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ABSTRACT

Recently, the development of antitumor drugs has been gradually transformed from cytotoxic drugs to develop new targeted
drugs and low toxicity with high specificity drugs. In this study, amygdalin ZnO-Nps were synthesized by adding plant
extract and exhibited as white pellet, then characterized by UV-Vis. Spectroscopy which showed an absorption peak at
261 nm, and Scanning Electron Microscope were exhibited size of the nano particle ranged between (20.00−30.26) nm
and aggregated as helical shape. While Atomic Force Microscope showed the 2D and 3D of nanoparticles with size of
13.2 nm. The percentage of decreasing viability was increasedwithincreased the concentration, and the IC50 values of the
MCF7 and WRL cells were 121.9 and 43.6 µg/mL respectively. Amygdalin Zno-NPs inhibited proliferation of MCF7 and
PC3 cells in a dose-dependent manner. The data demonstrate that amygdalin exerted cytotoxic effect on MCF7 as well
as PC3 cells. Treatment with amygdalin induced caspase-9 activation, and induced apoptosis of cancer cells mediated
by endogenous mitochondrial pathway, and the significant induction was at 200 µg/ml. In addition, it induced cell
membrane permeability, cytochrome- C and total nuclear intensity significantly at 200 µg/ml.
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INTRODUCTION
Medical plants are used in disease treatment for centuries
in many countries,it has the main sources of medicine
and drugs due to their compounds and constituents
(Bolarinwa, et al 2014), cyanogenic glycosides are
normally formed in plants as amygdalin (D-mandelonitrile
– β –D -gentiobioside) and there are more than thousands
of species in plants, (Bohácová, et al 2019)the mechanism
action of cyanogenic glycosideswhen cell distribution by
its action with endogenous enzymes (β-glucosidases and
α-hydroxynitrile lyases)( Ge,,et al 2007). Many plants
products exist that have shown very promising anticancer
properties in vitro, such as breast and prostate cancer,
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Many of researches have illustrated that amygdaline
from apricot induce apoptosis (cell death program) by
inhibits growing and increasing in number rapidly and
interferes with cell cycle progression (Lv et al 2005), as
well as amygdalin from apricot causing rapid decrease
in mitochondrial membrane,release of cytochrome C and
activation of 3 ,9 caspase pathways (Savic, et al 2015).
Due to treatment of cancer are expensive and severe side
effect, so nanoparticales synthesized in biological method
are used as anticancer therapeutics, however, there are
many plants used in synthesis of zinc nanoparticles for
cancer therapy against human cell lines.
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cancer is the major disease-causing death world and due
to side effects among chemotherapy, so plant products
are used as anticancer, the national cancer institute (NCI)
has mentioned about approximately three thousand plant
species for cancer therapy and producible anticancer
activity (Hwang, et al 2002 and Kang, et al 2000).
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Material and Methods
Apricot seed powder: The apricot seeds were collected
from the market, the collected seeds were clean
thoroughly under tap water. After washing, the husk was
break by a nut cracker, and the raw kernels are subjected
to boiling in order to remove the skins of the kernels for
2-4 minutes at 100oC, after that, the boiled kernels are
blanched than separated from the rest of the kernels and
cut the softer inner material to smaller pieces,then dried
by incubation overnight at 37 OC,and then the fully dried
seeds were blended in order to obtain a fine powder,
which used for extraction purpose (Savic, et al 2012).
Alcohol extraction method for amygdalin from apricot
fruit: Dried powder (100g) of apricot seeds was treated
with 500 ml of methanol and homogenized for four
hours at 37oC, then filtered by using Whatman filter
paper, the filtrate solvent was centrifuged at 1500 rpm
for 30 min. Than evaporated using rotary evaporator to
obtain crude extract and kept until used (Amyrgialaki, et
al 2014). Synthesis of amygdalin ZnO- nanoparticle:For
the synthesis of ZnO-NPs (Habubi, N.F.,et al 2018), 1mM
stock solutions of Zn acetate (2.1g) was prepared in 100
ml deionized water. The solutions were centrifuged at
6000 rpm for 10 min. to remove bulk impurities, then
100 ml from stock solution in 250 ml Erlenmeyer flasks,
and 1g from amygdalin extract was added and stirred
gently at temperature of 20, 40, 60 and 80 C for half
hour duration and left 24 hr. at room temperature before
being monitored using UV-Vis. Spectrophotometer.
Subsequence the solvent of the amygdalin ZnO-NPs
liquid sample was evaporated, and the powder was
dispersed on to a glass film before analysis by Atomic
Force Microscopy (AFM) and Scanning Electron
Microscope (SEM).
Characterization of amygdalin ZnO Nanoparticles: UVVisible Spectroscopy: For the first characterization of
amygdalin ZnO NPs (CARY, 100CONC plus, UV-Vis− NIR,
Split−beam Optics, Dual detectors) was executed in the
wavelength range of (200-1100) nm (Freshney, R.I., 2015).
Atomic Force Microscopy (AFM): AFM was used to record
the topography of the amygdalin ZnO-NPs sample. In
this mode, the tip of the cantilever dose not contact with
the sample surface. The micrograph shows crystalline
nature, particle size and roughness of ZnO-NPs. Scanning
Electron Microscope (SEM): The evaluation of structure,
morphology, and elemental composition of ZnO NPs was
determined using scanning electron microscopy ''SEM,
Carl Zeiss Ultra 55”.

