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A b s t r a c t  

Introduction: In the present study, we decided to prepare and formulate 
a new chemotherapeutic drug (silver nanoparticles in aqueous medium us-
ing Salvia officinalis leaf aqueous extract) for the treatment of human ovar-
ian cancer in in vitro conditions. 
Material and methods: Organometallic chemistry methods such as scan-
ning electron microscopy (SEM), UV-visible spectroscopy (UV-Vis), and Fouri-
er transformed infrared spectroscopy (FT-IR) were used to characterize silver 
nanoparticles. To investigate the antioxidant potential of AgNO3, Salvia offi-
cinalis aqueous extract, and silver nanoparticles, the DPPH test was used in 
the presence of butylated hydroxytoluene as the positive control. To survey 
the cytotoxicity and anti-human ovarian cancer activities of AgNO3, Salvia 
officinalis aqueous extract, and silver nanoparticles, MTT assay was used on 
human ovarian cancer cell lines i.e., Caov-3, SK-OV-3, and PA-1. 
Results: In UV-Vis, the clear peak at the wavelength of 421 nm indicated 
the formation of silver nanoparticles. In the FT-IR test, the presence of many 
antioxidant compounds with related bonds created excellent conditions for 
reducing silver in the silver nanoparticles. The silver nanoparticles inhibited 
half of the DPPH molecules at the concentration of 251 µg/ml. 
Conclusions: The best result of anti-human ovarian cancer effects of silver 
nanoparticles against the above cell lines was observed in the case of the 
SK-OV-3 cell line. Silver nanoparticles had very low cell viability and anti-hu-
man ovarian cancer properties dose-dependently against Caov-3, SK-OV-3, 
and PA-1 cell lines without any cytotoxicity towards the normal cell line 
(HUVECs). 

Key words: Salvia officinalis leaf, silver nanoparticles, human ovarian 
cancer effects.
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Introduction

The ovary is an organ found in the female re-
productive system that produces an ovum. When 
released, this travels down the fallopian tube into 
the uterus, where it may become fertilized by 
a sperm. There is an ovary found on each side of 
the body. The ovaries also secrete hormones that 
play a role in the menstrual cycle and fertility. The 
ovary progresses through many stages from the 
prenatal period to menopause. It is also an endo-
crine gland because of the various hormones that 
it secretes [1]. The main diseases that affect the 
normal function of the ovary include endometrio-
sis, ovarian cysts, ovarian germ cell tumors, ovarian 
low malignant potential tumors, polycystic ovary 
syndrome, and ovarian epithelial cancer (ovarian 
cancer) [1, 2]. Ovarian cancer is one of the most 
common cancers in women in both developing and 
developed countries. At first, ovarian cancer arises 
with growth of an abnormal cell and after a while it 
spreads to all parts of the uterine and also all parts 
of the body [2, 3]. Ovarian cancer is a cancer that 
forms in or on an ovary. It results in abnormal cells 
that have the ability to invade or spread to other 
parts of the body. When this process begins, there 
may be no or only vague symptoms. Symptoms 
become more noticeable as the cancer progresses. 
The symptoms of ovarian cancer are pain or pres-
sure in the pelvis, pain in the back or abdomen, 
feeling full rapidly when eating, changes in bowel 
habits such as constipation, unexpected vaginal 
bleeding, bloating, changes in urination patterns 
such as more frequent urination, and maybe nau-
sea and indigestion, appetite loss, weight loss, 
breathlessness, and fatigue [3, 4]. The main risk 
factors of ovarian cancer are family history, age, 
reproductive history, breast cancer, hormone ther-
apy, obesity and overweight, gynecologic surgery, 
human papillomavirus, and the use of talcum pow-
der [1, 2]. Suppression of ovulation, which would 
otherwise cause damage to the ovarian epitheli-
um and, consequently, inflammation, is generally 
protective. This effect can be achieved by having 
children, taking combined oral contraceptives, and 
breast feeding, all of which are protective factors. 
A  longer period of breastfeeding correlates with 
a  larger decrease in the risk of ovarian cancer. 
Each birth decreases risk of ovarian cancer more, 
and this effect is seen with up to five births [1–4]. 
Blood tests, imaging examination, laparoscopy, 
and biopsy are used for the diagnosis of ovarian 
cancers in the several stages of cancer including 
localized, regional, and distant [4, 5]. For the treat-
ment of ovarian cancer, chemotherapy, radiation 
therapy, and immunotherapy are used [5, 6]. Due 
to the considerable side effects of the above ther-
apeutic methods, the formulation of modern che-
motherapeutic drugs is necessary [4, 5]. Recently, 

