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Abstract
Synthesis of copper oxide nanoparticles without any chemical reductant is always a challenging methodology for biologi-
cal studies. In this study, sinapic acid, a phytochemical, is used for the synthesis of stable copper oxide nanoparticles. The 
as-synthesized nanoparticles were characterized thoroughly using UV–Visible, IR spectroscopy, Transmission Electron 
Microscopy (TEM) and X-ray photoelectron spectroscopy (XPS). Nanoparticles collected during different time intervals 
of synthesis (60,120 and 180 min) were subjected for analysis, where the occurrence of copper oxide nanoparticles with 
substantial morphology was seen at 180 min. Further, nanoparticles synthesized at 120 and 180 min were studied for their 
potential biological applications. These copper oxide nanoparticles evinced potential cytotoxic effects on breast cancer cells, 
MCF7 and MDA-MB231. Supplementarily, it also exhibited anti-angiogenic effect on endothelial cells (EA.hy926), thus 
confirming its potential to inhibit angiogenesis in cancer.
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Introduction

There is a tremendous interest and demand in the past few 
decades for the easy and cost-effective synthesis of nano-
particles with uniform-size and narrow-size regime [1–4]. 
There are several methods which have been successfully 
established including wet chemical synthesis (reduction), 
chemical vapor deposition, template-assisted synthesis and 
electronic deposition technologies [5, 6]. Amongst, wet 
chemical reduction is one of the most feasible ways, since 
it is versatile in nanostructure control and easy to scale up 
in low cost. In such methods, metal (II) is reduced using 
reducing agent (e.g., hydrazine), in an aqueous or non-aque-
ous medium, in the presence or absence of a surfactant or a 
capping agent [7, 8]. Metal nanoparticles are being increas-
ingly used in diverse myriad applications because of their 
enhanced biological and environmental safety compared to 
other materials [9]. Among metal nanoparticles, Gold, Silver 
and Copper (coinage metals) nanoparticles have emerged 
as an important tool for diverse applications, due to their 
potential need in biomedical, catalysis, photovoltaic and 
opto-electronic fields [10–12]. Copper nanomaterials includ-
ing nanowires (CuNWs) and nanoparticles (CuNPs) have 
received significant attention due to their excellent optical, 
electrical, catalytic, and antifungal properties [13–15]. And 
also due to their successive implementations in the fields of 
catalysis, opto-electronics, chemical sensors, biomedicine 
and biotechnology [16–18]. There are several methods such 
as chemical, physical and biological synthetic ways used to 
produce nanoparticle. With all these mentioned, the chemi-
cal synthesis method is the easy to synthesis, cost effective 
and less time consuming. In the chemical synthetic route, a 
reductant is used for reducing metal precursor to metal/metal 
oxide nanoparticle [19]. Therefore, our focus was on the syn-
thesis of metal nanoparticles without addition of any harsh 
chemical reductants or stabilizing agents [20, 21]. Literature 
reports the use of hydroxyls where sinapic acid has more 
interesting biological properties. Sinapic acid (3,5-dimeth-
oxy-4-hydroxycinnamic acid) belongs to phenylpropanoid 
family and is a naturally available derivative of cinnamic 
acid. With the antioxidant nature of sinapic acid, it has also 
been reported for its wide range of effects against metabolic 
disorders, lung fibrosis, hypertension, cardiovascular dys-
function, ischemia/reperfusion injury [22–25]. In addition, 
sinapic acid has been evidenced for its anticancer activity 
against prostate and colon cancer cells [26, 27]. In this con-
nection, with its extensive applications, here we attempted 
to synthesis the copper oxide nanoparticles with sinapic acid 
as stabilizing agent and we aimed to explore the anticancer 
effect of CuONPs against breast cancer cells, in vitro.

As the cancer pathophysiology is concerned, angiogen-
esis plays a foremost role in the tumor growth and metasta-
sis, especially cancer cells are in need of the vascularisation 
for further growth of cells beyond 1–2 mm3 [28]. Angio-
genesis is a complex physiological process through which 
the new blood vessels form from the existing vasculature 
[29]; hence, many research aimed in the suppression of this 
angiogenesis which could be one of the most potential anti-
cancer therapies. Currently available anti-angiogenic therapy 
with chemotherapeutic drugs have been reported for several 
limitations [30]; hence, targeted execution of cancer cells 
using nanoparticles has gained a huge importance. In this 
connection, here we elucidated the anti-angiogenic property 
of CuONPs (synthesized through green synthetic methodol-
ogy), in the immortalized endothelial cells (EA.hy926).

