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Abstract
Recently, phyto nanotechnology has proposed new methods for the biosynthesis of
nanoparticles and is also an eco-friendly, stable, rapid, simple, and cost-effective
method. The present study reported the green synthesis of Zn nanoparticles (Zn NPs)
by Taxus baccata extract, and their performance was tested against three types of
bacteria and a type of cancer cells. These experiments are designed in a fully
compatible environment. In order to evaluate effective parameters, Ultraviolet-visible
(UV–Vis) spectroscopy was used. In addition, we had a comparative study of the
performance of synthesized nanoparticles on bacteria, and a comparative study on the
pure extract of this plant as an anticancer agent along with biosynthesized Zn
nanoparticles. The SEM and FESEM results revealed hexagonal structure with the
particle size of 20 nm. TEM analysis of the synthesized nanoparticles showed
hexagonal particles with an average size of 20-25 nm. FTIR analysis confirmed the
reduction of functional groups, alkaloids, corresponding of synthesis Zn nanoparticles
from their salt solution. The antibacterial activity of Taxus baccata extract, Zn
nanoparticles, and zinc nitrate solution was tested against Staphylococcus aureus,
Escherichia coli and Pseudomonas aeruginosa. Anticancer activity of Taxus baccata
extract, zinc nitrate solution and synthesized Zn nanoparticles on cancer cells was
assessed by Breast cancer cell line MCF-7. The results showed that the synthesized Zn
nanoparticles using plant leaf extract had strong anti-cancer activity on MCF-7 cells.
On the other hand, the synthesized metal nanoparticles had no effect on the three types
of bacteria.
Keywords: Taxus baccata; FESEM analysis; TEM analysis; Zn nanoparticles;
antibacterial; anticancer.
Introduction
Today, nanotechnology is one of the
most important technologies which rely
on
nanoparticles
synthesis
and
modulation, requiring considerable
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modification of metals properties [1].
Recently, phyto nanotechnology has
proposed new methods for the synthesis
of nanoparticles and is also an ecofriendly, stable, rapid, simple, and costEurasian Chem. Commun., (2020) 302-318
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effective method. Phyto nanotechnology
has many advantages such as scalability,
biocompatibility,
and
medical
applicability
of
synthesizing
nanoparticles using water, and the
universal solvent, as a reducing medium
[2]. Thus, producing plant-derived
nanoparticles by available herbal
materials and the non-toxic nature of
plants are suitable for accomplishing the
wide demand of nanoparticles with
practical applications in environmental
and biomedical areas. Different parts of
plants (including leaves, fruits, stems,
roots, and their extracts) have capability
for metal nanoparticles' synthesis [3].
Mechanism and components which are
responsible for plant-based synthesis of
nanoparticles have not yet been
interpreted well. Research results have
confirmed that proteins, organic acid,
vitamins, amino acids, as well as
secondary
metabolites,
such
as
flavonoids,
terpenoids,
alkaloids,
polyphenols, and polysaccharides can act
as capping and stabilizing agents in
preparing nanoparticles and play
significant role in the reduction of
metallic salts [4].
Interesting properties of zinc
including wide direct band gap of 3.3 eV
at room temperature and high excitant
binding energy of 60 meV have made it
an attractive metal for researchers [5].
Zinc, as an unbeatable substance, is
applied in transparent electronics,
chemical sensors, ultraviolet (UV) light
emitters, piezoelectric devices, personal
care products, spin electronics, coating
and paints. Semiconducting, pyro
electric, and piezoelectric properties are
also ascribed to zinc [6]. It is suggested
to use plants and plant extracts as more
echo-compatible
and
controllable
methods instead of chemical and
physical ones for metal nanoparticles
biosynthesis [7]. Enzymes [8], plant leaf
extracts [9] and bacteria [10] have an

