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Abstract 

Background Cisplatin is a wide-ranging antineoplastic drug. Neurotoxicity is one of cisplatin’s side effects 
that restrict its usage. This study aimed to investigate the possible protective properties of sweet basil oil against cis-
platin-induced neurotoxicity in mice. A docking study was carried out to elucidate the fundamental mechanism 
of sweet basil oil’s ameliorative influence. Thirty male mice were allocated into three groups as follows: control group, 
cisplatin group (2.3 mg/kg), and sweet basil oil group (25 µl/kg basil oil + cisplatin 2.3 mg/kg). Cisplatin was given for 
five successive days, followed by five days of rest, for two cycles, while sweet basil oil was orally administered for 21 
successive days.

Results Our results revealed that sweet basil oil’s antioxidant activity ameliorated the oxidative stress induced by cis-
platin in mice’s brains via lowering MDA levels and increasing CAT activity and  Nrf2 levels. Also, the anti-apoptotic 
activity of sweet basil oil was obvious via lowering the gene expression levels of Bid and caspase-3 but did not affect 
the serum level of P38 MAPK. Changes in acetylcholinesterase activity, serotonin and dopamine levels induced by cis-
platin were significantly alleviated by sweet basil oil.

Conclusion Sweet basil oil can be used as a food supplement to guard against cisplatin-induced neurotoxicity.
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1  Background
Cisplatin, also known as cis-diamine, dichloroplatinum 
(II), is an anticancer medicine that is commonly used to 
treat tumors such as head and neck, as well as testicular, 
ovarian, brain and colon cancers [1]. Despite its efficacy, 
cisplatin has many serious side influences, involving neu-
rotoxicity, nephrotoxicity, bone marrow toxicity, and oto-
toxicity [2].

In different organs of rats, cisplatin metabolism is cor-
related positively with specific glutathione  S-transferase 
activities which determined the extent of cellular uptake 
or retention of cisplatin [3]. Several studies declared 
that cisplatin-induced cytotoxicity is closely related to 
increased ROS generation which alters the mitochondrial 
membrane potential (MMP) and damages the respira-
tory chain, subsequently triggering the apoptotic process 
[4]. Additionally, cisplatin rapidly accumulates in mito-
chondria and deteriorates the mitochondrial structure 
and metabolic function resulting in changes in the level 
of metabolites related to the tricarboxylic acid cycle and 
glycolysis pathway [5].

The most prevalent and dose-limiting consequence of 
cisplatin is neurotoxicity [6]. Many pathophysiological 

processes, including oxidative stress, inflammation, 
mitochondrial impairment, DNA destruction, and apop-
tosis in the nerve cell, have been hypothesized in previ-
ous research to explain the neurotoxicity associated with 
cisplatin-based treatment. According to the research, 
the brain is most susceptible to oxidative stress attrib-
utable to its high amount of polyunsaturated fatty acids 
(PUFAs), which are particularly vulnerable to reactive 
oxygen species (ROS) damage [7].

Cisplatin can pass the brain barrier and accumulate in 
the brain, increasing the production of ROS which inter-
mingle with lipids, and DNA initiating lipid peroxidation 
and DNA damage [8]. Previous research has shown that 
cisplatin causes apoptosis via activating mitogen-acti-
vated protein kinase (MAPK) passageways throughout 
the formation of DNA and ROS cross-linking [9].

Much recent literature in alternative medicine have 
described the use of natural products to reduce the 
impact of xenobiotics [10]. As a result, there is a growing 
interest in using natural products and medicinal plants 
to discover new pharmacologically active compounds. 
Antioxidant supplementation has been shown in numer-
ous studies to diminish the neurotoxic side effects of 
cisplatin, which work synergistically to boost anticancer 
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activity and diminish side effects [11]. Ocimum basili-
cum L., commonly named sweet basil, is a popular herb 
belonging to the Lamiaceae family. Basil leaves have tra-
ditionally been used to remedy a diversity of ailments, 
involving cancer, convulsions, diarrhea, epilepsy, and 
bronchitis [12].