scientists have discovered that metallic nanoparti-
cles have excellent anticancer properties. Metallic 
nanoparticles have received considerable attention 
in the field of medicine. Recently, the metal-based 
nanoparticles with distinctive physicochemical 
properties have been considered as a  promising 
alternative medicine for bacterial disease and can-
cer treatment [4–6].

Due to the recent advances in research on 
metallic nanoparticles, silver nanoparticles are 
effective antifungal agents due to their powerful 
cytotoxic activity toward a broad range of micro-
organisms compared to other metals [7, 8]. Silver 
nanoparticles have drawn significant attention 
because of their wide applications in chemical, 
electrical, optical, bioremediation, sensor, and bio-
logical fields [6, 7]. Silver nanoparticles green-syn-
thesized using medicinal plants have been abun-
dantly used in the biomedical sciences for the 
treatment of many diseases. Every year, notable 
applications of green-synthesized silver nanopar-
ticles are being achieved, and this trend is con-
tinuing [8–10]. The results of many studies have 
indicated the significant antifungal effects of sil-
ver nanoparticles green-synthesized by plants in 
the cure of candida diseases and their antibacte-
rial properties in the treatment of Streptococcus, 
Staphylococcus, Pseudomonas, Salmonella, and 
Bacillus infectious. Also, silver nanoparticles syn-
thesized by plants have been formulated due to 
the antiviral, antibacterial, antioxidant, anti-par-
asitic, anti-inflammatory, antifungal, wound heal-
ing, and anti-cancer properties [8].

The main therapeutic properties of metallic 
nanoparticles are anticancer effects. A  study re-
ported the anti-human breast cancer properties 
of metallic nanoparticles in the cellular and mo-
lecular conditions. In the previous study, metallic 
nanoparticles significantly killed all malignant 
breast cells (MCF-7 cells) in nano concentrations. In 
another study, metallic nanoparticles synthesized  
using benzimidazole indicated the remarkable an-
ticancer effects against malignant cancer cells, i.e. 
A549 and NIH/3T3 cell lines [11]. Chatterjee et al. 
reported that metallic nanoparticles in nano con-
centrations had excellent anticancer potentials 
against rat glioblastoma C6-G, human lung can-
cer A-549, and human skin melanoma A-375 [12]. 
Azizi et al. recorded excellent anticancer activities 
of metallic nanoparticles against normal MCF-10A 
counterparts and invasive MDA-MB 231 cancer 
cells [13]. Also, regarding the anticancer proper-
ties of metallic nanoparticles green-synthesized 
by plants, Ramaswamy et al. reported that when 
metallic salt was combined with medicinal plants, 
many anticancer supplements with significant ef-
fects against MCF-7 breast cancer cells were made 
[14]. Also, Sumathi et al. [15] and Roberson et al. 



Preparation, characterization and investigation of the anti-human ovarian cancer activity of silver nanoparticles green-formulated  
by Salvia officinalis leaf aqueous extract  

Arch Med Sci 3

[16] mentioned notable anticancer properties of 
metallic nanoparticles containing Prosopis cinerar-
ia against human MCF-7 and HeLa cancer cells. In 
other studies, the anticancer properties of metallic 
nanoparticles green-synthesized by Nerium olean-
der [17], Magnolia kobus [18], and Eclipta prostra-
ta [19] were confirmed against the human HepG2 
cancer cell line. 