important role in producing Zn
nanoparticles (Zn NPs) by green
synthesis route.
Different types of methods are used
for metal nanoparticles synthesis because
of their various applications. The usual
chemical
methods
have
certain
limitations
during the
synthesis
procedure or in later applications.
Different chemical reducing agents are
used during the process of metal
particles' chemical reduction, however;
they are mostly toxic and harmful to the
environment. The physical methods need
the use of heavy devices, high and varied
pressure and temperature [11], large
space area, while an eco-friendly and
affordable method is suitable for this
purpose.
One of the wide applications of Zn is
in cosmetics (like sunscreen lotions)
because it can act as a filter against UV
lights [12]. Zn has a widespread use in
biomedical applications like drug
delivery, anti-cancer, antibacterial,
antifungal, anti-diabetic and agricultural
properties [13,14]. It is also utilized very
usefully in different industries such as
rubber manufacturing, sulfur and arsenic
removal from wastewater, protein
adsorption, dye and dental applications.
In addition to pyro electric and
piezoelectric properties [15], Zn NPs are
used to eradicate aquatic weed which is
resistant to all types of physical,
chemical and mechanical means of
eradication techniques [16].
The medicinal value of T.baccata is
due to the presence of Paclitaxel, with the
brand name of Taxol, in its needle
leaves. Taxol has an abnormal cell
division, which stops the DNA
transcription in the G2 / M step of mitotic
division, and leads to the death of cells
that are being proliferated. In 1977, FDA
recognized Taxol for uterine cancer and
breast cancer treatment. Although there
are several new methods such as cell
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culture which produce this valuable
medicine, plant extract methods are still
of great importance. The leaves of Taxus
species are utilized much easier than
other parts. Research has revealed that
the raw extract of twigs and leaves have
an inhibitory role against the growth of
many human carcinoma engrafts after
oral injection to mice [17]. Strong
cytotoxicity of some other toxoids (like
cephalomannine) to cancer cells has been
reported, in addition to paclitaxel [1822]. So, the synergistic properties of
taxoid compounds in Taxus might be
responsible for the antitumor effect of
Taxus
extract.
Recently,
oral
administration of ZnO nanoparticles
synthesized using Taxus extract has been
resulted in the pharmacokinetic profiles
of the main taxoids. Until now, different
analytical methods have been studied
and used for measuring the main taxoid
compounds in the extracts of Taxus
leaves.
High-performance
liquid
chromatography (HPLC) with UV
detection, high-speed countercurrent
chromatography (HSCCC) and enzymelinked immunosorbent assays (ELISA)
are the mostly utilized methods of
taxoids determination in herbal extracts
[23-26]. Recently, a few LC–MS
methods have determined paclitaxel and
other taxoids in the extract of three Taxus
species [27-30]. However, the absence of
main taxoids in plasma has been reported
after oral administration of the extract of
Taxus. Plants, bacteria, algae, and fungi
are considered as suitable options for
biosynthesis of metal nanoparticles since
they are very cost-effective, safe and
eco-friendly. That is why, in recent
years, stable and available plants
resources
for
biocompatible
nanoparticles synthesis have attracted the
attention of many researchers.
Zinc is also widely used for cancer
researches. It is a metal with an oxidation
state of +2, with five stable isotopes.

Zinc is considered as a very important
and abundant element in the body after
iron. The whole amount of Zinc in the
body is estimated around 2g. The human
body requires 15 mg of Zinc per day [3137]. However, it can be found in all body
tissues and fluids. Zinc affects humoral
and cellular immunity and plays a major
role in the immune system. It helps the
entirety of cell and organ maintenance,
by stabilizing the cellular and molecular
components of the membrane. Zinc
controls a large number of enzymes in
the human body, which participates in
synthesis
and
degradation
of
carbohydrates, proteins, lipids, nucleic
acid and in the metabolism of other
micronutrients [38].
Extract of Taxus baccata (Figure 1) as
a source of natural alkaloids (namely
Taxanes or Taxoids) was employed for
Zn NPs synthesis as a reducing agent that
is shown in Figure 2. Several
experiments were carried out to
investigate the influence of pH
adjustment, the volume of extract, zinc
nitrate solution, temperature and time on
Zn NPs formation and their optimal
condition and characterized by UV-Vis
in each condition. In addition, the
synthesized Zn NPs were characterized
using SEM, FESEM, TEM and FT-IR.
Anti-bacterial effects of Taxus
baccata extract, zinc nitrate solution and
Zn nanoparticle synthesized were
investigated against Staphylococcus
aureus,
Escherichia
coli
and
Pseudomonas aeruginosa. Anti-cancer
activity of the extract, zinc nitrate
solution and Zn nanoparticles was tested
by breast cancer cell line MCF-7.
Anticancer activity of the Taxus baccata
extract containing Taxol was also studied
and the results were compared with those
of anticancer effects of Zn nanoparticles
and zinc nitrate solution. In this study,
the green synthesis of Zn nanoparticles
(Zn NPs) by Taxus baccata extract was
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characterized by UV-Vis, SEM, FESEM,
TEM and FT-IR analysis; their
performance
was tested against
Staphylococcus aureus, Escherichia coli
and
Pseudomonas
aeruginosa.
Anticancer activity of Taxus baccata
extract, zinc nitrate solution and
synthesized Zn nanoparticles on cancer
cells was assessed by breast cancer cell
line MCF-7.

