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ABSTRACT

The exploitation of different plant leaves extraftisthe biosynthesis of nanoparticles is considess a new and
recent ecofriendly and cost effective techniquerbse it doesn't involve any harmful chemicals kegglbeneficial
properties and broad spectrum applications in dbeefields. In this context gold nanoparticles (GNBsd iron
oxide nanoparticles (IONPs) were biosynthesizedtife first time, in one-step green method via ctdu of gold
aureate and ferric chloride solutions with 70% aqus ethanolic (AE) extract of Corchorus olitori{@& olitorius)
leaves. Preliminary screening of the extract regdathe presence of a wide array of phytochemigadtuding
phenols, flavonoids, tannins, proteins, carbohyerabluble sugars and polysaccharides. Quantitasténation of
these phytochemicals were 385.413.6, 564.61#.62 9L 766.946.1, 255.745.7 and 131.1+2.9 mg/ml,pestively.
HPLC analysis of the phenolic and flavonoid corgeaf the leaves extract asserted the presence Ib€ gaid,
chlorogenic acid, caffeic acid, rutin, p-coumaricid, rosmarenic acid, 5-caffeoylquinic acid, queice-glucoside
and myricetin in percentages of 59.47, 9.68, 2B31, 1.53, 1.68, 1.40, 1.45 and 1.81, respectivEhese
phytoconstituents act as reductants and stabilif@rshe biosynthesized gold and iron oxide NP+ filimed NPs
were characterized by using UV-Vis absorption spscopy; Fourier transformed infrared spectroscdpy-IR);
X-ray diffraction (XRD) and transmission electroicrascopy (TEM). The biosynthesized NPs were faomxhibit
high percentage scavenging activity of DPPH radie#@h percentage inhibition of 91.90 and 80.51%&N\Ps and
IONPs, respectively, at a concentration of 100mgpared to both effects of the leaves extract 76.@2fb
ascorbic acid 94.27% at the same concentratioraddition, the results obtained from the in vitrdatgxic studies
showed that these NPs exhibited the growth inhipimoperty at 1G, % of 6.97 and 5.82 for GNPs and IONPs,
respectively, against MCF 7 breast cancer celldiie comparison with the leaf extract effect 9.7a86 standard
drug effect 3.95%. These data provide strong ewieéhat GNPs and IONPs should be studied furthgrasntial
novel free radical as well as cytotoxic agents.

Key words: biosynthesis, nanoparticleSprchorus olitorius HPLC, antioxidant cytotoxicity.

INTRODUCTION

Many routes have been used for the biosynthesinaobparticles (NPs) using various biological matsrias
reducing agents such as marine organisms, micro@ma, and herbal extracts [1-5]. Among the mogiartant

bioreductants are plant extracts, which are low,a@adily available and comparably easier to harjé]. This

renders the plant-based nanoparticles synthesisiseffective and can be easily scaled up to bd far large scale
production. Moreover, biologically active molecul@solved in the green synthesis of NPs act astfanalizing

ligands, making these NPs more suitable for bion@dipplications [7]. Besides, NPs are tiny in dééen and gaint
in surface area, therefore they have unusual asdinfaing properties, which are strongly affected their

morphology, size and structure [8].
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Biomedical applications using gold nanoparticledlfS) and iron oxide nanoparticles (IONPs) have iveca very
active research area in recent years [9-16]. Aelaryiety of possible biomedical applications hbeen examined,
According to their unique chemical, physical, metbal and thermal properties, and also by havinigakle
surface characteristics, superparamagnetic nanclparoffer a great potential in many biomedicaplagations,
such as cellular therapy, tissue repair, drug delivmagnetic resonance [16-22].

Corchorus olitorugJew’s mallow, belongs to the familyiliaceaeaand genus of about 40-100 species, is a green
edible plant which is grandly consumed either fresfiry specifically in Egypt. Research disclodest this plant
originated in Egypt and was the source of health laeauty of the Egyptian royalties [23]. Most bé thioactive
phytochemical components . olitorus offer a diversity of health benefits, particulaftyr households in poor
economic settings such as antioxidant, antiba¢temaund healing, anti-inflammatory or anticancetity [24-

30].

Because of insufficient information from literataren the effect o€. olitorius on cytotoxic activity as well as the
very little utilization of this plant in the synthis of nanoparticles, The main intention of thisdstis, therefore, to
(a) analyse qualitative and quantitative phytocloamsiin theC. olitoriusleaves, (b) utilize the ethanolic extract of
the plant leaves for individually synthesis of djoand iron oxide NPs, (c) characterize, spectralhd
microscopically, the biosynthesized NPs, and (d)luate then vitro cytotoxic activities of the plant leaves extract
alone as well as the plant extract containing,lgir@NPs and IONPs.

