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Abstract

Background: Alzheimer’s disease (AD), is a chronic neurodegenerative disease which condition is
characterized by a decline in memory, thinking skills, and the ability to perform basic activities of daily
living. Study showed that postmenopausal women with AD had a lower aromatase activity (p450 aromatase)
in the brain compared to menopausal women without AD. To improve cognitive function in AD patients,
Nigella sativa (NS) was found to have a protective effect on memory, and cognitive function. This study
therefore, aimed to investigate in silico prediction of potential compounds of Nigella sativa as aromatase
agonists and ability to cross the Blood-Brain Barrier (BBB) for treatment of Alzheimer’s Disease. Methods:
The data sets used in this study were collected from databases KnapSack Kanaya, PubChem, and PASS
server Way2Drug. HitPick and Autodock Vina was performed. Additionally, the systematic analysis
involved ADMET, LMMD, and SWISS ADME. Results and Discussions: In silico test results revealed the
most promising constituents in 36 active NS compounds that may have potential to reduce the severity of
the AD, owing to its anti-inflammatory, cytochrome p450 stimulants, free radical scavengers, antioxidants,
and immunomodulators. The ability of NS to cross the BBB was proven by admetSAR LMMD with an
analysis average value of 0.91 (from the highest value of 1). Further, NS can trigger cytochrome P450
aromatase activity via Quercetin 3-(6” *’-feruloylglucosyl)-(1->2)-galactosyl-(1->2)-glucoside which has a
better binding affinity value than its control (androstenedione). NS through oleic acid compounds may bind
to peroxisome proliferator-activated receptor gamma (PPRAG), similar to Rosiglitazone which may affect
transcription and activation regulation of PPARG. Conclusion: To be concluded, Nigella sativa could be
used as a potential medicinal plant for the treatment of Alzheimer’s disease.
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Alzheimer’s disease (AD), is a chronic
neurodegenerative  disease  which  condition s
characterized by a decline in memory, thinking skills,
and the ability to perform basic activities of daily
living. AD had been also identified as the most common
cause of dementia in later life(!3. The increased risk of
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developing severe symptoms of AD was also associated
with many factors including brain estrogen deficiency
in females with AD. A previous study showed that
postmenopausal women with AD had a lower aromatase
activity (p450 aromatase) in the brain compared to
menopausal women without AD®.

Many studies have been searching for ways to cure
AD, but none of the drugs can stop the progression
of disease®. Currently, the treatment strategy of AD
may reduce some physical symptoms and controlling
behavioral symptoms that impact daily life. Interestingly,
a study found that 25% of the treatment regimens today
were related to natural products. The increased use of
herbal products is due to their affordable and accessible
choice, fewer side effects in contrast to synthetic drugs,
and a more effective selection in patients with chronic
diseases®). The usage of natural products increases when
prescribed medicines were ineffective in the treatment
of chronic diseases. The identification of potential drugs
to effectively inhibit the progression of AD is crucial,
thus many natural plants including Nigella sativa (NS)
are also being proposed for its phytopharmaceuticals in
the treatment of ADU7-9,

With respect to improve cognitive function in
AD patients, Nigella sativa (NS) was found to have a
protective effect on memory, and cognitive function. NS
has a powerful constituent of antioxidants and protects
against damage induced by the oxidative processes
and the abilities to binding to protein targets. Thus, it
may prevent neuronal cell death and improve cognitive
function®!%-12). NS, as a herbal medicine has been
widely recognized for its potential biological activities,
antidiabetic,

such as a diuretic, antihypertensive,

anticancer, immunomodulatory, antimicrobial,
anthelmintic, analgesic, a spasmolytic, bronchodilator,
antitussive,
LDL,

and antioxidants!329. In addition, the essential oil

anti-inflammatory, gastroprotective,

hepatoprotective, reduce renal protective

of NS seeds contains various active ingredients,
thymoquinone (TQ) (30-48%),
thymohydroquinone (THQ), dithymoquinone, p-cymene

