: agairst P. digit(t 1alld R urrhi.,s $as 150!g,hl and against:1.

dllernota 50 pg/ml. 'l he MIC same value 100 pLg,lml were obscrvcd against l. ,igcr.

A. p.t'ctcili.'us, A ./luvus.,,1 ./itntigcttut an(l A ot..r:u!. While MIC 1pg/ml) r,aluc 120

against C. a/6r../r.\ rnd 80 $as against 1...)xltporua. lhe MIC valuc of Bilonazole

was 8100 pg/ml agai:nst l'. Lli!<itat n.lollowcd by F. tx.ytporum (1700 Lrg/ml).,.j.

rigcl and (1 dlhi&^ (1600 pg,hl each). A purttitittts..1. fltntt. A. finigcrtut aru)

R- arrhizu: (1500 pg/nl each). A. ullt:r Llt4 (1,100 pg/mi) and againsl ,.1. o/!r./., was

1300 pg/ml.

The MFC ofsilver nitratc are shown in Fig.:19. The l\lfc revecled that. the AgNPs

sho*cd sensitivity at thc concentralion of 2000 pg/ml ari\insl A. niger- A / nligutus

and P digitotu l. 1 800 pgi ml aqainst 1. ./.^,/rr, A put uciti(u\ and tl. crrhizus. 1700

pg.hl againsl,1 oryzoc atld ( Ltlhictns.l600 pglnrl against a r)jrlxTrol.lrr? and 1500

pg/n1l against R. 4r'rlri.- r. The Bilirnazole had a MFC of2000 pgiml fit A niget. t.

parucitiatts. ,4. ./luws-.1 /)migulu\. F. ox.t:spot't|.n. R urrhi: .:. ( ulhicuns and l,

digilutum- l'lo0 pg,/nrl aqainst A. oryLtc an,J I600 pLgrrll ,llailst.1 .tlternLttu. lhe

MFC ofAgNOr for A. niger. 1. puroLitic \. ,/1 /lit|r.r A lttmigtrttts atd ). or;_ut
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was found to bc 200 ptg/nl. l<tr F. rtxysporun 120 pg/ml, fot R. anhizus 250 l.\glr..1,

fotA. dhernata 100 pg/nl" fbr ('. .llhicdns 280 pg/nrl and lbrl' dil:itatun 300 Vglml

Silver nanoparticles zone ol inl'libition againsl ('. lbicuns \\asl6nlm TheMICand

MFC values of Agr-Ps (lirngus mediaied) wcrc 5.8 pg/rrl and c).7 ;rg/ml [182]'

Calculated MIC and \4FC ofAgNPs against ( d/61.?/r'! \\ls 12 pg/rnl and 20 pg'/nrl

respeclively U76]. The sludy observed thal silver nilrate I\{lC and MFC against ('.

dlbicans |Irs 31.2 pg/ml ancl 250 pg/ml rcspcc{ively and MIC against,4. ,18?r rvas

15.6 pLg/ml. While MIC and VFC of silvel nitnocomfosile ol'( a/Dirrarr werc 125

pg/nl and 2000 pg/ml respectively and against.'1. rigcr MIC tas 2000 pg/ml [45].

The AgNPs showed el'fectivc activilY against Tric'hoph.lton ment.stoPhytes 
^nd

('ardlda species were ICro. l-7 Ltg/ml [24]. NllC;o irnd \4lCqr of AgNl']s on (

uLbicun-t wcre 0.5 mg/nrl and 2 mg/ml respecfivcl). Similarly MIC:o and MICqo of

AgNPs on .!nc.r.//'.)r 1),L c a terttitiltc wcre 4 n1g/ml and 32 mg,/rrl rcspcctively [52].

The colloidal silvcr exhibitecl anlifirngtl aciivit) wilh MIC and MFC values range

fron'r 2.0 to i.0 pg/ml !681. Thermalll s-'-nthesized AgNl's MIiC against (1. k/rscr

and ('. tropiculis vere 0.03 mglnrl and against (l a/blcars t as 0.5 mg/ml [183].

