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Abstract

Herein we report the green synthesis of silver nanoparticles (EcAgNPs) from water fraction (Ecs), obtained from
methanol extract of Eucalyptus camaldulensis at room conditions. UV-vis, HR-TEM and SEM-EDS devices were used to
characterize the EcAgNPs. The UV-visible spectrum of EcAgNPs showed surface plasmon resonance peak at 420 nm. HR-
TEM images showed that the EcAgNPs were spherical with a diameter in the range 3.7-29.6 nm. Ag* ions were reduced to
Age by phytochemicals in the without adding external reducing agent. The presence of biomolecules in the Ecs was
investigated by UPLC-MS/MS that detected gallic acid (20.26+0.10 ppb) and quercetin (12.440.08 ppb) as major
constituents. The antimicrobial activities of Ecs and synthesized EcCAgNPs were tested on Escherichia coli, Pseudomonas
aeruginosa, Bacillus subtilis, Staphylococcus aureus strains and Candida albicans yeast. Ecs exhibited antimicrobial
activity as MIC between 16.2 and 129.3 mg mL-! while EcAgGNP showed MIC between 6.31 and 14.65 ugmL-. The
cytotoxicity of both Ecs and EcAgNPs on A549, HT29 and MDA-MB-231 cancer cell lines was tested by MTT. EcAgNPs
showed more significant anticancer activity on MDA-MB-231, HT29 and A549 cancer cell lines (8.10+0.01, 5.08+0.01 and
18.5840.03 ug mL-1) than Ecs (219.70+0.73, 916.24+0.67, 999.30+1.86 ng mL1) and it should be investigated for use in
various therapeutics.
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Eucalyptus camaldulensis YAPRAK EKSTRESINDEN HAZIRLANAN AgNP’LERIN
YESIL SENTEZI, ANTIMIKROBIYAL VE ANTIKANSER AKTIVITELERI

Ozet

Eucalyptus camaldulensis'in oda kosullarindaki metanol ekstresi aracili su fraksiyonu (Ecs) kullanilarak giimiis
nanopartikiillerin (EcAgNP'ler) yesil sentezini sunuyoruz. EcAgNP'leri karakterize etmek icin UV-vis, HR-TEM ve SEM-
EDS cihazlar1 kullanildi. EcAgNP'lerin UV-visible spektrumu 420 nm'de yiizey plazmon rezonans pikini gosterdi. HR-TEM
goriintiileri, ECAgNP'lerin ¢apinin 3.7-29.6 nm araliginda kiiresel oldugunu gosterdi. Ag* iyonlari, baska indirgeyici
madde eklenmeden Ecs’deki fitokimyasallar tarafindan Ag°'a indirildi. Ecs icindeki biyomolekiillerin varligi, gallik asit
(20.26#0.10 ppb) ve kuarsetin (12.440.08 ppb) major bilesenler olarak tespit edildigi UPLC-MS/MS ile aragstirildi. Ecs ve
sentezlenmis EcAgNP'lerin antimikrobiyal aktiviteleri, Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis,
Staphylococcus aureus suslari ve Candida albicans mayasi tizerinde test edildi. Ecs, MIC olarak 16.2 ve 129.3 mg mL-!
arasinda antimikrobiyal aktivite sergilerken, EcAgNP, 6.31 ve 14.65 ug mL! arasinda MIC gosterdi. A549, HT29 ve MDA-
MB-231 kanser hiicre hatlarinda Ecs ve EcAgNP'lerin sitotoksisitesi, MTT ile test edildi. ECAGNPs MDA-MB-231, HT29 ve
A549 kanser hiicre hatlari iizerinde (8.10+0.01, 5.08+0.01 and 18.58+0.03 ug mL1) Ecs'ye (219.70%0.73, 916.24+0.67,
999.30+1.86 ug mL1) gére daha dikkate deger antikanser aktivite sergilemistir ve ¢esitli terapétiklerde kullanimi igin
arastiriimalidir.

