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Abstract
                         

Curcumin and nigellin-1.1’s atomic interactions on brain antitumor molecule are significant in 
medical research. For the first time, Molecular dynamic simulations based on Newton’s law were 
utilized to predict the destruction of brain antitumor structure by curcumin and nigellin-1.1 with 
structure in the current research. To depict the atomic development of curcumin, nigellin-1.1, and 
brain antitumor molecule, DREIDING and universal force fields are used to model C, H, N, O, and 
S atoms. We calculate the total energy, center of mass distance, diffusion coefficient, and volume of 
atomic structures to explain the atomic interaction between these structures. The calculated rates for 
these physical parameters reveal an attraction force between curcumin and brain antitumor structure, 
as well as nigellin-1.1 and brain antitumor structure, with COM distances between curcumin and 
brain antitumor structures varying from 1.16 Å to 1.14 Å after 2 ns, and COM distances between 
nigellin-1.1 structures varying from 2.01 Å to 1.93 Å after 2 ns. The volume of a brain antitumor 
increases structurally from 1.33×106 Å3 to 2.24×106 Å3 following atomic contact with curcumin, and 
increases structurally from 1.33×106 Å3 to 2.83×106 Å3 after atomic interaction with nigellin-1.1, 
indicating tumor eradication.
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Introduction

Lack of efficacy and adverse side effects are 
two important problems in the current therapeutic 
field, along with complicated cellular and molecular 
processes of diseases. Therefore, developing tools in 
computational methods that discover new formulations 

with fewer side effects and optimal doses is promising, 
to reduce the attrition rate and improve the drug 
discovery process [1]. Today, the use of various 
medicinal herbs has received a lot of attention in 
treating diseases such as cancer, so brain tumors are no 
exception [2]. Even with a long time of research, brain 
tumors continue to be many of the deadliest of all types 
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of cancer. Primary brain tumors are a heterogeneous 
group of malignancies that originate in cells of the 
central nervous system. A sort of models tractable 
for preclinical research were evolved to recapitulate 
human brain tumors, permitting us to recognize the 
underlying pathology and discover capable treatments 
[3]. For instance, drosophila Melanogaster is a 
strong and effective model organism for surveying 
molecular and cellular mechanisms that underlie 
neurodegeneration, and plenty of genes and pathways 
with roles in neuroprotective and neurodegeneration 
had been recognized and characterized on this 
organism [4]. The drosophila TRIM-NHL protein brain 
tumor (Brat) intuits differentiation of neuronal stem 
cells by suppressing self-renewal factors. Brat is an 
RNA-binding protein and functions as a translational 
repressor and acts as a growth suppressor in the larval 
brain. TRIM-NHL proteins are protected between 
metazoans and handling cell destiny selections in 
vast number of stem cell lineages [5, 6]. In this study, 
we have taken into consideration of prominent plant 
components with abundant therapeutic properties. 
Although many researches were accomplished on 
those substances up to now, their molecular dynamics 
has not been studied. One of them is nigellin-1.1, and 
it is classified as an antimicrobial protein. Nigellin-1.1 
is a novel type of hairpin-like defense peptides with 
three disulfide bridges from blackseed (Nigella sativa 
L., NS), a member of the Ranunculaceae (Buttercup 
family). NS has a dark brown or black in color with a 
distinguished angular (funnel-shape). It has a strong 
aroma and little bitter nutty-peppery taste [7, 8]. NS 
has been used since traditionally and now, when 
there was a need to develop a scientific concept on 
the use of herbal remedies in the treatment of human 
diseases and relief from their suffering. Regulation 
of reactive species interfering with DNA structure, 
modulating various potential targets and their signaling 
pathways as well as immunomodulatory effects, 
anticancer, antitussive, antidiabetic, antioxidant, 
gastroprotective, neuro-protective, hepatoprotective, 
immunomodulator, analgesic, spasmolytic, anti-
inflammatory, antimicrobial, and bronchodilator 
activity were confirmed by a lot of pharmacological 
in-vitro and in-vivo studies on NS [9, 10]. Research 
in 2017 reported Nigella sativa seed management 
on prevention of febrile neutropenia all through 
chemotherapy among youngsters with brain tumors 
[11]. Another studied ingredient is curcumin. 
Curcumin is a hydrophobic polyphenol extracted from 

