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ABSTRACT
Recently, scientists have used the metallic nanoparticles especially
copper nanoparticles for formulating many new neuroprotective
supplements in the field of neurology. Also, we know the role of
Nigella sativa L. in increasing the physiological activities of the cen-
tral nervous system in traditional medicine. In the present study,
we decided to prepare and formulate a new neuroprotective sup-
plement (copper nanoparticles in aqueous medium using N. sativa
seed aqueous extract) in the in vitro condition. The organometallic
chemistry tests such as Fourier Transformed Infrared Spectroscopy
(FT-IR), UV–Visible Spectroscopy (UV-Vis), Field Emission Scanning
Electron Microscopy (FE-SEM), and Transmission Electron
Microscopy (TEM) were used for characterizing of copper nanopar-
ticles. In the FT-IR test, the presence of many antioxidant com-
pounds with related bonds caused excellent condition for reducing
copper in the copper nanoparticles. In UV-Vis, the clear peak in the
wavelength of 569nm showed the copper nanoparticles formation.
Also, in the TEM and FE-SEM images, the copper nanoparticles had
the size of 19.5nm. In the biological part of the current study,
methadone significantly (p� 0.01) decreased cell viability, mito-
chondrial membrane potential, and increased inflammatory cyto-
kines concentrations, caspase-3 activity, and DNA fragmentation.
CuNPs-treated cell cutlers significantly (p� 0.01) increased cell via-
bility and mitochondrial membrane potential, and decreased
inflammatory cytokines concentrations, caspase-3 activity, and DNA
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fragmentation in the high concentration of methadone-treated
adrenal phaeochromocytoma (PC12) cells. For investigating the
antioxidant properties of copper nanoparticles, the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) test was used in the presence of butylated
hydroxytoluene as the positive control. The copper nanoparticles
inhibited half of the DPPH molecules in the concentration of
171mg/mL. In this study, we concluded that copper nanoparticles
biosynthesized by N. sativa L. seed suppressed methadone-induced
cell death in PC12 cells.

1. Introduction

Methadone is an opioid pain medication used to treat moderate to moderately severe pain.
It is a synthetic opioid that suppresses the pain signaling through the opioid and the non-
opioid receptor pathways in humans and animals [1, 2]. The affinity of methadone for opi-
oid receptors is lower than other opioids, such as morphine and heroin, and there is no spe-
cificity in binding this substance to l, j, and d opioid receptors [1–3]. Methadone abuse
leads to destructive effects on different cells of the body, especially neurons [4, 5].
Degeneration of red neurons was observed in the brain of rats exposed to chronic use of
this substance. These observations indicate that the cerebra does not act properly in the cen-
tral nervous system of abuser rats [6]. It adversely affects the central nervous system, cardio-
vascular, and gastrointestinal systems [6–8]. Therefore, the importance of alternative
pathways increases in analgesic effects of methadone compared to the opioid pathway [9].
The metabolism of methadone occurs in the liver and inactive metabolites are excreted
through the kidneys. Therefore, in the case of high dose and chronic use, these organs suffer
from toxic effects caused by methadone [8–10]. Reducing opioid effects and low addiction
potential has charmed the use of this drug compared with the other opioid analgesics [9,
10]. Among the effects of methadone abuse, fatal intoxications and respiratory depression
can be mentioned as well as the development of lesions in the brain [6, 7]. These effects
may lead to neurotoxicity and dysfunction in central nervous cells. So, studying the effects of
this substance on the nervous system seems to be necessary in order to reduce its adverse
effects [5]. Previous studies have shown that lipid peroxidation plays a major role in the pro-
duction of methadone-dependent cytotoxicity, as it has been observed in the chronic con-
sumption of heroin and cocaine. It induces apoptosis through increasing the oxidative stress
[6, 7]. Also, similar studies revealed that many mechanisms such as inadequate neurogenesis,
apoptotic processes, mitochondrial dysfunction, and oxidative stress are important in neuro-
toxicity of methadone [5, 6]. One group of materials that can remove the neurotoxicity activ-
ities of the psychedelic drugs is the metallic nanoparticles [11].