such as thymol,
(7-15%), carvacrol (6—12%), sesquiterpene longifolene
(1 —8%), 4-terpineol (2—7%), t-anethol (1-4%), and o —
pinene”, nigellimine-N- oxide, nigellicine, nigellidine
and alpha-hederin®". Further, the antioxidant and anti-
inflammatory activities of NS play a crucial role to help

prevent oxidative damage in cells, especially in the brain
area!0),

Due to its natural plants, a safety, and efficient along
with favorable phytopharmaceuticals properties, NS
has been suggested to be a potential for further study
in the treatment of AD. This study therefore, aimed to
investigate in silico prediction of potential compounds
of Nigella sativa as aromatase agonists and ability to
cross the Blood-Brain Barrier (BBB) for treatment of
Alzheimer’s Disease.

Materials and Methods

The data sets used in this study were collected from
databases KnapSack Kanaya and PubChem. KnapSack
Kanaya revealed the potential biological activities of
NS compounds. Meanwhile, the PubChem database was
used for identifying the SMILE (simplified molecular-
input line-entry system) structure of these compounds.
The SMILE structure was employed for tracing and
exploration of NS compounds using the PASS server
Way2Drug. Basically, the PASS server Way2Drug
identified the probability activator (Pa), and probability
inhibitor (Pi). Pa value describes the potential properties
of NS for AD treatment, while the Pi value represents
the potential inhibitors of the NS compounds. Pa value
> (.7 means that the input compounds have a high
efficacy of similarity with the compounds that have been
proven in the database as AD treatment. However, if the
predictive value between 0.3-0.7, then the compound
will computationally be known to play a vital role in the
treatment of AD, yet the similarity to compounds that
have been proven in certain activities, could be less.

HitPick was used for predicting NS compounds-
protein target interactions. The higher the value of
prediction precision (maximum 100%), and similarity
(highest is 1), the higher the probability of these
compounds can interact. After that, String-db was used
to identify multi protein interaction. In addition, to
evaluate the binding affinities/docking scores between
ligands (NS compounds) and Aromatase (PDB ID
3EQM), Autodock Vina was performed, using PyRx
9.5 program. Docking results was evaluated based
on the binding affinity value. The more negative the
value, the stronger the interaction between ligands and
protein. PyMol 2.3 program 1 was used to visualize
docking results, while the LigPlot 2.1 program was used
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to see amino acid interactions. The docking grid box
was as follows: Center X: 87,914 Y: 54,097 Z: 44,738
Dimension Armstrong: X: 4,542 Y: 15,916 Z: 32,648.

Additionally, the systematic analysis involved
Absorption, Distribution, Metabolism, Excretion, and
Toxicity (ADMET), Laboratory of Molecular Modeling
and Design (LMMD), and SWISS ADME. These are
tools for predicting and analyzing drug pharmacokinetics.
The higher the value, the better the ability to penetrate,
and the highest value of this analysis is 1?%,

Results and Discussion

In silico test results revealed the most promising
constituents in 36 active NS compounds that may have
potential toreduce the severity ofthe AD, owing to its anti-
inflammatory, cytochrome p450 stimulants, free radical
scavengers, antioxidants, and immunomodulators.
Tabel 1 showed the results of database tracing using
KnapSack, there were 36 active compounds in NS.
Further exploration was carried out using the Pass server
Way2 Drug to determine the potential of NS compounds

as AD therapy.