Basil oil contains physiologically active ingredients 
that have antioxidant and antibacterial activities, insec-
ticidal, larvicidal, anticonvulsant, and anti-inflam-
matory properties. Many active components such as 
linalool, methyl cinnamate, methyl chavicol, and euge-
nol have been found in the chemical composition of 
basil oil, according to previous study [13]. This oil con-
tains a variety of volatile compounds primarily terpenes 
and terpenoids(its oxygenated derivatives), and aliphatic 
and phenol-derived aromatic components [14]. Basil oil 
is a popular ingredient that is used in foodstuff, thera-
peutic and cosmetic industries. Basil’s phenolic ele-
ments (linalool, lineol, limonene, estragole, eugenol, and 
geraniol) have economic value [15]. The acute toxicity of 
the essential oil of the cultivar “Maria Bonita” obtained 
from Ocimum basilicum L. in mice and the lethal dose 
causing 50% death (LD50) was 532 mg/kg body wt [16]. 
Several studies have shown that basil oil is safe and has 
potent antioxidant activity [17–20]. The purpose of 
the current study was to look into the antioxidant and 
neuroprotective properties of sweet basil oil to counter 
cisplatin-provoked neurotoxicity in mice by assessing 
oxidant/antioxidant pointers and apoptotic indicators 
in affected mice’s brain tissues. In addition, molecular 
docking was done to gain insight into the binding mode 
of some sweet basil oil constituents (α-Pinene, gamma-
terpinene, cis-linalool oxide, trans-linalool oxide, 
n-octanol, linalool, methyl chavicol, and eugenol), and 
catalase (CAT), Bid, caspase 3 and acetylcholinesterase.

2  Methods
2.1  Chemicals
Cisplatin vials (1 mg/ml) are obtained from El-Borg 
Pharmacy in Beni-Suef, Egypt. The sweet basil oil was 
given by the Harraz for Food Industry and Natural Prod-
ucts Co. in Cairo, Egypt. Commercial kits for malondial-
dehyde (MDA), catalase (CAT), and acetylcholinesterase 
were purchased from the Biodiagnostic Company, Cairo, 
Egypt. Ray Biotech, USA, supplied ELISA kits that are 
used to estimate the serum levels of P38 mitogen-acti-
vated protein kinase (P38 MAPK), nuclear factor eryth-
roid 2-related factor 2  (Nrf2), dopamine, and serotonin. 
Catalog numbers of dopamine, serotonin, P38 MAPK, 
and Nrf2 are MBS269234, GWB-D1BB69, EM1199, and 
MBS2516218, respectively.

2.2  Animals and treatments
Thirty male mice were fed a balanced diet and had unre-
stricted access to water. The mice were ten weeks old 
and came from a laboratory animal house in Beni-Suef, 
Egypt. Mice were kept at 25ºC room temperature, and 
45% relative humidity. All experimental methods were in 
agreement with the guidelines of the local Animal Care 
and Use Committee established at the Beni-Suef Uni-
versity (BSU-IACUC). The study was conducted after 
obtaining the approval number (022–315) to perform 
the animal experiments. The mice were randomly allo-
cated into three groups (10 for each) one week following 
acclimatization:

Control group (C): Mice were intraperitoneally 
injected with 0.9% saline.
Cisplatin group (Cis): Cisplatin was obtained as 
vials ready for injection. Mice were intraperitoneally 
injected with cisplatin (2.3 mg/kg) for five successive 
days, followed by five days of rest, for two cycles [21].
Basil oil group (Bo): Animals were administered 
sweet basil oil orally using a stomach tube for 21 
successive days at a dose of 25  µl/kg/day [22], and 
intraperitoneal injection of cisplatin (2.3 mg/kg) was 
given for 5 days, followed by 5 days of rest, for two 
cycles along with basil oil administration.

2.3  Sampling and biochemical analysis
Retro-orbital bleeding was employed to collect the blood 
samples 24 hours following the last dose, and blood 
samples were collected from each mouse. Clotted blood 
samples were centrifuged at 3000 rpm for 15 minutes to 
separate the serum. The sera were kept at − 20°C until 
they were used.

