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SUMMARY

Introduction:  Schisandra chinensis  is a plant species whose fruits have been well 
known for its multiple pharmacological effects. In the current work, aqueous extract 
of  S. chinensis  fruits is used to produce Copper nanoparticles (CuNPs)  through 
green-synthesis method. Physical and biological essays characterized the 
nanoparticles obtained. Aim: To produce Copper nanoparticles through a green-
synthesis method using the aqueous extract of S. chinensis fruits and to characterize 
this material using spectroscopic methods, including UV-Vis, FTIR (Fourier 
Transform Infrared Spectra), X-ray diffraction, and SEM (Scanning electron 
microscopy).  Subsequently, the nanoparticulate material is evaluated against 
three tumor cell lines: A549 human lung cancer cell line (CRM-CCL-185TM), 
HT29 human colorectal adenocarcinoma cell line (ATCC® HTB-38TM) and 
MCF7 breast cancer cell line (ATCC® HTB-22TM). Results: Through a green-
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synthesis method, Copper nanoparticles were synthesized from  aqueous extract 
of S. chinensis fruits, demonstrating a spherical morphology with a size close to 26 
nanometers by means of spectral methods. Furthermore, results suggest that the S. 
chinensis reduced CuNPs were able to induce mainly early apoptotic cell death in 
cancer cells in a concentration-dependent manner. Conclusions: The results proved 
that  S. chinensis  fruit aqueous extract could be applied for a greener synthesis of 
copper nanoparticles with potential anti-proliferative effect.

Keywords: Schisandra chinensis; material science; nanotechnology, green synthesis, 
copper nanoparticles, antiproliferative effects, carcinoma.

Resumen

preparación y caracterización de nanopartículas de cobre de 
Schisandra chinensis y evaluación de su actividad antiproliferativa

Introducción: Schisandra chinensis es una especie vegetal cuyos frutos han sido 
muy conocidos por sus múltiples efectos farmacológicos. En el trabajo actual, se 
utiliza extracto acuoso de frutos de S. chinensis para producir nanopartículas de 
cobre (CuNP) mediante el método de síntesis verde. Ensayos físicos y biológicos 
caracterizaron las nanopartículas obtenidas. Objetivo: producir nanopartículas de 
cobre mediante un método de síntesis verde utilizando el extracto acuoso de frutos 
de S. chinensis y caracterizar este material mediante métodos espectroscópicos, 
incluidos UV-Vis, FTIR (espectros infrarrojos por transformada de Fourier), 
difracción de rayos X y SEM. (Microscopía electrónica de barrido). Posteriormente, 
el material nanoparticulado se evalúa frente a tres líneas celulares tumorales: línea 
celular de cáncer de pulmón humano A549 (CRM-CCL-185TM), línea celular de 
adenocarcinoma colorrectal humano HT29 (ATCC® HTB-38TM) y línea celular de 
cáncer de mama MCF7 (ATCC® HTB -22TM). Resultados: Mediante un método 
de síntesis verde, se sintetizaron nanopartículas de cobre a partir de extracto acuoso 
de frutos de S. chinensis, demostrando mediante métodos espectrales una morfología 
esférica con un tamaño cercano a los 26 nanómetros. Además, los resultados sugieren 
que las CuNP reducidas de S. chinensis fueron capaces de inducir principalmente la 
muerte celular apoptótica temprana en células cancerosas de una manera dependiente 
de la concentración. Conclusiones: Los resultados demostraron que el extracto 
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acuoso del fruto de S. chinensis podría aplicarse para una síntesis más ecológica de 
nanopartículas de cobre con potencial efecto antiproliferativo.

Palabras clave: Schisandra chinensis; ciencia material; nanotecnología, síntesis verde, 
nanopartículas de cobre, efectos antiproliferativos, carcinoma.

