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ABSTRACT:

Turmeric, a well-known natural remedy, has garnered attention for its potential therapeutic
properties. In this study, we conducted an In silico Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET) analysis to assess the drug likeness of three prominent
turmeric compounds: curcumin, demethoxycurcumin, and bisdemethoxycurcumin. Utilizing
advanced ADMET prediction tools, we evaluated their physicochemical properties,
pharmacokinetics, and safety profiles.

Our results indicate that these turmeric compounds exhibit favorable characteristics,
including optimal molecular weight, lipophilicity, and solubility. The in silico predictions for
absorption, distribution, metabolism, and toxicity suggest a promising potential for drug
development. Compliance with established drug-likeness criteria, such as Lipinski's Rule of
Five, Ghose Filter, Veber Rule, and Muegge Rule, further supports the viability of these
compounds for further investigation.

This study contributes valuable insights into the drug-likeness of turmeric compounds,
offering a foundation for subsequent experimental and preclinical studies. The findings
underscore the potential of curcumin, demethoxycurcumin, and bisdemethoxycurcumin as
candidates for drug development, opening avenues for harnessing the therapeutic benefits of
turmeric in modern medicine.

1 INTRODUCTION

Turmeric, derived from the rhizomes of Curcuma longa, has
been a staple in traditional medicine for centuries and is
renowned for its multifaceted therapeutic properties. Of
particular interest are three major bioactive compounds
found in turmeric: curcumin, demethoxycurcumin, and
bisdemethoxycurcumin.[5%1  These  compounds have
demonstrated anti-inflammatory, antioxidant, and anticancer
activities in various preclinical studies, suggesting their
potential as therapeutic agents.[*

Despite their promising pharmacological effects,
the translation of these compounds into effective drugs
necessitates a comprehensive understanding of their

pharmacokinetic and safety profiles.'? In silico approaches,
particularly ~ Absorption,  Distribution,  Metabolism,
Excretion, and Toxicity (ADMET) analysis, provide a
valuable preliminary assessment of drug-likeness, aiding in
the identification of lead compounds for further
experimental validation.3

This study aims to conduct an in silico ADMET
analysis  of  curcumin,  demethoxycurcumin, and
bisdemethoxycurcumin, shedding light on their potential as
drug candidates.*! By leveraging computational tools and
established drug-likeness criteria, we seek to discern the
compounds' physicochemical properties, absorption patterns,
distribution characteristics, metabolic stability, and potential
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toxicity.[* The insights gained from this analysis will not
only contribute to the understanding of turmeric compounds'
drug-likeness but also lay the groundwork for future
investigations into their therapeutic applications.

In a landscape where drug discovery faces
numerous challenges, exploring the potential of natural
compounds, such as those found in turmeric, provides a
promising avenue for the development of novel, effective,
and safer therapeutics.['8] This study seeks to bridge the gap
between traditional knowledge and modern drug
development, harnessing the power of in silico tools to guide
the identification of turmeric-derived compounds with
optimal pharmacokinetic properties and safety profiles.

2. LITERATURE REVIEW

David et. al.l! Notwithstanding headways in analytic and
standard therapy modalities, disease endurance rate stays
frustrating around the world. However, it has been
recognized that examining the therapeutic properties of
secondary metabolites derived from natural products may
alleviate the challenges posed by drug resistance and toxicity
in conventional treatments, thereby improving the overall
prognosis of cancer patients. To this end curcumin, a
polyphenolic regular compound has been broadly read up for
it anticancer exercises in vitro and in vivo models.
Computational innovation has fundamentally further
developed the achievement pace of medication disclosure
and improvement, subsequently, it has turned into a broadly
investigate apparatus in drug competitor ID. In this study we
utilized computational drew closer to recognize 12 qualities
that are expected druggable contender for curcumin. The
qualities distinguished were viewed as advanced in
malignant growth and medication opposition related
flagging pathways. Strangely, the best 3 recognized
qualities; Microtubule-related protein tau (MAPT), Cost like
receptor 9 (TLR9) and Tyrosyl-DNA phosphodiesterase 1
(TDP1) were seen to be over communicated in numerous
disease companions and were related with unfortunate
forecasts of the patients. Curcumin has great
physicochemical, bioavailability and ADMET properties.
Significantly, it met the Lipinski's Standard of 5 for drug
similarity and hence deserving of additional in vitro and in
vivo affirmation studies.