Materials and methods
Material preparation
The leaves, trunks, and shells of Taxus
baccata prepared from the mountains of
Gorgan in Iran, are shown in Figure 1.
Zinc nitrate (Zn(NO3)2) was purchased
from Sigma-

a)
b)
Figure 1. a) Taxus baccata plant b) leaf and fruit
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Figure 2. A schematic representation of zinc nanoparticle synthesis using Taxus baccata extract

Aldrich, and the other chemicals such
as hydrochloric acid, and sodium
hydroxide based on analytical grade
were purchased from Merck: Darmstadt,
Germany. Also, deionized water was
used for all experiments. Staphylococcus
aureus (ATCC25923), Escherichia coli
(ATCC 1399) and Pseudomonas
aeruginosa (ATCC 1430) were prepared
from Iranian research organization for

science and technology. Breast cancer
cell line MCF-7 was purchased from
Pasteur Institute - Cell Bank.
Preparation leaf extracts of Taxusbaccata
Leaves were collected from the Taxus
baccata tree leaves, were dried and
powdered after being washed thoroughly
with double distilled water.

Figure 3. a) Zn(NO3)2 solution, b)Taxus baccata extract

20 g of leaves powder was heated in
the 100 mL double distilled water and
heated at 40 ºC for 24 h. The heated
materials were filtered through Whatman
No.1 filter paper, centrifuged at 5000
rpm for 5 min, and a clear solution of the
extracts was stored at 4 ºC for further
experiments.
Synthesis of Zn nanoparticles
In order to find the best synthesis
condition of Zn nanoparticles by Taxus
baccata extract, the influence of pH,
volume of extract, salt solution
concentration, temperature and time
were studied. When the color changing
occurred in the reaction mixture,
nanoparticles formation and aqueous
metal ion reduction using plant extract
were observed (Figure 3). For this
purpose, UV-Vis spectrophotometry was
used and each sample was examined in
the range of 250-400 nm. Metal-based
nanoparticles have many free electrons
that move by conduction and balance

bands which cause surface plasmon
resonance (SPR) in collision with the UV
light. This spectrum records vibrations of
the free electrons of nanoparticles. In this
work, a high peak which was appeared in
the visible area also confirmed the
formation of metal nanoparticles.
Effect of pH on Zn nanoparticle synthesis
0.5 mL extract and 0.001 M zinc nitrate
solution were added to 7 vials. The pH of
each vial was adjusted to 2, 4, 5, 6, 7, 8,
and 9 by using 0.1 M NaOH and 0.1 HCl
and the sample was stirred at the stirring
rate of 150 rpm for 30 min at room
temperature. By adding metallic salt
solution, the color of solutions obviously
changed from light yellow to dark
yellow, which indicated the formation of
Zn nanoparticles. After a while, the
solutions were centrifuged at 5000 rpm
for 30 min, separated from the sediment.
Finally, UV spectrum was taken and the
best pH for the synthesis was determined
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and adjusted for next experiments
(Figure 4-a).

In order to optimize the concentration of
metallic salt solution, 2 mL of Taxus
baccata extract was poured into 6 vials,
then 5 mL of 0.0005 M, 0.001 M, 0.0015
M, 0.002 M, 0.0025 M, and 0.003 M zinc
nitrate were added to them. PH of all
vials was adjusted to the optimized pH
and after a while, the solutions were
stirred at stirring rate of 150 rpm for 30
min. Then, the solutions were separated
from the sediment and UV spectrum was
taken. Therefore, the concentration was
optimized and used for the next
experiments (Figure 4c).