Using light ether anesthesia, cervical dislocation was 
done. For removing the brain samples, decapitation of 
the mouse head, the skull was exposed by cutting the 
skin on top of the head, and flipping the skin all over the 
head to help hold the head and cutting the occipital and 
inter parietal bones. Then, following an incision in the 
skull along the sagittal and parietal sutures, a hole was 
made in the skull at the intersection between frontal and 
parietal bones, and the tip of the scissors was inserted 
to crack open the top part of the skull. The remaining 
skull was removed to fully reveal the brain. With for-
ceps, the nerves and peduncles that were still connected 
to the brain were removed and flipped the brain out of 
the skull. The brain samples were quickly removed, and 
part of brain tissue were dissected, and immediately 
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flash-frozen in liquid nitrogen for RT-PCR. The rest of 
brain tissue was used for tissue homogenate for estima-
tion of the oxidant/antioxidant indices.

2.3.1  Estimation of brain function biomarkers
The serum level of acetylcholinesterase was measured 
using a QuantiChrom™ acetylcholinesterase assay Kit. 
The Assay was based on an improved method [23], in 
which thiocholine produced by the action of acetylcho-
linesterase formed a yellow color with 5,5’-dithiobis 
(2-nitrobenzoic acid). The intensity of the product color, 
measured at 412  nm, is proportionate to the enzyme 
activity in the sample.

2.3.2  Oxidative/antioxidant indices
The concentration of MDA was measured according to 
[24] in which the malondialdehyde reacts with thiobar-
bituric acid (TBA) in an acidic medium at a temperature 
of 95 °C for 30 min creating a thiobarbituric acid reactive 
product. At 534  nm, the pink product’s absorbance can 
be measured. The CAT assay was based on the reaction 
with methanol in the presence of an optimum concentra-
tion of  H2O2, and the formaldehyde produced is detected 
colorimetrically with 4-amino-3-hydrazino-5-mer-
capto-1,2,4-triazole (purple) as the chromogen. When 
Purpald reacts with aldehydes, it particularly creates a 
bicyclic heterocycle that, when oxidized, turns purple 
and can be detected spectrophotometrically at 540  nm 
[25].

2.3.3  Determination of serum levels of serotonin, dopamine, 
 Nrf2, and P38 MAPK

The serum levels of serotonin, dopamine,  Nrf2, and 
P38 MAPK were assessed by ELISA according to the 
manufacturer’s guidelines. The kit was based on a 
sandwich enzyme-linked immunosorbent assay tech-
nique. The micro-ELISA plate supplied in these kits 
has been pre-coated with a Mouse specific antibody 
to serotonin or dopamine or Nrf2 or P38 MAPK. Sam-
ples or standards are added to the wells and combined 
with the specific antibody. Then, a biotinylated detec-
tion of antibodies specific for Mouse serotonin or 
dopamine or Nrf2 or P38 MAPK and Avidin-Horse-
radish Peroxidase (HRP) conjugate was added to each 
microplate well and incubated. Free components were 
washed away. The substrate solution was added to 
each well. Only those wells that contain Mouse sero-
tonin or dopamine or Nrf2 or P38 MAPK, biotinylated 
detection antibody, and Avidin-HRP conjugated and 
appeared blue. The enzyme–substrate reaction was 

ended by stop solution addition and the color turned 
yellow. The optical density (OD) was measured spec-
trophotometrically at a wavelength of 450 nm ± 2 nm. 
Calculate the concentration of each parameter in the 
samples by comparing the OD of the samples to the 
standard curve.

2.3.4  Detection of bid and caspase 3 gene expression levels 
by real‑time polymerase chain reaction (RT‑PCR)

RNeasy Mini kit was used to extract total RNA (QIA-
GEN, CA, USA). Following the manufacturer’s instruc-
tions, reverse transcription was carried out using the 
Superscript kit (Life Technologies, CA, USA). By fol-
lowing the manufacturer’s instructions, qRT-PCR was 
used to measure the mRNA expression levels of Bid 
and caspase-3 by utilizing iTaq TM Universal SYBR 
Green Supermix reagents (BIO-RAD Laboratories, CA, 
USA).