In the present study, we decided to investigate 
the anti-human ovarian cancer potential of silver 
nanoparticles formulated by Salvia officinalis leaf 
aqueous extract against the common human ovar-
ian cancer cell lines Caov-3, SK-OV-3, and PA-1. 

Material and methods

Material

Dimethyl sulfoxide (DMSO), antimycotic anti-
biotic solution, hydrolysate, fetal bovine serum, 
Ehrlich solution, 4-(dimethylamino)benzaldehyde, 
2,2-diphenyl-1-picrylhydrazyl (DPPH), carbazole 
reagent, borax-sulfuric acid mixture, Dulbecco’s 
Modified Eagle Medium (DMED), and phosphate 
buffer solution (PBS) were all obtained from Sig-
ma-Aldrich (USA). 

Preparation of aqueous extract of Salvia 
officinalis leaf

Salvia officinalis was identified by verifying 
the color pictures followed by description and 
identification of characters. The plant peels were 
thoroughly washed with tap water to remove 
dust and other unwanted materials accumulated 
on the peels from their natural environment. The 
dust-free peels were allowed to dry under shade 
in the botany laboratory for 20 days. The dried 
peels were powdered using an electric blender. 
Finally, fine powder was collected from the pow-
dered peels by sieving through a kitchen strainer 
and used for extraction. The Salvia officinalis leaf 
aqueous extract was prepared by adding 20 g of 
dried peel powder in 500 ml of boiling distilled 
water for 5 min. Then the mixture was centrifuged 
at 5000 rpm for 15 min in a Jouan-type centrifuge, 
and the supernatant was filtered in flasks to ob-
tain a  cell aqueous extract and stored at 4°C in 
a refrigerator for further use [20–23].

Synthesis of silver nanoparticles 

The green synthesis of the silver nanoparticles 
was initiated with a  reaction mixture of 100 ml 
of silver salt (AgNO

3) in the concentration of 1 × 
10–3 M and 200 ml of aqueous extract solution of 
Salvia officinalis leaf (20 µg/ml) in the proportion 
1 : 10 in a conical flask. The reaction mixture was 
kept under magnetic stirring for 12 h at room tem-
perature. At the end of the reaction time, a black 

colloidal solution of Ag was formed. The mixture 
was centrifuged at 10000 rpm for 15 min. The pre-
cipitate was washed three times with water and 
subsequently centrifuged [9, 10].

Chemical characterization of silver 
nanoparticles 

For analysis of silver nanoparticles, common 
techniques of organic chemistry, i.e. SEM, FT-IR 
and UV-Vis. spectroscopy, were used. 

The morphological features of silver nanoparticles 
in terms of surface area, shape and size were exactly 
analyzed by common morphological teste i.e., SEM 
(Fe-SEM ZEISS EVO18) microscopic techniques.

The biomolecules involved in the reduction of 
silver nanoparticles were detected using an FT-IR 
spectrophotometer (Shimadzu IR affinity.1). Silver 
nanoparticles were primarily confirmed using UV-
Vis spectroscopy at a scan range of 200–800 nm 
wavelength (Jasco V670 Spectrophotometer). 

Determination of anti-human ovarian 
cancer effects of silver nanoparticles

In this research, the human ovarian cancer cell 
lines i.e., Caov-3, SK-OV-3, and PA-1, and the nor-
mal cell line, i.e., HUVEC, were used to investigate 
the cytotoxicity and anti-human ovarian cancer 
effects of the AgNO

3, Salvia officinalis leaf aque-
ous extract, and silver nanoparticles using a com-
mon cytotoxicity test, i.e., MTT assay.

For culturing the above cells, penicillin, strepto-
mycin, and Dulbecco’s modified Eagle’s medium 
(DMEM) were used. The distribution of cells was 
10,000 cells/well in 96-well plates. Then, all sam-
ples were transferred to a  humidified incubator 
with 5% CO

2 at 37°C. After 24 h incubation, all 
cells were treated with several concentrations i.e., 
0-1000 µg/ml of AgNO

3, Salvia officinalis leaf aque-
ous extract, and silver nanoparticles, then incubat-
ed for 24 h. AgNO

3, Salvia officinalis leaf aqueous 
extract, and silver nanoparticles were sterilized 
using ultraviolet radiation for 2 h. Finally, 5 mg/ml 
of MTT was added to all wells and all samples of 
AgNO

3, Salvia officinalis leaf aqueous extract, and 
silver nanoparticles were transferred to an incuba-
tor at 37°C for 4 h. The percentage of cell viability 
of samples was measured at the absorbance of 570 
nm and according to the following formula [22]: Cell 
viabilty = (Sample A/Control A) × 100.

