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Abstract
Cupric oxide nanoparticles (CuO NPs) were phytofabricated utilizing leaf extract of Simarouba glauca and aerial extract 
of Celastrus paniculatus and are considered to hold excellent anticancer capability. Synthesized CuO NPs were character-
ized for their morphology, crystallinity, and structure. The presence of functional groups of phytochemicals on synthesized 
nanoparticles was validated by Fourier transform infrared spectroscopy (FTIR) analysis. Scanning electron microscopy 
(SEM) and transmission electron microscopy (TEM) examination reveal the uniform distribution of particles and the average 
particle size is 35 nm. The anticancer activities on MCF-7 and HT-29 cell lines revealed that CuO NPs synthesized using leaf 
extract of S. glauca (CuO-SG) induced cell death with half-maximal inhibitory concentration (IC50) value of 107.56 µg/mL 
and 208.57 µg/mL, while CuO NPs synthesized using the aerial extract of C. paniculatus (CuO-CP) indicated IC50 values 
of 97.39 µg/mL and 205.11 µg/mL, respectively. To be more precise for anti-cancerous effect, the molecular mechanism was 
examined in MCF-7 cell line treated with CuO-CP NPs by cell cycle analysis that depicted 75.28% of cell arrest in Sub G0/
G1 phase and 71.29% of cells were gated in the late apoptotic phase of Annexin V and propidium iodide (PI) compared to 
control cells. The present work reports in vivo antitumor studies of CuO-CP NPs against Ehrlich ascites carcinoma (EAC) 
bearing C57 mice for the first time and was examined by variations in growth parameters, biochemical assays, hematological 
profile, and histopathological analysis. CuO-CP NPs could eliminate oxidants like lactoperoxidase and myeloperoxidase, 
stimulate reduced glutathione, restore the hematological profile and increase the life span of tumor-bearing mice treated by 
them in comparison with control.
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Introduction

Nanoparticles are being emerged as very promising and 
reliable materials in many applications such as biomedi-
cal engineering and cancer therapeutics. Nanoparticles are 
widely used to develop novel green slurries for use in semi-
conductors, microelectronics, and optoelectronics industries 
(Xie et al. 2020; Zhang et al. 2021). They are also employed 
to develop novel diamond wheels (Zhang et al. 2012) and 
machining approaches (Zhang et al. 2015) meeting the strin-
gent requirements suggested by high-performance compo-
nents and devices. With these developed slurries, diamond 
wheels, and methods (Zhang et al. 2013, 2017) high-per-
formance surfaces are manufactured, which are extremely 
difficult to be fabricated by conventional technologies (Bai 
et al. 2017). More importantly, these studies are a landmark 
for eliminating pollution to the environment induced by tra-
ditional manufacturing and industries (Zhang et al. 2020) 
in which toxic and corrosive slurries are widely adopted 
(Zhang et al. 2019). Sustainable development of techniques 
involving biological source for the preparation of nanoma-
terials for medicinal applications is adopted enormously for 
the concern of the protection of habitat. The biosynthesis/
herbal extracts mediated synthesis of nanoparticles as the 
spotlight of the intersection of nano-biotechnology, has 
acquired alarming consideration due to the demanding usage 
to promote environmentally benign methods in the synthesis 
of nanomaterials (Baghizadeh et al. 2015). The biological 
synthesis of nanoparticles is receiving tremendous inter-
est as it is eco-friendly, cost-effective, and consumes less 
time when compared to conventional methods. Generally, 
chemical synthesis involves the usage of toxic chemicals and 
physical synthesis includes the tedious process to be per-
formed. Preparation of nanoparticles by employing natural 
commodities as a source of reducing and stabilizing factors 
has been extensively adopted in several fields especially in 
medicine, mainly due to its low cost, biocompatibility, and 
non-toxic byproducts (Azizian-Shermeh et al. 2017).

Cancer is the second most principal determinant for death 
epidemically, according to a recent report of the World 
Health Organization (WHO 2018), and is described as the 
proliferation of abnormal cells in a disorganized manner. To 
treat cancer, various painful methods like surgery, chemo-
therapy, and radiotherapy have to be undergone. Neverthe-
less, these regular methods are high priced and have many 
adverse effects, which limit their utilization. There is an 
immediate requirement for potent, less expensive, and non-
hazardous medication with minimal aftereffects, which are 
tolerable by the affected (Nagajyothi et al. 2017). Nanopar-
ticles offer exclusive interactions of biomolecules, which 
are favorable in cancer identification and remedy (Kiessling 
et al. 2010; Seigneuric et al. 2010).

Copper-based particles are of crucial technological inter-
est and have fascinatingly more considerations for decades 
because of their excessive conductivity, economical value, 
and medicinal properties. Copper is one of the six metals of 
antiquity handled since the prehistoric period. Copper-based 
nanoparticles have remarkable characteristic features that 
have made them essential for diverse utilizations in the area 
of material science, biotechnology, and catalysis (Suárez-
Cerda et al. 2017). CuO NPs are widely used in gas sensors, 
superconductors, magnetoresistance materials, low-cost 
flat panel displays, spintronics, low-cost solar cells, nano 
complex materials preparation, antimicrobial, antifungal, 
antioxidant, anti-inflammatory, anticancer activities, and 
so on (Baik et al. 2000; Tarasov et al. 2002; Li et al. 2008; 
Abramov et al. 2009; Cheon et al. 2012; Das et al. 2013; 
Sivaraj et al. 2014a; Nagaonkar et al. 2015). An exother-
mic reaction occurs among oxidizing as well as reducing 
agents in the time of synthesis of CuO NPs (Nethravathi 
et al. 2015). Technically during the preparation of nanopar-
ticles, metal nitrates are employed by the virtue of their dis-
tinctive solubility to comprise a homogeneous blend. Metal 
nitrates function as oxidizing agents whereas fuel i.e., the 
phytochemicals of plant content behave as reducing agents 
for the synthesis of CuO NPs (Ye et al. 1997; Suresh et al. 
2015a, b; Naika et al. 2015). Research works are support-
ing the enhancement in biological activity when CuO NPs 
were synthesized by biological approach rather than chemi-
cal (Rehana et al. 2017; Koca et al. 2018; Verma and Kumar 
2019).