For cDNA synthesis, an oligonucleotide (dT) 18 prim-
ers were used to reverse transcribe 5  μg of RNA and 
denature at 70 °C for 2 min. Denatured RNA was added 
to the reverse transcription mixture on ice. The tube was 
held at 42 °C for 1 h and next heated to 92 °C to stop the 
reaction. For quantitative RT-PCR, first-strand cDNA 
(5 µl) was used as indicated in Table 1 in a total volume 
of 25 µl containing 12.5 µl of 2 × SYBR Green PCR Mas-
ter Mix and 200 ng of each primer. PCR reactions were 
performed on the Step One plus RT-PCR system. Data 
were evaluated using the ABI Prism 7500 Sequence Rec-
ognition System software. PE Biosystems sequence rec-
ognition software v1.7 was used for quantification. A 
comparative threshold cycle approach was used to calcu-
late the relative expression of the interrogated genes. The 
β-actin gene was used to normalize these data. All these 
processes were performed according to the procedure 
defined by [26].

Table 1 The primer sequences used for amplification of mRNAs 
encoding Bid and caspase 3 genes

mRNA Sequences (5` → 3`) Accession no

Bid Forward primer: AAG AAG GTG GCC AGT CAC 
AC

NC_000072

Reverse primer: GTC CAT CCC ATT TCT GGC TA

Caspase 3 Forward primer: CCT CAG AGA GAC ATT CAT GG NC_000074

Reverse primer: GCA GTA GTC GCC TCT GAA GA

β-actin Forward primer: ATG AGC CCC AGC CTT CTC CAT NC_000071

Reverse primer: CCA GCC GAG CCA CAT CGC TC
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2.4  Phytochemical analysis of sweet basil oil
The chemical composition of the sweet basil oil sample 
was achieved using Trace GC-ISQ mass spectrometer 
with a direct capillary column. The temperature of the 
column oven was held at 50 °C at first and then, increased 
by 5 °C /min for 2 min reached the final temperature of 
300 °C and held for 2 min. The temperature of the injec-
tor and MS transfer line was held at 270, 260 °C, respec-
tively. At a constant flow rate of 1  ml/min, Helium was 
used as a carrier gas. The solvent delay was 4  min, and 
diluted samples of 1  µl were injected automatically. EI 
mass spectra were gathered at 70 eV ionization voltages 
over the scale of m/z 50–650 in full scan mode. The ion 
source temperature was set at 200  °C. The constituents 
were recognized by comparison of their retention times 
and mass spectra with those of WILEY 09 and NIST 14 
mass spectral database [27].

2.5  Molecular docking
Molecular docking was performed for catalase, Bid, cas-
pase-3, and acetylcholinesterase against eight compo-
nents: Gamma-terpinene, Methyl Chavicol, Cis-linalool 
oxide, Eugenol, Linalool, Trans-linalool oxide, α – Pinene, 
and Noctanol. Initially, the biological data and 3D struc-
ture of each enzyme were collected from UniProtKB (ID: 
P24270, P70444, P70677, P21836) databases for catalase, 

Bid, caspase-3, and acetylcholinesterase, respectively. 
We obtained the structure of each component using the 
PubChem database [28]. For the energy minimization 
process, the alteration was done for all constituents by 
Swiss PDB Viewer software [29]. The format was changed 
from PDB to pdbqt by Open Babel software (version 
2.3.1) [30]. Each enzyme and component was modified by 
adding hydrogen atoms to protein and ligand, and met-
als were treated using the Discovery Studio software (ver-
sion 2019) [31]. Auto Dock Vina (Version 2.0) was used 
define the grid box with 1.00 Å spacing and a grid map 
of 78 94 82 XYZ Å points for catalase, 46 48 44 XYZ Å 
points for Bid, 76 56 82 XYZ Å points for caspase-3, and 
72 58 84 XYZ Å points for acetylcholinesterase enzyme 
[32]. Van der Waals interactions, binding energy, and 
inhibition constant were ranked by Auto Dock [33]. Play 
molecule database was used to predict the interactions 
between the superior ligand and different pathways.