Resumo

Preparação e caracterização de nanopartículas de cobre de 
Schisandra chinensis e avaliação de sua atividade antiproliferativa

Introdução: Schisandra chinensis é uma espécie vegetal cujos frutos são bastante 
conhecidos por seus múltiplos efeitos farmacológicos. No presente trabalho, 
extrato aquoso de frutos de S. chinensis é utilizado para produzir nanopartículas 
de cobre (CuNPs) através do método de síntese verde. Ensaios físicos e biológicos 
caracterizaram as nanopartículas obtidas. Objetivo: Produzir nanopartículas de 
cobre através de um método de síntese verde usando o extrato aquoso de frutos de 
S. chinensis e caracterizar este material usando métodos espectroscópicos, incluindo 
UV-Vis, FTIR (Fourier Transform Infrared Spectra), difração de raios X e MEV. 
(Microscopia eletrônica de varredura). Posteriormente, o material nanoparticulado 
é avaliado contra três linhagens de células tumorais: linhagem celular de câncer de 
pulmão humano A549 (CRM-CCL-185TM), linhagem celular de adenocarcinoma 
colorretal humano HT29 (ATCC® HTB-38TM) e linhagem celular de câncer de 
mama MCF7 (ATCC® HTB -22TM). Resultados: Através de um método de síntese 
verde, nanopartículas de cobre foram sintetizadas a partir de extrato aquoso de frutos 
de S. chinensis, demonstrando uma morfologia esférica com tamanho próximo a 26 
nanômetros por meio de métodos espectrais. Além disso, os resultados sugerem 
que os CuNPs reduzidos de S. chinensis foram capazes de induzir principalmente a 
morte celular apoptótica precoce em células cancerosas de uma maneira dependente 
da concentração. Conclusões: Os resultados provaram que o extrato aquoso da fruta 
S. chinensis pode ser aplicado para uma síntese mais verde de nanopartículas de cobre 
com potencial efeito antiproliferativo.

Palavras-chave: Schisandra chinensis; ciência dos materiais; nanotecnologia, síntese 
verde, nanopartículas de cobre, efeitos antiproliferativos, carcinoma.
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Introduction

The application of nanoscale materials is an emerging area of pharmaceutical nanotech-
nology. Nanoparticles are structures with a size extending approximately from 1 nm up 
to 100 nm in length exhibiting specific characteristics in distribution and morphology 
[1]. Synthesis of copper nanoparticles (CuNPs) is interesting for the scientific commu-
nity because of the wide range of applications in pharmaceuticals, photonics, electron-
ics, sensing and catalysis [2, 3]. CuNPs have interest due to their excellent physical and 
chemical properties such as high surface-to-volume ratio, thermal conductivity, as well 
as their capacity to penetrate cellular barriers [4]. In fact, these nanoparticles could be 
used in cancer diagnosis and treatment [5]. The production of metallic CuNPs with 
different morphologies and sizes has been realized during the last decade by using 
different routes [6-13]. Although various techniques including chemical and physi-
cal procedures have been developed, an alternative route is the biosynthesis of metal 
nanoparticles starting from plant extracts [14, 15]. The last one is a specific applica-
tion of green chemistry, characterized by a more efficient and less hazardous synthesis 
process, being a cost-effective and eco-friendly approach. Because the control of par-
ticle size and morphology are essential characteristics for application in biomedicine, 
the biological approach is superior to the chemical and physical synthesis methods for 
metal nanoparticles [16]. Such Likewise, stabilization of copper ions using leaf or fruit 
extracts and characterization of resulting nanoparticles have been documented in pre-
vious studies [17, 18].