Metallic nanoparticles are generally used in functions that require direct contact with
the human body. In earlier times, metallic nanomaterials was used as a therapeutic mater-
ial [12–15]. Among all nanoparticles, copper nanoparticles made fastidious attention
because of its wide applications in optical, electrical, chemical, bioremediation, sensor,
and biological field. Copper nanoparticles have a great interest because of low cost, avail-
ability and its known therapeutic activities [11]. Recently, the copper nanoparticles have
been used for the treatment of a large number of disorders such as parasitic, viral, bacter-
ial, fungal and diseases. Also, the copper nanoparticles have excellent potentials in the
treatment of neurotoxicity [11]. Recently, it has been cleared that copper nanoparticles
have excellent neuroprotective potentials and can raise the physiological function of the
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central nervous system [11]. In a study, the positive effects of copper nanoparticles on rat
cerebral microvessel endothelial cells were investigated. In the previous research, the
exposure of copper nanoparticles at 1.56-50mg/mL concentrations raises cellular prolifer-
ation of rat brain microvessel endothelial cells. Prostaglandin E2 release was raised signifi-
cantly (threefold; 8 h) for copper nanoparticles (40 and 60 nm). The extracellular levels of
both TNF-a and IL-1b unchanged following exposure to copper nanoparticles. The P-
apparent ratio, as an indicator of enhanced permeability of rat brain microvessel endothe-
lial cells was approximately twofold for copper nanoparticles. Also, it has been shown that
CuNPs can remove neurotoxin agents in the central nervous system [11].

Recently, scientists have used the neuroprotective potentials of medicinal plants for syn-
thesizing the metallic nanoparticles containing natural compounds. So far, the neuroprotec-
tive effects of Salvia Officinalis, Hypericum perforatum, Lavandula angustifolia, Opuntia ficus-
indica, Curculigo orchioides, Ficus religiosa, Angelica sinensis, Cassia fistula, Dichrostachys cin-
erea, Panax ginseng, Aerva lanata, Juglans regai, Crocus sativus, Pongamia pinnata, Polygala
paniculata, Cipura paludosa, Carum carvi L., Cymbopogon winteri-anus, Mentha spicata L.,
Cassia siamea, Galanthus nivalis L., Thymus vulgaris L., and Curcuma longa have been
proved [16]. Nigella sativa as a neuroprotective supplement is used in traditional medicine
for the treatment of nervous disorders. N. sativa is from Ranunculales order, Ranunculaceae
family, and Nigella genus. Among all parts of this species, its seed is precious in medicine.
Among various medicinal plants, N. sativa is emerging as a miracle herb with a rich histor-
ical and religious background since many researches revealed its wide spectrum of pharma-
cological potential. N. sativa is commonly known as black seed. N. sativa is native to
Southern Europe, North Africa and Southwest Asia and it is cultivated in many countries in
the world like Middle Eastern Mediterranean region, South Europe, Iran, India, Pakistan,
Syria, Turkey, Saudi Arabia [17]. The seeds of N. sativa and their oil have been widely used
for centuries in the treatment of various ailments throughout the world. And it is an import-
ant drug in the Indian traditional system of medicine like Unani and Ayurveda. Among
Muslims, it is considered as one of the greatest forms of healing medicine available due to it
was mentioned that black seed is the remedy for all diseases except death in one of the
Prophetic hadith. It is also recommended for use on regular basis in Tibb-e-Nabwi
(Prophetic Medicine) [17]. The most antioxidant compounds of seed are thymoquinone, p-
cymene, dithymoquinone, 4-terpineol, a-pinene, t-anethol, thymohydroquinone, carvacrol,
sesquiterpene longifolene, and thymol. The seed of N. sativa is used in the medicine for its
antioxidant, anti-inflammatory, contraceptive, anti-fertility, testicular-protective, anticonvul-
sant, pulmonary-protective, anti-asthmatic, antibacterial, antifungal, antiviral, anti-parasitic,
anti-schistosomiasis, gastro-protective, entro-protective, hepato-protective, nephron-protect-
ive, spleno-protective, anti-diabetic, anticancer, analgesic, immunomodulatory, especially anti-
oxytocic, and neuro-pharmacological effects [17].