MATERIALS AND METHODS

Chemicals:
In our experiments, all chemicals used were of ydital grade and were used as received without farther
purification. Whenever we refer to water it wasdideubly distilled water.

Plant Materials:

Collection of the plant leaves. Fresh leaves oforchorus olitorusvere collected from the Center Aldinecat fields,
Lake County, EgyptThe plant materials were washed repeatedly forta8s with running tap water and once
sterile with distilled water. The plant leaves weai-dried in the shade for seven days and homagénito fine
powder and stored in well closed bottles for furthealysis in the laboratory.

Authentication of plant materials:

The plant was identified and authenticated by Miserese Labib, Consultant of plant taxonomy atMhistry of
Agriculture and Ex-director of the Orman botanigatden, Giza, Egypt. The specimen was labelled bewed and
annotated with the date of collection and locality.

Extraction of the plant leaves:

The dried, powdered leaves ©f olitorius (20 g) were then subjected to extraction in 100 ethanol (70%) using a
Soxhlet apparatus. After complete extraction,dlaent extract was then filtered out. The filtratasaconcentrated to
remove the solvent under reduced pressure at @%3@ The dried extract gave a percentage yield2a83% was
stored and then used for further laboratory anslysi

Qualitative phytochemical screening:

70% ethanolic C. olitorius leaves extract was evaluated by phytochemicalitatigé reactions for usual plant
secondary metabolites. The screening was perfornf@d carbohydrates (reducing sugars), saponins,
terpenoids/steroids, flavonoids, phenolic compounalsnins, cardiac glycosids, proteins/ amino gcadkaloids,
and anthraquinones [31-33]. The precipitate foromatr the colour intensity was used as analytieaponses to
these tests. The results obtained are tabulateeciion 3.

Quantitative phytochemical analysis:

After the confirmation of the presence of the adaid constituents by preliminary qualitative phytemical tests,
the powdered plant leaves were taken for quant@#atietermination of primary metabolites (total sddu
carbohydrates & proteins) and quantitative deteatdm of secondary metabolites (total phenols, diwids &
tannins) according to standard methods (Metal., 2005; Quettier-Delewt al., 2000; Lowryet al., 1951and
Umbrietet al, 1959) [34-37].

HPLC analysis:
The residue of the hydroalcoholic extract of theestigated plant leaves was subjected to separayidtPLC with
the following conditions: the rate of flow 1/min;ghient 1100 series (Waldborn, Germany), quaternaugnp
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(G1311A), Autosamples Thermostated (G1329A), Dsgla51322A), detector of variable wave length (GI3);
and column: Zorbax 300SB C18 column (Agilent Texbgies, USA). Wavelengths Injection was perfornagd
280 nm for separation. Applying solvent systemmaithanol with 0.1% formic acid (solvent A); acetadte with
0.1% of formic acid (solvent B). The elution systemas programmed as follows: starting at 30% sol@nt
increasing to 60% over 10 min, increasing to 10084 & min, and then returning to 30% over 5 mine Tijection
achieved under ambient temperature.

Chemicals for nanoparticles biosynthesis:

For the green synthesis of gold and iron oxide partiles, water soluble salts namely, HAu&hd Fe.6H,0
were respectively employed as a precursor of natioless, all purchased from Sigma-Aldrich Chemicalfie
above chemicals were of analytical purity and wesed without further purification.

Synthesis of gold nanoparticles (GNPs):

10 ml of the ethanolic plant extract was added wefinite amount of distilled water. Afterwards, ILlof 0.1M
chloroauric acid (HAuG) solution was added to this extract solution and tdtal volume of this mixture was
completed to 100 ml with water. The reaction migtwas kept under continued stirring for differeatations (15,
30, 45, and 60 min) and at a constant temperafu86°€ using a magnetic stirrer. The visual change tfdrom
yellow to violet or red indicated the formationgifld nanoparticles (GNPSFif. 1A).

Synthesis of iron oxide nanoparticles (IONPSs):

0.93 g of ferric chloride hexahydrate was dissolued. 000 ml water and stirred for 15 minytd® ml of this
solution was mixed with 10 ml of. olitorius 70% ethanolic leaves extract, then the volumeptetad to 60ml
using double distilled water and the procedure e@spleted as isynthesis of GNPs. The colour of the solution
changes, within 10 minutes, from yellow to deepegrevidencing the formation of IONFSd. 1B).