The use of vegetable extracts for the biosynthesis of metal nanoparticles is based on the 
observation that plants can uptake and bio-reduce metal ions from soils and solutions. Many 
plant species contain different types of antioxidative compounds (reductant agents) such as 
flavonoids, coumarins, xanthones, anthraquinones, and terpenoids. The phytocompound-
enriched plant extracts are the principal ones involved in metal salt reduction from positive 
oxidation state to zero, and thus, acting as reducing agents. These substances, traditionally 
referred as secondary metabolites, are distributed differentially among limited taxonomic 
groups within the plants kingdom. For instance, a broad range of plants with high content 
of these metabolites, including Allium sativum [19], Ocimum sanctum L. [20], Capparis 
spinose [21], Citrus limon [22], Curcuma longa [23], Magnolia Kobus [24], Passiflora foetida 
[25], Piper retrofractum Vahl [26], Punica granatum [27], Asparagus adscendens [28], have 
been used for the synthesis of CuNPs. Furthermore, some studies revealed that using plant 
extracts as reductant agents for the synthesis of CuNPs by the biological method exhibited 
anticancer potential, antiproliferative and cytotoxic activity [29-32]. Another reports about 
synthesis of nanoparticles or composites using fruit extracts especially utilizing flavonoids, 
polyphenols etc. have been reported numerous times in the past [33, 34].
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Schisandra chinensis is a plant species whose fruits have been well known in Far East-
ern medicine for a long time. It had been reported that the most important compo-
nents of the S. chinensis berries are dibenzo[a,c]cyclooctadiene lignans also known 
as “schisandra lignans” [35], which are not easily found in other plants. Lignans are 
secondary metabolites that belong to the polyphenolic compounds. Moreover, some 
studies demonstrated that S. chinensis exhibits antitumor [36], anti-hepatotoxic and 
hepatoprotective [37, 38], anti-cancer [39], neuroprotective [40], anti-diabetic [41], 
and antioxidant [39, 42] properties. Formation of nanoparticles using green chemistry, 
characterization, effects of fruit extracts and potential application in cancer medicine 
using Schisandra genus have been discussed in prior literature [34, 43-49].

The current therapeutic agents used for cancer treatment are very costly with addi-
tional problems such as severe side effects and toxicity on non-cancerous tissues. Con-
sequently, it is necessary to explore a new cost-effective and biocompatible therapeutic 
approach against cancer.

For the above-mentioned reasons, the current study was designed to prepare and 
characterize the biosynthesized CuNPs using a bioreduction procedure with aque-
ous extract of S. chinensis as a bioreducing agent and evaluate its antiproliferative and 
apoptotic effects on A549 human lung cancer cell line (CRM-CCL-185TM), HT29 
human colorectal adenocarcinoma cell line (ATCC® HTB-38TM) and MCF7 breast 
cancer cell line (ATCC® HTB-22TM).

Materials and methods

Materials

The dried S. chinensis berries extract was obtained from Gelinna Health Center (Xi´an 
Greena Biotech Co., Ltd., Yantra District., Xi´an, China); copper sulphate penta-
hydrate (CuSO4.5H2O) used in the study was of analytical grade (Sigma-Aldrich); 
de-ionized and distilled water were directly obtained from our laboratory at the Uni-
versidad El Bosque, Bogotá D.C., Colombia; Dulbecco’s Modified Eagle Medium 
(DMEM) culture medium, resazurin, dimethyl sulfoxide (DMSO) and all other used 
reagents and chemicals were purchased from Sigma-Aldrich; Fetal bovine serum (FBS) 
and Penicillin-Streptomycin solution was obtained from Gibco® Life Technologies and 
Trypsin-EDTA from Lonza.

Preparation of  S. chinensis aqueous extract

20 g of the dried S. chinensis berries extract was taken in a beaker along with 100 mL 
of de-ionized water that it is heated at 60 °C during 30 minutes under reflux condi-
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tions and cooled down to room temperature. After that the solution was filtered using 
Whatman Grade 2 filter paper to eliminate non-soluble materials obtaining a clear 
solution. The filtrate was stored at 4 °C for further experiments.

Biosynthesis of copper nanoparticles

The biosynthesis of CuNPs was performed according to Usha et al. [20] with slight 
modifications. The S. chinensis aqueous extract (50 mL) was mixed with 200 mL of 
1 mM aqueous copper sulphate pentahydrate solution under continuous stirring at  
80 °C on a hot plate. The plant extract was mixed by slow drip with the copper solution 
for 4 h. After complete mixing of the plant extract and precursor the mixture was incu-
bated at 31 °C for 24 h. A color change from yellow to brick brown was observed that 
indicated the formation of copper nanoparticles. The solution was then centrifuged 
at 6000 rpm for 30 min. followed by re-dispersion of the pellets in deionized water 
to remove any unwanted biological materials. This procedure was done three times. 
Finally, the pellets were filtrated and dried at 80 °C in an oven and stored in screw-
capped vials under ambient conditions for further characterization and application.