According to the neuroprotective properties of copper metal and N. sativa seed separately,
we decided to prepare and formulate a new neuroprotective supplement (copper nanopar-
ticles in aqueous medium using N. sativa seed aqueous extract) in the in vitro condition.

2. Experimental

2.1. Material

Antimycotic antibiotic solution, decamplmaneh fetal bovine serum, Dulbecco’s Modified
Eagle Medium (DMED), carbazole reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 4-
(Dimethylamino)benzaldehyde, phosphate buffer solution (PBS), borax-sulphuric acid
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mixture, Ehrlich solution, hydrolysate, and dimethyl sulfoxide (DMSO), all were achieved
from Sigma-Aldrich company of USA.

2.2. Synthesis of CuNPs

At the beginning of the aqueous extracting, the fresh and healthy parts of N. sativa (seed)
were collected from Kermanshah city (Iran; Figure 1). After shade drying in a mixer, 50 g
of powdered plant sample was extracted with distilled water with increase of polarity at a
ratio of 1:15 (v/v). At the end, for concentrating, rotary evaporator was used [14, 15].

The green synthesis of the CuNPs was initiated with a reaction mixture of 20mL of
Cu(NO3)2.3H2O in the concentration of 0.05M and 200mL of aqueous extract solution of
N. sativa seed (20 mg/mL) in the proportion 1:10 in a conical flask (Figure 1). The reac-
tion mixture was kept under magnetic stirring for 12 h at room temperature. At the end
of the reaction time, the dark green colored colloidal solution of Cu was formed. The
mixture was centrifuged at 10,000 rpm for 15min. The precipitate was triplet washed with
water and centrifuged subsequently [14, 15].

2.3. Chemical characterization of CuNPs

In this research, to record the UV–Vis spectra, a Shimadzu UV spectrophotometer was
used. To investigate the size and morphology of CuNPs, Philips EM208S was employed to
record transmission electron microscopy (TEM) images. Also, JASCO (FT/IR-6200) spec-
trophotometer was utilized to record the FT-IR spectra in this research. To evaluate the
different morphological characteristic of CuNPs such as size distribution, surface

Figure 1. The image of Nigella sativa L. seed.
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morphology and the particle shape, MIRA3TESCAN-XMU FESEM was used to record
Field Emission Scanning Electron Microscopy (FESEM) images.

2.4. Determination of the antioxidant property of CuNPs by DPPH

At the beginning of the study, 100mL of methanol (50%) was added to the 39.4 g of
DPPH. Also, several concentrations of Cu(NO3)2, N. sativa seed aqueous extract, and
CuNPs i.e. 0-1000mg/mL were considered. The above DPPH was added to the various
concentrations of Cu(NO3)2, N. sativa seed aqueous extract, and CuNPs and all samples
were transfer to an incubator at the temperature of 37 �C. After 30min incubating, the
absorbances were measured at 517 nm. In this study, methanol (50%) and butylated
hydroxytoluene (BHT) were negative and positive controls, respectively. Acceding to the
following formula, the antioxidant properties of Cu(NO3)2, N. sativa seed aqueous extract,
and CuNPs were determined [18]:

DPPH free radical scavenging (%) ¼ (Control – Test/Control) � 100

2.5. Neuroprotective analyses of CuNPs

2.5.1. Cell culture
In this experiment, adrenal phaeochromocytoma (PC12; ATCCVR CRL-1721TM) cells were
cultured in Gibco RPMI1640cell culture medium according to the protocols. 10%fetal
bovine serum (FBS, Gibco), 100 IU/mL penicillin (Sigma), and 100 mg/mL streptomycin
(Sigma) were supplemented in cell cultures in T-25cm2 tissue culture flasks and standard
condition (were incubated at 37 �C in 5% CO2). Methadone changes the morphology of
the cells, so apoptotic cells result in the treatment of the cell by 100mM of water diluted-
methadone. For Cu(NO3)2, N. sativa seed aqueous extract, and CuNPs solutions in
RPMI1640 water cell culture medium, at first, it was solved in DMSO and added to cul-
ture medium by final volume of 0.1%. Then, 12 h after the plating, the cells were washed
by PBS (37 �C) and classified into eight groups for 48 h. The eight groups are
listed below:

