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Nanotechnology-BasedManagement of Beta-Thalassemia: Exploring Curcumin as a Promising
TherapeuticAgent

Abstract

Background: Betathalassemia is a group of inherited blood disorderscharacterized by decreased Hb
production which leads to anemia and body does not havehealthy RBCs do individual needregular blood
transfusionThese transfusions do, however, frequentlyresult in sideeffects including iron excess. A
polyphenolcalled curcumin has anti-inflammatory effects and can raisethe body's level of antioxidants.
The use of nanocurcumin has shown a bettertreatment option for betathalassemiaconditions.

Objective:Thereview was to evaluatethebettertreatment option for betathalassemia condition using
nano curcumin as a therapeutic tool.

Method: A comprehensivesearch to identifytherelevantstudies was conducted in onlinedatabases
mainly Googlescholar, PubMed, Embase, Scopus. Around 100 articleswereidentified and aftertitle and
abstract review, 23 students were included in thereview.

Conclusion: Nanotechnology-baseddiagnostics, includingnonsenses and nano-biosensors, holdpromise
for earlydetection and monitoring of beta-thalassemia. Curcumin mitigateoxidativestress, reduce
inflammation, and potentiallyalleviatethedamage to beta-thalamic RBCs. However, the bioavailability
of curcumin remains a challenge, and strategies to enhance its delivery and stability need to
beinvestigated.
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Introduction:

Beta-thalassemia is a blood disorder that affectsthe production of hemoglobin, theproteinresponsible
for transporting oxygen throughout the body. It is caused by a mutation in thegene that controls the
production of hemoglobinbeta globin chains.  Beta-thalassemiacausesdecreased or no beta-globin
production, resulting in a deficiency of alpha and beta-globin chains followed by the formation of
abnormal red blood cells. Theseverity of beta-thalassemia can range from mild symptoms to life-
threatening complications due to genetic mutation. This disease usually occurs in people of
Mediterranean, MiddleEastern and Asian descent. [1]

Treatment for beta-thalassemia usually includesregular blood transfusions and iron chelationtherapy to
control excess iron from the transplant. Continuing research aims to developnewmethods, such as
nanotechnology-basedinterventions, to improvethemanagement and treatment of beta-thalassemia.

Nanotechnology plays an important role in themanagement of beta-thalassemia by providing new
solutions in drug delivery,  genetherapy and diagnostics. Nanoscale drug delivery, such as
nanoparticles and liposomes, improvesthetargeteddelivery of medicinal drugs, increasesefficacy and
reducessideeffects. Nanoparticles can also beused as a deliveryvehicle for genetherapy that



delivercopies of thebeta globin gene or modulategeneexpression to restorethebalancebetween alpha
and beta globin chains. [2] Nanotechnology-based diagnostic tools such as nanosensors and
nanobiosensorsenableearly and accuratedetection of B-thalassemiabiomarkers and help monitor
diseaseprogression and treatmentresponse. In addition, nanotechnologyfacilitatesthedevelopment of
iron chelation to control excess iron through regular blood transfusions. Overall, nanotechnologyoffers
promising strategies to improvethemanagement and treatment of B-thalassemia. [2]

Curcumin, a natural compound found in turmeric, has beenstudied for its therapeuticpotential for many
diseases such as beta-thalassemia. [3]. Somestudiessuggest that curcumin may havebeneficialeffects on
red blood cellsbeta-thalassemia, including antioxidant and anti-inflammatory properties. Beta-
thalassemia is associated with oxidativestress and inflammation, which can increasered blood cells. The
antioxidant properties of curcumin may helpreduceoxidativestress and reducedamagecaused by
reactiveoxygenspecies. Additionally, curcumin has been shown to have anti-inflammatory properties
and can reduce inflammation that damagesred blood cells. [4]

In somestudies curcumin has beenreported to havepotential iron chelatingproperties. In beta-
thalassemia, frequent blood transfusions can causeexcess iron, which can lead to further complications.
Curcumin's ability to chelate iron may helpreduce iron overload and its associatedeffects. [4, 5]

However, it is worth noting that curcumin has a low bioavailability and is rapidly metabolized and
excreted from the body. Researchershaveexplored many strategies to increasethe bioavailability of
curcumin, such as combining it with other compounds or using nanoparticledeliverysystems.

Curcumin

Curcumin, also known as 1, 7-bis(4-hydroxy-3-methoxyphenyl)-1, 6-heptadiene-3, 5-dione, is a lipophilic
compound with rapid cellmembranepermeability. It is the main ingredient of Curcuma longa L.
(commonly known as turmeric) and is found in many forms in plant extracts. A turmericextract has
three main components: Curcumin | (diferroylmethane / curcuminoids) make up about 75% of
theextract, Curcumin Il (demethoxycurcuminoids) 20% and Curcumin Il (Bisdemethoxycurcumin) up to
5% of theextract. [6].