The preparccl AgNPs sho\\'ed a compatible anlii'ungal activit! as compared 10 a

standard dmg (bilbnazolc). \,loreover our AgNPs recluired no loxic chemicals during

preparation process- lo\{ cost ancl ra\! matcrials (precLrrsor) abundantly al'ai)able.
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3.17.5. Antioxidant Activit) of AgNl,s

The inorganic NPs have oxygen bascd free r.adicals scavenging activity [271. Due to

aclive surl'ace of NPs the antio\idants collpounds might get adsorbed onto it. High

surlace area to volume ratio and surlace reactiot] phenomcnorl (due to adsorbecj

antioxidanl moiety onto the surlace) of NPs make an alfinit1. 1(:) scavenged and

inleract with liee radical [5]1.

Percent scavengiDg acti\,it] of l)PPll is sho\\,11 in Fil]. 50. The ,\gNps anlioxidant

activity increased as thc concentration of the substmle inc|cascd. On the other hand.

the H- rhamnoides Z. leaves extmcls 7o scavenging activity ol'DpplJ was less as

compared to AgNPs. The most interesting linding rvas that standard. /e//-brltyl-l-

hydroxytoluene (BHT) has t)PI,H sca\enging actiYit-v' ncarly eclual 10 that ofAgNps.

The DPPH scavenging effects ol AgNPs were 8,1.02+0.05% ar of 80pg/ml. ibllorved

by 82.99t0.05% at 70 trg/ml. 82.i3+0.06% at 60 LLgrml. 81.9j+0.09% of 50 !g,hl.

76.06+0.05 al ,10 pg/nl. 63.0110.28% rr 30 frgrrnl. 51.06-0.19% at 20 Llg/ml and

36.64+0.51% a1 l0 trg/ml. Similarly the BHT _vo scavenging D),pll activity was

38.01+0.09%. 53.0310.1t%. 65.01a0.05%. 78.0t+0.1,1%. 82.49+0.09%.

83.21+0.05%. 83.49+0.11% and 8,+. l,:l+0.05o/o ar a corcenlration (pg/nl) ol 10. 20.

30, ,10, 50. 60. 70 and 80 respecri\ely. The results of EC;o (pg/ml) are shown in Fig.

51. I-he EC;o valucs ol AgNPs ancl IlllT were 17.073 (pLg/ml) and 15.9,15 (prg/rnl)

respectivell' .

The DPPH fiee radical scavenuin! activity shorvcd rhal l'r.ee radicals % inhjbition

increascd with increasc ilr concentrution ofAg\Ps. As al 100.200 and 300 pg/ml

corcentration % inhibition was below 80. 80 and atrolc E0 respectivcl) 1271. The
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biosynthcsized AgNPs wcre found ltl havc DPPH acti\ity increasing in a dose-

dependent manner and exhibitcd nlore than 700lo scavenging activity of DppH

(inhibition) as compared to lre\in! h(t.h\tii aqueous leal cxtracts [5,1]. l1 has becn

reported thal licc radicals percent inhibitiolts increased as substrate concentration

increascd [55]. The antioxidant activity ofthe extract and AgNPs is a dose dependant

nlanner. Total antioxidailt ilcti\itI ol the flowcr extracl $as lo\. L--ascor.bic acid uas

moderatc and AgNPs *as highest [56]- l)PPII scavengiDg potcntial ol NPs increases

from 10.29 to 62.45 % in casc of AgNPs and 18.35 ro 75.70 %lbr AuNPs [531.

It has been repofled that lcro \'alue ofAgNPs $as l8].2,1 Lrglnl [55]. The anrioxiclant

potential (lC;r) ol AgNPs slnthcsizcd lrom Rlc.lr,r orn,rrrrrrr lruit \\as 3 51. Ri(in .\

commurzis leaf extract was 5l8 and Sulviu o/ficinuli-s L. lcal extract \\'as 7,15 [59].

Silver nanoparticles DPPH actiril) was obscNcd to rise in a dose-dependent manner

[56]. Ihc I)PPII sca\enging uctiVit] incrcascs in the lbllowing ordel > plant cxtract

>L ascorbic acid >AgNPs.