Anahtar Kelimeler: Antimikrobiyal, antikanser, Eucalyptus camaldulensis, fenolik, giimiis nanopartikiil, yesil sentez
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1. Introduction
In recent years, nanoscience and nanotechnology have
become a popular area of research, mainly concerned
with the synthesis, characterization and exploration of
nanostructured materials, with considerable effort to
replace microsystem processes with nanosystems [1,2].
Metallic nanoparticles synthesized to obtain nano-sized
biomaterials can be obtained by various approaches
such as chemical method, thermal decomposition,
electrochemical method, microwave irradiation and
laser ablation [3,4]. The chemical method is considered
to be the simplest method to synthesize silver
nanoparticles (AgNPs). However, the use of hazardous
chemicals and their harms to the environment limits the
use of this method. Due to these drawbacks, researchers
are always in search of novel and environment friendly
method for the synthesis of nanoparticles [5].
The approaches known as green synthesis in these
studies come to the front due to the fact that they do not
harm the environment and give economic and rapid
results [6]. For the last 10 years, AgNPs have continued
to attract researchers attention due to their extensive
application in green synthesis [1]. Silver is well known
for its potent toxicity to a wide variety of
microorganisms and to be a promising antimicrobial
material.
AgNPs synthesized using plant extracts with a green
synthesis approach offer a safe and environmentally
friendly approach. Recently, with the green synthesis
approach, AgNPs synthesized from various plants
(Tinospora cordifolia [7], Pulicaria glutinosa [8],
Thymbra spicata L. var. spicata [9], Ginkgo biloba [10],
Ficus krishnae [11], Ficus religiosa [12], Gossypium
hirsutum [13], Solanum trilobatum [14], etc.) has been
reported to show good antibacterial or anticancer
activities. AgNPs have been reported for their anti-
inflammatory, antiviral, anti-angiogenesis and anti-
thrombocyte activities [15,16].
Eucalyptus camaldulensis Dehnh. is an important
medicinal plant of the Myrtaceae family. It has been
used as a therapeutic agent in the sore throat diseases
and bacterial infections of the respiratory and urinary
tract [17]. Studies have shown the antimicrobial activity
of the leaf extract and essential oil obtained from E.
camaldulensis  plant [18,19,20]. Cineol, cuminal,
phellandrene, aromadendral, valeraldehyde, geraniol,
cymene, catechol, tannin, terpene, isoprenoid, phenolic,
cardiac glycoside, sterol, saponin and flavonoid are
some phytochemical components detected in E.
camaldulensis [19]. In addition to the content analyzes
and some biochemical tests [21,22,23,24] on this plant
species, not comprehensive research has been
conducted on the nanoparticle synthesis and
biochemical tests with the green synthesis approach.
In this study, the water fraction from the leaf methanol
extract of E. camaldulensis (Ecs) was used as a reducing
and stabilizing agent for the synthesis of AgNPs. A
previous study on this plant has also reported the green
synthesis of AgNPs and their antimicrobial and cytotoxic
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effects [24]. The formation of the EcAgNPs were initially
determined by UV visible spectroscopy. The size, shape,
morphology and elemental composition of EcAgNPs
were characterized by high resolution transmission
electron microscopy (HR-TEM), field emission scanning
electron microscopy (FE-SEM) and energy distribution
X-ray (EDS) analysis. The presence of biomolecules in
the water fraction was determined by ultra-
performance liquid chromatography sequential mass
spectroscopy (UPLC-MS/MS). The expected
phytochemical binding in EcAgNPs synthesis was
analyzed by electronic spectroscopy. The antimicrobial
activity of Ecs and EcAgNPs against Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC 27853),
Bacillus subtilis (ATCC 6633), Staphylococcus aureus
bacterial strains and Candida albicans yeast were tested.
Likewise, the cytotoxic effect of Ecs and EcAgNPs on
A549 human lung cancer, HT29 human colon cancer and
MDA-MB-231 human breast cancer cell lines was tested
by MTT.

2. Materials and Methods

2.1. Plant collection and chemicals

Healthy and mature leaves of E. camaldulensis Dehnh.
were collected into a cardboard box from Mugla-
Marmaris, Turkey from a sterile way around Gokova
area between April and June of 2018. AgNO3 (99%) was
purchased from Merck. All other chemicals were
purchased from Sigma-Aldrich with high analytical
purity.