For centuries, turmeric has beenused in medicine in China, India and Iran in thetreatment of many
diseases such as diabetes, liverdisease, rheumatoid arthritis, atherosclerosis, infectiousdiseases and
cancer, in thetreatment of indigestion, indigestion, bloating, stomach ulcers, blood and stomach
pains,  duodenalulcer. Its therapeuticeffect on many diseases has attractedextensiveresearch.
Moreimportantly, curcumin has been shown in many studies to have antioxidant, anti-inflammatory,
apoptosis-inducing and anti-angiogenicproperties. It exerts its effects by modulating many targets in
cellularpathways, allowing it to exert many therapeuticeffects. [7, 8]

Given curcumin's poor bioavailability and selectivity, researchershaveintroduced and
testednumerousanalogues of this compound to evaluatetheiractivities against known biological targets
and improvetheir bioavailability, selectivity, and stability. Additionally,
severalstrategieshavebeenintroduced to enhance curcumin's bioavailability, increase plasma
concentration, and improvecellularpermeabilitywhile also increasingresistance to metabolicprocesses.

(9]



Among thesestrategies, theuse of nanoparticles for targeted drug delivery has shown promise.
Nanoparticlesprovide curcumin  with  prolongedcirculation, improvedpermeability, and
enhancedresistance to metabolicprocesses. This approach offersadvantages such as longerretention in
thebody, increasedconcentration at thetargetsite, and protection against prematuredegradation or
elimination. [11, 12]

Curcumin Nanotechnology Approaches:

Nanotechnology has gained significant recognition as a transformativetechnology with vast potential for
thefuture. Oneareawherenanotechnology holds immensepromise is in thefield of drug delivery,
specifically through the utilization of nanoparticles. Thesenanoparticlesofferexcitingopportunities to
enhancethe bioavailability and solubility of lipophilic compounds like curcumin. [13]

Various types of nanoparticles, such as liposomes, polymericnanoparticles, micelles, nanogels,
niosomes, cyclodextrins, dendrimers, silvers, and solid lipids, haveemerged as promising alternatives
for delivering curcumin at therapeuticconcentrations. [13] Thesenanoparticleshave shown potential in
addressing major challengesassociated with curcumin, including low solubility, instability, poor
bioavailability, and rapid metabolism. Theyhavedemonstratedefficacy in diverse applications such as
cancertreatment, woundhealing, Alzheimer'sdisease, epilepticus, ischemicdiseases, inflammatory
diseases. [31]

Isacchiet al. studied and reportedthetherapeuticbenefits of artemisinin or novel liposomal compounds
based on a combination of artemisinin and curcumin. Theyreported that only 7 days afterthe start of
treatment with artemisininalone, itbegan to reduceparasitemia and changedthe blood affected by the
antibiotic. In contrast, treatment of artemisininloaded with the liposomal deliverysystemappears to
have an immediate antimalarial effect, treating all malaria simultaneouslyafter vaccination. In
particular, artemisininloaded with liposomal curcumin appeared to havethe most definitive and
potenttherapeuticeffect in a mousemodel of malaria. [22]

Theimproved blood circulation of artemisininloaded with liposomal curcumin suggests that
thesenanosystems could beused as viablevehicles for parasites. This potent formulation adds to
themechanism of action of artemisinin, which acts as a blood-separatingagent during the human host's
erythroidcyclephase. Agarwal et al. also evaluatedtheacuteeffects of liposome-encapsulated curcumin
on enhancedcurrentelectroshockseizures, pentylenetetrazole-inducedseizures, and status epilepticus in
rats. Liposome-encapsulated curcumin increasedseizurecurrent and myoclonus, and most seizuredelays
in shock current and pentylenetetrazole-inducedseizures, respectively. [22, 23]

Nanotechnology and betathalassemia

Numerousstudieshaveexploredthepotential of nanotechnology as a tool to managebeta-thalassemia,
ageneticdisordercharacterized by abnormal hemoglobin production. Onenotable study by A. K. Singh et
al. investigatedtheuse of curcumin-coatednanoparticles, specificallydesigned to deliver curcumin to
thebone  marrow. This  targeteddeliverysystem has shown promising results by
increasinghemoglobinproduction, whichaddressestheunderlyingcause of beta-thalassemia. [24, 25]

Anotherresearcheffortfocused on theuse of nanoparticles as carriers for deferiprone, a drug used to
treat iron overloadassociated with beta-thalassemia. Compared to traditional methods,
thesenanoparticleshave shown superiorefficacy in deliveringdeferiprone. In addition, theyshowed a



reducedincidence of sideeffects, making them a potentiallysafer and moreeffectivetreatment option.
[26],

Thesestudiesshed light on thepotential of nanotechnology in thetreatment of beta-thalassemia. By
using nanoparticles as transport vehicles, targeteddelivery of drugs to affectedtissues or cells is
possible, which improvestreatmentresults. However, it is important to emphasize that furtherresearch
is needed to validatethese initial findings and expandtherange of drugs that can bedelivered using
nanoparticles to specificcellsinvolved in beta-thalassemia.