Characterization of biosynthesized CuNPs

Synthesized copper nanoparticles were subjected to various characterization studies 
for identification of size and morphology as follows:

UV-Spectroscopy:

The reduction of copper sulphate to copper was monitored by recording UV-Vis spec-
trum of the reaction mixture after diluting a small aliquot of the sample with deion-
ized water. The measurements were recorded on a Genesys -Thermo Scientific UV-Vis 
spectrometer (model 10S) operated in 200–800 nm wavelength.

FT-IR analysis of bio-mass before and after bio-reduction:

Fourier-transform infrared spectra of S. chinensis berries extract powder and the dried 
CuNPs were acquired in the range 4000 to 500 cm−1 with a Bruker - Alpha Platinum 
Infrared Spectrophotometer by ATR technique.

X-Ray diffraction (XRD) studies:

X-ray diffraction measurement of the S. chinensis reduced CuNPs was carried out 
using a powder X-ray diffractometer instrument (PANalytical Xpert Pro) in the angle 
range of 100-700 operated at a voltage of 40 kV and a current of 30 mA with CuKα 
radiation in a θ-2θ configuration. The crystallite domain size was calculated by using 
Debye- Scherrer formula.
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Scanning electron microscopy (SEM):

SEM micrographs of the S. chinensis reduced CuNPs were obtained using a SEM Tesca 
Vega 3 SB microscope.

Antiproliferative activity and apoptosis evaluation

The cytotoxic potential of CuNPs was evaluated in vitro on different cell lines such as 
described below:

Propagation and maintenance of cell lines

The cell lines used in these studies were A549 human lung cancer cell line (CRM-
CCL-185TM), HT29 human colorectal adenocarcinoma cell line (ATCC® HTB-38TM) 
and MCF7 breast cancer cell line (ATCC® HTB-22TM). All lines were maintained 
in DMEM with sodium pyruvate (1 mM), penicillin (100 UI/mL), streptomycin  
(100 µg/mL), and 10% of Fetal bovine serum (FBS). Cells were cultured in T-25 flasks 
at 37.0 °C, 5% CO2 and 80% relative humidity, changing media at least twice a week.

Sample preparation

S. chinensis reduced CuNPs stock solution (50 mg/mL) was made in a DMSO-phos-
phate-buffered solution (PBS) (1:1) mix and five 1:2 serial dilutions starting with  
100 µg/mL were prepared in culture media and added to the cells. S. chinensis aqueous 
extract, while CuSO4.5H2O solutions were used as controls. In all experiments, the 
final concentration of DMSO in the wells was below to 0.1%.

In-vitro cytotoxic essay

The cells were seeded in 96-well flat-bottom plates at a density of 20000 cells per well 
for HT-29 and 5000 for A549 and MCF-7. Once the cells adhered to the support, 
they were exposed to treatments for 72 h. The effect of the vehicle was evaluated in all 
tests. The cytotoxicity of CuNPs, CuSO4.5H2O and S. chinensis extract was evaluated 
by the resazurin reduction assay.

Resazurin reduction essay

Following the exposure times to the treatments, the medium was replaced by 100 μL of 
44 μM resazurin; then, after 4 hours of incubation, the fluorescence emitted by the via-
ble and/or metabolically active cells was quantified at an excitation wavelength of 535 
nm and an emission of 595 nm using a TECAN GENios spectrofluorometer. Assays 
were performed over three independent weeks in triplicate. The results were reported 
in terms of percentages of viability with respect to the control without treatment.
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Apoptosis assay