In this article, we are reporting the preparation of CuO 
NPs using the green combustion method with extracts of 
S. glauca and C. paniculatus. These two medicinal plants 
have gained much attention in biological treatment due to 
their effectiveness, ample availability, and a wide array of 
secondary metabolites constituted in them. S. glauca com-
monly known as ‘Paradise tree’ is very much admired for 
its ethnopharmacological properties. Various genera of this 
family are used as a remedy for malaria, cancer, worms, 
viruses, gastritis, ulcer, inflammation, diarrhea, and diabe-
tes, furthermore serves for insecticidal, healing along with 
tonic activities (Li et al. 2008; Alves et al. 2014). Other 
than their ethnopharmacological applications, herbs of the 
Simaroubaceae family could be emphasized for chemical 
assortment as it consists of quassinoids, alkaloids, terpe-
nes, steroids, flavonoids, anthraquinones, coumarins, sapo-
nins, mono as well as sesquiterpenes (Tarasov et al. 2002; 
Barbosa et al. 2011; Alves et al. 2014). C. paniculatus is 
also a conventional medicinal herb with a varied pharmaco-
logical specificity. Its effective phytoconstituents comprises 
triglycerides like palmitooleopalmitin, palmitooleostearin, 
palmitodiolein, palmitooleolinolein, stearodiolein, triolein 
as well as dioleolinolein; sesquiterpene alkaloids like cel-
apanin, celapanigin, celapagin; quinone-methide along with 
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phenolic triterpenoids like celastrol, pristimerin, zeylaster-
one, and zeylasteral (Kumar et al. 2014, 2015; Azizian-Sher-
meh et al. 2017). C. paniculatus are noted for their benefits 
over several immunological processes like neurotropic, 
anti-inflammatory, and antiarthritic (Rajkumar et al. 2007; 
Harish et al. 2008b; Weng et al. 2013) hypolipidemic (Patil 
et al. 2010) anti-cancerous (Harish et al. 2008,; Wang et al. 
2013) and others.

These two therapeutic plants limit the reactive oxygen 
species (ROS) present in cancer cells, may function as a 
favorable inciting material for the formation of NPs and the 
functional moieties may induce an anticancer effect on these 
NPs. Because of these facts, the method has been optimized 
to the synthesis of CuO NPs by maintaining the suitable con-
centration of copper ions along with leaf and aerial extract. 
The method applied here is simple, worthwhile, accessible, 
and sustainable. Hence, a comparative analysis was made to 
exploit the apoptotic effect of these extracts on breast and 
colon cancer cell lines in vitro.

Materials and methods

Plant material

Simarouba glauca DC. leaves and Celastrus paniculatus 
Wild aerial parts were collected near the Foundation for 
Revitalization of Local Health Traditions (FRLHT) cam-
pus, Bangalore; Karnataka, India in April 2018 with voucher 
specimen (120199 & 120198) for herbarium has been 
deposited in the same Center for Conservation of Medici-
nal Resources, The University of Trans-Disciplinary Health 
Science and Technology (TDU). The material surfaces were 
cleaned using distilled water, shade-dried and then ground 
by using a blender to obtain a neat powder and preserved in 
an airtight container at room temperature.

Extraction process

About 20  g of powdered material was concentrated in 
200 mL of deionized water in a beaker then kept for boil-
ing for 30 min. Later, the concentrate was brought to room 
temperature, refined using Whatman filter paper1, and cen-
trifuged to remove undissolved particles. The extracts were 
stored at 4 °C in screw cap bottles for forthcoming use.

Phyto‑synthesis of nanoparticles

Copper nitrate trihydrate (AR) was purchased from Merck 
and was used to synthesize CuO NPs with a literature 
method (Nethravathi et al. 2015; Saif et al. 2016) including 
slight modifications. To 10 mM solution of Cu(NO3)2.3H2O, 
an aqueous extract of the plant (1:2 v/v) was added dropwise 

and heated up to 80 °C for 5 h with uniform agitation. The 
mechanism of the reaction was visualized by the variation 
in the color of fluid from light blue to green and finally 
appeared brown, thereby clarifying the formation of CuO 
NPs. The above mixture was brought to room temperature 
and placed in a pre-heated muffle furnace with a temperature 
of 400 ± 10 °C for 5 min to make combustion susceptible. 
This process resulted in obtaining a dark-brown powder 
which was preserved in sealed containers for forthcoming 
use.

Characterization

The surface morphology and particle size were studied using 
Jeol/JEM 2100F TEM operated at 200 kV, 100,000 X mag-
nification, ZrO2/W (100) field emission gun using LaB6 as 
the filament source, fitted with a CCD camera of 0.8 eV 
emission. Shape and morphological characteristics were 
examined by employing Hitachi SU1510 variable pressure 
SEM with an accelerating voltage of 15 kV. The presence 
of elemental copper and its quantitative composition was 
determined using Energy Dispersive X-Ray Analysis (EDX). 
Functional groups and chemical composition were retrieved 
by noting the spectrum at a wavelength of 400–4000 cm−1 
from Perkin–Elmer UATR Spectrum Two model FTIR. 
The optical properties of synthesized CuO NPs were deter-
mined employing UV–Vis spectrophotometer (Perkin–Elmer 
Lambda-750) with 200 to 800 nm wavelength. The phase 
identification of crystalline material was done by Rigaku 
Ultima IV, X-ray diffraction (XRD) with Cu-Kα radiation 
(k = 0.15406 nm) at 40 kV and 30 mA.

In vitro studies employing cancer cell lines

Assessment of anticancer activity

Caucasian MCF-7 breast cancer cell line and HT-29 colo-
rectal adenocarcinoma cancerous cells were procured from 
American Type Culture Collection (Manassas, U.S). The 
cells were seeded uniformly into plates and sustained in Dul-
becco’s Modified Eagle’s Medium (DMEM) upgraded with 
10% fetal bovine serum (FBS), (0.1%) minimal inorganic 
supplements, penicillin, and streptomycin (10 mL/L) with 
a humid atmosphere of 5% CO2 at 37 °C up to confluency.