Determination of the antioxidant property 
of silver nanoparticles

In this method, DPPH was used as the standard 
as a stable radical compound. Thus, 50 µl of differ-
ent concentrations of 1–1000 µg/ml of nanoparti-
cle was added to 5 ml of 0.004% DPPH solution in 
methanol. After 30 min of incubation at room tem-
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perature, the samples were read against blank at 
517 nm. The percentage of inhibition of DPPH free 
radicals was calculated using the following formula 
[23]: Inhibition (%) = (Sample A/Control A) × 100.

In this test, the ability of hydrogen or elec-
tron atoms to be given by a nanoparticle is mea-
sured by the amount of decolorization of purple 
solutions 2 and 2-diphenyl-1-picryl hydrazyl or 
DPPH in methanol. Then the concentration of the 
nanoparticle with a  radical inhibition percentage 
of 50 was calculated by the graph. Obviously, the 
smaller this number, the greater the antioxidant 
power or inhibition of free radicals. In this exper-
iment, the synthetic antioxidant butylated hy-
droxytoluene was used as a positive control and 
all experiments were repeated three times [23].

Ethics statement

This research was approved by Shaanxi Provin-
cial People’s Hospital animal ethical committee, 
Approved No. SXSRM210428.

Statistical analysis

The obtained results were fed into SPSS-22 
software and analyzed by one-way ANOVA, fol-
lowed by the Duncan post-hoc test (p ≤ 0.01).

Results and discussion

In the present study, silver nanoparticles were 
prepared and synthesized in aqueous medium 
using Salvia officinalis leaf extract as a  reducing 
and stabilizing agent. In addition, we investigated 
the cytotoxicity and anti-human ovarian cancer 
potentials of these nanoparticles against com-
mon human ovarian cancer cell lines, i.e. Caov-3,  
SK-OV-3, and PA-1 cell lines. 

Chemical characterization of silver 
nanoparticles  

The morphology of the synthesized silver nano-
structures was studied by recording the SEM 
image of synthesized silver nanoparticles, which 
enumerated the formation of homogeneous and 
relatively spherical silver nanoparticles by stabiliz-
ing and capping agents (Figure 1). In our review of 
literature, different sizes in the range 10–50 nm 
have been reported for the biosynthesized silver 
nanoparticles using plant extracts [9, 10, 24–26].

At the beginning of the experiment, the light 
color of the solution immediately changed to black 
with a maximum wavelength of around 421 nm, 
indicating the formation of silver nanoparticles as 
characterized by the UV-Vis spectrum (Figure 2). 
The silver nanoparticles produced were collected 
by centrifugation for further analysis. We suppose 
that the phenolic and triterpenoid compounds 
present inside the plant’s biological matrix can 
act as stabilizing agents to prevent aggregation of 
Ag clusters through the ion-dipole intermolecular 
forces.

Mohammadi et al. observed the peak of sil-
ver nanoparticles containing Phoenix dactylif-
era seed ethanolic extract at the wavelength of  
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Figure 3. FT-IR analysis of AgNPs
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438 nm [26, 27]. The Salvia officinalis leaf aqueous 
extract mediated synthesis of silver nanoparticles 
showed excellent stability even after 25 days and no 
considerable changes occurred in UV absorbance. 

To identify the constituent responsible for the 
stabilization of silver nanoparticles, FT-IR was per-
formed on biosynthesized silver nanoparticles (Fig-
ure 3). The 496 cm–1 absorption band is relevant 
to the Ag-O functional group resonance. This con-
firms that nano-sized silver particles are present 
in the nanocomposite. An intense and thick band 
emerged in the 3000–3600 cm–1 region, matching 
the hydroxyl functional groups stretching mode. 
Sp2-Carbon groups are generally the reason for the 
band around 1407 cm–1, while carbonyl functional 
groups include the 1631 cm–1 band.