Experimental

Materials

Copper(II) sulfate pentahydrate  (CuSO4.5H2O), Sinapic 
Acid (SA), Sodium borohydride  (NaBH4), Thiazolyl Blue 
Tetrazolium Bromide were purchased from Sigma–Aldrich, 
India. HPLC grade water was purchased from Merck, India. 
Biological reagents used for cell culture experiments such 
as Dulbecco’s modified Eagle’s medium (DMEM with 
4.5 g L−1 glucose, 4.0 mM l-glutamine and sodium pyru-
vate), Penicillin/Streptomycin (10,000 U mL−1), fetal bovine 
serum (FBS), 0.25% Trypsin–EDTA (1X), Phosphate buffer 
saline pH 7.4 (PBS) were purchased from Gibco, India.

Synthesis of copper oxide nanoparticle

Copper oxide nanoparticles were synthesized by chemical 
reduction of copper salt with sinapic acid in alkaline solu-
tion. To synthesis copper oxide nanoparticles, initially, cop-
per sulfate (10 mL of 20 mmol) was dissolved in water. To 
this solution, alkaline solution of sinapic acid (SA) (10 mL 
of 20 mmol) was added in a drop-wise manner. Immediately, 
following the addition of alkaline solution of SA, color of 
the solution turned into turbid yellow from pale blue copper 
solution. The turbid yellow copper solution was allowed to 
stir at room temperature for 4 h, where we observed color 
changes with respect to time. A quick color change was 
observed from pale blue to turbid yellow and then to brick-
red within 30 min. Meanwhile, the reddish Cu nanoparti-
cles started to generate and float in the upper layer of the 
reaction mixture. After 180 min, the resulting suspension 
was carefully centrifuged at 10,000 rpm for 10 min. The 
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resultant nanoparticles obtained was washed with a large 
amount of deionized water and consequently centrifuged 
thrice at 10,000 rpm for 10 min. Finally, the nanoparticles 
were dried in a vacuum concentrator, affording copper oxide 
nanoparticles.

UV–Visible absorption spectroscopy

Optical absorption spectra of the synthesized nanoparti-
cles were recorded using a UV–Visible spectrophotometer 
(Jasco, J-710, Japan) and all measurements were performed 
in 10-mm path-length quartz cuvettes.

Fourier transform infrared (FTIR) spectra

All infrared spectra were characterized using a Vertex 80 V 
vacuum FT-IR spectrometer (Bruker) to study the vibra-
tional features of the compounds. A pellet was prepared 
using 2 mg of the dried sample powder and about 300 mg 
of potassium bromide through hydraulic pressure. [31] In 
each spectrum, 64 scans between 4000 and 400 cm−1 were 
recorded at a resolution rate of 4 cm−1.

DLS and zeta potential

The size distribution and zeta potential value of the syn-
thesized CuO nanoparticle were analyzed by dynamic light 
scattering (DLS) and zeta potential (Dip cell) measurement 
using a Malvern Zetasizer Nano ZS instrument (Malvern 
Instruments, Malvern, UK). Diluted dispersed solution of 
synthesized nanoparticle was prepared in Milli-q-water and 
sonicated for 30 min at room temperature. Samples were 
measured in glass cuvettes at 25 °C with detection scatter-
ing angle  900, each measurement took a 30-s equilibration 
time. Each sample was analyzed three times per analysis run 
and each sample was replicated independently three times to 
analyze particle size, polydispersity and Zeta potential value.

Transmission electron microscopy (TEM)

Transmission electron microscopy (TEM, Hitachi, H-7650, 
Japan) images were recorded to observe the constitutive 
nanoparticles using a Philips at an accelerating voltage of 
200 kV. For making TEM observations, the sample was sus-
pended in aqueous solution under ultrasonic treatment prior 
to direct deposition on a copper grid and air-drying.

X‑ray photoelectron spectroscopy

X-ray photoelectron spectra were obtained using a Ley-
bold MAX200 with monochromatized Al Kα X-ray source 
(1486 eV, 20 mA). Survey scans were measured with pass 
energy of 192 eV and 48 eV for narrow scans. Spectra were 

energy corrected with respect to the adventitious C 1 s peak 
at 285.0 eV. Line fitting technique was used to analyze the 
Cu 2p peaks using XPS Fit software and Microsoft Excel. 
Reference data regarding Cu 2p peaks and Cu LMM (Auger) 
peaks were obtained from the La Trobe University XPS 
database [32] and Mark C. Biesinger’s Copper XPS data. 
[33].