2.1.1. Preparation of plant extracts

The leaves were washed with cold ultra-pure water to
remove the dust and cut into small pieces using waring
blender after drying under room conditions and shade.
Dry E. camaldulensis leaves were extracted with
methanol (3 times; 5 days each). Methanol was
evaporated by rotary evaporator (Heidolph Heizbad
Hei-Vap, Germany) and the dry extract was stored in a
sterile container. 1.25 g of dried methanol extract was
weighed into a 100 mL volumetric flask and flask was
filled with ultra-pure water until the volume became
100 mL. The extract was dissolved in the water using
ultrasonic bath for 10 min and filtered using a 0.20 pm
membrane disk filter in vacuo. This water fraction (Ecs)
was stored at +4 °C for further use.

2.2.Phenolic profile of the aqueous fraction with
UPLC-MS/MS

The Ecs was analyzed to determine the phenolic profile
by the UPLC-MS/MS (Xevo TQ-S)[25].

The resulting solution was analyzed by UPLC-MS/MS
(Waters Acquity Ultra Performance LC, Xevo TQ-S)
using Macherey-Nagel Chromafil Xtra PTFE-20/25 0.20
um filters. Separation was performed at 40 °C using the
Acquity UPLC BEH C18 column (1.7 pm 2.1x100 mm).
The sample temperature was 10 °C with an injection
volume as 1 pL. Gradient program was applied in the
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analysis. The mobile phase was used as H,0 containing
0.5% CH3COOH in the solvent line A and MeOH
containing 0.5% CH3COOH in the solvent line B [26].

2.3. Synthesis of silver nanoparticles (EcCAgNPs)

Ecs (5.0 mL) was used as the aqueous solution in the
EcAgNPs synthesis. The pH of the fraction was adjusted
to 8.0 with 1.0 M NaHCOs (0.5-1.0 mL) with Mettler
Toledo Seven Multi 8603 Schwerzenbach, Switzerland
brand pH meter. 5.0 mL of Ecs (pH 8.0) and 95.0 mL of 1
mM AgNO3 solution were added into a 100 mL flask. The
mixture was allowed to stir for 75 min at room
temperature with the aid of magnetic stirrer. The
mixture initially became yellowish green, then
transformed into dark red that showed the preparation
of EcAgNPs in the solution. The crude solution was
centrifuged at 14000 rpm for 30 min that produced the
EcAgNPs. The centrifugation was repeated by washing
the nanoparticles 3 times with ultra-pure water
(Millipore). The obtained EcAgNPs were stored under
sterile conditions at +4 °C for further studies.

2.4. Characterization

Absorbance spectra were obtained using a UV-vis
spectrophotometer (Cary 60 Agilent Technologies,
Australia) in the wavelengths of 200-800 nm with 1 nm
slit width. The AgNPs synthesis was monitored at
intervals of 15 min. HR-TEM (High Resolution
Transmission Electron Microscope, 200 kV, JEOL JEM
2100F, Japan) was used to determine the size and
morphology of AgNPs. The solutions containing AgNPs,
dripped separately on copper grid, were air-dried and
HR-TEM was applied with 200 kV energy. The surface
morphology of the AgNPs was analyzed by the Scanning
Electron Microscope (FE-SEM-Field Emission Scanning
Electron Microscope, JEOL JSM 7600F, Japan). Elemental
analysis of AgNPs was performed with Energy
Dispersive  X-Ray Spectroscopy (EDS) (Oxford
Instruments, UK) in combination with the SEM device.