To estimate the anticancer activity, mitochondrial condi-
tion of cancerous cells were evaluated by 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method, 
the enzyme called mitochondrial succinate reductase will 
cleave tetrazolium salts of MTT in viable cells to comprise 
formazan dye which is disintegrated using Dimethyl Sulfox-
ide (DMSO) (Mosmann 1983). To commence the process in 
each well, 100 µL of diluted cell suspension (30,000 cells/
well) was incubated at 37 °C for 24 h, and then 100 µL of 
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different CuO NPs concentrations were treated at 37 °C for 
24 h nurtured in 5% CO2 incubator. Next, 100 µL of MTT 
(0.5 mg/mL) was supplemented to each well and incubated 
in dark for 4 h at 37 °C in 5% CO2 atmosphere. MTT reagent 
was discarded, DMSO of 100 µL was added and eventually 
optical density was determined using a microplate reader 
(SpectraFluor plus, Tecan, US) at a wavelength of 590 nm. 
The cytotoxicity of cells was indicated as the percent of con-
trol to that of the sample.

Substantiation using flow cytometry

For the apoptotic study, cells were cultured in a 6-well plate 
at 3 × 105 cells/2 mL density for 24 h at 37 °C in 5% CO2 
incubator. Cells were treated with the required concentra-
tion of experimental compound then the medium was taken 
off and transferred to polystyrene tubes. Cells were washed 
using 1× concentration of Phosphate Buffer Saline (PBS) 
and recovered using trypsin-ethylene diamine tetraacetic 
acid. Then cells were harvested by centrifugation at 300×g 
and washed with PBS. For examination of apoptosis, FITC 
(fluorescein isothiocyanate) Annexin V Apoptosis Detection 
Kit (BD Pharmingen) was used. Cells were supplemented 
with FITC Annexin V (5 µL) with gentle vortex, PI (5 µL), 
and 1X binding buffer (400 µL) (Thylur et al. 2011). Imme-
diately after addition, BD FAC Calibur Flow cytometer (BD 
Biosciences, San Jose, CA) supplied with laser (excitation 
wavelength of 488 nm) and PI as fluorochrome at 585 nm 
was used for analysis by selecting 10,000 gated events 
employing Cell Quest Pro Software (Version: 6.0). Only sin-
gle particles were considered in apoptotic gated events and 
plotted for Annexin V-PI expression against MCF-7 cells 
to know the percentage of cells existing in a specific stage. 
Cell aggregates and doublets formed were not remarked in 
scattered parameters.

For cell cycle analysis, similar steps of apoptosis studies 
were followed till centrifugation and then washed with PBS. 
BD Cycle test Plus DNA Reagent Kit was used to examine 
this study. Cells were harvested by fixing with 70% ethanol 
on ice for 30 min, centrifuged and the pellets were dispersed 
in PBS. Ribonuclease A was added to ensure deoxyribo-
nucleic acid (DNA) gets stained followed by 400 µL of PI. 
After incubation for 10 min, the results were analyzed utiliz-
ing Fluorescence-activated cell sorting (FACSCalibur, BD 
Biosciences, USA). PI histogram of 10,000 gated cell sin-
glets differentiates cells at Sub G0/G1, G0/G1, S, and G2/M 
phases each in control and synthesized CuO NPs.

Caspase-3 expression study was performed as a marker 
analysis for spotting protease that gets stimulated in the 
course of an early stage of apoptosis in cancerous cells. Cas-
pase-3 are required for DNA fragmentation, similar steps of 
cell cycle analysis were accomplished up till cell fixing, and 
then it was pursued by the inclusion of 500 μL of cytofix 

for 10 min. Later, rinsed using 0.5% bovine serum albumin 
and mixed thoroughly in 20 μL of Caspase-3 antibody. The 
sample was incubated in the dark at room temperature for 
30 min. An eventual wash using 0.5 mL of 1X PBS with 
0.1% sodium azide was conducted to scrutinize by flow 
cytometry.

Evaluation of in vivo anticancer efficacy of CuO‑CP 
NPs

Animal use and care

A healthy horde of C57 mice aged 5–7 weeks and body 
weight ranging between 28 and 32 g were employed in the 
study. They were allowed to acclimatize to laboratory con-
ditions with the temperature maintained at 22 ± 3 °C and 
were placed in polypropylene cages with sawdust bedding, 
maintained at animal house facility at Acharya & BM Reddy 
College of Pharmacy, Bengaluru, Karnataka, India. The 
mice were provided with standard food, water ab libitum, 
12-h light–dark time phase, and were let to habituate for a 
week before the commencement of the experiment. The left-
over food and water were changed every morning, sawdust 
once in three days, to ensure hygiene. The investigation was 
authorized by Institutional Animal Ethics Committee with 
registration No.: 997/c/06/CPCSEA.

Single oral dose and induction of tumor

The acute oral toxicity was performed following OCED 
test guideline 425 on C57 mice. Animals were unfed for 
12 h and then orally administrated with CuO-CP NPs at 
graded doses from 500, 1000, and 2000 mg/kg body weight 
using oral gavage. The gross appearances of animals were 
observed immediately for 30 min, intermittently for 1, 4, 
and 24 h. Consequently, the animals were observed once 
a day for 21 days for any behavioral, anorexia, circadian 
rhythm, and depression of the central nervous system. There 
was no mortality or abnormal lesions observed at 2000 mg/
kg dose and hence it was considered as median lethal dose 
(LD50). One-twentieth and one-fortieth of peak safe dose 
of CuO-CP NPs, verified by acute toxicity were chosen for 
the in vivo analysis. The parent inoculum of EAC cells was 
received by the courtesy of Amala Cancer Research Cen-
tre, Trissur, India. To induce ascites tumor in mice, 2 × 106 
cells per mouse were propagated through intraperitoneal 
injection (fortnightly). Donor mice harboring 7–8 days old 
ascitic tumor were extracted for EAC cells and the collected 
cells were counted by haemocytometer using normal saline 
(0.9%) dilution to adjust the cell count to 1 × 106 cells/mL. 
Later, 0.2 mL volume of cells was implanted to each recipi-
ent mouse excluding normal control which received just 
normal saline.
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In vivo estimation of EAC cell growth inhibition

For the subacute studies, six groups consisting of eight ani-
mals each were assigned randomly. The day when EAC was 
implanted in these animals were considered as Day 0. Even-
tually, CuO-CP NPs and standard treatment were established 
from Day 1 and the process remained till 21 days. Group-I 
animals were considered as negative control and were orally 
mainlined with normal saline. Group II-VI signifies the mice 
harboring EAC, Group II which served as positive control 
and were the untreated mice. Group III and IV indicated low 
(50 mg/kg BW) and high (100 mg/kg BW) doses of CuO-CP 
NPs. Group V was administered with Hesperetin (30 mg/kg 
BW), dietary flavanones, and Group VI with 5-Fluorouracil 
(20 mg/kg BW), and these medications used in chemother-
apy were both taken as standard. When the last dose was 
administered, four animals from the individual group were 
unfed for 18 h, and blood was withdrawn from all of them 
by retro-orbital plexus and examined for the hematological 
profile. The same animals were sacrificed and tissues such 
as kidney, liver, and spleen were gathered for biochemical 
and histopathological examination. The surviving animals 
of the individual group were continued with the provision of 
sufficient food and water to know their life expectancy and 
related parameters.