The induction of apoptosis was examined using the fluorescein isothiocyanate (FITC) 
Annexin V Apoptosis Detection Kit with 7-AAD (BioLegend Inc., San Diego, USA) 
following the manufacturer’s instructions. After treatment, attached cells were col-
lected by trypsinization and washed with PBS, cell pellet obtained was resuspended in 
50 µL of 1x annexin V binding buffer and incubated for 15 min at room temperature 
in the presence of 2 µL of annexin V-FITC and 2 µL of 7-AAD. After incubation, 200 
µL of 1x annexin V binding buffer was added, and the percentage of apoptotic cells was 
analyzed using a BD Accuri™ C6 flow cytometer (BD Biosciences, San Jose, USA) and 
the FlowJo software (TreeStar, Inc). For each sample, 10000 total events were acquired. 
All experiments were conducted in triplicated, and cells treated with 100 nM of pacli-
taxel were included as death control.

Statistical analysis

All data were analyzed using Prism Software version 9.5 (GraphPad Software Inc., La 
Jolla, CA, USA). Statistical significance was determined using the T-test to compare 
two independent groups. Differences were considered significant at p < 0.05.

Results and discussion

UV-Vis Analysis spectra

The UV-Vis spectrum conducted on the aqueous dispersion of copper nanoparticles 
synthesized from the extract of S. chinensis showed a peak of maximum absorption 
at 475 nm as illustrated in Fig. 1. The solution exhibited a greenish-brown coloration 
after the reaction, which is consistent with previous reports confirming the production 
of nanoparticulate material [50]. The maximum absorption peak corresponds to the 
Surface Plasmon Resonance (SPR). Its position in this spectrum scale depends on vari-
ous factors, such as the particle shape, size, the solvent used, and the general synthesis 
conditions, including factors like agitation and temperature, among others. However, 
absorption in this region of the UV spectrum confirms the formation of the metallic 
nanoparticles [51].

Infra Red Analysis spectra

During the bioreduction process, organic molecules lead to the formation of metal-
lic nanoparticles. Consequently, the organic functional groups of the stabilizing mol-
ecules can be observed through infrared spectra. The infrared spectrum reveals various 
organic functional groups. In our case, the obtained nanoparticles were analyzed using 
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the FTIR (Fourier Transform Infrared) technique, and the results were compared with 
the spectrum of the dried sample of the pure aqueous extract of S. chinensis. The FTIR 
spectrum (𝜈max (cm–1)) of aqueous S. chinensis extract showed many characteristics 
absorption bands, namely at 3308 cm–1 (𝜈OH, s, broad, polyhydroxyl hydrogen bond-
ing), 2928 cm–1 (𝜈CH, H3CO, m), 1710 cm–1 (𝜈C=O, C=O, s), 1528 cm–1 (𝜈C-C aromatic, 
C-C- aromatic, m), 1406 cm–1 (𝜈C-N, amide, s), 1246 cm–1 (𝜈C-O, phenolic, s), 1029 
cm–1 (𝜈C-O, ether, s) and 936 cm–1 (𝜈C-H, alkene, s); whereas, the synthesized nanopar-
ticles at 3302 cm–1 (𝜈OH, s, broad, polyhydroxyl hydrogen bonding), 2914 cm–1 (𝜈CH, 
H3CO, m), 1582 cm–1 (𝜈C-C aromatic, C-C aromatic, m), 1371 cm–1 (𝜈C-N, amide, m), 
1025 cm–1 (𝜈C-O, ether, s) and 613 cm–1 (𝜈C-H aromatic, C-H- aromatic, s), as can be seen in 
figures 2 and 3.

Figure 1. The UV spectrum of the nanoparticle dispersion.

Figure 2. FTIR spectrum of S. chinensis aqueous extract
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Figure 3. FTIR spectrum of copper nanoparticles

The infrared spectra of both the aqueous extract of S. chinensis and the formed nanopar-
ticles display the characteristic functional organic groups found in the most abundant 
secondary metabolites of plant species, such as lignans [52]. The spectra confirm the 
presence of organic reducing groups that could exert dual function: on the one hand, 
the bioreduction of the metallic substrate, and, on the other hand, the stabilization of 
the formed nanoparticles.