170



90

80

70

l.\gNPs TBM

.! 60

Iso
,E J{)

Sro

20

t0

0

l0 20 t0 10 50

Concentration(pg/ml)

80

Fig.50. DPPH Free Radical Scsvenging Assay ofAgNPs.

111



Chapter 3 Results and Discussiod

!i

U

20

l8
t6

14

t2

l0
8

6

I
1

0

.{gNPs

17.073
15.9.t5

Fig.5l. ECso (pg/ml) ofAgNPs.

112



Discussion

3.17.6. Cytotoxic Activit] of AgNPs

The cytoloxicit! of AgNPs is shoNn in !ig. 52. The rcslrlts denlonslrated that oZ

moftality increased \\'ith increases in AgNPs concentration. The highcst morlality $as

73.i3% at 1000 pg/ml, hwcst was 26.67% and lnoderatc uas ,10.00%. fhe LDso

(pg/ml) rvas 1,15.03. The silver nitrate and negative conlrol (sea salt) \yere shoRins

no cyloxic elfect. \!hile l00o% mortalit) *as ohserved lbr etoposidc drug.

The brine shrimp cytotoxicily is direct representation ol'1he cylotoxic and antitumor

properties ofexperimental sanrplc [57]. HeLa cell linc urs enormously susceplible 10

the size olthe AgNPs and the rate of viabilitJ- dr.asticalll declined wirh increcse in

concentration (25 300 pg/ml) widr LC;r, (51 pglml). The o,1, ccll dearh obtained

predicted that thcsc AgNPs r\'erc also antiluntor in naturc beside cltoto\ic elfecl [54].

I1 has been found that 25 fglml AgNPs showed 75% inhibition and complere

inhibition was obscrved frorn the conccnlration of 50-100 pg/nl. The intensit]

cytotoxicityofAgNPsagainslthebrincshrimpcrusedl00-otorror.talityaller2,lhrsof

exposure. The LCio \alue tbr c).totoxic assay was found 10 be 0.1 mg/ml [57]. The

morality (,4. r.r/ird) was dircctly proportional to the concenlration ofAgNPs. A1 100

nN{ coDcentratiorl maximUnl nloftlllitv was calculaled rlhi]c LD.l |alUe u,as l0

nM/ml ! 811. The CCnr \,alues (c)lotoxic aclivily) lbr lcro cell line were 15. I 1.7 and

10.0 mgiml for AgNPs (.Ricinus comnnnit liuit cxlracr). AgNPs (Salvia of/icinalis

leaf extract) and AgNPs (Ricinus (t)mn tnili.\ leaf cxtr.act) respecli!ely l5()1. Artemiu

was able to live for days in silver nitrate. polassium bichrontale and potassrum

permanganale solutions I I 85].
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3.17.7. Phytotoxic Activity of AgNPs

'lhe phylobxic activitt ol'AgNPs is show11 ii Fig.53. Ihe resulls sho\\,cd that growlh

rcgulation (7o) uas.16.67 antl 16.67 at 500 lglnl and 50 Fg,hrl. \\hilc.rr 5 irg,hrl no

phytotoxicity was observed. Our results concludcd that the prepared AgNPs were

having lo* phytotoxic aclivil)' against Lcntnu ntirutr. Thc AgNOs and E-medium

(negati\e control) have no ell'ect <tn Leuno rll,?o/.. \\hile 100% mortality \,as

calculated in a positive control (Plraquat). TheLDlof AgNPsuas 1050.,18 [g/ml.