2.6  Statistical examination
Results were analyzed using SPSS software. One-way 
analysis of variance (ANOVA) and comparisons were 
carried out using the Tukey post hoc test. The data were 
exhibited as the mean with standard error (SE) was used 
to express data. The differences were considered statisti-
cally significant at p ≤ 0.05.

Fig. 1 Area percent level of chemical constituents of sweet basil oil
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3  Results
3.1  Phytochemical analysis
The results of the phytochemical analysis of sweet basil 
oil and the area percent level of its chemical constituents 
of it are shown in Fig. 1 and Table 2.

3.2  Changes in oxidative/antioxidant indices
The present data showed that cisplatin diminished the 
antioxidant capacity of mice brain tissue as noticed by a 
statistically significant increase in MDA level (p ≤ 0.001) 
and a statistically significant decrease in catalase enzyme 
activity (p ≤ 0.001) as well as a statistically significant 
increase in  Nrf2 serum level (p ≤ 0.001) in Cis group 
when compared to the control group. In the basil group, 
there was a statistically significant decrease in MDA (p 
≤ 0.01) and a statistically significant decrease in CAT (p 
≤ 0.05) and Nrf2 (p ≤ 0.001) when compared to control 

group. Co-administration with sweet basil oil noticeably 
offsets the cisplatin-provoked oxidative stress via a statis-
tically significant decrease in MDA (p ≤ 0.001) and a sta-
tistically significant increase in CAT and  Nrf2 (p ≤ 0.05) 
as compared to Cis group as shown in Table 3.

3.3  Changes of pro‑apoptotic parameters
In the current study, Bid and caspase-3 gene expression 
levels were significantly (p ≤ 0.001) increased in the brain 
tissue of the Cis group in comparison with the control 
group. However, the administration of sweet basil oil 
significantly (p ≤ 0.001) downregulated this expression 
when compared to the cisplatin group. The expression of 
Bid (p ≤ 0.001) and caspase-3 (p ≤ 0.01) genes was sig-
nificantly decreased in the basil oil group in comparison 
with the control group as shown in Fig.  2. There was a 
statistically significant decrease in P38 MAPK serum 
level in both Cis (p ≤ 0.01) and Bo (p ≤ 0.05) groups as 
compared to the control, and no statistically significant 
changes were noticed between Cis and Bo groups (Fig. 3).

3.4  Changes in brain function biomarkers
The data presented in Fig. 4 showed that cisplatin signifi-
cantly increased the serum levels of acetylcholinesterase 
(p ≤ 0.001) and dopamine (p ≤ 0.001) and significantly 
decreased the serum level of serotonin (p ≤ 0.01) in com-
parison with the control group. Administration of sweet 
basil oil significantly (p ≤ 0.01) ameliorates this effect as 
compared to the Cis group.

3.5  Molecular docking results
The use of computer simulation to visualize molecular 
structure modeling and docking is a promising method 
[34]. The in silico docking technique facilitates the com-
prehension of the chemical and topological properties 
of the enzyme binding site and the basis for recogniz-
ing the enzyme and its docked components [35]. Table 4 
illustrated the binding affinity results for all the docked 
components-complexes, while Table  5 illustrated the 
superior docked-components for each enzyme and it’s 
H-bond and hydrophobicity residues. The 2D chemical 
interactions, which ranged from conventional hydrogen 
bond, pi-donor hydrogen bond, alkyl, pi-alkyl, van der 
Waals, and pi-sigma, are demonstrated in Fig.  5 for the 
superior docked component. Also, the hydrophobicity 
area in brown color and H-bond as a donor in pink color 
and acceptor in green color are illustrated in Figs 6 and 
7. Finally, the solvent accessible surface (SAS) for each 
superior docked complex is investigated in Fig.  8. The 
heatmap illustrated the interaction probability between 
the superior three docked components and different 
pathways (Fig. 9).