Evaluation of hematological and biochemical parameters

With an interest to know the potency of CuO-CP NPs on 
animal research in vivo, the measurement of changes in body 
weight, mean survival time (MST), and percentage increase 
in life span (%ILS) were performed. A hematology analyzer 
(Nihon Kohden Celltac α MEK 6500 K, Europe) was used 
to assess the hematological profiles such as red blood cell 
(RBC), white blood cells (WBC), and hemoglobin (Hb) con-
tent from the blood drawn of each group. The biochemical 
capability of CuO-CP NPs and standard on both normal and 
EAC bearing mice was carried out using 10% w/v tissue 
homogenate of the liver which was soaked in ice-cold physi-
ological saline and then in 10% KCl, persuaded by centrifu-
gation at 1500 rpm for 12 min and 4 ºC. The retrieved super-
natant was assessed for cellular contents of malondialdehyde 
(MDA), myeloperoxidase (MPO), and reduced glutathione 
(GSH). Ellman’s reagent was mainly used to estimate GSH 
(Ellman 1959), MDA, a subsidiary compound of lipid per-
oxidation was evaluated as per Ohkawa et al. 1979 and MPO 
by Mullane et al. 1985.

Histopathological diagnosis

Tissue samples of kidney, liver, and spleen of normal and 
CuO-CP NPs treated mice were kept firm with 10% v/v 
neutral buffered formalin. Subsequently, hydration and 

dehydration cycles were conducted with xylene and ethanol, 
the specimens were embedded with paraffin. Then ultra-fine 
sections of 5 µ thickness were made and stained using hae-
matoxylin and eosin to observe under a microscope which 
aids the histopathological examination.

Statistical analysis

Analysis of variance (ANOVA) of observed data was per-
formed using Ducan’s multiple range test (DMRT) by using 
the Statistical Package of Social Science (SPSS) of win-
dows version 11.5, IBM Corporation, USA. The triplicate 
samples values of the anticancer activity are presented as 
mean ± standard deviation, P ≤ 0.05 was taken into account 
as statistical significance.

Results and discussions

UV–Vis spectrophotometric analysis

In the reaction mixture, the disappearance of pale blue color 
and the occurrence of brown are the symbolic evidence of 
the composition of phytofabricated CuO NPs (See data in 
supplementary Fig. S1). This on heat treatment converted 
CuO NPs, which showed the absorbance peaks at 276 nm 
and 278 nm in the UV–Vis spectrum and are in good agree-
ment with similar research reported (Sivaraj et al. 2014a; 
Meghana et al. 2015; Gopinath et al. 2016; Berra et al. 
2018). Additionally, copper exhibits spectrum because of 
surface-enhanced optical aspects between sp-conduction 
band and d-transition band (Suresh et al. 2016).

FTIR analysis

Several phytochemicals with varying functional groups 
are present in the plant extracts, behaved as stabilizers, 
and/or capping agents. These functional groups are identi-
fied by utilizing FTIR spectroscopy (Fig. 1). The correlat-
ing transmittance peaks appearing in 3219, 2923, 2111, 
1599, 1321, 1207, 1020, 729, and 456 cm−1 for CuO-SG 
and 3396, 1787, 1635, 1348, 874, 834, and 474 cm−1 for 
CuO-CP were identified using FTIR. Broad transmit-
tance obtained at 3219 and 3396 cm−1 was accredited to 
hydroxyl (–OH) groups (Rao 1963), resembling the exist-
ence of phenolics or amino acids. A noticeable peak at 
2923  cm−1 and a minor peak at 2111  cm−1 is attribut-
able to asymmetrical C–H stretch vibrations of alkane and 
alkyne (Arya et al. 2018). Transmittance at around 1787 
and 1635 cm−1 was attributed to the oscillation of car-
bonyl (C=O) relating to a stretch of amide group and peak 
at 1599 cm−1 is due to C=C stretch of the aromatic ring 
(Ahmed et al. 2005). Peaks at 1348, 1321, 1207, 1020, 
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874, 834, and 729 cm−1 could be due to the existence of 
various functional groups of phytochemicals such as C–O 
stretch of polysaccharides or alcohol, N–O stretch of nitro, 
C–N stretch, C-halo (Li et al. 2004; Ramamurthy and Kan-
nan 2007; Hassanien et al. 2018). Peaks with Cu–O stretch 
at 474 and 456 cm−1 were also observed in the spectra 
(Sivaraj et al.). In addition, the absence of a peak around 
610 cm−1 indicates that Cu2O is not formed in the process, 
confirming that the sample consists of CuO NPs (Vish-
veshvar et al. 2018).

XRD studies

XRD patterns of CuO NPs revealed main diffraction peaks 
with 2θ = 32.50°, 35.50°, 38.68°, and 48.81° for CuO-SG 
and 2θ = 32.54°, 35.54°, 38.73°, and 48.66° for CuO-CP 
which correspond to the (0 1 1), (1 1 −1), (1 1 1), and (2 0 
−2) miller indices, respectively (Fig. 2). The sharp inten-
sity and narrow width peak confirm the crystal structure 
formation and were in good accord with Joint Committee 
on Powder Diffraction Standards card (No. 48-1548) (Ethi-
raj and Kang 2012; Hwa et al. 2019). The pattern repre-
sents the pure monoclinic structure of CuO NPs with space 
group 15: C12/c1, unique-b,cell-1. The average crystalline 
size was resolved using Debye–Scherrer formula D = Kλ/
βcosθ and was valuated to be about 35 nm. The absence of 
additional peaks in XRD pattern indicates purity of CuO 
NPs. Based on the results obtained the extracts CuO-SG 
and CuO-CP induced the restraint on the crystalline size 
of the sample.