The growth inhibition ()1' L- peu.i.o.\t.tto trcated \yith AgNPs and IiOtNPs were

lbund ECso (ppm) \alues ll.8 and 518.5 respcctilel). \\ihen Lenua \ras trcated at

-100 ppm concentmtion of AgNPs, the complctc gro\\1h inhibitidr occurs. lhe

AgNPs and-liOzNPs caused aclditional obscnable dilnluges to l-emna fronds i.e.

chlorosis [6]]. Ihe AgNPs werc inhibiled thc /,. ,ilrr)r-gro\\1h aL lo\\ conccntmtions

(5 pg/l) and this result becamc morc severe rvith a longer pcriocl cxposure. There was

a lineaa dose-response corrclation aticr 1.1 da)s exposurc IlJ6l. ll was sunlmadzed

that ,10 n1g Ag,'l silver nitratc intpN\ed the germination ratc of fl\e studied \\,elland

plants [64], rvhile 40 mg Ag/l gum arabic coated silvcr nanoparticles (GA-AgNPS)

cxposure considerabll enhanced thc gcnlrinalioll rate ol one specic and the

gernrinaiion rale ol lhrcc species uere reducecl. While pollr iDvlpyrrolidine-coated

silver nanopafticles (PVP-AgNPS) had no clfect or gernrinarion as sho$ed on 1l

common welland plants spooics. lt Nas concluded [63] that lhe seeds placed in MS

medium containiDg AgNPs exhibired 90%, gcrmination. \he|eas 70o% e.ermination

was lound in control seeds- The reason could bc that the AgNPs cirn enter into secd

coat and make the embryo active. It \\i1s fl87] observecl ihat higher co ccnlralion
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(1000 Ltg/ml) of chenically s),nthesized silver nano-parlioles uere toxic to the

seedlings of O,'/r./ rall)./ in Hoagland's nutricnt solution. Naiopanicles toxicity has

been shown 10 be connected u ith particle sizc. corting and suIlncc chargc [64]. Plants

cell rvalls act as likcll sie\.es and NPs may perhaps havc to cnter in plasnla

membrancs and thcn layeN of epidermal wirhin roots to pcnctratc in xylem. |inally

this may leads to translocate and uplalie in the course of stcms 1() lea\,es []881. The

plant cell walls pore dimension is lypically in Lw nanometers range [189], which $as

nruch snlaller than our prepared AgNPs. This nighl lo some extent make clear why

our bioinspired synthesized AgNI)s was less phvtotoric. The etlects ol ntetal oxide

nanoparticles [190] on the gro\ '1h of,rr.Tridop.ri-y thaliuna showed a considerable

posilive eli'ect on rool elongatior lbr rll lesled concentrations of aluminium oxide and

for silicon oxide ,l00 nlg,/L. At all concentrations zinc &nd magnetitc oxide exe cd

inhibitory effects. but silicor'r o!ide elerted inhibilory ellacts at 2.000 mg/L and 4.000

mg/L. The ionic lorm of sil!er in the lbrm ol' nilrale. lil(e silver nitrate plays

prominent role in influencing sonlatic embr-yogenesis. slnlhesis ol shool and root

[191]. Silver nitrate \\as utilized in lissLres cultlrre research to inhibil elhylene a!tiviry

for the reaso0 that it \\as soluble in lllO and no ph)totoxicity on valuablc

concentralions I92]. In livor o1' the nlriorily NPs. conlparalivel\' elevaled

conccntrations wcre rcqurircd fol obscrvablc toxicity causes in plants and the toxicity

threshold was depend upon species to species | 193. 1911.
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Chapter 3 Results and Discussion

3.17.8. Larvicidal Activity of AgNPs

Percent lalvicidal activity ofAgNps against vector mosquitoes (1. aegrpli) is shown

in figure 54. The AgNPs percent larval mortality aga\nst A. aegypti at 24 I s,48 hrs

and 72 h$ with 200 ppm was 27+0.50, 3G10.58 and 33+1.25 respectively, while at

400 ppm the larval mortality (o/o) was 4l+0.96 (24 hrs). 54+1.73 (48 hrs) and 67+0.50

(72 hs). With 600 ppm at 2.1 hrs, 48 hrs ard 72 hrs incubation time the larval

mofiality (%) was 74r1.30,86i0.56 and 93+0.96 respectively. Larvicidal activity (,1.

sreptrersi) of AgNPs is presented in figule 55. The A. stephensi larval mortality (%)

was 31+0.50 for 24 hrs, 35+l.7 for 48 hrs, 41+l.7 fot'12 tus at 200 ppm, 5510.96 (24

hs), 61+0.96 (48 hrs), 70t1.3 (72 hs) at 400 ppm, 79t0.96 lbr 24 hs. 88+0.82 and

95+0.56 for 72 hrs at 600 ppm. Silver nitrate and control (distilled water) were lbund

to have no mortality. The results concluded that larval mortality (o%) increases when

the concentration ofAgNPs were increased.

