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ARTICLE INFO ABSTRACT
Published: 10 Nov 2025 Computer-Aided Molecular Designing (CAMD) CAMD, which includes techniques
Keywords: like Quantitative Structure-Activity Relationship (QSAR), Molecular Docking, and
Computer Aided Molecular Virtual Screening, is used to rationally design and predict the efficacy of new curcumin
Designing, Radial Reaction derivatives before synthesis. 3Optimization Strategies for Curcumin Derivatives:
Stimulation Modification of the Hydroxyl and Methoxy Groups: The phenolic hydroxyl groups are
DOL: crucial for curcumin's antioxidant activity. 4 Modifying their number or position, or
10.5281/zenodo.17572635 incorporating electron-donating groups (like allyl or isopentenyl), can enhance radical

scavenging potential by stabilizing the resulting radical species. SModification of the
beta Diketone Moiety: The central 6$\beta$-diketone linker, which exists in equilibrium
with  the enol form, is another reactive site. 7 Modifications
here(e.g.,formingmonocarbonylorheterocycliccurcuminanalogs)canimprovestability
and bioavailability. 8Incorporation of Catechol Moieties: Introducing a catechol (1,2-
dihydroxybenzene) structure has been shown in some CAMD studies to significantly
enhance radical scavenging efficiency, sometimes comparable to or surpassing that of
Vitamin E. Radical Reaction Simulation and Mechanism Analysis Computational
simulations, particularly those based on Density Functional Theory (DFT),are crucial
for determining the thermodynamics and kinetics of the free radical scavenging
reactions. They help to eclucidate the dominant antioxidant mechanisms. Key
Antioxidant Mechanisms Investigated: Curcumin and its derivatives can typically
scavenge free radicals thru several competing pathways Curcumin.

There are three main compounds in curcuminoids:
curcumin, desmethoxycurcumin, and
bisdemethoxycurcumin. These compounds have
different chemical structures. This difference
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affects their chemical and physical properties, how
they move through the body, and how they affect
biological  functions.
diarylheptanoid. Diarylheptanoids are a series of
compounds that have two aromatic rings joined by

Curcumin is a

a chain containing seven carbon atoms. On the
basis of the nature of the
carbonunitlinkingtheserings,diarylheptanoidsarecl
assifiedintofourcategories. These are (i) linear
diarylheptanoids, a typical representative of which
is curcumin; (ii) tetrahydropyran diarylheptanoids,
with a tetrahydropyran ring on the seven-carbon
chain, like centrolobin; (iii)) diarylethyl
heptanoids, with an aryl-arylethyl linkage, like
AcerogeninA;and(iv)biphenyl-

diarylethylheptanoids,wherethereisabiphenylbrid
ge (e.g., Acerogenin E). Diarylheptanoids have
evoked great interest from medicinal and
syntheticchemists  due  totheirbroadspectrum
ofbiological activities. This is part of the reason
a distinct anticancer effect,
triggering apoptosis and tumor growth inhibition
[10]. Curcumin has been demonstrated to be
successful in treating numerous cancers, such as
breast, lung, kidney, uterus, cervical and prostate
cancer, squamous cell
carcinomaoftheheadandneck,andbraintumors.Cur
cuminhas alsodisplayedpromise in inhibiting

seven-
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chemoresistance across several cancers. The drug
and its derivatives are estrogen mimics and
compete through aryl
hydrocarbonreceptorsforcellentry.Co-
deliveryadvantagesofcurcuminoidderivatives
wereinvestigatedinnumerousbreastcancercelllines
(e.g.,MDA-MB-468, MDA-MB-231, BT-549,BT-
20,andMCF7).Thepresentknowledgeabouttherole
ofcurcuminandofits derivatives in
chemosensitization relies on its multi-aspectual
activity—production of reactive oxygen species
(ROS), modulation of protein kinases,
apoptotic
histonedeacetylase,telomerase,effluxpumps,andn
umerousothers[11].thefirstsection encompasses a
literature review of curcumin and its derivatives'

pro-
regulators,

effectiveness in some
formsofcancer,vindicatingfurtherresearchonthech
emicalmodificationofitsmolecule.  Alternatively,
the second section of the review entails the
structure/pharmacological activity correlation of
the derivatives of curcumin. In conclusion, the
purpose of this review is to point out which types
of cancers have potential for the application of
curcumin and its derivatives and in what way
research into the anticancer activity of newly

synthesized derivatives could be pursued.
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Basic information of curcumin Derivatives:-
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Source: Curcumin is derived from the rhizomes
(underground stems) of the turmeric plant
(Curcuma longa).
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Properties: It is a polyphenol known for its strong
antioxidant, anti-inflammatory, and antimicrobial
effects.

Traditional use: Curcumin has been utilized
extensively in traditional Asian medicine systems,
including Ayurveda.