Effect of extract volume on Zn
nanoparticle synthesis
5 mL of 0.001 M zinc nitrate was poured
into 7 vials and 0.1, 0.2, 0.25, 0.5, 1, 1.5
and 2 mL of Taxus baccata extract
solution were added to them. Then, pH of
all vials was adjusted to the optimized
pH and the solutions were stirred at a
stirring rate of 150 rpm for 30 min at
room temperature. After that, the
solutions were centrifuged and separated
from the sediment and UV spectra were
recorded as the previous step. Thus, the
best volume was determined and used for
further experiments (Figure 4-b).

Effect of temperature on Zn nanoparticle
synthesis
According to the previous steps, 2 mL of
the leaves extract and 5 mL zinc nitrate
(0.0025 M) were poured into 8 vials and
pH was set at 7.

Effect of zinc nitrate concentration on Zn
nanoparticle synthesis

a)

b)

c)
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T OC
d)

e)
Figure 4 a-e). a) Effect of pH on Zn nanoparticles synthesis by Taxus baccata extract (0.5 ml of extract
solution,5 ml of 0.001 M Zinc nitrate, time: 30 min, stirring rate 150 rpm), 4-) Effect of Taxus baccata
extract solution on Zn nanoparticles synthesis (pH of the solution was 7, 5 ml of 0.001 M Zinc nitrate,
time: 30 min, stirring rate 150 rpm), c) Effect of nitrate solution concentration on Zn nanoparticles
synthesis by Taxus baccata extract (pH of the solution was 7, 2 ml of the Taxus baccata extract, time:
30 min, stirring rate 150 rpm), d) Effect of temperature on Zn nanoparticles synthesis by Taxus baccata
extract (pH of the solution was 7, 2 ml of the Taxus baccata extract, 0.0025 M Zinc nitrate, time: 30
min, stirring rate 150 rpm), 4-e) Effect of time on Zn nanoparticles synthesis by Taxus baccata Extract
(pH of the solution was 7, 2 ml of the Taxus baccata extract, 0.0025 M Zinc nitrate, temperature 25˚C,
stirring rate 150 rpm)

Then, all vials were heated at 25, 35,
40, 50, 60, 70, 80, 90 ˚C for 1 h. In the
next step, all samples were centrifuged
and UV spectrum was recorded with the
same conditions as before. So, the
optimal temperature was obtained
(Figure 4-d).
Effect of time on Zn nanoparticle
synthesis
Determining the appropriate time for
metallic nanoparticles synthesis was an

important step because zinc ions were
increased and released at the specific
time, then the surface plasmon resonance
were decreased. To this end, 2 mL of the
Taxus baccata extract and 5 mL zinc
nitrate (0.0025 M) were poured into 13
vials and the pH was set at 7. Then the
solution was heated to 25 ˚C, and
centrifuged. Finally, the UV spectrum
was taken after 5, 10, 15, 20, 30, 40, 60,
90, 120, 150, 180, 210 and 1440 min,
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respectively. According to the results,
the best time for nanoparticles synthesis
was determined (Figure 4-e).
Characterization of the used instruments
Characterization
of
the
green
synthesized Zn nanoparticles using
Taxus baccata leaves extract
According to the previous experiments
and obtained results from the UV spectra
of parameters under investigation
(Figure 4-a, to 4-e), the optimal
parameters for Zn nanoparticles
synthesis using the extract were
determined. The results of UV-Vis
showed that Zn nanoparticles should be
synthesized again. So, 20 mL of the
extract was added to 50 mL of 0.0025 M
zinc nitrate solution, pH was set 7 and the
sample was placed in the shaking
incubator at 25 °C for 24 h. Then, it was
centrifuged for 5 minutes, then washed
and dried.
The obtained Zn nanoparticles were
characterized by using different
techniques such as SEM, FESEM, TEM
and FTIR.
Determination of antibacterial activity of
Zn nanoparticles
The synthesized Zn nanoparticles were
examined in terms of their antimicrobial
activity by agar diffusion method against
different three bacterial cultures. An
equal count of the initial bacterial culture
with a concentration of 0.5 McFarland
was subcultured on nutrient agar. Using
gel puncture method, 10 Wells of 6 mm
diameter were made on nutrient agar
plates.
All three case study solutions
including pure T.baccata extract, zinc
nitrate, and Zn nanoparticles were
diluted individually to obtain seven serial
concentration titers as follows: (1/1): 50
mM, (1/2): 25 mM, (1/4): 12.5 mM,
(1/8): 6.25 mM, (1/16): 3.1 mM, (1/32):
1.5 mM and (1/64): 0.75 mM. Several
sets of three selected bacterial culture