The probit analysis ofbioinspired synthesized AgNPs is noted and presented in Table

15. The LC1 (24 hrs), LCeo (24 hrs), LCso (48 hrs), LCro (48 hs), LCso (72 hrs) and

LCeo (72 l]rs) of AgNPs against A. aeg)pti \\ete 394.85, 1200.00, 312.86, 85i.ll,

267.50 and 605.89 ppm respectively. While LCso (24 ks), LCeo (24 hrs), LC5n (48

brs), LCe6 (48 llrs), LCs6 (72 hrs) and LCe6 (72 hrs) of AgNPs against A. stephensi

were 322.69, 988.10, 28l.'l1,'143.15,221.88 and 656.65 ppm respectively

Larvicidal activity of biosynthcsized (Pedilunthus tilh!"t aloides L. Stem aqueous

extract) AgNPs agajnst IV instars of l. aeg)pti at 0.25yo concentation observed

percent mortality was 72 along with LC:o value *as 0.167% and AgNO3 solution

(0.250%) concentation was found 100 percent mortality [70]. ]'he LCso values of
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AgNPs against Anophela"^ subpictut and Ox. cluinquclcrttl./tr./r u,cre 5.1,1 mc/l and

4.56 mg/l respectir'ely [65l. Larvicidal activiry of biosynrhesized AgNPs (Euphorhia

hhto) againsr Anophelcs .\tcphen\i at 50 pprr percent larval monality u,ere 71.6. rvith

l,C\o 27.89 ppm and l,Ce6 69.94 ppm [69]. Hundrcd percenr nrcrtality ofrhe larvae

was calculated in 5.0 nq,/l NPs al three hours incubation [72]. Percent mortality of

AgNPs synthesizcd tion Rhizophoru ntc\)ndt( [71] asainst Aele.t or+r-pti and

Culex quinqrc/hscitttr.r lar\ae at 10.0 and 2t1.0 concentration (mg/l) were 100. The

biosynlhesized AgNPs [73] shorvccl 100%o mortality against the laryae of,4. .!rep,4crsi

and C. quinqltcltt.scialr\ at 72 hrs. CoDtrcl (distilled *aler) sho!\ed nil mortality and

Silver nitrare also shovvcd no mollalit),. It wls calculatcd thar laNicidal activit) of

AgNPs against A. suhpidlt\. (. quin.lucf d.\ci.tt .r and PadiLulus humdnus captitis

obsened 100 percenl nlorlalit)' at 20. l0 and 25 nlg/ml concentration. Ihc silver

nitrate and distillcd \,atcr hale no norlalit) []981.

The AgNPs may penetratc through the larval membrane and rupture the midgut

epithelium due 1(] inleraclion !,-ilh cell ntolecules ol solne orsancllcs resullin! in

death of larvac [70]. hidenced sho\!ed that AgNPs caused loss ofcellular functions

as well as the proton motivc lorcc cssential 1br ATP construction Jl95l. The corect

mechanism of NPs has been docunented that fior blood circulation the NPs come

out. instantl) inter-nringlc uith thc intestinal fluid and extarccllular matrix and finally

make interactions \\,ith cells. l_\'mphatic system and pcripheral tissues leading injrrre

them b_r- blocking the s)slenrs [96]. The biologic.ll] reduced silver ion primn15

intcract with cytoplasn in the ilrtcrior of thc cell \\.ll ard (lenaturc thc ribosome.

finally suppresscd thc expressiol ol enzlntcs and proteins essential to Al'l)
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Chapter 3 Ilcsults and Discussion

production leading to disruption ol thc cell I I 971. I hc rcasons by rvhich the monality

of larvae could occur are the NPs abilil)- 1o pel1etrate in the course of membrane

larvae [72]. In the intracellular space AgNPs be able 1() .rttach to phosphorus

containing molcculcs (DNA) or S-containing protcins. lcading to thc detcrioration of

some enzymes and organelles. Al'ter. disorder in proton drive tbrce and reduction in

membrane pernleabilily leads the 1'ailure oforganelles lunclion and lastly cell death.
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r u'r.'tr. r,\ l all
LCso and LCqr at
diflerent timc

/rg.\rs agarnsr r ecro
A, uegtpti

]'squrlocs t,xr\'ac.