Color: This compound gives turmeric its
distinctive yellow-orange hue and serves as a

natural food coloring agent.

Bioavailability: The absorption of curcumin by
the human body is resulting in a
significantportionnotbeingeffectivelyutilized,whi
chrestrictsitstherapeuticpotential.

low,

Current research: Innovative methods such as
microemulsion and nanoemulsion encapsulation
are under investigation to enhance curcumin’s
absorption and bioavailability.

Potential uses: Ongoing studies are exploring
curcumin’s possible benefits in treating diseases
like cancer, arthritis, depression, and Alzheimer’s
disease.

Curcumin are used in various diseases and to
treat various diseases:-Curcumin is utilized in
treating a variety of conditions, mainly due to its
anti-inflammatory and antioxidant properties. It is
currently under investigation and employed in
clinical trials for cancer treatment as well as
managing side effects such as oral mucositis.
Additionally, it aids in alleviating osteoarthritis,
inflammatory bowel disease, and symptoms
related to certain liver disorders.

Cancer

Curcuminisbeingstudiedforitspotentialroleincance
rpreventionbyinhibitingtheproliferation and
spread of cancer cells. It may also improve the
efficacy of chemotherapy while protecting healthy
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cells from radiation-induced damage. Ongoing
clinical trials aim to evaluate its effectiveness both
as a preventive agent and as a treatment for cancer
and its associated symptoms.

Inflammatory and auto immune diseases

Osteoarthritis: Curcumin has been shown to
reduce pain and enhance function in individuals

suffering from osteoarthritis.

Inflammatory Bowel Disease (IBD): It
demonstrates promise in treating inflammatory
bowel diseases such as ulcerative colitis and
Crohn's disease.Psoriasis and other inflammatory
conditions:

Research is exploring curcumin’s impact on
psoriasis, arthritis, atherosclerosis, among other
inflammatory disorders.

Other inflammatory conditions: Evidence
suggests curcumin may be beneficial for
bronchitis;

traditionally,ithasbeenusedtoaddressinflammation
-relatedissuesaffectingthebladder,liver, and skin.

Neurological disorders

Due to its anti-inflammatory and antioxidant
effects, curcumin is beingresearched for managing
neuroinflammatory disorders including
Alzheimer's disease, Parkinson's disease, and
multiple sclerosis.

Liver and digestive health

Non-alcoholic fatty liver disease
(NAFLD):Turmeric extract intake has been found
to decrease markers indicative of liver injury and
fat accumulation in patients with NAFLD.
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Digestivediseases: Curcuminisunderexplorationfor
treatingirritablebowelsyndrome(IBS) along with
other digestive ailments.

Diabetes

Formulations containing curcumin show potential
benefits for diabetes management. Studies indicate
that curcumin can reduce blood glucose levels as
well as cholesterol concentrations.

Important considerations
Consult a doctor:

Itisessentialtoconsulthealthcareprofessionalsbefor
eusingcurcuminsinceit may interact with certain
medications, including some chemotherapy
agents.

Bioavailability: Curcumin naturally exhibits low
bioavailability because the body struggles to
absorbiteffectively.Somesupplementsincorporatec
ompoundslikepiperine(derivedfromblack
pepper)toenhanceabsorption;however, furtherresea
rchisnecessarytovalidatethisapproach’s efficacy.

Research is ongoing: Although numerous studies
present  encouraging  findings  regarding
curcumin’s  benefits, additional research—
particularly large-scale human clinical trials—is
requiredtoconfirmtheseadvantagesfullyandestabli
shoptimaldosagesacrossdifferentmedical
conditions

Key Mechanisms of Antioxidant Activity: Free
Radical Scavenging: Curcumin and its derivatives
primarily function by donating a hydrogen atom
(H) from  their o-methoxy

groups(thehydroxylgroupsonthearomatic
rings)ortheir  B-diketonemoietytoneutralizefree
radicals, such as reactive oxygen species (ROS).

phenolic

This process halts radical chain reactions.
Chelation of Metal Ions: The 4pB-diketone group
within the core structure can chelate transition
metal ions like iron or copper.5 By binding these
metals, the derivatives inhibit them from
catalyzing the generation of highly reactive free
radicals, thereby diminishing oxidative stress.
Modulation of Antioxidant Enzymes: Curcumin
derivatives can activity  of
endogenousantioxidantenzymesinthebody,includi
ngsuperoxidedismutase(SOD)andcatalase (CAT),
aiding cells in more effectively managing
oxidative stress.6 How Derivatives Enhance

enhance the

Behavior: Structural modifications arecrucial for
developing derivatives withsuperior properties,
such as increased antioxidant activity:7 Structural
Modification: Altering chemical groups (such as
phenolic groups or the B-diketone linker) can
reduce the bond dissociation energy (BDE) of
hydrogen atoms, facilitating easier donation to free
radicals and thus amplifying radical scavenging
potential. Improved Bioavailability: Many
derivatives are designed to overcome curcumin's
limitedsolubility and stability.8 Enhancements
like glycosylation (attachment of sugar
groups)ornano-
formulationsimprovewatersolubilityandstability,e
nsuringgreaterdeliveryof
thecompoundtotargetsitestoexertantioxidanteffect
s.9IntroducingElectron-DonatingGroups:
Incorporating electron-donating groups (such as
specific alkyl groups) into aromatic rings stabilizes
the resulting phenoxyl radical, further boosting
radical scavenging capacity.