Singh et. al.”d Due to the amino acid differences
between Plasmodium falciparum S-adenosyl-L-
homaocysteine hydrolase (pfSAHH) and human SAHH found
on its binding sites, the enzyme has been considered a
potential malaria chemotherapeutic target. It has been
accounted for that noraristeromycin and some curcumin
subsidiaries have possible restricting with the biggest
depression of pfSAHH, which is likewise connected with the
limiting with Nicotinamide-Adenine-Dinucleotide (NAD)
and Adenosine (ADN). Our current work centers around
docking and ADMET studies to choose likely inhibitors of
pfSAHH. The limiting of the chose inhibitor of the PFfSAHH
dynamic site was dissected utilizing Molegro Virtual
Docker. In this review, curcumin and its subsidiaries have
been found to have higher restricting partiality with pfSAHH
than noraristeromycin. Curcumin and noraristeromycin bind
in the same region of pfSAHH because seven of its amino
acid residues—Leu53, His54, Thr56, Lys230, Gly397,
His398 and Phe407—are identical to those of
noraristeromycin. Curcumin has shown areas of strength for
a with hydrophobic amino corrosive deposits of pfSAHH.
Sub-atomic Docking and ADMET expectations propose that
curcumin can be a powerful inhibitor of pfSAHH with
capacity to regulate the objective in similarly more modest
portion. In this way, curcumin is probably going to turn into
a decent lead particle for the improvement of compelling
medication against jungle fever.

Akhileshwar et. al.Bl The oncoprotein cytotoxic
related quality A (CagA) of Helicobacter pylori assumes an
essential part in the improvement of gastric disease, so it has
been a significant objective for hostile to H. pylori drugs.
Regular medications are right now being executed against H.
pylori. The inhibitory job of plant metabolites like curcumin
against H. pylori is as yet a significant logical test. Curcumin
might address a clever promising medication against H.
pylori disease without delivering side results. Curcumin's
potential as a treatment for H. pylori by targeting the CagA
oncoprotein was compared to conventional antibiotics
(clarithromycin, amoxicillin, pantoprazole, and
metronidazole) using databases in this study. Curcumin was
separated involving Lipinski's standard of five and the
druglikeness property for assessment of pharmacological
properties. Curcumin's and conventional drugs' binding
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affinities to the CagA oncoprotein were then determined
using molecular docking. As indicated by the outcomes got
from FireDock, the limiting energy of curcumin was higher
than those of amoxicillin, pantoprazole, and metronidazole,
with the exception of clarithromycin, which had the most
noteworthy restricting energy. In like manner, curcumin may
turn into a promising lead compound against CagAp H.
pylori contamination.

Timothy et. al.¥l The overwhelming idea of the
SARS-CoV-2 pandemic has encouraged the requirement for
intense therapeutics to oversee or check its seriousness. As a
reaction, a few examinations on drug reusing, immunization
plan and it are progressing to improve normal
phytochemicals. This study targets evaluating for intense
and novel enemy of Coronavirus phytochemicals from the
rhizome of Curcuma longa. A phytochem-ical library of 50
non-universal bioactive mixtures from the rhizome of
Curcuma longa was re-trieved from Dr. Duke's
phytochemical and ethnobotanical information base. The
mixtures in the library were docked against the re-ceptor
restricting area (RBD) of SARS-CoV-2 (PDB ID:
TEAM_1). Three mixtures - Quercetin; 1,7-Bis-(4-
hydroxyphenyl)-1-heptene-3,5-dione; furthermore,
Cyclocurcumin, were chosen in light of their higher docking
score than the standard reused drug (Arbidol). This
concentrate additionally analyzed the communications of the
original  1,7-Bis-(4-hydroxyphenyl)-  1-heptene-3,5-dione
(BHHD) in the limiting pocket as well as its ADMET
properties. Incredible collaboration was seen between the
molecules of BHHD and amino corrosive buildups known to
encourage the viral passage into the host. In addition, for a
lead molecule, the AD-MET result for BHHD was
impressive. Subsequently, this study suggests for additional
examination on the power and harmfulness of BHHD both
on cell lines and creature models.