2.5. Antimicrobial activity and minimum inhibitory
concentration

2.5.1. Broth Microdilution Method

The antimicrobial activity of the Ecs and AgNPs was
carried out by Broth microdilution method. E. coli (ATCC
25922), P. aeruginosa (ATCC 27853), B. subtilis (ATCC
6633), S. aureus strains of bacteria and C. albicans yeast
were used in this study. All strains before the test were
allowed to incubate for 18-24 h at 37 °C after sowing on
solid medium (TSA-tryptic soy agar). After one day
incubation, Mcfarland 0.5 turbidity was adjusted with
saline using a direct object from single fallen colonies in
agar plate [27]. According to Broth microdilution
method; 50 pL of Mueller Hinton Broth medium
prepared for microorganisms were placed in all wells in
sterile 96 well microplates. Then, the first well was
prepared as 50 pL from the solution of the prepared
solution and double-level dilution was made to the first
ten rows. Positive control, medium control and negative
controls were prepared in the last two columns. Finally,
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10 pL of bacteria were added to the wells containing
antibiotics and were allowed to incubate.
Spectrophotometric measurements were taken at 600
nm for bacteria before incubation and after incubation
(t24 h) and at 415 nm for yeasts. In addition, dilution-
dependent color changes of the substances were
measured spectrophotometrically at the same
wavelength (600 and 415 nm) and subtracted from all
results. Experiments were repeated 3 times and the

percent inhibition values of mean values were

calculated as follows:

% Inhibition = 1 ( ODtest t24 — t0 ) 100 (1)
o fmiubttton = &= ODcontrol t24 — t0 x

The inhibition graph was plotted, the linear slope line R2
and the MIC (Minimum Inhibition Concentration; 99.9%
of the microorganisms killing agent concentration) were
calculated [28,29].

2.6.In vitro cytotoxicity study (MTT assay)

2.6.1. Cell Culture

A549, HT29 and MDA-MB-231 cells were obtained from
the European Collection of Cell Cultures (ECACC, UK).
The cells were cultured under standard conditions in
Dulbecco’s Modified Eagle Medium (DMEM),
supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 100 U/mL of penicillin and 100 pg/mL of
streptomycin were incubated in a humidified incubator
setat 37 °C with 5% COx.

2.6.2. Cytotoxicity Assay by MTT

MDA-MB-231, HT29 and A549 cells were seeded in 96-
well plates at 1x10% viable cells per well. After 24 h of
growth, the cells were treated with varying
concentrations of Ecs and EcAgNPs (E. camaldulensis
silver nanoparticles). The concentrations used for Ecs
and EcAgNP were between 15.63 - 1000 pg mL-1 and
3.13-200 pg mL-, respectively. An equal amount of
medium without Ecs and AgNP was added to untreated
cells used as control. After continuous exposure for 24 h
at 37 °Cin humidified 5% CO2 atmosphere, 20 ul per well
MTT in phosphate-buffered saline (5 mg mL-1) solution
was added and incubated at 37 °Cfor 4 h. Following
incubation, medium was removed and 100 pul DMSO was
added to dissolve the formazan precipitate formed by
viable cells. This purple blue formazan dye was
measured as optical density at 540 nm using a
microplate reader (SpectraMax i3x). A graph was
plotted between the concentrations of the Ecs and AgNP
versus the percent viability. The concentration of the
samples that inhibits growth of 50% of the cells (ICso
values) was calculated from graph. All assays were
performed in three replicates per concentration level.

2.6.3. Statistical analysis

The SPSS-one way ANOVA, Tukey test were performed
for between MICs recorded as mean * SEM (standard
error of the mean). The experiment was repeated at
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least 3 times. Differences were considered significant at
p <0.05.

3. Result and Discussion

In this study, we have synthesized nanoparticles from
the extract of E. camaldulensis using green synthesis and
studied their anticancer and antimicrobial activities.
Generally, water extract of plant materials is being used
to get the extract that is forwarded to the green
synthesis. During the extraction, the water fraction is
heated. In this study, we have performed a different
approach without using any heat. First, we have
obtained the methanol extract (1 week, three times) of
the plant material at room temperature. The dried
methanol extract was dissolved in water and filtered
through 20 micron. The filtrate was forwarded to the
synthesis of silver nanoparticles (AgNPs). The obtained
AgNPs have shown higher anticancer (MDA-MB-231,
HT29 and A549 cells) and antimicrobial (E. coli, P.
aeruginosa, B. subtilis, S. aureus strains and C. albicans
yeast) activities.