Methadone: Cell culture contains 100lM methadone.
Control: Cell culture medium without methadone, Cu(NO3)2, N. sativa seed aqueous

extract, and CuNPs.
T1: Cell culture contains 100lM methadone and 2 lg of Cu(NO3)2.
T2: Cell culture contains 100lM methadone and 4 lg of Cu(NO3)2.
T3: Cell culture contains 100 lM methadone and 2 lg of N. sativa seed aque-

ous extract.
T4: Cell culture contains 100 lM methadone and 4 lg of N. sativa seed aque-

ous extract.
T5: Cell culture contains 100lM methadone and 2 lg of CuNPs.
T6: Cell culture contains 100lM methadone and 4 lg of CuNPs.

2.5.2. Cell viability
Trypan blue was used for assessing the cell viability. The vital dye penetrates damaged or
dead cells whose membranes are broken, and as a result, dead cells appear on blue lobes
on the Neubauer Lamela. The cells were plated in 96 well cell culture plates with 5� 104
cells/mL densities for 12 h, then, they were cultured by several treatments of I-VII and
incubated at 37 �C in 5% CO2 for 48 h. After trypsinization of the cells, 200 lL of cell sus-
pension was mixed with 40 lL of Trypan blue 0.4% and suspended after 2-3min by the
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Neubauer Lamela. By following formula, the cell viability of all samples was deter-
mined [19]:

Cell viability: Non-colored cells number/Total cells number

2.5.3. Cell death index
For determining of PC12 cell death index in the different treatments of I-VII, TUNEL
staining was used. Eight randomly wells were selected to counting the TUNEL positive
cells by an Olympus AX-70 fluorescent microscope. The cell death index is equal to the
ratio of apoptotic cells to total cells [20].

2.5.4. Secretion of inflammatory cytokines
The concentrations of pro-inflammatory cytokines IL-1b, IL-6, and TNFa were measured
using Rat V-Plex Kit.

2.5.5. Mitochondrial membrane potential (MMP)
Different treatments were exposed to 10mg/mL rhodamine-123 for a half-hour. Then, the
cell was washed by PBS. In continuing, 900 lL triton X-100 was added to each well and
kept in 4 �C for 2 h. The solutions were moved to microtubes for centrifuging at
16,000 rpm for 20min. A fluorescence microplate reader (488 nm excitation and 520 nm
emission) was used for the measurement of fluorescence absorbance in the cells [21].

2.5.6. Caspase-3 activity
For plating PC12 cells, the well cell culture plate containing PRMI1640 medium was used.
After 12 h, the plate was washed by PBS. Then, the different treatments of I-VII were
added to the cells. Trypsin was used for separating the cells from the flask. For removing
the supernatant, all samples were centrifuged for 10min, then the centrifuging was done
by adding lysate buffer and final they were transferred to the well cell culture plate. Later,
5 lL N-acetyl-Asp-Glu-Val-Asp-p-nitroanilineDEVD-pNA was added to the well cell cul-
ture plate and incubated in 37 �C for 2 h. Then, releasing of pNA in a result of caspase-3
activity was recorded by Biotek (USA) Spectrophotometer [21].

Figure 2. The UV–Vis spectrum of biosynthesized copper nanoparticles.
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2.6. Statistical analysis

The obtained results were fed into SPSS-22 software and analyzed by one-way ANOVA,
followed by Tukeys post-hoc test (p� 0.01).