Table 1: Probability active components in Nigella sativa (NS)

. Cytochromes .
Metabolites . Anti- . p450 Cyt()?hrf)l{les Free radical Antioxidants | Immunostimulants
inflammation . p450 inhibitor scavengers
stimulants
Thymol 0.564 0.396 0.348 0.314
Carvacrol 0.673 0.396 0.295 0.313 0.225
alpha-Thujene 0.807 0.35
alpha-Pinene 0.476 0.442 0.160
beta-Pinene 0.601 0.308
Myrcene 0.287 0.325 0.38 0.469 0.622
Lauric acid 0.515 0.305 0.315 0.229 0.504
Oleic acid 0.614 0.273 0.36 0.283 0.549
Anisaldehyde 0.755 0.273 0.35 0.233 0.284
Apiol 0.469 0.174 0.459 0.358 0.167
Estragole 0.447 0.389 0.259 0.486 0.337 0.205
Myristicin 0.38 0.19 0.552 0.359 0.206
(+)-R-Citronellol 0.53 0.26 0.365 0.588 0.585
p-Cymene 0.643 0.517 0.213 0.365 0.144 0.173
(+)-Fenchone 0.369 0.184
alpha-Phellandrene 0.395 0.447
gamma-Terpinene 0.463 0.441 0.163 0.237
Longifolene 0.57 0.256 0.157 0.208 0.225
(222)-Octadeca9.12.15-1 ¢}, 0.255 0.281 0.363 0.504
trienoic acid
Thymoquinone 0.6 0.48 0.238 0.229 0.242
Kaempferol 3-glucosyl-
(1->2)-galactosyl-(1->2)- 0.751 0.977 0.926 0.677
glucoside
Quercetin 3-glucosyl-(1-
>2)-galactosyl-(1->2)- 0.753 0.997 0.928 0.639
glucoside
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Metabolites in ﬂa?nl:nﬁ; tion CYt.o;:lSr(()) e Iﬁ);g)f:;?lﬁltzi l;zz(ir:::(glii:l Antioxidants | Immunostimulants
stimulants
Quercetin
3(1(6>2)gf§g:?c3;1}/glllz(;oi}él)) 0.737 0.997 0.889 0.482
glucoside
Salfredin B11 0.519 0.357 0.485 0.422
Fuzitine
Nigellicine 0.426 0.174
Nigellidine 0.698 0.307 0.218 0.159
Nigellimine 0.318 0.395 0.278 0.219
4-Terpineol 0.603 0.312 0 0.151
4(10)-Thujene 0.853 0.25 0.173 0
Nigeglanine 0.48 0.218 0
Nonane 0.424 0.517 0.266 0.170 0.372
Carvone 0.469 0.322 0.15 0.193
alpha-Longipinene 0.377 0.3 0.18 0.164
Dihydrocarvone 0.476 0.35 0.172
Nigellidine 4-O-sulfite 0.165
Mean 0.554 0.360 0.231 0.321 0.351 0.373
SD 0.147 0.115 0.041 0.265 0.235 0.179

This study found that the highest mean of probability
active components in NS, Pa value of anti-inflammatory
activities = 0.554. There were several compounds that
had Pa > 0.7, which were investigated as potential
compounds based on in silico and laboratory tests,
known as anisaldehyde (Pa = 0.755) for Cytochrome
p450 Stimulant. Anti-inflammatory activity was found in
6 compounds with the highest Pa of 0.853 in compound
4(10)-Thujene.
oxidant activities were found in 3 compounds, namely
3-glucosyl-(1->2)-galactosyl-(1->2)-
glucoside Quercetin 3-(6”" “’-feruloylglucosyl)-(1->2)-

Free radical scavengers and anti-

Kaempferol

galactosyl-(1->2) -glucoside and Quercetin 3-glucosyl-
(1->2)-galactosyl-(1->2)-glucoside. The highest Pa of
0.997 for free radical scavenger activity was found in
Quercetin 3-(6”" “’-feruloylglucosyl)-(1->2)-galactosyl-
(1->2)-glucoside and Quercetin 3-glucosyl-(1->2)-
galactosyl-(1-> 2)-glucoside. The highest Pa of 0.928
for anti-oxidants was found in Quercetin 3-glucosyl-(1-
>2)-galactosyl-(1->2)-glucoside.