Evaluation of morphology

The surface morphology and structure of CuO-SG and CuO-
CP NPs were acquired using SEM and findings are presented 
in Fig. 3. We could observe that spherical shape CuO NPs as 
indicated in Fig. 3A and B. The outline of Energy Dispersive 
X-ray Spectroscopy indicated the existence of only C, Cu, 
and O elements. The signal of copper relatively at 1, 8 & 
9 keV and oxygen signal at 0.5 keV followed by carbon were 
observed. This demonstrates a qualitative and quantitative 
chemical composition of CuO NPs. The above findings were 
in good accord with those of (Nasrollahzadeh et al. 2015).

TEM results revealed the polydispersed and spherical 
shape of phytofabricated CuO NPs and their morphology 
as shown in Fig. 4. The size, shape, and crystallinity were 
known from the insight of images and were found to be 
30–40 nm in diameter which was in agreement with XRD 
analysis. It is also observed that obtained CuO NPs have 
agglomerated appearance and were prominently embedded 
in filaments, the evidence was similar to previous research 
conducted (Sivaraj et al. 2014b; Nethravathi et al. 2015). 
Thus, natural compounds, which exist in leaf and aerial 
extracts could stabilize, in addition to the formation of CuO 
NPs. The outcome of this analysis was favorable with SEM 
evaluation.

In vitro anticancer activity

This contemporary research work deals with cytotoxic 
studies of phytofabricated CuO-SG and CuO-CP NPs and 
is exhibited as the percentage of inhibition of MCF-7 and 
HT-29 cell lines in a concentration-dependent manner. The 

Fig. 1   FT-IR spectra of phytofabricated CuO-SG and CuO-CP NPs
Fig. 2   XRD patterns of as prepared CuO NPs using extracts of 
S.glauca and C.paniculatus 
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cells treated with phytofabricated CuO NPs showed shrink-
age, retraction, membrane blebbing, protein injury, and cyto-
plasmic vacuolation which were distinguished evidently due 
to MTT stain taken up by mitochondria in viable cells. The 
several concentrations of CuO NPs varying from 10 µg/mL 
to 320 µg/mL inhibited the cell growth following the 24 h of 
treatment. The half-maximal inhibitory concentration (IC50) 
was estimated to be 107.56 ± 1.87 and 97.39 ± 0.48 µg/mL 
conjointly with 208.57 ± 0.66 and 205.11 ± 0.39 µg/mL 
against MCF-7 and HT-29 cell lines for CuO-SG and CuO-
CP NPs, respectively as shown in Fig. 5. This indicates a less 
confluent stage of cells after their dosage and their capability 
to destroy cancer cells. 

It is certain from Table S1, that the inhibition on the 
growth of these cancerous cells was dependent on the con-
centration of CuO-SG and CuO-CP NPs. The synthesized 
CuO NPs showed the better arrest of cell growth in MCF-7 
cells correlated to HT-29 cell lines, as they could easily pen-
etrate cancer cells by their unique properties and thereby 
demonstrating their potential application as an anticancer 
agent. The intensified activity as a potent anticancer drug by 
synthesized CuO NPs can also be attributed due to the pres-
ence of secondary metabolites in these extracts. Our results 
propose that they are reliable with differential cytotoxic 
efficiency of the synthesized CuO NPs which were in good 

accord with similar reports (Sivaraj et al. 2014b; Ramas-
wamy et al. 2016; Sulaiman et al. 2018) analyzed using a dif-
ferent panel of cancer cell lines and the biological sources.

Among the four treatments, CuO-CP NPs that were used 
to control the growth of MCF-7 cell lines was considered for 
further examinations to interpret their effect on the morphol-
ogy of cells during apoptosis, as it possessed a slight high 
phenomenal IC50 value compared to the rest and there are 
no reports on apoptosis and cell cycle evaluation using this 
bio component.

FITC annexin V‑PI‑based FACS analysis

The bunch of cells subjected to apoptosis can be quantita-
tively determined from FITC-Annexin V analysis marked 
by disrupted membrane symmetry of cells. In cell mem-
branes, a phospholipid called phosphatidylserine (PS) is 
exposed externally in apoptotic cells which are attracted by 
Annexin V. PS helps to retain shape and selective perme-
ability of the cell gets translocated during apoptosis. A probe 
called PI will differentiate non-viable and viable cells. The 
CuO-CP NPs possessing a half-maximal inhibitory concen-
tration of 97.39 ± 0.48 µg/mL on the MCF-7 cell line was 
used to check the Annexin V-PI expression as presented in 
Fig. 6 and their values of percent of cells gated after 24 h 

Fig. 3   SEM monographs of synthesized CuO-SG (A1) and CuO-CP (B1) NPs; EDS spectrum captured from synthesized CuO-SG (A2) and 
CuO-CP (B2) NPs
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Fig. 4   Captured TEM images 
of synthesized CuO-SG (A) and 
CuO-CP (B) NPs

Fig. 5   Percentage inhibition of MCF-7 and HT-29 cell lines by CuO-SG and CuO-CP NPs
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incubation are illustrated along with control. It is indisput-
able from Fig. 6 that 99.96% of active cells were noticed in 
control indicating viable cells (Lower Left region) whereas 
cells treated with CuO-CP NPs has 71.29% of cells in late 
apoptotic stage (Upper Right region), 13.56% in viable, 
13.55% in early apoptotic (Lower Right region) and 1.60% 
of cells in necrotic stage (Upper Left region) signifying that 
CuO-CP NPs could proficiently induce apoptosis. The p53 
tumor suppressor gene determines the fate of cells, if there 
is DNA damage, p53 will activate the senescence system to 
avoid the increase of precancerous cells, phosphorylation 
of p53-serine 46 kinase triggers proapoptotic genes caus-
ing cell death by suicide mechanism (Sari et al. 2018). Our 
results were similar to these reasons mentioned along with 
the study conducted by (Kumar et al. 2018; Ray et al. 2019) 
as CuO-CP NPs effect on MCF-7 cell lines, worked both by 
the intrinsic and extrinsic pathway of apoptosis and hence 
accomplished Caspase-3 activity.