Themechanism of curcumin's action on beta-thalassemiacells

A study conducted by Banerjee, S.et. al showed various effect of curcumin on betathalassemiacells
mainly.

1. Anti-Inflammatory Effects:Beta-thalassemia is associated with chronic inflammation due to
ineffectiveerythropoiesis and hemolysis, leading to therelease of pro-inflammatory cytokines and
mediators. Curcumin exerts its anti-inflammatory effects through multiplemechanisms:

a. Inhibition of NF-kB: Curcumin blocks the activation of nuclear factor-kappa B (NF-kB), akey
transcription factor that regulatestheexpression of inflammatory genes. By doing so,
curcuminreducesthe production of pro-inflammatory cytokineslike interleukin-1 (IL-1B), tumor
necrosis factor-alpha (TNF-a), and interleukin-6 (IL-6).

b. Modulation of MAPK Pathway: Curcumin can interfere with themitogen-activatedproteinkinase
(MAPK) signaling pathway, whichregulates various cellularresponses, including inflammation. By
inhibiting MAPK signaling, curcumindampensthe inflammatory cascade.

c. Suppression of COX-2 and iNOS: Curcumin downregulatestheexpression of cyclooxygenase-2 (COX-2)
and inducible nitric oxidesynthase (iNOS), enzymesinvolved in the production of inflammatory
prostaglandins and nitric oxide, respectively.

2. Antioxidant Effects: In beta-thalassemia, there is an imbalancebetweenreactiveoxygenspecies (ROS)
production and antioxidant defensemechanisms, leading to oxidativestress. Curcumin acts as a potent
antioxidant to counteractoxidativedamage:

a. Scavenging of ROS: Curcumin possessesfree radical scavengingproperties, neutralizing harmful ROS
and preventingoxidativedamage to cellularcomponents.

b. Upregulation of Antioxidant Enzymes: Curcumin can upregulateendogenous antioxidant enzymes,
such as superoxidedismutase (SOD), catalase, and glutathioneperoxidase, enhancingthecellulardefense
against oxidativestress.

¢. MetalChelation: Curcumin can chelate transition metals, such as iron and copper, which catalyzethe
formation of ROS. By sequesteringthesemetals, curcuminreducestheir participation in
oxidativereactions.

3. Iron-ChelatingEffects: In  beta-thalassemia, excessive  iron  absorption and
ineffectiveerythropoiesiscontribute to iron overload. Curcumin exhibits iron-chelatingproperties that
help in reducing iron burden by:



a. Iron Chelation: Curcumin can form stablecomplexes with iron ions, promotingtheirexcretion and
limiting iron toxicity.

b. Downregulation of Iron Transporters: Curcumin can decreasetheexpression of iron transporters,
such as divalentmetaltransporter 1 (DMT1) and transferrinreceptor 1 (TfR1), reducing iron uptake by
cells.

4. Induction of FetalHemoglobin (HbF) Expression:Fetalhemoglobin (HbF) production in beta-
thalassemiapatients can amelioratetheseverity of thedisease. @ Curcumin has been shown to
induceHbFexpression through the activation of y-globin genetranscription, offering a
potentialtherapeuticstrategy.

Overall, curcumin's multi-facetedproperties, including its anti-inflammatory, antioxidant, and iron-
chelatingeffects, make it a promising therapeuticagent for beta-thalassemia. By targeting various
pathological pathways, curcumin has thepotential to mitigateoxidativestress, inflammation, and iron
overload in beta-thalassemiacells, ultimately improving diseaseoutcomes. [4, 35]

Onemore study conducted by Ahmad, M.et. al concluded that theeffect of curcumin on betacells as
Curcumin contains multiple functional groups, including phenolic hydroxyl and carbonyl groups, which
enable it to chelatemetal ions such as iron. In thepresence of iron ions (Fe2+ or Fe3+), curcumin forms
coordination bonds with iron, leading to the formation of a curcumin-iron complex and the functional
groups in curcumin, particularly thephenolic hydroxyl groups, can coordinate with iron ions by donating
electron pairs. This coordination involvesthe formation of bonds betweentheoxygen atoms of curcumin
and the iron ion. The curcumin-iron complexstabilizes through chelation, forming a stable coordination
compound. This complexationpreventstherelease of iron ions and hinderstheir participation in
oxidativereactions, reducingthepotential for iron-mediateddamage.

