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Abstract. In recent years using silver nanoparticles (AgNPs) has increased due to its unique properties. The medicinal
plant Achillea biebersteinii is rich in anti-cancer compounds. The aim of this study was to investigate the cytotoxicity of
AgNPs synthesized using Achillea biebersteinii extract on human ovarian cancer A2780 cells. Cytotoxic effects of AgNPs
with MTT test was performed in a 48-hour period in concentrations of 2, 4, 8, 16 and 32 pg/ml. To study the cell death
induced by AgNPs, the staining methods of DAPI and acridine orange (AQO)/ Propidium iodide (Pl) were executed,
Annexin v/Propidium iodide assays were performed and the activation of caspase 3 and 9 was assessed. The results
showed that the synthesized AgNPs decreased cell viability in a dose-dependent manner, inhibitory concentration of 50
% (ICso) was calculated as 4 pg/ml. The results of AO/PI, DAPI staining methods and Annexin V/PI showed that, in
treated groups, the percentage of apoptotic cells increased as compared with the control group. In addition, the treated
groups showed increased activation of caspase 3 and 9. Therefore, silver nanoparticles induced cell death through the
caspase-dependent pathway. The results suggest that AgNPs synthesized by the use of Achillea biebersteinii extract exert
their cytotoxic effect on A2780 cells by inducing apoptosis.
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Fig. 1. Comparative effects of silver nanoparticles synthesized using Achillea biebersteinii extract on the viabiliy rate in
A2780 cells after 48 hours. The Concentration of 4 pug/ml inhibited almost half of the cells viability; however, higher
concentrations led to death of all cells, *** P <0/001 Mean + SD.

0. 0.6%

1040

A B

a0

Fi
107

P ) =y
10 10° 107 10% 107 10t

95.7% Annexin 3.5% 52.3% Annexin 21.8%

203 ¥ 5l S 5 im0 A2TB0 J gl 035 (slgd shor oo 53 40 1 2ty o ool ol 0cins 0Lt J 8 @503 TA Ly pgp iy 92 /0 (oSl 050 5T =Y IS
oladl Ao )3 1+ 5 5l 5 T Sl o p3 0 cadsl ST Sl s Jpbe Ao p3 1Y 2l SCa/p S 5 Sa ¥ e byl 05,8 B il 0 T Sl T

Al ods 55,55 Sl
Fig. 2. Annexin V / P1. In the control sample, it was shown that more than 95% of the cells were alive and less than 4%

of the cells were undergoing apoptosis but, in treated groups, with 4 pug/ml of AgNPs, 21% of the cells showed early
apoptosis signs, 5% and 10% of cells showed late apoptosis and necrosis, respectively.
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Fig. 3. Ao/PlI staining. A. In control groups, cells are green; this indicates that the cells are alive. B. In cells which were
treated with 4 pg/ ml of AgNPs, yellow and orange colors suggested the fact that these cells were undergoing apoptosis.

C: The graph shows that the percentage of viable cells decreased in the group treated with 4 p/ml of silver nanoparticles
(magnification x 200).
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Fig. 4. The results of nuclear staining DAPI. A. In the control group, cells’ nuclei are intact. B. In the group treated with

4 pg/ml AgNPs, cells’ nuclei are fragmented and the cells are compressed. Apoptotic nuclei are shown by arrows
(Magnification x 200).
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Fig. 5. Comparison of caspase 3 and 9 activity in treated and control groups. As it can be seen in the above graph,
activation of caspase 3 and 9 in treated samples increased significantly as compared with the control, *** P <0/001 Mean

+ SD.
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