dried rhizome of turmeric (Curcuma longa), which is 
a member of the ginger family. A chemical name of 
curcumin is “Diferuloylmethane” with the C21H20O6 
chemical formula [12, 13]. Curcumin’s effects on 
glioma cells in vitro and in vivo were properly 
studied. Curcumin has many molecular objectives and 
consequently numerous and complicated mechanisms 
of action. The antitumoral consequences of curcumin 
are the notion to behave through many exclusive 
signaling pathways inclusive of cell proliferation, 
angiogenesis,  immunomodulation, metastasis, 
autophagy, invasion, and apoptosis [14]. In addition 
to its effectiveness as an antineoplastic, curcumin 
has been observed to be defensive toward reactive 
oxygen species (ROS) [15, 16]. Data additionally 
exists to signify that curcumin acts synergistically with 
chemotherapeutics already permitted for the remedy 
of brain tumors. For example, while doxorubicin was 
added in combination with 25 μmol/L curcumin, the 
viability dropped to 36% and 46% for both U138 and 
C6 GBM cell lines (Glioblastoma (GBM) is the most 
common malignant primary CNS tumor), respectively 
[17]. In 2016, Cui et al. found that the combined 
drugs (paclitaxel and curcumin) yielded synergistic 
effects on inhibition of brain tumor growth through 
the mechanisms of cell cycle arrest and apoptosis 
induction. Moreover, outcomes exhibited significantly 
enhancement in efficacy of drugs and chemotherapy 
[18]. A computer simulation is the presentation of the 
dynamic reactions of one system by the behavior of 
another system patterned after it. A simulation employs 
a model or mathematical description of a natural 
system in the form of a computer program. This model 
is composed of equations that replicate the functional 
connections seen in the existing system. When the 
program is run, the ensuing mathematical dynamics 
constitutes an analog of the current system’s behavior, 
and the outcomes are represented as data. The most 
significant computer simulation capable of predicting 
the atomic behavior of a range of structures is the 
Molecular Dynamics (MD) approach [19, 20]. This 
computational technique is now frequently employed 
in modeling living structures [21]. Amongst the 
neurodegenerative illnesses, one of the most common 
ones is Alzheimer’s disease (AD) determined through 
progressive accumulation of amyloid-beta (Aβ) 
peptides in brain.  Based on research in 2018, by the 
use of MD simulations, the conformational transitions 
and molecular interactions in the presence of curcumin 
supplied further insight into the structural information 
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of Aβ for designing of effective inhibitors towards 
amyloid aggregation [22]. In another study, a series of 
molecular dynamics simulations had been carried out 
in order to provide an explanation for the underlying 
molecular mechanism of the destabilization of Aβ 
protofibrils through curcumin, carmustine, acyclovir, 
and tetracycline. It was found from outcomes that each 
one of these drugs, including curcumin, attach to the 
interior of the hydrophobic grooves of Aβ protofibrils 
and caused destabilization of the β-strand of Aβ 
protofibrils [23]. In new study, the MD simulation 
results represented that Aβ interaction with Aspirin 
was stable in water system when placed within Cu 
nanochannels. After a time, interval of t = 10 ns, the 
highest velocity and temperature characteristics /
density, exceed 17.73 Å/fs, 1451.33 K, and 0.1426 
atoms/Å3, respectively [24, 25]. Iron deposition in the 
central nervous system (CNS) is one of the reasons of 
neurodegenerative illnesses. Human transferrin (hTf) 
operates as an iron carrier present in the blood plasma, 
inhibiting it from contributing to redox reactions. A 
250 ns molecular dynamics simulation has been carried 
out which deciphered the dynamics and stability of 
the hTf-TQ complex. Thymoquinone (TQ) is the main 
active ingredient of blackseed. Structure analysis 
offered that the binding of TQ doesn’t reason any 
significant transformations in the hTf structure within 
the course of simulation and a stable complex was 
formed [26]. Also, black seed oil-induced inhibitory 
results were associated with a considerable diminution 
in mRNA expression of epigenetic complex including 
UHRF1, DNMT1 and HDAC1. Molecular docking 
and MD simulation indicated that TQ in blackseed 
oil had excellence binding affinity to UHRF1 and 
HDAC1, and it could inhibit them [27]. Theoretical 

calculations were done in this study to anticipate the 
effects of curcumin and nigellin-1.1 on brain antitumor 
interactions at different temperatures (300–350 K). 
The temperature-dependent dynamical way of atomic 
structures can be predicted using the equilibrating 
molecular dynamics approach, which regulates the 
temperature of the atomic structure.