Cytotoxicity and anti-human ovarian cancer 
potential of silver nanoparticles 

The morphological parameters of silver 
nanoparticles which affect anticancer properties 
of these nanoparticles against several cancer cell 
lines are size, form, and surface coating. Among 

the above parameters, the role of size of silver 
nanoparticles is the greatest [28]. Previously, it was 
found that whatever the size of silver nanopar-
ticles reduced, the ability of these nanoparticles 
for transferring to the cancer cell lines and killing 
them increased [28]. 

As can be observed in Figure 1, in our study the 
sizes of silver nanoparticles synthesized by Salvia 
officinalis leaf aqueous extract are in the range 
of 10–38 nm. Similar studies have found that sil-
ver nanoparticles at the size of 50 nm and lower 
have significant roles in removing tumor cell lines 
[24–27].

In the present research, the cells treated with 
several concentrations of AgNO

3, Salvia officina-
lis leaf aqueous extract, and silver nanoparticles 
were examined by MTT test for 48 h regarding the 
cytotoxic properties on normal (HUVEC) and com-
mon human ovarian cancer (Caov-3, SK-OV-3, and 
PA-1) cell lines (Figure 4). The absorbance rate was 
determined at 570 nm, which indicated extraordi-
nary viability on a normal cell line (HUVEC) even 
up to 1000 µg/ml for AgNO

3, Salvia officinalis leaf 
aqueous extract, and silver nanoparticles. 
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Figure 4. Anti-human ovarian cancer properties of 
Ag nanoparticles against Caov-3 (A), SK-OV-3 (B), 
and PA-1 (C) cell lines
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In the case of human ovarian cancer cell lines, 
their viability decreased dose-dependently in the 
presence of AgNO3, Salvia officinalis leaf aqueous 
extract, and silver nanoparticles. The IC50 of Salvia 
officinalis leaf aqueous extract and silver nanopar-
ticles against ovarian cancer cell lines was less 
than 500 µg/ml. The best results of cytotoxicity 
and anti-human ovarian cancer potential of silver 
nanoparticles against the above cell lines were 
seen in the case of the SK-OV-3 cell line (Table I). 

Antioxidant properties of silver 
nanoparticles 

In recent years, researchers evaluated plants 
and bio-mediated synthesized nanoparticles for 
antioxidant activity. Green-synthesized silver 
nanoparticles exhibit higher antioxidant activity 
for the formation of free radicals in the  living sys-
tem [9, 10]. Silver nanoparticles have redox prop-
erties and play a  significant role in deactivating 
free radicals in the living system [24–27].

In our study, the antioxidant effects of the silver 
nanoparticles synthesized using Salvia officina-
lis leaf aqueous extract were evaluated by DPPH 
assay, revealing concentration-dependent effects, 
i.e., an increase in the concentration of the silver 
nanoparticles leads to an increase in antioxidant 
activities. In the concentrations studied, the best 
result was seen in the high concentration or 1000 
µg/ml (Figure 5). 

Comparative analysis of the individual antiox-
idant assays showed significant variations in the 
exertion of radical scavenging effects. Among all 
materials tested (AgNO3, Salvia officinalis leaf 
aqueous extract, and silver nanoparticles), the 
silver nanoparticles indicated superior inhibition 
effects against DPPH. The standard (butylated hy-
droxytoluene) demonstrated similar antioxidant 
effects compared to the silver nanoparticles. The 
exact IC50 values of butylated hydroxytoluene and 
silver nanoparticles were 208 and 251 µg/ml, re-
spectively (Figure 5).