In the synthesis of nanoparticles, NaBH4, NaOH and
similar strong bases are used to reduce the metals and
increase the pH. We have obtained better results in very
short time (75 min) to use only NaHCO3 to increase the
pH (8). In a previous study on E. camaldulensis, AgNPs
were prepared by heating the leaves at 80 °C in water
[24]. Heating can cause the disintegration of chemical
constituent. Another thing is that, very less organic
compounds can be soluble in water. In this study, we
have left the plant material in methanol to that
maximum of the active constituents can be extracted.

3.1.1. Visual observations and UV-visible

spectroscopy
AgNPs studies performed with plant extracts at acidic
pH, carried out under various physical conditions have
significant effects on the morphology of nanoparticles.
Literature shows that the synthesis of AgNPs in alkaline
media has resulted comparatively smaller, homogenous
and regular nanoparticle [30,31,32,33,34,35].

The pH of the water fraction obtained from methanol
extract (Ecs) was adjusted to be 8.0 with 1 M NaHCOs3
(0.5-1.0 mL). 1 mM AgNOs solution were mixed into the
stated solution with a ratio of 1:19 (Solution: AgNO3).
Initially, the mixture became dark yellow and later
transformed into dark red. The mixture was stirred for
75 min under room temperature and the progress was
observed by measuring absorbance by UV-visible
spectrophotometer every 15 min. In figure 1(A), sharp
peaks obtained at 420 nm due to possible surface
plasmon resonance effects of silver nanoparticles
showed that nanoparticles were formed. Figure 1(B)
shows the absorbance (@max 420 nm) of AgNPs with
the time. The graph reflected that nanoparticle
synthesis slows down after the 30th min, while the
synthesis completed in around 60 min.
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Figure 1. A) Absorbance (UV-visible) of E. camaldulensis
leaves extract and AgNPs at various times (1-75 min);
B) progress of the AgNPs synthesis with time

3.1.2. High resolution transmission electron
microscope (HR-TEM) analysis

Many physical parameters of the synthesized silver
nanoparticles, such as size, shape and density, were
observed by HR-TEM analysis with high resolution and
amplification capacity. Fig. 2A show HR-TEM results
from synthesized AgNPs. The synthesized AgNPs were
determined to have varying sizes, homogeneous and
spherical structure in the range of 3.7-29.6 nm (Fig. 2B).
These results show that small and regular silver
nanoparticles are formed in E. camaldulensis plant
species mediated silver nanoparticle synthesis.
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Figure 2. AgNPs mediated by Eucalyptus camaldulensis; (A) HR-TEM images, (B) Particle size distribution graph

3.1.3. Field Emission Scanning Electron
Microscope (FE-SEM) analysis

In addition to the HR-TEM images, the morphology of
the synthesized AgNPs was also monitored by SEM
(Scanning Electron Microscopy). The results showed the
presence  of  highly  homogeneous, spherical
nanoparticles similar to HR-TEM results (Fig. 3).

SEM image of the synthesized silver nanoparticles was
found to be similar with TEM results. Silver
nanoparticles were found to be spherical and uniformly
conformed particles. The EDS analysis spectrum showed
a specific signal for metallic Ag which was also obvious
in the quant results chart with a 17.29% atomic
percentage results.

—
15.0kV SEI

100nm JEOL
SEM

X 50,000

WD 8.Smm

Figure 3. FE-SEM image obtained from Eucalyptus
camaldulensis mediated AgNPs

Following SEM analysis, elemental analysis of the
displayed nanoparticles was performed. For this
purpose, the nanoparticles were confirmed to be Ag
nanoparticles by the Energy Dispersion X-Ray
Spectroscopy attachment integrated on the SEM device
(Table 1).
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Table 1. Weight and atomic % of various elements

Element Weight (%) Atomic (%)
C 26.57 66.39
0] 6.56 12.31
Cl 4,74 4.01
Ag 62.13 17.29

In the spectrum taken by SEM-EDS, it is thought that the
peaks of carbon (C) and oxygen (O) seen outside Ag are
caused by the presence or formation of medium or
stable molecules during the reactions for AgNP
synthesis [36]. Similarly, chlorine (Cl) ion is thought to
result from the biological macromolecular structure of
the plant extract used during synthesis. The peak of
carbon (C) is due to the presence of a double-sided
carbon band used for SEM sample preparation.