3. Results and discussion

3.1. Uv-visible spectroscopy

UV-Vis spectroscopic analysis showed the presence of absorption peak at 564 nm which
confirmed the formation of the copper nanoparticles (Figure 2). Rajesh et al. (2018)
reported Shewanella aromaticum bud extracts synthesized CuNPs with a peak at 580 nm
in the UV-Vis spectrum [22]. Zangeneh et al. (2019) revealed the absorbance at 572 nm
for copper nanoparticles synthesized by Falcaria vulgaris [15]. Tahvilian et al. (2019)
observed the peak of copper nanoparticles containing Allium saralicum at the wavelength
of 576 nm [14]. Ramya Devi et al. (2012) reported the absorbance at 580 nm for copper
nanoparticles through the polyol method [23]. Niharika Nagar et al. (2018) studied
Azadirachta indica extracts mediated synthesis of CuNPs. Absorption in the spectrum was
noted in the range between 550-600 nm [24]. Two absorbance peaks at 370 and 690 nm
was shown marine endophytic actinomycetes mediated CuNPs due to two various mor-
phological sizes of nanoparticles were synthesized [25]. Khani et al. (2018) reported
Ziziphus Spina-Christi fruit extract mediated CuNPs and absorption peak was observed at
586 nm [26]. These reports support the results of the current work. The N. sativa seed
aqueous extract mediated synthesis of CuNPs showed good stability even after 20 days
and no considerable changes occurred in UV-absorbance.

3.2. Ft-IR analysis

In the FT-IR test, the antioxidant and secondary compounds are determined based on
several peaks in special wavelengths. The analysis of the IR spectra of the copper nanopar-
ticles revealed the peaks at 613, 1071, 1485, 1618, and 3416 cm�1 related to the Cu-O, C-
OH, C¼O, C-O, and OH, respectively (Figure 3). The IR spectra investigated for the
copper nanoparticles revealed the absorption peaks at (I) 3287 cm�1 (OH group of

Figure 3. FT-IR spectra of biosynthesized copper nanoparticles.
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alcohols and phenols); (II) 1623 cm�1 (C-O group of carboxylic acid group); (III)
1383 cm�1 (C¼O stretching of carboxylic acid group); (IV) 1038 cm�1 (C-OH vibrations
of the protein/polysaccharide) [4, 15, 22–26].

Figure 4. FE-SEM image of copper nanoparticles.

Figure 5. TEM image of copper nanoparticles.
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3.3. Fe-SEM and TEM analysis

The FE-SEM image of copper nanoparticles is shown in Figure 4. The copper nanopar-
ticles appeared as an agglomerated structure. The hydroxyl groups present in N. sativa
seed aqueous extract could be responsible for agglomeration [23]. Also, FE-SEM images
indicated the average size of 19.5 nm and the shape of spherical for copper nanoparticles.
Many similar observations are noted by Rajesh et al. (2018) [22], Zangeneh et al. (2019)
[15], Tahvilian et al. (2019) [14], Ramya Devi et al. (2012) [23], Niharika Nagar et al.
(2018) [24], and Khani et al. (2018) [26].

Also, the average size of the nanoparticles (19.5 nm) calculated through TEM images
(Figure 5). Furthermore, the histogram plot from the TEM image showed the particle size
distribution of biosynthesized copper nanoparticles ranges of 7 to 27 nm. In the previous
studies, the size of copper nanoparticles formulated by aqueous extract of medicinal plants

Figure 6. The cell viability of different treatments after 48 h.
M: Methadone, C: Control, T1: 100lM methadone and 2lg of Cu(NO3)2, T2: 100lM methadone and 4lg of Cu(NO3)2, T3: 100lM
methadone and 2lg of N. sativa, T4: 100lM methadone and 4lg of N. sativa, T5: 100lM methadone and 2lg of CuNPs, T6: 100lM
methadone and 4lg of CuNPs.�indicate the significant difference (p� 0.01) between experimental groups with methadone group.
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had been calculated in the ranges of 10-40 nm with the shape of spherical [4, 15, 22–26].
These reports support the results of the current work.