LC;q (2'l hr s) i 9.1.8 -i 322.69

LCqo (2':l hrs) 1100.00 9lJ8 l0

Regression equation Y- -1.92* 0.40X Y- -1.60+ 0.39X

Chi-squarc valuc (X) L70 0.588

LCn)(48 hrs) I 12.86 t8 L7l

I.Coo (,18 hrs) 7.11.l5

Regression equalion Y= -2.11 0..10x Y- -2..16 r 0.:11X

Chi-squarc \,alue (X) l.il r .06

LCro (72 hrs) 167.5 0 221.88

LCro (72 hrc) 605.lt 9 656.65

Regression eclu0liou \'= ,.1.011 - 0.11x Y= -l ll+ 0..11X

Chi-square value (X) ll lfc) o <eJ

Table.l5. l,Cil and LCel of Ag\l,s against vcctor Nlosquibcs I

LCi!r I.cthnl concentrarion re(luireLl to kill 50 p.r ccrt olth,j Fopulalion e\posed.
LClel: LeLhal conccntratior rcquir!'cl to kill 90 per cent ofthc population erposed.
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CONCLUSION

Our llndirgs revealcd that ll rhamtxticles I-. lcaves are a rich source of proteins and

mineral which are berlellcial lbr humln being. lvhilc thc e\tracts inhibited nlany

pathogenic bacterial and fungi strains. The qualitative phytochcmicals examinslion

showed that tannins. phenols ancl lla\onoids were presenl in large quantity in all

lcaves exlracls. exccpt ,?-hexane in which phenols and flavonoids \!ere absent.

Further leavcs extracls could bc a strong accepted sourcc of antioxidant and used as a

curative agenl to prcvent or slow oridalive stress linked with degeneralive diseases.

The lcaves can be used in hcalth lbods lbr therapeutic and additive pLrrposes therefore

it can be used as antioxidant adclitives or as nutritional sLrpplenlents.'lhe extracts

showed lor ph)loloxic an.l cll()lo\ic lcli\itl. As the ll. rhumntide! L. le.rves are

still in use .is a traditional herbal lneLlicine. conlaining a number of uselul

phytochcmicals u,hich provide a scientific base lil l'urther primary health care

system. In br.tdding countries mosquito bonle diseases arc the rllrming issue in the

public health. l hese diseases can lre coDlrolled b) prcverting lhe mosquito bile Llsints

plant extract having larvicidal aclivity and shorvcd good repellent and killing

propcrties againsl nosquito. The riclt sources ol no!el bioacti\c conlpounds arc from

higher planis and can bc lrsed Io control insect b1 rleleloping environmentally sa1'e

mcthods. It can be concluded 1'r-om thc prcsenl slud) that thc larvicidal activity is due

to thc phyloconslituerlts presenl in thc cxiracts of ll t hunmt)icle: t-. leaves. Thc

extracts of this plant can be used lo control leclor born discases. N'loreover. t'urther

studies are leedcd lbr the isolation and ideDtification ol the principal consliluents

rcsponsible lbr anlimos.luito acti\il) incl theil mode o1 llclion b! Llillerent trails to
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reconlmend its use as a uscfill agenl. 1hc fTlR spectra of all extracts revealed the

presence of diffcrent lirnctional groups ranging lion1 OH strelching lor hydroxyl

group, alkanes (C-ll). alkenes (C:C)" aromalic rings (C:O).ca|boxylic (C:O) and

amides (aromatic). All the above experimental rcsearch leads that H. rhumnttide.t L.

leaves was a very suilable soulce for the bioinspired s-Ynthcsis of AgN Ps.