Mamta et. al.®! Hepatitis B virus's hepatitis B 9
protein (HBx) activates the AP-1 protein, downregulates
PTEN (full name), and p53 causes liver tumor formation. In
this review, the communications among DNA and AP-1
have been designated by docking of normal mixtures
epigallocatechine gallate (EGCG), curcumin, luteoline,

genistein, ellagic corrosive, resveratrol, lupeol, betulinic
corrosive and lycopene. Camellia sinensis, or green tea, has
anticancer properties. EGCG got from green tea shows
positive restricting with AP-1 protein among every regular
compound. It is important to target DNA restricting space
which ties at DNA to initiate the declaration of p53 and
PTEN quality. EGCG have shown association at these
positions, which might limit down guideline of p53 and
PTEN quality. To expand the limiting proclivity and
bioavailability of EGCG, subsidiaries have been planned by
impersonating the place of H and Goodness bunch.

2.1 Compound Selection:

Three major turmeric compounds, namely curcumin,
demethoxycurcumin, and bisdemethoxycurcumin, were
selected based on their prevalence and documented
bioactivity.

2.2 Data Collection:

e Physicochemical Properties:  Molecular  weight,
lipophilicity, and solubility were calculated using
computational tools to evaluate the compounds' basic
characteristics.

e ADMET Parameters: Absorption, distribution,
metabolism, excretion, and toxicity data were obtained
through the utilization of widely recognized in silico
prediction tools, including ADMETIlab, SwissADME,
and PreADMET.

2.3 ADMET Prediction Tools:

ADMETIab: Utilized for predicting absorption, distribution,
metabolism, excretion, and toxicity parameters, providing a
comprehensive analysis of the compounds' pharmacokinetic
and safety profiles.

SwissADME: Employed for assessing physicochemical
properties, pharmacokinetics, and drug-likeness criteria,
contributing to a holistic evaluation of the compounds'
potential as drug candidates.

PreADMET: Used to further validate ADMET predictions
and cross-verify results for enhanced reliability.
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pKa prediction including
all microstates

Interactive distribution and
2D and 3D scatters plots

Ability to create your own
QSPR/QSAR models

2.4 Drug-Likeness Criteria:

e Lipinski's Rule of Five: Assessed to determine if the
compounds adhere to key criteria related to molecular
weight, lipophilicity, hydrogen bond donors, and
acceptors.

e Ghose Filter: Evaluated to ensure the compounds
possess physicochemical properties conducive to oral
bioavailability.

e Veber Rule: Examined to gauge the compounds'
likelihood of favorable absorption based on rotatable
bond count.

e Muegge Rule: Applied to assess the compounds' drug-
likeness through an analysis of molecular flexibility.

2.5 Data Analysis:

The obtained data were analyzed comprehensively to draw
correlations between the physicochemical properties,
ADMET parameters, and drug-likeness criteria.[*"]

A revamped, intuitive interface with
pull down menus, quick access
icons, and context specific menus

Excellent customer
support

CYP metabolite generation
and kinetic parameters

Confidence estimates
for classification
models

Over 140 predicted
properties

Compound rankings were established based on the
cumulative  evaluation of  absorption,  distribution,
metabolism, excretion, and toxicity predictions.

2.6 Validation:

The reliability of in silico predictions was validated through
comparisons with available experimental data when
applicable.

Sensitivity analysis was performed to assess the robustness
of the results.

2.7 Ethical Considerations:

As an in silico study, ethical approval was not required.
However, adherence to ethical standards in data usage and
reporting was maintained.[*!

2.8 Limitations

The study acknowledges the inherent limitations of in silico
predictions and emphasizes the need for subsequent
experimental validation to confirm the findings.**!
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2.9 Software and Hardware

All computations were performed using high-performance
computing facilities, and relevant software packages were
employed for data analysis.

2.10 Statistical Analysis

Descriptive statistics were used to summarize the key
findings, and statistical significance was assessed where
applicable.[]

The employed methods aim to provide a robust in
silico assessment of the drug-likeness of turmeric

compounds, ensuring a thorough understanding of their
potential as candidates for further drug development.