using the trypan blue exclusion method. Dead cells take
up the stain within a few seconds, making them easily
distinguished from viable cells. The percent of cell
viability was calculated as follows:
Cell viability % = (No. of unstained cells ⁄ Total No. of
cells) × 100.
Addition of MTT and cytotoxicity assay: MTT solution
(yellow in color) was made by dissolving 5mg MTT
crystals in 1ml of PBS solution. After complete
solubilization of the dye, the absorbance of the colored
solution derived from living cells was read at 570nm
with an ELISA reader(Ascar, I.F.,et al 2019).
Immunoblot analysis: Immunoblot analysis was
performed as described previously by (Lee, and Moon,
2016). Protein extracts in lysis buffer (50 mM Tris,
2% SDS, 1 mM EDTA, 0.1 M DTT, protease inhibitor
cocktail) were subjected to immunoblot analysis. Rabbit
polyclonal anti-Bax, mouse monoclonal anti-Bcl-2
antibodies, Mouse monoclonal anti-caspase-9 antibody,
Rabbit polyclonal anti-PARP, and anti-integrin α 5
antibodies were used in this analysis. The enhanced
chemiluminescence system was used for detection.
Statistical Analysis :The data obtained were subjected
to analysis of variance (Dunnett's multiple comparisons
test). Results were expressed as mean standard error
and values of p<0.05 and <0.01, 0.001, were considered
significantly. LSD was carried out by SPSS.

Results and Discussion
Amygdalin ZnO-NPs: A white cluster deposited
appeared at the bottom of the flasks indicates the
biosynthesis process of amygdalin ZnO-NPs. UV-Vis.
Spectrophotometer: (Figure 1) showed an absorption peak
at 261 nm which indicates the successful biosynthesis of
amygdalin ZnO NPs. Researcher of (Ifeanyichukwu, et
al 2020) reported that combined vibration of electrons
of the biosynthesized nanoparticles indicate with
the light wave. And this due to the surface Plasmon
resonance (SPR), which is a distinguishing property
of the nanoparticles (Thamer, N.A. and AL-Mashhady,
L.A., 2016). This result is agreement with result which
reported by (17), where absorption peak at 270 nm was
obtained.

Figure 1: UV−visible absorption spectrum of amygdalin
ZnO NPs synthesized

Cell line culture: Cytotoxicity effect of the extracts
in vitro Preparation and maintenance of the cell lines
According to (Freshney, 2015), the cancer cell-lines
(MCF7 and PC3) were routinely cultured in 25ml flask
and incubated under standard conditions (37ºC). The
medium used for growing of the cells was RPMI-1640,
and for cell line maintenance, the flask containing cell
suspension was incubated horizontally at 37 ºC in the
presence of 5% CO2. Viable cell counting: Viable cell
counting was performed according to (Ascar, et al 2019)
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Scanning Electron Microscope (SEM) Analysis: The SEM
analysis was used to observe the physical appearance
and the aggregation state of the synthesized ZnO NPs.
SEM image showed the dimensions of the particle range
between (20.00−30.26) nm and aggregated as helical
shape (Figure 2). The morphology of NPs is important
sides that participate to the physiochemical properties of
the substances (Balogun, et al 2020). A research suggests
that the annealing temperature have important effect on
the shape of NPs were in some process, the morphology
of the NPs seemed to change after calcination at high
temperatures (Kuruppu ,et al 2020).
Figure 2: ꓽ SEM picture of amygdalin ZnO nanoparticles

and prostate cancer PC3 cell lines. The cells viability was
decreased with increasing the concentration of the ZnO,
and the results showed that adding ZnO NPs decrease
the cell viability of MCF7 cells, and this decreasing
related strongly with the concentrations significantly
(P< 0.05). The percentage of decreasing viability was
(43.7 ± 5.6, 51.5 ± 1.9, 61.1 ± 2.6, 72.8 ± 1.8 and 84.5 ±
2.4) in concentration (400, 200, 100, 50, 25) respectively,
while adding the same concentration to the WRL 68 cells
did not show significant effect of viability rate ranged
between (67.6 ± 4.1, 74.0 ± 1.8, 83.6 ± 2.5, 93.5 ± 0.5 and
95.0 ± 0.7) as shown in table (1), while the IC50 values
of the MCF7 and WRL cells were 121.9 and43.6 µg/mL
respectively as shown in figure (4).
Figure 4: ꓽ Cytotoxicity of AmygdalineZnO NPs with
MCF-7 and normal WRL68.