Characterization of NPs:

Au and FgO, NPs synthesized by the aforesaid green synthestbooh were characterized dy UV-visible
spectrophotometer (Jasco V-670 UV-V) in the rangd50-600 nm for GNPs and 200nm-500nm FGNPs as
depicted in Figures 2A and 2B: FT-IR The biosynthesized nanoparticles (Au &®gNPs)thus obtained were
purified by repetitive centrifugation at 8000 rprar f15 minutes, followed by redispersion of the gielbf
nanoparticles into 10 ml of deionised water. Afleying, the dried nanoparticles were subjectedttiRFanalysis by
KBr pellet (FTIR grade) method in 1:100 ratios aspectrum was recorded in Nicolet Impact 400 FT-IR
Spectrophotometer using diffuse reflectance moddRFspectra were performed and recorded with a iEpur
Transform infrared spectrophotometer of type Nit8[0 between 4000 and 400 ¢nwith a resolution of 4 cth

3: TEM Transmission Electron Microscope (TENM100 JEOL Japan) is used to determine the partide,
distribution and morphology of the formed nanopdes.4:XRD analysisThe oven dried nanoparticles were coated
onto XRD grid and analysed by X-Ray diffractomef@®00-shimadzu-Japan). The powdered nanopartictes w
stacked in the cubes of XRD and the result wasitakth the XRD equipmerdt this conditions: X-ray tube target,
copper potassium alpha radiation; voltage, 40.0;(kurrent, 30.0 (mA). Divergence slit, 1.00000descatter slit,
0.00000 (deq); receiving slit, 0.30000(mm). Scagridnive axis, Theta-2Theta, scan range, 4.00000080 (deg);
scan mode, continuous scan; scan speed, 8.0000nfdEgampling pitch, 0.0200 (deg).

Antioxidant activity:
In order to investigate thim vitro free radical scavenging activity of the ethanddiaves extract as well as the
corresponding GNPs and IONPs colloidal solutiorBPB assay was used as described in detail elsey@g&re

In vitro cytotoxic activity:
In vitro cytotoxic activity will be determined ugjrcell survival Sulpho Rhodamine-B (SRB) methogessiously
described by Skehast al (1990) [39] Its principle is based on the ability of the pimtdye sulforhodamine B to
bind electrostatically and pH dependent on protesic amino acid residues of trichloroacetic aoidd cells.
Under mild acidic conditions it binds to and undeild basic conditions, it can be extracted fromieind
solubilized for measurement. The results of the SiRBay were linear with a cell number and cellplatein
measured at cellular densities ranging from 1 t6%0f confluence. Its sensitivity is comparablehwihat of
several fluorescence assays and superior to thiabwfy or Bradford. The signal-to-noise ratio iséarable and
the resolution is 1000-2000 cells/well

RESULTS AND DISCUSSION

Phytochemical analysis:
The healthful properties of edible plants are peshdue to the presence of a variety of phytocarstis such as
polysaccharides, flavonoids, glycosides, phenalgosins, tanninstc. The preliminary screening tests are useful in
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the detection of these bioactive constituents afseqquently facilitate their quantitative estimatidhe results of
phytochemical screening depicted Trable 1 revealed the presence of a wide array of chemitalkiding
carbohydrates, saponins, steroids, flavonoids, gleetannins, proteins/amino acids, alkaloids anthraquinones
in AE extract ofC. olitorius leaves. These results were in agreement with ridséqus results obtained by Ujalh al
2014 [40]. The vast majority of these phytoconstitis was quantitatively determined and illustratedTable 2
reveals that the leaves extract contained the kiglancentration of proteins (766.9 mg/ml) follaey flavonoids
(564.61 mg/ml), phenolics (385.4 mg/ml), total anpdrates (255.7mg/ml; including 124.6 mg/ml sodubligars
and 131.1 mg/ml polysaccharides) and tannins (92mthgThe HPLC analysis of this extract determingde
compounds Table 3). As highlighted inTable 3 the main compounds detected were gallic acid B9)4
chlorogenic acid (9.68%) which is previously idéatl in C. olitorius by Salawuet al, 2009 [41] and caffeic acid
(2.32%).