Numerous data TEM, SEM and SEM-EDS analysis of
various plant-mediated silver nanoparticles are
available [4,7,9,10,11]. When these data were evaluated,
similar results were obtained with E. camaldulensis
plant extract-mediated silver nanoparticles.

SACND

A

500nm Electron Image 1
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Figure 4. E. camaldulensis SEM-EDS results of leaf
extract-mediated silver nanoparticles: A) SEM image of
the silver nanoparticle and EDS scanning site; B) EDS
spectrum of E. camaldulensis leaves extract mediated
AgNPs

ke

3.1.4. Phenolic profile of aqueous fraction

During the analysis, 30 phenolic compounds were
screened and a 7-point calibration curve was generated
for each compound. Using these data, determination and
quantification of phenolic compounds in Table 2. of
water fraction of E. camaldulensis plant was performed.
Multiple reaction monitoring (MRM) chromatograms of
gallic acid and quercetin, major phenolic compounds
detected, are given in Fig. 5.

3.1.5. Antimicrobial assay (MIC)

The 24 h incubation of Ecs and biosynthesized EcAgNP
with microorganisms was found to be statistically
significant in terms of the resultant percent inhibition
(p<0.05) (Table 3). The EcAgNP extract were found to
had highest antimicrobial activity against all pathogens
compared with aqueous extract of E. camaldulensis. Ecs
exhibited antimicrobial activity with MIC of between
16.2 and 129.3 mg mL-! while EcAgNP had remarkable
antimicrobial performance with MIC of between 6.31
and 14.65 pg mL-. In general, Gram positive bacteria
were more sensitive than Gram negatives and yeasts in
all treatments. The MICs were calculated as 6.58 pg mL-!
and 42.3 mg mL for B. subtilis; as 6.31 pg mL-! and 16.2
mg mL? for S. aureus in EcAgNP and Ecs treatment,
respectively.

EC_W (M, 2x3) F16:MRM of 5 channels, ES-
EC_\ 168.95 > 125.02

100 A Gallic acid;1.13,6637735.00:40561296 4.059e+007

o

EC_Water Smooth(Vn 2:3)
EC_Water

%:I

Gallic acid;1.13;463831.03;2840714

F16:MRMof 5 channels, ES-
168.95 > 107.02
Gallic acid;1.13;147122.92,905372 9.068e+005

F16:MRM of 5 channels ES-
168.95 >97.02
1.410e+006

Gallic acid;1.13;225152.44;1396296

1T A

025 050 075 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

The most strongest MIC value for Ecs was 16.2 mg mL-1
against S. aureus, while the lowest were 75.4 mg mL-1
against E. coli. For C. albicans, EcAgNP (6.29 pg mL1)
was much more effective than EcS (129.3 mg mL-1). The
most important result of this study is that EcAgNP is
more effective than ampicillin and fluconazole used as
positive control on all bacterial strains (E. coli, P.
aureginosa, B. subtilis and S. aureus) and C. albicans
yeast.

For a long time, silver nanoparticles (AgNPs) were
known for their antibacterial broad-spectrum effects.
Many studies suggest that the main factors of their
antimicrobial performance is the size of nanoparticles,
method of synthesis, parameters and precursors used.
For example, it was claimed that nanoparticles less than
10 nm penetrate the interior of bacterial cells, thereby
increasing their bactericidal activity [37,38,39]. The MIC
values of AgNP-sp (spherical) against E. coli, P.
aeruginosa, S. aureus and B. subtilis were reported
between 184 and 195 ug mL-1, while AgNR (rod-shaped)
inhibited to the same pathogens with MIC of between
320 and 358 pg mL! [40]. In our study, spherical and
AgNP incorporated with E. camaldulensis was as
effective as an antibiotic. This may be due to the
bioactive secondary metabolites of the plant [18,19].