plates were provided for investigation of
the antibacterial effects of three case
study solutions. Equal volumes of 100 μl
of each dilution were applied to a set of
three selected bacterial culture as
described above.
All plates were evaluated after a 24 h
incubation period at 370 C. The
inhibition zone of the bacteria was
accurately measured by the caliper and
the mean diameter of the bacterial
inhibition zone and its comparison with
positive and negative control wells were
considered as indicators of antibacterial
activity. Each assay was repeated for
three times as described previously [4345].
Minimum inhibitory concentration
(MIC) test
The minimum concentration of growth
inhibitory was determined. Like the
previous steps, serial dilutions of each
case study solutions were prepared.
Using a 96-well plate, a set of 7 wells
was considered separately for each study
materials containing 100 μl of the serial
diluents. 100 μl of brain-heart-infusionbroth) BHI (solution and 100 μl of active
bacterial suspension 1.5×106cfu/ml were
added to each well. The Same procedure
was performed for all three bacterial
species. For each run of the experiments,
positive and negative controls were
considered as well. Positive control wells
included the relevant bacteria with BHI
solution and negative control ones
included the case study solution (extract,
zinc nitrate or Zn nanoparticles) with
BHI solution. It should be noted that to
prepare negative control wells, 15 µl of
each metal solution and 15 µl of BHI (7.3
g BHI in 100 mL of deionized water)
were used. For the preparation of
positive control wells, 15 µl of BHI were
also used with each 15 µl of bacterium,
separately. The plate was incubated for
24 h at 37 °C. The turbidity of the wells,
which was due to the growth of the
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bacteria, was investigated by reading
their OD. The first dilution with no
turbidity was recorded as the minimum
deterrent concentration [46,47]. To
reduce the experimental errors, all of the
above experiments were repeated four
times.
Assessment of anticancer activity by
MTT assay
According to the previous step, 7
dilutions of case study solutions were
prepared. The human breast cancer cell
line MCF-7 was cultured in Dulbecco's
Modified Eagle's Medium (DMEM),
supplemented with 10% fetal bovine
serum (FBS) at 37 °C with 5% CO2.
Equal numbers of the cells were
passaged
in
96-well
plates
(8.103cells/well) containing 100 µL of
the medium for 24 h. 100 µL of different
concentrations of the three case study
solutions were dispersed in each well and
incubated for 24 h at 37 °C with 5% CO2.
Fresh medium (100 µL) containing 0.5
mg/mL of MTT was replaced by the
previous media in each well. The growth
of the cells was quantified by the ability
of the live cells to reduce the MTT Pink
dye to a pale violet formazan product.
The formazan product of MTT reduction
was dissolved in DMSO after 4 h and the
absorbance was measured using a
microplate reader. The effect of Zn
nanoparticles was measured at 570 nm as
well.
Results and discussion
Ultraviolet-visible spectroscopy (UVVis)
In this study, Zn NPs were synthesized
under different conditions. In each
condition, it was attempted to determine
the optimal condition for synthesis. We
achieved similar spectra at 250-400nm
using UV-Vis spectroscopy. It has been
in agreement at the results of other
similar studies.