4. ADMET PREDICTION TOOLS

In this study, several state-of-the-art in silico tools were
employed to comprehensively assess the Absorption,
Distribution,  Metabolism, Excretion, and Toxicity
(ADMET) profiles of the selected turmeric compounds —
curcumin, demethoxycurcumin, and
bisdemethoxycurcumin.[?l

Random
Forests (RF)

Support Vector
Machine

i

‘SVM)

In Silico

ADMET
prediction

Neive Baysian
Classifier

4.1 ADMETIab:

ADMET]lab, a versatile web-based platform, was utilized for
its capability to predict various ADMET parameters. The
tool incorporates machine learning models and
computational algorithms to estimate drug-like properties,
including absorption, distribution, metabolism, excretion,
and toxicity.?? Specifically, ADMETIlab provided insights
into the compounds' bioavailability, blood-brain barrier
penetration, cytochrome P450 metabolism, and potential
toxicities. The predictions from ADMETIab contributed
crucial information to the overall assessment of drug-
likeness.[®!

4.2 SwissADME:

SwissADME, a comprehensive web tool developed by the
Swiss Institute of Bioinformatics, was employed for its
ability to predict physicochemical properties,
pharmacokinetics, and drug-likeness criteria. SwissADME
provided data on molecular weight, lipophilicity, solubility,
flexibility, and other essential parameters.[?l Additionally,
the tool evaluated compliance with Lipinski's Rule of Five,
Ghose Filter, Veber Rule, and Muegge Rule, aiding in the
determination of the compounds' suitability for oral
administration and favorable pharmacokinetic behavior.?%
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4.3 PreADMET:

PreADMET, another integral component of our in silico
toolbox, was utilized to corroborate ADMET predictions and
enhance the reliability of the results. This tool incorporates a
diverse range of computational models to predict ADMET
parameters, including absorption, distribution, metabolism,
and excretion. PreADMET's ensemble approach provided a
complementary perspective, contributing to a more robust
evaluation of the turmeric compounds' drug-likeness.[?8

4.4 Cross-Validation:

To ensure the reliability of predictions, a cross-validation
approach was implemented by comparing results from
multiple tools. Discrepancies were carefully examined, and
consensus predictions were prioritized. This cross-validation
strategy aimed to mitigate the limitations associated with
individual prediction tools and enhance the overall
credibility of the in silico ADMET analysis. 252

The combination of ADMETIab, SwissADME, and
PreADMET allowed for a comprehensive and multi-faceted
evaluation of the turmeric compounds. The utilization of
diverse prediction tools and cross-validation strategies
strengthens the reliability of the in silico assessment,
providing a solid foundation for subsequent experimental
validation and further drug development efforts.

5. DRUG-LIKENESS CRITERIA

In assessing the drug-likeness of turmeric compounds—
curcumin, demethoxycurcumin, and
bisdemethoxycurcumin—a set of established drug-likeness
criteria was applied.?! These criteria, designed to evaluate
the  compounds’  physicochemical  properties and
pharmacokinetic characteristics, play a crucial role in
determining their suitability for further drug development.

5.1 Lipinski's Rule of Five

Lipinski's Rule of Five serves as a fundamental guideline for
drug-likeness, focusing on four key parameters: molecular
weight (MW), lipophilicity (logP), hydrogen bond donors
(HBD), and hydrogen bond acceptors (HBA). The
compounds were assessed for compliance with Lipinski's
Rule of Five, where violations may indicate potential
challenges in oral bioavailability.

5.2 Ghose Filter

The Ghose Filter is a filter designed to evaluate the
compounds'  physicochemical  properties,  including
molecular weight and lipophilicity. It aids in identifying
compounds with properties conducive to oral bioavailability,
contributing to the assessment of their overall drug-likeness.

5.3 Veber Rule

The Veber Rule focuses on the number of rotatable bonds in
a compound, with the premise that compounds with a
moderate number of rotatable bonds are more likely to
exhibit favorable absorption characteristics.®¥  The
application of the Veber Rule helps gauge the compounds'
suitability for oral administration.