The strong antimicrobial potential of silver
nanoparticles prepared with different Eucalyptus
species was revealed. The antibacterial activity of
nanoparticles prepared with aqueous and alcoholic
extracts of Eucalyptus chapmaniana against P.
aeruginosa, S. aureus and C. albicans were found to be
rather high. The inhibition zones were above 10 mm by
disc diffusion method, like antibiotics. However, in
comparison with our study, MIC values were lower;
MIC=between 0.8 and 1 g mL-! [41]. In another study,
MICs of nanoparticles of Eucalyptus globulus leaf extract
were 0.078 mg pL! for B. cereus and S. aureus, however
it was 0.19 pg ul! and 0.39 pg pl?! for P. aeruginosa and
E. coli, respectively [42]. In summarized, the
antimicrobial  activity = of silver nanoparticles
incorporated with E. camaldulensis increased against all
microbes used.
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Figure 5. UPLC-MS/MS A) Gallic acid and B) Quercetin MRM chromatograms of E. camaldulensis water fraction
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Table 3. MICs of the EcAgNP and Ecs against tested
microbial strains by microdilution method.

Microorganism l:ﬁ:littgf EcAgNP Ecs
/MIC (ng mL1) (ng mL) (mg mL1)
E. coli (-) 16 +0.06 14.65*+0.36 75.4* £10.03
P. aureginosa (-) 32+0.31 7.12y £0.06  22.04y +8.08
B. subtilis (+) 16+0.14 6.581t+0.09  42.31 +8.36
S. aureus (+) 32+1.1 6.31+0.17 16.2++11.3
C. albicans 64 +1.4 6.29# +3.27 129.3# 8.1

For positive control, ampicillin (for bacteria) and
fluconazole (for yeast) were used as positive control
(128 pg mL1). The average MICs were expressed with
the standard deviation (*) and significance level (p <
0.05) and t+$#y: same signs differ statistically at the 0.05
level.

3.1.6. Invitro MTT assay

Anticancer activities of phytochemicals-mediated AgNPs
are attracting increasing interest as novel agents
because AgNPs are being used as carriers in targeted
drug delivery systems. There is no report on the
anticancer activity of both Ecs and EcAgNP in three
human cancer cell lines human breast cancer MDA-MB-
231 cells, human adenocarcinoma colon HT29 cells and
human non-small cell lung carcinoma A549 cells. In this
study, we investigated the potential anticancer activities
of both Ecs and EcAgNP in the MDA-MB-231, HT29 and
A549 human cancer cell lines. These cancer cells were
exposed to Ecs (15.63 - 1000 pg mL-1) and EcAgNP
(3.13-200 pg mL1) for 24 h and the cytotoxicity was
determined using MTT assay (Fig. 6-7). The calculated
ICso values are presented in Table 4. and the
corresponding concentration-effect curves are depicted
in Fig. 6. EcAgNP exhibited markedly lower ICso values
in comparison with Ecs for all cell lines used. Hence,
AgNP was found to have a higher cytotoxic effect than
Ecs in all three cancer cell lines. These results
demonstrate that the EcAgNP is able to inhibit tumor
cell proliferation, and the effect was increased
compared with Ecs. The results of the MTT assay
indicate that EcAgNP exhibited similar ICso values for
the three human tumor cell lines whereas Ecs exhibited
higher cytotoxic activity particularly for the MDA-MB-
231 cell line. The present study showed that the
sensitivity of MDA-MB-231 human breast cancer cell
line for both Ecs and EcAgNP is higher than the other
two cell lines.
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Figure 6. Concentration-effect curves of A) Ecs and B)
EcAgNP in the MDA-MB-231, HT29 and A549 human
cancer cell lines.
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Figure 7 F
MTT assay of Ecs and EcAgNP in the MDA-MB-231,
HT29 and A549 human cancer cell lines.

Table 4. Cytotoxicity of Ecs and EcAgNP in three human
cancer cell lines.

Compound

IC 50 (g mL7)
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MDA-MB-231 HT29 A549
Ecs 219.70+0.73  916.24+0.67 999.30+1.86
EcAgNP 8.10+0.01 5.08+0.01 18.58+0.03

ICso values represent the means * standard deviation of
three parallel measurements (p< 0.05).