Cell and culture conditions

The immortalized breast cancer cell lines, MCF7 and MDA-
MB231 were obtained from the National Center for Cell Sci-
ences (NCCS), Pune, India. The immortalized endothelial 
hybrid cell line, EA.hy926 was obtained as a kind gift from 
Dr. C.J.S. Edgell, University of North Carolina, Chapel Hill. 
The cells were cultured in DMEM medium supplemented 
with 10% FBS (v/v) and 1% penicillin/streptomycin (w/v). 
The cells were maintained at 37 °C in a humidified 5%  CO2 
incubator.

Cytotoxicity and cell morphology

MCF7, MDA-MB231 and EA.hy926 cells were seeded at 
1 × 104 cells/well in 96-well plates and treated with dif-
ferent concentrations (1,5,10,17,25,37,50,100 µg mL−1) 
of CuONPs 120 and 180 min, CuONPs synthesized by 
chemical reduction method  (NaBH4), controls (SA,  CuSO4. 
 5H2O) and were incubated for 24 and 48 h. At the end of the 
experimental period, the treated medium was removed and 
the cells were washed with PBS and imaged for cell mor-
phology. The cytotoxicity was measured using MTT assay, 
wherein after the treatment, 10-µL MTT solution (5 mg/ml) 
was added to 100 µL of the growth medium without phenol 
red and plates were incubated at 37 °C for 4 h in a humidi-
fied 5%  CO2 atmosphere. Then, formazan crystals formed 
by mitochondrial reduction of MTT were solubilized in 
dimethyl sulfoxide (100 µL/well) and absorbance was read 
at 540 nm using a microplate reader. Percentage inhibition 
of cytotoxicity was expressed as percentage of cell viability 
compared with control cells.

Intracellular ROS assay

Intracellular ROS was measured using oxidation-sensitive 
dye, 2,7-dichloro-dihydro-fluorescin diacetate (DCFH-
DA). MCF7 and MDA-MB231 cells of 40% confluent were 
seeded on 24-well plate cover slips. Cells were treated with 
respective concentrations of CuO NPs. After 24 h of treat-
ment, the cells were incubated with DCFH-DA for 15 min 
at 37 °C. The cells were washed with 1X PBS and imaged 
using Olympus IX71 inverted fluorescence microscope and 
fluorescence intensity was calculated. The fluorescence 
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intensity was directly proportional to the free radicals pro-
duced by the cells.

Endothelial cell wound healing assay

EA.hy926 cells were seeded as a monolayer of 100% con-
fluence at the day of experiment and scratch wound was 
made using sterile tip and the cells were subjected to differ-
ent concentration of CuONPs (both 120 and 180 min) and 
observed for 6 h. For every 2-h interval, images were taken 
using Olympus IX71 epifluorescence microscopy (4X mag-
nification). Images were processed using Image J software 
and the wound area was measured.

Statistical analysis

All the experiments were performed in triplicates (n = 3) and 
the data are presented as mean ± SD. One-way ANOVA, stu-
dent t test and Turkey post hoc tests were used to analyze the 
data. SigmaStat software package 6.0 was used for all statis-
tical analysis and calculation of SD values. p values ≤ 0.05 
was considered as statistically significant.

Result and discussion

Synthesis and characterization

Copper oxide nanoparticles were synthesized by the use of 
SA in aqueous medium. The as-synthesized nanoparticles 
were characterized by UV–Visible and FTIR spectroscopic 
methods. The UV absorption spectrum of SA showed that 
characteristic peaks at 227 and 306 nm correspond to π–π* 
and n–π* transitions, respectively. When SA started to react 
with copper solution at room temperature, the absorption 
spectra of the SA shifted from 227 to 244 nm and from 306 
to 347 nm (Fig. 1). These shifts in wavelength indicate the 
involvement of sinapic acid in the nanoparticle formation. 
Moreover, with respect to time (from 0 to 180 min), we 
observed a gradual increase in the intensity of absorption 
band around 350 nm. The color of the solution underwent 
visible changes from yellow to red and finally to reddish 
brown till 180 min. This is an interesting parameter to char-
acterize the formation of nanoparticle because the reddish-
brown coloration showed the formation of copper oxide 
nanoparticles. [34, 35] Thereafter, the absorption band low-
ered considerably with time accompanying the color changes 
from reddish brown to clear brown.