Computational Method

The MD approach was utilized to assessing the 
atomic interactions of curcumin and nigellin-1.1 on 
brain antitumor molecule at temperature intervals of 
300–350 K. In this work, 21181 atoms were used, 
and the grid size was set to 50 × 42 × 50. All units are 
based on Angstroms. Conjugate Gradient method was 
utilized for optimization [28]. MD is used to identify 
the physical movement of molecules and atoms. The 
atomic interaction of curcumin and nigellin-1.1 on 
brain antitumor may be caused chemically by a lack of 
hydrogen in these structures. The free bond is detected, 
and adsorption sites are produced between these 
two structures as a result of this atomic mechanism. 
Figure 1 shows the structures of curcumin (3OV2) and 
nigellin-1.1 (2NB2) as well as a brain antitumor (1Q7F) 
[29, 30].

Particle interactions are enabled for a set amount of 
time (time step), allowing for a better understanding of 
the dynamical development of the simulated particles. 
The trajectories of particles are calculated in the 
most common manner by computationally solving 
Newton’s equations of motion for a system of particles, 
where the forces between the particles are computed 
by interatomic force-field [31]. The current MD 

Fig. 1 Schematic of (a) curcumin (3OV2), (b) nigellin-1.1 (2NB2), and (c) brain antitumor (1Q7F)

(a) (b) (c)
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simulation was carried out using the LAMMPS (Large-
scale Atomic/Molecular Massively Parallel Simulator) 
program [32‒36]. This MD tool was created by Sandia 
National Laboratories (SNL). LAMMPS provides us 
with a number of options.

Step 1: Atomic details were simulated individually 
for curcumin, nigellin-1.1, and brain antitumor 
components. In the following MD computations, the 
simulation box has a length of 100 in the x, y, and z 
dimensions, with a periodic boundary condition in each 
of these directions [37]. The temperature of the atomic 
structures was equilibrated at 300 K, 325 K, and 350 K 
with a 1 ns time step in the following MD simulations. 
The Nose-Hoover thermostat with 0.01 damping rate 
for 1 ns was employed in the temperature equilibration 
procedure [38‒41]. This rate of temperature damping is 
consistent with the studies of Ashkezari et al [42]. The 
total energy of simulated structures was given in this 
stage to ensure that the atomic model and interatomic 
force field were correct. The computational running 
was then maintained for 2 ns after the system attained 
equilibrium temperature and overall energy rate.

Step 2: Curcumin and brain antitumor molecule, as 
well as nigellin-1.1 and brain antitumor molecule, were 
simulated in a similar simulation box in the second 
step. At 300 K, 325 K, and 350 K, the simulated 
structures were equilibrated for 1 ns. Finally, a 2 ns 
atomic interaction between curcumin and nigellin-1.1 
was performed on brain antitumor structures. Physical 
metrics such as total energy, structure distance, 
diffusion coefficient, and volume of brain antitumor 
after contacting with curcumin and nigellin-1.1 
structures were reported to analyze the atomic 
interaction between these two structures.

The interatomic force between different atoms 
in curcumin, nigellin-1.1, and brain antitumor is 
handled for in the current MD simulations using the 
Universal Force Field (UFF) and DREIDING force-
field [43, 44]. DREIDING and UFF force-fields were 
created by Goddard et al. The DREIDING force-field 
was designed to predict the structures and dynamics 
of organic, biological, and main-group inorganic 
molecules. UFF also has settings for each atom. The 
force-field parameters are computed using generic 
criteria based merely on the element, its hybridization, 
and its connectedness. The primary principle of 
DREIDING and UFF force-fields is to employ generic 
force constants and geometrical parameters based on 
simple hybridization considerations. For non-bond 

interaction between distinct atoms, the LJ potential is 
used in several force fields [45]:

U(r) = 4ε	 , r <<  rc
σ
rij

σ
rij[ ]( ( ))12 6

 
(1)

The depth of the potential well is denoted by ε, the 
finite distance at which the interatomic potential is zero 
is denoted by σ, and the distance between the atoms is 
denoted by r. The cutoff radius is represented by rc in 
this equation, which accounts for 12 Å in Eq. (1). Table 
1 shows the ε and σ constants for several simulated 
atoms.