Table 1: Preliminary phytochemical constituents deected in 70% aqueous ethanolic leaves extracts 6f olitorius

Phytochemical constituents Results
Carbohydrates (Reducing sugars) +++
Saponins +
Terpenoids -
Steroids +
Flavonoids ++
Phenols ++
Tannins +
Cardiac glycosids ++
Proteins/Amino acids +
Alkaloids ++
Anthraquinones +

(+) present, (-) absent

Table 2: Quantitative analysis of phytochemicalémg/ml) in 70% aqueous ethanolic leaves extract @. olitorius

Parametet Resuli Amax
Total phenolics (mg GAE/g of extract)  385.4+3.6 mb/ 765nm
Total flavonoids(mg Qur/g of extract) 564.61+4.6/ml  510nm

Total tannins 92+2.0 725nm
Total protein 766.946.1 750nm
Total carbohydrate 255.745.7 620nm
Total soluble sugars 124.6 +1.8 620nm
Total polysaccharides 131.1+29 ...

Table 3: HPLC of phenolics and flavonoids composin of 70% aqueous ethanolic extract o€. olitorius

Compounds Concentration% Rt

Galllic acid 59.47 8.53
Chlorogenic acid 9.68 8.95
Caffeic acid 2.32 9.65
Rutin 1.81 10.13
P-Coumaric acid 1.53 10.72
Rosmarenic acid 1.68 11.32
5-caffeoylquinic acid 1.40 12.08
Quercetin 3-glucoside 1.45 12.80
Myricetin 1.81 14.19

Results are expressed as relative area percentage

Characterization of the biosynthesized NPs:

UV-visible analysis. UV-visible spectroscopy is widely used method nigeistigate the optical properties of the
synthesized nanoparticles. The change of the cdtoar yellow to violet in case of GNPs and yellowdeep green
in case of IONPs as depicted ifrig. 1A&B indicates the formation of metal and metal oxidmaparticles,
respectively. Increasing the colour intensity wiilne indicates the successive growth of nanopagichs
Matheswaran Balamurugan, 2014, explained [42]. ysigslwas done in the range of 450-600 nm and grdmum
absorbance was observed at 530 nm for GNPs forma@in the other hand, IONPs analysis was doneemahge
of 200-500nm and the maximum absorbance was olibetv@80-330 nm regions as illustrated Fig. 2A&B.
These results were quite similar to those repdicedsNPs by Eliaet al, 2014 [21] and for IONPs blathaet al,
2014 [44].
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Fig. 1: Colour change of theplant extract before iad after mixing with (i) Au solution and (ii) FeCl; solution
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Fig. 2: UV-visible absorption peak of nanoparticles biosyrtesized fromC. olitorius aqueous ethanolic extract at constant temperature
60°C : (A) GNPs ; (B) IONPs

FT-IR spectroscopy.Functional group's determination and their role¢hia synthesis of GNPs and IONPs in 70%
AE extract ofC. olitorius leaves were performed using FT-IR analysis. Theseninations were accomplished as
well to characterize any chemical changes that pédee during the synthesis of NPs. The FTIR dat&ig. 3A&B
disclose the presence of the following groups fbarolic extract o€. olitorius leaves before biosynthesis; 3129.13
cm* -OH, 1645.43 ciit -C=C~, 1410.09 ci—N-H, 923.99 cit —C-C—, 1512.33 ¢ CgHg, 1211.41 crit —C-O,
2106.43 —alkynes. From above data one can confismptesence of different chemical groups in thisaex and
FTIR in Fig. 3A&B after the formation of GNPs and IONPs showed these absorption bands shifted towards
higher wave number with the loss in intensity asvimusly mentioned [45,46].

1.11 —FTIR of Corchorus Olitorius ethanolic extract
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Fig. 3: FTIR spectra of nanoparticles biosynthesized fron€. olitorius aqueous ethanolic extract at constant temperatur80°C: (A) GNPs
; (B) IONPs

TEM. The formed nanoparticles were characterized by TEddsurements. It is evident frdfig. 4A&B that the
average size of the GNPs was 22 nm while that NR® was 8.24 nm, GNPs were monodispersed having a
triangular, spherical and hexagonal shape. For IOMN#s image discloses, the particles formed weredle in
shape, and almost uniform, dispersed with a meamisi the range 7-8 nm. These results were corbleaveith
GNPs and IONPs of similar sizes biosynthesizediffgrdnt methods in literature [47-49].