Cell cycle analysis using propidium iodide

The cell cycle evaluation was performed to investigate 
whether the apoptotic cell death was due to the inhibitory 

effect of synthesized CuO NPs on DNA content in vari-
ous cell cycle phases. Despite DNA damage, there will 
be a discontinuous DNA replication to mitosis as a con-
sequence of failure to control the checkpoint stage that 
occurs in the case of cancer cells which helps them to 
grow further. This analysis can be used to demonstrate 
the significance of phytofabricated CuO-CP NPs on the 
MCF-7 cancer cell cycle to the checkpoint stage, which 
helps to inhibit the cells from entering the next phase in 
case of DNA damage.

The MCF-7 cell lines were administered with phytofab-
ricated CuO-CP NPs possessing a half-maximal inhibitory 
concentration of 97.39 ± 0.48 µg/mL for 24 h, stained with 
PI and subsequently analyzed as shown in Fig. 7. The dot 
plot was performed using side scatter (SSC) against forward 
scatter (FSC) with the same set of singlet cells gated for 
both control and CuO-CP NPs. The shape and granularity 
of cancer cells were significantly good for control as they are 
viable whereas in case of CuO-CP treatment, the shape, and 
granularity were damaged due to anticancer potential pos-
sessed by them on MCF-7 cells. This can be observed in the 
dot plot where a bunch of dead cells is moving downwards 
in Fig. 7B.

Fig. 6   Quadrants showing Annexin V-PI expression study in terms of percentage of gated cells in cell control and CuO-CP NPs on MCF-7 cell 
line and overlay of results in form of bar graph
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By considering the results from the statistical data of cell 
cycle (Fig. S2), we can interpret that in G0/G1 phase had 
65.75% and 17.48% of cells, in S phase 18.32% and 4.10%; 
12.86% and 3.38% in G2/M phase and Sub G0/G1 phase also 
known the apoptotic/cell debris phase has 3.48% and 75.28% 
of cells arrested in untreated cell control and phytofabricated 
CuO-CP NPs, respectively. It indicates that maximum cells 
were present in G0/G1 phase for cell control, indicating the 
viability of cancer cells while phytofabricated CuO NPs 
had a majority of cells in Sub G0/G1 phase signifying eleva-
tion in DNA fragmentation in them. CuO-CP-treated cells 
also show the decreased amount of cells in the S and G2/M 
phase, which indicates that the cells could pass through G0/
G1, S, and G2/M phase but had got upregulated in apoptotic 
phase (Sub G0/G1). This process of cell arrest in the Sub 
G0/G1 phase of our study was similar to research performed 

by (Namvar et al. 2014; Mathuram et al. 2016). There are 
also reports related to cell arrest in the G1, S, and G2/M 
phase of the cell cycle (Ray et al. 2019; Rajashekaraiah et al. 
2020). The molecular mechanism behind this upregulation 
in the Sub G0/G1 phase of CuO-CP NPs was confirmed by 
performing apoptotic protein Caspase-3 assay using flow 
cytometry.

Expression of caspase‑3 in breast cancer cells

In this investigation, the synthesized CuO-CP NPs were 
utilized to monitor Caspase-3 expression on the MCF-7 
cell line. Caspase-3, the terminal factor of apopto-
sis, is triggered by upstream caspase-8 and caspase-9, 
and because it functions as a junction point for several 

Fig. 7   Percentage of cells arrested in Cell Cycle Analysis of phyto-
fabricated CuO NPs (B) and control cells (A) against MCF-7 cells 
employing BD FACS Calibur. Dot plot and PI histogram of 10,000 
gated Cell singlets for each sample differentiates cells at the Sub G0/

G1, G0/G1, S, and G2/M phases. Gating of cell cycle stages is almost 
accurate and were accomplished by operating system (Cell Quest 
Software, Version 6.0)
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signaling pathways, it is extensively employed as a control 
device in apoptosis assay (Kumar et al.).

The histogram of Caspase-3-FITC as indicated in Fig. 8 
of the gated MCF-7 singlets, differentiates cells at M1 
and M2 phases wherein M1 interpolates negative expres-
sion were seen as viable cells and M2 indicates the posi-
tive expression were observed in apoptotic cells. These 
results obtained were similar to the findings of (Dugo et al. 
2017; Kumar et al. 2018; Sari et al. 2018; Ray et al. 2019; 
Thenmozhi 2020). The observation in statistical data by 
flow cytometry suggests that in MCF-7 cells administered 
with phytofabricated CuO-CP NPs, the appearance of Cas-
pase-3 was less in untreated cell control with 11.22 Mean 
Fluorescence Unit (MFU) as to the synthesized CuO NPs 
with IC50 concentration 97.39 ± 0.48 µg/mL had 53.81 
MFU. The result proposes a possible connection between 
apoptosis induced by synthesized CuO-CP NPs and the 
activation of Caspase-3 proenzyme connected with the 
initiation of death cascade by both intrinsic and extrinsic 
pathways. The increase in Caspase-3 protein is correlated 
to an increase in cells in the late apoptotic stage mediated 
with CuO-CP NPs on MCF-7 cell lines and thereby inhib-
its their proliferation.

In vivo growth and survival threshold of C57 mice

By the phenomenal in vitro anticancer potency of synthe-
sized CuO Nps from S. glauca and C .paniculatus, it was 
imperative to further investigate its ability to destroy cancer 
cells in in-vivo models. During acute oral toxicity study, 
no clinical indications of toxicity were discovered in any 
of the animals used in the experiment up to the dose of 2 g/
kg BW and hence 50 mg/kg BW and 100 mg/kg BW of 
CuO-CP NPs were used to test the anticancer activity along 
with standard Hesperetin and 5-Fluorouracil (5-FU). As in 
when days passed, there were noticeable differences in the 
external appearance of animals in specified groups. From 
a week onwards, due to the buildup of ascitic fluid in EAC 
bearing mice, the body weight increased more vigorously 
when compared to normal C57 mice.