4. Conclusion

AgNPs, green-synthesized from E. camaldulensis extract
showed higher cytotoxicity than the sole extract in all
three cancer cell lines i.e. MDA-MB-231, HT29 and A549.
The synthesized nanoparticles were obtained
homogeneously and spherically with an average size of
about 15 nm. AgNPs showed higher antimicrobial
activity against E. coli, P. aeruginosa, B. subtilis, S. aureus
bacterial strains and C. albicans yeast in disinfectants,
textile coatings, antiseptic applications in areas such as
medical, foods or cosmetics. In short, AgNPs showed
both antimicrobial and anticancer potential. Further
studies are needed to determine the exact mechanism
behind the antimicrobial and anticancer activity at the
molecular level.
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Table 2. Phytochemical composition (phenolic profile) identified in water fraction of Eucalyptus camaldulensis leaves by
UPLC-MS/MS (ng mL! + standard deviation).

RT Ecs Ionization Recovery
Number Compound . Concentration R?
(min) Mode (%)
(ppb)
1 Pyrogallol 0.97 0.06 £ 0.02 ESI (-) 99.8-101.3 0.9328
2 Gallic acid 1.13 20.26 £ 0.10 ESI (-) 98.8-100.2 0.9580
3 Homogentisic acid 1.47 ND ESI(-) 92.3-94.5 0.9991
4 Protocatechuic acid 1.85 1.49 + 0.05 ESI(-) 99.7-101.5 0.9730
5 Gentisic acid 1.85 ND ESI (-) 98.0-100.1 0.9994
6 Pyrocatechol 2.38 0.13+0.02 ESI (-) 100.2-104.2 0.9854
7 Galanthamine 2.68 ND ESI (+) 91.3-99.8 0.9506
8 p-Hydroxy benzoic acid 2.75 0.25+0.03 ESI(-) 86.5-99.2 0.9605
9 3,4-Dihydroxybenzaldehyde 2.76 0.36 £ 0.04 ESI (-) 93.0-98.7 0.9840
10 Catechin hydrate 3.45 ND ESI (-) 97.6-100.5 0.9383
11 Vanillic acid 3.61 ND ESI (-) 97.0-99.6 0.9667
12 Caffeic acid 3.65 ND ESI (-) 88.3-99.4 0.9798
13 Syringic acid 411 ND ESI (-) 85.9-94.5 0.9610
14 Vanillin 4.50 0.06 £ 0.01 ESI (-) 92.4-96.5 0.9976
15 p-Coumaric acid 4.65 0.31+0.02 ESI (-) 89.4-101.2 0.9328
16 Ferulic acid 5.36 ND ESI (-) 87.0-96.3 09176
17 Epicatechin 5.50 ND ESI (-) 96.9-99.9 0.9790
18 Catechin gallate 591 ND ESI (-) 97.2-100.2 0.9501
19 Rutin 5.95 7.84 £0.10 ESI (-) 98.1-102.5 0.9986
20 trans-2-Hydroxy cinnamic acid 6.32 ND ESI (-) 98.7-99.9 0.9250
21 Myricetin 6.83 ND ESI (-) 94.5-100.4 0.9426
22 Resveratrol 7.23 ND ESI (-) 86.1-107.0 0.9973
23 trans-Cinnamic acid 8.19 ND ESI(-) 93.8-99.0 0.9500
24 Luteolin 8.27 ND ESI (-) 96.2-99.7 0.9995
25 Quercetin 8.29 12.4 £ 0.08 ESI (+) 85.1-102.4 0.9980
26 Naringenin 9.17 ND ESI (-) 95.8-99.0 0.9504
27 Genistein 9.22 ND ESI (+) 82.4-89.5 0.9392
28 Apigenin 9.35 ND ESI (-) 100.2-106.4 0.9199
29 Kaempferol 9.50 ND ESI (-) 93.3-95.9 0.9744
30 Hesperetin 9.71 0.02 £ 0.00 ESI (5) 91.2-95.4 0.9912

ND: Not Detected
Values are given as the average of 3 parallel measurements (P <0.05).
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