Zn nanoparticles absorption in UVVis spectrum depends on fabrication
method, particle size, etc. The change in
coloration of the Taxus baccata leaves
extract with aqueous zinc ions from
yellow to dark yellow depicted the
synthesis of Zn nanoparticles. In all
figures (Figure 4-a, to Figure 4-e), there
is a significant peak at 276 nm, indicating
Zn nanoparticles formation, which is
generally attributed to the related strong
SPR of Zn nanoparticles [48,49]. A lot of
noise was observed in all of the figures.
As Malek Mohammadi and Ghasemi
have shown in their studies, noise is
observed because the area under the
SPR-peak in the UV–Vis spectra is
directly sensitive to the shape, size, and
dielectric constant of the metal
nanoparticles as well as the surrounding
medium in aqueous suspensions [50] and
causes the spectrum to be noisy. It was
also observed that the volume of the
extract, the concentration of the zinc
nitrate solution and time were increased,
and the maximum absorption occurred at
about 330, indicating the formation of
surface plasmon nanoparticles on Zn.
The results are in good agreement with
those of Sindhura [51], Revina [52],
Badarinath Druvarao Kulkarni [53],
Wesam Salema [54] and their colleagues.
Sindhura et al. reported similar UV–Vis
spectra after treatment of zinc nitrate
(salt solution) (0.001M) using P.
hysterophorus
extract
(55),
and
Devasenan et al. reported a main peak in
224 nm [56].
Scanning electron microscope (SEM),
field emission scanning electron
microscope (FESEM)
Scanning electron microscope is one of
the electron microscopy techniques
which can yield practical information
about
materials'
surfaces
in
morphological
studies.
Electrons
produce signals containing data about
atoms surface composition, topography
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and electrical conductivity by interacting
with the sample atoms. In SEM,
electrically non-conducting samples are
covered with a thin conducting film such
as metal or carbon. In this study, the
morphologies of Zn nanoparticles
synthesized by Taxus baccata extract
were examined using MIRA3TESCANXMU
FESEM
analyzer
with
acceleration voltage of 15kV and 0.692

μm resolution. The structural and
morphological
studies
of
Zn
nanoparticles were analyzed at 1μm and
200 nm magnifications as shown in
Figure 5: a), b), c) and d). SEM and
FESEM images showed the presence of
a high density of well-dispersed Zn
nanoparticles which were hexagonal
with an average size of 20 nm to 27.64
nm.

Figure 5. a, b) SEM images of Zn nanoparticles synthesized by Taxus baccata extract, c,d) FESEM
images of Zn nanoparticles synthesized by Taxus baccata extract

Transmission
electron
microscopy
(TEM)
Synthesized Zn nanoparticles by
biological reduction process were
prepared for TEM measurements by
placing a drop over carbon-coated
copper grids and waiting until the solvent
was evaporated. TEM measurements
were performed on Zeiss model EM900

instrument operated at 80 kV
accelerating voltage. TEM images are
shown in Figure 6: a) and b). From the
photographs, it is also clear that the Zn
NPs formed are in crystalline and
hexagonal shape with an average particle
diameter of 20-25 nm, which is well
matched with the results obtained from
SEM and FESEM, analyses.

Figure 6. a,b) Transmission electron microscopy (TEM) of Zn nanoparticles synthesized by Taxus
baccata extract
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Fourier transform infrared spectroscopy
(FTIR)
The chemical composition of the
prepared sample was studied by FTIR
spectrometry (Rayleigh WQF-510A
spectrometer). The spectra were
recorded in the range of 4000–400 cm-1
using KBr pellet method. The functional
groups for capping as well as the
efficient stabilization of the synthesized
metallic nanoparticles were determined
using FTIR spectrum. FTIR spectrums of
Zn nanoparticles and Taxus baccata
extract (Figure 7, a and b) showed two
peaks in the regions between 3412 cm−1
and 2849 cm−1, which were assigned to
O-H stretching of alcohol and phenol
compounds and aldehyde -C-Hstretching of alkanes. Peaks around the
regions 1597 cm−1 to 1508 cm−1 and
1385 cm−1 to 827 cm−1 corresponded to
N-H(bond) of primary and secondary
amides and -C-N- stretching vibration of
amines or -C-O stretching of alcohols,
carboxylic acids, ethers, and anhydrides.
The peaks at 600-400 cm−1 and 846 cm−1
represent the formation of metallic bond
due to the presence of Zn NPs [68- 71].
The peaks at 400 to 500 cm−1 were
observed as a result of Zn-O vibrations of
Zn nanoparticles [72-75]. Maximum
peaks at 1627.24, 3416.92 cm−1
corresponded to C=O stretching and O–