Harmonious  re la t ion  i s  a l so  employed  in 
DREIDING and UFF force-fields for bond and angle 
interactions [36]:

Er =    kr(r ‒ r0)
1
2  (2)

Eθ =    kθ(θ	‒ θ0)
1
2  (3)

The harmonic constant is kr, and the equilibrium 
distance of atomic bonds is r0. In Eq. (3), kθ is the 
angular harmonic constant, and θ0 is the angle bond 
equilibrium angle. Tables 2 and 3 show the constant 
rate for simulated atomic structures in this study.

At the atomic level, Newton’s second law has been 
employed as the gradient of the potential function for 
calculations of particle motion over time, as seen in the 
equations [46]:
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Table 1 MD simulation duration and energy parameters for the 
LJ potential [43, 44]

Atom σ (Å) ε (kcal/mol)

C 4.180 0.305

N 3.995 0.415

S 2.240 0.305

H 3.200 0.010

O 3.710 0.415

Table 2 The harmonic constants and equilibrium distances for 
the atomic structures in the simulation box [38, 39]

Bond kr (kcal/mol) r0 (Å)
C—C 700 1.530
C—N 700 1.462
C—O 700 1.420
C—S 700 1.800
H—O 700 0.980
C—H 700 1.090
H—N 700 1.022
S—S 700 2.070
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,ij ijF V= −∇  (5)

where Fi is the total force, mi is the atomic mass, ri 
is the position, and Vi is the velocity of atom i in this 
equation. The forces between particles are computed in 
MD simulations using interatomic potential.

Results and Discussion
Equilibration of atomic structures

Curcumin, nigellin-1.1, and brain antitumor atomic 
structures were investigated in this portion, and the 
final particle positions were stored for the following 
step of MD simulation (Fig. 2). Open Visualization 
Tool (OVITO) software [47] was used to display 
the atomic structure figures given in this work. For 
atomistic and particle-based simulation data, OVITO 
is a scientific visualization and analysis program. We 
determine the potential energy for isolated structures 
of curcumin, nigellin-1.1, and brain antitumor after 
atomic modeling. This physical parameter converged 
to 1200 eV and 1054 eV after 1 ns at room temperature 
for curcumin and brain antitumor structures, and to 
931 eV and 815 eV after 1 ns at room temperature for 
nigellin-1.1 and brain antitumor structures. The atomic 

stability of these two structures is shown in this way. 
Physically, these MD simulations revealed that using 
UFF and DREIDING force-fields, the starting location 
of atoms in curcumin, nigellin-1.1, and brain antitumor 
particles described in prior studies is adopted. The 
total energy of these atomic structures as a function of 
sample temperatures is used to indicate the stability of 
atomic structures. 

This method is used to increase the kinetic energy of 
atoms in atomic structure. The mean distance of atoms 
rose when the kinetic energy was raised. Potential 
energy reciprocal interactions with a mean distance 
of atoms exist physically, and as the mean distance of 
atoms increases, so does the potential and total energy 
of atomic structures. The atomic stability reduces 
when this physical property lowers. Furthermore, 
as previously stated [21, 42], the results of this 
computational phase reveal that UFF and DREIDING 
force fields have high ability in bio-structures.

These atomic structures were simulated in a 
single box to explore the atomic interaction between 
curcumin, nigellin-1.1, and brain antitumor. Each 
molecule’s equilibrated atomic structure was retrieved 
in the preceding phase. The MD simulation was run 
for 1 ns after the atom simulation to achieve thermal 
equilibration of the structures. Figures 3 and 4 show 
the starting placements of the two structures. The 
initial distance between curcumin and brain antitumor, 
and nigellin-1.1 and brain antitumor, in this atomic 
combination, is smaller than the cutoff radius for 
modeling of molecular interaction. Figure 5 shows the 
total energy variation of curcumin and brain antitumor, 
as well as nigellin-1.1 and brain antitumor. These 
statistics show that the overall energy of the final 
structure is greater than the energy of each individual 

Table 3  The angular harmonic constant and equilibrium degree 
for atomic structures in the simulation box

Angle kθ (kcal/mol) θ0

C—C—C 100 109.471
C—C—N 100 109.471
C—C—S 100 109.471
C—C—O 100 109.471
C—N—C 100 106.700
C—S—C 100 92.100
H—O—H 100 104.510
H—C—H 100 109.471
N—C—O 100 109.471
O—C—O 100 109.471