Table 2 The phytochemical analysis of sweet basil oil using gas 
chromatography-mass spectrometry

Peak NO Component name RT (retention 
time)

Area %

1 Not identify 3.612 T

2 α—Pinene 3.977 6.562

3 Sabinene 4.105 4.442

4 1,8-cineole 4.487 25.581

5 Gamma-terpinene 4.641 5.064

6 Cis-linalool oxide 5.223 1.67

7 Trans-linalool oxide 5.431 1.407

8 n-octanol 5.686 6.597

9 Linalool 6.210 12.211

10 Neo-allo-ocimene 6.795 0.79

11 Cis-menth-2-en-1-ol 6.970 4.121

12 Methyl Chavicol 7.211 18.95

13 Isocarveol -dehydro 7.474 6.742

14 β-cycloelemene 8.352 2.473

15 Eugenol 8.881 1.282

16 α—Copaene 9.464 0.882

17 β -Elemene 10.264 1.226

Table 3 Changes in brain tissue levels of CAT, MDA and serum 
level of Nrf2 in various experimental groups

Values are exemplified as mean ± mean standard error. The dissimilar superscript 
letters denote a noteworthy difference at (p ≤ 0.05) between various groups in 
the same column

CAT U/g MDA nmol/g Nrf2 ng/ml

C group 1.57 ± 0.07a 1.15 ± 0.04a 1.88 ± 0.05a

Cis group 0.87 ± 0.5b 2.69 ± 0.09b 2.99 ± 0.06b

Bo group 1.28 ± 0.05c 1.84 ± 0.08c 2.63 ± 0.08c
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4  Discussion
The significant incidence of cisplatin side effects affects 
its clinical outcomes [36] necessitating dosage adjust-
ment or discontinuation of the regimen [37]. The goal of 
this study was to see if basil oil has any neuroprotective 
properties against cisplatin-induced neurotoxicity. The 
major processes in the physiopathology of chemotherapy 
are oxidative stress and, as a result, neuronal damage [38] 
in line with our results which revealed a marked increase 
in the level of MDA parallel to the reduction in the CAT 
activity in the brain of mice given cisplatin alone [39] 
reported that due to cisplatin’s high reactivity, it exac-
erbated oxidative stress in tissues, depleted glutathione, 
and inhibited the activity of the antioxidant enzymes 
resulting in the accumulation of ROS inside the cells. 
The antioxidant activity of  Nrf2 helped to reduce oxida-
tive stress [40], and it has been promoted in the hopes 
of shielding against oxidative stress [41]. In the current 
study, the serum level of  Nrf2 in mice treated with cispl-
atin was significantly increased in agreement with [42] 
who mentioned that the  Nrf2 pathway may be activated 
to repel oxidative stress and exert a cytoprotective impact 
to lessen oxidative stress. In the current study, co-admin-
istration of sweet basil oil with cisplatin significantly 
ameliorated oxidative/antioxidants alterations induced by 
cisplatin in the same line with a previous study revealed 
that sweet basil oil inhibited lipid peroxidation and raised 
the activities of superoxide dismutase, glutathione per-
oxidase, and catalase enzymes, implying a role for sweet 
basil oil in free radical scavenging [43, 44] mentioned that 
because of the reactive oxygen species scavenging activity 
of phenolic, flavonoids, and tannin contents, sweet basil 
oil has a neuroprotective impact, as it reduced the size of 
cerebral infarct and lipid peroxidation in the brain.

In the current study, cisplatin-induced apoptosis 
in brain tissue where Bid and caspase-3 gene expres-
sion levels, pro-apoptotic genes, were considerably 

Table 4 The total docking binding energy score for each docked 
enzyme-ligand complex

Name of ligand Binding 
energy (kcal/
mol)