The body weight, MST, and %ILS of animals in each 
group are shown in Table  1. A significant (p < 0.001) 
decrement was observed in the bodyweight of CuO-CP 
NPs treated EAC mice compared to EAC control. The ani-
mals dosed with 100 mg/kg BW CuO-CP NPs and 5-FU 
had weights nearer to normal mice. Also, supplying EAC 
bearing mice with a daily intake of CuO-CP NPs (100 mg/
kg) increased their MST significantly (p < 0.001) to 

Fig. 8   CASPASE-3 expression study of Cell control (A) and phytofabricated CuO NPs (B) against the MCF-7 cells employing BD FACS cali-
bur, Cell Quest Pro Software (Version: 6.0)

Table 1   Morphological effect of CuO-CP NPs on body weight and survival threshold in laboratory mice

Values are expressed in mean ± S.E.M. (n = 8), ** p < 0.01 and *** p < 0.001 compared to negative control group. Statistical analysis was done by 
one-way ANOVA followed by Dunnett’s post test

Groups Normal control EAC control EAC + CuO-CP 
NPs (50 mg/kg 
BW)

EAC + CuO-CP 
NPs (100 mg/kg 
BW)

EAC + Hesperetin 
(30 mg/kg BW)

EAC + 5-FU 
(20 mg/kg BW)

Gain in body weight (g) 11.12 ± 0.27** 20.6 ± 1.38*** 16.3 ± 1.41*** 12.83 ± 0.58*** 14.66 ± 0.75*** 12.33 ± 0.85***
MST (days) 26.97 ± 2.05** 13.38 ± 0.94*** 20.63 ± 1.17*** 23.88 ± 1.23*** 21.13 ± 1.18*** 26.88 ± 0.63***
% ILS − – 54.18 78.47 57.92 100
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23.88 ± 1.23 days, along with %ILS of 78.47% when cor-
related to EAC control. This indicates that CuO-CP NPs 
were effective in controlling the growth morphology of mice 
injected with EAC and could trace the animal back to their 
normal life. These findings were found similar as nanoparti-
cles could indicate the direct cytotoxic effect of MycoAuNPs 
on cancer cells as illustrated from in vivo studies (Munawer 
et al. 2020).

Impact on hematological parameters

The hematological parameters of EAC harboring mice were 
observed to be significantly (p < 0.001) different compared 
to normal mice and can be summarized in Table 2. Due 
to disorder in the immune system, WBC was found to be 
high and anemic conditions could have depleted the levels of 
RBC and Hb in the EAC control group. Oral dosage of CuO-
CP NPs has aided the EAC bearing mice to reduce the WBC 
content to 6.00 ± 0.30 × 103/µL and restore RBC and Hb lev-
els to 5.41 ± 0.19 × 106/µL and 12.04 ± 0.56 g/dL which was 
almost equivalent to the results of 5-FU administered mice. 
Anticancer medicines alter the physiological properties to 
cause proper transportation through restricted constrictions, 
allows the interchange of Hb to improve oxygen uptake, 

and favors persistent RBC survival in systematic circula-
tion (Wadhwa et al. 2019). There is evidence that after dos-
ing an anticancer agent exhibited a protective effect on the 
hematopoietic system by the turnaround of total WBC, RBC 
cells, and Hb content in EAC harboring mice toward the 
measure of normal group animals (Uddandrao et al. 2019) 
which supports the current investigation. Thus, treatment 
of CuO-CP NPs in laboratory animals induced with cancer 
can help to recapitulate the hematological parameters to the 
conditions as seen in normal mice.

Biochemical analysis for oxidative stress 
measurement

The prominence of antioxidant enzymes in normal and EAC 
induced mice were estimated by measuring the concentra-
tion of GSH, MDA, and MPO in tissue homogenate of ani-
mals in each group. The biochemical activities indicating the 
oxidative stress caused due to injecting EAC, treatment with 
CuO-CP NPs as well as standard in experimental animals are 
depicted in Fig. 9. It indicates the considerable reduction in 
levels of GSH in EAC bearing mice to 1.440 ± 0.06 mg/mL 
but increased as the administration of CuO-CP NPs raised. 
Under abiotic and biotic stress conditions, excess generation 

Table 2   Anticancer capability of CuO-CP NPs on hematological parameters in laboratory mice

Values are expressed in mean ± S.E.M. (n = 8), ** p < 0.01 and *** p < 0.001 in contrast to negative control group. Statistical analysis was per-
formed by one-way ANOVA followed by Dunnett’s post test

Groups Normal control EAC Control EAC + CuO-CP NPs 
(50 mg/kg BW)

EAC + CuO-CP NPs 
(100 mg/kg BW)

EAC + Hesperetin 
(30 mg/kg BW)

EAC + 5-FU 
(20 mg/kg BW)

RBC (106/µL) 6.06 ± 0.05*** 2.81 ± 0.21** 4.06 ± 0.18 *** 5.41 ± 0.19 *** 4.45 ± 0.26 *** 5.90 ± 0.01***
WBC (103/µL) 4.73 ± 0.12*** 13.33 ± 0.29** 8.73 ± 0.27 *** 6.00 ± 0.30 *** 7.70 ± 0.50 *** 5.74 ± 0.09***
Hb (g/dL) 12.68 ± 0.05*** 6.823 ± 0.38** 9.570 ± 0.28 *** 12.04 ± 0.56 *** 11.26 ± 0.48 *** 12.52 ± 0.04***

Fig. 9   Biochemical activi-
ties of CuO-CP NPs on 
MDA, MPO and GSH in 
tissue homogenate of speci-
fied animal groups. Values are 
expressed in mean ± S.E.M. 
(n = 8),* = p < 0.05, 
** = p < 0.01 and 
*** = p < 0.001 compared 
to negative control group. 
Statistical analysis was done 
by one-way ANOVA followed 
by Dunnett’s post test. MDA: 
Malondialdehyde, MPO: Mye-
loperoxidase, GSH: Reduced 
glutathione
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of ROS is encountered which can damage the cell and its 
organelles. To prevail over these harmful oxidants, one of 
the most efficacious antioxidants GSH, present in animal 
tissue is utilized. GSH is a fundamental endogenous non-
enzymatic antioxidant, which neutralizes free radicals asso-
ciated damage (Uddandrao et al. 2019). The GSH values 
obtained in the present study were parallel with Karmakar 
et al. 2013, it describes the value of reduced GSH being 
lowered in cancer-bearing mice, which might be because of 
its usage, by the enormous amount of free radicals.