Fig. 4 : TEM images of nanoparticles biosynthesized fron€. olitorius aqueous ethanolic extract at constant temperature®8C : (A)
GNPs ; (B) IONPs

XRD analysis. X-ray diffraction analysis was done to affirm thgpaarance of GNPs was illustrated kig. 5A.
The peaks at@®Rvalues of 38.5°, 44.7°, 64.9° and 77.8° correspantb the crystal planes of (111), (200), (220J an
(311) of gold nanoparticles respectively. Previousrks were found to have similar reports of XRD fyold
nanoparticles synthesized using plant extract %85 and these confirm our results. Meanwhitey. 5B affirms
the appearance of IONPs that indicate that theis stxong diffraction peaks withb2salues of 30°, 35.5°, 43°, 57°
and 63° that corresponds IONPs [52-54]
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Fig. 5: X-ray diffraction of nanoparticles biosynthesized fom C. olitorius aqueous ethanolic extract: (A) GNPs ; (B) IONPs

Antioxidant activity:

Ethanolic leaves extract as well as the correspgn@NPs and IONPs were examined for the antioxidativity at
different concentrations (10,50 and 100 mg) by Bf#PH method as depicted Trable 4. The outcome of this
experiment showed that the free radicals were sggain a dose- dependent manner. The maximum rjagse
inhibition was obtained at 91.90, 80.51 and 76.6884GNPs, IONPs and ethanolic leaves extract, iespdy, at
the highest concentration (100 mg) incomparablé wie standard ascorbic acid whose maximum was/ % &
the same concentration. This was in agreementthvithprevious results which reported that the hydlitapextracts
of C. olitoriusconsiderably scavenged DPPH free radicals andatiigity was ascribed to their high phenolic and
flavonoidal contents [55-57]. On the other hane, kby factors which may be associated with the GASIONPs
antioxidant activity include (i) plant-based recamdt biological molecules on the reactive surfacetlodse
nanoparticles; (ii) active redox cycling on thefaoes of GNPs and IONPs due to transition metagdhd$P; and
(iii) particle- DPPH free radical interactions.

Table 4: Antioxidant activity of GNPs and IONPs bosynthesized from 70% aqueous ethanolic extract &. olitorius

% of Antioxidant activity

Concentration Plant aqueous
mg GNPs IONPs - Ascorbic acid
ethanolic extract
10 57.14 50 23.37 43.47
50 82.72 61.03 62.33 80.85
100 91.90 80.51 76.62 94.27

In Vitro cytotoxic activity:

There is a dearth of information on the useCofolitorius leaves extract as an anticancer agent. In additiemne
was no work has been carried out on the GNPs @NdPE usage as anticancer activity against humeasbcancer
cell lines (MCF 7). Therefore, the present studgrapts to fill this research gap by investigatimgl @omparing the
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effects of ethanol extract @. olitorius GNPs and IONPs prepared from it on the growthwhan breast cancer
cell lines (MCF 7). The results obtained inTable 5showed that both the ethanolic plant extract &edprepared
GNPs and IONPs significantly inhibited the prol#gon of MCF 7 cells in a dose-dependent mannes dtuld be
principally due to phytochemical constituents o @ olitorius leaves [58,59] as well as the inhibiting effects of
these nanopatrticles [60-63]. MCF 7 cells, treaté&ti VONPs at a concentration higher than @@8nL, displayed a
strong reduction in cell viability (11.28%) and Ww#%.82 1G,% than those treated with GNPs (40.59% cell vighili
6.97% 1G%), and plant ethanolic extract (46.84% cell vigil9.77 1G%) when compared with the standard
drug 5-flu (8.19% cell viability, 3.95 1£%).

Table 5: Cytotoxic effect of GNPs and IONPs biosythesized from 70% aqueous ethanolic extract ofC. olitorius against MCF7 breast
cancer cell lines

Viability % IC50%
Concentration Plant Plant
pliwell GNPs IONPs . Standard drug GNPs |ONPs ethanolic Standard drug
ethanolic extract
extract
0 100 100 100 100
6.25 51.82 46.76 76.34 22.87
12,5 40.59 11.28 46.84 8.19
25 3041  6.90 45.76 763 097 582 977 345
50 35.99 4.66 43.49 6.30
100 21.55 3.69 23.14 5.93
CONCLUSION

In conclusion, biosynthesization of GNPs and IONif@sn C. olitorius showed promising results for biomedical
applications. The results shown by high throughpahniques like UV-visible spectroscopy, FTIR, TENMd XRD
indicate the successful formation of both GNPs d@iNPs. The present investigation suggests that the
biosynthesized GNPs and IONPs are exertingnarntro cytotoxic effect on human breast cancer cell M@F-7.
This effect proved the potential application ofbb@NPs and IONPs synthesized fr@nolitorius leaves aqueous
ethanol extract.
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