Catalase Gamma-terpinene − 6.6

Methyl Chavicol − 6.2

Cis-linalool oxide − 6.2

Eugenol − 6.1

Linalool − 6.1

Trans-linalool oxide − 5.7

α – Pinene − 5.5

Noctanol − 4.9

Bid Cis-linalool oxide − 5.2

Eugenol − 5

α – Pinene − 5

Gamma-terpinene − 5

Trans-linalooloxide − 4.9

Methyl Chavicol − 4.8

Linalool − 4.7

Noctanol − 4.1

Caspase-3 Eugenol − 5.2

Gamma-terpinene − 5.2

Methyl Chavicol − 5

α – Pinene − 5

Cis-linalool oxide − 4.9

Trans-linalool oxide − 4.9

Linalool − 4.5

Noctanol − 4.1

Acetylcholinesterase Eugenol − 6.6

Gamma-terpinene − 6.5

α – Pinene − 6.3

Cis-linalool oxide − 6.2

Trans-linalool oxide − 6.1

Methyl Chavicol − 5.9

Linalool − 5.6

Noctanol − 5

Table 5 The superior docking complex for each domain, binding energy, hydrophobic residues, and H-bond

Name of complex Binding energy (kcal/
mol)

Hydrophobic residues H‑bond

Catalase-Gamma-terpinene − 6.6 TYR A: 358, ALA A: 133, ARG A: 72, VAL A: 146, ARG A: 
112, HIS A: 75, PHE A: 334, HIS A: 362

–

Bid-Cis-linalool oxide − 5.2 TYR A: 19 –

Caspase-3-Eugenol − 5.2 ARG A: 207, TYR A: 204, PHE A: 256 ARG A: 207, SER A: 65

Acetylcholinesterase-Eugenol − 6.6 TRP A: 86, TYR A: 337 –
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increased in comparison with the control group. These 
results are in good agreement with [45] who explained 
that cisplatin injection gives the pro-apoptotic media-
tors the upper hand because it stimulates the movement 
of Bax into mitochondria, resulting in the liberation of 
cytochrome c into the cytoplasm and consequent acti-
vation of caspase-3, which in turn motivates the other 
caspase enzymes, initiating apoptosis and the fragmen-
tation of DNA and protein in cells. MAPKs are a struc-
turally related family of serine/threonine protein kinases 

that regulate essential biological functions such as cell 
growth and survival by synchronizing a diversity of extra-
cellular signaling paths. Inactivation of this system either 
helps to or inhibits apoptosis induced by cisplatin; hence, 
targeting these signaling pathways is controversial [46]. 
In our study, the serum level of p38 MAPK significantly 
declined in the cisplatin group in harmony with [47] who 
informed that inactivation of the p38 MAPK path caused 
an increase in ROS and caused apoptosis. Moreover, [48] 
documented that in renal tubule epithelial cell lines, p38 

Fig. 5 The 2D chemical interactions of the docked complexes with: A Catalase-Gamma-terpinene, B Bid-Cis-linalool oxide, C Caspase-3-Eugenol, D 
Acetylcholinesterase-Eugenol
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MAPK inactivation stimulates cisplatin-induced cell 
death via glutathione exhaustion. On the other hand, our 
results revealed that sweet basil oil has an anti-apoptotic 
upshot as it significantly diminished the gene expres-
sion levels of Bid & caspase-3 in the brain tissue, but it 
did not affect P38 MAPK serum level. Ayuob et al. [49] 
confirmed our results as they mentioned that in the hip-
pocampus of mice, sweet basil oil significantly reduced 
caspase-3 expression and apoptotic nerve cells. Because 
apoptosis is well recognized to be one of the foundations 
of cisplatin-provoked toxicity via numerous pathological 
incentives, including oxidative stress [50], we assumed 
that sweet basil oil’s protective effect against cisplatin-
induced toxicity is referred to its antioxidant activity as 
it is a significant source of phenolic compounds which 
trap singlet and triplet oxygen and degrade peroxides 
[51]. In the present study, the noticeable elevation in the 
acetylcholinesterase activity observed in cisplatin-treated 
mice was in line with [52]. However, a marked reduction 
in acetylcholinesterase activity in sweet basil oil-treated 
mice suggests that sweet basil oil may play a protective 
function in cisplatin-induced neurotoxicity in accordance 

with [53] who reported that eugenol, the major ingredi-
ent of basil oil, was found to have substantial anti-ace-
tylcholinesterase activity when tested separately. Our 
findings revealed that cisplatin significantly lessened the 
serum level of serotonin and raised the serum level of 
dopamine in line with a previous study indicating that 
various neurotransmitter systems are affected as a result 
of chemotherapy [54]. The changes in the serum levels of 
serotonin and dopamine neurotransmitters induced by 
cisplatin were alleviated by sweet basil oil co-administra-
tion in agreement with [55]. Caryophyllene, humulene, 
1,8-cineole, linalool, and camphor are some of the sweet 
basil oil components that have been found to have anxio-
lytic and sedative properties [56].