Bio medical and Therapeutic Applications:-
Curcumin’smultifacetedbiologicalactivityhasledto
extensive research into its potential therapeutic
uses, often related to managing oxidative stress
and chronic inflammation.

s

~E

Activity/Property Specific Application/Conditions MechanismHighlights
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:EP'Q\',\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENGES 1450 |Page



Akshay Gaikwad, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 11, 1447-1454| Research

Anti-Inflammatory

Osteoarthrities,RheumatoidArthrities,
Inflammatory Bowel Disease

Inhibits  pro-inflammatory
molecules like NF-kB, COX-2, and
iNOS

Antioxident Overall  healthsupport, metabolic Scavenges various free radicals (ROS
syndrome,aging. and RNS) And boosts the body own
antioxidant enzymes (e.g. SOD,
Catalase).
AnticancerPotential Various Induce apoptosis (Programmed cell
cancers(Colorectal,Breast,Pancreatic,Prosta|  death) in cancer cells and inhibits
te). tumor growth and metastasis by
modulationg multiple signaling
pathways.
cardioprotective Heartdiseaserisk,post-bypasssurgery Improvesvascularfunctionand reduces
recovery inflammation/oxidation
linkedtoheartdamage.

Othermedicinal uses

Digestive health (Dyspepsia), Hay
Fever,skinhealing(Traditionalusefor
wounds).

Relieves symptoms related to chronic
inflammation in various organs.

Food, Industries, and Cosmetic Application: -
Curcumin’s vibrant color and natural origin
make it valuable beyond medicine

Sector

Application/Use

Details

Food Industry

Coloring agent (Natural Dye)

Used extensively to impart a rich
orangeyellowcolortoproductslike curry
powders,mustards,cheeses,butters,
andbeverages,itisapprovedasa
foodadditive.

Food preservation

Anti-microbial land antioxidant

additive

Usedinfoodpackaginganddirectly in
food system to inhibit microbial
growthandpreventlipidoxidation, thus
extending shelf life.

Cosmetics

Skin care ingredient

Included in creams, masks, and lotions
for its anti-inflammatory and
antioxidant effects,Helping to manage
conditions like acne, psoriasis and sign
and aging

Biotechnology

Spice and Dye

Used in laboratories as a pH indicators
due to its color change from
yellow(acid/neutral) to reddish-brown
(alkaline)

Commonsideeffectifcurcumins:-

Isohaveblood-thinningproperties,

which  can

includedigestiveproblemssuchasnausea,diarrhea,

and stomach cramps, particularly when taken in
high doses. Other reported side effects
areheadaches,rash,andyellowstool.Curcuminmaya

M tr o
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increase the risk of bleeding; in rare instances,
very high doses might cause liver complications.

Commonside effects:
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- Gastrointestinalissues:nausea,diarrhea,bloating,s
tomachcramps,andacidreflux.

- Headache

- Rash

- Yellowstool
Seriousorlesscommonside effects:

- Blood thinning: Curcumin possesses antiplatelet

effects that can raise the risk of bleeding,
especially if combined with blood-thinning
medications.

- Liver stress: Although generally safe for the
liver at lower doses, extremely high doses may
result in liver problems or elevated liver
enzymes.

- Allergicreactions:Rarely,allergicresponsessuch
ashives,itching,orswellingmayoccur.

Importantconsiderations:

- Dosage: Many adverse effects are linked to
consuming high doses of curcumin or turmeric
supplements over prolonged periods.

- Interactions: Curcumin can interact with certain
drugs; therefore, it is essential to consult a
healthcare professional before using curcumin if
you are on other medications—particularly blood
thinners.

- Pre-existing conditions: People with existing
liver diseases or bleeding disorders should
exercise caution and seek medical advice before
use.