X-Ray diffraction spectrum analysis

The crystallinity and crystallite size of copper nanoparticles synthesized were con-
firmed by XRD analysis as shown in Fig. 4 (red line).

Figure 4. XRD pattern of copper nanoparticles

XRD spectrum showed distinct diffraction peaks at 2θ = 36.12°, 42.6°, 50° and 61.3°. 
The crystallite size and crystallinity of copper nanoparticles synthesized from the aque-
ous extract of S. Chinensis were calculated according to the modified Scherrer equation 
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[53-55]. The crystallite size and crystallinity were found around 263.6 Å under the 
described experimental conditions, which indicates a high surface area and also a sur-
face area/volume ratio of these nanoparticles.

Scanning electron microscopy (SEM)

Scanning Electron Microscopy allowed the observation of the surface morphology of 
nanoparticles. The SEM study demonstrated that size was around 26 nm, as could be 
inferred from the X-ray diffraction studies. In Fig. 5, spherical nanoparticles can be 
observed, along with some agglomerations, which possibly result from electrostatic 
interactions or hydrogen bonding between the different functional groups of the 
organic molecules that make up the coating of the generated nanoparticles.

Figure 5. SEM image showing copper nanoparticles

Antiproliferative activity and apoptosis evaluation

The in vitro antiproliferative activity of reduced CuNPs, CuSO4.5H2O and S. chinensis 
extract was evaluated in lung cancer cells (A549), colon cancer cells (HT-29) and breast 
cancer cells (MCF-7) using the resazurin reduction assay, which is based on the abil-
ity of viable and metabolically active cells to reduce resazurin to resorufin. The results 
are shown in Fig. 6 and suggest that S. chinensis reduced CuNPs induce cytotoxic 
effects on all cancer cells in a dose-dependent manner, with 50 and 100 μg/mL being 
the most effective concentrations at 72 h post-treatment. Interestingly, CuSO4.5H2O 
and extract does not affect the cell viability of tumor cell; in this way, only a moder-
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ate reduction of cell viability was observed in HT-29 cells at the highest concentration 
tested. When the cell viability was compared, highly significant differences (p ≤ 0.0001) 
between the three treatments in all tumor cell lines at the highest concentrations tested, 
were observed. On the other hand, calculated IC50 values showed that HT-29 (IC50 = 
42.64 μg/mL) and MCF-7 cells (IC50 = 40.68) were the most sensitive in comparison 
with A549 cells (IC50 = 63.78) to treatment with CuNPs.

a

b c

Figure 6. S. chinensis reduced CuNPs decreases cell viability of cancer cells in a dose-dependent 
manner. Three cancer cell lines (a) A549 (b) HT-29 and (c) MCF-7 were treated with different 
concentrations of CuNPs by 72 h. CuSO4.5H2O and S. chinensis extract were used as controls. Cells 
were incubated for 4 h after treatments with resazurin 44 μM, the fluorescence of each well was 
recorded using a spectrofluorometer (λ ex = 535 nm and λ em = 595 nm) and percent viability was 
calculated using the fluorescence of untreated wells as 100%. The results are shown as the means ± 
standard error of the mean (SEM) from three independent experiments conducted in triplicate. (*) 
p ≤ 0.05, (**) p ≤ 0.01, (***) p ≤ 0.001, (****) p ≤ 0.0001.