Hitpick analysis was performed to determine the
target protein of the active NS compounds. The input

compounds included in the Hitpick program were 36
active NS compounds. After data processing, 10 protein
targets were obtained, namely Fatty Acid Binding Protein
7 (FABP7), FABP4, FABP3, Peripheral myelin protein
2 (PMP2), Ganglionic Long-Term Potentiation (GLTP),
Free fatty acid receptorl (FFAR1), FABPS5, FABP1, GC
and albumin (ALB). These target proteins were protein
targeted by oleic acid. The selection of protein targets
was based on similarity and target precision, namely 1.0
and 100%, indicating that the target based on the HitPick
database has a high confidence score. Several proteins
act as biomarkers in Alzheimer’s such as: FABP7,
FABP4, FABP3. Other protein targets were associated
with PMP2, GLTP, FABPS and FABP1 neurogenesis
and neurogenesis. Meanwhile, other proteins were
considered as proteins that were widely found in the
body such as ALB, so they were not specific.

In addition, using the String-db program, protein
interaction analysis determined the interactions of the
target protein. From the Hitpick results, eight proteins
were entered into the String-db program and were then
analyzed. The result obtained was FABPS5 interaction



Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2 271

which activated VEGFA protein which was known as a
neuroprotective cytokine that induced neurogenesis and
angiogenesis. VEGFA protein had a positive effect on
reducing Alzheimer’s symptoms, as well as depressive
symptoms in adults, increasing VEGF protein in the
hippocampal region and neurogenesis®®). The String-
db data also showed that VEGFA activated FABP4,
which was one of the biomarkers in frontotemporal
dementia®®.

Furthermore, the analysis of the interaction of
oleic acid with peroxisome proliferator-activated
receptor gamma (PPARG) was a ligand that activates
transcription factors with their biological activities
regulating glucose metabolism, fat and suppression
of inflammatory gene expression®). Oleic acid was
predicted to have interactions with PPARG. The
interactions of compounds and proteins were predicted

using the STITCH-DB program.

This study showed that oleic acid could bind
to PPARG and the interaction that occurred was
transcriptional regulation. Administration of PPRAG
agonists had been shown to improve AD pathology in
AD experimental animals. Likewise, the administration
of Rosiglitazone - a PPARG agonist - demonstrated
a significant improvement in memory and cognition
in AD patients. Rosiglitazone was previously given
to treat type 2 diabetes mellitus (DM) as well as

thiazolidinedione (TZD) which was also a PPARG
agonist(>3-26)_ Rosiglitazone could influence transcription
and activation regulation of PPARG. From the results
of the compound and protein interaction analysis, it was
possible that NS could be used as a potential medicinal
plant for AD drugs with the PPARG target protein.

The aromatase enzyme was an important enzyme in
the process of steroidogenesis, a family of cytochrome
P450, and was encoded by the CYP19 gene on
chromosome 15?728, P450arom, also known as estrogen
synthase, was a terminal enzyme complex from the
steroidogenesis pathway that catalyzes the conversion
of C19 androgens (androstenedione and testosterone) to
C18 estrogens (estrone and E2). This enzyme complex
consists of cytochrome P450 aromatase and flavoprotein
NADPH-cytochrome.
various brain functions such as synaptic plasticity,

Aromatase was involved in
neurogenesis, neuroprotection and regulation of sexual
and emotional behavior in mice, was also involved in the
pathophysiology of AD and autism spectrum disorder
(ASD) in humans®®. To determine the role of the active
NS compound in triggering the activity of cytochrome
P450 aromatase, an affinity bond comparison was carried
out with the control 4-ANDROSTENE-3-17-DIONE
which had bound to aromatase. Of the 37 docking
ligands, there was one ligand that had a better value than
the control, namely Quercetin 3-(6°" “’-feruloylglucosyl)
- (1->2) -galactosyl-(1->2)-glucoside.