To characterize the as-synthesized nanoparticle, the 
functional group analyses were performed using FTIR 
spectroscopy. The characteristic sinapic acid bands 
were seen at 3382 cm−1 corresponds to hydroxyl group, 

2298 cm−1 corresponds to phenolic groups and 1650 cm−1 
indicating carbonyl stretching frequencies. The formation 
of nanoparticles after the addition of SA was confirmed 
by the absence of 3382 cm−1(−OH) stretching frequency 
which represents the involvement of hydroxyl group. 
Besides, the carbonyl stretching frequency of sinapic acid 
was red shifted by 50 cm−1 (1650–1700) which clearly 
depicts that the carbonyl (C = O) and hydroxyl (−OH) 
groups in SA [36] were involved in the formation of 
nanoparticles, which is seen from the Fig. 2 (a, b). With 
respect to different time intervals, these IR bands have not 
shown much difference. In the aqueous dispersed solution 
of synthesized CuO nanoparticle, the particle size and zeta 
potential value of 120 and 180 min samples were found 
to be 250 nm and − 26 mV, 40 nm and − 28 mV, respec-
tively. The PDI values 0.3 and 0.2 for 120 and 180 min, 
respectively, indicated an even size distribution of the syn-
thesized CuO nanoparticles. [37] The more negative zeta 
potential values indicated stability of the synthesized nan-
oparticle. [38] These results conclude that the synthesized 
CuO nanoparticle was monodispersed and stable in nature. 
TEM helps to understand the size of the formed nanopar-
ticles. The formation of nanoparticles with respect to time 
was also been studied. From the TEM image at 0th min 
(Figure S1), we could see that the nanoparticles formation 
was feasible, immediately after the addition of alkaline 
solution of SA into the Cu(II) solution (pale blue color). 
But the so-formed nanoparticles were not well defined till 
60 min where we could see the excess sinapic acid in the 
matrix through electron microscopy. It was also seen from 
the visible changes of the reaction mixture from pale blue 
to blood red in color. As the time proceeds, the color of the 

Fig. 1  Corresponding UV–Visible spectra of Copper oxide nanopar-
ticle (black: 0 min; red: 60 min; aqua: 120 min blue: 180 min) at dif-
ferent time intervals. Inset: UV visible spectra of sinapic acid. The 
image indicates the final color of the formed CuO nanoparticles
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reaction mixture was completely turned into brown solu-
tion. At 30 (Fig. 3a) and 60 min (Fig. 3b), we observed the 
formation of nanoparticle > 200 nm with not well-defined 
morphology, which was evident from the images. On the 
other hand, a well-defined morphology with distinct par-
ticle size was clearly seen at 120 min (Fig. 3c). As seen in 
the figure, the spherical-shaped nanoparticles were formed 
but whose particle size was > 200 nm. So, the reaction 
was further proceeded till 180 min, where the color of 
the solution became intense brown. The respective TEM 
image is shown in the Fig. 3d, which indicated that the 
size of the particles was below 20 nm. To further analyze 
the fine size of the as-synthesized nanoparticles, a higher 
magnification was used where the size was almost 10 nm 
with spherical morphology which was clearly seen from 
Fig. 4a. Therefore, for further analysis and biological stud-
ies CuO NPs synthesized at 120 and 180 min were chosen 
due to their fine size and morphology. The SAED pattern 
of synthesized CuO NPs is shown in the Fig. 4b. It was 
observed that planes [(111), (200), (220)], [(002), (200)] 
and [(220) (111)] from bright circular rings showed that 
the synthesized nanoparticle contains phases of CuO and 
also  Cu2O [39–42].  