The resazurin assay measures changes in the redox metabolism that indicate a decrease 
in the cellular proliferation/viability, although they do not distinguish between the 
types of cellular death. For this reason, the presence of apoptotic cells through an 
annexin-V binding assay by flow cytometry was analyzed. As shown in Fig. 7, more 
than 80% of CuNPs-treated cells at the highest concentrations (100 or 50 µg/mL) were 
annexin-V positive, except for A549, on which a high level of apoptosis was induced 
at 100 µg/mL (Fig. 7a). Similarly, a high proportion of death cell was only detected in 
HT-29 and MCF-7 cells treated with 100 µg/mL of CuSO4.5H2O (81.7% and 92.3%, 
respectively; Figs. 7b and 7c); however, significant differences in apoptosis induction 
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between treatments were found at different concentrations. The percentage of A549 
cells binding annexin-V was significantly higher in cultures treated with 100 µg/mL of 
CuNPs in comparison with those treated with CuSO4.5H2O at the same concentra-
tion (90.5% versus 39.5%, respectively; p ≤ 0.01; Fig. 7a). Interestingly, this difference 
was also observed in HT-29 and MCF-7 cells at a lower concentration. As shown in 
Figs. 7b and 7c, apoptosis induction on these cells was significantly enhanced after 
treatment with CuNPs 50 µg/mL compared to CuSO4.5H2O at the same concentra-
tion (82.1% and 93.7% versus 22.2% and 10.2%, respectively; p ≤ 0.0001). In contrast, 
the S. chinensis aqueous extract did not induce significant apoptotic cell death in any 
of the tested cells.

a

b c

Figure 7. Apoptosis induction by S. chinensis reduced CuNPs in cancer cell lines. Three cancer cell 
lines (a) A549 (b) HT-29 and (c) MCF-7 were treated with different concentrations of CuNPs by 
72 h and the apoptotic cells were identified analyzing the annexin-V binding to cell surface by flow 
cytometry. CuSO4.5H2O and S. chinensis extract were used as controls. The results are shown as the 
means ± SEM from three independent experiments conducted in triplicate. (*) p ≤ 0.05, (**) p ≤ 
0.01, (***) p ≤ 0.001, (****) p ≤ 0.0001.

To determine the percentage of early and late apoptotic cells in CuNPs-exposed cul-
tures, flow cytometry was performed now using annexin-V and 7AAD. Early apop-
totic cells showed annexin V+/7AAD− staining patterns, whereas late apoptotic cells 
exhibited annexin V+/7AAD+ staining patterns due to a loss of cell membrane integ-
rity. In non-treated control cells, 3.79% of the A549 cells, 7.77% of the HT-29 cells and 
2.90% of the MCF-7 cells were in early apoptosis, whereas 1.44%, 3.08% and 1.44% of 
the A549, HT-29 and MCF-7 cells, respectively, were in late apoptosis (Fig. 8). Simi-
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lar results were obtained using S. chinensis extract, but exposition to CuSO4.5H2O 
resulted in a slightly higher early and late apoptosis processes. In contrast, after expo-
sure to CuNPs, a significant increase of both apoptotic stages was identified within 
all cell cultures. Thus, 16.0% of the A549 cells, 17.9% of the HT-29 cells and 13.1% 
of the MCF-7 cells were in early apoptosis, whereas 76.6%, 61.1% and 81.2% of the 
A549, HT-29 and MCF-7 cells, respectively, were in late apoptosis. In contrast, a very 
low percentage of cells were in necrosis (annexin V-/7AAD+). All these results suggest 
that the S. chinensis reduced CuNPs were able to induce mainly early apoptotic cell 
death in cancer cells in a concentration-dependent manner.

Figure 8. Early apoptosis was detected in A549, HT-29 and MCF-7 cells treated with S. chinen-
sis reduced CuNPs. After a 72 h treatment with 100 µg/mL (A549) or 50 µg/mL (HT-29 and  
MCF-7) of CuSO4.5H2O, S. chinensis extract or CuNPs, cells were stained with FITC annexin-V 
and 7-AAD. The percentage of annexin-V and/or 7-AAD positive cells was analyzed by flow cyto-
metry. Dot plots from one representative of three independent experiments are shown. The control 
column represents cells without treatment.
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Conclusions

Copper nanoparticles (CuNPs) were synthesized using a green synthesis method 
from the aqueous extract of Schisandra chinensis fruits. The obtained nanoparticles 
were characterized through spectroscopic methods, revealing a uniform particle size 
of approximately 26 nm. These nanoparticles were tested against three different tumor 
cell lines. Results suggest that the S. chinensis reduced CuNPs were able to induce 
mainly early apoptotic cell death in cancer cells in a concentration-dependent manner.
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