Table 2: admetSAR analysis using Laboratory of Molecular Modeling and Design (LMMD) to predict
Nigella sativa (NS) permeability to cross the blood-brain barrier (BBB)

Metabolites BBB Penetration Score
Thymol 0.9381 BBB+
Carvacrol 0.9381 BBB+
alpha-Thujene 0.9550 BBB+
alpha-Pinene 0.8959 BBB+
beta-Pinene 0.9229 BBB+
Myrcene 0.9478 BBB+
Lauric acid 0.9488 BBB+
Oleic acid 0.9539 BBB+
Anisaldehyde 0.9073 BBB+
Apiol 0.9399 BBB+
Estragol 0.9383 BBB+
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Cont... Table 2: admetSAR analysis using Laboratory of Molecular Modeling and Design (LMMD) to
predict Nigella sativa (NS) permeability to cross the blood-brain barrier (BBB)

Metabolites BBB Penetration Score
Myristicin 0.9504 BBB+
(+)-R-Citronellol 0.9409 BBB+
p-Cymene 0.9677 BBB+
(+)-Fenchone 0.9849 BBB+
alpha-Phellandrene 0.9049 BBB+
gamma-Terpinene 0.9431 BBB+
Longifolene 0.9687 BBB+
(Z,7.,7)-Octadeca-9,12,15-trienoic acid 0.9314 BBB+
Thymoquinone 0.8138 BBB+
Kaempferol 3-glucosyl-(1->2)-galactosyl-(1->2)-glucoside 0.9144 BBB+
Quercetin 3-glucosyl-(1->2)-galactosyl-(1->2)-glucoside 0.7248 BBB-
Quercetin 3-(6""’-feruloylglucosyl)-(1->2)-galactosyl-(1->2)-glucoside 0.9251 BBB+
Salfredin B11 0.8952 BBB+
Fuzitine 0.7793 BBB-
Nigellicine 0.6906 BBB-
Nigellidine 0.8590 BBB+
Nigellimine 0.9868 BBB+
4-Terpineol 0.9104 BBB+
4(10)-Thujene 0.9554 BBB+
Nigeglanine 0.9890 BBB+
Nonane 0.9821 BBB+
Carvone 0.8689 BBB+
alpha-Longipinene 0.9400 BBB+
Dihydrocarvone 0.9256 BBB+
Nigellidine 4-O-sulfite 0.7214 BBB-

The blood-brain barrier (BBB) was a term used to
describe theunique properties ofthe microvascular central
nervous system (CNS), which was a semipermeable,
highly selective boundary and separated circulating blood
from the brain from deep extracellular fluid (CNS)©@?,
This system allowed the passage of water, some gases,
and fat-soluble molecules by passive diffusion, as well
as the selective transport of molecules such as glucose
and amino acids which are essential for nerve function.
BBB LMMD was an analysis to predict whether these

compounds could penetrate the BBB. Additionally, 36
secondary metabolites of NS were analyzed using the
SAR LMMD admet with the highest value of the analysis
being 1. The higher the value (close to 1), the better its
ability to penetrate BBBGD, From this analysis in Table
2, it was found 10 metabolites with an analysis number
> 0.95 and 3 metabolites that were unable to cross the
BBB, namely Quercetin 3-glucosyl-(1->2)-galactosyl-
(1->2)-glucoside, Fuzitine, and Nigellidine 4-O-sulfite.
The average value of the analysis was 0.91. However,



Indian Journal of Forensic Medicine & Toxicology, April-June 2021, Vol. 15, No. 2 273

the ability of NS and TQ to cross the BBB still needs
to be studied further®. Thymoquinone and THQ in
the form of glycosidic, binding to aglycone which then
allowed it to cross the BBB3?). Thymoquinones could

cross the BBB and had neuromodulator activities?.
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PRAG similar to Rosiglitazone which then affected
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