In general, it was interesting to predict the scenes of 
protein–ligand interactions, whether they were activation 
or inhibition interactions at the level of enzymes, espe-
cially in the region of the active site. The use of molecular 
docking to visualize each interaction between enzymes 
and compounds is a promising method. Expecting chemi-
cal interactions could smooth the understanding of the 
overview with each detail about the effect of sweet basil 

Fig. 6 The hydrophobicity of the docked complexes with: A Catalase-Gamma-terpinene, B Bid- Cis-linalool oxide, C Caspase-3-Eugenol, D 
Acetylcholinesterase-Eugenol
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oil as a protective agent against cisplatin-induced neuro-
toxicity in mice. Beginning with the best binding energy: 
Catalase-Gamma-terpinene, Bid-Cis-linalool oxide, Cas-
pase-3- Eugenol, and Acetylcholinesterase-Eugenol docked 
complexes were the best among the constituents of sweet 
basil oil, with the lowest binding energy of − 6.6, − 5.2, 
− 5.2, and − 6.6, respectively. Lower binding energy was 
thought to be closer to the complex’s natural state in the 
molecular docking predicted complex [57]. After that, the 
2D chemical interactions clarified that Caspase-3-Eugenol 
docked complex profit the most substantial chemical inter-
actions with one conventional hydrogen bond and one 
pi-donor hydrogen bond located in the amino acid ARG 
A: 207. Other docked complexes obtained some chemi-
cal interactions like alkyl, pi-alkyl, pi-sigma, and van der 
Waals. Through the hydrophobicity results in a table (5), 
the catalase-gamma-terpinene complex obtained eight 
hydrophobic residues, while bid-cis-linalool oxide com-
plex obtained one, caspase-3-eugenol obtained three, and 
acetylcholinesterase-eugenol complex obtained two. It was 
well known that H-bonds govern molecular interactions 
through a previously unknown donor–acceptor coupling 

mechanism that reduces rivalry with water [58]. The most 
interactive donors (pink color) and acceptors (green color) 
were illustrated in the Catalase-Gamma-terpinene complex 
(Fig.  6). Finally, the eight natural components extracted 
from sweet basil oil proved their ability to interact with 
each domain, especially Gamma-terpinene, Cis-linalool 
oxide, and Eugenol. Caspase-3-Eugenol illustrated its abil-
ity to interact with two H-bonds, lower binding energy, 
and obtained several hydrophobic residues. The heatmap 
revealed that the Gamma-terpinene, Cis-linalool oxide, 
Eugenol, and cisplatin appeared to not be interacted with 
the different pathways.

5  Conclusions
In conclusion, in vivo and in silico findings revealed that 
sweet basil oil has the possible capability to improve cis-
platin-induced neurotoxicity owing to its antioxidant and 
anti-apoptotic properties which are ascribed to radical 
scavenging actions of its constituents. Consequently, we 
recommended the consumption of sweet basil oil which 
can be considered a promising natural compound to 
counteract brain toxicity caused by cisplatin.

Fig. 7 The H-bond of the docked complexes with: A Catalase-Gamma-terpinene, B Bid- Cis-linalool oxide, , C Caspase-3- Eugenol, 
D Acetylcholinesterase- Eugenol.
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Fig. 8 SASA of the docked complexes with: A Catalase-Gamma-terpinene, B Bid- Cis-linalool oxide, C Caspase-3-Eugenol, D 
Acetylcholinesterase-Eugenol

Fig. 9 A heatmap for the superior three components which illustrated the lowest interactions probabilities with the dark blue color between them 
and different pathways
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