The anticancer effects of silver nanoparticles 
green-synthesized by medicinal plants have been 
confirmed in previous studies [9, 10, 29–31]. The 
study of Suman et al. clarified the anti-cervix can-
cer effects of silver nanoparticles containing a nat-

ural compound (Morinda citrifolia) against the 
HeLa cell line. In a previous study, silver nanopar-
ticles killed all HeLa cells in high doses [29]. In 
another study, the anti-liver cancer properties of 
silver nanoparticles containing Piper longum leaf 
against Hep-2 cell lines were proved [30]. A pre-
vious study indicated that silver nanoparticles 
green-synthesized by Annona squamosa leaf have 
excellent anti-breast cancer potentials against the 
MCF-7 cell line [31]. Zangeneh et al. introduced 
a  chemotherapeutic drug formulated by silver 
nanoparticles containing Melissa officinalis for 
the treatment of several types of blood cancer [9]. 
Also, a similar study showed that silver nanoparti-
cles green-synthesized by Spinacia oleracea L. had 
an excellent anti-acute myeloid leukemia effect. In 
previous research, silver nanoparticles significant-
ly removed leukemia cell lines and regulated the 
histopathological, immunological, biochemical, 
and hematological parameters in the animals [10].

The reason behind the antioxidant activity of 
green or biosynthesized nanoparticles could be 
the presence of metabolite compounds [32–35]. 
Also, many researchers have reported that pheno-
lic and flavonoids attached to the nanoparticles 
exhibited antioxidant activity. Previously it has 
been reported that Salvia officinalis leaf is rich in 
antioxidant compounds [21]. Several studies have 
been carried out in the nanotechnology field us-
ing various medicinal plants, but still no report is 
available on silver nanoparticles synthesized using 
Salvia officinalis leaf aqueous extract [6–10].

Likely, the significant anti-human ovarian can-
cer potential of silver nanoparticles synthesized 
by Salvia officinalis leaf aqueous extract against 
common human ovarian cancer (Caov-3, SK-OV-3, 
and PA-1) cell lines is linked to their antioxidant 
activities. Similar research has revealed that anti-
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Figure 5. Antioxidant properties of Ag nanoparti-
cles and BHT against DPPH
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Table I. IC50 of Ag nanoparticles in the anti-human 
ovarian cancer tests

Cells Ag nanoparticles [µg/ml]

Human ovarian cancer 
cells 

Caov-3 319

SK-OV-3 253

PA-1 386
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oxidant materials such as metallic nanoparticles 
especially silver nanoparticles and ethno-medici-
nal plants reduce the volume of tumors by remov-
ing free radicals [36].

The high presence of free radicals in normal 
cells leads to many mutation in their DNA and 
RNA, destroys their gene expression and then ac-
celerates the proliferation and growth of abnor-
mal cells or cancerous cells [37, 38]. The high pres-
ence of free radicals in all cancers such as breast, 
gallbladder, stomach, rectal, liver, gastrointestinal 
stromal, esophageal, bile duct, small intestine, 
pancreatic, colon, parathyroid, thyroid, bladder, 
prostate, testicular, fallopian tube, vaginal, ovari-
an, hypopharyngeal, throat, lung, and skin cancers 
indicates the significant role of these molecules 
in angiogenesis and tumorigenesis [38, 39]. Many 
researchers have reported that silver nanoparti-
cles synthesized by ethno-medicinal plants have 
a  remarkable role in removing free radicals and 
growth inhibition of all cancerous cells [39, 40].

In conclusion, in the present study, silver 
nanoparticles were appropriately characterized 
and confirmed using UV-visible spectroscopy  
(UV-Vis), Fourier transformed infrared spectrosco-
py (FT‐IR), and scanning electron microscopy (SEM). 
The results of the organic chemistry techniques 
indicated that these nanoparticles had been syn-
thesized as the best possible. Ag nanoparticles 
revealed significant antioxidant and cytotoxicity 
activities against common human ovarian cancer 
cell lines, i.e., Caov-3, SK-OV-3, and PA-1, with-
out any cytotoxic effect on the normal cell line  
(HUVEC). After confirming these results in clini-
cal trial studies, silver nanoparticles can be used 
as a chemotherapeutic drug for the treatment of 
ovarian cancer in humans. 
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