To the bcst of onr' knorvledge. this \\as tllc 1" report 1o LtliliT.c H. rhomnoidcs L-

aqueous leaves extract for lhe bioinspired synlhesis of AgNPs. Il was concluded lhat

using aqueous exlmct soluiion of H t'ham aide.t L. leaves has been documented a

ne\\ beneficiary metlrod using non-expensive raw maledals lbr rhe biosyrlthesis oi'

AgNPs. This lou cosl. r'rorr-complicaled. less titllc corrsLrming and cnvironment

liiendl) bioslnlhelic prcparation gi!es potcnl applicalions irl various hLrman bcnctils

relared fields. This approach will enhance AgNPs susLainable nlanagement and

econorrric Viability. LltilizalioD ol plant matcrials lbr the s,"-nthesis of NPs has giren

grcat in]poflance to biological approach of NPs slnlhesis. l hc prepared .\gNPs have

slrong antibacterial activities againsl humarl pathogenic bacteria and hence has a great

abilily in the drug lbrmulatior against nriclobial discascs. The strong anlilungal

activity represenls a pronrinenl approach in the nanomatcrials with realistic

implicatiol)s. This novel approach \\'ould be ell'ective to develop lhe nanosized

biopcsticide using nalural rcsoLrrces as eco-tiicndl-'' approach against larget dreadful

vector and able to rcduce/aYoid lhe dcvclopmcnl of rcsistant in thc rcsponsible vector'

Our resulls den1onstrated thal lhe prepared AgNPs \!ere more effective agairst all the

tested l'ungal strains due to its 1o$ cotlceDllalion. whilc H t hLttnnoiler L laa\es

extracl alTeclive in high conccilration.  llhough the slanclard drug iluconaTolc ha!'e
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shoB,n high zone of inhibition. blrl synthetic in nalure. side eflect and cost effective,

but our prcpared AgNPs Ia\\ male.ials abundanll) a\ai]able. no toxic chemicals

required and environmenl t'r'iendly process.

The lindings ol the current research \,!ork concludcd that AgNPs were efl'ective

antibacterial agents against a group of baclcrial palhogcns lhal are concerned in

gastrointestinal disorders. diarrhea. dysentery. lyphoid Iever and other inlectiuus

diseases. AgNPs demonstrated stronq antifungal action and could be applied like an

antilirngal source to control difiercnt hunran and plant cliscases originated by these

lLrngi. Additionally field applications rescarch and to kno\\' the correct enlrance

means ofAgNPs inlo the cell wall offungi arc dcsircd.

The fiee radical sca!cnuing characteristic of s)nthesizcd AgNPs sho$ed rhat

inhibition percentage increases in a dosirge dependenl mode. Therelbre the prepared

AgNPs may pcrhaps play the neoadjuvanr anlioxidant iirnction contribution to usclul

del'ense as ol'liec radicals ir a broad r arictl of circurrstances. C)lotoxic activity ol'

AgNPs was sho*,n against brine shrirrp. rvheleas lethality assay of brine shrimp

make clear their significance in pharmaceutical ficld. lhc prcparcd NPs also

exhibiled lo\\, phytotoxic cftcct on the Lcntn r?lrr)r. ho\r,ever more investigalion is

necessary to find oul the toxicitl_ and uptake mechanistio approach ofNPs within

intracellular injuries. The elficienc,"- hcrc killing of mosquito la{vac (A. aegypti an l A.

.r/?pr?r.tl) \\.ere promising. i\clditionllly. 10 consider proleclion point of vieu, and

mosquito resislirnce appenrancc to lraditional insecticides create nalural oli!in

larlicide which give superioritl ovcr lron-natuLal larvicide. Non-synthctic Iarvicides.
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pa icularly plant origin \ith lhe llrrpose of exlra choose. dcgradable and nlorc

lalented within this characteristic.

Overall. our current llndings grcw the elllcienl ulilizalion of the bioinspired

fabricated NPs fiom aqueoLls lcaves exlracts of H. rhanlnoiLle\ L. in numerous human

benefits related fields especiallt hcalth care syslem and 1o develop new drugs in lavor

ofhurnan bcing benelits in near tinurc.
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