Figure 5 shows the XPS survey spectra of CuO NPs 
synthesized at 180 min. All the indexed peaks correspond 
to copper (Cu), carbon (C) and oxygen (O). The two 
shakeup satellite peaks for Cu 2p3/2 (934.7 eV) and Cu 
2p1/2 (955.3 eV) are indicative of a  d9 transition metal, 
i.e.,  Cu2+ [39, 43]. The gap between the two (Cu  2p3/2 
and Cu  2p1/2) is 20.6 eV, which is in agreement with the 
standard value of 20.0 eV for CuO [44, 45]. But, the asym-
metry and broadness of the main Cu 2p peaks suggest the 

presence of more than one form of copper in the sample. 
Detecting and distinguishing other copper forms  (Cu0 and 
 Cu1+) are difficult due to their spectral overlap in the Cu 
2p region with  Cu2+. Copper Auger peaks provide the nec-
essary information required to determine and distinguish 
the two copper forms. Cu (0) and Cu (1 +) have distinct 
spectral patterns in the Cu LMM region. Although  Cu2+ 
makes detection of these distinct patterns difficult, the 
shoulder peaks of Cu (0) were visible. Characterization 
of NPs reveals the presence of  Cu2+ being the dominant 
form. The observed  Cu2+ signals are consistent with the 
presence of CuO NPs.

Fig. 2  a, b: FTIR spectra of synthesized copper oxide nanoparticle SA alone(black); CuONP at 30 min (red), CuONP at 60 min (aqua), CuONP 
at 120 min (blue), CuONP at 180 min (pink)

Fig. 3  TEM image of Copper oxide nanoparticle from the dried sam-
ples of a 30 min b 60 min c 120 min d 180 min. (Scale bar: 200 nm)
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Anticancer activity

Copper-based compounds have received huge biological 
impact in the past two decades and being one of the most 
important biological trace elements, copper plays a tremen-
dous role as anticancer agents [46, 47]. On the other hand, 
role of polyphenolic compound, sinapic acid, has also been 
reported for its anticancer mechanism [26, 27]. Most chal-
lenging concern in the use of polyphenols as chemo-preven-
tive agent is due to low oral bioavailability [48]. To over-
come this problem, nanonization is the prominent approach 
emerging recently and it is also inclined to be the targeted 
approach against the cancer cells growth. In the current 
study, the cytotoxic effect of synthesized CuO NPs, at both 
120 and 180 min, were subjected to breast cancer cell lines, 
MCF7 and MDA-MB231 and investigated for their potential 
activities. We have chosen breast cancer cell lines, MCF7 
and MDA-MB231 due to their well-documented studies and 
different characteristics as reported by Moses et al. 2016 
[49]. In particular, MCF7 cells have been recognized most 
and used in the breast cancer research because of its acute 
hormone sensitivity owing to the expression of estrogen 
receptor, which makes it as an ideal model to study hormone 
response [50]. Meanwhile, MDA-MB231 cells are known 
for the gene expression linked with specific metastatic sites 
and are the triple-negative breast cancer cells which are the 
aggressive cancers, which are not controlled by hormonal 
therapy [51, 52].

Initially, we checked the cytotoxicity of SA control in 
both MCF7 and MDA-MB231 cells, and it did not show 
any cytotoxic effect at concentrations up to 100 µg mL−1 
at 24 and 48 h (Figure S2 A and B). It has been reported 
by Eroğlu et  al., that SA at higher concentration of 
1000 µM induced cytotoxic effect against human pros-
tate cancer cells [26]. In MCF7 cells, the  IC50 value for 

CuO NPs 120 min at 24 and 48 h was found to be 21.5 
and 15 µg mL−1, respectively. Moreover, for CuO NPs 
180 min,  IC50 was observed to be 24.5 and 14 µg mL−1 at 
24 and 48 h, respectively (Fig. 6a, b) and the cytotoxic-
ity increases with concentration and in a time-dependent 
manner when compared to control cells. In addition, with 
MDA-MB231 cells, the  IC50 value for CuO NPs 120 min at 
24 and 48 h was found to be 7.5 and 6.5 µg mL−1, respec-
tively. For CuO NPs at 180 min,  IC50 was observed to 
be 11 and 9 µg mL−1 at 24 and 48 h, respectively, and 
dose-dependent increase in cell death was also observed 
(Fig.  6c, d). Together with the growth inhibition, the 
results displayed distinct changes in the morphology of 
both MCF7 and MDA-MB231 cells towards CuO NPs 
treatment with increase in concentration (Figure S3 A and 
B). Moreover, comparably CuO NPs 120 min showed more 
lethal effect on cancer cells when compared to 180 min 
at  IC50 concentration. The earlier evidences have pointed 

Fig. 4  a TEM image of Copper oxide nanoparticle from the dried Samples of 180 min b selected area electron diffraction pattern of copper 
oxide nanoparticle (scale bar: 10 nm−1)