Reduction of Free Iron: By forming stablecomplexes with iron, curcuminreducesthe pool of free iron
available for harmful reactions. Free iron can catalyzethe production of reactiveoxygenspecies (ROS)
through Fenton and Haber-Weissreactions, leading to oxidativestress and tissuedamage. Curcumin's
iron-chelating ability helpsminimizethesedetrimentaleffects. Curcumin has been shown to
facilitatetheexcretion of iron from cells and tissues. By chelatingiron, curcuminpromotes its removal
through various pathways, including enhanced iron transporters and iron exportsystems.

Overall, the iron chelationmechanism of curcumin involves its ability to bind to iron ions, forming
stablecomplexes and reducingthe availability of free iron. This processhelpsmitigate iron-
mediatedoxidativedamage and contributes to curcumin's potentialtherapeuticeffects in conditions
characterized by iron overload, such as beta-thalassemia. [36]

Application of Nano-curcumin:

Nano-curcumin is a form of curcumin that has beenencapsulated in nanoparticles. This makes it
morebioavailable, meaning that it can beabsorbedmoreeasily by the body. Curcumin is a natural
compound that has antioxidant, anti-inflammatory, and anti-cancerproperties. It has also been shown
to beeffective in treating a variety of otherconditions, including arthritis, Alzheimer'sdisease, and
cancer. [29]



In recentyears, there has been growing interest in thepotentialuse of nano-curcumin to treatbeta-
thalassemia. There is no cure for beta-thalassemia, buttherearetreatments that can help to managethe
condition. Thesetreatmentsinclude blood transfusions, ironchelationtherapy, and bone marrow
transplantation. However, thesetreatments can havesideeffects, and they do not curetheunderlying
condition. [32]

Nano-curcumin has been shown to beeffective in improving the production of hemoglobin in beta-
thalassemiapatients. In onestudy, patients who received nano-curcumin showed a significant
improvement in theirhemoglobinlevels, compared to patients who received a placebo. Nano-curcumin
was also shown to besafe and well-tolerated by patients. These findings suggest that nano-curcumin
may be a promising newtreatment for beta-thalassemia. However, moreresearch is needed to confirm
these findings and to determinethe long-termsafety and efficacy of nano-curcumin in thetreatment of
beta-thalassemia.

Some of thepotentialbenefits of using nano-curcumin to treatbeta-thalassemia:

eNano-curcumin is morebioavailable than curcumin, meaning that it can beabsorbedmoreeasily by the
body. This could lead to betterefficacy and fewersideeffects.

eNano-curcumin can targetspecificcells, such as red blood cells. This could improvethedelivery of
curcumin to thecells that need it most.

eNano-curcumin is a safe and well-tolerated compound. This could make it a moreattractive option for
patients than othertreatments for beta-thalassemia, such as blood transfusions and iron
chelationtherapy. [33, 34]

Results:

Nanotechnology offers promising strategies for beta-thalassemiamanagement. Nano-sized drug
deliverysystems, such as nanoparticles and liposomes, provideenhanceddelivery of therapeuticagents,
improving their bioavailability and reducingsideeffects. Genetherapy using nanoparticles as carriers has
shown potential for deliveringhealthycopies of thebeta-globin gene and modulating geneexpression.
Nanotechnology-baseddiagnostics, includingnanosensors and nano-biosensors, hold promise for
earlydetection and monitoring of beta-thalassemia.

Curcumin, as a natural compound with antioxidant, anti-inflammatory, and potential iron-
chelatingproperties, has beenexplored in thecontext of beta-thalassemia. Studiessuggest that curcumin
may mitigateoxidativestress, reduce inflammation, and potentiallyalleviatethedamage to beta-thalamic
RBCs. However, the bioavailability of curcumin remains a challenge, and strategies to enhance its
delivery and stability arebeinginvestigated, such as nanoformulations and combination therapies.

Conclusion:

Nanotechnology-basedapproaches, including drug deliverysystems, genetherapy, and diagnostics,
offer promising avenues for themanagement of beta-thalassemia. Curcumin, with its
potentialtherapeuticproperties, holds promise as a complementaryagent in themanagement of beta-
thalassemia. Severalkeyareasneed to beaddressed to optimizethepotential of nanotechnology in
thetreatment of beta-thalassemia. First, thedevelopment of nanoparticles with enhanced stability,
bioavailability and biocompatibility is essential. Surface modifications and coating techniques can



beexplored to improvetheperformance of nanoparticles. Furthermore,
comprehensivepreclinicalstudies and rigorous clinical trials arenecessary to assessthesafety and efficacy
of nanotechnology-basedinterventions in individuals with beta-thalassemia.
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