3.4. Neuroprotective activities of CuNPs

Methadone is prescribed as an analgesic and may be of concern because of its addictive
potential or side effects [27, 28]. Abuse of this drug, like other opioid compounds, may
affect the central nervous system cells by affecting the opioid signaling pathway also, its
metabolites may be harmful to the digestive and excretion system [29, 30]. The pathway
for the breakdown of methadone passes through the liver and kidneys, therefore the
potential of side effects is high in these organs [6, 7] Also, methadone severely affects
white matter [31, 32]. Li et al. (2016) indicated that methadone destroyed the white mat-
ter integrity and caused many peripheral neuropathies [33]. Two researchers revealed the

Figure 7. The apoptosis index of different treatments after 48 h.
M: Methadone, C: Control, T1: 100lM methadone and 2lg of Cu(NO3)2, T2: 100lM methadone and 4lg of Cu(NO3)2, T3: 100lM
methadone and 2lg of N. sativa, T4: 100lM methadone and 4lg of N. sativa, T5: 100lM methadone and 2lg of CuNPs, T6: 100lM
methadone and 4lg of CuNPs.�indicate the significant difference (p� 0.01) between experimental groups with methadone group.
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effects of methadone on the lung and brain (cerebral cortex and hippocampus) of rats.
They emphasized the role of oxidative stress, neuronal, and pulmonary damage in disrup-
tive effects of methadone abuse [34, 35]. Methadone is caused the neurotoxicity by two
ways; in first way, it is bound to the opioid receptors and affects the neurons, in second
way, methadone destroys by antagonist acting in NMDR. The previous observations have
indicated that second way is more effective than the first way in cytotoxicity of neural
cells [36]. Also, methadone has direct effects on the central nervous system and increases
the reactive oxygen species (ROS) by reducing the level of antioxidant activity in the
plasma. Therefore, it seems necessary to evaluate the toxic effect of methadone in neuron
cells and study on compounds which can decline these toxic effects [35]. Chan et al.
(2015) indicted the immunotoxicity properties of methadone inside of the neurotoxicity
effects. In the previous study, methadone increased the pro-inflammatory cytokines such
as interleukin 1 [37]. The cytotoxicity properties of methadone increase significantly the
cell death and reduce the cell proliferation in nerve cells [37]. Friesen et al. (2008) showed
that methadone through apoptosis induction, caspase-3 and caspase-9 activation, and cell
proliferation inhibition induced cell death in acute and chronic leukemia cells [38]. The
findings of our experiment also agreed with these results and revealed that methadone at
high concentrations reduced significantly (p� 0.01) cell viability and increased inflamma-
tory cytokines concentrations and caspase-3 activity. Treatment of these cells with both
doses of copper nanoparticles synthesized using N. sativa seed aqueous extract increased
the cell proliferation and cell viability potentials due to the cell cytotoxicity reduction
(Figures 6–9).

Figure 8. The cytokine concentration in different treatments after 48 h.
M: Methadone, C: Control, T1: 100lM methadone and 2lg of Cu(NO3)2, T2: 100lM methadone and 4lg of Cu(NO3)2, T3: 100lM
methadone and 2lg of N. sativa, T4: 100lM methadone and 4lg of N. sativa, T5: 100lM methadone and 2lg of CuNPs, T6: 100lM
methadone and 4lg of CuNPs.�indicate the significant difference (p� 0.01) between experimental groups with methadone group.
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The previous studies indicated that methadone produced many free radicals especially
ROS in the body [39–41]. Free radicals with degradation of DNA molecules cause cellular
degradation and apoptosis in the cells [39]. Also, ROS directly damages the DNA and
increase the apoptosis in neurons through production of free-radicals [39, 40]. In our study,
the experiment of apoptosis by the TUNEL test indicated that methadone caused DNA frag-
mentation and induced apoptosis in nerve-like PC12 cells. Further experiments revealed that
methadone causes apoptosis in these cells by reducing the mitochondrial membrane poten-
tial. Our findings also indicated that copper nanoparticles synthesized using N. sativa seed
aqueous extract significantly (p� 0.01) increased the mitochondrial membrane potential and
reduced the rate of DNA fragmentation in PC12 cells treated with methadone (Figure 10).

3.5. Antioxidant properties of copper nanoparticles synthesized using N. sativa

In our study, the antioxidant effects of the copper nanoparticles synthesized using N. sat-
iva seed aqueous extract were evaluated by DPPH assay revealed concentration-dependent

Figure 9. The caspase 3 absorption in different treatments after 48 h.
M: Methadone, C: Control, T1: 100lM methadone and 2lg of Cu(NO3)2, T2: 100lM methadone and 4lg of Cu(NO3)2, T3: 100lM
methadone and 2lg of N. sativa, T4: 100lM methadone and 4lg of N. sativa, T5: 100lM methadone and 2lg of CuNPs, T6: 100lM
methadone and 4lg of CuNPs.�indicate the significant difference (p� 0.01) between experimental groups with methadone group.
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effects i.e. an increase in the concentration of the copper nanoparticles leads to an
increase in antioxidant activities. In the concentrations of studied, the best result was seen
in the high concentration or 1000 mg/mL (Figure 11).