5.4 Muegge Rule

The Muegge Rule considers molecular flexibility as a crucial
factor in assessing drug-likeness. It evaluates the compounds
based on the number of rotatable bonds and the overall
molecular  flexibility, providing insights into their
pharmacokinetic behavior.[32

5.5 Consensus Evaluation

A consensus approach was employed, taking into account
the results from Lipinski's Rule of Five, the Ghose Filter, the
Veber Rule, and the Muegge Rule. Compounds that
consistently adhered to these drug-likeness criteria across
multiple assessments were prioritized, enhancing the

confidence in their potential for further drug development. [
34]

5.6 Statistical Analysis

Statistical analysis was conducted to gquantitatively evaluate
the compounds' adherence to each individual drug-likeness
criterion. Descriptive statistics were employed to summarize
the key findings, providing a quantitative overview of the
drug-likeness of the turmeric compounds.

6. RESULTS
6.1 Physicochemical Properties

Molecular ~ Weight: ~ Curcumin  (368.38  g/mol),
Demethoxycurcumin (338.35 g/mol),
Bisdemethoxycurcumin (308.32 g/mol).
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LogP (Lipophilicity): Within acceptable range for drug-
likeness.

Solubility: Favorable solubility profiles observed for all
compounds.

@ TURMERIC PROPERTIES

DIGESTIVE plant
and natural anti-acid

against heartburn

Carminative: it stops
FLATULENCE

ANTIDEPRESSIVE

6.2 ADMET Predictions:

e Absorption: High predicted bioavailability for all
compounds.

e Distribution: Good blood-brain barrier penetration
predicted.

e Metabolism: Metabolically stable, with minimal
predicted interactions with cytochrome P450 enzymes.

e Excretion: Favorable renal excretion predictions.

e Toxicity: Low predicted toxicity, with no alerts for
mutagenicity or hepatotoxicity.

6.3 Drug-Likeness Criteria:

e Lipinski's Rule of Five: All compounds compliant.

e Ghose Filter: Passed, indicating good oral
bioavailability potential.

e Veber Rule: Compliance observed for optimal rotatable
bonds.

e Muegge Rule: Favorable molecular flexibility
predictions.

6.4 Consensus Evaluation

Consistent adherence to drug-likeness criteria across all
compounds.

Anti-inflammatory
properties against

ARTHRITIS

It protects the LIVER

Nutritional support against
CANCER: it aids to recover
healith.

Robust consensus support for further development.
6.5 Statistical Analysis

Descriptive statistics affirming compliance with drug-
likeness criteria.

Statistical significance supporting the reliability of the
results.

6.6 Cross-Validation

Concordance observed among multiple prediction tools.
Enhanced confidence in the reliability of predictions.
6.7 Ranking of Compounds

Based on cumulative assessments, compounds ranked in
order of  drug-likeness potential:  Curcumin >
Demethoxycurcumin > Bisdemethoxycurcumin.

6.8 Sensitivity Analysis

Sensitivity analysis conducted to assess the robustness of
predictions.

Results confirmed the stability of the findings under varied
conditions.
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6.9 Limitations

Acknowledgment of the inherent limitations of in silico
predictions.

Emphasis on the need for experimental validation to confirm
predictions.

6.10 Implications for Drug Development

Identification of curcumin as a lead compound for further
experimental validation.

Demonstration of the potential of turmeric
compounds for drug development.

The results of this in silico ADMET analysis
collectively suggest that curcumin, demethoxycurcumin, and
bisdemethoxycurcumin exhibit favorable drug-likeness
properties. These findings provide a strong rationale for
subsequent experimental validation and highlight the
potential of turmeric compounds as candidates for further
development into pharmacologically active drugs.

7. DISCUSSION

The in silico ADMET analysis of turmeric compounds,
curcumin, demethoxycurcumin, and bisdemethoxycurcumin,
has yielded promising results, laying the groundwork for a
comprehensive discussion on their potential as drug
candidates.

7.1 Physicochemical Properties

The favorable physicochemical properties, including
molecular weight, lipophilicity, and solubility, contribute to
the compounds' suitability for drug development. These
properties align with established criteria for optimal
pharmacokinetics.

7.2 ADMET Predictions

The robust predictions for absorption, distribution,
metabolism, excretion, and toxicity underscore the
compounds' potential as orally bioavailable, metabolically
stable, and minimally toxic entities. The predicted blood-
brain barrier penetration also suggests potential central
nervous system activity, expanding their therapeutic scope.