Computer- Aided Molecular Designing:-
Computer-Aided Molecular Designing (CAMD)
CAMD, which includes techniques like
Quantitative  Structure-Activity  Relationship

U
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(QSAR), Docking, and Virtual
Screening, is used to rationally design and predict
the efficacy of new curcumin derivatives before
synthesis. 30ptimization Strategies for Curcumin
Derivatives: Modification of the Hydroxyl and

Molecular

Methoxy Groups: The phenolic hydroxyl groups
are crucial for
curcumin'santioxidantactivity.4Modifyingtheirnu
mberorposition,orincorporatingelectron- donating
groups (like allylor isopentenyl), can enhance
radical scavenging potential by stabilizing the
resulting radical species. SModification of the
$\beta$-Diketone Moiety: The central 6$\beta$-
diketone linker, which exists in equilibrium with
the enol form,
Modifications here (e.g., forming monocarbonyl
or heterocyclic curcumin analogs) can improve
stability and bioavailability. 8Incorporation of
Catechol Moieties: Introducing a catechol (1,2-
dihydroxybenzene) structure has been shown in
some CAMD studies to significantly enhance

is another reactive site. 7

radical scavenging efficiency, sometimes
comparable to or surpassing that of Vitamin E. 92.
Radical Reaction Simulation and Mechanism
Analysis Computational simulations, particularly
thosebasedonDensityFunctional Theory(DFT),are
crucialfordeterminingthethermodynamics and
kinetics of the free radical scavenging reactions.
They help to elucidate the dominant
antioxidantmechanisms.KeyAntioxidantMechanis
mslnvestigated: Curcuminanditsderivatives ~ can
typically scavenge free radicals thru several
competing pathways. 10. DFT calculations are
used to compute the reaction enthalpies (e.g., Bond
Dissociation Energy (BDE), Ionization Potential
(IP), Proton Dissociation Enthalpy (PDE))
associated with these mechanisms:
HydrogenAtomTransfer(HAT):Theantioxidantdir

ectlytransfersahydrogenatom
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(H) to the free radical. 11 This is often the
dominant mechanism in nonpolar media.
Computer- Aided Molecular Designing (CAMD)

Molecular Optimization: Detail the software and
methods used for geometry optimization (e.g.,
Density Functional Theory (DFT) using a specific
functional like B3LYP and a basis set like 6-
31G(d,p) in the gas phase and/or using a solvent
model like PCM).

RadicalReactionSimulation(QuantumChemica
ICalculations)

Antioxidant Mechanism Investigation: Specify
the primary antioxidant mechanisms to be
evaluated:

ngtheBondDissociationEnthalpy(BDE).

Sequential Proton Loss Electron Transfer
(SPLET): Requires calculating the Proton
Dissociation Enthalpy (PDE) and Electron
Transfer Enthalpy (ETE).

SingleElectronTransfer-ProtonTransfer(SET-
PT):RequirescalculatingthelonizationPotential
(IP).

CalculateHighestOccupiedMolecularOrbital( HO
MO)andLowestUnoccupiedMolecularOrbital
(LUMO) energies as indicators of reactivity.

CalculateSpinDensityDistributionintheresultingra
dicalstopinpointthemostreactivesites.

(Optionalbutvaluable)Computereactionrateconsta
ntsandGibbsfreeenergiesforthe scavenging of a
target free radical (e.g., HOOor DPPH.).

3.RESULTS AND DISCUSSION

U

‘\Z‘::i:\',\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7

Optimized Structures and Physico chemical
Properties

Presenttheoptimizedstructuresoftheparentcurcumi
nandthemostpromisingderivatives.

Discuss physicochemicalproperties (e.g., stability
of different tautomers, logPvalues forpredicted
lipophilicity/bioavailability).

Thermochemical  Analysis of  Antioxidant
Mechanisms BDE, [P, and PDE Analysis:
Tabulate  the  calculated thermodynamic
parameters for all derivatives.

Discussion Point: A lower BDE indicates a
stronger HAT ability. A lower PDE followed by a
low ETE suggests a favorable SPLET mechanism.

Dominant Mechanism: Determine and discuss
which mechanism (HAT or SPLET) is kinetically
and thermodynamically favored for the optimized
in different (e.g.,

derivatives environments

nonpolar vs. aqueous solvents).

Efficacy Comparison and CAMDYV alidation

Efficacy:
DirectlycomparethecomputedBDEsorpIC50value
softheoptimizedderivativeswith natural curcumin.
Highlight the derivative(s) with significantly
enhanced antioxidant behavior.

Structure-Activity Relationship (SAR): Discuss
how specific structural changes (CAMD) (e.g.,
addingaspecificfunctionalgroup)ledtotheobserved
improvementinactivity(RadicalReaction
Simulation).

Validation: If in vitro data exists, correlate the
computational with experimental

results.

predictions

CONCLUSION: -
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This study essentially used powerfulll computer
programmes to design and test new, improved
versions of a compound found in turmeric
(curcumin) to see how well they could act as
antioxidents. In simple terms the reserachers used
computers to virtually
checkifmakingsmallchangestotheturmericcompou
ndwouldcreateabettermedicine for fighting cell
damage .
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