Fig. 2 Atomic representations of (a) the curcumin, (b) the nigellin-1.1 and (c) brain antitumor simulated in NVT ensemble using the 
LAMMPS software

(a) (b) (c)
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structure. The total energy rate has a direct relationship 
with the stability of atomic structures. As a result, the 
rise in total energy in this stage of MD simulations 

indicates that curcumin and brain antitumor, as well 
as nigellin-1.1 and brain antitumor combination, are 
stable.
Atomic structure dynamical evolution

Canonical ensemble proceeded for another 2 ns 
after initial atomic MD simulations and temperature 
equilibration of curcumin and brain antitumor, as 
well as nigellin-1.1 and brain antitumor. A statistical 
ensemble known as the canonical ensemble represents 
the potential states of a mechanical system in thermal 
equilibrium with a heat bath at a constant temperature 
in statistical mechanics.

The energy exchange between the system and the 
heat bath results in a difference in the system’s total 
energy states. The center of mass (COM) distance 
between two atomic structures was reported in 
the first phase of this section. The unique location 
where the weighted relative position of the dispersed 
mass accumulates to zero is the center of mass of a 
distribution of mass in space [48]. We may deduce 
from Fig. 6 that the interatomic force is attractive. 
At 300 K, the distance between curcumin and brain 
antitumor molecule ranges between 1.16 Å and 1.12 
Å, whereas the distance between nigellin-1.1 and brain 
antitumor molecule varies between 2.01 Å and 1.93 Å. 
As the temperature rises, this value falls (Fig. 6, Table 4 
and Table 5). The amplitude of the atomic fluctuations 

(a) (b)

(c) (d)

Fig. 3 Atomic representations of simulated curcumin and brain 
antitumor molecular mixes using the LAMMPS software at 
(a) the top, (b) the front, (c) the left, and (d) the perspective 
viewpoints

Fig. 4 Atomic representations of simulated nigellin-1.1 and 
brain antitumor molecular mixes using the LAMMPS software 
at (a) the top, (b) the front, (c) the left, and (d) the perspective 
viewpoints

(a) (b)

(c) (d)

Fig. 5 The total energy variation of (a) nigellin-1.1 and brain 
antitumor and (b) curcumin and brain antitumor molecule as a 
function of simulation time and sample temperatures
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is increased, resulting in this kind of atomic structure. 
Physically, increasing atomic fluctuations reduces the 
attraction force between atoms, resulting in more free 
space between them. As a result, raising the amplitude 
of atomic fluctuation leads more atoms to penetrate at 
the same time.

In MD simulations, the diffusion coefficient is 
the optimum parameter for understanding atomic 
interactions [49]. The diffusion coefficient was 
estimated in the LAMMPS program, and the mean-
squared displacement (MSD) of the system was 
obtained using the “compute msd” command in this 
stage of the MD simulations. The diffusion coefficient 

is proportional to the slope of the MSD vs simulation 
time.

The data reveals that raising the temperature raises 
the diffusion coefficient from 0.89 μm2/s to 0.93 μm2/
s and 0.36 μm2/s to 0.41 μm2/s for curcumin and 
brain antitumor and nigellin-1.1 and brain antitumor, 
respectively, by temperature ranging from 300 K to 350 
K(see Tables 6 and 7). The decrease in the potential 
and total energy of these structures causes an increase 
in the amplitude of atomic fluctuation, resulting in an 
increase in the physical parameter.

In MD simulations, as the diffusion coefficient 
rises, the diffusion of curcumin and nigellin-1.1 into 
brain antitumor increases, lowering the stability of 
the molecule and destroying the atomic structure. Our 
computed physical parameters in this phase of the 
MD research reveal that changing the temperature 
of simulated structures affects their atomic behavior. 
Thus, in real-life situations, temperature limitation may 
lessen the damaging consequences of a brain antitumor 
and shorten the treatment duration.