H stretching of organic compound. The
analysis of Zn nanoparticles using FTIR
demonstrated that these organic
molecules might have captured them
[76]. Having compared the two spectra,
it was found that the absence of some
peaks or the presence of some new ones
in the spectrum extracted after the
synthesis of nanoparticles was a true
evidence indicating the implementation
of reducing agents and nanoparticles
formation. Therefore, the synthesized
nanoparticles were surrounded by
proteins and metabolites such as
alkaloids with functional groups, as
shown in Figure 2. The FTIR results
confirmed that carbonyl groups showed
more capability of binding as compared
to the amino acids and proteins groups.
On the other hand, proteins that were
present in the extract (i.e.; capping of Zn
nanoparticles) could possibly prevent the
agglomeration of metallic nanoparticles.
This suggests that in an aqueous
medium, the biological molecules could
make dual functions of stabilization and
formation of Zn nanoparticles. In the
absence of other strong ligating agents
with sufficient concentrations, alkaloids
could be adsorbed on the metallic
nanoparticles surface, possibly through
interaction with carbonyl groups or πelectrons

a)

b)

Figure 7. FT-IR spectra of Taxus baccata extract (a) Zn nanoparticles synthesized by Taxus. baccata
extract(b)
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Antibacterial activity effects
The antimicrobial activity of the Taxus
baccata extract, zinc nitrate solution and
Zn nanoparticles (Zn NPs) were carried
out by the well diffusion method
according to the protocol as discussed in
the previous section. The solutions did
not show antimicrobial effects against
staphylococcus aureus (a gram positive
bacteria),
escherichia
coli
and
pseudomonas aeruginosa (gram negative
bacteria). In negative control wells, no
bacterium was grown while in positive
control wells, a very good growth of
bacteria was observed. MIC test was
performed against the three mentioned
bacteria and the sample was incubated at
370 C for 24 h. To confirm the results of
the test, each bacterial test was repeated
four times. Table 1 shows in details MIC
measurements as calculated using OD
method. OD is an abbreviation indicating
the absorbance and optical density of a
sample and is a common method for
estimating the concentration of bacterial
or other cells in a liquid.
Assessment of anticancer activity by
MTT assay
Zn is an important co-factor in various
cellular mechanisms and plays an
important role in maintaining cellular
homeostasis [77]. It is the co-factor of
over 300 mammalian enzymes and also

has an important role against the
initiation and progression of cancer in the
host defense system [78]. Cells can be
regularly checked by the tumor
suppressor p53 gene and caspase
enzyme, so Zn prevents cells to change
to cancer cells. When a cell exhibits
malignancy, a DNA repair mechanism is
activated to repair this change. If this
method cannot repair the damaged DNA,
the cell undergoes ‘programmed cell
death’ (apoptosis) to prevent the cell
proliferation, which may develop into the
cancerous cell. In different ways, Zn can
protect cells against cancer. To evaluate
the anti-cancer activity of Zn
nanoparticles synthesized using the T.
baccata extract, different dilutions of the
nanoparticles were tested on cancer cells.
Figure 8 shows the effect of the extract
and nanoparticles, which is similar in
reducing the average number of cells;
and the tick diluted of them is indicative
of the more anti-cancer effect they have
on the cells. The effect of the extract and
nanoparticles only led to about 22% of
the cells surviving. Zinc nitrate solution
in all dilutions inhibited cell growth. Its
effect was about 80% of the deterrent.
However, in very low dilutions (0.75
mM), the power of its effect was greatly
reduced. The inhibitory activity of T.
baccata extract, Zinc nitrate and Zn NPs
were demonstrated in Table 2.