Fig. 5  XPS survey spectra of Copper oxide nanoparticle from the 
dried Samples of 180 min
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out that the copper in the nanoparticles form showed anti-
cancer activity against various cell types including breast 
cancer [53, 54] The current study highlights the exploita-
tion of the polyphenol–metal nanoparticle as the chemo-
preventive agent against breast cancer. The CuO NPs 
showed enhanced toxic effect at both time intervals when 
compared to that of sinapic acid alone. The enhanced 
cytotoxicity observed at much lower concentrations such 
as 21.5 and 7.5 µg mL−1 for MCF7 and MDA-MB231, 
respectively, confirmed that formation of sinapic acid-
assisted copper oxide nanoparticles is more effective when 
compared to that of sinapic acid. As polyphenols are con-
sidered for anticancer treatment, higher doses needed to 
overcome its short half lives, improving the bioavailability. 
On the other hand, the advantage of using nanoparticles is 
to improve the efficacy with lower dosage [26], hence this 
study employed SA which acts as both reducing and stabi-
lizing agent for the copper oxide nanoparticles. Therefore, 
CuO NPs synthesized using sinapic acid showed toxic 
effect at very low concentrations against breast cancer cell 
lines. Copper oxide nanoparticles were also synthesized 
by chemical reduction method and the control experiments 
along with copper salt were also subjected towards breast 
cancer cell lines and the results are shown in ESM_1.

As the mechanistic point of view, the cancer cells dis-
play an elevated level of oxidative stress with increase in the 

production of reactive oxygen species (ROS). However, to 
compensate the ROS, the cancer cells maintain the delicate 
balance of antioxidant enzymes. [55] Evidences suggest that 
the cancer cells are vulnerable to abnormal increase in the 
level of ROS insults and it can be exploited for the targeted 
exhaustion of the cancer cells. Hence, modulation in the 
intracellular ROS levels has been considered as the promis-
ing anticancer activity and evidence demonstrated the use of 
novel ROS-modulating agent against cancer cell [56]. Fur-
thermore, nanoparticles have been known to induce cellular 
toxicity by increasing intracellular ROS levels.

The induction of ROS in the biological system by nano-
particles is known to disrupt the homeostatic redox state and 
induce cellular genotoxicity, ending up with programmed 
cell death [57]. In the present study with CuO NPs, we 
observed the induction of intracellular ROS when assessed 
using DCF fluorescence. When comparing to the MCF7 
cells, the CuO NPs showed cytotoxicity at lower concentra-
tions in MDA-MB231 cells; hence, according to the cyto-
toxicity observed in the breast cancer cells, we have chosen 
two different concentrations for ROS detection, a lower and 
a higher concentration from the  IC50 values at 24 h, specifi-
cally 17 and 25 µg mL−1 for MCF7 cells (Fig. 7a, b), and 
5 and 10 µg mL−1 for MDA-MB231 cells (Fig. 7c, d). The 
results showed the induction of intracellular ROS in dose-
dependent manner in both the cell types; moreover, these 

Fig. 6  Effect of a CuONPs-120 and b − 180 on the cell viability of MCF7 at 24 and 48 h, respectively. Effect of c CuONPs-120 and d − 180 on 
the cell viability of MDA-MB231 at 24 and 48 h, respectively. *Considered statistically significant (p < 0.05) from control at 24 h and # at 48 h
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results correlate with the evidence that copper nanoparticles 
have been substantiated to induce ROS levels in breast can-
cer cells like MCF7 [58] and MDA-MB231 [59]. However, 
the mode of action of the nanoparticles in relation to their 
chemical properties should be ascertained to reveal the exact 
mechanism underlying the nanotoxicity. Anticancer activity 
of CuO NPs are not only attributed by the phenolic groups 
of sinapic acid present on the surface but also due to their 
shape, size  and other properties of nanoparticles.  On the 
other hand, SA polyphenol control at same concentrations of 
CuO NPs did not show ROS production (Figure S4).