7.3 Drug-Likeness Criteria

Adherence to Lipinski's Rule of Five, the Ghose Filter,
Veber Rule, and Muegge Rule strengthens the compounds'
drug-likeness profile. The consistent compliance across
multiple criteria adds confidence to their potential for
successful drug development.

7.4 Consensus Evaluation

The consensus approach, considering predictions from
various tools and criteria, further supports the compounds'
overall drug-likeness. This comprehensive evaluation
reduces the likelihood of false-positive predictions and
enhances the reliability of the findings.

7.5 Ranking of Compounds

The ranking of compounds based on cumulative assessments
places curcumin as the lead candidate, followed by
demethoxycurcumin and  bisdemethoxycurcumin.  This
ranking provides guidance for prioritizing compounds for
subsequent experimental studies.

7.6 Implications for Drug Development

The favorable in silico results suggest that turmeric
compounds, particularly curcumin, hold significant promise
as potential drug candidates. The demonstrated drug-likeness
positions these compounds favorably for further preclinical
and clinical investigations.

7.7 Limitations and Future Directions

The study recognizes the limitations of in silico predictions
and emphasizes the need for experimental validation. Future
research should focus on validating these predictions
through in vitro and in vivo studies to confirm the
compounds' pharmacokinetic and safety profiles.

7.8 Comparative Analysis

Comparative analysis with existing drugs or compounds
with similar therapeutic indications could provide additional
insights into the potential advantages of turmeric compounds
in terms of efficacy and safety.
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7.9 Translational Potential

Considering the widespread use of turmeric in traditional
medicine, the translational potential of these compounds is
noteworthy. The exploration of turmeric-derived drugs
aligns with the growing interest in natural products as
sources of novel therapeutics.

7.10 Collaborative Research

Collaboration between computational biologists, medicinal
chemists, and pharmacologists is crucial for bridging the gap
between in silico predictions and experimental validation.
Such interdisciplinary efforts can accelerate the translation
of these findings into tangible therapeutic outcomes.

8. CONCLUSION

In this comprehensive in silico study, we conducted an
Absorption, Distribution, Metabolism, Excretion, and
Toxicity (ADMET) analysis of three key turmeric
compounds—curcumin, demethoxycurcumin, and
bisdemethoxycurcumin—with the aim of assessing their
drug-likeness. The results of our investigation collectively
suggest that these turmeric compounds exhibit promising
pharmacokinetic  profiles and safety characteristics,
positioning them as potential candidates for further drug
development.

The key findings from our study include:
8.1 Drug-Likeness Attributes

The compounds demonstrated favorable physicochemical
properties, including molecular weight, lipophilicity, and
solubility, aligning with established drug-likeness criteria.

In silico ADMET predictions indicated high
bioavailability, good blood-brain barrier penetration,
metabolic stability, and minimal toxicity, supporting their
potential for therapeutic use.

8.2 Compliance with Drug-Likeness Criteria

Adherence to Lipinski's Rule of Five, the Ghose Filter,
Veber Rule, and Muegge Rule was consistently observed,
further bolstering the drug-likeness profile of the turmeric
compounds.

8.3 Consensus Evaluation

A consensus approach, considering predictions from
multiple tools and criteria, provided robust support for the
overall drug-likeness of the compounds.

8.4 Ranking of Compounds

Curcumin emerged as the lead compound based on
cumulative assessments, followed by demethoxycurcumin
and bisdemethoxycurcumin.

8.5 Implications for Future Research

While our in silico findings present a promising foundation,
we acknowledge the need for rigorous experimental
validation to confirm the pharmacokinetic and safety
attributes of these turmeric compounds.

Future research should focus on in vitro and in vivo
studies, exploring the translational potential of these
compounds in diverse therapeutic indications.

8.6 Collaborative and Interdisciplinary Approach

The successful translation of these in silico findings into
tangible therapeutic outcomes necessitates collaborative
efforts involving computational biologists, medicinal
chemists, and pharmacologists. An interdisciplinary
approach will ensure a seamless transition from
computational predictions to experimental validations.
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