Figure 3: ꓽ AFM picture of ZnO nanoparticles

Table 2. Flow cytometric analysis of PC 3 and WRL 68
cells after treated with amygdalin ZnO-NPs.
Con. of
Amygdalin
ZnO-NPs

Table 1. Flow cytometric analysis of MCF-7 and WRL68
cells after treated with Amygdalin ZnO-NPs.
Con. of
Amygdalin
ZnO-NPs

MCF-7
Mean
SD

400
200
100
50
25

43.77
51.50
61.07
72.84
84.53

5.59
1.91
2.26
1.80
2.41

WRL
Mean

67.63
74.04
83.64
93.52
95.02

400
200
100
50
25

PC3
Mean

39.00
48.73
60.46
73.34
83.64

SD

4.05
0.93
2.99
0.85
0.41

Mean

71.10
82.91
91.82
93.79
93.87

WRL
SD

3.52
0.87
2.22
1.00
0.93

SD

4.12
1.86
2.54
0.53
0.72

Figure 5: ꓽ Cytotoxicity of amygdalineZnO NPs with PC3
and normal WRL 68.

AFM analysis: The particle size and roughness of
amygdalin ZnO- NPs are found to be increased with the
density of it. (Figure 3) showed 2D and 3D AFM images,
Hight histogram and section analysis was (78x78 nm)
and 13.2 for nanoparticles.
Cytotoxicity effects ofamygdaline zinc nano particles:
Amygdaline zinc nano particles were used to evaluate
their anticancer activity against the breast cancer MCF7
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The results showed that adding amygdaline ZnO NPs
decrease the cell viability of PC3 cells, and this decreasing
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related strongly with the concentrations significantly (P<
0.05). The percentage of decreasing viability was (39.0
± 4.1, 48.7 ± 0.9, 60.5 ± 2.9, 73.3 ± 0.8 and 83.6 ± 0.4)
in concentration (400, 200, 100, 50, 25) respectively,
while adding the same concentration to the WRL 68 cells
did not show significant effect of viability rate ranged
between (71.1 ± 3.5, 82.9 ± 0.8, 91.8 ± 2.2, 93.7 ± 1.0
and 93.8 ± 0.9) as shown in table (2). While the IC50
values of the PC3 and WRL cells were 225.0 and 89.44
µg /mL respectively as shown in figure (5). As shown
in Fig.6, amygdalin Zno-NPs inhibited proliferation of
MCF7 and PC3 cells in a dose-dependent manner. The
data demonstrate that amygdalin exerted cytotoxic effect
on MCF7 as well as PC3 cells.
Figure 6: Amygdalin inhibits cell growth in breast
carcinoma cells. The cells were treated with various
concentrations of amygdalin for 24 hr

biosynthesized ZnO NPs due to its semiconducting nature
are reported to induce cytotoxicity in cancer cells by the
generation of reactive oxygen species on the surface of
the particle, the released Zn +2 ions are dissolved in
culture media indicating direct interaction of NPs with
a membrane of cancer cell resulting in oxidative stress
thereby leading to the ultimate death of cancer cells
(Jiang ,et al 2018).
Amygdalin ZnO-NPs regulates apoptosis-related proteins
and signaling molecules: Treatment with amygdalin
induced caspase-9 activation in human PC3 prostate
cancer cells, and it showed significant activity at
concentration of 100 and 200 µg/ ml. Amygdalin induced
apoptosis of cancer cells mediated by endogenous
mitochondrial pathway, and the significant induction
was at 200 µg/ml. In addition, it induced cell membrane
permeability, cytochrome- C and total nuclear intensity
significantly at 200 µg/ml (Fig. 7).
The MTT viability assay showed that all samples had
effects on MCF-7 proliferation in dose and time response
manners. With increasing of amygdalin ZnO-NPs
concentration and the incubation time, the apoptotic
rate was heightened. Compared with the control, there
was significant difference (p<0.01). The ingredients
of amygdalin activated with β-D-glucosidase had a
higher and efficient anticancer activity. It was therefore
suggested that this combination strategy may be
applicable for treating tumors with a higher activity.

Conclusion
Figure 7: Amygdalin ZnO-NPs regulates apoptosis-related
proteins. MCF-7 cells were treated with amygdalin ZnONPs at the indicated concentrations (12.5, 25, 50,100
and 200 µg/mL). The levels of caspase-9, cell membrane
permeability, cytochrome C, mitochondrial membrane
potential and total nuclear Intensity were determined by
immunoblot analysis using specific antibodies.

Amygdalin is a natural product that owns antitumor
activity with less side effects, and ZnO-NPs also have
the ability to destroy the cancer cells. Treatment with
amygdalin induced caspase-9 activation, and induced
apoptosis of cancer cells mediated by endogenous
mitochondrial pathway. In addition, it induced cell
membrane permeability, cytochrome- C and total nuclear
intensity significantly. So, Amygdalin ZnO nanoparticales
synthesized by biological method are used as alternative
therapeutic against human cell lines
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