Figure 8. MTT assay for the zinc nanoparticles, extract containing Taxol and zinc nitrate solution using
the Breast cell line
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Table 1. Results of MIC studies of Zn nanoparticles and standard antibiotic against test organisms.
No Organism
Sample
MIC (mM )
Staph.
zinc nanoparticle Synthesized with
25 mM (74mg Zn(NO3)2 /
1
aureus
T. baccata extract
10ml)
zinc nitrate
25 mM (74mg Zn(NO3)2 /
10ml)
T. baccata extract
0.0 (2g/10ml)
Positive control
0.900 ± 0.05 SMP
E. coli
zinc nanoparticle Synthesized with
50 mM (148mg Zn(NO3)2
2
T. baccata extract
/ 10ml)
zinc nitrate
50 mM (148mg Zn(NO3)2
/ 10ml)
T. baccata extract
0.0 (2g/10ml)
Positive control
0.863 0.05 SMP
P.
zinc
nanoparticle
Synthesized
with
25
mM
(74mg Zn(NO3)2 /
3
aeruginosa
T. baccata extract
10ml)
zinc nitrate
25 mM (74mg Zn(NO3)2 /
10ml)
T. baccata extract
0.0 (2g/10ml)
Positive control
0.882 0.05 SMP
Table 2. Breast cell proliferation inhibitory activity of Taxus baccata extract, zinc nitrate and Zn NPs.
The studied
No.
Concentration of
Dilutions
%Cell
%Cell
solutions
zinc nitrate (mM)
viability
inhibition
1
0.75
1/64
76.94
23.06
Zn NPs
synthesized by
2
1.5
1/32
59.31
40.69
T. baccata
3
3.1
1/16
42.26
57.74
extract
4
6.25
1/8
31.15
68.85
5
12.5
1/4
26.03
73.97
6
25
1/2
25.03
74.97
7
50
1/1
24.83
75.17
1
0.75
1/64
44.23
55.77
Zinc nitrate
2
1.5
1/32
21.05
78.95
3
3.1
1/16
20.48
79.52
4
6.25
1/8
22.19
77.81
5
12.5
1/4
18.2
81.8
6
25
1/2
17.78
82.22
7
50
1/1
19.2
80.8
1
0
1/64
64.15
35.85
T. baccata
extract
2
0
1/32
51.63
48.37
3
0
1/16
46.92
53.08
4
0
1/8
29.01
70.99
5
0
1/4
27.88
72.12
6
0
1/2
28.16
71.84
7
0
1/1
28.45
71.55

Conclusion
In this study, the biosynthesis of Zn
nanoparticles by Taxus baccata extract
was
studied
using
UV-Vis
spectrophotometry in the range of 250 to
400 nm. In order to achieve optimal
synthesis
conditions,
effective
parameters were investigated. As it is

observed in Figure 4 (a-e), the basic
evaluation of nanoparticle was carried
out using surface plasmon resonance
(SPR), where the higher peak showed the
formation of more nanoparticles. Zn NPs
were
characterized
by
UV–Vis
spectroscopy under different parameters
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of pH=7, volume extract of 2 mL, 0.0025
M Zn(NO3)2, t=25 °C and time=24 h.
In optimum conditions, Zn nanoparticles
with the sizes of 20 to 25 nanometers
were synthesized. The results obtained
from UV-Vis spectrophotometry, SEM,
FESEM and TEM analyses confirmed
the efficiency of Taxus baccata leaves
extract for the synthesis of high pure
crystalline Zn nanoparticles. Also, FTIR
spectrum of the extract showed the role
of functional groups in zinc ions
reduction. So, according to these results,
the synthesis of metallic nanoparticles
using herbal extracts is a good alternative
for chemical and physical methods. Also,
Zn nanoparticles, Taxus baccata leaves
extract and zinc nitrate solution were
tested for antimicrobial activity against
Staphylococcus aureus, escherichia coli
and pseudomonas aeruginosa and as a
result, Zn nanoparticles did not show any
antibacterial activity. This report
suggests that the biosynthesized Zn NPs
using Taxus baccata leaves extract have
cytotoxic effect on human breast cancer
cell line MCF-7. However, in vitro
cytotoxicity effect on breast cancer cell
line proved the potential application of
Zn NPs synthesized through the Taxus
baccata. The MTT test by MCF-7 Breast
cancer cell line proved that the anticancer activity of Zn nanoparticles was
expected to be higher than that of extract
alone. In this study, it was found that Zn
nanoparticles could be synthesized by
green chemistry route without any
harmful chemicals and it had not any
effect on bacteria (gram positive and
gram negative). The investigation of
anticancer activity extract containing
Taxol mixed with zinc nitrate solution
confirmed that Zn nanoparticles had very
high anti-cancer activity.
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