Anti‑angiogenic activity

Currently, anti-angiogenic therapy is one of the feasible 
therapeutic choices in cancer treatment. Many nanoparti-
cle complexes such as gold, silver, silica-based nanoparti-
cles and others have been reported for their anti-angiogenic 
activity. [60–63] To unveil the anti-angiogenic property of 
synthesized CuO NPs, here we exploited the endothelial cell 
line, EA.hy926. Initially, we checked the cytotoxicity of SA 
control in EA.hy926 cells and it did not show any cytotoxic 
effect at concentrations till 100 µg mL−1 at 48 h (Figure S2 
C). Besides, copper salt and CuONPs synthesized by chemi-
cal reduction method were also studied against EA.hy926 
and the results are discussed in ESM_1. Furthermore, syn-
thesized CuO nanoparticles (120 and 180 min) were found 

Fig. 7  Induction of intracel-
lular ROS (a) and (c) in MCF7 
and MDA-MB231 cells, 
respectively, the corresponding 
representation of fluorescent 
intensity measurement (b) and 
(d) using Image J software. 
*Considered statistically sig-
nificant (p < 0.05) from control 
with CuONPs 120 and # with 
180
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to be non-toxic till 25 µg mL−1 and further increase in the 
concentration to 37 µg mL−1 at 24 h showed reduction in 
cell viability to 55 and 66% for CuO NPs 120 and 180, 
respectively; whereas further increase in the concentration 
to 50 and 100 µg mL−1 reduced the cell viability completely 
(Fig. 8A & B). However, CuONPs at lower concentrations 
showed cytotoxic effect at 48 h, in which concentration 
from 25 µg mL−1 showed pronounced effects. Our results 
confirms antiangiogenic potential of synthesized nanopar-
ticles through the inhibition of endothelial cell proliferation 
in dose- and time-dependent manner, which coincides with 
the study of Song et al. [64].

Endothelial cell migration is an essential part of 
angiogenesis and an obligatory mechanism for the can-
cer cell growth and metastasis. [65] Hence, we checked 
the anti-migration ability of CuO NPs on endothelial 
cells, by scratch wound healing assay. At low concen-
tration of CuO NPs at 120 and 180 (5 and 10 µg mL−1), 
a statistically insignificant wound healing was observed 
when compared to control cells. On the other hand, with 
increase in the concentrations (both CuO NPs 120 and 
180) 17, 25 and 37 µg mL−1, there was a decrease in 
the wound healing capacity when compared to control in 
a time-dependent manner (Fig. 9a, b, c). Trickler et al. 
[66] explained the effect of copper nanoparticles in rat 
cerebral micro-vessel endothelial cells and evidenced that 
the Cu-NPs at low concentrations increased cellular pro-
liferation promoting neovascularization and wound heal-
ing, where in the reverse effect at higher concentration, 
which requires further investigation with our synthesized 
CuO NPs. The migration of endothelial cells was sig-
nificantly inhibited in the presence of the CuO NPs at 
higher concentrations, which showed its more pronounced 
effects on cell motility (Figure S5). This result affirms 

that synthesized copper oxide nanoparticle exhibits anti-
angiogenic activity which correlates with the work of 
Zheng et al., stating that the nanoparticles significantly 
blocks the endothelial cell migration and thereby inhibits 
the angiogenesis [67]. SA did not show any significant 
effect on cell migration in the wound healing assay (up 
to 37 µg mL−1 in comparison with synthesized CuONPs) 
similar to that of untreated control (Figure S6). On the 
other hand, SA-assisted CuO NPs showed significant 
reduction in the wound healing activity, which further 
confirms the potential effect of nanoparticles against can-
cer treatments.

From our present preliminary studies, we confirm that 
copper oxide nanoparticles synthesized using sinapic acid 
could be used in the treatment for the breast cancer in 
which pathological angiogenesis plays a significant role 
in the tumor growth.

Conclusion

The results from this study unveil the anticancer activity 
of the CuO NPs synthesized using sinapic acid. The green 
synthesized CuO NPs were stable and its anticancer activ-
ity could be attributed through increase in ROS generation 
and its ensuing action on inhibiting cell proliferation. In 
addition, it is reasonable to understand the anti-angiogen-
esis properties of newly synthesized CuO NPs which could 
be the reason for its anticancer activity against breast can-
cer cells. Although, the current findings affirm the effect 
of synthesized CuONPs for its antiangiogenic effect and 
we found that the results necessitate further mechanistic 
confirmation in signaling point of view. When compar-
ing to the native sinapic acid polyphenol, the synthesized 

Fig. 8  Effect of a CuONPs-120 and b − 180 on the cell viability of EA.hy926 at 24 and 48 h. *Considered statistically significant (p < 0.05) from 
control at 24 h and # at 48 h
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nanoparticles offered a promising effect at its low con-
centration and could probably be a potential candidate in 
cancer treatment.
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