The levels of endogenous MDA and MPO were sig-
nificantly (p < 0.01) increased in the EAC control group 
to 1.635 ± 0.11 nmol/mL and 7.167 ± 0.17 mg/mL corre-
lated with the normal control group, nevertheless they were 
reduced in the group treated with CuO-CP NPs exhibiting 
values of 1.178 ± 0.02 nmol/mL and 2.347 ± 0.12 mg/mL. 
MDA is a reactive aldehyde and is one among different 
responsive electrophile species that bring about cellular 
toxicity (Elsayed et al. 2020). The disturbance originated 
in membrane or storage lipids due to the redundancy of 
ROS induces peroxidation and leads to disruption in bio-
membranes. Lipid peroxidation invokes the production of 
ROS and subsequently promotes the level of MDA which 
activates cancer in liver and kidney tissues (Karmakar et al. 
2013). MPO an oxidoreductase reacts with hydrogen perox-
ide and chloride ions to release hypochlorous acid which can 
activate irrevocable nonspecific modifications in major bio-
molecules. The outcome of biochemical analysis performed 
was consistent with the work done by (El-Far et al. 2019) 
demonstrated an increase in the antioxidant like GSH status 
following CURnp1 and CURnp2 treatment of EAC tumor 
as well as decreased cellular levels of MDA.

Effect of CuO‑CP NPs on histology of various organs

Toxic potential of CuO-CP NPs on organs like kidney, 
liver, and spleen was determined by gross and histopatho-
logical examination and also for normal, EAC bearing mice 
along with standard groups under study, are as illustrated 
in Fig. 10. Light microscopic analysis revealed that the 
group of CuO-CP NPs and 5-FU treated mice exhibited 
well-adjusted histological architecture as observed in the 
normal mice group with minute notable changes. Variation 
in morphological effect was more pronounced in organs 
of the EAC administered group. The kidney of the normal 
group had the natural architecture of glomerulus with a tuft 
of capillaries lined by epithelial cells encircled by Bow-
man’s capsule (arrow). The proximal and distal convoluted 
tubules are lined by simple cuboidal epithelial cells with-
out any hemorrhage (asterisk). The experimental group 
administered with EAC showed glomerulus degeneration 
with vacuoles and a shrunken tuft of capillaries lined by 
epithelial cells with red blood cells, filled with fluid and 

clear separation of Bowman’s capsule (arrow). The proximal 
and distal convoluted tubules showed tubular degeneration, 
loss of cytoplasm with proteinaceous fluid in the lumen of 
the tubules (asterisk). Hyaline casts, renal lesions, and tissue 
hemorrhages were also noticeable. Animals demonstrated 
with 5-FU were noticed with mild glomerulus degeneration, 
the shrunken tuft of capillaries lined by epithelial cells with 
red blood cells, enclosed by Bowman’s capsule (arrow). The 
proximal and distal convoluted tubules were lined by sim-
ple cuboidal epithelial cells with proteinaceous fluid in the 
lumen (asterisk). These observations of the standard group 
were also seen in CuO-CP NPs medicated group along with 
mild hemorrhages between renal tubules.

Histological analysis of sections of liver tissue of nor-
mal group revealed the regular architecture of hepatocytes 
arranged in cord-like fashion surrounding the central vein, 
hepatocytes with cytoplasm and vesicular nucleus (arrow). 
There was no sign of cellular regeneration, tubular necro-
sis, casts, or glomerular congestion. The EAC bearing mice 
had distortion of the normal appearance of hepatocytes with 
severe vacuolar degeneration, loss of cytoplasm, condensed 
with variation size of the vesicular nucleus (arrow), perivas-
cular infiltration of neutrophils, mononuclear cells, and 
tumor cells (asterisk). Coagulative necrosis, focal angiecta-
sis, and steatosis were also observed in them. The standard 
group showed the same arrangement as in the normal group 
but there was mild vacuolar degeneration of hepatocytes 
(arrow) with perivascular infiltration of neutrophils and 
mononuclear cells (asterisk) with mild congestion of blood 
vessels. The CuO-CP NPs dosed group had hepatocytes 
arranged in cords with moderate perivascular infiltration of 
neutrophils, and mononuclear cells (asterisk).

The splenic architecture in the normal group had white 
pulp with lymphocytes (arrow) and red pulp with red blood 
cells arranged on the reticulum fibers (asterisk). EAC control 
group had lymphocytes (arrow) and red blood cells (aster-
isk), but with disarrangement and mild congestions. As for 
the 5-FU and CuO-CP NP-treated groups, no morphologi-
cal changes were observed. It was captivating to note that 
administrating CuO-CP NPs and 5-FU could lower the lev-
els of histopathological changes in laboratory mice affected 
with ascites tumor. The results of pathological examination 
evidenced were coincident with the study conducted by 
(Dhanya et al. 2013; Olayode et al. 2019; Eissa et al. 2019).

Conclusion

From the above investigation, it is evident that extracts of 
S. glauca and C. paniculatus being effectively utilized for 
the synthesis of CuO NPs in a sustainable manner. The 
phytofabricated CuO NPs confirm their potent antican-
cer capability against MCF-7 and HT-29 cell lines in a 
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Fig. 10   Images depicting apparent and hematoxylin and eosin stain-
ing of kidney (Lane 1: A, D, G, J), liver (Lane 2: B, E, H, K) and 
spleen (Lane 3: C, F, I, L). signifying retractable changes of CuO-CP 

NP-treated (J, K, L) compared to standard (G, H, I), EAC induced 
(D, E, F) and normal laboratory mice (A, B, C)
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concentration-dependent manner and CuO-CP NPs treated 
on MCF-7 cell lines exhibited cell death in the late apoptotic 
phase. Also, a considerable amount of cells got arrested in 
the Sub G0/G1 phase of the cell cycle when compared with 
untreated cell control where cells got arrested in a viable 
(G0/G1) phase. The Caspase-3 expression describes that the 
compound may incorporate the therapeutic potential against 
human breast cancer. Additionally, the anticancer activity 
was circumstantiated with in vivo animal studies wherein, 
the subacute exposure of CuO-CP NPs with 100 mg/kg BW 
dose could enhance the life span, hematological parameters, 
biochemical capabilities, and histopathological conditions 
of EAC induced mice. Thus, the phytofabricated NPs are 
are very well avowed for favorable anticancer medication.
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