Because the atomic volume of each atomic 
structure is related to its stability, brain antitumor 
molecule volume fluctuation as a function of 
simulation duration from 0 to 2 ns demonstrates this 
structure stability. The current simulations reveal that 
the volume of the brain antitumor molecule increases 
when time steps are increased. The atomic distance 
rises at a faster pace as the molecule’s volume is 
increased [49–53]. The overall energy of a molecule 
falls as the distance between atoms increases, and 
the stability of the atomic structure diminishes. 
The amount of brain antitumor interaction with 
curcumin grows from 1.33×106 Å3 to 2.83×106 Å3 

as the MD simulation time progresses from 0 to 2 

Fig. 6 The fluctuation in COM distance between atomic 
structures of (a) nigellin-1.1 and brain antitumor and (b) 
curcumin and brain antitumor as a function of simulation 
time and sample temperature
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Table 4 The COM distance between nigellin-1.1 and brain 
antitumor atomic structures fluctuates with sample temperature

Temperature (K) COM distance (Å)

300 1.935

325 1.921

350 1.901

Table 5 The COM distance between curcumin and brain 
antitumor atomic structures fluctuates with sample temperature

Temperature (K) COM distance (Å)

300 1.141

325 1.123

350 1.110

Table 6 The diffusion coefficient of nigellin-1.1 and brain 
antitumor atomic structures varies as a function of sample 
temperature

Temperature (K) Diffusion coefficient (µm2/s)
300 0.36
325 0.38
350 0.41

Table 7 The diffusion coefficient of curcumin and brain 
antitumor atomic structures varies as a function of sample 
temperature

Temperature (K) Diffusion coefficient (µm2/s)

300 0.89

325 0.91

350 0.93
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ns, and the volume of brain antitumor interaction 
with nigellin-1.1 climbs from 1.33×106 Å3 to 
2.24×106 Å3. The ultimate volume of brain antitumor 
interaction with curcumin and brain antitumor 
interaction with nigellin-1.1 changes from 2.83×106 
to 2.88×106 Å3 and 2.24×106 Å3 to 2.69×106 Å3 

correspondingly when the temperature rises from 300 
K to 350 K. Finally, it can be deduced that the drop 

in total energy in this stage of MD simulation is due 
to a decrease in the brain antitumor’s stability. The 
volume of brain antitumor contact with curcumin 
and brain antitumor interaction with nigellin-1.1 
structures are shown schematically in Fig. 7, Fig. 8 
and Table 8. The “construct surface mesh” feature of 
the OVITO program was used to create these figures 
and calculate their volumes (Fig. 9).

Fig. 7 The volume of the brain antitumor interaction with curcumin atomic structure changes as the MD simulation time 
increases

Fig. 8 The volume of the brain antitumor interaction with nigellin-1.1 atomic structure changes as the MD simulation 
time increases

(a) (b) (c)

(d) (e)

(a) (b) (c)

(d) (e)
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Conclusion
The influence of curcumin and nigellin-1.1 on the 

atomic organization of brain antitumor is investigated 
in this research. C, H, N, O, and S atoms are used 
to represent each curcumin, nigellin-1.1, and brain 
antitumor in this approach. UFF and DREIDING force-
fields have also been created to imitate the interatomic 
force. Finally, here are the computational findings from 
MD simulations:

(1) For curcumin and brain antitumor structures 
converged to 1054 eV and for nigellin-1.1 and brain 
antitumor structures converged to 815 eV after 1 ns 
at 300 K, UFF and DREIDING force-fields are the 
ideal interatomic potential for energy, and this atomic 
approach illustrates the stability of these structures.

(2) In MD simulations, the center of mass for 
curcumin and brain antitumor, as well as nigellin-1.1 
and brain antitumor, decreases from 1.16 Å to 1.12 Å 
and 2.01 Å to 1.93 Å, respectively, as time passes.

(3)  For  curcumin and brain ant i tumor and 
nigellin-1.1 and brain antitumor, raising the atomic 
temperature from 300 K to 350 K increases the 
diffusion coefficient from 0.89 μm2/s to 0.93 μm2/s and 
0.36 μm2/s to 0.41 μm2/s, respectively.

(4) By incorporating more curcumin and nigellin-1.1 
into the atomic structure of brain antitumor, the 
stability of the antitumor is increased.

(5) Diffusion of curcumin and nigellin-1.1 into this 
atomic structure increases the volume of the brain 

antitumor. 

From a practical standpoint, we conclude that 
managing the temperature of curcumin and nigellin-1.1 
and the brain antitumor is a key parameter in real 
instances to decrease the harmful consequences of 
brain antitumor.
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