Comparative analysis of the individual antioxidant assays showed significant variations
in the exertion of radical scavenging effects. Among all materials tested (Cu(NO3)2, N.
sativa, and CuNPs), the copper nanoparticles indicated more excellent inhibition effects
against DPPH. In contrast, standard (butylated hydroxytoluene) demonstrated lower anti-
oxidant effects compared to the copper nanoparticles. The IC50 of N. sativa, butylated
hydroxytoluene, and CuNPs were 308, 236, and 171 mg/mL, respectively.

The synthesized copper nanoparticles exhibit higher antioxidant activity for the
deformation of free radicals into the living system [42]. The copper nanoparticles have
redox properties and play a significant role in deactivating free radicals in the living sys-
tem [43]. In recent years, researchers evaluated plants and bio mediated synthesized nano-
particles for antioxidant activity. The reason behind the antioxidant activity of green or

Figure 10. The mitochondrial membrane potential of different treatments after 48 h.
M: Methadone, C: Control, T1: 100lM methadone and 2lg of Cu(NO3)2, T2: 100lM methadone and 4lg of Cu(NO3)2, T3: 100lM
methadone and 2lg of N. sativa, T4: 100lM methadone and 4lg of N. sativa, T5: 100lM methadone and 2lg of CuNPs, T6: 100lM
methadone and 4lg of CuNPs.�indicate the significant difference (p� 0.01) between experimental groups with methadone group.
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biosynthesized nanoparticles could be due to the presence of metabolites compounds such
as phenolic compounds, flavonoids, carbohydrates, and other sugar substances [44–47].
Also, many researchers reported phenolic and flavonoids attached to the nanoparticles
exhibited the antioxidant activity. Previously has been indicated that N. sativa is rich in
antioxidant compounds such as thymol, sesquiterpene longifolene, carvacrol, thymohydro-
quinone, a-pinene, t-anethol, dithymoquinone, 4-terpineol, p-cymene, and thymoquinone
[47]. Several studies were carried out in the nanotechnology field using various medicinal
plants, but still, no report is available on copper nanoparticles synthesized using N. sativa
seed aqueous extract.

It seems that CuNPs, due to its antioxidant potential, significantly (p� 0.01) increased
cell viability and mitochondrial membrane potential, and decreased inflammatory cyto-
kines concentrations, caspase-3 activity, and DNA fragmentation in the high concentra-
tion of methadone-treated PC12 cells. Today, antioxidants are introduced as a reducer of
cell cytotoxicity because they inhibit the reactive oxygen species production and oxidative
stresses in the cells [11].

4. Conclusion

Nigella sativa L. seed harvested from the Kermanshah city, Iran was used for synthesizing
copper nanoparticles as a suitable and safe material. After copper nanoparticles synthesiz-
ing, they were characterized and analyzed by UV-Vis. and FT-IR spectroscopy, FE-SEM,

Figure 11. The antioxidant properties of Cu(NO3)2, N. sativa, CuNPs, and BHT against DPPH.
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and TEM. The above tests indicated that these nanoparticles were synthesized as the best
possible form.

In the biological experiments, we concluded that a high dose of methadone causes cell
death in nerve-like PC12 cells through induction of cell inflammation and apoptosis.
CuNPs enhanced cell viability in a high dose of methadone-treated PC12 cells. It
repressed inflammatory cytokines (IL-1b, IL-6, and TNF-a) production, mitochondrial
membrane disruption, and caspase 3 activity. These events reveal that CuNPs repressed
methadone-induced cell death in PC12 cells, in a dose-dependent manner.

In the future, CuNPs can be consumed for increasing the physiological activity of the
central nervous system.
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